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j IN 1980, WE REJECTED 
ACCEPTABLE QUALITY 
LEVELS OTHERS STILL 
ACCEPT TODAY. 

At National Semiconductor, 
we take rejection very personally. 

That's why we moved so 
dramatic all y towards zero defects 
during the last four years. 

All the way from 8,000 parts
per-million in September, 1978 to 
a remarkably low 189 parts-per
million in August, 1982. A truly 
astounding 4,100% improvement. 

We've made a corporate com
mitment to achieve the highest 
prod uct quality in the industry. And 
that means all our people, from 
top management to the loading 
dock, consider quality the highest 
priority for all our products. 

What's more, as the industry 
leader in advanced CMOS, we 
feel even more compelled to 
demonstrate the quality of our 
CMOS parts. 

For example, take our new 

NSC800 microprocessor. It 
started out with a better than aver
age AQL and today stands at a 
level below 100 parts-per-million. 

That's an especially impres
sive number for a complex new 
product coming off a new fabrica
tion line. But only the beginning 
of our goals for all our advanced 
CMOS products. 

To help achieve these goals, 
we've set up systems to ensure 
optimum quality all the way from 
design and manufacturing through 
shipment. These systems have a 
single purpose: to keep us moving 
toward zero defects. 

We won't settle for less. 
No matter what others are 

willing to settle for. 

Making CMOS do more. 

~~! National Semiconductor ---.. 
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Engineering design begins with the Ie MASTER 

CMOS Static RAM (Integrated Device Technology Photol 

© Ie MASTER 1983 



IMPORTANT FEATURES OF YOUR 
;'ICMASTER 
ONE COMPLETE SOURCE 
Ie 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 longer 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 companys part numbering system 
into product temperature ranges. packaging vari
ations. and functions. It is an invaluable 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. 

APPLICATION NOTE 
DIRECTORY 
Application note descriptions are arranged al
phabetically by function and application cate
gory. Each notes description 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 the 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 1983 

MILITARY PARTS DIRECTORY 
Cross reference chart identifies all IC 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 the reader to detailed product 
information 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 equivalentAlternate 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 the reader easily and quickly 
to the device most likely to fill the requirements of 
a particular application. Once the reader finds 
those devices that are closest to his needs. he 
sees available sources. and is directed to addi
tional data if provided by advertisers. 

~UFACTURERS~D 
DISTRIBUTORS DIRECTORY 
Locations and phone numbers are given for man
ufacturers' field sales offices. representatives. and 
distributors. both domestic and international. 

MASTER 
SELECTION 

GUIDE INDEX 
pg.1O 

PART. 
NUMBER 

INDEX 
pg .. 34 

PART 
NUMBER 

GUIDE 
pg.198 

APPLICATION 
NOTE 

DIRECTORY 
pg. 227 
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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 IC 
MASTER. 

Now that the engineer knows that· the devices he 
seeks are catalogued in the Digital section, he can turn 
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 a 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. 
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Who Makes a High-Speed 12-Blt,Analog
to-Digital Converter With Guaranteed ± V2 
LSB linearity and 13-J.LSec or Faster Con
version Time? 

Many manufacturers make devices that meet these 
specifications including Analog Devices, Hurr-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 wfth 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 ± YlLSB linearity and 13-J.Lsec 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 ± ~ LSB and then he looks 
under conversion time for devices with 13-J.Lsec or faster 
specifications. 
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Ways to Use Ie Master 

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

IC MASTER provides the most complete listing of 
application notes available in print. It is easy to find the 
right application 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. 

If he 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 in the 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 DIRECTORY 

MEMORY 
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2 ·;:;~~~g::g=!~:::~:;~.m~Q 
~::::~.:c-:~~ swrtChl:~=~:C="!' 
bllbtnalYlOdKllTllldeCcOnQ Inti pi 

FI ... ctw\dAN.33JPiPPl 

3 .• ~t.rt.etnl 1M H ..... , Mt",he HSCIOO" 

~=4~:.~;::?:,~~:~~~:;:IC:~= 
~:::=:::O' I:_~~OO 

4 "",OM ,. ..... OoWft Circuit." 

• ''\JMIIf'ataNMnl IIftCI Ue1n8 the COP' .... "2 ,"'OlIN 
~~u~7fR~~~~=::~~:= 
c .. cuotOPllOf'ls.nddre'tC.~ 
RCA 1(.AN-e92S lappl 

"32M: .£11l1li011 o.clliktft TUSU3! Of ..... 2712" 

=!!'::03~YIC .. asIOoplll·t&on~=;'o:"OC'$SOfC()ft'l. 
r:.~~~~~:'=·.u"80'OI'2PP1 

RAM. 

=:!!:7~ ....... .,. to pow .. ..down bIPOlar IIV"-!'a" 13 
PROMs 
NabOf111 AN·'" (4ppl 

7 "A GuMS_ to I~ Lotk F~U-"'l 
=~;stechnlQUlestor...,.,ngPft~'0.rhC""lty.rnuI'teo 

~:'~~I::::':'~ (4pO) 
• '''''09'-,"",1"1 273~. ,1tOM1 wtth tM cott..s..a 
",011--
~~:;:~~eduI" IOf p'oo'lrnrmng 2132 PROM, .. Ih II .• 

COP18S4&O Pt=IOM prrqa""'* 
RCA ICAN.u.7 (APPI 

© Ie MASTER 1983 

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 lo
cate the desired access time. 

When devices are available made by various proc
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 voltage 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-cus~omlgate 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 seNices 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 your selection 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 

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 alternate source directory, not in the part number 
index.) 

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

© Ie MASTER 1983 

I deSign to military specs. 
Where can I find the latest QPL 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. 

All integrated circuits with JAN qualification are listed 
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-38510 
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 Mll
STO-883 screening and high-reliability testing. 
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Xlcor 
Memory 3998-3999 
ZlIog 
Microprocessor 1581-1604 
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INTRODUCTION 
TO INTERFACE 

~ The Master Selection Guide provides sufficient informa-
~ tion for making initial product selections. All devices that 
Q) appear in this section, both in the initial selection guide 
en and the data pages, are included in all indexes. These 
I-
Q) 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 package 
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 I-55°C to 
125°C} device is indicated by a It) 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 2612. 

2410 

CATEGORY 

Analog Switches 
Switches with Drivers 
Switches without Drivers 
Drivers 
Multiplexers 

Analog to Digital Converters 
. Binary Output 
Decimal Output 

Digital to Analog Converters 

Display Drivers 

Error Checking Circuits 

Keyboard Encoders 

Line Circuits 
Drivers 
Receivers 
Transceivers 

Memory and Peripheral Drivers 

Sense Amplifiers 

Serial Transmitters-Receivers 

Detailed· Product Information 
provided by: 

2415 
2421 
2422 
2423 

2426 
2438 

2439 

2463 

2467 

2468 

2469 
2473 
2476 

2481 

2486 

2487 

Advanced Micro Devices 2601 
American Microsystems, Inc. 2609 
Datel-Intersil 2613 
Harris Semiconductor 2624 
Hybrid Systems, Inc. 2743 
Micro Power Systems 2749 
Motorola Semiconductor 2750 
National Semiconductor 2762 
Signetics 2772 
Siliconix 2779 
Sprague Electric 2843 
Teledyne Semiconductor 2845 
Texas Instruments 2855 
Western Digital 2869 
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 flir Interfaceschaltungen 
enhalt aIle Informationen, die Sie flir 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 Bauele
ment vorkommt. 

1m Interface-Teil unterscheiden sich die Auswahl
Parameter drastisch flir jede Kategorie; daher hat 
jede ihre eigene Tabelle. Flir Analog-Digital-Wandler 
gibt es zwei Tabellen: eine flir Bauteile mit Binar
Ausgang und eine weitere flir 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 aufgeflihrt, deren Gehause kom
patibel zu ICs sind. 

Dieser Abschnitt wird nicht durch Hinweise auf 
Gehauseformen kompliziert. Die entsprechenden 
Suffixe sind meistens weggelassen. Weitere Informa
tion iiber die Suffixe jedes Herstellers erhalten Sie liber 
das Numerische Typenverzeichnis. 1m ganzen Master 
Selection Guide sind aIle Bauteile mit militarischem 
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 abgeklirzt. 
Die Abkiirzungen werden auf S. 2612 erklart. 

© Ie MASTER 1983 2411 

Q) 

:2 
:J 
C) 

c: 
o ..... 
(,) 
Q) 

Q) 

en 



INTRODUCTION AUX 
INTERFACES 
Le Guide General de Selection fournit suffisamment de 
renseignements pour permettre des selections initiales 
de produits. Tous 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 ~t 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 boitieri 
les suffixes indiquant Ie type de boitier sont generale
ment omis. Pour plus d'information sur les suffixes 
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 
Jabricant, Les noms des fabricants sont generalement 
ecrits en en tier, certains cependant sont abreges. 
Reportez-vous a la page 2612 pour connaitre la signi
fication de ces abreviations. 
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, 
INTRODUCCION A 
ZONA INTERFACIAL 
La Gufa 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 gufa de seleccion inicial 0 en las paginas· 
de datos, estan inclufdas entodos los ostros fndices. 
Estas listas de fndices los conduce a la pagina y linea 
de aquella pagina donde se encuen tra cada 
compon~nte. 

En la seccion de Zona Interfacial la seleccion de para
metros difiere drasticamente para cad a categorfa; de 
tal manera que cada una tienesu propio formato. La 
categorfa 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 
hfbridos i los hfbridos en la lista son solo aquellos de 
estilo constructivo compatible con CI*. 

Esta seccion no es complicada por referencias al estilo 
constructivo i los sufijos que denotan estilo construc
tivo han sido generalmente omitidos. Para informa
cion adicional sobre sufijos de las compaiifas, refierase 
a la Gufa de Numero de Pieza. A 10 largo de la Gufa 
de Seleccion Maestra, cada intervalo completo de 
temperatura para uso militar (SSOC a 12S0C) 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 2612. 
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INTERFACE-Analog Switches 

ON Analog Supply 
Switch Resistance SIgnal Voltage, 

Function Type 25°c,11 Range V V 

Switches with Drivers 

SPST CMOS 50 ±11 ±15,5 
±15,5 ±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 ±5 ±5,5 
±8 -18,12 

50 -10t04 ±15,5 
-10t05 -15,5 

±8 -18.12 

±10 ±15 

60 +10 +18,5 

100 ±5 ±15 

PMOS 80·300 ±10 -20,10 

100-400 ±10 -20,10 

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

50 ±7.5 ±15.5 
±10 ±15.5 

±11 ±15,5 

±15 ±15 

±15,5 

70 ±14 ±15 

c IC MASTER 1983 

MASTER SELECTION GUIDE 

ON Analog Supply 
Switch Resistance Signal Voltage, 

Device Source Une Function Type 25°C, 11 Range V V Device Source Line 

2xSPST CMOS 70 (Cont'd) 
±15 ±15 ADG200A tAD (3176) 

IH5140M t Intersi! H1200·2 tHarrls 
DG5040A tSIIICDAlx (2624,3287) 

(2779.2813) MP200DIA Micro Pwr (401) 60 
DG5040C SlIIconlx DG200A tSlllconlx 

(2779.2813) (2779.2784) 
IH5140C Intersi! DG200AA tSlllconlx 
H15040·2 t Harris (2779.2784) 

(2643.3288) 75 ±10 ±15,5 OGM182B Intersi! 
H15040·5 HarriS IH5141C Intersil 

(2643.3288) 
±11 ± 15,5 OG2oo Intersi! IH5040M t Intersi! 

IH200M t Intersi! 
IH5040C Intersi! IH5041M t Intersil 
CAG6 t Teledyne C ±15 ±1S,5 H15041-2 tHmla (2643) 
CAG10A tTeledyneC 10 H15041·5 Hmls (2643) 
CAG6·10 t Teledyne C 80 ±10 ±15.5 IH200C Intersil 70 
CAG10C tTeledyneC IH5041C Intersil 
CAG100 t Teledyne C ±14 ±15 OG200C Intersi! 
CAG10 t Teledyne C IH5200C Intersil 
IH5001 Intersi! ±15 ±15 ADG200B AD (3176) 
CAG10B t Teledyne C ADG200C AD (3176) 
CAG14 t Teledyne C H1200·5 Hlrrls 

IH5OO2 Intersi! (2624.3287) 

2110BE t TeledyneC 
MP200DIB Micro Pwr (401) 
MP200DlC Micro Pwr (401) 

CAG30 tTeledyne C 20 OG200AB Silicon Ix 
2107BE tTeledyneC (2779.2784) 

TL6101 TI DG200AC SlIIconlx 

TL610M tTl (2779.2784) 80 

TL610C TI 
DG200B Silicon Ix 

(2779.2784) 
IH5048M t Intersil D0200C SlIIconlx 
IH5048C Intersil (2779.2784) 
OGM181B Intersil 90 ±15 ±15 AD7592DIB AD (3176) 
OGM182A t Intersi! AD7592DIK AD (3176) 
IH5141M t Intersi! JFET 6 -6to 10 -18,15 CAG27 t Teledyne C 
HI300 Hlrrla 10 -6to 10 -18,15 CAG27·10 t TeledyneC 

(2630.3287) 30 -7.5 to 15 ±15,5 OG180A t Intersi! 
HI304 Hlrrls OG180B Intersi! 

(2630,3287) DG180A tSlllconlx (2779) 
HI381 Hmls DG180B SlIIconlx (2779) 90 

(2635.3288) 
±10 -18,12 OG141A t Intersi! HI400 Harris 

OG300A tSlllcoalx (2779) IHSOO5 t Intersi! . 

DG300AA tSlllconlx (2779) AH0141 tNlllanl1 (3344) 

OG300AB SlIIconlx (2779) AH0141C Nillonil (3344) 

DG300AC Silicon Ix (2779) OG141A t Silicon Ix 

00300B SIIICDnlx (2779) -20,10,5 OG180A t Intersi! 

DS300C SlIIconlx (2779) OG180B Intersi! 

OG304A . tSlllconlx (2779) 40 OG180A t Siliconix 
DG304AA tSlllcanlx (%779) OG180B Siliconix 
DS304AB Silicon Ix (2779) 15 ±7.5 ±15 OG151A t Intersi! 100 
D0304AC Silicon Ix (2779) AH0151 tNlllanl1 (3344) 
OG304B SlIIconlx (2779) AH0151C Nllln.11 (3344) 
DS304C SlIIcanlx (2779) OG151A t Siliconix 
OG381A tSlllcaalx (2779) 

±8 -18,12 OG141B Intersi! 
OS381AA tSlllcoalx (2779) 

OG441A Intersi! 
OG381AB SIIICDDlx (2779) 

OG141B Silicon Ix 
DG381AC SlIIcollx (2779) 
D0381B tSlllconlx (2779) 50 20 ±S.5 ±15 OG151B Intersll 

DS381C tSlllconlx (2779) OG451A Intersil 

HI5048·% tHarrla (2643) OG1518 Siliconix 

H15048,5 Harrll (2643) 30 -6to 10 -18,15 CAG24 t Teledyne C 110 

DS5041A tSlllcanlx -7.5 to 15 ±15,S OG181A t Intersil 
(2779,2813) IH181M t Intersil 

DG5041C SIIICODlx AM181 t National 
(2779,2813) OG181A tSlllcoalx (2779) 

OG200M t Intersi! -12.5 to 10 
IH5200 t Intersil -20,10,5 OG181A t Intersi! 

(Continued) (Continued) 

Dr' 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,{l Range V V Oevice Source Line Function Type 25°C,{l Range V V 

Switches with Drivers (Cont'd) 2xSPST JFET 
300 -7.5 to 15 ±15,5 

2xSPST JFET 30 -12.5 to 10 
-20,10,5 (Cont'd) 

PMOS 50 ±15 ±15 
IH181M t Intersil 

75-200 -5to 10 ±15,5 
AM181 t National 

±10 -20,10,5 
OG181A t Sillconix 

±10 -18,12 OG133A t Intersil 
75-250 -5to 10 ±15,5 

±10 -20,10,5 
IH5003 t Intersil 
IH5OO6 t Intersll 100-450 ±10 -20,10,5 

AH0133 tNIUDll1 (3344) 
AH0133C NaUDal1 (3344) 4xSPST Common Output 
OG133A t Siliconix PMOS 100-450 ±10 -20,10 

-20 COA2-3 t Teledyne C 10 -20,10,5 

35 ±8 -18,12 OG433A t Intersll 150-450 ±10 -20,10,5 

50 -7.5 to 15 ±15,5 OG1818 Intersil 150-500 ±10 -20,10,5 

IH181C Intersil 200-600 ±10 -20,10,5 
DG181. SlIIconlx (2779) 4xSPST Var. Comb. of Normally On/Off, with Disable 

-10to 15 ±15,5 AM281 National FET 85 ±10 ±15. 

-12.5to 10 
-20,10,5 OG1818 Intersil 

IH181C Inters)) 
OG1818 Sillconlx 

-15to 10 -20,10,5 AM281 National 4xSPST Various Combinations of Normally On/Off 
FET 80· ±10 ±15 

±7.5 ±15 DG152A t Intersil 20 
AH0152 tNIUoaal (3344) 
AH0152C NaUonal (3344) 85 ±10 ±15 

OG152A t Siliconix 

±8 -18,12 OG1338 Intersil 
OG1338 Silicon Ix 

100 ±10 ±15 
±10 -18,12 IH5004 Intersl! 

-18,15 CAG13 t Teledyne C 
CAG42 t TeledyneC JFET 100 ±10 -18,15 

CAG45A tTeledyneC 200 ±10 ±15,0 

75 -7.5 to 15 ±15,5 AM182 t National 30 
-10to 15 ±15,5 OG182A t Intersil 

IH182M t Intersil 
DG182A tSllleoDlx (2779) 

250 ±10 ±15,0 
-12.5 to 10 

-20,10,5 AM182 t National 

-15to 10 -20,10,5 OG182A t Intersil 
IH182M t Intersll 
AM281 National PMOS 200-600 ±10 -20,10,5 
OG182A t Siliconix 

±10 ±15 TL182M tTl 4xSPST CMOS 50 . ±15 ±15 
±15 ±10 SW-056 t PMI 40 

SW-05F PMI 

80 ±8 -18,12 OG434A Intersi! 
±10 -18,12 OG134A tinters)) 75· ±11 ±15,5 

IH5007 Intersll 
AH0134 tNallo.al (3344) 
AH0134C Nallolll (3344) 
OG134A t Siliconix 80 ±10 ±15 

100 -10to 15 ±15,5 OG1828 Intersll 
IH182C Intersll ±15,5 
AM282 National 50 
DG1828 SlIIcDalx (2779) 

-15to 10 -20,10,5 OG182B Intersll 
IH182C Intersll ±14 ±15 
AM282 National 
OG1826 Siliconlx 

. ±1S ±15 
±S.5· ±15 DG452A Inters)) 

OG152B Siliconix I 

±8 -18,12 OG1348 Intersll 90 ±15 ±15 
OG134B Siliconlx 

±10' ±1S,5 TL182C TI 60 
TL1821 TI 

(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Blld fact ladlcatu .. dlU .. al uta II pra,"" •• lb. pa •• IOttd. 
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Oevle. Source Line 

(Cont'd) 
DG281A tSlllmlx (2779) 
DG281. SlIIcDalx (2779) 

HI401 Harris 
OGM111A t Siliconlx 
OGM111A t Siliconix 

OGM111B Silicon Ix 
OGM111B Silicon Ix 

OG111 t Intersll 
OG112 t Intersll 70 

OG116 tlntersll 
OG118 t Intersll 

OG172A t SlIIconix 

OG1728 Sillconix 

OG172C Silicon Ix 

SW03B tPMI 
SW03F PMI 
SW048 tPMI 
SW04F PMI 
SW06 PMI 80 

SW-201B PMI 
SW-2026 PMI 

SW01B tPMI 
SW01F PMI 
SW026 tPMI 
SW02F PMI 

SW-201F PMI 
SW-202F PMI 

CAG48A tTeledyneC 
LF11201 tllaU.aal (3318) 90 
LF11202 tllaUnal (3318) 
LF11331 tllatleaal (3318) 
LF11332 tNaUD.al (3318) 
LF11333 tNaUe .. 1 (3318) 

LF13201 lIalll.al (3318) 
LF13202 NaU •• al (3318) 
LF13331 lIaUe.al (3318) 
LF13332 NaU .. al (3318) 
LF13333 NaU .. al (3318) 

AHOO15 tllaU.ul (3344) 100 
AHOO15C lIalle.al (3344) 

H1201H8-2 tHarrl1 
(2626,3287) 

H12018S-5 Harrll 
(2626.3287) 

IH201M t Intersll 
IH202M t Intersll 
IH5052M t Intersll 
IH5053M t Intersll 

IP201DIA tIler. Pwr (401) 
IP201DI. Illen Pwr (401) 

IH201C Intersll 110 
IH202C Inters)) 
IH5052C Intersll 
IHS053C Intersll 

OG201M t Intersll 
IHS201M t Intersll 

ADG20lA tAD (3176) 
H1201-2 tHlrrl1 

(2626.3287) 

AD7590DIB AD (3176) 
AD7590DIK AD (3176) 
AD7591DI. AD (3176) 120 
AD7591DIK AD (3178) 

(Continued) 
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MASTER SELECTION GUIDE 

INTERFACE-Analog 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 Oevice Source line Function Type 25'C.!l Range V V Device Source line 

Switches with Drivers (Cont'd) 4xSPST CMOS (Cont'd) 
400 ±7.5 ±7.5 H014016B Hitachi 

4xSPST CMOS 90 ±15 ±15 (Cont'd) '. MC14016BA t Motorola 
DG221A tSlllconlx (2794) MC14016BC Motorola 
DG221C Silicon Ix (2794) BB3/4016B tsss 

100 ±14 ±15 OG201C Intersil SCL4016B SSS 
IH5201C Intersil CM4016A t Salltron 

±15 ±15 AD7510DIJ AD (3176) CM4016AE Solitron 60 
AD7510DIK AD (3176) TC4016B Toshiba 
AD7510DIS tAD (3176) 

BOO ±7.5 ±7.5 F4016C Fairchild 
AD7511DIJ AD (3176) 
AD7511DIK AD (3176) F4016M t Fairchild 

AD751101S tAD (3176) 10 850 Inverted Control ± 7.5 
AD7511DIT tAD (3176) ±7.5 B83/4416B tsss 
ADG201B AD (3176) SCL4416B SSS 
ADG201C AD (3176) 

±7.5 CD4016BC Nlt/ODII (3318) 
H1201·5 HarrIs 

±7.5 

(2626.3287) CD4016BM tNIt/onll (3318) 

MP7510DIJ Micro Pwr (401) CD4016A tRCA (748) 

MP7510DIK Micro Pwr (401) CD4016AE RCA (748) 

MP7510DIS tMlcro Pwr (401) C04016B tRCA (748) 70 

MP751101J Micro Pwr (401) CD4016BE RCA (748) 
MP7511DIK Micro Pwr (401) HCC4016B t SGS 
MP751101S tMlcro Pwr (401) 20 HCF4016B SGS 
r.1P75110lT tUlcro Pwr (401) CM4016A tSalitron 
DG308A tSlllconlx CM4016AE Solitron 

(2779.279B) CM4116A tSolitron 
DG308C Silicon Ix CM4116AE Solitron 

(2779.2798) 
OG309A tSlllconlx OMOS 70 ±7.5 ±15 S05001 Sillconix (2824) 

(2779.2800) S05002 Sillconix (2824) 
DG309C Silicon Ix 

± 10 ±15 S05000 Sillconlx (2824) 80 (2779.2800) 

175 ±15 ±15 DG201A tSlllconlx ±15 ±15 805200 SIllCODlx (2824) 

(2779.2786) FET 100 ±10 ±15 SW201B tPMI 
DG201AA tSlllconlx SW201F PMI 

(2779.2779.2786) 
SW202B tPMI 

OG202A tSlllconlx 
(2779.2788) SW202F PMI 

OG202B Silicon Ix JFET 10 ±10. -18,2.8 CAM604A t Teledyne C 
(2779.2788) 30 ±7.5 ±15,5 AM193 National 

DG211C Sillconix 
(2779.2790) 30 50 -10t05 -15,5 CAG49 t TeledyneC 

OG212C Sillconix ±10 ±18,-7 CAGSO t TeledyneC 

(2779.2792) 60 ±10 -18,5 CAG49 t TeledyneC 90 
200 ±15 ±15 OG20lAB tSlllconlx 75 ±10 ±15 SW7510A tPMI 

(2779.2786) 
SW7510B tPMI 

DG201AC tSlllconlx 
(2779.2786) SW7510E PMI 

DG201B Silicon Ix SW7510F PMI 

(2779.2786) SW7511A t PMI 

DG201C Sillconix SW7511B tPMI 
(2779.2786) SW7511E PMI 

DG202C Sillconix SW7511F PMI 
(2779.2788) 

±15,5 AM 194 National 
2BO ±7.5 ±7.5 F4066BC Fairchild 

F4066BM t Fairchild 5xSPST Common Output 

H014066B Hitachi PMOS 100-450 ±10 -20,10 06123 tlntersil 100 

MC14066BA t Motorola 40 06123A t Sillconix 

MC14066BC Motorola -20,10,5 OG125 t Intersil 
C04066BC National (3318) OG125A t Siliconlx 
CD4066BM t National (3318) 

±10 Intersil 
CD4066A tRCA (748) 125·500 -20,10 06123B 

CD4066AE RCA (748) OG123B Siliconlx 

CD4066B tRCA (748) -20,10,5 06125B Intersil 
CD4066BE RCA (748) 06125B Siliconix 
HCC4066B tS6S 

SPOTforO/A 
HCF4066B S6S NPN·PNP 
N4066A Signetics 50 10 Oto·10 -15 COA1·3 t TeledyneC 
883/4066B t SSS 10 10 COMA t TeledyneC 
SCL4066B SSS 
TC4066B Toshiba ±10 -15,5 COA23 t TeledyneC 110 

(Continued) ±15 COM t Teledyne C 

OJ' 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,n Range V V Oevice Source Line Function Type 25°C,n Range V V Device Source Line 

SWitches with Drivers (Cont'd) SPOT I JFET 30 (Cont'd) 
-12.5to 10 

SPOT I CMOS 35 ±10 ±15,5 IH5050M t Intersil -20,10,5 OG187A t Intersil 
45 ±10 ±15,5 IH5050C Intersil IH187M t Intersil 
50 ±11 ±15,5 IH5142M t Intersil AM187 t National 

±15 ±15 HI301 Harris OG187A t Siliconix 
(2630.3287) ±10 ±18,12 OGl44A t Intersil 

HI305 Harris AH0144 tNallonal (3344) 
CD (2630.3287) AH0144C Nillonal (3344) 

"'C HI387 Harris OGl44A t Siliconix 
::J (2635.3288) 

35 ±8 ±8,12 OG444A Intersil 
(!J OG301A tSlllconlx (2779) 

OG301AA tSlllconlx (2779) 50 -7.5 to 15 ±15,5 OG1878 Intersil 70 
C OG301A8 Silicon Ix (2779) IH187C Intersil 
0 

OG301AC Silicon Ix (2779) 10 OG1878 SlIIconlx (2779) .... 
() OG3018 SlIIconlx (2779) -10to 15 ±15,5 AM287 National 

~ OG301C Silicon Ix (2779) -12.5 to 10 
CD OG305A tSlllconlx (2779) -20,10,5 OG1878 Intersil en OG305AA tSlllcDalx (2779) IH187C Intersil 
~ OG305A8 SlIIconlx (2779) OG1878 Silicon Ix 
CD ..... OG305AC SlIIconlx (2779) -15to 10 -20,10,5 AM287 National rn 003058 SlIIconlx (2779) ca OG305C SlIIcanlx (2779) ±7.5 ±15 OG162A t Intersil 

::E OO387A tSlllcaalx (2179) AH0162 tNlllonl1 (3344) 

OG387AA tSlllcanlx (2779) 20 AH0162C Nillonil (3344) 80 

OG387A8 SlIIconlx (2779) OG162A t Sillconlx 

OG387AC SlIIcaalx (2779) ±8 ±15 21268G t Teledyne C 

OG3878 SlIIcanlx (2779) ± lB,12 OGl448 Intersi! 

OG387C Silicon Ix (2779) OGl448 Siliconlx 

±15,5 H15050-2 tHlrrls (2643) 75 -7.5 to 15 ±15,5 AM1B8 t National 

H15050-5 Harris (2643) -10to 15 ±15,5 OG1B8A t Intersil 

OG5042A tSlllconlx IH188M t Intersil 

(2779.2813) OG188A tSlllconlx (2779) 

OG50UC Silicon Ix -12.5 to 10 
(2779.2813) -20,10,5 AM1B8 t National 

75 ±10 ±15,5 IH5142C Intersil -15to 10 -20,10,5 OG188A t Intersi! 90 
± 11 ±15,5 IH5042M t Intersi! 30 IH188M t Intersi! 

±15 ±15,5 H15042-2 t Hlrrls (2643) OG188A t Siliconlx 

H15042-5 Harris (2643) ±10 ±15,5 TL188M tTl 

80 ±10 ±15,5 IH5042C Intersil 80 ±8 ±18,12 OG443A Intersil 

JFET 6 -5to 10 ±15 CAG7 t Teledyne C 
±10 -18,12 OG143 t Intersi! 

AH0143 t Nillonal (3344) 
10 -5to 10 ±15 CAG7-10 t Teledyne C AH0143C Nillonil (3344) 

-7.51015 ±15,5 DG186A t Intersi! OG143A t Siliconix 
OG1B68 Intersi! 
OG186A tSlllcDnlx (2779) 100 -10to 15 ±15,5 OG1888 Intersi! 

OG186B SlIIcoalx (2779) IH188C Intersil 100 

--12.5 to 10 
AM288 National 
OG1888 SIIICODlx .(2779) 

-20,10,5 DGl86A t Intersil 40 
-15to 10 -20,10,5 OG1888 Intersil OG1868 Intersil 

OG186A t Siliconix 
IH188C Intersi! 
AM288 National 

OG1868 Siliconix 
OG1888 Siliconix 

±10 ±18,12 OG146A t Intersil ±5.5 ±15 OG1628 Silicon Ix 
AH0146 tNIUoul (3344) 
AH0146C IIUDDal (3344) ±8 ±15 OG462A Intersil 

OG146A Silicon Ix ±10 -18,12 OG1438 Siliconix 

15 ±7.5 ±15 OG161A t Intersi! 
±15 AH2114 tNllloal1 (3344) 110 

AH0161 tlllloDal (3344) ±15,5 TL 188C TI 

AH0161C lalloDaI (3344) 50 TL 1881 TI 

OG161A Siliconix 125 ±10 ±15 AH2114C lalloaal (3344) 

±8 ±18,12 OG1468 Intersi! 300 -7.51015 ±15,5 OG287A tSlllconlx (2779) 

OG446A Intersi! OG287B SIIICODlx (2779) 

OG1468 Sillconix NPN-PNP 

20 ±5.5 ±15 OG461A Intersil 10 ±10 -15,5 COA23 t Teledyne C 

OG1618 Silicon Ix PMOS 100-400 ±10 -20,10 TL6041 TI 

30 -7.5 to 15 ±15,5 OG187A t Intersi! TL604M tTl 

IH187M t Intersi! 200-600 ±10 -20,10 TL604C TI 

AM187 t National SPOT JFET 50 -10t05 -15,5 COA18 t Teledyne C 120 
OG187A tSlllconlx (2779) 60 PMOS 100-400 ±10 -20,10 SI3002A t Silicon Ix 

(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
80ld faca ladlcltls IddlUoDl1 data Is provided oa lbl pigi aotld. 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

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

Function Type 2SoC,O Range V V Device Source Line Function Type 2SoC, 0 Range V V Device Source line r .~ 

Switches with Drlverl (Cont'd) 2xSPOT' 
JFET 10 -7.5 to 15 ±15,5 (Cont'd) 

SPOT PMOS 100-400 ±10 -20,10 (Cont'd) OG189B Intersil ~ .. 
SI3002B Siliconix DG189A tSlllconlx (2780) 
TL6011 TI DG189B SIIIconlx (2780) 
TL601M tTl -12.5 to 15 
TL6071 TI -20,15,5 OG189A t Intersil 
TL607M tTl OG189B Intersil 

200· ±10 -20,10 SH3002C Fairchild OG189A t Siliconix Q.) 

SH3002M t Fairchild OG189B Silicon Ix 60 
"C 
::::J 

200-600 ±10 -20,10 TL601C TI 30 -7.5 to 15 ±15,5 OG190A t Intersil C!J 
TL607C TI OG190B Intersil 

IH190M t Intersll C 
2xSPOT' 0 

CMOS 35 ±10 ±15,5 IH5051M t Intersil 10 AMl90 t National ...... 
45 ±10 ±15,5 IH5051C Intersil DG190A tSlllconlx (2780) () 

-12to 15 -20,15,5 OG190A t Intersll 
Q.) 

50 ±11 ±15,5 IH5143M t Intersil 
±15 ±15 HI303 Harris OGl90B Intersil Q.) 

(2630.3288) IHl90M t Intersi( CI) 

HI307 Harris AMl90 t National ~ 

Q.) 
(2630.3288) OG190A tSiliconix 70 ...... en 

HI390 Harris 50 -7.5 to 15 ±15,5 DG190B SIIIcalllx (2780) (U 
(2635,3288) -10to 15 ±15,5 AM290 National ~ 

DG303A tSllleanlx (2780) -12.5to 15 
DG303AA tSllleDlllx (2780) -20,10,5 OG190B Siliconix 
DG303A8 SlIIconlx (2780) 
DG303AC SlIIconlx (2780) -15to 10 -20,10,5 AM290 National 

DG303B SlIIconlx (2780) 20 75 -7.5 to 15 ±15,5 AM191 t National 

DG303C SlIIconlx (2780) -10 to 15 ±15,5 OG191A t Intersil 

DG307A tSllleonlx (2780) IH191M t Intersi! 

DG307AA tSlllconlx (2780) DG191A tSlllconlx (2780) 

DG307AB SlIIconlx (2780) -12.5 to 15 
OG307AC SlIIconlx (2780) -20,10,5 AM191 t National 
OG307B SlIIeonlx (2780) -15to 10 -20,10,5 OG191A t Intersi! 80 
DG307C SlIIconlx (2780) IH191M t Intersi! 
DG390A tSllleonlx (2780) OG191A t Siliconix 
DG390AA tSllleoolx (2780) 

100 -10to 15 ±15,5 OG191B Intersi! 
DG390AB SlIIeanlx (2780) 30 

IH191C Intersi! 
DG390AC Silicon Ix (2780) 

AM291 National 
DG390B SIIIconlx (2780) 

OG191B Silicon Ix (2780) 
DG390C SlIIconlx (2780) 

±15,5 H15051-2 t Hlrrls 
-15to 10 -20,10,5 OG191B Intersil 

IH191C Intersil 
(2643,3288) 

AM291 National 
H15051-5 Hlrrls, 

OG191B Siliconix 90 
(2643.3288) 

DG243A tSIIICDDlx 125 ±10 ±15,5 TL 191M tTl 
(2780,2796) 150 ±10 ±15,5 TL191C TI 

DG243C SIIIeanlx Tl1911 TI 
(2780,2796) 

300 -7.5 to 15 ±15,5 OG290A tSlllconlx (2780) 
DG5043A tSllleanlx 

(2780.2813) D0290B SIIIconlx (2780) 

D05043C SlIIeDIIlx PNP 10 ±10 ±15 COA29A t TeledyneC 
(2780.2813) 3xSPOT CMOS 280 ±7.5 ±7.5 F4053BC Fairchild 

75 ±10 ±15,5 IH5143C Intersi! 40 F4053BM t Fairchild 

± 11 ±15,5 IH5043M t Intersi! H014053B Hitachi 

±15 ±15,5 H15043-2 tHarrls 
MCl4053BA t Motorola 100 

(2643.3288) MC14053BC Motorola 

H15043-5 H.rrls CD4053BC 11.1101111 (3318) 

(2643.3288) CD4053BM tllllioDl1 (3318) 

80 ±10 ±15,5 IH5043C Intersll 
CD4053B tRCA (748) 
C04053BE RCA (748) 

100 ±15 ±15 A07512DIJ AD (3176) HCC4053B t SGS 
AD75120lK AD (3176) HCF4053B SGS 
AD7512DIS tAD (3176) 883/4053B tSSS 
AD7512DIT tAD (3176) SCl4053B SSS 
MP7512DIJ Micro Pwr (401) CM4053A t Solitron 110 
MP75120lK Micro Pwr (401) 50 CM4053AE Solitron 
MP75120lS tMlcro Pwr (401) TC4053B Toshiba 
MP7512DIT t_lcro Pwr (401) 4xSPOT for O/A (current switch) 

JFET 10 -7.5 to 15 ±15,5 OG189A t Intersi! NPN - -10to-3 ±15 ULN-2140A Sprague 
(Continued) UlS-2140H t Sprague 

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 AIIalog SUpply ON 
Switch Resistance Signal Voltage, Switch Resistance 

Function Type 2S0C, 0 Range V V Device Source line Function Type 2SoC,O 

Switches with Drivers (Cont'd) 2xOPST CMOS 
75 

4xSPOT for O/A 
CMOS 100 0.1 8 A07519J AD 

4xSPOT CMOS - - 8 MC14551BA t Motorola 
MC14551BC Motorola 

JFET 35 ±10 -15.5 HCS310 HyComp 

NMOS - - 8 OG515A t SlIIconix 80 
OG515B Siliconix JFET 10 
OG515C Siliconix 

PNP 7 o to -10 -15 CDA11-S12 Teledyne C 
10 o to -10 -15 CDAll Teledyne C 

10xSPOT for 01 A 
NMOS - - 8 OG516A t Silicon Ix 10 

OG516B Sillconix 
OG516C Sillconix 

OPST CMOS 50 ±15 ±15 DG384AA tSlllcaalx (2780) 
D8384AB SlIIcanlx (2780) 
D8384At SlIIc,.lx (2780) 

75 ±11 ±15,5 IH5044M t Intersl! 
IH5144C Intersl! 
IH5144M t Intersl! 15 
D85044A tSllleDalx 

(27110.2813) 
DG5044C SlIIcDnlx 

(2780,2813) 20 

±15 ±15,5 H15044-2 tHlrrls (2643) 
H15044-5 Hlrrls (2643) 

20 
80 ±10 ±15,5 IH5044C Intersl! 

IH5044M t Intersil 

PMOS 200 ±10 ±12 SH3OO3C Fairchild 30 
SH3003M t Fairchild 

2xOPST Common Output 
PMOS 100-450 ±10 -20,10,5 OGM122A tSlliconlx 

125-500 ±10 -20,10,5 OGM122B Sl!lconix 

200-600 ±10 -20,10,5 AHOO19 tN11IDn11 (3344) 
AHOO19C Nillalil (3344) 30 

2xOPST Three Control Input 
CMOS 200 ±15 ±15,5 HI1800A-5 Harris 

2xOPST CMOS 35 ±10 ±15,5 IH5049M t Intersl! 
45 ±10 ±15,5 IH5049C Intersil 

50 ±11 ±15,5 IH5145M t Intersl! 
±15 ±15 HI302 HIrrls 

(2630,3288) 35 
H1306 Harrl. 

50 (2630.3288) 
HI384 Harrll 

(2635.32811) 
OG302A tSlllconlx (2780) 
OG30W tSlllmlx (2780) 
DG302A8 SlIIcoalx (2780) 40 
DG302AC SlIIcDIIlx (2780) 
003028 SlIIconlx (2780) 
DG302C SlIIcDIIlx (2780) 
OB306A . tslllconix (27110) 
DG306AA tSIIICORlx (2780) 
DG306AB SlIImlx (2780) 
DG306AC SlIIconlx (2780) 
OG306B SlIIcDIIlx (2780) 
D8306C SlIIconlx (2780) 
OG384A tSlllconlx (27110) 50 60 
OG3UB SlIIconlx (2780) 

75 DB3114C SlIIcallx (2780) 

±15.5 H15049-2 tHarrla (2643) 
H15049-5 Hurls (2643) 
DB5045A tSlllconlx 

OG5045C 
(2780.2813) 

SlIIcDalx 
(2780,2813) 
(Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bol'flCl Idleltn ... mo.al dati II prDyl •• d DIIla pa •• DOtt •. 

2420 

Analog Supply 
Signal Voltage, 
Range V V Oevlce Source Line 

(Cont'd) 
±10 ±15,5 IH5145C Intersl! 
±11 ±15,5 IH5045M t Intersil 

±15 ±15,5 H15045-2 tHarrla 
(2643,3288) 

H15045-5 Harrla 
(2643.3288) 60 

±10 ±15,5 IH5045C Intersil 

-7.5 to 15 ±15,5 OGl83A t Intersl! 
OG183B Intersil 
OG183A tSlllmlx (2780) 
OG183B SlIIconlx (2780) 

-12.5to 10 
-20.10,5 OGl83A t Intersil 

OG183B Intersl! 
OG183A t Siliconix 
OG183B Sl!iconlx 

±10 -18,12 OG140A t Intersl! 70 
AH0140 tNIUo.II (3344) 
AH0140C lIallolll (3344) 
OGl40A t Siliconix 

±7.5 ±15 OG153A t Intersil 
AH0153 t 1I1110nii (3344) 
AH0153C lIallolil (3344) 
OG153A t Siliconix 

±8 -18,12 OG440A Intersl! 
OG140B Sillconix 

±5.5 ±15 OG153B Intersl! 60 
OG453A Intersil 
OG153B Siliconix 

-7.5 to 15 ±15,5 DGl84A t Intersil 
IH184M t Intersil 
AMl84 t National 
DG184A tSlllmlx (2780) 

-12.5to 10 
-20,10,5 OGl84A t Intersl! 

IHl84M t Intersil 
AM 184 t National 
OGl84A t Sillconix 90 

±10 -18.12 OGl29A t Inters I! 
AH0129 tliitlonal (3343) 
AH0129C Nltlanll (3343) 
OG129A t Siliconix 

+8 -18,12 OG429A Intersl! 

-7.5 to 15 ±15,5 OGl84B Intersil 
IHl84C Intersil 
OGl114B SlIIcanlx (2780) 

-10to 15 ±15,5 AM284 National 

-12.5 to 15 
-20.10,5 OGl84B Intersl! 100 

IHl84C Intersil 
OGl84B Sillconix 

-15to 10 -20,10,5 AM284 National 

±7.5 ±15 OGl54A t Intersl! 
AHOl54 t National 
AHOl54C National 
OGl54A t Sillconix 

±8 -18,12 OG129B Sillconix 

±10 -18,15 CS4Rl01A t TeledyneC 

";'7.5 to 15 ±15,5 AM185 t National 110 
-10to 15 ±15,5 OG185A t Intersl! 

IH185M t Intersil 
DG185A tSlllconlx (2780) 

-12.5 to 10 
-20,10.5 AM185 t National 

-15to 10 -20,10,5 OG185A t Intersil 
(Continued) 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

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

Function Type 2S·C,n Range V V Device Source line Function Type 2S·C,n Range V V Device Source line 

Switches with Drivers (Cont'd) OPOT' JFET 100 ±5.5 ±15 (Cont'd) 
DG464A Intersil 

2xDPST JFET 75 -15to 10 -20,10,5 (Cont'd) OGl648 Siliconlx 
IH185M t Intersil 

±10 -18,12 DG1428 Siliconix DG185A t Siliconix 

80 ±8 -18,12 DG426A Intersi! OPOT PMOS 200-600 ±10 -20,10,5 AHOO14 tNalloRal (3344) 

±10 -18,12 DG126A t Intersi! AHOO14C Nalloftal (3344) 

AH0126 t NalloDal (3344) 2xDPOT with Followers 

AH0126C NalloDal (3344) TDA1028 Signetics 

DG126A t Siliconix 2xOPDT PMOS 150-1000 Oto -18 -(5-21) TDAl195 Siemens 
100 -10to 15 ±15,5 OG1858 Intersi! OP4T with Followers 

IH185C Intersil TDA1029 Signetics 70 
AM285 National 10 4POTfor O/A 
DG1858 SlIIconlx (2780) PNP 10 ±10 ±15,S COA28A t Teledyne C 

-15to 10 -20,10,S OG18S8 Intersi! 4PST CMOS SO ±15 ±lS,S H15047A-2 tHarrtl (2643) 
IH185C Intersil 
AM28S National 

H15047A·5 Harrll (2643) 

OGl858 Siliconix 7S ±11 ±15,S IH5047M t Intersi! 

±5.5 ±15 OGl548 Intersil ±15 ±15,5 H15047·2 t Harrll (2643) 

DG454A _Intersil H15047·5 HarrIs (2643) 

DG1548 Si!iconix 80 ±10 ±lS,5 IH5047C Intersil 

±8 -18,12 OG1268 Siliconix 
Switches without Drivers 

125 ±10 ±15,5 TL 185M tn 20 

lS0 ±10 ±lS,S TL 185C TI SPST JFET 30 ±10 AM 1000 t National 
TL18S1 TI SO ±15 AM100l t National 

300 -7.Sto 15 ±lS,5 DG284A tSlllconlx (2780) 100 o to (Orlve-4) 
002848 SIIICoDlx (2780) IH5037C Intersil 80 

3xDPST Common Output IH5037M t Intersil 

PMOS 100-450 ±10 -20,10 OG120 tlntersil ±O.2 IHS021C t Intersil 
-20,10,S OG121 t Intersil IH5021M t Intersi! 

OPOT with followers IH5023C Intersil 
TDA1527 Signetics IH5023M t Intersll 

OPOT' CMOS 50 ±lS ±lS,5 H15046A·2 tHarrls (2643) ±10 AM 1002 t National 
H15046A·5 Harris (2643) 150 o to (Orive-4) 

7S ±11 ±lS,5 IHS046M t Intersil 30 IHS038C Intersl! 
±lS ±lS,S H15046-2 t HarrIs (2643) IH5038M t Intersl! 

H15046-5 Harris (2643) ±O.2 IHS022C Intersi! 
80 ±10 ±15,S IH5046C Intersil IH5022M t Intersi! 90 

JFET 10 ±10 -18,12 DG14SA t Intersi! I HS024C Intersi! 

AH0145 tNallaDal (3344) IHS024M t Intersil 

AH0145C Nallonal (3344) 2xSPST Common Output 
OG145A t Sillconlx JFET 100 o to (Orlve-4) 

15 ±7.5 ±15 OG163A t Intersil IH5035C Intersil 

AH0163 tNlllanl1 (3344) IHS03SM t Intersil 

AH0163C Nallanal (3344) 40 ±0.2 IHS019C Intersil 
DG163A t Sillconix IH5019M t Intersil 

±8 -18,12 OG445A Intersl! 150 o to (Orive-4) 
OG14S8 Sillconix IHS034C Intersil 

20 ±S.S ±lS OG1638 Intersil IH5034M t Inters/l 

OG463A Intersi! ±O.2 IH5018C Intersil 
OG1638 Sillconix IHS018M t Intersil 100 

30 ' ±10 -18,12 OG139A t Intersl! 2xSPST JFET 100 o to (Orive-4) 
AH0139 tNallaAlI (3344) IH5033C Intersl! 
AH0139C Nall.AlI (3344) IHS033M t Inters/l 
OG139A t Sillconix 50 ±O.2 IH5017C Intersl! 

3S ±8 -18,12 OG439A Intersil I IH5017M t Inters/l 

50 ±7,S ±15 DGl64A t Intersil 150 o to (Orive-4) 
AHOl64 tNallaAlI (3344) IH5036C Inters/l 
AH0164C NaUo1i1 (3344) IHS036M t Intersil 
DGl64A t Siliconix ±O.2 IH5020C Intersil 

±8 -18,12 OG1398 Siliconix IHS020M t Intersl! 

80 ±8 -18,12 OG442A Intersil 3xSPST Common Output 
±10 -18,12 OG142A t Intersl! JFET 100 o to (Drlve-4) 

AH01U t·aUa.al (3344) I HS029C Intersil 
AH0142C NaUoul (3344) 60 IH5029M t Intersil 110 
OG142A t Siliconix ±0.2 IH5013C Intersil 

100 ±S.S ±lS OG1S48 Intersil IH5013M t Intersil 
(Continued) (Continued) 

Of' 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,1l Range V V Device Source Line Function Type 25°C,1l Range V V 

Switches without Drivers ' (Cont'd) 4xSPST JFET 150 
±0.2 

3xSPST Common Output 
JFET (Cont'd) 

150 o to (Drlve-4) 
IH5030C Intersil 
IH5030M t Intersil 

±0.2 IH5014C Intersl! PMOS 200-600 

IH5014M t Intersl! 

3xSPST JFET 100 o to (Drlve-4) 5xSPST Common Output plus Output Switch 

IH5031C Intersil PMOS -
IH5031M t Intarsl! 

±0.2 IH5015C Intersl! 
IH5015M t Intersl! 5xSPST Common Output 

150 o to (Drlve-4) PMOS -
IH5032C Intersil 
IH5032M t Intersil 10 

±0.2 IH5016C Intersil 
IH5016M t Intersll 6xSPST Common Output 

PMOS 200-600 MM455 t Intersl! PMOS -
MM555 Intersil 

4xSPST Common Output 
JFET - 6129 Intersll 

6130 t Intersll 
" 6131 t Intersll 

6132 t Intersll 
61350 Intersil 
61360 Intersil 20 

100 o to (Drlve-4) 2xDPST Common Output 

IH5025C Intersil PMOS -
IH5025M ·t Intersil 

±0.2 IH5009C Intersll 
IH5009M, t Intersll 3xDPST Common Output 

AH5009C Nallonal (3318) PMOS -
AM9709C National 
AM97C09 National 

150 o to (Drlve-4) 
IH5026C Intersil Drivers IH5026M t Intarsil 

±0.2 IH5010C Intersil 30 High Current Switch (to drive power transistor 
IH5010M t Intersll switches) 
AH50tOC Nillona' (3318) 
AM9710C National 
AM97C10C National 2 Channel 

PMO~ - 6124 Intersl! 
MM451 t Intersll 
MM551 Intersll 

4xSPST Two Outputs 
JFET - 6123 Intersll 
PMOS - 6123A t SlIlconlx 

6123B Siliconix 40 

4xSPST JFET - 6125 t Intersil 
6126 t Intersil 
6127 t Intersll 
6128 t Intersil 
61330 Intersll 4 Channel 
61340 Intersil 

100 o to (Drlve-4) 
IH5027C Intersl! 
IH5027M t Intersil 6 Channel 

±0.2 IH5011C Intersl! 
IH5011M t Inters I! 50 
AH5011e Nallonll (3318) 
AM9711C National 
AM97Cl1C National 

150 o to (Orlve-4) 
IH5028C Intersll 
IH5028M t Intersll 

(Continued) 
.. t MIlitary Temperature Range (- 55° to 125°C) • Typical Value 

Bold flc. ladlclllS Iddll101l11 dill II prg.I •• d H III. pap 101 ... 
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Device Source Une 

(Cont'd) 
IH5012C Intersil 
IH5012M t Intersil 
AH5012C NllIolil (3318) 
AM9712C National 
AM97C12C National 60 

MM452 t Intersl! 
MM552 Intersl! 

6117A t Intersil 
6117B Intersil 
6117A t SlIIconlx 

6116A t Intersl! 
6116B Intersil 
6116A t Silicon Ix 
6116B SlIlconlx 

6115A t Intersl! 70 
6115B Intersil 
6118A t Intersll 
61188 Intersil 
AM2009 t National 
AM2009C National 
6115A t SlIiconlx 
6115B SlIiconlx 
6118A t SlIiconlx 

MM450 t Intersil 
MM550 Intersil 80 
6122A tSlllconlx 

6119A t Intersl! 
6119B Intersil 
6119A t SlIIconlx 
6119B SlIiconlx 

S61629 tSlIlcon G 
S63629 Silicon 6 

Dl12C Intersll 
Dl12M t Intersl! 
0113C Intersll 90 
Dl13M t Intersll 
0120C Intersll 
0120M t Intersll 
0121C Intersl! 
0121M t Intersl! 
0139A t Silicon Ix 
0139B Siliconlx 
0139C Siliconlx 

0129 Intersl! 
0129A t SlJIconlx 100 
0129B SlJIconlx 

0123C Intersl! 
0123M t Intersil 
0125C Intersll 
0125M t Intersll 
0123A t Sillconlx 
0123B SlIIconlx 
o 125A t Sillconlx 
D1258 SDlconlx 
COR125A t TeledyneC 110 
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MASTER SELECTION GUIDE 

INTERFACE-Analog 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 '.-
Multiplexers 4 Channel Differential 

CMOS 450 ±15 ±15 (Cont'd) 
4 channel. See Switches 4xSPST DG509AC SlUeonlx (2804) ~ .. 
Crosspoint SWitches DG509B SlUconlx (2804) 

MC142100 Motorola (3298) DG509C SlIIconlx (2804) 

MC145100 Motorola (3298) 750 ±15 ±15 MPC801 Burr·Brown 60 
MC3416 Motorola 1000 ±13 ±15 IH5208M t Intersil 
RC4444 Raytheon 
RM4444 t Raytheon 1200 ±13 ±15 IH5208C Intersil Q) 

CD22100 RCA (749.753) 1300 ±15 ±15 MPC40 Burr·Brown "0 
CD22101 RCA (749.754) 1500 ±15 ±15 MXD·409 01111 (2622) ::l 
CD22102 RCA (749,754) MXD·409M tolla' (2622) CJ 
0169 Siliconix 10 H1509A·2 t Hlrrls c::: 

4 Channel Differential (2654.3288) 0 
- 6.5 ±15 ±15 HI529 Harris 1800 ±15 ±15 H1509A·5 Hlrrls ..... 

900 ±10 ±15 H1539·2 t Harris (2654.3288) 0 
Q) 

(2674.3288) JFET 260 -15to 11.5 Q) 
H1539·5 Harris ±15 MUX·24A t PMI en (2674.3288) MUX·24E PMI t.... 

CMOS 230 ±15 ±15 MP7502D1S tMlero Plllr 350 * -15to 12 ±15 LF11509 tNltloDl1 (3318) 70 Q) 
(401.2749) ..... 

LF13509 National en 
MP7509D1S tMlero Plllr (401) ctS 

370 -15 to 12 ±15 MUX·24B tPMI ~ 250 ±15 ±15 MVD·409 Dalal (2622) MUX·24F PMI 
MVD·409M tDatal (2622) 

270 ±7.5 ±7.5 MC14529BA t Motorola 
4 Channel Sequential Commutator 

PMOS 200·600 ±10 -24,12 MM554 National 
MC14529BC Motorola 
C04529BC National 20 4 Channel Video 

C04529BM t National 
CMOS 450 ±15 ±15 H1524·2 t Hlrrls 

(2669.3288) 
280 ±7.5 ±7.5 F4052BC Fairchild H1524·5 Harris 

F4052BM t Fairchild (2669.3288) 
H014052B Hitachi 4 Channel Video Multiplexer 
MC14052BA t Motorola CMOS 270 ±7.5 ±7.5 MC 14529BA t Motorola 
MC14052BC Motorola MC14529BC Motorola 
CD4052BC Nalional (3318) C04529BC National 
C04052BM t Nallonll (3318) C04529BM t National 80 
C04052B tRCA (748) 
CD4052BE RCA (748) 30 4 Channel with Input Latch 

HCC4052B t SGS 
CMOS 400 ±15 ±15 DG529A tSIIICODlx (2806) 

HCF4052B SGS 
450 ±15 ±15 DG529C Silicon Ix (2806) 

883/4052B tsss 6 Channel 

SCL4052B SSS CMOS 150 ±B ±8 MS504 RTC 

CM4052B t Solitron JFET 60 ±10 -18,2.8 CAM601A t TeledyneC 

CM4052BE Solitron 8 Channel 
TC4052B Toshiba CMOS 230 ±15 ±15 MP75010lS tMlcro Pwr 

300 ±15 ±15 AD7502J AD (3176) (401.2749) 

A07502K AD (3176) MP75030lS tMlero Pwr 

A07502S tAD (3176) 40 
(401.2749) 

MP75080lS tMlcro Pwr (401) 
H1509·2 t Harris 

(2654.3288) 250 ±15 ±15 MV·808 011,1 (2622) 
H1509·5 Harris MV·808M tolill (2622) 

(2654.3288) 280 ±7.5 ±7.5 F4051BC Fairchild 90 
IH6208M t Intersil F4051BM t Fairchild 

320 ±15 ±15 MP7502DIJ Micro Pwr H014051B Hitachi 
(401.2749) MC14051BA t Motorola 

MP7502D1K Micro Pwr MC14051BC Motorola 
(401.2749) C04501BC NllloRiI (3318) 

MP7509D1J Micro Pwr (401) CD4501BM tNlllOOII (331B) 
MP7509D1K Micro Pwr (401) C04051B tRCA (74B) 

350 ±15 ±15 IH6208C Intersil C04051BE RCA (748) 

400 ±15 ±15 HI 1828A·2 t Harris HCC4051B tSGS 

H11828A·5 Harris 50 HCF4051B SGS 100 

DG506AA tSlUeonlx (2802) 883/4051B tsss 

DG509A tSlUeonlx (2804) SCL4051B SSS 

DG509AA tSlUconlx (2804) CM4051A t Solitron 
CM4051AE Solitron 

450 ±15 ±15 DG5D6AB SlUeonlx (2802) TC4051B Toshiba 
DG506AC SlUeonlx (2802) 
DG509AB Silicon Ix (2804) 300 ±15 ±15 A07501J AD (3176) 

(Continued) A07501K AD (3176) 
A07501S tAD (3176) 
AD7503J AD (3176) 

(Continued) 

Of! means four terminals with a pair of normally open and normally closed contacts. 
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Ie MASTER 
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I INTERFACE-Analog Switches (Cont'd) 
~ ON Analog Supply ON Analog Supply Pi Switch Resistance Signal Voltage. Switch Resistance Signal Voltage. 

~ Function Type 25°C. 0 Range V V Device Source Line Function Type 25°c.n Range V V Device Source Line 

m Multiplexers (Cont'd) 8 Channel Differential 

i 
CMOS 230 ±15 ±15 MP7507DIS tMlcro Plllr 

8 Channel (401.2749) 
CMOS 300 ±15 ±15 (Cont'd) 250 ±7.5 ±7.5 MC14097BA t Motorola 

AD7503K AD (3176) MC14097BC Motorola 
AD7503S tAD (3176) 270 ±15 ±15 MVD-807 Dllel (2622) 
H1508-2 tHlrrls MVD-807M tDllel (2622) 

(2654.3288) 
H1508-5 Harris 280 ±7.5 ±7.5 CD4097B tRCA (748) 

Q) 
(2654.3288) CD4097BE RCA (748) 60 

"C 
IH610BM t Intersil HCC4097B t SGS 

:J HCF4097B SGS 
C!J 320 ±15 ±15 MP7501DIJ Micro Plllr 

(401.2749) 320 ±15 ±15 MP7507D1J Micro Plllr 
C MP7501DIK Micro Plllr (401.2749) 

.2 (401.2749) MP75070lK Micro Plllr 
+oJ (401.2749) 
0 MP75030lJ Micro Plllr 
Q) (401.2749) 400 ±15 ±15 A07507S tAD (3176) 
Q) MP7503D1K Micro Plllr AD750n tAD (3176) 

en (401.2749) H1507-2 t Hlrrls 

'- MP7508DIJ Micro Plllr (401) 10 (2650.3288) 
Q) MP7508DIK Micro Pwr (401) H1507-5 Hlrrls 

+oJ (2650.3288) en 350 ±15 ±15 IH610SC Intersil 
ctS DG507A tSlllcoalx (2802) 

~ 400 ±15 ±15 DG508A tSlllconlx (2804) DG507AA tSlllcoalx (2802) 70 
DG508AA tSlllconlx (2804) DG528A tSlllconlx (2806) 

±15,5 H11818A-2 tHarris (3288) 450 ±15 ±15 AD7507J AD (3176) 
H11818A-5 Hurls (3288) AD7507K AD (3176) 

450 ±15 ±15 DG508AB SlIIconlx (2B04) DG507AB SlIIcoalx (2802) 
DG508AC SlIIconlx (2804) DG507AC SlIIconlx (2802) 
DG508B SlIIconlx (2804) DG507B SlIIconlx (2802) 
DG508C SlIIcollx (2804) 20 DG507C SlIIconlx (2802) 

750 ±15 ±15 MX-81B Datel DG528C SlIIconlx (2806) 

MX-S1BM t Datel 600 ±10 ±15 H1518-2 tHlrrls 

1000 ±13 ±15 IH510SM t Intersil 
(2666.3288) 

H1518-5 Harris 
1200 ±13 ±15 IH510BC Intersil (2666.3288) BO 
1300 ±15 ±15 MPCBS Burr-Brown IH6216C Intersil 

1500 ±15 ±15 MN470S Analogic IH6216M t Intersil 

MX-B08 01111 (2622) 750 ±15 ±15 MPCSOO Burr-Brown 

MX-B08M tDllII (2622) 1300 ±15 ±15 MPCBD Burr-Brown 
H1508A-2 tHarrls 1500 ±15 ±15 MXD-807 01111 (2622) 

(2654.3288) MXD-807M tDllel (2622) 
HS50BARH t Harris 30 H1507A-2 t HarriS 

1SOO ±15 ±15 H1508A-5 Hlrrls (2650.3288) 
(2654.3288) 1BOO ±15 ±15 MN470BD Analoglc 

JFET 260 -15t011.5 H1507A-5 HlrrJs 
±15 MUX-OSE PMI (2650.3288) 

MUX-BBE . PMI JFET 300 -15to 11 ±15 MUX-2BA t PMI 90 
300 -15to 12 ±15 MUX-OBA t PMI MUX-2BE PMI 

350 • -15 to 12 ±15 LF11508 tNllloDiI (3318) 450 -15 to 11.5 

LF1350B National ±15 MUX-28B t PMI 

370 -15to 12 ±25 
MUX-2BF PMI 

MUX-OBF PMI 
B Channel Differential with Storage, Counter MUX-BBF PMI 

PMOS 750 ±5 -12.5 AY5-1016 GI 
400 -15to 12 ±15 DMX-BBE PMI AY6-4016 t GI 

MUX-OBB t PMI 40 
B Channel, BCD Input. Latch 

520 -15 to 12 ±15 DMX-BBF PMI PMOS - 60 0-70 LS7110 LSI Camp (696) 

PMOS 150-250 ±5 -20,5 DG501A t Siliconlx 16 Channel 
DG501B Siliconlx CMOS - ±15 ±15 TC5023 Toshiba 
DG501C Siliconix 170 ±15 ±15 MV-1606M tDI181 (2622) 

150-400 ±5 -20.5 SI3705 Siliconlx 230 ±15 ±15 MP7506D1S tMlcro Plllr 

150-Boo ±10 -20,10 DG503A t Siliconlx 
(401.2749) 

DG503B Silicon Ix 250 ±15 ±15 MC14067BA t Motorola 100 

200-600 ±5 -15.5 t Siliconlx 
MC14067BC Motorola 

DG501A 
270 ±15 ±15 MV-1606 01111 (2622) 

2oo-Boo ±5 -15,5 DG501B Siliconix 
DG501C Sliiconlx 50 2BO ±7.5 ±7.5 F4067BC Fairchild 

F4067BM Fairchild 
250-400 ±5 -15.5 AM3705 Nllla .. 1 (3318) CD4067B tRCA (748) 

AM3705C lalloall (3318) CD4067BE RCA (748) 
450 -15 -20 3708 Fairchild (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold faCt Indlcltes Iddltlonll dill Is provided on Ibe plue naiad. 

2424 ~ IC MASTER 1983 



MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

ON Analog Supply 
Switch Resistance Signal Voltage, 

Function Type 25°C,1l Range V V Device Source Line 

Multiplexers (Cont'd) 

16 Channel 
CMOS 280 ±7.5 ±7.5 (Cont'd) 

HCC40678 t SGS 
HCF40678 SGS 

320 ±15,5 ± 15,5 MP7506DIJ Micro Pwr 
(401.2749) 

MP7506DIK Micro Pwr 
(401.2749) 

400 ±15 ±15 AD7506S tAD (3176) 
AD7506T tAD (3176) 
H1506·2 t Harris 

(2650.3288) 
H1506·5 Harris 

(2650.3288) 
DG506A tSlllconlx (2802) 

450 ±15 ±15 AD7506J AD (3176) 10 
AD7506K AD (3176) 
DG5068 SlIIconlx (2802) 
DG506C SlIIconlx (2802) 

600 ±10 ±15 H1516·2 t Harris 
(2663.3288) 

H1516·5 Harris 
(2663.3288) 

IH6116C Intersi! 
IH6116M t Intersi! 

750 ±15 ±15 MX·1616 Datel 
MX·1616M t Datel 

1000 -5to 15 ±15.5 HI 1840·5 Harris 20 

1200 ±15 ±15 MX·1606M t Dalal (2622) 

1300 ±15 ±15 MPC16S Burr·Brown 

1500 ±15· ±15 MX·1606 Dalel (2622) 
H1506A·2 t Harris 

(2650.3288) 

1800 ±15 ±15 MN4716 Analogic 
H1506A·5 Harris 

(2650.3288) 

5000 .,..5 to 15 ±15,5 HI 1840·2 t Harris 
±5to 15 ±15,5 HS1840RH t Harris 

JFET 300 -15to 11 ±15 MUX·16A t PMI 
MUX·16E PMI 30 

450 -151011.5 
±15 MUX·16B t PMI 

MUX·16F PMI 

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

! INTERFACE-Analog to Digital Conv~rters 

lInear- Conver- Power Compl. ClCor 
Ity slonTIme Dis. Off. Compl. Off. 2'5 Sign. Int-

rl Bits Error ±'I.rLSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra- In!. Par. Ser. 
Res. ±LSB ,.s (max.) Output Output Output Output Output Output In. S&H tlng Ref. Out Oui Device Source line 

Binary Output 

3 1/8 0.02 - x ADCHU38 Datel 

4 1/4 0.033 • 250 x x x x x TDC1021 tTRW (3438) 

x x x x x TDC1021 TRW 

6 - 1 - x MAH·0801 AD (3175) 

Q) 1/8 - AD5010K AD (3175) 

:2 AD6020K AD (3175) 

:J 1/4 0.02 450 x x x x SDA5010 Siemens 
C) x x x x SDA6020 Siemens 

c: 112 0.02 1000 x ZN440CJ Ferranti 
.2 0.033 • 1000 ........ x x x x x TDC1014 tTRW (3438) 10 
() x x x x x TDC1014 ( TRW 
Q) 

Q) 
0.066 315 x x CA3300 RCA (3357) 

C/) 90 120 x x NE5036 Signetics 

t.... 100 100 x x NE5037 Signetics 
Q) 

lOOMHz - x x TDC1029 TRW (3438) ........ x x en 
20· TL507C TI CU 1000 x x 

~ 7 1/4 - 1200 x x MC10315L Motoroll (2760) 

x x MC10317L Motoroll (2760) 

112 20M Hz - x x x x TDC1027 TRW (3438) 

1 - 100 • x x TM1070 Telmos 20 

8 - 1 - x MAH·l00l AD (3175) 

1/4 9 - x x x x ZN447E·8 DOC 

x x x x ZN447J·8 t DOC 
100 • 875 x x ADCOBOl t Intersl! 

x x ADCOB01C Intersl! 

110 B75 x x ADCOB01C National 

x x ADCOB01M t National 

112 0.033· 2500 x x x x x TDC1007 tTRW (3438) 

x x x x x TDC1OO7 TRW 

0.066 315 x x CA3308 RCA (3359) 30 

0.4 400 x x TDC100l TRW (3438) 

0.6 1250 x x x x x ADC·815MC Dltll (2619) 

x x x x x ADC·815MM t Dltll (2618) 

0.9 1400 x x x x x DDC·5101 t DOC 

1550 x x x x ADC·5101 Dltll (2621) 

x x x x ADC·5101E Dltll (2621) 

x x x x ADC·5101H t Dltll (2618.2621) 

x x x x x x MN5101 Micro Net 

x x x x x x MN5101H t Micro Net 

1 400 x x TDC1002 TRW (3438) 40 
500 • x x x x x ZN433BJ·B Ferranti 

x x x x x ZN433CJ·8 Ferranti 

x x x x x ZN433J·8 t Ferranti 

1250 x x x x x ADC·825MC Dltll . (2619) 

x x x x x ADC·825MM t Dltll (2618) 

1 • - x x x AM6108 AMD (3103) 

1.2 1Boo x x x HAS·0802 AD (3175) 

1.5 1550 x x x x x x MN5100 Micro Net 

x x x x x x MN5100H t Micro Net 

2.5 35 • x x x ADC0820 Nltlonll (3321) 50 

650 x x x x x ADC541B·a t HybrldSys 

x x x x x ADC541C·8 HybrldSys 

x x x x x x ADC5428·B t HybrldSys 

x x x x x x ADC542C·8 Hybrid Sys 

915 x x x x MN5140 Micro Net 
(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold flcalndlcltes Iddltlonll dltl Is proylded on tile pial noted. 
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INTERFACE-Analog to Digital Converters 

lI/lUr· Conver· Power 
Ity slon Time Dis. OH. 

Blts Error :t:IHSB mW Bin. Bin. 
Res. :t:LSB ,.s (max.) Output Output 

Binary Output 

8 112 2.5 915 

x 

X 

x 

x 

x 

x 

1000 

X 

x 

x 

x 

x 

x 

x x 

2.8 650 

900 

6 1000 

x 
x 

x 

x 
x 

x 

7 1165 x 

x 

x 

x 

8 - x 

x x 

9 - x 

x 

12 720 

900 x 

x 

15 30 x x 
x x 

x x 

x x 

x x 

x 

125 * x x 

x x 

Bln.-Binary 
Of f.-Offset 

Compl. -Complementary 
Magn.-Magnitude 

~ IC MASTER 1983 

Compl. 
Compl. OH. 

Bln. Bin. 
Output Output 

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 

(Cont'd) 

CTC or 
2'5 Sign. 

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

x 

x 

x x 
x x 

x x 

x x 

CTC-Compl. 2'5 Compl. 
Int. Re1.-lnternal Reference 

Int· 
egra-
ling 

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 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 

MN5140H 

MN5141 

MN5141H 

MN5142 

MN5142H 

MN5143 

MN5143H 

MN5130 

MN5130H 

MN5131 

MN5131H 

MN5132 

MN5132H 

MN5133 

MN5133H 

MN5150 

HSADC82 

ADC82A 

MN5120 

MN5120H 

MN5121 

MN5121H 

MN5122 

MN5122H 

MN5123 

MN5123H 

MN7100 

MN7100H 

MN7120 

MN7120H 

ZN437E-8 

ZN437J·8 

ZN448E·8 

ZN448J·8 

MN509 

MN509H 

MN502 

MN502H 

MN503 

MN503H 

MN504 

MN504H 

MN507 

MN507H 

AD7574B 

AD7574K 

AD75741 

MP7574B 

MP7574K 

MP7574T 

ZN427E·8 

ZN427J·8 

Source line 

(Cont'd) 

(Cont'd) 
t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 10 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

Hybrid Sys 

Burr-Brown 

Micro Net 

t Micro Net 20 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 30 

Ferranti 

t Ferranti 

Ferranti 

t Ferranti 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 40 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

AD (3174) 

AD (3174) 

tAD (3174) 

Micra Pwr 
(401.2749) 

Micra Pwr 
(401.2749) 

Micra Pwr 
(401.2749) 50 

Ferranti 

t Ferranti 
(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 slon TIme Dis. Off. Compl. Off. 2'5 Sign. Int· 

~ Bits Error j:'IzLSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra· Int. Par. Ser. 
Res. j:LSB 1&5 (max.) Output Output Output Output Output Output In. S&H ting Ref. Out Out Device Source line 

Binary Output (Cont'd) 
....... 

8 112 (Cont'd) 
17 300 x x IIE5034 Slg.,lIca (3396) 

20 350 • x x x x x ZN432-8 t Ferranti 

x x x x ZN432B·8 Ferranti 

x x x x ZN432C·B Ferranti 
Q) 
"0 x x x x X ZN432E·B Ferranti 

I 

::J 30 - x x AD673J AD (3174) 

CD x x AD673S tAD (3174) 

c: 40 5" x x x x AD7570J AD 
0 x x x x MP7570J Micro Pwr ...... (401,2749) () 
Q) x x x x MP7570P tMlcro Pwr 
Q) (401.2749) 10 

C/) 10 • x x x ADC0844 lIall .. al (3324) 
to.... 175· x x x x AD570J AD (3174) Q) ...... x x x x AD570S tAD (3174) en 
ctS x x x x MCE570J Micro Eng (4440) 
~ x x x x MCE570S tMlcro Eng (4440) 

60MHz - x x x x TDC1025 TRW (3438) 

66.6 - x AD85B1L AD 

80 10 x x ADC0831B Nallonal 
(3319.3322) 

x x ADC0832B lIallonal 
(3319.3322) 

x x ADC0833B Nallonal 
(3319,3323) 20 

x x ADC0834B 11111 anal 
(3319.3322) 

x x ADC0838B Nallonal 
(3319.3322) 

100 30 x x x ADC0808 Nallonal (3319) 

x x x ADC0816 > tNalional (3319) 

x x x ADCOB08 TI 

70 x x x x ADC·830 Datel 

x x x x MN5065 Micro Net 

x x x x MN5065H t Micro Net 

x x x x MN5066 Micro Net 

x x x x MN5066H .t Micro Net 30 
100 • 875 x x ADCOB02 t Intersli 

x x ADCOS02C Intersil 

x x ADCOB03 t Intersil 

x x ADC0803C Intersil 

x x ADC0802 t "alloaal (3319) 

x x ADC0802C ".lloall (3319) 

x x ADC0803 t"alloaal (3319) 

x x ADC0803C "alloaal (3319) 

10B· 6.B x x x MK50BOB Mostek 

x x x MK50B16 Mostek 40 

300 15· x x n530 TI (2865) 

x n532 TI (2868) 
1250 • 20· x x x 4140 Teledyne P 

x x x 4143 Teledyne P 

x x x 4143-01 t Teledyne P 

1800 20 x x x x ADC-EJ(8B Dal,1 (2619) 

25 x x x TSC8700 TeledyneS 

x x x TSC8703 Teledyne S 

43 x x ADC-ET8BM t Dalll (2819) 

50 x x ADC-ETBBC Dalll (2619) '50 

I 
(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold faceladlcalla ad.ItI •• al 'ala la proy"" " Ib, pa., IIDltd. 
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INTERFACE-Analog to Digital Converters (Cont'd) 

Llnear- Conver- Power 
Ity sian Time Dis. Off. 

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

Binary Output 

8 
3/4 15 30 x x 

x x 

x x 

x x 

x x 

x x 

66.6 - x 

70 2.5 • x 

1 2.5 1010 x 

x 

9 - x 

x 

80 10 x 

x 

x 

x 

x 

100 2.5 • x 

30 x 

l\. 

,x 

100 • 875 x 

x 

x 

103 .875 x 

110 875 x 

x 

112 * 15 x 

300 15· x 

x 

2000 6.5 * x 

300 x 

2 50 255 x 

80 255 x 

8 (analog input for microprocessors) 
1/2 2.5 1350 x 

x 

32 50 • x 

400 1000 x 

8 (analog to pulse width converter for 
microprocessor systems) 

1/2 - 15 * 

32 50 * 

75 * 

8 (O/A, AID, with counter) 
112 500 150 x x 

x x 

Bin.-Binary 
Oft-Offset 

Compl. -Complementary 
Magn.-Magnitude 

e IC MASTER 1983 

CampI. CTC or 
CampI. 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 

x 

CTC-Compl. 2'5 Compl. 
In!. Ret-Internal Reference 

Int-
egra-
ting 

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 

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

Device Source Line 

(Cont'd) 

(Cont'd) 
AD7574A AD (3174) 

AD7574J AD (3174) 

AD7574S tAD (3174) 

MP7574A tMlcro Pwr 
(401,2749) 

MP7574J Micro Pwr 
(401.2749) 

MP7574S tMlcro Pwr 
(401.2749) 

AD7581K AD (3174) 

TL520 TI 

HS5131B t Hybrid Sys 

HS5131C Hybrid Sys 10 

ZN449E-8 DOC 

ZN449J-8 t DOC 

ADC0831C National 
(3319.3322) 

ADC0832C National 
(3319.3322) 

ADC0833C National 
(3319.3323) 

ADC0834C National 
(3319.3322) 

ADC0838C National 
(3319.3322) 

TL521 TI 

ADC0817 t National (3319) 

ADC809 National 20 

ADC809 TI 

ADC0804 t Intersil 

ADC0804C Intersil 

ADC0804C National (3319) 

ADC0804 TI 

ADC0805C National (3319) 

ADC0805M tNltlonal (3319) 

",PD7oo1 NEC-Micro 

TL531 TI (2866) 

TL533 TI (2867) 30 

TC5091 Toshiba 

TC5090 Toshiba 

ADC0800PC National (3319) 

ADC0800P tNatlonal (3319) 

MP20 Burr-Brown 

MP21 Burr-Brown 

MCl4444 Motorola 

AD7583K AD 

MCl4443 Motorola 

MCl4447 Motorola 40 

",A9708C Fairchild 

",A9708M t Fairchild 

ADC-MC88C Dalel (2619) 

ADC-MC8BM t Datel 

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

2429 

Q) 
"'0 
::J 
(9 

C 
o ..... 
C,,) 
Q) 

Q) 
CI) 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

linear· Conver· Power Compl. CTCor 
Ity slon Time DIs. Off. Compl. Off. 2's Sign. Int· 

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra· tnt 
Res. ±LSB ,.s (max.) Output Output Output Output Output Output In. S&H tlng Ref. 

Binary Output 

9 1/2 1 500 * x x x 

x x x 

x x x 

20 350 x x x , 
350 * x x x 

x x x 
x x x 

9 (video AID converter) 
112 0.02 2500 x x 

10 - 3 - x 

1/4 18 - x x x x 

1/2 0.8 3600 x x x x 

x x x x 

1 500 * x x x 

x x x 

x x x 

, x x x 

x x x 

x x x 

x x x 

1.4 1800 * x x x 
3600 x x x x 

x x x x 

1.8 755 * x x x 

x x x 

x x x 

2.2 755· x x x 

5 1400 * x x x x 

1600 * x x x x 

6 1100 x x x x 
x x x x 

1200 x x x x 

1200 * x x x x 

8 1400 * x x x x 

x x x x 

10 1100 x x x x 

1500 x x x x 
x x x x 

1800 x x x x 

x x x x x 

15 - x x' 

x x 

x 

x 

18 - x x x x 

20 350 * x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

t Mililary Temperature Range (- 55· to 12S·C) * Typical Value 
Bold fael In'lcatl. a.dltlolal •• ta II prevl.l. 01 tltl PI,I •• t ••• 

Par. Ser. 
Out Out Device Source Une 

(Cont'd) 

x x ZN433BJ·9 t DOC 

x x ZN433CJ·9 t DOC 

x x ZN433J·9 tDDC 

x x ZN432E·9 Ferranti 

x ZN432BJ·9 Ferranti 

x ZN432CJ·9 Ferranti 

x ZN432J·9 t Ferranti 

TDCI019J TRW (3438) 

MAS~1202 AD (3175) 

x x ADC1280 . Natl8.al (3344) 10 

x x ADC·a16MC Datil (2619) 

x x ADC·816MI t Datil (2618) 

x x ADC·856C Datil (2621) 

x x ADC·856M t Datel 

x x ZN433BJ·10 Ferranti 

x x ZN433CJ·10 Ferranti . 

x x ZN433J·10 t Ferranti 

x x ZN433CK·10 DOC 

x x ZN433K·10 DOC 

HAS· 1 002 AD (3175) 20 

x x ADC·826MC Datil (2619) 

x x ADC-&2611 t Datil (2618) 

x x AD5798 AD (3175) 

x x AD579K AD (3175) 

x x AD579T tAD (3175) 

x x AD579J AD (3175) 

x x MN5240·10 Micro Net 

x x DDC·5240-10 t DOC 

x x ADC·84·10 Dalll (2619) 

x x ADC·15C-I0 Datal (2619) 30 

x x DDCADC87· 
10 DOC 

x x DDCADC85-
10 DOC 

x x MNADC84-10 
Micro Net 

x x MNADC85·10 
t Micro Net 

x x ADC·87-10 Datil (2618) 

x x ADADC84·10 AD (3175) 

x x ADC84·10 Burr-Brown 

x x ADADC85·10 AD (3175) 

x x ADC85-10 Burr·Brown 

AD573K AD (3174) 40 

AD573S tAD (3174) 

x ZN442E Ferranti 

x ZN442J t Ferranti 

x x ADCI080 Nattl.al 
(3319.3344) 

x x ZN432-10 t Ferranti 

x x ZN432B·10 Ferranti 

x x ZN432C·10 Ferranti 

x x ZN432E-10 Ferranti 

x x ZN432CK·10 DOC 

x x ZN432K·10 DOC 50 
(Continued) 
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INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- Conver- Power 
Ity sian Time Dis. Off. 

Bits Error :tv, LSB 
Res. :tLSB I'S 

Binary Output 

10 1/2 

1 

10 Plus Sign 
1/2 

1 

11 1 

12 1/2 

Bln.-Binary 
Oft-Offsel 

21 

30 

120 

200 

5000 

6000 

15 

30 

200 

80 

80 

15 

1 

2 

2.2 

3 

3.5 

4.5 

5 

6 

7 

mW Bin. Bin. 
(max.) Output Output 

800 

300 x x 

x x 

5" x x 

x x 

x x 

- x 

x 

20 " x x 

20 x x 

25 x 

x 

43 x 

50 x 

- x 

300 x x 

x x 

x x 

x x 

x x 

x x 

- x 

x 

- x x 

x x 

- x x 

x x 

500 x x 

x x 

1500 

1800 " x x 

1900 x x 

x x 

2500 

1800 " 

775 " x x 

1900 x x 

x x 

1.8 x x 

755 " x x 

775 * x x 

-

1400 * 

1600 " 

2175 

775 " x x 

x x 

1200 * 

Compl.-Complemenlary 
Magn.-Magnitude 

~ IC MASTER 1983 

Campi. CTCor 
Campi. 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 

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.-Inlernal Reference 

Int-
,egra-

ting 

x 

x 

x 

MASTER SELECTION GUIDE 

Int. Par. Ser. 
ReI. 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 

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

Device Source Line 

(Cont'd) 

(Cont'd) 
ADADC8D-15 AD (3174) 

ADADC80Z-
10 tAD (3174) 

AD571K AD (3174) 

MP571K MicroPwr 

AD7570L AD 

MP757DL Micra Pwr 
(401.2749) 

MP75708 tMlcro Pwr 
(401.2749) 

ADC1001B HllioDl1 (3319) 

ADC1021B NllioAiI (3319) 

4144 Teledyne P 10 

ADC-EK10B Dltll (2619) 

TSC8701 Teledyne S 

TSC8704 Teledyne S 

ADC-ET10BM t 01111 (2619) 

ADC-ET10BC Dllel (2619) 

AD573J AD (3174) 

AD571J AD (3174) 

AD5718 tAD (3174) 

MP571J Micro Pwr 

MP571S t Micro Pwr 20 

MCE571J Micra Eog (4440) 

MCE5718 tMlcrD Eog (4440) 

ADC1001C HIIiDDII (3319) 

ADC1021C Nllloo.1 (3319) 

AD7571K AD (3171.3174) 

AD7571T tAD (3171.3174) 

AD7571J AD (3171.3174) 

AD75718 tAD (3171.3174) 

HS574J Hybrid 8YI (2743) 

HS5748 tHybrld Sri (2743) 30 

MN5245 Micro Net 

ADC-8516-12 DOC 

ADC-817MC 01111 (2619) 

ADC-817MM t Dalll (2618) 

ADC00401 DOC 

HAS-1202 AD (3175) 

AD578L AD (3172.3175) 

ADC-827MC Dalel (2621) 

ADC-827MM t 01111 (2618) 

ADC60-12 Burr-Brown 40 

AD578K AD (3172.3175) 

AD578T tAD (3172.3175) 

AD5240K AD (3175) 

AD52408 AD (3175) 

MN5240-12 Micro Nel 

4189 Teledyne P 

DDC-5240-12 t DOC 

ADH-8586-12 t DOC 

AD578J AD (3172.3175) 

AD578S tAD (3172.3175) 50 

TDADC85 Teledyne P 

TDADC87 t Teledyne P 
(Continued) 

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

INTERFACE-Analog to Digital Converters (Cont'd) 

Linear· Canver· Power CampI. CTC or 
Ity sian Time 015. Off. CampI. Off. 2'5 Sign. Inl· 

Blls Error ±'hLSB mW Bin. Bin. Bin. Bin. CampI. Magn. Mux. egra- Int. 
Res. ±LSB I'll (max.) Outpul Oulpul Oulpul Oulpul Oulpul Oulput -. In. S&H ling Ref. . 

Binary Output 

12 112 
8 1400 * )( 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 

9 2150 x x x x 

x x x x 

9* 2845 x x x x x 

x x x x x 

x x x x x 

x x x x x 

10 1100 x x x x 

x x x x 

x x x x 

x x x x x 

1200 x x x x 

x x x x 

1200 * x x x x 

x x x x 

1550 x x x x 

x x x x 

1575 x x x x 

1800 x x x x 

x 'x x x 

2000 x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

13 744 x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

745 x 

x 

x 

t Military Temperature Range (-55 0 to 125°C) * Typical Value 
Bold 'Ica Indlcltls Iddltlonal dltlls provided aD tb. PIUI notld. 

2432 

Par. Ser. 
Oul Oul Device Source Line 

(Cont'd) 

(Cont'd) 
x x MNADC84·12 Micro Net 

x x MNADC85-12 Micro Net 

x x MNADC87 Micro Net 

x x ADC87/MIL t Burr-Brown 

x x ADC87U Burr-Brown 

x x ADC-
HZ12BGC Dltll (2619) 

x x ADC-
HZ12BMM t Dltll (2618) 

x x ADC-
HS12BMC Datel 

x x ADC-
HS12BMM t Dltll (2618) 

x HDAS-16MC Dltal '(2623) 10 

x HDAS-16MM t Dltll (2620) 

x HDAS-8MC Dltel (2623) 

x HDAS-8MM t Dltal (2620) 

x x ADC-84·12 Datel 

x x ADC-85-12 Datel 

x x ADC-85C-12 Datel 

x x ADC-87-12 Datel 

x x HSADC85B t Hybrid Sys (2744) 

x x HSADC85C Hybrid Sys (2744) 

x x DDCADC85-
12 DOC 20 

x x DDCADC87· 
12 DOC 

x x ADADC84-12 AD (3175) 

x x ADC84-12 Burr-Brown 

x x ADH-8585-12 
t DOC 

x x ADADC85-12 AD (3175) 

x x ADC85-12 Burr-Brown 

x x H15712-2 t Harris 
(2704.3288.3291 ) 

x x H15712-5 Hlrrls 
(2704.328B.3291) 

x x HI5712-7 Harris 
(2704.3288.3291) 

x x HI5712-8 tHlrrls 
(2704.3288.3291) 30 

x x HI5712A-2 tHerrls 
(2704.3288.3291 ) 

x x HI5712A·7 Harris 
(2704.3288.3291) 

x x HI5712A-8 t Hlrrls 
(2704.3288.3291) 

x x AOC-5213 Dltll (2621) 

x x ADC-5213E Dltll (2621) 

x x ADC-5213H t 011,1 (2618.2621) 

x x ADC-5214 Dltll (2621) 

x x ADC-5214E Datil (2621) 

x x ADC-5214H t Dltll (2618.2621) 

x x ADC-5215 Dltll (2621) 40 

x x ADC-5215E Dltll (2621) 

x x ADC-5215H t Dltal (2618.2621) 

x x MN5213 Micro Net 

x x MN5213H t Micro Net 

x x MN5214 Micro Net 
(Continued) 

«> IC MASTER 1983 



INTERFACE-Analog to Digital Converters (Cont'd) 

Linear· Conver· Power 
Ity slon Time Dis. Off. 

Bits Error :!:'IHSB mW· Bin. Bin. 
Res. ±LSB ,.s (max.) Output Output 

Binary Output 

12 112 13 745 

915 

1000 x 

x 

15 500 x x 

x x 

20 725 

2000 

25 360· x x 

725 x x 

800 

925 x x 

Bln.-Blnary 
Off.-Offset 

Com pI. -Complementary 
Magn.-Magnitude 

CIC MASTER 1983 

Com pl. CrCor 
Compl. Off. 2's Sign. 

Bin. Bin. Compl. 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 
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 

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

Int· 
egra-
ting 

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 
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 Source Line 

(Cont'd) 

(Cont'd) 
MN5214H t Micro Net 

MN5215 Micro Net 

MN5215H t Micro Net 

ADC-521D Dalll (2621) 

ADC-521DE Dalll (2621) 

ADC-521DH t Dalll (2618,2621) 

ADC-5211 Dalll (2621) 

ADC-5211E Dll.1 (2621) 

ADC-5211H t Dalll (2618.2621) 

ADC-5212 DIIII (2621) 10 

ADC-5212E Dilil (2621) 

ADC-5212H t Dalll (2618.2621) 

ADC-5216 DII.I (2821) 

ADC-5216E DIIII (2621) 

ADC-5216H t DIIII (2818.2621) 

ADC582B-12 t Hybrid Sys 

ADC582C-12 Hybrid Sys 

DDC-5210-1 t DOC 

DDC-5211-1 t DOC 

DDC-5212-1 t DOC 20 

DDC-5216-1 t DOC 

DDC5210-3 DOC 

DDC5211-3 DOC 

DDC5212-3 DOC 

DDC5216-3 DOC 

MN5210 Micro Net 

MN5210H t Micro Net 

MN5211 Micro Nel 

MN5211H t Micro Net 

MN5212 Micro Net 30 

MN5212H t Micro Net 

MN5216 Micro Net 

MN5216H t Micro Net 

TP5210 t TeledyneP 

AD521D AD (3174) 

AD5211 AD (3174) 

AD5212 AD 

AD5213 AD 

AD5214 AD (3174) 

AD5215 AD 40 

AD5216 AD 

HS574K H,~rlll S,I (2743) 

HS574L H,brlll S,I (2743) 

ADC581B-12 t Hybrid Sys 

ADC581C-12 Hybrid Sys 

ADC-
Hl12BGC DIIII (2619) 

ADC-
Hl12BMM t DIIII (2618) 

HI574A Harrll (2712) 

AD574AK AD (3174) 

ADADCBO-12 AD (3174) 50 

ADADC80Z-
12 tAD (3174) 

AD572A AD (3174) 
(Continued) 

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

INTERFACE-Analog to Digital Converters (Cont'd) 

L1near- Conver- Power Compl. ClCor 
Ity slon lime Dis. Off: Compl. Off. 2's Sign. Int-

Bits Error :!:'Iz LSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra- Int. 
Res. :!:LSB ~ (max.) Output Output Output Output Output Output In. S&H ting Ref. 

Binary Output 

12 112 25 925 
x x x x 
x x x x 

950· x x x x 
x x x x 

30 - x x x x 
780 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 

35 620 x x x 
x x x 

x x x 

x x x 

x x x 

x x x 
x x x 

x - x x 

50 725 x 
x x 

x x 
x x 
x x 

x 
x 

x 
745 x 

x 

x 

x 
x 

x 
no x x x x 

915 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 
1000 x x 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold flCI Indlcltlllddltlanil dltl II pravlded on thl pigi Datld. 

2434 

Par. Ser. 
Out Out Oevice Source line 

(Cont'd) 

(Cont'd) 
x x AD572B AD (3174) 

x x A05728 tAD (3174) 

x x ADC80-12 Burr-Brown 

x x ADC80A-12 Burr-Brown 

HI5812 Harris 

x AD574K AD (3174) 

x AD574L AD (3174) 

x AD5748 tAO (3174) 

x AD574T tAD (3174) 

x A0574U tAD (3174) 10 

x MCD574K Micro Eng 

x MCE574L MIcro Eng (4440) 

x MCE574S tMlcro Eng (4440) 

x MCE574T tMlcra Eng (444O) 

x MCE574U tMlcro Eng (444O) 

x A0574ZL AD (3174) 

x AD574ZS tAD (3174) 

x AD574ZT tAD (3174) 

x AD574ZU tAD (3174) 

x MCE574Zl MIcra Eng (4440) 20 

x MCE574ZS tMlcra Eng (4440) 

x MCE574ZT tMlcra Eng (444O) 

x MCE574ZU Micra E.g (444O) 

x x A0504B AD (3153) 

x x AD5201B AD 

x x AD520n tAO 

x x AD5202B AD 

x x AD5202T tAO 

x x AD5204T tAD 

x x AD5205B AD 30 

x x AD5205T tAD 

x x MN5203 Micro Net 

x x MN5203H t Micro Net 

x x MN5204 Micro Net 

x x MN5204H t Micro Net 

x x MN5205 Micro Net 

x x MN5205H t Micro Net 

x x ADC10HT t Burr-Brown 

x x DDC-5200-1 t DOC 

x x DDC-5201-1 tDDC 40 

x x DDC-5202-1 t DOC 

x x DDC-5206-1 t DOC 

x x DDC5200-3 DOC 

x x DDC5201-3 DOC 

x x DDC5202-3 DOC 

x x DDC5206-3 DOC 

x x MN5200 Micro Net 

x x MN5200H t Micro Net 

x X MN5201 Micro Net 

x x MN5201H t Micro Net 50 

x x MN5202 Micro Net 

x x MN5202H t Micro Net 

x x MN5206 Micro Net 

x x MN5206H t Micro Net 

x x AD5201 AD 
(Continued) 
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INTERFACE-Analog to Digital Converters 

Linear· Conver· 
ity sion Time 

Bits Error ±'h LSB 
Res. ±LSB 1'8 

Binary Output 

12 1/2 

1 

11/2 

2 

Bin.-Blnary 
Off.-Offset 

50 

175 

200 

250 

300 

2400 

5000 

20000 

24000 

100000 

2 

5 

15 

25 

30 

35 

50 

2400 

3 

Power 
Dis. Off. 
mW Bin. Bin. 
(max.) Output Output 

1000 

x 

80 x 

x 

210 x 

x 

311 

112 x x 

x x 

43 x 

15 x 

20 x x 

20 x x 

25 x 

x 

20 x 

x 

x 

2700 x x 

1600 * 

500 x x 

x x 

390 x 

725 x x 

x x 
780 x x 

x x 

620 x x 

x x 

x x 

x x 

725 x 

x 

x 

x 

x 

x 

x 

x 

50 x 

2175 

Compl.-Complementary 
Magn.-Magnitude 

~ IC MASTER 1983 

Compl. 
Compl. Off. 

Bin. Bin. 
Output Output 

x 

x 

x 

x 

x 

x 

X 

x 

x 

x 

x x 

x x 

(Cont'd) 

CTC or 
2's Sign. Int· 

Com pl. Magn. Mux. egra· 
Output Output In. S&H ting 

x 

x 

x 

x 

x 

x x 

x x 

x x 

x 

x 

x 

CTC-Compl. 2'5 Compl. 
Int. Ref.-Internal Reference 

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 

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

Device 

AD5202 

AD5203 

AD5204 

AD5205 

AD5206 

MN5250 

MN5250H 

MN5251 

MN5251H 

MN5252 

MN5252H 

MN5253 

MN5253H 

ADC1210 

ADC1210C 

MN5700 

ADC-
HC12BMC 

ADC-
HC12BMM 

ADC-ET12BM 

ILPD7002 

4145 

ADC-EK12B 

TSC8702 

TSC8705 

ICL7109 

TSC7109C 

TSC7109M 

ADH-8516-11 

DDC-5240-12 

HS574T 

HS574U 

MCE574AS 

AD574AJ 

AD574AS 

AD574J 

MCE574J 

AD574ZJ 

AD574ZK 

MCE574ZJ· 

MCE574ZK 

AD5201A 

AD5201S 

AD5202A 

AD5202S 

AD5204A 

AD5204S 

AD5205A 

AD5205S 

ADC-ET12BC 

ADH-8586-10 

Source Line 

(Cont'd) 

(Cont'd) 
AD 

AD 

AD 

AD 

AD 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Net 10 

t Micro Net 

Micro Net 

t Micro Net 

Nallonal (3344) 

Nallonal' (3344) 

Micro Net 

Datel (2619) 

t Dllal (2618) 

t Dllel (2619) 

NEC-Micro 20 

Teledyne P 

Dllel (2619) 

Teledyne S 

Teledyne S 

Intersil 

Teledyne S (2847) 

t Teledynl S (2847) 

DOC 

t DOC 

t Hybrid Sy. (2743) 30 

t Hybrid Sy. (2743) 

t Micro Eng (4440) 

AD (3174) 

tAD (3174) 

AD (3174) 

Micro Eng (4440) 

AD (3174) 

AD (3174) 

Micro Eng (4440) 

Micro Eng (4440) 40 

AD 

tAD 

AD 

tAD 

AD 

tAD 

AD 

tAD 

Dllal (2619) 

t DOC 50 
(Continued) 

Par. Out-Parallel Output 
Ser. Out-Serial Output 
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ADVERTISERS 
INDEX 

Advanced Micro Devices 
Digital 601-617 
Microprocessor 1201-1246 
Microprocessor Development Systems 1701-1705 
Microcomputer Boards 1901-1910 
Interface 2601-2608 
linear 3101-3137 
Memory 3601-3607 
AlTlerlcan Automation 
Microprocessor Development Systems 1706 
American Mlcrosystems, Inc. 
Digital 618 
Microprocessor 1247-1252 
Interface 2609-2611 
linear 3138-3150 
Memory 3608-3614 
CustomlSemicustom 4301-4308 
Analog Devices 
linear 3151-3186 
Arrow Electronics 
357.1720.2300 
Burr-Brown 
1984 
California Devices 
CustomlSemicustom 4309 
Computer Aided Engineering 
CustomlSemicustom 4310 
Creative Micro Systems 
Microcomputer Boards 1911-1912 
Cromemco 
Microcomputer Boards 1913-1932 
Custom MOS Arrays, Inc. 
CustomlSemicustom 4311 
Datel-Intersll 
Microcomputer Boards 1933 
Interface 2613-2623 
Dlgelec 
PROM Programmers 4101 
DIplomat Electronics Corp. 
Manufacturers and Distributors Directory 
Emuloglc 
Microprocessor Development Systems 1708-1709 
Exar Integrated Systems, Inc. 
linear 3187-3209 
CustomlSemicustom 4312-4315 
Fairchild 
Digital 619-668 
Microprocessor 1253-1304 
Microprocessor Development Systems 1711-1718 
Memory 3615-3666 
Custom/Semicustom 4316-4317 
Fujitsu America 
Memory 3668-3671 
Fujitsu Microelectronics 
Microprocessor 1305-1308 
Memory 3672 -3681 
CustomlSemicustom 4318-4320 
General Instrument 
Microprocessor 1309-1332 
Memory 3683-3692 
Harris Semiconductor 
Digital 669-695 
Microprocessor 1333-1344 
Interface 2624-2742 
linear 3210-3291 
Memory 3693-3788 
CustomlSemicustom 4321-4430 
Hllevel Technology 
Microprocessor Development Systems 1719 
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Hitachi America 
Microprocessor 1345 
Memory 3789 
Holt, Inc. 
Custom/Semicustom 4431 
Hybrid Systems Corp. 
Interface 2743-2748 
Inmos Corp. 
Memory 3790-3792 
Integrated Device Technology 
Memory 3793-3807 
Intel 
Microprocessor 1347-1350 

. Microprocessor Development Systems 1721-1 728 
Memory 3808-3825 
Interdeslgn, Inc. 
CustomlSemicustom 4433 
International Microelectronic Products 
CustomlSemicustom 4435 
Kontron Electronics 
PROM Programmers 4103 
LSI Computer Systems, Inc. 
Digital 696 
Custom/Semicustom 4436 
Micro Circuit Engineering 
Custom/Semicustom 4437-4440 
Micro Power Systems 
Military 401 
Interface 2749 
Linear 3292 
Mite. Semiconductor 
Digital 697-714 
Monolithic Memories, Inc. 
Digital 715-728 
Memory 3826-3838 
CustomlSemicustom 4442-4478 
Motorola Semiconductor 
Digital 729-733 
Microprocessor 1351-1360 
Microprocessor Development Systems 1729-1738 
Microcomputer Boards 1935-1945 
Interface 2750-2761 
Linear 3293-3298 
Memory 3839-3849 
Custom/Semicustom 4479-4480 
National Semiconductor 
Military 402-405 
Digital 729-733 
Microprocessor 1361-1456 
Microcomputer Boards 1946-1955 
Interface 2762-2771 
Linear 3299-3345 
Memory 3850-3871 
Custom/Semicustom 4481-4499 
OKI Semiconductor 
Memory 3872-3873 
Oliver Advanced Engineering 
PROM Programmer 4104 
Optical Electronics 
Linear 3346-3347 
Plessey Semiconductors 
Custom/Semicustom 4501-4516 
RCA 
Military 406-409 
Digital 739-760 
Microprocessor 1457-1 49 1 
Microcomputer Boards 1956-1961 
Linear 3348-3371 

Memory 3874-3881 
Custom/Semicustom 4517-4521 
Schweber Electronics 
349. 2064.Volume 1/ opp. page 2401. 
Seeq Technology, Inc. 
Microprocessor 1492-1500 
Memory 3882-3896 
Semi Processes Inc. 
Digital 761-771 
Signetics 
Military 410-423 
Digital 773-8 J 0 
Microprocessor 1501- J 525 
Microprocessor Development Systems 1739- J 746 
Microcomputer Boards 1962-1979 
Interface 2772-2778 
Linear 3372-3421 
Memory 3897-3939 
Custom/Semicustom 4522 -4526 
Silicon Systems 
Custom/Semicustom 4528-4529 
SlIIconlx 
Interface 2779-2842 
Sprague Electric 
Interface 2843 
Stag Mlcrosystems 
PROM Programmers 4 J 05 
Structured Design 
PROM Programmers 4106 
Sunrise Electronics 
PROM Programmers 4 J 07 
Synertek 
Military 424-432 
Microprocessor J 526- J 550 
Microprocessor Development Systems 1747 
Microcomputer Boards 1980-1 983 
Memory 3940-3957 
Custom/Semicustom 453 J -4537 . 
TRW LSI Products 
Digital 812-819 
Linear 3438-3442 
Teledyne Semiconductor 
Interface 2845-2854 
Texas Instru~ents 
Military 433-443 
Digital 82 J - J 034 
Microprocessor 1552-J 564 
Microprocessor Development Systems 1748- J 749 
Interface 2855-2868 
Linear 3422-3437 
Memory 3958-3980 
CustomlSemicustom 4539-4560 
Unltrode Corporation 
Linear 3444-3446 
VTI 
Memory 3981-3993 
Custom/Semicustom 4561-4562 
Weltek 
Digital J 036- 1 041 
Western Digital 
Microprocessor 1566- J 579 
Interface 2869-2880 
Memory 3994-3997 
Custom/Semicustom 4563-4564 
XI cor 
Memory 3998-3999 
Zilog 
Microprocessor 1581-1604 
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INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- Conver- Power CampI. CTCor 
ity . sian Time Dis. Off. Campi. Off. 2's Sign. Int-

Bits Error ±V,lSB mW Bin. Bin. Bin. Bin. CampI. Magn. Mux. egra- In!. 
Res. ±lSB ~ (max.) Output Output Output Output Output Output In. S&H ting Ref. 

Binary Output 

12 2 
6 1575 x x x x 
200 210 x 

x 
12 Plus Sign 

- 160 ms - x 
12 Plus Sign (2 device set) 

1/2 36000 - x x 
12 (2 device set) 

1/2 15 785 x x 
x x 
x x 
x x 
x x 
x x 
x 
x 
x 
x 
x 
x 
x x 
x x 

250000 40 x x x x 
360 x x x x 

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

x 

1 6000· 50 x x 
13 1/2 40000· 64 x 

72 x x 
14 1/2 250 300 x x 
14 (2 device set) 

1/2 250000 40 x x x x 
360 x x x x 

14 (3 1/2-Digit BCD) 
1/2 10000 20 

15 2 400000 20 x x 
x x 

4 400000 20 x x 
x x 

16 1/2 100 1200 x x x 
170 2500 x x x x 

x x x x 
1 15 -

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 50 - x x x x 

x x x x 
1800· x x x x 

x x x x 
100 1200 x x x 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bald racalndlcales .ddillanal dala Is provIded an Ihl pagl nalld. 

2436 

Par. Ser. 
Out Out Device Source Line 

(Cont'd) 

(Cont'd) 
x x ADH-8585-10 t DOC 

x x ADC1211 tNaUanal (3344) 

x x ADC1211C NaUaRiI (3344) 

AD7552 AD (3174) 

x x ADB1200C National 

x x H85210B tHybrld 8ys (2744) 

x x H852100 Hybrid 8ys (2744) 

x x H85211B tHybrld Sys (2744) 

x x HS5211C Hybrid Sys (2744) 

x x H85212B tHybrld Sys (2744) 10 

x x H85212C Hybrid Sys (2744) 

x x H85213B tHybrld 8ys (2744) 

x x H85213C Hybrid SY' (2744) 

x x H85214B tHybrld 8ys (2744) 

x x H85214C 'Hybrid Sys (2744) 

x x H85215B tHybrld Sys (2744) 

x x H85215C Hybrid Sys (2744) 

x x H85216B t Hybrid SY' (2744) 

x x HS5216C Hybrid Sys (2744) 

x ICL7104-12 Intersll 20 

x ICL8052A Intersil 

x ADC-EK12DC Datel 

x ADC-
EK12DM t Datel 

x AD2020 AD 

x MP7550B Micra Pwr 
(401.2749) 

x x AD7550B AD (3174) 

x x MN5260 Micro Net 

x ICL7104-14 Intersil 

x ICL8052A Intersil 

x 4146 Teledyne P 30 

x T8C800AC Tlledy.e S (2853) 

x rSC800AM trllldyalS (2853) 

x rSC800BC rlladyn S (2853) 

x rSC800BM trllad,.a S (2853) 

x HS9516-4 Hybrid Sys 

x x ADC731K Burr-Brown 

x x ADC73K Burr-Brown 

ADC76 Burr-Brown 

x x ADADC71K AD (3173) 

x x ADADC72K AD (3173) 40 

x HS9516-5 HybridSys 

x x ADC731J Burr-Brown 

x x ADC73J Burr-Brown 

x x PCM75K Burr-Brown 

x x ADADC71J AD (3173) 

x x ADADC72J AD (3173) 

x x ADC71K Burr-Brown 

x x ADC72 Burr-Brown 

x HS9516-6 Hybrid Sys 
(Continued) 
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INTERFACE-Analog to Digital Converters 

Unear· Conver· Power 
Ity slon Time Dis. Off. 

Bits Error :t'h LSB 
Res. :tLSB I'S 

Binary Output 

16 
2* 

4 

8 

16 (2 device set) 
1/2 

Bln.-Blnary 
Off.-Offset 

17 

50 

100 

50 

250000 

mW Bin. Bin. 
(max.) Output Output 

1550 

1440 

1440 

1800 * 

40 x 

360 x 

Compl. -Complementary 
Magn.-Magnitude 

c IC MASTER 1983 

Compl. 
Compl. Off. 

Bin. Bin. 
Output Output 

x x 
x x 
x x 
x x 

(Cont'd) 

CTCor 
2's Sign. Int· 

Compl. Magn. Mux. egra-
Output Output In. S&H tlng 

x 
x 
x 
x 

x x 

x x 

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

MASTER SELECTION GUIDE 

Int. Par. Ser. 
ReI. Out Out 

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 

PCM75J 

MN5282 

MN5280 

ADC71J 

ICL7104·16 

ICL8052A 

Source Line 

(Cont'd) 

(Cont'd) 
Burr·Brown 

Micro Net 

Micro Net 

Burr·Brown 

Intersil 

Intersil 

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

2437 
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Ie MASTER 

! INTERFACE-Analog to Digital Converters (Cont'd) 

Digits Device Source Line 

~ 
Decimal Output 

~ 31/2 Digits, Integrating ICL7106 Intersil 

~ ICL7107 Intersll 
~ ICL7116 Intersll 

ICL7117 Intersil 

ICL7126 Intersil 

MP7138 Micro Pwr 
(401,2749) 

Q) MP7138A Micro Pwr 
"'C (401,2749) 
:::s MC14433 Motorola (!J 

ADC3511 National 
C 

ADD3501 National 10 0 
~ 14433 Teledyne S 
(,) 

14433A Teledyne S Q) 

Q) TSC7106 Teledyne S 
(J) TSC7107 Teledyne S 
'- TSC7116 Teledyne S 
Q) ...... TSC7117 Teledyne S en 
CU TSC7126 TII.dy .. S (2848) 

~ 3 Digits, Dual Slope, Building Block, for Microprocessor 
Systems, e.g. TMS1000 TL505C TI 

3 Digits, Dual Slope, 2 Device Sets CA3161 RCA (3361) 

CA3162 RCA (3356) 20 

31/2 Digits, Drives LCD DVM Display ZN450 Ferranti 

ZN451 Ferranti 

31/2 Digits, Integrating, 2 Device Sets ICL7101 Intersll 

ICL7103 Intersil 

ICL8052 Intersil 

ICl8053 Intersil 

ICL8068 Intersil 

LD110 SlIiconix 

LD111A Siliconix 

31/2 Digits, Dual Slope TSC8751 Teledyne S 30 

3 1/2-41/2 Digits, Ramp type, 2 Device Sets MC1405 Motorola 

MC14435 Motorola 

MC14435E t Motorola 

MC1505 t Motorola 

31/2 TSC8750 Teledyne S 

3314 Digits, Integrating ZNA216E Ferranti 

ZNA216J t Ferranti 

ADC3711 National 

ADD3701 National 

4 112 Digits, Dual Slope ICL7135 Intersil 40 

TSC7135 T.ledyn. S (2850) 

4 1/2 Digits, Dual Slope, 2 Device Sets ICl7103A Intersil 

ICL8053A Intersil 

ICL8068A Intersil 

ADB4500 National 

LF13300 National 

LD120 Siliconix 

LD121A SlIIconlx (2817) 

LD122 SlIIconlx (2817) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faci I.dlclt,s "dltlonal dltl Is prolld.d on t., pig, .ot.d. 
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INTERFACE-Digital to Analog Converters 

lInear- Settling 
ity Time 

Bits Error ±lHSB 
Res. ±lSB ,.s 

DI A Converters 

DualS-Bit, Data Latches, 
Addressable 

1 -

4 1/4 0.3 

4 (video digital converter) 
1/2 0.004 

6 1/8 3 

1/4 3 

112 0.3 

1· 

3 

6 (AlD,D/A,with counter) 
1/2 2.0 

6 (video digital converter) 
112 0.006 

6112-Binary Serial 
112 -

7 1/2 1· 

7 (AlD,D/A,with counter) 
112 

S -
1/16 • 

lIB 

Sin.-Binary 
Off.-Offset 

2.0 

0.005 

0.04 * 

0.04 • 

Power 
Dis. 
mW 
(max.) 

1350 

S5 

1040 

250 

250 

240 

45 • 

200 

250 

175 

1350 

5 
45 • 

175 

-
450 

450 

~ IC MASTER 1983 

CampI. 
Off. CampI. Off. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

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 

Magn.-Magnitude 

CTCor 
2'5 

CampI. 
Input 

x 

x 

x 

x 

x 

x 

I 

MASTER SELECTION GUIDE 

Sign. 
Magn. TTL CMOS ECl lnt. 
Input logic logiC logic Ref. Mull. latches 

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 

Compl. -Complementary 
Int Ref.-Internal Reference 

Device 

MP10 

MPH 

ZN434E 

HDG-0405 

MP550Z 

DAC-01A 

DAC-01 

DAC-01B 

DAC-01C 

DAC-Om 

DAC-01F 

DAC-01H 

MP5520A 

MP5520B 

MP5520C 

MP5520F 

MP5520H 

IlPC603 

DAC-01 

DAC-01B 

DAC-01C 

DAC-01F 

DAC-01H 

DAC-206A 

DAC-206B 

DAC-20SE 

DAC-206F 

MC1406 

MC1506 

ZN426E-6 

MP5520D 

DAC-Om 

ZN425E-S 

HOG-0605 

~9706C 
ZN426E-7 

ZN429E-7 

ZN425E-7 

AD976B 

HI5609-2 

H15609-5 

HISS09-8 

H15607-2 

H15607-5 

H15607-8 

HIS60S-2 

Source line 

Burr-Brown 

Burr-Brown 

Ferranti 

AD (3169) 

t Micro Pwr 

tPMI 

Micro Pwr 

t Micro Pwr 

Micro Pwr 

Micro Pwr 10 

t Micro Pwr 

Micro Pwr 

tMlcro Pwr 
(401.2749) 

tMlcra Pwr 
(401.2749) 

Micro Pwr 
(401.2749) 

tMlcrD Pwr 
(401,2749) 

Micra Pwr 
(401.2749) 

NEG-Electron 

t PMI 

t PMI 20 

PMI 

t PMI 

PMI 

t PMI 

t PMI 

PMI 

PMI 

Matarala (2759) 

tMDtorola (2759) 

Ferranti 30 

Micra Pwr 
(401.2749) 

PMI 

Ferranti 

AD (3169) 

Fairchild 

Ferranti 

Ferranti 

Ferranti 

tAD (3162,3169) 

t Harris 40 

Harris 

t Harris 

t Harris 

Harris 

t Harris 

t Harris 
(Continued) 

CTC-Compl. 2's Com pi, 
Mult.-Multiplying 
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Q) 
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::J 
CJ 
C 
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u 
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Q) 

en 

Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power Compl. CTC or 
Ity Time Dis. Off. Com pI. 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 Ref. 

DI A Converters 

B liB 0.04 • 450 
x x 
x x 

0.15 1.5· x x x x x 
x x x x x 
x x x x x 
x x x x ,x 

0.15· 20· 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 

670 x x x x x 
x x x x x 

1 30 x x x 
1· - x x x x 

1/4 0.01 B50 x x I' 

x x 
x x 

0.045 700 x x x 

x x x 

0.OB5 33 x x x x x x x 
0.135 174 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 

0.15 1.5· x x x x x 
x x x x x 
x x x x x 
x x x x x 

0.15· 20· 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 

0.16· 123(5V) 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 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold racllndlcalls addlllollal data Is provldld on Ibl pagl notld_ 

2440 

Mull. latches Device Source Line 

(Cont'd) 

(Cont'd) 
x H1560B-5 Harris 

x H1560B-B t Harris 

x AD7523L AD (3164) 

x AD7523L Intersil 

x AD7523U t Intersi! 

x MP7523L Micra Pwr 
(401.2749) 

x x AD7524C AD (3164) 

x x AD75Z4L AD (3164) 

x x AD7524U tAD (3164) 

x x MP7524L Micra Pwr 
(401.2749) 10 

x x MP75Z4U tMlcro Pwr 
(401;2749) 

x AD7523J Intersi! 

x AD7523S t Intersil 

x DAC0830 Natlanal (3320) 

ZN43B Ferranti 

HDS-0810E AD (3169) 

HDS-0810EM tAD (3169) 

MC10318-9 Malorola (2759) 

H15618A-Z tHarrls 
(2686.3288) 

H15618A-5 Harris 
(2686.3288) 20 

x DAC-OBOQF AMD 

x DAC-OBA t AMD 

x ADDAC-OBA tAD 

x ADDAC-OBH AD 

x DAC-OBA t Motorola 

x DAC-OBH Motorola 

x DAC0800A tNalloll1 (3320) 

x DAC080Z tNatlanal (3320) 

x DAC0802C Natlolal (3320) 

x DAC-OBA t PMI 30 

x DAC-OBH' PMI 

x DAC-OBA t Raytheon 

x DAC-OBH Raytheon 

x DAC-OBA t Signetlcs 

x DAC-OBH Signetics 

x AD7523K AD (3164) 

x AD7523K Intersil 

x AD7523T t Intersil 

x MP7523K Micro Pwr 
(401.2749) 

x x AD7524B AD (3164) 40 

x x AD7524K AD (3164) 

x x AD7524T tAD (3164) 

x x MP7524K Micro Pwr 
(4Ql.2749) 

x x MP7524T tMlcro Pwr 
(401.2749) 

x x AM60BOAC AMD 

x x AM60BOAM tAMD 

x x AM60B1AC AMD 

x x AM60B1AM tAMD 
(Continued) 
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INTERFACE-Digital to Analog Converters 

Linear- Settling Power 
Ity Time Dis. 

Bits Error :t'hLSB mW 
Res. :tLSB i<S (max.) 

DI A Converters 

8 1/4 

3/8 

1/2 

Bln.-Binary 
Of1.-0ffset 

0.2 -

0.25 

0.25 -

0.5 

1 

1.5 

2-

20 -

1.5 

0.005 

0.01 

0.01 -

0.025 

0.045 

0.12 

0.135 

0.14 -

0.15 

255 -

1300 -

' 170 

265 

120 -

30 

375 

255 

735 -

375 

-
450 

675 

630 

700 

240 

255 

174 

570 

130 -

1.5 -

136 

174 

c IC MASTER 1983 

Compl. 
Off. Compl. Off. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

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 x 

x x x x 

Magn.-Magnltude 

MASTER SELECTION GUIDE 

(Cont'd) 

CTCor 
2's Sign. 

Comp!. Magn. TIL CMOS ECL Int. ~ 
Input Input Logic Logie logic Ref. Mull. latches Device Source Line 

(Cont'd) 
...... 

(Cont'd) 
x x x x x x NE5119 Signetics 

x x x x x x SE5119 t Signetics 

x x x HOH-0802 AD (3169) 

x x x HOH-0802M tAO (3169) 

DAC888A t PMI 
Q) 

x x x "0 
x x x DAC888E PMI :::J 
x x x A01408-9 AD (3164) <.!J 
x x x A01508-9 tAD (3164) c: 

x x DAC-BOB PMI 0 
....... 

x x x DAC0831 NaUoaal (3320) 10 () 

x x x x A0558K AD (3164) 
Q) 

NE5019 Signetics 
Q) 

x x x x x x en 
x x x x x x SE5019 t Signetics ~ 

x x HOS-0820 AD (3169) Q) ....... 
x x HOS-0820M tAD (3169) UJ 

ell 
x x x x A0558T tAD (3164) ~ 

x x SP976B Plessey 

x x TOC1016-8 TRW (3438) 

x MC10318 MOlorola (2759) 

x x OAC-
HF8BMM t Oalll (2620) 20 

x x DAC-HFBMC Datel 

x x H156188-2 t Harris 
(2686.3288) 

x x H156188-5 Harris 
(2686.3288) 

x x DAC90B Burr-Brown 

x x DAC90S t Burr-Brown 

x x x x x x NE511B Signetlcs 

x x x x x x SE511B t Signetics 

x x x x DAC-08 tAMD 

x x x x AOOAC-08 tAD (3164) 

x x x x "AOB01 t Fairchild 30 

x x x x DAC-OB t Motorola 

x x OAC0800 tNaUolI1 (3320) 

x x x x DAC-OB tPMI 

x x x x DAC-OB t Raytheon 

x x x x DAC-OB t Signetics 

x x MN3015 Micro Net 

x x MN3015H t Micro Net 

x x x MC6890A tMolorola (2758) 

x x A07523J AD (3164) 

x x A075238 tAD (3164) 40 

x x MP7523J Micro Pwr 
(401.2749) 

x x x x OAC-08BC Oalll (2621) 

x x x x DAC-OBBM t Datel 

x x x x DAC-OBE AMD 

x x x x ADDAC-OBE AD 

x x x x I'AOB01E Fairchild 

x x x x DAC-OBE Molorola 

x x OAC0800C NaUo.al (3320) 

x x "PC624 NEC-Electron 

x x x x DAC-OBE PMI' 50 

x x x x DAC-OBE Raytheon 

x x x x DAC-OBE Signetlcs 
(Continued) 

Compl.-Complementary CTC-Compl. 2's CampI. 
Int Re1.-lnternal Reference Mult.-Multlplylng 
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Q) 

:Q 
:J 

CJ 
C 
o ..... 
u 
Q) 

Q) 

en 

Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear· Settling Power Compl. ClCor 
Ily lime Dis. Off. Compi. Off. 2's Sign. 

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Compl. Magn. TIL CMOS ECl Inl. 
Res. ±LSB "S (max.) Input Input Input I~put Input Input logic Logic Logic Ref. 

DI A Converters 

B 1/2 
0.15 * 20 * x x x x 

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

x x x x x 

305 x x x 
x x x 

0.16 * 123 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 

0.20 * 130 * x x x x 
0.22 20 * x x x x 

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

0.25 170 x x x 
x x x 

0.25 * 265 x x x 
x x x 
x x x x 
x x 'x x 
x x x x 
x x x x 

0.25/1.0 
900 x x x x x 

x x x x x 
0.3 * 305 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 

0.375 300 x x x x x 
0.6 * 500 x x x x 
O.B 100 * x x x x x 

x x x x x 
1 30 x x x 

45 * x x x x 
x x x x 
x x x 
x x x 

750 x x x 
x x x 

x x x 
x x x 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold 'lCelndlclles Iddlllonil dala Is provided 01 tbe plge noled. 

2442 

Mull. Latches Device Source Line 

(Cont'd) 

(Cont'd) 
x x AD7524A AD (3164) 

x x AD7524J AD (3164) 

x x AD7524S tAD (3164) 

x x MP7524J Micro Pwr 
(401.2749) 

x x MP7524S tMlcro Pwr 
(401.2749) 

x DACOBOB tNltloDlI (3320) 

x DACOBOBC NltloRiI (3320) 

x x AM60BOC AMD 

x x AM60BOM tAMD 

x x AM60B1C AMD 10 

x x AM60B1M tAMD 

x MC6890 Moloroll (2758) 

x x AD7528K AD (3164) 

x 'x AD7528L AD (3164) 

x x AD7528T tAD (3164) 

x x AD7528U tAD (3164) 

x x DACBBBB t PMI 

x x DACBBBF PMI 

x SSS140BA·B AMD 

x SSS150BA·B t AMD 20 

x AD1408·8 AD (3164) 

x AD1508·B tAD (3164) 

x DAC·140BA·B PMI 

x DAC·150BA·Bt PMI 

x DACB2K Burr·Brown 

x DACB2S t Burr·Brown 

x 140B·B AMD 

x 150B·B tAMD 

x DAC·IC8BC Dllel (2621) 

x DAC·ICBBM t Datel 30 

x IlAOB02 t Fairchild 

x jLAOB02A Fairchild 

x MC1408·8 Moloroll (2759) 

x MC1508-8 tMolorol1 (2759) 

x LM140B·B National 

x LM150B·B t National 

x MC140B·B Signetics 

x MC150B·B t Signetics 

DAC·100C Micro PWr 

x XR9201 EXir (3193) 40 

x ZN42BE·B Ferranti 

x ZN42BJ·B t Ferranti 

x DAC0832 National 

ZN426E·B . Ferranti 

ZN426J·B t Ferranti 

ZN429E·B Ferranti 

ZN429J·B t Ferranti 
I 

MN300B Micro Net 

MN300BH t Micro Net 

MN3009 Micro Net 50 

MN3009H t Micro Net 
(Continued) 
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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's Sign. 

Bits Error :!:lHSB 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 

01 A Converters (Cont'd) 

B 1/2 (Cont'd) 
1.5 75 " x x x x x AD558J AD (3164) 

300 x x x x x DAC331B·B t Hybrid Sys 

x x x x x DAC331C·B Hybrid Sys 

2" 255 x x x x DAC·UP8BC Dal,' (2621) 

x x x x DAC·UPBBM t Dalel 

255 " x x x x x x x NE501B Signetics 

x x x x x x x SE501B t Signetics 

2.5 570 x x x x x MN3014 Micro Net 

x x x x x MN3014H t Micro Net 

3 6BO x x x HS3020B t HybridSys 10 

'x x x HS3020C Hybrid Sys 

830 x x x x x x MN3020 Micro Net 

x x x x x x MN3020H t Micro Net 

4 1080 x x x x .x x x DAC336B·B t Hybrid Sys 

x x x x x x x DAC336C·B Hybrid Sys 

20 2B5 x x x x DAC336B·1 t Hybrid Sys 

x x x x DAC337B·0 t HybridSys 

x x x x DAC337B·2 t Hybrid Sys 

x x x x DAC337C·0 HybridSys 

x x x x DAC337C-1 Hybrid Sys 20 

x x x x DAC337C·2 Hybrid Sys 

23 " 585 x x x x MN3OO0 Micro Net 

x x x x MN3000H t Micro Net 

x x x x MN3001 Micro Net 

x x x x MN3OO1H t Micro Net 

x x x x MN3002 Micro Net 

x x x x MN3OO2H t Micro Net 

x x x x MN3006 Micro Net 

x x 'x x MN3006H t Micro Net 

30 570 x x x x x MN3013 Micro Net 30 

x x x x x MN3013H t Micro Net 

40 300 x x x x DAC3378-6 t Hybrid Sys 

x x x x DAC337C·6 Hybrid Sys 

3/4 1.5 375 x x x x x AD558S tAD (3164) 

1 0.01 * 675 x x x MC10318C-7 Malarall (2759) 

0.07 305 x x x x MC140B·7 Signetlcs 

0.15 174 x x x x x x x x DAC·OBC AMD 

x x x x x x x x ADDAC-OBC AD 

x x x x x x x x IlAOB01C Fairchild 

x x x x x x x x DAC·08C Motorola 40 

x x x x x DAC0801C NIIIDRII (3320) 

x x x x x x x x DAC·OBC PMI 

x x x x x x x x DAC-08C Ray1heon 

x x x x x x x x DAC·OBC Signetlcs 

0.22 20 * x x x x x x AD7528J AD (3164) 

x x x x x x AD7528S tAD (3164) 

0.25 * 265 x x x x x SSS140BA·7 AMD 

x x x x x AD1408·7 AD (3164) 

x x x x x IlAOB028 Fairchild' 

x x x x x DAC·140BA·7 PMI 50 

0,3 * 305 x x x x 1408·7 AMD 

x x MC1408·7 Malorall (2759) 

x x x DAC0807C NltlORl1 (3320) 

x x x lM1408·7 National 
(Continued) 

Bin.-Binary 
Oft.-Offset 

Compl,-Complementary CTC-Compl. 2's Compl. 
Magn,-Magnitude Inl Ref.-Internal Reference Mult. - Multiplying 
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Q) 
"C 
::J 
(!J 

C 
o 

...... 
() 
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Q) 
C/) 

Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

lInear- Settling Power CampI. CTC or 
Ity TIme Dis. Off. CampI. Off. 2's Sign. 

Bits Error ±'hlSB mW Bin. Bin. Bin. Bin. CampI. Magn. TIL CMOS ECl Int. 
Res. ±lSB ~ (max.) Input Input Input Input Input Input logic logic logic Ref. 

DI A Converters 

8 
11/4 0.3 " 305 x x 

2 0.01" S75 x x 

0.25" 2S5 x x x x 
x x x x 
x x x x 

0.3 " 305 x x x 
x 
x x, 

x x 
8 (AID, D/A, with counter) 

112 2.0 175 x x x x 

1 2.0 175 x x x x 

8 (D/A, with counter/clock) 
1/2 0.8 - x x x x 

x x x x 

8 Plus Sign 
112 20 750 x x 

x x 
8 (video digital converter) 

1/4 0.010 1975 x x 

x x 

2028 x x 

x x 

112 0.008 1SS0 x x 

8 (7-Bits plus Sign) Companding 
- 0.5 " 192 x 

x 

1/2 step 
0.5 192 x 

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

207 x x x 
500 x x ' x 

1 step 0.5 192 x 
x 

0.5 " 192 x x x 
x x x 
x x x 
x x x 

207 x x x 
500 x x x 

1112 step 
0.5 " 192 x x x 

8-2 Digit BGD 
1/4 0.135 194 x x x 

x x x 
1/2 0.135 194 x x x 

x x x 
0.15 194 x x x 
23 .. S30 x x x 

x x x 
9 1/2 0.01 450 x x x 

t Military Temperature Range (- 55· to 125·C) .. Typical Value 
Bold fici ladlcltls Id.llloall data Is provl'ld on till PIDI aoll4. 

2444 

Mult. latches Device Source line 

(Cont'd) 

(Cont'd) 
x MC3408 Mltlrlla (2759) 

x MC10318C-6 Matarlla (2759) 

x DAG1408A-S AMD 

x IlA0802C Fairchild 

x DAG-1408A-S PMI 

x 1408-S AMD 

x MC1408-6 Mltlrlll (2759) 

x DAC0806C Nltll.11 (3320) 

x LM1408-S National 

ZN425E-8 Ferranti 10 

ZN425J-8 t Ferranti 

ZN435E-B Ferranti 

ZN435J-8 t Ferranti 

x MN380 Micro Net 

x • MN380H t Micro Net 

HDD-0810 AD 

HDD-0810M tAD 

HDD-081OC AD 

HOO-0810GM t AD 

HDG·0805 AD (3169) 20 

AMS072G AMD 

AMS072M tAMO 

AMS070AG AMO 

AMS070AM tAMD 

x DAG-7SB tPMI 

x DAG-7SE PMI 

x OAG-8SE PMI 

x OAC-87E PMI 

x DAG-88E PMI 

x OAG-89E PMI 30 

AM6070G AMO 

AMS070M tAMO 

x OAG-76 t PMI 

x OAG-7SC PMI 

x OAC-SSC PMI 

x OAG-87C PMI 

x OAG-88C PMI 

x OAG-89G PMI 

x OAG-760 PMI 

x OAC-20A t Motorola 40 

x DAG-20E Motorola 

x OAG-20 t Motorola 

x OAG-20G Motorola 

x OAG-20G PMI 

MN3010 Micro Net 

MN3010H t Micro Net 

x TDC1016-9 TRW (3438) 

c IC MASTER 1983 



MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

lInear- Settling Power Compl. CICor 
Ity lime Dis. Off. CampI. Off. 2's Sign. 

Bits Error :t'hLSB mW Bin. Bin. Bin. Bin. CampI. Magn. TIL CMOS ECL Int 
Res. :tLSB /LS (max.) Input Input Input Input Input Input LogiC Logie Lagle Ref. Mull. Latches Device Source line 

DI A Converters (Cont'd) 

9 (8-Bits plus Sign) 
114 0.75 500 x x x x x x DAC-208A tpMI 

x x x x x x DAC-208E PMI 

112 0.75 500 x x x x x x DAC-208B t PMI 

x x x x x x DAC-208F PMI 

10 1/8 0.5· 50 x x x x x x x MP7620J MlcroPwr 

1/4· 0.6· 780 x x x x H15610-2 tHarrls 
(2683.3288) 

x x x x HI561 0-4 Harris 
(2683.3288) 

x x x x H15610-5 Harris 
(2683.3288) 

x x x x H15610-8 t HarriS 
(2683.3288) 

1/4 0.025· 735 x x x x HDS-I025 AD (3169) 10 

x x x x HDS-I025M tAD (3169) 

0.25· 275 x x x x x AD5611 AD (3164) 

x x x x x AD56lT tAD (3164) 

x x x x x MP561K Micro Pwr 

x x x x x MP561T t MicroPwr 

0.3 • 1300 x x x x x HDH-I003 AD (3169) 

0.5· 50 x x x x x x x MP7620K Micro Pwr 

1/2 0.01 450 x x x x JDCI016·10 JRW (3438) 

0.025 705 x x x x DAC-
HF10BMC Dall' (2621) 

x x x x DAC· 
HFI0BMM t Dall' (2620) 20 

0.15 450 x x x x x x x x DAC·l0B t PMI 

x x x x x x x x DAC-l0C tPMI 

x x x x x x x x DAC·l0F PMI 

x x x x x x x x DAC·l0G PMI 

0.25 380 x x x MC3410 Moloro'a (2759) 

x x x MC3510 t Moloro'a (2759) 

x x x MC3410 Signetics 

390 x x x x DAC-IC10B Datel 

x x x x DAC·IC10BM t Datel 

0.25· 275 x x x x x AD561J AD (3164) 30 

x x x x x AD5618 AD (3164) 

x x x x x MP561J Micro Pwr 

x x x x x MP561S t Micro Pwr 

0.3 - x x x x AD7527C AD (3164) 

x x x x AD7527GC AD (3164) 

x x x x AD7527GL AD (3164) 

x x x x AD7527GU tAD (3164) 

x x x x AD7527L AD (3164) 

x x x x AD7527U tAD (3164) 

0.375 300 x x x x MP5560A t Micra Pwr (2749) 40 

x x x x DAC-1ooA tPMI 

x x x x DAC-looA PMI 

0.5 30 x x x x x DAC-
HA10BC·1 Date! 

x x x x x DAC· 
HA10BM-1 t Datel 

0.5· 0.025 x x x x x DAC·MAI0BC Dall' (2621) 

x x x x x DAC-MA10BM 
t Dale' (2820) 

20· x x x x x x x AD7520L AD (3164) 
(Continued) 

Bin.-Binary 
Oft.-Offset 

Compl. -Complementary CTC-Compl. 2'5 Com pl. 
Magn.-Magnitude Int Ref.-Internal Reference Mull-Multiplying 
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Q) 
"C 
::J 
(!) 

C 
o 
...... 
() 
Q) 

Q) 
(f) 

Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear· Settling Power Compl. CrCor 
Ity Time Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±V2 LSB mW Bin. Bin. Bin. Bin. CampI. Magn. TIL CMOS ECL Int. 
Res. ±LSB "s (max.) Input Input Input Input Input Input Lagle Lagle Logic Ref. 

DI A Converters 

10 1/2 0.5· 20 • 
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 

20· . 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 

40 x x x X x x 
x x x X x x 
x x x x 

x x x x x x 

50 x x x x x x 

0.6 30 x x x x x x 
x x x x x 'x 
x x x x x x 

0.8· 30 • x x x x x x 

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

x x x x x x 

1.5 30 x x x x 
x x x x 

4· 255 x x x x x 
10 715 x x x x 

x x x x 

15 165 x x x x 
x x x x 

20 150 x x x x x 

x x x x 

x x x x x 

x x x x 

285 x x x x 

x x x x 

x x x x 

x x x x 
23· 585 x x x 

x x x 
x x x 

x x x 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bald lice Indlcilis Iddltlonll dill Is pravld.d on lb. ploe nOlld. 

2446 

Mult. Latches Device Source Line 

(Cont'd) 

(Cont'd) 
x AD7520U tAD (3164) 

x AD7530L AD (3164) 

x AD7520L Intersil 

x AD7520U t Intersil 

x AD7530L Inters" 

x MP7520L Micro Pwr 
(401.2749) 

x MP7520P Micro Pwr 
(401.2749) 

x MP7520U . tMlcro Pwr 
(401.2749) 

x MP7530 Micro Pwr 
(401.2749) 

x x DAC1000 tNlllonl1 (3320) 10 

x x DAC1000C Nillonil (3320) 

x x DAC1003 t National 

x x DAC1003C National 

x x DAC1006 t NltlD1I11 (3320) 

x x DAC1006C Nillonil (3320) 

x x AD7522L AD (3164) 

x x AD7522U tAD (3164) 

x x MP7522L Micra Pwr 
(401.2749) 

x x MP7522U tMlcra Pwr 
(401.2749) 

x MP7620L MicroPwr 20 

x AD7533C AD (3164) 

x AD7533L AD (3164) 

x AD7533U tAD (3164) 

x AD7533L Inters" 

x AD7533U t Intersil 

x MP7533L Micro Pwr 
(401.2749) 

x MP7533U tMlcra Pwr 
(401.2749) 

x DAC331B·10 t Hybrid Sys 

'x DAC331C·10 Hybrid Sys 

x x NE5020 Signetics 30 

MN3040 Micro Net 

MN3040H t Micro Net 

x DAC348B·10 t Hybrid Sys 

x DAC348C·10 Hybrid Sys 

DAC347LPB· 
10B t Hybrid Sys 

DAC347LPB· 
10U t Hybrid Sys 

DAC347LPC· 
10B Hybrid Sys 

DAC347LPC· 
10U Hybrid Sys 

DAC337B-4 t Hybrid Sys 

DAC337B·5 t Hybrid Sys 40 

DAC337C·4 Hybrid Sys 

DAC337C·5 Hybrid Sys 

MN3003 Micro Net 

MN3003H t Micro Net 

MN3004 t Micro Net 

MN3004H t Micro Net 
(Continued) 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear· Settling Power Com pI. CTC or 
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 "S (max.) Input Input Input Input Input Input logiC logic logic ReI. Mult. latches Device Source Line 

DI A Converters (Cont'd) 

10 1/2 23· 585 (Cont'd) 
x x x MN3005 Micro Net 

x x x MN3005H t Micro Net 

x x x MN3007 Micro Net 

x x x MN3007H t Micro Net 

30 - x x x M/D2005·1 HyComp 

40 300 x x x x DAC337B·3 t Hybrid Sys 

x x x x DAC337B·7 t Hybrid Sys 

x x x x DAC337C·3 Hybrid Sys 

x x x x DAC337C-7 Hybrid Sys 

500· 24 x x x x AD7520L National 10 

x x x x AD7520U t National 

x x x x DAC1020 t National (3320) 

x x x x DAC1020C llatlonal (3320) 

1/2 0.01 990 x x HDS-1015E AD (3169) 

x x HDS-1015Era tAD (3169) 

0.135 276 x x x x x DAC-l0B Raytheon 

x x x x x DAC-l0C Raytheon 

x x x x x DAC-l0F Raytheon 

0.25 380 x x x x MC3510 Signetics 

0.25· 300 x x x x x IIE5410 Signalics (3413) 20 

x x x x x SE5410 Signatics (3413) 

0.3· 1300 x x x x x HDH1003M tAD 

0.375 250 x x x x x ADDAC100K AD (3164) 

x x x x x ADDAC100L AD (3164) 

x x x x x ADDAC100T tAD (3164) 

1 0.15 276 x x x x x DAC-l0G Raytheon 

0.25 - x x x x x DAC-l01E PMI 

380 x x x MC3410C '''olorola (2759) 

x x x x MC3410C Signetics 

390 x x x x x DAC-IC10BC Dalal (2621) 30 

0.3 - x x x x AD7527B AD (3164) 

x x x x AD7527K AD (3164) 

x x x x AD7527T tAD (3164) 

300 x x x x MP5560B t Micro Pwr (2749) 

x x x x DAC-l00B t PMI 

0.375 250 x x x x x ADDAC100J AD (3164) 

x x x x x ADDAC100S tAD (3164) 

0.5· 20· x x x x x x x AD7520K AD (3164) 

x x x x x x x AD7520T tAD (3164) 

x x x x x x x AD7530K AD (3164) 40 

x x x x x x x AD7520K Intersil 

x x x x x x x AD7520T t Intersil 

x x x x x x x AD7530K Intersil 

x x x x x x x MP752DK Micro Pwr 
(401,2749) 

x x x x x x x r~p7520N Micro Pwr 
(401,2749) 

x x x x x x x 'I'P7520T tMlcro Pwr 
(401.2749) 

x x x x x x x MP7530K fAlcro Pwr 
(401,2749) 

x x x x x x x .x DAC100l t National 

x x x x x x x x DAC1001C National 

x x x x x x x x DAC1004 t National 50 

x x x x x x x x DAC1004C National 
(Continued) 

Bln.-Binary 
Off.-Offset 

CampI. -Complementary GTC-Compl. 2's CampI. 
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 ±v, lSB mW Bin. Bin. Bin. Bin. Compl. 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) 
r--..,01 

10 1 0.5 • 20 • (Cont'd) 
x x x x x x x x DAC1007 t Nallonal (3320) 

x x x x x x x x DAC1007C Nallonal (3320) 

40 x x x x x x x x AD7522K AD (3164) 

x x x X x x x x AD7522T tAD (3164) 
Q) 

50 MP7522K Micro Pwr "'C x x x x x x x x 

::J 
(401.2749) 

(9 x x x x x x x x MP7522T tMlcro Pwr 
(401.2749) 

C 
MP7620M Micro Pwr 0 x x x x x x x 

...... 0.6 30 x x x x x x x AD7533B AD (3164) 
() 

AD7533K (3164) Q) x x x x x x x AD 
-Q) x x x x x x x AD7533T tAD (3164) 10 
(f) 0.8 • 30 • x x x x x x x. AD7533K Intersil 
'- AD7533T t Intersil Q) x x x x x x x 

...... 
en x x x x x x x MP7533K Micro Pwr 
ctS (401.2749) 

~ 1.5 • 300 x x x x x DAC-04AC PMI 

x x x x x DAC-04BC PMI 

x x x x x DAC-06E PMI 

350 x x x x DAC-03AD PMI 

x x x x DAC-03BD PMI 

5 435 x x x DAC-UP10B Dalal (2615) 

500 • 24 x x x x AD7520K Nalional 20 

x x x x AD7520T National 

x x x x DAC1021 t Nallonal (3320) 

x x x x DAC1021C Nillonal (3320) 

2 0.225 300 x x x x MP5560C tMlcro Pwr (2749) 

x x x x MP5560C Micro Pwr 

x x x x DAC-100C t PMI 

x x x x DAC-100C PMI 

0.25 225 x x x x x DAC-101F PMI 

0.5 • 20 • x x x x x x x AD7520J AD (3164) 

x x x x x x x AD7520S tAD (3164) 30 

x x x x x x x AD7530J AD (3164) 

x x x x x x x AD7520J Intersil 

x x x x x x x AD7520S t Inlersil 

x x x x x x x AD7530J Intersil 

x x x x x x x MP7520J Micro Pwr 
(401.2749) 

x x x x x x x MP7520M tMlcro Pwr 
(401.2749) 

x x x x x x x MP7520S Micro Pwr 
(401.2749) 

x x x x x x x MP7530J Micro Pwr 
(401.2749) 

x x x x x x x DAC1002 t Nillonil (3320) 

x x x x x x x x DAC1002C Nillonil (3320) 40 

x x x x x x x DAC1005 t National 

x x x x x x DAC1005C National 

x x x x x x DAC1008 t Nillonil (3320) 

x x x x x x x x DAC1008C Nillonil (3320) 

40 x x x x x x x x AD7522J AD (3164) 

x x x x x x x x AD7522S tAD (3164) 

50 x x x x x x x x MP7522J Micro Pwr 
(401.2749) 

x x x x x x x x MP7522S tMlcro Pwr 
(401.2749) 
(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold facI Indlcalls Iddlllonal dala Is provided on Ihl page notld. 
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INTERFACE-Digital to Analog Converters 

lInear- Settling 
ity Time 

Bits Error ± V,lSB 
Res. ±lSB lOS 

01 A Converters 

10 2 

3 

4 

5 

8 

10 Companding 
1/2 Step 

1 Step 

11/2Step 

10 Plus Sign . 
1/2 

1 

2 

3 

4 

Bin.-Binary 
Oft.-Offset 

0.6 

0.8 * 

1.5 * 

500 * 

0.225 

0.5 * 

1.5 * 

0.2 

1.5 * 

2.5 * 

1.5 * 

0.5 * 

0.5 

0.5 

0.5 

1.5 * 

6 

1.5 * 

1.5 * 

1.5 * 

1.5 * 

2.5 * 

Power 
Dis. 
mW 
(max.) 

30 

30 * 

300 

350 

24 

300 

50 

350 

-
300 

350 

350 

350 

50 

260 

260 

260 

350 

500 

300 

300 

350 

500 

300 

350 

350 

300 

350 

ce IC MASTER 1983 

Compl. 
Off. Compl. Off. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

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 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

(Cont'd) 

CTC or 
2's Sign. 

Com pl. Magn. TIL CMOS ECl Inl. [.' 
Input Input logic logic logic Ref. Mull. latches Device Source line 

(Cont'd) 
~ .. 

(Cont'd) 
x x x AD7533A AD (3164) 

x x x AD7533J AD (3164) 

x x x AD7533S tAD (3164) 

x x x AD7533J Intersi! (]) 

x x x AD7533S t Intersi! "0 

x x x MP7533S tMlcro Pwr :::J 
C!J (401.2749) 

x x x MP7533T tMlcro Pwr C 

(401.2749) 0 
...... 

x x x MP7533T Micro Pwr U 
(]) 

x x X x DAC-04CC PMI (]) 

x x x x DAC-06F PMI 10 en 
x x x DAC-03CD PMI '-

(]) 

x x x x DAC-06A PMI ...... 
en 

x x x AD7520J National CO 

AD7520S t National 
~ x x x 

x x x DAC1022 tN.llonal (3320) 

x x x DAC1022C Nallonal (3320) 

x x MP5560D Micro Pwr (2749) 

x x DAC-100D - t PMI 

x x DAC-100D PMI 

x x x MP7520H Micro Pwr 
(401.2749) 20 

x x x x DAC-06B PMI 

x x x DAC-10G PMI 

x x x x DAC-06G PMI 

x x x DAC-030D PMI 

x x x x DAC-040D PMI 

x x x x OAC-06C t PMI 

x x x MP7520G Micro Pwr 
(401.2749) 

x DAC-78E PMI 

x OAC-78F PMI 

x DAC-78G PMI 30 

x x x x DAC-05E PMI 

x x x x DAC-210A t PMI 

x x x x DAC-210B t PMI 

x x x x DAC-210E PMI 

IlPC610 NEC-Electron 

x x x x DAC-210G PMI 

x x x x DAC-02AC PMI 

x x x x DAC-02BC PMI 

x x x x DAC-210F PMI 

x x x x DAC-02CC PMI 40 

x x x x DAC-05F PMI 

x x x x DAC-05A t PMI 

x x x x DAC-05B t PMI 

x x X x DAC-05C PMI 

x x x x DAC-05G PMI 

x x x x DAC-02DD PMI 

Compl.-Complementary CTC-Compl. 2's Com pI. 
Int Ret.-Internal Reference Mult.-Multiplying 
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Q) 
"0 
:J 
(9 

C 
o 
+-' 
() 
Q) 

Q) 
C/) 

Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power Compl. CTCor 
Ity Time Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±'(, lSB mW Bin. Bin. Bin. Bin. Compl. Magn. TIL CMOS ECl Inl. 
Res. ±lSB I'S (max.) Input Input Input Input Input Input logic logic logic Ref. 

01 A Converters 

10 Video Digital Converter 
1/2 0.015 2340 x x 

x x 

x x 

11 Plus Sign Dynamic Range (7-Bit 
plus sign format) 

1/2 step 
0,5 207 x x x 

x x x 

0.5· 207 x x x 

x x x 

x x x 

x x x 

1 step 0.5 207 x x x 

x x x 

x x x 

0.5· 207 x x x 

x x x 

12 1/4 0.25 345 x x x x x 

x x x x x 

0.4 - x x x x 

210 x x x x x 

300 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 

345 x x x x x 

x x x x x 

x x x x x 

x x x x x 

780 x x x 

x x x 

0.5 20· x x x x x x 

x x x x x x 

x x x x x x 

375 x x , x x x 
x x x x x 

495 x x x x x 
1 64 • x x x x 

x x x x 

1.5 465 x x x x 
x x x x 

475 x x x x x 
x x x x x 
x x x x x 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold laca Indicates Iddltlonal dala Is provided on the plge noted. 

2450 

Mull. latches Device Source Line 

(Cont'd) 

HOO-l015 AD (3169) 

HOO-l015C AD (3169) 

HOO-l015M tAD (3169) 

x DAC-88E PMI 

x DAC-89E PMI 

x DAC-76B t PMI 

x DAC-76E PMI 

x DAC-86E PMI 

x DAC-87E PMI 

x DAC-86C PMI 10 

x DAC-88C PMI 

x DAC-89C PMI 

x DAC-76C PMI 

x DAC-87C PMI 

A0565AK AD (3165) 

A0565AT tAD (3165) 

DAC-562M t Datel 

MC3512 Motorola (2757) 

x A0566AK AD (3166) 

x A0566AT tAD (3166) 20 

A0566K AD (3166) 

A0566T tAD (3166) 

MCE566AK Micro Eng 

x MCE566AT t Micro Eng 

x MCE566K Micro Eng 

MCE566T t Micro Eng 

A0565K AD (3165) 

A0565T tAD (3165) 

MCE565K Micro Eng 

MCE565T t Micro Eng 30 

x H1562A-2 tHurls (3288) 

x H1562A-8 Hurls (3288) 

x MP7621C Micro Pwr 
(401.2749) 

x MP7621L Micro Pwr 
(401.2749) 

x MP7621U tMlcro Pwr 
(401.2749) 

HI565AK Harris 

HI565AT t Harris 

x A0567K AD (3166) 

x HI7541K Hurla 
(2731.3288) 

x HI7541T tHurls 
(2731.3288) 40 

x AD562S/BIN AD (3166.3168) 

x AD562S/BIN Micro Pwr 

AD563K/BIN AD (3165) 

AD563S/BIN tAD (3165) 

AD563T/BIN tAD (3165) 
(Continued) 
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INTERFACE-Digital to Analog Converters 

lInear- Settling 
ity Time 

Bits Error ±\HSB 
Res. ±lSB lIS 

DI A Converters 

12 1/4 

1/2 

Bin.-Binary 
Off.-Offset 

1.5· 

1.8 

-

0.035 

0.05 

0.050 

0.06/1 

0.060 

0.085· 

0.10 

0.18 

0.20 

0.25 

0.3 

Power 
Dis. 
mW 
(max.) 

200· 

500 

700 

35 

-
855 

-

780 

1200 

1350 

675 

395 

780 

775 

850 

-

430· 

345 

900 

770· 

1000 

~ IC MASTER 1983, 

Compl. 
OH. Compl. OH. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

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 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

(Cont'd) 

CTCor 
2's Sign. 

Compl. Magn. TTL CMOS ECl Inl. 
Input Input logic logic logic Ref. Mull. latches Device Source line 

(Cont'd) ..... 
(Cont'd) 

x x x MP562 Micro Pwr 
(401.2749) 

x x x x MN562-SD-
BIN Analogic 

x x x x MN563-SD- Q) 

BIN Analogic "0 

x x x x AD7545C AD (3166) ::::J 

x x x x AD7545GC AD (3166) 
(!) 

x x x x AD7545GL AD (3166) C 
0 

x 'x x x AD7545GU AD (3166) -+-' 

x X x x AD7545L AD (3166) () 
Q) 

x x x x AD7545U AD (3166) Q) 

DAC63 Burr-Brown 10 (f) 

x x HDS·1250 AD (3169) ~ 

Q) 
x x HDS·1250M t AD (3169) -+-' en 
x x x ADH-03011-12 (lj 

DOC ~ 
x x DAC-

HF12BMC Dalal (2621) 

x x DAC-
HF12BMM t Datel 

x x DAC391B-12 t Hybrid Sys 

x x DAC391C-12 Hybrid Sys 

x x DAC397B-12 t Hybrid Sys 

x x DAC397C-12 Hybrid Sys 

x x DAC-8528-12 
t DOC 20 

x x 4065 t Teledyne P 

x x x H15612-2 t Harris 

x x x H15612-4 Harris 

x x x H15612-5 Harris 

x x x H15612-8 t Harris 

x x DAC87-CBI-1 t DOC 

x x. x DAC85LD-
CBI-I DOC 

x x x AD7544B AD (3166) 

x x x AD7544BG AD (3166) 

x x x AD7544GK AD (3166) 30 

x x x AD7544GT tAD (3166) 

x x x AD7544K AD (3166) 

x x x AD7544T tAD (3166) 

x x x x DAC10HT t Burr-Brown 

x x x AD565AJ AD (3165) 

x x x AD565AS tAD (3165) 

x x x MCE565AJ Micro Eng 

x x x MCE565AS t Micro Eng 

x x 4080 t Teledyne P 

x x 4080-83 t Teledyne P 40 

x x 4081 Teledyne P 

x x 4081-83 t Teledyne P 

x x 4082 Teledyne P 

x x 4082-83 t Teledyne P 

x x x DAC-85C-
CBI-I Dalll (2621) 

x x x DAC-87C-
CBI-I t Datel 

x x H156801-5 Harris (2689) 
(Continued) 

Compl.-Complementary CTC-Compl. 2's Compl. 
Int Ref.-Internal Reference Mull.-Multiplying 
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Q) 

'0 
::J 
C) 

C 
o ..... 
() 
Q) 

Q) 
(J) 

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 ± V, lSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl In!. 
Res. ±lSB I'S (max.) Input Input Input Input Input Input logic logic logic Ref. 

01 A Converters 

12 1/2 0.3 1000 
x x x x 

x x x x 

0.3/1.5· 
800· 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 

0.3/2.5· 
500· 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 

0.3/3· 800 x x x x x 
x x x x x 
x x x x x 
x x x x x 

850 x x x x x 

x x x x x 
925 x x x x x 

x x x x x 

x x x x x 

0.35 230 x x 
0,4 - x x x x 

x x x x 
210 x x x x x 
300 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 

345 x x x x x 
x x x x x 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bald raca Indlcales addlllonil dall Is provided an Ihe pige naled. 

2452 

Mul!. latches Device Source Line 

(Cont'd) 

(Cont'd) 
H156851-4 HarrIs (2696) 

H156871-2 t HarrIs (2700) 

DAC650-CBI-
I Burr-Brown 

DAC650-CBI-
V Burr-Brown 

DAC800-CBI-
I Burr-Brown 

DAC800-CBI-
V Burr-Brown 

DAC851-CBI-
I t Burr-Brown 

DAC1280AC Nallonal (3345) 

DAC1285 t Nallonal (3345) 

DAC1285A t Nallonal (3345) 10 

DAC1285AC Nallonal (3345) 

DAC1285C Nallonal (3345) 

DAC80-CBI-V 
National 

DAC80Z-CBI-
V National 

DAC85-CBI-V 
National 

DAC85L-CBI-
V National 

DAC87-CBI-V 
National 

DAC80/CBI Burr-Brown 

DAC85/CBI Burr-Brown 

DAC85C/CBI Burr-Brown 20 

DAC87/CBI t Burr-Brown 

ADDAC871 
CBI tAD (3165) 

DAC85/CBI Micro Net 

ADDAC801 
CBI AD (3164) 

ADDAC851 
CBI tAD (3164) 

ADDAC85CI 
CBI AD (3164) 

HI5660 Hmls (2730) 

DAC-562C Datel (2621) 

HIDAC801 HarrIs 

MC3412 Malarala (2767) 30 

x AD566AJ AD (3166) 

x AD566AS tAD (3166) 

AD668J AD (3186) 

AD566S tAD (3186) 

MCE565J MIcro Eng 

MCE565S t Micro Eng 

x MCE566AJ Micro Eng 

x MCE566AS t Micro Eng 

MCE566J Micro Eng 

MCE566S t Micro Eng 40 

AD565J AD (3166) 

AD565S tAD (3166) 
(Continued) 
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INTERFACE-Digital to Analog Converters 

Linear· Settling 
ity Time 

Bits Error ± V, LSB 
Res. ±lSB "S 

01 A Converters 

12 1/2 

Bin.-Binary 
Off.-Offset 

0.4 

0.5 

0.5 " 

0.6 

1 

Power 
Dis. 
mW 
(max.) 

400 

780 

0.05 

10 " 

20 

312· 

375 

495 

1000 

20 " 

1300 

1410 

20 " 

30 

30 " 

64" 

© IC MASTER 1983 

Compl. 
Off. Ccmpl. Off. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

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 
x x 
x 
x 
x 
x x 
x x 

x x 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

(Cont'd) 

CTC or 
2's Sign. 

CampI. Magn. TTL CMOS ECl Inl. r· 
Input Input logic logic logic Ref. Mull. latches Device Source Line 

(Cont'd) 
..... ~ 

(Cont'd) 
x x x DAC862S t Burr·Brown 

x x x x I'PC648 NEC·Electron 

x x x H1562A·4 Harris (3288) 

x x x H1562A·5 lIarrls (3288) 
0) 

x x x DAC-HA12BC Datal (2621) "0 
x x x DAC-HA 1 2BM t Dalal (2620) :J 
x x x DAC1220 t National <.9 
x x x DAC1220C National C 

x x x DAC- 0 

HA12BC-l Datel +-' 
U 

x x x DAC- 0) 

HA12BM-l t Datel 10 0) 

x x x x x AM6012C AMD (3101) (f') 

A'1!6012M tAMD (3101) 
~ 

x x x x x 0) 

x x x x x MCE6012C '.lIero Eng (4440) +-' en 
x x x x x r.tCE6012 •• ' t Micro Eng (4440) ctI 

x x x HI565AJ Harris ~ 

x x x HI565AS t Harris 

x x x x AD567J AD (3166) 

x x x x AD5678 tAD (3166) 

x x x AD562 Molorola (2759) 

x x x AD563 '.'olorola (2759) 20 

x x x I.1P7623 Micro P\~r 
(401.2749) 

x x HDII-1205 AD (3169) 

x x HDlI-1205111 tAD (3169) 

x x DAC392B-12 Hybrid Sys 

x x DAC392C-12 Hybrid Sys 

x x x AD7541B AD (3164.3166) 

x x x AD7541K AD (3164.3166) 

x x x AD7541T tAD (3164.3166) 

x x x AD7541B Intersil 

x x x AD7541K Intersil 30 

x x x AD7541T Intersil 

x x x MP7541 Micro Pwr 
(401.2749) 

x x x "'P7621B Ulero Pwr 
(401.2749) 

x x x MP7621K '''I era Pwr 
(401.2749) 

x x x IdP762lT t.l1lero Pwr 
(401.2749) 

x x x 7541T t Teledyne S 

x x x TSC7541B Teledyne S 

x x x TSC7541K Teledyne S 

x x x TSC8641B t Teledyne S 

x x x TSC8641C Teledyne S 40 

x x x HS7541B-2 t Hybrid Sys 

x x x HS7541C-2 Hybrid Sys 

x x x DAC1208 Nalional (3320) 

x x x DAC121B National 

x x x DAC1230 National 

x x x HS7541-4 Hybrid Sys 

x x x HI7541J Harris 
(2731.3288) 

x x x HI75418 t Harris 
(2731.3288) 
(Continued) 

Compl.-Complementary CTC-Compl. 2's Com pI. 
Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 

! INTERFACE-Digital to Analog Converters (Cont'd) 

~ Llnear- Settling Power Compl. CTCor 

~ 
Ity Time Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±v, lSB mW Bin. Bin. Bin. Bin. Compl. 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 1/2 (Cont'd) 
1 " 750 x x x x x HSDAC80CBI· 

I Hybrid Sya (2747) 

1/1.5 " - x x x x HSDAC87BII 
V t Hybrid Sys 

Q) x x x x HSDAC87CI/ 
'0 V Hybrid Sys 
::J 

1.5 300 DAC335B·12 t Hybrid Sys (!J x x x x x 

C 
x x x x x DAC335C·12 Hybrid Sys 

0 1.5 " - x x x x x AD563J AD (3165) ..... 
() 465 x x x x x AD562K/BIN AD (3166.3168) 
Q) 

475 x x x x x AD563J/BIN AD (3165) 
Q) 

(J) 750 x x x x x HSDAC80CBI· 

"-
V Hybrid 8ya (2747) 

Q) 1.5/2.5 " ..... en x x x DAC1200 t Nillonil 
CU (3320.3345) 10 
~ x x x DAC1200C Nillonil 

(3320.3345) 

1.8 500 x x x x x x x x MN562·AD· 
BIN Analogic 

x x x x x x x x MN562·1D· 
BIN Analoglc 

x x x x x x x x MN562-KD-
BIN Analogic 

700 x x x x x x x x MN563·JD· 
BIN Analogic 

x x x x x x' x x MN563-KD· 
BIN Analogic 

x x x x x x x x MN563·TD· 
BIN Analogic 

2 40 x x x x x AD7542B, AD (3166) 

x x x x x AD7542K AD (3166) 

x x x x x AD7542T tAD (3166) 20 

x x x AD7543B AD (3166) 

x x x AD7543K AD (3166) 

375 x x x x 405B t Teledyne P 

375 " x x x x x x H83120B·2 t Hybrid Sya (2747) 

x x x x x x HS3120C·2 Hybrid Sya (2747) 

1900 x x x HDD·1206J AD (3169) 

x x x HDD·12068 tAD (3169) 

2" - x x x DAC3451-12 HybrldSys 

2.5 - x x x x x DAC33BB·12· 
2 Hybrlll Sy. (2748) 

3 30 x x x x x DAC331B·12 t Hybrid Sys 30 

x x x x x DAC331C·12 Hybrid Sys 

770 " x x x x DAC·B5C· 
CBI·V Datel 

x x x x DAC-B7C· 
CBI·V t Datel 

775 x x i< x DAC87·CBI·1 t DOC 

B50 x x x x x DACB5LD· 
CBI·V DDC 

x x x x x MNDAC87 t Micro Net 

900 x x x x ' x DAC-
HK12BGC Datel 

(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold face Indlcales addlllonal dall la provided on Ihe plue noled. 
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INTERFACE-Digital to Analog Converters 

Linear- Settling 
Ity Time 

Bits Error ±'hlSB 
Res. ±lSB ~ 

01 A Converters 

12 1/2 

Bin.-Binary 
Off.-Offset 

3 

3.5 

4 

5 

5· 

7 

8 

10 

15 

20 

25 

30 

35 

Power 
Dis. 
mW 
(max.) 

900 

1000 

1050 

465 

300 

450· 

1000 

-
525· 

675· 

1000 

-
375 

375 

750 

165 

300 

150 

355 

-
175· 

-
90 

150 

<0 IC MASTER 1983 

Compl. 
Off. Compl. Off. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

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 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

(Cont'd) 

CTCor 
2's Sign. 

Com pI. Magn. TIL CMOS ECl Inl. r'-
Input Input logic logic logic ReI. Mull. latches Oevice Source Line 

(Cont'd) ..... 
(Cont'd) 

x x x x DAC-
HK12BGC-2 Datel 

x x x DAC-
HK12BMM t Dalal (2620) 

x x x x HAC- 0) 

HK12BMM-2 t Datel "0 

x x HI56BOV·5 Harris (26B9) :J 

x x x H15685V·4 Harris (2696) 
(9 

x x H15687V·2 Harris (2700) C 
0 

x x DAC· +oJ 

HZ12BGC Dalel (2621) C,) 

x HAC-
'0) 

x 
HZ12BMM t Datel 0) 

AD562A1BCD 
en 

x x x 
AD (3166.3168) 

s-
O) 

x x x AD562A/BIN AD (3166.3168) 10 
+oJ en 

x x x x DAC336B·12 t Hybrid Sys ctS 

x x x x DAC336C-12 Hybrid Sys ~ 

x x x HS9338·2 Hybrid Sys (2748) 

x HS3860B t Hybrid Sys (2748) 

x HS386DC Hybrid Sys (2748) 

x DAC345V·12 Hybrid Sys 

x x x MN3850 t Micro Net 

x x x MN3850H Micro Net 

x x x MN3860 Micro Net 

x x x MN3860H t Micro Net 20 

x x x AD3860K AD (3166) 

x x x AD386DS tAD (3166) 

x x AD39DK AD (3166) 

x x MN3348 Micro Net 

x x MN3348H t Micro Net 

x x MN3349 Micro Net 

x x MN3349H t Micro Net 

x x x x DAC·SL·12 t DOC 

x x x x DAC348B-12 t Hybrid Sys 

x x x x DAC348C·12 Hybrid Sys 30 

x x x DAC349B·12 t Hybrid Sys 

x x x DAC349C·12 Hybrid Sys 

x x x DAC9349-12 HybridSys 

x x x DAC347LPB· 
12U t Hybrid Sys 

x x x DAC347LPC· 
12B Hybrid Sys 

x x x DAC347LPC-
12U Hybrid Sys 

x x x HAC347LPB· 
12B t Hybrid Sys 

x x MN3412 Micro Net 

x x x x DAC02701 DOC 

x x x DAC9356 Hybrid Sys 40 

x x M/DA2000 HyComp 

x x MN371 Micro Net 

x x MN371H t Micro Net 

x x x AD37DJ AD (3165) 

x x x AD37DK AD (3165) 

x x x AD37DS tAD (3165) 

x x x AD371J AD (3165) 
(Continued) 

Compl.-Complementary CTC-Compl. 2's Compl. 
Int Ref.-Internal Reference Mull.-Multiplying 
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Ie MASTER 

~ INTERFACE-Digital to Analog Converters (Cont'd) 

~ Linear- Settling Power Compl. CTCor 

r.: ity Time Dis. Off. Com pl. Off. 2's Sign. 
Bits Error ±V,LSB mW Bin. Bin. Bin. Bin. Com pl. Magn. TIL CMOS ECL Int. 

~ Res. ±LSB ,.S (max.) Input Input Input Input Input Input Logie Logic Logic Ref. Mull. Latches Device Source . line 

01 A Converters (Cont'd) • 
~ 12 1/2 35 (Cont'd) 

1065 x x x x x MN3210 Micro Net 

x x x x MN3211 Micro Net 

35· - x x x x x DOC 1250-12-
1 DOC 

Q) x x x x x DOC 1250-12-
'"0 3 DOC 
:::J 

50 265 DAC356B-12 t Hybrid Sys (!J x x x x 

C 
x x x x DAC356C-12 Hybrid Sys 

0 908 x x x x DAC356LPB-
-.. 12 t Hybrid Sys 
.() 

x DAC356LPC-Q) x x x 
- 12 Hybrid Sys 
Q) 

Cf) 1653 x x x x HDS·1240E AD (3169) 

~ x x x x HDS·1240EM 
Q) tAD (3169) 10 -.. en 70 90 x x x x MN370 Micro Net 
CO 
~ \ X X X x MN370H t Micro Net 

3/4 8 - x x x AD390J AD (3166) 

1 - 35 x x x x x AD7545B AD (3166) 

x x x x x AD7545K tAD (3166) 

x x x x x AD7545T AD (3166) 

0.06/1 675 x x x x DAC-8528·11 , t DOC 

0.18 - x x x x x AD7544A AD (3166) 

x x x x x AD7544J AD (3166) 

x x x x x AD7544S AD (3166) 20 

1 20· x x x x x x x AD7541A AD (3164,3166) 

x x x x x x x AD7541J AD (3164.3166) 

x x x x x x x AD7541A Intersil 

x x x x x x x AD7541J Intersil 

x x x x .x x x MP7621A Micro Pwr 
(401,2749) 

x x x x x x x MP7621J Micro Pwr 
(401.2749) 

x x x x x x x MP7621S tMlcro Pwr 
(401,2749) 

x x x x x x 7541S t Teledyne S 

x x x x x x TSC7441S t Teledyne S 

x x x x x x TSC7541A Teledyne S 30 

-x· x x x x x TSC7541J Teledyne S 

x x x x x x TSC8640B t Teledyne S 

x x x x x x TSC8640C Teledyne S 

30 x x x x x HS7541B·1 t Hybrid Sys 

x x x x x HS7541C-1 Hybrid Sys 

x x x x DAC1209 Nallonal (3320) 

x x x x DAC1219 National 

x x x x DAC1231 National 

40· x x x x x x x x MP7622A Micro Pwr 
(401.2749) 

x x x x x x x x MP7622J Micro Pwr 
(401.2749) 40 

x x x x x x x x MP7622S tMlcro Pwr 
(401.2749) 

50· x x x x' x x x AD7541S tAD (3164,3166) 

x x x x x x x AD7541L Intersil 

x x x x x x x AD7541S t Intersil 

2 40 x x x x x AD7542A AD (3166) 
(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indicates addillonal data Is provided on the page noted. 
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INTERFACE-Digital to Analog Converters 

Linear- Settling 
Ily lime 

Bits Error ±IHSB 
Res. ±lSB ,.s 

DI A Converters 

12 1 

2 

Bln.-Blnary 
Off.-Offset 

2 

2.5 

2.5 " 

5 

10 

20 " 

30 

35 

-

0.04 

0.05 

0.25 

0.5 

0.5 " 

0.50 

1 

2 

Power 
Dis. 
mW 
(max.) 

40 

-, 

625 " 

450 " 

750 

500 

-
150 

35 

-
-

375 

20 " 

20 " 

397 

30 

40" 

375 " 

c IC MASTER 1983' 

CampI. 
Off. CampI. Off. 

Bin. Bin. Bln. Bin. 
Input Input Input Input 

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 

Magn.-Magnltude 

MASTER SELECTION GUIDE 

(Cont'd) 

CICor ~ 
2's Sign. !II CampI. Magn. TTL CMOS ECl In!. 

" Input Input logic logic logic Ref. Mul!. latches Device Source Line 

(Cont'd) ,... ... 
(Cont'd) 

x x x AD7542J AD (3166) 

x x x A07542S tAD (3166) 

x x A07543A AD (3166) 

x x A07543J AD (3166) 0) 
"0 

x x x OAC338B·12- :::::s 
1 Hybrid SYI (2748) C) 

x x x OAC1280C NllloRlI (3345) C 
x x x HS9338-1 HybridSYI (2748) 0 .... 

x x x x DAC-SL-11 t DOC () 
0) 

x x x x OAC9317 -16- 0) 
5 Hybrid Sys (2745) CIJ 

x x M/DA2005 HyComp 10 L-
0) 

X x x A0371K AD (3165) ....... en 
x x x A0371S tAO (3165) ('\j 

x x x x AD7545A AD (3166) ~ 

x x x x A07545J AD (3166) 

x x x x A07545S tAO (3166) 

x x DA4000 HyComp 

x x x ADH-03011-10 
DOC 

x x x x DAC312B t PMI 

x x x x DAC312F PMI 

x x x MP7621H IIlcro Pwr 
(401.2749) 20 

x x x MP76218 tilicro Pwr 
(401.2749) 

x x x IIP7621Z Micro Pwr 
(401.2749) 

x x x AD7521L AD (3164) 

x x x AD7521U tAD (3164) 

x x x AD7521L Intersi! 

x x x AD7521U t Intersi! 

x x x AD7531L Intersi! 

x x x MP7521L IIlcro Pwr 
(401.2749) 

x x x MP7521P IIlcro Pwr' 
(401.2749) 

x x X IIP7521U tMlcro Pwr 
(401,2749) 30 

x x x MP7531L IIlcro Pwr 
(401.2749) 

x x x x x AII6012 Slalltlcl (3383) 

x x x DAC1210 National 

x x x DAC1232 National 

x x x x IIP7622H Micro Pwr 
(401,2749) 

x x x x IIP76228 tMlcro Pwr 
(401.2749) 

x x x x IIP7622Z Micro Pwr 
(401.2749) 

x x x DAC3120B·0 t Hybrid SYI (2747) 

x x x MC3120C·0 Hybrid SrI (2747) 
(Continued) 

Compl.-Complementary CTC-Compl. 2's Compl. 
Int Ref.-Internal Reference Mult. - Multiplying 
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ICMASTER 

~ INTERFACE-Digital to Analog Converters (Cont'd) 

~ linear· Settling Power Campi. CTCor 

~ 
ity Time Dis. Off. CampI. Off. 2's Sign. 

Bits Error ±v, 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. Mult. latches Device Source line 

DI A Converters (Cont'd) 
~ 

12 2 (Cont'd) 
2· , - x x x DAC3451·10 HybridSys 

2.5 - x x x x x DAC338B·12· 
0 -liybrld Sys (2748) 

5 450· x x x x x HS9338·0 Hybrid Sys (2748) 
Q) 

800 x x x x x DAC1201 t Nallonal "0 
:J 

(3320.3345) 

C) x x x x x DAC1201C Nallonal 
(3320.3345) 

C 5· DAC345V·10 Hybrid Sys 0 - x x X 

+-' 20· 500 x x x x x x DAC9377·16-
() 4 Hybrid Sys (2745) Q) 

Q) 35· - x x x x x DDC1250·10· 

en 1 DOC 

10- X X X X x DOC 1250-10-
Q) 
+-' 

3 DOC· 
en 500· 24 x x x x AD7521L National 10 ctS 
~ x x x x AD7521U t National 

4 0.5· 20· x x x x x x x AD7521K AD (3164) 

x x x x x x x AD7521T tAD (3164) 

x x x x x x x AD7531K AD (3164) 

x x x x x x x AD7521K Intersil 

x x x x x x x AD7521T t Intersil 

x x x x x x x AD7531K Intersil 

x x x x x x x MP7521K Micro Pwr 
(401.2749) 

x x x x x x x MP7521N Micro Pwr 
(401.2749) 

x x x x x x x MP7521T· tMlcro Pwr 
(401.2749) 20 

x x x x x x x MP7531K Micro Pwr 
(401.2749) 

500· 24 x x x x AD7521K National 

x x x x AD7521T t N'ational 

x x x x DAC1221 t National 

x x x x DAC1221C National 

8 0.5· 20· x x x x x x x AD7521J AD (3164) 

x x x x x x x AD7521S tAD (3164) 

x x x x x x x AD7531J AD (3164) 

x x x x x x x AD7521J Intersil 

x x x x x x x AD7521S t Intersil 30 

x x x x x x x AD7531J Intersil 

x x x x x x x MP7521J Micro Pwr 
(401.2749) 

x x x ,x x x x MP7521M Micro P'tIr 
(401.2749) 

x x x x x x x MP7521S tMlcro Pwr 
(401.2749) 

x x x x x x x MP7531J Micro Pwr 
(401.2749) 

500· 24 x x x x AD7521J National 
- x x x x AD7521S t National 

x x x x DAC1222 t National 

x x x x DAC1222C National 

16 0.5· 50 x x x x x x x MP7521H Micro Pwr 
(401.2749) 40 

32 0.5· 50 x x x x x x x MP7521G Micro Pwr 
(401.2749) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold facI Indlcalls additional dala Is provided on tbl paUl nolld. 
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INTERFACE-Digital to Analog Converters 

Llnear- Settling Power 
ity Time Dis. 

Bits Error ±'/' lSB mW 
Res. ±lSB "S (max.) 

01 A Converters 

12 Plus Sign Dynamic Range (7-Bit 
plus sign format) 

-

1/2 step 

1 step 

12-3 Digit BCD 
1/4 

1/2 

Bin.-Binary 
Off.-Offset 

0.5 

0.5 

0.5 

0.5 * 

0.3 

0.3/3 * 

3 

3* 

0.3/3 * 

0.5 

0.5 * 

1.S 

192 

192 

207 

192 

207 

192 

770 * 

925 

770 * 

900 

1050 

SOO 

S50 * 

30 

0.05 

500 

700 

e IC MASTER 1983 

Compl. 
Off. Compl. Off. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

x 

x 

x 

x 

x 

x 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

(Cont'd) 

CTC or 
2's Sign. 

Compl. Magn. TTL CMOS ECl Int. r·· 
Input Input logic logic logic ReI. Mult. latches Device Source Line 

(Cont'd) .... ~ 

x AM6072C AMD 

x AM6072M t AMD 

x AM6070AC AMD Q) 

"0 
x AM6070AM t AMD 

::J 
x x x x DAC-S6E PMI (9 
x AM6070C AMD C 
x AM6070M t AMD 0 

+-' 
x x x x DAC-S6C PMI () 

x x x x DAC-76 t PMI 
Q) -Q) 

C/) 
x x x DAC-S5C-

~ 
CCD-I Datel 10 Q) 

DAC-S7-CCD-
+-' 

x X x en 
I t Datel CU 

x x x ADDAC801 ~ 
CCD AD (3164) 

x x x ADDAC851 
CCD tAD (3164) 

x x x ADDAC85CI 
CCD AD (3164) 

x x x DAC-S5C-
CCD-V Datel 

x x x DAC-S7-CCD-
V t Datel 

x x DAC-
HK12DGC Datel 

x x DAC-
HK12DMM t Datel 

x x DAC-
HZ12DGC Datel 

x x DAC-
HZ12DMC Datel 20 

x x DAC-
HZ12DMM t Datel 

x x DACSO/CCD Burr-Brown 

x x DACS5/CCD t Burr-Brown 

x x DACS5C/CCD 
Burr-Brown 

x x DACS5/CCD t Micro Net 

x x DACS5C/CCD 
Micro Net 

x x x DAC-
HA12DC-1 Datel 

x x x DAC-
HA12DM-1 t Datel 

x x x DAC-HA12DC 
Datel 

x l\ x DAC-
HA12DM t Datel 30 

x x x x MN562-AD-
BCD Analogic 

x x x x MN562-ID-
BCD Analogic 

x x x x MN562-KD-
- BCD Analogic 

x x x x MN563-JD-
BCD Analogic 

(Continued) 

Compl.-Complementary CTC-Compl. 2's Com pI. 
. Int Ref.-Internal Reference Mult. - Multiplying 
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Ie MASTER 

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

linear- Settling Power CampI. ClCor 
Ity lime Dis. Off. CampI. Off. 2·s· Sign. 

~ Bits Error ±'hlSB mW Bin. Bin. Bin. Bin. CampI. 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) 
...... 

12-3 Digit BCD 
112 1.8 700 (Cont'd) 

x x x x MN563-KD-
BCD Analogic 

x x x x MN563-TD-

Q) BCS Analoglc 

'0 15 300 x x x x x DAC349B-3D t Hybrid Sys 
::J x x x x x DAC349C-3D Hybrid Sys 
(9 x x x x DAC9349-3D Hybrid Sys 
C 35 1065 x x x MN3212 Micro Net 0 ..... 1/10 1.5 * 465 x x x AD562K/BCD 
0 AD (3166.316B) 
Q) 

Q) 
x x x AD562S/BCD 

CJ) tAD (3166,316B) 

'- 475 x x x AD563J/BCD 
Q) AD (3165) ..... en x x x AD563K/BCD 
CO .' AD (3165) 10 
~ x x . x AD563S/BCD 

tAD (3165) 

x x x AD563T/BCD 
tAD (3165) 

x x x x MN562-SD-
BCD Analogic 

1.8 700 x x x x MN563-SD-
BCD Analogic 

12-4 Digit BCD 
112 20 * 500 x x x x x x DAC9377-4D H,brld S,I 

(2745,2745) 

13 1 0.1 980 x x x 2615-12 DOC 

1.6 1100 x x x SDAC-12 DOC 

2 0.1 980 x x x 2615-11 DOC 

1.6 1100 x x x SDAC-ll DOC 

4 0.1 980 x x x 2615-10 DOC 20 

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 

14 1/2 x x x x x DAC9331-14 Hybrid Sys 

2 30 * x x x x x HS3140B-4 tHybrld SYI (2746) 

x x x x x HS3140C-4 Hybrid S,I (2746) 

3 30 x x x x x DAC331B-14 t Hybrid Sys 

x x x x x DAC331C-14 HybridSys 

1 0.5 0.05 x x x x x DAC-HA14BC Dalll (2621) 30 

x x x x x DAC-HA14BM tDllII (2620) 

30 x x x x x DAC-
HA14BC-l Datel 

x x x x x DAC-
HA14BM-1 Datel 

2 30 * x x x x x x MP3140B-4 t Micro Pwr (2749) 

x x x x x x MP3140C-4 Micro Pwr (2749) 

375 * x x x x x x HS3140B-3 Hybrid SYI (2746) 

x x x x x x HS3140C-3 Hybrid SYI (2746) 

2* 20 * x x x x x MP7614 Micro Pwr 
(401.2749) 

2 2 30 * x x x x x x MP3140B-3 tMlcro Pwr (2749) 

x x x x x x MP3140C-3 Micro Pwr (2749) 40 

20 900 x x x DAC-U12-1 t DOC 

4 20 900 x x x x DAC-Ul1-1 t DOC 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold facelndlcalls addlllonal dala Is provided on Ibl pall notld. 
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INTERFACE-Digital to Analog Converters 

L1near- Settling 
Ity Time 

Bits Error ±'h lSB 
Res. ±lSB "S 

01 A Converters 

16 1/2 

1 

2 

Bin.-Binary 
Off.-Offset 

2 " 

5 

5" 

20 " 

35 

50 

1 

2" 

5 " 

1 

2 

2" 

5 

Power 
Dis. 
mW 
(max.) 

60 

-
50 " 

500 

420 

-

500 

465 

60 

50 " 

-

465 

1225 

30 

60 

-

1225 

~ IC MASTER 1983 

Compl. 
Off. Compl. Off. 

Bin. Bin. Bin. Bin. 
Input Input Input Input 

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 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

(Cont'd) 

CTC or 
2's Sign. 

Compl. Magn. TIL CMOS ECl Inl. r· 
Input Input Logic Logic Logic ReI. Mull. latches Device Source Line 

(Cont'd) ..... 
x x x DAC370B-16 t Hybrid Sys 

x x x DAC370C-16 Hybrid Sys 

x x x DAC9331·16· 
6 Hybrid Sys (2745) 

x x x MP9331-6 Micro Pwr 
Q) 

x x x x PCM50K Burr-Brown "'0 
x x x x AD7546B AD (3166) ~ 

x x x x AD7546K AD (3166) CJ 
x x x x DAC9377·16· C 

6 Hybrid Sys (2745) 0 
x x x x MP9377·16 Micro Pwr 

...... 
(j 

(401.2749) Q) 

x x x MN3310 Micro Net 10 Q) 

DAC736 Burr-Brown en 
DAC74 Burr-Brown 

10... 
Q) 

x x x x DAC73 t Burr-Brown 
...... 
(J) 

x x x x DAC73C Burr-Brown CU 

x x x HIDAC16B Harris (2722) ~ 

x x x DAC9331·16· 
5 Hybrid Sys (2745) 

x x x MP9331-5 Micro Pwr 

x x x x AD7546A AD (3166) 

x x x x AD7546J AD (3166) 

x x DAC-71-COB-
I Datel 20 

x x DAC-71-CSB-
I Datel 

x x DAC·72C· 
COB-I Datel 

x x DAC-72C-
CSB-I Datel 

x x x HIDAC16C Harris (2722) 

x x ADDAC71· 
COB·I AD (3166) 

x x ADDAC71· 
CSB-I AD (3166) 

x x ADDAC72-
COB-I AD (3166) 

x x ADDAC72· 
CSB-I AD (3166) 

x x x HS3160B·4 t Hybrid Sys (2746) 

x x x HS3160C·4 Hybrid Sys (2746) 30 

x x x DAC9331·16-
4 Hybrid Sys (2745) 

x x x MP9331-4 Micro Pwr 

x x DAC-71-COB-
V Datel 

x x DAC-71-CSB-
V Datel 

x x DAC-72C-
COB-V Datel 

x x DAC-72C-
CSB-V Datel 

x x ADDAC71· 
COB·V AD (3166) 

x x ADDAC71-
CSB-V AD (3166) 

x x ADDAC72· 
COB-V AD (3166) 

x ·x ADDAC72-
CSB·V AD (3166) 40 

(Continued) 

Compl.-Complementary CTC-Compl. 2's Compl. 
Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 
=-4 L1near- Settling Pawer CampI. CTCar 

Ity Time Dis. Off. CampI. Off. 2's Sign. 

~ Bits Error ±'hlSB mW Bin. Bin. Bin. Bin. CampI. Magn. TIL CMOS ECl Int. 
Res. ±lSB ~ (max.) Input Input Input Input Input Input logic logic logic Rei. Mult. latches Device Source Line 

DI A Converters (Cont'd) 
~ ..... 

16 2 (Cont'd) 
10 500 x x x DAC711COB t Burr-Brown 

x x x DAC711CSB t Burr-Brown 

x x x DAC72/COB t Burr-Brown 

x x x DAC72/CSB t Burr-Brown 
a.> 35 1170 x x x x DAC-"C 

HP16BMC Datel 
:J 

DAC-C!) x x x x 
HP16BMC-l Datel 

C x x x x DAC-
0 HP16BMM t Dltel (2620) 
+"' 
U x X x x DAC-
a.> HP16BMM-l t Datel 
a.> 50/100 * 

CI) 575 * x x x DAC70/CSB t Burr-Brown 
~ x x x DAC70C/CSB Burr-Brown 10 a.> 
+"' 3 50/100 * en 
ttS 575 * x x x DAC70/COB t Burr-Brown 

~ x x X 
I 

DAC70C/COB 
Burr-Brown 

4 2 - x x x x x MP7616L Micro Pwr 
(401.2749) 

8 2 - x x x x x MP7616K Micro Pwr 
(401.2749) 

30 x x x x x HS31608-3 t Hybrid SYI (2746) 

x x x x x HS3160C-3 Hybrid SYI (2746) 

16-4 Digit BCD 
1/2 15 1170 x x DAC-

HP16DGC Datel 

x x DAC-
HP16DMC Datel 

x x DAC-
HP16DMM t Datel 

35 420 x x x MN3300 Micro Net 20 

50/100 * 
575 * x x DAC70/CCD t Burr-Brown 

x x DAC70C/CCD 
Burr-Brown 

2 1 - x x x DAC-71-CCD-
I Datel 

x x x DAC-72C-
CCD-I Datel 

5 - x x x DAC-71-CCD-
V Datel 

x x x DAC-72C-
CCD-V Datel 

10 1.2 x x DAC71/CCD t Burr-Brown 

18 1 20 60 x x x x x x DAC370B-1B t Hybrid Sys 

x x x x x x DAC370C-18 Hybrid Sys 

x x x x x x MP370B-18 t Micro Pwr 
(401.2749) 30 

x x x x x x MP370C-18 Micro Pwr 
(401.2749) 

500 x x x x x DAC377-18 Hybrid SYI (2745) 

x x x x x x DAC377B-18 t Hybrid SYI (2745) 

x x x x x x DAC377C-18 Hybrid SYI (2745) 

x x x x x x MP377B-18 tMlcro Pwr (401) 

x x x x x x MP377C-18 Micro Pwr (401) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold 'iceladlclllllddlllonil dill II provided on Ihe plge nOlld_ 
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MASTER SELECTION GUIDE 

INTERFACE-Display Drivers 

Function Device Source line Function Device Source line Function Device Source 

Display Drivers LED Displayllnterface (drives 7, 14, 16-segments for linear BCD to 7-Segment Decoder/Driver, Active High, Resistive 
displays, bar graphs) Pull-Up (Cont'd) 

Bargraph Fluorescent SAA1060 Signetics 9307C Fairchild 
XR2276 Exar (3204) SAA1061 Signetics 9307M t Fairchild 110 

Bargraph Gas Discharge Display Driver (module) LED Driver System, 8 Decade, 8x8 Memory, Decoder HD74LS248 Hitachi 

AW100 AWl (versions either hardwire or processor controlled HD74LS48 Hitachi 

Bargraph Gas Discharge (module) ICM7218A Intersil MC5448 t Motorola 

AW200 AWl ICM7218B Intersil MC7448 Motorola 

ICM7218C Intersil MC8307 Motorola 
Bargraph LED LM3914 National 

Intersil 60 MC9307 t Motorola ICM7218D 
LM3915 National 

Intersil SN54LS248 t Motorola 
Q) 

ICM7218E "'0 AN6875 Panasonic SN54LS48 t Motorola 
LB1405 Sanyo LED, Static U180M Telefunken 

SN74LS248 Motorola ::::J 
LB1409 Sanyo. U3080M Telefunken 

SN74LS48 Motorola 120 (.9 
LB1415 Sanyo Multiplexed LCD Driver, Master and Slave DM5448 t National C 
LB1416 Sanyo 10 MC145000 Motorola DM54LS248 t National 0 
LB1419 Sanyo MC145001 Motorola DM54LS48 t National +-' 

LB1426 Sanyo MM58201 National DM7448 National 
0 
Q) 

LB1436 Sanyo Segment Driver for Gas Discharge Displays DM74LS248 National 
UAA170 Siemens DI232 Dionics DM74LS48 National 

Q) 
(J) 

UAA180 Siemens DI242 Dionics DS8856 National 
TDA1594 Signetics 10.-

Universal (LED, LCD, or vacuum fluorescent) N8T05 Signetics Q) 
U237B Telefunken S2809 AMI S8T05 t Signetics +-' en 
U244 Telefunken 

BCD (hexadecimal) to 7-Segment Decoder/Driver with SN54248 tTl (914) 130 CO 
U247B Telefunken Latch Active Low, Open Collector SN5448 tTl (847) ~ 
U254 Telefunken 20 9370C Fairchild 70 SN54LS248 tTl (914) 
U257B Telefunken 

BCD (hexadecimal) to 7-Segment Latch/Decoder/Driver SN54LS48 tTl (847) 
U267B Telefunken 

(CMOS with bipolar output) SN74248 TI (914) 
TSC9403 Toshiba MC14495 Motorola SN7448 TI (847) 
TSC9404 Toshiba UCN-4805A Sprague SN74LS248 TI (914) 

Bargraph LED or Vacuum Fluorescent (module) UCN-4806A Sprague SN74LS48 TI (847) 

AW580 AWl BCD (hexadecimal) to 7-Segment LED Decoder/Driver, BCD to 7-Segment Decoder/Driver, Active Low, Open 

Bargraph or LED Dot Display Generators Constant Current, with Latch Collector 54LS347 t Fairchild 

XR2277 Exar (3204) 9368C Fairchild 74LS347 Fairchild 

XR2278 Exar (3204) BCD Plus 1 to 7-Segment 
74LS447 Fairchild 140 

XR2279 Exar (3205) LM1017 National MC4039 Motorola 

Bargraph VF HA12010 Hitachi U143 Telefunken S8T04 t Signetics 

HA12011 Hitachi 30 
SN54LS347 tTl (931) 

BCD to 7-Segment Decoder/Driver SN54LS447 tTl (950) 
LM3916 National MC14547BA t Motorola 

SN74LS347 TI (931) 
LB1470 Sanyo MC14547BC Motorola 

SN74LS447 TI (950) 
Clock Driver, Dual BCD to 7-Segment Decoder/Driver, Active High, Open 

BCD to 7-Segment Decoder/Driver, Active Low, Open 
DS3671 National Collector 5449 t Fairchild 

Collector, 15 V Output 
Display Controllers and Keyboard Interface: See 54LS249 t Fairchild 80 5447 t Fairchild 
Microprocessors-General Purpose 74LS249 Fairchild 54LS247 t Fairchild 

Lamp Driver 
74LS49 Fairchild 7447 Fairchild 

CSR301 Teledyne C 
HD74LS249 Hitachi 74LS247 Fairchild 150 
HD74LS49 Hitachi 74LS47 Fairchild 

LCD Display Interface (drives 7 to 20-segment linear MC5449 t Motorola 9317BC Fairchild displays) SAA1062 Signetics MC7449 Motorola 9317BM t Fairchild 
LCD Dot Matrix Driver SN54LS249 Motorola HD7447A Hitachi 

SED1100 Epson SN54LS49 t Motorola HD74LS247 Hitachi 
SED1300 Epson SN74LS249 t Motorola HD74LS47 Hitachi 
HLCD0488 Hughes 40 SN74LS49 Motorola 90 MC5447 t Motorola 
HLCD0515 Hughes DM54LS249 t National MC7447 Motorola 
HLCD0538A Hughes- DM54LS49 t National SN54LS247 t Motorola 
HLCD0539A Hughes DM74LS249 National SN54LS47 t Motorola 160 
HLCD0540 Hughes DM74LS49 National SN74LS247 Motorola 
HLCD0548 Hughes N8T06 Signetics SN74LS47 Motorola 
HLCD0550 Hughes SN54249 tTl (914) DM5447A t National 
HLCD0551 Hughes SN5449 tTl (847) DM54LS247 t National 
HLCD0607 Hughes SN54LS249' tTl (914) DM54LS47 t National 

LCD Graphics Driver SN54LS49 tTl (847) DM7447A National 
SED1500 Epson SN74249 TI (914) 100 DM74LS247 National 

SN7449 TI (847) DM74LS47 National LED Bar Display Driver, 10 LEOs 
SN74LS249 TI (914) 383A/C Teledyne S TA7612A Toshiba 50 
SN74LS49 TI (847) 383B/M t Teledyne S 170 

LED, Cascadable 
BCD to 7-Segment Decoder/Driver, Active High, Resistive SN54247 tTl (913) 

SDA2014 Siemens 
Pull-Up 5448 t Fairchild SN5447A tTl (847) 

LED Display Driver, 5 LEOs 54LS48 t Fairchild SN54LS247 tTl (913) 
TA7654 Toshiba 7448 Fairchild SN54LS247A tTl (913) 
TA7655 Toshiba 74LS248 Fairchild SN54LS47 tTl (847) 

LED Display Driver, 33 Outputs, 15 mA Sink Capability 74LS48 Fairchild SN74247 TI (913) 
MM5486 National (Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold lace Indlcales addillonal dala Is provided on Ihe page noled. 
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Ie MASTER 

INTERFACE-Display Drivers (Cont'd) 
:4 

Function Device Source line Function Device Source line Function Device SOurce line 

II Display Drivers (Cont'd) BCD to 7-Segment LatchfDecoder/Driver (strobed latch), 4x8 Matrix LED Decoder/Driver, Interface to MPU 
for liquid Crystal Displays MN1205A Panasonic 100 

BCD to 7-Segment Decoder/Driver, Active Low, Open (Cont'd) 
4-Channellncandescent Lamp Driver Collector, 15 V Output 883/4543B tsss CLD4 Teledyne C ........ (Cont'd) SCL4543B SSS 
4-Channel Plasma SN7447A TI (847) TC4056B Toshiba 

XR2284 Exar (3203) SN74L47 TI 
BCD to 7-Segment LED Decoder/Driver 

4-Character, 18-Segment Triplexed LCD Decoder/Driver SN74LS247 TI (913) 
CA3168 RCA 

ICM7233 Intersll SN74LS47 TI (847) 
BCD to 7-Segment LED Decoder/Driver, Constant Current BCD to 7-Segment Decoder/Driver, Active Low, Open 4-Digit Fluorescent 

DS8857 National 
ICM7235 Intersil Q) Collector, 30 V Output 

NE587 Signetics 
ICM7235A Intersil "0 5446 t Fairchild .-

::J 7446 Fairchild BCD to 7-Segment LED Decoder/Driver with Latch, Output ICM7235AM Intersil 
CJ 9317CC Fairchild 0-9,-,E,H,L,P ICM7235M Intersl! 

9317CM t Fairchild 9374C Fairchild 
4-Digit Gas'Discharge Display Anode Driver C 

HD7446A Hitachi BCD to 7-Segment LED Driver Adjustable Current 01500 Dionics 0 
'- MC5446 t Motorola 10 DS8858 National 01502 Dionics --() MC7446 Motorola 

BCD to 7-Segment LED Latch/Decoder/Driver, with Ripple 4-Digit LCD Decoder/Driver Q) DM5446A t National Blanking F4734BC Fairchild SCL7211 SSS 110 Q) DM7446A National F4734BM t Fairchild 60 
4-Digit LCD Driver (f) SN54246 tTl (913) 

BCD-to-Decimal Decoder/Driver (for lamps) ICM7211AM Intersil ~ SN5446A tTl (847) 
380AlC Teledyne S ICM7211M Intersil Q) 

SN74246 TI (913) 
tTeledyneS -- 380B/M 

4-Digit LED Driver 
(J) SN7446A TI (847) 
ctS 381A/C Teledyne S SDA2004 Siemens ~ BCD to 7-Segment Decoder/Driver, for Fluorescent 

381B/M t Teledyne S 
4-Digit LED Driver, Multiplexed BCD or Binary to 7-Displays CS250 Cherry 

BCD-to-Decimal Decoder/Driver (nixie driver) Segment Decoder/Driver CS250-1 Cherry 
7441 Fairchild ICM7212 Intersil BCD to 7-Segment Decoder/Driver, for liquid Crystal 
DM5441A t National ICM7212A Intersil Displays C04055B t RCA (748) 20 
DM7441A National 

4-Digit LED Driver, BCD or Binary to 7-Segment Decoder/ CD4055BE RCA (748) 
382A1C Teledyne S 

Driver, Data and Digit Select Code Latches for ILP TC4055B Toshiba 
382B/M t Teledyne S Interface ICM7212AM Intersil BCD to 7-Segment Decoder/Driver, 2-Digit, Direct Driver 

BCD-to-Decimal Decoder/Driver with Blanking (for cold ICM7212M Intersil for Common Anode LED Displays 
cathode indicator tubes) UDN-7183 Sprague (2843) DS8669 National 

54141 t Fairchild 70 UDN·7184 Sprague (2843) BCD to}-Segment Latch/Decoder/Driver 74141 FairChild UDN·7186 Sprague (2843) 120 CS260 Cherry 
HD74141 Hitachi UHp·482 Sprague (2843) 

BCD to 7-Segment Latch/Decoder/Driver (CMOS with MC54141 t Motorola 
4·Digit liquid Crystal, Multiplexed BCD to LCD Decoder/ bipolar output) MC74141 Motorola 
Driver, AC Drive F4511BC FairChild DM54141 t National ICM7211 Intersl! F4511BM t Fairchild DM74141 National ICM7211A Intersil HD14511B Hitachi SN74141 TI (881) DF412 Siliconix MC14511BA t Motorola 

MC14511BC Motorola Quad AC Plasma Display Axis Driver SCL25411 SSS 
SN55426B tTl MC14513BA t Motorola 30 

tTl 
4-DigiUSegment Fluorescent 

SN55427B DI503 ' Dionics MC14513BC Motorola 
SN75426 TI 80 01504 Dionics CD4511BC National 
SN75427 TI 

4-Digit (stores segment and address data, drives 7-8 CD4511BM t National 
CD4511B t RCA (749) Hex TIL to LED Bulb Driver, with Latch segment digits) 
CD4511BE RCA (749) DS8859 National MM74C911 Nallonal (735) 
883/4511B tSSS DS8869 National 

4-Diglt, 17-Segment Alpha-Numeric with Memory, Decoder SCL4511B SSS 2-Digit, 7-Segment Decoder/Driver Interfaces to CPU and LED Drivers 
CM4511B t Solitron MN1205E Panasonic MM74C956 National 
CM4511BE Solitron MN1205P Panasonic NSM4307 National 130 

BCD to 7-Segment Latch/Decoder/Driver for Common MN1205Q Panasonic NSM4507 National 
Cathode LED Displays 3 1/2-Digit liquid Crystal Clock 4-Digit, 7-Segment LCD Decod~r/Driver NE589 Signetics 40 C1200 LSI Comp , TSC7211A Teledyne S (2852) 

BCD to 7-Segment LatchfDecoder/Driver, for liquid 4/5-Digit Fluorescent Display Driver 4-Digit, 7-Segment LED Decoder/Driver Crystal Displays 
MM5474 National TSC700A Teledyne S (2846) CD4543BD t RCA (749) 
MM5476 National TSC8212A Teledyne S CD4543BE RCA (749) 
MM5477 National 90 

4-DigiU8-Segment Fluorescent BCD to 7-Segment Latch/Decoder/Driver, Output 1-16 MM5478 National COP470 National SAB3211 Siemens 
4/5-Digit (serial data input) 4-Segment liquid Crystal BCD to 7-Segment Latch/Decoder/Driver (ripple blanking) MM5450 Nallonal (735) CD4054B RCA (748) MC14544BA t Motorola 

MM5451 Nallonal (735) TC4054B Toshiba MC14544BC Motorola 
4/5-Digit Vacuum Fluorescent 4-Segment MOS to LED Anode Driver BCD to 7-Segment Latch/Decoder/Driver (strobed latch), 

MM5445 Nallonal (735) 75491 Fairchild for liquid Crystal Displays 
MM5446 Nallonal (735) MC75491 Motorola LS7100 LSI Comp (696) 
MM5447 Nallenal (735) DS55493 t National 140 MC14543BA t Motorola 
MM5448 Nallonal (735) DS75491 National MC14543BC Motorola 

CD4056B t RCA (748) SAA1063 Signetics DS75493 National 
CD4056BE RCA (748) 50 4x5 Matrix LED Decoder/Driver,lnterface to CPU SN75491 TI 

(Continued) MN1205F Panasonic (Continued) 

t Military Temperature Range (- 55° to 125°C) TYPical Value 
Bold face Indicates additional data Is provided on the page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Display Drivers (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Display Drivers (Cont'd) 6-Digit BCD (stores segment and address data, drives 7-8 a-Line Fluorescent Driver r·-
segment digits) MSL912R OKI (3873) 

4-Segment MOS to LED Anode Driver MM74C912 Nallonal (735) MSL915R OKI (3873) 100 
(Cont'd) 

6-Digit Hex (stores segment and address data, drives 7 MSL916R OKI ",". 
SN75491A TI 

segments) MM74C917 Nallonal (735) MSL917R OKI (3873) 
SN75493 TI 

5x7 Dot Matrix LCD/Console Controller 6-Digit, 7-Segment LCD Driver with Decimal POints, or a-Output Digit-Scan Counter/Decoder for Cold-Cathode 

Three 16-Segment Characters. 48-Stage Shift Register, Counter Tubes 
CY300 Cybernetic MSL9510R OKI (3873) 48-Bit Data Latch and 48-Segment Driver 

5x8 Dot Matrix Multiplexed LCD. On-board memory allows MSM5219 OKI (3873) MSL9511R OKI (3873) 
ASCII code and special symbols display without refresh 

7-Digit Gas Discharge Display Anode Driver a-Segment Gas Discharge Display Cathode Driver Q) 
circuitry. (2-chip set) 

MC3490 Motorola DI210 Dionics "'0 
PE7901 Polycore .-
PE7902 Polycore MC3494 Motorola DI2210 Dionics :::J 

DI230 Dionics C) 
5x12 Dot Matrix (up to 80 characters by cascading) 7-Digit MOS to Gas Discharge DI240 Dionics 

10938 Rockwell XR2272 Exar C 
DI300 Dionics 0 

10939 Rockwell 7-Digit MOS to LED Cathode Driver DI302 Dionics 110 +-' 

5-Character, 18-Segment Triplexed LCD Decoder/Driver SN75497 TI MC3491 Motorola () 

ICM7234 Intersil MC3492 Motorola 
Q) 

7-DigitlSegment MOS to Fluorescent 
5-Digit Fluorescent XR2271 Exar DS7889 t National 

Q) 

MSM58291G OKI DS8889 National en 
7-Line Dot Matrix or Segmented 

UDN-7180 Sprague (2843) '-
5-Digit Gas Discharge Display Anode Driver SN75581 TI (2863) Q) 

UHD-490 t Sprague 10 8-Segment MOS to LED Anode Driver +-' 

7-Segment Gas Discharge Display Cathode Driver (J) 
UHP-490 Sprague (2843) 

DS8885 National 60 
MC676 Motorola CU 

5-Digit LCD Driver, Serial Input, Decoder 8885 Signetics 
DS8867 National ~ 

MSM5829G OKI UHP-481 Sprague (2843) 9-Digit MOS to LED Cathode Driver 

5-Line Plasma Display Axis Driver SN75584 TI DS8872 National 

DI5140 Dionics DS8920 National 

015180 Dionics 
7-Segment Gas Discharge Display Cathode Driver, with DS8973 National 120 

DI5240 Dionics 
BCD Decoder DS7880 t National DS8975 National 

DI5280 Dionics 
DS8880 National SN75498 TI 
DS8884A National 

9-Digit MOS to LED Cathode Driver, with Low Battery 5-Segment Gas Discharge Display Cathode Driver DS8980 National 
UHP-480 Sprague (2843) Indicator DS8864 National 

DS8880 Signetics DS8873 National 
5-Segment MOS to LED Anode Driver SN75480 TI 

DS8861 National 9-Digit MOS to LED Cathode Driver with Shift Register 
7-Segment to BCD Converter/Driver Decoding DS8874 National 

5-Step Logarithmic Dual LED Driver MM54C915 t National 70 
TA7666 Toshiba MM74C915 National 

9-Line, 30 LED U1096B Telefunken 

TA7667 Toshiba 20 9-Segment LED Driver (lOW voltage) 

6-Digit Gas Discharge Display Anode Driver 
8-Bit Parallel In/Parallel Out Fluorescent (for !,P systems) DS8647 National 

UCN-4815A Sprague (2843) 
01505 Dionics UCS-4815H t Sprague 

DS8648 National 

01507 Dionics lO-Bit High-Voltage, High-Current 
DI603A Dionics 8-Channel Plasma S4534 AMI (2611) 
0I604A Dionics XR2288 Exar (3203) 

D1605A Dionics 8-Digit Gas Discharge Display Anode Driver 
10-Bit Serial In/Parallel Out Fluorescent (for !,P systems) 

UCN-4810A Sp,rague (2843) 130 
DS8891 National DI510 Dionics ULN-4810H t Sprague 
8891 Signetics DI512 Dionics UCN4810A TI 
UDN-6164 Sprague (2843) DI803A Dionics 

iO-Digit, 7-Segment Triplexed LCD Decoder/Driver UHD-491 t Sprague DI804A Dionics 
ICM7232 Intersil 

UHP-491 Sprague (2843) 30 DI805A Dionlcs 
UHP-495 Sprague (2843) DS8887 National 80 11-Segment LED Display Drivers 

SN75481 TI DS8897 National 
MM5485 National 

6-Digit LED Driver (low voltage) UDN-6184 Sprague (2843) 12-Line Vacuum Fluorescent 

DS8646 National SN75512A TI 
8-liigit MOS to LED Cathode Driver 

6-Digit MOS to LED Cathode Driver DS8863 National 
SN75513A TI (2861) 

55492A t Fairchild DS8871 National 14-Digit Decoder/Driver 

75492 Fairchild DS8963 National DS8665 National 

75492A Fairchild DS8666 National 

MC75492 Motorola 8-Digit/Segment Fluorescent 
14-Digit Decoder/Driver, with Low Battery Indicator 

DS75492 National 
01513 Dionics 

DS7664 t National 
DS75494 National 

01514 Dionics 
DS8664 National 140 

DS8870 National 40 DI514A Dionics 

DS8877 National XR6118 Exar (3205) 14-Segment Decoder/Driver, Interface to CPU 
MN1205H Panasonic 

PS55494 t National XR6128 Exar ' (3205) 90 

NE582-1 Signetics NE594 Signetics 16-Line Fluorescent 

SN75492 TI SA594 Signetics DS8881 National 

SN75492A TI SG6118 Silicon G 8881 Signetics 

SN75494 TI UDN-6118 Sprague (2843) 16-Segment LED Display Drivers 

6-DigitlSegment Fluorescent UDN-6128 Sprague (2843) MM5484 National 

01508 Dionics UDN-6138 Sprague (2843) 18-Segment Alphanumeric 

01509 Dionics UDN-6148 Sprague (2843) AC5947 TI 

UDN-6116 Sprague (2843) 8-Digit, 7-SegmentTriplexed LCD Decoder/Driver 18-Segment; 16-CharacterAlphanumeric (30, 35 and 40 
UDN-6126 Sprague (2843) 50 ICM7231 Intersil volt versions) 10937. Rockwell 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold face Indlcales additional dala Is provided on Ihe page nOled. 
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Ie MASTER 

INTERFACE-Display Drivers (Cont'd) 

Function Device Source Une 

D,isplay Drivers (Cont'd) 

30-Blt LCD Driver/Register 
MD4330B MItel 

32 Segment LCD 
MM5452 Nallonal (735) 
MM5453 Nallonal (735) 
PCE2112 SIgnetics 

32-BIt High-Voltage 
S4521 AMI (2610) 

Q) S4535 AMI (2609) 
"'C 
:J 

32-BIt LCD MM58438 National 

CD 32-Line AC Plasma Display Axis Driver 
SN75500 TI 

C SN75501 TI 
.2 SN75502 TI 10 
+J SN75503 TI () 
Q) 32-Line Vacuum Fluorescent 
Q) SN75518 TI (2862) 

(J) 32-Segment LCD Controller/Driver 
s... ItPD7255 NEC-MIcro 
Q) 

32-Segment LCD Driver -+-' en MM5483 National ctS 
:2E 40-Segment LCD Duplex 

PCE2100 Signetics 

60-Segment LCD Duplex 
PCE2110 Signetlcs 

54-Segment LCD Duplex 
PCE2111 SIgnetics 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faca Indicates addlllonal dala Is provided on Ihe page noled. 
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MASTER SELECTION GUIDE 

INTERFACE-Error Checking Circuits 

Max. Serial Supply 
Data Rate, Voltage, 

Function MHz V Device Source Line ft Error Checking Circuits .. 
CRCC Generator 2 • 5 COM8004 SMC ~ 

3 5 MC8500 Motorola -SSI8500 Silicon Sys 

10 5 9401C Fairchild 
9401M t Fairchild 
9411C Fairchild 
9411M t Fairchild Q) 

8X01A Signetics "0 
N9401 Signelics (1514) ~ 

Deskew-Queue Register 3' 5 MC8520 Motorola 10 C.9 
SSI8520 Silicon Sys C 

Error Detection/Correction Circuit - 5 W08206 Western (3995) 0 
Error Detection/Correction Circuit (ECl) - -5.2 MC10163 Motorola ....... 

() 
MC10193 Motorola Q) 
MC10563 t Motorola Q) 
MC10593 Motorola (J) 

Error Detection/Correction Circuit (TIL) - 5 9428 Fairchild ~ 

SN74ALS790 Motorola (732) Q) ....... 
SN54lS630 tTl (440,979) CJ) 

SN54LS631 tTl (440,979) 20 CO 
SN74LS630 TI (979) ~ 
SIH4LS631 TI (979) 

7 MB1412A Fujitsu 

Error Pattern Register 3 5 MC8501 Motorola 

Expandable Error Checker and Corrector - 5 OP8400 Nallonal (2764) 

lRCC Data Register 3 5 MC8502 Motorola 
SSI8502 Silicon Sys 

Polynominal Generator 4 • 5 MC8506 Motorola 

Polynominal Generator/Checker 3.5 • 5 r"C2653 Motorola (1360) 
MC68653 Motorola (1360) 30 
MC8503 Motorola 

4 5 2653 Signetics 

Universal Polynominal4-Bit Generator 17 • 5 MC8504 Motorola 

Single Error Hamming Code Detector and Generator - 5 MC4041 Motorola 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold lace Indicates addillonal data Is provided on the page noted. 
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Ie MASTER 

~ 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 M190 SGS 

1 of 16 - 5 Strobe output, key rollover output, 2 of 8 
keyboard to binary encoder, one of four 

Q) row inputs and column Inputs (telephone 
"0 key pads) give binary output, strobe. HOO165 Harris 

::s (2733.3287) 

(.9 MC14419 Motorola (3298) 

C 
20 5 Binary - 3-15 2 key rollover, 3 state output MM54C923 t National 

0 MM74C923 National 

...... 85 8 ASCIIIHEX 1000 4-10.5 Scans and generates code for 53 key ASCII 
() plus 32 non-ASCII keys COP1871 RCA (1484) 
Q) 

COP1871D tRCA (1484) 
Q) 

4-6.5 Scans and generates code for 53 key ASCII Cf) 
plus 32 non-ASCII keys COP1871C RCA (1484) 10 

'- COP1871CO tRCA (1484) Q) ...... 88 8 plus Parity Mask, Programmable 100 -12.5 Programmable parity, strobe width, strobe en 
ctS delay. Two key rollover. 8 x 11 matrix, 3 

2 levels. KR2376 SMC 

90 10 External ROM Programmable 
100 -12.5 9 x 10 matrix, 4 Mode, 2 or N key rollover 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 SCN2671A Signatics (1522) 

9 Mask Programmable 100 5 16 x 18 matrix, three-state liD, 2 or 3 key 
alarm MSM3914A OKI (3873) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold face Indicates addillonal data Is provided on the page notad. 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits 

No. Supply 
Per Party Voltage, 
Device Output Une V Comments Device Source line 

Line Drivers-Single Ended 

2 High Current Yes 5 Coax/Twisted Pair MC8T23 Motorola ~. 

DS75123 National 
N8T23 Signetics 
N8T23 TI 
S8T23 TI 
SN75123 TI 

Emitter Follower for Coax/Twisted Pair MC8T13 Motorola Q) 

DS55121 t National "0 

DS75121 National ::J 

N8T13 Signetics 10 (9 
S8T13 Signetics C 
N8T13 TI 0 
SN55121 tTl of-J 

SN75121 TI U 
Q) 

-0.5 to 5.5 V No 5 RS422A, RS423A ILA9639C TI Q) 

±4to 6 V No ±9to ±15 RS232, RS423, cCln V.26, V.28 9636AC Fairchild (f) 
9636AM t Fairchild '-
ILA9636A TI Q) 

of-J 

±6V No ±12 4 Input N8T15 Signetics en 
CCS 

±8V No ±12 RS232C 75150 Fairchild 20 ~ 
DS75150 National 
SN55150 tTl 
SN75150 TI 

3 High Current No 5 IBM360 HD2904 Hitachi 
±6V No ±12 RS232B/C, CCln, MIL 188 9616 Fairchild 

9616E Fairchild 
9616M t Fairchild 

4 nL No 5 Active PUll-Up AM2614C AMD 
AM2614M tAMD 

Yes 5 DS7831 w/o Vcc Clamp DS7832 t National 30 
DS8832 National 
DS8832 TI 

Three-State RC8T09 Raytheon 
RM8T09 t Raytheon 
N8T09 Signetlcs 
S8T09 t Signetics 

2-lnput NAND, 80 Ma 96101C Fairchild 
96101M t Fairchild 

4-lnput AND, NAND DS7831 t National 
DS8831 National 40 
DS8831 TI 

0.15 to 4 V No 7 IBM360/370 MC3481 Molorola (2753) 
MC3485 Molorola (2753) 

3.11 No 5 IBM360/370 SN75126 TI 
SN75130 TI 

-7to 12 Yes 5 RS422, Three-State SN75174 TI 

-7to ±12 Yes 5 RS422, Three-State SN75172 TI 

±4 to 6 V No ±5 RS423, RS422 with mode control DS3691 National 
±5.5 RS423, RS422 with mode control DS1691 t National 

Yes ±5 RS423, Three-State AM26LS29C AMD 50 
AM26LS29 Signetics 

±5.5 RS423, Three-State AM26LS29M t AMD 

±6 to 9 V No ±9to ± 15 RS232C, cCln V.24 XR1488 Exar (3188) 
ILA1488 Fairchild 
HD75188 Hitachi 
MC1488 Molorola (2753) 
DS1488 National 
MC1488 Signetics 
SG1488 Silicon G 
MC1488 TI 60 
SN55188 tTl 
SN75188 TI 

±4t06 V No ±5 RS423, RS422 with mode control AM26LS30C AMD 
AM26LS30 Signetlcs 

±5.5 RS423, RS422 with mode control AM26LS30M t AMD 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold faci Indlcalls addillonal dala Is provided on Ihe plge naiad. 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

No. 
Per 
Device Output 

Party 
line 

Line Drivers-Single Ended 

NTDS No 

TTL Yes 

t Military Temperature Range (- 55° to 125°C) 

2470 

Supply 
Voltage, 
V 

5,-15 
5,-5 

Comments 

NTDS 
NTDS Hex Driver 

Three-State (also see index for 74S244, 74LS244, 67S304, 67LS304) 

Three-State, Inverting 

• Typical Value 
Bold .ace Indicalesaddlllonal dala Is provided on Ihe page noled. 

Device Source 

(Cont'd) 

MOA-268B t Interdesign 
MOF1305B t Interdesign 

AM25LS241C AMD 
AM25LS241Mt AMD 
AM25LS244C AMD 
AM25LS244Mt AMD 
SN54LS241 t AMD 
SN54LS244 t AMD 
SN54S241 t AMD 
SN54S244 t AMD 
SN74LS241 AMD 
SN74LS244 AMD 
SN74S241 AMD 
SN74S244 AMD 
54LS241 t Fairchild 
54LS541 t Fairchild 
74LS241 Fairchild 
74 LS244 Fairchild 
74LS541 Fairchild 
HD74LS241 Hitachi 
HD74LS244 Hitachi 
M74LS244 Mitsubishi 
SN54LS241 tMMI 
SN54LS244 tMMI 
SN54LS245 tMMI 
SN54LS341 tMMI 
SN54LS344 tMMI 
SN54S241 tMMI 
SN54S244 tMMI 
SN74LS241 MMI 
SN74LS244 MMI 
SN74L8245 MMI 
8N74L8341 MMI 
8N74LS344 MMI 
8N748241 MMI 
SN748244 MMI 
SN54LS241 t Motorola 
SN54LS244 t Motorola 
SN54LS541 t Motorola 
SN74LS241 Motorola 
SN74LS244 Motorola 
SN74LS541 Motorola 
DM54S241 t National 
DM74S241 National 
MM54C941 t National 
MM74C941 National 
74LS241 Signetics 
74LS244 Signetics 
74L8541 81gnellcs 
SN54AL8241 tTl 
SN54AL8244 tTl 
8N54L8241 tTl 
8N54L8244 tTl 
8N54L8541 tTl 
8N548241 tTl 
8N74AL8241 TI 
8N74AL8244 TI 
Srf74LS241 TI 
SN74L8244 TI 
8N74L8541 TI 
8N748241 TI 

AM25LS240C AMD 
AM25LS240Mt AMD 
SN54LS240 ,t AMD 
SN54S240 AMD 
SN74LS240 AMD 
SN74S240 AMD 

(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 
(715) 

(2775) 
(911) 
(912) 
(911) 
(912) 
(960) 
(911) 
(911) 
(912) 
(911) 
(912) 
(960) 
(911) 

54F240 t Fairchild (630) 
54LS240 t Fairchild 

(Continued) 

Line 

10 

20 

30 

40 

50 

60 

© IC MASTER 1983 



MASTER SELECTION GUIDE 

INTERFAC~-Line Circuits (Cont'd) ~ 
No. Supply " Per Party Voltage, 

~ Device Output Line V Comments Device Source Line 

Line Drivers-Single Ended (Cont'd) ~ 
8 TIL Yes 5 Three-State, Inverting (Cont'd) ~ 

54LS540 t Fairchild ~ 

74F240 Fairchild (630) 
74LS240 Fairchild 
74LS540 Fairchild 
M74LS240 Mitsublshl 
SN54LS240 tMMI (715) Q) 
SN54LS340 tMMI (715) "0 
SN54S240 tMMI (715) :::J 
SN74LS240 MMI (715) CD 
SN74S240 MMI (715) 10 
SN54LS240 t Motorola C 

0 
SN54LS540 t Motorola ....... 
SN74LS240 Motorola () 
SN74LS540 Motorola Q) 

DM54S240 t National Q) 
DM74S240 National (f) 
54Lt540 tSlgnelics (2775) '-
74LS240 Signetics Q) ....... 
74LS540 Slgnllies (2775) UJ 
SN54ALS2.40 tTl (910) 20 CO 
SN54LS240 tTl (910) ~ 
SN54LS540 tTl (960) 
SN54S240 tTl (910) 
SNHALS240 TI (910) 
SN74LS240 TI (910) 
SN74LS540 TI (960) 
SN74S240 TI (910) 

16 TIL Yes 5 Three-State SN54LS365A tTl (935) 
SN54LS367A tTl (936) 
SN74LS365A TI (935) 30 
SN74LS367A TI (936) 

Three-State, Inverting SN54LS366A tTl (935) 
SN54LS368A tTl (936) 
SN74LS366A TI (935) 
SN74LS368A TI (936) 

Line Drivers-Differential 

See also Drivers under digital logic families 

2 High Current CMOS 
No 3-15 CMOS 50 rnA, 4-lnput AND, NAND MM78C30 t National 

MM88C30 National 

High Current TIL No 5 40 rnA, Active Pull-up/Pull-down 9612C Fairchild 
40 rnA, Open Collector/Active Pull-up 9614C Fairchild 40 

9614M t Fairchild 
DS55114 t National 
DS75114 National 
9614C TI 
SN55114 tTl 
SN75114 TI 

40 rnA, RS422 SN55128 tTl 
SN75158 TI 

40 rnA, 4-lnput AND, NAND 54S140 t Fairchild 
74S140 Fairchild 50 
HD74S140 Hitachi 
DM74S140 National 
DS7830 t National 
DS8830 National 
54S140 t Signetics 
74S140 Signetics 
DS8830 TI 
SN54S140 tTl (881) 
SN55183 tTl 
SN74S140 TI (881) 60 
SN75183 TI 

Yes 5 Three-State DS7831 t National 
DS8831 National 
DS8831 TI 

(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold faca Indlcatas additional data Is provided on tha page noted. 
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Ie MASTER 

~ INTERFACE-Line Circuits (Cont'd) 

" 
No. Supply 
Per Party Voltage, 

~ Device Output Line V Comments Device Source Line 

Line Drivers-Differential (Cont'd) : 

III 
2 High Current TIL Yes 5 (Cont'd) 

OS7831 w/o Vcc Clamp OS7832 t National 
OS8832 TI 

40 mA, Open Collector/Active Pull-Up, Three-State OS55113 t National 
OS75113 National 
SN55113 ttl 

0) SN75113 TI 

"'C 40 mA, RS422, Three-State 9634C Fairchild 
:::J 9634M t Fairchild 

~ OS8832 National 

C 
SN75159 TI 10 

0 2.5 to 3.5 No 5 High Speed I'A9638C TI 
....... 3.5mA Yes ±5 Twisted Pair H075109 Hitachi 
() 

MC75109 Motorola 0) 

0) SN55109A ttl 

Cf) SN74109A TI (870) 

'- 6.5mA Yes ±5 Twisted Pair, Level Shifting 55110A t Fairchild 
.0) 75110A Fairchild ....... 

H075110 Hitachi C/) 

a:1 MC75110 Motorola 

~ MC75S110 Motorola 20 
SN55110A ttl 
SN75110A TI 

18mA Yes ±5 Higher Current 75110 SN75112 TI 

±3V Yes ±5 RS422 at Low Oata Rates, RS423 AM26LS30C AMO 
AM26LS30 Signetics 

±5.5 RS422 at Low Oata Rates, RS423 AM26LS30M t AMO 

±5V No ±15,±5 ARING 429, 1000K bits data rate HS3182 t Harris 

4 High Current CMOS 
No 3-15 CMOS, 25 mA MM78C29 t National 

MM88C29 National 

High Current TIL No 5 50 Ohm Lines 74128 Signetics 30 
SN74128 TI (876) 

75 Ohm Lines 54128 t Signetics 
SN54128 tTl (876) 

Yes 5 RS-422, RS-423. Three-State MC3487 Motorola 
OS3487 National 
MC3487 TI 

Three-State OS1688 t National 

11 mA Yes ±5 Quad 75110 MC3453A Motorola 

20mA Yes· 5 MIL 188-114, Three-State OS1692 t National 
OS3692 National 40 

RS-422, Three-State AM26LS31C AMO 
AM26LS31M t AMO 
AM26LS31 Molorola (2753) 
AM26LS31C Molorola (2753) 
AM26LS31 M t Molorola (2753) 
OS26LS31C t National 
OS26LS31M National 
AM26LS31 Signetics 
AM26LS31C TI 
AM26LS31M tTl 50 

40mA Yes 5 RS-422, Fed. 1020, Three-State SN75151 TI 
SN75153 TI 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indlcalas additional dala Is provided on Ihe page nOlad. 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No. 
Per 
Device 

Receiver 
Input 
Threshold 

Common 
Mode 
Voltage, V 

Supply 
Voltage, 
V 

Line Receivers-Single Ended 

Also see Line Receivers-Dlfferenllal 

2 0.4 to 2.4 ±15 5 

±O.l V (ref) 

:t2.0 

3 0.7\01.7 

0.75 to 2.25 

0.8 to 2.0 V 

0.86 to 2.40 5 

1.15 to 1.55 

4 0.75 to 1.5 V 5 

0.75 to 2.25 

Comments 

Oifferenllallnput, Single Ended Data 

Ext. Rcf. Adj. 1.5 to 3.5 V with Optlonal Internal 2.5 V Reference 

Ext. Reference Adjustable from 1.5 to 3.5 V 

Hysteresis, EIAIMIL 
RS232B 

Hysteresis, IBM360/370 

Hysteresis, nS232C, CCITT V.24 

Hysteresis, High-Speed 

IIIgh-Speed 

laM360 

RS232C, Programmablo Threshold, Hysteresis 

RS232C, Programmable Threshold, Wider Hysteresis UI3n 1489 

------------------------_._-_ .. 

6 

..:.:.::...:.::..!:~-------=-----.....:.:..:..::.:.:~=..;:..;...:-:....:....:..--~~:...-.---- ... --.---. 
~~------.-:-----..::.;:.;::.:~.:;:;.:;!..:..:.:..=~:::~=~----- ... --. 

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

0.97102.65 
1.05 to 2.50 

5 
5 

IIV~leresls, 120 Ohm !JV~lcl1l 
tty. leresis, 120 Ohm SY$ICIlI 

• Typical Valuo 
BoI~ flt.ladleltls ... lIloaal dala Is provided om lhe P', 

t Military Temperature Range (- ~5" to 12S"C) 

co IC MASTER 1983 

Device Source line 

AM2615C AMD 
AM2615M tAMD 

SN55142A tTl 
SN55143A ttl 
SN75142A TI 
SN75143A TI 

MC75140 Motorola 
SN55140 tTl 
SN55141 tTl 10 
SN75140 TI 
SN75141 TI 

N8T16 Signetics 
OS7822 t National 
OS8822 National 

MC8T24 Motorola 
OS75124 National 
NBT24 Signetics 
SN75124 TI 

9617C Fairchild 20 

MC8T14 Motorola 
OS55122 t National 
0875122 National 
N(lT14 Signetics 
SN55122 tTl 
SN75122 TI 

H02915 __ JIiI,IChl 

H0290S Hitachi 

1'/1, 14U9 Fairchild 
11075154 Hitachi 30 
MC1489 Malarof. (27SJ) 
OS1489 NalJOIlJI 
MC1489 Signetics 
SG1489 Silicon G 
SN55189 tTl 
SN75189 TI -XR,489A fXlr (JIBS) 

1'/1, 1.\89A Fairchild 
IH}/5189 IHlachl 
Me 1489A Motorola (2753) 40 

,.. 

• 
c:: 
c. 
o 

...... 
(.) 
Q) 

Q) 
(f) 



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 (Cont'd) 

6 1.05 to 2.50 5 Hysteresis, 120 Ohm System (Cont'd) 
058837 National ,. 
N8T37 5ignetics 

-1 to 4.5/-1.5 to 13 

I 5 NT05 M08-272 t lnterdesign 

7 0.7 to 1.7 5 IBM360/370 MC75125 Molorola (2753) 
J) MC75127 Motorola (2753) 
0 0575125 National -
:::J 0575127 National 

SN75125 TI 
C 5N75127 TI 
0 8 0.7 to 1.7 5 IBM360/370 MC75128 Motorola (2753) 10 

() MC75129 Molorola (2753) 
Q) OS75128 National 

Q) OS75129 National 
5N75128 TI 

'- SN75129 TI 
Q) 

(/) Line Receivers-Differential 
CU 

See also Receivers-listed under Digital-ECl and Oigital-IlNIl/HTl Miscellaneous sections 

2 ±O.O10 ±3 :t5 10 mY, MOS Sense, Active Pull-up 0575207 National 
0575208 National 
SN75207 TI 

10 mY, MOS Sense, Open Collector SN75208 TI 20 
10 mY, MOS Sense, Three-State OS3604 National 
75207 with Diode Protected Input Stage SN752078 TI 
75208 with Diode Protected Input Stage SN75208B TI 

±0.O25 :! 3 ±5 25 mY, Active Pull-up 55107A t Fairchild 
75107A Fairchild 
H075107A Hitachi 
MC55107 t Motorola 
MC75107 Motorola 

25 mY, Active Pull-Up 0555107 t National 
0575107 National 30 

25 mY, Active Pull·up SN55107A tTl 
SN75107A TI 

\ 
25 mV, Open Collector H075108A Hitachi 

MC55108 t Motorola 
MC75108 Motorola 
OS55108 t National 
OS75108 National 
SN55108A tTl 
SN75108A TI 

25 mV, Three-State 55107 OSlG03 t National 40 

\ DS3G03 National 

\ 
55107A with Diode Protected Input Stage 751078 Fairchild 

OS55107 t National \ 
0575107 Natior:al 
SN551078 tTl 

\ SN751078 TI 
\ 55108A with Diode Protected Input St~ae 751088 Fairchild \ 

0555108 t National 
OS75108 Nationill 
SN551088 tTl 50 
SN751088 TI 

10/15 5 Twisted Pair, ± 15 V CMV. Respofl~e Control DS78lS120 t National 
OS88lS120 National 

5 CMOS Compatible, Response Control OS78C120 t National 
OS88C120 National 

5 RS232, RS422/3 !J637AC Fairchild 
!J637AM t Fairchild 

,e\"\\\\ SN55157 tTl 
\~\X\\'3.t~ SN75157 TI 

ILA9637AC TI 60 

~ (Continued) 

• Typical Value 
Bold facI Indicates additional dala Is provided on Ihl paga noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) ~ 
No. Receiver Common Supply "III Per Input Mode Voltage, r.: Device Threshold Voltage, V V Comments Device Source Line 

Line Receivers-Single Ended ~ 
Also see Line Receivers-Differential ~ ;;;: 
2 0.4 to 2.4 ±15 5 Differential Input, Single Ended Data AM2615C AMO 

AM2615M t AMO 

±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 Q) 

"0 
Ext. Reference Adjustable from 1.5 to 3.5 V MC75140 Motorola ::J 

SN55140 tTl (.9 
SN55141 tTl 10 
SN75140 TI C 
SN75141 TI 0 

........ 
±2.0 5 Hysteresis, EIA/MIL N8T16 Signetics (,) 

RS232B OS7822 t National 
\ Q) 

OS8822 National Q) 

3 0.7 to 1.7 5 Hysteresis, IBM360/370 MC8T24 Motorola CJ) 

OS75124 National "-
NBT24 Signetics 

Q) 
........ 

SN75124 TI (J) 
CO 

0.75 to 2.25 5 Hysteresis, RS232C, CCITT V.24 9617C Fairchild 20 ~ 
0.8 to 2.0 V 5 Hysteresis, High-Speed MC8T14 Motorola 

OS55122 t National 
OS75122 National 
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 

4 0.75 to 1.5 V 5 RS232C, Programmable Threshold, Hysteresis p.A1489 Fairchild 
HD75154 Hitachi 30 
MC1489 Motorola (2753) 
OS1489 National 
MC1489 Signetlcs 
S61489 Silicon 6 
SN55189 tTl 
SN75189 TI 

0.75 to 2.25 5 RS232C, Programmable Threshold, Wider HystereSis than 1489 XR1489A EXlf (3188) 
p.A1489A Fairchild 
H075189 Hitachi 
MC1489A Molofola (2753) 40 
OS1489A National 
MC1489A Signetics 
SG1489A Silicon G 
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 OS8836 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 OS8640 National 

1.7 5 No Hysteresis, NOR Input 96106 Fairchild 

1.75 to 2.25 V 5 RS232C, Programmable Threshold, Hysteresis SN75189A TI 50 

5 to 7.5 15 Hysteresis, Interface to CMOS 367A Teledyne S 
367M t Teledyne S 

Hysteresis, Open Collector, Interface to CMOS 368A Teledyne S 

5.5t08 12 Hysteresis, Open Collector, Inferface to CMOS 368C Teledyne S 
Hystersis, Interface to CMOS 367B Teledyne S 

367C t Teledyne S 

±3/0.8 to 3 50r 12 RS232C, Hysteresis, Fail Safe Option 55154 t Fairchild 
75154 Fairchild 
OS75154 National 
S655154 t Silicon 6 60 
S675154 Silicon 6 
8N54154 tTl (885) 
SN75154 TI 

6 0.97 to 2.65 5 Hysteresis, 120 Ohm System OS7837 t National 
1.05 to 2.50 5 Hysteresis, 120 Ohm System MC3437 Motorola 
. (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold facalodlcalas addlllonal dala Is provldad 00 Ihl pigi nOlld. 

~ IC MASTER 1983 



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 (Cont'd) 

i 6 1.05 to 2.50 5 Hysteresis. 120 Ohm System (Cont'd) 
OS8837 National 
N8T37 Signetics 

-1 to 4.5/-1.5 to 13 
5 NTOS MOB-272 t Interdesign 

7 0.7 to 1.7 5 IBM360/370 MC751Z5 Motorola (Z753) 
Q) MC751Z7 Molorola (Z753) 

"'0 OS75125 National 
::J OS75127 National 
(9 SN75125 TI 

C SN75127 TI 
0 8 0.7 to 1.7 5 IBM360/370 MC751Z8 Molorola (Z753) 10 

....... MC751Z9 MOlorola (Z753) () 
Q) OS75128 National - OS75129 National Q) 

en SN75128 TI 

~ SN75129 TI 
Q) ....... Line Receivers-Differential en 
CO 
~ See also Receivers-listed under Oigital-ECl and Oigital-HNILlHTl Miscellaneous sections 

2 ±0.010 ±3 ±5 10 mV, MOS Sense, Active Pull-up OS75207 National 
OS75208 National 
SN75207 TI 

10 mV, MaS Sense, Open Collector SN75208 TI 20 

10 mV, MaS Sense, Three-State OS3604 National 

75207 with Oiode Protected Input Stage SN75207B TI 

75208 with Diode Protected Input Stage SN75208B TI 

±0.025 ±3 ±5 25 mV, Active Pull-up 55107A t Fairchild 
75107A Fairchild 
H075107A Hitachi 
MC55107 t Motorola 
MC75107 Motorola 

25 mV, Active Pull-Up OS55107 t National 
OS75107 National 30 

25 mV, Active Pull-up SN55107A tTl 
SN75107A TI 

25 mV, Open Collector H075108A Hitachi 
MC55108 t Motorola 
MC75108 Motorola 
OS55108 t National 
OS75108 National 
SN55108A tTl 
SN75108A TI 

25 mV, Three-State 55107 OS 160? t National 40 
OS3603 National 

55107 A with Diode Protected Input Stage 75107B Fairchild 
OS55107 t National 
OS75107 National 
SN55107B tTl 
SN75107B TI 

55108A with Oiode Protected Input Stage 75108B Fairchild 
OS55108 t National 
OS75108 National 
SN55108B tTl 50 
SN75108B TI 

±0.2/0.3 ± 10/15 5 Twisted Pair, ± 15 V CMV. Response Control OS78lS120 t National 
OS88lS120 National 

±15' 5 CMOS Compatible, Response Control OS78C120 t National 
OS88C120 National 

±0.2/0.5 ±7/15 5 RS232, RS422/3 9637AC Fairchild 
9637AM t Fairchild 
SN55157 tTl 
SN75157 TI 
ILA9637AC TI 60 

(Continued) 
.. t Military Temperature Range (- 55" to 125"C) • Typical Value 

Bold IaCI Indicates additional dala is provided on Ihe page noled. 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No. Receiver Common Supply 
Per Input Mode Voltage, 
Device Threshold Voltage, V V Comments Device Source 

Line Receivers-Differential (Cont'd) 

(Cont'd) 
±0.3/0.3 ±0/15 ± 15 V CMV, Response Control OS78L20 t National 

±0.511 ±0/15 ± 15 V CMV, Response Control 9615C Fairchild 
9615M t Fairchild 
OS55115 t National 
OS75115 National 
9615C TI Q) 

SN55115 tTl "0 
SN75115 TI ::J 

±3/15 TWisted Pair, ±3/15 V CMV, Response Control OS7820A t National (.9 
OS8820A National 10 C 
OS8820 TI 0 
SN55152 tTl -+-' 

SN55182 tTl 0 
SN75182 TI 

Q) 

± 10/15 Twisted Pair, ± 15 V CMV, Response Control OS7820 t National 
Q) 
(f) 

OS78C20 t National 
'-OS8820 National Q) 

OS88C20 National -+-' 
(J) 

±0.5/3 ±25 ±12 Adjusts RS232C/MIL-188, ± 25 V CMV, Hysteresis SN75152 TI CO 
4 ±0.025 ±3 ±5 Four 75107, Active Pull-up MC3450 Motorola 20 ~ 

OS1650 t National 
OS3650 National 

Four 75108, Open Collector MC3452 Motorola 
OS1652 t National 
OS3652 National 

±0.2 ±3 ±5 Three-State, RS422/423 MC3486 Molorola (2753) 
OS3486 National 
MC3486 TI 

±7 ±5 Three-State, RS-422/423 AM26LS32C AMO 
AM26LS32M t AMO 30 
OS26LS32C National 
OS26LS32M t National 
AM26LS32C TI 
AM26LS32M t TI 

±12 ±5 Three-State, RS-422 SN75173 TI 
SN75175 TI 

±15 ±5 50 mV Hysteresis OS1689 t National 
OS1690 t National 
0S3689 National 
0S3690 National 40 

±0.5 ±15 ±5 Three-State AM26LS33C Ar,10 
AM26LS33M t AMO 
OS26LS33C National 
OS26LS33M t National 
AM26LS33C TI 
AM26LS33M t TI 

±0.8 -12,±7.5 ±5,-5 NTDS MOF1623B t Interdesign 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold faca Indlcalas addlllonal dala Is provldad on Iba paua naiad. 
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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 

i 
Bidirectional Bus Transceiver, Three-State, CMOS 

- TIL/CMOS 5 General Purpose Interface Bus OS3666 Nallonal (2768) 
OS75160A Nallonal (2768) 
OS75161A Nallonal (2768) 
OS75162A Nallonal (2768) 

0.8 to 2.0 TIL 5 Bidirectional Bus Transceiver/Register, Open Collector SN74LS647 TI (986) 
Q) SN74LS649 TI (986) 

"C Bidirectional Bus Transceiver, Three-State G74SC245 GTE Micro 
:::s G74SC545 GTE Micro 
C} Bidirectional Bus Transceiver, Three-State, CMOS M054SC245 t Mltel (706) 
C M054SC545 t Mltel (706) 10 
0 M074SC245 Mltel (702.706) 
+-' M074SC545 Mltel (706) 
() 
Q) General Purpose Interface Bus MC3447 Motorola 

Q) (2753.2755) 
Cf) SN75160 TI 

~ SN75160A TI 
Q) SN75161 TI 
+-' SN75161A TI (j) 

CO SN75162 TI 

~ SN75162A TI 
SN75163 TI 20 

4 0.05 to 2.50 TIL 5 Open Collector, 1 V Hysteresis AM8838 AMD 
MC3438 Motorola 
DS8838 National 
N8T38 Signetics 

0.21 to 1.84 TIL 5 Open Collector (Inverting), Common Enable 96103M t Fairchild 

0.4 to 2.05 TIL 5 Open Collector, Hysteresis AM26S12AC AMD 
AM26S12AM t AMD 

0.5 to 2.0 TIL 5 Bus Transceiver, Tridirectional, Open Collector SN54LS440 tTl (947) 
SN54LS441 tTl (947) 
SN54LS448 tTl (951) 30 

Bus Transceiver, Tridirectional, Three-State SN54LS442 tTl (947) 
SN54LS443 tTl (947) 
SN54LS444 tTl (947) 

0.6 to 2.0 TIL 5 Bus Transceiver, Tridirectional, Open Collector SN74LS440 TI (947) 
SN74LS441 TI (947) 
SN74LS448 TI (951) 

Bus Transceiver, Tridirectional, Three-State SN74LS442 TI (947) 
SN74LS443 TI (947) 
SN74LS444 TI (947) 

General Purpose Interface Bus, Open Collector, for MOS Input MC3446A Motorola (2753) 40 
MC3446 TI 

0.7 to 2.0 TIL 5 Three-State, Bus Transceiver AM2915AM tAMO (1211) 
Three-State, Bus Transceiver, Parity Generator/Checker AM2916AM tAMO (1211) 

AM2917AM tAMO (1212) 

Three-State, Hysteresis AM25LS242Mt AMD 
AM25LS243Mt AMD 
SN54LS242 t AMD 
SN54LS243 t AMD 
SN54S242 t AMD 
SN54S243 t AMD 50 
54LS242 t Fairchild 
54LS243 t Fairchild 
SN54LS242 t Motorola 
SN54LS243 t Motorola 
SN54ALS242 tTl (911) 
SN54ALS243 tTl (912) 
SN54LS242 tTl (911) 
SN54LS243 tTl (912) 

0.8 to 1.8 TIL/MOS 5 Bus Transceiver, Individual Direction Controls SN54LS446 tTl (950) 
SN54LS449 tTl (951) 60 

General Purpose Interface Bus, Bidirectional Bus Transceiver, Three-State AM3448A AMD 
ILA3448A Fairchild 
MC3448A Motorola (2753) 

0.8 to 2.0 TIL 5 Bus Transceiver, Individual Direction Controls SN74LS446 TI (950) 
(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold face Indicates additional dala Is provided on the page noted. 
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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 

Line Transceivers-Single Ended (Cont'd) 

4 O.B to 2.0 TIL Bus Transceiver, Individual Oirection Controls (Cont'd) 
SN74LS449 TI (951) 

General Purpose Interface Bus, Open Collector, 100 rnA Output 0S8641 Motorola 
MC3440A Molorola (2753) 
MC3441A Molorola (2753) 
MC3443A Molorola (2753) 
OS3662 National Q) 

OS7641 t National "0 

OS8641 National ::J 
MC3443 TI (.!J 

Three-State, Bus Transceiver AM2915AC AMD (1211) 10 c:: 
Three-State, Bus Transceiver, Parity Generator/Checker AM2916AC AMD (1211) a 

-+oJ 
AM2917AC AMD (1212) (.) 

Three-State, Oual Rank Latches SN74S226 TI (908) Q) 

Three-State, Hysteresis AM25LS242C AMO 
Q) 

AM25LS243C AMO en 
SN74LS242 tAMO '-

Q) 
SN74LS243 AMO -+oJ 

SN74S242 AMO en 
CO 

SN74S243 AMO ::! 
74LS242 Fairchild 20 
74LS243 Fairchild 
SN74LS242 Motorola 
SN74LS243 Motorola 
74LS242 Signetics 
74LS243 Signetics 
SN74ALS242 TI (911) 
SN74ALS243 TI (912) 
SN74LS242 TI (911) 
SN74LS243 TI (912) 

Three-State (Inverting) N8T26 AMO 30 
SBT26 tAMO 
IlA8T26A Fairchild 
IlA8T26AM t Fairchild 
H026BT26 Hitachi 
MC6880 Motorola 
MC8T26A Motorola 
OS8T26A National 
OS8T26AM t National 
N8T126 Signetics 
N8T127 Signetics 40 
N8T26A Signetics 
S8T126 t Signetics 
S8T127 t Signetics 
SN75136 TI 

Three-State (Non-Inverting) N8T28A AMO 
S8T28A tAMO 
IlABT28 Fairchild 
IlABT2BM t Fairchild 
MC6889 Motorola 
MC8T28 Motorola 50 
OSBT28 National 
OS8T28M t National 
N8T128 Signetics 
N8T129 Signetics 
NBT28 Signetics 
S8T128 t Signetics 
S8T129 t Signetics 

0.97 to 2.65 TIL Open Collector, 1 V Hysteresis AM783B tAMO 
OS783B t National 

1.05 to 2.50 TIL Inverting 7833/8833 OS7835 t National 60 
OSB835 National 

Inverting 7839/8839 OS7834 t National 
OS8834 National 
N8T34 Signetics 

Three-State, NOR Gate, Transmit Disable, Hysteresis OS7839 t National 
OS8839 National 

(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold faca Indicates addlllonal dala Is provided on Ihe paga naIad. 
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Ie MASTER 

~ INTERFACE-Line Circuits (Cont'd) ,. No. Receiver Supply 

r.: Per Input Voltage, 
Device Threshold, V Output V Comments Device Source Line 

~ Line Transceivers-Single Ended (Cont'd) 

i 4 1.05 to 2.50 TTL 5 (Cont'd) 
Three-State, T /R Disables, Hysteresis DS7833 t National 

DS8833 National 

1.5 to 2.4 TTL 5 Open Collector, 100 mA Output, Parity Generator/Checker AM2907M tAMO (1206) 
a-bus Compatible 2907 AM290SM tAMD (1206) 

2-lnput, Open Collector 100 mA Drivers AM2905M tAMD (1205) 
Q) 

2-lnput, Open Collector 100 mA Drivers, Parity Generator/Checker AM2906M tAMD (1205) "0 .- 1.5 to 3.2 TTL 5 Open Collector, 100 mA Output SG55138 t Silicon G :J 
C) SN55138 tTl 

C 
1.6 to 1.8 TTL 5 Open Collector, Hysteresis AM26S12C AMD 

0 AM26S12M t AMD 10 

...... 1.6 to 2.3 TTL 5 Open Collector, 100 MA Output, Parity Generator/Checker AM2907C AMD (1206) 
() a-bus Compatible 2907 AM290SC AMD (1206) 
Q) 

AM2905C AMD (1205) 
Q) 

2-lnput, Open Collector 100 mA Drivers 

C/) 2-lnput, Open Collector 100 mA Drivers, Parity AM2906C AMD (1205) 

"'- 1.6 to 2.4 TTL 5 Open Collector, 100 mA Output AM26S10M t AMD 
Q) AM26S11M tAMD ...... 
en 9640M t Fairchild 
ro DS26S10M t National 
~ DS26S11M t National 

AM26S10M tTl 20 
AM26S11M tTl 

1.75 to 2.25 TTL 5 Open Collector, 100 mA Output AM26S10C AMD 
AM26S11C AMD 
9640C Fairchild 
MC26S10 Motorola 
MC26S11 Motorola 
DS26S10C National 
DS26S11C National 
AM26S10C TI 
AM26S11C TI 30 
AM2S10C TI 

1.8 to 2.9 TTL 5 Open Collector, 100 mA Output SG75138 Silicon G 
SN75138 TI 

8 TTL TTL 5 Bidirectional Bus Transceiver, Three-State AM7304B tAMD 
AM8304 ~MD 
DP8304 National 

0.5 to 2.0 TTL 5 Bidirectional Bus Transceiver, Open Collector 54LS641 t Signatics (2772) 
54LS642 t Signatics (2772) 
74LS641 Signetics 
74LS641-1 Signetics 40 
74LS642 Signalics (2772) 
74LS642-1 Signatics (2772) 
SN54LS621 tTl (976) 
SN54LS622 tTl (976) 

/ SN54LS641 tTl (9S4) 
SN54LS642 tTl (9S4) 
SN54LS644 tTl (9S4) 

Bidirectional Bus Transceiver, Three-State AM7303 t AMD 
AM7307 t AMD 
AM7308 t AMD 50 
AM8303 AMD 
AM8307 AMD 
AM8308 AMD 
SN54LS645 t MMI (715) 
SN54LS645-
1 t MMI (715) 
DP7303 t National 
DP7304B t National 
DP7307 t National 
DP7308 t National 
DP8303 National 60 
DP8304B National 
DP8307 National 
DP8308 National 
SN54ALS1645 tTl (1023) 
SN54ALS245 tTl (913) 

(Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold face lridlcates additional data Is provldad on the page notad. 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 
I 

No. Receiver Supply 
Per Input Voltage, 
Device Threshold, V Output V Comments Device Source Line 

Line Transceivers-Single Ended (Cont'd) 

0.5 te 2.0 TIL Bidirectienal Bus Transceiver, Three-State (Cent'd) 
SN54AlS645 tTl (984) 

SN54lS620 tTl (976) 
SN54lS623 tTl (976) 
SN54lS640 tTl (984) 
SN54lS643 tTl (984) 
SN54lS645 tTl (984) 

Q) 
"0 

SN54Sl245 ttl :J 
0.6 te 2.0 TIL Bidirectienal Bus Transceiver, Open Cellecter SN74lS621 TI (976) C.9 

SN74lS622 TI (976) C 
SN74LS641 TI (984) 10 0 
SN74LS641- +-' 

1 TI (984) 
() 
Q) 

SN74LS642 TI (984) Q) 
SN74LS642· C/) 
1 TI (984) 

~ 

SN74LS644 TI (984) Q) 

SN74LS644· 
+-' 
(/) 

1 TI (984) CO 

Bidirectienal Bus Transceiver, Three-State SN74LS645 MMI (715) ~ 
SN74LS645· 
1 MMI (715) 
74lS640 Signetics 
74lS640·1 Signetics 
74lS645 Signetics 20 
SN74LS245 TI (913) 
SN74LS620 TI (976) 

SN74LS623 TI (976) 
SN74LS640 TI (984) 

SN74LS640· 
1 TI (984) 
SN74LS643 TI (984) 
SN74LS643· 
1 TI (984) 
SN74LS645 TI (984) 
SN74LS645· 
1 TI (984) 

0.7 te 2.0 TIL Bidirectienal Bus Transceiver, Open Cellecter SN54lS641 t Meterela 30 
SN54lS642 t Meterela 

Bidirectional Bus Transceiver/Register, Open Collecter SN54LS647 tTl (986) 

SN54LS649 t TI (986) 

Bidirectienal Bus Transceiver, Three-State 54lS245 t Fairchild 
SN54lS245 t Meterela 
SN54lS640 t Meterela 
SN54lS645 t Meterela 
SN54LS646 t TI (986) 
SN54LS648 t TI (986) 

0.8 te 2.0 TIL Bidirectienal Bus Transceiver, Open Cellecter SN74lS641 Meterela 40 
SN74lS642 Meterola 

Bidirectienal Bus Transceiver, Three-State 74lS245 Fairchild 
M74lS245 Mitsubishi 
SN74lS245 Meterela 
SN74lS640 Meterela 
SN74lS645 Meterela 
OS3667 t Natienal 
74LS245 Signallcs (779) 
N8T125 Signetics 
S8T125 t Signetics 50 
SN74ALS1645 TI (1023) 
SN74ALS245 TI (913) 
SN74ALS645 TI (984) 
SN74LS646 TI (986) 
SN74LS648 TI (986) 

t Military Temperature Range (- 55° te 125°C) • Typical Value 
Bold faca Indlcales additional dala Is provided on Ihe pagl noled. 
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INTERFACE-Line Circuits (Cont'd) 

No. 
Per 
Device 

Receiver 
Input 
Threshold, V Output 

Supply 
Voltage, 
V 

Line Transceivers-Differential 

TTL 

±0.5/± 1 V TTL 

t Military Temperature Range (-55° to 125°C) 

2480 

Comments 

Designed to meet proposed EIA Standard RS485 

Independent Three-State 55113 Driver and 55115 Receiver 

Same as 55116 with Three-State Receiver 

Same as 55117 with Three-State Receiver 

Three-State 8 Pin, 40 MA 

• Typical Value 
Bold face Indicates additional dala Is provided on Ihe page noled. 

Device Source Line 

083695 Nallonal (2770) 
083696 Nallonal (2770) 
083697 Nallonal (2770) 
083698 Nallonal (2770) 

SN55116 tTl 
SN75116 TI 

SN55118 tTl 
SN75118 TI 

SN55119 tTl 
SN75119 TI 10 

SN55117 tTl 
SN75117 TI 

© IC MASTER 1983 



INTERFACE-Memory and Peripheral Drivers 

Function Device Source Line Function Device Source Line 

Memory & Peripheral Drivers Driver, 7 Channel, CMOS/TTL Input (hammer, lamp, relay 
driver) (Cont'd) 

Addressable Peripheral Driver (latched, 8-output driver) 9667M t Fairchild 
NE590 Signetics MC1413 Motorola (2753) 
NE591 Signetics PBD352303 RIFA 
SE590 t Signetics L203 SGS 50 

BiMOS Latched Driver ULN2003 Signetics 
UCS-4401H t Sprague SG2003 Silicon G 
UCS-4801H Sprague SG3853 Silicon G 

Bridged Motor Driver ULN-2003A Sprague (2843) 
MD346 Analog Sys ULN·2005A Sprague (2843) 

Clock Generator/Oscillator, to 10 MHz, Band 1 Divider, for ULN·2013A Sprague (2843) 
Microprocessors ULN·2015A Sprague (2843) 

ICM7209 t Intersil ULN·2023A Sprague (2843) 

Data Acquisition Controller (intelligent) for AID Converter ULN·2025A Sprague (2843) 
CY600 Cybernetic ULS-2003H t Sprague 60 

Disc Memory Read/Write ULS-2005H t Sprague 

ILPC751 NEC-Electron ULS-2013H t Sprague 

ILPC752 NEC-Electron 10 ULS-2015H t Sprague 
ULS-2023H t Sprague Driver, Half Bridge, 2 A 
ULS-2025H t Sprague SG1635 t Silicon G 

SG3635 Silicon G SN75468 TI 

Driver, Open Collector/Emitter, for 150 rnA (load connected ULN2003A TI 

to negative supply) Driver, 7 Channel, MOS/TTL Input (hammer, lamp, relay 
PBD3520 RIFA driver) XR2201 Exar (3200) 

Driver, SeriallnpuU16-Bit Parallel Output, High·Voltage, XR2201Fd t Exar (3200) 

High-Current Outputs 9665 Fairchild 70 
TSC9403 Teledyne S (2854) MC1411 Motorola (2753) 
TSC9404 Teledyne S (2854) PBD352301 RIFA 

Driver, to 80 V, 0.2 A L201 SGS 
01445 Dionics ULN2001 Signetics 

Driver, Single, 125 rnA, for Relays, Motors, Lamps SG2001 Silicon G 

PBD3510 RIFA SG3851 Silicon G 

PBD3511 RIFA ULN·2001A Sprague (2843) 

Driver, Dual, to 80 V, 0.2 A ULN·2011A Sprague (2843) 

01446 Dionics ULN·2021A Sprague (2843) 

Driver, Dual, 2-lnput, Sink or Source 500 rnA ULS-2001H t Sprague 80 

SG1627 t Silicon G 20 ULS-2011H t Sprague 

SG3627 Silicon G ULS-2012H t Sprague 

Driver, 5 Channel, CMOS/PMOS Input (lamp, relay driver, SN75466 TI 

load to negative supply) ULN2001A TI 

UDN·2956A Sprague (2843) Driver, 7 Channel, PMOS Input (hammer, lamp, relay 
Driver, 5 Channel, CMOSmL Input (lamp, relay driver, driver) XR2202 Exar (3200) 

load to negative supply) XR2202M t Exar (3200) 
UDN·2957A Sprague (2843) 9666 Fairchild 

Driver, 5 Channel Darlington, to 400 rnA 9666M t Fairchild 
XR2200 Exar MC1412 Motorola (2753) 
XR2200M t Exar PBD352302 RIFA 90 
LB1287 Sanyo L202 SGS 
LB1288 Sanyo SG2002 Silicon G 

Driver, 7 Channel, CMOS/PMOS Input (hammer,lamp, relay SG3852 Silicon G 
driver) MD402 Analog Sys ULN·2002A Sprague (2843) 

XR2204 Exar (3200) ULN-2012A Sprague (2843) 
XR2204M t bar (3200) 30 ULN·2022A Sprague (2843) 
9668 Fairchild ULS-2002H t Sprague 
9668M t Fairchild ULS-2022H t Sprague 
MC1416 Molorola (2753) SN75467 TI 
PBD352304 RIFA ULN2002A TI 100 
ULN2004 . Signetics 
ULN·2004A Sprague (2843) 

Driver, 8 Channel, CMOS/PMOS Input (hammer, lamp, relay 

ULN·2014A Sprague (2843) 
driver) ULN2804 Motorola 

ULN-2024A Sprague (2843) 
ULN·2804A Sprague (2843) 

ULS-2004H t Sprague 
ULN·2814A Sprague (2843) 

ULS-2014H t Sprague 40 ULN·2824A Sprague (2843) 

ULS-2024H t Sprague ULS-2804H t Sprague 

SN75469 TI ULS-2814H t Sprague 

ULN2004A TI ULS-2824H t Sprague 

Driver, 7 Channel, CMOSmL Input (hammer,lamp, relay Driver, 8 Channel, CMOS/PMOS Input (lamp, relay driver) 

driver) XR2003M t Exar (3199) UDN·2982A Sprague (2843) 

XR2203 Exar (3200) UDN·2984A Sprague (2843) 

9667 Fairchild UDS-2982H t Sprague 110 
(Continued) UDS-2984H t Sprague 

t Military Temperature Range (- 55° to 125°C) ~ Typical Value 
Bold face Indicates additional data Is provided on the page noted. 

<D IC MASTER 1983 

MASTER SELECTION GUIDE 

Function Device Source Line 

Driver, 8 Channel, CMOS/TTL Input (hammer, lamp, relay 
driver) ULN2803 Motorola 

NE5090 Signetics 
SE5090 Signetics 
ULN-2803A Sprague (2843) 
ULN-2805A Sprague (2843) 
ULN-2813A Sprague (2843) 
ULN-2815A Sprague (2843) 
ULN-2823A Sprague (2843) 
ULN-2825A Sprague (2843) 120 
ULS-2803H t Sprague 
ULS-2805H t Sprague 
ULS-2813H t Sprague 
ULS-2815H t Sprague 
ULS-2823H t Sprague 
ULS-2825H t Sprague 

Driver,8 Channel, CMOS/TTL Input (lamps, relay driver) 
UDN·2981A Sprague (2843) 
UDN-2983A Sprague (2843) 
UDS-2981H t Sprague 
UDS-2983H t Sprague 130 

Driver,8 Channel, MOS/TTL Input (hammer,lamp, relay 
driver) ULN2801 Motorola 

ULN·28D1A Sprague (2843) 
ULN·2811A Sprague (2843) 
ULN·2821A Sprague (2843) 
ULS-2801H t Spragu.e 
ULS-2811H t Sprague 
ULS-2821H t Sprague 

Driver, 8 Channel, PMOS Input (hammer, lamp, relay 
driver) ULN2802 Motorola 

ULN·2802A Sprague (2843) 
ULN-2812A Sprague (2843) 140 
ULN·2822A Sprague (2843) 
ULS-2802H t Sprague 

. ULS-2812H t Sprague 
ULS-2822H t Sprague 

Driver, 8-Channel Current-Sink Driver 
UDN-2595A Sprague (2843) 

Driver, 10-Bit, High-Voltage, High-Current 
S4534 AMI 

Driver, 32·Bit for Displays, Relays, Solenoids, Print Heads 
and Motors 54521 AMI 

54535 AMI 

Dynamic RAM Controller 
TMS4500A TI (3960) 
WD8207 Western (3996) 150 

Dynamic RAM Controller/Driver 
DP8408 MMI (727) 
SN74S408 MMI (727) 
SN74S408·3 MMI (727,727) 

Gated Decoder, for SS1104/5 
SSI106 Silicon Sys 

Hammer Driver (to 6 A-pulsed output) 
DH0028C Nalional (3344) 

High Current Switch Driver (to drive high power, high 
speed NPN switching transistors) 

SG1629 t Silicon G 
SG3629 Silicon G 

High-Voltage Source Drivers 
UDN·6510A Sprague (2843) 
UDN·6514A Sprague (2843) 

Memory Driver Dual, 400 rnA Sink/Source, Decode (for 
magnetic memories) 

DS3629 National 160 

Memory Driver, Dual 600 rnA Sink/Source 
MC55325 t Motorola 
MC75325 Motorola 
DS55325 t National 
DS75325 National 
SG55325 t Silicon G 

(Continued) 
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Ie MASTER 

INTERFACE-Memory and Peripheral Drivers (Cont'd) 
:: .. 

Function Device Source Line Function Device Source Une Function Device Source Line 

II Memory & Peripheral Drivers Printing Calculator Circuits Dual ECL to TIL/MOS Driver 

(Cont'd) (Cont'd) SN75441 TI 90 
DS8693 National Dual Inverter, to 40 V, 2 A 

Memory Driver, Dual 600 mA Sink/Source DS8694 National LPD4105 Lambda ....... 
(Cont'd) 

SG75325 Silicon G 
Relay Driver, to 65 V, Sinks 300 mA, OR Input for 48 V Dual Memory Driver, 400 mA Sink (for magnetic memories) 

SN55325 tTl 
Telephone Relays MC4043 Motorola 

DS1686 t National 
SN75325 TI DS1687 t National 50 

Dual MOS Clock Driver 
0026 Fairchild 

Memory Driver, Quad, 600 mA Sink DS3686 National 
MMH0026 t Motorola 

SG55326 t Silicon G DS3687 National 
Q.) SG55327 t Silicon G 

MMH0026C Motorola 
1J Relay Driver, to 70 V, 500 mA DS0025 t National 

:J 
SG75326 Silicon G CSR301 Teledyne C DS0025C National 

(!) 
SG75327 Silicon G 

Relay Driver, 5 Channel, to 65 V, 70 mA DS0026 t National 
SN55326 tTl ITI7163 In DS0026C National 

C SN55327 tTl 1n7164 . ITI DS0056 t National 100 0 SN75326 TI 10 
...... SN75327 TI Solenoid Driver MC3484V2 TI DS0056C National 

0 MC3484V4 TI MHOO09 t National 
Q.) Memory Switch, Quad, 600 mA Sink/Source MHOO09C National 
Q.) SN75328 TI Thermal Print Head Driver MHOO13 t National 

(J) Modified Frequency Modulation Decoder Data Separator 
SN75270 TI 

MH0013C National 
L- DP8460 Nallanal (2766) 

SN75490 TI SN55369 tTl 
Q.) SN75590 TI 60 SN75369 TI ...... MOS Clock Driver 
CJ) MHOO07 t National TIL to MOS Shifter Dual MOS Clock Driver, Bootstrapped for Single Supply CU 
~ 

MHOO07C National Winchester Disc Memory Fault Detector Systems DS1642 National 
MH0012 t National SSI103 Silicon Sys DS1671 National 

MH0012C National Winchester Disc Memory Head Read/Write Circuit, for thin DS1672 National 110 

MOS Dynamic Memory, Address Refresh Logic Circuitry film heads SSI114 Silicon Sys Dual NAND Driver, HNIL, 250 mA, Open Collector 
MC8505 Motorola Winchester Disc Memory Head Selector 392A1C Teledyne S 

MOS Dynamic Memory Interface, Microprocessor to 16 K SSI102 SiliconSys Dual NOR Driver, HNIL, 250 mA, Open Collector 

RAM MC3480 Motorola Winchester Disc Memory Read/Write Circuit 394A1C Teledyne S 

MOS Dynamic Memory, 4 K Address Multiplexer and SSl104 Silicon Sys Dual OR Driver, HNIL, 250 mA, Open Collector 

Refresh Counter Winchester Disc Memory Video Amplifier, for Magnetic 393A1C Teledyne S 

96LS32 t Fairchild 20 Servo Head SSI101A Silicon Sys Dual Peripheral AND Driver 
96LS32C Fairchild Winchester Disc Memory Video Amplifier, !or Thin Film 55450B t Fairchild 
MC3232A Motorola Magnetic Heads 75450B Fairchild 

MOS Dynamic Memory, 16 K Address Multiplexer and SSl116 Silicon Sys 75451A Fairchild 

Refresh Counter 75451B Fairchild 

96LS42C Fairchild 
Winchester Disk Memory Read/Write Circuit 75461 Fairchild 

MB4111 Fujitsu 
96LS42M t Fairchild MB4112 Fujitsu 

75471 Fairchild 

MC3242A Motorola SSI105 Silicon Sys 70 
HD75450A Hitachi 120 
HD75451A Hitachi 

Motor Controller (intelligent) for 4-Phase Stepper Motors SSI108 Silicon Sys MC75450 Motorola CY500 CybernetiC SSI114 Silicon Sys MC75451 Motorola CY512 CybernetiC SSI115 Silicon Sys MC75461 Motorola 
Multi-Mode Dynamic RAM ControlierlDriver Winchester Read/Write Circuit, 6-Channel SN75451B Motorola 

DP8408 National SSI117 Silicon Sys DS55450 t National 
DP8409 Nallanal (2765) 

Dual AND Driver, HNIL, 250 mA, Open Collector DS55451 t National 
Power Peripheral Driver, CMOSmL Input (to 150 V, 391A1C Teledyne S DS55461 t National 
versions: 0.01 to 16 A) 

Dual AND TIL to MOS Driver (NMOS memory interface) DS75450 National 
VF-01 Supertex 30 

9643 Fairchild DS75451 National 130 
VF-02 Supertex 

SN55363 tTl 
DS75461 National 

VF-03 Supertex PBD3513 RIFA 
VF-12 Supertex SN75322 TI 

SG55450 t Silicon G 
VF-13 Supertex SN75363 TI 

SG55450B tSilicon G 

Power Peripheral Drivers Dual Buffer, to 40 V, 2 A SG55451 tSilicon G 
VN10KE Siliconix LPD4106 Lambda 80 SG55460 tSllicon G 
VN10KM Siliconlx Dual CCD Memory Driver, with Enable Inputs SG55460B tSilicon G 
VN46AF Siliconix SN75430 TI SG55461 t Silicon G 

VN64GA Siliconix Dual CCD Memory Driver, with Enable Inputs and Protect SG75450 Silicon G 
VN66AF Siliconix SN75431 TI SG75450B Silicon G 140 

VN88AF Siliconix 40 Dual Channel ECL to MOS Driver (MOS memory interface SG75451 Silicon G 

Printer Controller, for 5x7 Dot Matrix Printers MC75358 Motorola SG75460 Silicon G 

CY480 Cybernetic MC75368 Motorola SG75460B Silicon G 
SG75461 Silicon G 

Printer Driver, 5 Channel Dual Channel TIL to MOS Memory Interface (for TMS4062, SN55450B tTl 
HD2919 Hitachi AMS6002, etc.) 

SN55451B tTl 
Printer Solenoid Driver SN75370 TI 

SN55460 tTl 
DS3654 National Dual CMOS or TIL Driver/Translator, up to 30 V SN55461 tTl 

Printing Calculator Circuits IH6201C Intersil SN55470 tTl 
DS8654 National IH6201M t Intersil SN55471 tTl 150 
DS8656 National Dual Darlington Switch, to 80 V, 1.5 A SN75401 TI 

. DS8692 National ULN-2061M Sprague (2843) SN75411 TI 
(Continued) ULN-2062M Sprlgue (2843) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold flce Indicates addlllonal data Is provided on Ihe page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Device Source line Function Device Source line Function Device Source line 

Memory & Peripheral Drivers Dual Peripheral NOR Driver Dual Peripheral OR Driver, to 30 V, 300 rnA 

(Cont'd) 75474B Fairchild SN75478 TI 
HD75454 Hitachi 60 Dual Peripheral OR Driver, to 30 V, 500 rnA 

Dual Peripheral AND Driver MC75454 Motorola SN75418 TI 
(Cont'd) MC75464 Motorola Dual Peripheral OR Driver, to 80 V, 300 rnA 

SN75450B TI SN75454B Motorola DS1613 t National 
SN75451B TI DS55454 t National DS3613 National 
SN75460 TI DS55464 t National UDN-3613M Sprague (2843) 
SN75461 TI DS75454 National UDN-5713M Sprague (2843) 
SN75466 TI DS75464 National UDS-3613H t Sprague 
SN75470 TI 

Q) 
SG55454 t Silicon G UDS-5713H t Sprague -0 

SN75471 TI SG55464 t Silicon G 
SN75476 TI Dual Power MOSFET Driver :J 

SG75454 Silicon G 70 TSC450C Teledyne S (2845) 130 (9 
Dual Peripheral AND Driver, for CMOS SG75464 Silicon G TSC450M t Teledyne S (2845) 

DS1631 t National SN55454B tTl C 

DS3631 National 10 SN55464 tTl 
Dual TTL to MOS Driver (MOS memory interface) 0 

DS75361 National +-' 

Dual Peripheral AND Driver, to 70 V 300 rnA SN55474 tTl DS75362 National () 

SN75446 TI SN75404 TI MH8805 National 
Q) 

Dual Peripheral AND Driver, to 70 V 500 rnA SN75407 TI (2855) SN75350 TI Q) 

SN75416 TI SN75414 TI SN75361A TI 
C/) 

Dual Peripheral AND Driver, to 80 V 300 rnA 
SN75434 TI L.. 

SN75449 TI 
Dual2-lnput AND Power Driver (40 V, 2 A) Q) 

DS1611 t National lPD4101 lambda +-' 

DS3611 National SN75454B TI 80 (J) 

SN75464 TI Dual 2-lnput NAND Power Driver (40 V, 2 A) CO 
UDN-3611M Sprague (2843) lPD4102 lambda ~ 
UDN-5711M Sprague (2843) SN75474 TI 

UDS-3611H t Sprague SN75479 TI Dual 2-lnput NOR Power Driver (40 V, 2 A) 
lPD4103 lambda 

UDS-5711H t Sprague Dual Peripheral NOR Driver, for CMOS 

Dual Peripheral NAND Driver DS1634 t National Dual 2-lnput OR Power Driver (40 V, 2 A) 
lPD4104 lambda 140 

55452B t Fairchild DS3634 National 

75452A Fairchild 20 Dual Peripheral NOR Driver, to 30 V, 300 rnA 
Dual4-lnput AND Driver, HNIl250 rnA Open Collector 

75452B Fairchild SN75479 TI 
390AlC Teledyne S 

75462 Fairchild Dual Peripheral NOR Driver, to 30 V, 500 rnA 
Dual4-lnput NAND Driver, HNll, 250 rnA Open Collector 

75472 Fairchild 395A1C Teledyne S 
SN75419 TI 

HD75452 Hitachi 
Dual Peripheral NOR Driver, to 80 V, 300 rnA 

Quad Darlington Switch, to 50 V, 1.5 A 

MC75452 Motorola SN75064 TI 

MC75462 Motorola 
DS1614 t National SN75066 TI 

SN75452B Motorola 
DS3614 National SN75068 TI 

DS55452 t National 
UDN-3614M Sprague (28~3) 90 
UDN-5714M Sprague (2843) Quad Darlington Switch, to 80 V, 1.5 A 

DS55462 t National 
UDS-3614H t Sprague 

SG2064 Silicon G 
DS75452 National 30 SG2065 Silicon G 
DS75462 National 

UDS-5714H t Sprague 
SG2066 Silicon G 

SG55452 t Silicon G Dual Peripheral OR Driver SG2067 Silicon G 
SG55462 t Silicon G 75453A1B Fairchild SG2068 Silicon G 150 
SG75452 Silicon G HD75453 Hitachi SG2069 Silicon G 
SG75462 Silicon G MC75453 Motorola SG2070 Silicon G 
SN55452B ttl MC75463 Motorola SG2071 Silicon G 
SN55462 tTl SN75453B Motorola SG2072 Silicon G 
SN55472 ttl DS55453 t National SG2073 Silicon G 
SN75402 TI DS55463 t National 100 SG2074 Silicon G 
SN75407 TI 40 DS75453 National SG2075 SilicoilG 
SN75412 TI DS75463 National SG2076 Silicon G 
SN75432 TI SG55453 Silicon G SG2077 Silicon G 
SN75447 TI SG55463 Silicon G ULN-2064B Sprague (2843) 160 
SN75452B _ TI SG75453 Silicon G ULN-2065B Sprague (2843) 
SN75462 TI SG75463 Silicon G ULN-2066B Sprague (2843) 

SN75472 TI SN55453B tTl ULN-2067B Sprague (2843) 

Dual Peripheral NAND Driver, for CMOS SN55463 ttl ULN-2068B Sprague (2843) 

DS1632 t National SN55473 tTl ULN-2069B Sprague (2843) 

DS3632 National SN75403 TI 110 ULN-2070B Sprague (2843) 

Dual Peripheral NAND Driver, to 70 V, 300 rnA SN75408 TI (2855) ULN-2071B Sprague (2843) 

MC1472 Motorola SN75413 TI ULN-2074B Sprague (2843) 

UDN-5722M Sprague 50 SN75433 TI ULN-2075B Sprague (2843) 

SN75477 TI SN75448 TI ULN-2076B Sprague (2843) 170 

Dual Peripheral NAND Driver, to 70 V, 500 rnA SN75453B TI ULN-2077B Sprague (2843) 

SN75463 TI UlS-2064H t Sprague 
SN75417 TI UlS-2065H t Sprague 

SN75473 TI 
Dual Peripheral NAND Driver, to 80 V, 300 rnA 

SN75478 TI 
UlS-2066H t Sprague 

DS1612 t National UlS-2067H t Sprague 
DS3612 National Dual Peripheral OR Driver, ECllnput UlS-2068H t Sprague 
UDN-3612M Sprague (2843) SN75441 TI UlS-2069H t Sprague 
UDN-5712M Sprague (2843) Dual Peripheral OR Driver, for CMOS UlS-2070H t Sprague 
UDS-3612H t Sprague DS1633 t National 120 UlS-2071H t Sprague 
UDS-5712H t Sprague DS3633 National (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indicates addlllonal data Is provided on the page noted. 
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I INTERFACE-Memory and Peripheral Drivers (Cont'd) 

" 
Function Device Source line Function Device Source line Function Device Source line 

r.: Memory & Peripheral Drh,ers Quad NMOS Memory Driver Quad 2-lnput NOR Driver, to 70 V, Sinks 300 mA 

= 
(Cont'd) (Cont'd) UDN-5733A Sprague (2843) 

DS3644 National UDN-5733M Sprague (2843) 

..... Quad Darlington Switch, to 80 V, 1.5 A DS3674 National UDS-5733H t Sprague 
(Cont'd) 

ULS-2074H t Sprague Quad PIN Diode Driver (also see: linear -other devices) Quad 2-lnput NOR Power Driver, Open Collector, to 100 V, 

ULS-2075H tSprague UD8-5790H t Sprague (2843) Sinks 500 rnA UHC/D-432 t Sprague 110 

ULS-2076ft t Sprague UDS-5791H t Sprague (2843) UHC/D-433 t Sprague 

ULS-2077H Sprague Quad Port Driver, for 5270 RAM UHC/D-532 t Sprague 

SN75065 TI DS1640 t National 60 UHC/D-533 t Sprague 

Q) SN75067 TI DS1670 t National UHP-432 Sprague (2843) 

"C SN75069 TI UHP-433 Sprague (2843) 

::J ULN2064 TI 
Quad Power Driver, with Enable, Sinks 500 rnA UHP·532 Sprlgue (2843) 

UDN-2540B Sprague (2843) 
(9' ULN2065 TI UHP-533 Sprague (2843) 

C ULN2066 TI 10 Quad Power Peripheral Driver Quad 2-lnput OR Driver, to 70 V, Sinks 300 rnA 
0 ULN2067 TI VN2410 Siliconix UDN·5703A Sprague (2843) 

of-' ULN2068 TI VN3500 Siliconix UDS-5703H t Sprague 
() ULN2069 TI VN3501 Siliconix 
Q) 

ULN2074 TI VN4000 Siliconix Quad 2-lnput OR Power Driver, Open Collector, to 100 V, 
Sinks 500 mA UHC/D-402 t Sprague 120 Q) ULN2075 TI VQ1000 8111conlx (2835) 

CJ) VQ1001 Siliconix 
UHC/D-403 t Sprague 

L-
Quad Darlington SWitch, to -50 V, 1.75 A 

VQ1004 SlIIconlx (2837) 
UHC/D-502 Sprague 

Q) S62841 Silicon 6 UHC/D-503 Sprague 
of-' 

Quad ECL to MOS Clock Driver 
VQ1006 Silicon Ix (2837) 70 

UHp·402 8prague (2843) en VQ2001 Siliconix CU HD2922 Hitachi UHP-403 Sprague (2843) 
~ VQ2004 Siliconix 

Quad High Current Peripheral Driver 
VQ2006 8111conlx (2839) 

UHP-502 Sprague (2843) 
DS3658 Nallonll (2769) UHP-503 Sprague (2843) 

VQ3001 SlIIconlx (2841) SN75436 n (2856) Hex Driver, CMOSmL (line, LED, Relay Driver) 
SN75431A TI (2856) 20 VQ7254 Siliconix 

MD-210 Analog Sys 
SN75438 n (2856) VC01 Supertex 

Quad Latch/Driver 
VC02 Supertex Hex Inverter/MOS Driver, Disable Causes Logic 1 State 
VC13 Supertex DS16149 t National 

MD121 Analog Sys 
UCN-4401A Sprlgue (2843) VQ1000 Supertex DS16179 t National 130 

DS36149 National 
UCS-4401H t Sprague Quad Predriver, Open Collector, 50 mA Sink (for magnetic 

DS36179 National 
Quad MOS Clock Driver memories) MC4042 Motorola 80 

8N548436 tTl (947) 
DS3245 National Quad TIL to MOS Driver, Three-State SN548437 tn (947) 

Quad, MOS Memory Decoder/Clock Driver SN75367 TI 8N748436 TI (947) 
DS36143 National Quad TIL to NMOS Memory Driver (for 2105, 2107, etc.) 8N748437 TI (947) 

Quad MOS Memory 110 Register 3245 Fairchild Hex Inverter/MOS Driver, Three-State 
DS16147 t National 9645 Fairchild DS1649 t National 
DS16177 t National 3245 Intel DS1679 t National 
DS1647 t National 

Quad TIL to NMOS Memory Driver (for 7001, etc.) DS3649 National 
DS1677 t National 30 

MC3466 Motorola DS3679 National 140 
DS36147 National 
DS36177 National Quad 2-lnput AND Driver (to 70 V, sinks 300 rnA) Hex Latch/Driver, for MOS Memories 

DS3647 National UDN-5706A Sprague (2843) DS1645 t National 

DS3677 National UDS-5706H t Sprague DS1675 t National 

Quad Multiplexer/Driver, for MOS Systems Quad 2-lnput AND Power Driver, Open Collector (to 100 V, DS3645 National 

DS1648 t National sinks 500 rnA) DS3675 National 

DS1678 t National UHC/D-400 t Sprague Hex Universal Driver (400 rnA) 
DS3648 National UHC/D-406 t Sprague NE582-1 Signetics 
DS3678 National UHC/D-500 Sprague 90 Octal Dynamic Memory Driver, Three-State 

Quad NAND TIL to MOS Driver (MOS memory interface- UHC/D·506 Sprague AM2965C AMD 
clock driver) HD2912 Hitachi UHp·400 Sprague (2843) AM~965M tAMD 

HD2916 Hitachi 40 UHP·406 Sprague (2843) AM2966C AMD 
MC75365 Motorola UHp·500 Sprague (2843) AM2966M tAMD 
D575365 National UHP-506 Sprague (2843) 

Octal Dynamic RAM Driver, Three-State 3207A Signetics Quad 2-lnput NAND Driver (for 70 V, sinks 300 rnA) SN54S700 tMMI (728) 150 
3207A-1 Signetics UDN-5707A Sprague (2843) SN54S730 tMMI (728) 
SN55355 tTl UDS-5707H t Sprague SN54S731 tMMI (728) SN55365 tTl 

SN54S734 tMMI SN75365 TI Quad 2-lnput NAND Driver, to 30 V, sinks 250 mA (728) 

SN75375 TI MC693 Motorola SN74S700 MMI (728) 

Quad Negative Voltage Relay Driver Quad 2-lnput NAND Power Driver, Open Collector, to 100 
SN74S730 MMI (728) 

DS3680 National V, Sinks 500 mA SN748731 MMI (728) 

DS3680 TI 50 UHC/D-407 t Sprague SN74S734 MMI (728) 

Quad NMOS Memory Driver UHC/D-408 t Sprague 100 Octal High-Voltage Driver for Electrostatic Printers 

MC3459 Motorola UHC/D·507 t Sprague DH0069 Nallonll (3344) 

MC3460 Motorola UHC/D-508 t Sprague Octal Latched Peripheral Driver 
DS1644 t National UHP-407 Sprague (2843) DP7310 National 
DS1674 t National UHP-408 Sprague (2843) DP7311 National 160 
DS36144 National UHP-507 Sprague (2843) DP8310 National 

(Continued) UHP-508 Sprague (2843) DP8311 National 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold 'ace Indlcales addItIonal dala Is provided on Ihe page noled. 
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INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Device Source 

Memory & Peripheral Drivers 
(Cont'd) 

Octal MOS Driver, Three-State 
OP84240 
OP84244 

National (2767) 
National (2767) 

DS1628 t National 
DS3628 National 

Two Phase Oscillator/Clock Driver (for MOS systems) 
DS7803 t National 
DS7807 t National 
DS8803 National 
DS8807 National 

Eight latch/Drivers 
UCN-4801A Sprague (2843) 
UCS4801H t Sprague 

4-lnput AND Current Driver (45 V, to 1.5 A peak) 
0"0006 t National (3344) 
0"0006C National (3344) 

4-lnput AND High Voltage-High Current Driver (4.5 V, to 3 _ 
A peak) 0"0008 t National (3344) 

, 0"0008C National (3344) 

4-lnput NAND High Voltage, High Current Drivers (40 V, 
0.15 to 0.25 A) 

0"0011 t National (3344) 
O"OOl1C National (3344) 

4-lnput NAND High Voltage, High Current Drivers (50, 70 
or 100 V, 0.25 to 0.5 A) 

0"0017C 
0"0018C 

6-Bit MOS Refresh Counter/Driver 
DS1646 
DS1676 

8-Bit Serial Input, latched Sink Driver 
UCN-4821A 
UCN-4822A 
UCN·4823A 
UCS·4821H 
UCS·4822H 
UCS·4823H 

National 
National 

t National 
t National 

Sprague 
Sprague 
Sprague 

t Sprague 
t Sprague 
t Sprague 

t Military Temperature Range (- 55° to 125°C) 

'" IC MASTER 1983 

(3344) 
(3344) 

(2843) 
(2843) 
(2843) 

Line 

10 

20 

* Typical Value 
Bold face Indicates addlilonal dala Is provided on Ihe plge noled. 
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INTERFACE-Sense Amplifiers 

Function Device Source Line Function Device Source Line 

Sense Amplifiers 

MOS to TIL Level Converter, High Speed, Three-State 
MC4000 Motorola (729) 
MC4300 t MOlorola (729) 

Translators: See also Digital-TIL (Translators) 

Dual Core Memory Sense Amplifier, Complementary 
Output, Latch Capability 

55S20 
75S20 
SG5520 
SG5521 
SG7520 
SG7521 
SN5520 

Fairchild 
t Fairchild 
tSilicon G 
tSilicon G 

Silicon G 
Silicon G 

tTl 

Dual Core Memory Sense Amplifier/Data Register 
SG55236 t Silicon G 
SG75236 
SN55236 
SN55237 

Silicon G 
tTl 
tTl 

Dual Core Memory Sense Amplifier, Separate Inverted 
Outputs 558234 Fairchild 

75S234 t Fairchild 
SN55234 tTl 
SN75234 TI 

Dual Core Memory Sense Amplifier, Separate Inverted 
Outputs, Test Points 

75239 Fairchild 

Dual Core Memory Sense Amplifier, Separate Open 
Collector Outputs 

SG5534 
SG5535 
SG7534 
SG7535 
SN55232 

t Silicon G 
t Silicon G 

Silicon G 
Silicon G 

tTl 
Dual Core Memory Sense Amplifier, Separate Open 
Collector Outputs, Test Points 

SG5538 
SG5539 
SG7538 
SG7539 

t Silicon G 
t Silicon G 
. Silicon G 

Silicon G 

Dual Core Memory Sense Amplifier, Separate Outputs 
55S24 Fairchild 

10 

20 

75S24 t Fairchild 30 
HA1902 Hitachi 
SG5524 t Silicon G 
SG5525 tSilicon G 
SG7524 Silicon G 
SG7525 Silicon G 
SN5524 tTl 

Dual Core Memory Sense Amplifier, Separate Outputs, Test 
Points SG5528 t Silicon G 

SG5529 t Silicon G 
867528 Silicon G 
SG7529 
SN5528 

Silicon G 
tTl 

Dual Core Memory Sense Amplifier, Single Open Collector 
Output SG5522 t Silicon G 

SG5523 Silicon G 
SG7522 
SG7523 
SN5522 

Silicon G 
Silicon G 

tTl 
Dual Formatter/Sense Amplifier for Bubble Memories 

7242 Intel 

Dual MOS to TTL Level Converter, Latch, Three-State 
(Sense Amp) MC4068 , Motorola 

MC4368 t Motorola 

40 

MC54468 t Motorola 50 
MC74468 Motorola 
N8T25 Silicon G 

t Military Temperature Range (- 55 ° to 125°C) 

2486 

Dual Sense Amplifier (for MOS memory or line receiver) 
DS75207 National 
OS75208 National 
SN75207 TI 
SN75208 TI 
083604 National 
OS1603 t National 
OS3603 National 

Dual Sense Amplifier (NMOS memories to ECL 10K) 
HD103461 Hitachi 
MC3461 Motorola 

Quad Sense Amplifer, Three-State 
MC3430 
MC3431 
MC3432 

Motorola 
Motorola 
Motorola 

MC3433 Motorola 
OS1651 t National 
OS1653 t National 
OS3651 National 
083653 National 

Hex MOS Sense Amplifier (MOS to TIL Converter) Three-
State 083605 National 

083606 National 
083607 National 
OS3608 National 

Octal Core Memory Driver 
SN55329 tTl 

4-lnput Sense Amplifier (for plated wire or thick/thin film 
memories) MC1444 Motorola 

MC1544 t Motorola 

* Typical Value 

60 

70 

Bold flCI Indlclles addllJonal dall Is provided on the plge noted. 
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MASTER SELECTIO.N 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 Device Source 

Serial Transmitters- Receivers Baud Rate Generator (programmable divider). Dual 
1000 5 (Conl'd) 

(ACIA) Asynchronous Communications Interface COM8136T SMC 
Adapter (links 8-Bit bidirectional data bus to serial W01945 Weslern (2874) 
asynchronous data communications. including to' 

12.5 COM5016 SMC 
6860) 50 5 86551 AMI (1249) 

COM5016T SMC 
868051 AMI (1249) 

COM5036 SMC 
S6850 AMI 

COM5036T SMC 
F6850 Fairchild (1280) Q.) 
MC6850 Molorola (1351) BOART (Bus Orientated Programmable Asynchronous "0 

Receiver/Transmitter 9.6 5 TR1983 Western 
Advanced Data Link Controller 

Bus Interface Circuit (Mll-STD1553B) 
::J 

2 Mb/s MC854 Motorola <.9 5000 HS3273 t Harris 60 
ARINC-429 Receiver/Transmitter Command/Response Manchester II Converter (Mll-STD- e 

100 HS3282 t Harris 
1553B) 1000 5 BUS-8937 t DOC 0 

W01993-01 Weslern (2877) SSM-2012 SSM +-' 

W01993-02 Weslern (2877) 0 

W01993-03 Weslern (2877) 10 Digital Modern (Modulation. demodulation and Q.) 

supervisory control. up to 600 BPS.) Q.) 
ASTRO (asynchronous/synchronous receiver/ 0.6 MC6860 Molorola C/) 
transmitter) to Interface Serial Communications (1351.3298) "-
Channel with a Parallel Digital System (I.e. 

DUART (Dual Universal Asynchronous Receiver and Q.) 
microprocessors) 1000 12.5 WD1931 Western +-' 

Transmitter). Two-channel UART. baud-rate generator CJ) 
12.±5 COM1671 SMC 16-Bit coul)ter/timer. I/O ports. CO 

UC1671 Weslern (2871) 1000 26810 Signetics ~ 
Asynchronous Addressable ReceiverlTransmitter 26814 Signetics 

4.75-11.5 MM54240 National 26818 Signetics 
4.8 3-18 MCl4469 Motorola 68681 Signetics 

Asynchronous Communications 'Element EPCI (Enchanced Programmable Communications 
56 W08250 Weslern (2873) Interface) Serial/Parallel receiver/transmitter-

Asynchronous Serial Manchester Adapter Synchronous and asynchronous with baud rate 

1000 H06408 Harris generator. MC2261A Motorola 

(669.675.1333) MC2261B Motorola 
MC2261C Motorola 70 

Baud Rate Generator (programmable divider) 
1 Kb/s MC68661A Molorola (1360) 1000 5 COM8046 SMC 

COM8046T SMC 15.6 Kb/s MC68661C Molorola (1360) 

COM8126 SMC 20 62.5 Kb/s MC68661B Molorola (1360) 
COM8126T SMC 1000 b/s 8CN2661A Signelics (1521) 
COM8146 SMC 8CN2661B Signelics (1521) 
COM8146T SMC SCN2661C Signelics (1521) 

12.5 COM5026 SMC IBM 3274/3276 Compatible COAX ReceiverlTransmitter 
COM5026T SMC 2358 5 COM9004 SMC 
COM5046 SMC link Controller. X.25 level 2 100 5.12 W02501-01 Weslern (2869) 
COM5046T SMC W02511-01 Weslern (2869) 

12.±5 F4702BC Fairchild 500 5.12 W02501-03 Weslern (2869) 80 
F4702BM t Fairchild W02511-05 Weslern (2869) 
H04702-2 t Harris (669.1333) 30 1000 .5.12 W025Gl-11 Weslern (2869) 
H04702-9 Harris (669.1333) W02511-11 Weslern (2869) 
IM4702 Intersil 
IM4703 Intersil Manchester Encoder-Decoder. 

MC14411 Molorola (3298) 
1000 H06409·2 tHarrls 

(669.680.1333) 
MM5307 National H06409·9 Hmls 

Baud Rate Generator (programmable divider). Dual (669.680.1333) 
307/19.2 5 W01943·00 Weslern (2874) HS15530RH t Harris 

W01943·02 Weslern (2874) 1250 H015530·2 tHmls 
W01943·05 Wlsllrn (2874) (669.688.1333) 

12,5 BR1941·00 Western H015530·9 Hmls 
BR1941·02 Western 40 (669.688.1333) 

BR1941·05 . Western H015531·2 tHmls 

614/19.2 W01943·04 Wulern (2874) 
(669.693.1333) 

H015531·9 Hmls 
W01943·06 Weallrn (2874) (669.693.1333) 90 

12,5 BR1941·04 Western 2500 H015531A Hmll 
BR1941·06 Western (669.693.1333) 

1000 AY·5·8136 GI MPCC (multl·prolocol communications controller) Bit 
AY-5-8136T GI and Byte Oriented 1 Mb/s 5 SCN2652A Signetics 
AY·5·8816 GI 2 Mb/s 5 MC2652 Molorola (1359) 
AY·5·8816T GI MC2852·2 Molorola (1359) 
COM8116 SMC 50 MC68652 Molorola (1359) 
COM8116T SMC MC68652·2 Molorola (1359) 
COM8136 SMC ILPD7201 NEC·Electron 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold 'aci IndlcallS additional dala Is provided on Ibe paue noled. 
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! INTERFACE-Transmitters-Receivers (Cont'd) 

~ Max Serial Supply Max Serial Supply 
Data Rate Voltage. Data Rate Voltage. 

1-. Function In kHz V Device Source Line Function In kHz V Device Source line 

Serial Transmitters- Receivers (Cont'd) UART (Universal Asynchronous Receiver-Transmitter) 
(complete serial to parallel and parallel to serial 

MPCC (multi-protocol communications controller) Bit interface) 60 5 (Cont'd) 
and Byte Oriented 2 Mb/s 5 (Cont'd) TR1865-00 Western (2872) 

SCN2652A Signelics (1520) 100 5 HCMP1854C t Hughes 
Parallel to Serial Interface - 5V CV232 Cybernetic COP1854AC tRCA (1476) 

PCI (Programmable Communications Interface) Seriall 125 5 H06402C·9 Hurls 
parallel receiver/transmitter-synchronous and (669.672.1333) 

Q) asynchronous with baud rate generator. 150 5 TR1863·02 Westlrn (2872) 40 
"0 1000 b/s 5 SCN2651C Signelics (1520) TR1865·02 Wlstern (2872) 
::J PKCC (Programmable Keyboard and Communications 200 5 H06402·2 tHurls CJ Controller) UART, baud rate generator and keyboard (669.672.1333) 
C encoder 1000 b/s 5 SC2671ACS Silicon G H06402·9 Harris 
0 PSAR (Programmable Synchronous-Asynchronous (669.672.1333) 

of-J Receiver) Synchronous/Asynchronous serial to paralle IM6402 Intersil 
0 converter with programmable character length and IM6402M t Intersil Q) - programmable serial data rate. IM6403 Intersil 
Q) 100 -12.5 PT1472B Western IM6403M t Intersl! en 640 -12,5 PT1472B·01 Western COP64020 tRCA (1476) 
~ -12,±5 NC2259 Nitron COP6402E RCA (1476) Q) 

of-J PSART (Programmable Synchronous· Asynchronous TR1863·04 Western (2872) 50 en 
CU Receiver·Transmitter) Serial to parallel and parallel to TR1865·04 Wlstlrn (2872) 

~ serial converter that can operate in Full Duplex Mode. 375 5 H06402A·2 tHarrls 
50 5 8251 Intel (669.672.1333) 

IlPD8251 NEC-Micro H06402A·9 Harris 
PSAT (Programmable Synchronous-Asynchronous (669.672.1333) 
Transmitter) Synchronous/Asynchronous parallel to 400 3-12 HCMP1854 t Hughes 
serial converter that has programmable character COP1854 tRCA (1476) 
length and programmable serial data rate. 

5 HD6403A-2 t Harris 100 -12,5 PT1482B Western 10 
200 -12,±5 NC2257 Nitron HD6403A~9 Harris 

NC2260 Nitron 800 5 S1602 AMI 

640 -12,5 PT1482B-01 Western MB8868A Fujitsu 

Receiver/Decoder (Bi-Phase) 3500 5 OP8343 Nallonal (2762) UART (Universal Asynchronous Receiver-Transmitter) 

Receiver/Decoder (Bi-Phase, IBM 3270) 
complete serial to parallel and parallel to serial 
interface. 1.2 -12,5 10371 Rockwell 60 - 5 OP8341 Nallonal (2762) , 20 -12,5 TR1402 Western 

SDLC/HDLC/ADCCP Controller TR1602 Western 
500 5 WD193X·00/ 

30 5 AV3·1015D GI 10 Western 
1000 5 WD193X-01/ -12,5 MM5303 National 

11 Western 40 5 COM1863 SMC 

1500 5 WD193X-02/ COM8017 SMC 

12 Western COM8018 SMC 

2000 5 WD193X·03/ 
COM8502 SMC 

13 Western -12,5 COM2017 SMC 

SPCC (Sync-Protocol Communications Controller) Bit 
COM2017H SMC 70 
COM2502 SMC and Byte Oriented 1000 5 F3846 Fairchild 20 
COM2502H SMC F6856 Falrcblld (1277) 

Synchronous ReceiverlTransmitter (Bi-Sync/SDLC) 56 5 INS8250 National 

800 +5,12 IlPD379 NEC·Micro Universal Communications Interface (Receives or 

Synchronous Serial Data Adaptor transmits data to serial data bus when addressed and 

2 Mb/s 5 MC6852 . Motorola (1351) commanded by bus. Links the bus to serial or parallel 
110 devices.) 500 -10,5 UMC·16 Trans·Data 

Transceiver, MIL·STD·1553A1B 
USRT (universal synchronous receiver-transmitter) 1000 ±12 BUS·8557 t DOC 
Complete serial to parallel and parallel to serial 

+ 15/+ 12 BUS·63105 t DOC interface. 250 -12,5 COM2601 SMC 
±15,5 BUS-8553 t DOC 500 5 S2350 AMI 

BUS-8554 t DOC USVNRT (universal synchronous receiver/transmitter) 
BUS·8555/56 t DOC Multi·Protocol, Bit and Byte Oriented 
BUS·8559 t DOC 1500 5,12 SND5025 SSS 

TransmitterlDecoder (Bi-Phase, IBM 3270) COM5025 SMC 
- 5 OP8340 National (2762) 30 Dual Channel Asynchronous Serial Interface Circuit 

Transmitter/Encoder (Bi·Phase) MC68681 Motorola (1360) 
3500 5 OP8342 Nail anal (2762) 

UART, MIL-STD·1553A 1000 5 COM1553A tSMC 
COM1553B SMC 

UART (Universal Asynchronous Receiver·Transmitter) 
(complete serial to parallel and parallel to serial 
interface) 56 5 W02123 Westarn (2875) 

60 5 TR1863·00 Westarn (2872) , 
(Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold facI Indlcatls add\llonal dati Is provided on tbe page noted. 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 Family 

DISTINCTIVE CHARACTERISTICS 

• Standard 1/0 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 

bl .045 .065 

c .009 .011 

0 1.230 1.285 

E .245 .285 

El .290 .320 

e .090 .110 

L .120 .150 

Q .015 .060 

Sl .010 

a 3° 13° 

© IC MASTER 1983 

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 48mA Commercial and 32mA 
Military. 

All functions are implemented in AMD's new proprietary IMOX T
" 

(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 are available in 1 O-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. 

STANDARD 
INPUTS 

STANDARDIZED PIN-OUTS 
FOR EASY BOARD LAYOUT 

OEC~PVCC 
:c 2 -23 p: 
, I 

~ 3 -22P 

~4 -21P 

== 5 -20 P 
== 6 -19P 

D (RIC 7 _ 18 P Y (Tl ~~~~~~~D 

,c 8 -17:J 
C 9 -16:J 
IL 10 - 15 :::J, 

r- ---, STANDARD 
~c 11 - 14 =:J) (cp 

GND I..- 12 13 --l - '=- CONTROLS 
OE 

BU-224 

2601 

en 
Q) 
(J 

oS; 
Q) 

Cl 
o 
L.. 
(J 

~ 
U 
Q) 
(J 
C 
ct:S 
> u « 



~~ 
W 
I
Z 

en 
0). 
(J 

"> 
0) 

o 
e 
(J 

~ 
"C 
0) 
(J 
c 
Cd 
> 
"C « 
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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 

Ootype 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) 
• Threo-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 

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. 
1O-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 
plus multiple enables (OE 1. 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. 

Device 

10-Bit 9-Bit 8 .. Bit 

Am2982l Am29823 Am29825 
--.--.--~-.- -_._---- --_._-_.-_. 

Am29822 Am29824 Am29826 

Am2982l/ Am29822 
10-BIT REGISTERS 
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GNO cp 
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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 
- Noninverting 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 minimum 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 

FUNCTIONAL 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 carryin~ 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 

I Noninverting Am29827 Am29861 Am29863 

I Inverting Am29828 Am29862 Am29864 

Am29827/ Am29828 
10-BIT BUS DRIVERS 
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BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 Family 
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Advanced Micro· Devices 
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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 Commercial IOL, 32mA MIL IOL 
• High capacitance load capability 
• Low capacitance inputs and outputs 
o 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 outputs - Ri, Ti 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 FAULT 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. 

Device 

r Noninverting Am29833 

r Inverting Am29834 

Am29833/ Am29834 

OER 

Ro 

R, 

R2 

R3 

R4 

Rs 

Rs 

R7 

FAULT 
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GND 
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8-BIT TO 9-BIT PARITY TRANSCEIVERS 
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Advanced Micro Devices 

Am29841/842/843/844/845/846 
• 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 

BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800Family 

FUNCTIONAL DESCRIPTION 

• 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 Am2984l 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 (OE1, 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 elamp 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 all outputs are designed for low 
capacitance bus loading in the high impedance state. 

Device 

10-Bit 9-Bit a-Bit 

r Noninverting Am29841 Am29843 Am29845 

r Inverting Am29842 Am29844 Am29846 

Am29841! Am29842 
10·BIT LATCHES 

10 
D D 

Y 

LE 

OE BLI-232 
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Features: 

o High Voltage Outputs Capable of 60 Volt Swing· 
o Drives Up to 32 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 

STROBE 

OUTPUT 
DISABlE 

01 02 -------------------------- 032 

Output Buffer (Functional Diagram) 
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54535 

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 sig
nals. This device requires only four control lines due to its 
serial input construction. It latches the data to be output, 

o 
c: 

en 
E 
Q) ..... 
UJ 
~ 
UJ 
o 
L. 

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 c: 
of a 60 volt swing and 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 E 
32 devices and more can be driven by cascading several « 
drivers together. 
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Features: 

D Drives Up to 32 Devices 
D Cascadable 
D On Chip Oscillator 
D Requires Only 3 Control Lines 
D CMOS Construction For: 

Wide Supply Range 
High Noise Immunity 
Wide Temperature Range 

Applications: 

D Liquid Crystal Displays 
D LED and Incandescent Displays 
D Solenoids 
D Print Head Drives 
o DC and Stepping Motors 
r~l Relays 

Functional Block Diagram 

CLOCK 

DATA IN 

LOAD 

VooC> 

Vss c::> 

84521 

32 BIT DRIVER 

General Description 

The AMI S4521 is a MOS/LSI circuit that drives a var
iety of output devices, usually under microprocessor con
trol. 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 driver. The part acts as a versatile peri
pheral to drive displays, motors, relays and solenoids 
within its output limitations. It is especially well suited to 
drive liquid crystal displays as a backplane A.C. signal 
option is provided. The A.C. frequency of the backplane 
output can be user supplied or generated by attaching a 
capacitor and resistor to the LCD~ input, which controls 
the frequency of the internal oscillator. One circuit will 
drive up to 32 devices and more can be driven by 
cascading several drivers together. 
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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 

CLOCII 

DATA l . .,.----, 

STROlE 

OUTPUT 
DISABlE 

0, Oz --------------------------011 

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 MaS/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 cur
rent drive signals. This device ,requires only four control 
lines due to its serial input 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 arid solenoids within its 
output limitations of a 60 volt swing and 25mA per drive. 
It is especially well suited to drive vacuum fluorescent 
displays due to its high voltage output capability. One cir
cuit will drive up to 10 devices and more can be driven by 
cascading several drivers together. 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientific 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Oscar I. S. Oscar Assoc. 

COMPANY· 
Panasonic Panasonic 
PC/M Pacific / Cyber Metrix 
Percom Percom Data Co. 
Phoenix Phoenix Digital Corp. 
Pico Design Pico Design 

NAMES Polycore Polycore Electronics 
Plessey Plessy Semiconductors 
PMI Precision Monolithics, Inc. 
PragDes Pragmatic Design Inc. 
PREMA PREMA GmbH 
Pro-Log Pro-log Corp. 

Action Ins Action Instruments GI General Instrument Quay Quay Corp. 
AD Analog Devices GMS General Microsystems 
ADT Advanced Digital Technology GTE Micro GTE Microcircuits 

Raytheon Raytheon Semiconductor Adapt Sci Adaptive Science Corp. 
Harris Semiconductor RCA RCA Solid State Division Advent Advent Products, Inc. Harris RCI Data RCI Data Alphatron Alphatron Heurikon Heurikoil Corp. RELMS Relational Memory Systems AMA American Automation Hilevel Hilevel Technology, Inc. Reticon Reticon AMD Advanced Micro Devices Hitachi Hitachi America, ltd. RIFA RFIA AMI American Microsystems,' Inc. Holt Holt Inc. Rockwell Rockwell, Microelectronic Devices Amperex Amperex Electronic Corp. HP Hewlett-Packard RTC Riehl Time Corporation Analogic Analogic Hughes Hughes Aircraft, Solid State 

Analog Sys Analog Systems Products 
Sanken Sanken Electric APC Applied Micro Circuits Hybrid Sys Hybrid Systems 

Apex Apex Microtechnology Hycom Hycom Incorporated Sanyo Sanyo 
SEEQ SEEQ Technology, Inc. APM Applied Microsystems Corp. 
Semi Proc Semi Processes Appl Sys Applied Systems Corp. lOT Integrated Device Technology 
Siemens Siemens APT Applied Microtechnology IMI International Microcircuits, Inc. 
Signetics Signetics Aptek Aptek Microsystems IMP International Array Tech Array Technology Microelectronic Products SGS SGS-ATES Semiconductor 

AWl Analog West IMS Industrial Micro-systems Inc. Sharp Sharp 
Silicon G Silicon General Inconix Inconix Corporation 
Siliconix Siliconix Bedford Bedford Computer Systems Inc. Ind Tech Inductive Technology 
Silicon Sys Silicon Systems Inc. Burr-Brown Burr-Brown Research Inmos Inmos 
Siltronics Siltronics IntCirEng Integrated Circuit Engineering 
SMC Standard Microsystems Corp. IntCirSys Integrated Circuit Systems 
Solarise Solarise Enterprises CAE Computer Aided Engineering IntCompSys Integrated Computer Systems 
Solitron Solitron Devices Cal Devices California Devices IntCyber International Cybernetics 
Sprague Sprague Electric Company Cent Data Central Data Corp. Int Micro International Microsystems 
SSM Solid State Micro Technology Cermetek Cermetek Int Tech Integrated Technology Corp. 

'for Music CGRS CGRS Microtech Inc. Intech/FMI Intech/Function Modules Inc. 
SSS Solid State Scientific Cherry Cherry Semiconductor Intel Intel 
Stag Stag Microsystems CIC custom Integrated Circuits Interdesign Interdesign 
Struc. Des. Structured Design Inc. Citel Citel, Inc. Intersil Intersil 
Stynetic Stynetic Systems Comlinear Comlinear Corporation Intronics Intronics 
Sunrise Sunrise Electronics CMA Custom MOS Arrays IPI Integrated Photomatrix Inc. 
Sunshine Sunshine Semiconductor Comark Comark Corp. ' ITT ITT Semiconductors 
Supertex Supertex Inc. Comdial Comdial Semiconductor 
Symtek Symtek Corp. Camp Auto Computer Automation Kinetic Sys Kinetic Systems Synapse Synapse Corp. Compas Com pas Microsystems Kontron Kontron Electronics Synertek Synertek Cont Logic Control logic Inc. 
Sys Innov Systems Innovations Control Sys Control Systems Microsystems Div. 

Lambda lambda Semiconductor CreMicro Creative Micro Systems 
Laserdyne laserdyne Tau lero Tau Zero Inc. Cromemco Cromemco, Inc. 

CSG Commodore Semiconductor Group LSI Camp lSI Computer Systems Tektronix Tektronix 
Cubit Cubit Inc. LSI Logic lSI logic Corporation Telaris (See laserdyne) 
Curtis Curtis Electro Devices, Inc. 

Master logic Corporation 
Teledyne C Teledyne Crystalonics 

Cybernetic Cybernetic Micro Systems Master Logic Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

MCC Microcomputer Control Telephonics Telephonics lSI 
Micrel Micrel Telmos Telmos Data General Data General Micro Eng Micro Circuit Engineering Teltone Teltone Corporation Data I/O Data 110 Micro Innov Micro Innovators II Texas Instruments Data Trans Data Translation Micropac M:cropac Industries Thomson-CSF Thompson-CSF Components Corp. Oatel Datel-Intersil Micro Net Micro Networks TMX TMX Datricon Datricon Corporation Micro PWr Micro Power Systems Topanga Topanga Data Systems DOC Data DeVices Corporation Micro Sci Micro Sciences Corp. Toshiba Toshiba America DEC Digital Equipment Corporation Micro Tech Microcircuits Technology Trans-Data Trans-Data Delco Delco Electronics Micro-Link Micro-link Corporation TRW TRW-lSI Products DGM Digital Microsystems Micron Micron Technology 

Digelec Digelec Corp. MilerTron MilerTronics 
Unitrode Unitrode Digitek Digitek, Inc. Miller Miller Technology 
Universal Universal Semiconductor, Inc. Dionics Dionics Inc_ Mitel Mitel Semiconductor 

Dist Camp Distributed Computer Systems Mitsubishi Mitsubishi Electronics 
Oivers Tech Diversified Technology MMI Monolithic Memories, Inc. Vantage Vantage Data Products Monosil Monosil VII VlSI Technology, Inc. 
E·HI E-H International, Inc. MonSys Monolithic Systems Corp. Votrax Votrax Mostek Mostek Elind Elind Elettronica Industriale Motorola Motorola Semiconductor EL Instr E & l Instruments MRC MRC Systems Weitek Weitek Corporation EMM EMM Murray Murray Consulting Western Western Digital Emulogic Emulogic, Inc. Wintek Wintek Corp. Epson Epson America, Inc. 

National National Semiconductor Ell Micro ETI Micro 
NCR NCR Corp., Microelectronics Xicor Xicor, Inc. Exar Exar Integrated Systems 

Division Xycom Xycom 
NEC·EA NEC / Electronic Arrays Division 

Fairchild Fairchild NEC Electron NEC / Electron Division 
Zendex Zendex Corp. Ferranti Ferranti Electric NEC Micro NEC/Microcomputer Division 
lilog Zilog Fujitsu A Fujitsu America Nitron Nitron 

Fujitsu Fujitsu Microelectronics, Inc. Nortek Nortek lymos Zymos Corporation 
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Datel-lntersil is located in Mansfield, Massachusetts, 
approximately 35 miles from Boston. The modem, 
120,(X)()-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-lntersil offers one of the broadest lines of data
conversion products in the industry. Included are AID and 
01 A converters, sample-and-holds, operational and 
instrumentation amplifiers, and data-acquisition systems 
- all packaged using the latest in thin-film, hybrid
microelectronic-circuit manufacturing technologies. 

REQUEST OUR 
LATEST CATALOG 

Data Conversion 
Products 

Datel-lntersil 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. 

DateJ-lntersil is dedicated to maintaining its 
position as an international leader in data-conversion 
technology. 'tbu can depend on DateJ-lntersil for a steady 
flow of new products to meet the growing demand for 
high-performance data-acquisition products. 

BE AN EXPERT 
ON DATA ACQUISITION 

REQUEST ORDERING 
DETAILS 

F[Jl1Aii'ri"an 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617)339·9341ITWX 710·346·1953/TLX 951340 
L!:::::::!L=\1Il5:il!:::. • Santa Ana, CA (714)835·2751 • Sunnyvale, CA (408)733·2424 • Los Angeles, CA (213)933·7256 ~ 

Printed in U.S.A. Copyright © 1982 Datel·lntersil, Inc. All rights reserved. 

~..., OrNl'iriEUi:2'on OVERSEAS: INTERSIL DATEL (UK) LTD·TEL. BASINGSTOKE (0256) 57361 • INTERSIL DATEL SARL·TEL. 60257.11 
INI U lSir§ l!:a. INTERSIL DATEL GmbH·TEL. (089)530741 • DATEL KK TOKYO·TEL. 793·1031 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 
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New Products from 
Datel Intersil 

AM-542, AM-543 programmable gain Instrumentation 
amplifiers feature digital gain selection 

The AM-542 and AM-543 are high-performance, digitally
controlled, programmable-gain instrumentation amplifiers. The 
AM-542 permits selection of gains from 1 to 1024 in 11 binary 
weighted steps; the AM-543 permits selection of gains from 1 
to 128 in 8 binarl weighted steps. Gain selection is ac
complished through the input of a 4-bit word. The AM-542 is 
optimized for low-drift, low-noise performance while the 
AM-543 is tailored for high-speed applications. 

SHM-7 new video speed sample-hold features ultra-high 
speed and dual outputs 

DATEL-INTERSIL's SHM-7 is an ultra-fast sample-hold 
amplifier designed for high-speed signal processing applica
tions. The SHM-7 acquires a 2V input change to 0.1 % in only 
40 ns and the hold mode settling time is only 20 ns; making 
possible sampling rates of up to 17MHz. A unique feature of 
the SHM-7 is its dual outputs, each with a ± 5V output voltage 
range at 30 mA and an output impedance of 130. The outputs 
may be tied together to increase the output current and 
decrease the output impedance. 

SHM-9 fast sample-hold features high perfonnance at low 
cost 

The SHM-9 is a complete, self-contained sample-hold 
amplifier that combines high performance versatility with low 
cost ($39.00, 1-24 qty). 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 intemal 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. 
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OAC-72 Industry standard, high resolution microelectronic 
0/ A converter 

The DAC-72 series is a comprehensive family of high perfor
mance 16-bit D/A converters offering voltage or current out
puts with either complementary binary or 4-digit BCD, TTL 
compatible, input coding. Linearity error is ± 0.0030/0 FSR 
maximum and settling time for an output voltage step of 20V 
to ± 0.0030/0 is only 10 JLS. Current output settling time, 2 mA 
to ± 0.0030/0, is only 1 JLS. All models are cased in a 
miniature, hermetically sealed, 24-pin package and are com
pletely pin and function compatible with industry standard 
DAC-72 converters. 

OAC-UP108 new 10-bit 0/ A with input registers 

The DAC-UP10B is a low cost, monolithic, 10-bit D/A con
verter with internal registers. The device also includes a high
speed output amplifier, stable internal reference, and an input 
buffer amplifier. Low loading latches, adjustable logic 
thresholds and addressing capability allow the DAC-UP10B to 
directly interface with many microprocessor and logic controll
ed systems. The output voltage range is 0 to + 10V for 
unipolar mode, ± SV for bipolar. A full scale output change 
settles to within O.OS% FSR in S ,."s. 

A0C-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 input signal at conversion rates 
up to 1SMHz while its power consumption is only 200mW. 
The analog input voltage range is + 2.SV to + 10V, and 
typical differential linearity error is only ± 1/2 LSB. Outputs are 
buffered three-state and include an overflow output which 
allows the user to cascade two units to achieve 7-bit resolu
tion. 

ADC-830 microprocessor compatible 8-bit AID converter 

DATEL-INTERSIL's ADC-830 is a low-cost, monolithic 8-bit 
AID converter 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 ap-
. proximation technique and a modified potentiometric resistor 
ladder, the ADC-830 achieves an 8-bit conversion in 100 JLS 
with a maximum total adjusted error of only ± V2 LSB. Its 
combination of low cost, small size, and interface versatility 
make the ADC-830 an ideal choice for many process control 
and instrumentation applications. 
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ADC-5101 high speed, &-bit AID offers high temperature 
operation at low cost , 

The ADC-5101 is a high speed, adjustment-free, 8-bit AID 
converter. Pin compatible with standard ADC-5101 converters, 
these devices offer high accuracy and high speed over the full 
military operating temperature range of - 55°C to + 125°C. 
Designed for operation without external adjustment circuits, 
the ADC-5101 accomplishes an 8-bit conversion in only 900 
ns maximum. Models are available subjected to 1000/0 screen
ing to MIL-STD-883 Class B. 

ADC-5210 series adjustment-free 12-blt AID features high 
accuracy over military temperature range 

The ADC-5210 series are high performance, 12-bit successive 
approximation AID converters. Completely pin and function 
compatible with standard ADC-5210 devices, these models of
fer significantly improved high-temperature operation at lower 
cost. Full scale absolute accuracy error is a maximum of 
± 0.050/0 FSR at + 25°C and only ± 0.20/0 FSRover the full 
military operating temperature range of - 55°C to + 125°C; 
an improvement of 10 LSBs over the error specified on com:
peting devices. MIL-STD-883 screening is available. 

ADC-84, 85, 87 new, Industry standard military and 
Industrial 12-blt AID converters 

DATEL-INTERSIL's ADC-84, ADC-85, and ADC-87 series 
devices are high-performance, low-cost 10 and 12-bit suc
cessive approximation analog to digital converters. Direct 
replacements for industry standard APC-84/85/87 convert~rs, 
these devices offer improved performance and reliability. Each 
converter is available in two performance grades; 12 bits of 
resolution at a maximum conversion speed of 10 pS, or 10 bits 
of resolution at a conversion speed of 6 p.S maximum. The 
ADC-87 is specified for operation over the full military 
operating temperature range of - 55°C to + 125°C. Versions 
of this model are availabel screened to MIL-STD-883B. 

DAC-85, DAC-87 new, Industry standard military and 
Industrial 12-blt 01 A converter 

The DAC-85 and DAC-87 are DATEL-INTERSIL's new high
performance, 12-bit D/A converters. This comprehensive line 
of D/As allows a choice of voltage or current output models 
with either 12-bit binary or 3--digit BCD coding. The DAC-87 is 
specified for operation over the - 55°C to + 125°C military 
temperature range, and is available with 1000/0 screening in 
accordance with MIL-STD-883B. This family of units has been 
specifically designed to be pin and function compatible with 
industry standard DAC-85/87 converters while offering 
substantially improved performance. 
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Datel-/ntersil 
delivers fast ... 
Industry standard products •.• 
You can get delivery on data conver
sion hybrids screened to MIL-STD-
883B class B from stock to six weeks. 
And we mean production quantities -
not just samples - (of proprietary and 
second-source industry standard de
vices). For example, the DAC-87 offers 
a full range of current or voltage out
put models with either binary or BCD 
coding. 

Built by the book ••. 
Fast turnaround on mil-spec and hi-rei 
hybrids is easier for us than for others 
because Datel-Intersil has one of the 
largest, most completely automated 
hybrid production facilities in the in
dustry. And, our entire hybrid opera
tion, including lot control, quality 
control, calibration control, manufac
turing and testing facilities has been 
designed to comply with MIL-M-
38510. 

Proven in the field •.. 
Datel-Intersil delivers on performance. 
Our hybrids are proving their reliability 
in many of today's most demanding 
military applications - the F-18, F-16 
and )(M-l tank, to name just a few. 
And, if you happen to need screen
ing beyond 883B class B, such as 
class S, we are ready to meet your re
quirements .. 

To meet your needs ••• 
If you're fed up with trade-offs - in per
formance, delivery and price - come 
to Datel-Intersil. We're your dependable 
source for data conversion hybrids ... 
made to the industry's highest quality 
and reliability standards ... delivered 
when you need them ... at prices that 
make them the industry's best value. 

Want to know more? contact: 

@ [b 
4 ~U~Ulb 
~ Printed in U.S.A. Copyright © 1982 Datel-lntersil, Inc. 

All rights reserved. 

© Ie MASTER 1983 

11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. 
(617)339-9341/TWX 710-346-1953/TLX 951340 
• Santa Ana, CA (714)835-2751 • Sunnyvale, CA 
(408)733-2424 • Los Angeles, CA (213)933-
7256 • OVERSEAS: INTERSIL DATEL (UK) LTD-TEL. 
BASINGSTOKE (0256) 57361 • INTERSIL DATEL SARL
TEl. 602 57 11 • INTERSIL DATEL GmbH-TEL. 
(089)530741 • DATEL KK TOKYO-TEL. 793-1031 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE 
WITHOUT NOTICE 
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Hybrid military products 
Datel·h'tersil is a recognized 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 applications per MIL·specifications. Datel· 
Intersil's data conversion procjucts are currently used in a wide 
number of military and aerospace flight systems and in high reli· 
ability ground support and test systems. Datel·lntersil's modern 
120,000 square foot manufacturing facility in Mansfield, Massa· 
chusetts includes the most automated and advanced manufac· 
turing, test and calibration equipment available in the industry. 
This capability, supported by a Quality Assurance Program with 
full emphasiS on product quality assurance and reliability, pro· 
vides an experienced and reliable source for data converter prod· 
ucts to the screening and qualification requirements of Methods 
5004,5005, and 5008 of MIL·STD·883B in compliance with MIL·M· 
38510 (specified by Datel·lntersil as "Q.L:' devices). 

The Quality Assurance operation at Datel·lntersil monitors all 
areas of manufacturing and test, controls manufacturing and 
scree:"ling standards, maintains lot traceability procedures, and 
sets material standards to assure product quality. All purchased 
and internally manufactured components are procured or manu· 
factured to precise specification control drawings. All compo· 
nents are 100% electrically tested and 100% visually inspected 
either by the vendors or internally within Datel·lntersil's facilities. 
Assembly and test processes and work stations are carefully 
monitored by Quality Assurance using fully documented proce· 
dures to guarantee high standards of workmanship and quality in 
all of Datel·lntersil's products. 

Datel·lntersil products with the suffix "Q.L." are fully screened in 
accordance with Methods 5004 and 5008 of MIL·STD·883B as 
amended by MIL·M·38510. The following list briefly summarizes 
Datel·lntersil's hybrid military products . 

ANALOQ· TO·DIGITAL CONVERTERS 

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

ADC·HC12BMM 12 bits 300 JLsec ± 1f2 LSB -55 to + 125 
ADC·HC12BMM·QL 12 bits 300 JLsec ± 1f2 LSB -55 to + 125 
ADC·HS12BMM 12 bits 9 JLsec ± 1/2 LSB -55 to + 100 
ADC·HS12BMM·QL 12 bits 9 JLsec ± 1/2 LSB -55 to + 100 
ADC·HX12BMM 12 bits 20 JLsec ± 1f2 LSB -55 to + 100 

ADC·HX12BMM·QL 12 bits 20 JLsec ± 1f2 LSB -55 to + 100 
ADC·HZ12BMM 12 bits 8 JLsec ± 1f2 LSB -55 to + 100 
ADC·HZ12BMM·QL 12 bits 8 JLsec ± 1f2 LSB -55 to + 100 

NEW ADC·87·10 10 bits 6 JLsec ± 1/2 LSB -55 to + 125 
NEW ADC·87·10·QL 10 bits 6 JLsec ± 1f2 LSB -55 to + 125 

NEW ADC·87·12 12 bits 10 JLsec ± 1f2 LSB -55 to + 125 
NEW ADC·87·12·QL 12 bits 10 JLsec ± 1f2 LSB -55 to + 125 

ADC·815MM 8 bits 700 nsec ± 1f2 LSB -55 to + 125 
ADC·815MM·QL 8 bits 700 nsec ± 1f2 LSB -55 to + 125 
ADC·816MM 10 bits 800 nsec ± 1f2 LSB -55to + 125 

ADC·81-6MM·QL 10 bits 800 nsec ± 1f2 LSB -55 to + 125 
ADC·817MM 12 bits 2 JLsec ± 1f2 LSB -55 to + 125 
ADC·817MM·QL 12 bits 2 JLsec ± 1f2 LSB -55 to + 125 
ADC·825MM 8 bits 1 JLsec ± 1f2 LSB -55 to + 125 
ADC·825MM·QL 8 bits 1 JLsec ± 1f2 LSB -55 to + 125 

ADC·826MM 10 bits 1.4 JLsec ± 1fz LSB -55 to + 125 
ADC·826MM·QL 10 bits 1.4 JLsec ± 1f2 LSB -55 to + 125 
ADC·827MM 12 bits 3 JLsec ± 1f2 LSB -55 to + 125 
ADC·827MM·QL 12 bits 3 JLsec ± 1fz LSB -55 to + 125 

NEW ADC·5101H 8 bits 900 nsec ± 1f2 LSB -55 to + 125 

NEW ADC·5101H·QL 8 bits 900 nsec ± 1f2 LSB -55 to + 125 
NEW ADC·5210H 12 bits 13 JLsec ± 1f2 LSB -55 to + 125 
NEW ADC·5210H·QL 12 bits 13 JLsec ± 1f2 LSB -55 to + 125 
NEW ADC·5211H 12 bits 13 JLsec ± 1f2 LSB -55 to + 125 
NEW ADC·5211 H·QL 12 bits 13 ~sec ± 1f2 LSB -55 to + 125 

NEW ADC·5212H 12 bits 13 ~sec ± 1fz LSB -55 to + 125 
NEW . ADC·5212H·QL 12 bits 13 JLsec ± 1fz LSB -55 to + 125 
NEW ADC·5213H 12 bits 13 ~sec ± 1fz LSB -55 to + 125 
NEW ADC·5213H·QL 12 bits 13 JLsec ± 1f2 LSB -55 to + 125 
NEW ADC·5214H 12 bits 13 JLsec ± 1f2 LSB -55to +125 

NEW ADC·5214H·QL 12 bits 13 JLsec ± 1fz LSB -55to +125 
NEW ADC·5215H 12 bits 13 JLsec ± 1fz LSB -55 to + 125 
NEW ADC·5215H·QL 12 bits 13 JLsec ± 1f2 LSB -55 to + 125 
NEW ADC·5216H 12 bits 13 JLsec ± 1f2 LSB -55 to + 125 
NEW ADC·5216H·QL 12 bits 13 JLsec ± 1f2 LSB -55 to + 125 

DATEL·INTERSIL,INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339·93411TWX 710·346·1953ITLX 951340 
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COllllllercial and Industrial 
Products 

For less demanding commercial/industrial requirements, 
Datel-Intersil offers a comprehensive selection of high 
quality data acquisition products. Included are AID and 
D/A Converters, Sample and Holds, Operational and Instru-
mentation Amplifiers and Data Acquisition Subsystems. 

Advanced manufacturing techniques, measurement and 
test equipment, combined with definitive quality as-
surancy procedures guarantee that all of Datel-Intersil's 
products meet or exceed the most exacting standards of 
workmanship. The following list briefly summarizes the 
commercial and industrial products offered by Datel-
Intersil. 

ANALOG TO DIGITAL CONVERTERS 

CONVERSION 
MODEL NO. RESOLUTION TIME' LINEARITY 

ADC-EKBB B bits 1.B msec ± 1/2 LSB 
ADC-EK10B 10 bits 6msec ± 112 LSB 
ADC-EK12B 12 bits 24 msec ± 1f2 LSB 
ADC-ETBBC - B bits 1.B msec ± 1f2 LSB 
ADC-ETBBM B bits 1.B msec ± 112 LSB 

ADC-ET10BC 10 bits 6msec ± 112 LSB 
ADC-ET10BM 10 bits 6 msec ± 1f2 LSB 
ADC-ET12BC 12 bits 24 msec ± 1f2 LSB 
ADC-ET12BR 12 bits 24 msec ± 1f2 LSB 
ADC-ET12BM 12 bits 24 msec ± 1f2 LSB 

ADC-HC12BMC 12 bits 300 I'sec ± 1f2 LSB 
ADC-HC12BMR 12 bits 3OOl'sec ± 1f2 LSB 
ADC-HS12BMC 12 bits 91'sec ± 1f2 LSB 
ADC-HS12BMR 12 bits 91'sec ± 1f2 LSB 
ADC-HU3BMC 3 bits 20 nsec 0.1% of FSR 

ADC-HU3BMR 3 bits 20 nsec 0.1% of FSR 
ADC-HU3BMM 3 bits 20 nsec 0.1% of FSR 
ADC-HX12BGC 12 bits 2Ol'sec ± 1f2 LSB 
ADC-HX12BMC 12 bits 2Ol'sec ± 1f2 LSB 
ADC·HX12BMR 12 bits 2Ol'sec ± 1f2 LSB 

ADC·HZ12BGC 12 bits Bl'sec ± 1f2 LSB 
ADC-HZ12BMC 12 bits Bl'sec ± 1f2 LSB 
ADC-HZ12BMR 12 bits 81'sec ± 1f2 LSB 
ADC·MCBBC B bits 500 I'sec ± 1f2 LSB 
ADC-MCBBM B bits 5OOl'sec ± 1f2 LSB 

NEW ADC-84-10 10 bits 61'sec ± 1f2 LSB 
NEW ADC-84-12 12 bits 1Ol'sec ± 112 LSB 
NEW ADC-B5C-10 10 bits 61'sec ± 1f2 LSB 
NEW ADC-85C-12 12 bits 1Ol'sec ± 1f2 LSB 
NEW ADC·85-10 10 bits 61'sec ± 1f2 LSB 

NEW ADC·B5-12 12 bits 1Ol'sec ± 1f2 LSB 
ADC-B15MC B bits 700 nsec ± 1f2 LSB 
ADC-815MR B bits 700 nsec ± 1f2 LSB 
ADC-B16MC 10 bits 800 nsec ± 1f2 LSB 
ADC-B16MR 10 bits BOO nsec '±1f2 LSB 

ADC-B17MC 12 bits 21'sec ±'12 LSB 
ADC-B17MR 12 bits 21'sec ± 1f2 LSB 
ADC-B25MC B bits 11'sec ± 1f2 LSB 
ADC-B25MR B bits 11'sec ± 1f2 LSB 
ADC-B26MC 10 bits 1.4l'sec ± 1f2 LSB 

OPERATING 
TEMP. RANGE (OC) 

o to + 70 
-25 to +85 
-25 to +B5 

o to + 70 
- 55 to + 125 

o to + 70 
-55 to + 125 

o to + 70 
-25 to +B5 
-55 to + 125 

o to + 70 
-25 to +B5 

o to + 70 
-25 to +B5 

o to + 70 

-25 to +85 
- 55 to + 125 

o to + 70 
o to + 70 

--25 to +B5 

o to + 70 
o to + 70 

-25 to +B5 
o to + 70 

-55 to + 125 

o to + 70 
o to + 70 
o to + 70 
o to + 70 

-25 to +B5 

-25 to +B5 
o to + 70 

-25 to +B5 
o to + 70 

-25 to +B5 

o to + 70 
-25 to +85 

o to + 70 
-25 to +B5 

o to + 70 
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NEW 
NEW 

NEW 
NEW 

MODEL NO. 

DAC·HA10BM 
DAC·HA 1 OBM·QL 
DACHA12BM 
DAC·HA 12BM·QL 
DAC·HA14BM 

DACHA 14BM·QL 
DAC·HF8BMM 
DAC·HF8BMM·QL 
DAC·HF10BMM 
DAC·HF10BMM·QL 

DAC·HF12BMM 
DAC·HF12BMM·QL 
DAC·HK12BMM 
DAC·HK12BMM·QL 
DAC·HP16BMM 

DAC·HP16BMM·QL 
DAC·HZ12BMM 
DAC·HZ12BMM·QL 
DAC·87·CBI·1 
DAC·87·CBI+QL 

DAC·87·CBI·V 
. DAC·87·CBI·V·QL 

MODEL NO. 

SHM·6MM 
SHM·6MM·QL 
SHM·HUMM 
SHM·HUMM·QL 

MODEL NO. 

AM·500MM 
AM·500MM·QL 

MODEL NO. 

NEW AM·542MM 
NEW AM·542MM·QL 

MODEL NO. 

HDAS·8MM 
HDAS·8MM·QL 
HDAS·16MM 
HDAS·16MM·QL 

DIGITAL· TO·ANALOG CONVERTERS 

OUTPUT 
RESOLUTION SETTLING LINEARITY 

TIME 

10 bits 1.3 ~sec ± 1f2 LSB 
10 bits 1.3 ~sec ± 1f2 LSB 
12 bits 5 ~sec ± 1f2 LSB 
12 bits 5~sec ± 1f2 LSB 
14 bits 7 ~sec ±1 LSB 

14 bits 7 ~sec ±1 LSB 
8 bits 25 nsec ± 1f2 LSB 
8 bits 25 nsec ± 1f2 LSB 

10 bits 25 nsec ± 1f2 LSB 
10 bits 25 nsec ± 1f2 LSB 

12 bits 50 nsec ± 1f2 LSB 
12 bits 50 nsec ± 1f2 LSB 
12 bits 3 ~sec ± 1f2 LSB 
12 bits 3 ~sec ± 1f2 LSB 
16 bits 15 ~sec ±2 LSB 

16 bits 15 ~sec ±2 LSB 
12 bits 3 ~sec ± 1f2 LSB 
12 bits 3 ~sec ± 1f2 LSB 
12 bits 300 nsec ± 1f2 LSB 
12 bits 300 nsec ± 1f2 LSB 

12 bits 3 ~sec ± 1f2 LSB 
12 bits 3 ~sec ± 1f2 LSB 

SAMPLE·HOLD AMPLIFIERS 

ACCURACY 

0.01% 
0.01% 
0.1% 
0.1% 

ACQUISITION 
TIME 

1 ~sec 
1 ~sec 

25 nsec 
25 nsec . 

HOLD MODE 
DROOP 

10~V/~sec 
10~V/~sec 
50~V/~sec 
50~V/~sec 

OPERATIONAL AMPLIFIERS 

INPUT 
OFFSET VOLTAGE 

3mV 
3mV 

GAIN 
BANDWIDTH 

130 MHz 
130 MHz 

OUTPUT 

± 10V @ 50 mA 
±10V @ 50mA 

DIGITALLY PROGRAMMABLE INSTRUMENTATION AMPLIFIERS 

GAIN RANGE 

1 to 1024 
1 to 1024 

SETTLING TIME 

150 ~sec 
150 ~sec 

OUTPUT 

± 10.5V @ 5 mA 
± 10.5V @ 5 mA 

DATA ACQUISITION SUBSYSTEMS ' 

RESOLUTION 

12 bits 
12 bits 
12 bits 
12 bits 

INPUT CHANNELS 

8 Differential 
8 Differential 

16 Single·Ended 
16 Single·Ended 

THROUGHPUT 
RATE 

50 kHz 
50 kHz 
50 kHz 
50 kHz 

OPERATING 
TEMP. RANGE (OC) 

-55 to + 125 
-55to +125 
- 55 to + 125 
- 55 to + 125 
-55to +125 

-55 to + 125 
- 55 to + 125 
-55to +125 
-55to +125 
-55to +125 

- 55 to + 125 
- 55 to + 125 
- 55 to + 125 
- 55 to + 125 
~55to +125 

-55to +125 
-55to +125 
-55 to + 125 
- 55 to + 125 
-55to +125 

-55to +125 
- 55 to + 125 

OPERATING 
TEMP. RANGE (OC) 

- 55 to + 1,25 
- 55 to + 125 
- 55 to + 125 
- 55 to + 125 

OPERATING 
TEMP. RANGE (OC) 

- 55 to + 125 
- 55 to + 125 

OPERATING 
TEMP. RANGE (OC) 

- 55 to + 125 
- 55 to + 125 

OPERATING 
TEMP. RANGE (OC) 

-55 to + 125 
-55 to + 125 
- 55 to + 125 
- 55 to + 125 
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ANALOG TO DIGITAL CONVERTERS 

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

ADC-826MR 10 bits 1.4l'sec ± 112 LSB -25 to +85 
ADC·827MC 12 bits 31'sec ± 112 LSB o to + 70 
ADC·827MR 12 bits 31'sec ± 112 LSB -25 to +85 

NEW A DC·830C 8 bits 100 I'sec ± 112 LSB o to + 70 
NEW ADC·833R 6 bits 66 nsec ±'12 LSB -25 to +85 

A DC·856C 10 bits 11'sec/LSB ±'12 LSB o to + 70 
ADC·856M 10 bits 11'sec/LSB ± 112 LSB -55 to + 125 

NEW ADC·5101 8 bits 900 nsec ± 112 LSB o to + 70 
NEW ADC·5101E 8 bits 900 nsec ± 112 LSB -25 to +85 
NEW ADC·5210 12 bits 131'sec ± V2 LSB o to + 70 

NEW ADC·5210E 12 bits 131'sec ± 112 LSB -25 to +85 
NEW ADC·5211 12 bits 131'sec ± 112 LSB o to + 70 
NEW ADC·5211E 12 bits 131'sec ± 112 LSB -25 to +85 en 

~ 

NEW ADC·5212 12 bits 131'sec ± 112 L5B o to + 70 Q) 

NEW ADC-5212E 12 bits 131'sec ± 112 LSB -25 to +85 
~ 

c: 

NEW ADC·5213 12 bits 131'sec ± V2 LSB o to + 70 I 
Q) 

NEW ADC·5213E 12 bits 131'sec ± 112 LSB -25 to +85 ~ 

NEW ADC·5214 12 bits 131'sec ± 112 LSB o to + 70 as 
NEW ADC·5214E 12 bits . 131'sec ± 112 LSB -25 to +85 C 
NEW ADC·5215 12 bits 131'sec ± 112 LSB o to + 70 

NEW ADC·5215E 12 bits 131'sec ± 112 LSB -25 to +85 
NEW ADC·5216 12 bits 131'sec ± 112 LSB o to + 70 
NEW ADC·5216E 12 bits 131'sec ± 112 LSB -25 to +85 

DIGITAL TO ANALOG CONVERTERS 
OUTPUT SETTLING OPERATING 

MODEL NO. RESOLUTION TIME LINEARITY TEMP. RANGE (OC) 
DAC·HA10BC 10 bits 1.3l'sec ± 112 LSB o to + 70 
DAC·HA10BR 10 bits 1.3l'sec ± 112 LSB -25 to +85 
DAC·HA12BC 12 bits 51'sec ± 112 LSB o to + 70 
DAC·HA12BR 12 bits 51'sec ± V2 LSB -25 to +85 
DAC·HA14BC 14 bits 71'sec ± 112 LSB o to + 70 

DAC·HA14BR 14 bits 71'sec ± 112 LSB -25to +85 
DAC·HF8BMC 8 bits 25 nsec ± 112 LSB o to + 70 
DAC·HF8BMR 8 bits 25 nsec ± 112 LSB -25 to +85 
DAC-HF10BMC 10 bits 25 nsec ± 112 LSB o to + 70 
DAC·HF10BMR 10 bits 25 nsec ± 112 LSB -25 to +85 

DAC·HF12BMC 12 bits 50 nsec ± 112 LSB o to + 70 
DAC·HF12BMR 12 bits ·50 nsec ± 112 LSB -25 to +85 
DAC·HK12BGC 12 bits 31'sec ± 112 LSB o to + 70 
DAC-HK12BMC 12 bits 31'sec ± 112 LSB o to + 70 
DAC·HK12BMR 12 bits 31'sec ± 112 LSB -25 to +85 

DAC·HP16BGC 16 bits 151'sec ± 112 LSB o to + 70 
DAC·HP16BMC 16 bits 151'sec ± 112 LSB o to +70 
DAC·HP16BMR 16 bits 151'sec ± 112 LSB -25 to +85 
DAC·HZ12BGC 12 bits 31'sec ± 112 LSB o to + 70 
DAC·HZ12BMC 12 bits 31'sec ± 112 LSB o to + 70 

DAC·HZ12BMR 12 bits 31'sec ± 1f2 LSB . -25 to +85 
DAC·IC8BC 8 bits 300 nsec ± 112 LSB o to + 70 
DAC·IC8BM 8 bits 300 nsec ± 112 LSB -55 to + 125 
DAC·IC10BC 10 bits 250 nsec ±1 LSB o to + 70 
DAC·IC10B 10 bits 250 nsec ± 112 LSB o to + 70 

DAC·IC10BM 10 bits 250 nsec ± 112 LSB -55 to + 125 
DAC·UP8BC 8 bits 21'sec ± 112 LSB o to + 70 
DAC·UP8BM 8 bits 21'sec ± 112 LSB -55 to + 125 

NEW DAC·UP10BC 10 bits 51'sec ± 112 LSB o to + 70 
DAC·08BC 8 bits 21'sec ± 112 LSB o to + 70 

DAC·08BM 8 bits 21'sec ± 112 LSB -55 to + 125 
NEW DAC·85C·CBI·1 12 bits 300 nsec ± V~ LSB o to + 70 
NEW DAC·85C·CBI·V 12 bits 31'sec ± 112 LSB" o to + 70 
NEW DAC·85·CBI·1 12 bits 300 nsec ± V2 LSB -25 to +85 
NEW DAC·85·CBI·V 12 bits 31'sec ± 112 LSB -25 to +85 

NEW DAC·562C 12 bits ·400 nsec ± 112 LSB o to + 70 
NEW DAC·562M 12 bits 400 nsec ± 112 LSB -55 to + 125 
NEW DAC·608 8 bits 11'sec ± 112 LSB o to + 70 
NEW DAC·610 10 bits 500 nsec ± 112 LSB o to + 70 
NEW DAC-612 12 bits 11'sec ± 112 LSB -25 to +85 
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SAMPLE-HOLD AMPLIFIERS 

ACQUISITION HOLD·MODE OPERATING 
MODEL NO. -ACCURACY TIME DROOP TEMP. RANGE (OC) 

SHM·IC·1 _ 0.01% 5j.1sec 50j.lV/msec o to + 70 
SHM·IC·1M 0.01% 5 j.lsec 50j.lV/msec - 55 to + 125 
SHM·LM·2 0.01% 6j.1sec 200j.lV/msec o to + 70 
SHM·LM·2M 0.01% 6j.1sec 100j.lV/msec -55 to + 125 
SHM·HUMC 0.1% 25 nsec 50j.lV/j.lsec o to + 70 

SHM·HUMR 0.1% 25 nsec 50j.lV/j.lsec -25 to +B5 
SHM·6MC 0.01% 1 j.lsec 10j.lV/j.lsec o to + 70 
SHM·6MR 0.01% 1 j.lsec 10j.lV/j.lsec -25 to +B5 

NEW SHM·7MC 0.1% 40 nsec 100mV/msec o to + 70 
NEW SHM·7MR 0.1% 40 nsec 100mV/msec -25 to +85 

-iii 
"- ANALOG MULTIPLEXERS Q) ..... 
c: INPUT ACCESS CHANNEL OPERATING 

...!.. MODEL NO. CHANNELS TIME ON RESISTANCE TEMP. RANGE (OC) 
Q) ..... 
as MV·BOB B Single·Ended 350 nsec 250G o to + 70 
Cl MV·BOBM 8 Single·Ended 350 nsec 250G - 55 to + 125 

MV·1606 16 Single·Ended 300 nsec 270G o to + 70 
MV·1606M 16 Single·Ended 300 nsec 270G - 55 to + 125 
MVD·409 4 Differential 350 nsec 250G o to + 70 

MVD·409M 4 Differential 350 nsec 250G - 55 to + 125 
MVD·807 8 Differential 300 nsec 270G o to + 70 
MVD·807M 8 Differential 300 nsec 270G :.... 55 to + 125 
MX·80B 8 Single·Ended- 500 nsec 1.5 kG o to + 70 
MX·808M 8 Single·Ended 500 nsec 1.5 kG -55 to + 125 

MX·818C 8 Single Ended or 125 nsec 750G o to- + 70 
4 Differential 

MX·818M 8 Single·Ended or 125 nsec 750G - 55 to + 125 
4 Differential 

MX·1606 16 Single·Ended 500 nsec 1.5 kG o to + 70 
MX·1606M 16 Single·Ended 500 nsec 1.5 kG - 55 to + 125 

MX·1616C 16 Single·Ended or 150nsec 750G o to + 70 
B Differential 

MX·1616M 16 Single·Ended or 150 nsec 750G -55 to + 125 
8 Differential 

MXD·409 4 Di= rrential 500 nsec 1.5 kG o to + 70 

MXD·409M 4 Differential 500 nsec 1.5 kG - 55 to + 125 
MXD·B07 8 Differential 500 nsec 1.5 kG o to + 70 
MXD·B07M 8 Differential 500 nsec 1.5 kG -55 to + 125 

OPERATIONAL AMPLIFIERS 

INPUT OFFSET OPERATING 
MODEL NO. VOLTAGE GAIN BANDWIDTH OUTPUT TEMP. RANGE (OC) 

AM·410·2C 1.5 mV 1B MHz ±11V @ BmA o to + 70 
AM·410·2M 1 mV 18 MHz ± 12V @ 10 rnA -55-to + 125 
AM·411·2C 1.5 mV 50 MHz ±11V @ BmA o to + 70 
AM·411·2M 1 mV 60 MHz ± 12V @ 10 rnA -55 to + 125 

NEW AM·427·A 100 j.lV 5 MHz ± 11.5V @ 5.75 mA - 25 to + B5 
NEW AM·427·B 25 j.lV 5MHz ±12V @ 6mA - 25 to +85 
NEW AM·427·M _100 j.lV 5MHz ± 11.5V @ 5.75 mA -55 to + 125 

AM·430A 75j.1V 2.5 MHz ±10V @ 25mA o to + 70 
AM·430B 25j.1V 2.5 MHz ± 10V @ 25 rnA o to + 70 
AM·430M 75j.1V 2.5 MHz ± 10V @ 25 rnA - 55 to + 125 
AM·450·2 BmV 12 MHz ± 10V @ 10 rnA o to + 70 
AM·450·2M 8mV 12 MHz ± 10V @ 10 rnA - 55 to + 125 
AM·452·2 5mV 20 MHz ± 10V @ 10 mA o to + 70 
AM·452·2M 5mV 20 MHz ± 10V @ 10 rnA - 55 to + 125 
AM·453·2 4mV 10 MHz ±12V @ 20mA o to + 70 
AM·453·2M 4mV 10 MHz ± 12V @ 20 rnA - 55 to + 125 
AM·460·2 5mV 12 MHz ± 10V @ 10 rnA o to .+ 70 
AM·460·2M 5mV 12 MHz ± 10V @ 10 rnA - 55 to + 125 
AM·462·2 3mV 100 MHz ± 10V @ 10 mA o to + 70 
AM·462·2M 3mV 100 MHz ± 10V @ 10 rnA -55 to + 125 
AM·464·2 6mV 4MHz ±35V@ 10mA o to + 70 

DATEL·INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339·9341ITWX 710·346·1953ITLX 951340 
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MODEL NO. 

AM·464·2M 
AM·470·2C 
AM·470·2M 
AM·490·2A 
AM·490·2B 
AM·490·2C 
AM·490·2M 
AM·500GC 
AM·500MC 
AM·500MR 

MODEL NO. 

AM·542MC 
AM·542MR 
AM·543MC 
AM·543MR 

MODEL NO. 

DAS·952R 
HDAS·8MC 
HDAS·8MR 
HDAS·16MC 
HDAS·16MR 

MODEL NO. 

VFQ·1C 
VFQ·1R 
VFQ·2C 
VFQ·3C 

MODEL NO. 

FLT·U2 
NEW FLT·U2·M 

OPERATIONAL AMPLIFIERS 

INPUT OFFSET 
VOLTAGE GAIN BANDWIDTH OUTPUT 

4mV 4 MHz ±35V @ 12 rnA 
5mV 1 MHz ± 12V @ 10 rnA 
3mV 1 MHz ± 12V @ 10 rnA 
20p.V 3 MHz ± 12V @ 10 rnA 
20p.V 3 MHz ± 12V @ 10 rnA 
20p.V 3 MHz ± 12V @ 10 rnA 
20p.V 3 MHz ± 12V @ 10 rnA 
3mV 130 MHz ± 10V @ 50 rnA 
3mV 130 MHz ±10V @ 50 rnA 
3mV 130 MHz ± 10V @ 50 rnA 

DIGITALLY PROGRAMMABLE INSTRUMENTATION AMPLIFIERS 

SETTLING 
GAIN RANGE TIME OUTPUT 

1 to 1024 150 p'sec ± 10.5V @ 5 rnA 
1 to 1024 150 p'sec ± 10.5V @ 5 rnA 
1 to 128 6 p'sec ± 11V @1 rnA 
1 to 128 6p.sec ± 11V @1mA 

DATA ACQUISITION SUBSYSTEMS 

THROUGHPUT 
RESOLUTION INPUT CHANNELS RATE 

8 bits 16 Single·Ended 17 kHz 
12 bits 8 Differential 50 kHz 
12 bits 8 Differential 50 kHz 
12 bits 16 Differential 50 kHz 
12 bits 16 Differential 50 kHz 

VOLTAGE TO FREQUENCY CONVERTERS 

LINEARITY 

0.05% 
0.05% 
0.01% 
0.25% 

FREQUENCY 
RANGE 

0.001 Hz to 200 kHz 
0.001 Hz to 200 kHz 

OUTPUT 
RANGE 

10 kHz to 100 kHz 
10 kHz to 100 kHz 
10 kHz to 100 kHz 
10 kHz to 100 kHz 

ACTIVE FILTERS 

Fo 
ACCURACY 

±5% 
±5% 

GAIN 
TEMPCO 

40 ppm/DC 
40 ppm/DC 
40 ppm/DC 
40 ppm/DC 

Q 
RANGE 

0.1 to 1000 
0.1 to 1000 

OPERATING 
TEMP. RANGE (OC) 

-55 to + 125 
o to + 70 

-55 to + 125 
o to + 70 
o to + 70 
o to + 70 

- 55 to + 125 
o to + 70 
o to + 70 

-25 to +85 

OPERATING 
TEMP. RANGE (OC) 

o to + 70 
-25 to +85 

o to + 70 
-25 to +85 

OPERATING 
TEMP. RANGE (OC) 

-25 to +85 
o to + 70 

-25 to +85 
o to + 70 

-25 to +85 

OPERATING 
TEMP. RANGE (OC) 

o to + 70 
-25 to +85 

o to + 70 
o to + 70 

OPERATING 
TEMP. RANGE (OC) 

o to + 70 
-55to +125 

DATEL·INTERSIL,INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339·93411TWX 710·346·1953ITLX 951340 
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mHARRIS 

FEATURES 

• ANALOG VOLTAGE RANGE 

• ANALOG CURRENT RANGE 

• TURN-ON TIME 

• LOW RON 

• LOW POWER DISSIPATION 

• TTL/CMOS COMPATIBLE 

APPllCA TIONS 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAMPLE AND HOLD CIRCUITS 

• DIGITAL FILTERS 

• OP AMP GAIN SWITCHING NETWORKS 

PINOUT 

HI-200 
Dual SPST CMOS Analog Switch 

±15V 

80mA 

240ns 

55S1 

15mW 

DESCRIPTION 

H 1-200 is a monolithic device comprising two independently 
selectable SPST switches which feature fast switching speeds 
(290ns) combined with low power dissipation (15mW at 250 C). 
Each switch provides low "0 N" resistance operation for input 
signal voltages up to the supply rails and for signal currents 
up to 80mA. Employing Dielectric Isolation and CMOS process
ing, H 1-200 operates without any applications problems in
duced by latch-up or SC R mode phenomena. 

All devices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatility. 
HI-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. 

H 1-200 is available in DIP and metal (T0-l00) cans. H 1-200-2 
is specified from -550 C to +1250 C while HI-200-5 operates 
from OOC to + 750C. H 1-200 is functionally and pin compatible 
with other available "200 series" switches. 

FUNCTIONAL DIAGRAM 

Section 11 for Packaging 
IN 1 

Top View 

V+ Al 
A2 

'~f14 
Al 

NC 2 13 NC 
OUT 1 

GND ,3 12 V+ 

NC 4 11 NC 
SWITCH OPEN I I 

IN 2 :~Vl: IN 1 FOR LOGIC HIGH 

OUT 2 OUT 1 

V- VREF IN 2 
OUT 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 

*Derate 6mW/oC Above T A = 750C 

450mW 

-550C to +1250C 
-200C to +850C 
OOC to +750C 

-650C to +1500C 

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-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) +25 0C 
Full 

IS(OFF), Off Input Leakage Current +25 0C 
(Note 6) Full 

10 (0 F F), Off Output Leakage Current +250C 
(Note 6) Full 

ID(ON), On Leakage CUrrent (Note 6) +25 0C 
Full 

DIGITAL INPUT CHARACTERISTICS 
VAL, Input 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 +25 0C 

toff, Switch off Time +25 0C 

"Off Isolation" (Note 4) +250 C 

Cs (OFF), Input Switch Capacitance +250 C 

CD IDFF)'I +250C 
Output Switch Capacitance 

+250 C CD(ON), 

CA, Digital I nput Capacitance +250C 

CDS (OFF), Drain-To-Source Capacitance +250 C 

POWER REQUIREMENTS (Note 5) +250C 
PD, Power Dissipation Full 

1+, Current 
+250 C 
Full 

1-, Current +250 C 
Full 

NOTES: 1. V OUT = ::t10V lOUT = 1mA 
2. Digital Inputs Are MaS Gates - Typical Leakage is 

Less Than 1 nA 

3. V AH = 4.0V 

TYP. MAX. MIN. TYP. MAX. UNITS 

+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 f.1A 

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 60 inw 

0.5 0.5 mA 
2.0 2.0 mA 

0.5 0.5 rnA 
2.0 2.0 rnA 

4. VA = +5V, RL -1Kn, C L = 10pF, Vs - 3VRMS, 

f = 100kHz 
5. V A = +3 V or V A = OV For Both Switches 

6. Refer to leakage current measurement diagram 

on page (3-8) 

•• Note: HI-200-4 has same specifications as HI-200-5 over the temperature range -200C to +850C. 
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mI HARRIS 

FEATURES 

• ANALOG VOLTAGE RANGE 

• ANALOG CURRENT RANGE 

• TURN-ON TIME 

• LOW RON 

• LOW POWER DISSIPATION 

• TTL/CMOS COMPATIBLE 

APPLICATIONS 

• 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 

Top View 

A1 1-~ ;()-~16 A2 

OUT 1 2-~~ (~ ~15 OUT 2 

IN 1 3 14 IN 2 

v- 4- -13 v+ 

GND 5- -12 VREF 

IN 4 6 

--J ~~ 
11 IN 3 

OUT 4 7- -10 OUT 3 

A4 8- -<{>--! ~ -9 A3 

2626 

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, 
H 1-201 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 

IN 

.I. 

A ~ -
I 

0-0 V I N P 

OUT 
T 

SWITCH OPEN 
FOR LOGIC HIGH 

,.. 
~ 
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SPECIFIC A TIONS 

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 

44V (±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 

750mW 

-550C to +1250C 
-200C to +850C 

OOC to +750C 

-650C to + 1500C 

*Derate 8mW/oC Above T A = +750C 

Supplies = +15V, -15V; VREF = Open; V AH (Logic Level Highl = 2.4V VAL (Logic Level Lowl = +0.8V 
For Test Conditions, consult Performance Characteristics 

PARAMETER TEMP. 
ANALOG SWITCH CHARACTERISTICS 
VS. Analog Signal Range Full 

RON. On Resistance (Note 1) +25 0C 
FuJI 

IS(OFF). Off Input Leakage Current +250 C 
(Note 6) FuJI 

10(OFF). Off Output Leakage Current +25 0C 
(Note 6) FuJI 

10(ON). On Leakage Current (Note 6) +250 C 
FuJI 

DIGITAL INPUT CHARACTERISTICS 
VAL. I nput Low Threshold Full 
VAH, Input High Threshold FuJI 

IA. Input Leakage Current (High or Low) (Note 2) Full 

SWITCHING CHARACTERISTICS 

tOPEN. Break - Before Make Delay (Note 3) +250 C 

ton. Switch ON Time +250C 

toff • Switch 0 F F Time +250C 

"Off Isolation" (Note 4) +250 C 

Cs (OFF). Input Switch Capacitance +250 C 

Co (OFF). I +250 C 

Output Switch Capacitance 
+250 C Co (ON) 

CA, Digital Input Capacitance +250C 

COS (0 FF), Orain-To-Source Capacitance +250 C 

POWER REQUIREMENTS (Note 5) +250C 
PO, Power Dissipation FuJI 

+250C 
1+, Current (Pin 13,) FuJI 

+250C 
1- Current (Pin 4) Full 

NOTES: 1. V OUT = :t10V lOUT = 1m~ 
2. Digital Inputs Are MOS Gates - Typical Leakage is 

Less Than 1nA 

3. V AH = 4.0V 

HI-201-2 HI-201-5 ** 

-55°C to + 125°C DoC to +750 C 
·MIN. 

-15 

2.4 

TYP. MAX. MIN. TYP. MAX. UNITS 

+15 ..,15 +15 V 

55 70 55 80 n 
80 100 75 

I 
100 n 

2 2 nA 
500 250 nA 

2 2 nA 
500 250 nA 

2 2 nA 
500 250 nA 

0.8 0.8 V 
2.4 V 

1.0 1.0 I1A 

30 30 ns 

185 500 185 ns 

220 500 220 ns 

80 80 dB 

5.5 5.5 pF 

5.5 5.5 pF 

11 11 pF 

5 5 pF 

0.5 0.5 pF 

15 15 rnW 
60 60 mW 

0.5 0.5 rnA 
2.0 2.0 rnA 

0.5 0.5 rnA 
2.0 2.0 rnA 

4. VA = 5V. RL = 1 Kn. C L = 10pF. Vs = 3VRMS.f = 100KHz 
5. V A = +3V or V A = OV For all 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. 
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;II HARRIS 

Preliminary 

FEATURES 

• ANALOG VOLTAGE RANGE 

• ANALOG CURRENT RANGE 

• TURN-ON TIME 

• LOW RON 

• LOW POWER DISSIPATION 

• TTL COMPATIBLE 

• LOW CHARGE INJECTION 

APPLICATIONS 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAMPLE AND HOLD CIRCUITS 

• DIGITALFILTERS 

• OP AMP GAIN SWITCHING NETWORKS 

PIN OUT 

Top View 

Al 1-~ ;<} 1-16 A2 

OUT 1 2-~~ (~ 1-15 OUT 2 

IN 1 3 14 IN 2 

v- 4- 1-13 v+ 

GND 5- 1-12 NC 

IN 4 6 11 IN 3 

~) C~ OUT 4 7- 1-10 OUT 3 

A4 8-~ L<J> 1-9 A3 

2628 

±15V 

BOmA 

30ns 

30n 

120mW 

10pC 

H 1-201HS 
High Speed Quad SPST 

CMOS Analog Switch, 

DESCRIPTION 

The Harris HI-201HS 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 pin.out 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 
an210g 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 H 1-201 HS-2 is specified for the temperature range of 
-550C to +1250C and the HI-201HS-5 operates from OOC to 
+750 C. 

FUNCTIONAL DIAGRAM 

TYPICAL SWITCH 

IN 

~ 
....... 

A 

0--0 I 
N P 

V I 

OUT ,. 
.() 

SWITCH OPEN 
FOR LOGIC HIGH .-.... 

© Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage Between Pins 4 and 13 

Digital Input Voltage: 

Analog Input Voltage (One Switch) 

+36V 

VSupply(+) +4 V 
VSupplyH -4V 
+VSupply +2.0V 
-VSupply -2.0V 

Total Power Dissipation* 
Operating Temperature 

HI-201HS-2 
HI-201HS-4 
HI-201HS-5 

Storage Temperature 

750mW 

-550 e to + 1250 e 
-200 e to +85 0 C 
ooe to +75 0 e 
-650 e to + 1500 e 

*Derate 8mW/oe Above T A = +75 0 C 

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified, Supplies = +15V, -15V; VAH (Logic Level High) = 5.0V; 
VA L (Logic Level Low) = +O.8V 

© Ie MASTER 1983 

PARAMETER TEMP. 

ANALOG SWITCH CHARACTERISTICS 

VS. Analog Signal Range Full 

RON. On Resistance (Note 2) +250C 
Full 

IS(OFF). Off Input Leakage Current +250C 
Full 

ID(OFF). Off Output Leakage Current +250C 
Full 

ID(ON). On Leakage Current +250C 
Full 

DIGITAL INPUT CHARACTERISTICS 

VAL Input Low Threshold Full 

VAH.lnput High Threshold +250C 
Full 

IAL Input Leakage Current (Low) Full 

IAH. Input Leakage Current (High) Full. 

SWITCHING CHARACTERISTICS 

tON. Switch ON Time (Note 3) +250C 

tOFF. Switch OFF Time (Note 3) +250C 

"Off Isolation" (Note 4) +250C 

Crosstalk (Note 5) +250C 

Charge Injection (Note 6) +250C 

CS(OFF). Input Switch Capacitance +250C 

CO(OFF). Output Switch Capacitance 
+250C 

COlON). +250C 

CA. Digital Input Capacitance +250C 

CDS(O FF), Drain-to-Source Capacitance +250C 

POWER REQUIREMENTS (Note 7) 

PD. Power Dissipation +250C 
Full 

I+, Current (Pin 13) +250C 
Full 

1-, Current (Pin 4) +250C 
Full 

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. VOUT = ±lOV, lOUT = 1mA 

3. RL=lk~l,CL=35pF,VIN=+10V.VA=·+5V 

HI-201HS-2 
HI-201HS-5 

MIN. TYP. MAX. UNITS 

-15 +15 V 

30 50 51 
75 n 

.3 10 nA 
100 nA 

.3 10 nA 
100 nA 

.1 10 nA 
100 nA 

0.8 V 

2.0 V 
2.4 V 

500 J.1A 

40 JJA 

30 50 ns 

40 50 ns 

72 dB 

86 dB 

10 pC 

10 pF 

10 pF 

30 pF 

18 pF 

.5 pF 

120 mW 
240 mW 

4.5 mA 
10.0 mA 

3.5 mA 
6 mA 

4. VA=5V.RL=lKS2.CL=10pF.VS=3VRMS. 
f = 100kHz 

5. VA=5V,RL=lk~l.f=100kHz,VIN=2Vp-p 

6. CL = 1000pF, VIN.= OV, RIN = on 
t.Q=CLx t.VO 

7. VA = 5V or VA = 0 for all switches. 
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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 

D 

TYPICAL SWITCH 300 SERIES 

HI-300 thru HI-307 
CMOS Analog Switches 

APPllCA TIONS 
• 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 orocess. 
These switches feature break-before-make switching, (HI-301, 303,305 
& 307 only) , low and nearly constant 0 N 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 H 1-304-307). 
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 HI-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 +1250 C or OOC to +750 C 
operating ranges. 

PINOUTS (SWITCH STATES ARE FOR A LOGIC "1" INPUT) Section 11 for Packaging 

DIP 
NC 1 

2630 

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.) 

DUAL DPST HI-302 & HI-306 
(TOP VIEW) 

r----~ 

14 V+ 

GND 7 

DIP 

NC 1 

SPDT HI-301 & HI-305 
(TOP VIEWS) 

14 V~ v+ 

GND 

*The substrate and case are 
internally tied to V-. (The 
case should not be used as 
the V- connection, however.) 

DUAL SPDT HI-303 & HI-307 
(TOP VIEW) 

14 V+ 

lOGIC 

0 
1 

SW1 SW3 
SW2 SW4 

OFF ON 
ON OFF 

© Ie MASTER 1983 



SPECIFICATIONS HI-300· - HI-30l 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between Supplies 

Digital Input Voltage 

Analog Input Voltage 

44V (t22V) 

v+ +4.0V 
v- -4.ov 

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 T A = 700 C 

Operating Temperature HI-3XX-2 
HI-3XX-5 

Storage Temperature 

526mW 
588mW 
435mW 

- 550 C to +1250 C 
OOC to +750 C 

- 650 C to +150oC 

ELECTRICAL CHARACTE R ISTICS Unless otherwise specified; Supplies = +15V, -15V; VIN = Logic Input. 

PARAMETER 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range 

RON ON Resistance (Note 2) 

ISOFF OFF Input Leakage Current (Note 3) 

IDOFF OFF Output Leakage Current (Note 3) 

lOON ON Leakage Current (Note 4) 

DIGITAL INPUT CHARACTERISTICS 

VIN L Input Low Level * 
VINH Input High Level * 

VIN L Input Low Level ** 

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 * 

to F F Switch Off Time * 

tON Switch On Time ** 

to FF Switch Off Time ** 
Off Isolation (Note ~) 

Charge Injection (Note 7) 

CSOFF Input Switch Capacitance 

CDOFF Output Switch Capacitance 

COON Output Switch Capacitance 

CIN (High) Digital Input Capacitance 

CIN (Low) Digital Input Capacitance 

POWER REQUIREMENTS 

1+ Current * (Note 8) 

1- Current * (Note 8) 

1+ Current * (Note 9) 

1- Current * (Note 9) 

1+ Current ** (Note 10) 

1- Current ** (Note 10) 

1+ Current ** (Note 11) 

1- Current ** (Note 11) 

H 1-300-303: VI N - for Logic "1" = 4V, for Logic "0" = 0.8V 
H 1-304-307: VI N - for Logic "1" = llV, for Logic "0" = 3.5V 

-550C to + 1250 C DoC to +750 C 

TEMP MIN TYP MAX MIN TYP MAX 

Full -15 +15 -15 +15 

+250 C 35 50 35 50 
Full 40 75 40 75 

+25 0C 0.04 1 0.04 5 
Full 1 100 0.2 100 

+250 C 0.04 1 0.04 5 
Full 1 100 0.2 100 

+250 C 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 

+250 C 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 

+250 C 3 3 

+250 C 16 16 

+250 C 14 14 

+250 C 35 35 

+250 C 5 5 

+250 C 5 5 

+250 C 0.09 n.5 0.09 0.5 
Full 1 1 

+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 

+250C 0.01 10 0.01 100 
Full 100 

+250 C 0.01 10 om 100 
Full 100 

+250 C 0.01 10 0.01 100 
Full 100 

+250 C 0.01 10 0.01 100 
Full 100 

* HI-300 thru HI-303 Only; ** HI-304 thru HI-307 Only; *** HI-301, HI-303, HI-305, HI-307 Only 

© Ie MASTER 1983 

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 

mA 
mA 

pA 
pA 

pA 
pA 

I1A 
pA 

pA 
I1A 
pA 
pA 

pA 
I1A 
I1A 
pA 
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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 
recommencled for satisfactory operation. 

2. Vs = :!:. 10V, lOUT = -10mA On resistance derived from the 
voltage measured across the switch under the above conditions. 

3. VS=:!:.14V,VO=+14V. 

4. Vs = Vo =± 14V. 

5. The digital inputs are diode protected MaS gates and typical 
leakages of 1 nA or less can be expected. 

TEST CIRCUITS 

SWITCHING TEST CIRCUIT (tON, tOFF) 

SWITCH TYPE 

HI-300 thru HI-303 
HI-304 thru HI-307 

~+15V 
V+ 

S 
VS=+3V .... ,.. D 

4V 
15V 

Vo SWITCH 

6. Vs = lVRMS, f = 500kHz, CL = 15pF, RL = lk. 
CL = CFIXTU RE + CPR aBE, "Off Isolation" = 2010gVS/VO. 

7. Vs = OV, CL = 10,000pF, Logic Orive = 5V pulse. (HI-300 
-303) Switches are symmetrical; Sand 0 may be interchanged. 

Logic Orive = 15V (HI-304-307) 

8. VIN = 4V (one input) ( all other inputs = OV) 

9. VIN = 0.8V (all inputs). 

10. VIN = 15V (all inputs). 

11. VIN = OV (all inputs). 

12. To drive from OTL/TTL circuits, pull-up resistors to +5V 
supply are recommended . 

BREAK-BEFORE-MAKE TEST CIRCUIT (tBBM) 

~ VS1 c +3V -

SWITCH TYPE 

HI-30l, HI-303 
H 1-305, H 1-307 

y+15V 
v+ 

1'0. 

Dl 
,.. 

5V 
15V 

~ OUT 1 

{)J 
::RL lCL 

OUTPUT - I ~-
vS2 z +3V S2 ,..1_ D2 

LOGIC@ -
,.. ,.. ~ OUT2 rt>-J -tNO r ''~300133PF .. RL21cL2 .. RLl CLl 

INPUT :~ I :~ I LOGIC 

~ GND 1~1-5v -15V ~ ":' INPUT 

":' ~ ":' -;; ":' 

LOGIC "1" '" SWITCH ON LOGIC "1" '" SWITCH ON 
LOGIC 

VINHf5O% 
LOGIC 

RLl '" RL2 '" 300n 
INPUT lsO% 

INPUT VINHI I CL 1 = CL2 = 33pF 
OV OV 

I 

Vs 
, 

I , 

i /:90% 
I 

~ /.50% .~OUTl I 

OV I OV I I I 
I I 

SWITCH I I 
I I I I 

--itQN~ tOFF I-- I 

OUTPUT --t I I fo°UT~ SWITCH 
ov\5O%l 

I 

OUTPUT I 
I 

, 50% 

tBBM~ i- I I 
I I -- t-tBBM I 
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TYPICAL PERFORMANCE CURVES (Continued) 

2634 

SWITCHING TIME VS. 
TEMPERATURE 

HI-300 thru HI-303 

~M·~~.~~.'~'~'~~~"~.~.±-'~~~'~ 
T ~ TEWERATURE (OC) 

SWITCHING TIME AND BREAK 
BEFORE MAKE TIME VS. 

POSITIVE SUPPLY VOLTAGE 
HI-300 thru HI-303 

I.' ...---....----y----, 

~ ,. 
'I 

~ 
C) !A 

Y·-.1IV -
Z TA-2IIOC 

~ 1.2 ~::~:~.ov _ 
~ 1.0 

1\ 
~ 

0.1 

~ 
~ 0.' 

" ION 
0 OA to,"" ~ i -!? 0.2 HI~It:1D3 

"'-ONLY 

o I ~ ~ 
Y+ I'OIITIYE IUl'PL Y IV) 

SWITCHING TIME VS. 
TEMPERATURE 

HI-304 thru HI-307 

V"·+15V 
V···I5V 
VINH-·,5V 
VINL-OV 

-55 -36 -15 5 25 ... 16 101125 
T - TEMrERATURE tOCI 

SWITCHING TIME VS. 
POSITIVE SUPPLY VOLTAGE 

HI-304 thru HI-307 
t.' 

~.'.'IV 
~ 

r.1 TA-2fiOC 
VINH-1SV 

:E 1A VINL-av 

~ 
1.2 

~ 

~ 1.0 

~ 0.' 
\ 

0.1 

\. 0 OA 

i "- ION £' 0.2 

~ 
0 . 10 ,. 

V+ POSITIVE S"""LY vot. T AGE (VI 

INPUT SWITCHING THRESHOLD 
VS. POSITIVE SUPPLY VOLTAGE 

HI-300 thru HI-307 

% 

>" 

HI-.300thruHI-303 

t~--~----~--·--~ 

o 5 W ~ 
V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 

SWITCHING TIME VS. 
NEGATIVE SUPPLY VOLTAGE 

HI-300 thru HI-303 

:E 
~ 
C) 
z 

~ ~I----I---+---l 
~ tOFF 

o 
i 
!? 

lOOf-- V+-,.Y 
TA-2IIOC 
YINH-4V 
VINL-1 

• 10 
V·NEGATIVE SUPPLY (VOLTS) 

SWITCHING TIME VS. 
NEGATIVE SUPPL Y VOLTAGE 

HI-304 thru HI-307 
300~---y--__ -_~ 
~ v..·.,SV I","" T,,-2fiOC 

~N VINH-.'SV 

I """ VIt~L·OV 

tool-_~~IO;;:F.;.F--t __ ~ 

o 6 10 15 
v- NEGATIVE SUPPLY VOLTAGE (VI 
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FEATURES 

• ANALOG SIGNAL RANGE (±15V SUPPLIES) 
• LOW LEAKAGE (TYP. @ 250 C) 
• LOW LEAKAGE (TYP @ 1250 C) 
• LOW ON RESISTANCE (TYP. @ 25 0 C) 
• BREAK-BEFORE-MAKE DELAY (TYP.l 
• CHARGE INJECTION 
• TTL COMPATIBLE 
• SYMMETRICAL SWITCH ELEMENTS 
• LOW OPERATING POWER (TYP.) 

FUNCTIONAL DIAGRAM 

±15V 
40pA 

lnA 
35f2 
60ns 

30pC 

1.0mW 

.--------oS 

IN 

~----_+--o 0 

TYPICAL SWITCH - 300 SERIES 

PINOUTS (SWITCH STATES ARE FOR A LOGIC "l" INPUT) 

SW 1 
LOGIC SW2 

0 ON 
1 OFF 

© Ie MASTER 1983 

DIP 

DUAL SPST HI-381 
(TOP VIEWS) 

NC 

*The substrate and case are 
internally tied to V-. (The 
case should not be used as 
the V- connection, however.) 

DUAL DPST HI-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 
• PORTABLE 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 
devices 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.) 

Thesll switches feature low leakage and supply currents, low and 
nearly constant ON resistance over the analog signal 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 HI-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) 

02 

NC 

*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) 

SWl 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++l.5V 
V- -1.5V 

-650 C to +150oC 

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 TA = 700 C 

Operating Temperature 
HI-3XX-2 
HI-3XX-5 

-550 C to + 1250 C 
OOC to +750 C 

o t5 ELECTRICAL CHARACTERISITICS Unless otherwise specified; Supplies = +15V, -15V; VIN = logic Input, 
.g VIN for logic "1" = 4V, for logic 0 = ,8V 

c: 
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PARAMETER 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range 

RON ON Resistance (Note 2) 

ISOFF OFF Input leakage Current (Note 3) 

ID a FF 0 F F Output leakage Current 
(Note 3) 

lOON ON leakage Current (Note 4) 

DIGITAL INPUT CHARACTERISTICS 

VINllnput low level 

VINH Input Hi!lfJ Level 

IINH Input Leak. Current (High) (Note 5) 

IINL Input Leak. Current (low) (Note 5) 

SWITCHING CHARACTERISTICS 
(HI-387/ 

tOPEN. Break-Before Make Delay 390 only) 

tON. Switch 0 N Time 

tOFF. Switch OFF Time 

OFF Isolation (Note 6) 

Charge Injection (Note 7) 

CSO F F I nput Switch Capacitance 

CDOFF Output Switch Capacitance 

COON Output Switch Capacitance 

CIN lHigh) Digital Input Capacitance 

CIN llow) Digital Input Capacitance 

POWER REQUIREMENTS 

1+ Current (Note 8) 

1- Current (Note 8) 

1+ Current (Note 9) 

1- Current (Note 9) 

TEMP MIN 

FUll -15 

+250C 
FUll 

+250 C 
FUll 

+250C 
FUll 

+250 C_ 
FULL 

FUll 

FULL 4 

FULL 

FULL 

+250C 

+250 C 

+250C 

+250C 

+250C 

+250 C 

+250C 

+250 C 

+250 C 

+250 C 

+250 C 
FULL 

+250C 
FUll 

+250C 
FULL 

+250C 
FULL 

·550C to +1250C 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 /J.A 

1 /J.A 

ns 

300 ns 

250 ns 

dB 
mV 

pF 

pF 

pF 

pF 

pF 

.5 rnA 
1 rnA 

100 /J.A 
/J.A 

100 /J.A 
J.lA 

100 /J.A 
J.lA 
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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 =.± 1 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 =.± 14V. 

TEST CIRCUITS 

SWITCHING TEST CIRCUIT (tON, tOFF) 

LOGIC 
INPUT 

SWITCH TYPE 

HI-381 thru HI-390 

c;>+15V 
Iv+ 

LOGIC "1" = SWITCH ON" 

VINH r 50% 
OV~ t5~10 

VINH 

5V 

: /:90% 

ga~~m OV --.....,...,: : ~ I 

-ltDNI-- : I 
--1 tOFF !--

*Inverted logic for HI-381 

© Ie MASTER 1983 

5. The digital inputs are diode protected M as gates and typical 
leakages of 1nA or less can be expected. 

6. Vs = lVRMS, f = 500kHz, CL = 15pF, RL = 1k, 
CL = CFIXTU RE + CPR aBE, "off 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-BE FORE-MAKE TEST CIRCUIT (tBBM) 

VS1 = +3V 
VS2 = +3V 

LOGIC 
INPUT ':" 

LOGIC 
INPUT 

OV 

SWITCH TYPE 

HI-387 and HI-390 

<j>+15V 

I v+ 

LOGIC "1" SWITCH ON 

VINH I 

VINH 

5V 

RL 1 = RL2 = 300n 
CL 1 = CL2 = 33pF 

)50% ~ 
ov-----J: 1 OUTl 

I II FOUT2 
SWITCH 
OUTPUT 

\.50%: 
ov :'-.,-, ...,JIL....---___ -rl--J : 50% 

tBBM -i 1- -l!- tBBM 
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80 

60 

ROS(ON) VS. VD AND 
TEMPERATURE 

vi. +15V 
V-'-15V 

40""""--
..,....... 

---= ::::::: l250C -;::::::. :,........----250C ----- -550C -------20 

0 
-15 -10 -5 C +5 +10 +15 

VD - DRAIN VOLTAGE (VOLTS) 

DEVICE POWER DISSIPATION 
VS. SWITCHING FREQUENCY 

SINGLE LOGIC INPUT 

100 

'= V+'+15V 
_V-'-15V 

I -TA'25OC 
_VS'15V I 

RL' 2k I -
~ 
oS 10 
z 
0 
i= 
~ I ~ c / 
0: 

~ / ~ 1.0 

~ - HI-381 tIl,u HI-390 

1 10 100 lK 10K lOOK 1M 
LOGIC SWITCHING FREQUENCY (Hz) 

50% DUTY CYCLE 

ISOFF OR IDOFF VS. TEMPERATURE* 

~ 
0:-
01-
w Z 
U W 
0:0: 
::>0: 
0::> 

":~ 
... e> ... « 
0>< 
.9~ 
0:'" 
0'" ...... 
... 0 
oz 
~~ 

Q 

10'0~~~ 
-- V+·.15V 
f---- V-'-15V 

l'O~m/ ~ 
/ v 

0'1~7~§ 

0.0~':-5 ----:!:75::------:c
125
'=-----' 

T- TEMPERATURE _oC 

W 
u 
a: 
::> 
Sl 
~ 
z 
~ 
Q 

z 
o 

~ 

RDS(ON) VS. VD AND 
POWER SUPPLY VOLTAGE 

60~--+~~~---+---~--~~--~ 

--r--~I--' 

40 - r-- B,----~ --___ --A ___ ---
2O~-~_--L----+--~---~-~ 

A V+' +15V. V-' -15V 
B V+' +10V. V-' -10V 
C V+' +7.5V. V-' -7.5V 

0.~_D_V_+~._.5_V~._V_-~._-~5V_L-_~ ____ -L_~ 
-15 -10 -5 0 +5 +10 +15 

VD - DRAIN VOLTAGE (VOLTS) 

OFF ISOLATION 
VS. FREQUENCY 

~0~5---~10~6--~10-7---1~08::-----~----' 

z 
z 

5 
z 
o 
p 

f - FREOUENCY (Hz) 

IDON VS. TEMPERATURE * 

10.0~~~ 

= ~::~:~v 
- IVDI 'IVsl' 14V ---+-----.1 

1.0~~~ 
./ 

0.0125~---""75,-----::1~25~---....J 

T - TEMPERATURE (OC) 

* 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 
u 
z 
~ 

~ « 
u 
z 
o 
I-

~ 
::> 
o 
z o 
8 

OUTPUT ON CAPACITANCE 
VS. DRAIN VOLTAGE 

200L-~2-~4-L6~8L-~10-1~2-1L4~16 
VD - DRAIN VOLTAGE (VOLTS) 

DIGITAL INPUT CAPACITANCE 
VS. INPUT VOLTAGE 

161--t--+-+-~-t--+-~--j 

~ 
w 
~ 121--t--+--+-~-t--+-~--j 
~ 

'<3 
~ 
5 .. 
::> 
z 

z 
U 

TRANSITION (INDETERMINATE 
8 I-- DUE TO ACTIVE INPUT) . -

~ ~1-38j tIl,u LI-~ _ 
~--
4r-~-+--~-+--+--+-~--1 

2 4 6 8 10 12 14 16 
VIN -INPUT VOLTAGE (VOLTS) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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'" :g 
>= 

" z 

~ 
~ 
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0 

~ 
~ 

300 

200 

100 

o 

SWITCHING TIME VS. 
TEMPERATURE 

HI-3S1 thru HI-390 

V+- +15V 
v_o -15V .--VINH o4.0V f..-VINL oOV 

~ ~ ~ 

I.-~ 
i-"" 

f.--~ :--,1;; :--
~ :--:--

.--

:--

-55 -35 -15 5 25 45 65 85 105 125 
T - TEMPERATURE (OC) 

SWITCHING TIME VS. 
POSITIVE SUPPLY VOLTAGE 

HI-3S1 thru HI-390 

1.8 

U I 
V- 0 -15V 

1A -TAO 250C 
VINH o4V 

1.2 

1.0 

O.S 

0.6 

0.4 

0.2 

-
\ 

VINL oOV 

\ 
~ 
\0... tON 

tOFf' ~ 

5 10 15 
V+ - POSITIVE SUPPLY (V) 

SWITCHING TIME VS. 
NEGATIVE SUPPLY VOLTAGE 

HI-3S1 thru HI-390 

-
:g 
>= 

" z 

~ 
~ 

0 

~ 
~ 

JOO --~ ---200 

tOFF 

100 - V+o+15V 
TA 0 250C 
VINH o+4.0V 
VINL oOV 

I 
10 15 

V- NEGATIVE SUPPLY VOLTAGE (VOLTS) 

INPUT SWITCHING THRESHOLD 
VS. POSITIVE SUPPL Y VOLTAGE 

HI-3S1 thru HI-390 

; 
> 

I 
v- 0 -15V -----1f-----I 
TAO 250C 

HI-381 thN HI-390 

o 5 10 15 
V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 

Typical delay, rise, fall, settling times, and switching trans
ients in this circuit. 

RGEN 00 S 

1 VGEN..---o-+--I 

V-

If RGEN, R L or CL is increased, there will be proportional 
increases in rise and/or fall RC times. 

iii ... 
~ 

0 
~ 
w 
t:) 
~ ... 
~ 
0 
> ... 
::l 
c.. ... 
::l 
0 

I 

0 
> 

+10 n " 'SEE NOTE 

JVGEN-l0V ........ +5 

+5 
J r---

-I
VGri 5V

I 

+5 

-5 t-- _ VGEN - OV 

I T I 

.. , 
-5 

VGEN --5V 

, ..-
-5 

-10 
\ f 
VGEN--l0V 

0.4 O.B 1.2 1.6 
t-TIME (lAs! 

* NOTE: The turn-off time is primarily limited 
here by the RC time constant (lOOns) of the 
load. 
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mHARRIS 
SEMICONDUCTOR ANALOG PRODUCTS DIVISION 

FEATURES 

• LEAKAGE (TYPJ 

• SIGNAL RANGE 

• "ON" RESISTANCE (TYP,) 

• ACCESS TIM E (TYP.l 

• DTL/TTL COMPATIBLE ADDRESS 

APPLICATIONS 

• SIGNAL SELECTOR 

• CHOPPER 

• SAMPLE AND HOLD 

• GAIN SWITCHING 

PINOUT 

ADDRESS 2 1 16 ADDRESS 1 

+5.0V SUPPl Y 2 15 NEG. SUPPl Y 

EN'Aii'lE 3 14 POS. SUPPl Y 

AODRESS 3 4 13 N.C. 

OUT 4 5 12 IN 1 

IN 4 6 11 OUT 1 

OUT 3 7 10 IN 2 

IN 3 8 9 OUT 2 

TRUTH TABLE 

INPUT SWITCH 
ADDRESS CHANNElS 

Al A2 A3 EN 1 2 
l X X ON ON 
H x X OFF OFF 
x l x ON ON 
X X H l ON ON 
X H l l OFF OFF 
X X X H OFF OFF OFF OFF 

H ~+4.0V l~+0.4V 

2640 

40nA 

±15V 

125r2 

500ns 

HI-1BOOA 
low leakage 

Dual DPST Analog Switch 

DESCRIPTION 

The HI-1800A is a general purpose analog switch which may 
be used as a signal selector, multiplexer, chopper, or cross
point switch for signals from D.C. to R.F. The configuration 
is two independent DPST switches with versatile TTL com
patibile addressing logic which allows connection as two 
SPOT, or as a single DPDT, SPOT, or SPST switch by con
nection of external jumpers. ON resistance decreases corre
spondingly when switching elements are connected in par
allel. The H 1-1800A is fabricated on a single dielectrically 
isolated chip using complementary Nand P channel MOS 
devices. This unique process produces exceptionally low 

leakage currents, constant 0 N resistance, low power dissipa
tion, and fast switching. The H 1-1800A is available in a her
metic 16 pin dual-in-line package. 

FUNCTIONAL DIAGRAM 

IN 1 

Al 
OUT 1 

IN 2 

EN 
OUT2 

IN 3 

A2 OUT3 

IN 4 

A3 

OUT4 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage Between Pins 14 and 15 

Logic Supply Voltage, Pin 2 
40.0V 

30.0V 

Analog Input Voltage: V+Supply +2V V-Supply -2V 

ELECTRICAL CHARACTERISTICS 

Sup plies = +15V, -15V, +5.0V 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 

VI N, Analog Signal Range 

RON, ON Resistance (Note 3) 

IS (OFF), Input Leakage Current 

10 (OFF), Output Leakage Current 

10 (ON), On Channel Leakage Current 

DIGITAL INPUT CHARACTERISTICS 
VI L, Input Low Threshold 

VIR, Input High Threshold (Note 4) 

liN, Input Leakage Current 

SWITCHING CHARACTERISTICS 
tA, Access Time (Note 5) 

Break-Before-Make Delay 

CIN, Channel Input Capacitance 

COUT, Channel Output Capacitance 

CD, ~igital Input Capacitance 

POWER REQUIREMENTS 
Po, Power Dissipation 

POS, Standby Power (Note 6) 

1+, Current Pin 14 

1_, Current Pin 15 

I L, Current Pin 2 

NOTES: 1. Voltage ratings apply when voltages at all other pins 
, are within their nominal operating ranges. 

2. Derate 9.25 mW/oC above tA = +750 C 
3. VOUT = ~ 10V lOUT = -100tlA. 

4. To drive from DTL/TTL circuits, 1 K pullup resistors 
to +5.0V supply are recommended. 

© Ie MASTER 1983 

Digital I nput Voltage V-Supply, V+Supply 

780 mW (Note 2) 

-65°C to + 150°C 

Total Power Dissipation 

Storage Temperature Range 

TEMP. 

Full 

+25 0C 
Full 

Full 

Full 

Full 

Full 

Full 

Full 

+250 C 

+250C 

+250C 

+250C 

+25 0C 

Full 

Full 

Full 

Full 

Full 

HI·1800A·5 
OOC to +750C 

MIN. TYP. MAX. UNITS 

-15 +15 V 

125 200 n 
250 n 

40 100 nA 

40 100 nA 

40 100 nA 

0.4 V 

4.0 V 

.01 1 pA 

500 ns 

,200 ns 

8 pF 

8 pF 

5 pF 

10 mW 

10 mW 

0.001 1 rnA 

0.5 2 rnA 

0.5 2 rnA 

5. Time measured to 90% of final output level; 
V OUT = -5.0V to +5.0V, Digital Inputs = 

0.4V to +4.0V. 
6. Voltage at Pin 3, ENABLE? +4.0V. 
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PERFORMANCE CHARACTERISTICS 

Test Circuit 

2S0 

200 

ISO -
100 

SO 

0 

ON RESISTANCE vs 
ANALOG SIGNAL LEVEL 

~ 100 A 

.. 

rl_N+-~ ____ ~~o-4-~OUT 

+ 12S0C 

~ ..- +ZSOC --~ --~ 

-10 -8 -6 -4 -z +z +4 +6 +8 +10 

2642 

VI - SIGNAL LEVEL (VOLTS) 

ON/OFF LEAKAGE CURRENTS vs 
TEMPERATURE 

OFF LEAKAGE ON LEAKAGE 

Test Circuit 

l00nA 

10 nA 

1 nA 

100 pA 

/' 
~ 

10 pA 
25 

./ 

50 

IN 

IS(OFFI = IO(OFFI = IO(ONI, 

/' 

./ 

/' 

/' 

75' 
TEMPERATURE _DC 

OUT 

./ 

./ 
~ 

100 125 

ON CHANNEL CURRENT 
vs VOLTAGE 

Test Circuit 

-4 -3 -z -1 +1 +2 +3 
VOLTAGE ACROSS SWITCH 

ACCESS TIME 

+5V DC 
INl 

OUT 

-5V DC 
IN 3 

SCOPE 

+4V ,----, 
+0.4V --l L 

~ 
~ 

I I 
All A3 INPUT r 

- 2V/DIV. r 
l 

. . • I ,', 

. OUTPUT 

\ . 5V/D1V . { 
l . } 

200ns/DIV. 

+4 +S 

. . 
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mJ HARRIS HI-5040 thru HI-5051 
HI-5046A and 

HI-5047A 

FEATURES 

• WIDE ANALOG SIGNAL RANGE ±15V 
• LOW "ON" RESISTANCE (TYP) 25n 
• HIGHCURRENT CAPABILITY (TYP) BOmA 
• BREAK-BEFORE-MAKE SWITCHING 

TURN-ON TIME (TYP) 370ns 
TURN-OFF TIME (TYP) 280ns 

• NO LATCH-UP 
• INPUT MaS GATES ARE PROTECTED FROM ELEC

TROSTATIC DISCHARGE 
• DTL, TTL, CMOS, PMOS COMPATIBLE 

APPLICATIONS 

• HIGH FREQUENCY SWITCHING 

• SAMPLE AND HOLD 

• DIGITAL FILTERS 

• OP AMP GAIN SWITCHING 

FUNCTIONAL DESCRIPTION 

Section 11 for Packaging 

PART NUMBER TYPE RON 

HI-5040 SPST 75n 

HI-5041 DUAL SPST 75n 

HI-5042 SPOT 75n 

HI-5043 DUALSPDT 75n 

HI-5044 DPST 75n 

HI-5045 DUALDPST 75n 

HI-504S DPDT 75n 

HI-504SA DPDT 30n 

HI-5047 4PST 75n 

HI-5047A 4PST 30n 

HI-5048 DUAL SPST 30n 

HI-5049 DUAL DPST 30n 

HI-5050 SPOT 30n 

HI-5051 DUAL SPOT 30n 

© Ie MASTER 1983 

CMOS Analog Switches 

DESCRIPTION 

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 BOmA. "ON" resistance is low 
and stays reasonably constant over the full range of operating 
signal voltage and current. RON 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 +75 0 C. RON is nomin
ally 25 ohms for HI-504B through HI-5051 and HI-5046A/ 
5047A and 50nfor HI-5040 through HI-5047. 

All deyices 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 (D.BnA at 250 C). This family of 
switches also features very low power operation (1.5mW at 
25 0 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.LP. packages. 
The H 1-5040/5050 switches can directly replace I H-5040 series 
devices and are functionally compatible with the D G 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'-... I ~ N P 

~ 
I 

I 'VD 

"" 

2643 

.... 
o 
+-' 
o 
::s 

"'C 
c: 
o 
o 
E 
Q) 

en 
en 
-i: .... 
ctS 
J: 



Jo-

SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (v+ -V-) 
VR to Ground 
Digital and Analor 

Input Voltage 

36V 
V+, V

V++4V 
V--4V 

.8 ELECTRICAL CHARACTERISTICS 
(.) 

Analog Current (S to 0) 
Total Power 0 issipation* 
Operating Temperature 

HI-SOXX-2 
HI-SOXX-S 

Storage Temperature 

BOmA 
4S0mW 

-SSoC to +12SoC 
OOC to +7SoC 

-6SoC to + lS00C 

*Derate 6mW/oC above T A = 7SoC 

:::J Unless Otherwise Specified 
-g Supplies = +lSV, -lSV; VR = OV; V AH (Logic Level High) = 3.0V; VAL (Logic Level Low) = +O.8V, VL = +5V 
o For Test Conditions, consult Performance Characteristics 
(.) 

E 
(]) 

en 
rn 

"i: 
Jo-

m 
:c 

PARAMETER TEMP 
ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range Full 
Hon,"ON" Resistance (Note la) +250 C 

Full 

Ron,"ON"Resistance (Note lb) +250 C 
Full 

Ron, Channel-to-Channel Match (Note la) +250 C 
Ron, Channel-to-Channel Match (Note lb) +250 C 

IS(OFF) = IO(OFF), Off Input or Output +250 C 
Leakage Current Full 

IO(ON), On Leakage Current +250 C 
Full 

DIGITAL INPUT CHARACTERISTICS 

V A L, I nput Low Threshold Full 
V AH, Input High Threshold Full 
lA, Input Leakage Current (High or Low) Full 

SWITCHING CHARACTERISTICS 

ton' Switch "ON"Time +250 C 

toff' Switch "OFF" Time +250 C 
Charge Injection (Note 2) +250C 
"OFF Isolation" (Note 3) +250C 
"Crosstalk" (N ote 3) +250 C 

CS(OFF), Input Switch Capacitance +250 C 

CDIOFF}'j +250 C 
Output Switch Capacitance 

Co (ON), +250 C 
CA, Digital Input Capacitance +250 C 

COS (OFF), Drain-To-Source Capacitance +250 C 

POWER REQUI REMENTS 

PO, Quiescent Power Dissipation +250 C 
1+, + 15V Quiescent Current Full . 
1-, -15V Quiescent Current Full 
IL' +5V Quiescent Current Full 

IR' Gnd Quiescent Current Fu" 

NOTES: 1. VOUT = :!:10V,IOUT = lmA 
a) For H 1-5040 thru H 1-5047 
b) For HI-5048 thru HI-5051, HI-5046A/5047A 

2. V IN = OV, CL = 10,OOOpF 
3. RL = lOOn, f= 100 KHz, V IN = 2 V pp, CL =5pF 

-55°C to +125 0 C 
MIN TYP MAX 

-15 +15 
50 

75 

25 

50 
2 10 
1 5 

0.8 

100 500 

0.01 
2 500 

0.8 

3.0 

.01 1.0 

370 1000 
280 500 

5 20 

75. 80 

80 88 

11 

11 

22 

5 

0.5 

1.5 
' 0.3 

0.3 
0.3 

0.3 

oOC to +750 C 

MIN TYP MAX UNITS 

-15 +15 V 
50 n 

75 n 
25 ~2 

50 S1 

2 10 S2 

1 5 n 
0.8 nA 
100 500 nA 
0.01 nA 

2 500 nA 

0.8 V 
3.0 V 

.01 1.0 J.1A 

370 1000 ns 
280 500 ns 
5 rnV 

80 dB 
88 dB 

11 pF 
11 pF 

22 pF 

5 pF 
0.5 pF 

1.5 rnW 
0.5 rnA 
0.5 rnA 
0.5 rnA 
0.5 rnA 

';11 
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II HARRIS H 1-1818A/1828A 

FEATURES 

• SIGNAL RANGE 

• "ON" RESISTANCE (TYP.) 

low Resistance 
8 Channel CMOS Analog Multiplexers 

DESCRIPTION 

±15V 

250n 

• INPUT LEAKAGE AT +1250 C (TYP.) 20nA 

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 (01) 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. 

• ACCESS TIME (Typ.) 

• POWER CONSUMPTION (TYPJ 

• DTLITTL COMPATIBLE ADDRESS 

• -55 0 C to +1250 C OPERATION 

APPLICATIONS 

• DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• DEMULTIPLEXING 

• SELECTOR SWITCH 

PINOUT 

HI-1818A 
Top View 

ADDRESS A1 1 

+5.0V SUPPL Y 2 
ENABLE 3 

ADDRESS A2 4 

IN 8 5 

IN 7 6 

IN 6 7 

IN 5 8 

HI-1828A 
Top View 

ADDRESS A1 

+5.0V SUPPL Y 2 
ENABLE 

OUT5THRU8 4 
IN 8 5 

IN 7 6 

IN 6 7 

IN 5 8 

350ns 

5mW 

Section 11 for Packaging 

16 ADDRESS AO 
15 -15VSUPPLY 

14 +15V SUPPLY 
13 IN1 
12 OUT 

11 IN2 

10 IN 3 

9 IN 4 

Section 11 for Packaging 

16 ADDRESS AO 

15 -15V SUPPLY 

14 +15V SUPPLY 
13 IN 1 

12 OUT 1 THRU 4 

11 IN 2 

10 IN 3 

9 IN 4 

The 1818A is a single-ended 8 channel multiplexer, while the 
H 1-1828A 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 

ADDRESS { 
INPUT 

BUFFERS 

IN S 

IN I 

OUT 

IN 8 
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SPECIFICATIONS mJ 

ABSOLUTE MAXIMUM RATINGS (NOTE 1) 

Supply Voltage Between Pins 14 and 15 40.0V Oigitallnput Voltage V-Supply to V+ ~upply 
logic Supply Voltage, Pin 2 30.0V Total Power Dissipation (Note 2) 780mW 

+ Storage Temperature Range -65°C to +1500 C Analog Input Voltage: VSupply +2V 

VSupply -2V 

ELECTRICAL CHARACTERISTICS 

Supplies = +15V, -15V, +5V HI-1818A-2/1828A-2 HI-1818A-5/1828A-5 
-55°C to +1250 C OOC to +750 C TRUTH TABLES 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

ANALOG CHANNEL CHARACTERISTICS 

• VIN, Analog Signal Range Full -15 +15 -15 +15 V 

It RON, ON Resistance (Note 3) +250 C 250 400 250 400 n 
Full 300 500 300 500 n 

·IS(OFF), Input Leakage Current Full 20 50 
HI-1818A 

20 50 nA 

.. IO(ON)' 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-181BA) Full 100 250 100 250 nA L H L L 3 
(HI-182BA) Full 50 125 50 125 nA L H H L 4 

H L L L 5 
DIGITAL INPUT CHARACTERISTICS H L H L 6 
VAL,lnput 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 p.A X X X H NONE 

SWITCHING CHARACTERISTICS 

TS, Access Time (Note 5) +250 C 350 350 ns 

Break-Before-Make Delay +250 C 100 100 ns 
Settling Time (0.1%1 +250 C 1.08 1.08 J1S 

(0.025%) +250 C 2.8 2.8 J1s 

CIN, Channel Input Capacitance +250 C 4 4 pF 

COUT, Channel Output Capacitance HI-1828A 
(HI-1818A) +250 C . 20 20 pF 

(HI-1828A) +250 C 10 10 pF ADDRESS "ON" 
COSIOFF), Drain-To-Source Capacitance +250 C 0.6 0.6 pF Al AO EN CHANNELS 
Co, ~igital 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 
* 1_, Current Pin 15 Full 0.3 1 0.3 2 mA 
* I 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 OTL/TTL circuits, 1 K pull-up resistors 
within their normal operating ranges. to + 5.0V supply are recommended. 

2. Derate 9.25 mW/oC above 75°C. 5. Time measured to 90% of final output level; 
3. VOUT = ± 10V lOUT = - lmA. VOUT = - 5.0V to +5.0V, Digital Inputs = OV to + 4.0V. 

6. Voltage at Pin 3, ENABLE = + 4.0V. 

100% Tested for Dash 8 at +25 0 C and +1250 C Only. 
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PERFORMANCE CHARACTERISTICS 

350 

CI.I 300 
::i: 
X 
0 
, 250 

w r---
u z 
~ 200 
CI.I 
iii 
w 

~ 150 
0 

100 

ON RESISTANCE vs 
ANALOG SIGNAL LEVEL 

1 rnA 

.. v 

IN 

OUT 

Test Circuit 

--~ - ~ ---- -550~ ------
-10 -8 -6 -4 -2 0 +2 +4 

VI - SIGNAL LEVEL (VOLTS) 

+6 +8 +10 

LEAKAGE CURRENTS vs TEMPERATURE 

OFF LEAKAGE ON LEAKAGE 

OUT 

i A 'DIOFFI lfJ1N 4V 

±10V -=- -=-::j.10V 

~ ~ 

±10V-=-

J-

2648 

EN 

100nA 

10nA 

InA 

./ 

1 DOpA // 

./ 
10pA 

25 

./ 

I 
IO(ONI=IO(OFFI 

HI-1S18A 
HI-1S28A 

\\ ./ ./ 

O.4V 

·TwQm.asuremenbperchanMt: 
+1OV/·1OV end -,ov/.,ov. 

_ ±10V 

f 

ITwo m .... remenu '*' dtv~ tOr IDIOFFJ: 
.,aV/·,DV and ·'OV/+1OV.l 

// 
./ // 

/' 
./ 

\V/ 7 

./ \ IS(OFFI 

/' (HI-181SA/1S2SAI 

50 75 

TEMPERATURE- oc 
100 125 

ON CHANNEL CURRENT 
·vsVOLTAGE 

Test Circuit 

+60 

ct +40 
::i: , 
~ +20 
w 
a: 
a: a 0 

" z 
5 -20 
I-

~ 
CI.I -40 

-60 

+25OC 

+12~ 

~ 

-55°C 

/~ 
-:::;:::~ 
~+1250C 

/ ~ 
+250C 

~ ~ 

~ V 

-10 -8 -6 -4 -2 o +2 +4 +6 +8 +10 

VOLTAGE ACROSS SWITCH 

ACCESS TIME 

+5VDC o-I_N '-f---o.. 

-5VD C 0--
1 N_2-+--_-o 

+4V ~ 
OV--1 L 

-. . : VAH =4V -
T 

OUT 
t)--+--~ SCOPE 

ArilNPLT - -VAH/2 2V/DIV. - -

III • 11. II • I I II IIU: Tlli CUll :llll ilill III . "- . ,. . 
+5V : 

I' 
: OUTPUT I : 

5V/DIV. 
-4V-~ r -5V I --- TA 1+ ~ 

100ns/DIV . 
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SCHEMATIC DIAGRAM 

ADDRESS INPUT BUFFER 

DECODER GATE 

A2 OR A2 

A 1 OR A 1 

A2 OR A2 NOT USED 
FOR HI-1828A 

MULTIPLEX SWITCH 

FROM DECODE 

FROM DECODE 
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L-+-t-+--+---+A 

:---------, 
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I 
I 

TO ~ 
P CHANNEL 
SW I 

I 

Pl.6 TO 'j 
N CHANNEL 

N16 SW ! 
I 

I I 

L..!!:!~WIT~~~~_~ 

ALL N-CHANNEL 
BODIES TO V-

ALL P-CHANNEL 
BODIES TO V+ 
UNLESS OTHERWISE 
INDICATED. 
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m HARRIS 

FEATURES 

• LOW ON RESISTANCE (TYP.) 

• WIDE ANALOG SIGNAL RANGE 

• DIRECTLYTTL/CMOS 
COMPATIBLE 

• ACCESS TIME (TYP:) 

170n 

±15V 

2.4V (LOGIC "1") 

• HIGH CURRENT CAPABILITY (TYP.l 

300ns 

50mA 

• BREAK-BEFORE-MAKE SWITCHING 

• NO LATCH-UP 

APPllCA TIONS 

• DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• DEMULTIPLEXING 

• SELECTO R SWITCH 

PINOUT 

HI-50G 

HI-5CI 

tVSUPPlY 1 

NC 2 

NC 3 
IN 16 4 

IN 1~ ~ 

IN 14 6 
IN 13 1 

IN 12 8 

IN 11 9 

IN 10 10 

IN 9 11 

GNO 12 

NC 13 

ADDRESS A3 14 

TOP VIEW 

TOP VIEW 

tVSUPPLY • 

2650 

DUT 8 
NC 3 

IN 88 4 
IN 18 

IN 68 
IN 58 
IN 48 
IN 38 9 
IN 2B 10 
IN lB 11 
GND 12 

NC 13 
NC 14 

Section 11 for Packaging 

28 OUT 

21-V SUPPLY 

2& IN 8 

2~ !N 1 
24 IN 6 

23 IN ~ 

22 IN 4 

21 IN 3 
20 IN 2 

19 IN 1 

18 ENABLE 

11 ADDRESS AO 

16 ADDRESS Al 

1~ ADDRESS A2 

Section 11 for Packaging 

28 OUT A 

21 -VSUPPL Y 
26 IN 8A 
25 IN 1A 
24 IN 6A 
23 IN 5A 
22 IN 4A 
21 IN 3A 
20 IN 2A 
19 IN lA 
18 ENABLE 
11 ADDRESSAO 
16 ADDRESS Al 
15 ADDRESS A2 

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 (or logic thresholds, 
and an ENABLE input for device selection when several mulitplexers are present: 

The Oielectic Isolation (D I) process used in fabrication of these devices eliminates the 
problem of latchup. Also, 0 I offers much lower substrate leakage and parasitic 
capacitance than conventional junction - isolated CMOS (See Application Note 521). 
With the low 0 N resistance (1 BOn typical), this allows low static err~r, fast channel 
switching rates, and fast settling. 

Switches are guaranteed to break-before-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 O.BV for 
"0". This allows direct interface without pullup resistors to signals from most logic 
families: CM OS, TTL, OTL and some PM OS. For protection against transient 
overvoltage, the digital inputs include a series 200n resistor and a diode clamp to 
each supply. 

The HI-50S is a sixteen channel single-ended multiplexer, and the HI-507 is an eight 
channel differential version. The recommended supply voltage is ± 15V; however, 
reasonable performance is available down to ± 7V. Each device is packaged in a IS 
pin DIP. 

The HI-50S/507 are specified for operation from DoC to 70 0 C. The "-2" versions are 
specified from -55 0 C to +125 0 C. "Dash B",(-B) designates -2 parts which have been 
screened per Mil-Std-BB3/ Method 5004/Class B. 

FUNCTIONAL DIAGRAM 

HI-50G 

HI-507 

DIGITAL 
ADORESS 

DIGITAL 
AQDRESS 

'0 

'1 

AOQRESSINPUT8UFfER 
..... Ol(VElSNLfHR 

1 L ____ J 
AOQRESSINPUTIUffER 

A"OLEVEl$HIFTER 

L __ _ 

MULlIPLEJ( 
SWITCHES 

r------, 

MULTIPLEX 
SWlTCH'AUIS 

IN\' 

ITOSEvU 
OTHER 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 
VEN, VA, Oigitallnput Overvoltage: 

VA { VSupply (+) +4V 
VSupply (-) -4V 

Analog Input Overvoltage: (Note 6) 

Vo or Vs { VSupply (+) +2V 
VSupply (-) -2V 

40V Total Power 0 issipation* 
Operating Temperature: 

HI-506/HI-507-2 
H 1-506/H 1-507-5 

Storage Temperature 

*Oerate BmW/oC above TA = +250 C 

1200mW 

-550C to +1250 C 
OOC to +75 0 C 
-650 C to + 1500 C 

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified: Supplies=+15V,-15V; VAH(Logic Level High) =+2.4V, 
VA L (Logic Level Low) = +O.BV. F or Test Conditions, consu It Performance Characteristics section. 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 

* VS. Analog Signal Range 

* RON, On Resistance (Note 1) 

• IlRON, (Between Channels) 

• IS(OFF), Off Input Leakage Current 

• IOIOFF) Off Output Leakage Current 
, HI-SOS 

HI-S07 

* 10ION), On Channel Leakage Current 
HI-S06 
HI-S07 

DIGITAL INPUT CHARACTERISTICS 

VAL Input Low Threshold 

VAH, Input High Threshold 

* lA, Input Leakage Current (High or Low)(Note 2) 

SWITCHING CHARACTERISTICS 

tA, Access Time 

tOPEN, Break-Belore Make Delay 

tON(EN). Enable Delay ION) 

tOFF(EN). Enable Delay (OFF) 

Settling Time (0.1%) 
(0.025%1 

"Off I solation" (N ote 3) 

CS(OFf), Channel Input Capacitance 

CDIOFF), Channel Output Capacitance 
HI-506 
HI-S07 

CA, Digital Input Capacitance 

COSIOFF), Input to Output Capacitance 

POWER REQUIREMENTS 

* 1+, Current Pin 1 (Note 4) 

* 1-, Current Pin 27 (Note 4) 

*1+, Standby (Note S) 

* 1-, Standby (Note S) 

NOTES: 1. VOUT = !10V, lOUT = -lmA 

TEMP 

Full 

+25 0 C 
Full 

+25 0 C 

+25 0 C 
Full 

+2SoC 
Full 
Full 

+25 0C 
Full 
Full 

Full 

Full 

Full 

+2SoC 

+2SoC 

+2SoC 

+2SoC 

+250 C 
+250 C 

+2SoC 

+2SoC 

+2SoC 
+2SoC 

+2SoC 

+2S oC 

Full 

Full 

Full 

Full 

2. Digital Inputs are Mos Gates. Typical Leakage 
Less Than InA. 

3. VEN = O.SV, RL = lK, CL = 2SpF,VS = 7VRMS, 
1= SOOkHz. 

H I-SOS/H I-S07-2 
-5SoC to + 12SoC 

HI-50S/HI-S07-5 
ooc to +75 0 C 

MIN TYP MAX MIN TYP MAX 

-IS 

+2.4 

170 

6 

0.03 

0.3 

0.3 

+15 

300 
400 

±50 

iSOO 
t2S0 

±SOO 
t250 

+O.S 

1.0 

300 1000 

80 

300 

300 

1.2 
2.4 

7S 

44 
22 

2.2 

O.OS 

1.7 

0.4 

1.7 

0.4 

1000 

1000 

3.0 

1.0 

3.0 

1.0 

4. VEN = 4.0V, All VA = 4.0V 
5. VEN = OV,AII VA = OV 

-15 

+2.4 

270 

0.03 

1.0 

1.0 

300 

SO 

300 

300 

1.2 
2.4 

7S 

44 
22 

2.2 

O.OS 

3.4 

O.S 

3.4 

O.S 

+IS 

400 
500 

±50 

±SOO 
±.250 

±500 
±250 

+0.8 

5.0 

S.O 

2.0 

S.O 

2.0 

6. If Analog Input Overvoltage Conditions are Anticipated, 

UNITS 

V 

n 
n 
% 

nA 
nA 

nA 
nA 
nA 

nA 
nA 
nA 

V 

V 

/LA 

ns 

ns 

ns 

ns 

Jis 
JiS 

dB 

pF 

pF 
pF 

pF 

pF 

rnA 

rnA 

rnA 

rnA 

Use 01. HI-506A/507A Protected Multiplexers is Recommended. 
See HI-S06A/S07A Data Sheet. 

* 100% Tested for Oash 8 at+250 C and +1250 C Only. 
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TRUTH TABLES 

HI-50G 

"ON" 
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 S 
L H L H H 6 

L H H L H 1 
L H H H H 8 

H L L L H 9 
H L L II H 10 
H L H L H 11 

H L H H H 12 

H H L L H 13 
H H l H H 14 

tS 
t6 

H H H l H 
H H H H H 

HI-507 

ON 
SWITCH 

AO EN PAIR 

x X X L NONE 
L L L H 1 

L L 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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mHARRIS 

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 1MHz 
ADDRESS TOGGLE (TYPJ 

• STANDBY POWER (TYPJ 

APPLICATIONS 

• DATA ACQUISITION 

• INDUSTRIAL CONTROLS 

• TELEMETRY 

PINOUT 

±15V 

500ns 

4mA 

7.5mW 

HI-50GA Section 11 for. Packaging 

HI-507A 

2652 

+VSUPPLY 1 

NC 2 

NC 3 

IN 16 4 

IN 15 5 

IN 14 6 

IN 13 1 

IN 12 8 
IN 11 9 

IN 10 10 
IN 9 11 

GND 12 

VREf 13 

ADDRESS A3 14 

+VSUPPL Y 
OUT 8 

NC 
IN 88 
IN 78 
IN 68 
IN 58 
IN 48 
IN 3B 

1 
2 

6 

9 
IN 2B 10 
IN lB 11 
GND 12 

VREF 13 
NC 14 

TOPVIEW 

TOPVIEW 

• 

28 OUT 

21-V SUPPLY 

26 IN 8 

25 IN 1 
24 IN 6 
23 IN 5 
22 IN 4 
21 IN 3 

20 IN 2 

19 IN 1 

18 ENABLE 

11 ADDRESS AO 

16 ADDRESS Al 

15 ADDRESS A2 

Section 11 for Packaging 

28 OUT A 

27 -VSUPPL Y 
26 IN 8A 
25 IN 7A 
24 IN 6A 
23 IN 5A 
22 IN 4A 
21 IN 3A 
20 IN 2A 
19 IN lA 
18 ENABLE 
17 ADDRESS AO 
16 ADDRESS Al 
15 ADDRESS A2 

HI-506A/HI-507A 
16 Channel CMOS 

Analog Multiplexer with 
Overvoltage Protection 

DESCRIPTION 

The HI-50SA and HI-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 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
sarily, ON resistance is somewhat higher than similar unpro
tected devices, but very low leakage currents combine to pro
duce low-~rrors. Application Notes 520 and 521 further explain 
these fi;i~res. 

The H 1-50SA- 2 and H 1-507 A-2 are specified over -550 C to 
+1250 C while the -5 versions are specified over OOC to +750 C. 

FUNCTIONAL DIAGRAM 

HI-50GA 

DIGITAL 
ADDRESS 

HI-507A 

DICITAl 
ACDRESS 

", 

", 

", 

,..----, 

____ J 

AOOJlE$srNPuT BUFFER 
AND LEVEl SHIFTER 

I L ____ J 
AODAESSIN'U'IUFFER 

AND lEvEL$HtfTER 

OECODERS 

DECODERS 

r-----..., 

MULTIPLEx 
SWITCHES 

MULTIPLEX 
SWlTCH'ArRS 

IN 16 

ITOSEYEfI 
OlMUI 
$WlTCHESI 

OlHU 
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SPECIFICA TIONS :II 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 40V Total Power Dissipation* 1200mW 

VREF to Ground V+ to Ground +20V Operating Temperature 

VEN, VA, Digital Input Overvoltage: HI-50SA/507A-2 -55°C to +125 0 C 

VA {VsuPPIY (+) 
+4V ~ 

HI-50SA/507A-5 OOC to +75 0 C 

VSupply (-) -4V Storage Temperature -S50C to +150 0 C 

Analog Overvoltage: 

Vs I VSuppl y (+! +20V 

VSuppl y (-) -20V *Derate BmW/oC above T A = +75 0 C 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) 

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. 

HI-506A/507A-2 HI-506A/507A-5 
-55°C to + 125°C ooc to +75 0 C 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS TRUTH TABLES 
ANALOG CHANNEL CHARACTERISTICS 
·VS. Analog Signal Range Full -15 +15 -15 +15 v HI-50GA 
·RON. On Resistance (Note 11 +25 0 C '1.2 1.5 1.5 I.B Kn 

Full 1.5 2.0 I.B 2,0 Kn 
"ON" 

'IS (OFF). Off Input Leakage Current +25 0 C 0.03 0.03 A3 AZ Al AO EN CHANNEl 

'ID (0 FF). Off Output Leakage Current 
HI-506A 
HI-507A 

'ID (OFF) with"nput Overvoltage Applied 
(Note 2) 

'ID (ON). On Channel Leakage Current 
HI-506A 
HI-507A 

DIGITAL INPUT CHARACTERISTICS 
VAL. Input Low Threshold I TTl Drive 
VAH. Input High Threshold (Note 7) 

VAL I 
VAH 

MOS Drive (Note 3) 

*IA. 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 10.1%) 
10.025%) 

"Off Isolation" (Note 4) 

Cs (OFF). Channel Input Capacitance 

CD (OFF). Channel Output Capacitance HI-506A 
HI-S07A 

CA. Digital Input Capacitance 

CDS (OFF). Input to Output Capacitance 

POWER REQUIREMENTS 
PD. Power Dissipation 

'1+. Current Pin 1 (Note 5) 

'1-. Current Pin 27 (Note S) 

'1+. Standby (Note 6) 

'1-. Standby (Note 6) 

riOTES: 1. VOUT = _~ 10V,IDUT = - 100 pA. 
2. Analog Overvoltage = ±33V. 
3. VREF=+10V. 
4. VEN = O.BV. RL = lK. Cl = 7pF. Vs = 

3VRMS. f = 500KHz.· 

I Ie MASTER 1983 

Full ±50 

+25 0 C 1.0 
Full ±500 
Full ±250 

+250 C 4.0 
Full 2.0 

+25 0 C 0.1 
Full ±500 
Full ±250 

Full O,B 
Full 4.0 4.0 

+250 C O.B 
+2SoC 6.0 6.0 

Full 1.0 

+2SoC 0.5 1.0 

+250 C BO 

+25 0 C 300 

+25 0 C 300 

+250 C 1.3 
+25 0 C 4.4 

+250 C 65 

+250 C S 

+25 0 C SO 
+2SoC 25 
+25 0 C S 

+2SoC 0.1 

Full 7.5 

Full 0.5 2.0 

Full 0.02 1.0 

Full O.S 2.0 

Full 0.02 1.0 

5. VEN = +4.0V. 
6. VEN = O.BV. 
7. To drive from OTl/TTL circuits. 1 Knpull-

up resistors to :+S.OV supply are recom
mended. 

nA 
±50 nA 

1.0 nA 
±500 nA 
±250 nA 

4.0 nA 
pA 

0.1 nA 
±500 nA 
±250 nA 

O.B V 
V 

O.B V 
V 

5.0 pA 

0.5 ps 

BO ns 

300 ns 

300 ns 

1.3 ps 
4.4 ps 

65 dB 

S pF 

SO pF 
25 pF 
5 pF 

0,1 pF 

7.5 mW 

0.5 5.0 rnA 

0.02 2.0 rnA 

0.5 5.0 rnA 

0.02 2.0 rnA 

. 100% Tested for Dash 8 

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 5 

L H L H H 6 
L H H L H 1 

L H H H H 8 
H L L L H 9 
H L L II H 10 
H L H L H 11 
H L H H H 12 
H H L L H 13 
H H L H H 14 
H H H L H 15 
H H H H H 16 

HI-507A 

ON 
SWITCH 

A2 Al AO EN PAIR 

X X X L NONE 
L L L H I 

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 
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m HARRIS HI-508/HI-509 
Single BIDifferential 

4 Channel CMOS Analog Multiplexer 

FEATURES 

• FAST ACCESS 

• FAST SETTLING (0.01%) 

• LOW RON 

220ns 

600ns 

180 n 

• BREAK-BEFORE-MAKE SWITCHING 

• NO LATCH-UP, 

• TTL/CMOS COMPATIBLE 2.4V (LOGIC "1") 

APPllCA TIONS 

• PRECISION INSTRUMENTS 

• DATA ACQUISITION SYSTEMS 

• TELEMETRY 

PINOUTS 

HI-508 
Section 11 for Packaging 

TOP VIEW 

AO Al 

ENABLE 15 A2 

-v SUPPLY 14 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 
Section 11 for Packaging 

TOP VIEW 

AO 16 Al 

ENABLE 15 GND 

-V SUPPLY 14 +V SUPPL Y 

IN lA 13 IN lB 

IN 2A 12 IN 2B 

IN 3A 11 IN 3B 

IN 4A 10 IN 4B 

OUT A OUT B 

2654 

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 CM OS (see Application 
Note 521). 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 channels are never shorted 
together. 

The switching threshold for ea~h digital input is established by an internal +5V 
reference, providing a guaranteed min. 2.4V for ''I'' and max. 0.8V for "0". This 
allows direct interface without pull-up resistors to signals from most logic fam
ilies: CMOS, TTL, DTL, 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 H 1-508 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 t~ ±7V. Each device is packaged in a 
16 pin DIP. 

The H 1-508/509-5 are slJecified for operation from OOC to 70 0 C. The "-2" 
versions are specified from -550 C to ±1250 C. "Dash 8" (-8) designates -2 parts 
which have been screened per MIL-STD-883/Method 5004/Class B. 

FUNCTIONAL DIAGRAMS 

HI-508 

HI-509 

DIGITAL 
ADDRESS 

AO 

EN;------i"I--+-!-L...../ 

{

AO 

A1 

____ J 
ADDRESS INPUT 

BUFFER AND 
LEVEL SHIFTER 

DECODERS 

EN~--~-~~ __ / 
L ____ J 

ADDRESS INPUT 
BUFFER AND 

LEVEL SHIFTER 

L ___ o_ 
DECODERS 

r-------, 

r---""--' 

IN 1 

OUT 

IN 8 

IN 1A 

OUTA 
(TO 3 
OTHER 
SWITCHES) 

OUT B, 
(TO 3 
OTHER 
SWITCHES) 

IN 1B 

IN4A 

IN4B 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

VSupply (+) to VSupply(-) 

VSupply(+) to GND 
VSupply{-) to GND 

Digital Input Overvoltage: 
{VSUPPly(+1 

VEN, VA VSuppl y(-) 

Analog Input Overvoltage (Note 6): 
{ VSupply(+1 

VD, Vs VSupply(-) 

ELECTRICAL CHARACTERISTICS 

PARAMETER. TEMP 

ANALOG CHANNEL CHARACTERISTICS 

VS. Analog Signal Range Full 

RON. On Resistance +250 C 
FuJI 

~ RON. Any Two Channels +250 C 

IS(OFF). Off Input Leakage Current (Note 2) +250 C 
Full 

IO(OFF). Off Output Leakage Current +250 C 
HI-SOB Full 
HI-509 Full 

°IO(ON). On Channel Leakage Current +250 C 
HI-50B Full 
HI-509 Full 

IOIFF. Differential Off Output Leakage Current +250 C 
(HI-S09 Only) Full 

DIGITAL INPUT CHARACTERISTICS 

V AH. High Thresh old FuJI 

VAL. Low Threshold Full 

IA. Input Leakage Current (High or Low) (Note 3) Full 

SWITCHING CHARACTERISTICS 

tAo Access (Transition) Time +250 C 
Full 

tOPEN. Break-Before-Make Interval +250 C 

tON(EN). Enable Turn-On +250 C 

tOFF(EN). Enable Turn-Off +25 0 C 

tS. Settling Tme to 0.1% +250 C 
to 0.01% +250 C 

Off Isolation (Note 4) +250 C 

CS(O FF). Channel Input Capacitance +250 C 

COlO FF). Channel Output Capacitance +25 0 C 

CA. Digital Input Capacitance +250 C 

COS(OFF). Input to Output Capacitance +250 C 

POWER REQUIREMENTS 

1+. Positive Supply Current (Note 5) Full 

1-. Negative Supply Current (Note 5) 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 cpnditions 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 Schematic!' Typical leakage is less 
than InA at 250 C. 

1)) Ie MASTER 1983 

m 
(Note 1) 

40V Power Dissipation * 750mW 
(Derate 8mW/oe above TA = +750 e) 

20V Operating Temperature Ranges: 
20V H 1-508/509-2,-8 -550 e to +1250 e 

H 1-508/509-5, -6 ooe to 70 0 e 
H 1-508/509-1 -550 e to +200 0 e 

+4V 
-4V Storage Temperature Range -650 e to +150 0 e 

+2V 
-2V * Package Limitation 

Unless otherwise specified: Supplies = ± 15V, G N D = OV 

H 1-50B/H 1-509-2 H 1-50B/H 1-509-5 
-550 C to + 1250 C OOC to +700 C 

MIN TYP MAX MIN TYP MAX UNITS TRUTH TABLES 

-15 +15 -15 +15 V 

lBO 300 lBO 400 n 
230 400 230 500 n HI-50B 
5 5 % 

10 10 nA 
50 50 nA "ON" 

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 5 1 5 nA H L L H 5 
5 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.B O.B V 

1 1 IlA 

220 500 220 1000 ns HI-509 
1000 ns 

70 70 ns 
"ON" 

210 210 ns Al AO EN CHANNEL 

lBO lBO ns X X L NONE 

360 360 ns L L H 1 
600 600 ns L H H 2 

6B 6B dB H L H 3 

5 5 pF H H H 4 

21 21 pF 

3 3 pF 

.OB .OB pF 

2 2 rnA 

1 1 rnA 

45 45 mW 

4. VEN = O.BV, Rl = lK. Cl = 15pF. Vs = 7VRMS. 
f = 500kHz. Worst case isolation occurs on channel 
4 (HI-50B) and channels 4. B (HI-509), due to 
proximity of the output pins. 

5. VEN = OV or 5V. All VA = O. 
6. If an overvoltage condition is anticipated (analog 

input exceeds either power supply voltage). the 
HAR RIS HI-50BA/S09A multiplexers are 
recommended. 
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m HARRIS HI-508A/509A 
8 Channel CMOS Analog 

Multiplexers with Overvoltage Protection 

FEATURES 

• ANALOG/DI GITAL OVERVO LTAGE PROTECTION 

• FAIL SAFE WITH POWER LOSS (NO LATCHUP) 

• BREAK-BEFORE-MAKE SWITCHING 

• DTUTTL AND CMOS COMPATIBLE 

• ANALOG SIGNAL RANGE 

• ACCESS TIM E (TYP.l 

• SUPPLY CURRENT AT 1MHz 
ADDRESS TOGGLE (TYP.) 

• STANDBY POWER (TYP.l 

APPllCA TIONS 

• DATA ACQUISITION 

• INDUSTRIAL CONTROLS 

• TELEMETRY 

PINOUT 

±15V 

500ns 

4mA 

7.5mW 

HI-50BA Section 11 for Packaging 
TOP VIEW 

AO 16 A1 

EN 15 A2 

-Vsup 14 GND 

IN1 4 13 +Vsup 

IN2 12 IN5 

IN3 11 IN6 

IN4 10 IN7 

OUT 9 IN8 

HI-509A Section 11 for Packaging 
TOP VIEW 

AO 16 A1 

EN 15 GND 

-V sup 3 14 +Vsup 

IN1A 4 13 IN1B 

IN2A 12 IN2B 

IN3A 6 11 IN3B 

IN4A IN4B 

OUTA 8 9 OUTB 

2656 

DESCRIPTION 

The HI-50SA 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 equipment. They can withstan'd 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 H 1-50SA-2 and H 1-509A-2 are specified over -550 C to 
+1250 C while the -5 versions are specified over OOC to +75 0 C. 

FUNCTIONAL DIAGRAM 

HI-50BA ,-----, r-----..., 
"0 

", 
DIGITAL 

ADORESS 

"I 

,.8 
AOQAESSINPUTBUFFEA DECODERS MUlTt'lEx 

AND lEVEl SHIFTER SWlTCHES 

HI-509A ,-----, r-----..., 
I 

"0 

" 
DIGITAL 
ADDRESS 

I L ____ .J L.. _____ .J 

AOORESStNPUTBUFfER MULTIPLEX 
ANOtEVHSHIFTEA SWITCHES 

© Ie MASTER 1983 



SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage between Supply Pins 

V+ to Ground 

VEN. VA. Digital Input Overvoltage: 

VA I VSupply(+) +4V 
VSupply (-) -4V 

Analog Input Overvoltage: 

40V 

20V 

Total Power 0 issipation* 

Operating Temperature: 

HI-50BA/HI-509A-2 
HI-50BA/H 1-509A-5 
Storage Temperature 

725 mW 

-55°C to + 125°C 
OOC to +75 0 C 

-65°C to +1500 C 

Vs I VSupply (+) +20V 
VSupply (-) -20V *Derate BmW/oC above tA = 75°C 

ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified) 
Supplies = +15V. -15V; V AH (Logic Level High) = +4.0V; VAL (Logic Level Low) = +O.BV 
For Test Conditions. consult Performance Characterisitcs section. 

H 1-50BA/509A-2 

-55°C to +125 0 C 

H 1-50BA/509A-5 

OOC to +750 C 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP MAX. 

ANALOG CHANNEL CHARACTERISTICS 

*VS. Analog Signal Range Full -15 +15 

1.5 
loB 

* RON. On Resistance (Note 1) +250 C 1.2 
Full 1.5 

* IS(OFF). Off Input Leakage Current +25 0 C 0.03 
Full 

* ID(OFF). Off Output Leakage Current +250 C 
HI-50BA Full 

HI-509A Full 

* 10(0 FF) with Input Overvoltage Applied (Note 2) +250 C 
Full 

*ID(ON). On Channel Leakage Current +250 C 
HI-50BA Full 
HI-509A 

DIGITAL INPUT CHARACTERISTICS 

VA L. Input Low Threshold I 
V AH. Input High Threshold 

(Note 6) 

* IA. 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%) 

"OFF Isolation" (Note 3) 

Cs (OFF). Channel Input Capacitance 

CD (OFF). Channel Output Capacitance 

CA. 0 igital I nput Capacitance 

HI-50BA 
HI-509A 

CDS (OFF). Input to Output Capacitance 

POWER REOUIREMENTS 

PD. Power Dissipation 

*1+. Current (Note 4) 

*1-. Current (Note 4) 

*1+. Standby (Note 5) 

* 1-. Standby (Note 5) 

Full 
Full 

Full 

+250 C 

+250 C 

+250 C 

+250 C 

+25 0 C 
+250 C 

+25 0 C 

+250 C 

+250 C 
+250 C 

+25 0 C 

+25 0 C 

Full 

Full 

Full 
Full 

Full 

NOTES: 1. VOUT = ~ 10V. IOUT= -100PA 

2. Analog Overvoltage = :: 33V 

4.0 

1.0 

4.0 

0.1 

0.5 

BO 

300 

300 

1.2 
3.5 

65 

5 

25 
12 

5 

0.1 

7.5 

!50 

±250 

I 1.125 

2.0 

~250 
1.125 

O.B 

1.0 

1.0 

0.5 2.0 

0.02 1.0 
0.5 2.0 

0.02 1.0 

4. VEN = +4.0V 

5. VEN = 0.8V 

-15 

4.0 

+15 

1.5 loB 
I.B 2.0 

0.03 

1.0 

4.0 

0.1 

0.5 

BO 

300 

300 

1.2 
3.5 

65 

5 

25 

12 

5 

0.1 

7.5 

!50 

!250 
1. 125 

!250 
1.125 

O.B 

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 
pA 

nA 

nA 
nA 

V 
V 

pA 

ps 

ns 

ns 

ns 

ps 
/1s 

dB 

pF 

pF 
pF 

pF 

pF 

rnW 

rnA 

rnA 
mA 

mA 

3. VEN = O.8V. RL = 1 K. C L = 7pF. 

Vs = 3V RMS. f = 500KHz 

6. To drive from DTL/TTL Circuits. 1 Kf2 pull-up 

resistors to +5.0V supply are recommended 

• 100% Tested for Dash 8 at +25 0 C and +1250 C Only. 

:§) Ie MASTER 1983 

TRUTH TABLES 

HI-508A 

"ON" 
A2 Al AO EN CHANNEL 

x X 

l l 

l l 

l H 
l H 
H l 
H l 
H H 
H H 

X l 
l H 
H H 

l H 
H H 
l H 
H H 

l H 
H H 

NONE 

1 

2 
3 

4 
5 

6 

7 
8 

HI-509A 

ON 
SWITCH 

Al AO EN PAIR 

X X l NONE 

l l H 1 

l H H 

H l H 

H H H 

2 

3 

4 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS m 
UN LESS OTH ERWISE SPECI FlED: TA = .250 C, VSUPPL Y = +15V, VAH = +4V, VAL = O.BV 

~100JlA 

V2 

TEST CIRCUIT 
RON = 100,llA ... v2 ~ ON RESISTANCE vs. 

NO.1 INPUT SIGNAL LEVEL, SUPPL Y VOLTAGE 
----0 

IN 
" " ~ ~ 

OUT - --0 
VIN 

-
ON RESISTANCE NORMALIZED ON RESISTANCE 

VS. ANALOG INPUT VOLTAGE VS. SUPPLY VOLTAGE 
1.4 

I --- I I 

1.3 TA - +1250C ~ ~ 1.5 
+1250C ~T A ~-550C _ 

I 
VIN =+5V 

G 1.2 ~ ~ 1.4 
.... 

:.:: .---- ';;; +1 .......... 

"'" ~ 1.1 ~ :;; 1.3 
TA=+250C c: '" '"' ~ 1.0 --- 0": 1.2 

.;;; 
T A = -55°C 

~> 

" ~ 0.9 
.~ 0 

1.1 "<0-
........... 

c3 0.8 ~.~ r-.-
z~ 1.0 

~ 0.9 

0.8 
-10 -8 -6 -4 -2 0 2 4 6 8 10 ±5 ±6 ±7 :t8 :t9 :tl0 :tIl :t12 :t13 :t14 :t15 

VIN - Analog Input (Volts) Supply Voltage - Volts 

LEAKAGE CURRENT VS. TEMPERATURE 
TEST CIRCUIT TEST CIRCUIT 

lOOnA 
NO.3* NO. 2* 

I 
./ 

I ./ 
OFF OUTPUT ~~ 1"> EN f--o+O.8V 

I- LEAKAGE CURREN~, £ OUT . 

'SlO"'~ 10 (OFF) 
~ 

~ O--~~IO'" 
OUT 

10nA 

! I :t10V-=- ~ 

./ ./ 
:t10V--'- 1 EN --Q+O.8V 

'/ ON LEAKAGE LL -=- .. ,0V 

L CURRENT // l T ..l. +10V 

'InA /' 10(ON~ / \ 

TEST CIRCUIT 
*Two measurements per channel: I I NO.4* 

./ +10V/-10V and -10V/+10V . 
)rI' L ~ OFF INPUT (Two measurements per device for IO(OFF): 

./ / LEAKAGE CURRENt +10V/-10V and -10V/+10V.) 
100pA 

IS(oFF) 

.rl 

I OUT 
I 

1/ 
~ 

,.... 
EN r- A IO(ON) 

~ :t10V 
10pA +10V-=-

.I. 25° 50° 75° 100° 125° T ( 
Temperature _oC +4V 

ANALOG INPUT OVER\lOLTAGE CHARACTERISTICS ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

118 I--~ I 
5. ~ J ,,""'" ~ 15 TEST CI RCUIT 

i 12 
81 ANALOG INPUT /~ ./ NO.5 liN 

~ 
10 (OFF) 

4 .... :t--CURRENT (l1~""" V !!2 A A .= 9 3·::: 0 

~ 6 2.~1 L~ .,.",."'" - :tVIN ~ < 1'~ I ~~ OUTPUT OFF -- : J -
~3 LEAKAGE CURRENT- ~ 

0 ~r7 10(OFF) 

:tI5 :t18 :t21 ±24 ±27 ±30 ±33 ±36 
VIN - Analog Input Overvoltage (Volts) 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) 

ON CHANNEL CURRENT vs. VOLTAGE 
± 14 ~--r----r---.--.---r--"---:::oJIII""_-::-:55:r;o7'1C 

~ ± 121----+--+---+---t---t----:::rtf1C-~'t-+~25:no:-::iC 

~ ±10 

U ±BI----+--+---+--~~~~+--T_~ 

B ±61----+--+--~~III"'F_-_t_-+--+_~ 
.~ 

V;±4I----+--",II!Oo§oI'r:;.;---t--_t_-+--+_~ 

c:( 

E 

±21--~~-+---+---t--4--+---+_~ 

±6 ±B ±10 ±12 
VIN - Voltage Across Switch 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 
B~--r----r----r---~--' 

~6 
::l 
u 

j4 
en 

I 

z'2~--~--~--~~~~~-~ 

lK 10K lOOK 1M 10M 
Toggle Frequency, Hz 

ACCESS TIME vs. LOGIC LEVEL (HIGH) 

900 

-= BOO 

E 700 i= 

'" 600 u 

.it. 
I 500 
~ 

400 

\ , 
" ............ 

5 6 B 9 10 11 12 13 14 15 

V AH -Logic Level (High), Volts 

SWITCHING WAVEFORMS 

V AH = 4.0 ADDRESS 

~
DRIVE(VA) 

YZV AH VAL = O'V 

I -

+~ OUTPUT A 

: ~-10V 
I I 

_I 'A 1-

§) Ie MASTER 1983 

TEST CIRCUIT 
NO.6 

TEST CIRCUIT 
NO.7 

Al 

AO 

50n EN 

I
VAH=4V 

VA VAL = O.8V 
50"0 DUTY CYCLE 

'SIMILAR CONNECTION FOR HI-509A 

TEST CIRCUIT 
NO.8 

HI-50BA 

ON CHANNEL CURRENT 

vs. VOLTAGE 

SUPPLY CUR RENT vs. 
TOGGLE FREQUENCY 

IN 2 ...-.---<:J--, 
THRU 

IN 1 

ACCESS TIME vs. 

LOGIC LEVEL(HIGH) 

~10V 

IN 2 THRU IN 7 

AO HI-50BA IN 8 'lOV 
PROBE 

EN 
OUT 

----..., 
I 
1 
I 
I 
I 

- I 
• SIMILAR CONNECTION FOR HI-509A 

L ____ .J 

ACCESS TIME 

I 
I---+---+ V A INPUT ~-+--+-t-+--+--'r---1 

2V/DIV. 

I T 
I---+---+~\~_+--+- OUTPUT A -.f+--" --+---i 

Sy/DIVj J 

200ns/Div. 
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SWITCHING WAVEFORMS (continued) 

V AH = 4.0 

~ADDRESS 
OV~ ~VE(VA) 

~
OUTPUT 

50% 50% 

I I 

---+l t+-
'OPEN 

ENABLE DRIVE 

V AH 040 

"vti'- ---t 
I ~VA-L--~O-V-
I I 
I 90o~rl ...... -+I-.... l OUTPUT 

(' ~ 
I 

~ 'ONIENI I+-- I 'OFF I 
1 '1 -I lEN) I+--

SCHEMATIC DIAGRAMS 

TEST CIRCUIT 
NO.9 

BREAK BEFORE MAKE DELAY (tOPEN) 

A] IN I 

IN 2 
THRU 

IN 7 

IN 8 

OUT 

·SIMILAR CONNECTION FOR HI-509A 

TEST CI RCUIT 
NO.10 

IK 

ENABLE DELAY (tON(EN), tOFF(EN)) 

IN I +IOV 

A] *HI-50SA IN 2 
AI THRU 
AD IN 8 

EN 
OUT 

GND 

50!] tK 

• SIMILAR CONNECTION FOR HI-509A 

TTL REFERENCE CIRCUIT r------- ---, 
I V+ I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 

I I L __ G,!!D ______ ....J 

LEVEL SHIFTER 

·W 

VOUT 

1].5pF 

BREAK BEFORE MAKE DELAY (tOPEN) 

VA I~PUT 
2V/DIV. 

l I( 
OUTPUT \ I 

1\ J 
.5V/DIV. , I 

V ~ 
IW 

100ns/Div. 

ENABLE DELAY (tON(EN), tOFF(EN)) 

J 1 
ENABLE 
DRIVE , 2V/DIV. 

r OUTPUT \ 5V/DIV. , 
100nslDlv . 

ADDRESS INPUT BUFFER 
AND LEVEL SHI FTER 

LEVEL 
SHIFTED 
ADDRESS 
TO DECODE 

LEVEL 
.--+----1-~ SH I FTED 

I 

ADDRESS 
TO DECODE 

'" '-

GND I L ___________________________________ .J 
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SCHEMATIC DIAGRAMS (continued) 

+V 

V-

TO P-CHANNEL 
OEVICE OF 

ADDRESS DECODER 

THE SWITCH PAl R 

TO N-CHANNEL 
OEVICE OF 
THE SWITCH PAl R 

MULTIPLEX SWITCH 

DE;~g~~>------------------.------------------~-. 
OVERVOL TAGE PROTECTION 
r--------

V. 

R 11 

IN 
1K 

V-

L __________ _____ ~ 

OE~~~~>>---------------------~------------~ 

© Ie MASTER 1983 2661 
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PACKAGING 

.018 ± .003 
(.457 ~ .076) 

.100 TYP. 
(2.54) 

TOP VIEW 

± .3811 (.254 ~ .076) 

~~:::::: :1 
.760 + .010 

1----- (19.30 + .254) ------i 

.018~.003 .100TYP. 
(4.57 ~ .076) (2.54) 

.060 TYP. 
(1.52) 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions ::!:.O1O (::!:O.25mm) unless otherwise shown. 

TOP VIEW 

.01O~ .002 
(.254 ±. .0511 

ORDERING INFORMATION 

MODEL NUMBER OPERATING TEMPERATURE RANGE 

H 11-508/509-1 -550 C to +200 0 C 

H 11-508/509-2 -550 C to +1250 C 

H 11-508/509-5 OOC to +70 0 C 

H 11-508/509-6 OOC to +700 C 

H 11-508/509-8 -550 C to +1250 C 

SALES OFFICES 

1503 SO. COAST DRIVE SUITE 115 SUITE 273 
SU ITE 320 2020 WEST McNAB ROAD 555 BROAD HOLLOW ROAD 
COST A MESA, CA. 92626 FT. LAUDERDALE, FL. 33309 MELVILLE, N.Y. 11747 
(714) 540-2176 (305) 971-3200 (516) 249-4500 

SUITE 300 415WEST GOLF ROAD SU ITE 206 
625 ELLIS STREET SUITE 19 5250 FAR HJLLS AVE. 
MOUNTAIN VIEW, CA. 94043 ARLINGTON HEIGHTS, IL. 60005 KETTERING, OH. 45429 
(415) 964-6443 (312) 437-4712 (513) 433-5770 

SU ITE 227 SUITE301 SUITE325 
21243 VENTURA BLVD. 177 WORCESTER STREET 650 E. SWEOESFOnD ROAD 
WOODLAND HILLS, CA. 91364 WELLESLEY HILLS, MA. 02181 WAYNE, PA. 19087 
(213) 992-0686 (617) 237-5430 (215) 687 -6680 

PRODUCT DESCRIPTION 

Hi-Temp (Includes 160 hours Burn-In) 

Military 

Commercial 

Unpackaged Cll-ips 

Scre.ened per M I L-STD-883/5004/ 
Class B 

17120 DALLAS PARKWAY 
DALLAS. TX. 75248 
(214) 934-4237 

33919 NINTH AVE. SOUTH 
FEDERAL WAY, WA. 98003 
(20b) 838-4878 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

NOTICE: Harris Semiconductor's products are sold/by description only. Harris Semiconductor reserves 
the right to make changes in circuit design and/or specifications atany time without notice. Accordingly, 
the reader is cautioned to verify that data sheets are current before placing orders. 
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m HARRIS 

FEATURES 

• ACCESS TIME (TYP) 

• SETTLING TIME (Typ TO 0.01%) 

• LOW LEAKAGE IS OFF 

10 OFF 

• LOW CAPACITANCE Cs OFF 

CD OFF 

• HIGH OFF ISOLATION AT lMHz 

• LOW CHARGE INJECTION 

• SINGLE ENDED TO DIFFERENTIAL· 
SELECTABLE (SDS) 

• LOGIC LEVEL SELECTABLE (LLS) 

APPLICA TIONS 

• DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• INDUSTRIAL CONTROL 

PINOUT 

lOOns 

800ns 

lOpA 

35pA 

2.5pF 

18pF 

80dB 

0.3pC 

Section 11 for Packaging 

TOP VIEW 

V+ 28 OUT A 

OUT B 27 V-

NC 26 IN8/SA 

IN16/8B 4 25 IN7/7A 

IN15/7B 24 IN6/6A 

IN 14/6B 23 IN5/5A 

IN13/5B 22 IN4/4A 

IN12/4B 21 IN3/3A 

IN11/3B 20 IN2/2A 

IN10/2B 10 19 IN1/1A 

IN911B 11 18 ENABLE 

GND 12 17 AO 

VDD/LLS 13 16 A1 

A3/SDS 14 15 A2 

© Ie MASTER 1983 

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 an 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 HI-516-2 over -550 C 
to + 1250 C. Processing to M I L-STD-883A, Class B screening is available 
by selecting the H 1-516-8. 

FUNCTIONAL DIAGRAM 

A3 Decode 

A3 Q Q 

H H L 

L L H 

v- L L 

VOO/LLS 

'r------
I 
I 

EN>+---------4~ 

Ao>-t---------~-+-I 

A1 >-+-------.-+-1_+_1 
A2>-t-------~HH_+_I 

A3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I I 
I I I L __________ ~ ____ ~ 

INPUT BUFFER ANO DECODERS MULTIPLEXER 
SWITCHES 

IN 1A 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 
Digital I np ut Overvoltage: 

TTL 

CMOS 

-6V < V AH < +6V 
A2 VSUPPL Y (-) 

VSUPPL Y(+) 
GNO 

Analog Input Voltage: 

{ 
VSUPPL Y(+) 

Vs VSUPPL yH 

Voltage Between Supply Pins 33V 
Total Power Oissipation* 1200mW 

-2V Operating Temperature Ranges: 

+2V HI-516-2 -550C to,+1250C 
-2V H 1-516-5 OOC to 750C 

Storage Temperature Range -650C to 1500C 
+2V *Oerate 8mW/oC above tA 750C 
-2V 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies=+15V,-15V;VAH (Logic Level High) =+2.4V, 
VAL (Logic Level Low) = +O.8V; Voo/LLS = Open (Note 6) 

2664 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 

VS, Analog Signal Range 
RON, On Resistance (Note 1) 

IS (0 FF), Off Input Leakage Current 

IO(OFF), Off Output Leakage Current 

IO(ON), On Channel Leakage Current 

DIGITAL INPUT CHARACTERISTICS 

V AL Input Low Threshold (TTL) 
V AH Input High Threshold (TTL) 
VAH Input Low Threshold (CMOS) 
VAH 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 Delay (IN) . 
tOFF(EN), Enable Delay (OFF) 

Settling Time (0.1%) 
(0.01%) 

Charge Injection (N ote 2) 
Off Isolation (Note 3) 
CS(O F F), Channel Input Ca.pacitance 
CO(OFF), Channel Output Capacitance 
CA, Digital Input Capacitance 
COS(OFF), Input to Output Capacitance 
POWER REQUIREMENTS 

PO, Power Dissipation 
1+, Current (Note 4) 
1-, Current (Note 4) 
1+, Standby (Note 5) 
1-, Standby (Note 5) 

NOTES: 

1. VIN=±'10V,IOUT=-100IlA 
2. VIN = OV, CL = 100pF, Enable input 

pulse = 3V, f = 500k Hz 

3. VEN = O.BV, Vs = 3VRMS, f = 500kHz, 
CL = 40pF, R L = 1 k, 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 
+250C 
+250C 
+250C 
+250C 
+250C 

Full 
Full 
Full 
Full 
Full 

-550C to +1250C 00Cto+750C 

MIN TYP MAX MIN TYP 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 

0.3V OO 0.3V OO V 

0.7V OO 0.7VOO V 
0.05 1 0.05 1 JJA 

4 25 4 25 JJA 

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 mA 
17.5 25 17.5 30 mA 
17.0 25 17.0 30 mA 
17.0 25 17.0 30 mA 

4. VEN = +2.4V 

5. VEN = O.BV 

6. VOO/LLS Pin = Open or Grounded for TTL CompatibilitY 

VOO/LLS Pin = VOO for CMOS Compatibility 
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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 A1 AO OUT A OUT B 

L X X X X NONE NONE 

H L L L L 1A 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 2B 

H H L H L NONE 3B 

H H L H H NONE 4B 

H H H L L NONE 5B 

H H H L H NONE 6B 

H H H H L NONE 7B 

H H H H H NONE 8B 

• For 16-Channel single-ended function, tie 'out A' to 

'out B', for dual8-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 1983 

HI-516 USED ASA DIFFERENTIAL 

8-CHANNEL MULTIPLEXER 

A3 CONNECT TO V- SUPPL Y ON CHANNEL TO 

ENABLE A2 A1 AO OUT A OUT B 

L X X X NONE NONE 

H L L L 1A 1B 

H L L H 2A 2B 

H L H L 3A 3B 

H L H H 4A 4B 

H H L L 5A 5B 

H H L H 6A 6B 

H H H L 7A 7B 

H H H H 8A 8B 
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m HARRIS 

FEATURES 

• ACCESS TIM E (TYP) 

• SETTLING TIME (0.1%) 

• LOW LEAKAGE IS !OFF) 
10 (OFF) 

• LOW CAPACITANCE (TYP) Cs (OFF) 

CD (OFF) 

• HIGH OFF ISOLATION @ (1MHz) 

• SINGLE ENDED TO 

DIFFERENTIAL MODE SELECTABLE (SDS) 

• LOGIC LEVEL SELECTABLE (LLS) 

• LOW CHARGE INJECTION 

APPLICATIONS 

• DATA ACQUISITION SYSTEMS 

• INDUSTRIAL CONTROLS 

• TELEMETRY 

PINOUT 

80ns 

250ns 

50pA 

100pA 

2pF 

10pF 

75dB 

O.3pC 

Section 11 for Packaging 

TOP VIEW 

+V 

OUT B 

INS/4B 

IN 7/3B 

IN 6/2B 

IN 5/1B 

GND 

VDD/LLS 

A2ISDS 

2666 

HI-518 
8 Channel/Differential 

4 Channel CMOS High Speed 
Analog Multiplexer 

DESCRIPTION 

The HI-518 is a monolithic, high performance, high speed Analog 
Multiplexer, constructed utilizing the Harris Dielectrically 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 CM OS compatibility is also selectable. Low leakage current, 
10 off < 100pA @ 25 0 C, and fast settling, 250ns to O.1%,charac
teristics of this device make it an ideal choice for high speed data 
acquisition systems, precision instrumentation and industrial process 
controls. 

The H 1-518 is available in an 18 lead 0 ual-in-Line Package. The 
H 1-518-5 is specified for operation over OOC to + 750 C, and the 
HI-518-2 over -550 C to +1250 C. Processing toMIL-STD-883A 
Class B screening is available by selecting the H 1-518-8. 

FUNCTIONAL DIAGRAM 

VDDfllS 

r----
I 
I 
I 

EN >---+----~_H DECODER 

Ao >--+-------1...-t-i--i 

A1 >---+---~-+-t-H 

A2 

A2 DECODE 

DECODER 

IN1A 

I IN 1B 

I 
I I 
I I L ___________ --L- ______ ~ 

INPUT BUFFER AND DECODERS MULTIPLEXER SWITCHES 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Digital Input Overvoltage: 

TTL {-6V < VAH < +6V 
A2 VSUPPL Y (-) 

CMOS { VSUPPL Y(+) 
GND 

Analog I nput Voltage: 

{ 
VSUPPL y(+) 

Vs VSUPPLY(~ 

ELECTRICAL CHARACTERISTICS 

PARAMETER 

ANALOG CHANNEL 
CHARACTE R ISTICS 

Vs Analog Signal Range 

RON On Resistance (Note 1) 

IS (OFF) Off Input 
Leakage Current 

ID (OFF) Off Output 
Leakage Current 

ID (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 (N ote 3) 

Cs (0 F F) Channel I nput Capacitance 

CD (0 FF) Channel 
Output Capacitance 

CA, Digital Input Capacitance 

CDS (OFF) Inputto Output 
Capacitance 

POWER REQUIREMENTS 

PD, Power Dissipation 

1+, Current (N ote 4) 

1-, Current (Note 4) 

1+, Standby (Note 5) 

1-, Standby (Note 5) 
NOTES: 

1. VIN=±10V,IOUT=-100j1A 
2. VIN = OV, CL = 100pF, Enable 

Input pulse = 3V, f = 500kHz. 

© Ie MASTER 1983 

Voltage Between Supply Pins 33V 
Total Power 0 issipation* 725mW 

-2V Operating Temperatu re Ranges: 

+2V HI-518-2 -550 C to +1250 C 
-2V HI-518-5 DoC to 750 C 

Storage Temperature Range -650 C to 1500 C 
+2V *Derate 8mW/oC above tA 750 C 
-2V 

(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 +15 -15 

+250C 480 750 
Full 700 1000 

+25 0 C 0.05 
Full 0.60 50 

+25 0C 0.10 
Full 0.30 50 

+250 C 0.10 
Full 0.30 50 

Full 0.8 

Full 2.4 2.4 

Full 0.3VDD 

Full O.7VDD O.7VDD 

Full 0.05 1 

Full 4 20 

+250C 80 125 
Full 110 150 

+25 0C 20 

+250C 80 150 

+25 0C 60 125 

+25 0C 250 

+250C 800 

+250C 0.3 

+250C 86 

+25 0C 1.9 

+250C 10 

+250C 3 

+250C 0.02 

Full 360 450 

Full 12 15 

Full 12 15 

Full 11.5 15 

Full 11.5 15 

3. VEN = .O.8V, Vs =3VRMS, f = 500kHz, 
CL = 40pF, RL = 1 k. Due to the pin 
to pin capacitance between IN 8/4B 
(Pin 3) and Out B (Pin 2) channel 
8/4B exhibits GOdB of Off Isolation 
under the above test conditions. 

TYP MAX UNITS 

+15 V 

480 750 n 
700 1000 n 
0.05 nA 
0.60 50 nA 

0.10 nA 
0.30 50 nA 

0.10 nA 
0.30 50 nA 

0.8 V 

V 

0.3VDD V 

V 

0.05 1 pA 

4 20 pA 

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 

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. VDD/LLS Pin = Open or ground

ed for TTL compatibility. 
VDD/LLS Pin = VDD for CMOS 
compatibility. 
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TRUTH TABLES 

2668 

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 OUT B 

L X X NONE NONE 
H L L 1A 1B 
H L H 2A 2B 
H H L 3A 3B 
H H H 4A 4B 
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m HARRIS 

FEATURES 

• CROSSTALK (10MHz) 

• FAST ACCESS TIME 

• FAST SETTLING TIME (0.01%) 

• TTL COMPATIBLE 

APPllCA TIONS 

WIDEBAND SWITCHING 

o RADAR 

• TV VIDEO 

• ECM 

PINOUT 

> 60dB 

150ns 

600ns 

Section 11 for Packaging 

+V 

OUT 

SIG GND 

SIG GND 

IN 4 

SIG GND 

IN 3 

PWR GND 

A1 

© Ie MASTER 1983 

TOP VIEW 

FB (IN) 

-V 
FB (OUT) . 

SIG GND 

IN 2 

SIG GND 

IN 1 

EN 

AO 

4 Channel 
Video Multiplexer 

DESCRIPTION 

The H 1-524 is a four channel CMOS 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 Isolation (DI) processing 
helps to insure that Crosstalk exceeds 60dB at 10MHz. 

The H 1-524 is designed to operate into a wideband buffer amplifier 
such as the HA R R IS HA-5190. 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 1-524 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± 15V supplies . 

The performance levels available are: H 11-524-2, -55 0 C to +1250 C 
operating range; HI1-524-5, OOC to +750 C operating range and 
H 11-524-8, -550 C to +1250 C operating range plus 100% screening 
per M I L-STD-883/Method 5004/Class B. Chips for hybrid applications 
are designated H 10-524-6. 

FUNCTIONAL DIAGRAM 

12 

SIG GNO >---+-_---1 
IN 2 

16 
FBIOUT) 

SIG GNO >---+-----1 
IN 3 o--~~-<OUTPUT 

TRUTH TABLE 

ON 

A1 AO EN CHANNEL 
SIG G NO >--+-----' 

IN 4 

SIG GNO >--+------1 

SIG GNO 

-15V PWR +15V EN AO Al 
GNO 

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: 

-6V < VAH < +6V 

Analog Input (VS) or Output (Va) 
+VSUPPl y +2V 
-VSUPPl Y -2V 

Voltage Between Supply Pins 
Either Supply to Ground 
Total Power 0 issipation 
Operating Temperature Range: 

HI-524-2,-B 
HI-524-5 

Storage Temperature Range 

33V 
16.5V 

750mW 

-550e to +1250 e 
ooe to 750 e 

-650 e to 1500 e 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies=+15V,-15V;VAH (logic level High) =+2.4V, 
VAL = (logic level low) =+O.BV;VEN =+2.4V 

PARAMETER 

Analog Channel Characteristics 

VS, Analog Signal Range 
RON, On Resistance (Note 1) 

IS (0 F F), Off I nput Leakage Current (N ote 2) 

ID (OFF), Off Output Leakage Current (Note 2) 

ID (ON), On Channel Leakage Current (Note 2) 

3dB Bandwidth: (Note 3) 

Digital I nput Characteristics 

VAL Input Low Threshold (TTL) 
VAH Input High Threshold (TTL) 
IAH Input Leakage Current (High) 
IAL Current (Low) 

Switching Characteristics 

tA, Access Time (Note 4) 

tOPEN, Break before make delay (Note 4) 
tON (EN), Enable Delay (ON), Rl = 500n 
tOFF (EN), Enable Delay (OFF), RL = 500n 
Settling Time (0.1%) (Note 4) 

(0.01%) 
Crosstalk (Note 5) 
CS (0 F F), Channel I nput Capacitance 
CD (OFF), Channel Output Capacitance 
CA, Digital I nput Capacitance 

Power Requirements 

PD, Power Dissipation 
1+, Current (V EN = 2.4V) (Note 6) 
1-, Current (VEN = 2.4V) (Note 6) 
1+, Standby (V EN = 0.8V) (Note 6) 
1-, Standby (VEN = 0.8V) (Note 6) 

1. VIN = OV; lOUT = 100 A 
(See Test Circuit;C;e 1) 

2. VO=±'10V;VS=+10V 
(See Test Circuits =# 2,3,4) 

3. MUX output is buffered with HA-S190 as 
shown in Applications section. 

4. (See Test Circuit.it 5) 

TEMP 

Full 
+250 C 

Full 
+250 C 

Full 
+250C 

Full 
+250C 

Full 
Full 

Full 
Full 
Full 
Full 

+250C 
Full 

+250C 
+250C 
+250 C 
+250C 
+250C 
+250 C 
+250 C 
+250 C 
+250C 

Full 
Full 
Full 
Full 
Full 

HI-524-2,-8 H 1-524-5 
-550C to +1250 C 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 5 

540 540 
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.) M U X output is 
buffered with HA-S190 as shown in Applications 
section. Terminate all channels with 7Sr2. . 

6. Supply currents vary less than O.SmA for switching 
rates from DC to 2MHz. 

UNITS 

V 
n 
n 
nA 
nA 
nA 
nA 
nA 
nA 
MHz 

V 
V 

IJA 
IJA 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
dB 
pF 
pF 
pF 

mW 
rnA 
rnA 
rnA 
rnA 

m 
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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 100pA 

---V2---

IN 
f--o 

OUT 
~ 

... j .. r--o 
'"tIN 
~ 

RON=~ 
100pA 

TEST CIRCUIT NO. 2* 

EN f----o +O.8V 

TEST CIRCUIT NO. 3* 

ISIOFFI~ 
:':10V-=-

~ 

"'--f--O""~ ,... 

.....--+-o~ ~ 

OUT 

J ~ EN f---o+0.8V 

TEST CIRCUIT NO.4 * 

,..... 

,... OUT 
~ ,... .. 

,..... 
EN I- A ID(ON) 

AO Al 

+10V-=-

b b 
~ ±10V 

T ..I. 
+2.4V 

© Ie MASTER 1983 

ON RESISTANCE VS. ANALOG 
INPUT VOLTAGE 

1,000 

~ 
RON (n) 

900 - TA = +12SoC 

800 ~ --. TA = +2SoC 
700 

600 

~ SOO - TA = -SSoc 

400 +---.---.----.---r-.----r----,---.--r---1 
.. 10V -8V -6V -4V -2V OV 2V 4V 6V 8V 10V 

VIN (VOLTS) 

ON RESISTANCE VS. SUPPLY VOLTAGE 
l,OOO'r--------------------, 

900 

RON (n) 

800 

TA = +2SOC 
VIN = OV 

700+---r----,--,-~-._~_,-._-,--._~~ 

9.0 9.S 10.0 10.S 11.0 11.S 12.0 12.5 13.013.5 14.0 14.S 15.0 
(VOLTS) 

LEAKAGE CURRENT 

*Two measurements per channel: 
+10V/-10V and -10V/+10V. 
(Two measurements per device for IO(OFF): 
+10V/-10V and -10V/+10V.) 

LEAKAGE CURRENT 
VS. TEMPERATURE 

3~-4---+--4---+---~~~~~ 
~/L 

2 f----+---+------+----+

V
---t7""-----t--7"/ ---I 

IDO~/ / 

~:3 ~=+===t:=/-:;;2.~==t=::::;/;(===+==::::j 
LEAKAGE 0.8 ,/ / 

CURRENT g.~ ~-+--;;;£./-+--+---V-/-+--+----1 
(nA) O:Sf----7""!-V---+----- / 

0.4 /" / 

// 
0.3 f----+---+/----:,.q----+----t---t----1 

IS OFF 

0.2 /V lOT 
0.1 L-..L...!:0-------:'-::25:---=S~0 ---='7:::-S----:1,::-00::----:1:-':-2S::---:-:!lS0 

TEMP (OC) 
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PERFORMANCE CHARACTERISTICS AND, TEST CIRCUITS (Continued) 

2672 

TEST CIRCUIT NO.5 

SETTLING TIME 
ACCESS TIME 

BREAK-BEFORE-MAKE DELAY 

HI-524 

±3V 0-- -0-0-
HA-5190 

""'-. 
OUTPUT 

">--.--....--0 
+ 

~ { 
+3V '--~--- - L--I---------' 

AO Al EN 

JlJo-"," __ 1.--. L---__ f'lO. +5V 

VA 

(USE DIFFERENTIAL COMPARATOR 
PLUG-IN ON SCOPE FOR SETTLING 
TIME MEASUREMENT.) 

_--------- - - - VAH = 2.4V . r AODRESS DRIVE (VA) 

1.6V 7"-
- - - - - - - - - - - - - VAL = OV 

+3V 

------
HA-S190 
OUTPUT 

, 

, 
1-.-- ACCESS TIME, tA 

I--- SETTLING TIME, ts 
OV- r-

~ 

~ 2.4V- I-
A 

I :;. 

V t ±O.l% OF F/S 
(OR ±O.Ol%) 

ACCESS TIME 

\. I~ 

-3V 

\. I lV/em 
" ,1. I " ,J "" 

''''I'''' ""I"'\I""~ I II '/ II II 

SOns/em . 
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APPLICATIONS 

o Often it is desirable to buffer the H 1-524 output, to avoid 
loading errors due to the channel "ON" resistance: 

HI-524 

CH 1 0--.-=-=+-

earlier, the 524 includes a feedback element for the amplifier 
which matches and tracks the channel "ON" resistance. 

o Note that the on-chip feedback element between pins 16 and 18 
includes two switches in series, to simulate a channel resistance. 
These switches open for VEN = Low. This allows two or more 

HA-5190 HI-524's to operate into one HA-5190, with their feedback 

BUFFERED 
OUTPUT 

CH 3 ()--o-....:....J--

CH4 ()-....... ~~ 

• APPROXIMATELY 10pF SHOULD REMOVE ANY LOW LEVEL 

INSTABILITY AT THE OUTPUT. 

o The main requirement for the buffer amplifier is a full power 
bandwidth high enough to avoid attenuation of the video 
signal. The HARRIS HA-5190 is well suited for this purpose; 
in fact the H 1-524 was designed to be compatible with the 
5190. This 524/5190 combination offers a 3dB bandwidth of 
at least 20M Hz, for a 3V peak-to-peak input. As mentioned 

© Ie MASTER 1 gS3 

elements connected in parallel. Thus, only the selected multi
plexer provides feedback, and the amplifier remains stable. 

o All HI-524 package pins labeled 'SIG GND' (pins 3, 4,6,13, 
15) should be externally connected to signal ground for best 
Crosstal k performance. 

o Bypass capacitors (0.1 to 1.0p F) are recommended from each 
HI-524 supply pin to power ground (pins 1 and 17 to pin 8). 
Locate the buffer amplifier near the H 1-524 so the two ca
pacitors may bypass both devices. 

o If an analog input lV or greater is present when supplies are 
off, a low resistance is seen from that input to a supply line. 
(For example, the resistance is approximately 160n for an 
input of -3V.) Current flow may be blocked by a diode in 
each supply line, or limited by a resistor in series with each 
channel. The best solution, of course, is to arrange that no 
digital or analog inputs ~re present when the power supplies 

are off. 
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mI HARRIS HI-539 
. Monolithic, Four Channel, 

Low Level, Differential Multiplexer 

FEATURES 

• DIFFERENTIAL PERFORMANCE, TYP.: 
• LOW ~RON, +1250 C 
• LOW ~ID(ON), +1250 C 
• LOW ~(CHARGE INJECTION) 
• LOW CROSSTALK 

• SETTLIN G TIME, ±.0.01% 

5.5[2 
0.6nA 
O.lpC 

-120dB 

900ns 

• WIDE SUPPLY RANGE ±5VTO±18V 

• BREAK-BEFORE-MAKE SWITCHING 

• NO LATCH-UP 

APPllCA TIONS . 

• LOW LEVEL DATA ACQUISITION 

• PRECISION INSTRUMENTATION 

• TEST SYSTEMS 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

AO-1 16 r-- A1 

EN-2 15 r-- GND 

-Vps- 3 14 r-- +Vps 

IN1A-4 13 r-- IN1B 

IN2A- 5 12 r-- IN2B 

IN3A- 6 11 r-- IN3B 

IN4A- 7 10 r-- IN4B 

OUTA- 8 9r-- OUT B 

2674 

DESCRIPTION 

The Harris H 1-539 is a monolithic, 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. 

In most monolithic multiplexers, 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----' ,----.., 
I I I 

I I 
I I 

iJ 1 1 

I 

I 
I I 
I 

I I 

DIGITAL {AO-+-,...D 
ADDRESS ,~L __ ""!"-+---+~-t..----' 

Al ! I v~+-t-I"'---+--4 

I r---I~ 

I I 
I 
I I 
I I 
I 
I I 
I I I 

I 4 \. 
I EN_---II---4~-L~ 

L ____ J L ____ -' 
ADDRESS INPUT 

BUFFER AND 
LEVEL SHIFTER 

DECODERS 

r------, 
I /IN lA 

IO~! OUTA 
(TO 3 
OTHER 

~ 
I SWITCHES) 
I 
I OUTB 

y¢~ 
I (TO 3 

I OTHER 

I 
SWITCHES) 

I 
I /IN lB 

I 
I J SAME IN4A 

AS I 
I I ABOVE I 

IN4B 
L ______ J 

MULTIPLEX 
SWITCH PAIRS 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between Supply Pins (V ps+, Vps-l 

Voltage from either Supply to Ground 

40V 

20V 

Analog Input Voltage, Vs 

Digital Input Voltage, VA 

Storage Temperature Range 

Vps- ~ Vs ~ Vps+ 

V ps- ~ V A ~ V ps+ 

-650 C to +1500C 

Internal Power Dissipation (Derate 
8mW/oC above +750C ambient) 

Operating Temperature Range 
H 1-539-2, -8 
HI-539-4 
HI-539-5 

725mW 

-550C to +1250C 
-250C to +850C 

OOC to +750 C 

E lECTR ICAl CHARACTER ISTICS (Unless otherwise specified) Supplies = ±. 15V, VEN = +4.0V, 

PARAMETER 

ANALoGCHANNELCHARA~ 

VS. Analog Signal Range 

RON. On Resistance VIN = OV 
VIN = ± 10V 
VIN = OV 
VIN = ~ 10V 

..lRoN [SideA-SideBI 

VIN = OV 
VIN =! 10V 
VIN=OV 
VIN=±10V 

IS(OFFI. Off Input Leakage Current 
(Note 1l 

Condition OV 
Condition: 10V 
Conultiun OV 

Condition ~ 10V 

..lIS(oFFl. [Side A - Side BJ 
Cundition OV 
Condition ~ 10V 
Condition OV 
Condition ~ 10V 

10(OFFl. Off Output Leakage Current 
(Note II 

Condition OV 
Condition ~ 10V 
Condition OV 
Condition: 10V 

. ..llo(OFFl. [Side A - Side BJ I 

Condition OV 
Condition ~ 10V 
Condition OV 
Condition :t. 10V 

10(oNl. On Channel Leakage Current 
(Note II 

Condition OV 
Condition ± 10V 

Condition OV 
Condition ± 10V 

..llo(oNl [Side A - Side BI 
Condition OV 
Condition: 10V 
Condition OV 
Condition : 10V 

..lVoS. Differential Offset Voltage 

© Ie MASTER 1983 

VAH (Logic Level High) =+4.0V, VAL (Logic Level Low) =+O.8V. 
See the Performance Characteristics Section for test circuits and conditions. 
Selected parameters are defined in the Definitions Section. 

HI-539-2. -8 HI-539-4. -5 

TEMP TYP MAX (MINI TYP MAX (MINI UNITS 

Full (-10)/+10 (-10)/+10 V 

+25 0 C 650 850 650 850 n 
+25 0 C 700 900 700 900 n 

Full 950 1.3K 800 lK n 
Full 1.1 k l.4k 900 1.1k S 2 

+25 0 C 4.0 24 4.0 24 H 
+25 0 C 4.5 27 4.5 27 n 

Full 4.75 28 4.0 24 ~ 2 
Full 5.5 33 4.5 27 n 

+25 0 C 30 200 30 200 pA 

+25 0 C 100 100 pA 
Full 2 10 0.2 1 nA 

Full 5 25 0.5 2.5 nA 

+25 0 C 3 100 3 100 pA 

+25 0 C 10 10 pA 

Full 0.2 2 0.02 0.2 nA 
Full 0.5 5 0.05 0.5 nA 

+25 0 C 30 200 30 200 pA 

+25 0 C 100 100 pA 

Full 2 10 0.2 1 nA 
Full 5 25 0.5 2.5 nA 

+25 0 C 3 100 3 100 pA 

+25 0 C 10 10 pA 

Full 0.2 2 0.02 0.2 nA 
Full 0.5 5 0.05 0.5 nA 

+25 0 C 50 200 50 200 pA 

+25 0 C 150 150 pA 

Full 5 25 0.5 2.5 nA 
Full 6 40 0.8 4.0 nA 

+25 0 C 10 100 10 100 pA 

+25 0 C 30 30 pA 
Full 0.5 5 0.05 0.5 nA 
Full 0.6 6 0.08 0.8 nA 

+25 0 C 0.02 0.04 0.02 0.04 p.V 
Full 0.70 10 0.08 1.0 fJV 
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SPECIFICATIONS (Continued) 

2676 

PARAMETER TEMP 

DIGITAL INPUT CHARACTERISTICS 

V AL I nput Low Threshold Full 

V AH, Input High Threshold Full 

IAH, Input Leakage Current (High) Full 

IAL, Input Leakage Current (Low) Full 

SWITCHING CHARACTERISTICS 

T A, Access Time +250 C 
Full 

T open, Break-Before-Make Delay +250 C 
Full 

TON(EN), Enable Delay On +25 0 C 
Full 

TOFF(EN), Enable Delay Off +25 0 C 
Full 

Settling Time, to ±.0.01% +25 0 C 

Charge Injection (Output) Full 

...l Charge Injection (Output) Full 

Charge I njection (I nput) Full 

Differential Crosstalk (Note 3) +25 0 C 

Single Ended Crostalk (Note 3) +25 0 C 

CS(o F F), C~annel I nput Capacitance Full 

CO(OFF), Channel Output Capacitance Full 

CO(oN), Channel On Output Capacitance Full 

CDS, Input to Output Capacitance (Note 4) Full 

CA, Digital Input Capacitance Full 

POWER REQUIREMENTS 

PO, Power Dissipation +25 0 C 
Full 

1+ Current +25 0 C 
Full 

1- Current +25 0 C 
Full 

:t V, Supply Voltage Range Full 

,NOTES 

1. See Test Circuits :tf2, 3, 4. The condition ±. 10V means: 

IS(OFF) and ID(OFF): (VS = +10V, VD "-10V), then 
(VS" -10V, VD" +10V) 

IO(oN) : (+10V, then -10V) 

2. ~ Vas (Exclusive of thermocouple effects) " 

RON ...lID(oN) + ID(oN) ~~ON. 

HI-539-2, -8 HI-539-4, -5 

TYP 

250 
450 

85 

250 

160 

0.9 

3 

0.1 

10 

124 

100 

5 

7 

17 

0.08 

3 

2.5 

0.150 

0.001 

:t15 

MAX (MIN) TYP MAX (MIN) UNITS 

0.8 0.8 V 

(4.0) (4.0) V 

1 1 !J.A 

1 1 !J.A 

750 250 750 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 
900 900 ns 

0.9 J1s 

3 pC 

0.1 pC 

10 pC 

124 dB 

100 dB 

5 pF 

7 pF 

17 pF 

0.08 pF 

3 pF 

2.5 mW 
45 45 mW 

0.150 mA 

2.0 2.0 mA 

0.001 mA 
1.0 1.0 mA 

(:':. 5)1 :':. 18 :':. 15 (~ 5)1 ~ 18 V 

See Applications section for discussion of additional VOS 
error. 

3. VIN" 1 kHz, 15Vp_p on all but the selected channel. See 
Test Circuit.:tt 9. 

4. Calculated from typical Single-Ended Crosstalk performance. 

© Ie MASTER 1983 



m HARRIS 

FEATURES 

• OUTPUT CU R RENT 2mA, F.S. 

• MONOLITHIC CONSTRUCTION 

• EXTREMELY FAST SETTLING 300ns TO 0.01% (TYP.) 

• LOWGAINORIFT 

• EXCEL LENT LI NEAR ITY 

• OESIGNED FOR MINIMUM GLITCHES 

• MONOTONIC OVER TEMPERATURE 

±10ppm/oC (MAX.) 

±1I2 LSB (MAX.) 

• 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 

TOP VIEW 
Section 11 for Packaging 

Vps+ 1 -~ ~24 BIT 1 (MSB) IN 

LOGfcMSOEs~g~ 2-

* VREF (LO IN) 3-

N/C 4-

VREF (HI IN) 5-

Vps- 6-

BIPOLAR R IN 7-

BIPOLAR ROUT 8-

IOAC OUT 9-

10V SPAN R 10-

20V SPAN R 11-

* GNO 12-

~23 

-22 

-21 

-20 

HI-562A f--19 

~18 

~17 

f--16 

f--15 

~14 

~13 
'--------' 

BIT 21N 

BIT 31N 

BIT 41N 

BIT 51N 

BIT 61N 

BIT 7 IN 

BIT 81N 

BIT 91N 

BIT 10 IN 

BIT 111N 

BIT 12 (LSB) IN 

*Pin 3 connected to bottom case 
for high frequency shielding. 

© Ie MASTER 1983 

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-bit linearity to 
within ±112 LSB maximum at +250 C for -4 and -5 parts, and to 
within ±1/4 LSB maximum at +250 C for -2 and -8 parts. The H 1-
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 H 1-562A-5 is specified for operation over OoC to + 75 0 C, 
the HI-562A-4 over -250 C to +85 0 C and the HI-562A-2 and HI-
562A-8 over -550 C to + 1250 C. Processing M I L-STD-883A Class 
B screening is available by selecting the H 1-562A-8. All are 
available in a hermetically sealed 24-lead dual-in-line package. 

FUNCTIONAL DIAGRAM 

TTl/CMOS 
LOGIC 
LEVEL BIT liN BIT 121N 

GND V+ SELECT (MSBI 2 3 4 5 6 7 8 9 10 11 (lSB) 

" U ? ? ott!o,!",!"!,,,~",o!, Of 11 Sr. 
r-- -- .. - - r-- ---- ---- --:-t-~=~- l ~ 

VREF (HIINi 2K 2K 2K 2K 2K 2K 2K 2K 2K : I ~~ : LK. 

cv-=- U. J lK lK lK lK lK lK lK lK lK 11K L~~ 

~: ":U.I LILlI: I .. L L! .~I i I~ (.::~ 
4K B.75K B.75K B.75K a.75K 8.15K~.75K S.75K a.75K a.75K a.75K a.75K S.75Kls.75K S.75K----0 

3 20pF ---- - BIPOLAR 

VRH (LO IN) 6 R IN 

v-
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground)' 

Power Supply Inputs Vps+ +20V 
Vps- -20V 

Reference Inputs VREF (Hi) iVps 

Digital Inputs Bits 1-12 -lV, +12V 
CM OSITTL Logic Select -lV, +12V 

Outputs Pins 7, 8, 10, 11 iVps 
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 

-55 0 C to +1250 C 
-25 0 C to +85 0 C 

OOC to +750 C 
-55 0 C to + 1250 C 

-65 0 C to + 1500 C 

L-a ELECTRICAL CHARACTERISTICS (@+25 0 C, Vps+, = +5V, Vps- = -15V, VREF = +10V, pin 2 tied to pin 12 
t5 unless otherwise noted) 
::J 
"0 
C 
a 
o 
E 

PARAMETER 

Q) INPUT CHARACTERISTICS 
en 
en 

";:: 
L-
etS 
J: 

Digita!lnputs (3) 

1'0'"' v""" (2) 
logic "I" 
logic "0" 

TTl 
Input Current (2) 
logic "I" 
logic "0" 

1'"'"' V,,,," logic ''1'' 
logic "0" 

CMOS 
Input Current 
logic "I" 
logic "0" 

Reference Input 

I nput Resistance 
I nput Voltage 

CONDITIONS 

Bit ON "logic 1" 
Bit OFF "logic 0" 

Over full 
temp. range 

Pin 2 tied to Pin 12 

Connect pin 2 to pin I for 
Vps+~ 9.5V. Otherwise 

(for CMOS levels below 8V), 
connect pin 2 to pin 12. 

TRANSFER CHARACTERISTICS 

Resolution Over full temp. range 

@ +25 0C 
Nonlinearity (3) Over full temp. range 

Differential @ +250 C 
Nonlinearity (3) Over full temp. range 

Relative Accuracy (6) With 50 n(I%) Trim Resistors 

Gain Error All Bits ON 
Bipolar Offset Error 
Unipolar Offset Error All Bits OFF 

Adjustment Range See 0 perating Instructions 

Gain With lOOnTrim 
Bipolar Offset Potentiometers 

Temperature Stability Drift specified with internal 
span resistors for voltage output 

Gain Drift (3) Over full 
Offset Drift (3) temp. range 

Unipolar Offset 
Bipolar Offset 

All Bits OFF 

Differential Nonlinearity Over full temp. range 

Settling Time (3) All Bits ON-to-OFF or 

to ±1/2 lSB OFF-to-ON 

2678 

H 1-562A-21H 1-562A-8 H 1-562A-4/H 1-562A-5 

MIN I TYP I MAX MIN I TYP I MAX UNITS 

2.0 2.0 V 
0.8 0.8 V 

20 100 20 100 nA 
-50 -100 -50 -100 /-lA 

0.7Vps+ 0.7Vps+ V 
0.3V ps+ 0.3Vps+ V 

20 100 20 100 nA 
-50 -100 -50 -100 /-lA 

20K 20K n 
+10 +10 V 

12 12 Bit~ 

11/4 :!:1/4 ±1/2 lSB 
±1/2 ::.1 ±1 

:!:1/4 :!:1I4 ±1/2 lSB 
MONOTONICITY GUARANTEED 

±.024 ±0.25 :!:.024 iO.25 
±.024 ±0.25 ±.024 iO.25 % FSR (4) 
±.012 ±0.05 ±.012 iO.05 

to 25 10.2~ % FSR 
±0.5 .:to.5 

:6 ..±.IO !IO ppm of 
FSR/oC 

±2 ±2 
±4 ±4 

±1 !2 ±2 ±2 

300 400 300 400 ns 
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SPECIFICA TIONS (continued) 

H 1-562A-2/H 1-562A-8 

PARAMETER CONDITIONS MIN TYP MAX 

Major Carry Transient 
Peak Amplitude From 011...1 to 100 ... 0 0.7 
Settling Time to or 100 ... 0 to 011. .. 1 

90% Complete 35 

Power Supply Sensitivity (3) 

Unipolar Offset All Bits OFF 
Vps+@+5V :to.5 
Vps-@-15V ±0.5 

Bipolar Offset 
Vps+@ 5V All Bits OFF, Bipolar mode i1.5 
Vps-@-15V i1.5 

Gain 
Vps+@+5V All Bits ON ±3.5 
Vps- @ -15V !7.5 

OUTPUT CHARACTERISTICS 

Output Current 

Unipolar -2.0 
Bipolar !1.0 

Resistance 2K 

Capacitance 20 

Output Voltage Ranges 
Unipolar Using external op amp o to +5 

and internal scaling o to +10 
Bipolar resistors. See Figure 1 ±2.5 

and Table 1 for connections ±5 
il0 

Compliance Limit (3) -3 +10 

Compliance Voltage (3) Over full temp. range ±1.0 

0.1 to 10Hz (All Bits ON) 30 
Output Noise 0.1 to 5MHz (All Bits ON) 100 

POWER REQUIREMENTS 

Vps+ (7) Overfull 4.5 5 16.5 
Vps- temp. range -13.5 -15 -16.5 

Ips+ (5) All Bits ON or OFF in 8 15 
Ips- (5) either TTL or CMOS mode (250 C) 16 23 

Ips+ (5) Same as above except 11 20 
Ips- (5) over full temp. range 20 30 

Power Dissipation +250 C 280 420 
Vps+ = +5V 

Vps-=-15V 

© Ie MASTER'1983 

HI-562A-4/H 1-562A-5 

MIN TYP MAX 

0.7 

35 

±0.5 
:to.5 

i1.5 
i1.5 

±3.5 
:!:7.5 

-2.0 
:!:1.0 

2K 

20 

o to +5 
o to +10 

:t2.5 
±5 
il0 

-3 +10 

i1.0 

30 
100 

4.75 5 16.5 
-13.5 -15 -16.5 

8 15 
16 23 

11 20 

20 30 

UNITS 

mA 

ns 

ppm of 
FSR/% Vps 

mA 

ohms 

pF 

V 

V 

V 

IlV (p-p) 

V 

mA 

mA 

mW 
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;II HARRIS 

FEATURES 

• DAC AND REFERENCE ON A SINGLE CHIP 

• PIN COMPATIBLE WITH AD565A 

• VERY HIGH SPEED: SETTLES TO 1/2 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 RECONSTR UCTION 

• WAVEFORM SYNTHESIS 

PINOUT 

. TOP VIEW 

NC [ 1 24 

NC [ 2 23 

Vee [ 3 22 

REF OUT (+10VI [ 4 21 

REF GND [ 5 20 

REF IN [ 6 19 

-VEE [ 7 18 

BIPOLAR R IN [ 8 17 

IDAC OUT [ 9 16 

10V SPAN R [ 10 15 

20V SPAN R [ 11 14 

POWER GND [ 12 13 

2680 

25ppm/oC 

250mW 

P BIT 1 (MSBIIN 

P BIT 2 IN 

tJ BIT 3 IN 

P BIT 4 IN 

tl BIT 5 IN 

tJ BIT 61N 

P BIT 7 IN 

P BIT 8 IN 

P BIT 9 IN 

tl BIT 10 IN 

P BIT 111N 

tJ BIT 12 (LSBIIN 

HI-565A 
High Speed Monolithic 

Digital to Analog 
Converter with Reference 

DESCRIPTION 

The HI-565A is a fast, 12 bit current output, digital to analog 
converter. The monolithic chip includes a precision voltage refer
ence, thin-film 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 accur
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 curr~nts. 

HI-565A dice are laser trimmed for a maximum integral non
linearity error of ±1/4 LSB at +25 0 C. In addition, the low noise 
buried zener reference is trimmed both for absolute value and 
minimum temperature coefficient. 

The H 1-565A 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 is a 24 pin side-brazed ceramic DIP. Power requirement 
is 250mW, typical. 

FUNCTIONAL DIAGRAM 

REF OUT vee 

E' 
20 

BIP. OFF. 8 --020VSPAN 

+ ) 10V 
HI-565A 5K 

11 
- ~ 

IREF 
..-.....Q10V SPAN 

REF 
0.5mA I DAe 9.95K 5K 

I~ 19.95K ... J 9 
Jo.AA 10 OUT 

• 3.5K r (4X IREF 
2.5K • 5 

A AA -~",., XeODE) 
- I---' 

REF 3K 
... 

GND 

1,,1" 7 12 -= -= 
-VEE PWR MSB LSB 

GND 

© Ie MASTER 1983 



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 

OVto+18V 

OV to -18V 

··3Vto+12V 

-lVto+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 (0) 
Plastic (N) 

1000mW 
750mW 

*Absolute maximum ratings are limiting values beyond which the serviceability of the circuit may be impaired. 

ELECTRICAL CHARACTERISTICS (TA = +250 C, VCC = +15V, VEE = -15V, Unless Otherwise Specified) 

HI-565AJ, HI-565AS HI-565AK, HI-565AT 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS (Note 1) (Pins 13 to 24) 

TTL or 5V CMOS (TMIN to TMAX) 
Input Voltage 

Bit ON Logic ''1'' +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic "0" +0.8 +0.8 V 

Logic Current (Each Bit) ! 

Bit ON Logic "1" .01 +1.0 .01 +1.0 J1A 
Bit OFF Logic "0" -2.0 '-20 -2.0 -20 J1A 

RESOLUTION 12 12 Bits 

OUTPUT 

Current Unipolar (All Bits On) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 rnA 
Bipolar (All Bits on or Off) ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 rnA 

Resistance (Exclusive of Span Resistors) 1.8k 2.5k 3.2k 1.8k 2.5k 3.2k n 
Offset Unipolar 0.01 0.05 0.01 0.05 % of F.S. 

Bipolar (Figure 5, R2 = 
50n Fixed) 0.05 0.15 0.05 0.1 % of F.S. 

Capacitance 20 20 pF 

Compliance Voltage, TMIN to TMAX -1.5 +10 -1.5 +10 V 

ACCURACY (Error Relative to 
Full Scale) 

+25 0 C ±1/4 ±1/2 ±1/8 ±1/4 LSB 
(0.006) (0.012) (0.003') (0.006) % of F.S . 

TMIN to TMAX .±1/2 .±3/4 ±1/4 ±1/2 LSB 
(0.012) (0.018) (0.006) (0.012) % OF F.S. 

DIFFERENTIAL NONLINEARITY 

+250 C .: 1/2 ±3/4 ±1/4 ±112 LSB 

TMIN to TMAX MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 

With Internal Reference 
Unipolar Zero 1 2 1 2 ppm/oC 
Bipolar Zero 5 10 5 10 ppm/oC 
Gain (Full Scale) 15 40 10 25 ppm/oC 
Differential Nonlinearity 2 2 ppm/oC 

SETTLING TIME TO 1/2 LSB 

With High.Z External Load (Note 2) 350 500 350 500 ns 
With 75 n External Load 150 250 150 250 ns 
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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 
Input) 

Rise Time 15 30 15 
Fall Time 30 50 30 

TEMPERATURE RANGE 

Operating (H 1-565AJ/K) 0 +75 0 
(H 1-565AS/T) -55 +125 -55 

Storage 
D Package (All) -65 +150 -65 
N Package (J, K) -25 +150 -25 

POWER REQUIREMENTS 

VCC, +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) 

\ICC = +11.4 to +16.5 VDC 3 10 3 

VEE = -11.4 to -16.5 VDC 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 

EXTERNAL ADJUSTMENTS 

Gain Error with Fixed 50 n Resistor 
for R2 (Figure 1) ±0.1 :to.25 ±0.1 

Bipolar Zero Error with Fixed 50S ~ 
Resistor for R3 (Figure 2) '±0.05 . :to.15 ±0.05 

Gain Adjustment Range (Figure 1) . ±O 25 ±0.25 
Bipolar Zero Adjustment Range ±0.15 ±0.15 

REFERENCE INPUT 

I nput 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 Supply Gain Sensitivity is tested in reference to a Vee, VEE of ±15V. 

2682 

MAX UNITS 

30 ns 
50 ns 

+75 oC 
+125 oC 

+150 oC 
+150 oC 

10.5 mA 
-14.5 mA 

10 ppm of 
F.S./% 

25 ppm of 
F.S./% 

V 
V 
V 
V 
V 

±0.25 % of F.S. 

±0.1 % of F.S. 
% of F.S. 
%ofF.S. 

25K 

10.10 V 
mA 

375 mW 
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mJ HARRIS 

Preliminary 

FEATURES 

• MONOLITHIC CONSTRUCTION 

HI-5610 
10 Bit High Speed Monolithic 

Digital-to-Analog Converter 

A PPlICA TIONS 

• CRT DISPLAY GENERATION 

• EXTREMELY FAST SETTLING ............... 85ns TO %LSB TYP. • HIGH SPEED A/D CONVERTERS 

• LOW GAIN DRIFT .......................... ±5ppm/oC TYP. • VIDEO SIGNAL RECONSTRUCTION 

• EXCELLENT LINEARITY OVER TEMPERATURE ....... ± %LSB 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'± %LSB 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 HI-5610 is recommended as a replacement for high cost hybrid 
and modular units for increased reliability and accuracy in applica
tions such as CRT DisplaY~/lprecision 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 A/D 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. 

i 

The HI-5610-5. is specified for operation over DoC to +75 0 C, the 
HI-5610-2 and HI-5610-8 over -550 C to +1250 C. Processing to 
M I L-STD-883A class B screening is available by selecting the 
HI-5610-8. All are available in a hermetically sealed 24 lead dual-

r in-line package. 

PINOUT FUNCTIONAL DIAGRAM 
Section 11 for Packaging 

TOP VIEW 
Vps+ 

CMOS/TTL 
LOGIC SElECT 

* VREF (LO IN) 

NC 

VREF (HI IN) 

.. Vps

BIPOLAR R IN 

BIPOLAR ROUT 

IOAC OUT 

SPAN R 

SPAN R 

* GNO 

1-~f-24 
2- f- 23 

3- i- 22 

4- -21 

5- - 20 

6- -19 

7- -18 

8- f-17 

9- '-16 

10- -15 

11...., -14 

12-1 -13 

BIT 1 (MSB) IN 

BIT 21N 
BIT 31N 

BIT 41N 

BIT 51N 

BIT 61N 

BIT 7 IN 

BIT 81N 

BIT 9 IN 

BIT 10 IN 

NC 

COMPo CAP ** 

• Pin 3 connected to bottom case for high 
frequency shielding . 

•• For high speed operation, connect 0.01 JiF 
between Pin 13 and GND. Otherwise, 
leave Pin 13 open. 
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VREF (HI IN) 

~ 
7.975K 2K 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) 1 

Power Supply Inputs Vps+ +20V 
Vps- -20V 

Reference Inpl'ts VREF(Hil ± Vps 
VREF(Lo) OV 

Digital Inputs Bits 1 - 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-5610-5 
HI-5610-8 

Storage Temperature Range 

1000mW 

-550 C to +1250 C 
OOC to +750 C 

-550 C to +1250 C 

-650 C to +1500 C 

ELECTRICAL CHARACTERISTICS (@+25 0 C,Vps+,=+5V, Vps-= -15V, VREF = +10V, pin 2 ground 
unless otherwise noted) 

HI-5610-2 
HI-561O-8 HI-5610-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs (2) 

TTL Logic I nput Voltage (3) 
Logic "1" Full 2.0 2.0 V 
Logic "0" Full 0.8 0.8 V 

Input Current 
Logic "1" Full 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 IlA 

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 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 IlA 

Reference Inout 
Input Resistance 8K 8K n 
Input Voltage (lOUT = 5mA + 20%) +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Full 10 10 Bits 

Nonlinearity (5) 250 C ±.Yz .±Yz LSB 

Differential Nonlinearity (5) 250 C ±'Yz ±.Yz LSB 

Relative Accuracy (6) 
Gain Error (9) 

(Input Code 11.. .. 1) ±. 0.05 .± 0.05 % FSR 
Unipolar Offset Error 

(Input Code 00 .... 0) ±0.05 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 ±. 0.25 % FSR 
Bipolar Offset ,±0.25 iO.25 % FSR 

Temperature Stability 
Gain Drift Full .±5 i5 ppm/OC 
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 YzLSB (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) 

PARAMETER TEMP MIN TYP 

Power Supply Sensitivity (5) 

Vps+ = +5V, Vps- = -13.5V to -16.5V 
Gain 

(I nput Code 11.. .. 1) 
Unipolar Offset 

(Input Code 00 .... 0) .± 0.5 
Bipolar Offset 

(I nput Code 00 .... 0) ± 1.5 

V ps- = -15V, V PS+ = 4.5V to 5.5V 
Gain 

(Input Code 11.. .. 1) 
Unipolar Offset 

(I nput Code 00 .... 0) ±0.5 
Bipolar Offset 

(I nput Code 00 .... 0) ± 1.5 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar -5.0 
Bipolar ±.?5 

Output Resistance 200 

Output Capacitance 20 

Output Voltage Range (7) 

Unipolar +5 
+2.5 

Bipolar ±. 2.5 
± 1.25 

Output Compliance limit (5) -3 

Output Compliance Voltage (5) Full ± 1.5 

Output Noise Voltage (8) 
0.lHztol00Hz 10 
O.lHz to lMHz 100 

POWER RE'QUIREMENTS 

Vps+ (4) Full 4.5 5 

Vps- Full -13.5 -15 

Ips+ (All l's or all O's in 25 0 C 9 
(10) either TTL or CMOS Mode) Full 20 

Ips- (Same as above) 25 0 C 25 
( 10) Full 30 

© Ie MASTER 1983 

MAX MIN TYP 

±2 

±0.5 

±.1.5 

±1 

±.0.5 

±. 1.5 

-5.0 
±'2.5 

200 

20 

+5 
+2.5 
±.2.5 
± 1.25 

+10 -3 

± 1.5 

10 
100 

16.5 4.75 5 

I -16.5 -13.5 -15 

9 
20 

25 
30 

MAX 

±'2 

±1 

, 

+10 

16.5 

-16.5 

UNITS 

ppm of 
FSR/%Vps 

rnA 
rnA 

n 

pF 

V 
V 
V 
V 

V 

V 

J.l Vp-p 
J.l.Vp-p 

V 

V 

rnA 
rnA 

rnA 
rnA 
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mHARRIS 

FEATURES 

• VERY FAST SETTLING CURRENT OUTPUT 65ns 

• MINIMUM NONLINEARITY ERROR 
HI-5618A 
HI-5618B 

±. 1/4 LSB MAX 
.±. 1/2 LSB MAX 

• LOW POWER OPERATION 

• ON-CHIP RESISTORS FOR GAIN AND 
BIPOLAR OFFSEt 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• CMOS, TTL, OR DTL COMPATIBLE 

APPLICATIONS 

• HIGH SPEED PROCESS CONTROL 

• CRT DISPLAY GENERATION 

• HIGH SPEED A/D CONVERSION 

• WAVEFORM SYNTHESIS 

• HIGH RELIABILITY APPLICATIONS 

• VIDEO SIGNAL RECONSTRUCTION 

PINOUT 

340mW TYP 

Section 11 for Packaging 

2686 

+Vps 

CMOS/TTL

VREF HIGH 

-Vps 

BIPOLAR RIN 

lOUT 

10VOLTSPAN 

20 VOLT SPAN 

GND 

TOP VIEW 

BIT 1 MSB 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT 7 

BIT8LSB 

VREF LOW 

H 1-5 618A/5 618 B 
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 H 1-5618A has ±. 1/4 LSB 
maximum nonlinearity error at +250 C, with ±3/8 LSB guaranteed over the full 
operating temperature range. 

The H 1-5618A1B are recommended ,for any application requiring high speed 
and accurate conversions. They can be used in CRT displays 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 HI-5618B-5 are specified for operation from OOC to 
+750 C. The "-2" versions are specified from -550 C to +125 0 C. "Dash 8" 
(-8) designates parts which have been screened per M I L-STD-883, 
Method 5004/Class B. 

Power requirements are +5V and -15V. Package is an 18 pin DIP, in plastic 
or ceramic. 

FUNCTIONAL DIAGRAM 

VREF (HI IN) 

CMOS/TTL BIT 
GND Vps+ SELECT 

9 1 2 

7.900K 

VREF 
(LO IN) 

(LSB) 
8 

SPAN R (20V) 

8 
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SPEC IFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) (1) 

Power Supply Inputs Vps+ 

Vps-

Reference Inputs VREF (Hi) 

VREF (Lo) 

Digital Inputs Bits 1 - 8 

CM OSITTL Logic Select 

Outputs Pins 5, 7, B 
Pin 6 

+20V 
-20V 

±Vps 
OV 

-lV, +12V 

-lV, +12V 

± Vps 
+Vps, -2.5V 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-561BA/B-2 
H 1-561BA/B-5 
H 1-561BA/B-B 

Storage Temperature Range 

700mW 

-550 C to +1250 C 

OOC to +750 C 
-550 C to +1250 C 

-650C to 1500C 

ELECTRICAL CHARACTERISTICS (Vps+ = +5V; Vps- = -15V; VREF = +10V; Pin 2 to GND, unless otherwise noted) 

H 1-5618A/B-2 
H 1-5618A/B-8 H 1-5618A/B-5 

PARAMETER TEMP MIN I TYP I MAX MIN I- TYP I MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs (2) 
TTL Logic Input Current (3) Logic "1" Full 2.0 2.0 V 

Logic "0" Full 0.8 0.8 V 

Input Current Logic "1" Full 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 J1A 

CM OS Logic I nput Voltage (4) Logic"l" Full 0.7Vps+ O.7Vps+ V 
Logic "0" Full 0.3Vps+ 0.3Vps+ V 

CMOS Logic Input Current Logic "1" Full 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 J1A 

Reference Input 
I nput Resistance +250C 8k 8k n 
Input Voltage (lOUT = 5mA ± 20%) +250C +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Full 8 8 Bits 

Nonlinearity, Integral and HI-6518A 250 C ± 1/4 ± 1/4 LSB 
Differential Full ±3/8 ±3/8 LSB 

HI-5618B 250 C ± 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 :t. 1/8 .±. 1/8 LSB 
Bipolar Offset (Neg. Full Scale) 250 C .±.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 :t. 1/4 :!:. 1/4 LSB 

Settling Time (5) to 1/2 LSB 
High Impedance (11) (from all O's to all 1 's) +25 0C 65 75 65 75 ns 

or (from all l's to all O's) 

@ Ie MASTER 1983 2687 
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SPECIFICATIONS (Continued) 

PARAMETER TEMP 

TRANSFER CHARACTERISTICS (Continued) 

Glitch (5) - Major Carry Transition 
Duration +25 0 C 
Amplitude (See Fig. 4) +250 C 
Area +250 C 

Power Supply Sensitivity (5) 
Vps+=+5V, Vps-=-13Vto-16.5V . 

Gain (Input Code 11 ... 1) +250 C 
Unipolar Zero (I nput Code 00 ... 0) +250C 
Bipolar Offset (Input Code 00 ... 0) +25 0 C 

Vps- = -15V, Vps+ = 4.5V to 5.5V 
Gain (Input Code 11 ... 1) +250C 
Unipolar Zero (I nput Code 00 ... 0) +250 C 
Bipolar Offset (Input Code 00 ... 0) +250 C 

OUTPUT CHARACTERISTICS 

Output Current Unipolar +250 C 
Bipolar +250 C 

Output Resistance +250 C 

Output Capacitance +250 C 

Output Voltage Range (7) Unipolar +250 C 
+250 C 

Bipolar +250 C 
+250 C 
+250 C 

Output Compliance Voltage (5) +250C 

Output Noise Voltage (S) O.lHz to 100Hz +250 C 
O.lHz to lMhz +250 C 

POWER REQUIREMENTS (4) 

Vps+ Full 

Vps- Full 

Ips+ (10) (All l's or all O's in either +250 C 
TTL or CMOS mode) (3,4) Full 

I ps- (10) (All l's or all O's in either +250 C 
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 HI-5618 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 V ps+ tolerance is ± 10% for H 1-5618A/B 
-2, -8; and ± 5% for H 1-5618A/B-5. 

4. For CMOS compatibilitY connect digital power supply 

(+4.5V ~ VDD ~ +10V) to pin 1 and short pin 2 to pin 1. 

5. See definitions. 

6. These errors may be adjusted to zero using external potentio-

2688 

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 ±5 
±0.5 ±0.5 ppm of 
± 1.5 .:!: 1.5 FSR/% Vps 

(9) 

±.5 :':5 
.:to.5 .:to.5 
± 1.5 ± 1.5 

-5 -5 rnA 
:':2.5 ±'2.5 rnA 

500 500 n 
20 20 pF 

+10 +10 V 
+5 +5 V 

±. 10 ±10 V 
±.5 ±5 V 

±. 2.5 ±'2.5 V 

.±. 1.5 ± 1.5 V 

30 30 pVp_p 
100 100 pVp_p 

4.5 5 15 4.75 5 15 V 

-13.5 -15 -16.5 -14.25 -15 -15.75 V 

9 9 rnA 
12 12 rnA 

19 19 rnA 
26 26 rnA 

meters R 1, R2, R3. R 1 and R2 each provide more than:': 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 100 n 
.:t 1% resistors, in place of R1 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. FSR is "Full Scale Range", Le., 20V for ± 10V range; 10V 

for:': 5V range, etc. Nominal full scale output current is 5mA. 

10. After 30 seconds warm-up. 

11. See Test Circuit, Figure 3. 

12. See Test Circuit, Figure 4. 
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m HARRIS 

FEATURES 

• DAC 80 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 
(SING LE CHIP) 

• FAST SETTLING 

• GUARANTEED MONOTONIC OOC to 75°C 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTO RS ON-CHIP 

• ON-BOARD REFERENCE 

o DIELECTRIC ISOLATION (01) PROCESSING 

o ±'12V POWER SUPPLY OPERATION 

APPLICA TIONS 

• 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 lOV RANGE 
BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 
BIT 10 VOUT 
BIT 11 -VS 

(LSB) BIT 12 LOG IC SUPPLY 

HI·5680V 
VOLTAGE OUTPUT 

Copyright ® Harris Corporation 1982 
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HI-5680 
12 Bit low Cost Monolithic 
Digital-to-Analog Converter 

DESCRIPTION 
The HI-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 HI-5680 the optimum 
choice for low cost, high reliability applications. 

!iarris' 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-5680V), or with a user supplied external amplifier (HI·56801). 

Internally, the HI·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 out· 
put models which are guaranteed over the WC to +75°C 
temperature 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 th.e 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 SUPPL Y 

HI·56801 
CURRENT OUTPUT 
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FUNCTIONAL DIAGRAM VOLTAGE OUTPUT 

17 16 24 21 22 13 
BIPOLAR RE F BIT 1 IN 

OFFSET +VS VL IMSBI 

Lj 
126K 

CONTROL 

142K 

AD~~~~o-- Vs 
23 

HI-5680V 

FUNCTIONAL DIAGRAM CURRENT OUTPUT 

17 16 24 21 22 13 

BIPOLAR REF BIT 1 IN 

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

Vs 

HI-56801 
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BIT 121N 

20 

- ---{) ~~~~~~K 

SCALING 
NETWORK 
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ABSOLUTE MAXIMUM RATINGS (1) 

Power Supply Inputs 

Reference 

Digital Inputs 

+Vs +20V 
-Vs -20V 
+VLOGIC +20V 

I nput (pin 16) 
Output drain 

Bits 1 to 12 

+Vs 
·2.5mA 

-lV to +12V 

ELECTRICAL SPECIFICATIONS 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI·568011V·5 

Storage Temperature Range 

(TA = +25 0 C, Vs =±15V, VLOGIC = +5V, PIN 16 CONNECTED TO PIN 24 UNLESS OTHERWISE SPECIFIED.) 

HI·56BOX 

PARAMETER CONDITIONS MIN TYP MAX 

DIGITAL INPUT (3) 

Resolution 12 
Logic Levels TTL Compatible 

Logic "1" at +1 pA +2 +5.5 
Logic "0" at -100 pA 0 +O.B 

ACCU RACY (3) 00 to +75 0 C 

Li nearity E rro r ±~ ±~ 
Differential lin. Error ±~ ±% 
Gain Error (2) ±0.1 ±0.3 
Offset Error (2) ±.05 ±0.15 
Monotonicitv GUARANTEED 

DRIFT(3} OOC to +750 C 
Total Bipolar Drift 

(Includes gain, offset 
and linearity drifts.) ±20 

Total Error OOC to +75 0 C 
Unipolar 2:.0B ±0.15 
Bipolar ±.06 ±.01 
Gain Including internal 

reference ±15 ±30 
Exclusive of internal 

reference ±5 ±7 
Unipolar Offset +1 +3 . 
Bipolar Offset ±5 :±10 

CONVE RSI ON SPEED (3) 

Voltage Models 
Settling time (3) to ±0.01% of FSR for 

FSR Change 
With 10K n Feedback 3 
With 5Kn Feedback 1.5 
For 1 LSB change 1.5 

Slew Rate 10 15 

Current Models 
Settling time (3) to ±0.01% of FSR for 

10 to lOOn load 
FSR Change 

300 
lKn load 1000 

ANALOG OUTPUT 

Voltage Models 
Output current ±5 
Output Resistance .05 
Short Circuit Duration to common continuous 

© Ie MASTER 1983 

1000mW 

UNITS 

Bits 

Volts 
Volts 

LSB 
LSB 
%FSR 
%FSR 

PPM/oC 

%FSR 
%FSR 

PPM/oC 

PPM/oC 
PPM/oC 
PPM/oC 

J1s 
J1s 
J1s 
VIps 

ns 
ns 

rnA 
n 
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SPECIFICATIONS (continued) 

PARAMETER CONDITIONS 

ANALOG OUTPUT 
Current Models 

Output Current 
Unipolar 
Bipolar 

Output Impedance 
Unipolar 
Bipolar 

Compliance (3) 

INTERNAL REFERENCE 
Output Voltage 
Output Impedance 
External Current 
Tempco of Drift 

POWER SUPPLY 
SENSITIVITY (3) 

+15V supply 
-15V supply 
+5V supply 

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. 
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HI-5680X 

MIN TYP MAX UNITS 

-2 mA 
±1 mA 

15 K.Q 
4.4 K.Q 

±2_5 V 

+6_174 +6_3 +6.426 V 
1.5 .Q 

+2_5 mA 
20 PPM/oC 

_002 %FSR 
_002 ~ 
_002 

+11.4 +15 ;f-16.5 V 
-11.4 -15 -16.5 V 
+ 4.5 + 5 +16.5 V 

8 16 mA 
-12 -24 mA 
4.5 9 mA 

4. FSR is "full scale range" and is 20V for ±lOV range, 10V 
for ±5V 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 +lOV not be used if the supply voltages are less than 
±12.5V. 
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DEFINITIONS OF SPECIFICATIONS 

DIGITAL INPUTS 

The H 1-5680 accepts digital input codes in co mplementary 
binary, complementary offset binary, and complementary 
two's complement binary_ 

ANALOG OUTPUT 

DIGITAL Complimentary Complimentary Complementary 
Offset Two's 

INPUT Binary Binary Complement* 

MSB LSB 
000 ... 000 + Full Scale + Full Scale - LSB 
100 ... 000 Mid Scale -1 LSB -1 LSB + Full Scale 
111...111 Zero - Full Scale Zero 
011...111 +% Full Scale Zero - Full Scale 

*Invert MSB with external inverter to obtain 
CTC Coding 

SETTLING TIME 

Settling time is the time required for the output to settle to 
within the specified error band for any input code· transition. 
It is usually specified for a full scale or major carry transition. 

DRIFT 

GAl NOR 1FT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale per °C (ppm of FSR/oC). Gain error is measured with 
respect to +25°C at high (TH) and low (TL) temperatures. 
Gain drift is calculated for both high (TH -25°C) and low 
ranges (+25°C-TL) by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

OFFSET 0 RI FT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per °C (ppm of FS RPC). Offset 
error is measured with respect to +25°C at high (TH) and low 
(TLl temperatures. Offset Drift is calculated for both high 
(TH -25°C) and low (+25°C - TLl 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. 

© Ie MASTER 1983 

ACCURACY 

NONLINEARITY - Nonlinearity of a D/A converter is an 
important measure of its accuracy. It describes the deviation 
an ideal straight line drawn between zero (all bits 0 FF) and full 
scale (all bits ON). 

DIFFERENTIAL NONLINEARITY. - For a D/A converter, it 
is the difference between the actual output voltage change and 
the ideal (1 LSB) voltage change for a one bit change in code. 
A Differential Nonlinearity of ±1 LSB or less guarantees mono
tonicity; i.e., the output always increases and never decreases 
for an increasing input. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the 0/ 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 FS R/%). 

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-O FF 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.) 
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OPERATING INSTRUCTIONS 

2694 

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. 

n 
( +Vps 

'.- ~ 
Vps+ 

,1,,1 

1/ 

0.01.,1 1\ 

:i~' II 
1\ 

Mil i;VPS 
.1,,1 

1\ l'zrl (----' ~ 1,,1 
A14 

b-; • ..., 
24 0---1----1-----, 

~~.J I 
HI·5680 20. • ~ _"'-.. I 

~5-' 1+ >-_J 
'"' 

[ 
16 21 -CURRENT OUTPUT 

MODELS ONLY 

'7 
FIGURE 1 ANALOG GROUND 

RE FE RENCE SUPPLY 

An internal 6.3Volt reference is provided on board all 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-5680. All gain adjustments 
should be made under constant load conditions. 
VOLTAGE OUTPUT HI-5680V 

RANGE CONNECTIONS 

Unipolar 

Bipolar 

Range 

o to +5V 
Oto+10V 

±,2.5V 
.±5V 
.±10V 

GAIN AND OFFSET CALIBRATION 

PIN 
15 

18 
18 

18 
18 
19 

~--.----------

Connect 

PIN PIN 
17 19 

21 20 
21 N.C 

20 20 
20 N.C 
20 15 

r-::;-r"J a- ~ ~.. .. :~ !~. r 
I ~~. ~J"1 i --L ~:~~.::" ... ' 

R'I~~r-ffi0",ROl rh ~ "j>-., '~-<> s 

, v'''' -L AM' ~.J J-.r+-o 
·s T . ~. \' ',; 

IDfttol00K!L 'V' 

UNIPO LAR CALIB RATION 
Step 1: Offset 

Turn all bits 0 F F (11...1) 
Adjust R2 for zero volts out 

Step 2: Gain 
Turn all bits 0 N (00 ... 0) 
Adjust R1 for,FS-1 LSB 
That Is: 

4.9987 for 0 to +5V range 
9.9976 for 0 to +10V range 

BIPO LAR CALIB RATION* 

Step 1: Offset 

Step 2: Gain 

Turn all bits OFF (11...1) 
Adjust R2 for Negative FS 
That Is: 

-10V for ± 10V range 
-'5V for ±5V range 
-2.5V for ±2.5 range 

Turn all bits 0 N (00 ... 0) 
Adjust R 1 for positive FS-1 LSB 
That Is: 

+9.995V for ± 1 OV range 
+4.9976V for ±5V range 
+2.4988V for ±2.5V range 

*Because the DAC transfer junction is theoretically a straight 
line, this allows only two degrees of freedom for adjustment. 
For optimum adjustment choose the end points fo r exact loca
tion. (Full scale negative and Full scale positive minus 1 LSB) 
this leaves an error at zero (half scale) which is no greater than 
the maximum integral nonlinearity of the device. 

CUR RENT OUTPUT HI-5680 I 

-vso--";~.vs 
20M. ~ 

CONNECTING AN EXTERNAL AMPLIFIER 

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 21 B 18* 19* 
o to +5V 21 B 15 N.C. 
.±10V 15 N.C. B N.C. 
±5V 15 B 18* 19* 

.±2.5V 15 B 15 N.C. 

After connecting as shown above, follow gain and offset calibra
tion procedures as outlined under the HI-5680V Voltage output 
section. 
• these connections help reduce stray capa:itance in the feedback loop. 

t R should be chosen toequa the output impedance of the DAC. This may 
be~lculated by Rb = RLADDER(2Kn,)IIRFEEDBACK. 
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PACKAGE DIMENSIONS 

f-E---~C 

--,-
LEAD DIM DIM DIM DIM DIM OIM DIM DIM DIM DIM DIM 

CDUN TAB C 0 E F G H LOS 

~o ~!10 030 100 120 01~ ------- --
ns 023 01~ llYQ 610 620 070 esc 200 075 098 

_~~ ______ .1 __ '----'---~...L __ __'___'_____'_____'____' 

ORDERING INFORMATION 

MODEL 

HI·5680V·5 

HI·56801·5 

© Ie . MASTER 1983 

CHIP PHOTO 

HI·5680X 

BIT 2 B~MSB 

BITJ--:1-~" 

BIT4-r-

BITS-I-

LASER y<,-
BEAM ,_,-. 
ALIGNMENT X --r-

DlT 6---1-

BIT7-f-

BITS-I
BIT9-~ 

6.JV REF OUT GAIN AOJUST 

\ 
•• • .. ·'-V+ 

(}

_ GND (COMMON) 

• V--.E JUNCTION 
• (VOLTAGE OUTPUT -V) 7 SCALING NETWORK 

~_...-- (CURRENT OUTPUT-I) 
t'- lOV RANGE 
"'" '(VOLTAGE OUTPUT -V) 

~SCALING NETWORK 

~~~ U(C~URRENT OUTPUT-I) 

l \ \1DV RANGE 

~ SCALING NETWORK ~
VOLTAGE OUTPUT -V) 

.1\ \ (CURRENT OUTPUT-I) 

BIT 10___ • I \~IPOLAR 

BIT 11 7~t!.-~"--=-1jF----'iF-------1'i"<-"'· v;:O:::::, 

BIT 12 LSB VLOGIC V+ VOUT 

INPUT CODE 
CODE 

Complementary Binary 

Complementary Binary 

OUTPUT 
MODE 

Voltage 

Current 
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m HARRIS HI-5685 
High Performance Monolithic 

12 Bit Digital-to-Analog Converter 

FEATURES 

• DAC 85 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 
(SINGLE CHIP) 

• FAST SETTLING 

• GUARANTEED MONOTONIC 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTO RS ON-CHIP 

o ON-BOARD 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 I 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 1982 
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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 (D I) 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-56851). 

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 -25°C to +85°C 
temperature range. All models include a buried zener reference 
featuring low temperature coefficient. I n 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 
±(11.4 V to 16.5V). 

The HI-5685A offers exceptionally low drift over temperature. 
Gain drift is a maximum ±10ppm/oC, over -25°C 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 

OFFSET 

~ 
14.2K 

GAIN 

ADJUST 

12.6K 

23 

22 13 
BIT liN 

HI-5685V 
HI-5685AV 

FUNCTIONAL DIAGRAM CURRENT OUTPUT 

17 

BIPOLAR 

OFFSET 

GAIN 

ADJUST 
23 
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16 24 

REF 

IN OUT 

21 22 13 

COMMON +VS VL 

BIT liN 

IMSBI 
---------

2 

HI-56851 
HI-5685AI 

-VS 

6 

0 

-VS 

BIT 121N 

10 '11 ILSBI 

o 

18 

20 

IOV 

SPAN R 

--0 ~~~~~K 
2K 19 SCALING 

NETWORK 

SCALING 
NETWORK 

lOUT 
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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 -IV to +12V 

ELECTRICAL SPECIFICATIONS 

Power Dissipation 
Pd, Package 

Operating Temperature Range 
HI-56851/V-4 
HI-5685AI/V-4 

Storage Temperature Range 

1000mW 

-25°C to +850 C 
-25°C to +85°C 

-65° to + 150°C 

(T A=+25°C, Vs = ±15V , VLOGIC = 5V, PIN 16 CONNECTED TO PIN 24 UNLESS OTHERWISE SPECIFIED) 

PARAMETER CONDITIONS HI-5685 

MIN TYP MAX UNITS 

DIGITAL INPUT (3) 

Resolution 12 Bits 
Logic Levels TTL Compatible 

Logic "1" at +1 pA +2 +5.5 V 
Logic "0" at -100 pA 0 +0.8 V 

Accuracy (3) 
Linearity Error at +250 C ±% LSB 

-25°C to +850 C ±% LSB 

Differential Lin. Error ±% LSB 
Gain Error (2) ±0.1 %FSR (4) 
Offset Error (2) ±0.05 %FSR 
Monotonicity GUARANTEED 

DRI FT (3) HI-5685 -25°C to +85 0 C 
Gain ±20 
Offset 

Unipolar ±1 PPM/oC 
Bipolar ±10 

DRI FT (3) HI-5685A -25°C to +850 C 
(Low Drift) 

Gain ±10 
Offset PPM/oC 

Unipolar ±1 
Bipolar ±5 

CONVERSION SPEED 
Voltage Models 

Settling Time (3) to ±0.01% of FSR for 
FSR Change 

With 10KnFeedback 3 ps 
With 5KnFeedback 1.5 IlS 
For 1 LSB Change 1.5 IlS 

Slew Rate 15 V/lls 

Current Models 
Settling Time (3) to ±0.01% of FSR for 

FSR Change 

10 to 100 nload 300 ns 
lKn load 1.0 IlS 
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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 Resistance 
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 1983 

HI-5685 

MIN TYP MAX UNITS 

±5 mA 
0.05 n 

-2 mA 
±1 rnA 

3.2 Kn 
6.65 Kn 

-2.5 +10 t V 

+6.174 +6.3 +6.426 V 
1.5 n 

+2.5 mA 
±10 ±20 PPM/oC 

.002 %FSR 
---:;w; 

.002 

.002 

+11.4 +15 +16.5 V 
-11.4 -15 -16.5 V 
+4.5 +5 +16.5 V 

8 16 mA 
-12 -24 mA 
4.5 9 mA 

4. FSR is "full scale range" and is 20V for ±10V range, 10V 
for ±5V range, etc., or 2mA (±20%) for current output. 

5. The HI-5685 will operate with supply voltages as low as 
± 11.4 V. It is recommended that output voltage range -10V 
to +1 OV not be used if the supply voltages are less than 
±12.5V. 
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m HARRIS 

FEATURES 

• DAC 87 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 
(SINGLE CHIPj 

• FAST SETTLING 

• GUARANTEED SPECIFICATIONS -55°C to 125°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 

• PRE CISlO N INSTRUMENTATION 

• CRT DISPLAY GENEHATION 

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 BIPO LAR 0 FFSET 

BIT 9 REF INPUT 
BIT 10 VOUT 
BIT 11 -VS 

(LSB) BIT 12 LOG IC SUPPLY 

HI·5687V 
VOLTAGE OUTPUT 

Copyright ® Harris Corporation 1982 
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HI-5687 
Wide Temperature Range 

Monolithic 12 Bit 
Oigital-to-Analog Converter 

DESCRIPTION 
The HI·5687 is a monolithic direct replacement for the popular 
DAC87 ·CB I wide temperature range d·to·a converter. Single 
chip construction, along with several design innovations make 
the HI·5687 the optimum choice for low cost, high reliability 
appl ications_ 

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·5687V), or with a user supplied external amplifier (HI·56871). 

Internally, 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 overthe -55°C to +125OC 
temperature 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 16.5V). 

Processing to MI L·STD·883A CLASS B is available_ 
See Ordering 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 

BIT 10 lOUT 
BIT 11 -VS 

(LSB) BIT 12 LOGIC SUPPLY 

HI·56871 

CURRENT OUTPUT 
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FUNCTIONAL DIAGRAM VOLTAGE OUTPUT 

17 16 24 21 
BIPOLAR REF 

OFFSET IN OUT 

~ 
12.6K 

CONTROL 

14.2K 

GAIN • 

ADJUST 
23 

22 13 
BIT liN 

HI·5687V 

FUNCTIONAL DIAGRAM CURRENT OUTPUT 

17 16 24 21 

BIPOLAR REF 

OFFSET IN OUT COMMON 

W 
14.2K 

GAIN 

ADJUST 

12.6K 

23 
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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 12-1Vto +12V 
ELECTRICAL SPECIFICATIONS 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-56871/V-2 
HI-56871/V-8 

Storage Temperature Range 

o (T A=+250C, Vs =±15V, VLOGIC = +5V, PIN 16 CONNECTED TO PIN 24 UNLESS OTHERWISE SPECIFIED.) 
+-' 
(.) 
::J 
"C 
c: 
o 
.2 
E 
Q) 

en 
(J) 
.~ ... 
ctS :c 

PARAMETER 

DIGITAL INPUT (3) 

Resolution 
Logic Levels 

Logic "1" 
Logic "0" 

ACCURACY (3) 

Linearity Error 

Differential Lin. Error 

Gain Error (2) 
Offset Error (2) 
Monotonicity 

DRIFT (3) 
Total Bipolar Drift 

(includes gain, offset 
offset and linearity drifts) 

Total Error 
Unipolar 
Bipolar 

Gain 
including internal 
reference 

excluding internal 
reference 

Unipolar Offset 

CONVERSION SPEED 

Voltage Models 
Settling Time (3) 

With 10K n Feedback 
With 5Kn Feedback 
For 1 LSB Change 

Slew Rate 

Current Models 
Settling Time (3) 

10 to lOOn load 
lKn load 

\ . 

2702 

HI-5687 

CONDITIONS MIN TYP 

TTL Compatible 
at +lpA +2 
at-100pA 0 

At +250 C ±% 
-55°C to +1250C 

at +25OC 
-55°C to +1250 C ±Yz 
-55°C to +1250 C ±O.l 
-550 C to +1250C ±0.05 

GUARANTEED 

-55°C to +1250 C 

±15 

±0.13 
±0.12 

±10 

±5 

±1 

to ± 0.01% of FSR for 
FSR Change 

3 
1.5 
1.5 
15 

to ±0.01% of FSR for 
FSR Change 

300 
1.0 

1000mW 

-55OC to +125OC 
-550 C to .+1250C 

-65OC to +150°C 

MAX UNITS 

12 Bits 

+5.5 V 
+0.8 V 

±Yz LSB 
+% LSB 

±% LSB 
±1 LSB (4) 
±0.2 %FSR 
±O.l %FSR 

±30 PPM/DC 

±0.3 %FSR 
±0.24 %FSR 

±25 PPM/DC 

±10 PPM/DC 

±3 PPM/DC 

ps 
J..Ls 
J..Ls 
V/ J..Ls 

ns 
J.&s 

© Ie MASTER ·1983 



SPECIFICATIONS (continued) 

PARAMETER CONDITIONS 

ANALOG OUTPUT 

Voltage Models 
Output Current 
Output Impedance (0 C) 

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 1983 

HI·5687 

MIN TYP MAX UNITS 

+5 mA 
0.05 n 

-2 mA 
±1 mA 

5.0 6.6 8.2 Kn 
2.5 3.3 4.1 Kn 

-1.5 + 10.5 V 

+6.174 +6.3 +6.426 V 
1.5 n 

+2.5 mA 
±5 ±10 PPM/oC 

±.OO2 ±.003 %FSR 
~ 

±.OO2 ±.003 
±.002 ±.003 

+11.4 +15 . +16.5 V 
-11.4 -15 -16.5 V 
+4.5 +5 +16.5 V 

8 16 mA 
·12 ·24 mA 
4.5 9 mA 

4. FSR is a "full scale range" and is 20V for ±10V range, 10V 
for ±5V range, etc., or 2mA (±20%) for current output. 

5. The HI·5687 will operate with supply voltages as low as 
±11.4V.lt is recommended that output voltage ranges -lOV 
to +10V and not be used if the supply voltages are less than· 
±12.5V. 
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.m HARRIS 

FEATURES 

• MICROPROCESSOR COMPATIBLE 
• CONVERSION TIME 10J.Lsec MAX 

OVER TEMP. 
• NO MISSING COOES OVER TEMPERATU RE 
• INTERNAL +10V FiEFERENCE 
• INTERNAL CLOCK WITH EXTERNAL 

OVERRIDE CAPABILITY 

• SERIAL OUTPUT 
• TTL/CMOS COMPATIBLE 
• TRISTATE PARALLEL OUTPUTS 
• 40 PIN OIP 
• MIL-STO-883 PROCESSING AVAILABLE 

APPLICATIONS 

• MULTI-CHANNEL DATA ACQU ISITION 
SYSTEMS 

• STATUS MONITORING SYSTEMS 

• PROCESS CONTROL SYSTEMS 

• INSTRUMENTATION 

• HIGH RELIABILITY OAS's 

PINOUT 

BIPOLAR 4 
OFFSET 

20V FS 5 

ANALOG 
PWR GND 

ENABLE 
BIT9-l2 
ENABLE 
alTl~ 

SERIAL 

ZERO 
AOJ 

CHIP 
ENABLE 

START 
CONY. 
MSBtMSe 
SELECT 

OUT 
SHORT 

cva 
SHORT 

cv A 
29 CLOCK 

IN 

2704 

CL~~ 13 

DIGITAL 
GND '--____ ...J 

Bill 
(MSBI 

Section 11 
for Packaging 

H 1-5 712 /5712 A 
High Performance 

12 Bit Analog to 
Digital Converter 

DESCRIPTION 

The H 1-5712/5712A is a 12-bit successive approximation analog-to-digital 
converter (AOC) intended for high-speed, high-performance data conversion 
applications. An 81ls 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 AOC 
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 +10V reference delivers up to 10mA of output current with 
ultra high temperature stability. This reference is intended for biasing the 
AOC reference input, although other configurations can be implemented. 
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 HI-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 I L-STO-
883 class B and high reliability commercial grades are both available as standard 
products. 

FUNCTIONAL DIAGRAM 

CHIP ENABLE 

STATUS 

STARTCONV. 

CLOCK IN 

CLOCK OUT 

SERIAL OUT 

MSBiMSB SEL 

SHORTCY A 

SHORT CY B 

20V lOV BIPOLAR VREF VREF VREF 
OUT SENSE FS FS' OFFSET IN 

CD CD CD CD CD CD 
=t =t =t =t -I ... 
N W ,., U'I en ""'" 

VPS+ 

VPS

L-~N---'t-+------r;;'+ RLS 
'---VVIt'-+-__ +-'-+ ANALOG GND 

DIGITAL GND 

VLOGIC 

ZERO ADJ .• 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (NOTE 1) 

Power Supply Inputs 
Vps+ 
Vps-

VLOGIC 
VREF IN (Pin 3.1) 
VREF SENSE (Pin 39) 
Digital Inputs 

+20V 
-20V 
+10V 

OV, Vps+ 
OV, Vps+ 

-lV, VLOGIC 

Power D issipatio n (Pd) 2 Watts 
Operating Temperature Range 

HI-5712-2,HI-5712A-2 
HI-5712-5, HI-5712A-5 
HI-5712-7, HI-5712A-7 
HI-5712-8,HI-5712A-8 

Storage Temperature Range 

550 C to +1250 C 
OOC to +750 C 

OOC to +750 C (Hi ReI) 
-550 C to +1250 C (Hi ReI) 

650 C to +1500 C 

ELECTRICAL CHARACTERISTICS 
(TA=+250 C, Vps=+15V, Vps-=-15V, VLOGIC=+5V, VREF In= Internal VREF, 
Full Scale = +10V, Conversion Speed = 9/1s TYP (Internal Clock), 12-BIT Conversion, Unless 
otherwise noted) 

HI-5712A-2 HI-5712-2 H 1-5712A-5 H 1-5712-5 

HI-5712A-8 HI-5712-8 HI-5712A-7 HI-5712-7 

I PARAMETER I TEMP MIN I TYP I MAX MIN I TYP I MAX UNITS 

RESOLUTION Full 12 12 BITS 

NONLINEARITY H 1-5712A +250C ±1/4 :t1/2 ±1/4 ±1/2 LSB 

Full :t1/4 :t1/2 :!::.1/4 :!::.1/2 LSB 

HI-5712 +250C :t1/4 :t1/2 :t.1/4 ±1/2 LSB 

Full ±1/2 ±1 ±1/2 ±1 LSB 

DIFFERENTIAL 
HI-5712A 

+250C :t1/4 ±1/2 :t1/4 ±1/2 LSB 

NONLINEARITY Full :t1/4 ±1/2 ±1/4 ±1/2 LSB 

HI-5712 +250C :t1/4 :t1/2 :!::.1/4 :t1/2 LSB 

Full :!:1/2 ±1 :!::.1/2 ±1 LSB 

NO MISSING CODES GUARANTEED OVER TEMPERATURE 

INHERENT QUANTIZATION 

ERROR Full ±1/2 ±..1/2 LSB 

UNIPOLAR OFFSET ERROR (Note 2) 

(Adjustable to Zero) +250C .3 .6 .3 .6 %FSR 

BIPOLAR OFFSET ERROR (Note 2) 

(Adjustable to Zero) +250 C .3 .6 .3 .6 %FSR 

GAIN ERROR (note 2) 

(Adjustable to Zero) +250C .1 .3 .1 .3 %FSR 

ADJUSTMENT RANGE 
UNIPOLAR OFFSET +250C ±1 ±2 ±1 ±2 %FSR 

BIPOLAR OFFSET +250C ±1 ±2 ±1 ±2 %FSR 

GAIN +250C .3 .3 %FSR 

TEMPERATURE STABILITY 

(With Internal VREF) 
UNIPOLAR OFFSET HI-5712A Full ±2 ±5 ±2 ±5 ppm FSR/oC 

DRIFT HI-5712 Full ±4 ±15 ±4 ±15 ppm FSR/oC 

BIPOLAR OFFSET HI-5712A Full ±4 ±10 ±4 ±10 ppm FSR/oC 

DRIFT HI-5712 Full :t8 :t25 ±8 :t25 ppm FSR/oC 

GAIN DRIFT HI-5712A Full :t5 ±10 ±5 ±10 ppm FSR/oC 

HI-5712 Full -:t10 ±20 :t10 ±20 ppm FSR/oC 

NO MISSING CODES GUARANTEED OVER TEMPERATURE 

© Ie MASTER 1983 
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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) 

-g ANALOG INPUT CHARACTERISTICS 
o 
.2 
E 
Q) 

en 
tJ) 
.~ 

L-
eu 
J: 

INPUT VOLTAGE RANGE 
UNIPOLAR 

BIPOLAR 

INPUT IMPEDANCE 
10V FS (PIN 6) 

20V FS (PI N 5) 

VREF IN (PIN 37) 

ANALOG OUTPUT CHARACTERISTICS 
VREF OUTPUT VOLTAGE 
VREF OUTPUT CU RRENT 
VREF OUTPUT HI-5712A 

TC HI-5712 

DIGITAL INPUT CHARACTERISTICS 
INPUT VOLTAGE (Note 8) 

LOGIC 1 

LOGIC 0 
INPUT CURRENT (Note 8) 

LOGIC 1 (VCe) 

LOGIC 0 (GND) 

ETERNAL CLOCK (Note 3) 

DIGITAL OUTPUT CHARACTERISTICS 
OUTPUT VOLTAGE 

LOGIC 1 IOH = -800 A 
LOGIC 0 IOL = +3.2mA 

OUTPUT CURRENT 

LOGIC 1 VO = 3.5V 
LOGIC 0 VO = .4V 

DIGITAL INPUT TIMING CHARACTERISTICS 
CHIP ENABLE TO START CONVERT tcd 

START CONVERT PULSE LOW tsci 

START CONVERT PULSE HIGH tsch 

CONTROL SETUPTIME ts 
I 

CONTROL HOLD TIME th 

CLOCK INPUT LOW tpwl 
CLOCK INPUT HIGH tpwh 
CLOCK INPUT PERIOD tcl 
ENABLE 1-8,9-12 PULSE WIDTH tern 

2706 

HI-5712A-2/-8 
HI-5712-2/-8 

TEMP MIN TYP MAX 

+250 C 9.0 10.0 

" 6.8 8.5 

" 5.6 7.0 

" 4.4 5.4 

Full 6.5 

Full 10 

Full 20 

Full ±5 ±5 

Full ±10 ±.10 

Full 1.6 2 2.4 
Full 3.2 4 4.8 
Full 6.4 8 9.6 

+250 C 9.970 10.000 10.030 

Full 10 

Full ±10 ±15 
Full ±10 ±15 

Full 3.3 2.7 . 

Full 1.2 .8 

Full -25 0 +25 
Full -200 -400 

Full 2.5 

Full 3.5 4.0 
Full .2 .4 

Full -800 -1000 
Full 3.2 4.0 

Full 50 
Full 100 
Full 50 
Full 100 
Full 100 

Full 125 
Full 150 
Full 400 
Full 100 

HI-5712A-5/-7 
HI-5712-5/-7 

MIN TYP MAX UNITS 

9.0 10.0 IJS 
6.8 8.5 IJS 
5.6 7.0 IJS 

\ 4.4 5.4 Jls 

6.5 Jls 

10 V 

20 V 

±5 ±5 V 

.±10 ±10 V 

1.6 2 2.4 Kn 
3.2 4 4.8 Kn 

6.4 8 9.6 Kn 

9.970 ·10.000 10.030 V 

10 mA 

±10 ±15 ppm FSR/oC 

±10 .±15 ppm FSR/OC 

3.3 2.7 V 

1.2 .8 V 

-25 o . +25 IJA 
-200 -400 IJA 

2.5 MHz 

3.5 4.0 V 

.2 .4 V 

-800 -1000 JlA 
3.2 4.0 rnA 

50 nsec 

100 nsec 

50 nsec 

100 nsec 

100 nsec 

125 nsec 

150 nsec 

400 nsec 

100 nsec 
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SPECIFICATIONS (Continued) 

HI-5712A-2/-8 HI-5712A-5/-7 
HI-5712-2/-8 H 1-5712:5/-7 

I PARAMETER I TEMP MIN J TYP I MAX MIN I TYP I MAX 

DIGITAL OUTPUT TIMING CHARACTERISTICS (See Figure 6) 

THREE STATE ENABLE DELAY toe Full 40 50 40 50 
THREE STATE DISABLE DELAY tod Full 60 100 60 100 

START CONVERTTO STATUS DELAYtsd Full 70 100 70 100 
START CONVERT TO CLOCK OUT DELAY 

tscd 200 500 200 500 
CLOCK TO SERIAL OUT DELAY tpsd Full 100 150 200 100 150 200 
LAST CLOCK TO STATUS DELAY tscdt Full 50 75 100 50 75 100 
PARALLEL DATA TO 

STATUS DELAY tds Full 50 75 50 75 
LAST SERIAL BIT TO 

STATUS DELAY tda Full 50 75 50 75 
CLOCK INPUTTO CLOCK 

OUT DELAY tdcl Full 25 50 25 50 
PARALLEL DATA OUTPUT CODES 

UNIPOLAR (Note 4) Positive True Binary 
BIPOLAR (Note 4) Positive True Offset Binary 

Positive True Two's Complement Binary 
SERIAL DATA OUTPUT CODE Positive True N RZ Code 

POWER SUPPLY REQUIREMENTS (Note 5) 

Vps+ Full +13.5 +15 +16.5 +13.5 +15 +16.5 
Vps- Full -13.5 -15 -16.5 -13.5 -15 -16.5 

VLOGIC Full +4.5 +5 +5.5 +4.75 +5 +5.25 

Ips+ Full 27 35 27 35 
Ips- Full 42 50 42 50 

ILOGIC Full 4.5 15 4.5 15 
POWER SUPPLY SENSITIVITY (Note 6) 

Vps+ = +13.5V to +16.5V 

Vps- = -15V, VLOGIC = +5V 
UNIPOLAR OFFSET 2 5 2 5 

BIPOLAR OFFSET 2 4 2 4 
GAIN 1 3 1 3 

Vps-= -13.5V to -16.5V 

Vps+ = +15V, V LOGIC = +5V 

UNIPOLAR OFFSET 2 5 2 5 
BIPOLAR OFFSET 2 4 2 4 
GAIN 1 3 1 3 

VLOGIC = +4.5V to +5.5V 
Vps+ = +15V, Vps- = -15V 

CONVERSION SPEED (12 Bit with 

I nternal Clock) i5 1:10 1:5 ±10 

© Ie MASTER 1983 

UNITS I 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

V 

V 

V 

rnA 

rnA 

rnA 

ppm of 

FSRI 
%AP.S. 

% 
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NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the se:viceability 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 (for 12 bit conversion), but parametric performance is not guaranteed. 
4. See operating instructions for details. 
5. After 60 seconds warm-up. 
6. See definitions. 
7. These terminals will be used in the future for additional functions. 00 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 SAR Clock Output. Used for 
2 NC No Connection See Note 7 OUT Decoding Serial Out Data 
3 NC No Connection See Note 7 

BIT 12 Output Data Bit (LSB) 4 BIPOLAR Connect to VREF for Bipolar Input 
14 

OFFSET Mode. See Operating Instructions 15 BIT 11 Output Data Bit 

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 
6 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 GND 
8 ENABLE Output ''Three State" Control. An 21 VLOGIC +5V Power Supply Terminal 

BIT9-12 Input "0" Enables Bits 9 through. 22 BIT 6 Output Data Bit 
12, whereas a "1" Switches these 

23 BIT 5 Output Data Bit 
Bits to a High Impedance State. 

24 BIT 4 Output Data Bit 9 ENABLE Output "Three State" Control. An 
25 BIT 3 Output Data Bit BIT 1-8 Input "0" Enables Bits 1 through 
26 BIT 2 Output Data Bit 

8, whereas a "1" Switches these 
-27 BIT 1 Output Data Bit (MSB) Bits to a .High Impedance State. 

10 SERIAL N RZ Serial Data Output. 
NC No Con"nection. See Note 7. To be used in Conjuflction with 28 OUT 

29 CLOCKIN An External Clock Signal Applied Clock Out for Remote Data 
Transmission to this Input Overrides the 

11 SHORT See Description f~r Pin 12 Internal Clock. 

CY B 30 MSB/MSB Digital Input Pin. A "1" Applied 

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 6, 8, 10, or 12-bits: Code .. A "0" Inverts the MSB to 
Yield a 2's Complement Binary 

BITS SHORT CY A SHORT CY B Output Code. 

6 0 0 31 START CONV Digital Input Pin. A High to Low 
8 0 1 Transition Initiates the ADC 

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. 

2708 © Ie MASTER 1983 



PIN FUNCTIONS AND DESCRIPTIONS 

PIN SYMBOL DESCRIPTION 

33 CHIP Digital Input Pin. A "1" Forces 
ENABLE 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. 

APPLYING THE HI-5712/5712A 

OPERATING INSTRUCTIONS 

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 (RlS) terminal 
(Pin 34) be connected to system ground. 

In practice, the Reference low Sense (R LS) 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 ea~h active component are bypassed to ground 
with 0.01 p F chip capacitors for high frequency noise rejec-

CONTROL AND INTERFACE 

The H 1-5712/5712A 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 st~tus line is also forced into an active high 
state indicating that a conversion is taking place. At the 

© Ie MASTER 1983 
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PIN SYMBOL DESCRIPTION 

36 NC No Connection. See Note 7. 

37 VREFIN + 1 OV Reference I nput to A 0 C .. 

38 VREF OUT Internal +10V Reference Output, 
Normally Connected to VREF IN 
(Pin 37). 

39 VREF SENSE Internal + 1 OV Reference Sensing 
Terminal, Normally connected to 
VREF Out (Pin 38). See Oper-
ating Instructions 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 
lOp 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 
various 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 connecting the Status 
line to the Start Convert pin. In this application, an in
decis'ion state may occur during the initial power-on con
ditions. Normal operation is'restored by pulsing the chip 
enable p in to logic high for a period greater_than. 100 ns. 
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APPLYING THE HI-571215712A 

CONVERSION TIME 

CHIP ENABLE 

START CONVERT 

STATUS 

CLOCK 

OUTPUT 

SERIAL OUT 

ENABLE 1-8 
ENABLE 9-12 

DATA OUT 

MSB/MSB 
SHORTCY A,B 

~ r-tpwl ~ t-tpwh ~ 
EXTERNAL 

CLOCK INPUT 
(IF USED) 

FIGURE 1. HI-5712/5712A 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 re'mains valid 
during the whole clock period. Parallel data can be con
structed by clocking the serial data into a receiving shift 
register. 

In order to minimize transmission error, the negative-going 
edge ofthe 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 
HI-5712/ 
5712A 

'" SERIAL OUT , 
,CLOCK OUT 

: STATUS J , 
74LSOO 

START CONV. 

-I 

f---tCI 

+5V 

4.7k 

2 
B 

1 
_A 

74LS164 

8 - --~ 
CLEAR 

1(9 

0 9 
2 

B 

1 
A 

74LS164 

8 

CLEAR 

):9 

6 BIT1 

5 BIT2 

4 BIT3 

3 BIT4 

131 BIT5 

12 BIT6 

11 BIT7 

10 BIT8 

6 BIT9 

5 BIT 10 

4 BIT 11 

3 BIT 12 

-< START CON 

(MSB) 

PARALLEL 
DATA 
OUT 

(LSB) 

V'Lr 

FIGURE 2. DECODING SERIAL DATA OUT 

2710 © Ie MASTER 1983 



INPUT CONNECTIONS AND CALIBRA TION PROCEDURES 

HI-5712/5712A CALIBRATION CHART 

ANALOG MSBIMSB OFFSET ADJUST ADJUST R3 FO R GAIN ADJUST ADJUST Rl FOR 
INPUT R2 BIAS SELECT ANALOG INPUT DITHER BETWEEN ANALOG INPUT DITHER BETWEEN LSB OPERATING 

MODE CONNECTION RESISTOR PIN 30 VOLTAGE CODES VOLTAGE CODES WEIGHT 

UNIPOLAR STRAIGHT 10VFS 
BINARY PIN 6 
OV to +lOV 

UNIPOLAR STRAIGHT 20VFS 
BINARY PIN 5 
OV to +20V 

BIPOLAR OFFSET 10VFS 
BINARY PIN 6 
-5V to +5V 

BIPOLAR OFFSET 20V FS 
BINARY PIN 5 
-lOV to +10V 

BIPOLAR 2's 10V FS 
COMPLEMENT PIN 5 
-5V to +5V 

BIPOLAR 2's 20V FS 
COMPLEMENT PIN 6 
10V to +10V 

667n HIGH 

800n HIGH 

580n HIGH 

66H2 HIGH 

580n LOW 

667n LOW 

+1.22mV 

+2.44mV 

-4.9988V 

-9.9976V 

-4.9988V 

-9.9976V 

0000 0000 0000 
000000000001 

0000 0000 0000 
0000 0000 0001 

000000000000 
000000000001 

0000 0000 0000 
0000 0000 0001 

10000000 0000 
100000000001 

100000000000 
1000 0000 0001 

+9.9963V 111111111110 2.44mV 
1111 1111 1111 

+19.9927V 111111111110 4.88mV 
1111 1111 1111 

+4.9963V 111111111110 2.44mV 
0111 1111 1111 

+9.9927V 1111 1111 1110 4.88mV 
1111 11111111 

+4.9963V 011111111110 2.44mV 
011111111111 

+9.9927V 011111111110 4.88mV 
0111 1111 1111 

CALIBRATION PROCEDU RE- Refer to Calibration Chart and to Figures3 and 4 for appropriate analog input 
co~nections, value of bias resistor, and MSB/MSB select. 

STEP 1 OFFSET ADJUSTMENT 
• Set analog input to the 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 +20V 5 20V 
FS 

A~~~~~ o-0V_T_O_+l_0V~ 6 ~~V 

4 gl:~S~~R 

cE 
39 ~r~:E 

GAIN 38 VREF 
ADJ Rl OUT 

+15V 50!! 37 VREF 

1 R4 IN 
tOOK!! 

OFFSET 35 ZERO 

ADJ I R3 ~2 ADJ 
20kl! BIAS 

34 RLS 
-15V 

,.----.... +15V 

EN;~~~ 33 I--< 
'W~~~~ 30 ~ +5V 

CLg~~ 13 ~ 

SER6~~ 10 ~ 

STATUS 32 ~ 

S~~~~ 31 f-< 
ENABLE 

BIT 1-8 9 f---< 
BIT 1-8 

BIT9-12 

) 

) 
ANALOG 
POWER 
SUPPLY 

1---
1
O/JF-:-'" ±-~40 VPS+ 

-15V ~ 1 VPS- VLOGIC 21 +5V I DIGITAL I 
10j;F ::!::. I ;;:10/.lF I POWER 
1--_,*VI/"_-I7 ANALOG DIGITAL 201---_..._1--1 SUPPLY 

1.', PWR GND GND ,1 I 
V I (* ~---" ~ ________________ J 

FIGURE 3. UNIPOLAR INPUT CONNECTIONS 
- STRAIGHT BINARY OUTPUT CODE 
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HI-5712 
-10V TO +10V 5 ~~V 

-5V TO +5V 6 10V 
FS 

_ 4 BIPOLAR 
R5 OFFSET 

~ 39 ~:~tE 
GAIN C~ 38 VREF 

ADJ Rl OUT 

+15V 50\! 

I 
R4 '- 37 ~:EF 

OFFSET 100kl! . 35 ZERO 

ADJ ~2 ADJ 

-15V 

ANALOG 
POWER 
SUPPLY 

RJ BIAS 
20kl! 34 RLS 

EN;~I~ 33 --< 
M;:{:~~ 30 ---< 
CLg~~' 13~ 
SE~~~ 10~ 

STATUS 32~ 

S~~~~ 31 r---< 
ENABLE 

BIT 1-8 

ENABLE 
BIT 9-12 

9 f----< 
BlTl-8 ) 

8~ 

FIGURE 4. BIPOLAR INPUT CONNECTIONS 
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mHARRIS HI-574A 
Fast, Complete 12-8it 

1\ 1~'1 A'Nl~\~ ~nal0!l to Digital Converter 
l~lJ with Microprocessor Interface 

FEATURES 

• AD574A SECOND SOURCE 

• LOW POWER 360mW 

• COMPLETE 12-BIT AID CONVERTER WITH REFER
ENCE AND CLOCK 

• FULL 8 OR 16-BIT 1J.P INTERFACE 

• FAST SUCCESSIVE APPROXIMATION 
. CONVERSION 25/J.s 

• COMPOUND MONOLITHIC CONSTRUCTION 

• NO MISSING CODES OVER TEMPERATURE 

• LOW GAIN T.C. 10ppm/OC 

• LOW COST 

APPLICATIONS 

• HIGH PERFORMANCE DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• MILITARY AND INDUSTRIAL SYSTEMS 

PINOUT 

TOP VIEW 

+5V SUPPLY VLOGIC 28 STATUS, STS 

DATA MODE SELECT 
0811MSB 1218 27 

CHIP SELECT, ES 
.. 

26 OB10 
BYTE AOORESS/SHORT 

25 OB9 CYCLE, AO 

READ/CONVERT, R/C HI-574A. 24 DB8 

CHIP ENABLE. CE 23 DB7 DIGITAL 

+15V SUPPLY, VCC 22 OB6 DATA 

+10V REFERENCE 
REF OUT 21 DB5 OUTPUTS 

ANALOG COMMON, AC 20 DB4 

REFERENCE INPUT 10 19 DB3 
REF IN 

-15V SUPPLY, VEE 11 18 OB2 

J 
BIPOLAR OFFSET 12 17 OBI 

BIP OFF 

10V SPAN INPUT, 10V IN 13 16 OBO LSB 

20V SPAN INPUT, 20V IN 14 15 DIGITAL COMMON 
DC 

2712 

DESCRIPTION 

The Harris H 1-574A is a complete 12-bit analog-to-digital converter. 
Successive approximation conversion is performed by two monolithic 
chips housed in a 28-pin dual-in-line package. This compound mono
lithic circuit combines Harris' CMOS and Bipolar processes. 

Designed as a direct replacement for the AD574A, the device 
offers full microprocessor compatibility by both 8 and 16-bit systems 
via "Three State" output buffer circuitry. Wafer level laser trimming 
techniques provide close match of ladder resistors, ensuring high 
accuracy plus a guarantee of no missing codes over temperature. 
Included in the AID converter are a 12-bit, high performance digital
~o-analog converter, a very stable voltage reference, and an accurate 
comparator. 

In systems where power consumption must be minimized, Harris 
offers a significant improvement over other manufacturers units. 
The H 1-574A dissipates typically 400mW. 

The H 1-574A is available in versions which have guaranteed perfor
mance over both military and commercial temperature ranges. 
Screening to MIL-STD-883A, Class B is also available. 

FUNCTIONAL DIAGRAM 

+15V 

+5V 
OlClTAl 
COMMON 

-15V 

20V IN 

IOVIN 

ANALOG 
COMMON 

BIPOLAR 
OFFSET 

REF IN 

REF OUT 
(10.00V) 
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fit HARRIS 

FEATURES 

• INPUT OVERVOLTAGE PROTECTION 

• 50kHz TH ROUGHPUT 

• 12-BIT ACCURACY 

• OUTPUT TRACK/HOLD AMPLIFIER 

• ZERO OFFSET ADJUSTMENT 

.' DIFFERENTIAL INPUT CHANNELS 

• SOFTWARE CONTROLLED GAIN AND 
CHANNEL SELECT 

• 85dB CMRR 

• COMPACT 32 PIN DIP 

• MIL-STD-883 SCREENING AVAILABLE 

APPllCA TIONS 

• HIGH PERFORMANCE DATA ACQUISITION 

• MILITARY SYSTEMS 

PINOUT 

A2 
NIt; 

GND 
IB 
2B 

3B 
4B 
58 
68 

78 
88 
+v 

OUTA 
OUT 8 

vREF LOW 
T/H CONTROL 
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Section 11 for Packaging 

TOP VIEW 

AI 
AO 
EN 
IA 
2A 

3A 
4A 
5A 
6A 

7A 
SA 
-v 
Go 
GI 
T/H OUT 
CH 

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 HI-5900 
is used with a fast 12 bit A to 0 converter such as HAR R IS H 1-5712. 

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 CM 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 multiplexer, offers precision 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 iso
lated by a buffer amplifier to maintain a high CMRR. 

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 aperture delay of 50nsand 1 OpC of charge transfer. 

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 H 1-5900 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 OUT 
SELECT EN A 

CHAN 1 

CHAN 2 

CHANa 

OUT 
B .o-----~ 

+Vo-
GNDO-

-V 0--

GAIN 
SELECT 

r-----------, 
I I 

I r---o<J-+----<> T/H 
INSTR AMP I ! I CONTROL 

I! CH 

T/H 
OUT 

I----------<l VREF LOW 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 40V 
Digital Input Overvoltage (Multiplexers) 

Analog Input Overvoltage 

VSupply (+) +4V 
VSupply (-) -4V 

VSupply (+) +20V 
VSupply (-) -20V 

Output Current 
Operating Temperature Range 

HA-5900-5 
HA-5900-2 

Storage Temperature Range 
Internal Power Dissipation 

T /H Control Input 

Short Circuit Protected 

OOC ~ TA ~ +75 0 C 
-550C < TA < +1250 C 
-650C < TA < +1500C 

- - 650mW 

+8, -15V 

ELECTRICAL CHARACTERISTICS Unless otherwise specified: Vs = ±15V; CH = 1000pF; VIH = 4.0V; .VIL = O.8V 

H 1-5900-2 HI-5900-5 
-550 C to +1250 C OOC to +700 C 

PARAMETER TEMP MIN TYP. MAX. MIN. TYP. MAX. UNITS 

ANALOG INPUT CHAR. , 
EACH CHANNEL 

Offset Voltage +250 C 2 7 3 10 mV 
Full 9 12 mV 

Bias Current +250 C SO 300 SO 300 nA 
Full 90 600 SO 600 nA 

Offset Current +250 C 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 SJoA 
(High or Low) 

Track/Hold Digital Input Current 
VIN~O.SV Full O.S O.S mA 
VIN ~4.0V Full 20 20 SJoA 

TRANSFER CHARACTERISTICS 

Small Signal Bandwidth (Gain = 1) +250 C 2 2 MHz 

Full Power Bandwidth (Gain = 1, '+250 C 70 70 kHz 
VO= ::10V) 

Crosstalk (Sample Mode, Gain = S, +250 C -SO -90 -SO -90 dB 
1 kH z 20VP -P I nput on all but 
Selected Channel) 

"Off Isolation (Hold Mode, Gain = 1, +250 C -76 -76 dB 
1kHz 20V P-:P Input) 

Acquisition Time (Note 2), to 0.01% +250 C 9 9 J.l.S 

Gain - Absolute Error 
Gain Of 1,2, Full 0.01 0.1 0.01 0.2 % 

I Gain Of 4, & S I Full 0.01 0.2 0.01 0.2 % 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full !10 .:tl0 V 

Output Current +250 C !10 !10 mA 

Output Resistance +250 C 5 5 n 
DYNAMIC CHARACTERISTICS 

tON, Enable (MUX) +250 C 300 300 ns 

tOFF, Enable (MUX) +250 C 300 300 ns 

Slew Rate +250 C . ±4 !4 V/SJos 

Droop Rate (T/H) +250 C 5 5 nV/Jls 
Full 20 5 JlV /Jl s 

Charge Transfer (T/H) 250 C 10 10 pC 

Aperture Delay (T/H) +250 C 50 50 ns 

Aperture Uncertainty (T/H) +250 C 5 5 ns 

POWER SUPPLY CHARACTERISTICS 

1+ ~ +250 C 13 13 mA 
Full S.5 15 S.O 15 mA 

L +250 C 13 13 mA 
Full 6:5 15 6.0 15 mA 

Power Supply Rejection Ratio, V+ Full 76 90 70 90 dB 

Power Supply Rejection Ratio, V- Full SO 100 SO 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 these 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. 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

• INPUT OVERVOL TAGE PROTECTION 

• SOFTWARE CONTROLLED GAIN AND 
INPUT CHANNEL SELECTION 

• 16 PSEUDO-DIFFERENTIAL/SINGLE 
ENDED INPUT CHANNELS 

• GAINS OF-1;-2;4 AND-8 

• -90dB CROSSTALK 

• 0.01% GAIN ERROR 

• 9fJs ACQU ISITION TIM E 

• DROOP RATE: 5nV/fJsec 

• LOW POWER DISSIPATION 250mW 

• COMPACT 32 PIN DIP 

o MIL-STD-883 SCREENING AVAILABLE 

APPLICATIONS 

• MULTI-CHANNEL DATA ACQUISITION 
SYSTEMS 

• STATUS MONITORING SYSTEMS 

• PROCESS CONTRO L SYSTEMS 

• INSTRUMENTATION 

• HIGH RELIABILITY DAS's 

PINOUT 

TOP VIEW 

A2 32 Al 

A3 31 AO 
GNO 30 EN 

IN9 29 INI 

INlO 28 IN2 

INll 27 IN3 

IN12 26 IN4 
IN13 25 IN5 

IN14 24 IN6 

IN15 10 23 IN7 

IN16 11 22 IN8 
+V 12 21 -v 

MUX OUT 13 20 Go 
SENSE 14 19 Gl 

VREF LOW 15 18 T/H OUT 

T/H CONTROL 16 17 
CH 

CAUTION: This device is sensitive to electrostatic 
discharge. 

Copyright © Harris Corporation 1980 
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HI-5901 
Analog Data Acquisition 

Signal Processor 

DESCRIPTION 

The HI-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 processing. 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 A/D 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 50kHz 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 amp
lifier features aperture delay of 50ns, 10pC of charge transfer error, and a droop 
rate of 5nV /J1sec. 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. MI L-STD-883 Class 8 and high reliability commercial grades are 
both available as standard products. 

FUNCTIONAL DIAGRAM 

CHAN MUX 
SELECT EN OUT 

CHAN 16 "'--.l.~ ._--' 

MUX 
SENSE <>-------' 

+V 0---
GND 0---

-v 0----

GAIN 
SELECT 

r--------- --, 
I I 
I .../1! .~ T/H I i--~CONTROL 
I : I 
I i CH 

T/H 
OUT 

~=~-----O VREF lOW 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 40V 
Digital Input Overvoltage (Multiplexers) 

Analog Input Overvoltage 

VSupply (+) +4V 
VSuppl y (-) -4V 

VSuppl y (+) +20V 
VSupply (-) -20V 

Output Current 
Operating Temperature Range 

HA-5901-5, -7 
HA-5901-2, -8 

Storage Temperature Range 
I nternal Power 0 issip,ation 

T IH Control Input 

Short Circuit Protected 

OOC S TA S +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 + 1250 C OOC to + 70 0 C 

PARAMETER TEMP MIN TYP. MAX. MIN. TYP. MAX. UNITS 

ANALOG INPUT CHAR., 
EACH CHANNEL 

Offset Voltage +25 0 C 2 7.5 3 10.5 mV 
Full 9.5 13 mV 

Bias Current +25 0 C 80 300 80 300 nA 
Full 90 600 80 600 nA 

Offset Current +250 C 15 150 20 150 nA 
Full 30 300 30 300 nA 

Common Mode Range Full :!:.10 :!:.10 V 

Common Mode Rejection Ratio Full 80 85 74 85 dB' 
(VCM = :t.lOV) Any Gain 

DIGITAL INPUT CHAR. 

Multiplexer Digital Input Current Full 0.5 1 0.5 1 IJ.A 
(High or Low) 

Track/Hold Digital Input Current 
VIN$.0.8V Full 0.8 0.8 mA 
VIN ~ 4.0V Full 20 20 !JA 

TRANSFER CHARACTERISTICS 

Small Signal Bandwidth (Gain = 1) +25 0 C 2 2 MHz 

Full Power Bandwidth (Gain = 1, +250 C 70 70 kHz 
VO=:10V) 

Crosstalk (Sample Mode, Gain = 8, +25 0 C -80 -90 -80 -90 dB 
1kHz 20VP -P Input on all but 
Selected Channel) 

"Off Isolation (Hold Mode, Gain = 1, +250 C -76 -76 dB 
1kHz 20V P-P Input) 

Acquisition Time(Note 2), to 0.01% +25 0 C 9 9 )JS 

Gain - Absolute Error 
Gain Of 1,2,4, & 8 Full 0.01 0.1 0.01 0.2 % 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full !10 ':10 V 

Output Current +25 0 C :10 !10 mA 

Output Resistance +25 0 C 5 5 n 

DYNAMIC CHARACTERISTICS 

to N, Enable (MUX) +25 0 C 300 300 ns 

tOFF, Enable (MUX) +250 C 300 300 ns 

Slew Rate +250 C i4 !A V/)Js 

Droop Rate (T/H) +25 0 C 5 5 nV/J..I.s 
Full 20 5 J..I.V/J..I.s 

Ch arge Transfer (T/H) 250 C 10 10 pC 

Aperture Delay (T/H) +25 0 C 50' 50 ns 

Aperture Uncertainty (T /H) +25 0 C 5 5 ns 

POWER SUPPL Y CHARACTERISTICS 

1+ +250 C 13 13 mA 
Full 8.5 15 8.0 15 mA 

1- +250 C 13 13 mA 
Full 6.5 15 6.0 15 mA 

Power Supply Rejection Ratio, V+ Full 76 90 70 90 

I 
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 these conditions is not necessarily implied. 

2. Acquisition Time is defined for a change of channel (+10V on chan. 1 to OV on chan.161 with simultaneous 
change from HOLD to TRACK mode. Gain = 1. 
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m HARRIS 

FEATURES 

• DAC 80 CONFIGURATION 

• MONOLITHIC CONSTRUCTION 

HI-OAC 801 
12-Bit High Speed Monolithic 

Digital-to-Analog Converter 

DESCRIPTION 

The Harris H I-DAC 801 is a 12-bit, monolithic digital to analog 
converter. Available in dice form, it is suitable as a component. 

• FAST SETTLING 260ns (TyP) TO 0.01% in hybrid or compound monolithic circuits. The HI-DAC 801 is a 
current output device, and the addition of a precision voltage ref
erence makes it the functional equivalent of the popular DAC 
80CBI-1. Two versions are available-DAC 801-A, laser trimmed 
to accept a +6.2V reference; and DAC 801-B, laser trimmed to 
accept a + 10.24 V reference. Both versions are guaranteed mono
tonic over the DoC to 750 C temperature range. 0 igital input code 
may be complementary binary, complementary offset binary, 
or complementary two's complement binary logic. 

• GUARANTEED MONOTONIC DoC TO 750 C 

• WAFER LASER TRIMMED 

• APPLICATION RESISTORS ON CHIP 

• ACCEPTS 6.2V OR 10.24V REFERENCE 

• DIELECTRIC ISOLATION (OJ) PROCESSING· 

APPllCA TIONS 

• HYBRID DAC 80 BY ADDING REFERENCE 

• HIGH SPEED, SUCCESSIVE APPROXIMATION 
TYPE ADC'S 

• HYBRID DATA ACQUISITION SYSTEMS 

PAD CONFIGURATION/CHIP 

-- . ••• • • ••• 
VPs- vPs+/ ". 

BIT 12 BIT 11 • 
(LSBI 

• 10.24V REF INPUT 
BIT 10. 

• 6.2V REF INPUT 

BIT9. 

I-"~"" BIT8. 
GROUND 

BIT 7. 
SJ' 

15B 

• 1"'°'"' 
BIT6. 

MILS BITS. 

• ~ 6.2V BIT4 • 

.V~;F 
BIT3. 

• BIPOLAR!: JUNCTION 

• 6.2V BIPOLAR R 

• 10.24V BIPOLAR R 

• 10V SPAN 
BIT 2. • 20V SPAN 

• SPAN~JUNCTION 

VPS+ •• A~~~~T BIT 1 (MSBI •• ,. 112 MILS -, 
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Fast output current settling of 260ns is achieved using Dielectric 
Isolation (D I) processing to reduce internal parasitics. The speed 
of the HI-DAC 801 combined with its guaranteed monotonicity 
and maximum 1/2 LSB linearity error (@+250 C) make it an ideal 
choice for high speed successive approximation analog-to-digital 
converters. Laser trimmed application resistors are provided 
on-chip for use with an external output amplifier. They allow 
bipolar operation as well as +5V, +10V and +20V output ranges. 

FUNCTIONAL DIAGRAM 

* A Summing Junction (normally an inverting input) is.formed at the control 
amplifier's noninverting input, since the amplifier's feedback is inverted by 
an external transistor, 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) (Note 1). 

Power Supply Inputs 

Reference Inputs 
Digital Inputs 

Vps+ 
Vps-
VREF (Hi) 
Bits 1-12 

+18V 
-18V 
+Vps 

OV TO +10V 

Operating Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (@+250 C,Vps+=+15V, Vps- =-15V, VREF = 6.2V, 
(Note 5) Unless otherwise noted) 

-550 C to +1250 C 

-650 C to +1500 C 

\ 

HI-DAC 801 
PARAMETER CONDITION MIN I TYP I MAX I UNITS 

INPUT CHARACTERISTICS 

Digital Inputs 
(TTL Compatible) 

Input Voltage Bit ON = "Logic 0" 
Logic "1" Bit OFF = "logic 1" 2.0 V 
logic "0" 0.8 V 

Input Current 
Logic "1" 10 p.A 
logic "0" Guaranteed, not tested -100 p.A 

Referp.nce Inputs (Note 2) 
Input Voltage 

HI-DAC 801-A 6.2 V 
HI-DAC 801-8 10.24 V 

hlput Resistance 
HI-DAC 801-A 12.4K n 
HI-DAC 801-8 20K n 

TRANSFER CHARACTERISTICS 

Resolution 12 Bits 

Linearity (Note 2) 
Integral ±Y2 LSB 
Differential ±Y2 LSB 

Monotonicity OOC to +750C GUARANTEED 

Offset (Note 5) All bits OFF 
Unipolar 0.005 0.01 % FSR 
Bipolar 0.1 % FSR 

Gain Error All bits OFF 0.05 0.1 % FSR 

Temperature Stability 
Offset Drift (Note 2) All bits OFF 

Unipolar 0.2 ppm 
Bipolar 2 FSR/oC 

Differential Nonlinearity (Note 2) 0.5 
Gain Drift (Note 2) All bits ON 2 

Settling Time (Note 2) , !1/2 LSB All bits ON to OFF or 
OFFtoON 260 400 ns 
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SPECIFICATIONS (Continued) 

CONDITION 
HI-DAC 801 

PARAMETER 
MIN TYP MAX UNITS 

Power Supply Sensitivity (Note 2) 
Offset 

Unipolar 
+Vps -Vps = -15V 0.05 % FSR/ 
-Vps +Vps = +15V 0.05 %~Vps 

Bipolar 
+Vps , -Vps = -15V 0.05 
-Vps +Vps = +15V 0.05 

Gain 
+Vps -Vps = -15V 10 
-Vps +Vps = +15V 10 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar 1.6 2 2.4 rnA 
Bipolar :to.8 ±1 ± 1.2 rnA 

Output Resistance Not including 1.6 2 2.4 Kn 
Output Capacitance Feedback Resistor 10 pF 
Compliance Limit (Note 2) -3 +10 V 
Glitch (Note 2) 1600 mV-ns 

POWER SUPPLY REQUIREMENTS 

Vps+ 4.5 15 16.5 V 
Vps- -16.5 -15 -11.4 V 
Ips+ (Note 4) 5 rnA 
Ips- (Note 4) I -10 rnA 

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. See Definitions. 
3. FSR is "full scale range". and is 2mA (:t20%) for current output. 
4. After 30 seconds warm-up. 
5. Parameters may vary according to die bonding scheme used. See recommended bonding diagram. 

DEFINITIONS OF SPECIFICATIONS 

DIGITAL INPUTS 
The H I-DAC 801 accepts digital input codes in complementary 
binary, complementary offset binary, and complementary two's 
complement binary. 

ANALOG OUTPUT 

DIGITAL Complementary Complementary Complementary 
INPUT Binary Offset Two's 

Binary Complement· 

MSB LSB 
000 ... 000 +Full Scale +Full Scale -LSB 
100 ... 000 Mid Scale-l LSB -ILSB +Full Scale 
111...111 Zero -Full Scale Zero 
011...111 +)1, Full Scale Zero -Full Scale 

·1 nvert MSB with external inverter to obtain 
CTC Coding 

© Ie MASTER 1983 

ACCURACY 

NONLINEARITY - Nonlinearity of a D/A converter is an im
portant measure of its accuracy. It describes the deviation from 
an ideal straight line drawn between zero (all bits 0 FF)and full scale 
(all bits ON). 

DIFFERENTIAL NONLINEARITY - For a D/A converter, it is 
the difference between the actual output voltage change and the 

. ideal (1 LSB) voltage change for a one bit change in code. A 
Differential Nonlinearity of ±1 LSB or less guarantees monoto
nicity; i.e., the output always increases and never decreases for 
an increasing input. 
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DEFINITIONS OF SPECIFICATIONS (Continued) 

SETTLING TIME 

Settling time is the time required for the output to settle to with
in the specified error band for any input code transition. It is 
usually specified for a full scale or major carry transition. 

DRIFT 

GAl N DR I FT - The change in full scale analog output over the 
specified tem perature range expressed in parts per' million of full 
scale range per oC '(ppm of FSR/oC). Gain error is measured 
with respect to +250C at high (TH) and low (TL) temperatures. 
Gain drift is calculated for both high (TH -250C) and low ranges 
(+250C -TL) by dividing the gain error by the respective change 
in temperature. The specification is the larger of the two represen
ting 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 oC (ppm of FSR/oC). Offset error is meas
ured with respect to +250C at high (TH) and low (TL) tempera
tures. Offset Drift is calculated for both high (TH-250C) and low 
(+250C -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. 

OPERATING INSTRUCTIONS 

BONDING AND GROUNDING 

In order to ensure proper operation of the HI-DAC 801, care must 
be taken to bond it correctly. ,Primary in these considerations is 
the selection of a grounding scheme. The best approach is to 
distinguish between a general power ground and a reference, or 
precision ground. Figure 1 shows the recommended connections 
in a system using an operational amplifier (such as the Harris HA-
2600) to achieve voltage output. Notice that a ground plane ex
tends along the chip, and all currents on the device flow through 
this plane. Any errors which arise along this plane are most sig
nificant at the MSB end. It is best then to choose this end as the 
reference point for the output. The opposite, or LSB end of the 

+v~ 

POWER 
GROUND 

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 millmn of fullscale range per percent of change in power 
supply (ppm of FSR/%). 

COMPLIANCE 

I 

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 D/A converter is a transient spike 
resulting from unequal internal 0 N-O F F 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 mo
mentarily glitches toward zero 'output. Matched switching times 
and fast switching will reduce glitches considerably. 

plane, is bonded to the general system or power ground. Varying 
currents through this point will give rise to voltages above those 
defined as reference; however, the only current flowing into pre
cision ground is the constant current drawn by the reference plus 
the, negligible bias current of the op-amp. Remember that the 
magnitude of the reference current changes when switching from 
unipolar to bipolar operation and requires readjustment of offset 
and gain. The finite resistance of the bond wires themselves intro
duce an error at both ends of the ground plane, and this effect is 
reduced by double bonding of the ground pads. For effective by
passing tie the bypass capacitors close to' the pads of the chip. 

, FIGURE 1. SYSTEM GROUNDING AND SUPPLY BY/PASSING 
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OPERATING INSTRUCTIONS (Continued) 

OFFSET GAIN ADJUSTMENT 

The offset and gain of the HI-OAC 801 may be externally adjusted 
via potentiometers. With the device mounted in a suitable package 

(see Packaging the HI-OAC 801) connect the potentiometers as 
indicated in Figure 2. 

BIPOLAR 
OFFSET 
ADJUST 

G F 
'" 

"VDAC 801-A A 

~ :> 5K 
> ,"",,' 

"' .... " E 

.. ..> ~B ~ 
>62K :>5K -
~ . r----1>~-+-o_ ......... -__t 

...-----+----1 OTo(b ~2K C 7HA-2600 . ..-oVOUT 
2mA > VREF(LO) 

H 

GAIN 
I) ADJ. 

R2 :~ 150K 
> 

OUTPUT 
RANGE 

UNIPOLAR o TO +10V 
MODE o TO +5V 

BIPOLAR ±10V 
MODE ±5V 

2.5V 

AAA 

VREF(HI) 

CONNECTIONS 

BTO E; 
B TO E; ATO C 

F TO G ; H TO I ; A TO E 
F TO G ; H TO I ; B TO E 
F TO G ; H TO I ; B TO E 
ATOC 

BIAS RESISTOR (RB) 

1.43Kn 
1.11Kn 

1.31K n 
1.16Kn 
.94Kn 

FIGURE 2. OFFSET GAIN ADJUSTMENT 

UNIPOLAR CALIBRATION BIPOLAR CALIBRATION 

Step 1: 

Step 2: 

© Ie MASTER 1983 

Unipolar Offset 

Gain 

Turn all bits OFF 
Adjust R 1 for zero volts output 

Turn all Bits ON 
Adjust R2 for an output of FS-l LSB 
That is, adjust for: 
9.9976V for OV to +10V Range 
4.9988V for OV to +5V Range 

Step 1: 

Step 2: 

Bipolar Offset 

Gain 

Turn all bits OFF 
Adjust R 1 for an output of: 
-10V for !1 OV Range 
-5V for ±5V Range 
-2.5V for !2.5V Range 

Turn Bit 1 (MSB) ON; all other bits OFF 
Adjust R2 for zero volts output 
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Ell HARRIS 

FEATURES 

• 16 BIT RESOLUTION 

• MONOLITHIC 01 BIPOLAR CONSTRUCTION 

• FAST SETTLING TIME 1 ps 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@+250 C 

• LOW UNIPOLAR 0 FFSET T.C. ± 0.2ppm/oC 

• EXCELLENT STABILITY 

APPLICATIONS 

• HIGH RESOLUTION CONTROL SYSTEMS 

• HIGH FIDELITY AUDIO RECONSTRUCTION 

• PRECISION FUNCTION GENERATION 
AND INSTRUMENTATION 

PINOUT 

2722 

-VPS- 1 
CONTROL AMP, -IN - 2 
CONTROL AMP, +IN - 3 

10VSPAN 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 

GND TERM- 17 
±5V TERM R - 18 

±10V TERM R - 19 
N.C.- 20 

TOP VIEW 

40 -P.S. GND 
39 ~+VPS 
38 - BIT 1 (MSB) 
37 f-BIT 2 
36 f-BIT 3 
35 f-BIT 4 
34 f- BIT 5 
33 ~BIT6 
32 f-BIT 7 
31 f-BIT8 
30 f-BIT 9 

29 f-BIT 10 
28 I-BIT 11 
27 f-BIT 12 
26 f-BIT 13 
25 f-BIT 14 
24 f- BIT15 
23 f- BIT 16 (LSB) 
22 f-N.C. 
21 r- N.C. 

H I-DAC16B/C 
16-Bit 0 to A Converter 

DESCRIPTION 

The HARRIS HI-DAC16 is a 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 l/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-DAC16 delivers a,stable, accurate output with
out sacrifice in speed. Settling time to within ±0.003% 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 Vps+ +20V 
Vps- -20V 

Reference Inputs VREF (Hi) ±Vps 
Digital Inputs Bits 1 to 16 -lV, +12V 

Outputs ±'vps 

Power Dissipation Pd, Package 
Operating Temperature Range 

H I-DAC 16B/C 

Storage Temperature Range 

1000 mW 

-65OC to + 150"C 

ELECTRICAL CHARACTERISTICS (TA = +25°C, Vps = ±15V, Vref = +10V, unless otherwise specified) 

HI-OAC '6B HI-OAC 16C 

PARAMETER CONDITIONS MIN I TYP I MAX MIN I TYP I MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs Bit ON "Logic I" 
Bit OFF "Logic 0" 

I nput Voltage 

Logic "'" 2.0 2.0 V 
Logic "0" Over full 0.8 0.8 V 

temp. range 
I nput Current 

Logic "'" 20 500 20 500 nA 
Logic "0" -50 -50 fJA 

Reference Input 
Input Resistance 10 10 KU 
Input Voltage 10 10 V 

TRANSFER CHARACTERISTICS 

Resolution Over full temp. range 16 16 Bits 

@+25"C i.OO23 i.0045 
%FSR(3) Nonlinearity 

Over full temp. range ±..0045 i.009 

Differential @+25"C i..OO1S .t.003 
%FSR 

Nonlinearity Over full temp. range .t.003 l.OO6 

Relative Accuracy (5) With 100 S2 (1%) Trim Resistors 

Gain Error All Bits ON i.l i.l 
Bipolar Offset Error l.5 l.S %FSR 

Unipolar Offset Error All Bits OFF l:002 i.002 

Adjustment Range See Operating Instructions 

Gain Using trim potentiometers. .02 .02 %FSR 
Bipolar Offset as shown in Figure 1 2 l 

Temperature Stability Drift specified with internal 
span resistors for voltage output 

Gain Drift (2) .:1;1 i5 II i5 ppm of 
Offset Drift (2) Over full temp. range 

FSR/"C 
Unipolar Offset i.2 i.2 

Bipolar Offset All Bits OFF ±.5 i.5 

Differential Nonlinearity Over full temp. range iO.3 iO.3 

Settling Time (2) All Bits ON·to·OFF or 
1.0 1.0 lIS 

to ::!:.003%FS OFF·to-ON 
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SPECIFICATIONS (continued) 

PARAMETER CONDITIONS MIN 

Glitch 121 FromOll ... l to 100 ... 0 
or 100 ... 0toOl1... 1 

IRo = 2.5KDl 

Power Supply 121 
Rejection Ratio, PSR R 131 

Vpst 
Vps -

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar 
Bipolar 

Resistance 

Capacitance 

Output Voltage Ranges 
Using external op amp Unipolar 

and internal scaling 
resistors. See F igu re 1 Bipolar 

and Table 1 for connections 

Compliance Limit 121 -3 

Compliance Voltage (21 Over full temp. range 

Output Noise 0.1 to 5MHz (All Bits ONI 

POWER REOUIREMENTS 

Vps+ (7) Over full 13.5 
Vps- temp. range -13.5 

Ips+141 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 ± 1 OV range, 10V 
for ±5V range, etc., or 2mA (±.20%) for current output. 

© Ie MASTER 1983 

-25 

HI·DAC 16'B HI·DAC 16C 

TYP MAX MIN TYP MAX UNITS 

0.52 0.52 mA-ns 

1.5 1.5 
ppm of 

1.5 1.5 
FSR/% Vps 

-2 -2 mA 
!:,1 .±.1 

2.5K 2.5K ohms 

10 10 pF 

o to .5 o to .5 
o to .10 o tu .10 

V 
.±.2.5 1. 2.!l 

i5 1.5 

!.10 !.IU 

+10 -3 +10 V 

.±.1 ±.1 V 

30 30 IlVRMS 

+15 16.5 13.5 +15 16.5 V 
-15 -16.5 -13.5 -15 -16,5 

+13 +18 + 13 + 18 
mA 

-18 -25 -18 

465 465 mW 

4. After 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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DEFINITIONS OF SPECIFICATIONS 

2726 

DIGITAL INPUTS 

The HI-DAC 16B/C accepts digital input codes in binary format 
and may be user connected for anyone of three binary codes. 
Straight Binary, Two's Complement, or Offset Binary. (See 
Operation Instructions). 

ANALOG OUTPUT 

DIGITAL Straight Offset Two's 
INPUT Binary Binary Complement * 

MSB LSB 
000 ... 000 Zero -FS 9(Full Scale) Zero 
100 ... 000 ~FS Zero -FS 
111...111 +FS - 1 LSB +FS - 1 LSB ~FS - 1 LSB 
011...111 ~FS - 1 LSB Zero - 1 LSB +FS - 1 LSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

./ 

ACCURACY 

NON LI NEARITY - Nonlinearity of a D/A converter is an 
important measure of its accuracy. It describes the deviation 
from an ideal straight line transfer curve drawn between zero 
(all bits OFF) and full scale (all bits ON). 

DIFFERENTIAL NONLINEARITY - For a D/A converter, it 
is the difference between the actual output voltage change and 
the ideal (1 LSB) voltage change for a one bit change in code. 
A Differential Nonlinearity of ±1 LSB or less guarantees mono
tonicity; Le., the output always increases and never decreases 
for an increasing input. 

SETTLING TIME 

Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition. 

DRIFT 

GAIN 0 RI FT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale per °C (ppm of FSRtC). Gain error is measured with 
respect to +25°C at high (TH) and low (T L) temperatures. 
Gain drift is calculated for both high (TH -25°C) and low 
ranges (+25°C-TL) by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

OFFSET 0 RIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per °C (ppm of FS R/oC). Offset 
error is measured with respect to +25°C at high (TH) and low 
(TL) temperatures. Offset Drift is calculated for both high 
(TH -25°C) and low (+25°C - 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 . 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the 0/ A converter resulting from a change in -15 V, 
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 unequal internal ON-O F F 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 0 FF 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. 
(Calculated as the product of duration and amplitude.) 
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OPERATING INSTRUCTIONS 

llV 
GAIN 

UNIPOLAR AND BIPOLAR VOLTAGE OUTPUT 
CONNECTIONS 

BIPOLAR f}Rl 
OffSET 
ADJUST 

ZOO· 
liT 

IOYAH ~ 

FIGURE 1 

"IV 

C 
100.·.· ! ~2DIl' 

t RJ 

UNI'OLAR 
OffSll 
ADJUST 

100: 

liV 

-0 
A}-----, 

z .. e 
ADJUST 

~ ~ 

~ 
IUK 

~ ~~ 

TABLE 1 

OUTPUT CONNECTIONS 

RANGE PIN5 PIN4 PIN9 PIN B 
to to to to 

UNIPOLAR Oto+l0V D A N.C. 19 
MODE o to +5V D A PIN6 * 

BIPOLAR ±10V C N.C. A 19 
MODE ±5V C A N.C. 18 

.±2.5V C A 6 * 

*Connect an external 1.1 K ohm resistor to ground. 

OTHER CONSIDERATIONS 

GROUNDS 

The HI-DAC16 has two ground terminals, pin 12 (REF GND) 
and pin 40 (PWR GND). These should not be tied together 
near the package unless that point is also the system signal 
ground to which all returns are connected. (If such a point exists, 
then separate paths are required to pins 12 and 40). 

© Ie MASTER 1983 

GAIN AND ZERO CALIBRATION 

The HI-DAC16B/C input reference resistor, bipolar offset 
resistor and span resistors are optimized for excellent tracking 
over temperature. LASER trimming of the reference circuit 
resistors corrects the unipolar Gain and Offset errors to high 
accuracy. The remaining error can be adjusted with trimming 
potentiometers. The bipolar Gain and Offset errors are greater 
since the LASE R correction is done in the unipolar mode, how· 
ever these too are easily adjusted. Figure 1 illustrates the 
connections for unipolar and bipolar operation. Trimming 
potentiometers Rl, R2, and R3 are required for adjustment. 

UNIPOLAR CALIBRATION 

Step 1: Offset 
e Turn all bits 0 FF (00 .. 0) 
e Adjust R3 for zero volts output 

Step 2: Gain 

Step 1: 

Step 2: 

eTurn all bits ON (11..1) 
e Adjust R2 for an output of FS .. 1 LSB 

That is, adjust for: 

9.999847 for +lOV range 
4.999924 for +5V range 

BIPOLAR CALIBRATION 

Offset 
Turn all bits 0 FF (00 .. 0) 
Adjust R 1 for an output of 
-10Vfor± 10V range 
-5V for ± 5V range 
-2.5V for ± 2.5V range 

Gain 
Turn all bits ON (11..1) 
Adjust R2 for FS-l LSB output 
That is, adjust for: 

9.999695 for ± 10V range 
4.999847 for ± 5V range 
2.499924 for ± 2.5V range 

The current through pin 12 is near-zero DC*, but pin 40 carries 
up to 1.75mA of code - dependent current from bits '1,2, and 3. 
The general rule is to connect pin 12 directly to the system 
signal, or analog ground. Connect pin 40 to the local digital 
or power ground. Then, of course, a single path must connect 
the analog/signal and digital/power grounds. 
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OTHER CONSIDERATIONS (continued) 

, *Current cancellation is a two-step process in which code
dependent variations are eliminated, then the resulting DC 
current is supplied internally. First, an auxiliary 13-bit R-2 R 
Ladder is driven by the complement of the DAC's input code. 
Together the main and auxiliary ladders draw a continuous 
3.25mA from the internal grouild node, regardless of input code. 
Part of this DC current is supplied by the zener voltage refer
ence, and the remainder is sourced from the positive supply 
via a current mirror which is laser trimmed for zero current 
through the external terminal (pin 12). 

~ 
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LAYOUT 

Connections to pin 6 (lOUT) on the HI-DAC16 are most 
critical for high speed performance. Output capacitance of the 
DAC is only 10pF, so a small additional capacitance will alter 
the op amp's stability and affect settling time. Connections to 
pin 6 should be short and few. Component leads should be 
short on the side connecting to pin 6. 

BYPASS CAPACITORS 

Power supply bypass capacitors on the op amp will serve the 
HI-DAC16 also. If no op amp is used, a O.Olu F ceramic capa
citor from each supply terminal to pin 40 is sufficient, since 
supply current variations are small. 

SELECTING AN OPERATIONAL AMPLIFIER 

The HI-DAC16 is a high resolution, high accuracy DAC. Many 
applications will require an OP-Amp used as a current-to-voltage 
converter at the DAC output. (Careful consideration should be 
given the choice of this amplifier as a poor selection can seriously 
degrade the inherent qualities of the DAC.) 

The HA-5130 is an excellent choice to maintain high accuracy 
with an average Offset Drift of only O.4pVrC leading to an 
error over temperature of 30pV (.0003% FSR for a 10V FS); 
Inital offset and bias current are 10pV and 3nA respectively, 
while input noise current of 0.2 pA!VH'l. Settling time is 
adequate for most audio applications. (llps typo to 0.1%). 

COMPOSITE AMPLI FI ER 

It is desirable at times to have an output amplifier which 
combines the qualities of those op-amps available to the designer. 
For instance one may wish to combine the excellent front-end 
characteristics of the HA-5130 with the speed of a device such 
as the HA-2540 (tsettle =250ns to 0.1%). In these instances 
there is the option of the composite amplifier. The basic 
configuration is shown in Figure 2. 

COMPOSITE AMPLIFIER 

SPAN t-4 ________ ·+~P_. ____ -, 

j-1 MP835 lr-------.... ~t- OR EOUIVALENT 

'0 6 15K ~>----4t----Uf'\ Vo 

HA 2540 
HIOAC16 

HA 5130 

Vo 0 OV TO '10V 

FIGURE 2 

The composite amplifier may be used to achieve a compromise 
depending on the requirements of a design. Trade-offs in per
formance can be made and the following equations apply: 

Offset; VOFF = VOFF2 + VOFF1 

A01 

Bias; IBIAS = IBIAS2 + IBIAS1 

Gain; Vo V1 = AV(S) = AV2(S) [1 + AVl(S)] 

The amplifier A2 should be of wide bandwidth and fast settling 
time. 

© Ie MASTER 1983 



PACKAGE DIMENSIONS 

LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
COUNT A B C D E F G H 

40 - 014 008 - 500 590 .030 100 - - - - - - - -
225 023 '015 1990 610 620 070 sse 

ORDERING INFORMATION 

MODEL NUMBER OPERATING TEMP. RANGE 

HI-DAC16B-5 Ooc to +75°C 

HI-DAC16C-5 Ooc to +75°C 

© Ie MASTER 1983 

DIM. DIM. DIM. 
L Q S 

120 015 -- - -
200 075 098 

NOTE ~ 
MAX 

NONLINEARITY 

±..003% FSR 

.±.006% FSR 
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HI-5660 
l'f High Speed Monolithic 

1\\)\1 ~N J ~ Digital-to-Analog Converter 

FEATURES 

• VERY HIGH SPEED: SETTLES TO 1/2 LSB IN 350ns 
FULL SCALE SWITCHING 
TIME 30ns 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• 1/2 LSB MAX NONLINEARITY GUARANTEED 
OVER TEMPERATURE 

• LOW GAIN DRIFT 

• LOW POWER DISSIPATION 

• LOW COST 

• LOW PSF 

APPLICATIONS 

• CRT DISPLAYS 

• HIGH SPEED AID CONVERTERS 

• VIDEO SIGNAL RECONSTRUCTION 

• WAVEFORM SYNTHESIS 

PINOUT 

2730 

Vps+ 

N. C. 

ANALOG GNO 
AMP SUMMING 

JUNCTION 

VREF (HI IN) 

Vps-

BIPOLAR R IN 

N.C. 

IOAC OUT 

10V SPAN R 

20V SPAN R 

OIGITALGNO 

TOP VIEW 
24 LEAD DIP 

10ppm/OC 

230mW . 

lppm/%PS 

BIT 1 (MSB) IN 

BIT 21N 

BIT 31N 

BIT 41N 

BIT 51N 

BIT 61N 

BIT 71N 

BIT SIN 

BIT 91N 

BIT 10 IN 

BIT 111N 

BIT 12 (LSB) IN 

DESCRIPTION 

The H 1-5660. 12-bit digital-to-analog converter is a similar second 
source to the AD566, yet offers improved power dissipation per
formance . 

Twelve high speed bipolar switches route the current from each 
bit cell either to ground or to the laser trimmed thin film R-2R 
ladder network, depending on the logic level of the bit input. 

The Harris dielectric isolation process is used to fabricate the HI-
5660, providing minimal stray capacitance and latch-free operation. 
The chips are trimmed at the wafer level to a maximum linearity 
error of 1/4 LSB at 250 C, making the HI-5660 an ideal choice when 
both high speed and high accuracy are essential. 

For a +10V reference, Harris recommends using the HA-1610. 
This highly stable precision reference is laser trimmed to an absolute 
accuracy of ± 0.05% and a temperature coefficient of ± 3ppm/oC. 
For designs where an external reference is impractical, the HI-
565A DAC is recommended. 

The H 1-5660 is available in both commercial and military tempera
ture grades, and is packaged in a ceramic 24 pin DIP. Power re
quirement is +5V, -15V. 

FUNCTIONAL DIAGRAM 

AMP 
SUMMING 4 
JUNCTION )-------, 

VREF 
(HIlIN 

(LO) IN 

BIPOLAR R IN 

20V 

11 SPAN R 

IN 
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m 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 0.1% 

APPllCA TIONS 

o PROGRAMMABLE GAIN AMPLIFIERS 

• PROGRAMMABLE FUNCTION GENERATION 

PINOUT 

TOP 

IOUTler'-' 

IOUT2 C 2 

GNOe 3 

(MSB) BIT 1 e 4 

BIT2C 5 HI-7541 

BIT 3 e 6 

BIT 4C 7 

BIT 5 C 8 

BIT 6 [ 9 

Copyright © Harris Corporation 1982 
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18 P RFEEOBACK 

17 P VREF IN 

16 P VOO+ 

15 P BIT 12 (LSB) 

14 :J BIT 11 

13 :J BIT 10 

12 JBIT9 

11 :JBIT8 

10 J BIT7 

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 fast 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 H 1-7541 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 M I L-STD-883 method 
5004 class B is available. 

FUNCTIONAL DIAGRAM 

R R R 

" ."."." VREF ~o-"'-"""IIV'-__ V\I'I~'~-'/'IIV'--1~---' 

: 2R .. ~ 

) S1 

.. 
~ 2R 

S2 

.~ 2R 
. ..: 

.» :~ 2R ~ 2R 

¢ 
9 S11 ~S12 i () I 9 (~ ? Q:~ 

I I I -V IOUT2 () 1 ~L--+~~~~+-~~-+~~--o 
I 
I 
I 

I 

~ 
BIT 1 
(MSBI 

: 
I 

I 
I 

~ 
BIT 2 

I I 

: I 

I .f) loun 
I 
I I 

~ • ( 

BIT 11 
BIT 12 
(LSBI <) 

~RFEEDBACK 

DIGITAL INPUTS (OTl. TTl. CMOS COMPATIBLE) 

LOGIC: A SWITCH IS CLOSED TO IOUll FOR ITS 

DIGITAL INPUT IN A HIGH (LOGIC 1) STATE. 

R 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground)l 

Power Supply Inputs VOO 
Reference-Inputs VR EF (Hi) 
o igital I nput Range Bits 1-12 

Output Voltage (Pins 1 and 2) 

+17V 

±25V 
VOO to GNO 

-100mV to VOO 

Power 0 issipation (Package) up to + 750 C , 
Oerate above +75 0 C by 6mW/oC. 

450mW 

Operating Temperature Range 
H 1-7541S0ITO/SO 
HI-7541AO/BO 
HI-7541JN/KN/JO . 
HI-7541S0/883 ANO TO/883. 

. Storage Temperature Range 

-550 C to + 1250 C 
-250 C ~o +85 0 C 

oDe to +750C 
-550 C to + 1250 C 
-650 C to +1500 C 

ELECTR ICAL CHARACTERISTICS (@25 0 C, VOO = +15V, VREF = +10V Unless otherwise noted) 

PARAMETER CONDITIONS 

INPUT CHARACTERISTICS 

Digital Inputs Bit ON = "Logic 1" 
Bit OFF = " Logic 0" 

Input Voltage 
Logic 1 2.4 2.4 V 
Logic 0 0.8 0.8 V 

Input Current 
Logic 1 VIN=15V 1 1 JJA 
Logic 0 VIN=OV -1 -1 JJA 

Reference Input 
Input Resistance 5 9 20 5 9 20 Kn 
Inpllt Voltage -10 +10 -10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Over Full Temp. Range 12 12 Bits 
Integral (2) @+250C 
Nonlinearity Over Full Temp Range :t.Ol :t.02 %FSR 
Differential (2) @+250C 
Nonlinearity Over Full Temp Range ~.Ol :t.02 %FSR 
Gain Error (2) @+250C ±.01 ±0.2 

Over Full Temp. Range :±-0.15 !0.25 %FSR 
Gain Tempco (2)(5) Over Full Temp. Range :t5 ±5 PPM/OC 
Settling Time (2) (5) 
to +112 LSB 1 1 JJs 
PSRR (2) 14.5V~Voo ~15.5V;250C .01 1-.01 .01 '±.01 %FSR/ 

Over Full Temp. Range !.02 :t.02 %.1 Voo 

OUTPUT CHARACTERISTICS 

VREF = ±10V :!:50 ±SO nA 
Output (2) @+250C 
Leakage Current Over Full Temp. Range ±100 ±100 nA 
Capacitance (2) (5) 100 100 pF 
Feed Through (2)(S) VREF = 20 Vpp @ 10kHz ±1 ±1 mVpp 

POWER REQUIREMENTS 

Voo 
100 (3) 
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:II HARRIS 

FEATURES 

• STROBE OUTPUT 

• KEY ROLLOVER OUTPUT 

• EXPANDABLE: 2 PACKAGES REQUIRED FOR FULL 
TELETYPEWRITER~ EIGHT-BIT ENCODING 

• SINGLE +5.0V SUPPLY REQUIRED 

• DTL/TTL OUTPUTS 

• MONOLITHIC RELIABILITY 

APPLICATIONS 

• MICROPROCESSOR DATA ENTRY (16 KEY TO 
HEX CODE) 

• BCD DATA ENTRY 

• TYPEWRITER TYPE KEYBOARDS 

• CONTROL PANELS 

PINOUT 

Section 11 for Packaging 

Top View 

Vee 1 24 KRO 
PARALLEL {OUT 3 2 23 GNO 

BINARY OUT 4 3 22 OUT 1} PARALLEL 
STROBE 4 21 OUT 2 BINARY 

:tt 16 INPUT 5 20 #1 INPUT 
15 " 6 19 2 
14 " 7 18 3 
13 " 8 17 4 
12 " 9 16 5 
11 10 15 6 
10 " 11 14 7 

#9 " 12 13 #8 

© Ie MASTER 1983 

H 0-0165 
Keyboard Encoder 

DESCRIPTION 

The HD-0165 Keyboard Encoder is a 161ine 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 dual-in
line package and operates over the temperature range of DoC 
to +75 0 C. 

EaUIVALENT CIRCUITS 

KEYBOARD 

• EQUIVALENT RESISTORS FOR OTHER 
INPUTS ARE BETWEEN THESE TWO VALUES 

OUTPUT 
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SPECIFICATIONS m 
ABSOLUTE MAXI,MUM 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 

PAR"AMETER SYM. 
LIMITS 

UNITS TEST CONDITIONS 
MIN TVP MAX 

Input Current "1" IIH 17 mA VIN = +5.0V 

"0" VOL +0.2 +0.4 VIH = +4.5V IOL = 10mA 
D.C. Output Voltage +0.4 

V 
VIH = +3.5V IOL = 3.?mA 

"1" VOH +2.4 +4.0 VIL = Open Circuit,loH = -240]JA 

Operating ICC 52 mA One Input at +5.25V 
Power Supply Current 

Maximum ICCM 88 mA All I nputs at +5.25V 

T Case = 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 time differential 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 l l l l l l l H H H H l H 
l H l l l l l l l l 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 < +LOV H = > +4,SV Current Source 
OUTPUTS: L = < +O.4V H = > +2.4V X = Erroneous Oata 
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m HARRIS 

Preliminary 

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 

• 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 
DIGITAL PBX SYSTEMS 

PINOUT 

T 

R 
vs+ 

CAP1* 
CAP 3 

DG 
RS 
RD 
TF 
RF 

VS
SG 

TOP VIEW 

TX 
AG 
CAP 4 
Rx 
+IN 

-IN 

OUT 

CAP2 

*Optional 

Copyright © Harris Corporation 1981 
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HC-5502 
$lIC-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 RIS dielectric isolation process, the 
SLlC-LC can operate directly with a wide range of station 
battery voltagees. 

The SLlC-LC also p~ovides ~elective denial of power. If the 
PABX system becomes overloaded during an emergency, 
the SLlC-LC will provide system protection by denying 
power to selected ~ubscriber loops. 

The HARRIS SLlC-LC is ideally suited in the design of new 
digital PABX systems, by eliminating bulky, expensive 

. hybrid transformers. 

SLlC-LC is available in either a 24 pin dual-in-line plastic 
or ceramic package. 

FUNCTIONAL DIAGRAM 

2WIRE 
LOOP 

r------::;- -------.., 
RS ....----, TRIP SHD SWITCH HOOK 

DETECTION 

TX TRANSMIT 
OUTPUT 

150S! 
.1~--+""-< 

POWER DENIAL PO I L. ___ .2~ M~!O.:!!~ ______ ...J 
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mJ HARRIS HC-5504 

Preliminary 
SlIC-lC Subscriber 

line Interface Circuit 

FEATURES 

• MONOLITHIC INTEGRATED DEVICE 

• UNIQUE DI 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 
SUPERIMPOSED RINGING SYSTEMS 

• 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 
DIGITAL PBX SYSTEMS 

PINOUT 

TOP VIEW 

T TX 
R AG 

R FS CAP 4 
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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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 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 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 transformers. 

SLlC-LC is available in either a 24 pin dual-in-line plastic 
or ceramic package. The SLI C-LC is also availabie in die form. 

FUNCTIONAL DIAGRAM 

2WIRE 
LOOP 

TX TRANSMIT 
OUTPUT 

-1 ~--r-::-< 

VOL TAGE ,..., POWER DENIAL PO I 
~VBAT L ___ ~~M.!:!O~~ ______ ..J 
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H C-5116A/5117 A 
/5156A 

II HARRIS 

ADVANCE Monolithic CODECs 

FEA TURES DESCRIPTION 

• LOW OPERATION POWER 50mW TYP. 
• +5V OPERATION 
• TTL COMPATIBLE DIGITAL INTERFACE 
• INTERNAL PRECISION REFERENCE ON HC-5116A, 

HC-5117A and HC-5156A 
• INTERNAL SAMPLE AND HOLD CAPACITORS 
• INTERNAL AUTO-ZERO CIRCUIT 
• HC-5116A-J..L-LAW CODING (SIGN PLUS MAGNITUDE 

FORMAT) 
• HC-5117A-p-LAW, 03 COMPATIBLE FORMAT 
• HC-5156A- A-LAW CODING 
• SYNCHRONOUS OR ASYNCHRONOUS OPERATION 

PINOUT 

ANALOG INPUT 

14 ANALOG GROUND 

NC 

MASTER CLOCK 5 

XMIT SYNC 6 

XMIT CLOCK 7 

8 
DIGITAL OUTPUT RCV SYNC 

TOP VIEW 

Copyright © Harris Corporation 1982 
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The HC-5116A, HC-5117A and HC-5156A are monolithic PCM 
CODECs implemented with double-poly CMOS technology. 
The H C-5116A and H C-5117 A are intended for )1-law applica
tions. The H C-5117 A has a 03 compatible format for line card 
compatibility with the HC-5156A. 

Each device contains separate D/A and AID circuitry, all neces
sary sample and hold capacitors, and internal auto-zero circuits. 
Each device also contains a precision internal voltage reference, 
eliminating the need for an external reference. There are no 
internal connections to pins 15 or 16, making them directly inter
changeable with CODECs using external reference components. 

All devices are intended to be used with the HC-5512 monolithic 
PCM filter which provides the input anti-aliasing function for the 
encoder and smooths the output of the decoder and corrects 
for the sin x/x distortion introduced by the decoder sample and 
hold output. 

FUNCTIONAL DIAGRAM 

ANALOG DIGITAL 
INPUT OUTPUT 

XMITCLOCK 

XMITSYNC 

MASTER 
CLOCK 

RCVCLOCK 

RCV SYNC 

ANALOG DIGITAL 
OUTPUT INPUT 
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·mHARRlS 

FEATURES 

• EXCEEDS ALL D3/D4 AND CCITT SPECI FICATIONS 
• +5V, -5V POWER SUPPLI ES 
• LOW POWER CONSUMPTION: 

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 CORRECTION IN RECEIVE FILTER, 
• 50/S0Hz REJECTION IN TRANSMIT FILTER 
• TTL AND CMOS COMPATIBLE LOGIC 
• ALL INPUT PROTECTED AGAINST STATIC DISCHARGE 

DUE TO HANDLING 

PINOUT 

DUAL-IN-LiNE PACKAGE 
TOP VIEW 

FUNCTIONAL DIAGRAM 

VFxl- 2 

VFxl+_' T""""'---"'''' 

PWRO,..,,;7+-_c:: 

PWRO+·~6f--o<1_C:: 

GS. 

3 

PWRI VFRO Vee 

H C-5 512/5512A 
PCM Monolithic Filter 

DESCRIPTION 

Vss 

The HC-5512/HC-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 xlx frequency response. 
The receive filter approximates the function required to com
pensate for the degraded frequency response and restore 
the flat passband response. 

16 

VF.O 

13 

GNDD GNDA PDN 

FIGURE 1 
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m HARRIS HC-55516 
All-Digital Continuously 

Variable Slope Delta Modulator (CVSD) 

FEATURES 

• REQUIRES FEWER EXTERNAL PARTS 

• LOW POWER DRAIN: 6mW FROM SINGLE 5V-7V 
SUPPLY 

• TIME CONSTANTS DETERMINED BY CLOCK 
FREQUENCY; NO CALIBRATION OR DRIFT 
PROBLEMS; AUTOMATIC OFFSET ADJUST
MENT 

• HALF DUPLEX OPERATION BY DIGITAL CONTROL 

• FILTER RESET BY 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. 

PINOUT 
Section 11 for Packaging 

Top View 

© Ie MASTER 1983 

The HC-55516 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 signals are compatible with other CVSD circuits, internal 

design is unique. The analog loop filters have been replaced 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-55516 has internal time constants optimized for a 16K 

bits/sec data rate and is usable from 9K bits/sec to above 64K 

bits/sec. The unit is available in 14 pin DIP (HC1) packages 

in two temperature ranges: -550 C to + 1250 C (-2 or -8), and 

-400 C to +850 C (-9). It is also available in chip form. 

FUNCTIONAL DIAGRAM 

(4) AGe 

OUT 

1111 
ALTERNATE 

f" 
CLOCK 

fN 

~ 

f8' 
GNO 
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HARRIS 
SEMICONDUCTOR 
A DIVISION OF HARRIS CORPORATION 

Preliminary 

FEATURES 

• GENERATES EITHER DTMF TONES OR DIAL PULSES 

• INTERFACES WITH STANDARD KEYPADS (FORM A 
CONTACT OR 2 OF 8) OR 4 BIT CMOS IlP BUS. 

• 17 DIGIT LAST NUMBER REDIAL 

• 1mA PEAK OUTPUT DRIVE 

• USES INEXPENSIVE 3.5795 MHz TV COLOR BURST 
CRYSTAL 

• REGULATED TONE OUTPUT AMPLITUDES 

• 2.5 TO 6V OPERATION 

• TONE FREQUENCIES WITHIN 1% 

• SINGLE TONE CAPABI L1TY 

• MEETS INTERNATIONAL STANDARDS FOR TONE 
LEVELS AND DISTORTION 

• AUTOMATIC RECEIVER MUTE OUTPUT DURING 
. SIGNALING 

• MUTE, PAUSE AND CANCEL SPECIAL FUNCTIONS 

PINOUT 

TOP VIEW 

v+ TONE OUT 

SF PULSE OUT 

C1 H/S 

C2 R1 

C3 R2 

GND R3 

OSC OUT R4 

OSC IN MUTE OUT 

TONE/PULSE C4 

KIP M/B 

Copyright © Harris Corporation 1982 
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HC-5541 
Pulse/Tone Dialer 

DESCRIPTION 

The HC-5541 is a CMOS monolithic integrated circuit telephone dialer design
ed for applications where it is needed to produce either dial pulses or dial tones 
at will. 

OUTPUTS 

The H C-5541 outputs dial pulses or dial tones on separate pins. Sixteen 
standard DTMF frequency pairs are provided, accurate to ±1%. For pulse out
puts, the make/break ratio can be selected with a single pin to conform to 
either US or European standards. A mute output is provided to mute the 
receiver while output signals are being generated. 

INPUTS 

Data can be.entered from a 4x4 keypad or a 4 bit microprocessor bus. In addi
tion, the circuit can be driven from a standard 3x4 keypad plus one additional 
switch to select tones or pulses. Selection of keypad or microprocessor entry is 
controlled from a single pin . 

The pulseltone dialer is available in either a 20 pin dual-in-line plastic or 
ceramic package. . 

FUNCTIONAL DIAGRAM 

M/B 

SF 

KIP 

HIS TONEIPULSE 

FUNCTIONAL DIAGRAM 
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m HARRIS HV-1000/1005/1010 
SEMICONDUCTOR ANALOG PRODUCTS DIVISION 

Preliminary 

FEATURES 

• OPERATES DIRECTLY OFF 110/220V AC LINE - NO 
POWER SUPPLY REQUIRED 

• PRODUCES POWER SAVINGS OFF FROM 10% TO 50% 
FOR MOTORS WITH LIGHT OR VARIABLE LOADS 

• SCR OUTPUT STAGE TRIGGERS TRIAC 01 RECTL Y 

• LOAD ANTICIPATOR SENSES SHOCK LOADS AND 
RESPONDS INSTANTLY WITH FULL POWER 

• WITHSTANDS LINE SURGES TO 2000V 

• CAUSES MOTOR TO RUN QUIETER, COOLER 

• CAN BE MOUNTED INSIDE MOTOR 

• NEEDS ONLY 3 RESISTORS, 2 CAPACITORS AND A 
TRIAC TO ASSEMBLE COMPLETE CONTROLLER 

APPLICATIONS 

• POWER TOOLS 

• WATER PUMPS 

• HEAT PUMPS 

• PRESSES 

• CONVEYORS 

• COMPRESSORS 

~ ANY APPLICATION WHERE FOR SOME OF THE 
TIME THE MOTOR IS DRIVING LESS THAN ITS' 
RATED LOAD 

FUNCTIONAL DIAGRAM 

DESCRIPTION 

'Induction Motor 
Energy Saver 

The HV-1000/1005/1010 are energy saving induction motor 
controller circuits specifically designed for use with 110/220 
volt AC single phase induction motors to reduce power 
consumption. 

The controller circuit senses the load on the motor and then 
controls a TRIAC to apply reduced voltage to lightly loaded 
motors, full voltage to heavily loaded motors. 

The HV-1000/1005/1010 is available in a 16 lead DIP. 
Ideal' for mounting inside induction motors, it can also be 
mounted in a heat sunk circuit box for external, after market 
application. 

PINOUT 

AC La 

CAP B 

CAP A 

POT 3 

POT 2 

POT 1 

CONTROL RETURN 

GATE La 

TOP VIEW 

AC HI 

SENSE 

GATE HI 

POT 1 POT 2 POT 3 CAP A CAP B SENSE 

IN 
LO 

Copyright © Harris Corporation 1981 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage (With Input Resistor) 

Input Voltage (Without Input Resistor) 

Power Dissipation 
Operating Temperature Range 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

Output Current (10 microsecond pulse) 

±2000V 

±600V 

500mW 

-250C to +850C 

-400C to +1000C ' 

3000 C 

500mA 

ELECTRICAL CHARACTERISTICS 

2742 

These characteristics apply to the HV~1000/1005/1010 operating off 60Hz AC line power. HV-1000/1005/1010 
respectively should be selected so that the full load power factor of the controller approximately matches that of 

Watts 
the motor. The motor. power factor V- I A at full load, which should be measured experimentally. 

o t mperes 

FULL LOAD POWER FACTOR 

HV-1000 HV-l005 HV-l010 

.86 .78 .68 

PARAMETER MINIMUM MAXIMUM UNITS 

Difference Between Positive and Negative 75 J1sec 
. Triggering Times, Measured from Line 

Voltage Zero Crossing 

Output Stage Breakover Voltage ±600 V 

NOTES: 

1. Selection of HV-l000/1005/1010 by matching the full load power factor of the motor to that of the controller 
ensures that the controller will apply full voltage to the motor at its full rated load. At reduced loads, the 
controller wi" then apply appropriately reduced voltage to the motor so that its power consumption is reduced. 

2. No guarantee of power savings can be given since the savings achievable depend entirely on the motor and its 
application. For a motor driving only a flywheel (e.g. a circular saw or a bench grinder) a power reduction of 
50% may often be observed when the tool is switched on but not in use. For typical variable load applications, 
an overall power reduction of 10% is likely to be observed. 

© Ie MASTER 1983 



,.he 
Contender's 

Winning 
Combination 

When you're The Contender, you have to have 
technological superiority and strength to go the 
distance. Most of all, you have to deliver. 

We've rolled these key factors into a hard-hitting 
combination punch that scores technical knockouts 
over the competition every time. 

FIRST WE NAIL'EM WITH THE RIGHT. We're the only 
converter manufacturer with a patented commer
cial package guaranteed to be leak-proof! We're 
on the leading edge of AID and DIA technology. 
Our p-roducts feature innovative, state-of-the-art 
circuit design, and we've incorporated the most 
advanced manufacturing techniques available. 

THEN WE PUT'EM AWAY WITH THE LEFT. No one else 

goes to the extremes we do to assure quality. We 
full power burn-in every product at +85 0 C. That's 
15 0 C higher than the maximum specified operating 
temperature range. We have to, because every 
commercial data conversion product we build must 
meet an Acceptable Quality Level (AQL) of 0.4%. 
This commits us to guarantee that there will be no 
rejects in a sample of 100 pieces. That's more than 
twice as tough as it has to be-even for military 
applications. 

Hybrid Systems not only makes the products shown 
here but hundreds of other data acquisition com
ponents ... including custom hybrids. Call for 
details. 

Industry Standard 574 S34.50(100's) 
12-Bit, 25J1Sec Hybrid ADC 

FEATURES 
• Complete 12-Bit AID Converter 
• 2SIJSec Conversion Time 
• Power 600mW 
• No Missing Codes 
• 1S0nSec Bus Access Time 
• IJP BUS Compatible 
• Commercial and MIL-STD-883B Processing 
• Hermetic, 28 pin DIP, Metal Package 

SPECIFICATIONS 
Resolution 
Linearity Error 

Differential 
Integral 

End Point Error1 

. Offset Bipolar 
Unipolar 

Full Scale 
Conversion Time 
Temperature Stability 

Linearity 
Offset 
Full Scale 

Power 
Package 

'Adjustable 10 zero 

12-Bits 

No Missing Codes 
±O.013% F.S.R. 

±O.2S% F.S.R. 
±O.OS% F.S.R. 
±O.3% F.S.R. 
2SIJSec 

Sppm/oC F.S.R. 
Sppm/oC F.S.R. 
2Sppm/oC F.S.R. 
± 1SV, + SV/600mW 
28 pin DIP 

FUNCTIONAL DIAGRAM 

RESISTORSAAE THIN 
FILM ON CERAMIC 
SUBSTRATE 

ORDERING GUIDE 
LINEARITY ERROR 

MODEL RESOLUTION MAX OVER TEMP 

HS 574J 12 Bits ±1 LSB 
HS 574K 12 Bits ±Y2 LSB 
HS 574L 12 Bits ±Y2 LSB 
HS 574S 12 Bits ±1 LSB 
HS 574T 12 Bits ±1 LSB' 
HS 574U 12 Bits ±1 LSB' 
HS 74S/B 12 Bits ±1 LSB' 
HS 574T/B 12 Bits ±1 LSB' 
HS 574U/B 12 Bits ±1 LSB' 

TEMP RANGE 

O°C to +70°C 
O°C to +70°C 
O°C to +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: ±'h LSB max error from -25°C to -85°C 

ANALOG 
GND(AC) 

PROCESSING 

0.4%AQL' 
0.4% AQL' 
0.4%AQL' 
0.4% AQL' 
0.4% AQL' 
0.4% AQL' 

MIL-SID-883B 
MIL-SID-883B 
MIL-SID-883B 

PRICE( 1 OO'S) 

$ 34.50 
$ 44.50 
$ 65.50 
$ 95.00 
$130.00 
$190.00 
$115.00 
$160.00 
5230.00 

0.4 % A.Q.L· All units have full power burn-in at + 85°C. Acceptable qualily level (AQL) of 0.4% means that Hybrid Systems guarantees thatthere 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. 

Hybrid Systems 22 Linnell Circle, Billerica, MA 01821 
CORPORATION (617)667-8700, TWX 710-347-1575 

© Ie MASTER 1983 2743 

en 
E 
Q) ...... 
en 
~ en 
"tJ 
"i:: 
.a 
~ 
J: 



en 
E 
Q) ..... en 
~ 

C/) 

-0 
"L: 
.a 
~ 
:c 

12-Bit Adjustment Free ADC's 
HS 5200 Series 

FEATURES 
• 12-Bit Conversion in 10JASec (Typical) 
• Adjustment-Free (±O.0125%) Linearity 
• Low Power 670mW (Typical) 
• Hermetic, 24-pin DIP, Metal Package 
• MIL-STD-883B Processing 
• Pin Compatible to MN5200 

SPECIFICATIONS 
Resolution 
Linearity 
Absolute Accuracy' 
Conversion Time 
Temperature Range 

C-versions 
B-versions 

Power 
Package 

12 Bits 
±1h LSB 
±O.4% 
13JASec 

O°C to + 70°C 
-55°C to + 125°C 
+ 15V, +5V/870mW 
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% 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 for military applications. 

FUNCTIONAL DIAGRAM 
MSB 'LSB 

BIT 1 2 3 4 5 6 7 8 9 10 11 12 

9 8 7 6 5 4 21 20 19 18 17 16 

"5V~ r- fEoSTATUS 
(EOC) 

15Vo2l ~START 
'5V~ 

SAR 
~C~CK 

g~~~ 
.2oSER1AL 

I 
OUT 

..... >---
N/Co2.Q. f---

AN~~ I OAC 
GND 14 COMP 

f2loNOTE 1 ANA 
IN 

ORDERING GUIDE 
RESOLUTION I INPUT 

MODEL CONVERSION TIME RANGE TEMP RANGE PROCESSING. PRICE (1-9) 

HS 5210C-12 12 Bits, 131'Sec o to -10V DoC to +70°C 0.4% AQL o $160.00 
HS 5211C-12 12 Bits. 131'Sec ± 5V DoC to +70°C 0.4% AQL o $160.00 
HS 5212C-12 12 Bits. 131'Sec ±10V DoC to +70°C 0.4% AQL o $16000 
HS 5213C-12 12 Bits, 131'Sec Oto -10V DoC to +70°C 0.4% AQL o $160.00' 
HS 5214C-12 12 Bits. 131'Sec ± 5V O°C to +70°C 0.4% AQL o $160.00' 
HS 5215C-12 12 Bits. 131'Sec ±10V O°C to +70°C 0.4% AQL o $160.00' 
HS 5216C-12 12 Bits. 131'Sec Oto +10V O°C to +70°C 0.4% AQL o $16000 

. HS 5210B-12 12 Bits. 131'Sec Oto -10V -55°C to + 125°C MIL-STD-883B $190.00 
HS 5211B-12 12 Bits. 131'Sec ± 5V -55°C to + 125°C MIl-STD·883B $19000 
HS 5212B·12 12 Bits. 131'Sec ±10V -55°C to + 125°C MIL-STO-883B $19000 
HS 5213B-12 12 Bits. 131'Sec o to -10V -55°C to + 125°C MIL-STO-883B $190.00' 
HS 5214B·12 12 Bits. 131'Sec ± 5V -55°C to + 125°C MIL-STD-883B $190.00' 
HS 5215B-12 '12 Bits. 131'Sec ±10V -55°C to +125°C MIL·STD883B $19000' 
HS 5216B-12 12 Bits. 131'Sec Oto +10V -55°C to + 125°C MIL-STD-883B $19000 

, 10V external reference user supplied 

Technical knockouts from the Contenders! 

12-Bit 10 ",Sec Hi Rei 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 
Scale 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-pln DIP 

S134.00 (1-9) 

FUNCTIONAL DIAGRAM 
LSB MSB MS1! 

1 2345678910111213 

20 
STATUS 

32 
SERIAL OUT 

14 
SHORT CYCLE 

21 
START 

CLOCK 
RA TE CONTROL 
CLOCK OUT 

REF OUT 

BUFFER OUT 

BUFFER IN 
7 4 25 23 22 

GAIN 10V 20V BIPOLAR COMPARATOR IN 
AOJ RANGE OFFSET 

ORDERING GUIDE 
MODEL 

HSADC85B I 
HSADC85C 

RESOLUTION ACCURACY TEMP RANGE PROCESSING PRICE 

12 Bits I 
12 Bits 

12 Bits 1-550 C to + 125°C r MIL-STD-883B 1$205.00 
12 Bits O°C to +70°C I 0.4% AQL· I $134.00 

Hybrid Systems 22 Linnell Circle, Billerica, MA 01821 
CORPORATION (617)667-8700, TWX 710-347-1575 
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14,15 and 16 Bit Linearity 
Latched MBAC's 
DAC9331-16 Series 

FEATURES 
• up to 16-Bit (0.0008%) Linearity 
• Two-Chip Construction 
• Input Registers 

S69.00(1-9) 
• 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 
200/AAIVREF 

±0.003% F.S.R. 
±0.0015% F.S.R. 
±0.0008% F.S.R. 
2/ASec 

FUNCTIONAL DIAGRAM 
10 II 12 13 14 15 16 ANAGND '15V 

3
9 

2 19 24~ 23~9 
I +--~---.I.-.... 

~~~CH 0
19 

CONTROL 

ORDERING GUIDE 

1~~_O lOUT 2 

lLoIOUT 1 

14 

FEEDBACK 

Scale Factor Drift 
Temperature Range 
Power 

2ppm/oC MODEL r<lSOLUTION LlNtAr<IIY H:MP RANGl: PROCESSING PRICE (1-9) 

Package 

O°C to + 70°C 
+ 15V/60mW 
24-pin DIP 

DAC9331164 
DAC933116~ 
[)AC9331166 

-$99 00 1100s) 

5 69.00 
5109.00 
516900' 

- Technical knockouts from the Contenders! 

Complete Buffered 
16 and 18 Bit BAC's 
DAC9377, 377 Series 
FEATURES 
• True 16-Bit (0.0008%) Linearity 

FUNCTIONAL DIAGRAM 

• /AP 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 
o to +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. 
20/ASec 
5ppm/oC 
O°C to + 70°C 
+ 15V/450mW 
24-pin DIP (9377) 
28-pin DIP, Metal (377) 

(MSB) DIGITAL INPUTS (LSB) 
BIT I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 

GAIN + 15V -15V GND 
ADJUST 

ORDERING GUIDE 
MODEL RESOLUTION LINEARITY 

DAC9377-4D 4 BCD ±OOO2% 
DAC9377-16-4 16 Bits 14 Bits 
DAC937716~ 16 Bits 16 Bits 
DAC937716-6 16 Bits 16 Bits 
DAC377B18 18 Bits 16 Bits 
DAC377C-18 18 Bits 16 Bits 

S89.00(1-9) 

>--+-~1;.:..O -oVOUT 

BIPOLAR SUMMING 
JUNCTION 

TEMP RANGE PROCESSING PRICE (1-9) 

O°C to +70°C 0.4% AQL o 5 99.00 
O°C to +70°C 0.4% AQL o 5 89.00 
O°C to +70°C 0.4% AQL o 512900 
O°C to +70°C 0.4% AQL o 519900 

-55°C to + 125°C MIL·STD-883B 539500 
O°C to +70°C 0.4% AQL o 5205.00 

Hybrid Systems 22 Linnell Circle, Billerica, MA 01821 
CORPORATION (617)667-8700, TWX 710-347-1575 
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Monolithic 
I4·BitMDAC 
HS 3140 Ser-ies 
FEATURES 
• Monolithic CMOS Circuit 
• On-Chip Resistors 
'. Linearity ± 0.003% 
• Monotonic Over Temperature 
• Latch-Up Protected 
• 20-pin DIP, Metal Package 
• Pin Compatible to DAC-HA 14B 
• Commercial and MIL-STD-883B Processing 

SPECIFICATIONS 
Resolution 
Coding 
Logic 
Reference Input 
Output 
Linearity 

HS 3140-4 
HS 3140-3 

Settling Time 
Scale Factor Drift 
Temperature Range 

C-versions 
B-versions 

Power 
Package 

14 Bits 
BIN,OBIN 
CMOS, TIL 
o to ±25V 
200~AIVREF 

±0.003% 
±0.006% 
1.5~Sec 
2ppm/oC 

O°C to + 70°C 
-55°C to + 125°C 
+15V/@1mA 
20-pin DIP 

S29.00 (IOO's) 

FUNCTIONAL DIAGRAM 

19 

4b 
BIT 1 
IMSBI 

A FEEOBACK 

SWITCHES ARE 
SHOWN IN THE 
HIGH STATE 

'SIMPLIFIED CMOS SWITCH 

ORDERING GUIDE 
MODEL RESOLUTION LINEARITY TEMP RANGE PROCESSING PRICE (1·91 

HS 3140C3 14 Bits 13 Bits O°C to + 70°C 04% AQL- 5 35.00' 
HS 3140C4 14 Bits 14 Bits O°C to + 7Q°C 04%AQL- 5 39.00 
HS 3140B3 14 Bits 13 Bits -55°C to + 125°C MIL-STD-883B S 8000 
HS 3140B 4 14 Bits 14 Bits -55°C to + 125°C MIL-STD·883B 510800 

'S29 00 (100'5) 

Technical knockouts from the Contenders! 

Monolithic 
1&·BitMDAC HS 3160 

FEATURES 
• Monolithic CMOS Circuit 
• On-Chip Resistors 
• Linearity ±0.003% (14·Bits) 
• Monotonic Over Temperature 

SPECIFICATIONS 
Resolution 16-Bits 

• Latch-Up Protected 
• Small Size, 22 pin DIP 
• Commercial and 

MIL-STO-883B Processing 

Coding BIN, OBIN 
Logic CMOS, TTL 
Reference Input 0 to ± 25V 
Output ' 200/1AIV REF 
Integral Linearity (Accuracy) , 

HS 3160-4 ±0.006% F.S.R. Max 
HS 3160-3 ±0.012% F.S.R. Max 

S39.00 (IOO's) 
FUNCTIONAL DIAGRAM 

21 

GNO 
20 

Voo 

BIT 1 
IMSBI 

5k 5k 

\!> 
BIT 2 

*This schematic is simplified for clarity. 
Differential Linearity 

HS 3160-4 ±0.006% F.S.R. Max 
±0.012% F.S.R. Max 
1.5/1Sec 

ORDERING GUIDE 
HS 3160-3 

Settling Time 
Scale Factor Drift 
Temperature Range 

C-versions 
B-versions 

Power 
Package 

2ppm/oC 

O°C to + 70°C 
-55°C to +125°C 
+15V@1mA 
22 pin DIP Ceramic 

MODEL RESOLUTION LINEARITY TEMP RANGE 

HS 3160C-3 16 Bits 13 Bits O°C to +70°C 
HS 3160C-4 16 Bits 14 Bits' O°C to +70°C 
HS 3160B-3 16 Bits 13 Bits -55°C to + 125°C 
HS 3160B-4 16 Bits 14 Bits' -55°C to + 125°C 

Iintegral Linearity (Accuracy): 0.006% F.S.R. Max 
Differential Linearity: 0.006% F.S.R. Max 

R FEEDBACK 

PROCESSING 

0.4% AQL" 
0.4% AQL" 

MIL-STO-883B 
MIL-STO-883B 

1 lOUT 1 

SWITCHES ARE 
SHOWN IN THE 
HIGH STATE 

PRICE (1-9) 

$ 45.00' 
$ .. 49.00 
S '90.00 
$119.00 

1$39.00 (100's) 

Hybrid Systems 22 Linnell Circle, Billerica, MA 01821 
CORPORATION (617)667-8700, TWX 710-347-1575 
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Double ·Buflered 
·12-Bit IlBAG 
HS 3120 Series 
FEATURES 
• Monolithic Construction 
• 12-Bit Resolution 
• linearity 0.01% 
• IJP Compatible 
• 4-Quadrant Multiplication 
• Latch·Up Protected 

SPECIFICATIONS 
Resolution 
Coding 
Logic 
Reference Input 
Output 
linearity 

HS 3120-0 
HS 3120-2 

Settling Time 
Scale Factor Drift 
Temperature Range 

C·versions 
B·versions 

Power 
Package 

12 Bits 
BIN,OBIN 
CMOS, TTL 
o to ±25V 
200IJAIVREF 

±0.05% 
±0.01% 
1IJSec 
2ppm/ o C 

O°C to + 70°C 
-55°C to + 125°C 
+ 1SV/@2.5mA 
28-pin DIP 

FUNCTIONAL DIAGRAM 
IMSB) ILSB) 
BIT I 2 3 4 5 6 7 8 9 10 11 BIT 12 VRE F 

a 
HBE 

MBE 

LBE 

LDAC c>=l----I 

ORDERING GUIDE 
MODEL RESOLUTION 

HS 312OC-0 12 Bits 
HS 312OC-2 12 Bits 
HS 3120E-0 12 Bits 
HS 3120E-2 12 Bits 
HS 3120B-0 12 Bits 
HS 3120B-2 12 Bits 

UNEARITY TEMP RANGE PROCESSING 

10 Bits O°C to +70°C 0.4% AQLo 

12 Bits O°C to +70°C 0.4% AQLo 

10 Bits -25°C to +85°C 0'.4% AQLo 
12 Bits -25°C to +85°C 0.4% AQL o 

10 Bits -ssoC to + 125°C MIL-SID-883B 
12 Bits -ssoC to + 125°C MIL-SID-883B 

FBI 

101 

102 

FB4 

FB3 

PRICE (1·9) 

S29.OO 
S36.OO 
S33.OO 
S42.OO 
S72.oo 
S82.OO 

Technical knockouts from the Contenders! 

Industry Standard BAG 80 
FEATURES 
• 12-Bit Resolution • Voltage or Current Output 
• Fast Output Settling • TTL and CMOS Compatible 
• ± 1/2 LSB linearity • Wide Operating Supply Range 

SPECIFICATIONS 
Resolution 12 Bits S15.95 ANY QTY. 
Coding 
Logic 
Output 

CBIN, COBIN 
CMOS, TTL 

± 1 mA, 0 to - 2mA Current 
Voltage 

Total Error 
Unipolar 
Bipolar 

Settling Time 

±2.5V, ±5V, ±10V,Oto +5V 

Power 
Temperature Range 
Package 

ORDERING GUIDE 

±0.08% F.S.R. 
±0.06% F.S.R. 
300nSec (-I) 
3IJSec (-V) 
±15V/750mW 
O°C to + 70°C 
24-pin DIP 

MODEL DESCRIPTION PROCESSING 

HS DAC80-CBI-I I Current Output 
HS DAC80-CBI-V Voltage Output I 0.4% AQLo 

0.4% AQLo I 
PRICE (1 up) 

S15.95 
S16.95 

FUNCTIONAL DIAGRAM 

BIT 1 BIT 12 
(MSBI (lSBI 

HS DAC80-CBI·V 

Hybrid Systems 22 Linnell Circle, Billerica, MA 01821 
CORPORATION (617)667-8700, TWX 710-347-1575 
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Complete J-lP Compatible 
12 BitDAC 
DAC338, HS 9338 Series 

FEATURES S39.00 (1-9) 
• /JP BUS Compatible 
• 0 to + 10V, 0 to +5V, ± 10V, ±5V Output Ranges 
• Binary Coding 
• linearity ±0.01% 
• 2.5/JSec Settling Time 

SPECIFICATIONS 
Resolution 
Coding 
Logic 
Output 
linearity 

-0 
-1 
-2 

Settling Time 
Scale Factor Drift 
Temperature Range 
Power 
Package 

12 Bits 
BIN,OBIN 
CMOS, TIL 
o to +10V, ± 10V, ±5V 

± 0.05% F.S.R. 
±0.02% F.S.R. 
±0.01% F.S.R. 
20/JSec 
15ppm/oC 
O°C to +70°C 
+ 15V/450mW 
28-pin DIP 

FUNCTIONAL DIAGRAM 

WR 

HBE 

MBE 

LBE 

LDAC 

MSB 
DATA INPUTS 

+5V -15V +15V GND GAIN 

ORDERING GUIDE 
MODEL RESOLUTION LINEARITY TEMP RANGE 

DAC338B-12-0 12 Bits 10 Bits -55°C to + 125°C 
DAC338B-12-1 12 Bits 11 Bits -55°C to + 125°C 
DAC338B-12-2 12 Bits 12 Bits -55°C to + 125°C 
HS 9338-0 12 Bits 10 Bits O°C to +70°C 
HS 9338-1 12 Bits 11 Bits O°C to +70°C 
HS 9338-2 12 Bits 12 Bits O°C to +70°C 

11 

BIPOLAR 

PROCESSING PRICE (1-9) 

MIL-STD-883B 5118.00 
MIL-STD-883B 5126.00 
MIL-STD-883B 5137.00 
0.4% AQL' 5 39.00 
0.4% AQL' 5 44.00 
0.4% AQL' 5 49.00 

Technical knockouts from the Contenders! 

Complete Buffered 12-Bit BAC's 
HS3860 Series -

SPECIFICATIONS 
Resolution 
Coding 
Logic 
Output 
Linearity Error 

O°C to +70°C 

12 Bits 
CBIN, COBIN 
CMOS, TIL 
o to + 10V, ±5V, ± 10V 

± 1f4 LSB (typical) 
±1f2 LSB (maximum) 

-55°C to +125°C ±1f2 LSB (maximum) 
Monotonlcity Guaranteed Over Temp. 
Full Scale Absolute Error 

+25°C ±0.05% F.S.R. (typical) 
±0.1% F.S.R, (maximum) 

-55°C to + 125°C ±0.15% F.S.R. (typical) 
(B-verslon) , ± 0.3% F.S.R. (maximum) 

Zero Error 
+25°C 

-55°C to 125°C 
(B-verslon) 

Gain Error 
Gain Drift 
Settling Time 
Temperature Range 

C-version 
B-verslon 

Power 
Package 

± 0.025% F.S.R. (typical) 
± 0.05% F.S.R. (maximum) 
±0.05% F.S.R.(typlcal) 
±0.1% F.S.R. (maximum) 
±0.1% 
±10ppm/oC 
3jASe~ ....... 

O°C to +:70°C 
-55°C to +125°C 
± 15V, +5V/1000mW 
24-pln DIP, Ceramic 

FEATURES 
• ± 112 LSB Linearity (maximum) 
• ±O.3% Absolute Accuracy Over Temperature 
• 3~Sec Settling Time 
• MIL-STD-883B Processing 
• Superior Replacement for MN3860 SI40.00(1-9) 

FUNCTIONAL DIAGRAM 

~_-:--_--),:.:!.15-o OUTPUT 

REF REF GAIN BIPOLAR 
OUT IN AOJ OFFSET 

ORDERING GUIDE 
MODEL RESOLunON LINEARITY TEMP RANGE PROCESSING PRICE (1-9) 

HS 3860B I 12 Bits t 12 Bits I-550C to + 125°C IMIL-STD-883B I 5225.00 
HS 3860C 12 Bits 12 Bits O°C.to +70°C 0,4% AQL' 5140.00 

Hybrid Systems 22 Linnell Circle, Billerica, MA 01821 
CORPORATION (617)667-8700, TWX 710-347-1575 
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•
MICRO 
PO\NER DAC's, ADC's, Mux's & Switches 
SVSTEMS ______________________________________ _ 

Note: See other MPS parts in Linear and Military Sections. 

Analog Multiplexers 
o Second source to Analog Devices, 

Harris and Siliconix 
o Low leakage; dielectric isolation 
o 25 volt over-voltage protection 
o Low ON resistance 

RON (max, Access Off Output Replaces 
Model Type full temp) Time 1 Leakage 

ohm nsec (max, full temp) 

MP7501 8 Channel 375 800 250 nA AD7501 

MP7502 4 Channel Diff. 375 800 125 nA AD7502 

MP7503 8 Channel 375 800 250 nA AD7503 

MP7506 
(lnv. Enable) 

16 Channel 500 800 500 nA AD7506 
DG506 

MP7507 8 Channel Diff.· 500 800 250 nA AD7507 
DG507 

MP7508DI 8 Channel 350 500 500 nA HI508A 
DG508 

MP7509DI 4 Channel Diff. 350 500 500 nA HI509A 
DG509 

1(typ,25°C) 

Analog-to-Digital Converters 

o Second source to Analog Devices 
o Bright display digital panel meter 
o Microprocessor compatible 

Model Type CMOS Resolution Accuracy Replaces 

MP7138 3Y2 Digit Panel Meter 100 J1.V ±.05% 

MP7550 Quadslope, 2's Complement 13 Bit ± 1 L.S.B. AD7550 

,MP7570 Successive Approximation 10 Bit ±.05% AD7570 

MP7574 Successive Approximation 8 Bit ±.75 L.S.B. AD7574 

MP7581 8 Channel, 8 Bit 8 Bit ± .5 L.S.B. AD7581 

Dielectrically isolated multiplexers and switches 
are indicated by "DI" suffix. 

Digital-to Analog Converters 
o Second source to Analog Devices and PMI 
o Improved temperature drift characteristics 
o Superior stability - no laser trimming 
o .5 ppm gain tempco for MP7621 

Model Type Resolution Accuracy 

MP370 CMOS, High Resolution 18 Bit ±.0008% 

MP377-18 CMOS, Buffered 18 Bit ±.0008% 
MP562 Bipolar, Low Power 12 Bit ±.006% 

MP3140 CMOS, Multiplying 14 Bit ±.006% 

MP5520 CMOS and Bipolar 6 Bit ±.2% 

MP5560 Bipolar, Low Noise 10 Bit ±.05% 

MP7520 CMOS, Multiplying 10 Bit ±.05% 

MP7521 CMOS, Multiplying 12 Bit ±.05% 

MP7522 CMOS, IlP Compatible 10 Bit ±.05% 

MP7523 CMOS, Multiplying 8 Bit ±.05% 
MP7524 CMOS, IlP Compatible 8 Bit ±.05% 

MP7530 CMOS, Multiplying 10 Bit ±.05% 

MP7531 CMOS, Multiplying 12 Bit ±.05% 

MP7533 CMOS, Multiplying 10 Bit ±.05% 

MP7541 CMOS, Multiplying 12 Bit ±.012% 

MP7614 CMOS, Multiplying 14 Bit ±.012% 
MP7616 CMOS, Multiplying 16 Bit ±.006% 

MP7621 CMOS, Untrimmed 12 Bit ±.012% 

MP7622 CMOS, Multiplying 12 Bit ±.012% 

MP7623 CMOS, Multiplying 12 Bit ±.012% 

MP9331 CMOS, High Resolution 16 Bit ±.0008% 
MP9377-16 CMOS, Buffered 16 Bit ±.0008% 

Analog Switches 
o Second source to Analog Devices, 

Harris and Siliconix 
D' Low ON resistance 

Off Output RON Switch 
Model Type Leakage (max, (max, ON Time 

Replaces 

DAC-370-18 
DAC-377-18 
AD562 
HS3140 
DAC01 
DAC100 
AD7520 
AD7521 
AD7522 
AD7523 
AD7524 
AD7530 
AD7531 
AD7533 
AD7541 
AD7546 
AD7546 
AD7541 
HS3120 
AD7541 
DAC-9331-16 
DAC-9377-16 

Replaces 
full temp) full temp) (typ, 25°C) 

MP200DI Dual, SPST 500 nA 100 ohm 240 nsec DG200 
HI200 

MP201DI Quad, SPST 500 nA 125 ohm 185 nsec DG201 
HI201 

MP7510DI Quad, SPST 500,nA 175 ohm 180 nsec AD7510DI 

MP7511DI Quad, SPST 500 nA 175 ohm 180 nsec AD7511DI 

MP7512DI Dual, SPOT 500 nA 175 ohm 180 nsec AD7512DI 

All Micro Power System's Ie's are available with 883B . 
processing, in dice form, or to customer's specifications. 

INA MICRO 3100 Alfred Street 
.u\W:POWER Santa Clara, CA 95050 

SYSTEMS (408) 727-5350 

© Ie MASTER 1983 2749 . 
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® MOTOROLA, 

2750 

SEMICONDUCTORS 
p.o. 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 ae 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 CircuitryTo 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 

Filter Network 

Analog Inputs 
Gain Select 

Active 
Differentiator 

Mono #1 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 

CASE 701-01 

Data 

Output 

© MOTOROLA INC., 1982 OS9588 
(Replaces AOI-512) 
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® MOTOROLA 

SEMICONDUCTORS 
P.O. BOX 20912 • PHOENIX, AR,IZONA 85038 

Specifications and 
Applications Information 

FLOPPY DISK WRITE CONTROLLER 
The MC3469 and MC3471 are monolithic WRITE Current Control

lers designed 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 delay and inhibit functions required 
to interface with tunnel-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 rnA using Rext = 10 k!l) 

• IRW Select Input Provides for Inner/Outer Track Compensation 

• Degauss Period Externally Adjustable 

• Specified with ± 10% Logic Supply and Head Supply (VSS) from 
10.8 V to 26.4 V 

• Minimizes External Components 

• MC3471 Provides On-Chip Adjustable Erase Delays 

5 

IRWS 
8 

MC3469 
BLOCK DIAGRAM 

R/W1 R/W2 

Toggle 
Select 

Current 
Select 

Vref Iref 

© IC MASTER 1983 

4 
WG 

13 
E.0 

E1 

cn~ 

CT1 

HS 

IRWS 
8 

FLOPPY DISK SUPPORT 

MC3469P 
MC3471P 

FLOPPY DISK 
WRITE CONTROLLERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

MC3469 only 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

MC3471 only 

P SUFFIX 
PLASTIC PACKAGE 

CASE 738 

MC3471 
BLOCK DIAGRAM 

R/W1 R/W2 

Toggle 
Select 

Current 
Select 

4 

Vref. Iref WG 

© MOTOROLA INC., 1982 OS9577 
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® MOTOROLA 

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 Inputs Have Hysteresis to Improve Noise Rejection 

• High Speed - 8.0 ns (Typ) 

• Three-State Logic Configuration 

• Single +5 V Power Supply Requirement 

• Compatible with 74S Logic or M6800 Microprocessor Systems 

• High Impedance PNP Inputs Assure Minimal Loading of the Bus 

2752 

MICROPROCESSOR BUS EXTENDER APPLICATION 

Address 

and 

Control 

Bus 

(Clock) 

Gnd + 5 V 1/>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 EaUIVALENT 
CIRCUIT 

OUTPUT EaUIVALENT 
CIRCUIT 

VCC 

ORDERING INFORMATION 

(Temperature Range for the following 
devices = 0 to + 7SoC.1 

Device Alternate Package 

MC6882AL MC3482AL Ceramic DIP 

MC6882BL MC3482BL Ceramic DIP 

~MOTOROLA INC., 1979 
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® MOTOROLA 

MOTOROLA BROADLINE 

BUS STANDARD LINE DRIVERS 
& RECEIVERS 

STANDARD INTRODUCED 1982 INTRODUCTION 1983 INTRODUCTION 

RS232C MC1488 DR 
MC1489 REC 

RS422 MC3486 REC 
MC3487 DR 
AM26LS31 DR AM26LS32 REC 

RS423 MC3487 DR J,lA9636A (MC3488A) 

RS-aaa SN75172 REC 
(PARTY LINE) SN75174 REC 

IEEE 488-1978 MC3440-43A 
MC3446A 
MC3448A 
MC3447 

IBM GA-22-6974-3 MC3481 
MC3485 
MC75125-9 

PERIPHERAL DRIVERS 
PART 

NUMBER 

MC1411 P (ULN2001 A) 
MC1412P (ULN2002A) 
MC1413P (ULN2003A) 
MC1416P (ULN2004A) 
MC1472U/Pl 
ULN2801A , 
ULN2802A 
ULN2803A 
ULN2804A 

ULN2068B 
ULN2074B 

(1) PNP Bufferer for TTl/MaS Compatibility 
(2) Open Collector - Diode Clamped 
(3) Open Collector - Open Emitter 

@ Ie MASTER 1983 

DESCRIPTION 

} Seven Element 
Darlington 
Array (0.5 A Max) 

Dual Positive NAND 

} Octal Darlington 
Array (0.5 A Max) 

Ouad 1.5 A Darlington(2) 
Ouad 1.5 A Darlington(3) 

SN75173 DR 
SN75175 DR 
SN75176-8 

INPUT 
COMPATIBILITY 

General 
PMOS 
TIL/CMOS 
NMOS 
Hl Z(l) 
General 
PMOS 
TIL/CMOS 
CMOS/PMOS 
TIL/CMOS/DTL 
General 

2753 
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® MOTOROLA MICROPROCESSOR/COMPUTER 
INTERFACE 

2754 

SEMICO.ND'UCTORS 
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 '" InputC Driver Output B 

Driver Output B Fault Flag C Driver Output B 

<C Driver Output C 

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) 

en InputC 

~ Driver Output C 

<C Driver Output C 

SUPPORTING IBM 360/370 LINE, RECEIVERS 

Input 
IIH(R) tpLH Device No. of Resistance 

Number Channels kG 
@V1H =3.11 V @CL=50 pF 

MinIMax mAMax ns Max 

MC75125/75127 Seven 7.4/20 0.42 25 
MC75128175129 Eight 7.4/20 0.42 25 

CMOTOROLA INC .• 1980 

© Ie MASTER 1983 
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SEMICONDUCTORS 
P.O. 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 ATN 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 rece.ivers 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 mA Talking 

• 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 = 250 C unless otherwise noted) 

Rating Symbol Value 

Power Supply Voltage VCC 7.0 

Input Voltage VI 5.5 

Driver Output Current 10(0) 150 

Junction Temperature TJ 150 

Operating Ambient Temperature Range TA o to +70 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

mA 

°c 
°c 
°c 

-- --
Instrument 

TYPICAL MEASUREM ENT 
ON SYSTEM APPLICATI A , -. 

'" 
(With GPIB) 

Programmable 
, ... " Calculator 

Instrument ' 
(With GPIB) 

B , , 
... , ... 

(With GPIB) 

----
I 

16 Line. Total 

@ Ie MASTER 1983 

GPIB 
INSTRUMENTATION 

BUS INTERFACE 
MC3447 

OCTAL BIDIRECTIONAL 
BUS TRANSCEIVER 

WITH 
TERMINATION NETWORKS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

P3 SUFFIX 
PLASTIC PACKAGE 

CASE 724 

CASE 623 

PIN ASSIGNMENTS 

Vee 

Gnd 

@MOTOROLA INC .• 1980 
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TELEPHONE LINE FEED AND 2- TO 4-WIRE 
CONVERSION CIRCUIT 

· .. designed to replace the hybrid transformer circuit in Central 
Office, PABX and Subscriber carrier equipment, providing ,.signal 
separation for two-wire differential to four-wire single-ended 
conversions and suppression of longitudinal signals at the two-wire 
input. It provides dc line current for powering the telset, operating 
from up to a 56 V supply 

• All Key Parameters Externally Programmable 

• Current Sensing Outputs Monitor Status of Both Tip and 
Ring Leads 

• On-Hook Power Below 5.0 mW 

• Digital Hook Status Output 

• Power Down Input 

• Ground Fault Protection 

• Size and Weight Reduction Over Conventional Approaches 

• The sale of this product is licensed under patent No. 4,004,109. 
All royalties related to this patent are included in the unit price. 

FUNCTIONAL BLOCK DIAGRAM 
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MC3419 
MC3419A 
MC3419C 

SUBSCRIBER LOOP 
INTERFACE CIRCUIT 

(SLlC) 

BIPOLAR LASER-TRIMMED 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 726 

VAG Analog Ground 

RSO 

TSO 

RX RRX 
Receive Input 

., 
1\ 

HSO 

HST I Balance I 
PDI Network 

Transmit RTX1 

~ TX 
I' 

RTX2 
1\ 

RVTX 

VOB 
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® MOTOROLA 

SEMICONDUCTORS 
P.O. BOX 20912 • PHOENIX, ARIZONA 85036 

Advance InforIDation 

COMPLETE 12·81T 
HIGH·SPEED MONOLITHIC D/A CONVERTER 

The MC3412/3512 is a monolithic 12-bit resolution DIA con
verter. It contains a high stability bandgap reference capable of 
supplying 1.5 mA externally, trimmed to ± 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 ± % 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 resistors allow output voltage options of 0 to 5.0 V, 0 to 10 
V, ±2.5 V, ±5.0 V, and ± 10 V. 12-bit accuracy and a fast settling 
time of typically 200 ns (to ± V2 LSB) make this converter ideal 
for applications such as a fast AID building block or display driver. 

• True 12-Bit Linearity: ± % LSB Max 

• Fast Settling Time: ± % 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 

Reference 

DAC 
Out 

Out 10 Volt 
4 0-+---1 Reference 

Reference 
In 

6 ~~rvv\...A......I 

Analog 
Com 
5~ ..... tVV'--I 

20 k 

Current Switches 

R2R Ladder 

5.0 k 

12 
Digital Com 

1'ttisJs. .. iltblance information and specifications are subject to change without notice. 
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9 

20 V 
Span 

DATA CONVERSION 
MC3412 
MC3512 

LASER TRIMMED 
HIGH·SPEED 

12·81T 01 A CONVERTER 

NC 
CMOS/TTL 

Threshold 
VCC 

Ref Out 

AnaCom 

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 

4 21 Bit 4 

5 20 Bit 5 

6 MC3412 19 Bit 6 

7 18 Bit 7 

8 17 Bit 8 

9 16 Bit 9 

10 15 Bit 10 

11 14 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 

©MOTOROLA INC., 1980 
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® MOTOROI.A 

SEMICON DUCTORS 
P.O. BOX 20912 • PHOENIX, ARIZONA 85036 

Advance InforDl.atlon 

MPU-BUS-COMPATIBLE 
8-BIT D-TO-A CONVERTER 

The MC6890 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 during 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 

• InternaI2.5-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, ±1 0 Volts 

• Low Power: 90 mW Typ 

• +5 V and -5 V to -15 V Supplies 

Clock. 
Control. 

and 
Address 

Bus 

Decode 
Circuitry 

0-200n 

OPERATION WITH AN MPU 

Microprocessor 

REFOUT 

Data Bus 

Data 
Bus 

REFIN MC6890 

....... -----4 Eii'8iii'e 

Reset 
Circuitry 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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Vout 

DATA CONVERSION 

MC6890 

8-BIT 
MPU-BUS-COMPATIBLE 

DAC 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CASE 732 

PIN CONNECTIONS 

(LSB) DO 1 

(MSB) 07 

Digital Gnd 10 

17 Analog Gnd 

Bipolar 
Offset 

12 Eii8'i)'j8 

ORDERING INFORMATION 
Device Temperature Range Package 

MC6890L 0° to +700 C Ceramic DIP 
MC6890AL -55° to +125°C Ceramic DIP 

C MOTOROLA INC .. 1982 ADI-592R2 
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® MOTOROLA 

. ADDITIONAL D-A CONVERTERS 

General Purpose 
~i:O'Bit~1 
~itO~1 I 

Vref(+) 

Vref(-) 

A1 A2 A3 A4 A5 A6 A7 AS A9 A10 

Current Switches 

Ladder Terminators 
and 

Trimming Networks 

R·2R Ladder 

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 

A0562S0* 
AD562AO# 
AD562KO 

A0563TD* 
AD563S0* 
A0563KO 
AD563JO 

Error 
(%Max) 

±0.1 
±0.19 
±0.1 

±0.19 
±0.39 

±0.19 

±0.39 
±0.78 
±0.5 

±0.006 

±0.01 

±0.006 

±0.01 

Po 
@VEE= 

-5 V tSettling 10 
(mWMax) (ns Typ) (rnA) 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 

210 200 1.6 to 2.4 D 716 

210 200 1.6 to 2.4 D 716 

'TA=-55to+125°C #TA=-25to+B5°C Deviceswit/:loutsymbol: TA=Oto+70oC 

Bold Part Numbers Indicate New Products. 

D-A CONVERTERS - HIGH SPEED 

MC' 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 rnA full scale capability. 
Monotonic over the full temperature range, the outputs typ
ically settle in 10 ns. 

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 1983 
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tSettling 
ns Typ 

(to Y2 LSB) 

10 
10 

10 
10 

10 & 10 
@VRef = 10.56 V 

mATyp 

51 
51 

51 
51 
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® MOTOROLA 

SEMICONDUCTORS 
P.O. BOX 20912. PHOENIX, ARIZONA 85036 

Advance Information 

SEVEN-BIT PARALLEL 
HIGH SPEED AID CONVERTER 

(WITH OVER RANGE) 

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 A/D converter. The MC10315l and MC10317l are identical 
devices except for the method 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: :::;70 pF 

• 1.2 Watt Power Di,ssipation 

• No Sample and Hold Required for Video Bandwidth Signals 

• Standard 24-Pin Package 

MC10315L1MC10317l DEVICE/APPLICATION CONFIGURATION 

(5) VRT 

(11) 

Ain 

(9) 

ClK 

r----.., 

(10,24) 

VCC 

r----.., r,) ----, 

I I I OVR (14) 
I I I 

(3) VRPc I I I 
I I I OVR (15) 
I 128 

D, (6) VRM t) to Output 
06 (16) 

7 latches 
Encode I I I I 

(8) VRsac I I I I I I I ! 
I I DO (22) 

(7) VRB 
L ____ .J L ____ J 

Gnd2 Gndl 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 

Gnd2* 

N.C. 

VRT 

VRM 

VRB 

VRBac 

ClK 

VCC· 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

l SUFFIX 
CERAMIC PACKAGE 

CASE 623 

PIN DIAGRAM 

VCC· 

Gnd1 

DO (lSB) 

01 

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-R 
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_ic..--Le_v_e_'s_--I 
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-654R1 
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® MOTOROI.A 

SEMICONDUCTORS 
PRECISION CIRCUITS 
MC1400 MC1400A 
MC1500' MC1500A 

P.O. BOX 20912. PHOENIX, ARIZONA 85036 

Advance Information PRECISION 
VOLTAGE REFERENCES 

Tight-Tolerance, Low-Drift Voltage Reference Family 
2.5, 5.0, 6.25 and 10-VOLT 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, la'ser
trimming techniques, ion-implanted devices, and monolithic fab
rication techniques make this reference both temperature and 
time stable in applications demanding accuracy to the 12-bit level. 

LASER-TRIMMED SILICON 
MONOLITHIC 

INTEGRATED CIRCUIT 

Features 
• FC:Jr Different Output Voltages: 2.5, 5.0, 6.25, 10 V 
• Tight AbsoluteAccuracy: ± 0.2% Maximum Initial 

Tolerance 
• Single-Component Output Trimming Without 

Degrading Temperature Coefficient 
o Wide Input Voltage Range: (Vout + 1.0V):s:: Vin:S;; 40V 
• Three-Terminal Operation: 

Positive References That Can Source and Sink 
Current 

Device Selection Table 
Vout 10 ~Voutl~T Device Regline Volts mA ppmI"C 
Typ Max Max Number mVMax 

2.5 ~ 5.0 mV ~10 25 MCl400U2 3.0 

10 MC1400AU2 

40 MC1500U2 (Note 1) 

10 MC1500AU2 

2.5 ~ 25 mV 10 40 MC1403 3.014,5 

25 MC1403A 

55 MC1503 (Note 2) 

25 MC1503A 

5.0 ~ 10 mV ~10 25 MC1400U5 4.0 

10 MC1400AU5 

40 MC1500U5 (Note'1) 

10 MCl500AU5 

5.0 ~ 50 mV. 10 40 MC1404U5 6,0 

25 MC1404AU5 

55 MC1504U5 (Note 3) 

• Two-Terminal Operation: 
Positive or Negative References 
Floating References 

• Low Current Consumption: 1.0 rnA Typical 
• Very Low Temperature Coefficient 
o Low Output Noise Voltage 
• Excellent Ripple Rejection: 87 dB Typical at 120 Hz 
o Excellent Long Term Stability: 25 ppm/1000 Hrs 

Typical 

Regload TA 
mVMax ·c 

10 o to + 70 

(Note 4) -55 to + 125 

10 o to + 70 

(Note 5) -55 to + 125 

20 o to + 70 

(Note 4) -55to +125 

Notes: 
10 o to + 70 1. (Vout + IV) :os; Vin :os; 40 V 

2. 4.5 V:os; Vin :os; 15 V 
(Note 5) -55 to + 125 15 V :os; Vin :os; 40 V 

25 MC1504AU5 3. (Vout + 2.5 V):os; Vin :os; 40 V 

6.25 ~ 10 mV ~10 25 MC1400U6 4.0 20 o to +70 4. -10 rnA:os; Il :os; + 10 rnA 

10 MC1400AU6 
5. 0 rnA :os; Il :os; 10 rnA 

/ 
40 MC1500U6 (Note 1) (Note 4) -55 to + 125 

10 MC1500AU6 

6.25 ~ 60 mV 10 40 MC1404U6 6,0 10 o to + 70 

25 MC1404AU6 

55 MC1504U6 (Note 3) (Note 5) -55 to +125 

25 MC1504AU6 

10 ~ 20 mV ~10 25 MC1400U10 4.0 20 o to +70 

10 MC1400AU10 

40 MC1500U10 (Note 1) (Note 4) -55 to + 125 

10 MC1500AU10 

10 ~ 100 mV 10 40 MC1404U10 6.0 10 o to +70 

25 MC1404AU10 

55 MC1504U10. (Note 3) (Note 5) -55to +125 

25 MC1504AU10 © MOTOROLA INC .• 1980 

This is advance information and specifications are subject to change without notice. 
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~National 
D Semiconductor 

DP8340 Serial Bi-Phase Transmitter/Encoder 

DP8341 Serial Bi-Phase Receiver/Decoder 

General Description 
The DP8340 generates a complete encoding of parallel 
data for high speed serial transmission which conforms 
to the protocol as defined by the IBM 3270 informatiqn' 
display system standard. The DP8340 converts parallel 
input data into a serial data stream. Although the IBM 
standard covers bi-phase serial data transmission over a 
coax line, the DP8340 also adapts to general high speed 
serial data transmission over other than coax lines, at 
frequencies either higher or lower than the IBM standard. 

The DP8341 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8341 recognizes serial data that conforms to the IBM 
3270 Information Display System Standard and converts 
It into ten (10) bits of parallel data. Although this stand
ard covers Bi-Phase serial data transmission over a 
coax line, this device easily adapts to generalized high 
speed serial data transmission on other than coax lines 
at frequencies either higher or lower than the IBM 3270 
standard. 

IPARITY CONTROL 

AUTO RESPONSE 

iilGTi!Aii 

REG FUll 

OUTPUT ENABLE 

iiEGlifAti 

RECEIVER ACTIVE 

OPl340 
TRANSMITTERI 

ENCODER 

OPl141 
RECEIVERI 
DECODER 

~VCC 

m"" I'"'''' TRANSMITTER. 
ACTIVE 

I 
RECEIVER I DISABLE 

I 
+IN 

II.ptfASE 1:1:1 PULSE 
TRANSFORMER INPUT FIG. 12 

-IN 

The DP8341 receiver and its complementary chip, the 
DP8340 transmitter, are designed to provide maximum 
flexibility In system designs. The separation of trans
mitter and receiver functions allows addition of more 
receivers at one end of the Bi-Phase line without the 
necessity of adding unused transmitters. This is advan
tageous specifically in control units where typically Bi
Phase data Is multiplexed over many Bi-Phase lines and 
the number of receivers generally outnumber the number 
of transmitters. The separation of transmitter and re
ceiver function provides an additional advantage in flex
ibility of data bus organization. The data bus outputs of 
the receiver are TRI-STATE~, thus enabling the bus con
figuration to be organized as either a common transmitl 
receive (bi-directional) bus or as separate transmit and 
receive busses for higher speed. 

Typical Application for IBM 3270 Interface 

DP8342 High Speed Serial Transmitter/Encoder 

DP8343 High Speed Serial Receiver/Decoder 

General Description 
The DP8342 generates a complete encoding of parallel 
data for high speed serial transmission. It generates a 
five bit starting sequence, three bit code violation, fol
lowed by a syn bit and eight bit per byte of data plus a 
parity bit. A three-bit ending code signals the termination 
of the transmission. 
The DP8343 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8343 receiver recognizes Bi-Phase serial data sent 
from Its complementary chip, the DP8342 transmitter, 
and converts It into eight (8) bits of parallel data. These 
devices are easily adapted to generalized high speed 
serial data transmission systems that operate at bit 
rates up to 3.SMHz_ 

The DP8342 and Its complementary chip, the DP8343 
(receiver/decoder) have been designed to provide maxi
mum flexibility in system designs. The separation of the 
transmitter/receiver functions provides convenient addi
tion of more receivers at one end of a bl-phase line with
out the need of unused transmitters. This Is specifically 
advantageous in control units where typical bl-phase 
data Is multiplexed over many bl-phase lines and the 
number of receivers generally exceeds the number of 
transmitters. 

2762 

I 
I 
I 
I RESET 
I • I AUTO RESPONSE. 

REG LOAD 

REG FULL 

BYTE CLOCK 

DATA 
AVAILABLE 

ERROR 

I OUTPUT CONTROL 

I • I OUTPUT ENABLE 

I • I REG READ 
I • 
I RECEIVER ACTIVE 

28MHz MAX. 

DP8342 
TRANSMITTERI 

ENCODER 

~ 
:: .... 

DP8343 
RECEIVER I 
DECODER 

DELAY 

om 

OPTIONAL 
INTERFACE 

LOGIC 

TRANSMITTER 
ACTIVE 

RECEIVER 
DISABLE 

+IN 

OPTIONAL 
INTERFACE 

-IN LOGIC 

Typical Application 

COAX LINE 

TWISTED PAIR LINES 
FIBER-OPTIC 
MAGNETIC 
INFRARED 

RF 
ULTRASONIC 

AUDIO 
CURRENT CARRYING 

I DC TO 3.5MHz I 
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~National 
~ Semiconductor 

JUNE 1981 

DP8350 Series CRT Controllers 

General Description 
The DP8350 Series of CRT Controllers are single-chip 
bipolar (l2L technology) circuits in a 4D-pin package. They 
are designed to be dedicated CRT display refresh cir
cuits. Three standard products are available, designated 
DP8350, DP8352, DP8353. Custom devices, however, are 
available in a broad range of mask programmable options. 

The CRT Controller (CRTC) provides an internal dot rate 
crystal controlled oscillator for ease of system design. 
For systems where a dot rate clock is already provided, 
an external clock may be inputted to the CRTC. In either 
case system synchronization is made possible with the 
use of the buffered Dot Rate Clock Output. 

The DP8350 Series has 11 character generation related 
timing outputs. These outputs are compatible for sys
tems with or without line buffers, using character ROMs, 
or DM86S64-type latch/ROM/shift register circuits. 

12 bits (4k) of bidirectional TRI-STATE® character mem
ory addresses are provided by the CRTC for direct inter
face to character memory. 

Three on-chip registers provide for external loading of the 
row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs is available including 
cursor enable, vertical blanking, horizontal sync, and 
vertical sync. 

The DP8350 Series CRTC provides for a wide range of 
programmablility using internal mask programmable 
ROMs: 

TRI·STATE Is a registered trademark of National Semiconductor Corp. 

Connection Diagram 
REG~STER SELECT B 

VERTICAL BLANKING 

REFRESH CONTROL 

VERTICAL SYNC 

FULLIHALF 

COU~~~~ { ~~: 
OUTPUTS LCl 

• Character Field (both number of dots/character and 
number of scan lines/character) 

• Characters per Row 
• Character Rows per Video Frame 
• Format of Video Outputs 

The CRTC also provides system sync and program inputs 
including .Refresh Control, Reset, and Address Mode. 

Features 
• Internal crystal controlled dot rate oscillator 
• External dot rate clock input 
• Buffered dot rate clock output, 
• Timing pulses for character generation 
• Character memory address outputs (12 bits) 
• Internal cursor address register 
• Internal row starting address register 
• Internal top-of-page address register (for scrolling) 
1:1 Programmable horizontal and vertical sync outputs 
iii Programmable cursor enable output 
I!I Programmable vertical blanking output 
II 2 programmable refresh rates, pin selectable 
• Programmable characters/row (128 max.) 
• Progammable character field size (up to 16 dots x 16 

scan line field size) 
• Programmable scan lines/frame (512 max.) 
• Programmable character rows/frame 
• Single +5V power supply 
• Inputs, and outputs TIL compatible 
• Direct interface with DM86S64 character generator 
• Ease of system design/applicatiqn 

39 

38 

37 

36 

35 

34 

33 

32 

VCC (+5 V) 

REGISTER SELECT A 

REGISTER LOAD 

RAM ADDRESS ENABLE 

AO 

Al 

A2 

A3 

A4 RAM ADDRESS LCD 

CLEAR LINE COUNTER 

ADDRESS MODE 
LINE BUFFER 

RECIRCULATE ENABLE 

10 OP B350 31 A5 COUNTER 

© Ie MASTER 1983 

LINE RATE ClOCK 

HORIZONTAL SYNC 

RESET 

LINE BUFFER CLOCK 
EXTERNAL CHARI 

LINE CLOCK 
LOAO VIDEO SHIFT REGISTER 

CURSOR ENABLE 

GND 

DP B352 
11 DP 8353 30 

12 29 

13 2S 

14 27 

15 26 

16 25 

17 24 

18 . 23 

19 22 

20 21 

Ordering Information: 

DP8350N 
DP8352N 
DP8353N 

AS 

A7 

AS 

A9 

Al0 

All 

OUTPUTSI 
REGISTER 
INPUTS 

LATCH CHARACTER 
GENERATOR ADDRESS 
DOT RATE CLOCK 

Xl} CRYSTAL 
OSCILLATOR 

X2 INPUTS 
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~National ' 
D Semiconductor 

September 1982 

DP8400 ~ E2C2 Expandable Error Checker and Corrector 
General Description 
The DP8400 Expandable Error Checker and Corrector 
(E2C2) aids system reliability and integrity by detecting er
rors in memory data and correcting single or double-bit er
rors. The E2C2 data 110 port sits across the processor
memory data bus as shown, and the check bit 1/0 port con
nects to the memory check bits. Error flags are provided, 
and a syndrome 1/0 port is available. Fabricated using 
high speed Schottky technology in a 48-pin dual-in-line 
package, the DP8400 has been designed such that its in
ternal delay times are minimal, maintaining maximum 
memory performance. 

DATA BUS 
16/32/48/64 

I .. I.. ~I 

t I 

I SYSTEM I CONTROL 
~ 

PROCESSOR 1 
E2c2 .... 

6/7/J/8 I MEMORY 

6/7/8/8 CHE~K BIT 
I / .. I 

SYNDROME 
r BUS 

L BUS I 1 .... 
ERROR FLAGS 

For a 16-bit word, the DP8400 monitors data between the 
processor and memory, with its 16-bit bidirectional data 
bus connected to the memory data bus. The DP8400 uses 
an encoding matrix to generate 6 check bits from the 16 
bits of data. In a WRITE cycle, the data word and the cor
responding check bits are written into memory. When the 
same location of memory is subsequently read, the E2C2 

generates 6 new check bits from the memory data and 
compares them with the 6 check bits read from memory to 
create 6 syndrome bits. If there is a difference (causing 
some syndrome bits to go high), then that memory loca
tion contains an error and the DP8400 indicates the type of 
error with 3 error flags. U the error is a single-bit error, the 
DP8400 will automatically correct it. 

The DP8400 is easily expandable to other data configura
tions. For a 32-bit data bus with 7 check bits, two DP8400s 
can be used in cascade with no other ICs. Three DP8400s 
can be used for 48 bits, and four DP8400s for 64 data bits, 
both with 8 check bits. In all these configurations, single 
and double-error detection and single-error correction are 
easy to implement. 

When the memory is more unreliable, or better system in
tegrity is preferred, then in any of these configurations, 
double-error correction can be performed. One approach 
requires a further memory WRITE-READ cycle using com
plemented data and check bits from the DP8400. If at least 
one of the two errors is a hard error, the DP8400 wi" correct 
both errors. This implementation requires no more 
memory check bits or DP8400s than the single-error cor
rect configurations. 

" 1982 NatIOnal Semiconductor Corp BFI2183 
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The DP8400 has a separate syndrome 110 bus which can 
be used for error logging or error management. In addition, 
the DP8400 can be used in BYTE-WRITE applications (for 
up to 72 data bits) because it has separate byte controls 
for the data buffers. I n 16 or 32-bit systems, the DP8400 will 
generate and check system byte parity, if required, for in
tegrity of the data supplied from or to the processor. There 
are three latch controls to enable latching of data in vari
ous modes and configurations. 

Operational Features 
• Fast single and double-error detection 
• Fast single-error correction 
• Double-error correction after catastrophiC failure with 

no additionallCs or check bits 

• Functionally expandable to 100% double-error correct 
capability 

• Functionally expandable to triple-error detect 

• Directly expandable to 32 bits using 2 DP8400s only 
• Directly expandable to 48 bits using 3 DP8400s only 
• Directly expandable to 64 bits using 4 DP8400s only, 

• Expandable to and beyond 64 bits in fast configuration 
with extra ICs 

• 3 error flags for complete error recording 

• 3 latch enable inputs for versatile control 
• Byte parity generating and checking 
• Separate byte controls for outputting data in BYTE

WRITE operatiofl 
• Separate syndrome 110 port accessible for error logging' 

and management 

• On-chip input and output latches for data bus, check bit 
bus and syndrome bus 

• Diagnostic capability for simulating check bits 
• Memory check bit bus, syndrome bus, error flags and in

ternally generated syndromes available on the data bus 

• Self-test of E2C 2 on the memory card under processor 
control 

• Full diagnostic check of memory with the E2C2 

• Complete memory failure detectable 
• Power-on clears data and syndrome input latches 

Timing Features 
16·81T CONFIGURATION 

WRITE Time: 35 ns from data-in to check bits valid 
DETECT Time: 30 ns from data-in to Any Error (AE) flag set 
CORRECT Time: 65 ns from data-in to correct data out 

IM·B2.5M92IPnnted in U.S.A, 
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DP8409 Multi-Mode Dynamic RAM Controller/Driver 
General Description 
Dynamic memory system designs which formerly 
required several support chips to ddve the memory 
array can now be implemented with a single DP8409 
Multi-Mode Dynamic RAM ControllerlDriver. The DP8409 
is capable of driving all 4 k, 16 k, and 64 k Dynamic RAMs 
(DRAMs) a$ well as all announced 256k DRAMs. Since 
the DP8409 is a one chip solution (including capacitive 
drivers), it minimizes propagation delay skews, the 
major performance disadvantage of multiple chip 
memory drive and control. 

The DP8409's 8 modes of operation offers a wide selec
tion of DRAM control capabilities. System access may 
be controlled externally or on-chip automatically; an on
chip refresh counter makes refreshing (either externally 
or automatically controlled) less complicated; and auto
matic memory initialization is both simple and fast. 

The DP8409 is a 48-pin, Dynamic RAM Controller-Driver 
with 9 multiplexed address outputs and control sjgnals. 
It consists of two 9 bit address latches, a 9 bit refresh 
counter and control logic. All output drivers are capable 
of driving 500 pF loads with propagation delays of 20 ns. 
500 pF is the typical capacitance of a line with 70 
Dynamic RAMs (DRAMs), including trace capacitance. 

The DP8409 has 3 mode pins MO, M1 and M2, where MO 
is in general REFRESH. These 3 pins allow 8 modes of 
operation, as shown in Table 1. The inputs BO and B1 in 
the access modes (MO = 1), are bank select inputs which 
select one of the four RAS outputs. The 9 address out
puts can be selected from the Row Address Latch or the 
Column Address Latch, during normal access. During 
refresh, the on-chip 9 bit refresh counter can be enabled 
onto the address bus and in this mode all RAS outputs 
are selected. 

The DP8409 can drive up to 4 banks of DRAMs, either 
16 ks, 64 ks, or 256 ks, but totalling less than 70 for 
speed-drive capability reasons. Control signal outputs 
RAS, CAS and WE are provided with the same drive 
capability. Each RAS output drives one bank of DRAMs 
so that the four RAS outputs are used to select the 
banks, while CAS, WE and the multiplexed addresses 
can be connected to all the banks of DRAMs. This 
leaves the non-selected banks in the standby mode 
(less than one tenth of operating power) with the data 
outputs in TRI-STATE®. Only the bank with its associ
ated RAS low will be written to or read from. 

Operational Features 
• All DRAM drive functions on one chip - minimizes 

skew on outputs, maximizes AC performance 

• Drives directly all 16k, 64k and 256k DRAMS 

• Capable of addressing 64k, 256k or 1 M words 

• Address propagation delays of 20 ns at 500 pF 

© Ie MASTER 1983 

• Column address valid on output bus 20 ns after RIC 
goes low 

• CAS goes low 12 ns after column addresses are valid 

• WE goes low 15 ns ·after WIN goes low 

• On-chip 9 bit refresh counter with selectable End of 
Count (127.255, or 511) 

• End of Count indicated by RF I/O pin, going low at 
127, 255 or 511 

• Low Input on RF I/O resets 9 bit refresh counter 

• CAS inhibited during refresh cycle 

• Fall through latches on address inputs controlled 
by ADS 

• TRI-STATE Outputs allow multi-controller 
addressing of the memory 

• Control output signals go high impedance logic "1" 
when disabled 

• Power up: counter reset, control signals high and 
address outputs TRI-STATE, and End of Count set 
to 127 

• Pinout allows reversal of device in socket without 
part damage 

Mode Features 
• 8 modes of operation - 3 access, 3 refresh, and 2 

set-up 

• 2 external control modes - 1 access and 1 refresh 
(Modes 0,4) 

• 2 auto-access modes RAS - Ric - CAS automatic, 
with tRAH = 20 or 30 ns (Modes 5, 6) 

• Slow auto-access mode allows Hidden Refreshing 
(Mode 5) 

• Forced Refresh requested on RF I/O if no Hidden 
Refresh (Mode 5) 

• Forced Refresh performed after System 
acknowledge of request (Mode 1) 

• Internal Auto-Burst Refresh mode stops at End of 
Count of 127, 255, or 511 (Mode 2) 

• Internal Auto-Burst mode used before and after 
DMA transfer (Mode 2) 

• 2 AII-RAS Access modes, external control or 
internal control (Mode 3a, 3b) 

• External AII-RAS mode with WE useful for memory 
initialization (Mode 3b) 

• Internal AII-RAS mode with CAS and WE allows 
fast memory initialization (Mode 3a) 

• Internal AII-RAS mode with external 8-bit counter 
frees system for other set-up routines (Mode 3a) 

• End of Count value of Refresh Counter set by BO, 
B1 (Mode 7) , 
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~National 
~ Semiconductor 
DP8460 M FM Data Separator 

General Description 
National Semiconductor Corporation's DP8460 MFM 
Data Separator Chip (Modified Frequency Modulation 
Decoder) is a monolithic bipolar integrated circuit used 
in disk drive systems. It receives raw MFM pulses from 
pulse detection logic and outputs both NRZ data and 
raw MFM synchronized to the on-chip VCO. The user may 
choose either of these outputs to apply to the controller 
depending on the type of system. All digital signals are at 
TTL logic levels and a single +5V power supply is 
required. The- DP8460-2 will operate with data rates 
between 2 and 25 megabits per second. The DP8460-4 
will operate with data rates between 2 and 12.5 megabits 
per second, and the DP8460-8 will operate from 2 to 6.25 
megabits per second. 

The read circuit features an internal phase-locked loop 
consisting of a pulse gate, phase comparator, charge 
pump, op-amp, and voltage-controlled oscillator. In addi
tion to the DATA and CLOCK outputs, ADDRESS MARK 
DETECT, LOCK DETECT, PHASE COMPARATOR TEST, 
SYNCHRONOUS M FM, and 2F-CLOCK outputs are provid
ed. The functional description will provide details concern
ing these outputs as well as circuit input requirements. 

Block Diagram 

June 1982 

Features 
• Fabricated on the same advanced. oxide-isolated 

process as the ALS family. 

• Decodes MFM data up to 25MBits/second. 

• On-Chip data and clock separation. 

• PLL incorporates dual tracking rate (user-determined). 

• Phase-lock indicator with external control of 
switchover from high-to-Iow track rate. 

• Undecoded Input Data (synchronized with VCO) 
provided as an output. 

• Decodes MFM with All Ones or All Zeros data 
preamble. 

• ADDRESS MARK DETECT output. 

• "OR-ed" outputs of phase comparator provided to aid 
in the testing of disk media. 

• READ DELAY DISABLE input provided to reduce time 
required from READ GATE Command until beginning 
of PLL Lock sequence. 

• Single +5V supply. 

PHASE 
COMPARATOR 

TEST 

-:-

rc:~C2 PG~ PGI PGl t-l TT CP OUT -:-

I 
I 

I 
2F 

CLOCK 
INPUT 

RAW 
MfM 

READ 
GATE 

DELAY 
DISABLE 
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'" ~ 0 --DP84240/DP84244 Octal TRI·STATE® MOS Drivers· 0 
-0 
ex> 

General Description Features 
~ 

'" ~ • tpd specified with 50 pF and 500 pF loads ~ 
• Output specified from 0.8V to 2.7V 
• Designed for symmetric rise and fall times at 

500pF 

0 
0 
~ 

The DP84240 and DP84244 are octal TRI-STATE:' drivers 
which are ideally suited as fast data buffers or as memory 
address drivers. The DP84240 is an inverting driver which 
is pin·compatible with both the 74S240 and AM2965. The 
DP84244 is a non-inverting driver which is pin-compatible 
with the 74S244 and AM2966. These parts are fabricated 
using an oxide isolation process, for much faster 
speeds, and are specified for 50 pF and 500 pF load 
capacitances. 

• Outputs glitch free at power up and power down Q) 

• PNP inputs reduce DC loading on bus lines 

• Low static and dynamic input capacitance 

• Low skew times between edges and pins 

• AC parameters fully tested 

TRI·STATE is a registered trademark of National Semiconductor Corporation 

Connection Diagrams 

TOP VIEW 

1G Vee 

1A1 2G 

2Y4 1Y1 

1A2 2A4 

2Y3 lY2 

lA3 2A3 

2Y2 lY3 

1A4 2A2 

2Yl 1Y4 

GND 2Al 

TOP VIEW 

1G Vee 

lA1 2G 

2Y4 lYl 

lA2 2A4 

2Y3 lY2 

1A3 2A3 

2Y2 1Y3 

1A4 2A2 

2Yl lY4 

GNO 2Al 
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Truth Tables 

DP84240 

Inputs 
"IT A 

H X 

L L 

L H 

H = High Level 
L = Low Level 
X = Don't Care 

Outputs 
Y 

Z 

H 

L 

Z = High Impedance 

DP84244 

Inputs Outputs 
"IT A Y 

H X Z 

L L L 

L H H 
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~National 
~ Semiconductor 
OS75160A/DS75161A/OS75162A/OS3666 IEEE·488 GPIB Transceivers 
General Description Features 
This family of high-speed-Schottky8-channel bi-directional 
transceivers is designed to interface TTL/MaS logic to the 
IEEE Standard 488-1978 General Purpose Interface Bus 
(GPIB). PNP inputs are used at all driver inputs for 
minimum loading, and hysteresis is provided at all receiver 
inputs for added noise margin. The IEEE-488 required bus 
termination is provided internally with an active turn-off 
feature which disconnects the termination from the bus 
when Vee is removed. A power up/down protection circuit 
is included at all bus outputs to provide glitch-free opera
tion during Vee power up or down. 

• 8-channel bi-directional non-inverting transceivers 

• Bi-directional control implemented with TRI-STATE® 

The General Purpose Interface Bus is comprised of 16 
signallines-8 for data and 8 for interface management. 
The data lines are always implemented with OS75160A, 
and the management lines are either implemented with 
OS75161A in a single-controller system, or with OS75162A 
in a multi-controller system. 

OS3666 Functional Description 
The OS3666 is a hlgh-speed-Schottky 8-channel bi
directional transceiver designed to interface TTL/MaS 
logic to the IEEE Standard 488-1978 General Purpose Inter
face Bus. 

Implementing the IEEE-488 bus interface is accomplished 
by connecting two 053666 devices together using the ex
pansion control inputs provided. Each device is assigned 
to 4 data channels and 4 management Signal channels to 
achieve the 16-lIne format. 

output design 

• Meets IEEE Standard 488-1978 

• High-speed Schottky design 

• Low power consumption 
• High impedance PNP inputs (drivers) 

• 500 mV (typ) input hysteresis (receivers) 

• On-chip bus terminators 

• No bus loading when Vee is removed 

• Power up/down protection (glitch-free) 

IEEE·488 Interface Configuration 
Implementation Using the DS3666 

IFC 

NDAC 

DATA (D1) 

DATA (D2) 

DATA (D3) 

DATA (84) 

ATN 

DAV 

REN 

NRFD 

DATA (85) 

DATA (D6) 

DATA (D7) 

DATA (D8) 

EDI 

SRO 

r-------, 
I 1 24 I 2 

-VCC 
.!;. (NOT 

I 3 22 USED) I 
I 4 21 I 

I 5 20 ~ 
I 6 19 I 

I 7 DS3666 18 I 
I 8 17 I 

I 9 16 I +5V-
10 15 

I 11 14 I 
I 12 

GND-
13 I 

I I 
I 

1 ~VCC I 2 ~(NOT 
I 3 22 USED) _l 
I 4 21 I 

I 5 20 I 
I 6 19 I 

I 7 DS3666 18 I 
I 8 17 I 

I 
9 ..!!-- I ov-

ID 15 

I 11 14 ~ 
I 12 13 I 

GND-

I I 
L -~ - - - - - - .J 

TE SC DC 

IFC 

NDAC 

DATA (01) 

DATA (02) 

DATA (03) 

DATA (04) 

ATN 

DAV 

REN 

NRFD 

DATA (05) 

DATA (06) 

DATA (07) 

DATA (08) 

EOI 

SRO 

Terminal Interface 
Block Diagram 
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053658 Quad High Current Peripheral Driver 

Genera I Description 
The OS3658 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. A unique input circuit combines TTL compatibil
ity with high impedance. In fact, its extreme low input 
current allows it to be driven directly by a CMOS device. 
Output clamp diodes are provided for protection when 
driving inductive loads. An on·chip protection circuit 
guarantees glitch·free operation during power up or down, 
and a fail safe feature is provided which puts the output in 
high impedance state when the input is open. 

Applications 
• Relay drivers 

• Lamp drivers 
• Solenoid drivers 

• Hammer drivers 
• Stepping motor drivers 

• Triac drivers 

• LED drivers 
• High current, high voltage drivers 

• Level translators 
• Fiber optic LED drivers 

Connection Diagram 

Dual·ln-Llne Package 

IN A IN B EN GND GND Vee IN C IN D 

9 

8 

OUT A CLAMP 1 OUT B . GND GND OUT C CLAMP 2 OUT D 

TOP VIEW 
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Features 
• Single saturated transistor outputs 

• Low standby power, 10 mW typical 
• High impedance TTL compatible inputs 
• Outputs may be tied together for increased current 

capacity 

• High output current 
600 mA per output 
2.4A per package 

• No output latch-up at 35V 
• Low output ON voltage (350 mV typ @ 600 mA) 

• High breakdown voltage (70V) 
II Open collector outputs 

• Output clamp diodes for inductive fly back protection 
• NPN inputs for minimal input currents (1 JLA typical) 

• Low operating power 
• Standard 5V power supply 
II Power up/down protection 

• Fail safe operation 

• 2W power package 
• Pin·for-pin compatible with SN75437 

Truth Table 

IN EN 
H H 

L H 
H L 

L L 

H = High state 

L= Low state 

OUT 

L 
Z 
Z 
Z 

Z = High impedance state 
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OS3695/0S3696/0S3697/0S3698 Oifferential 
TRI-STATE® Bus/Line Transceivers/Repeaters 

General Description 

The OS3695, OS3696, OS3697 and OS3698 are high 
speed differential TRI-STATE buslline transceivers/re
peaters designed to. meet the requirements of proposed 
new· EIA standard RS485 with extended common mode 
range (+12V to -7V), for multipoint data transmission. 

The driver and receiver outputs feature TRI-STATE capa
bility, for the driver outputs over the entire common mode 
range of +12V to -7V. Bus contention or fault situations 
that cause excessive power dissipation within the device 
are handled by a thermal shutdown circuit, which forces 
the driver outputs into the high impedance state. The 
OS3696 and OS3698 provide an output pin which reports 
the occurrence of a line fault causing thermal shutdown of 
the device. This is an "open collector" pin with an internal 
10k!} pull-up resistor. This allows the line fault outputs of 
several devices to be wire OR-ed. 

Both AC and OC specifications are guaranteed over the 0 
to 70°C temperature and 4.75V to 5.25V supply voltage 
range. 

"TRI-STATE is a registered trademark of National Semiconductor Corp. 

Connection and Logic Diagrams 

OS3695 

RO Vee 

RE -'"-It----..... 

DE oO/RI 

01 GNo 

ITOPVIEW) 8/F2460-1 

oS36!16 

RO Vee 

REAJE ---1---" 

OO/RI 

01 GNo 

(TOP VIEW) 8/F2460-2 

© 1980 National Semiconductor Corporation B/F2460 

Features 

• Meets new EIA standard RS485, for multipoint bus 
transmission. 

• 15ns driver propagation delays with 2ns skew (typical). 

• Single channel per package isolates faulty channels 
(from 'shutting down good channels). 

• Single +5V supply. 

• - 7V to + 12V bus common mode range permits ± 7V 
ground difference between devices on the bus. 

• Thermal shutdown protection. 

• Power-up down glitch-free driver outputs permit live 
insertion or removal of transceivers. 

• High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range 
allows the unused devices on the bus to be powered 
down. 

• Line fault reporting capability on OS3696 and OS3698 
allows automated fault location and re-routing under 
processor control. 

• 12kO Minimum receiver input impedance. 

• 70mV typical receiver hysteresis. 

oS3697 

Vee I 

RO/OI--=-ll--~ 

GNo 

(TOP VIEW) 

oS3698 

(TOP VIEW) 
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058614,058615,058616,058617225 MHz Low Power 
Dual Modulus Prescalers 

General Description 
The OS8614 series products are low power dual modulus 
prescalers which divide by 20/21, 32/33, 40/41, and 64/65, 
respectively. The modulus control (MC) input selects divi
sion by N when at a high TTL level and division by N + 1 
when at a low TTL level. The clock inputs are buffered, pro
viding 40 mVrms input sensitivity. The two outputs provide 
the user the option to wire either a totem-pole or open
collector output structure. Additionally, the user can wire 
a resistor between the two output pins to minimize edge 
transition emissions. The outputs are designed to drive 
positive edge triggered PLLs. These products can be oper
ated from either an unregulated 6.8V to 13.5V source or 
regulated 5V ± 10% source. Unregulated operation is ob
tained by connecting Vs to the source and VREG to a 0.11-'F 
capacitor to ground. Regulated operation is obtained by 
connecting both Vs and VREG to the supply source. 

Logic Diagram 

The device can be used in phase~locked loop applications 
such as FM radio or other communications bands to pre
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 
separately or in conjunction with a phase-locked loop, and 
it can extend the useful range of many inexpensive fre
quency counters to 225 MHz. 

Features 
• Low power, 7 mA max 
• 225 MHz toggle frequency 
• 40 mVrms input sensitivity 
• Pin compatible with Motorola MC12015-17 prescalers 
• Unregulated/regulated power supply option 

Generalized + N/N + 1 

MODULUS 
c~~~~ 01 ___ --1 >-___ __ 

l= +N+1 

+INPUT 

-INPUT 

SYN ClR 

D Q t--tl----I D 

Q 

ClK 

Connection Diagram 

Me 

UPPER OUTPUT 

LOWER OUTPUT 

GROUND 
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2 
~-.Q UPPER OUTPUT 

D D Qt-+ ...... -f 3 
Q lOWER OUTPUT 

CLK CLK 

Dual-In-Line Package 

VREG 

-INPUT 

+INPUT 

TOP VIEW 
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LOGIC DIVISION 

TRANSCEIVERS 

• Octal bidirectional bus 
interface. 

• Open Collector Outputs 
- 'LS641, non-inverting 
- 'LS642, inverting 

• PNP inputs for reduced 
loading 

• Hysteresis on all Data 
inputs 

• 48mA sink capability 
('LS641-1, LS642-1) 

FUNCTION TABLE, 'LS641 

INPUTS INPUTS/OUTPUTS 

CE SIR An Bn 

L L A=B INPUTS 
L H INPUTS B=A 
H X (Z) (Z) 

FUNCTION TABLE, 'LS642 

INPUTS INPUTSIOUTPUTS 

CE SIR An 

L L A=B 
L H INPUTS 
H X 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 

(Z) 

(Z) = HIGH Impedance "off" state 

Bn 

INPUTS 
B=A 

(Z) 

PIN CONFIGURATION 

'LS641 'LS642 

2772 

OCTOBER 1982 

54/74LS641 , LS642, 74LS641-1, LS642-1 

Octal Bus Transceiver (Open Collector) 

TYPE 
TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 

DELAY (A to B) (Total) 

74LS641 & -1 17ns 58mA 

74LS642 &-1 17ns 58mA 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGES MILITARY RANGES 

Vcc=5V %5%;TA =O°Cto +700 C Vcc=5V %10%;TA= -55°Cto + 125°C 

N74LS641N 

Plastic DIP 
N74LS641-1 N 
N74LS642N 

N74LS642-1 N 

N74LS641F 

Ceramic DIP 
N74LS641-1 F S54LS641F 
N74LS642F S54LS642F 

N74LS642-1 F 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

. PINS DESCRIPTION 54/74LS &·1 

All Inputs 1LSui 

All Outputs 30LSui 
NOTE 
A 54/74LS unit load (LSul) is 20p.A IIH and - O.4mA IlL' 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

'LS641 'LS642 'LS641 'LS642 

Signetics 
© Ie MASTER 1983 



lOGIC DIVISION OCTOBER 1982 

TRANSCEIVERS 54/74LS641 , LS642, 7 4LS641-1 , LS642-1 

ABSOLUTE MAXIMUM RATINGS (Over operating free·air temperature range unless otherwise noted.) 

PARAMETER 

Vcc Supply voltage 

VIN Input voltage 

liN Input current 

VOUT Voltage applied to output in HIGH output state 

TA Operating free·air temperature range 

NOTE 
VIN limited to 5.5V on A and B Inputs only. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Mil 
Vcc Supply voltage 

Com'l 

VIH HIGH·level input voltage 

Mil 
VIL LOW·level input voltage 

Com'l 

11K Input clamp current 

VOH HIGH·level output voltage 

Mil 

10L LOW·level output current Com'l 

74LS·1 only 

Mil 
TA Operating free·air temperature 

Com'l 

TEST CIRCUITS AND WAVEFORMS 

TEST CIRCUIT FOR 54174 OPEN COLLECTOR OUTPUTS 

vcc vcc 

DEFINITIONS 

RL = Load resistor to VCC; see AC CHARACTERISTICS for value. 
CL = Load capacitance Includes jig and probe capacitance; see AC CHARACTERIS· 

TICS for value. 
RT = Termination resistance should be equal to ZOUT of Pulse Generators. 
tTLH' tTHL Values should be less than or equal to the table entries. 

54LS 74LS &·1 UNIT 

7.0 7.0 V 

- 0.5 to + 7.0 - 0.5 to + 7.0 V 

- 30 to + 1 - 30 to + 1 rnA 
-0.5 to + Vcc - 0.5 to + Vcc V 

- 55 to + 125 o to 70 °C 

54/74LS &·1 
UNIT 

Min Nom Max 

4.5 5.0 5.5 V 

4.75 5.0 5.25 V 

2.0 V 

+0.5 V 

+0.6 V 

-18 rnA 
5.5 V 

12 rnA 
24 rnA 
48 rnA 

-55 + 125 °C 

0 70 °C 

INPUT PULSE DEFINITIONS 

~----------tw--~------~ _-- AMP (V) 

POSITIVE 
PULSE 

~~-----------------Jl---~-----OV 

tTLH(tr) 

tTLH(tr) 

tTHL(tf) 

I_------------------_J----+----- AMP (V) 

~----------tw OV 

VM = 1.JV for 54LS/74LS; VM = 1.5V for all other TTL families. 

INPUT PULSE REQUIREMENTS 
FAMILY 

Amplitud. R.p. Rat. Pula. Width tTLH tTHL 
54/74 J.OV 1MHz SOOns 7ns 7ns 

54LS/74LS J.OV 1MHz SOOns 15ns 6ns 

54S/745 J.OV' 1MHz SOOns 2.5ns 2.5ns 

Signetics 
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LOGIC DIVISION OCTOBER 1982 

TRANSCEIVERS 54/74LS641 , LS642, 74LS641-1, LS642-1 

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free·air temperatur~ unless range otherwise noted) 

54/74 LS641 74LS641·1 
PARAMETER TEST CONDITIONS1 54/74LS642 74LS642·1 UNIT 

Min Typ2 Max Min Typ2 Max 

Mil 0.1 0.4 V 
tlVT Hysteresis (VT + - T T _) Vcc= MIN, A or B input 

Com'l 0.2 0.4 0.2 0.4 V 

IOH HIGH·level output current 
Vcc= MIN, VIH = MIN, VIL = MAX, 

100 100 p.A 
VoH =5.5V 

Mil 0.25 0.4 V 

Vcc= MIN, IOL= 12mA 
Com'l 0.25 0.4 0.25 0.4 V 

VOL LOW·level output voltage VIH = MIN, 
IOL=24mA 74LS 0.35 0.5 0.35 0.5 V VIL = MAX 

IOL=48mA 0.4 0.5 V 

VIK Input clamp voltage Vcc= MIN, 11= 11K -1.5 -1.5 V 

Input current at maximum I VI = 5.5V I A or B input 0.1 0.1 mA 
II input voltage Vcc= MAX I VI= 7.0V I SIR or CE input 0.1 0.1 mA 

IIH HIGH·level input current Vcc= MAX, VI= 2.7V 20 20 p.A 

IlL LOW·level input current Vcc= MAX, VI=0.4V -0.4 -0.4 mA 

ICCH Outputs HIGH 48 70 48 70 mA 

Icc Supply current3 (total) Vcc= MAX ICCL Outputs LOW 62 90 62 90 mA 

Iccz Outputs OFF 64 95 64 95 mA 

NOTES AC WAVEFORMS 
1. For conditions shown as MIN or MAX, use the 

appropriate value specified under recommended 
operating conditions for the applicable type. WAVEFORM FOR INVERTING OUTPUTS WAVEFORM FOR NON·INVERTING OUTPUTS 

2. All typical values are at V CC = 5V, T A = 25·C 
3. Measure ICC with outputs open. 

VINJVM ~VM VIN~VM -IVM 

L'PHLj l .. tPL1 ~'PHL·I ~'PLHI 
VOUT ~VM F VOUT ~VM F 

VM = 1.3V for 54LS/74LS, VM = 1.5V for all other TTL families. 

Waveform 1 Waveform 2 

AC CHARACTERISTICS TA=25°C,Vcc =5.0V 

54/74LS641 & ·1 54/74LS642 & ·1 

PARAMETER TEST CONDITIONS CL = 45pF, RL = 6670 CL = 45pF, RL = 6670 UNIT 

Min Max Min Max 

tpLH Propagation delay Waveform 2, 'LS641 25 25 
t pHL A input to B output Waveform 1, 'LS642 25 25 

ns 

t pLH Propagation delay Waveform 2, 'LS641 25 25 
tpHL B input to A output Waveform 1, 'LS642 25 25 

ns 

t pLH Propagation delay 
CE, SIR inputs to A output Waveform 1 40 40 
CE input to B output Waveform 1 40 40 ns· 
SIR input to B output Waveform 2 40 40 

t pHL Propagation delay ~ 

CE, SIR inputs to A output Waveform 2 50 60 
CE input to B output Waveform 2 50 60 ns 
SIR input to B output Waveform 1 50 60 

Signetics 
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LOGIC DIVISION 

BUFFERS/DRIVERS 

FUNCTION TABLE 

INPUTS OUTPUTS 

OE1 OE2 I y, Y 

L L L L H 
L L H H L 
X H X (2) (2) 
H X X (2) (2) 

PIN CONFIGURATION 

'540 '541 

© Ie MASTER 1983 

OCTOBER 1982 

54/74LS540, 54/74LS541 

Octal Buffer/Line Driver (3-State) 

TYPE 

74LS540 

74LS541 

TYPICAL PROPAGATION 
DELAY 

9ns 

10ns 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGES 

Vcc=5V :!:5%;TA =0°Cto + 70°C 

Plastic DIP N74LS540N • N74LS541N 

Ceramic DIP N74LS540F • N74LS541F 

TYPICAL SUPPLY CURRENT 
(Total) 

22mA 

23mA 

MILITARY RANGES 
Vcc = 5V :!: 10%; T A = - 55°C to + 125°C 

S54LS540F • S54LS541F 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 54/74LS 

All Inputs 1LSui 

All Outputs 30LSui 

NOTE 
A 54/74LS unit load (LSul) is 20!,A IIH and - O.4mA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'540 '541 '540 . '541 

15 

14 

13 

12 

11 

Signetics , 
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LOGIC DIVISION OCTOBER 1982 

BUFFERS/DRIVERS 54/7 4LS540, 54/74LS541 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 54LS 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 

VIN Input voltage - 0.5 to + 7.0 - 0.5 to + 7.0 V 

liN Input current - 30 to + 1 - 30 to + 1 mA 

VOUT Voltage applied to output in HIGH output state - 0.5 to + Vee - 0.5 to + Vee V 

TA Operating free-air temperature range - 55 to + 125 o to'70 °C 

C 
0') RECOMMENDED OPERATING CONDITIONS 
en 

PARAMETER 

Vee Supply voltage 

VIH HIGH-level input voltage 

VIL LOW-level input voltage 

11K Input clamp current 

IOH HIGH-level output current 

IOL LOW-level output current 

TA Operating free-air temperature 

TEST CIRCUITS AND WAVEFORMS 

TEST CIRCUIT FOR 3·STATE OUTPUTS 
Vee 

D 

SWITCH POSITION 
Teal Swllch1 Switch 2 

IpZH Open Closed 
tpZL Closed Open 
IpHZ Closed Closed 
tpLZ Closed Closed 

DEFINITIONS 
RL = Load resistor to VCC; see AC CHARACTERISTICS for value. 
CL = Load capacitance includes jig and probe capacitance; see AC 

CHARACTERISTICS for value. 
RT = Termination resistance should be equal to ZOUT of pulse 

generators. 
D = Diodes are 1N916, 1N3064, or equivalent. 
RX = 1kO for 54/74,545/745, RX = 5kO for 54LS/74LS. 
tTLH' tTHL Values should be less than or equal to the table entries. 

2776 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

54/74LS 
UNIT 

Min Nom Max 

4.5 5.0 5.5 V 

4.75 5.0 5.25 V 

2.0 V 

+ 0.7 V 

+ 0.8 V 

-18 mA 

- 12 mA 

-15 mA 

12 mA 

24 mA 

- 55 + 125 °C 

0 70 °C 

INPUT PULSE DEFINITIONS 

~----------tw----------~ .--- AMP (V) 

~~-------------I--~-----OV 

POSITIVE 
PULSE 

tTLH(tr) 

tTLH(tr) 

tTHUtf) 
'-________________ ~---+------ AMP (V) 

~----------tw--~------~ '''---OV 

VM = 1.3V for 54LS/74LS; VM = 1.5V for all other TTL families. 

INPUT PULSE REQUIREMENTS 
FAMILY 

Amplitude Rep. Rale Pulle Width tTLH tTHL 

54/74 3.0V 1MHz 500ns 7ns 7ns 

54LS/74LS 3.0V 1MHz 500ns 15ns 6ns 

545/745 3.0V 1MHz 500ns 2.5ns 2.5ns 

Signefics 
© IC MASTER 1983 



LOGIC DIVISION OCTOBER 1982 

BUFFERS/DRIVERS 54/74LS540, 54/74LS541 

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free·air temperature range unless otherwise noted.) 

PARAMETER TEST CONDITIONS1 
54/74LS540, 541 

UNIT 
Min Typ2 Max 

t:.VT Hysteresis (VT + -VT _) Vcc= MIN 0.2' 0.4 V 

Vcc= MIN, VIH = MIN, VIL = 0.5V, 10H = MAX 2.0 V 
VOH HIGH·level output voltage 

Vcc= MIN, VIH = MIN, VIL = MAX, 10H= -3mA 2.4 3.4 V 

Mil 0.25 0.4 V 

VOL LOW·level output voltage Vcc = MIN, VIH = MIN, 10L= MAX 
Com'l 0.35 0.5 V 

VIL=MAX 
10L= 12mA 74LS 0.25 0.4 V 

VIK Input clamp voltage Vcc= MIN, 11= 11K -1.5 V 

10ZH 
Off·state output current, 

Vcc= MAX, VH= MIN, VIL = MAX, Vo=2.7V 20 IlA 
HIGH·level voltage applied 

10ZL 
Off·state output current, 

Vcc= MAx, VIH = MIN, VIL = MAX, Vo= O.4V -20 IlA 
LOW·level voltage applied 

II 
Input current at maximum 

V cc = MAX, VI = 7.0V 0.1 rnA 
input voltage 

IIH HIGH·level input current Vcc= MAX, VI= 2.7V 20 IlA 

IlL LOW·level input current Vcc= MAX, VI= O.4V -0.2 rnA 

los 
Short·circuit output 

Vcc= MAX -40 -130 rnA 
current3 

ICCH Outputs HIGH 16 25 rnA 

Icc Supply current (total) Vcc= MAX ICCL Outputs LOW 27 45 rnA 

Iccz Outputs OFF 31 52 rnA 

NOTES 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at vcc = 5V, T A = 25·C. 
3. lOS is tested with VOUT = + O.5V and VCC = VCC MAX + O.5V. Not more than one output should be shorted at a time and duration of the short circuit should not exceed one 

second. 

AC CHARACTERISTICS TA=25°C, Vcc =5.0V 

54/74LS540 54/74LS541 

PARAMETER TEST CONDITIONS CL = 45pF, RL = S67n CL = 45pF, RL = 667n UNIT 

Min Max Min Max 

t pLH Propagation delay Waveforms 1 & 2 
15 15 ns 

tpHL 15 18 

t PZH Output enable time to HIGH level Waveform 3 25 34 ns 

t pZL Output enable time to LOW level Waveform 4 38 38 ns 

tpHZ Output disable time from HIGH level Wavefor,m 3, CL = 5pF 18 18 ns 

tpLZ Output disable time from LOW level . Waveform 4, CL = 5pF 25 29 ns 

Signetics 
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LOGIC DIVISION 

BUFFERS/DRIVERS 

AC WAVEFORMS 

WAVEFORM FOR INVERTING OUTPUTS 

Waveform 1 

3·STATE ENABLE TIME TO HIGH LEVEL 
AND DISABLE TIME FROM HIGH LEVEL 

Waveform 3 

:::1.5V 

OCTOBER 1982 

54/74LS540, 54/74LS541 

WAVEFORM FOR NON·INVERTING OUTPUTS. 

Waveform 2 

3·STATE ENABLE TIME TO LOW LEVEL 
AND DISABLE TIME FROM LOW LEVEL 

Waveform 4 

VM = 1.5V for 54/74 and 54S/745; VM = 1.3V for 54LS/74LS. 

Signefics 
2778 © Ie MASTER 1983 



@ 

(; 

s: 
> 
~ 
m 
::a 
..a. 
co 
Q) 
w 

I\) 
--... --... co 

OJ 
-I -r:f o 
J 
SCI 

Analog Switches 
Basic 

Analog 
rOSlon) Switching 

Opt. Supply Voltage 

Part Switch 
Voltage Max 1010H) Time 

Logic Leveis IV) 

No. Type 
Range 

W) InA) Illsec) 
IV) 1+) 1-) Logic Ref. Comments Switch Configuration 

IV) VINL VINH Sup. Sup. Sup. Sup. INote 1) INote 4) INote 4) tON toFF V+ V- VL VR 

SINGLE CHANNEL SPST 

OG5040 Plus 40 CMOS + 15 to -15 50 1 1.0 0.5 0.8 2 15 -15 5 - TIL Compatible 1 SPST Switch per Package 

TWO CHANNEL SPST 

OGl80 N-JFET + 10 to -12.5 10 10 0.3 0.25 0.8 2.0 10 '-20 5 0 Break-Before-Make 
+ 10 to -7.5 10 10 0.3 0.26 0.8 2.0 15 -15 5 0 15 V Supplies 

OG181 N-JFET + 10 to -12.5 30 1 0.15 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 
+ 10 to -7.5 30 1 0.15 0.13 0.8 2.0 15 -15 5 0 15 V Supplies JANI11101 

OGl82 N-JFET + 10 to -15 75 1 0.25 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 
+ 10 to -10 75 1 0.25 0.13 0.8 2.0 15 -15 5 0 15 V Supplies JANI11102 2 SPST Switches per Package 

OG200 CMOS + 15 to -15 70 2 1.0 0.5 0.8 2.4 15 -15 - (Note 3) JAN/l2303 
OG200A Plus 40 CMOS + 15 to -15 70 2 1.0 0.5 0.8 2.4 15 -15 - - TIL In 

~........, ~........, OG281 N-JFET + 15 to -15 300 0.2 0.15 0.13 0.8 2.0 15 -15 5 0 low Charge Injection 
OG300 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In JANI11601 <>-()-t>-l <>-()-t>-l 

OG300A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In 
OG304 CMOS + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 - - low Power, CMOS In JAN/11605 

OG304A Plus 40 CMOS + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -i5 - - low Power, CMOS In 
OG381 CMOS +15to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, OG181 Pin Out 

OG381A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, OG181 Pin Out 
OG5041 Plus 40 CMOS + 15 to -15 50 1 1.0 0.5 0.8 2.0 15 -15 5 - TIL Compatible 

FOUR CHANNEL SPST 

OG201 CMOS + 15 to -15 175 1 1.0 0.5 0.8 2.4 15 -15 - (Note 3) JAN/l2304 4 SPST Switchas per Package 
OG201A Plus 40 CMOS + 15 to -15 175 1 1.0 0.5 0.8 2.4 15 -15 - - TIL In ~........, ~........, 
OG202 Plus 40 CMOS + 15 to -15 175 1 1.0 0.5 0.8 2.4 15 -15 - - TIL In <>-()-t>-l <>-()-t>-l OG211 Plus 40 CMOS + 15 to -15 175 5 0.5 0.4 0.8 2.4 15 -15 5 - low Cost, TTL In 
OG212 Plus 40 CMOS + 15 to -15 175 5 0.6 0.45 0.8 2.4 15 -15 5 - low Cost, TTL In 

~........, ~........, OG308A Plus 40 CMOS + 15 to -15 100 1 0.2 0.15 3.5 11.0 15 -15 - - low Cost CMOS In 
OG309 Plus 40 CMOS + 15 to -15 100 5 0.2 0.15 3.5 11.0 15 -15 - - low Cost CMOS In <>-()-t>-l <>-()-t>-l 

ONE CHANNEL SPOT 

OGl86 N-JFET_ + 10 to -12.5 10 10 0.3 0.25 0.8 2.0 10 -20 5 0 Break-Before-Make 
N-JFET +15to -7.5 10 10 0.3 0.25 0.8 2.0 15 -15 5 0 15 V Supplies 

OGl87 N-JFET + 10 to -12.5 30 1 0.15 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 
N-JFET + 15 to -7.5 30 1 0.15 0.13 0.8 2.0 15 -15 5 0 15 V Supplies JANI11105 

OGl88 N-JFET + 10 to -15 75 1 0.25 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 1 SPST Switch per Package 
. N-JFET + 15 to -10 75 1 0.25 0.13 0.8 2.0 15 -15 5 0 15 V Supplies JAN!11106 

OG287 N-JFET + 15 to -7.5 300 0.2 0.15 0.13 0.8 2.0 15 -15 5 0 Break-Before-Make ~........, 
OG301 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In JANI11602 

OG301A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In 0---------<>'" 

OG305 CMOS + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 - - low Power, CMOS In JAN/l1605 <>-()-t>-l 
OG305A Plus 40 CMOS + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 - - low Power, CMOS In 
OG387 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, OG187 Pin Out 

OG387A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, OG187 Pin Out 
OG5042 Plus 40 CMOS + 15 to -15 50 1 1.0 0.5 0.8 4.0 15 -15 5 - TIL Compatible 

NOTES: 
1. The devices shown in boldface are recommended parts for new designs. 

2. The appropriate switching characteristic for mUltiplexers is tTRANSITION' not tON, tOFF' 
3. VREF = 1.5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages of ± 15 are used. 
4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rOS is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more detail. Values 

shown are for temperature suffix A. 
5. Device normally operates with resistor to + 10 V. 

---
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Silconix INTERFACE 

Preferred Product Selector Guide 

Analog Switches (Cont'd) 
Balic 

Analog 
rOSlon) Switching 

Opt. Supply Voltage 

Part Switch 
Voltage Max 1010ff) Time 

logic levels IV) 

No. Type 
Range 

1m InA) I!'sec) 
IV) 1+ ) 1-) logic Ref. Comments Switch Configuration 

IV) VINl VINH Sup. Sup .. Sup. Sup. INote 1) INote 41 tON toFF INote 4) V+ V- Vl VR 

TWO CHANNEL SPOT 

OGl89 N-JFET + 10 to -12.5 10 10 0.3 0.25 0.8 2.0 10 -20 5 0 Break-Belore-Make 
N-JFET + 15 to -7.5 10 10 0.3 . 0.25 0.8 2.0 15 -15 5 0 15 V Supplies 

OG190 N-JFET + 10 to -12.5 30 1 0.15 0.13 0.8 2.0 10 -20 5 0 Break-Belore-Make JAN/lll07 
N-JFET + 15 to -7.5 30 1 0.15 0.13 0.8 2.0 15 -15 5 0 15 V Supplies 

OG191 N-JFET + 10 to -15 75 1 0.25 0.13 0.8 2.0 10 -20 5 0 Break-Belore-Make JAN/lll08 2 SPOT Switches per Package 
N-JFET + 15 to -10 75 1 0.25 0.13 0.8 2.0 15 -15 5 0 15 V Supplies 

OG243 Plus 40 CMOS + 15 to -15 50 1 0.5 1.0 0.8 2.0 15 -15 5 - Make-Belore-Break IDG191 Pin Out) 
OG290 N-JFET +15to -7.5 300 0.2 0.15 0.13 0.8 2.0 15 -15 5 0 Break-Belore-Make C>----d"( -a C>----d"( -a 
0G303 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In JAN/11604 ~ ~ 

OG303A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In <>-Q-t>-l <>-Q-t>-l 
OG307 CMOS + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 - - low Power, CMOS In JAN/ll608 

OG307A Plus 40 CMOS + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 - - Low Power, CMOS In 
DG390 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, DGl90 Pin Out 

OG390A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, DGl90 Pin Out 
OG5043 Plus 40 CMOS + 15 to -15 50 1 1.0 0.5 0.8 2.0 15 -15 5 -

ONE CHANNEL OPST 

DG5044 Plus 40 CMOS + 15 to -15 50 1 1.0 0.5 0.8 2 15 -15 5 - TTL Compatible 1 DPST Switch per Package 

TWO CHANNEL DPST 

DGl83 N-JFET + 10 to -12.5 10 10 0.3 0.25 0.8 2.0 10 -20 5 0 Break-Belore-Make 
I N-JFET +15to -7.5 10 10 0.3 0.25 0.8 2.0 15 -15 5 0 15 V Supplies 

DGl84 N-JFET + 10 to -12.5 30 1 0.15 0.13 0.8 2.0 10 -20 5 0 Break-Belore-Make 
N-JFET +15to -7.5 30 1 0.15 0.13 0.8 2.0 15 -15 5 0 15 V Supplies 

DGl85 N-JFET + 10 to -15 75 1 0.25 0.13 0.8 2.0 10 -20 5 0 Break-Belore-Make 2 OPST Switches per Package 
N-JFET + 15 to -10 75 1 0.25 0.13 0.8 2.0 15 -15 5 0 15 V Supplies 

DG284 N-JFET + 15 to -7.5 300 0.2 0.15 0.13 0.8 2.0 15 -15 5 0 Break-Belore-Make ~A....() ~A....() 
DG302 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - low Power, TTL In ~-a ~A....() 

DG302A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -·15 - - Low Power, TTL In 

~ <>-Q-t>-J DG306 CMOS' + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 - - Low Power, CMOS In 

DG306A Plus 40 CMOS + 15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 - - Low Power, CMOS In 
OG384 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - Low Power, DGl84 Pin Out 

OG384A Plus 40 CMOS + 15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 - - Low Power, DGl84 Pin Out 

OG5045 Plus 40 CMOS + 15 to -15 50 1 1.0 0.5 0.8 2.0 15 -15 5 -

NOTES: 
1. The devices shown in boldface are recommended parts lor new designs. 
2. The appropriate switching characteristic for multiplexers is tTRANSITION' not tON, tOFF' 
3. VREF= 1.5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages 01 ± 15 are used. 
4. Analog voltage range is a lunction 01 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 lor more detail. Values 

shown are lor temperature suffix A. 
5. Device normally operates with resistor to + 10 V. 

-

-----



Analog Switches Selector Guide 
Application Feature of Important Major Suggested Switches Application Parameters Tradeoffs 

1) Low Power Low Supply CMOS DG304-DG308, DG304A, 
Current DG307A,DG309 

DG300-DG303, DG381-DG390, 
DG300A-DG303A,DG381A-DG390A 

2) Minimum Number Only One or Two CMOS DG300-DG308A, 
Battery Operated of Power Supplies Supplies Needed DG300A-DG307A,DG309 
or Battery Back- (Can Also Be Used As Single Supply) 
Up Supply CMOS DG200, DG201, DG211, DG200A, 

DG201A, DG202, DG212 
(For MUX: DG506-DG509, .~ 
DG506A-DG509A, DG528, DG529) c 

3) Low Standby Low Standby CMOS DG304-DG308A, DG211, 
0 
() 

Power Current DG304A-DG307A,DG309,DG212 en 
1) Low Signal Low rDS(on); JFET is Constant, JFET DG180-DG191 

Distortion Constant rDS(on) rDS(on); Signal CMOS DG300-DG308A, DG381-DG390, 
Range Limited DG300A-DG307 A, DG309, 
Toward Negative DG381A-DG390A, DG5040-DG5045 
Supply; DG243 (Make-Before-Break) 
CMOS Slight rDS(on) 
Variation, Full Signal 
Range 

2) Low Noise Low rDS(on) CMOS DG300-DG308A, DG381-DG390, 
(Channel) DG300A-DG307 A, DG309, 

DG381A-DG390A, DG5040-DG5045, 
DG243 

JFET DG180-DG191 

3) Wide Signal ±15V Signal CMOS DG300-DG308, DG381-DG390, 
Range Range DG300A-DG307A,DG309, 

Audio DG381A-DG390A,DG5040-DG5045, 
DG243 

CMOS DG200, DG200A, DG201, 
DG201 A, DG202, DG211, DG212 
(MUX: DG506-DG509, DG506A-
DG509A, DG528, DG529) 

Signal Range is Higher rDS(on) JFET (75Q) DG182, DG185, DG188, 
From the Positive (Must Stay Above DG191 
Supply to Above Negative Supply By (10Q, 30Q) Remainder of 
the Neg~tive 5V to 7.5V) DG181-DG190 Family 
Supply 

4) Large Dynamic Wide Signal CMOS DG304-DG308A, 
Range Range and Low DG304A-DG307A,DG309 

Thermocouple DG300-DG303, DG381-DG390, DG211, 
Noise '. DG300A-DG303A, DG381A-DG390A, 

DG212 

1) High OFF High OFF Higher rDS(on) JFET (30Q, 75Q) DG181, DG182, DG184, 
Impedance, Small Isolation DG185, DG187, DG188, DG190, DG191 
Feedthrough of CMOS DG200, DG201, DG211, DG200A, 
Signal DG201A, DG202, DG212 

CMOS DG300-DG308A, DG381-DG390, 
DG300A-DG307A,DG309,DG381A-

Video 
DG390A, DG5040-DG5045, DG243 

(High Frequency) 2) Good Impedance Low rDS(on) Lower OFF Isolation JFET (10Q) DG180, DG183, DG186, 
Matching, DG189 
Minimum Signal (30Q) DG181, DG184, DG187, 
Drop Across DG190 
Switch CMOS DG300-DG308A, DG211 

DG300A-DG307A, DG309, DG212 

Bold Print = Recommended for the application 

Siliconix 
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Analog Switches Selector Guide (Confd) 

Application Feature of Important Major 
Suggested Switches Application Parameters Tradeoffs 

1) Low Droop Rate Low Leakage Higher ON CMOS OG300A-OG307A, OG300, OG309 
Resistance OG381A-OG390A 

CMOS OG300-0G308A, OG381-0G390, 
OG5040-0G5045 

JFET DG180-DG191 . 
CMOS DG200, DG201, DG211, DG200A, 

DG201 A, DG202, DG212 

2) Low Sample to Low Charge Higher ON CMOS OG200A, OG201A, OG202, 
Hold Offset Coupling Resistance OG212 

CMOS OG200, OG201, OG211 
JFET DG181, DG182 

Sample and (30Q, 75Q) DG184, DG185, 
Hold DG187, DG188, DG190, DG191 

CMOS DG300-DG308A, 
DG300A-DG307A, DG309 

3) Fast Acquisition Low ON Higher Leakage JFET (10Q) OG180, OG183, OG186, 
Speed Resistance Higher Charge OG189 

Coupling (30Q, 75Q) Remainder of DG181-
DG191 Family 

CMOS DG300-DG307, DG381-DG390, 
DG300A-DG307A 

CMOS DG200, DG201, DG211, DG212 
CMOS DG381 A-DG390A, DG200A, 

DG201 A, DG202 

1) Low Error Voltage Low Leakage CMOS OG300A-OG307A, 
OG381A-OG390A 

Switching to 
CMOS OG300-0G307, OG381-0G390, 

OG5040- OG 5045, OG200-OG201, 
High OG211, OG200A, OG201A, OG212 
Impedance 

2) Low Switching Low Charge CMOS OG200A, OG201A, OG202, 
Inputs 

Transient Error Coupling OG212 
Voltage CMOS OG200, OG201, OG211 

DG300-DG307, DG381-DG390, 
DG300A-DG307A,DG381A-DG390A 

1) Best Performance Monolithic CMOS OG211, OG212, OG303, OG309, 
for Lowest Cost Good Switch OG308A, OG300-0G307, OG5040-0G5045 

Low Cost Performance DG200, DG201, DG381-DG390, 
DG200A, DG201 A, DG202, 
DG300A-DG307A, DG243, 
DG381A-DG390A 

Military System 1) Hi-Rei Specified BS9000 
JM38510/XXXXX 

1) Good Matching of Monolithic Switch CMOS OG300, OG302, OG303, OG304, 
Switch OG243, OG306, OG307, OG308A, 
Parameters OG381, OG384, OG390, OG309 

CMOS DG200, DG201, DG211, 
DG5040-DG5045, DG300A, DG302A, 
DG303A,DG304A,DG306A,DG307A, 

Differential 
DG309, DG381 A, DG384A, DG390A, 
DG200A, DG207 A, DG202, DG212 

Signal 
2) Low Thermo- Drain and Source J FET Switches Not JFET OG183, OG184, OG185 Switching 

couple Offset of FET Switch in Monolithic 
Voltage Close Proximity 

on Small Chip 

Low Power Dissi- CMOS OG304, OG306, OG307, OG308A 
pat ion on Switch OG304A,OG309 
Driver DG300-DG303, DG300A-DG303A, 

DG306A, DG307A, DG381-DG390, 
DG381A-DG390A, DG309 

Bold Print = Recommended for the application 

Siliconix 
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Analog Switches Selector Guide (Confd) 
Application 

Small Signal 
«1 V) 

Multiplexing 

Feature of 
Application 

1) Low Noise 
(Channel) 

2) Low Charge 
Coupling 

3) High Impedance 
Inputs of Load 

4) Low Thermo
couple Offset 
Voltage 

1) Break-Before
Make Switching 

2) Binary Controlled 
Logic Inputs 

3) Differential Multi
plexing 

4) DI A Conversion 

Important 
Parameters 

Low rDS(on) 

Low Leakage 

Low Power Switch 

Drain and Source 
of FET Switch in 
Close Proximity 
on Small Chip 

ton is Greater 
Thantoff 

Binary Decoding 
Stage on Chip 

Dual Switching 
Action 

Binary Weighted 
ON Resistance 
and Channel 
Resistance to 
Minimize Error 

Major 
Tradeoffs 

Higher Leakages 

Higher rDS(on) 

Bold Print = Recommended for the application 

Siliconix 
© IC MASTER 1983 

Suggested Switches 

JFET (10Q) DG180, DG183, DG186, 
DG189 

(30Q, 75Q) Remainder of 
DG181-DG191 Family 

CMOS DG300A-DG307A, DG309, 
DG381A-DG390A, DG212, DG308A 

CMOS DG300-DG308, DG381-DG390, 
DG211 

CMOS DG300-DG308A, DG381-DG390, 
DG211, DGS040-DGS04S, DG243, DG309 
DG200-DG201 

JFET DG181, DG182, DG184, DG185, 
DG187, DG188, DG190, DG191 

CMOS DG300A-DG307A, DG309, 
DG381A-DG390A, DG212 

CMOS DG304-DG307, 
DG304A-DG307A, DG381A-DG390A 
DG300-DG303, DG381-DG390, 
DG300A-DG303A 

JFET DG180-DG190 Family 

CMOS DGS06, DGS06A, DGS07, 
DGS07A, DGS08, DGS08A, DGS09, 
DG509A, DGS28, DG529 (Latchable) 

PMOS DG501, DG503 

CMOS DG507, DG509, DG507A, 
DG509A, DG529 

NMOS DG515, DG516 

2783 
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~ Dual Monolithic SPST 
§ CMOS Analog Switch 

designed for . . . 
• Analog Multiplexing 

• Servo Control Switching 

• Video Signal Switching 

H 
Siliconix 

BENEFITS 

• Environmentally Rugged 
o 44V Power Supply Maximum Rating 

c, Static Protected Logic Inputs 

o Latchproof 

• Easily Interfaced 

• Remove Switching under TTL Logic 

Control 

o TTL and CMOS Compatible without 

Pull-Up Resistors 

• Pin for Pin Compatible with 
o Analog Devices ADG200 

o Harris H 1200 

o Intersil DG200 

o Siliconix DG200 

DESCRIPTION 

The DG200A designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 70 ohms contact 
(ON) resistance and very high OFF resistance. True switch action takes place over the full analog signal range of ±15 V, with 
Break-Before-Make operation to prevent momentary shorting of signal inputs. 

PIN CONFIGURATIONS 

Metal Can Package 
v+ (SUBSTRATE AND CASE) 

D2 
TOPVIEW 

LOGIC SWITCH 

0 ON 
1 OFF 

ORDER NUMBERS: 
DG200AAA OR DG200ABA 

SEE PACKAGE 2 

ORDER NUMBERS: 
DG200AAK OR DG200ABK 

OR DG200ACK 
SEE PACKAGE 9 

DG200ACJ 
SEE PACKAGE 7 

SWITCH STATES ARE FOR LOGIC "1" INPUT (POSITIVE LOGIC) 

SCHEMATIC DIAGRAM (typical channel) 

V+~----~-----'-----4~---------' 

GND 0-----' 

V-o-----~------------+-----------~--------------~ 

2784 

Dual-In-Line Package 

V+ 
(SUBSTRATE) 

© Ie MASTER 1983 



ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V- Storage Temp. (A & B Suffix) -65 to 150°C 

V+ •••••••••••••••• · . ••••••••••• 44 V (C Suffix) . . -65to+125°C 

GND ••••••••••••••• · . ........... 25 V Power Dissipation (package) * 

Digital inputs
4

, VS, VD -2 V to (V+ +2 V) or Metal Can ** 450mW .. · . 
20 mA, whichever occurs first. 14 Pin DIP*** 825 mW 

Current, Any Terminal Except S or D 30mA 14 Pin Plastic DIP**** 470mW 

Current, S or D 20mA 

Current, S or D Pulsed *Device mounted with all leads welded or soldered 

(1 msec, 1 (lOla Duty Cycle Max) 100 mA to PC board. 

Operating Temp. (A Suffix) . - . -55 to 125°C **Derate 6 mWfC above 75°C 

(B Suffix) -20 to 85°C ***Derate 11 mWfC above 75°C 

(C Suffix) o to 70°C ****Derate 6.5 mWfC above 25°C 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested a't 25°C. Lots are sample-tested for AC 

parameters and high and low temperature limits to assure conformance with specifications. 

MAX LIMITS 
Typl A SUFFIX BIC SUFFIX TEST CONDITIONS. UNLESS NOTED: 

CHARACTERISTIC 25°C -201 851 UNIT V + = 15 V. V - = -15 V. Gnd = 0, -55"C 25"C 125"C 0"C 25"C 70"C 

1 VANALOG 
Minimum Analog Signal 

~15 ~15 ~15 ~15 ~15 V 
Handling Capability 

-
2 Drain Source 45 70 70 100 80 80 100 VD = 10 V VIN = 0.8 V - rDS(on) !l 
3. ON Resistance 45 70 70 100 80 80 100 VD = -10 V IS = -1 mA .- S 
4 W 

Source OFF +0.01 2 100 5 100 Vs = + 14 V, VD = - 14 V ,_I IS (off) 
5 T Leakage Cl. rent -0.02 -2 -100 -5 -100 Vs = -14 V, VD = 14 V -c VIN = 2.4 V 
6 H Drain OFF +0.01 2 100 5 100 VD = 14 \I I, 

- ID(off) nA 
7 Leakage Current -0.02 -2 -100 -5 -100 Vo = -14 V, Vs = 14 V 

-
8 

ID(on)2 
Channel ON +0.1 2 200 -5 200 VO=VS=14V 

- Leakage Current 
VIN = 0.8 V 

9 -0.1 -2 -200 -5 -200 VD = Vs = -14 V 

10 Input Current 0.0009 -1 -10 -1 -10 VIN = 2.4 V 
I-I IINH 

11 N Input Voltage High 0.005 1 10 1 10 VIN = 15V 
I-P !-IA 

U Input Current 12 T IINL Input Voltage Low 
-.0015 -1 -10 -1 -10 VIN = 0 V 

13 ton Turn-ON Time 440 1000 1000 
1--:-- ns See Switching Time Test Circuit 

14 toff Turn-OFF Time 370 500 500 1-
15 

D 
Q Charge Injection -10 pC CL = 1000pF, VGEN- OV, RC;lflJ = Oll 

I~ y 

16 N CS(off) 
Source OFF 

9.0 Vs = 0, VIN = 5 V 
A Capacitance 

1- M f = 140 kHz 
I Drain OFF 

17 C CD(off) Capacitance 
9.0 pF VD = 0, VIN = 5V 

1-
18 COlon) + CS(on) Channel ON Capacitance 25 VD = Vs = 0, VIN = 0 

1- 0iRR3-19 OFF Isolation 75 VIN = 5 V 
1-

20 CCRR Channel to 
90 Vs = 2 Vpp 

ZL = 750 
Channel Crosstalk f= 1 MHz 

21 S 1+ PO~llIve Supply Current 0.8 2 2 
1- U mA Both Channels "ON", or "OFF" VIN = 0 or 2.4 V 

. 22 P 1- Negative Supply Current -.23 -1 -1 

NOTES: ICME 
1. Typical Values are for DESIGN AID ONLY. not guaranteed and not subject to production testing. 

2. 10(on) is leakage from driver into "ON" switch. 

3. "OFF" isolation ~'20 log VSNO, Vs = input to OFF switch, VD = output 

4. Signals on Sx. Ox or INX exceeding V+ or V- will be clamped by internal 
diodes. Limit forward diode current to maximum current ratings. 

Siliconix 
© Ie MASTER 1983 See Product Selector Guides on Pages 2779-2783. 2785 

.~ 
c 
o 
u 

CJ) 



.~ 
c:: 
o 
() 

en 

Quad Monolithic SPST CMOS 
Analog Switch 

H 
Siliconix 

designed for. . • BENEFITS 

• Analog Multiplexing 

• Remote Switching under 
TTL Logic Control 

• Servo Control Switching 

• Sampled Data Systems 

• Programmable Gain 
Amplifiers 

DESCRIPTION 

• Environmentally Rugged 
o 44V Power Supply Maximum Rating 

o Static Protected Logic Inputs 
o Latchproof 

• Easily Interfaced 
o TTL and CMOS Compatible without 

Pull-Up Resistors 
o Logic Inputs Accept ± Comparator 

Transitions without Series Current Limit
ing Resistors 

• Pin for Pin Compatible with 

o Analog Devices ADG201 

o Harris H 1201 

o Intersil DG201 

o Siliconix DG201 

The DG201 A designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 175 ohms contact 

resistance and very high OFF resistance. True switch action takes place over the full analog signal range of ±15V, with 

Break-Before-Make operation to prevent momentary shorting of signal inputs. Charge injection has been reduced by design 

to minimize spikes during switching transitions. 

PIN CONFIGURATION 

2786 

Dual·ln-Line Package 

13 V+ (SUBSTRATE I 

TOP VIEW 

ORDER NUMBERS: 
DG201AAK. DG201ABK OR DG201ACK 

SEE PACKAGE 10 

DG201ACJ 
SEE PACKAGE 8 

SWITCH OPEN FOR LOGIC "1" INPUT (POSITIVE LOGIC) 

FUNCTIONAL DIAGRAM (typical channel) 

V+ 

_~sx 
INX 

LEVEL 
SHIFTER 

LOGIC Lox INTERFACE 
AND 

PROTECTION GND V- SWITCH 
CONTACT 

© Ie MASTER 1983 



ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V- Power Dissipation (Package)" 

V+ •••••••••••••• ••• , ••• , •.• 44 V 16 Pin DIP*" 900mW 

GND ••••••••••••• . .......... 25 V 16 Pin Plastic D I P* *" 470mW 

Digital inputs3 VS, VD. -2 V to (V+ +2 V) or 

20 mA, whichever occurs first. 

Current, Any Terminal Except S or D 30mA *Device mounted with all leads soldered or welded 

Continuous Current, S or D 20mA to PC board. 

Peak Current, S or D *" Derate 12 mWtC above 75°C 

(pulsed at 1 msec, 10% duty cycle max) 70mA """Derate 6.5 mwfc above 25°C 

Storage Temperature (A & 8 Suffix) -65 to 150°C 

(C Suffix) -65 to 125°C 
Stresses listed under "Absolute Maximum Ratings" may be applied 

Operating Temperature (A Suffix) -55 to 125°C 
(one at a time) to devices without resulting in permanent damage. 
This is a stress rating only and not subject to production testing. 

(8 Suffix) -20 to 85°C Exposure to absolute maximum rating conditions for extended 
(C Suffix) a to 70°C periods may affect device reliabilitv. 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25° C. Lots are sample-tested for AC 

parameters and high and low temperature limits to assure conformance with specifications. 

MAX LIMITS 

TYP A SUFFIX BIC SUFFIX TEST CONDITIONS, UNLESS NOTED: 
CHARACTERISTIC 25 -20oc/ 85°CI UNIT V+ '" 15V,V- = -15V,Gnd =0 -55'C 25'C 125'C DoC 25"C 70'C 

1 VANALOG 
Minimum Analog Signal 

±15 ±15 ±15 ±15 ±15 V 
Handling Capability 

1-
2 Drain Source 105 175 175 250 200 200 250 Vo = 10 V V,N = 0.8 V, 

1- rOS(onl II 
3 ON Resistance 115 175 175 250 200 200 250 VO=-10V IS = -1 mA 

'~S 
Source OFF 0.01 1 100 5 100 Vs =14 V, Vo = - 14 V. 

1- w 
'S(offl 

5 I Leakage Current -0.02 -1 -100 -5 -100 Vs = -14 V, Vo == 14 V 
I- T V,N = 2.4 V 

6 C Drain OFF 0.01 1 100 5 100 Vo 0; 14 V, Vs = - 14 V 
- H 'O(offl nA 

7 Leakage Current -0.02 -1 -100 -5 -100 Vo = -14 V, Vs '" 14 V 
-

8 
IO(on1

2 Drain ON 0.1 1 200 5 200 Vo = Vs = 14 V - Leakage Current 
V,N = 0.8 V 

9 -0.15 -1 -200 -5 -200 Vo = Vs = -14 V 

10 Input Current -.0004 -1 -10 -1 -10 V,N = 2.4 V 
- I "NH Input Voltage High !1A 

11 N .003 1 10 1 10 V,N =15V 
- P 

U Input Current 
12 T I'Nl Input Voltage low 

-.0004 -1 -10 -1 -10 V,N = 0 V 

13 ton Turn·ON Time 480 1000 1000 
- ns See Switching Time Test Circuit 

~ toff Turn·OFF Time 370 500 500 

15 0 Charge Injection 20 pC Cl = 1000pF VGEN = OV RGEN = OU 
-

16 0 CS(offl 
Source OFF 

5 Vs = 0, V,N = 5 V 
Y Capacitance 

- N f = 140 kHz A 
17 M CO(offl 

Drain OFF 
5 pF Vo = 0, V,N = 5V 

I Capacitance' 
- C 

18 CO(onl + CS(onl Channel ON Capacitance 16 Vo = Vs = 0, V,N = 0 
,-

19 OIRR OFF Isolation 70 V,N '" 5 V 
- dB 

20 CCRR 
Channel to 

90 
Vs = 2 Vpp, f = 100 KHz 

Channel Crosstalk Zl == 75U 

21 S 1+ Positive Supply Current .9 2 2 
1- U mA All Channels "ON" or "OFF", V,N = 0 or 2.4 V 

22 P 1- Negative Supply Current -.3 -1 -1 

NOTES: ICMC-B 
1. Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 

2. 'O(onl is leakage from driver into "ON" switch. 

3. Signals on Sx. DX or 1NX exceeding V+ or V- will be clamped by internal diodes. Limit 

forward diode current to maximum current ratings. 

\ 

Siliconix 
© Ie MASTER 1983 See Product Selector Guides on Pages 2779-2783. 2787 
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'c-4 = Quad Monolithic 
g SPST CMOS 

H 

Analog Switch 
designed for . . . 

• Analog Multiplexing 

• Remote Switching under TTL 
Logic Control 

• Servo Control Switching 

• Sampled Data Systems 

• Programmable Gain Amplifiers 

DESCRIPTION 

Siliconix 

BENEFITS 

• Environmentally Rugged 
o 44 V Power Supply Max Rating 
o Static Protected Logic Inputs 
o Latch Proof 

• Easily Interfaced 
CJ TTL and CMOS Compatible Without Pullup 

Resistors 
CJ Logic Inputs Accept ± Comparator Tran

sitions Without Series Current Limiting 
Resistors 

• Pin for Pin Compatible 
o Intersil IH202 
o National LFl1202 

The DG202 designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 175 ohms contact 
resistance and very high OFF resistance. True switch action takes place over the full analog signal range of ±15 V, with BREAK
BEFORE-MAKE operation to prevent momentary shorting of signals inputs. Charge injection has been reduced by design to 
minimize spikes during switching transitions. 

PIN CONFIGURATION 

2788 

0, 

S, 

Dual In-Line Package 

13 V+ (SUBSTRATE) 

TOP VIEW 

LOGIC SWITCH 

0 OFF 
1 ON 

ORDER NUMBERS: 
DG202AK, DG202BK OR DG202CK 

SEE PACKAGE 10 

ORDER NUMBER: 
OG202CJ 

SEE PACKAGE 8 

SWITCH CLOSED FOR LOGIC "1" 

INPUT (POSITIVE LOGIC) 

FUNCTIONAL DIAGRAM (typical switch) 

V+ 
Sx 

INX 
LEVEL 

SHIFTER 

LOGIC 
INTERFACE 

AND Ox 
PROTECTION GND V- SWITCH 

CONTACT 

© Ie MASTER. 1983 ' 



ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V- Power Dissipation (Package)* 
V+ .............................................. 44V 16-Pin DIP** ................................... 900mW 
GND ............................................. 25V 16-Pin Plastic DIP*** ........................... 470mW 
Digital inputs3, VS, VD ............. - 2 V to (V + + 2 V) or 

*Device mounted with all leads soldered or welded to PC 
20 mA, whichever occurs first 

board. 
Current, Any Terminal Except S or D ................ 30 mA **Derate 12 mW / °C above 75°C . 
Continuous Current, S or D . ........... ........... 20mA ***Derate 6.5 mW/oC above 25°C. 
Peak Current S or D 

(pulsed at 1 msec, 10% duty cycle max) ........... 70mA 
Storage Temperature (A & 8 Suffix) ......... - 65 to 150°C 

Stresses listed under "Absolute Maximum Ratings" may be applied 
(C Suffix) ............ . - 65 to 125°C (one at a time) to devices without resulting in permanent damage . 

Operating Temperature (A Suffix) ............ - 55 to 125°C This is a stress rating only and not subject to production testing. 
(8 Suffix) ............. -20 to 85°C Exposure to absolute maximum rating conditions for extended' 
(C Suffix) ................ o to 70°C periods may affect device reliability. 

, 

ELECTRICAL CHARACTERISTICS 

All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature' limits to 
assure conformance with specifications. 

MAX LIMITS 

TYpl A SUFFIX B/C SUFFIX 
TEST CONDITIONS. 

CHARACTERISTIC UNIT UNLESS NOTED: V+ -= 15 V. 
25°C 

-56°C 25°C 125°C 
-2f1'CI 

O"C 
25°C 

85°C I 
7O"C 

V-=-15 V. GND=O 

Minimum Analog 
1 VANAlOG Signal Handling ±15 ±15 ±15 ±15 ±15 V 

Capability 

2 Drain-Source 105 175 175 250 200 200 250 Vo = 10 V VIN =2.4 V. 
rOSlonl !l 

3 S ON Resistance 115 175 175 250 200 200 250 VO=-lO V 15= -1 mA 
W 

4 I Source OFF 0.01 1 100 5 100 VS= 14 V. VO= -14 V 

5 T ISloHI Leakage Current -0.02 -1 -100 -5 -100 VS= -14 V. Vo=.14 V 
C VIN =08 V 

6 H 
Drain OFF 0.01 1 100 5 100 VO= 14 V, Vs=-14 V 

1010HI nA 
7 Leakage Current -0.02 -1 -100 -5 -100 Vo=-14V, VS=14V 

8 2 Drain ON 0.1 1 200 5 200 Vo Vs =14 V 
1010ni VIN =2.4 V 

9 Leakage Current -0.15 -1 -200 -5 -200 Vo= VS= -14 V 

10 I Input Current, -0004 -1 -10 -1 -10 VIN=2.4V 

11 N IINH Input Voltage High .003 1 10 1 10 VIN =15V 
P /,A 

12 U 
IINl 

Input Current, 
-.0004 -1 -10 -1 -10 VIN=O T Input Voltage Low 

13 Ion Turn-ON Time 400 1000 1000 
ns See Switching Time Test Circuit 

14 toH Turn-OFF Time 370 500 500 

15 Q Charge Injection 20 pC Cl =-l000pF. VGEN = 0 V. RGEN = Oll 

0 Source OFF 
Vs=O, VIN=OV 16 Y CSloHI 5 

N 
Capacitance 

17 A 
COloHI 

Drain OFF 
5 pF Vo=O, VIN=O V 1= 140 KHz 

M Capacitance 
I 

18 C COlonl + CSlonl 
Channel ON 
Capacitance 

16 VO= Vs=O, VIN= 5 V 

19 OIRR Off Isolation 70 VIN=O V 

Channel to dB 
20 CCRR 90 VS=2 Vpp, 1= 100 KHz, Zl= 75!l 

Channel Crosstalk 

S Positive Supply 21 U 1+ .9 2 2 
P Current All Channels "ON" or "OFF." 
P mA 

VIN=O or 2.4 V 22 L 1- Negative Supply 
-.3 -1 -1 

Y C.'rrent 

NOTES: 
1. Typical Values are lor DESIGN AID ONLY. not guaranteed and not subject to production iesting. 3. Signals ·on SX' Ox or INX exceeding V + or V Will be clamped by internal ICMC-D 
2_ 1010ni is leakage from driver into "ON" switch. dioded. Limit forward diode current to maximum current ratings. 

Siliconix 
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Quad Monolithic SPST CMO-S 
Analog Switch 

H 
Siliconix 

designed for • • • BENEFITS 

• Low Transient Switching 
i.e •• Sample and Hold Circuits 

• Switching Multiple Signals 
such as Multiplexing Inputs 

• High Frequency Signal 
Switching e.g •• Computer 
Peripheral Equipment 

• TTL Compatible Systems 
Including Microprocessor 
Systems 

DESCRIPTION 

• Environmentally Rugged 
o Latchproof 
o Power Supply Overvoltage to 40V Max 

• Reduced Switching Error 
o Low Charge Coupling 

• Easily Interfa~d 
G TTL, DTL and CMOS Compatible 

without Pull Up Resistors 

• Reduces External Component Requirements 
() ±15 V Analog Signal Range with ±15 V 

Supplies 

• Reduced System Cross-Talk 
() Break-Before·fy1ake Switching 

• Eliminates Signal Error 
u 0.01 nA Typical Leakage From Source 

Or Drain 

• Pin for Pin Compatible with 
o Intersil IH5052, IH201 

• Low Cost 

The DG211 designed on the Siliconix PLUS-40 CMOS process is a 4-channel single pole single throw analog switch with low and 
nearly constant ON resistance over the entire analog signal range. The switch will conduct current in either direction with no off
set voltage in the ON condition, and block voltages up to 30 V peak-to-peak in the OFF condition. The ON-OFF state of each 
switch is controlled by a driver. With a logic "0" at the input to the driver (-15 V to 0.8 V) thw switch will be ON, and a logic "1" 
(2.4 V to 15 V) will turn the switch OFF. The input can thus be directly interfaced with TTL, DTL, RTL, CMOS and certain PMOS 
circuits. Switch action is break-before-make. Logic inputs can directly connect to op-amp output swings. 

PIN CONFIGURATION 

Dual·ln·Line Package 

13 V+ (SUBSTRATE) 

TOP VIEW 

LOGIC SWITCH 
a ON , OFF 

ORDER NUMBER: 
DG211CJ 

SEE PACKAGE 8 

SWITCH OPEN FOR LOGIC "'" INPUT (POSITIVE LOGIC) 
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ABSOLUTE MAXIMUM RATINGS 

v+ to v- ................................... 40 V Storage Temperature ..•...••..••••... -65 to 125°C 

VIN to Ground ............................ V-, V+ Operating Temperature •••.••••....•.•••. o to lO°C 

VL to Ground ........................ -0.3 V, 25 V Power Dissipation (Package)" 

Vsor VD to V+ ...................... 0, -40 V 16 Pin Plastic DIP'" .................. 4l0mW 

Vsor VD to V- ....................... 0,40 V "Device mounted with all leads soldered or welded to 

V+ to Ground .......................... 25 V PC board. 

V- to Ground ........... ' ............... -25 V "Derate 6.5 mW/oC above 25°C 

Current, Any Terminal Except S or D ..... .. . 30mA 

Continuous Current, S or D ............... 20mA 

Peak Current, S or D 

(pulsed at 1 msec, 10% duty cycle max) . . . . . 70 mA 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample·tested for AC parameters and high and 

low temperature limits to assure conformance with specifications. 

MAX 
LIMITS TEST CONDITIONS, UNLESS NOTED: 

CHARACTERISTIC CSUFFIX UNIT 
Typl V+ = 15 V, V- = -15 V, Gnd = 0, VL = 5 V 

25°C 
25°C 

1 VANALOG 
Min. Analog Signal 

±15 ±15 V 
Handling Capability 

2 Drain Sourcp. 105 175 Vo = 10 V 
rOS(on) ON ReSistance 

12 VIN=0.8V.IS=-1 mA 
3 S 115 175 Vo= '-10 V 

4 
W 0.01 VS= 14 V. Vo=-14 V I Source OFF 5 

5 T 15(011) Leakage Current -0.02 Vs "'-14 V. VO= 14 V '-5 
C VIN = 2.4 V 

6 H Drain OFF 0.01 5 VO-14V.VS= 14 V 
10(011) Leakage Current 

nA 
7 -0.02 -5 VO= -14V. Vs = 14 V 

8 
10(on)2 

Drain ON 0.1 5 VO'" Vs = 14 V 

9 Leakage Current -0.15 -5 Vo = Vs = 14 V 
VIN = 0.8 V 

10 I Input Current. -0.0004 1 VIN=2.4V 

11 N IINH Input Voltage High 0.003 1 VIN=15V 
P IJA 
U Input Current. 

12 T IINL Input Voltage Low 
-0.0004 1 VIN =0 

13 ton Turn-ON Time 460 1000 VS= 2 V 
14 toll 1 Turn-OFF Time 360 500 ns RL = lK I! 

See S,'"tchlng Time 
Test CirCUit 

15 toll2 Turn-OFF Time 450 
CL =35pF 

16 CS(oll) 
Source OFF 

5 VS=O,VIN=5V 
0 Capacitance 
Y 

17 N CO(oll) 
Drain OFF 

A Capac I tance 
5 pF VO=O,VIN=5V f = I MHz 

M 
18 I COlon) + CS(on) 

Channel ON 
16 VO=VS=O, VIN =0 

C Capacitance 

19 OFF Isolation3 70 

dB 
VIN=5V,RL=1KI!,CL=15pF 

Interchannel VS= t VAMS, f =100 kHz 
20 Crosstalk 90 

Isolation 

21 1+ Positive Supply Current 0.35 0.48 
S 

22 U 1- Negative Supply Current 0.30 O.4B rnA V IN = 0 or 2.4 V 

P 
23 IL Logic Supply Current 0.5 1.2 

1. Typical values are for DESIGN AID ONLY. not guaranteed and ICMC·A 
not subject to production testing. 

2_ lo(on) is leakage from driver into ON switch. 

3. 
IVSI 

OFF Isolation = 20 log --, Vs = input to OFF switch. 
Vo = output_ IVOI 

SWITCHING TIME TEST CIRCUIT 
Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or - as per 

switching time test circuit. Va is the steady state output with switch on. Feedthrough via gate capacitance may result in 

spikes at leading and trailing edge of output waveform. +5 v +15 V 

SWITCH ?VL ? V+ 
SWITCH LOGIC INPUT 

INPUT (IN,1 ~ S, D, OUTPUT 

Vs = +2 V ~ .. -1 J "Vo 
Ir < 20 ns 50% ..,'-

I If < 20 ns \ I RL CL 0 IN, -Q-t>J lK!!_ IJ5PF LOGIC -- 10111 f-- INPUT 

SWITCH V 6 IREPEAT TE-ST FOR IN2,INJ AND IN4) INPUT S 
-1 O.g Vo n 6GND 

J 
0.9 Vo v-

SWITCH 0.1 Vo -=-
OV -15 V 

OUTPUT IVOI RL -- Ion -- -- 10112 Vo = Vs RL + 'DSlonl 

Siliconix 
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Quad Monolithic SPST CMOS 
Analog Switch 

H 
Siliconix 

designed for . . . BENEFITS 

• Low Transient Switching 
i.e •• Sample and Hold Circuits 

• Switching Multiple Signals 
such as Multiplexing Inputs 

• High Frequency Signal 
Switching e.g •• Computer 
Peripheral Equipment 

• TTL Compatible Systems 
Including Microprocessor 
Systems 

DESCRIPTION 

• Environmentally Rugged 
o Latchproof 
o 40 V Power Supply Max Rating 

• Reduced Switching Error 
o Low Charge Coupling 

• Easily Interfaced 
o TTL, DTL and CMOS Compatible with

out Pull Up Resistors 

• Reduces External Component Requirements 
o ±15 V Analog Signal Range with ±15 V 

Supplies 

• Reduced System Cross-Talk 
o Break-Before-Make Switching 

• Eliminates Signal Error 
o 0.01 nA Typical Leakage From Source 

or Drain 

• Pin for Pin Compatible with Intersil I H5053, 
IH202 

• Opposite Logic Control of DG211 

• Low Cost 

The DG212 designed on the Siliconix PLUS-40 CMOS process is a 4-channel single pole single throw analog switch with low 
and nearly constant ON resistance over the entire anal~g signal range. The switch will conduct current in either direction 
with no offset voltage in the ON condition, and block voltages up to 30 V peak-to-peak in the OFF condition. The ON
OFF state of each switch is controlled by a driver. With a logic "0" at the input to the driver (-15 V to 0.8 V) the switch 
will be OF F, and a logic "1" (2.4 V to 15 V) will turn the switch ON. The input can thus be directly interfaced with TTL, 
DTL, RTL, CMOS and certain PMOS circuits. Switch action is break-before-make. Logic inputs can directly connect to 
op-amp output swings. 

PIN CONFIGURATION 

Dual·ln·Line Package 

LOGIC SWITCH 
ORDER 

. NUMBER: 
a OFF DG212CJ 

13 V+ (SUBSTRATE) 1 ON SEE PACKAGE 8 

TOP VIFW 

SWITCH CLOSED FOR LOGIC "1" INPUT (POSITIVE LOGIC) 

© Ie MASTER 1983 



ABSOLUTE MAXIMUM RATINGS 

Voltages referenced to V- Power Dissipation (Package)* 

V+. .. . . . . . .. . . . . 44 V 16 Pin Plastic DIP* * . . . . 470mW 

GND. . . . . . . . . . . . . . . . .... 25 V * Device mounted with all leads soldered or welded to 

Digital inputs4 VS, VD· -2 V to (V+ +2 V) or PC board. 

20 mA, whichever occurs first. **Derate 6.5 mW/oC above 25°C 

Current, Any Terminal Except S or D 30 mA 

Continuous Current, S or D 20 mA 

Peak Current, S or D Stresses listed under "Absolute Maximum Ratings" may be applied 

(pulsed .at 1 msec, 10% duty cycle max) 70 mA (one at a time) to devices without resulting in permanent damage. 

Storage Temperature -65 to 125°C 
This is a stress rating only and not subject to production testing. ................. Exposure to absolute maximum rating conditions for extended 

Operating Temperature ••••••••••• 0 .•••••• o to 70°C periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25"C. Lots are sample·tested for AC parameters and high and 

low temperature limits to assure conformance with specifications 

M~X 
LIMITS TEST CONDITIONS. UNLESS NOTED: CHARACTERISTIC C SUFFIX UNIT Typl V+ ~ 15 V. V- '7' -15 V. Gnd ~ O. VL = 5 V 

25°C 25°C 

1 VANALOG 
Min. Analog Signal 

±15 .±15 V 
Handling Capability 

2 Oraln Sourcp 105 175 VO=10V 
rOSlon) ON ReSistance 

l! V'N=2.4V.IS=-1 mA 
3 S 115 175 V O =-10V 

4 
VV 

001 VS=14V.VO= 14 V I Source OFF 5 

5 T 'Slott)" Leakage Current 0.02 VS~-14V.VO=14V -5 
C VIN~0.8V 

6 H Oraln OF F 001 5 VO~14V.VS= 14 V 
1010tii Leakage Curren I 

nA 
7 0.02 -5 VO=-14V.VS=14V 

8 
1010nl 2 Oraln ON 0.1 5 VO-=VS=14V 

Leakage Current 
V,N = 2.4 V 

9 0.15 -5 VO=VS=-14V 

10 I Input Current. 0.0004 1 V'N=2.4V 
N "NH Input Voltage High 11 0003 1 V'N=15V P I'A 
U Input Current. 

12 T "NL Input Voltage Low 
0.0004 1 V'N= 0 

13 ton Turn·ON Time 460 600 
Vs = 2 V See SWitching Time 

14 toffl Turn·OFF Time 360 450 ns RL = lK 11 
Test CirCUit 

15 toff2 Turn·OFF Time 450 
CL = 35 pF 

16 CSlottl 
Source OF F 

5 VS=O,VIN=OV 
D Capacitance 
Y 

17 N COlotll 
OramOFF 

5 pF VO~O.V'N=OV t =1 MHI 
A Capacitance 
M 

18 I COlonl + CSlonl 
Channel ON 

16 VO=VS=O, V,N=5V 
\ C Capac I t a nc e 

19 OFF Isolatlon3 70 

<i8 
VIN = 0 V, RL = 1K n, CL = 15 pF 

Interchannel VS= 1 VRMS. I =100 kHz 
20 Crosstalk 90 

Isolation 

21 1+ 
S 

Positive Supply Current 0.35 0.48 

22 U 1- Negative Supply Current 0.30 0.48 mA V ,N=00r2.4V 
p 

23 'L LogiC Supply Current 0.5 1.2 

1 Typical values are for OESIGN AIO ONLY, not guaranteed and 4. Signals on Sx. Ox or INX exceedin9 V+ or V- will be ICMC-C 
not subjec.t to production testing. clamped by internal diodes. Limit forward diode current to 

2. 'Olonl's leakage from driver IOta ON switch. maximum current ratings. 

3. 
I VS' 

OFF Isolation ~ 20 log --. Vs ~ IOput to OFF SWitch. 
Vo ~ output. IVol 

Siliconix 
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Quad Monolithic SPST CMOS 
Analog Switch with 

H 
Siliconix 

Data Latches 
designed for . . . 
• Data Acquisition Systems 

• Automatic Test Equipment 

• Communication Systems 

• Microprocessor Controlled 
Systems 

DESCRIPTION 

BENEFITS 
• Environmentally Rugged 

(j 44V Power Supply Max Rating 

Static Protected 

o Latchproof CMOS Process 

o Improved Input Protection 

• Easily Interfaced 
o TTL Compatible Without Pullup Resistor 

o On-Chip Regulator Allows Wide Tolerance 
of Supplies Without Affecting TTL 
Switching Levels 

• Microprocessor Bus Compatible 

o Accepts 230 ns Write Plus Width 

() 'Guaranteed Break-Before-Make 

• Improved System Accuracy 

o VERROR = 0.45 p.V max 
= ID(on) x RDS(on) 

The DG221 is designed on the SILICONIX PLUS-40 CMOS PROCESS providing solid state switch action with 60 ohms 
(typical) contact resistance and very high OFF resistance. True switch action takes place over the full analog signal 
range of ± 15V with guaranteed break-before-make switch action to prevent momentary shorting of input signals. 
The input protection circuitry protects inputs from static damage and gives high noise immunity. Charge injection 
has been reduced by design to minimize switching transients. Latches on all four switches result in {(p, bus 
compatibi.lity. 

PIN CONFIGURATION 

ORDER NUMBERS: 
DG221AK, DG221 BK or DG221CK 

SEE PACKAGE 10 

DG221CJ 
SEE PACKAGE 8 

INX WR SWITCH 

0 0 ON 

1 0 OFF 

Maintains 
X 1 Previous 

State 

Logic "1" VIN <! 2.4V 
Logic "0" VIN .:5 O.BV 
WR input is level sensitive 
(not edge-triggered) 

SWITCHES ARE SHOWN IN THE LOGlC "1" INPUT STATE 

2794 

FUNCTIONAL DIAGRAM (typical switch) 

-= ____ \s, 
0 a 
c L-oOl 

1N2o--l-V--H 
____ \s, 

0 a 
c 

L-002 

____ r s' 
0 a 
c 

L-003 ____ rs. 
0 a 
c L-004 
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ABSOLUTE MAXIMUM RATINGS 

Voltages referenced to V - Power Dissipation (Package)* 

V+ ......................................... 44V 16-Pin DIP* * .............................. 900 mW 

GND ........................................ 25V 16-Pin Plastic DIP* * * ....................... 470 mW 

Digital inputs WR, Vs, VD 
3 ......... - 2V to (V + + 2V) or * Device mounted with all leads soldered or welded to 

20 mA, whichever occurs first PC board. 
Current, Any Terminal Except S or D ............ 30 mA * * Derate 12 mW/OC above 75°C. 
Continuous Current, S or D ................... 20mA ***Derate 6.5 mW/oC above 25°C. 

Peak Current S or D 
(pulsed at 1 msec, 10% duty cycle max) ....... 70 mA Stresses listed under "Absolute Maximum Ratings" 

Storage Temperature (A & 8 Suffix) .... - 65 to + 150°C may be applied (one at a time) to devices without 
(C Suffix) ....... - 65 to + 125°C resulting in permanent damage. This is a stress rating 

Operating Temperature (A Suffix) ...... - 55 to + 125°C only and not subject to production testing. Exposure to 
(8 Suffix) ....... - 20 to + 85°C absolute maximum rating conditions for extended 
(C Suffix) .......... 0 to + 70 ~C periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Sample parts are tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 

MAX \-IMITS 

CHARACTERISTIC 
Typl A SUFFIX BIC SUFFIX 

UNIT 
TEST CONDITIONS, UNLESS NOTED 

25°C 
-20°CI 85°CI 

V+ =15V, V- = +15V, GNO=O 
-55°C 25°C 125°C 

O°C 
25°C 

70°C 

1 VANALOG 
Analog Signal Handling 

±15 ±15 ±~5 ±15 ±15 V 
Capability 

1-
2 4 Drain-Source ON 60 90 90 135 90 90 135 VO= 10V VIN=0_8V 

I- rOS(on) f! 
3 Resistance 70 90 90 135 90 90 135 VO= -10V IS= -1 mA 

I- S 
4 W Source OFF Leakage 0.01 1 100 5 100 VS= 14V, VO= -14V 

.- I IS(off) 
5 T Current -0.02 -1 -100 -5 -100 VS= -14V, VO= 14V - C VIN = 2AV 
6 H Drain OFF Leakage 0.01 1 100 5 100 VO= 14V, VS= -14V 

:- IO(off) Current nA 7 -0.02 -1 -100 -5 -100 VO= -14V, VS= 14V 
-

8 2 Drain ON Leakage 0.1 1 200 5 200 VO=VS=14V 
- IO(on) VIN =0.8V 

9 Current -0.15 -1 -200 -5 -200 VO=VS=-14V 

10 Input Current. -.0004 -1 -10 -1 -10 VIN =2.4V I IINH' IWR H - N Input Voltage High 11 .003 1 10 1 10 VIN = 15V 
1- P p.A 

U Input Current. 
12 T IINL' IVJR L -.0004 -1 -10 -1 -10 VIN = OV 

Input Voltage Low 

13 S 1+ Positive Supply Current 0.8 1.5 1.5 
f-- U mA All Channels "ON" or "OFF", VIN = 0 or 2AV 

14 P 1- Negative Supply Current -.4 -1.0 -1.0 

15 Q Charge Injection 20 pC CL = 1000 pF, VGEN = OV, RGEN = Of! 
;-

16 CS(off) Source Off Capacitance 8 VS=O, VIN=5V 
-

17 CO(off) Drain OFF Capacitance 9 pF VO=O, VIN=5V 1=1 MHz 
-

VO=VS=O, VIN=O 18 
0 CO(on) + CS(on) Channel ON Capacitance 29 

1-
19 Y OIRR Off isolation_ 70 VIN=5V 
I- N 

dB A Channel to Channel 
VS= 1 Vpp' 1= 100 kHz, RL = 1 kn, CL = 15 pF 20 M CCRR 

Crosstalk 
90 

I 1- C 21 ton Turn-ON Time 550 550 
1- See Switching Time Test Circuit, Fig. 1 

22 toff Turn-OFF Time 340 340 
-- nS 

23 ton. WR Turn-ON Time Write 550 550 
1- See Switching Time Test Circuit. Fig. 2 

24 toll, WR Turn-OFF Time Write 340 340 

ICMM·A 
NOTES: 

1. Typical values are lor DESIGN AID ONLY. not guaranteed and not subject to production testing. 
2. IO(on) is leakage I~ driver into "ON" switch. 
3. Signals on SX, OX. WR or INX exceeding V + or V - will be clamped by internal diodes. Limit lor-

ward diode current to maximum current ratings. 
4 . .lrOS(on) is guaranteed to be within ± 5% switch to switch within a package (not a tested 

parameter). 

Siliconix 
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Monolithic General Purpose 
CMOS Analog Switch 

H 
Siliconix 

designed for . . . BENEFITS 

• Programmable Gain Amplifiers 

• Analog Multiplexing 

• Servo Control Switching 

DESCRIPTION 

• Transient Suppression 
o Make-Before-Break Switch Operation 

• Environmentally Rugged 
o 40V Power Supply Rating 

o Static Protected Logic Inputs 

o Latchproof 

• Easily Interfaced 
o TTL and CMOS Compatible without 

Pull Up Resistors 

• Reduces External Component Requirements 
o Full Rail to Rail Analog Signal Range 

o No Diode Protection Required Between 

V Land V+ for Power Supply Sequencing 

• Pin for Pin Compatible with 

o IH5043 
o HI5043 
o DG5043, DG191, DG390 

The DG243 designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with' 50 ohms contact 

resistance and very high OFF resistance. True switch action takes place over the full analog signal range of ±15 volts, with 

Make-Before-Break operation improving transient response in programmable gain amplifiers. 

PIN CONFIGURATIONS 

2796 

DUAL SPOT 

SW, SW 3 
LOGIC SW 2 SW 4 

0 OFF ON 

1 ON OFF 

ALL SWITCHES SHOWN IN 

THE LOGIC "'" 
SWITCH STATE 

ORDER NUMBER: 
DG243AK or DG243CK 

SEE PACKAGE '0 

DG243CJ 
SEE PACKAGE 8 

FUNCTIONAL DIAGRAM (typical channel) 
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ABSOLUTE MAXIMUM RATINGS Operating Temperatura (A Suffix) 

(C Suffix) 

-55 to 125°C 

o to 70°C Voltages referenced to V

V+ .. ............ 44 V Power Dissipation * 

VL· . (GND -0.3 V) to 44 V Metal Can and Plastic DIP** 

16 Pin DIP**** 

450mW 

900 mW 

900mW 

GND... .,. .. 
Digital inputs5 VS. VD. 

. .......... 25 V 
. -2 V to (V+ +2 V) or Flat Pack * * ** * 

30 mA, whichever occurS first. 

Current. Any Terminal Except S or D 

Continuous Current, S or D 

Peak Current, S or D 

(pulsed at 1 msec, 10% duty cycle max) 

Storage Temperature (A Suffix) 

(C Suffix) 

30mA 

30mA 

.100 mA 

-65 to 150°C 

-65 to 125°C 

*AII leads welded or soldered to PC board. 
**Derate 6 mWtC above 75°C 

****Derate'12 mWtC above 75°C 
*****Derate 10 mWtC above 75°C 

Stresses listed under "Absolute Maximum Ratings" may be applied 
(one at a time) to devices without resulting in permanent damage. 
This is a stress rating only and not subject to production testing. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25° C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 

MAX LIMITS 
TEST CONDITIONS 

CHARACTERISTICS A SUFFIX C SUFFIX UNIT V+ ::: 15V. V- ::: -15V 

-550(: 25"C 125'C 0"C 25"C 70·C 
VL ::: 5V. GND = OV 

1 VANALOG 
Minimum Analog Signal 

±15 ±15 ±15 ±15 V Handling Capability 

-
2 

rDS(on)3 
Drain Source 50 50 75 50 50 75 VD = 10 V. IS ::: -10 mA 

-
ON Resistance 

II 
3 50 50 75 50 50 75 VD = -10 V. IS ::: -10 mA 

I- S 
4 W 

IS(off)3 
Source OFF 1 100 1 100 Vs =14 V. VD = - 14 V 

I- I 
Leakage Current 5 T -1 -100 -1 -100 Vs = -14 V. VD = 14 V - C Note 1 

6 H 
ID(off)3 

Drain OFF 1 100 1 100 VS'::: -14 V. VD = 14 V 
I- nA 

7 Leakage Current -1 -100 -1 -100 Vs = 14 V. VD ::: - 14 V 
1-

8 
ID(on)3 

Drain ON 2 200 2 200 VS=VD=14V ,-
Leakage Current 9 -2 -200 -2 -200 Vs = VD = -14 V 

10 I IINH
3 Input Current 

±1 ±1 ±1 ±1 VINH = 2.0 V 
N Input Voltage High 

1- P !1A 
U Input Current 

11 T IINL3 ±1 ±1 ±1 ±1 VINL =0.8 V 
Input Voltage low 

12 ton4 Turn-ON Time 500 700 Vs ::: ±10 V. RL = lK11 
I- ns Note 2 

13 to~ Turn-OFF Time 1000 1200 CL =35 pF 
1-

14 Q Charge Injection 60 Typical pC CL = 1000pF. RGEN = Oll. 
VGEN=OV 

1-

15 CS(off) 
Source OFF 

15 Typical 0 Capacitance 
1-

y 
N 

16 A CD(off) 
Drain OFF 

17 Typical pF Vs =VD =OV. 
M Capacitance f·= 1 MHz 

I- I 
C 

17 CD(on) + CS(on) 
Channel ON 45 Typical Note 1 Capacitance 

1-
18 OIRR OFF Isolation 75 Typical ZL = 7511 

1- dB Vs ::: 2 Vpp 
Interchannel f = 1 MHz 19 CCRR Crosstalk 89 Typical 
Isolation 

20 1+ 3 Positive Supply Current 300 300 300 300 300 300 - S 
21 U 1_ 3 Negative Supply Current '-300 -300 -300 -300 -300 -300 

P !1A VIN ::: 0 V or 2.4 V 
- P 

22 L IL3 Logic Supply Current 300 300 300 300 300 300 
- Y 

23 IGND Ground Supply Current -300 -300 -300 -300 -300 -300 

NOTES: ICMK-C 

1: VIN = Input voltage to perform proper function. 3: Limits of these paramaters are tested 100% at 25 "C and 125"C for "/883" 

For Logic "1" - VINH = 2.0 V 
devices. 

For Logic "0" - VINL = 0.8 V 4: For "/883" devices these parameters are 100%tested at 25"C. 

2: See Switching Time Test Circuit. 5: Signals on Sx. Ox or INX exceeding V+ or V- will be clamped by internal diodes. 

Limit forward diode current to maximum current ratings. 

Siliconix 
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Quad Monolithic SPST 
CMOS Analog Switch 
des;gn~d for . . . 
• Portable, Battery Powered 

Instrumentation 

• Automotive Applications 

• Computer Peripherals 

• Communication Systems 

• High Speed Multiplexing 

• Low Leakage Switching 

• Sample and Hold 

• Data Acquisition Systems 

• Single or Dual Supply Systems 

H 
Siliconix 

BENEFITS 
• High Speed Switching with 

Break-Before-Make 

o ton = 130 nsec Typical 

o toll = 90 nsec Typical 

• Single Supply Operation 

o + 5V to + 30V 

• CMOS Compatible (positive logic) 

o For TTL Logic Compatibility Use DG202 

• Wide Signal Range ± 15V 

• Low Standby Power 

o 300 I(W Max 

• Minimizes Signal Error 

o ros < 6011 Typical 

o 10 (011) < 100 pA Typical 

o Minimized Switching Transients 

• Environmentally Rugged 

o Latchproof CMOS Process 

, DESCRIPTION: 

2798 

The DG308A is a monolithic quad single-pole single-throw analog switch fabricated in complementary MOS tech
nology. In the ON condition, each switch will conduct current in either direction and in the OFF condition each 
switch will block voltages up to 30 volts peak to peak. The ON-OFF State of each switch is controlled by a driver. With 
CMOS logic '1' at the input the switch will be ON, with logi~ '0' at the input the switch will be OFF. 

PIN CONFIGURATION 

ORDER NUMBERS: 
DG308AAK, DG308ABK, DG308ACK 

SEE PACKAGE 10 
(CERDIP) 

DG308ACJ 
SEE PACKAGE 8 

(PLASTIC) 

IN, 

0, 

S, 

S4 

°4 

IN4 

Dual·ln·Line Package 

10t>,r4Q 1G IN2 

II 

2 J_JL~_[ 15 °2 

3 14 S2 

13 V+ (SUBSTRATE) 

12 NC 

: J--i:--[ 
11 S3 

10 OJ 

II 

8 Dt>J L<l-Q- 9 IN J 

TOP VIEW 

SWITCH CLOSED FOR LOGIC "1" (POSITIVE LOGIC) 

LOGIC SWITCH 

0 OFF 

1 ON 

© IC MASTER 1983 



ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V - Operating Temperature (A Suffix) ............ - 55 to + 125°C 
V+ ............................................... 44V (8 Suffix) ............. - 20 to +85°C 
GND .... , . '" ..................................... 25V 
Digital inputs, Vs, VD 

4 
.••••••••••• - 2V to (V+ + 2V) or 20 mA, 

(C Suffix) ............... 0 to + 70°C 
Power Dissipation (Package)" 

whichever occurs first 16-Pin DIP"' ................................ " .. 900 mW 
Current, Any Terminal Except S or D ................. 30 mA 16-Pin Plastic DIP'" ............................. 470 mW 
Continuous Current, S or D ......................... 20 mA 
Peak Current S or D 

(pulsed at 1 msec, 10% duty cycle max) .. - ........... 70 mA 
• Device mounted with all leads soldered or welded to PC 
board. 

Storage Temperature (A & B Suffix) .......... - 65 to + 150°C •• Derate 12 mWI °C above 75°C. 
(CSuffix) ............. -65to +125°C • " • Derate 6.5 mW/oC above 25°C. 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 

MAX LIMITS 

CHARACTERISTIC 
Typl A SUFFIX BIC SUFFIX 

UNIT 
TEST CONDITIONS. UNLESS NOTED 

25°C 
-20°CI 85°CI 

V + = 15V. V - = + 15V. GND = a 
-55°C 25°C 125°C 

o-C 
25'C 

70'C 

1 VANALOG 
Analog Signal Handling 

± 15 V 
V+=+15V 

GND=OV 
Capability V-=-15V 

t----
2 Drain·Source ON 60 100 100 150 100 100 125 

t---- rDS(on) 11 
VD= 10V.IS= - 1 mA 

VIN= l1V 
3 S Resistance 60 100 100 150 100 100 125 VD= -10V.IS= 1 mA 

t-- W 
4 I Source OFF Leakage 0.1 1 100 5 100 VS= 14V. VD= -14V r--- T IS(off) 
5 C Current -0.1 -1 -100 -5 -100 VS= -14V. VD= 14V 

r--- H VIN = 3.5V 
6 Drain OFF Leakage 0.1 1 100 5 100 VD= 14V. VS= -14V 

r--- ID(oft) nA 
7 Current -0.1 ·-1 -100 -5 .-100 VD= - 14V. VS= 14V 

t--
8 2 Drain ON Leakage 0.1 1 100 5 200 VD=VS=14V 

t-- ID(on) Current 
VIN = l1V 

9 -0.1 -2 -200 -5 -200 VD=VS=-14V 

10 
I Input Current. t-- IINH 0.001 1 1 1 VIN = 15V 

11 N Input Voltage High 
~ P I.A U Input Current. 

12 T IINL -0.001 -1 -1 -1 VIN =0 Input Voltage Low 

13 ton Turn ON Time 130 200 200 - ns See Switching Time Test Circuit 
14 toft Turn OFF Time 90 150 150 

-
15 Q Charge Injection -10 pC CL = 1000 pF. VGEN = OV. RGEN = all - D 16 Y CS(off) Source OFF Capacitance 11' VS=O. VIN=OV -

N 17 A CD(off) Drain OFF Capacitance 8 pF VD=O. VIN=OV f= 140 kHz - M 18 I CD(on) + CS(on) Channel ON Capacitance 27 VD=VS=O. VIN= 15V 
-

19 C OJRR3 Off isolation 78 -
Channel to Channel 

dB VJN = OV. ZL = 7511. Vs = 2 VpP. f = 500 kHz 

20 CCRR 
Crosstalk 

TBD 

21 S 1+ Positive Supply Current 0.001 10. 10 100 100 - U I·A All Channels "ON" or "OFF". VIN = OV 'or 15V 
22 1- Negative Supply Current -0.001 -10 -10 -100 -100 P 

NOTES: fCMF·A 
1. Typical values are for DESIGN AID ONLY. not guaranteed and not subject to production testing. 
2. VIN = Input Voltage to perform proper function for logic '1' = l1V. for logic '0' = 3.5V. 

VD VD = Output 
3. OFF Isolation = 20 10910 -

Vs = Input to OFF Switch Vs 

4. Signals on SX. Ox or IN X exceeding V + or V - will be clamped by internal diodes. Limit forward 
diode current to maximum current rating. . 

SWITCHING TIME TEST CIRCUIT 
Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or -
as per switching time test circuit. Va is the steady state output with switch on. Feedthrough via gate capacitance 
may result in spikes at leading and trailing edge of output waveform. 

~~~J~ 15V I \ 
"1~ 50% .- 50% 

tr'- 20 ns 0--1 

SWITCH 
INPUT SWITCH 

S, D, OUTPUT 
tf" 20 ns 

~ e vO 

RL ~ 1. CL 

Vs = +'0 va-~+------<:r Rl 
Vo = Vs -R-l-+-r-D-S(-o-n) I 

,... 0.9 Vo ~ 0.9 Vo 

SWITCH 0 I IL 
OUTPUT 

-- ton -- -- toft r--

LOGIC 
INPUT 

n 

IN1~ lK II > 135 pF 

-~ 

I (REP~AT T-EST FOR fN l . IN3 AND fN4) 
6v-6GND 

OV -15V 

Siliconix 
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Quad Monolithic SPST 
CMOS Analog Switch 
designed for . . . 
• Portable, Battery Instrumentation 

• Computer Peripherals 

• Communication Systems 

• High Speed Multiplexing 

• Sample and Hold 

• Single or Dual Supply Systems 

DESCRIPTION: 

H 
Silicanix 

BENEFITS 
• Environmentally Rugged 

o 44V Power Supply Max Rating 

U Stati? Protected Logic Inputs 

.' Latchproof 

• Minimizes System Power Requirements 

\...) Operates Off Single Supply When V - Tied 
to GND 

'~ Low Quiescent Power <30 JlWTyp 

• Fast ton < 200 ns 
toll < 150 ns 

• Minimizes Signal Error 

~ r DS(ON) < 100n 

, ID(OFF) < 5 nA 
'..-. Full Rail-to-Rail Analog Signal Range 

• Easily Interfaced 

CMOS Logic Compatible 

For TTL Logic Compatibility Use DG201 A 

The DG309 designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 100 ohms con
tact (ON) resistance and very high OFF resistance. True bidirectional switch action occurs over the full analog signal 
range of ± 15V, with Break-Before-Make operation to prevent momentary shorting of signal inputs. 

PIN CONFIGURATION 

Dual·ln·Line Package 

D, 

S, 

13 V+ (SUBSTRATE) 

12 NC 

TOP VIEW 

ORDER NUMBERS: 
DG309CJ 

SEE PACKAGE 8 (PLASTIC) 

DG309AK, DG309BK, DG309CK 
SEE PACKAGE 10 (PERDIP) 

LOGIC 

0 
1 

SWITCH 

ON 
OFF 

SWITCHES ARE SHOWN IN THE LOGIC "1" INPUT STATE 

2800 

FUNCTIONAL DIAGRAM (typical switch) 

V+ 

_~sx 
INX 

LEVEL 
SHIFTER 

LOGIC Lox INTERFACE 
AND 

PROTECTION GND V- SWITCH 
CONTACT 
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ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V -
V+ ............................................... 44V 
GND .... ' .......................................... 25V 
Digital inputs, Vs, V04 ............. - 2V to (V+ +2V) or 20 mA, 

whichever occurs first 
Current, Any Terminal Except S or D ................. 30 mA 
Continuous Current, S or D ......................... 20 mA 
Peak Current S or D 

(pulsed at 1 msec, 10% duty cycle max) ............. 70 mA 
Storage Temperature (A & B Suffix) .......... - 65 to + 150°C 

(C Suffix) ............. - 65 to + 125°C 

Operating Temperature (A Suffix) ............ - 55 to + 125°C 
(B Suffix) ............. - 20 to + 85°C 
(C Suffix) ............... 0 to + 70°C 

Power Dissipation (Package)· 
16-Pin DIp·· .................................... 900 mW 
16-Pin Plastic DIp··· ............................. 470 mW 

• Device mounted with all leads soldered or welded to 
PC board. 

··Derate 12 mW/oC above 75°C. 
•• • Derate 6.5 mW/oC above 25°C. 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25 cC. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 

CHARACTERISTIC 
Typl A SUFFIX 
25°C 

-55"C 25°C 

1 VANALOG 
Analog Signal Handling 

± 15 
Capability 

,-
2 Orain·Source ON '60 100 100 

- rOS(on) 

3 Resistance 60 100 100 S - W 4 I Source OFF Leakage 0.1 1 - T IS(OIl) Current 5 C -0.1 -1 
1- H 

6 Drain OFF Leakage 0.1 1 
1- 10(off) 

7 Current -0.1 -1 
1-

8 2 Drain ON Leakage 0.1 1 
1- 10(on) Current 9 -0.1 -2 

10 Input Current, 
I- I IINH 0.001 1 

11 N Input Voltage High 

1- P 
U 

IINL 
Input Current, 

-0.001 12 T Input Voltage Low 
-1 

13 ton Turn ON Time 130 200 

14 .- toff Turn OFF Time 90 150 

15 
0 

a Charge Injection -10 
-

16 Y 
CS(off) Source OFF Capacitance 11 

N - A 17 
M CO(off) Drain OFF Capacitance 8 

- I 18 
C COlon) + CS(on) Channel ON Capacitance 27 

-
0lRR3 19 Off isolation 78 

- Channel to Channel 
20 CCRR 

Crosstalk 

21 S 1+ Positive Supply Current 0.001 10 10 
1- U 

22 P 1- Negative Supply Current -0.001 -10 -10 

NOTES: 
1. Typical values are for DESIGN AID ONLY, not guaranteed and not subject to pro· 

duction testing. 
2. VIN = Input Voltage to perform proper function for logic '1' = llV, for logic 

'0' = 3.5V. 

SWITCHING TIME TEST CIRCUIT 

MAX LIMITS 

BIC SUFFIX 
UNIT 

-2erCI 85°CI 
125°C 

erc 
25°C 

70°C 

150 100 100 125 

150 100 100 125 

100 5 100 

-100 -5 -100 

100 5 100 

-100 -5 -100 

100 5 200 

-200 -5 -200 

1 1 

-1 ,-1 

200 

150 

100 100 

-100 -100 

Vo 
3. OFF Isolation = 20 10910 _ 

Vs 

V 

II 

nA 

"A 

ns 

pC 

pF 

dB 

"A 

TEST CONDITIONS, UNLESS NOTED 
v+ = 15V, V- = + 15V. GNO=O 

V+=+15V 
GNO=OV 

V- = -15V 

VO= 10V, IS= -1 mA 

VO= -10V,IS=1 mA 
VIN =3.5V 

VS= 14V, VO= -14V 

VS= -14V, VO= 14V 
VIN= llV 

VO= 14V, VS= -14V 

VO= -14V, VS= 14V 

VO= VS= 14V 
VIN =3.5V 

VO= VS= -14V 

VIN = 15V 

VIN=O 

See Switching Time Test Circuit 

CL = 1000 pF, VGEN = OV, RGEN = on 

Vs = 0, VIN = 15V 

Vo = 0, VIN = 15V f= 140 kHz 

VO=VS=O, VIN=OV 

VIN = 15V, ZL = 75n, Vs = 2 Vpp, f = 500 kHz 

All Channels "ON" or "OFF", VIN = OV or 15V 

VO= Output 
ICMF·B 

Vs = Input to OFF Switch 

4. Signals on SX, Ox or INX exceeding V+ or V- will be clamped by internal diodes. 
limit forward diode current to maximum current rating. 

Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or - as per switching 
time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and 
trailing edge of output waveform. 

t r < 10ns 
tf< 10ns 

I 
50% -'-50% 

0'\'-------------1/, 

S~!~~ VS---t----~========~==~--
1-0.9 Va ~ 0.9 Vo 

g~i!~~ 0_-+ __ 1/ , ~ -- ton -- -- toft f--. 

+1~Vv+ 
SWITCH I 

INPUT SWITCH 
S1 .L 0 1 OUTPUT 

VS=+10V I~ D-t>J1 ~1.bCl ~VO 
lOGIC 1 1K l! I35PF 
INPUT 

n I I (REP~AT T-EST FOR IN2 .IN3 AND IN4 J 
OGND OV-
o V -15 V 

Siliconix 
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16-Channel and 
Dual a-Channel 

.H 
Siliconix 

~ Analog Multiplexers 
~. designed for . . . 
Q • Data Acquisition 'Systems 

• Multiplexing Reference Signals 
• Communication Systems 

DESCRIPTION 

BENEFITS 

• Environmentally Rugged 
o 40V Power Supply Max Rating 
o Static Protected Logic Inputs 
o Latchproof 

• Easily Interfaced 
o TTL Compatible without Pull-Up 

Resistors 

• Improved System Accuracy 
o rOS(on) < 400[2 
o VERROR = 150 Microvolts at 125°C 

=IO(on) x rOS(on) 
o ~rOS(on) < 6% 

for -1 OV < V ANA < +1 OV 

• Pin for Pin Compatible with Intersil IH6116, 
Harris H Ib06 and Analog Devices AD7506 

The OG506A and DG507 A designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 400 
ohms contact (ON) resistance and very high OFF resistance. True bidirectional switch action takes place over the full analog 
signal range of ±15 volts, with Break-Before-Make operation to prevent momentary shorting of signal inputs. The OG506A 
provides 16 channel single ended multiplexing and demultiplexing of ±15 volt analog signals. The OG507 A provides 8 chan
nel differential mUltiplexing and demultiplexing of ±15 volt common mode plus differential signals. 

FUNCTIONAL DIAGRAMS 

" 
]0 

" 
n 

]] 

5 ... 
]4 

z; 

'8 0 
~ 

So SIT " 
s, 5" 

10 

S" 
9 

S'2 
8 

S" 
1 

S,. . 
s,. 5'b 

5 

s,. o--! 

DG506A 
16 CHANNEL SINGLE ENDED MULTIPLEXER 

2802 

V, .. t" 

i, 1]1 i11 l~] 

I 

I 
I i >-~, D. 

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 DG507A CMOS.DECODE lOGIC I 
1 I I I 
J,15 };. 6" r ., ~o 

DG507A 
DIFFERENTIALS CHANNEL MULTIPLEXER 
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ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V- Operating Temperature (A Suffix). 

(8 Suffix). 

(e Suffix) . 

-55 to 125°C 
V+ ............. . ...... 44 V 

...... 25 V 
-2 V to (V+ +2 V) or 

-20 to 85°C 
GND ............ . o to 70°C 
Digital inputs5 VS, VD. Power Dissi pation (Package) * 

20 rnA, whichever occurs first. 

Current (Any Terminal, Except S or D) 30 rnA 

28 Pin DIP** ..... . 
28 Pin Plastic DIP*** 

1200 mW 
625 mW 

Continuous Current, S or D ....... 20 rnA 

Peak Current, S or D 

(Pulsed at 1 msec, 10% Duty Cycle Max) 

Storage Temperature (A & 8 Suffix) . 

(C Suffix) .... 

ELECTRICAL CHARACTERISTICS 

40mA 
-65 to 150°C 

-65 to 125°C 

* All leads soldered or welded to PC board. 
**Derate 16 mW/oC above 75°C. 

***Derate 8.3 mW/oC above 25°C. 

All DC parameters are 100% tested at 25°C. Lots are sample·tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 

NO. 
INote 1) 

MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 

CHARACTERISTIC 
MEASURED TESTS 

TYP 
A SUFFIX BIC SUFFIX 

UNIT V+ = 15 V, V- = -15 V, Ground = 0, 
TERMINAL PER 

25·C -55"C 25"C 125"C 
201 

25°C 
851 

INote4) 
TEMP. O·C 70°C 

1 VANAlOG 
Minimum Analog Signal 

±15 
Handling Capability 

:1:15 ::1:15 ±15 ±15 V 

-
2 Drain Source 16 270 400 400 500 450 450 550 Sequence each switch on VO=10V,IS=-200IlA 

- rDS(on) ON Resistance S to D 11 VAL: 0.8 V, V AH: 2.4V 

3 16 230 400 400 500 450 450 550 VO=-10V,IS=-200IlA VEN=2.4V 

-
CDS(On) MAX - rDS(on) MIN) Greatest Change in Drain· .."lrOS(on) = 

4 MDSlon) SOurce ON Resistance Sto D 16 6 % rDS(on) AVj:: 
Between Channels 

-10 V'; VS';;; 10V 
-

5 S 
Source OFF leakage 16 0.002 ::1:1 ::1:50 ::1:5 ±50 VS=10V,VD=-10V 

-w IS(olt) S 

~ 
I Current 16 :..0.005 ::1:1 ::1:50 ::1:5 .±50 VS=-10V,VD=10V 
T 

7 C 1 0.020 ±10 ::1:300 ~20 ::1:300 VO: 10 V, VS=-10 V 
-H DG506A 

8 Drain OFF leakage 1 -0.03 :1:10 .±300 ::1:20 ::1:300 VD=-10V,VS=10V 
- ID(oll) - D VEN = 0 

9 Current 2 0.007 :1::5 ::1:200 ::1:10 ::1:200 VD=10V,VS=-10V 

- bG507A nA 
10 2 :..0.015 ±5 ::1:200 :1:10 ~200 VD#-10V,VS=10V 

-
11 16 0.03 :1:10 ±300 ::1:20 ::1:300 VS(all) =VD""lO V 

- DG506A 
Sequence each switch on 12 16 -0.06 ::1:10 ::1:300 :1:20 ±-300 VS(all)=VD=-10V Channel ON leakage - ID(on)2 

Current - D VAl-0.8V,VAH~2.4V 
13 16 0.015 ±5 ::1:200 :1:10 ~200 VS(all) = VD = 10 V VEN '" 2.4 V 

DG507A -
14 16 :..0.03 ±5 ±200 :1:10 ::1:200 VS(all) =VD=-10 V 

15 Address Input Curtent, 
(5) 4 -0.002 -10 -30 -10 -30 VA - 2.4 V 

- 1 IAH Input Voltage High 16 N AO, AI, A2, (5) 4 0.006 10 30 10 30 VA= 15 V 
-p 

IA3) EN 
IlA 

17 U Address Input Current, 3 :..0.002 -10 -30 -10 -30 VEN =2.4 V 
-T IAl Input Voltage low 

All VA-=O 
18 1 -0.002 -10 -30 -10 -30 VEN =0 

19 ttransition Switching Time 01 Multiplexer D 1 0.6 1 See Figure 1 
- IlS 

20 t open Break-Belore-Make Interval D 0.2 See Figure 3 -
~D ton(EN) Enable Turn-ON Time D 1 1.0 1.5 

See Figure 2 
22 Y toll(EN) Enable Turn-OFF Time D 1 0.4 1 
_N 

A VEN =0, Rl = lK n, Cl = 15pF, VS=7 VRMS, 
23 M OIRR OFF Isolation (Note 3) D 68 dB 
_I I =500 KHz 

24 C CSlolI) Source OFF Capacitance S 16 6 VS=O 
-
25 Drain OFF ~ 

1 45 pF 
- CD loll) Capacitance 

D VD=O 
26 DG507A 2 23 

27 S 1+ Positive Supply Current V+ 1.3 2.4 2.4 
-U mA VEN"'"O V or 5 V 

28 P 1- Negative Supply Current V- -0.7 -1.5 -1.5 

NOTES: 
1. Typical values are for D ESI GN AI D ON L Y. not guarante~d and not subject to production testing. 

2. ID(on) is leakage from driver into "ON" switch. 

3. OFF position = 20 log VD • Vs = input to "OFF" switch, VD = output due to VS. 
Vs 

4. Functional operation is possible for supply voltages less than 15 V. but the input logic threshold will 

shift. 
5_ Signals on Sx. DX or INX exceeding V+ or V- will be clamped by internal diodes. Limit forward 

diode current to maximum current ratings. 

Siliconix 
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a-Channel/Dual 
4-Channel CMOS 
Analog Multiplexer 

designed for ••• 
• Data Acquisition Systems 

• Multiplexing Reference Signals 

• Communication Systems 

DESCRIPTION 

H 
Siliconix 

BENEFITS 

• Easily Interfaced 
() TTL, DTL and CMOS Direct Control 

Over Military Temperature Rang"e 

• Low Power 

o 30 mW Typical Quiescent Power 

• Reduces System Cross-Talk 
Break-Before-Make Switching Action 

• Environmentally Rugged 
o Latchproof PLUS-40 CMOS 

o 44V Power Supply Maximum Rating 
o Static Protection Circuitry on all Inputs 

The DG508A a single ended 8 channel analog multiplexer connects 1 of 8 inputs to a common output decoded from 3 binary 
inputs (AO' A1, A2)· 

The DG509A a differential input 4 channel analog multiplexer connects 1 of 4 differential inputs to a common differential 
output decoded from 2 binary inputs (AO' A1). In the ON state each switch conducts current in either direction, and in the 
OFF state blocks voltage up to the power supply rails, generally 30 volts peak-to-peak. Bidire'ctional current sV/itching also 
insures equal operation as a demultiplexer. An enable (En) input provides a package select function. All control inputs 
address (Ax) and enable (En) are TTL or CMOS compatible over the full operating temperature range of the product. The 
multiplexers operate in a Break-Before-Make (BBM) switch action between any two decoded switch selections protecting 
against momentary shorting of the input transducers. Additionally BBM action occurs between package selection. See the 
DG528 and DG529 for the same function plus latches on the A2, A1, AO' En inputs. 

FUNCTIONAL DIAGRAMS 

4 
S1 5 
S2° 
S3 

6 
7 

S4 12 
S5 

11 
S6 10 
S7 

9 
S8 

V+ v-

cr(. 
----~ 

",--I 
I 

~. 

DG508A 
8 Channel Single Ended 

Multiplexer 

I 

Gnd 

8 

v+ 

S1a 
4 
5 

S2a 
S3a 

6 
7 

S4a 
D 

S1b 
13 
12 

S2b 11 
S3b 10 
S4b 

v-

~ 

~ 
I 
I 

DG509A 
Differential 4 Channel 

Multiplexer 

8 
Da 

~ 
I 
I 9 

--oDb 
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ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V- Storage Temperature (A & B Suffix) 

(C Suffix) 

Power Dissipation (Package)" 

-65 to 150°C 

V+. 

GND. 
" .... 44 V 
..... 25 V 

-2 V to (V+ +2 VI or 

20 mA, whichever occurs first. 

-65 ·to 125°C 

Digital inputs4, VS, VD· 16 Pin DIP*" 900mW 

16 Pin Plastic DIP"*" 470 mW 

Current (Any Terminal, Except S or D) 30 mA 

20 mA 

FlatPackage*""* 750mW 

Continuous Current, S or D 

Peak Current, S or D 

(Pulsed at 1 msec, 10% Duty Cycle Max) 

Operating Temperature (A Suffix). 

(B Suffix) . 

(C Suffixl . 

ELECTRICAL CHARACTERISTICS 

40 mA 

. -55 to 125°C 

-20 to 85°C 

o to 70°C 

"All leads soldered or welded to PC board. 

*"Derate 12 mWfC above 75°C 

H "Derate 6.3 mWtC above 25°C 

""""Derate 10 mWfC above 75°C 

All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 

to assure conformance with specifications. 

CHARACTE RISTIC 

NO. 
MEASURED TESTS 
TERMINAL PER 

MAX LIMITS 
~~:~ 1---:A-:S'"'"U'""F'""F"-;IX:;---=-"-;B""'/-:<"C""'S7-:U""FF"'lcvX'""E-:<"S-I UNIT 

-55°C 25°C 125"C ~2~ 25°C :~!C 

1 

1-
2 

1-
3 

1-

1-

VANALOG 

rOSlon) 

lIrOSlon) 

M,nimum Analog S.gnal 

Handling Capability 

Draln·Source 
ON·Resistance 

Greatest Change In Drain 
Source ON Resistance 
Between Channels 

TEMP. 

±15 

270 
S to 0 

230 

S to 0 

±15 ±15 ±15 ±15 

400 400 500 450 450 550 

400 400 500 450 450 500 

I~ ~ ISloft) Source OFF S 8 0.002 ±1 ±50 ±5 ::1:50 

I~ I 1-____ L_e_ak_ag_e_C_u_rr_en_t~~---+----_4--84_-o-.0-0-5~--~-±_1+-_±5_0~--+-±5-r-::I:-5-10 
., T 1 0.010 ±10 ±200 ::1:20 ±200 

1---':" C OG508A 

I~ H )Oloft) ~::'k~~FF I 0 1 _0.015 ±10 ::1:200 :±20 :±200 

I~ Current OG509A 2 0.005 ±10 ±100 ±20 ±100 

10 2 _0.008 ±10 ::1:100 .:±20 ±100 -
11 8 0.015 :1:10 ±200 ::I:20.:±200 

1-
12 

-
13 

-
14 

I~I 
16 N 

D'dilION 

L"dkJye 
Cufrt'llt 

OG508A 

OG509-'< 

Add,e~5 Input CUI/t'll! 

Input Voltdye Hlqh 
1- P I----------------j 

1--.2!.. U 
18 T 

19 

1-

Address Input Current 
Input Voltage Low 

Switching Time 01 

Multiplexer 

Break·Belore·Make 

o 

o 

o 

8 _0.030 ±10 ±200 ±20 :1:200 

8' 0.007 ±10 ±.100 ±20 :1:100 

8 _0015 ±10 :1:100 :1:20 ±100 

(4) 3 -<l.002 ±10 -30 -10 -30 

14) 3 0.006 10 30 10 30 

13) 2 -<l.002 -10 -30 -10 -30 

1 -<l.002 -10 -30 -10 -30 

0.6 

0.2 20 topen Interval 
- DI----~~~-------+----_4--4_--~-_+-_4--~-+--~---j 

21 Y tonlEN) Enable Turn·ON Time 0 1 1.0 1.5 
'- N~~~~----------+----_4--4_--~-_+-_4--+--+--+-~ 

v 

0'0 

nA 

TEST CONDITIONS, UNLESS NOTED: 
V+ = 15V, V- = 15V, Ground =0 

VO=10V.IS= -200"A Sequence each sWitch on 

VO=-10V.IS=-200"A VAL=0.8V,VAH=2.4V 

(
rOSIOn) MAX - rOSlon) MIN) 

ArOSlon) -
. rOSlon) AVE 

-10V~VS~10V 

VS=10V.VO=-10V 

VS~-10V,VO=10V 

VO: 10 V. VS= -10 V 

VO=-10V, VS"'10 V 

VO= 10 V, VS= -10 V 

VO=-10V,VS=10V 

VSlall) = VO= 10 V 

VSlall) ==VO= -10 V 

VEN=2.4 V 
~:..:.:.....------~ All VA=O 
VEN=O 

See Figure 1 

See Figure 3 

See Figure 2 

22 A~t~ol~fI~E~N~) __ E_n_ab_le_T_u_r_n._O._F_F_T_'m_e ___ +-__ 0_~ __ 1~_0_.4-+ __ +-_1~_-+_-+_-+_-4 ____ ~ ____ ~ ______ ~~~~ ____________ --1 
1- M 0 8 68 dB VEN-O,RL=IKl!,C~=15pF 

23 I OIRR OFF Isolation INote 31 VS= 7 VRMS, 1= 500 kHz 

1---- C~-------------------------+--------~--~----~--~--~---+---+--~---+---4~------~------.-----------------1 
I~ CSlolf) Source OFF Capacitance S 8 5 Vs a 0 

I~ COlolf) Drain OFF OG508A 0 1 25 

26 Capacitance OG509A 0 2 12 

pF 
VO=O 

VEN = 0, I = 140 kHz 

27 S 1+ Positive Supply Current V+ 1 1.3 2.4 2.4 
1---- U ~--------------------------+--------4----~----+----+---4----+---+---+-~ VEN"'2.4V 
I~ P 1- Negative Supply Corrent V- 1 -0.7 -1.5 -1.5 

29 P 1+ Standby Positive Supply Current V+ 1 1.3 2.4 2.4 
mA I---------~ All V A = 0, or 2.4 V 

I~ L ~--------------------------+--------4----~----+----+---4----+---+---r-~ 
30 V 1- Standby Negative Supply Current V- 1 -0.7 -1.5 -1.5 

NOTES: 
1. Typical Values are lor DESIGN AID ON L Y, not guaranteed and nbt subject to production testing. 
2. 1010n) is leakage Irom driver into "ON" switch. 

IVSI 
3. OFF isolation = 20 log -, Vs = input to "OFF" switch, Vo = output due to VS. 

IVr! 

4. Signals on SX, Ox or INX exceeding V+ or V- Will be clamped by internal diodes Limit lorward 
diode current to maximum current ratings. 

Siliconix 
© Ie MASTER 1983 See Product Selector Guides on Pages 2779-2783. 

ICMG·A OG508A 
ICMG-B DG509A 

2805 

.~ 
c 
o 
o 

C/) 



.~ 
c 
o 
() 

CJ) 

a-Channel and 
Dual 4·Channel 
Latchable Multiplexers 
designed for . . . 
• Data Acquisition Systems 
• Automatic Test Equipment 
• Communication Systems 
• Microprocessor Controlled Systems 

DESCRIPTION 
I 

H 
BENEFITS Siliconix 

• Microprocessor Bus Compatible 
o Accepts 300 nsec WR ITE Pulse Width 

o Direct RESET 

• Environmentally Rugged 
o 44V Power Supply Rating 

o Static Protected Logic Inputs 

o Latch-Proof 

• Easily Interfaced 
o TTL Compatible Without Pullup Resistors 

VINH = 2.4V 

• Improved System Accuracy 
o rDS(on) <400Q 

o Verror = 80 p V Max at 125°C 

= ID(on) X rDS(on) 

o 6rDS(on) Channel to Channel is Less 
Than 6% 

The DG528 and DG529 designed on the Siliconix PLUS-40 CMOS Process provides· solid state switch action with 400 
ohms contact (ON) resistance and very high OFF resistance. True bidirectional switch action takes place over the full analog 
signal range of ±15 volts, with break-before-make operation to prevent momentary shorting of signal inputs. The DG528 
provides 8-channel single-ended mUltiplexing and demultiplexing of ±15 volt analog signals. The DG529 provides 4-channel 
differential multiplexing and demultiplexing, of ±15 volt common mode plus differential mode s,ignals. 

Four input latches on the binary coded switch-state inputs (AO, Al, A2, En) result in microprocessor bus compatibility. 
Two control lines, WR and RS, store or clear th~ the switch-state input (AO, Al, A2, En) latches. Programming the enable 
input (En) latch with a logic zero turns all analog switches OFF. The direct chip reset RS simplifies switch turn OFF during 
system power up or system reset. 

FUNCTIONAL DIAGRAMS 
DG528 

V+ v-

S1 

S2 

S3 

S4 

S5 0 
13 

12 
Ss 

11 
S7 

Sa 

GND 

8 Channel Single, Ended Multiplexer 

2806 

0 

18 

DG529 
V+ v- GND 

S1a 

S2a 

S3a 

S4a 

14 
S1b 

13 
S2b 10 

12 
S3b 

11 
S4b 

18 
WR D--f-----4 1----+--0 RS 

Differential 4 Channel Multiplexer 

© Ie MASTER 1983 



PIN CONFIGURATIONS 

DG528 

Dual-In-Line Package 

I I I I I I 
I I I I I r--..J I L __ -, 

r-.J II I I L_ i I 
I I ,---1 I I L, I 

I ~ ~ I 
I I 
I I 

-+----t-~ ... 

Top View 

ORDER NUMBERS: 
DG528AK OR DG528BK 

SEE PACKAGE 23 
DG528CJ 

SEE PACKAGE 19 

I 
I 

TRUTH TABLES 

DG528 

A2 A, AO En WR AS On Switch 

15 GND 

14 V+ 

X X X X S , Maintains previous switch 
condition 

X X X X X a NONE 
(latches cleared) 

X X X a a , NONE 
a a a , a , , 
a a , , 0 , 2 

0 , 0 , 0 , 3 

a , , , 0 , 4 , 0 0 , 0 , 5 , 0 , , 0 , 6 , , 0 , 0 , 7 , , , , a , 8 

A, Ao En 

X X X 

X X X 

X X a 
a a , 
0 , , , a , , , , 

DG529 

Dual-I n-Line Package 

Top View 

ORDER NUMBERS: 
DG529AK OR DG529BK 

SEE PACKAGE 23 
DG529CJ 

SEE,PACKAGE 19 

DG529 

WR RS On Switch 

S , Maintains previous switch 
condition 

X ·0 NONE 
(latches cleared) 

0 , NONE 
0 , , 
0 , 2 

0 , 3 

0 , 4 

Logic"''': VAH ;'2.4V 

Logic "a": VAL ~ 0.8V 

Siliconix 
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ABSOLUTE MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Voltages referenced to V- Operating Temperature· (A Suffix) -55 to 125°C 

V+. . . . . . . . . . . ... 44 V (8 Suffix) -20 to 85°C 

GND. 25 V (C Suffix) o to 70°C . . .. . ... . .. . 
Digital inputs5, VS, VD· -2 V to (V+ +2 V) or Storage Temperature (A & 8 Suffix) -65 to 150°C 

20 mA, whichever occurs first. (C Suffix) -65 to 125°C 

Current (Any Ter~inal Except S or D) .... 30 mA 
Power Dissipation (Package) * 
18 Pin DIP** ...... .... . . . ... . . . 900mW 

Continuous Current, S or D ........... 20mA 18 Pin Plastic DIP*** 470mW ........ ... . . . 
Peak Current, S or D 

(Pulsed at 1 msec, 10% Duty Cycle Max) . 40mA * All leads soldered or welded to PC board. 

**Derate 12 mW/C above 75°C . 
*HDerate 6.3 mW/C above 50°C 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 

No. Max Limits 

Measured Tests 
Tvp 

A Suffix B/C Suffixes 
Test Conditions. Unless Noted: 

Characteristic 25°C Unit V+ = 15. V- = -15. Ground = 0 
Terminal Per 

Not. 1 _20°C 85°C WR = 0, As = 2.4V 
Temp. _55°C 25°C 125°C 

O°C 
25°C 

1 VANALOG 
Minimum Analog Signal 

V Handling Capability , 15 ' 15 ' 15 ' 15 -15 
1-

2 Drain-Source 8 270 400 400 500 450 450 550 Vo = 10V. IS = -200 IlA Sequence each sWitch on 1- 'OSlon) ON ReSistance Sto 0 l! VAL = 0.8V. VAH = 2.4V 3 8 230 400 400 500 450 450 500 Vo = -10V.IS = -2001lA 
1-

Greatest Change in Drain _ (rOSIOn)MAX -rOSIOn)MIN) 
lJ, rOSlon) - AVE 

4 ':"OSlon) Source ON Aesistance S to 0 8 6 'Yo rOSlon) 
Between Channels 

I- S -10V ... VS'; 10V 

5 W 
Sou,ce OFF 8 -0.005 ,1 ,50 15 ,50 Vs = 10V. Vo = -10V - I ISloft) S 

6 T Leakage Current 8 -D005 ,1 ,50 ,5 ,50 Vs = -10V. Vo = 10V - C 
7 1 -D.015 ,10 ,200 ,20 ,200 Vo = 10V. Vs = -10V - H OG528 VEN = 0 
8 Drain OFF 

1 -D015 ,10 ,200 ,20 ,200 Vo = -10V. Vs = 10V - 1010ft) Leakage 0 
9 Current 2 -0.008 ,10 !'100 ,20 ,100 Vo = 10V. Vs = -10V - OG529 nA 

10 2 -D.008 ,10 ,100 ,20 ,100 Vo = -10. Vs = 10V -
11 8 -0.03 ,10 ,200 t20 1200 VSla11l = Vo = 10V - Drain ON OG528 
12 Leakage 8 -D.03 ,10 t:uu ,20 !200 VSlall) = Vo = -10V Sequence each switch on - 1010n) I--- '0 
13 Current 8 -D.015 tl0 ,100 ,20 ,100 VSlall) = Vo = 10V VAL = 0.8V, VAH = 2.4V 

- Note 2 OG529 
14 8 -D.015 ,10 ,100 120 ,100 VSlall) = Vo = -10V 

15 Logic Input Current, 5(6) -D.002 ,10 -30 -10 -30 VA = 2.4V 
'- IAH AO. Al,IA2), 

16 Input Voltage High 5(6) 0.006 10 30 10 30 VA = 15V 
I- I En, WA, IlA 

17 N IAL 
Logic I nput Current, As 5(6) -D.002 -10 -30 -10 -30 VEN = 0 All VA = 0, WR = 0, AS = 0 

1- P Input Voltage Low 

U 
18 T ttransition 

Switching Time of 
0 1 0.6 1 See Figure 3 

Multiplexer 
1-

19 t open 
Break-Before-Make 

0 0.2 See Figure 5 
Interval 

"' 
20 0 tonlEN. WA) Enable Turn-ON Time 0 1 1.0 1 See Figures 4 and 6 

I- V Enable and AS Aeset 
21 N toff(EN, As) 

Turn-OFF Time 
0 1 0.4 1 See Figure 4 and 7 

1- A 

22 M 0 Charge Coupling 0 4.0 pC See Figure 8 
I- I 

23 C OF F Isolation Note 3 0 8 68 dB 
VEN = O. AL = 1 Kn. CL = 15 pF 
Vs = 7 VAMS, I = 500 kHz 

24 Cin 
Logic Input AO. AI. IA2) 

2.5 f = 1 MHz 
Capacitance En. WR. AS 

I-
S Source OFF 

25 U CSloff) Capacitance 
S 8 5 pF Vs = 0 

1- P VEN = 0, 1= 140 kHz 
26 P Orarn OFF OG528 0 1 25 

1- L COloff) Capacitance 
Vo = 0 

27 OG529 0 2 12 
I- V 

28 1+ Posit ive Supply Current V+ 1 2.5 2.5 
1- mA VEN = OV All VA = 0 

29 1- Negative Supply Current V- I -1.5 -1.5 

NOTES: ICML-A DG528 
1. Typical Values are lor OESI GN AID ON LV, not guaranteed and ICML-8 DG529 not subject to production testing. 
2. 1010n) is leakage from driver into "ON" switch. 

3. OFF isolation=20 log IVSI, VS=input to "OFF" switch, VO= 
output due to VS· 1Vol 

4. Period of Reset (AS) pulse must be at least 50 "sec during Or 
after power ON. 

5. Signals on SX, Ox or INX exceeding V+ or V- will be clamped by internal diodes. limit lorward 

diode current to maximum current ratings. 

Siliconix 
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TIMING DIAGRAMS 

Minimum Input Timing Requirements 

Parameter Measured Terminal 
Min Limits 

over full temp range 

30 tww WRITE Pulse Width WR 300 

31 
A, En Data Valid to WRITE AO, Al, (A2), En 

180 tow (Stabilization Time) WR 

A, En Data Valid after WRITE 
32 

WR 
30 two (Hold Time) AO, Al, (A2), En 

33 tRS RESET Pulse Width RS 500 
Note 4 

Unit 

ns See Figure 1 

See Figure 2 
Vs = 5V 

1.5V 3Vl 1 
Figure 1. 

SWITCHING TIME TEST CIRCUITS 

LOGIC INPUT 
I,' 20 ns 

If' 20 ns 

SWITCH OUTPUT 
VD 

3V 

50% 

0.8 VS8 

VS8 

S10N S8 ON 

+2.4 V 

EN 

RS 

AD 
Al 

A2 
GND 

-=- -=- -=-

+2.4 V 

EN 

RS 

AD 

Al 
GND 

Figure 3. Transition Time Test Circuit 

Siliconix 

Figure 2. 

+15 V 

V+ 
Sl 

S2 THRU S7 

DG528 S8 

D 

WR V-

(a) 

+15 V 

V+ 
Slb 

Sla THRU 
S4a' Da. 

S2b' AND S3b 

DG529 S4b 

Db 
VIIR V-

(b) 

© Ie MASTER 1983 See Product Selector Guides on Pages 2779-2783. 

,10 V 

-=-
±10 V 

SWITCH 
OUTPUT 

V D 

'10 V 

:tl0 V 

SWITCH 
1---04 _______ 0 OUTPUT 

V Db 
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~ SWITCHING TIME TEST CIRCUITS (Cant'd) 
1ft 
~ 
Q 

CO 
c--.. 
1ft 

~ 
Q 

LOGIC INPUT 3V 
t r < 20 ns 

tf < 20 ns 

SWITCH OUTPUT 
Vo 

50% 

o 

--ton(Enl-

0,....._-+--. 
0.1 Vo 

LOGIC 
INPUT 

-=-

LOGIC 
INPUT 

-=-

Figure 4. Enable ton/toff Time 

LOGIC INPUT 

5~Lf t t r < 20ns 

tf< 20 ns 

Iv I SWITCH OUTPUT Vs t 
Vo 80% 

ov -11-
tOPEN 

-=- -::-

50 

-=-

+2.4 V 

50 n 

Figure 5. Open Time (B.B.M. Interval) 

Siliconix 

2810 

2.4V 

AO 

Al 

-=-

DG528 

(a) 

+15 V 

S2 
THRU 

S8 

0 
V-

Sla Tf-!RU 
S4a· Da. 

-5 V 

-= 
SWITCH 
OUTPUT 

VOb 

-=-

-5 V 

S2b' S3b' S4b 

DG5?9 SWITCH 
Obt---U-<'--~K1 OUTPUT 

~~~~ _____ V~-~ VOb 

(b) 

+15 V 

I 
V+ 

EN 

AS 
ALL S ANO 0a +5V 

OG528 
OG529 

SWITCH 
AO' A 1• (A21 OUTPUT 

GND WR Vo 

lK 

I
35PF 

-::- -::-

© Ie MASTER 1983 



SWITCHING TlME TEST CI RCUITS (Cont'd) 

WR 1.5V 
0 

SWITCH 
OUTPUT OV 

Vo 

3V 
AS '.5V 

OV 

SWITCH 
OUTPUT 
Va 

VGEN I 
-= 

© Ie MASTER 1983 

+2.4V +15V 

V+ 
EN S10R +5V 

50% Slb 
REMAINING 
SWITCHES 

':'" OG528 ':'" 

AS OG529 

SWITCH 
WR Db' D OUTPUT 

DEVICE MU~ BE RESET PRIOR TO 
V- Vo 

APPLYING WR PULSE AS 
LOGIC 
INPUT 

':'" ':'" ':'" -= 

Figure 6. Write Turn-On Time ton(WR) 

2.4V +15V 

v+ 
EN S10R +5V 

S1b 

AO' A,. (A2) REMAINING 

AD. A1. 
(A2) 

RGEN Sx 

-= 

-= 

AS 
GNO 

LOGIC 
INPUT 

':'" ':'" 

Figure 7. Reset Turn-Off Time toff(RS) 

+15V 

DG528 AS 
'DG529 

---+--4"--0 Vo 

I 
CL = 1000 pF 

WR v-

Figure 8. Charge Injection Test Circuit 

Siliconix 

SWITCHES 

OG528 -= 
OG529 

SWITCH 
OUTPUT 
va 

-= 

AVo IS THE MEASURED VOLTAGE ERROR 
DUE TO CHARGE INJECTION. THE ERROR 
VOLTAGE IN COULOMBS IS Q=CLXAVo. 

See Product Selector Guides on Pages 2779-2783. 2811 
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DETAI LED DESCRIPTION 

The internal structure of the DG528 and DG529 
provides a 5 volt logic interface with input pro
tection circuitry followed by a latch, level shifter, 
decoder and finally the switch constructed with 
parallel Nand P channel MOSFETs (see figure 9). 

looking at figure 9, the input protection on ~e 
logic lines Ao, A1, A2, En and control lines WR, 
RS minimize susceptibility to static encountered 
during handling 311d operational transients . 

The logic interface circuit compares the TTL input 
signal against a TTL threshold reference voltage. 
The output of the comparJto~· feeds the data input 
of a D-type latch. The level sensitive D latch con
tinuously places the Dx input signal on the Ox 
output when the ClK (WR) input is low, resulting 
in transparent operation. As soon as C lK (WR) 
returns high the latch holds the data last present on 
the Dx input at the Ox output, subject to the 
"Minim.um Input Ti~ing Requirements" table. 

Following the latches the Ox signals are level 
shifted and decoded to provide proper drive levels 
for the CMOS switches. This level shifting insures 
full ON/OF F switch operation for any analog signal 
present between the V+ and V- supply pins. 

Power Supplies 

The final data sheet will provide graphs showing 
the effect on power supply sensitive parameters. 

~--------------------------------------------------+-----------------OV+ 

EN 

2812 

TTL THRESHOLD 
VOLTAGE 

COMPARATOR 
INTERFACE 

• 
• 
• 

Do 0 0 

Dn an 

4WIDE 
LATCH 

>---tCLK RESET 

• • ........ ----+-e-----(] D 

• • • 
• LEVEL • • DECODE 

SHIFT -, ....... -----+-----(] s, 

~----------LS8 

~--------._--------.-----------------ov-

Figure 9. DG528 Simplified Internal Structure 

Siliconix 
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DG5040-45 Series 
General Purpose CMOS 
Analog Switches 

H 
Siliconix 

Revised 3/82 

designed- for . . . BENEFITS 

• Programmable Gain 
Amplifiers 

• Analog Multiplexing 

• Servo Control Switching 

• SCJmpled Data Systems 

• Synchronous Demodulators 

DESCRIPTION 

• Environmentally Rugged 
o 44V Power Supply Rating 
() Static Protected Logic In pu ts' 
o Latchproof 

• Easily Interfaced 
o TTL and CMOS Compatible without 

Pull Up Resistors 

• Reduces External Component Requirements 
() Full Rail to Rail Analog Signal Range 
() No Diode Protection Required Between 

V Land V+ for Power Supply Sequencing 

• Pin for Pin Compatible with 

o IH5040 Family 
o H 15040 Family 

The DG5040 through DG4045 series designed on the Siliconix PLUS-40 CMOS process provides solid state s~itch action 
with 50 ohms contact resistance and very high OFF resistance. True switch action takes place over the full analog signal 
range of ±15 volts, with Break-Before-Make operation to prevent momentary shorting of signal inputs. 

FUNCTIONAL DESCRIPTION 

PART NUMBER 

DG5040 
DG5041 
DG5042 
DG5043 
DG5044 
DG5045 

TYPE 

SPST 
Dual SPST 

SPOT 
Dual SPOT 

DPST 
Dual DPST 

FUNCTIONAL DIAGRAM (typical channel) 

LOGIC 
INTERFACE 

. AND C) 
PROTECTION GND 

V+ 

Y r sx 

LEVEL ~ . 

SHI~ER ~ - Lox 
v- SWITCH 

CONTACT 

© Ie MASTER 1983 See Product Selector Guides on Pages 2779-2783. 

a 
Q 
VI 
0 
a 
0 
""-a 
Q 
VI 
0 
a 
VI 

CIt 
CD 
~ .~ --CD c: 

0 
VI () 

en 
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1ft 
CD ABSOLUTE MAXIMUM RATINGS (T A = 25° unless otherwise noted) .-
~ 

CD en 
1ft .. 
0 
1ft 
0 
Q 
......... 
0 .. 
0 

.~ 1ft 
c 0 0 
0 Q 

Voltages referenced to V- Operating Temperature (ASuffix) -55 to 125°C 

V+ ... . . . . . . . . . .. . ...... , .... 44 V (C Suffix) o to 70°C 

VL············· . . . (GND -0.3 V) to 44 V Power Dissipation * 

GND .............. .. . .. . .. . . . . 25 V Metal Can and Plastic DIP** · . . . . . .450 mW 

Digital inputs 5, VS, VD .. . -2 V to (V+ +2 V) or 16 Pin DIP** ** ........ · . .900 mW 

30 mA, whichever occurs first. Flat Pak***** . ........ · . . . .900 mW 

Current, Any Terminal Except S or D . .30mA * All leads welded or soldered to PC board. 

Continuous Current, S or D .... .30mA **Derate 6 mwtC above 7SoC. .... 
****Derate 12 mwtC above 7SoC . 

Peak Current, S or D (pulsed, at 1 msec, *****Derate 10 mwtC above 7SoC. 
10% duty cycle max) ....... .. . . . . . . ... 100 mA 

Stresses listed under "Absolute Maximum Ratings" may be applied 
Storage Temperatu re (A Suffix) -65 to 150°C (one at a time) to devices without resulting in permanent damage. 

(C Suffix) -65 to '125° C This is a stress rating only and not subject to production testing. 
Exposure to absolute maximum rating conditions for extended 
periods may effect device reliability. 

en ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 

Mex Limits Tnt Conditions 

Che,ecteristics A Suffix C Suffix Unit V+ • 15V. V- • -15V 

_55°e 25°C 12Soe oCe 25"e 70"e VL • SV. GND • OV 

1 VANALOG 
Min, Analog Signal 

!15 
Handling Capability 

!15 !15 ! 15 V 

-
2 

'OSlon)3 
Drain Source 50 50 75 50 50 75 V~ = 10V. ~ = -10 mA --r- n 
ON Resistance 50 50 75 50 50 75 Vo - -10V, Is - -10 mA - S 

~ W 
ISloff)3 

Source OFF 1 100 1 100 Vs = 14V, Vo = -14V 
I 5 
T 

leakage Current -1 -100 -1 -100 Vs = -14V, Vo = 14V - e Notll 

~ H 
1010ff)3 

Drain OFF 1 100 1 100 Vs = -14V, Vo = 14V 

7 leakage Current -1 -100 -1 -100 
nA 

Vs = 14V, Vo = -14V -
--!L. 1010n)3 

Drain ON 2 200 2 200 Vs = Vo = 14V 
9 \ leakage Current -2 -200 -2 -200 Vs = Vo = -14V 

10 I IINH3 Input Current,' 
! 1 ±1 ! 1 !1 VINH = 2,OV 

N Input Voltage High 
~ P IJA 

U 
IINl3 Input Current, 

11 T . Input Voltage low 
!1 !1 ! 1 ! 1 VINl = 0.8V 

12 ton 
4 Turn-ON Time 1000 1200 Vs = !10V, RL = lKn, 

~ 
toff4 

ns 
Cl = 35 pF 

Note 2 
13 Turn-OFF Time 500 700 - CL = 10,000 pF, RGEN - on, 
14 a Charge Injection 3 Typical mV 

VGEN = OV -
15 D CSloff) 

Source OFF 
15 Typical 

y Capacitance 
~ N 

16 A 
COloff) 

Drain OFF 
17 Typical pF 

Vs = Vo = OV, 
M Capacitance f = 1 MHz 

~ 
I 
C 

COlon) + CSlon) Channel ON 
17 

Capacitance 
45 Typical Note 1 

-
18 OIRR OF F Isolation 75 Typical ZL = 75n - Vs = 2 Vpp, 

CCRR Interchannel 

19 Crosstalk 89 Typical 
dB f = 1 MHz 

Isolation 

20 1+3 Positive Supply Current 300 300 300 300 300 300 
~ S 

21 U 1_3 Negative Supply Current -300 -300 -300 -300 -300 -300 
~ 

p 
IJA VIN = OV or 2,4V p 

I L3 22 L Logic Supply Current 300 300 300 300 300 300 
~ Y 

23 IGNO Ground Current -300 -300 -300 -300 -300 -300 

ICMK-A, B 
NOTES: 

1: VIN = Input voltage to perform proper function. 3: Limits of these paramaters are tested lOa·. at 25 'C and 125 'C for" 883" 

For Logic "1" - VINH .~ 2.0 V devices. 

For Logic "0" - VINL = 0.8 V 4: For "/883" devices these parameters are lOa·. tested at 25 'C. 

2: See Switching Time Test Circuit. 5: Signals on 'SX' Ox or INX exceeding V+ or V- will be clamped by internal diodes, 
Limit forward diode current to maximum current ratings. 

Siliconix 
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PIN CONFIGURATIONS 

ALL SWITCHES SHOWN IN 
THE LOGIC "1" 
SWITCH STATE 

SPST 
DG5040 

LOGIC SWITCH 

0 

1-

OFF 

ON 

ORDER 
NUMBER: 

DUAL SPST 
DG5041 

LOGIC SWITCH 

0 

1 

SPOT 
DG5042 

LOGIC SW 1 

0 OFF 

ON 

© Ie MASTER 1983 

OFF 

ON 

ORDER 
NUMBER: 

SW 2 

ON 

OFF 

ORDER 
NUMBER: 

,. 

IN 

5, 

IN, 

IN2 

52 

$, 

~ 

IN 

FLAT PACK (L) 
SEE PACKAGE 5 

DG5040AL 

v· 

" '2 
6 

GND 

DG5041AL 

Vl 

GND V-

DG5042AL 

D, 

,. 
D, 

D2 

IN 

CERDIP (K) OR 
PLASTIC (J) 

SEE PACKAGE 8 or 10 

11 

,. 
GND V-

DG5040AK or DG5040CK 
or DG5040CJ 

Vl v' 

11 

11 
5, D, 

IN, - -' 

IN2 

52 D2 

,. 
GND v-

DG5041AK or DG5041CK 
or DG5041CJ 

Vl v' 

$, 
,. 

0, 

52 02 

IN 

GND V-

DG5042AK or DG5042CK 
or DG5042CJ 

Siliconix 
See Product Selector Guides on Pages 2779-2783. 

~ 
Q 
VI 
0 
~ 

METAL CAN (A) 0 
SEE PACKAGE 2 .......... 

" Q 

'" 0 
~ 

'" CIt 
CD 
~ X --CD c 

0 
VI C,.) 

en 

Vl v' 

5, 

IN, 

IN2 

~ 

GND v-

DG5041AA 

Vl v' 

5, D, 

~ D2 

-IN 

GND V-

DG5042AA 

2815 
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VI 
G» PIN CONFIGURATIONS Continued .-
~ 

G» 
CIt 
1ft .. 
0 
1ft 

" Q 
............ 

0 .. 
0 
1ft 

" Q 

2816 

ALL SWITCHES SHOWN IN 
THE LOGIC "1" 
SWITCH STATE 

DUAL SPOT 
DG5043 

SW1 SW3 
LOGIC SW2 SW4 

0 OFF 

ON 

DPST 
DG5044 

ON 

OFF 

ORDER 
NUMBER: 

lOGIC SWITCH 

0 

1 

OFF 

ON 

ORDER 
NUMBER: 

DUAL DPST 
DG5045 

lOGIC 

0 

1 

SWITCH 

OFF 

ON 

ORDER 
NUMBER: 

5, 

5J 

IN, 

IN2 

52 

54 

IN 

IN2 

~ 

S. 

FLAT PACK (L) 
SEE PACKAGE 5 

<>'-'f------r-6.----+'-_oD, 

DJ 

<>-=-f-----o-1'"~---+'-_oD2 

D4 

GND y-

DG5043AL 

y' 

'4 
D, 

D2 

'2 

GND y-

DG5044AL 

Yl y+ 

D, 

0, 

D2 

D4 

GND y-

DG5045AL 

CERDIP (K) OR 
PLASTIC (J) 

SEE PACKAGE 8 or 10 

(DG191 EQUIVALENT) 

" 
s,0-=-4I------r~l--'--oo, 

$3 DJ 

IN2 

~ o-=-tf-----.,..., 
s.o-=-t-----c>.,.; 

GND y-

DG5043AK or DG5043CK 
or DG5043CJ 

Yl 
y. 

" 

$, 
II 

0, 

$2 D2 

IN -- -' 

'4 

GND y-

DG5044AK or DG5044CK 
or DG5044CJ 

(DG185 EQUIVALENT) 

Yl y. 

5, D, 

S, D3 

IN, 

IN2 

~ °2 

S. 0 4 

b" '4 

GND y-

DG5045AK or DG5045CK 
or DG5045CJ 

Siliconix 

S, 

S2 

IN 

METAL CAN (A) 
SEE PACKAGE 2 

Yl y. 

GND 

DG5044AA 

D2 

© Ie MASTER 1983 



41f2 digit AID 
converter set 
designed for 0 0 0 BENEFITS 

H 
Siliconix 

• High Accuracy and High 
Resolution Digital Voltmeters. 
Panel Meters 

• 0.005% ±1 Count Accuracy, Ensures High 
System Performance 

• 1 JlV Resolution for 20 mV Full Scale 

• 28,500 Count Maximum fot 142% Over
range 

• Sample Rate from One to Five/Second • Digital Scales. Thermometers 

• Microprocessor Data 
Acquis,ition Systems 

• Auto-Zero Cycle Nulls Out Internal and 
External Amplifier Offsets 

• Auto-Polarity Operation with One Reference 

• Scientific Instrumentation 

• Multiplexed BCD Output for Easy Interface 
to Displays 

- L0121 with L0121A 
Replace . 
for New DesIgns -DESCRIPTION 

• Two Overrange Outputs, Underrange Output, 
Blink Inhibit, and Convert-On-Command 
Capabilities A"ow Easy Interface to External 
Circuitry and Microprocessors 

The LD122/LD121A 4% digit A/D system uses Siliconix's proprietary "Quantized Feedback" (patent pending) conversion 
technique. I ntrinsic features of this system are Auto-Polarity. Auto-zero and ratiometric operation. No critical components 
are required except for a stable voltage reference and a low noise op amp. The technique offers superior linearity, normal 
mode rejection, and stability due to the simultaneous integration of the unknovyn input and the reference voltages. Unlike 
other conversion techniques, the integrator output voltage never represents more than 100 counts, thus critical, high 
resolution performance is not required of either the integrator or comparator. ' 

The LD122/LD121 A combination extends system resolution beyond the 10 JlV maximum available from the LD 120/121A 
system. By adding a user selected low noise input gain amplifier, and appropriate input filter, any input resolution can be 
achieved. Otherwise functional operation is identical to the LD120/LD121A. Complete LD122/LD121A functional infor
mation may be obtained by consulting the.LP120/LD121A data sheet. Also see AN80-8 and AN77-1 application notes. 
The LD122 analog processor is fabricated with a unique combined PMOS/Bipolar process. It contains all the necessary 
amplifiers, MOSFET switches, and switch driver circuits for the system. The reference voltage input is fully buffered on 
the LD 122 to eliminate the reference switch resistance as a source of error. All the amplifiers are internally compensated. 
The LD122 directly interfaces the LD121A digital processor with no additional active components required. 

The LD121 A synchronous processor contains all the digital circuitry for the quantized feedback system. Device outputs 
supply two overrange signals, underrange, sign and 4% digits of multiplexed BCD data. (All outputs are TTL compatible.) 
Overrange is also indicated by blinking digit strobes above 20,000 counts. An input is provided to inhibit this feature at 
user option. Microprocessor controlled operation is simplified by a start conversion input that allows conversion-on
command. 

Both devices are supplied in space saving 300 mil dual-in-line packages. The LD 122 has 16 pins and the LD 121 A has 
18 pins. 

FUNCTIONAL BLOCK DIAGRAM DtGITSTROBES 

Dual-tn-Line Package Dual-In-Line Package 

ORDER NO. LD122CJ 
SEE PACKAGE 8 

ORDER NO. LD121ACJ 
SEE PACKAG E 19 

ANA-lOG RS 

LD122 GNO CSTRG 

ANALOG PROCESSOR ~ 
~ LD121A 

SYNCHRONOUS DIGITAL PROCESSOR 

SWITCH STATES ARE FOR A LOGIC "0" AT U/D AND M/Z INPUTS 

© Ie MASTER 1983 See Product Selector Guides on Pages 2779-2783. 2817 
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ABSOLUTE MAXIMUM RATINGS 

VIN(Pin 15,2 LD122) ,V-<VIN<V+ Operating Temperature. o to 70°C 
V+ - V- (LD122) . 32 V Storage Temperature . -65 to 125°C 
VSS - VDD (LD121A) 20V Power Dissipation (Package) * . 750 mW 
Any Pin (LD121A) VDD to VSS ±O.3 

VREF +V * Device mounted with all leads welded or soldered to 
PC Board. Derated 6.3 mW/oC above 25°C. 

Absolute Maximum Ratings are stress limits only. Exceeding these limits may cause device damage. Electrical Characteristic define the 
functional operating limits. 

ELECTRICAL CHARACTERISTICS 

All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 

TEST CONDITIONS 

CHARACTERISTIC MIN TYP MAX UNITS 
UNLESS NOTED OTHERWISE 

V+ = 12 V; V- = VDO = -12 V. 

VSS = 5 V. T A = 2S'C 

1 1/4 1 2 V Scale 
1 linearity Count 

2 1/2 2 200 mV Scale 
I- S 

Y 1/3 1 2 V Scale 
2 S NOise (Note 11 Count 

1/2 2 200 mV SC<lle 
I- T 

E NMRR 40 
3 dB I l == 50 or 60 HI 

M PSRR 80 
1- (Notes 2 

4 and 31 Gain T.C 5 15 ppm.' C 
1-

5 Zero Drllt 1 5 Count TA= 2510 75 C, CSTRG= 1 /.JF, RIN $ lOOK l! 

6 VSS 4.5 5 5.5 
1- P V R.lnqe Over Which Functionality IS Guaranteed 

7 0 VDO _10.8 12 -13.2 
1- W 

8 E ISS (Note 4) 14 25 
'- R mA 

9 100 -14 -25 
'-

10 I VINH Comparator Input, S,gn/UR/OR/ 4.0 
1- L 

N V Guaranteed Input Threshold Voltages 
11 D 

VINl Blink (Note 51, Start, ClK IN 0.5 
1 P 

1-
2 U 12 IINH S,gn/OR/UR (Note 5) 170 300 VIN= 5 V 

1- 1 T /.JA 
13 

A 
S IINl Start Convert, Clock -150 -400 VIN = 0 V C 

1- J 
14 VOH 2.4 IOH= -40 /.JA 

1- D 
Bit lines, Sign/OR/UR Digit Strobes 

15 I 0 VOL 0.6 'Ol = 1.6 mA 
1- G U 

16 I T VOH 4.0 IOH = -150 /.JA 
I- T P M/Z V 

17 A U VOL 0.6 IOl = 0.8 mA 
1- L T 

18 S VOH 4.0 IOH= -0.5 mA 
1- U/O 

19 VOL 0.6 IOl = 0.8 mA 
1-

20 tp Start Convert (Note 6) 20 /.Js 
1- D 

21 Y 'ClK 50 250 kHl 50% Duty Cycle 
I- N 

22 Rep Rate (Strobes) 78 470 Hl 'CLK: 640 

INPUT/OUTPUT SCHEMATICS ~~~~;"' Vss Pm 5 

Pin 15 Pin 16 
Pin 14 

VSS 
VIN V+ 

~ ~O 
C;> W TO USE ""'UT 

~ v- Pm 6 

LD 122 Comparator Output lp ~~. 
VSS BUFFER AMP liN 

Pm 1 ~ 

t 
~ 'OM'r-Y>~ HI·Q VIN 

GND ..l PI~} t 
Pin 2 M/Z 

VIN 

J... 
\ 

LD122 Input L0121A Output Buffers LD121A Clock Input 
(Digits, Bits, Sign, M/Z UfO) Start Convert , L0121A Comparator Input 

Siliconix 
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ELECTRICAL CHARACTERISTICS (Cont'd) 

TEST CONDITIONS 

CHARACTE R ISTIC MIN TYP MAX UNITS 
UNLESS NOTED OTHERWISE 

V+ = 12 V; V- '" VDD '" -12 V, 

vss = 5 V, T A = 25°C 

23 V+ 9 12 15 
I- V 

24 P v- -9 --12 -15 
1- 0 

25 W 1+ 3.5 - E rnA 
26 R 1- -3 -
27 IGNO 0 -2 rnA M/Z, UIO = 2.4 V -
28 I VA (Note7) -3 +3 V 

- N 
29 P On Resistance, V 1N or 5.5 VA = +1 V 

1- U rOS(on) kn 
30 T Hi-Q Switches 8.0 VA = -1 V 
I- S 

31 W 
1- L I Leakage Current, Switch 

32 0 T ILEAKAGE 
ON or OFF 

2 pA VA = ±2.8 V 
1- 1 C 

33 2 H 
!-

2 34 ISOURCE -100 
- C A iJ.A 

35 J Z ISINK 800 
-

36 L B ISTRG 100 pA T A = 70 C - I U 
37 F VOFFSET -50 50 rnV VOUT ~ 0 V - N F 
38 E SWitch Resistance Ion) INote 8) 6 20 k!! VSTRG = -4 V.IOS = 30iJ.A 

- A 
39 R R B ISOURCE Pin 8 -400 -800 VIL IUIO IN). = 0.8 V. Vo = 0 V 

- E U iJ.A 
40 F F ISINK Pin 8 100 VIH IUIO IN) = 2.0 V. Vo = 2 V 

1-
41 ISOURCE -50 -100 VIN lint. IN) = -100 rnV. Vo = 0 V 
I- I INote 9) iJ.A 

42 N ISINK 400 800 VIN lint. IN) = 100 rnV. Vo = 0 V 
I- T 

43 Output SWing -10 10 V 
1-

44 C RL = 10k to +5 V. AZ FILTER IN = 
0 VOUT -5 V 

1- M 100rnV 

45 p VOFFSET 5 rnV INTEGRATOR OUT = 0 V 
1-

46 IIH 20 iJ.A VIH = 2.0 V 
1- M/Z. UIO Inputs 

47 IlL ·-100 iJ.A VIL=0.8V 

Typical values are for Design Aid Only, not guaranteed and not subject to production testing. L0122 - CMAM-C L0121A - IPOC VI 

NOTES: 

1. Bit width over which reading is stable 95% of the time. 

2. System Parameters are not directly tested. 

3. felK = 163.84 kHz, VREF = 6.8 V. 

4. All outputs disconnected. 

5. Pin characteristic only during D4 strobe time. 

6. Minimum positive going pulse width to initiate a conversion. 

7. Maximum voltage range for VINPUT (pin 1) or hi·quality GND (pin·2). 

8. VSTRG must be more positive than -4 volts. 

9. Reference Source I mpedance must be less than ,10K H. 

TYPICAL CHARACTERISTICS 
V IN and V Hi-Q GNO Switches Typical Input Leakage,vs Temp and VA Input Leakage Test Set-up 

Typical rOS(on) vs V A and Temp 
+12 V -12 V 

16K V~y Y ~-V+-+12V 100pA .cv.-mv f':f-' ~=~~ 16 
14K v- - -12V V---12V· -- ~~ VIN 15 1 

11 1\ Lt ;.~- ~7--
~k II' iii 12K 

~\ 
: :. ~/ /' HiQ 2 ~ ~ 10PA~;::;. -:VA--S_V -:.0. .~== J BU:F IN 2 10K GND . 7 4 3 

g I~~ 
.:: r-= ::. ~P'=- --.,;'--

6U/D_6M/Z " 
f-- . -- V'-- -- + ':' .J. Analog 

~ BK '" f-- _. ov L 

'" S~ " r-;0VV . OV OV '" ..... ':' GND 

4K 1 pA ~5V ' Picoampmeter 
70'C -

2K 
2S'C 

~ ___ r-' = VA 
O'C 

0.1 pA I ~ -5\1 -4V -]\1 -2\1 -Jv OV .1V t2V tlV +4V +5\1 0' 10' 21)' 3()' 40' SO' 50' 70' SO' 

VA - VOLTAGE PIN lSIV,NI OR PIN 21HI·a GNDI . T - TEMPERATIJRE I'C) 
WITH RESPECT TO ANALOG GND PIN 7 

Silicanix 
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; Regulating Pulse 
~ Width Modulators 
~ designed for . . . =e -

BENEFITS 

H 
Siliconix 

May 1982 

• I mproved Performance Over SG2525A/2527 A 
o Greatly Reduced Output Crossover Current 

o Greatly Reduced Transients with Separated 

Ground System 

o Fully Operational Up to 500 KHz 

== II Switched Mode Power • Wide Versatility 

g. Supplies (SMPS) o 100 Hz to 500 KHz Oscillator Range 

o Separate Oscillator Sync Term inal 

2820 

DESCRIPTION 

o Adjustable Deadtime Control 

o I nternal Soft-Start 

o Input Undervoltage Lockout 

o Latching PWM to Prevent Multiple Pulses 
o 8 to 35 Volts Operation -

Lower Overall Parts Count 

o 5.1 VoltOnboard Reference Trimmed 

to ±1% 
o Dual 1 OOmAsource/Sink Output Drivers 

• Pin Compatible with SG2525A/2527 A 

The PWM25/27 series of pulse width modulator integrated circuits are designed, to offer improved performance and 

lowered external parts count when used to implement all types of switching power supplies. In addition to being pin 

compatible with the SG2525A/2527 A the PWM25/27 features low crossover current through the output transistors and 

will maintain typical 10% pulse width up to 200KHz. The on-chip +5.1 volt reference is trimmed to ±1% initial accuracy 

and the input common-mode range of the error amplifier includes the reference voltage, eliminating external potentio

meters and divider resistors. A Sync input to the oscil.lator allows multiple units to be slaved together, or a single unit to be 

synchronized to an external system clock. A single resistor between the CT pin and the Discharge pin provides deadtime 

adjustment. These devices also feature built-in soft-start circuitry with only a timing capacitor required externally. A Shut

down pin controls both the soft-start circuitry and the output stages, providing instantaneous turn-off with soft-start re

cycle for slow turn-on. These functions are also controlled by an undervoltage lockout which keeps the outputs off and 

the soft-start capacitor discharged for input voltages less than that required for normal operation. Another unique feature 

of these PWM circuits is a latch following the comparator. Once a PWM pulse has been terminated for any reason, the out

puts will remain off for the duration of the period. The latch is reset with each clock pulse. The output stages are totem

pole designs capable of sourcing or sinking 100 mAo The PWM25 output stage features NOR logic, giving a LOW output 

for an OFF state. The PWM27 utilizes OR logic which results in a HIGH output level when OFF. 

PIN CONFIGURATION 

Dual-In-Line Package 

Top View 

ORDER NUMBERS: 

PWM25BK 

PWM25CK 

PWM27BK 

PWM27CK 

© Ie MASTER 1983 



BLOCK DIAGRAM 

REFERENCE 
REGULATOR 

GND 12~--------. 

COMPENSATION ·9 \-----------41---1 

5K 
SHUTDOWN 10 ~---""'II\r-""----[ 

5K 

U.V. 
LOCKOUT 

Q 

F/F 

R 

S 
LATCH 

50!1A 

,-----'VC---I 
13 

I 
I 
I 

11 JL 

14~ 

~ 
PWM25/0UTPUT STAGE 
--------

Vc 
I 
I 
I 
I 

14 Lf 

PWM27/0UTPUT STAGE I ________ -J 

ABSOLUTE MAXIMUM RATINGS * (TA = 25°C unless noted otherwise) 

Supply Voltage (+VIN) ................. +40V 
Collector Supply Voltage (Vc) ........... +40V 
Logic Inputs. . . . . . . . . . . . . . . .. -0.3V to +5.5V 
Analog Inputs ................ -0.3V to +VIN 
Output Current, Source or Sink ........ 500 mA 
Reference Output Current ............. 50 mA 
Oscillator Charging Current ............. 5 mA 
Power Dissipation at TA = +25°C** .... 1000 mW 
Thermal Resistance: junction 

to ambient. . . . . . . . . . . . . . . . . . . .. 100° C/W 

Power Dissipation atTc =+25°C*** .... 2000 mW 
Thermal Resistance: junction to case .... 60°C/W 
Operating Junction Temperature. . . . . .. +150°C 
Storage Temperature Range .... -65°C to +150°C 
Lead Temperature 

(Soldering, 10 seconds). . . . . . . . . . . .. +300° C 

*Values beyond which damage may occur. 
**Derate at 10 mW/C for ambient temperatures above +50

0
C. 

u 0 
*.* * Derate at 16 mW / C for case temperatures above +25 C. 

Siliconix 
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:IS 

== 

RECOMMENDED OPERATING CONDITIONS 1 

Input Voltage (+VIN). ......... +8V to +35V Operating Ambient Temperature Range 
Collector Suppl.y Voltage (VC)' .. +4.5V to +35V PWM25C, PWM27C ......... O°C to +70°C 
Sink/Source Load Current PWM25B, PWM27B .. " .... _25° C to +85° C 

a. (each output) Steady State ...... 0 to 100 mA 

II) 
C'I 
:IS 

Peak Current ................. 0 to 400 mA 
Reference Load Cu rrent .......... 0 to 20 mA 
Oscillator Frequency Range ... 100 Hz to 500.kHz 1 Range over which the device is functional. 

Oscillator Timing Resistor ....... 1.5K to 21 Okn 

== a. 
Oscillator Timing Capacitor ..... 820 pF to 0.1 /IF 

ELECTRICAL CHARACTERISTICS (+VIN = 20V, and ~ver operating temperature, unless otherwise noted) 

.~ 
c:: PWM25B PWM25C 
0 
() Parameter Conditions PWM27B PWM27C Units 

en Min Typ Max Min Typ Max 

Reference Section 

1 Output Voltage Tj = 25°C 5.05 5.10 5.15 5.00 5.10 5.20 V 

2 Line Regulation VIN = 8 to 35V 4 20 4 20 mV 

3 Load Regulation I L = 0 to 20 rnA 20 50 20 50 mV 

4 Temperature Stability 2 Over Operating Range 20. 50 20 50 mV 

5 Total Output Variation 2 Line, Load, and Temp 5.00 5.20 4.95 5.25 V 

6 Short Circuit Current VREF = 0, Tj = 25°C 80 110 80 110 mA 

7 Output Noise Voltage 2 10Hz ~ f ~ 10kHz, Tj = 25°C 40 200 40 200 JiVrrns 

8 Long Term Stability 2 Tj = 125°C 20 50 20 50 rnV/khr 

Oscillator Section 3 

9 Initial Accuracy2,3 Tj = 25°C I ±2 ±6 ±2 ±6 .% 

10 Voltage Stabili ty2,3 VIN = 8 to 35V ±0.1 ±1 ±0.1 ±2 % 

11 Temperature Stability 2 Over Opsiating Range ±3 ±6 ±3 ±6 % 

12 Minimum Frequency 100 100 Hz 

13 Maximum Frequency 400 500 400 500 kHz 

14 Current Mirror IRT = 2 mA 1.7 2.0 2.2 1.7 2.0 2.2 mA 

15 Clock Amplitude2,3 3.0 3.5 3.0 3.5 V 

16 Clock Width 2,3 Tj = 25°C 0.3 0.5 1.3 0.3 0.5 1.3 J1Sec 

17 Sync Threshold 1.2 2.0 2.8 1.2 2.0 2.8 V 

18 Sync Input Current Sync Voltage = 3.5V 1.0 2.5 1.0 2.5 mA 

Error Amplifier Section (VCM = 5.1 Volts) 

19 I nput Offset Voltage 0.5 5 2 10 mV 

20 Input Bias Current 1 10 1 10 JiA 

21 Input Offset Current 1 1 JiA 

22 DC Open Loop Gain RL~ 10 MegQ 60 80 60 80 dB 

23 Gain·Bandwidth Product4 Av = 0 dB, Tj = 25°C 3.5 3.5 MHz 

24 Output Low Level .02 0.5 .02 0.5 V 

25 Output High Level 3.8 7 3.8 7 V 

26 Common Mode Rejection VCM = 1.5 to 5.2V 60 85 60 85 dB 

27 Supply Voltage Rejection VIN = 8 to 35V 50 85 50 85 dB 

2 These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. PWM25 CMCD·A 
3 Tested at fOSC = 40 kHz (RT=3.6 kn., CT = .01 J,lF, RD = On.). PWM27 CMCD·B 

TENTATIVE DATA SHEET. This page provides tentative information on a new product. Siliconix reserves thf! right to 
change specifications for this product in any manner without notice. 

Siliconix 
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ELECTRICAL CHARACTERISTICS (CONT) 

PWM25B PWM25C 

Parameter Conditions PWM27B PWM27C 
Units 

Min Typ Max Min Typ Max 

P.W.M. Comparator 

28 Minimum Duty Cycle 0 0 % 

29 Maximum Duty Cycle 45 49 45 49 % 

30 Input Threshold 5 Zero Duty Cycle 0.6 0.9 0.6 0.9 V 

31 I n put Threshold 5 Max Duty Cycle 3.3 3.6 3.3 3.6 V 

32 I nput Bias Current4 .05 .05 IlA 

Soft-Start Section 

33 Soft Start Current VSHUTDOWN = OV 25 50 100 25 50 100 IlA 

34 Soft Start Voltage VSHUTDOWN = 2V 0.4 0.6 0.4 0.6 V 

35 Shutdown I nput Current VSHUTDOWN = 2.5V 0.4 1.0 0.4 1.0 mA 

Output Drivers (Each Output) (VC = 20 Volts) 

36 ISINK = 20 mA 0.2 0.4 0.2 0.4 V 
1- Output Low Level --

37 ISINK = 100 mA 1.0 2.5 1.0 

38 ISOURCE = 20 mA 18 19 18 19 
1- Output High Level 

39 I SOURCE = 100 mA 17 18 17 18 

40 Undervoltage Lockout VComp and Vss = high 6 7 8 6 7 

41 Crossover Current Vc = 35V 120 120 

42 Rise Time 4 C L = 1 n F, Tj = 25° C 100 600 100 

43 Fall Time 4 CL = 1 nF, Tj = 25°C 50 300 50 

44 Shutdown Delay4 VSH = 3V, Cs = 0, Tj = 25°C 0.2 0.5 0.2 

Total Standby Current 

45 Supply Current VIN = 35V 14 20 14 

4 These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
5 Tested at fOSC = 40 kHz (RT = 3.6 kn, CT = .01 jJF, RD = Onl. 

PACKAGE DIMENSIONS 

filf1lf6Jlslmmf2lfll ---r 
0.310 
0.220 
11.871 
15.591 

---.l 

PACKAGE 10 
16. Lead Dual in Line Package (K) 

(Cerdip) 

PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING: 
• DOT (IN K OR IMPRESSION) ON TOP OF PAC KAGE 

2.5 

8 

600 

300 

0.5 

20 

PWM25 
PWM27 

• NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

V 

V 

V 

V 

mA 

nsec 

nsec 

Ilsec 

mA 

CMCD·A 
CMCD·B 

0.060 
0.015 

ILor: '~10~1.!J~lE.J-:-r2 ""l!!J~3 ""T12:-:"T4 """'T'":":"115 """""1 

0.840 121341 MAX 11.52) 

• NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 
(INDEX NOTCH MAY BE PARTIALLY FILLED WITH GLASS) 

10381 

t~~~-t -li n-n n---'J-:;[." 
J ijrr]J-J..~J-J..]I'J-J, tJ :,;:~\N' 

l II 0.125 '3.181 
t 

-I L0023 _ 0070 J lalla 12791 ~ 
0.014 TYP 0.030 TYP 0090 (229) TYP 
10581 I.! .... !.§l 
10381 10 761 

~' ",: ':: '" J I 1\ "" ",,,J 
o to 15' Q..lli.J\--

TYP 0.008 
10381 
(020) 

ALL DIMENSIONS IN INCHES' 
(ALL DIMENSIONS IN MILLIMETERS) 

TOLERANCE 
NON-ACCUMULATIVE 
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D-MOS FET QUAD ANALOG 
SWITCH ARRA VS AND DRIVER 

H 
Silicanix 

designed for ... 
August 1982 

SD5000 SERIES APPLICATIONS FEATURES 

• Analog Switching (up to very • Low Input Capacitance - 2.4pF 
high frequencies) • Low Feedback Capacitance - 0.3pF 

• Audio Routing • Low Output Capacitance - 1.3pF 
• Choppers • ±10V Analog Signal Range 
• Crosspoint Switches • Low Propagation Delay Time - 600ps 
• Sample and Hold • Low On Resistance - 300 

SD5200 Applications • Low Feedthrough And Feedback Transients 

• Switch Drivers 
• Ion Implanted For Greater Reliability 
• HighChannel-To-Channel Isolation - 107dB 
• Transient Protection For Gates 

DESCRIPTION 
The 81L1CONIX O-M08 805000, and 5200 series are 
monolithic arrays of silicon, insulated-gate, field-effect 
transistors using the N-channel en chan cement mode 
technology. 

capable of high speed operation where excellent transient 
response, and wide voltage range are required. The 
805000 quad switch array can handle high voltage analog 
signals (± 10V), whereas the 805001 and 805002 are 
designed for lower voltage applications. The 805200 is 
intended for use as a 30V driver to complement the other 
switch products. 

This family of devices is designed to handle a wide variety 
of analog switching and driver applications. They are 

PIN CONFIGURATIONS 

I, N PACKAGE 

(TOP VIEW) 

16 DRAIN 4 

SOURCE 1 4 SOURCE 4 

SOURCE2 5 

ORDER PART NO. 

S05000N S05001 N S05002N S05200N 

(PLASTIC) 

S050001 S050011 S050021 S052001 

(SlOE BRAZE) 

FUNCTIONAL AND 
SCHEMATIC DIAGRAM 

505000,5001,5002,5200 

3O--i 3o-j-~i 
1~O-O4 1J:J~4 I 

6o--
i 

'6o-j-~ 
a~O-05 aJ:J L.:o5 

140--; 14o-j-~ 
16~O-O13 16~ ~13 

. 2 
SUBSTRATE 

CHIP DIAGRAM 

S05000, 5001,5002, 5200 
SWITCH ARRAYS 

Die Size 35 x 43 

TENTATIVE DATA SHEET. This page provides tentative information on a new product. SiJiconix reserves the right to 
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ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 
en 
0 
(J'I 

PARAMETERS S05000 S05001 S05002 S05200 UNIT 0 
Vos Drain-to-source +20 +10 +15 +30 

0 
0 

Vso Source-to-drain 1 +20 +10 +15 +0.5 
VOB Drain-to-Substrate +25 +15 +22.5 +30 • VSB Source-to-Substrate +25 +15 +22.5 +0.5 

VGS Gate-to-source 
+30 +25 +30 +20 

Vdc 
-25 -15 -22.5 

en 
0 

VGB Gate-to-substrate 
+30 +25 +30 +20 
-0.3 -0.3 -0.3 -0.3 

(J'I 
0 

VGO Gate-to-drain 
+30 +25 +30 +20 
-25 -15 -22.5 

0 
~ 

10 Drain current 50 50 50 50 niA 

Ambient temperature Storage -55 to +150 
°c range Operating o to +85 

• .~ 
en c 

0 
0 (,) 

Total package 
640 

Power Dissipation dissipation2 
mW 

(J'I en 0 
0 
I\) 

I ndividual transistor 
300 dissipation • 

NOTES 

1. Refer to test conditions specified in Electrical Characteristics Table. 
2. Oerated 5mW per degree centigrade. 

en 
0 
(J1 
I\) 
0 

TEST CIRCUIT SWITCHING TEST CIRCUIT 0 

CROSSTALK MEASUREMENT TO SCOPE +VOO 
Quad Switch ( ( 

505000/505001/505002 

-5V -=s • 510 • RL 

n VOUT TO. 
SCOPE 

t:f~ =t~ VIN :) . 
VIN~ t 11 • 51 

Vo 

• 600 ! ~~ -== 600 600 600 . ~ 

Input Pulse Sample Scope 

=- Crosstalk = 20 Log ':!..Q. tr. tF' lns tr< 350ps 
Pulse Width =100ns RIN = 1M\) 

VIN Rep Rate =lMHz CIN = 2.0pF 
Where VIN = lV RMS at 3kHz 

SWITCHING WAVEFORMS SWITCHING CHARACTERISTICS 

td(ON)(ns) tr(ns} * tOFF(ns} 
+5V ---

90% 

Y'N ..., f- 50% 

ovJ 
10% VOO RL TYP .MAX TYP MAX TYP MAX 

~ :.-- TdlONI 

+Voo 
5 680 0.6 1.0 0.7 1.0 9.0 

:7~ 
-' 90% 

\,\0% 
10 680 0.7 0.8 9.0 

Your 
10% 10% 15 1k 0.9 1.0 14.0 ov --- -:::;j f4-- t OFF ~ trl---

*tOFF is dependent on RL and does not depend 
on the device characteristics. 

TENTATIVE DATA SHEET. This page provides tentative information on a new product. Siliconix reserves the right to 
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SD5000 SD5001 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

BREAKDOWN VOLTAGE 

aVDS Drain-to-source V GS = V BS = -5V. Is = 10nA 20 25 10 25 V 

BVSD Source-to-d rai n V GD - V BD - -5V. I D- 10nA 20 10 V 

BVDB Drain-to-substrate 
VGB - OV. source Open 

25 15 V I D= 10nA 

BVSB Source-to-substrate V GB - OV. drain Open, 
Is = 10/.1A 25 15 V 

LEAKAGE CURRENT VGs= V BS = -5V, V DS = +20V 1 10 

IDS(OFF) Drain-to-source nA 
VGs=VBs=-5V, V Ds =+10V 1 10 

V GD = V BD = -5V, V SD = +20V 1 10 
ISD(OFF) Source-to-drain nA 

V GD =V BD =-5V, V sD =+10V 1 10 

V DB = V SB = OV, V GB = 30V 1 
'GBS Gate /.1 A 

V DB = V SB = OV, V GB = 25V 1 

VT Threshold voltage V DS = V GS = VT ' 's - 1/.1A 
0.1 1.0 2.0 . 0.1 1.0 2.0 V 

VSB = OV 

'D = 1.0mA, V SB = 0, V GS = +5V 50 70 50 70 

Drain-to-source , D = 1.0mA, V SB = 0, V GS = +1 OV 30 30 
rDS(On) resistance 'D- 1.0mA, V SB - 0, V GS- +15V 23 

n 
23 

, D = 1.0mA, V SB = 0, V GS = +20V 19 19 

rDS(On) Resistance match , D - 1 .0mA. V SB - a 
1 5 1 5 n (Note 1) V GS = +5V 

SD5002 SD5200 
PARAMETER TEST CONDITIONS 

Max Min Typ Max 
UNIT 

Min Typ 

BREAKDOWN VOLTAGE V GS = V BS = OV. 1 0 ::; 10 /.1 A 30 35 
V 

BVDS Drain-to-source VGS-VBs=-5V.ls -10nA 15 25 
BVSD Source-to-drai n V GD -V BO --5V.'D- 10nA 15 V 

BVDB Drain-to-substrate V GB = OV. source Open 
22.5 V I D=10nA 

BV SB Sou rce-to-su bstrate V GB = OV. drain Open 
22.5 V 

Is= 10/.1 A 

LEAKAGE CURRENT V GS = V BS = -5V 

'Ds(OFF) Drain-to-source V DS = +15V 1 10 nA 

V DS = +10V 

V GD = V BO = -5V 
Iso(OFF) Sou rce-to-d rai n VSO= +15V 1 10 nA 

V SD = +10V 

'GBS Gate 
V DB = V SB = OV 

1 /.1 A 
VGB = 30V 

VT Threshold voltage V DS = V GS = V T • 's = 1/.1A 
0.1 1.0 2.0 0.5 1.0 2.0 V 

VSB = OV 

, D = 1.0mA, V SB = 0, V GS = +5V 50 70 50 80 
Drain-to-source 

rDS(On) resistance I D - 1.0mA, V SB - 0, V GS - + 1 OV 30 30 n 
, n - 1.0mA. V SB - O. V GS - +15V 23 23 
, D - 1.0mA, V SB - 0, V GS - + 20V 19 19 

rDS(On) 
Resistance match , D - 1.0mA: V SB - 0 

1 5 n 
(Note 1) V GS= +5V 

NOTE: DMAC 

1. This untested parameter is guaranteed by design. 

TENTATIVE DATA SHEET. This page provides tentative information on a new product. Siliconix reserves the right to 
change specifications for this product in any manner without notice. 
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AC ELECTRICAL CHARACTERISTICS 

505000 505001 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

gfs Forward transconductance 
Vos = 1 OV. V SB = 0 V 

10 15 10 15 mmhos 
10= 20mA. f = 1kHz 

C (GS+GO+GB\ Gate node capacitances 
Vos= 10V. f = 1MHz 

2.4 3.5 2.4 3.5 

C(GO+OB\ Drain node capacitances V GS = V BS = -15V 1.3 1.5 1.3 1.5 

C(GS+SB\ Source node capacitances See capacitance model 3.5 4.0 3.5 4.0 
pf 

in Figure 1 
COG Reverse transfer capacitances 0.3 0.5 0.3 0.5 

C T Cross talk 

PARAMETER 

gfs Forward transconductance 

C (GS'GO+GB) Gate node capacitances 

C(GO+OB\ Drain node capacitances 

C(GS+SBI Source node capacitances 

COG Reverse transfer capacitances 

C T Cross talk 

THEORY OF OPERATION 
The SD5000 series consists of four SPST 
switches with analog signal capability of 
up to ±10 volts for the SD5000 and ±7.5 
volts for the SD5002. Each switch of the 
array is aD-MaS N-channel field-effect 
transistor of the enhancement-mode type; 
that is. the device is normally off when 
gate-to-source voltage (V Gs) is zero volts. 
When V GS exceeds the threshold voltage. 
V T. the FET switch starts to turn ON with 
V GSin excess of +10 volts. a low resistance 
path (typically 300) exists between input 
and output of the switch. Figure 1 shows 
the normal mode of operation of a single 
switch of the array for±5 volt analog signal 
proceSSing. Note that the source is recom
mended for the input since feedback or 
reverse transfer capacitance is lower when 
drain is used as the output. When analog 
signals are routed from one point to 
another the important factors are isola
tion. crosstalk between switches. feed
through and feedback transients, insertion 
loss and speed of operation. The SD5000 
series offers superior performance in all 
these areas (Figure 1). 

See test circuits -107 -107 dB 
nO.1 and 2. f = 3kHz 

505002 505200 
TEST CONDITIONS 

Min Typ 

V os = 1 OV. V SB = OV 
10 15 

10= 20mA. f = 1 kHz 

2.4 
Vos= 10V. f = 1MHz 
V GS = V BS = -15V 1.3 

See capacitance model 3.5 
in Figure 1 

0.3 

See test circuits -107 no.1 and 2. f = 3kHz 

Isolation. ON resistance is typically 300 
and OFF resistance is typically 10 1°0. which 
results in an OFF to On resistance ratio in 
excess of 10 9. Isolation from output to 
input fr9m 3kHz analog Signals is typically 
-107dB. 

Feedback and feedthrough transients. 
These are kept to.a minimum because of 
the very low feedback and feedthrough 
capacitances. This means that "glitch
less" or "clean" signals appear at the 
output. 

G 

is ~GO CG~If-

INPUT -OUTPUT 

Max Min Typ Max 
UNIT 

10 15 mmhos 

3.5 2.4 3.5 

1.5 1.3 1.5 

4.0 
pf 

0.5 0.3 0.5 

-107 dB 

Insertion loss. This depends upon the 
source and load impedances involved. As 
an example. for 6000 source impedance 
the insertion loss for voice Signals (1V 
RMS at 3kHz) is less than 0.3dB. This 
indicates that the SD5000 series would 
make good telephone cross-point switches. 

Speed. Because of the low ON resistance 
and low input capacitance. the SD5000 
switches ON at sub-nanoseconds speeds. 
They are also capable of handling very 
high frequency analog signals and still 
maintain excellent isolation (20-30dB-at 
1GHz). 

+5 I""'.. /'\. /'\. /"'... 
INPUT· '-./ '-../ '-./ '-

-5 

+10 

GATE ~ r--
-10 -.-J L-J J;. ~rlCGB 0 

('5V) ~ ('5V) 

-r:. :;: COB 
ICSB 

+5 

OUTPUT~ 
-5 

-10V 
B 

Figure 1 

Note that the body (B) is biased to the most negative voltage in the circuit 

TENTATIVE DATA SHEET. This page provides tentative information on a new product. Siliconix reserves the right to 
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MAXIMUM POWER DISSIPATION 
vs TEMPERATURE 

-- ....... ~ 
....... , 

......", 

" 

I I I I I 

20 40 60 80 

TEMPERATURE(O C) 

DRAIN-TO-SOURCE RESISTANCE 
vs TEMPERATURE 

VGS =5V ,~ 
I ~' 

~ 
,I. _I 
VGS = 10V __ ,-

~V 
-~---

25 50 75 100 

AMBIENT TEMPERATURE (TA) °C 

DRAIN-TO-SOURCE LEAKAGE 
CURRENT vs TEMPERATURE 

SOURCE-TO-SUBSTRATE VOLTAGE 
VSB = OV I I I I 
GATE-TO-SOURCEVOLTAGEVGS=OV 

100 

DRAIN-:-TO-SOURCE VOLTAGE VDS = 10V_ 

---
V 

~"" 
~ 

~ 
~ 

25 35 45 . 55 65 75 85 

AMBIENT TEMPERATURE (TAr C 

« 0. 

DRAIN-TO-SOURCE RESISTANCE vs 
SOURCE-TO-SUBSTRATE AND 
GATE-TO-SOURCEVOLTAGE z 

o en 150 r--II""TW--r--""T"""--r---~--..., 

g 135 t--l1-i4l----P
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~ 105 1---H1I-+-----+-----I-----+------1 
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w 
a: 7 5 1----~~---+-----t--'----+-----1 
w 
o 60 1-----4rMr--+-----I----+------1 
a: 
5 45 1------+----'~~:::---I----+-----1 
en 6 30r--lr--f~~~~ .. ~ 
~ 1 ~ ~~~II~~;~~~E~:~~~~~;A~~:: o5~A 
~ 0 4 8 12 16 20 
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GATE-TO- SOURCE VOLTAGE (VGS) VOLTS 

SOURCE-TO-DRAIN LEAKAGE 
CURRENT vs TEMPERATURE 
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100k " GATE-TO-DRAIN VOLTAGE (VGD) = ov· 

Ok 
I I I. 

1 GATE-TO-DRAIN VOLTAGE (VGD) = -5V 

1 k 

100 I------t---~.-:::::...--+-----i 

10 

1 

1,000 

100 

10 

.1 

25 40 56 70 85 

AMBIENT TEMPERATURE (T A)O C 

SOURCE-TO-SUBSTRATELEAKAGE 
CURRENT vs TEMPERATURE 

SOURCE-TO-SUBSTRATE ViOL TAGk 
VSB = -5V I I I I 
GATE-TO-SOURCE VOLTAGE VGS = -5V 
DRAIN OPEN ..:...-

--~ 
~~ 

~ -~ 

.01 
25 35 45 56 65 75 85 

AMBIENT TEMPERATURE (TA)OC 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont.) 

CROSSTALK vs FREQUENCY 

1', 
-120 \--.~'--I---+----+---+--~ 

'" VIN = 1V (RMS) 
-110 I----P~,,-I----+---+----I 

iii' -100 \----I----3IOr-i----+---+-----i 

~ "', 
~ 
...I 

~ 
(/) 
(/) 

a 
a: 
(,) 

-90 t---+---~,,~-t----t----1 

-80 \-----jl-----I--~---+-----i 

-70 1----l--+---+-,-'3I_,,+------i 

-60 t---+---+--_t_-~"'r--,____1 

-50 1-----1I-----I---+---+---'~-1 
" 

-40 1-----11-----1---+---+---1 

-30 '-----"'---"'---.......... --""'------' 
100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 

PACKAGE OUTLINES 

GATE LEAKAGE CURRENT 
vs TEMPERATURE 

<c 100k 
Q. 

I "~_I I, 
DRAIN-TO-SOURCE VOLTAGE VDS = 0 

15 -I
Z 
w 
a: 
a: 
:::> 
(,) 

w 
o 
e:( 
~ 
e:( 
W 
...I 
W 
l
e:( 
(!) 

SOURCE-TO-SUSSTRATEVOLTAGE 

10k-vSS=O I 

GATE-TO-SOURCE VOLTAGE VGS = 10V 

--~ 1k~--+---4---~~---b~~~-----t 

~~-----100~=-+--~--+-~---+--~ 

10 \----+----I--+---+--t---; 

1 ~-~-~-~--~--"'--~ 
25 35 45 55 65 75 85 

AMBIENT TEMPERATURE (TA)OC 

8 7 6 5 4 3 2/1 I 
!!.llQ 
0.275 
I.LBlJ 

9 10 11 12 13 14 15 16 ~91 

I 
TOPVIEW I 

i-----1l.lIll! 1V.JJ-----l ~ 
0.74011881 {Lllj 

mJOtAJLO:oUn. j~~ P91~tl 
li·li li li lUI li ~ li~SEATING 

JL J J L---rPLANEt~~TYP I , ~ - ~~TYP ~ ~.-j 
I2iJ TYP IJ2fll TYP TOLERANCE 

16 LEAD DUAL IN LINE PACKAGE (N) 
(PLASTIC) 

1.381 '1.071 NON-ACCUMULATIVE 

16 LEAD DUAL IN LINE PACKAGE (I) 
(SIDE BRAZE) 

PIN 1, INDEX IS ONE OR MORE OF THE- FOLLOWING 
• DOT (INK OR IMPRESSION) ON TOP OF PACKAGE 
• NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 
• NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 

All DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 
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Si7250 H 
High Current POYler Driver Siliconix 

Revised April 1982 

Designed as Coil Pre-Driver for Bubble Memories 

FEATURES 
• Capable of Driving a 500 pf Load With Less Than 25 ns Transitions 
• Very Low Standby Power Consu'mption 
• TTL Compatible Inputs 
• Single 12V Power Supply 
• CMOS Technology 
• Ideal for use in Magnetic Bubble Memory Systems 
• Power Fail Reset for Maximum Protection of Bubble Memories 
• Standard 16 Pin Dual-In-Line Package. 

DESCRIPTION 
The Si7250 is a low power coil pre-driver for direct 
use with the Siliconix VQ7254 to drive magnetic 
bubble memory coils. The Si7250 has TTL com-

patible inputs and complimentary outputs designed 
to drive high capacitance, low on resistance MOS
POWE R® devices. 

LOGIC DIAGRAM PIN CONFIGURATION 

X+.lNo-......... -~ 

CS o-~t------L---' X +.OUT CS 

RESET X +.OUT 
X +.OUT 

){ + .IN X +.OUT 

X ~.OUT X -.IN X -.OUT 

Y +.IN X -.OUT 
X -.OUT 

Y -.IN Y +.OUT 

Y -.OUT Y +.OUT 

RESET 0--+-+-+-==--_ ....... - ..... GND Y -.OUT 

ORDER NUMBER: Si7250CK 

Y - .IN 0--.....--..... 
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ABSOLUTE MAXIMUM RATINGS (T a = 25° C unless otherwise noted) 
Ambient Temperature Under Maximum Operating Junction Temperature 150°C 

Bias ............... -20°C to +80°C 8JC = 25°C/W 
Storage Temperature · ..... -65°C to +150°C 8 JA = 75°C/W (No Airflow) 
Voltage on Any Pin with 

Stresses listed under "Absolute Maximum Ratings" may be applied Respect to Ground · .... -0.5 to VOO + 0.5V 
(one at a time) to devices without resulting in permanent damage. 

Supply Voltage, Voo · ........ -0.5to +14V This is a stress rating only and not subject to production testing. 
Output Current ................. 250 mA Exposure to absolute maximum rating conditions for extended 

(One Output @ 100% Outy Cycle) periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for 
AC parameters and nigh and low temperature limits to assure performance with specifications. 

Test Conditions 

Limits Unless otherwise noted: 
Characteristic 

Typ2 
Unit T A = O°C to 70°C 

Min Max VOO = 12V ±10% 
1 I IIINI Input Current 10 p.A VI = 0.8V 

-
N 

2 p VIL Low Level Input Voltage 0.8 V 
- u 
3 T VIH High Level Input Vol age 2.2 V 

4 VOL1 Output Low Voltage 1.45 2.0 V IOL = 200 mA 
-
5 VOL2 Output Low Voltage 0.1 0.2 V IOL = 10 mA 

- 0 
6 u VOH1 Output High Voltage V'OO-2.0 VOO-l.4 ,V IOH = -200 mA 

- T 

7 p 
VOH2 Output High Voltage VOO-0.2 VOO-O.l V IOH = -10 mA U -

8 
T 

IOL Output Sink Current 200 mA VOL = 2.0V, 30% Duty Cycle 
-

9 IIOHI Output Source Current 200 mA VOH = VOO-2.0V, 30% 
Duty Cycle 

10 tpl 
Propagation Delay from X+.IN, 

55 100 ns 500 pF Load 
X-.IN, Y+.IN, Y-.IN 

-

11 tp2 
Propagation Delay from CS 

90 150 ns 500 pF Load 0 or RESET 
- Y 

12 N 
tr Rise Time (10% to 90%) A 25 45 ns 500 pF Load 

- M 
13 I tf, Fall Time (90% to 10%) 25 45 ns 500 pF Load 
- c 
14 ts 

Skew Between an Output and 
10' 20 ns 500 pF Load 

its Complement 
i-

15 CIN 
1 Input Capacitance 10 pF 

16 1000 Supply Current 1.0 4.5 mA 
Chip Deselected: CS = VIH, 

s VOO = 12.6V 
1-

u 
17 p 

1001 Supply Current 75 mA 
f = 100 kHz, VOO = 12_6V, 

p Outputs Unloaded 
- L 

Y f = 200 kHz, VOO = 12.6V, 
18 1002 Supply Current 90 mA 

Output Unloaded 

Note 1: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f= 1 MHz, VSIAS= 2V, VDO= av, and 

T A= 25~ 

Note 2: Typical Values are for DESIGN AID ONL Y, not guaranteed and not subject to prQduction testing (Typical values at T A = 25°C and 

V
DD

= 12V) 

Silicanix 
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AC TEST CONDITIONS 

-f· ------:------1--- -~:~~ . . - - -- - ov 
- '--Tp' Tp- .-

INPUT 

--------_ r-----
'\ ~% 

PIN DESCRIPTION 
CS (Pin 1) 

OUTPUT 

Chip select is active low. When high, chip is de
selected and I DD is significantly reduced. Chip 
Select is most commonly used for system expansion. 

RESET (Pin 2) 

Active low input from RESET. OUT of the Con
troller results in removal of power from the chip so 
that bubble memory is protected in the event of 
power supply failure. 

X+.IN, X-.lN (Pins 3, 4) 

Active low inputs from controller which turn on 
the high current X outputs. 

TRUTH TABLE 

X-.OUT, X-.OUT, X+.OUT, X+.OUT(Pins 12-15) 

High current outputs and their complements for 
driving the gates of the 7254 QUAD MOSPOWER® 
FETs which in turn drive the X coils of the bubble 

.memory. 

V+.IN, V-.IN (Pins 5, 6) 

Active low inputs from controller which turn on 
the high current Y outputs. 

V-.OUT, V+DUT, V+.OUT, Y-.OUT (Pins 9-11 
and 7) 

High current outputs and their complements for 
driving the gates of the 7254 QUAD MOSPOWE R® 
FETs which in turn drive the Y coils of the bubble 
memory. 

INPUT STRUCTURE 

INPUT PINS OUTPUT PINS 

1 2 3 4 5 6 7 9 10 , 11 12 13 14 15 

CS R x+. x-. y+. y-. y-. y-. y+. y+. x-. x-. x+. x+. 

~ x x x x a 0 0 a 
x a x x x x 0 0 0 0 

8 INPUT STATES DECODED 

0 0 0 0 0 0 0 

a o . 0 0 0 0 a 
0 0 1 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 1 0 0 0 OUTPUT STRUCTURE 
0 0 0 0 0 0 

The 8 remaining input states are not decoded resulting in a reset output condition This is to 
prevent the inadvertent shorting of any power drivers directly across the supplies in a standard 
bubble memory configuration 

0 0 0 0 0 0 ' 1 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 

Siliconix 
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Packages: 

BVoss 
(Volts) 

450-500 

350-400 

150-240 

~ 
TO·3 

IRF450 
13A, 0.411 

IRF440 
8A,O.85n 

VNP002A* 

6.5A, 1.511 

VN5001A/IRF430 
4A, 1.5n 

IRF350 
15A,O.3n 

IRF340 
10A, 0.5511 

VNM001A* 
8A, 1.011 

VN4000A/IRF330 
6A, 1.011 

IRF250 
30A, 0.08511 

IRF240 
18A,0.1811 

IRF230 
9A,0.411 

IRF220 
5A,0.811 

MOSPOWER 'Prime Product Selector Guide 

MOSPOWER Prime Product 
Selector Guide 

I 

m , ~ \ 

"'I 

U 

TO·220 TO·39 TO·237 TO·92 TO·202 

IRF840 -

8A,O.8511 

VN5001 DIIRF830 
4A, 1.5n 

IRF820 
2.5A,311 

lRF740 
10A, 0.5511 

VN4000D/lRF730 
6A, 1.011 

IRF720 
3A, 1.8n 

IRF640 VN2406B VN2406M VN2406L 

18A,0.1811 0.8A,6n 0.3A,6n 0.21A,6n 

IRF630 VN2410M VN2410L 

9A,0.411 0.25A, 10n 0.16A,10n 

IRF620 
5A,0.811 

VN2406D 

1.4A,6n 

Silconix 

* 200°C RATING 

~ ., 
Quad Quad 

Side Braze Plastic 

INTERFACE 
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Packages: 

BVoss 
(Volts) 

100-120 

80-90 

60 

30-40 

~ 
TO·3 

IRF150 
40A,O.055fl 

IRF140 
27A,O.085fl 

,ff 
TO·220 TO·39 

IRF540 IRFF120 
27 A, 0.085fl I 6A, 0.30n 

VN1200DIIRF530 IRFF122 
12A,O.18fl 5A,0.40fl 

VN1200AIIRF130 I IRF520 
12A, 0.18fl I 8A, 0.30n 

VN0800A 
12A,O.18fl 

2N6658 
1.9A, 4fl 

IRF151 
40A,O.055Q 

IRF141 
27A,O.085fl 

VN0600A 
16A, 0.12fl 

IRF131 
14A, 0.18fl 

2N6657 
2A,3fl 

VN0400A 
16A,O,12fl 

2N6656 
2A, 1.8fl 

VN1206D 
1.4A, 6fl 

VN0800D 
12A, 0.1,8fl 

VN88AD 
1.7A,4fl 

IRF541 
27 A, 0.085fl 

VN0600D 
16A,O.12fl 

IRF531 
14A,O.18fl 

IRF521 
8A,O.30fl 

VN66AD 
1.9A, 3fl 

VN0400D 

16A, 0.12fl 

VN0300D 
2.5A, 1.5fl 

IRFF121 
6A,O.30fl 

IRFF123 
5A,O.40fl 

2N6660 
1.1A,3fl 

VN67AB 

1A,3.5n 

2N6659 
1.4A, 1.8fl 

Silconix INTERFACE 
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TO·237 

VN1206M 
0.3A,6fl 

VN1210M 
0.25A, 10fl 

VN0606M 
0.4,3n 

VN10KM 
0.3A,5fl 

VN2222KM 
0.25A, 7.5fl 

VN0300M 
0.7A,1.2fl 

~ nr,\ 
,.\ il 

i' Ii :i 

~ U U 

TO·92 

VN1206L 
0.21A, 6fl 

VN1210L 
0.16A, 10fl 

VN0610L 
0.2A,5fl 

VN2222L 
0.15A, 7.5fl 

~~ . ., 
TO·202 

VN88AF 
1.5A,4n 

VN80AF 
1.3A, 5fl 

VN66AF 

1.7A,3G 

VN67AF 
1.6A,3.5fl 

VN46AF 
1.6A,3fl 

VN40AF 
1.3A,5fl 

Quad 
Side Braze 

VQ1006P 
0.40A, 4.5fl 

VQ1001P 
0.85A, 1.0fl 

Quad 
Plastic 

VQ1006J 
0.40A, 4.5fl 

VQ1001J 
0.85A, 1.0fl 

VQ3001 P VQ3001 J 
Specialty Products 30V, 3fl Total 30V, 3fl Total 

(N· and P·Channel VQ7254P VQ7254J I 

Quad Arrays) 20V, 3fl Total 20V, 3fl Total 



VQ1 OOOP • VQ1000J H 
Siliconix 

6Ol1 N-Channel Enhancement Mode . 

'Y Quad MOSPOWER Array 
This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 

FEATURES 
• High Input Impedance 
• Extremely Fast Switching 
• Rugged 
• Internal Drain-Source Diode 

, , 

• Dual-In-Line Package for Packing 
Density and Automatic Insertion 

BENEFITS 
• Reduced Component Count 
• Simpler Designs 

. ~ Directly Interfaces CMOS & TTL 
Ell Improved Circuit Performance 
m Increased Reliability 

Product Summary 
Part BVoss ROS(ON) 

Number (Volts) (Ohms) 

VQ1000P 60 5.5 

VQ1000J 60 5.5 

N N 

N N 

D3 83' G3 NC G4 84 D4 

TOP VIEW 
ORDER NUMBER: V01000P, V01000J 

Package 

Side Braze 

Plastic 

8 

ABSOLUTE MAXIMUM RATINGS (TA=25°C unless otherwise noted) 
Drain-Source Voltage ..................... 60V 

Drain-Gate Voltage ....................... 60 V 

Drain Current 
Continuous1 

•••••••••••••••••••••• ±225mA 
Pulsed 1,2 ••••••••••••••••••••••••••• ~ • ± 1 A 

Gate-Source' Voltage .................... ± 30V 

Gate Current Peak ...................... ± 1 A 

Power Dissipation 
Single .............................. 1.30W 
Quad .................... ~ ............ 2W 

PACKAGE DIMENSIONS 
7 6 5 2 1 ~ ! PIN 1 INDEX ISONE OR MORE OF 

4 3 THE FOLLOWING 

Q.lli. • ~g~ g~~A~~~~~RESSION) ON 

0275 • NOTCH OR HOLE IN PIN 1 
IL§lj VISIBLE FROM TOP AND/OR 
(6991 SIDE 

I • NOTCH IN END OF PACKAGE 
8 9 10 11 12 13 14 ----1 VISIBLE FROM TOP AND/OR 

I 

BOTTOM 

TOP VIEW ALL DIMENSIONS IN INCHES 
Q.Q§Jl (ALL DIMENSIONS IN MILLIMETERSI 

~--~.~~ i;~;~·---j ~ 

QJOtJUOJtJUtJU(. J~~r.: F9il Ii 

[ [ [JUIl [ [ [=: I ~t ~NE ' 

JL I I t --jf-~H£TYP I ' 
m ~ H~~TYP ~~iffij-j 
~ TYP iL.l§J TYP TOLERANCE 

(.38) (1.02) NON·ACCUMULATIVE 

14-LEAD DUAL·IN·LlNE PACKAGE (P) 
(SIDE BRAZE) 

Linear Derating Factor 
Single ........ : ................. 10.4mW/oC 
Quad ......................... , .. 16mW/oC 

Operating and Storage 
Temperature ................. -55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 secs) ........... +300°C 

Note: 1: Single device alone. Package limited. 
Note: 2: Pulse test: 80~s to 300~s, 1 % duty cycle. 

I ~~~ lFI~~Le;~~N~NE OR MORE OF 

[llQ • DOT (INK OR IMPRESSION) ON 
0230 TOP OF. PACKAGE 
{§....§Qj • NOTCH OR HOLE IN PIN 1 
(584) VISIBLE FROM TOP AND/OR 

L.....,-,.~...,.,.,.,.-.,.,.,.,...,~~".....J ----..l • ~g~CH IN END OF PACKAGE 

~
9 10 11 '~13 14 VISIBLE FRQM TOP AND/OR 

TOP VIEW BOTTOM 

0.050 ,ALL DIMENSIONS IN INCHES 
~ f.lR2J. '0.020 {All DIMENSIONS IN MIL LlMETERSf 
0.700 (UB) f..L2lJ 

1.51) 

~
~-]::r~A 

~ l :~~~~NG ::~::I [ J 
O.125(318) 

U I I 0310 IL§lj I II 
JL~TYP ~~~~T ~~~~~TYP '-I :~~0~::3~~\-

L2iJ iL.l§J YP TOLERANCE U1J TYP 
1.381 1161 NON-ACCUMULATIVE 1201 

14-LEAD DUAL-IN-LiNE PACKAGE (J) 
(PLASTIC) 

© Ie MASTER 1983 , See Product Selector Guides on Pages 2833-2834. 2835 
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ELECTRICAL CHARACTERISTICS (TA=25°C unless otherwise noted) 
Parameter I Min I Max I Unit I Test Conditions 

Static 

BVOSS Drain-Source Breakdown 60 V VGS = 0, 10 = 100lAA 

VGS(th) Gate Threshold Voltage O.B 2.5 V Vos=VGS,lo=1mA 

IGSS Gate Body Leakage 
100 

nA 
VGS = 10V, VOS = 0 

500 VGS = 10V, VOS = 0, TA = 125°C 

loss Zero Gate Voltage Drain Current 
10 

lAA 
VGS=O, Vos=4BV 

500 VGS = 0, VOS = 4BV, TA = 125°C 

VOS(on) Drain-Source Saturation Voltage1 1.5 
V 

VGs=5V,10=0.2A 

1.65 VGS= 10V, 10=0.3A 

Drain-Source On Resistance1 
7.5 VGs=5V,10=0.2A 

rOS(on) Q 

5.5 VGS = 10V, 10 = 0.3A 

0.2 VOS = 15V, VGS = 5V 
10(on) On-State Drain Current1 A 

0.5 Vos=15V, VGs=10V 

Dynamic 

gfs Forward Transconductance1 100 mS Vos=15V,10=0.5A 

Ciss Input Capacitance 60 

Crss Reverse Transfer Capacitance 5 pF Vos=25V, VGS=O, f=1MHz 

Coss Common-Source Output Capacitance 25 

tON Turn-ON Time 10 Voo=15V, RL=23Q, Rg=25Q, lo::::0.6A ns 
tOFF Turn-OFF Time 10 (Figure 1) 

Drain·Source Diode Characteristics 

VSO Forward ON Voltage1 

Reverse Recovery Time 

Note 1: Pulse test -BOlAs to 300/-ls, 1 % duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 

,----, 
I I 

:R +:o~:~. : 
I I 
I I 

I PULSE I 
\§..ENERATOJ3.l 

P.w. = 1JAs 
DUTY CYCLE = 1 % 

CS~50pF 

Typ 

-0.B5 

165 

) 

V 

ns 
IF= IR =0.3A, VGs=O 
(Figure 2) 

FIGURE 2. JEDEC Reverse Recovery Circuit 

"'''' ... 
50Q 

• t'" _ ~ + .5 TO 50j.1F 
IN4933 ~ ~ i .... _ I (PK)Adjust 

IN4001 
".1 
.... 1 

di/dt Adjust 
(1 - 27 j.1H) 

R ~ 0.25 Q 

L ~ 0.01j.1H 

_ ...t..... I A. A. 

I "''''''' ..... 
IN4723 

SCOPE 

FROM TRIGGER CKT 

Siliconix 

VNML 

1 
I 
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VQ1004P • VQ1004J • VQ1 006P • VQ1 006J H 
Silicanix 

90
~ I N-Channel Enhancement Mode 

'Y . Quad MOSPOWER Array 
This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. . 

FEATURES Product Summary 
• High Input Impedance 
• Extremely Fast Switching 
• Rugged - Dissipation Limited SOA 
• Internal Drain-Source Diode 
• Dual-In-Line Package for Packing 

Density and Automatic Insertion 

BENEFITS 
• Reduced. Component Count 
II Simpler Designs 

- Directly Interfaces CMOS & TTL 
iii Improved Circuit Performance 
• Increased Reliability 

Part 
Package R05(on) 10 BV055 Number 

VQ1004P 14 Pin DIP, Side Braze 
3.5Q 0.46A 60V 

VQ1004J 14 Pin DIP, Plastic 

VQ1006P 14 Pin DIP, Side Braze 4.5Q 0.40 A 9DV 
VQ1006J 14 Pin DIP, Plastic 

N N 

N N 5 

D3 53 G3 NC G4 54 D4 

TOP VIEW 
ORDER NUMBER: VQ1004P, VQ1004J, VQ1006P, VQ1006J 

ABSOLUTE MAXIMUM RATINGS (TA=25°C unless otherwise noted) 
Drain-Source Voltage 

VQ1004P, J ....................................... 60V 
VQ1006P, J ....................................... 90V 

Drain-Gate Voltage 
VQ1004P, J ....................................... 60V 
VQ1006P, J ....................................... 90V 

Gate Current (Peak) ................................ ± 1 A 

Gate-Source Vo!tage .............................. ± 30 V 

Drain Current Continuous 1 

VQ1004P, J ................................... ±0.46A 
VQ1006P, J ................................... ±0.40A 

Drain Current 
Pulsed2 •..•.................................... ±2A 

Note 1: Single device alone. Package limited. 
Note 2: Pulse test: BOils to 300IlS, 1 % duty cycle. 

PACKAGE DIMENSIONS 
7 6 5 4 2 1 ~ I PIN llNDEX IS ONE OR MORE OF 

3 THE FOllOWING 

~ : !~~f~N~:~:O~~~~::~O~) ON 
[lE) VISIBLE FROM TOP ANDIOR 
f699! SIDE -

10 11 12 13 14 ~ • ~~T~~E'~J~3~6::~~~OGRE 

I 

BOTTOM 

ALL DIMENSIONS IN INCHES 

f----~:~~ ~~~~~;---l gg~g (ALL'DIMENSIONS IN MIL LlMETERSJ 

~. Jl ~:~,F9111 
Q..liQ.~ 
0.125 (318) 

JL . I I I --jl-~H~TYP I 
~ g:~~ H~~~TYP ~g:~~~~~ 
LMJ TYP {Lim TYP TOLERANCE 
{38} f1 02} NON-ACCUMULATIVE 

14·LEAD DUAL·IN·LlNE PACKAGE (P) 
(SIDE BRAZE) 

Power Dissipation 
Single .......................................... 1.30W 
Quad ............................................ 2W 

Linear Derating Factor 
Single .................................... 10.4mW/oC 
Quad ....................................... 16mW/oC 

Thermal Resistance 
Single ...................................... 96.2°C/W 
Quad ........................................ 62.5°C/W 

, Operating and Storage 
Temperature ... .' ........................ -,55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 sees) ...................... +300°C 

14·LEAD DUAL·IN·LlNE PACKAGE (J) 
(PLASTIC) 
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ELECTRICAL CHARACTERISTICS (TA=25°C unless otherwise noted) 
Parameter Part Number Min Max Unit Test Conditions 

Static 

BVOSS Drain-Source Breakdown 
VQ1004 60 

V VGS = 0, 10 = 10~A 
VQ1006 90 

VGS(th) Gate-Source Threshold All 0.8 2.5 V Vos=VGs,10=1mA 
Voltage 

IGSS Gate Body Leakage All 
100 

nA 
VGS= 15V, VOs=O 

500 VGS = 15 V, VOS = 0, TA = 125°C 

Zero Gate Voltage Drain 1 
~A 

VGS = 0, VOS = 0.8 Max Rating 
loss All 

Current 500 VGS = 0, VOS = 0.8 Max Rating, TA = 125°C 

All 1.5 VGs=5V,lo=0.3A 

VOS(on) Drain-Source Saturation VQ1004 3.5 V -
Voltage1 

VQ1006 4.5 
VGS= 10V, 10= 1 A 

All 5 VGS = 5V, 10 = 0.3A 

rOS(on) Drain-Source On VQ1004 3.5 Q 
Resistance1 VGs=10V,10=1A 

VQ1006 4.5 

10(on) On-State Drain Current 1 All 1.5 A VGS= 10V, Vos=25V 

Dynamic 

Forward Transcon- All 170 mS Vos = 25V, 10 = 0.5A gfs ductance1 

Ciss Input Capacitance All 60 

Crss 
Reverse Transfer Capaci- All 10 
tance pF Vos=25V, VGS=O, f=1MHz 

Coss 
Common-Source Output All 50 
Capacitance 

tON Turn-ON Time All 10 
ns Voo=25V, RL=23Q, Rg=25Q, 10::::1 A 

tOFF Turn-OFF Time All 10 

Drain-Source Diode Characteristics 

Vso Forward ON Voltage1 All 

trr Reverse Recovery Time All 

Note'1: Pulse test-80~s to 300~s, 1% duty cycle 

TEST CIRCUITS 
FIGURE 1. Switching Test Circuit 

,---, 
I I 

:R ?:",::" ; 
I I 
I I 

I PULSE I 
[gN ERATO.£!j 

P.W.= 1JAs 
OUTY CYCLE = 1 % 

CS~50pF 

Typ 

-0.9 

35 

V VGs=0,ls=-1A 

ns 'VGS = 0, IF = IR = 1 A 

FIGURE 2. JEDEC Reverse Recovery Circuit 

,.,.'" 
500 

+ 
4000j.1F :: r: 

."'" 
IN4723 

2400 
.. > 
.. > 
.> 

FROM TRIGGER CKT 

.5 TO 50j.1F 
I (PK)Adjust 

IN4001 .... 

di/dt Adjust 
(1 - 27 j.1H) 

R ~ 0.250 

L ;::; 0.01j.1H 

- .~ I """ J 
~4204 

~ 

I ,.,.,. I 
SCOPE 

:> 

Siliconix 
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V~2006P • V~2006J H 
Siliconix 

9011 P-Channel Enhancement Mode 

'Y Quad MOSPOWER Array 
This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 

FEATURES 
• High Input Impedance 
• Extremely Fast Switching 
• Rugged 
• Internal Drain-Source Diode 
• Dual-In-Line Package for Packing 

Density and Automatic Insertion 

BENEFITS 
• Reduced Component Count 
• Simpler Designs 

- Directly Interfaces CMOS & TTL 
1:1 Improved Circuit Performance 
• Increased Reliability 

Product Summary 
Part BVoss ROS(ON) 

Number (Volts) (Ohms) 

VQ2006P -90 5 

VQ2006J -90 5 

p p 

p p 

D3 53 G3 NC G4 54 'D4 

TOP VIEW 
ORDER NUMBER: VQ2006P, VQ2006J 

Package 

Side Braze 

Plastic 

5 

ABSOLUTE MAXIMUM RATINGS (TA=25°C unless otherwise noted) 
Drain-Source Voltage .................... -90V 

Drai n-Gate Voltage ...................... -90 V 

Drain Current 
Continuous1 •••••••••••••••••••••• ±410mA 
Pulsed 1•2 ••••••••••••••••••••••••••• ±3.0A 

Gate-Source Voltage ................... ± 20V 

Gate Current Peak ...................... ± 1 A 

Power Dissipation 
Single .............................. 1.30W 
Quad .................................. 2W 

PACKAGE DIMENSIONS 

7 6 5 4 3 2 1 ~ t ~~E \1~~lE~~~N~NE OR MORE OF 

0310 • DOT (INK OR IMPRESSION) ON 

0:215 • ~g~~: ~~CH~l~EIN PIN 1 
~ VISIBLE FROM TOP AND/OR 
(6991 SIDE 

8 9 10 11 12 13 14 -.l . ~~T~~E'~~~~~6::~~foGRE 

I 

BOTTOM . 

I 
. ALL DIMENSIONS IN INCHES 

0.050 (ALL DIMENSIONS IN MIL LlMETERS) 
1--__ o.786 (/9961 ___ 0.020 

0640 fi62(;) {t ?7} 

?MMttj~508j F9-I 

J
'l ~:_::~E II II 

Q.1§Q(4J2§J 
0.125 (JIB) 

J L . LJ t ---p-- g:g~~ ~ ~~~ TYP I 
'~TYP g:g~g yp ~~TYP ~~:;~g~#1~ 
~ t..l..1JJJ T TOLERANCE 
'381 (102} NON·ACCUMULATIVE 

14·LEAD DUAL·IN·LlNE PACKAGE (P) 
(SIDE BRAZE) 

Linear Derating Factor 
Single ......................... . 10.4mW/oC 
Quad ............................ 16mW/oC 

Operating and Storage 
Temperature ................. -55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 secs) .......... +300°C 

Note 1: Single device alone. Package limited. 
Note 2: Pulse test: 80~s to 300~s, 1 % duty cycle. 

I ~~~ 'FI~~lE~~~N~NE OR MORE OF 

0.210 • DOT (INK OR IMPRESSION) ON 
0.230 TOP OF PACKAGE 
((; lJtil • NOTCH OR HOLE IN PIN 1 
(584) VISIBLE FROM TOP AND/OR 

~......,.,-~~~..,..,.".....J.----1 • ~I~~CH IN END OF PACKAGE 

C 9 10 11 '~'3 14 VISIBLE FAQM TOP AND/OR 
TOP VIEW. BOTTOM 

. 0.050 All DIMENSIONS IN INCHES 
~ ill.2J. 0020 (ALL DIMENSION$INM/LUMETERS) 
0.700 (17.8) Wl 

mmj~,·, 
III ~:~" ;;~Ff C.,,,= I IlL 

JL,mTypJ l~Ty~~~jTYP -I ~:~;~::J~-I 
£.2lJ f.LlB.l TOLE RANCE U1.J TYP 
(38) (.76) NON-ACCUMULATIVE '-2OJ 

14·LEAD DUAL·IN·LlNE PACKAGE (J) 
(PLASTIC) 
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ELECTRICAL CHARACTERISTICS (TA=25°C unless otherwise noted) 
Parameter Min Max Unit Test Conditions 

Static 

BVOSS Drain-Source Breakdown -90 V VGS = 0, 10 = - 1011A 
0, 

VGS(th) Gate Threshold Voltage -2.0 -4.5 V VOS = VGS, 10 = -1 mA 

IGSS Gate Body Leakage 
-100 

nA 
VGS = -30V, VOS = 0 

-500 VGs=-30V, VOs=O, TA=125°C 

loss Zero Gate Voltage Drain Current 
-10 

llA 
VGS = 0, VOS = -90V 

-500 VGS = 0, VOS = -90V, TA = 125°C 

VOS(on) Drain-Source Saturation Voltage1 -5.0 V VGS = -10V, 10 = -1 A 

rOS(on) Drain-Source On Resistance1 5.0 Q VGs=-10V,10=-1A 

10(on) On-Sfate Drain Current1 -1.0 A VGS = -10V, VOS = -15V 

Dynamic 

gfs Forward Transconductance1 200 mS Vos=-25V,10=-500mA 

Ciss Input Capacitance 150 

Crss Reverse Transfer Capacitance 20 pF VOS = -25V, VGS = 0, f = 1 MHz 

Coss Common-Source Output Capacitance 60 

tON Turn-ON Time 15 Voo=-25V, RL=23Q, Rg=25Q, 10:::-1A ns 
tOFF Turn-OFF Time 15 (Figure 1) 

Drain·Source Diode Characteristics 

VSO Forward ON Voltage1 

trr Reverse Recovery Time 

Note 1: Pulse test - BOllS to 30011S, 1 % duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 

Typ 

0.9 

65 

~ VOUT 

V VGS = 0, Is = 0.5A 

ns 
VGS = 0, IF = IR = -0.5A 
(Figure 2) 

VPMH10 

FIGURE 2. JEDEC Reverse Recovery Circuit 

"''''''' 
500 

IN4933 ~~ 
II + oS TO 50l1F 

:; ~ _ I (PK)Adjust 

di/dt Adjust 

(1 - 2711H) 

~ r , riE 2400 

+ .. > IN4001 

> ... 4000"'L > .......-r 

R :;: 0.250 

L :;: 00111H 

..... ... I AA J ...... 
~,4204 I 

yyy 

I IN4723 

SCOPE 

FROM TRIGGER CKT 
; ,-rTT] 
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VQ3001 P • VQ3001 J H 
Siliconix 
August 1982 

These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TIL logic, line drivers and A,nalog Switching. 

FEATURES Product Summary 
• High Input Impedance 
• Extremely Fast Switching 
• Rugged 
• Internal Drain-Source Diode 

BENEFITS 
• Reduced Component Count 
II Simpler Designs 

- Directly Interfaces CMOS & TTL 
• Improved Circuit Performance 
II Increased Reliability 

Part BVoss 
Number Volts 

VQ3001P 30 

VQ3001J 30 

0, S, G, NC G. S. O. 

TOP VIEW 

rOS(ON) 
. (ohms) Package 

1 & 2 Side Braze 

1 & 2 Plastic 

N-Channel 

P-Channel 

A~OLUTEMAXIMUM RATINGS (Te = 25°C unless otherwise noted) 
Drain-Source Voltage .................. 30V 
Drain-Gate Voltage _ ................... 30V 
Drain Current 

Continuous 1 

P-Channel ................... ±600 rnA 
N-Channel ......•............ ±850 rnA 

Pulsed 2 

P-Channel ..................... ±2.0A 

N-Channel ..................... ±3.0A 
Gate Source Voltage ................ ±20V 

Note: 1. Single device alone. Limited by package dissipation. 
2. Pulse Test: 80 J.LS - 300 J.Ls. 1 % Duty Cycle. 

PACKAGE DIMENSIONS 
-I PII'i 1 II'iDEX IS ONE OR MORE OF 

THE FOlLOWll'iG 

UJO .~: 61~;A~~~~RESSIONI Ol'i 

0275 • NOTCH OR HOLE IN PIN I 
(1811 VISIBLE FROM TOPAI'iOIOR 
IG 991 SIDE 

5 4 J 2 

I • NOTCH IN END OF PACKAGE 
9 10 11 12 13 14 ----1 ~S~~6~FROM TOP ANDIOR 

I 
ALL DIMEIIISlONS II'i INCHES TOPVIEW 

~ IALL OIMENSIONS IN MILLIME TERSI 
1--___ 0.185 II~) __ ~ 0.020 

0.690 (/lSI II }II 
1511 

~~~JJtJLOU:J~]~.5081 nl'l 
~ ~ ~ ml ~ ~ ~= "'00 '"'' , 

JL J I I I I ~;!;~~:f-F'u"m I 
Mn L!WQ l--t- Q..J.1Q. '219} TVP ~o ~ ;:"']1-1 
? ~;15 TYP ~/~ TYP ~~~~~~E 0290 "JlI 

, 18, II 01/ NON-ACCUMULATIVE 

14-LEAD DUAl-iN-LINE PACKAGE (P) 
(SIZE-BRAZE) 

Power Dissipation 

Single .......................... 1.30W 
Quad .......................... 2W 

Linear Derating Factor 
Single ...................... 1 OArnWio C 
Quad ....................... 16m W;OC 

Operating and Storage 

Temperatu re ............ -550 C to + 1 ~~t ~ 
Lead Temperature 

(1/16" from Case for 1 0 secs) ...... + 3000 C 

TQPVIEW 

I 
Q.lli. 0.230 
I§..Bfi) 
15841 

-L IL... ~8..,..-r9:"T""'"'!~'OT"""T:":l,:T"""'T'1:":'T2 --r.-::13'1"""T':,":T'4 -AI 

Q.Z.U I..L3...2J. ~ 
0.700 11781 ~ 

I SI/ 

liLDiLiiOiiiJ~ l . :~::-):: H~' . ~ ~ ~ IW ~ ~ ~: ·'~""'(L~~w.J~ 
JL~ M1Q UWQ~TV: -I =:~Jl 

0.0'5 TVP . 0.030 T P 0090 ,:? '191 TVP 0.008 
U1l I..LZ§J v TOLERANCE U1J TVP 

IJ~) I 151 NON-ACCUMULATIVE '201 

14-LEAD DUAL-IN-L1NE PACKAGE (J) 
(PLASTIC) 
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

0 
t") 

g 
Symbol Parameter N-Channel P-Channel Unit Test Conditions 

Min Max Min Max (Reverse Polarity tor P-Channel) 

Static 

BVoss Drain Source Breakdown 30 -30 V V GS = O. I 0 = lOIJ A 

• 
Q.. 
~ 

0 

VGS(th) Gate Threshold Voltage 0.8 2.5 -2.0 -4.5 V VOS= VGs.'o= 1 mA 

IGSS Gate Body Leakage 100 -100 Vos = O. V GS = 16V 

500 -500 nA Vos=O. VGs=16V. T A=125 ~C 

0 
t") 

.~ 
g loss Zero Gate Voltage Drain 10 -10 V os= 24V. V GS= 0 

Current IJA 
Vos= 24V. VGS=O. T A=125°C. 500 -500 
Note 2 

c:: 
0 IO(ON) ON-State Drain Current 1 2.0 -1.5 A V GS = 12V. V os = 15 V 

() 

en Vos 
Drain-Source On-State 0.35 V GS = 5.V. 10= 200 mA 
Voltage 1 1.0· -2.0 V v GS - 12V. 10 - 1 A 

Dynamic 

g,s Forward Transconductance 1 250 200 mS V os= :: 15V. 'o=~500mA 

C,ss Input Capacitance 100 150 

Coss Output Capacitance 80 100 
pF V GS = O. V os = 15V. f = 1 MHz 

Reverse Transfer 
55 60 C,ss 

Capacitance 

ton Turn-On Time 30 30 
ns Voo = 15V. RL = 23!1. Rg"'2sn 

tott Turn-Off Time 30 30 10 "= 0.6A (Figure 1) 

Drain-Source Diode Characteristics 

Typ Typ Unit 

Vso Forward On Voltage -.72 .72 V 'F=50 mAo VGs=O 

t" Reverse Recovery Time 50 65 ns IF = 'R = 0.5A. V GS = 0 . 
(Figure 2) 

Note 1: Pulse test - 80 ,.,.s to 300 ,.,.s, 1% duty cycle. 

TEST CI RCU ITS (Reverse Polarity for P·Channel) 

FIGURE 1 Switching Test Circuit FIGURE 2 Reverse Recovery Test Circuit 

v lN v DD 
() 

r - --+--, CURRENT SET 
y 

r---, I RL { I r --- -1 1O l'sl-~ 

I I I . I ~ I 
.~ VOUT 

I r-
+I'~ I Rgen .A.AA. I I I~~ T I ~~ ~ ~~~O~E~ 

In' 

: +2OV 
I R tj . 

0+ t 

I I ~. Rg =fcs I 0' L_ TEST 100~. 10% 

I I := 20n 

~ : 
-IRL-

I I SCOPE I 
I I i CIRCUIT -:..:.- I CURRENT 

PULSE UNDER PROBE 
L!!E~R~O~ L2:EST _____ .J 

P.W.·' ,",S .Cs ';; 50 pF 
DUTV CYCLE· 1% 

Siliconix 
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Sink or Source in order of (1) output current rating, (2) output voltage rating, (3) number of drivers 

TYPICAL DRIVING APPLICATIONS 
DISPLAYS INDUCTIVE PRINTERS 

LED V. FLUOR. GAS DIS. INCAND. SOLENOID· MOTOR THERMAL ElECTRO. SENS. 

SINK DRIVERS 

- - v- - - - - -
- - v- - - - - -
- - v- - - - - -

- - y' - - - - -
v- - - v- - - - -

v- - - y' v- y' y' -
y' - - y' v- y' v- -

SCR ARRAY v- v- - - -
SCR ARRAY v- v- - - -

v- - - y' 
, 

y' y' v- -
v- - - v- v- y' v- -
v- - - y' y' v- y' -

y' - - Y'" v- v- v- -
PIN DIODE DRIVER - - - -

v- - - v- v- v- " -
v- - - v- v- v- - -
v- - - v- v- v- - -

v- - - v- v- v- v- -
v- - - v- v- - v- v-
v- - - v- v- - v- v-
v- - - v- v- v- - -
v- - - v- v- v- - -
v- - - v- v- - v- v-
STEPPER MOTOR DRIVER - V'" - -
v- - - y' V'" V'" - -
V"' - - V"' V"' y' - -
v- v- - y' v- - - -

FULL-BRIDGE - v- - -
y' - - y' V"' I/" I/" -
v- - - v- v- v- - -
v- - - v- v- v- - -
v- - - - v- v- - v-
v- - - v- v- v- - -
v- - - v- v- v- - -

HALF-BRIDGE - V"' - -
FULL-BRIDGE - I/" - -

SOURCE DRIVERS 

- v- v- - - - - -
- v- v- - - - - -
- v- v- - - - - -

- I/" - - - - - -
- v- - - - - - -

..... ..... - ..... - - - -
- - y' - - - - -
- I/" y' - - - - -
- - ..... - - - - -
- .... v" - - - - -
- - v" - - - - -
- - v- - - - - -
v" - - v" v- - - -
v- - - v" v- v- v" ... 
- - - - ." - - -

v" v- - v" v- - - -
v- - - v- v" - - -
I/" v" - v- v- v" v" v-

FULL-BRIDGE - v" - -
v" - - v- v- v- - -
v" - - v- v" v- - -
v" - - - v" v" - v-

v" - - v- v- v- - -
v" - - v- v" v" - -

HALF-BRIDGE - v" - -
FULL-BRIDGE - V"' - -

*Gurrent IS maximum tested condition, voltage IS absolute maximum ratmg. t Latched DrIVer. 

OUTPUTS· 
rnA V # 

5 130 5 
130 7 
130 8 

20 -115 8 

100 20 8 

250 70 4 
100 4 

275 35 6t 
35 8t 

300 80 2 
80 2 
80 4 

80 4 
120 4 

350 50 4t 
50 7 
50 8 

50 8t 
50 8t 
80 8t 

95 7 
95 8 

100 8t 

500 35 4 
50 7 
50 8 
50 at 

±1000 36 1 

1250 60 4 

1500 50 2 
50 4 

-50 4 

80 2 
80 4 

:t.:2ooo 30 1 
36 1 

-15 -80 5 
-80 6 
-80 6 

-25 :t.:40 8 
60 8t 
60 lot 

115 6 
115 6 
115 8 

115 8 
140 8 
200 8 

-350 20 8 
50 8 

-SO 5 

80 8 
80 8 
80 8 

±1000 36 1 
-1500 50 2 

50 4 
-50 4 

80 2 
80 4 

±2ooo 30 1 
36 1 

SPRAGUE 
PART NUMBER 

UHP-480 
UHP-481 
UHP-482 

SERIES UDN-7180A 

UDN-2595A 

SERIES UHP-4oo 
SERIES UHP-500 

UTN-2886B 
UTN-2888A 

SERIES UDN-3610M 
SERIES UDN-5710M 
SERIES UDN-5700A 

UDN-5733A 
UDN-5790/91A 

UCN-4401A 
SERI ES ULN-2000A 
SERIES ULN-2800A 

UCN-4801A 
UCN-4821A 
UCN-4822A 

SERIES ULN-2020A 
SERIES ULN-2820A 

UCN-4823A 

UCN-4202/03A 
SERIES ULN-2010A 
SERIES ULN-2810A 

UCN-4S07/08A 

UDN-2952B 

UDN-2540B 

ULN-2061 M 
SERIES ULN-2064B 
SERIES UDN-2840B 

ULN-2062M 
SERIES ULN-2065B 

UDN-2949Z 
UDN-2952W 

UHP-490 
UHP-491 
UHP-495 

SERIES UDN-6138A 
UCN-4815A 
UCN-481OA 

SERIES UDN-6116A 
UDN-6164A 

SERIES UDN-6118A 

UDN-6184A 
UDN-6514A 
UDN-6510A 
UDN-2585A 
UDN-2981/82A 
UDN-2956/57A 

SERIES UDN-2580A 
SERIES UDN-2588A 

UDN-2983/84A 

UDN-2952B 

ULN-2061M 
SERIES ULN-2074B 
SERI ES UDN-2840B 

ULN-2062M 
SERIES ULN-2075B 

UDN-2949Z 
UDN-2952W 

v-
v-
v-
-
v-
v-

" -
-
v-
v-
v-

v-
v-
v-
v-
v-
v-
v-
v-
v-
v-
v-
-
v-
v-
I/" 

-

-
-
v-
-

-
v-
-
-

v-
v-
v-
-
..... 
v-

-
-
-
-
-
-
v-
v" 
-

v-
v-
v-
-
-
v" 

-
-
v" 

--

For application engineering assistance, write or call Semi
conductor Division, Sprague Electric Company, 115 Northeast 
Cutoff, Worcester, Mass. 01606. Tel. 617/853-5000. 

For the name of your nearest Sprague Semiconductor Distributor, 
write or call Sprague Products Company, NorthAdams, Mass. 0124Z 
Tel. 413/664-4481. 4SS·2159 
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AuthorizecilC Master 
International Distributors 

ARGENTINA, COLOMBIA, 
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 
LBG GmbH 
Tichtelgasse 10/2/12 
A-1120 Vienna, Austria 
Tel. (0222) 8341 01 
Telex (847) 134106 

BELGIUM 
J. P. Le Maire 
Rampe Gaulouise la 
1020 Bruxelles, Belgium 
Tel. 024784847 
Telex (846) 24610 

BBAZIL 
Filcres Importacao 
Rua Auroraigs 
CEP 01209 
Caixa Postal 18767 
Sao Paulo, Brazil 
Tel. (011) 223 7388 
Telex 113298 

CYPRUS 
MOR Electronics Ltd. 
P.O. Box 4155 
Ramat Gan 52141, Israel 

DENMARK 
Advanced Electronik 
55, Mariendalsvej 
DK2000, Copenhagen F, Denmark 
Tel. 01 194433 
Telex (855) 22431 

ENGLAND 
Paterson/Steadman & Partner 
4 Gold Street . 
Saffron Walden, Essex CB10 IEP 
England 
Tel. 27067 
Telex 81653 

J. B. Tratsart Ltd. 
Dogmersfield Nr. Baskingstoke 
Hampshire RG27 8SU, England 
Tel. 025143334 
Telex (851) 8814136 

FRANCE 
Conseilet Promotion 
1 Rue Damiens 
92100 Boulogne, France 
Tel. 621-30-77 
Telex 250030F 

OFFILIB 
48 Rue Gay-Lussac 
75240 Paris, Cedex 05, France 
Tel. 329-2132 
Telex: None 

HOLLAND 
Manudax-Nederland B. V. 
54732G Heeswijk (N.B.) 
Meerstraat 7, Holland PB25 
Tel. 041392901 
Telex (844) 50175 

HONG KONG 
Conmos Products, Ltd. 
Haynein Bldg., 11 th Floor 
1 Tai Yip Street 
Keun Tong, Kowloon 

, Tel. 3-684572 
Telex 85448 

INDIA, MALAYSIA, 
SINGAPORE, THAILAND 
Radio & Craft Publications 
4794/23 Bharat Ram Road 
Daryanganj, New Delhi 2, India 
Tel. 277147 
Telex: None 

ISRAEL 
STG International Ltd. 
10 Huberman Street 
P.O. Box 1276 
61012 Tel-Aviv, Israel 
Tel. 248231 
Telex 342229 

ITALY 
Gruppo Editoriale Jackson 
Technoclub 
Di rezione Redacione e 
Amministrazione 
Via Rosellini 12 
20124 Milano, Italy 
Tel. 688-0951 

JAPAN 
Asahi Glass Company, Ltd. 
Electronic Components Group 
1-2 Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Tel. (03) 218-5813 
Telex TK4616 

JAPAN (Continued) 
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 

Tokyo International 
Communications, Inc. 
Miyajima Blvd. 
28 Yoyogi 1-chome, Shibuya-ku 
Tokyo 151, Japan 
Tel. 379-2561 
Telex: 33106 

NORWAY, FINLAND, SWEDEN 
Ingenioerforlaget A/S 
Kronprinsens Gate 17 
Boxs 2476 Soli i 
Oslo 2, Norway 
Tel. (02) 11-51-70 
Telex 72400Y 

SOUTH AFRICA 
Suntronika PTY Ltd. 
P.O. Box 46268 Orange Grove 
Johannesburg 2119, South Africa 
Tel. 725-1210 

SPAIN 
Sagitron 
Castello 25, 2, 0 

Madrid 1, Spain 
Tel. 402 6085 
Telex (831) 43819 

SWITZERLAND 
W. Stolz AG 
Taefernstrasse 15 
CH-5404 Baden-Daettwil 
Switzerland 
Tel. 056 840151 
Telex (845) 54070Z 

TAIWAN 
Alfred M. L. Pien 
IBS Publications Ltd. 
P.O. Box 55-879 
Taipei, Taiwan 

TURKEY 
EEMPA Elektronik 
Tersane Cad. Kuthan 38/408 
TR/Kara Koy, Istanbul 
Turkey. . 
Tel. (11) 49-6249 
Telex 24429 

WEST GERMANY 
Astronic GmbH 
Winzererstrasse 47d 
8000 Munich 40 
West Germany 
Tel. (089) 309031 
Telex (841) 5216187 



~~TELEDYNE 
SEMICONDUCTOR 

General Description 
The TSC450 is a low cost dual driver with TTL compatible 
inputs and high voltage outputs. Each device may be confi
gured in an inverting or non-inverting configuration. The 
active pullup, high voltage outputs will drive power MOSFET 
gates. 

The TSC450 also serves as a logic level translator and dis
crete analog switch driver. 

Ordering Information 
Supply Temp. 

Part No. Voltage Range Package 

TSC450AIJE 15 V -25° C to +85° C 16 Pin CerDIP 

TSC450ACPE 15 V O°C to +70°C 16 Pin Epoxy 

TSC450BIJE 12 V -25°C to +85°C 16 Pin CerDIP 

TSC450BCPE 12 V O°C to +70°C 16 Pin Epoxy 

TSC450AMJE 15 V -55°C to +125°C 16 Pin CerDIP 

TSC450BMJE 12 V -55°C to +125°C 16 Pin CerDIP 

TSC450 15 V MI L-STD-883B 
AMJE/883 Processing 16 Pin CerDIP 

-55°C to +125°C 

TSC450 12 V MIL-STD-883B 
BMJE/883 Processing 16 Pin CerDIP 

-55°C to +125°C 

Functional Diagram (1/2 Circuit) 

TSC450' 
Dual Power 

MOSFET Driver 

Features 
• Dual Device for High Packing Density 
• User Selectable Inverting or Non-Inverting Operation 
• Single Supply Operation 
• TTL Compatible Inputs 
• High Output Sink Current ..................... 12 rnA 
• High Output Source Current ................... 6 rnA 
• Fast Switching ............................... 125 ns 
• Available with Mil-STD-883B Processing 

Pin Configura~ion 

NC 

OUTPUT 1 2 

GROUND 3 

INVERTING 4 
INPUT 1 

GROUND 5 

NON·I NVE RTI NG 
INPUT 1 

GROUND 8 

13 GROUND 

12 :~~0~~ING 
11 GROUND 

NON·INVERTING 
INPUT 2 

NC = No Connection 

VCCo-16 ______ ~----------~--------------~------~~--------__, 

©1982 

{

INVERTING 

TTL 
INPUT 

NON· 
INVERTING 

© Ie MASTER 1983 

15kn 9.1 kn 510n 

OUTPUT" 

7.5kn 7.5kn 1.8kn 

~ ____ ~ __________ ~ ____ ~ __________ -' __ QGND 

3,5,8,11,13 
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SEMICONDUCTOR 

General Description 
The TSC700A drives common anode LED displays with 28 
high current, open-drain N channel output transistors. Four 
s'even 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 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 includes a brightness control input that 
adjusts segment drive currer)t. The control pin may also be 
used as a digital displayenable. The TSC700A is an improved 
pin compatible and functional equivalent to the ICM7212A. 

Ordering Information 
LED 

Temp. Segment Output 
Part No. Package Range Current Code 

TSC700AMJL 40 Pin 
CerDIP -55 ° C to + 125 ° C 14 mA Code B 

TSC700AIJL 40 Pin 
CerDIP -25°Cto+85°C 14 mA Code B 

TSC700. 40 Pin 
AMJL/883 CerDIP -55° C to +125° C 14 mA Code B 

. TSC700A/Y CHIP 14 mA Code B 

Functional Diagram 

'TSC 700A 
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 7 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 

~~ 
TSC700A 

A4 20 

34 041MSO 
03 DIGIT 

SELECT 
02 INPUTS 

01 LSD 

30 B31 MSB 
B2 DATA 

INPUTS 
B1 

BO LSB 

21 84 

If Brightness Control is not needed, connect BRT (pin 5) to Vs. 

DIGIT 4 DIGIT 3 DIGIT 2 DIGIT 1 

r--.t~-.., r---l~--, r---12---, 
L..j' L- I 

~----~----~I i I I 
~--~--~ I I I 

1 1 I 
I I I 
'1 I I 
1 I I 
I I I 
I 1 I 
I I I 

1 :.: 

SEGMENT OUTPUTS 

CONTROL 

L ~ ~ 

~~~~ {~------~~~--------~-----+---++---~--~+---~--~ 
DIGIT { 
SELECT 

DIGIT SELECT 
LOGIC AND 
ONE SHOT STROBE 

DIGIT LATCH 

L.....J 

+5V 

;~~~~N *R D ~ 2.5 ~! 
LEOS 

I " " , I~O~ 

TO TSC700A 
OUTPUTS 

"Limits Package Power Dissipation 
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General Description 
The TSG7109 is a 12-bit plus sign CMOS low power A/D 
converter. The single CMOS IC contains all the necessary 
active devices to interface with microprocessors. 

In direct mode, Chip Select and High/Low Byte Enables con
trol parallel bus interface. In the handshake mode the 
TSC7109 will operate with industry standard UARTs in con
trolling serial data transmission, ideal for remote data logging. 
Control and monitoring of conversion timing is provided by 
the RUN/HOLD and STATUS outputs. The TSC71 09 requires 
only the addition of 8 passive 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 jJ.V/o C, input noise typically 15 jJ.V 
p-p, and auto-zero. True differential input and reference 
allows the measurement of bridge-type transducers such as 
load cells, strain gauges and temperature transducers. 

Ordering Information 
Part No. Temp. Range Package 

TSC7109MDL -55 0 C to +125 0 C 40 Pin CerDIP 

TSC71091DL -25 0 C to +85°C 40 Pin CerDIP 

TSC7109CPL O°C to +70°C 40 Pin Plastic 

TSC71091JL O°C to +70°C 40 Pin CerDIP 

Pin Configuration 

TOP VIEW 

GND 1 GND v'" 40 +5V 

2 STATUS REF IN- 39 

3 POL REF CAP - 38 

4 OR REF CAP+ 37 
1 !JF 

HIGH { ORDER 5 B12 . REF IN+ 36 
BYTE 6 Bll IN HI 35 

OUTPUTS 
7 Bl0 IN La 34 

8 B9 COMMON 33 

9 B8 7109 INT 32 

10 B7 AZ 31 

LOW " B6 BUF 30 

ORDER 12 B5 REF OUT 29 

BYTE 13 B4 V- 28 
OUTPUTS 14 B3 SEND 27 2KH 

15 B2 RUN/HOLD 26 

16 S1 BUF OSC OUT 25 

17 TEST OSC SEL 24 GND 
BYTE 

CONTROC { 18 LBEN OSC OUT 23 

INPUTS 19 HBEN OSC IN 22 
OR FLAG 20 CE/UJA5 MODE 21 OUTPUTS 

© Ie MASTER 1983 
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TSC7109' 
12-Bit Plus Sign CMOS 

AID Converter 
Microprocessor/UART Interface 

Features 
• 12-bitplus sign integrating analog-to-digital converter 

with overrange indication 

• Sign magnitude coding format 

• True differential signal input and differential reference 
input 

• Low noise - typically 15 jJ.V p-p 

• High normal mode noise and line frequency rejection 

• 1 pA typical input current 

• No zero adjustment potentiometer needed 

• TTL compatible byte organized Tri-State outputs 

• UART handshake mode for simple serial data 
transmission 

• Direct bus connection to 8 or 16-bit bus 

• Dual mode on-chip oscillator 
- 3.58 MHzcrystal 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 

Normal Mode Rejection Growth 
DIFFERENTIAL 
REFERENCE 

INPUT HIGH 

INPUT LOW 

GND 

30 

~~~~~ 
J \ I V 

V' 
\t 
/ 

20 

REF IN- 10 
1// 

REF IN+ I V T = MEASUREMENT PERIOD 

v'" I--
....... v IIIIIU -24KH 

O.l/T liT 10lT 

INPUT FREQUENCY 
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General Information 
The TSC7126 is designed to operate from a 9 vOI't b~ttery 
drawing 50 p,A typical, 100 p,A maximum supply current. The 
single CMOS IC 3-1/2 digit AID converter contains all the 
necessary active devices including seven segment decoders, 
liquid crystal display drivers, bac.kplane drive, clock and 
refere~ce. 

With an auto zero less than 10 p,V, zero drift less than 1 p,V/o C, 
input bias current of 10 pA max and rollovererrorof less than 
one count, the TSC7126 brings exceptional value to the port
able battery powered field. 

In addition, the differential input and reference allows the 
measurement of load cells, strain gauges and other bridge 
type transducers. The TSC7126 can be used as a plug-in 
replacement for the TSC7106 changing only the values of the 
seven passive components. 

Ordering Information 
Part 
Number 

TSC7126CDL 
TSC7126CPL 

Temp. 
Range 

0-70° C 
0-70° C 

IN 

Package 

40 pin Ceramic DIP 
40 pin Plastic DIP 

LIQUID CRYSTAL DISPLAY 

• 

Figure 1: TypicafCircuit Configuration for 3 readings/ 
second 

2848 

TSC7126 
Low Power 3 1/2 Digit CMOS 

AID Converter 
- 50 Microamp Supply Current 

Features 
• 8000 hours typical 9 volt battery life 
• Pin compatible with TSC7126 
• Auto-zero, auto-polarity 
• True polarity at zero for precise null detection 
• True differential input and reference 
• 1 pA input current 
• Direct LCD Display drive- no external components 

required 
• Low noise - less than 15 p,V p-p 
• On-chip clock and reference 
• Power dissipation typically less than 1 mW 
• No other active circuits required 

Applications 
• Portable Instruments 
e Multimeters 
• Digital Voltmeters 
• Digital Thermometers 
• Digital Bridges (strain gauges, load cells) 
• Ph meters 

20 

10 

10 

08 

0.6 
05 
0.4 

03 

0.2 

LED 

RElATIVE BATTERY LIFE 
!TImes 7106 Bal1ery Llfel 

'BOOO HOURS ON A 9V ALKALINE BATTERY 

TSC7106 TSC7116 

LCD LCD 

LED 
• TSC7107 I. TSC7117 • 

Figure 2: Battery Life Comparisons 

TSC7126 

LCD 

-

f--
f--
f---
f--
f--

f--
f--

f--

-
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TSC7126 

Absolute Maximum Ratings * 
Supply Voltage (V+ to V-I ......................... 15V 
Analog Input Voltage (either input)1 11 .......... V+ to'V-
Reference In'put Voltage (either input) ......... V+ to V-
Clock Input ................................ Test to V+ 

Electrical Characteristics 131 

CHARACTERISTICS CONDITIONS 
Zero Input Reading VIN = O.OV 

Full Scale = 200.0 mV 
Ratiometric Reading V1N = VREF 

VREF = 100 mV 
Rollover. Error (Difference in -VIN = +VIN '" 200.0 mV 
reading forequal positive and 
negative reading near Full Scale) 
Linearity (Max. deviation from Full Scale = 200 mV 
best straight line fit) or Full Scale = 2.000 V 
Common Mode Rejection Ratiol 4 ] VCM = ±1V, VIN = OV. 

Full Scale = 200.0 mV 
Noise (Pk - Pk value not exceeded 95% VIN = OV 
of time) Full Scale = 200.0 mV 
Leakage Current @ Input VIN = OV 
Zero Reading Drift VIN = 0 

OD < TA < 70DC 
Scale Factor Temperature Coefficient V1N = 199.0 mV 

0< T A < 70DC 
(Ext. Ref. 0 ppm/D C) 

Supply Current (Does not V1N = 0 
include Common current) I Note 6, 

Low Power 3 1/2 Digit CMOS 
AID Converter 

- 50 Microamp Supply Current 

Power Dissi pation 121 
Ceramic Package ..........•............... 1000 mW 
Plastic Package ............................ 800 mW 

Operating Temperature ................. O°C to +70°C 
Storage Temperature ............... -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ........... 300°C 

MIN TVP MAX UNITS 

-000.0 +000.0 +000.0 Digital Reading 
999 999/1000 1000 Digital Reading 

-1 ±0.2 +1 Counts 

-1 ±0.2 +1 Counts 

50 J..I.V/v 

15 J..I.V 

1 10 pA 
0.2 1 J..I. V/DC 

1 5 ppm/DC 

50 100 J..I.A 

Analog Common Voltage (with respect 250KH between Common and 2.4 2.8 3.2 V 
to positive supply) positive supply 
Temp, Coeff. of Analog Common 250KH between Common and 80 ppm/DC 
(with respect to positive supply) positive supply 
Pk-Pk Segment Drive Voltage V+ to V-= 9V 
(NoteS) 
Pk-Pk Backplane Drive Voltage V+ to V-= 9V 
(NoteS) 

Power Dissipation Capacitance vs. Clock Frequency 

Notes: 
1, Input voltages may exceed the supply voltages provided the 

input current is limited to ±100 J..I.A. 
2. Dissipation rating assumes device is mounted with all leads 

soldered to printed circuit board. 
3, Unless otherwise noted, specifications apply at T A = 25D C, 

fclock = 16kHz and are tested in the circuit of Figure 1. 

4 5 6 V 

4 5 6 V 
'\ 

40 pF 

4. Refer to "Differential Input"discussion on page 4. 
5. Backplane drive is in phase with segment drive for 'off' seg

ment, 180D out of phase for 'on' segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50 mV. 

6. During auto zero phase, current is 10-20 J..I.A higher. 48 kHz 
oscillator, Figure 2, increases current by 8 J..I.A I typo I 

* 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 effect device reliability . 

. 3-112 Digit ACC Family Comparison' 
~~ 10 J-LV Low Power Single Internal 

Part No. Resolution (ls:5 100 J-LA) Supply Reference 

TSC7106 X X X 

TSC7126' X X X X 

TSC7116 X X X 

TSC7107 X X 

TSC7117 X X 

@ Ie MASTER 1983 

Differential 
Input 

X 

X 

X 

X 

X 

Differential 
Reference 

X 

x 

Display "Hold" LCD 
Feature Drive 

X 

X 

X X 

LED 
Drive 

x X 
X X 
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General Descripti'on 
The TSC7135 4 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.LV and zero drift to 0.5 J.LV/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) or 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 based. measurement systems are supported 
by the TSC7135 Busy, Strobe and Run/HOLD control signals. 
Remote data acquisition systems with data transfer via UART 
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 

TSC7135CJI 28 Pin CerDIP 

TSC7135CPI 28 Pin Plastic 

Temperature 
Range 

O°C to +70°C 

Typical 4 112 Digit DVM with LCD Display 

6.8 k~! +5V 
+5 V 

-5V V- UR 28 

TSC9491 REF IN OR 27 

100 kl! 3 ANALOG 26 
COMMON STROBE 

-= INT OUT RUN/HOLD 25 

DIG. GNO 24 

POL 23 

REF CAP-
22 

CLOCK 
l/JF 

BUSY 21 -= REF CAP+ 

- INPUT 01 
20 +5V 

lOOk!! 10 02 19 + INPUT 

TSC7135 
4 112 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 

#-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.LV/oC 
• Interface to TSC7211A, TSC7212A, and TSC700A 

Display urivers 

Pin Configuration 

SEGMENT 
,..-----,0 

'-.... BACKPLANE 

+5V 

V+ 

R 
I 

·V 
E 

INPUT O.l/JF 11 

"'" +5V V+ 
12 

18 
D3 

04 17 

t-+-__ 3-t2 02 TSC7211A 

~-----U-...Lt=:::r=~)----:---1~~_-i--_33-1 03 g~~ 
2,3,4 
6·26 
37·40 

05 TSC7135 
34 OPTIONAL 

13 
Bl B8 16 

04 CAPACITOR 
30 

B3 36 II 
OSC --;~- +5V 

B2 B4 
15 29 II 

B2 

28 
Bl GNO 

27 80 
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4 1/2 Digit Precision 
TSC7135 Analog~to-Digital Converter 

Absolute Maximum Ratings (Note 1) 

Positive Supply Voltage .......................... +6 V Operating Temperature Range ............ O°C to +70°C 
Negative Supply voltage ........................... -9 V Storage Temperature Range .......... -65° C to +160° C 
Analog Input Voltage (Pin 9 or 10) ..... V+ to V- (Note 2) Soldering Lead Temperature (10 Seconds) .....•. 300°C 
Reference Input Voltage (Pin 2) ................ V+ to V- CerDI P(J) Package Power Dissipation .......•...... 1W 
Clock Input Voltage ............ :............. 0 V to V+ Plastic(P) Package Power Dissipation ............. 0.8 W 

Electrical Specifications: TA = 25° C, fCLOCK = 120 kHz, V+ = 5.0 V, V- = -5 V 

TEST TSC7135 :I.... 

TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 0 ..... 
(.) 

Display Reading with 
Note 3,4 -0.0000 ±O.OOOO +0.0000 

Display ::J 

A Zero Volt Input Reading "0 
C 

N 
Zero Reading VIN = 0 V 

0 
A 2 TCz 0.5 2 ,.t.V/o C (.) 

L Temperature Coefficient Note 5 E 
0 Full Scale VIN = 2 V 

Q) 

3 TCFS 5 ppmloC en 
G Temperature Coefficient Notes 5,6 Q) 

4 NL Nonlinearity Error Note 7 0.5 count 
c 
>. 

S "0 

E 5 DNL 
Differential 

Note 7 0.01 LS8 
Q) 

Linearity Error Q) 
C l-
T 

6 
Display Reading In VIN = VREF +0.9998 +0.9999 +1.0000 

Display 
I Ratiometric Operation Note 3 Reading 
0 

± Full Scale Symmetry -VIN = +VIN N 7 ±FSE· 0.5 count 
Error (Rollover Error) Note 8 

8 liN Input Leakage Current· Note 4 10 pA 

Peak:-to-Peak 
9 VN Noise Value not exceed 15 J.t.Vp-p 

95% of time 

10 INL Input Low Current VIN = 0 V 10 100 p.A 

OS 
11 INH Input High Current VIN = +5 V 0.08 10 p.A 

I E 12 VOL Output Low Voltage 10L = 1.6 rnA 0.20 0.40 V 
GC 

Output High Voltage IT 13 VOH 10H = 1 rnA 2.4 4.4 5.6 V 
TI (81, 82, 84, 88, D1 - Ds) 

AO Output High Voltage 
LN 14 VOH (8usy, Polarity, Overrange, 10H = 10 p.A 4.9 4.99 5.0 V 

Underrange, Strobe) 

15 fCLK Clock Frequency 0 120 200 kHz 

pS 
16 V+ Positive Supply Voltage 4 5 6 V 

OU 17 V Negative Supply Voltage -3 -5 -8 V 

wP 
18 1+ Positive Supply Current fCLK = 0 Hz 1.0 3.0 rnA 

E P 
19 r Negative Supply Current fCLK = 0 Hz 0.7 3.0 rnA RL 

Y 
20 Pd Power Dissipation fCLK = 0 Hz 8.5 30 mW 

Notes: 
1. Functional operation is not implied. 
2. limit input current to under 100 IlA if input voltages exceed supply voltage. 6. External Reference Temperature Coefficient le$s than 0.01 ppm/o C. 
3. Full Scale Voltage = 2.000 V. 7. -2 V :5 VIN :5 +2 V. 
4. VIN = 0.0000 V. 8. IVINI = 1.959 V. 
5. 0° C.:5 T A :5 +70° C. 9. Test Circuit shown in Figure 1. 
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General Description 
The TSC7211A (LCD Decoder/Driver) and TSC7,212A (LED, 
Decoder/Driver) are direct. drive, four digit, seven segment 
display decoder and drivers. 

The TSC7211A drives conventional LCD displays. An RC 
oscillator, divider chain, backplane driver, and 28 segment 
outputs are provided on a single CMOS chip. The segment 
drivers supply square waves of the same frequency as the' 
backplane but in phase for an OFF segment and out of phase 
for an ON segment. The net d.c. voltage applied between 
driver segment and backplane is zero. 

The TSC7212A drives common anode LED displays with 28 ' 
current controlled, low leakage, open drain, N-Channel'out
put transistors. The brightness control input can be used as a 
digital display enable. A varying voltage at the control input 
will allow continuous display brightness control. 

The TSC7211A (LCD) and TSC7212A (LED) require only 
,four data bit inputs and four digit select signals to interface 
with multiplexed BCD or binary output devices such as the, 
ICM7217, ICM7226, ICL7103 and TSC7135. The four bit 
binary input code is decoded into the seven segment alpha
numeric code known as "Code B." 

The "Code B" output format results in a 0 to 9, -, E,H, L, P 
or blank display. True BCD or binary inputs will be correctly 
decoded to the seven segment display format. 

The CMOS TSC7211A and TSC7212A are available in a 40 
pin epoxy dual-in-line package. All inputs are protected 
against static discharge. 

Ordering Information 
Part Driver Output Input 
No. Type Package Code Con fig. 

40 Pin Multiplexed 4 
TSC7211AIPL LCD Epoxy DIP Code B Bit Binary or 

BCD 

40 Pin Multiplexed 4 
TSC7212AIPL LED Epoxy DIP Code B Bit Binary or 

BCD 

TSC7211AIY LCD DICE Code B Multiplexed 4 
Bit Binary or , 
BCD 

TSC7212AIY LED DICE Code B Multiplexed 4 
Bit Binary or 
BCD 

© 1982 
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TSC7211A (LCD)' 
TSC7212A (LED) 

Four Digit CMOS 
Display Decoder and Driver 

TSC7211A Features (LCD Driver) 
• Four digit non-multiplexed 7 segment LCD display out-

puts with backplane driver. 
• RC oscillator on chip generated backplane drive signal. 
• Eliminates d.c. bias which degrade LCD display life . 
• Backplane input/output pin permits synchronization of 

cascaded slave device to a master backplane Signal. 
• Separate digit select inputs to accept multiplexed 

BCD/binary inputs. 
• Binary and BCD inputs decoded to code B (0 to 9, -, E, 

H, L, P, blank). 
• Pin compatible and functionally equivalentto ICM7211A 

andDF411. 

TSC7212A Features (LED Driver) 
• 28 current limited outputs drive common anode LEOs at 

greater than 5 mA per segment. . 
• Brightness input allows potentiometer control of LED 

segment current. Pin' also serves as digital display enable. 
, • Same input configuration and output decoding as the 

TSC7211A. ' 
• Pin compatible and functionally equivalent to ICM7212A. 

Pin Configuration 

V+ 1 • 

A4 20 21 84 A4 20 

40 Dl 

D3 DIGIT 34 D41 
SELECT 

D2 INPUTS 

Dl 

30 831 
82 ,DATA 

INPUTS 
81 

80 

21 B4 

..,~ 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 phase 
dual slope .conversion cycle by incorporating system zero 
and integrator output zero phases. , 

External zero nulling potentiometers are unneeded and over
range recovery time is enhanced. Conversion speed may be 
set to reject the 50, 60 and 400 Hz line frequency interference 
signals common in industrial environments. 
Interface control signals support either single byte (16 bits) 
or two byte (8 bits) parallel data transfer to processor data 
busses. A "handshake" operating mode permits serial data 
transmission with a UART. 

The high impedance differential inputs, 16 bit dynamic range 
and bus interface ease make the TSC800 the ideal converter 
in precision process control, data logging and "intelligent" 
measurement applications. 

Ordering Information 
Temp. 

Part No. Package Range 

TSC800AMJL 40 Pin CerOIP MIL 

TSC800AIJL 40 Pin CerOIP INO 

TSC800ACPL 40 Pin Plastic COM 

TSC800BMJL 40 Pin CerOIP MIL 

TSC800BIJL 40 Pin CerOIP INO 

TSC800BCPL 40 Pin Plastic COM 

Typical J.L-Processor Interface 

C+ 
R CR VBUFF CAl 

37 
V'N 

ANALOG ~~ TSCSOO 'NPUT 

36 
V'N 

30 
COM 

PARALLIHAND 
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Max Linearity 
Error 

2LSB 

2LSB 

2LSB 

4LSB 

4LSB 

4LSB 

C'NT 
DB15 ·DB9 

DBS ·DB1 

HBEN 
19 

-1S 
LBEN 

- 20 
CE 

TSC800 
15 Bit Pills Sign Integrating 
Analog to Digital Converter 

- 8/16 Bit J.L-Processor Interface 
- UART Interface 

Features 
• 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 BitlSign Bit Outputs 
- 8 or 16 Bit Parallel Data Transfer to wProcessor Bus 

• UART Control Signals 
- Serial Data Transmissio~ 
- "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 J.L Vp- p 

• On Chip Crystal Oscillator for 2.5 Conversionsl 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 

DATA 

AO 

ADDRESS DATA CONTROL· 
BUS BUS· BUS 

MC6S00 
or 

MCS650X 
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. General Description 
The Teledyne Semiconductor TSC 9403 and TSC 9404 are 
serial input, 16 bit parallel output shift registers. High output 
power MOS switching transistors make the TSC 9403 and 
TSC 9404 ideal interface circuits between microprocessor 
I/O ports and high current/voltage peripherals. The MOS 
construction limits quiescent power dissipation to 20 mW. 

The TSC 9403 common source, open drain MOS outputs 
sustain 20V in the OFF state and maintain leakage currents 
under 100 p.A. The TSC 9404 outputs are rated at 15V. The 16 
parallel outputs will continuously sink 60 mA. I VSAT:::; 0.5V I. 

Successive connection of serial data outputs to serial data 
inputs make longer length serial to parallel conversions pos
sible. Device cascading makes the TSC 9403 and TSC 9404 
ideal thermal printhead or high resolution LED bar graph 
drivers. 

Ordering Information 
Temperature Output 

Part Package Range Voltage 

TSC 9403 24 Pin O°C to 70°C 20V 
Epoxy DIP 

TSC 9403 24 Pin -25° C to 85° C 20V 
Cerdip 

TSC 9404 24 Pin 0° C to 70°C 15V 
Epoxy DIP 

TSC 9404 24 Pin -25° C to 85° C 15V 
Cerdip 

Simplified Schematic 

v+ LOGIC GROUND 

. CLOCK 

SERIAL 
DATA 
INPUT 

23 

01 02 03 04 

Order 
Part # 

TSC 9403CJ 

TSC 94031L 

TSC 9404CJ 

TSC 94041L 

AS 06 

10 

TSC9403 
TSC9404 

Serial Inputl16 Bit Parallel 
Output Peripheral Driver 

High Voltage, High Current Outputs 

11 

Features 
• High Voltage Outputs: 20V (TSC 9403), 15V ITSC 9404) 
• 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 
• ThermalPrinthead Driver 
• LED Bar Graph Driver 
• High Current, Microprocessor Serial Port Expander 
• Relay/Solenoid Driver 
• Tungsten Lamp Driver 
o SCR Gate Driver 

Pin Configuration 

SERIAL DATA INPUT 

LOGIC GROUND 

01 

02 

03 

04 

OUTPUT GROUND 

05 

06 

07 

08 

OUTPUT GROUND 

13 14 

v+ 

CLOCK 

SERIAL DATA OUTPUT 

016 

015 

014 

013 

OUTPUT GROUND 

012 

all 

010 

09 

17 

SERIAL 
DATA 
OUTPUT 

OUTPUT 
GROUND 

-"'v"v"y- - -<.l VB 
RLOAD 

07 . 08 09 010 all 012 013 014 015 016 

NOTE: LOGIC 1 SERIAL DATA INPUT BIT TURNS OUTPUT NMOS ON. 

~~ TELEDYNE SEMICONDUCTOR 

2854 © Ie MASTER 1983 



PeripheralI>rivers 
frOlll Texas Instrutnents 

Dual, high current, peripheral drivers 
Types SN75407; SN75408 

Features 
• Very low quiescent power ... 100 mW typical 

• Very low input current ... 1 ~A typical 

• No output latch-up at 50 V 

• Characterized for use to 500 mA 

• Output clamp diodes 

• TTL OR MOS compatible-diode clamped inputs 

• Standard 5-V supply voltage 

Applications 
• Logic buffers 

• Hammer drivers 

• DC motor drivers 

• DC relay/solenoid drivers 

Logic Functions 

SN75407 - NAND 

SN75408 -.:.. OR 

Description 
The SN75407 and SN75408 series of dual peripheral 
drivers are designed for use in systems that require high 
current, high voltage, and fast switching outputs. These 
devices have diode-clamped inputs as well as high-current, 
high-voltage inductive-clamp diodes on the outputs. Use of 
PNP circuitry enables this series to feature very low 
quiescent power and minimal input current requirements. 

Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 1 V 

Input voltage 5.5 V 

Output current (see Note 2) 500 mA 

Output clamp diode current 500 mA 

Continuous total dissipation at (or below) 25°C free-air 
temperature (see Note 3) 

P (copper) 1380 mW 

Operating free-air temperature DoC to lO°C 

Storage temperature range - 65°C to 150°C 

Lead temperature 1/16 inch from case for 10 seconds: 260°C 

SN75407 
DUAL-IN-LiNE 

PACKAGE (TOP VIEW) 

positive logic: Y = A + S 

SN75407 
function table 
(each driver) 

INPUTS 
A 
L 
L 
H 
H 

S 
L 
H 
L 
H 

2100 

2000 

1900 

1800 

OUTPUT 
y 

H 
H 
H 
L 

~ 1700 

~ 1600 
o 1500 

~ 1400 

~ 1300 

o 1200 
(J) 

~ 

6.1100 

~ 1000 
f= 900 z 
8 800 
:2: 700 

~ 600 

~ 500 
:2: 400 

300 

200 

100 

--- 0;;;;;;;;: 

SN75408 
DUAL-IN-LiNE 

PACKAGE (TOP VIEW) 

positive logic: Y = AS 

SN75408 
function table 
(each driver) 

INPUTS OUTPUT 
A S y 

L L L 
L H H 
H L H 
H H H 

r-- -e,rc r:::S2pp~ f--
r--

Notes: 1. Voltage values are with respect to network ground terminal. 
2. Both halves of this dual circuit may conduct rated current simultaneously; however, 

power dissipation averaged over a short time interval must fall within the continuous 
dissipation ratings. 

o 25 30 35 40 45 50 55 60 65 70 

T A-FREE-AIR TEMPERATURE-'C 

3. PG package for operation above 25'C free-air temperature, derate at 11.1 mW/'C 

TEXAS INSTRUMENTS 
INCORPORATED 
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PeripheralI>rivers 
froIn Texas Instruments 

Quadruple, hi-current, peripheral drivers 
Types SN75436, SN75437 A, SN75438 

Features 
• Saturating outputs with low on-resistance 

• Very low standby power ... 26mW max 

• High voltage outputs ... 70 V min 

• High impedance MOS or TTL compatible inputs 

• Standard 5 V supply voltage 

• No output glitch during power up or pow~r down 

• Output clamp diodes for transient suppression 

• 2W power pkg ... 60°C W ROJA 

10°C W ROJC 

Applications 

• Relay drivers 

• DC and stepping motor drivers 

• Solenoid drivers 

• Land drivers 

• Hammer drivers 

• Memory drivers 

Logic Functions 
• All 3 devices - NAND 

Description 

The SN75436, SN75437 AI and SN75438 quad peripheral 
drivers are designed for use in systems requiring high 
current, high voltage, and high load power. Each features 
four inverting open collector drivers with a common enable 
input which, when taken low, disables all four outputs. 

Absolute maximum ratings over free-air 
temperature range (unless otherwise noted) 

Supply voltage. Vee 

Input voltage 

Output voltage 

Output current 

Output clamp diode current 

Continuous total dissipation. TA ~ 25°C (free-air) Note 1 

Operating free-air temperature 

Note 1: For operating above 25'C ambient temperature derate at 16.6 mW C 

7V 

5.5 V 

70 V 

1.0 A 

1.0 A 

2075 mW 

ooe to 70°C 

02 
01 

1Y 

NE 
DUAL-IN-L1NE 

PACKAGE (TOP-VIEW) 

Logic diagram 

2Y 3Y 

.. -- -- .... ----------- .. -- --- .. - ---- .. _---- .. _------

1A 2A 3A 4A 

Equivalent of each input 

vcc---

INPUT 

. Recommended operating conditions 

MIN 

Supply voltage, Vee 4.75 V 

Output current SN75436, SN75437 
SN75438 

Output voltage SN75436 
SN75437, SN75438 

Selection guide 

FEATURE 75436 

Output current 500 mA 
Max VSAT 0.5 V 
Max switching volt. 50 V 

2856 

NOM MAX 

5.0 V 5.25 V 

500 mA 
10 A 

50 V 
35 V 

75437A 75438 

500 mA 1000 mA 
0.5 V 1.0 V 
35 V 35 V 

Function table 
(each nand driver) 

INPUTS OUTPUT 
A G y 

L X H 
X L H 
H H L 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225612 • DALLAS, TEXAS 75265 

© Ie MASTER 1983 



PeripheralI>rivers 
from Texas Instruments 

2 Amp Half-H motor driver 
TypesSN75603, SN75604' 

Features 
• ±2 Amp Continuous Output Current 
• ±5 Amp Peak Output Current 
• Vcc Operating Range from 8V to 40V 
• Sink-Source Interlock Protection 
'. Transient Suppression Diodes 
• Thermal Shutdown 
• High Impedance 
• TTL or MOS Compatible Inputs 
• 5 Lead T0220 Power Package 

Description 
The SN75603 and SN75604 are designed for H-drive 
motor applications. A full-H driver can' be implemented 
using 1-75603 and 1-75604 without adding any additional 
gates or inverters, thereby achieving easy interface 
between a microprocessor or stepper motor controller. 

SN75603, 75604 KC 

Vee A GND 

Truth Tables 

The "A" input determines direction of current flow 
,through the motor coil by activating either the sink or 
'source output. The "E" input is an enable, which when 
taken low, provides a high impedance output of the 
driver and shuts off current to the motor. This also 
provides for chopper mode operation and pulse width 
modulation to achieve lower power dissipation and 
speed control. 

75604 75603 ' 

These drivers offer desirable protection features 
such as thermal shutdown if the junction temperature 
exceeds 150°C, sink-source interlock to prevent the 
sink and source outputs from conducting 
simultaneously, and transient suppression diodes. 

FUNCTION DIAGRAM 

A 

X 

0 

E 

0 

1 . 

1 ' 

Y A 

Z off X 

--+ 0 

0 +-

E 

0 

- 1 

I---_-_--Vee 

'A 
(DIRECTION) --...... --1 
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Line Circuits for 
EIA Industry Standards 
from Thxas Instruments 

SN75176, SN75177, SN75178 
differential bus transceivers/repeaters 

Features: Recommended operating conditions 
• Meets EIA standard RS422A 
• Designed for multipoint bus transmission 
• - 7V to + 12V bus common mo~e range 
• Single + 5V supply 
• Low power requirements ... 35 mA max. 
• High impedance to bus with driver in 3-state or with power 

off over entire common mode range 
• Driver thermal shutdown protection 
• Positive and negative current limiting on driver outputs 
• 60mA driver output capability 
• ± 200mV receiver sensitivity 
• 12kO minimum receiver input impedance 
• 50mV typical receiver hysteresis 

Descrlpt.lon , 
The SN75176, SN75177, and SN75178 transceivers are 
designed to meet EIA standard RS422 with extended 
positive and negative common mode range for bus. 
applrcations. These transceivers are capable of transmitting 
and receiving data at rates up to 4M bits and over distances 
up to 4000 ft. If distances greater than 4000 ft. are required, 
the SN75177 and SN75178 repeaters can be used as a pair 
for bi-directional communication, or individually for one way 
communication. 

With the SN75176 transceiver, the RE and DE inputs can 
be connected together to use as a direction control input, or 
used individually for independent control of the driver and 
receiver. 

The SN75177 and SN75178 enable inputs are 
complementary such that when paired and connected 
together, this pin serves as a direction control for 
bi-directional communication. 

Absolute maximum r~tings 
Supply voltage, Vcc ............................ 7 V 
Enable input voltage ......................... 5.5 V 
Common mode bus voltage ............. + 15 V/-10 V 
Differential bus. voltage ...................... ± 25 V 
Continuous total power dissipation 

at 25°C ............................. 830 mW 

Supply voltage 

Common mode bus voltage 

Driver output current 

Receiver high-level output current 

Receiver low-level output current 

Operating free air temperature 

. SN75176 
JG OR P PACKAGE 

(TOP VIEW) 

SN75177 
JG OR P PACKAGE 

(TOP VIEW) 

SN75178 
JG OR P PACKAGE 

(TOP VIEW) 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225612 • DALLAS. TEXAS 75265 

~ 
V A \I 

BUS IN BUS au T 

r"-..r"-.. 
B A I y 

V I ~ Gnu 

MIN MAX 

4.75 V 5.25 V 

-7V + 12 V 

::,:60 rnA 

- 400 J..lA 

+16 rnA 

ODC + 70DC 
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Display Drivers 
from Thxas Instruments 

TL48l0A BIDFET 
lO-Bit Serial-Input Latched Driver with Active Pull-Down 

Features 
• High-voltage outputs 60V 
• CMOS compatible inputs 
• Low power CMOS logic and latches 
• Active totem-pole outputs 
• Wide supply voltage range 
• Directly interchangeable with UCN4810A 

Description 
The TL4810A is a monolithic BIDFET inte
grated circuit designed to drive a segmented, 
dot character, or full dot matrix vacuum fluo
rescent display (VFD). 

The primary feature of the TL4810A lO-bit 
VFD driver is its unique output structure. The 
TL4810A utilizes an active totem-pole output 
to improve the sink current capability without 
sacrificing the resulting power consumption as 
conventionally experienced in a passive pull
down structure. The totem-pole output de
creases the inter-digit-blanking time required 
and the overall device power consumption. 

Unlike most VFD drivers which are limited 
to an 85% duty cycle at 50°C the TL4810A will 
sustain a 25 rnA per output load at 100% duty 
cycle over its entire operating temperature 
range of 70°C. 

Designed to control 10 VFD inputs, the 
TL4810A contains a positive edge triggered 1O~ 
bit serial shift register with a serial data out
put for serial transmission and registration of 
the display information. A lO-bit D-type latch 
accepts parallel data from the serial shift reg
ister when the strobe input is high. The data 
stored in the latch circuitry when the strobe 
input is taken low remains un-altered regard
less of subsequent changes in the data present 
in the serial'shift register. The latched infor
mation is then transferred to the outputs 
through the gated output buffers when the 

OUT a 

OUT7 

OUT6 

VSS 

VOD 

STROBE 7 

OUTs 

OUT4 

N Dual-In-Line Package Pinout 

blanking input is low. A logic high'on.the 
blanking input causes all outputs to go low. All 
outputs are capable of sourcing 40mA each 
at a supply voltage of 60V, providing the max
imum' allowable package power limitation is 
not exceeded. All device inputs are dibde-clam~ 
ped and compatible with standard MOS, 
CMOS and DMOS logic. The addition of a pull
up resistor to VDD is required when driven by 
standard TTL logic. 

CLOCK 

SERIAL 
DATA 
IN 

STROBE 

BLANKING 

, VDD VBB 
.-----~~~~I ~I ----~ 

~bt=rc:~~~ 
r:::fk2j::::r=c:~ ~~ 
~~;:rc:~~~ 

H-------O 07 
I-+-'=-±~ oa 
~L2:1;:r:c::~ ~D 

SERIAL 
,'-----______________ -J1 DATA 

TL4810 Functional Block Diagram VSS OUT 

FUNCTIONAL TABLE 

Function ControJ Inputs· Shift Register Latches Outputs 
Clock Strobe Blanking Contents Contents Serial 0-1 Thru 010 R1 Thru R10 L1 Thru L10 

Load 'I Load and Shift Determined b
A 

R10 Determined By 

1.. No Change Strobe & R11 10 Blanking & L1/L10 

Latch X High As Determined L1 =R1; L2=R2; ETC R10 Determined By 
X Low Above Stored Data Blanking & L 1 IL 10 

Blanking High As Determined As Determined R10 All Low 
Low Above Above 10=L1; 02=L2; 

ETC 
• All control Inputs are Independent of each other. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225612 • DALLAS, TEXAS 75265 
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Display Drivers 
frOlll Texas Instrulllents 

SN75512A 
12-Bit Serial-Input Display Driver with Latches 

Features 
• Each device drives 12 lines 
.60V output voltage swing capability 
• 25mA output source current capability 
• High-speed serially-shifted data input 
• TTL compatible inputs 
• Latches on :;tll driver outputs. 

Description 
The SN75512A is a monolithic BIDFET 
integrated circuit (bipolar, double diffused, 
n-channel MOS and p-channel MOS transistors 
on same chip) designed to drive a dot matrix 
or segmented vacuum fluorescent display. 
. All device inputs are diode-clamped p-n-p 
inputs and will assume a high logic level when 
open-circuited. The nominal input threshold is 
1.5 V. Outputs are totem-pole structures 
formed by n-p-n emitter follower and double
diffused MOS (DMOS) transistors. 
, Input data is stored in the 12-bit serial shift 
register on the positive transition of the clock 
input. Parallel data is presented to the output 
buffers through a 12-bit-type latch. Data at the 
respective output of the serial shift register is 
transferred through the 12-bit latch while the 
latch jnput is high. Data present at the latches, 
inputs during the negative transition of the 
latch is stored regardless of subsequent 
changes providing the latch input remains 
low. The active low strobe input enables all 

~~1~~E --~ >----, 

STROBE ----0 >---4----, 

CLOCK 

,DATA 
IN 

12 BIT 
STATIC 
SHIFT 

REGISTER 

12 

LATCHES 

>----SERIAL 

011 cfr • !\oJ 010 

012 IT: :tJ 09 ' 1 I, 

STROBE ~ @J 08 

SERIAL OUT ~ ~~ 07 

DATA IN ct ~6J VCC2 
~ Q' 

VCC1 ~ @J GND 
: ,L 

CLOCK 7. ~' 1~ 06 

LATCH rf 113 05 
ENABLE ll_a_I _, ,1 

01 9 11!j 04 

02 10
1 ~ 03 

L:::I ====c=-=J 

N Dual-In-Line Package Pinout 

output gates. 
Each output is capable of sourcing 25mA 

at a supply voltage of 60V providing the 
maximum package power dissipation is not 
exceeded. Based on the maximum allowable 
voltage· drop across the output at 25mA source 
current, the total package capabilities are as 
shown. (Table). All inputs of the SN75512A 
are TTL compatible. A serial data out is also 
available for cascading additional drivers. 

The SN75512A is characterized for operation 
from O°C to 70°C. 

SN75512A OPERATIONAL DUTY CYCLE (%) 
NUMBER OF MAX RECOMMENDED D~TY CYCLE 
OUTPUTS ON AT AMBIENT TEMPERATURE OF 
10 = 25mA 25°C 40°C 50°C 60°C 70°C 

12 77 68 62 55 48 
11 84 75 67 60 52 
10 92 82 74 66 58 
9 100 91 82 73 61 
8· 

I 

100 93 83 73 
7 

r 
• 100 94 82 

6 I 100 96 
5 I 100 
1 100 100 100 100 100 

SN75512A Functional Block Diagram 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225612 • DALLAS, TEXAS 75265 
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Display Drivers 
frOlll Texas Instruillents 

SN75513A 
12-Bit Serial-Input Display Driver with Reset 

Features 
• Each device drives 12 lines 
• 60V output voltage swing capability 
o 25mA output source current capability 
• High-speed serially-shifted data input 
• TTL compatible inputs 
• Reset input 

DescriptiOOl 
The SN75513A is a monolithic BIDFET inte
grated circuit (bipolar, double-diffused, n-chan
nel MOS, and P-channel MOS transistors on 
the same chip), designed to drive a dot matrix 
or segmented vacuum fluorescent display. 

All device inputs are diode-clamped p-n-p 
inputs and will assume a high logic level when 
open-circuited. The nominal input threshold is 
1.5V. Outputs are totem-pole structures 
formed by n-p-n emitter follower and diffused 
MOS (DMOS) transistors. 

Input data is shifted into a 12-bit serial shift 
register on the positive transition of the clock. 
Data appearing at the corresponding outputs 
of the shift register is presented directly to the 
output gates and is reflected at the output, 
when the strobe input is low. Data in the shift 
register can be cleared with the reset input. A 
logic 0 on the reset input clears the shift regis
ter contents to a logic O. All outputs are capa
ble of supplying 25mA of source current at a 
supply voltage of 60V providing the absolute 
maximum package power limitation is not ex
ceeded. Table I reflects the derating resulting 
from this consideration. All inputs are TTL 
compatible and ~ssume a logic high if left 
open. A serial data output allows cascading of 
several devices without additional circuitry. 

The SN75513A is characterized for operation 
from O°C to 70°C. 

SN75513A OPERATIONAL OUTY CYCLE (%) 
NUMBER OF MAX RECOMMENDED DUTY CYCLE 
OUTPUTS ON AT AMBIENT TEMPERATURE OF 
10 = 25mA 25°C 40°C 50"C 60°C 70°C 

12 77 68 62 55 48 
11 84 75 67 60 52 
10 92 82 74 66 58 
9 100 91 82 73 61 
8 

I 

100 93 83 73 
7 

I 
100 94 82 

6 I 100 96 
5 I 100 
1 100 100 100 100 100 

011 ~ • thJ 010 

012 ct ' ~ 09 

STROBE rt ~'118 08 

SERIAL OUT [~ 17 07 

" 
DATA IN cr ~ VCC2 

l.., ,1 
VCC1 [Ii 151 GND 

~T tL 
CLOCK [: ~ 06 

RES: ~ ~,:: :: 
02~ ~QJ 

1c======::JJ 

N Dual-In-Line Package Pinout 

(9) 
Q1 

t> 2 
(10) 

02 

t> 2 
(11) 

03 

t> 2 
(12) 

04 

t> 2 
(13) 

05 

t> 2 
(14) 

06 

t> 2 
(17) 

07 

t> 2 
(18) 

08 

t> 2 
(19) 

09 

t> 2 
(20) 

010 

t> 2 
(1) 

011 

t> 2 
(2) 

012 
(3) 

SERIAL 

SN75513A Functional Block Diagram 
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Display Drivers 
from Thxas Instruments 

Vacuum fluorescent display driver 
Type SN75518 

• Each Device Drives 32 Lines 
en 
..... • 60V Output Voltage Swing Capability c 
Q) • 25 mA Output Source Current Capability 
§ • High-Speed Serially-Shifted Data Input 
.!= .• Totem Pole Outputs 
en c • Latches on All Driver Outputs 

en 
CO 
X 
Q) 

I-

Description 
The SN75518 is a monolithic BIDFET integrated circuit 
(bipolar, double-diffused, n-channel MOS and p-channel 
MOS transistors on same chipt) designed to drive .a 
dot matrix or segmented vacuum fluorescent display. 

N DUAL-IN-LiNE PACKAGE (Top view) 

Vee, 

SERIAL DATA OUT 

OUTPUT 032 

OUTPUT 031 4 

OUT PUS 030 5 [ 

OUTPUT 029 6 

OUTPUT Q28 

OUTPUT 027 8 

u 40 Vee, 

39 DATA IN 

38 OUTPUT 01 

37 OUTPUT 02 

36 OUTPUT 03 

35 OUTPUT 04 

34 OUTPUT05 

33 OUTPUT 06 

OUTPUT 026 132 OUTPUT 07 

OUTPUT 025 10 J31 OUTPUT OS 

OUTPUT 024 11 30 OUTPUT 09 

OUTPUT 023 12 29 OUTPUT 010 

OUTPUT 022 13 28 OUTPUT 011 

OUTPUT 021 14 27 OUTPUT 012 

OUTPUT 020 15 26 OUTPUT 013 

OUTPUT 019 16 25 OUTPUT 014 

OUTPUT 018 17 24 OUTPUT 015 

OUTPUT 017 18 23 OUTPUT 016 

The device consists of a 32-bit shift register, 32 
latches and 32 output AND gates. Serial data is entered 
into the shift register on the low-to-high transition of the 
clock. When high, the latch enable input transfers the 
shift register contents to the outputs of the 32 latches. 
The active-low strobe input enables all Q outputs. 
Serial data output from the shift register may be used 
to cascade shift registers. This output is not affected 
by the latch enable or strobe inputs. 

STROBE 19 ~ 22 LATCH ENABLE 

GND 20[ P21 CLOCK 
L..L.L __ ---" 

The SN75518 is characterized for operation from 
O°C to 70°C. FUNCTIONAL BLOCK DIAGRAM 

2862 

LATCH 
ENABLE 

STROBE---<lI 

CLOCK 

DATA 
IN 

32·BIT 
STATIC 
SHIFT 

REGISTER 
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OUTPUT 01 

LATCHES 
OUTPUT 02 

OUTPUT Q31 

OUTPUT 032 

>-----SERIAL 
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Display Drivers 
from Texas Instruments 

Gas discharge display driver 
Type SN75581 

Features N, J DUAL·iN·LINE PACKAGE (Top view) 
• Each Device Drives 7 Lines 
• 150V Output Volt~ge Swing Capability 
• TTL Compatible Inputs 
• Latches on All Driver Outputs 
• High Speed Serially-Shifted Data Input 
• Output Enable/Disable Function 
• Serial Data Output for Cascade Operation 
• Shift Register Has Synchronous Clear Function 

Description 
The SN75581 is a monolithic BIDFET integrated circuit 
designed to drive a dot matrix or segmented display. 
The output characteristics of this driver make it 
compatible to several display types including VF and 
DC Plasma displays. 

All device inputs are diode clamped PNP inputs and 
will assume a high logic level when open circuited. 
The nominal input threshold is 1.5 volts. Outputs are 
open source DMOS transistors for excellent high 
voltage characteristics and reliability. 

The device consists of a 7-bit shift register, 7 latches 
and 7 output gates. Serial data is entered into the 
shift register on the low-to-high transition of the clock. 
When high, the latch enable transfers the shift register 
contents to the latch outputs. When latch enable is 
pulled low from a high state, the shift register is 
cleared. The output enable input enables all outputs. 
Serial data output is not affected by the output enable 
function. 

The SN 75581 is characterized for operation over the 
industrial temperature range of DoC to 70°C. 

OUTPUT 
ENABLE 

LATCH 
ENABLE 

DATA 
IN 

. GND 

~o TEXAS INSTRUMENTS 
INCORPORATED 
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OUTPUT Q1 

OUTPUT Q2 

OUTPUT Q3 

OUTPUT Q4 

. OUTPUT QS 

OUTPUT Q6 

OUTPUTQ7 

SERIAL DATA 
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Display Drivers 
from Texas Instruments 

High-voltage 7 -segment latch/ 
decoder/cathode driver 

Type SN75584 
11 Features N DUAL-IN-LiNE PACKAGE (Top view) 

. ~ • Output Current Adjustable From 0.1 mA to 4 mA 
E • DMOS Outputs for High Breakdown Voltage 
2 Segment Outputs - 100V Min en Decimal Point Output-100V Min 
C • Input Data Latches 
en • Blanking Input Provided as >< • P-N-P Inputs for Minim~1 Input Loading 

{E. • Low Power Requirements 
• Thermal Protection Circuitry 
• Supply Voltage Variable Over Wide Range ~ 

4.75V to 15V 
e Decimal Point Output Provided 
• Suitable for Multiplex Operation 

Description 
The SN75584A is designed to decode four lines of BCD 
data and drive a gas-filled seven-segment display tube 
such as Beckman and Panaplex lit displays. Latches 
are provided to store the BCD and decimal point data 
while the enable input is at a low-level voltage. 

The design employs a read-only memory to provide 
output decoding for the BCD digits 0 to 9. For input 
data greater than BCD 9, the segment outputs are 
blanked. Each sink output is regulated to ensure a 
constant brightness of the display even with a 
fluctuating supply voltage. The on-state output current 
is essentially constant over the output voltage range of 
4 volts to 100 volts. Each current sink is ratioed to the 
lib" segment output current as required for even 
illumination of all segments. 

t Trademark or Burroughs Corporation. 

FUNCTIONAL BLOCK DIAGRAM 

BCD 
INPUTS 

BCD I 
7·SEG . 

EN 

Dr~J~t ...:.;;(I)'-D<~ 
CURRENT (4) 

PROGRAMMING -----I 
INPUT 

LOGIC SYMBOLt 

BCDn-SEG 

[I-g 10 ADJUST) 

vee 
OPO 

(14) • 

SEGMENT 
OUTPUTS 

t This symbol is In accordance with IEEE Std 911ANSI Y32.14 and current 
discussions in lEe and IEEE. 
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INCORPORATED 

POST OFFICE BOX 225612 • DALLAS. TEXAS 75265 

2864 © Ie MASTER 1983 



Data Acquisition Circuits 
from Texas Instruments 

8-Bit analog-to-digital converter with 
I5-analog and 12-digital input channels, 

TypeTL530N 
Features N DUAL-IN-LiNE PACKAGE (Top view) 

• 8 Bit Resolution 
• Total Unadjusted Error: ±Y2 LSB Max for TL530 

(±1 LSB Max for TL531) 
• Up to 15 Analog Inputs 
• Up to 12 Digital Inputs, Including 3 1/0 Pins 
• Three-state, Bidirectional Data Bus 
• Access & Conversion in 300 fLSec @ 85°C 
• 16-Channel On-Chip Analog Multiplexer 
• Ratiometric Conversion 
• Single 5-Volt Supply 
• Low Power Consumption of 15 mW, Typical 
• Three 16-Bit On-Chip Data Registers 
o Polled or Interrupt Driven 
• Designed to be a Pin-Compatible, Functional 

Replacement for MC144444 
• Pin-For-Pin replacement for 74C924 

Description 
The TL530 is a monolithic CMOS device with 
16-channel analog multiplexer, 8-bit ratiometric 
analog-to-digital (AID) converter, a register to store 
digital data from 9 inputs and 3 input! outputs, 
bus-compatible 8-pin input! output data ports and 
microprocessor-compatible control logic. Three on-chip 
data registers store control, conversion-results, and 
digital data that can be accessed via the IC's data port 
in two 8-bit bytes (most-significant-byte first). The AID 
conversion is accomplished using successive
approximation technique and employing a high
impedance chopper-stabilized comparator, a 256R 
end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 
These methods eliminate the possibility of missing 
codes, nonmonotonicity, and a need for zero or 
full-scale adjustment. Positive and negative reference 
inputs make possible ratiometric conversion and 
reference isolation from supply noise. 

VREF-

I 
GROUND (GND) 2 

DIGITAL I/O DO 3 

DIGITAL I/O 01 4 

DIGITAL I/O 02 5 

(Digital) INPUT 03 6 

(Digital) INPUT 04 7 

(Digital) INPUT 05 8 

-1 

(MSB) 2 

-2 

-3 
0 
A 
T -4 
A 

B -5 
U 2 
S 

-6 

-7 

-8 

(LSB) 2 

READ/WRITE (R/W) 

CLOCK 

REGISTER SELECT (RSL) 

CHIP SELECT (CS) 
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SUPPLY (Vee) 

INTERRUPT REQUEST (IRQ) 

MULTIPLEXER OUTPUT (MO) 

INPUT AD (Analog) 

INPUT'A2 (Analog) 

INPUT A3 (Analog) 

INPUT A4 (Analog) 

INPUT AS (Analog) 

31 INPUT A6 (Analog) 

INPUT A7 (Analog) 

INPUT A8 (Analog) 

INPUT A9 (Analog) 

INPUT Al0/Dl0 (Analog/Digital) 

INPUT All/Dll (Analog/Digital) 

INPUT A12/D12 (Analog/Digital) 

INPUT A13/D13 (Analog/Digital) 

INPUT A14/D14 (Analog/Digital) 

INPUT A15/Dl,5 (Analog/Digilal) 
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Data Acquisition Circuits 
from Thxas ·Instruments 

8-Bit analog-to-digital converter with 
15-a~alog and 12-digit~1 input channels 

Type TL531N 
Features N DUAL-IN-LiNE PACKAGE (Top view) 
• 8 Bit Resolution 
• Total Unadjusted Error: ±1 LSB Max for TL531 

(±V2 LSB Max for TL530) 
• Up to 15 Analog Inputs 
• Up to 12 Digital Inputs, Including 3 I/O Pins 
• Three-state, Bidirectional Data Bus 
• Access & Conversion in 300 fLSec @ 85°C 
• 16-Channel On-Chip Analog Multiplexer 
• Ratiometric Conversion 
•. Single 5-Volt Supply 
• Low Power Consumption of 15 mW, Typical 
• Three 16-Bit On-Chip Data Registers 
• Polled or Interrupt Driven 
• Designed to be a Pin-Compatible Functional 

Replacement for 74C924 & MC144444· 

Description 
The TL531 is a monolithic CMOS device with 
16-channel analog multiplexer, 8-bit ratiometric . 
analog-to-digital (A/D) converter, a register to store 
digital data from 9 inputs and 3 input! outputs, 
bus-compatible 8-pin input! output data ports and 
microprocessor-compatible control logic. Three on-chip 
data registers store control, conversion-results, and 
digital data that tan be accessed via the IC's data port 
in two 8-bit bytes (most-significant-byte first). The A/D 
conversion is accomplished using successive
approximation technique and employing a high
impedance chopper-stabilized comparator, a 256R 
end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 
These methods eliminate the possibility of missing 
codes, nonmonotonicity, and a need for zero or 
full-scale adjustment. Positive and negative reference 
inputs make possible ratiometric conversion and 
reference isolation from supply noise. 

GROUND (GND) 2 

DIGITAL I/O DO 3 

DIGITAL I/O 01 4 

DIGITAL I/O 02 5 

(Digital) INPUT 03 6 

(Digital) INPUT 04 7 

(Digital) INPUT 05 B 

(MSB) 2 

o 
A 
T 
A 

B 
U 
S 

(LSB) 2 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-B 

READ/WRITE (R/W) 

CLOCK 

REGISTER SELECT (RSL) 

CHIP SELECT (CS) 
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SUPPLY (Vee) 

INTERRUPT REQUEST (IRQ) 

MULTIPLEXER OUTPUT (MO) 

INPUT AO (Analog) 

INPUT A2 (Analog) 

INPUT A3 (Analog) 

INPUT A4 (Analog) 

INPUT AS (Analog) 

31 INPUT A6 (Analog) 

INPUT A7 (Analog) 

INPUT AB (Analog) 

INPUT A9 (Analog) 

INPUT Al0/Dl0 (Analog/Digital) 

INPUT Al1/Dl1 (Analog/Digital) 

INPUT A12/D12 (Analog/Digital) 

INPUT A13/D.13 (Analog/Digital) 

INPUT A14/D14 (Analog/Digital) 

INPUT A15/D15 (Analog/Digital) 
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Data Acquisition Circuits 
from Texas Instruments 

8-Bit analog-to-digital converter with 
5 analog and 6 multipurpose inputs 

TypeTL532N 
Features N DUAL-IN-L1NE PACKAGE (Top view) 
• 8 Bit Resolution 
• Total Unadjusted Error: ±1j2 LSB Max for TL532 

(±1 LSB Max for TL533) 
o 5 Analog Inputs 
• 6 Multipurpose Analog or Digital Inputs 
o Three-state, Bidirectional Data Bus 
• Access & Conversion in 300 ,uSec @ 85°C 
o 12-Channel On-Chip Analog Multiplexer 
o Ratiometric Conversion 
o Single 5-Volt Supply 
o Low Power Consumption of 15 mW, Typical 
o Three 16-Bit Data Registers 
o Software Compatible with Larger 21-lnput Version, 

TL530 
o Pin-for-Pin Replacement for 74C934 

Description 
The TL532 is a monolithic CMOS device with 
12-channel analog multiplexer, 8-Bit ratiometric 
analog-to-digital (AID) converter, a register to store 
digital data from 6 multipurpo$e inputs, a 
TTL-Compatible 8-pininputlqutput data port, and 
microprocessor-compatible control logic. Three on-chip 
data registers store control, conversion-results, and 
digital data that can be accessed via the IC's' data port 
in two 8-bit bytes (most-significant-byte first). The AID 
conversion is accomplished using successive
approximation technique and employing a high
impedance chopper-stabilized comparator, a 256R 
end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 
These methods eliminate the possibility of missing 
codes, nonmonotonicity, and a need for zero or 
full-scale adjustment. Positive and negative reference 
inputs'make possible ratiometric conversion and 
reference isolation from supply noise. 

GROUND (GND) 2 

-1 

MSB 2 

-2 

-3 

o 
A -4 

I 2 
-5 

B 2 
U 
S -6 

-7 

2 

-8 
MSB 2 

READ/WRITE (RiW) 11 

REGISTER SELECT (RSL) 13 

CHIP SELECT (CS) 14 
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26 INPUT AO (Analog) 

25 INPUT A2 (Analog) 

24 INPUT A3 (Analog) 

23 INPUT A4 (Analog) 

22 INPUT AS (Analog) 

21 INPUT Al0/Dl0 (Analog/Digital) 

20 INPUT All/Dll (Analog/Digital) 

19 INPUT A12/D12 (Analog/Digital) 

18 INPUT A13/D13 (Analog/Digital) 

17 INPUT A14/D14 (Analog/Digital) 

16 INPUT A15/D15 (Analog/Digital) 
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Data Acquisition Circuits 
from Thxas Instruments 

8-Bit analog-to~digital converter with 
5 analog and 6 multipurpose inputs 

Type TL533N 
Features N DUAL-IN-L1NE PACKAGE (Top view) 
• a Bit Resolution 
• Total Unadjusted Error: ±1 LSB Max for TL533 

(±1j2 LSB Max for TL532) 
• 5 Analog Inputs 
• 6 Multipurpose Analog or Digital Inputs 
• Three-state, Bidirectional Data Bus 
• Access & Conversion in 300 ILSec @ 85°C 
• 12-Channel On-Chip Analog Multiplexer 
• Ratiometric Conversion 
• Single 5-Volt Supply 
• Low Power Consumption of 15 mW, Typical 
• Three 16-Bit Data Registers 
• Software Compatible with Larger 21-lnput Versions, 

TL531 
• TL533 is a Pin-Compatible, Functional 

Replacement for 74C934 

Description 
The TL533 is a monolithic CMOS device with 
12-channel analog multiplexer, a-Bit ratiometric . 
analog-to-digital (AID) converter, a register to store 
digital data from 6 multipurpose inputs, a 
TTL-Compatible a-pin input! output data port, and 
microprocessor-compatible control logic. Three on-chip 
data registers store control, conversion-results, and 
digital data that can be accessed via the IC's data port 
in two a-bit bytes (most-significant-byte first). The AID 
conversion is accomplished using successive
approximation technique and employing a high
impedance chopper-stabilized comparator, a 256R 
end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 
These methods eliminate the possibility of missing 
codes, nonmonotonicity, and a need for zero or 
full-scale adjustment. Positive and negative reference 
inputs make possible ratiometric conversion and 
reference isolation from supply noise. 

VREF-

GROUND (GND) 2 

-1 

MSB 2 

-2 

D 

2 

-3 

A -4 

I 2 

-5 

3 2 
S -6 

-7 

2 

-8 
MSB 2 

READ/WRITE (Rffl) 11 

REGISTER SELECT (RSL) 13 

CHIP SELECT (CS) 14 
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SUPPLY (Vee) 

25 INPUT A2 (Analog) 

24 INPUT A3 (Analog) 

23 INPUT A4 (Analog) 

INPUT A5 (Analog) 

21 INPUT A10/D10 (Analog/Digital) 

INPUT A11/D11 (Analog/Dlgilal) 

19 INPUT A121D12 (Analog/Dlgilal) 

18 INPUT A13/D13 (Analog/Digital) 

17 INPUT A14/D14 (Analog/Digital) 

16 ''''PUT A15/D15 (Analog/Digital) 
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WESTERN DIGITAL 
c o R p o R A T / o N 

WD2501/2511 Packet Network Interface (LAP/LAPB)· 

FEATURES 

• Packet switching controller, compatible with 
CCITT recommendation X.25, level 2, LAP (2501) or 
LAPS (2511) 

• Programmable primary timer (T1) and retrans
mission counter (N2) 

~ Programmable A-field which provides a wider 
range of applications than defined by X.25. These 
include: DTE-to-DTE connection, multipoint and 
loop-back testing 

• Direct memory access (DMA) transfer. two 
channels; one for transmit and one for receive. 
Send/receive data accessed by indirect addressing 
method. Sixteen output address lines. 

• Zero bit insert and delete 

• Automatic appending and testing of FCS field 

• Computer bus interface structure: 8 bit bi
directional data bus. CS, WE, RE and four input 
address lines 

• DC to 1.1 MSPS data rate 

NO CONNECTION 

CLK 6 

• TTL compatible 

• 48 pin dual in-line packages 

• Higher bit rates available by special order 

APPLICATIONS 

X.25 PACKET SWITCHING CONTROLLER 
PART OF DTE OR DCE 
PRIVATE PACKET NETWORKS 
LINK LEVEL CONTROLLER 

GENERAL DESCRIPTION 

The WD2501/2511 is a MOS/LSI device which handles 
bit-oriented, full,duplex serial data communications 
with· DMA, which conforms to CCITT X.25 with 
programmable enhancements. 

The device is fabricated in N-Channel silicon gate 
MOS technology and is TTL compatible on all inputs 
and outputs. 

8 BIT DAL 

ROM 

CENTRAL 
MICRO· 

CONTROLLER 
MR 

DALO 
DAl1 

42 VOD (+ 12V) 
A5 mm_-----I 

DAL2 10...------. 

DAL3 
DAL4 
DAL5 13 

WD2501 

WD2511 

~~~~ ~:L...-._----J 
RD 
RC 

(GND)VSS 
fC 
TO 

RTS 21 
C'fS 22 

DROO 23 
ORal 24 

PIN DESIGNATION 
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+12V
+5V_ 
GNO_ 
CLK_ 
MR_ 

RO-----.-t 

RC_ 

DATA/CONTROL BUS 

BLOCK DIAGRAM 

TO 

-CTS 

_m'S 
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WESTERN DIGITAL 
c 0' R p o R A T / o N 

WD2520 CCITT #7 Data Link Controller 

FEATURES GENERAL DESCRIPTION 
• Performs the controls of the Message Transfer 

part of CCITT #7. 

• Dual Channel DMA fodu~l-duplex operation. 

• Unique memory access method for buffer 
management. . 

• All formatting of bit-oriented control included: zero 
bit insertion and deletion. Automatic appending 
and testing of flags and FCS Fields. 

• Automatic control of sequence numbers FSN and 
BSN, and of control bits FIB and BIB. 

• Optional selection of either "Basic" error correc
tion method or the preventive· cyclic retransmis
sion error correction method. 

• Computer bus' interface structure: 8-bit bi
directional data bus. 16-bit address bus for DMA. 4-
bit input address bus (may be tied to lower 4 bits of 
16 bit address). CS, RE, WE. 

• TTL compatible. 

• Speeds to 1 MBitlSec Transmit-Receive Rate. 

NO CONNECTION 1 48 VCC(+5V) 
, REPLY 2 47 IA1 

WE 3 46 lAO cs 

The WD2520 isa MOS LSI device which is com-
, patible with the CCITT Recommendation #7 (Signal
ling System Number 7). The overall objective of 
Signalling System #7 is to provide one internationally 
standardized general purpose common channel sig
nalling system for information transfer within tele
communications networks. (Le. signalling from one 
central office switch to another). 

The WD2520 performs most of the controls of the 
Message Transfer. Part of CCITT#7. The device in
cludes a unique buffer management scheme with 
dual channel DMA. 

The WD2520 is pin-for-pin compatible with the 
WD2501I2511 popular Leve12,X.25 controller. 

8BITDAL 

READ, 110 MICRO DMA DMA 
WRITE REGISTERS CONTROL ORal CS' 4 45 IA2 'RE CONTROL 16x8 C LOGIC 

ill\OO LOGIC 0 

RE 5 44 IA3 WE ..... N OACK 

ClK 6 43 INTR 
T 
R 

MR 7 42 VDD(+ 12V) 
MM 0 

L 

DAlO 8 41 A5 L 
E 

DAl1 9 40 A4 R AQ,A15 

DAl2 10 39 A3 
DAl3 11 WD2520 38 A2 
DAl4 12 37 A15 
DAl5 13 36 A14 
DAl6 14 35 A13 

+ 12V---. 
DAl7 f5 34 A12 +5V---. 

RD 16 33 A11 M'R---. 

RC 17 32 A10 CLK---. 

GND---. (GND)Vss 18 31 A9 Rc5---. 
TC 19 30 A8 
TO 20 29 A7 

RTS' 21 28 A6 
CTS 22 27 AO 

DROO 23 26 A1 RD TO 

ORal 24 25 5ACK 

PIN DESIGNATION BLOCK DIAGRAM 
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WESTERN DIGITAL 
c o R p o R A T / o N 

UC1671 ASTRO 

FEATURES 

SYNCHRONOUS AND ASYNCHRONOUS 
• Full Duplex Operations 

SYNCHRONOUS MODE 
• Selectable 5-8 Bit Characters' 
• Two Successive SYN Characters Sets 

Synchronization 
• Programmable SYN .and DLE Character 

Stripping 
• Programmable SYN and DLE-SYN Fill 

ASYNCHRONOUS MODE 
• Selectable 5-8 Bit Characters 
• Line Break Detection and Generation 
• 1-, 1112-, or 2-Stop Bit Selection 
• False Start Bit Detection Automatic Serial 

Echo Mode 

SYSTEM COMPATIBILITY 
• Double Buffering of Data 
o 8-Bit Bi-Directional Bus For Data, Status, 

and Control Words 
• All Inputs and Outputs TTL Compatible 
• Up to 32 ASTROS Can Be Addressed On Bus 
o On-Line Diagnostic Capability 

TRANSMISSION ERROR DETECTION-PARITY 
• Ove~run and Framing 

BAUD RATE - DC TO 1 M BIT/SEC 

(-5V) Vss Voo (+12V) 

IACKI RE 

CS 38 'R'TS (CA) 

WE TOATA (SA) 

IACKO CTS'(CS) 

RPLY IXTC (OS) 

INTR 

DALO R4 

OAL1 R3 

OAL2 R2 

OAL3 R1 

OAL4 CARR (CF) 

OAL5 

OAL6 

OAL7 

OTR(CO) 

107 

RING (CE) 

MISC 

(GNO)VSS 

PIN DESIGNATION 
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8 SELECTABLE CLOCK RATES 
o Accepts 1X Clock and Up to 4 Different 32X 

Baud Rate Clock Inputs 
• Up to 47% Distortion Allowance with 

32X Clock 

APPLICATIONS 

SYNCHRONOUS COMMUNICATIONS· 
ASYNCHRONOUS COMMUNICATIONS 
SERIAL/PARALLEL COM MUN ICATIONS 

GENERAL DESCRIPTION 

The UC1671 (ASTRO) is a MOS/LSI device which 
performs the functions of interfacing a serial data 
communication channel to a parallel digital system. 
The device is capable of full duplex communications 
(receiving and transmitting) with synchronous or 
asynchronous systems. The ASTRO is designed to 
operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor 
or controller via the bus and all para! lei data transfers 
with these machines are accomplished over the bus 
lines. 

The ASTRO is fabricated in n-channel silicon gate 
MOS technology and is TTL compatible on all inputs 
and outputs. 

19 Ie Ie Ie Ie 

IXAC 

IXTC 

A4 

A3 

A2 

Al 

MA 

iNT'R 
APLY 

iAcKc5 
IACKI 

WE 

FiE 
Cs 
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. WESTERN DIGITAL 
CORPORATION 

TR1863/TR1865 
Universal Asynchronous Receiver/Transmitter (UART) 

FEATURES 
• SINGLE POWER SUPPLY - + 5VDC 
• D.C. TO 1 MHZ (64 KB)(STANDARD PARl) 

TR1863/5 

• THREE·STATE OUTPUTS 
Receiver Register Outputs 
Status Flags 

• TTL COMPATIBLE 

• FULL DUPLEX OR HALF DUPLEX OPERATION 
• AUTOMATIC INTERNAL SYNCHRONIZATION 

OF DATA AND CLOCK 

• TR1865 HAS PULL·UP RESISTORS ON ALL 
INPUTS 

• AUTOMATIC START BIT GENERATION 
• EXTERNALLY SELECTABLE 

Word Length 
Baud Rate 
Even/Odd Parity (Receiver/Verification -
Transmitter/Generation) 
Parity Inhibit 
One, One and One-Half, or Two Stop Bit 
Generation (1 V2 at 5 Bit Level) 

o AUTOMATIC DATA RECEIVEDITRANSMITTED 
STATUS GENERATION 
Transmission Complete 
Buffer Register Transfer Complete 
Received Data Available 
Parity Error 
Framing Error . 
Overrun Error 

• BUFFERED RECEIVER AND TRANSMITTER 
REGISTERS 

VCC TRC 
, , 

NC EPE 
.... C\I 
a: a: 

vss WLS1 
a: a: 

, 
M-.:r 
a: a: 
a: a: 

~ , 
lOCO a: a: 
a: a: 

APPLICATIONS 
PERI PH ERALS 
TERMINALS 
MINI COMPUTERS 
FACSI MILE TRANSM ISSION 
MODEMS 
CONCENTRATORS 
ASYNCHRONOUS DATA MULTIPLEXERS 
CARD AND TAPE READERS 
PRINTERS 
DATA SETS 
CONTROLLERS 
KEYBOARD ENCODERS 
REMOTE DATA ACQUISITION SYSTEMS 
ASYNCHRONOUS DATA CASSETTES 

~ , , .... C\I ~ -.:rIO ~ ...... co 
...... co a: a: a: a: a: a: 
a: a: 1-1- 1-1- 1-1- 1-1-
a: a: r , r r , , r , , 

RRD WLS2 RRD _ RECEIVER HOLDING -- TRANSMITTER 0+- THRL 

RRa SBS 
RR7 PI 
RRS CRL 
RR5 TRa 
RR4 TR7 RI 
RR3 TRS ~ 

RR2 TR5 
RR1 TR4 

PE TR3 
FE TR2 
OE TR1 

SFD TRO 

RRC TRE 

RRC 
DR ~ 

DRR_ 
_OE 
_FE 

PE 
ORR THRL "SFD 

DR THRE ~ 

RI MR 

PIN DESIGNATION 
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REGISTER ~ ...... 

I 
RECEIVER REGISTER ~ 4 ..... 

I 

.. 
RECEIVER 
TIMING AND 
CONTROL CONTROL .. 

REGISTER 

VCC(+5V) ~~, '~".' 
a: .... C\I 

~ 
...J wCJ)~~ ~ a:_D..~~~ 

V GND UD..WrJ . 

BLOCK DIAGRAM 

,~ 

HOLDING 
REGISTER 

TRANSMITTER 
REGISTER 

TRANSMITTER 
TIMING AND 
CONTROL 

---.. 

04-

----.. 
----.. 

TRO 

TRC 
THRE 

TRE 
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WESTERN DIGI'TAL 
c o R p o R A T / o N 

WD8250 Asynchronous Communications Element 

FEATURES 
• Designed to be Easily Interfaced to Most Pop

ular Microproces~ors (l-80, 8080A, 6800, etc.) 

• Full Double Buffering 
• Independently Controlled Transmit, Receive, 

Line Status, and Data Set Interrupts 

• Programmable Baud Rate Generator Allows 
Division of Any Input Clock by 1 to (2 16 

- 1) 
and Generates the Internal 16x Clock 

• Independent Receiver Clock Input 

• Fully Programmable Serial-Interface 
Characteristics 
-5-, 6-, 7-, or 8-Bit Characters 
-Even, Odd, oLNo-Parity Bit Generation and 

Detection 
-1-, 1 V2-, or 2-Stop Bit Generation 
- Bau<;J Rate Generation (DC to 56K Baud) 

• False Start Bit Detector 

• Complete Status Reporting Capabilities 

• THREE-STATE TTL Drive Capabilities for Bi
directional Data Bus and Control Bus 

• Line Break Generation and Detection 

• Internal Diagnostic Capabilities 
-Loopback Controls for Communications 

Link Fault Isolation 
-Break, Parity, Overrun, Framing Error 

Simulation 

DO Vcr: 
0 , RI 
0, ALSO 
0 3 37 6SR 
0 4 36 Cfs SYSTEM 

05 3, MR 
PROCESSOR 

On 34 OUT I 
0, JJ OfR 

RClK 
WD8250 32 fiTS 

SIN 10 31 00t2 

SOUT 30 INTRPT 

csa 12 29 NC 

CS1 13 2B AO 

ts2 27 4, 
BAU06UT '5 26 "2 

).TAl1 '6 25 ADS 
XTAL2 17 24 CSOUT 

DOSIA '8 23 DOIS 

DOSTR 19 22 OISTR 

VlS 20 21 OISTR 

PIN DESIGNATION 

., Full Prioritized Interrupt System Controls, 

• Single + 5-Volt Power Supply 

GENERAL DESCRIPTION 

The WD8250 is a programmable Asynchronous 
Communication Element (ACE) in a 40-pin pack
age. The device is fabricated in N/MOS silicon 
gate technology. ' 

The ACE is a software-oriented device using a 
three-state 8-bit bi-directional data bus. 

The ACE is used to convert parallel data to a serial 
format on the transmit side, and convert serial 
data to parallel on the receiver side. The serial 
format, in order of transmission and reception, is 
a start bit, followed by five to eight data bits, a 
parity bit (if programmed) and one, one and one 
half (five bit format only) or two stop bits. The 
maximum recommended data rate is 56K baud. 

Internal registers enable the user to program 
various types of interrupts, modem controls, and 
character formats. The user can read the status of 
the ACE at any time monitoring word conditions, 
interrupts and modem status. 

An additional feature of the ACE is a program
mable baud rate generator that is capable of 
dividing an internal XTAL or TTL signal clock by a 
division of 1 to 216 

- 1. 

The ACE is designed to work in either a polling or 
interrupt driven system, which is programmable 
by users software controlling an internal register. 

1---t-:-:
2
:'--1' ~ SELECT AND 

~---+--::..~ CONTROL I----tl--II~ ..... 
LOGIC '----....... - ...... ~ 

SERIAL }' DATA IN 

SERIAL 
DATA OUT 

TO FROM 
PERIPHERAL 
MODEM OR 
DATASET 

MODEM-CONTROL 
FUNCTIONS 
TO FROM MODEM 
OR DATA SET 

SYSTEM 
INTERRUPT 

BLOCK DIAGRAM 
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WESTERN DIGITAL 
c o R p o R A T / o N 

WD1943(8116)IWD1945(8136) Dual Baud Rate Clock, 

FEATURES 
-16 SELECTABLE BAUD RATE CLOCK FREQUENCIES 

- OPERATES WITH CRYSTAL OSCILLATOR OR EX-
TERNALLY GENERATED FREQUENCY INPUT 

- ROM MASKABLE FOR NON-STANDARD FREQUENCY 
SELECTIONS 

-INTERFACES EASILY WITH MICROCOMPUTERS 

- OUTPUTS A 50% DUTY CYCLE CLOCK WITH 0.01 % 
ACCURACY 

- 6 DIFFERENT FREQUENCY/DIVISOR PAIRS 
AVAILABLE 

-SINGLE +5V POWER SUPPLY 

- COMPATIBLE WITH BR1941 

- TTL, MOS COMPATIBILITY 

- WD1943IS PIN COMPATIBLETOTHECOM8116 

- WD1945IS PIN COMPATIBLE TO THE COM8136 AND 
COM5036 (PIN 9 ONWD1945IS A NO CONNECT) 

XTAUEXT 1 XTAUEXT 2 

+5V IT 

IR TA 

RA TS 

RS TC 

RC TO 

RO STT 

STR GNO 

'NC NC (1943) 

1/4 (1945) 

PIN DESIGNATION 
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GENERAL DESCRIPTION 

The WD1943/45 is an enhanced version of the BR1941 Dual 
Baud Rate Clock. The WD1943/45 is a combination Baud 
Rate Clock Generator and Programmable Divider. It is 
manufactured in N-channel MOS using silicon gate 
technology. This device is capable of generating 16 ex
ternally selected clock rates whose frequency is' deter
mined by either a single crystal or an externally generated 
input clock. The WD1943/45 is a programmable counter 
capable of generating a division by any integer from 4, to 
215 - 1, inclusive. 

The WD1943/45 is available programmed with the most 
used frequencies in data communication. Each frequency 
is selectable by strobing or hard wiring each of the two sets 
of four Rate Select inputs. Other frequencies/division rates 
can be generated by reprogramming the internal ROM 
coding through a MOS mask change. Additionally, further 
clock division may be accomplished through cascading of 
devices. The frequency, output is fed into the XTAUEXT 
input on a subsequent device. 

The WD1943/45 can be driven by an external crystal or by 
TTL logic. 

TA 
FREQUENCY FREQUENCY TB DECODE SELECT 

TC AND ROM 
TO 

CONTROL 

STT-~ 

XTAU 
EXT 1 fT OSCILLATOR DIVIDER 
XTAU 
EXT 2 

1/4 
(1945) 

+5V----. 

GND----. DIVIDER fR 

STR~ 

RA 
FREQUENCY FREQUENCY RB DECODE SELECT 

RC AND .ROM 
RD CONTROL 

BLOCK DIAGRAM 
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WESTERN DIGITAL 
c o R p o R A T / o N 

WD2123 DEUCE 
Dual Enhanced Universal Communications Element 

FEATURES 

• TWO INDEPENDENT ASYNCHRONOUS FULL DUPLEX 
DATA COMMUNICATION CHANNELS (2 BOARTS) 

• TWO INDEPENDENT BAUD RATE GENERATORS (ONE 
PER CHANNEL) 

• EACH CHANNEL WITH FOLLOWING FEATURES: 
• SELECTABLE 5 TO 8 BIT CHARACTERS 
• 1 X, 16X, 64X CLOCK RATES 
• 16 SELECTABLE BAUD RATE CLOCK FREQUENCIES 

(INTERNAL) 
• LINE BREAK DETECTION AND GENERATION 
• 1, 1112, OR 2 STOP BIT SELECTION 
• FALSE START BIT DETECTION 
• ODD OR EVEN PARITY GENERATE AND DETECTION 
• OVERRUN AND FRAMING DETECTION 
• DOUBLE BUFFERING OF DATA 
• TTL COMR\TIBLE INPUTS AND OUTPUTS 

Cs1 
WE 
c/o 

NC 40 TXROY·B 

TXO·B 39 RXROY·B 

RXO·B 38 TXE·B 

~ 37 BRKOET·B TXD·A 

5 36 RrS-B RXD·A 

6 35 Ci'S-B TXRDY·A 

RXRDY·A 
DO 7 34 SELCLK·B 

TXE·A 
01 8 33 XCI/BCQ·B 

BRKDET·A 

02 9 32 XTAL2 RTS·A 
W02123 

ffi·A VSS 10 31 XTAL1 

03 11 30 VCC 

04 12 29 MR 

05 13 28 XCI/BCQ·A SELCLK·A 

06 14 27 SELCLK·A 

crs:A XCI/BCO·A 
07 15 26 

CS2 16 25 R'rn=A 
WE 17 24 BRKOET·A 

CS3 18 23 TXE·A 

RXO·A 19 22 RXROY·A 

TXO·A 20 21 TXROY·A 

PIN DESIGNATION 
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• COMPATIBLE WITH 8251 A (ASYNC ONLy) AND WD1983 
DEVICES 

• DIAGNOSTIC LOCAL LOOP-BACK MODE 
• RXD INITIALIZATION UPON MASTER RESET 
• ON-BOARD OSCILLATOR FOR EASE OF USE WITH A 

CRYSTAL 
• VERSATILE CLOCK SELECT OPTIONS FOR INDEPEN-

DENT TRANSMIT AND RECEIVE RATES 

INTRODUCTION 

The Western Digital WD2123 Dual Enhanced Universal 
Communications Element (DEUCE) is a single chip MOS/LSI 
Data Communications Controller Circuit that contains two 
independent full-duplex asynchronous RECEIVER/TRANS
MITTER CHANNELS 'and two independent BAUD RATE 
GENERATORS. The WD2123 is fabricated in N-Channel sil
icon gate technology and is packaged in a 40 pin plastic or 
ceramic package. All inputs and outputs are TTL compatible. 

VCC 

t 
+5V 

CHANNEL 

A 

BAUD RATE 

GENERATOR 

CHANNEL 

B 

BAUD RATE 

GENERATOR 

BLOCK DIAGRAM 

GND 

CS2 
RE 
MR 

1-----1_ TXD.B 

RXD·B 

TXRDY·B 

I-~"'_ RXRDY·B 
1--___ TXE·B 

1--___ BRKDET·B 

m·B 
ffi·B 

SELCLK·B 

XCVBCO·B 
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WESTERN DIGITAL 
c o R p o R A / o N 

WD2001/WD2002Data Encryption Devices 

FEATURES 

• CERTIFIED BY NATIONAL BUREAU OF STAN
.. DARDS. 

• TRANSFER RATE: 
WD2001/2-05 300Kbs with 500KHz clock 
WD2001/2-20 1.3 Mbs with 2MHz clock 
WD2001/2-30 1.8 Mbs with 3MHz clock 

• ENCRYPTS/DECRYPTS 64 BIT DATA WORDS USING 
56 ~IT KEY WORD 

• SINGLE PORT 28 PIN PACKAGE WD2001 OR DUAL 
PORT 40 PIN PACKAGE WD2002 

• COMMAND BIT PROGRAMMING VIA DAL BUS OR 
INPUT PINS 

• DMA COMPATIBLE (SEE WESTERN DIGITAL 
DM1883) 

• PARITY CHECK ON KEY WORD LOADING 

• STANDARD 8 BIT MICROPROCESSOR INTERFACE 

• INPUTS AND OUTPUTS TTL COMPATIBLE 

• KEY STORED ON CHIP IS NOT EXTERNALLY 
ACCESSIBLE 

SEPARATE CLEAR AND CIPHER BUS STRUCTURE 
ON WD2002 

RE 

COP7 COP0 

cOPS 

COP3 

COP1 

Cs 

OAL1 

PIN DESIGNATION 
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APPLICATIONS 

SECURE BROKERAGE TRANSACTIONS 

ELECTRONIC FUNDS TRANSFERS 

SECURE BANKING/BUSINESS ACCOUNTING 

MAINFRAME COMMUNICATIONS 

REMOTE AND HOST COMPUTER 
COMMUNICATIONS 

SECURE AID 

SECURE DISK OR MAG TAPE DATA STORAGE 

SECURE PACKET SWITCHING TRANSMISSION 

GENERAL DESCRIPTION 
The Western Digital· WD2001 and WD2002 Data 
Encryption / Decryption devices are designed to encrypt 
and decrypt 64-bit blocks of data using the algorithm 
specified in the Federal Information Processing Data 
Encryption Standard (#46). These devices encrypt a 
64-Bit clear text word using a 56-Bit user-specified key 
to produce a 64-Bit cipher text word. When reversed, 
the cipher text word is decrypted to produce the 
original clear text word. 
The DE2001/2 are fabricated in N-channel silicon gate 
MOS technology and are TTL compatible on all inputs 
and outputs. 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

ClK MR CS WE RE 
- -

~t.12IVDD 

_I+SJVCC 
__ IGNOIVSS 

A0 KPE KR KA DIR DIA DDR DOA ACT EtD CRPS KEOE DPS 

"NOT AVAilABLE ON WD2()()l 

BLOCK DIAGRAM 
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WESTERN DIGITAL 
C ORPO RA TI ON 

WD1993 Arinc 429 Receiver/Transmitter 
and Multi-Character Receiver/Transmitter 

FEATURES 

• PRESENT UPON MASTER RESET FOR ARINC 429 
PROTOCOL 

• PROGRAMMABLE WORD LENGTH FROM 1 CHAR
ACTER TO 8 CHARACTERS 

• PROGRAMMABLE CHARACTER LENGTH, 5, 6, 7, 
OR 8 BITS 

• RETURN TO ZERO (RZ) OUTPUT 

• AUTO SPACE GENERATION 

• DOUBLE BUFFERED RECEIVER AND TRANSMITTER 

• UNDERRUN ERROR DETECTION FOR TRANS
MISSION 

• OVERRUN, FRAMING AND PARITY ERROR DETEC
TION ON RECEIVER 

o WORD ERROR FLAG FOR COMPREHENSIVE 
ERROR REPORTING 

• FIRST CHARACTER OF WORD FLAG FOR SINGLE 
INTERRUPT APPLICATIONS 

• DIAGNOSTIC LOCAL LOOP-BACK TEST MODE 

• DC TO 200 KILOBITS PER SECOND OPERATION 

o TTL COMPATIBLE INPUTS AND OUTPUTS 

vss 
WEF 

CTs 
TXC 

N.C. 

MR 

TXE 

RXROY 

TXROY 

TXDO 

TX01 

RXC 

FCR 

RXDO 

PIN DESIGNATION 
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Fe 
cio 
Cs 
WE 
07 

06 

05 

04 

03 

02 

01 

DO 

RX01 

VCC cs 
fiE 

M 

e,;; 

NULL 
DETECT 
LOGIC 

REAO/WRITE 
CCNTROI. 

• SINGLE +5 VOLT SUPPLY 

• TEMPERATURE RANGES O°C to 70°C, ~ 1993-03, 
- 40°C to + 85°C -,- 1993-02, - 55°C to + 125°C -
1993-01 

INTRODUCTION 
The Western Digital WD1993 Avionic Receiver/Transmitter 
is designed to handle digital data transmission, according to 

.2l 
c 
c 

the Avionic Arinc 429 protocol. Also, the word length is pro- ~ 
Q) 

grammable from one to eight characters of 5, 6, 7, or 8 bits. en 
Parallel data is converted into a serial data stream during Q) 

transmission and serial to parallel during reception. The 3: 
WD1993 is packaged in a 28 pin plastic or ceramic paokage 
and is available in three temperature ranges: Commercial, 
Industrial and Military. 

GENERAL DESCRIPTION 
The WD1993 is a bus-orientated MOS/LSI device designed 
to provide the Avionics Arinc 429 Data Communication Pro
tocol, along with programmable character length capabilities. 

Also, the WD1993 contains a local loop-back test mode of 
operation, which is controlled by the Loop Test Enable (L TE) 
bit in the command register. In this diagnostic mode, the 
transmitter output is "looped-back" into the receiver input. 
The REN and TEN control bits must also be active (" 1 ") and 
the CTS input must be low. The status and output flags op
erate normally. 

I" CONTROLLERS 

TXDO 

TIf Rxe 

TxE FeR 

BLOCK DIAGRAM 
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WESTERN DIGITAL 
c o R p o R A T / o N 

WD8276 Small System CRT Controller 

FEATURES GENERAL DESCRIPTION 

• PROGRAMMABLE SCREEN AND CHARACTER 
FORMAT 

• 6 INDEPENDENT VISUAL FIELD ATTRIBUTES 

• CURSOR CONTROL (4 TYPES) 

• DUAL ROW BUFFERS 
0) 

o • SINGLE +5V SUPPLY 

The WD8276 Small System CRT Controller is a single 
chip device intended to interface CRT raster scan 
displays with Intel microcomputers in minimum 
device-count systems. Its primary function is to re
fresh the display by buffering character information 
from main memory and keeping track of the display 
position of the screen. The flexibility designed into 
the WD8276 will allow simple interface to almost any 
raster scan CRT display with a minimum system IC 
count. 

E • 40-PI N PACKAG E 
Q) ...... en 
Q) 

~ 
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LC3 

LC2 

LCl 

LCo 

BRDY 

BS 

HRTC 

VRTC 

RD 

WR 

NC 

DBO 

DBl 

DB2 

DB3 

DB4 

DB5 

DB6 

GND 

PIN DESIGNATION 

VCC 

NC 

NC 

LTEN 

RVV 

VSP 

GPAl 

GPAo 

HLGT 

INT 

CCLK 

CC6 

CC5 

CC4 

CC3 

CC2 

CCl 

CCo, 

CS 

C/P 

CHARACTER CCLK 
COUNTER 

(2) 80 x 8 

DATA 
CCO-6 DBO-7 BUS 

BUFFER 

BRDY LINE LCO-3 
COUNTER 

BS 

INT 
ROW 

COUNTER 

RD 
READI 

WRITEI HRTC' 
WR CONTROL VRTC 

LOGIC RASTER TIMING HLGT 
AND RVV 

VIDEO CONTROL LTEN 
VSP 
GPAO-l 

CS 

BLOCK DIAGRAM 
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WESTERN DIGITAL 
c o R p o R A T / o N 

WD8275 Programmable CRT Controller 

FEATURES 

• PROGRAMMABLE SCREEN AND CHARACTER 
FORMAT 

• 6 INDEPENDENT VISUAL FIELD ATTRIBUTES 

• 11 VISUAL CHARACTER ATTRIBUTES (GRAPHIC 
CAPABI LlTY) 

• CURSOR CONTROL (4 TYPES) 

• LIGHT PEN DETECTION AND REGISTERS 

• DUAL ROW BUFFERS 

• PROGRAMMABLE DMA BURST MODE 

• SINGLE + 5V SUPPLY 

• 40-PIN PACKAGE 

LC3 VCC 
LC2 LAO DBO-7 
LC1 LA1 
LCo LTEN 

DRQ RVV 

DACK VSP 

HRTC GPA1 

VRTC GPAo 

RD HLGT 

WR IRQ DRQ 

LPEN CCLK DACK. 
DBO CC6 IRQ 
DB1 CC5 
DB2 CC4 

DB3 CC3 AD 
DB4 CC2 
DB5 CC1 WR 

DB6 CCo 
AO 

DB7 CS 

GND AO 

cs 
PIN DESIGNATION 
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GENERAL DESCRIPTION 

The WD8275 Programmabl.e CRT Controller is a 
single chip device to Interface CRT raster scan 
displays with microcomputer systems. Its primary 
function is to refresh the display by buffering the 
information from main memory and keeping track of 
the display position of the screen. The flexibility 
designed into the WD8275 will allow simpl!3 interface 
to almost any raster scan CRT display with a mini
mum of external hardware and software overhead. 

DATA 
BUS 

BUFFER 

CHARACTER 
COUNTER 

LINE 
COUNTER 

ROW 
COUNTER 

RASTER TIMING 
AND 

VIDEO CONTROL 

LIGHT PEN 
REGISTERS 

BLOCK DIAGRAM 
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WESTERN DIGITAL 
CORPORATION 

WD193X 
Synchronous Data Link Controller. 

FEATURES 

• HDLC, SDLC, ADCCP AND CCITI X.25 COMPATIBLE 

• SDLG LOOP CAPABILITY 

• DC TO 2.0 MBITS/SEC DATA RATE 

• PROGRAMMABLE/AUTOMATIC FCS (CRC GENERA-
TION AND CHECKING 

• PROGRAMMABLE NRZI ENCODE/DECODE 

• FULL SET OF MODEM CONTROL SIGNALS 

• DIGITAL PHASE LOCKED LOOP 

• MINIMUM CPU OVERHEAD 

• ASYNCHRONOUS/SYNCHRONOUS MULTI-PROTO
COL BOARD CAPABILITY (PIN COMPATIBLE WITH 
WD 1931) 

• SINGLE + 5V SUPPLY 

• DMA COMPATABILITY 

• RESIDUAL CHARACTER CAPABILITY 

• ADDRESS COMPARE 

.• GLOBAL ADDRESS RECOGNITION 

• EXTENDABLE ADDRESS FIELD 

• EXTENDABLE CONTROL FIELD 

• MAINTENANCE MODE FOR SELF-TESTING 

(1933) - NC 

(1935) - REOM 1 

EOB 

CS 4 

..... M=iS'Z'"c =OU-=T ~ 

INTRa 6 

WE 7 

ORal 
VSS (GNO) 

RIO 

Ai 
OSR 

RTS 
TC 

1x/32X 

CTS 

PIN DESIGNATION 
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APPLICATIONS 

FRONT END COMMUNICATIONS 

PACKET SWITCHING 

MULTIPLEXING SYSTEMS 

LOCAL NETWORKS 

GENERAL DESCRIPTION 

The WD193X is a MOS/LSI device which interfaces a 
parallel digital system to a synchronous serial data com
munication channel employing ISO's HDLC, IBM's SDLC or 
ANSI's ADCCP line protocol. 

The WD193X is fabricated in N-channel depletion load 
MOS technology and is TTL compatible on all inputs and 
outputs. This controller requires a minimum of CPU soft
ware by supporting a comprehensive frame-level in
struction set and by hardware implementation of the low 
level tasks associated with frame· assembly/disassembly 
and data integrity. It can be programmed to encode/decode 
NAZI data. The internal clock is then derived from the NRZI 
data using a digital phase locked loop .. 

;~I~ tki~LiIB~~Fc~ 
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ICMASTER 
BELONGS ON YOUR 

BOOKSHELF; 
ORDER YOUR COpy 

NOW 
A recent survey revealed that one out of two Ie MASTER users refer 
to it once a week or more frequently. The survey also discovered that 

one out of four readers use Ie MASTER every day or 
almost every day. 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. 

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 tq 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 I isted 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. 
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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 all indexes. The'se 
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 the Operational 
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." 

2882 

CATEGORY 

Amplifiers, Special Purpose 2887 

Arrays 
Transrstor 2889 
Special 2890 

Comparators 2891 

Consumer Circuits 2896 

Followers 2908 

Operational Amplifiers 
Selected Characteristics 

General Purpose 2909 
High Output Current 2909 
High Speed 2910 
High VOltage 2910 
Low Bias Current 2911 
Low Power 2911 
Programmable 2912 
Single Supply 2913 
Wide Band 2913 

Complete Characteristics 2914 
Phase Locked Loop Circuits 2945 

Telecommunication Circuits 2947 

Timers 2951 

Voltage Regulators 
Fixed 2952 
Adjustable 2959 
Switching 2960 

Other Linear Devices 2962 

Detailed Product Information 
provided by: 
Advanced Micro Devices 
American Microsystems, Inc. 
Analog Devices 
Exar 
Harris Semiconductor 
Micro Power Systems 
Motorola Semiconductor 
National Semiconductor 
Optical Electronics 
RCA 
Signetics 
Texas Instruments 
TRW-LSI Products 
Unitrode 

3101 
3138 
3151 
3187 
3210 
3292 
3293 
3299 
3346 
3348 
3372 
3422 
3488 
3444 

The manufacturers listed above have provided de
tailed information on their latest and most significant 
products, 
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EINFUHRUNG 
LINEAR
SCHALTUNGEN 
Der Master Selection Guide ftir Linearschal tungen 
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 Uber Operationsverstarker besondere 
Beachtung gefunden. Es gibt getrennte Listen fUr 
solche mit hoher Geschwindigkeit, hoher Spannung, 
gro{3er Bandbreite usw. Unter "Allgemeine Verwen
dung" (General Purpose) finden sich vier Verstarker
typen. Laut Aussage der gro{3en Hersteller sind dies 
die Gebrauchlichsten. Jedoch sollten 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 tiberprtifen 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,8 
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,8 keine 
externe Kompensation erforderlich ist. 

Consumer-Schaltkreise wie Audio-Verstarker, 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) aufgefUhrt. 

Neu in dies em Jahr 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" finden Sie wichtige Leistungs
parameter fUr diese Produkte am Schlu,8 des Linear
Hauptteils. 
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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 telou tel appareil. 

La Section "Lineaire" decrit plus de 1100 amplificateurs 
operationnels. Du f~lit du nombre considerable d'ap
pareils entrant dans cette categorie, une attention toute 
speciale a ete apportee lors de leur classification. Des 
!istes 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 sont, d'apres les gros fabricants, ceux 
qui sont Ie plus couramment usites. Les amplificateurs 
"QUAD" 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 carach~ristiques en consultant les index 
des Numeros de Pieces ou de Produits, ainsi que la 
Section "Caracteristiques des Amplificateurs Opera
tionels" et les feuilles de donnees. 

La Section "Caracteristiques des Amplificateurs Ope
rationnels", offre une liste d'amplificateurs classes 
par parametre d'entree. Ces derniers 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 "COMP" 
indique Ie nombre de compos ants externes egalement 
utilises dans un but de compensation, exemple : "a" 
signifie qu'aucune compensation n'est necessaire. 

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 Ia 
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 "Autres Appareils Lineaires" (Other Linear 
Devices). 

Un additif nouveau a I'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 Guia Maestra de Seleccion pro vee suficiente infor
macion para hacer selecciones iniciales del 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 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 
General, aparecen cuatro tipos de amplificadores, estos 
son los que los fabricantes mayores piensan son los 
mas usados; sin embargo, los amplificadores cuad
rangulares deben tambien ser considerados cuando 
sea necesario. Si usted ha localizado un amp. op. en 
una categoria especializada, puede usted estudiar sus 
caracteristicas encontrandolo en el Indice de Producto 
o Numero de Pieza y buscandolo en la Seccion de 
Datos de las Caracteristicas de los Amplificadores 
Operacionales. 

Siguiendo las listas especiales, la lista de "Caracter!s
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 "~" significa que no requiere 
compensacion. 

Circuitos del Consumidor como audioamplificadores, 
AM, FM, y circuitos de TV as! como tambien 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 Muestra/ 
Retencion y Referencias de Voltaje Fijas y Ajustables 
son nuevas para este ano. Ademas de las listas bajo 
Otras Componentes Lineales, parametros de redimi
en to significantes para estos productos aparecen al 
final de la Guua Maestra de Seleccion. 
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MASTER SELECTION GUIDE 

LINEAR-Amplifiers, Special Purpose 

Function Device Source Line Function Device Source Line Function Device Source Line 

Special Purpose Floppy Disc Read Amplifier System Instrumentation, Pin Programmable Gain 
XR3470 Exar (3189) AD624A AD 

AC Amplifier, Quad, Single Supply MC3470 Motorola (2750) AD624B AD 
CA3048 t RCA MC3470 TI AD624C AD 
CA3052 RCA AD624S tAD Floppy Disc Write Amplifier 

AGC Amplifier, 20 Hz to 10 MHz, 6 dB Dynamic Range SN75251C TI (3437) Instrumentation, (unity gain) 
MY108 Analog Sys 

Front End Amplifier (for ultrasonic or infrared remote . 
3627 Burr-Brown 

AGC Generator, for SSB Receivers control systems) Isolation Amplifier, Optically Coupled 
SL621C Plessey TDA4180 Telefunken 3650HG Burr-Brown 

AGC Generator (voice operated gain adjusting device) Hearing Aid Amplifiers. See Linear-Consumer Circuits 
3650MG Burr-Brown 110 

SL620C Plessey 3652HG Burr-Brown 

SL6270 Plessey 
Instrumentation Amplifier 3652MG Burr-Brown 

INA101AM t Burr-Brown 3656BG Burr-Brown 
Amplifier, CATV. See Linear-Consumer Circuits, TV INA101BM t Burr-Brown 3656HG Burr-Brown 

Amplifier for IR Remote Control (1300 dB gain, 8 kHz INA101CM t Burr-Brown 50 IS0100AP Burr-Brown 
bandwidth) U250 Telefunken INA101SM t Burr-Brown IS0100BP Burr-Brown 

U3043M Telefunken Instrumentation (commutating auto zero) IS0100CP Burr-Brown 

U3083M Telefunken 10 ICL7605C Intersil Isolation Amplifier, Transformer Coupled 

Amplifier with Photodiode ICL7605M tlntersil 3456 Burr-Brown 

TFA1001 Siemens ICL7606C Intersil 3656AG Burr-Brown 
ICL7606M t Intersil 3656BG Burr-Brown 120 

Amplifier, Triple for Active Filters (see also linear-other 
Instrumentation, (differential input, independent gain Limiting Amplifier/Detector devices, active filters) 

TAA960 Signetics adjustment) A0522A AD (3158) SAB1009B Signetics 
AD522B AD (3158) Linear-Antilog Amplifier (current in, current out) Audio Amplifier with Three NPN Transistors AD522S tAD (3158) SSM2010 SSM LP.1389 /latlonal 

(3326.3328) AD612A AD (3158) SSM2012 SSM 
AD612B AD (3158) 60 Linear-Antilog Amplifier, Dual (differential input, separate Current Amplifier (unity gain, 100 rnA output) AD612C AD (3158) control inputs) LHOO02 t Harris AD614A AD (3158) SSM2000 SSM 

LHOO02C Harris AD614B AD (3158) SSM2020 SSM r· LHOO02 t National (3342) HC3020 HyComp SSM2022 SSM 
LHOO02C National (3342) LM163A t National Log Amplifier, Bipolar (module) 

Current Amplifier (unity gain, 200 rnA output) LM363 National 2531A DEI (3347) ~. 3553. t Burr-Brown LM363A t National 2540 OEI 
9963 t DEI (3346) AD521J AD (3158) 

Log/Antilog Amplifier, (antilog) 
Current Amplifier (unity gain, 300 rnA output) AD521K AD (3158) ICL8049C Intersil 

MC1438 Motorola 20 AD521L AD (3158) 70 2910 t DEI (3347) 130 
MC1538 t Motorola AD521S tAD (3158) SSM2100 SSM 
2003 Teledyne P 3626A Burr-Brown 

Log/Antilog Amplifier, (log) 
2003-01 t Teledyne P 3626B Burr-Brown 

4127 Burr-Brown 
3626C Burr-Brown· 

ICL8048C Intersil Current Amplifier (unity gain, 500 rnA output) 
9910 t DEI (3346) 3629 t Burr-Brown 2910 t OEI Q) 

9911 t DEI (3346) 3630A Burr-Brown TL441C TI "0 
3630B Burr-Brown TL441M tTl =:l 

Current Amplifier (unity gain, 600 rnA output) 3630C Burr-Brown ~ HA-263o t Harris 3630S Burr-Brown Log/Log Ratio Amplifier 
(3230.3287) 80 

LOG100 Burr-Brown C 
3660J Burr-Brown 0 HA-2635 Harris 3662 Burr-Brown Microphone Amplifier, Electret --(3230.3287) 
MN2200 Micro Net PBL3721 RIFA () 

Current Amplifier (wideband, 100 rnA output) MN2200H t Micro Net Microphone Amplifier (for microphones in telephones) Q) 

HoS-l00AH AD (3155) MN2201 Micro Net TAA970 Signetics Q) 

HOS-199SH tAD MN2201H t Micro Net TCA980 Signetics 140 (J) 

Current Amplifiers, See also Linear-Followers 30 LH0036 t National (3343) TDD0246 Telefunken ~ 

Q) 
LH0036C National (3343) MicrophonelHeadphone Amplifier --Current Booster, 100 rnA Output (for op amp) 
LH0037 t National (3343) SL6310 Plessey 

(J) 

2035 t Teledyne P ct1 
LHo037C National (3343) Mixer (to 200 MHz) ~ Differential/Cascode Amplifier (dc to rf) LH0038 t Nalional (3343) 90 S042 Siemens 

MC3330 Motorola LHo038C National (3343) 
CA3028A tRCk MOS Amplifier, MOS and NPN Transistors, 3 Terminal 

CA3028B t RCA Instrumentation, Digitally Programmable Gain TAA320 Signetics 

CA3053 t RCA 
AM-542MC Dalal (2623) TAA320A Signetics 
AM-542MM t Dalal (2620) Operational Amplifier, Band-Select Switch, AFT Mode 

DifferentiallnpuUDifferential Output Amplifier (bandwidth AM-542MR Datel Switch (for frequency-synthesizer TV systems) 
less than 2 MHz) AM-543MC Dalal (2623) CA3166 RCA 

MC1590G t Motorola AM-543MM t Dalal (2620) Operational Amplifier/Comparator with Shutdown Control CA3000 t RCA AM-543MR Datel and Isolated Transistor 
CA3007 t RCA PGA100AG Burr-Brown CA3177 RCA 

DifferentiallVideo Amplifier PGA100BG Burr-Brown Operational AmplifierlVoltage Comparator, Dual 
~PC754 NEC-Electron LHo084 t Nalional (3343) 100 LM192 t National 

Fiber Optic Receiver Amplifier LHo084C National (3343) LM292 National 
LH0082 t National 40 LHo086 t Nalional (3343) LM392 National 150 
LH0082C National LHo086C National (3343) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faca Indica las addlllonal dala Is provldad on Ihe page noled. 
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LINEAR-Amplifiers, Special Purpose '(Cont'd) 

Function Device Source Line Function Dp.vice Source Line 

Special Purpose (Cont'd) RF Amplifiers, Hybrids 
MHW401 Motorola 

Operational AmplifierlVoltage Comparator, Dual MHW590 Motorola 
(Cont'd) MHW591 Motorola 

LM2924 National MHW592 Motorola 
LM3924 National MHW593 Motorola 

Operational Amplifier, Dual with Dual Voltage Comparator MHW601 Motorola 

MC3405 Motorola MHW602 Motorola 50 

MC3505 t Motorola MHW603 Motorola 
MHW709 Motorola 

Operational Transconductance Amplifier, Dual MHW710 Motorola 
LM13600 Raytheon CA2800 TRW 
LM13600A Raytheon CA2810 TRW 

Power Amplifier, Motor and Actuator Driver, to 12 V, 1.5 A CA2820 TRW 
ICH85151 Intersil CA2830 TRW 
ICH8515M t Intersil CA2840 TRW 

Power Amplifier, Motor and Actuator Driver, to 24 V, 3 A CA2842 TRW 

ICH85101 Intersil CA2850 TRW 60 

ICH8510M t Intersil 10 CA2851 TRW 

ICH85201 Intersil CA2870 TRW 

ICH8520M t Intersil 
CA2871 TRW 

ICH85301 Intersi! 
CA2875 TRW 
CA2876 TRW 

ICH8530M t Intersil CA2880 TRW 
Power Transistor Driver/Amplifier, Biases External Signal Sources Switch, (buffer amplifiers with input 
MOSFET D.evices switches) TDA1028 Signetics 

MA500 Analog Sys TDA1029 Signetics 
Preamplifier, for Ultrasonic Remote Control Video, IF and RF Amplifiers 

TDA3047 Signetics CLC100 Comlinear 
TDB2033 Signetics CLC102 Com linear 70 

Preamplifier,lnfrared (74 dB gain, 100 kHz bandwidth) /LA733C Fairchild 

TDA4050B Siemens I'A733M t Fairchild 

Preamplifier, low Noise (35 dB gain, 100 MHz bandwidth) 
I'A733 t Intersil 

AHOO13CA OEI (3346) 
I'A733C Intersil 

AHOO13CB OEI (3346) 20 
MC1550 t Motorola 
MC1552 t Motorola 

AHOO13MA t OEI (3346) MC1553 t Motorola 
Preamplifier, Low Noise (40 dB gain, 20 MHz bandwidth) MC1733 t Motorola 

9913 OEI MC1733C Motorola 

Preamplifier, Low Noise (100 dB gain, 50 MHz bandWidth) NE592 Motorola 80 

9923 OEI SE592 t Motorola 
LM733 t National 

Preamplifier, Precision (to precede operational amplifiers) AN606 Panasonic 
LM121 t National AN607 Panasonic 
LM121A t National AN608 Panasonic 
LM221 National SL 1550 Plessey 
LM221A National SL541 Plessey 
LM321 National SL550 Plessey 
LM321A National SL560 Plessey 

Preamplifier, Temperature Controlled SL610C Plessey 90 

/LA727C Fairchild 30 SL611C Plessey 

I'A727M t Fairchild SL612C Plessey 
CA3001 t RCA 

Programmable Channel Op Amp (one of 4 input stages can CA3004 t RCA 
be connected to single output) CA3011 t RCA 

HA-2400 tHmls • CA3020A RCA 
(3212,3287) 

CA3021 t RCA 
HA-2404 Hmls CA3022 t RCA 

(3212,3287) 
CA3023 t RCA 

HA-2405 Harris CA3040 t RCA 100 
(3212,3287) 

NE592 Signetics 
Programmable Gain Amplifier (digitally controlled gain) SE592 t Signetics 

3606 Burr-Brown TDA3541 Signetics 
3607 Burr-Brown /LA733 t Signetics 
HS2020 Hybrid Sys /LA733C Signetics 
MN2020 Micro Net SG1401 t Silicon G 

Read Amplifier/Preamplifier (for magnetic tape memory 
SG2401 Silicon G 

systems) MC3467 Motorola SG3001 t Silicon G 

MC3468 Motorola 40 
SG3401 Silicon G 
~G733 t Silicon G 110 

RF Amplifier, Gated SG733C Silicon G 
MC1445 Motorola NE592 TI 
MC1545 t Motorola TL592 Tl (3435) 
MC1445 TI . (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold face Indlcales additional dala Is provided on Ihe page noled. 

2888 

Function Device Source Line 

Video, IF and RF Amplifiers 
(Cont'd) 

/LA733C TI 
/LA733M tTl 
TA7061A Toshiba 

Voltage Controlled Amplifier: See also Compander under: 
Linear-Telecommunication Circuits 

Wide Band Amplifier/ + 32/33 Divider 
SAA1058 Signetics 

Wideband Amplifier, Logarithmic limiting (4 to 500 MHz) 
SL1531 Plessey 
SL 1532 Plessey 120 
SL531C Plessey 
SL532C Plessey 

Wide band Amplifier with Low Level Video Detection (7 to 
200 MHz for log IF amplifiers) 

SL1521 t Plessey 
SL 1522 Plessey 
SL 1523 Plessey 
SL 1524 Plessey 
SL 1525 Plessey 
SL521 Plessey 
SL523 Plessey 

Single-Ended Input/Output Amplifier, Triple 
CA3035 RCA 130 

Hex Analog CMOS Amplifier 
MA113 Analog Sys 

Two Wire Transmitter (Sends current signal over same 
two lines from which it is powered.) 

XTR100AM t Burr-Brown 
XTR100AP Burr-Brown 
XTR100BM t Burr-Brown 
XTR100BP Burr-Brown 
LH0045 t National 
LH0045C National 
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MASTER SELECTION GUIDE 

LINEAR-Arrays 

Function Device Source Line Function Device Source Line Function Device Source Line 

Transistor Arrays Dual Transistors (f4t> 5 GHz) Quad Darlington Switch 
Sl2363C Plessey (Cont'd) 

Darlington Pair and Two Matched NPN Transistors Sl2364C Plessey 60 UDN2845 TI 
CA3018 t RCA 

Dual Transistors, Monolithic NPN, logarithmic UlN2064 TI 
CA3018A t RCA Conformance MP318 ' Micro Pwr UlN2065 TI 
CA3118 t RCA MAT-01 tPMI Hex NPN Darlington CA3118A t RCA MAT-01A t PMI lB1274 Sanyo 
SFC2018 t Thomson-CSF MAT-01F t PMI One Darlington PNP Pair, and One Current Mirror Pair with 

Differential Pair and Three NPN Transistors MAT-01G tPMI Shared Diode, and Two PNP Transistors 
J.LA3086M Fairchild MAT-01H PMI CA3084 RCA 
MC3346 t Motorola 
MC3386 t Motorola 

Dual Transistors, Monolithic NPN Tightly Matched Three Differential Amplifiers (NPN) 

t National 
1T120 Intersil UlN-2047A Sprague 130 lM3045 1T120A Intersil 

lM3046 National 10 1T121 Intersil Three NPN and two PNP Transistors 

lM3086 National 1T122 Intersil 70 CA3096 t RCA 

lM3146 National MP301 Micro Pwr CA3096A t RCA 

Sl3045 t Plessey MP302 Micro Pwr CA3096C t RCA 

Sl3046 Plessey MP303 Micro Pwr Four High Current NPN Transistors (core driver) 
Sl3086 Plessey MP310 MicroPwr FQ3724 Fairchild 
Sl3145 t Plessey MP311 Micro Pwr FQ3725 Fairchild 
Sl3146 Plessey MP312 Micro Pwr MHQ4001A Motorola 
CA3045 t RCA MP360 Micro Pwr MHQ4002A Motorola 
CA3046 t RCA lM194 t National MHQ4013 Motorola 
CA3086 t RCA 20 lM394 National MHQ4014 Motorola 
CA3146 RCA Sl360 Plessey 80 MPQ3303 Motorola 140 
CA3146A RCA Sl362 Plessey MPQ3725 Motorola 
TBA331 SGS Dual Transistors, Monolithic PNP, logarithmic MPQ3725A Motorola 
TCA671 Siemens Conformance MP358 Micro Pwr MPQ4003 Motorola 
TCA871 Siemens Dual Transistors, Monolithic PNP, Tightly Matched MPQ4004 Motorola 
TCA971 Siemens 1T130 Intersil DH3725C National 
TCA991 Siemens 1T130A Intersil DH6376C National 
SG3045 Silicon G 1T131 Intersil CA1724G t RCA 
SG3046 'Silicon G 1T132 Intersil CA1725G t RCA 
SG3086 t Silicon G 30 MP350 Micro Pwr CA3138 t RCA 
SG3146 Silicon G MP351 Micro Pwr CA3138A t RCA 150 
SG3821 Silicon G MP352 Micro Pwr TPQ3724 Sprague 
SG3886 Silicon G Quad Darlington Switch TPQ3725 Sprague 
UlN-2046A Sprague UlN2068 Molorola (2753) 90 TPQ3725A Sprague 
UlN-2086A Sprague UlN2074 Motorola Four High Current PNP Transistors (core driver) 
UlS-2045H t Sprague l702 SGS FQ3467 Fairchild 
SFC2046 t Thomson-CSF SG2064 Silicon G FQ3468 Fairchild 

Dual Darlington (NPN) and Two NPN Transistors SG2065 Silicon G MHQ3467 Motorola 
SG3823 Silicon G SG2066 Silicon G DH3467C National 0) 

Dual Darlington (NPN) SG2067 Silicon G Five High Current NPN Transistors 
"0 

CA3036 t RCA SG2068 Silicon G Sl3083 t Plessey ::l 

SFC2036 t Thomson-CSF 40 SG2069 Silicon G Sl3183 t Plessey C.9 
Dual Darlington (NPN-PNP quasi complementary) 

SG2070 Silicon G CA3083 t RCA 160 C 
TDA1410 SGS 

SG2072 Silicon G 100 
CA3183 t RCA 0 

TDA1420 SGS 
SG2073 Silicon G 

CA3183 t Signetics +-' 

SG2074 Silicon G U 
Dual Darlington Switch SG2075 Silicon G 

SG3083 t Silicon G 0) 

UlN-2061M Sprague (2843) SG2076 Silicon G 
SG3183 t Silicon G 0) 

ULN-2062M Sprague (2843) SG2077 Silicon G 
SG3183A t Silicon G en 

Dual Differential Amplifiers (NPN), Biasing, to Above 100 UDN-2841B Sprague (2843) UlN-2083A Sprague L. 

MHz NE510 Signetics UDN-2842B Sprague (2843) UlS-2083H t Sprague 0) 
+-' 

NE511 Signetics UDN-2843B Sprague (2843) Five High Frequency NPN Transistors, (f4t>s GHz) (J) 

SE510 t Signetics UDN-2844B Sprague (2843) Sl3127 Plessey CU 

SE511 t Signetics UDN-2845B Sprague (2843) 110 CA3127 RCA ~ 
Dual Differential Amplifiers (NPN), to 120 MHz UDN·2846B Sprague (2843) CA3227 RCA (3369) 170 

CA3054 Motorola ULN·2064B Sprague (2843) CA3246 RCA (3369) 

CA3026 RCA 50 ULN·2065B Sprague (2843) Five High Voltage, High Current NPN Darlington Amplifiers 
CA3054 RCA ULN·2066B Sprague (2843) lB1287 Sanyo 
SG3822 Silicon G ULN·2067B Sprague (2843) lB1288 Sanyo 
UlN·2054A Sprague ULN·2068B Sprague (2843) 

Five High Voltage, High Current NPN Darlington 
Dual Differential Amplifiers (NPN), to 500 MHz 

ULN·2069B Sprague (2843) Amplifiers, Source, for load Connected to Negative 
CA3049 t RCA 

ULN·2070B Sprague (2843) Supply UDN·2956A Sprague (2843) 

CA3102 tRCA 
ULN·2071B Sprague (2843) UDN·2957A Sprague (2843) 
ULN·2074B Sprague (2843) 120 

Dual Differential Amplifiers (NPN) with Diode Bias String ULN·2075B Sprague (2843) Five low-Noise NPN Transistors 
CA3050 t RCA ULN·2076B Sprague (2843) TDA3310 SGS 
CA3051 RCA ULN·2077B Sprague (2843) Six NPN Darlingtons 

Dual Matched Transistor Pairs, NPN UDN2841 TI lB1272 Sanyo 
Sl354 Plessey (Continued) lB1273R Sanyo 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indlcales addlllonal dala Is provided on Ihe page noled. 
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LINEAR-Arrays (Cont'd) 

Function Device Source 

Transistor Arrays (Cont'd) 

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 ~A 

SN75465 TI 
SN75468 TI 
SN75469 TI 

Seven High Current, High Voltage, NPN Darlington 
Amplifiers, Open Collector, to 50 V, 500 rnA 

XR2001C Exu (3199) 
XR2002C Exar (3199) 
XR2003C Exu (3199) 
XR2004C Exar (3199) 
XR2011C Exu (3199) 
XR2012C Exu (3199) 
XR2013C Exar (3199) 
XR2014C Exar (3199) 
XR2201 Exu (3200) 
XR2201M t Exar (3200) 
XR2202 Exar (3200) 
XR2202M t Exar (3200) 
XR2203 Exar (3200) 
XR2203M t Exar (3200) 
XR2204 Exar (3200) 
XR2204M t Exar (3200) 
9665 Fairchild 
9666 Fairchild 
9666M t Fairchild 
9667 Fairchild 
9667M t Fairchild 
9668 Fairchild 
9668M t Fairchild 
MC1411 Molorola (2753) 
MC1412 Molorola (2753) 
MC1413 Molorola (2753) 
MC1416 Molorola (2753) 
PBD352301 RIFA 
PBD352302 RIFA 
PBD352303 RIFA 
RBD352301 RIFA 
RBD352302 RIFA 
RBD352303 RIFA 
L201 SGS 
L202 SGS 
L203 SGS 
L204 SGS 
ULN2001 Signetics 
ULN2003 Signetics 
ULN2004 Signetics 
SG2001 Silicon G 
SG2002 Silicon G 
SG2003 Silicon G 
SG3851 Silicon G 
SG3852 Silicon G 
SG3853 Silicon G 
ULN-200lA Sprague (2843) 
ULN·2002A Sprigue (2843) 
ULN-2003A Sprague (2843) 
ULN·2004A Sprague (2843) 
ULN·2005A Sprague (2843) 
ULS-2001H t Sprague 
ULS-2002H t Sprague 
ULS·2003H t Sprague 
ULS-2004H t Sprague 
ULS-2005H t Sprague 
SN75466 TI 
SN75467 TI 
ULN2001A TI 
ULN2002A TI 

(Continued) 

tMilitary Temperature Range (-55 0 to 125°C) 
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Line 

10 

20 

30 

40 

50 

60 

Function Device Source Line 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 mA 

(Cont'd) ULN-2811A Sprague (2843) 
ULN2003A TI ULN-2812A Sprague (2843) 
ULN2004A TI ULN-2813A Sprague (2843) 
ULN2005A TI ULN-2814A Sprague (2843) 

Seven High Current, High Voltage NPN Darlington 
ULN-2815A Sprague (2843) 

Amplifiers, Open Collector, to 50 V, 600 mA 
ULS-2811A Sprague 

ULN-2011A Sprague (2843) 70 ULS-2811H t Sprague 

ULN-2012A Sprague (2843) ULS-2812H t Sprague 

ULN-2013A Sprague (2843) 
ULS-2813H t Sprague 130 

ULN·2014A (2843) 
ULS-2814H t Sprague 

Sprague ULS-2815H t Sprague 
ULN-2015A Sprague (2843) 
ULS-2011H t Sprague 

Eight High Current, High Voltage NPN Darlington 
Amplifiers, Open Collector, to 500 mA 

ULS-2012H t Sprague L601 SGS 
ULS-2013H t Sprague L602 SGS 
ULS-2014H t Sprague L603 SGS 
ULS-2015H t Sprague L604 SGS 

Seven High Current, High Voltage NPN Darlington Eight High Current, High Voltage NPN Darlington 
Amplifiers, Open Collector, to 95 V, 500 mA Amplifiers, Open Collector, to 95 V, 500 rnA 

ULN-2021A Sprague (2843) 80 ULN-282lA Sprague (2843) 
ULN-2022A Sprague (2843) ULN·2822A Sprague (2843) 
ULN-2023A Sprague (2843) ULN-2823A Sprague (2843) 

ULN-2024A Sprague (2843) ULN-2824A Sprague (2843) 140 

ULN-2025A Sprague (2843) ULN-2825A Sprague (2843) 

ULS-2021H t Sprague ULS-2821H t Sprague 

ULS-2022H t ~prague ULS-2822H t Sprague 

ULS-2023H t Sprague ULS-2823H t Sprague 

ULS-2024H t Sprague 
ULS-2824H t Sprague 

ULS-2025H t Sprague 
ULS-2825H t Sprague 

Seven High Current NPN Transistors, Common Collector Special Arrays 
SL3082 Plessey 90 
CA3082 t RCA CMOS (three p-channel and three n-channel enhancement 

CA3082 Signetlcs MOS transistors tested for linear operation) 
CA3600 t RCA SG3082 Silicon G 

ULN-2082A Sprague Diode Array (one diode quad and two isolated) 
CA3019 t RCA 

Seven NPN Darlingtons 
LB1275 Sanyo Diode Array (10 element) 

CA3141 RCA 
Seven NPN Transistors, Common Emitter Diode Array (16 element) 

SL3081 Plessey DN803 Panasonic 150 
CA3081 t RCA 

SCR Array (eight SCRs with current-limiting resistors) 
CA3081 Signetics ., UTN-2886B Sprague (2843) 
SG3081 Silicon G UTN-2888A Sprague (2843) 
ULN-2081A Sprague 100 

Thyristor/Transistor Array (SCR, programmable 
Seven-Stage Driver Array unjunction transistor, PNPINPN transistor pair, NPN 

LB1260 Sanyo transistor and zener diode) 
LB1261 Sanyo CA3097 t RCA 
LB1264 Sanyo Transistor/Diode Array (three NPN transistors two zener 

Eight High Current, High Voltage NPN Darlington diodes and one diode) 

Amplifiers, Current Source CA3093 RCA 

UDN-298lA Sprague (2843) 
UDN·2982A Sprague (2843) 
UDN·2983A Sprague (2843) 
UDN·2984A Sprague (2843) 
UDS-2981H t Sprague 
UDS-2982H t Sprague 
UDS-2983H t Sprague 110 
UDS-2984H t Sprague 

Eight High Current, High Voltage NPN Darlington 
Amplifiers, Open Collector, to 50 V, 500 rnA 

ULN·2801A Sprague (2843) 
ULN-2802A Sprague (2843) 
ULN·2803A Sprague (2843) 
ULN-2804A Sprague (2843) 
ULN·2805A Sprague (2843) 
ULS-2801H t Sprague 
ULS-2802H t Sprague 
ULS-2803H t Sprague 
ULS-2804H t Sprague 120 
ULS-2805H t Sprague 

• Typical Value 
Bold face Indlcales addlllonal dall Is provided on Ihe page noled. 
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MASTER SELECTION GUIDE 

LINEAR-Comparators 

Offset Bias Offset Response Max. Supply 
Voltage Current Current Time Differential Voltage, 
mV (25°C) (25°C) (25°C) ns Voltage Gain Fan Out V Device Source line 

Comparators-Single 

0.25 1.2 JlA 80 nA 30 20K 5,-16 RC4805A Raytheon 
RM4805A t Raytheon 

1200 nA 80 nA 35 • 8000 5to ± 18 CMP-05A t PMI 
CMP-05E PMI 

0.5 • 0.25 nA 0.1 nA 30 200K' 5,0 to ± 15 TLll1 tTl 

0.6 1.8JlA 150 nA 30 20K 5,-16 RC4805 Raytheon 
RM4805 t Raytheon 

1800 nA 150 nA 35 • 7000 5to ± 18 CMP-05B t PMI 
CMP-05F PMI 

0.7 O.lJlA 40 nA 200 200K LF2111 t National 10 

0.8 50 nA 3 nA 270 11 200K 5to ± 18 CMP-02 t PMI 
CMP-02B PMI 
CMP-02E PMI 

600nA 25 nA 180 11 200K 5 to ± 18 CMP-Ol t PMI 
CMP-01B PMI 
CMP-01E PMI 

1.0 6.0JlA 1.5JlA 45 15 ± 15,5 HA-4950 t Harris 

2.0 10JlA 1 JlA 6.5 -5.2,6 685L AMD 
685M t AMD 

12 -6,5 686M t AMD 20 

15JlA 3JlA 80 12.5K -6,12 TL810M tTl 

20JlA 3JlA 40 40K' 10 -3 to -12,12 LM106 tNational (3317) 
LM206 National (3317) 

40 • 1250 -6,12 JlA710M t Fairchild 
MC1710 t Motorola 
LM710 t National (3317) 
SG710 t Silicon G 
JlA710M tTl 
SFC2710 t Thomson-CSF 

45JlA 3JlA 40 ' 5 40K 10 -3 to -12,12 LM106 tTl 30 
LM206 TI 

2.8 100 nA 15 nA 270 11 lOOK 5to ±18 CMP-02C PMI 
900nA 80 nA 180 11 200K 5to ±18 CMP-01C PMI Q) 

3.0 5JlA 2 JlA' 20 3K' 5,( -6, 5-± 15) LM161 t National (3317) 
"'0 

LM261 National \, (3317) =:l 
(9 

10JlA lJlA 12 -6,5 686C AMD 
C 

50 nA 10nA 200 10 35K ±5to±18 JlA734M t Fairchild 0 

100nA 10 nA 165 • 30 200K' 5, Oto ± 15 LM111 tTl 
....... 
(j 

200 • 30 200K' 5,0 to ± 15 AD111 tAD Q) 

AD211 AD 40 Q) 

JlAlllM t Fairchild (J) 

LMlll t Intersil ~ 

LMll1 t Motorola 
Q) 

....... 
LM211 Motorola en 

CO 
LMll1 tNational (3317) ~ 
LM211 National (3317) 
LMlll t Raytheon 
CA111 t RCA 
CA211 RCA 
LM111 t Signetics 50 
LM211 Signetics 
SGlll t Silicon G 
SG211 Silicon G 
SFC2111 t Thomson-CSF 
SFC2211 Thomson-CSF 

250 30 200K' 5,0 to ± 15 LM111 t AMD 
LM211 AMD 

20nA 250 • 15 15K 5-15, ±5-±15 ICL8001M t Intersil 

3.5 20JlA 5JlA 80 10K -6,12 TL810C TI 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold faca Indlcalas addillonal dala Is provldad on Iha page naIad. 
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LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response 
Voltage Current Current Time 
mV(25°C) (25°C) (25°C) ns 

Comparators';'~ingle 

4.0 2/lA 0.5/lA 26 
12/lA 3/lA 22 

25 pA 50 pA 200 

50 pA 25 pA 200 * 

5.0 6.0/lA 1.5/lA 55 
10/lA 2/lA 20 

5/lA 2.2 
2.7 

20/lA 3/lA 14 * 

25/lA 5/lA 40 
40 * 

40/lA 5/lA 28 * 

75/lA 10/lA 40 * 

150 nA 25 nA 200 * 
1300 * 

50nA 1300 * 

200 nA 50000 

250 nA 50 nA 250 * 

6.0 2"A 0.75/lA 26 
20/lA 5/lA 22 

60/lA 7.5/lA 25 * 

250nA 100nA 250 

7.5 100/lA 15/lA 40 * 
250nA 50 nA 200 * 

-

250 pA 50pA 165 * 

250 

100pA -
10 250 pA 100pA -
10.0 75pA 150 pA 200 

150 pA 75pA 200 * 

20 500 nA 100nA 1300 * 

20.0 50/lA - 5 

30.0 50/lA 20/lA 55 

Comparators-Dual 

2.0 10/lA 1/lA 8 
10 

t Military Temperature Range (-55° to 125°C) 

2892 

Max. 
Differential 
Voltage Gain Fan Out· 

5 5K * 
5 5K * 

- 200K 2 

30 200K * 5 

15 - -
5 3K * 2 
5 - -
5 - -
5 31< * 4 

5 40K * 10 
5 1000 1 

5 40K 10 

5 750 

10 25K 2 
36 200K * 

36 200K * 

32 200K * 

15 15K 

5 5K * 
5 5K * 

5 5K * 2 

10 15K 

5 700 
30 200K * 5 

30 200K * 5 

30 200K * 5 

30 200K * 5 

30 200K * 5 

- 200K 2 

30 200K * 5 

Vcc 2K 2 

15 60dB -
5 100 6 

6 
6 

* Typical Value 
Bold face Indicates additional data Is provided on tbe page noted. 

Supply 
Voltage, 
V Device Source Line 

(Cont'd) 

5,( -6, 5-± 10) SE527 t Signetics 
5,(-6, 5-± 10) SE529 t Signetics 

36 * LF111 tNatloall 
(3310,3317) 

LF211 National 
(3310,3317) 

5, Oto ± 15 LF111 tAMD 
LF211 AMD 

±15,5 HA-4955 HarriS 
(-6,5to ±15) LM361 National (3317) 
5,-5.2 AD9685 AD (3157) 
5,-5.2 AD9687 AD (3157) 10 

±5 LM160 tNatlonal (3317) 
LM260 National (3317) 
LM360 National (3317) 

-3 to -12,12 LM306 National (3317) 
-6,12 /lA710C Fairchild 

MC1710C Motorola 
LM710C NatloDal (3317) 
/lPC71 NEC-Electron 
S6710C Silicon 6 

-3 to -12,12 LM306 TI 20 

-6,12 TL710M tTl 

±5to ±15 "A734C Fairchild 
2t036 TL331M tTl 

2 to 36 TL331C TI 

2 MK404 Analog Sys 

5-15, ±5-±15 ICL8001C Intersil 

5,( - 6,5- ± 10) NE527 Signetics 
5,( - 6,5- ± 10) NE529 Signetics 

±4.5 to ±6.5 "A760C Fairchild 
/lA760M t Fairchild 30 

±6to ± 18 AD351J AD 
AD351K AD 
AD351S tAD 

-6,12 TL710C TI 
5, Oto ± 15 AD311 AD 

/lA311C Fairchild 
LM311 Intersil 
LM311 Motorola 
LM311 National (3317) 
"PC271 NEC-Electron 40 
/lPC311 NEC-Electron 
LM311 Raytheon 
CA311 RCA 
LM311 Signetics 
S6311 Silicon 6 
TL311M tTl (3426) 
SFC2311 Thomson-CSF 

5,0 to ± 15 LM211 TI 
LM311 TI 

5,0 to ± 15 LM311 AMD 50 

5, Oto ± 15 TL311A TI (3426) 

5, Oto ± 15 TL311 TI (3426) 

36 * LF311 National 
(3310,3317) 

5,0 to ± 15 LF311 AMD 

2 to 28 LM3302 TI 

5 9050 DEI (3347) 

5 9915 DEI (3347) 

-5.2,5 687AM tAMD 
-5.2,5 687M tAMD 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response Max. Supply 
Voltage Current Current Time Differential Voltage, 
mV (25°C) (25°C) (25°C) ns Voltage Gain Fan Out V Device Source Line 

Comparators-Dual (Cont'd) 

2.0 (Cont'd) 
15~A 3~A 80 12.5K -6,12 TL514M tTl 

TL820M tTl 

20~A 3~A 30 • 1250 -6,12 LM1514 t National (3317) 
40 • 5 1250 -6,12 MC1514 t Motorola 

100nA 25 nA 1300 • 36 50K 2 to 36 ~A193A t Fairchild 
LM193A t National (3317) 
LM193A t Signetics 

250 nA 50 nA 1300 • 50K 2 to 36 ~A293A Fairchild 
~A393A Fairchild 

250 nA 50nA 1300 • 36 50K 2 to 36 LM293A National (3317) 10 
LM393A National (3317) 

3.0 10~A 1~A -5.2,5 687AL AMD 
10 -5.2,5 687L AMD 

45~A 7 ~A 40 40K' 10 -3 to -12,12 TL506M tTl 

100nA 10 nA 200 • 30 200K' 5,0 to ± 15 LH211 AMD 
LH2111 t AMD 
LH2211 AMD 
LH2111 t Intersil 
LH2111 t National (3317) 
LH2211 National (3317) 20 
LH2111 Raytheon 

250 . 30 200K' 5,0 to ± 15 1500L AMD 
1500M t AMD 

3.5 20~A 3~A 80 12.5K -6,12 TL811M tTl 
5~A 80 10K -6,12 TL514C TI 

TL820C TI 

75~A 10~A 40 • 700 -6,12 MC1711 t Motorola 
750 -6,12 ~A711M t Fairchild 

LM711 tNational (3317) 

60 750 -6,12 S6711 Silicon 6 30 

4.0 0.5~A 75 nA 80 40K ±15 LM119 t National 
500nA 75nA 80 • 10K 5,0 to ± 15 LM119 t AMD 

LM219 AMD 
LM119 t National (3317) 
LM219 National (3317) 
LM119 t Signetics 

ill 
LM219 Signetics "0 

5.0 5~A • 1~A 2.7 • 30 -5.2,5 SP9685 Plessey ~ 
SP9687 Plessey (9 

25~A 5~A 30 • 1000 -6,12 LM1414 National (3317) 40 C 
40 • 1000 -6,12 MC1414 Motorola 0 

30~A 5~A 33 • 10K -6,12 TL811C TI +-' 
() 

100 nA 25 nA 1300 • 36 50K 2 to 36 p.A193 t Fairchild ill 
LM193 t National (3317) ill 
LM193 t Signetics C/) 
LM193 tTl L.. 

100p.A 15p.A 40 • 700 -6,12 p.A711C Fairchild ill 
+-' 

MC1711C Motorola fJ) 

LM711C National (3317) rn 
S6711C Silicon 6 50 ~ 
p.A711C TI 
SFC2711 Thomson-CSF 

250 nA SOnA 1300 • 36 50~ 2 to 36 p.A293 Fairchild 
p.A393 Fairchild 
LM293 National (3317) 
LM393 National (3317) 
LM293 Signetics 
LM393A Signetics 
LM293 TI 
LM393 TI 60 

200K' 2 to 361 ± 1- ± 18 p.PC393 NEC-Electron 

600nA 150 nA 5000 30 4.5 to 20 p.PC379 NEC-Electron 

6.0 30pA 15 pA 200 • 36 50K 4to44 CA3290B RCA 

6.5 40 pA 7.5 pA 28 • 5 40K' 10 -3to-12,12 TL506C TI 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indicates additional dala Is provided on Ihe page noled. 
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LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response 
Voltage Current Current Time 
mV (25°C) (25°C) (25°C) ns 

Comparators-Dual 

7.0 250 nA 50 nA 1500· 

7.5 20/LA 5/LA 18 

25 

250 nA 50nA 200· 

250 

8.0 1/LA 0.2/LA 80· 

250 nA 25 nA 600· 

10 .40pA 25 pA 200· 
100nA 25nA 300· 

250nA 50 nA 300· 

20 50 pA 30pA 200· 

30 50 pA 100 pA 240 
250 

Comparators-Quad 

0.8 100 nA 25nA 1300 

2.0 100nA 25nA 1300· 

250nA 50nA 1300· 

2.0· 20llA 111A· 55 

65 

2.5 5nA 0.5 nA 10 ms 

3.0 6/LA 1.5/LA 35· 
75nA 25 nA 130· 

5.0 100nA 25 nA 1300 • 

t Military Temperature Range (-55° to 125°C) 

2894 

Max. 
Differential 
Voltage Gain Fan Out 

36 25K 

6 5K· 10 

6 5K· 10 

30 200K· 5 

30 200K 

5 8K 2 

40 - 1 

36 50K 2 
38 - 1 

38 - 1 

36 25K 2 

13 20K 1 
13 20K 1 

36 50K 2 

36 50K 2 

36 50K 2 

5 1.2K· 10 

5 1.2K • 10 

36 25K 

6 25k • -
15 400K· 

36 200K· 2 

• Typical Value 
Bold face Indicates add·lllonal data Is provided on Ihe page noled. 

Supply 
Voltage, 
V Device Source Line 

(Cont'd) 

2 to 36 /LA2903 Fairchild 
LM2903 National (3317) 
LM2903 Signetics 
LM2903 TI 

±5 NE521 Signetics 
SE521 t Signetics 

±5 NE522 Signetics 
SE522 t Signetics 

5,0 to ± 15 LH2311 AMD 
LH2311 Intersil 10 
LH2311 National 

5, Oto ± 15 1500C AMD 

5,0 to ± 15 LM319 AMD 
LM319 National (3317) 
/LPC319 NEC-Electron 
LM319 Signetics 

4.5 to 40 MC3324A Motorola 
MC3424A Motorola 
MC3524A Motorola 

4t036 CA3290A RCA 20 
4.5 to 40 MC3524 t Motorola 

4.5 to 40 MC3324 Motorola 
MC3424 Motorola 

4 to 36 CA3290 RCA 

±1.5to ±7.5 MC14575 Motorola 
± 1.5 to ±7.5 MC14575 Motorola 

2-36/ ± 1· ± 18 CMP-04B t PMI 
CMP-04F PMI 

2-36/ ± 1- ± 18 LM139A t AMD 
/LA139A t Fairchild 30 
LM139A t Intersil 
LM139A t Motorola 
LM139A t National (3317) 
PM139A t PMI 
CA139A t RCA 
SG139A t Silicon G 
LM139A tTl 

2-36/ ± 1- ± 18 LM239A AMD 
LM339A AMD 
/LA239A Fairchild 40 
/LA339A Fairchild 
LM339A Intersil 
LM239A Motorola 
LM339A Motorola 
LM239A Nltlonll (3317) 
LM339A NIUonl1 (3317) 
PM239A PMI 
PM339A PMI 
CA239A RCA 
CA339A RCA 50 
SG239A Silicon G 
SG339A SIlicon G 

±5 MC3430 Motorola 
MC3431 Motorola 

±5 MC3432 Motorola 
MC3433 Motorola 

2 to 36 L 161 Silicon Ix 

± 15,5 HA-4920 t Harris 
5 to ± 15 HA·4900·2 t Harris 

(3284.3287) 

2·36/ ± 1, ± 18 LM139 t AMD 60 
/LA139 t Fairchild 
LM139 t Intersil 

(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 Fan Out 

Comparators-Quad 

5.0 100nA 25 nA 1300 • 36 200K' 2 

150nA 35 nA 200 15 400K' -

250 nA 50 nA 1300 • 15 200K' 1 

36 200K' 2 

5,0 (2 operational amplifiers, 2 comparators) 
500 nA 75 nA 1300 • 36 200K' 

6.0 8JLA 2JLA 35 • 6 25k * -
7.0 250 nA 50 nA 1300 * 36 50K 2 

7.5 150nA 50 nA 130 * 15 400K' 

9.0 (2 operational amplifiers, 2 comparators) 
10 500 nA 1300 • 36 

20 500 nA 3 nA' 2000 • Vcc 2K 1 

100 nA 1300 • Vcc 2K 2 

30 (2 operational amplifiers. 2 comparators) 
50 pA 100 pA 250 13 20K 1 

Comparators-Hex 

5 100nA 25 nA 1300 ±36 200K 4 
250nA 25 nA 1300 ±36 200K 4 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faca Indlcalas addlllonal dala Is provldad on Ihe page naiad. 
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Supply 
Voltage, 
V Device Source line 

(Cont'd) 

2-36/ ± 1, ± 18 
; 

(Cont'd) 
LM139 t Motorola 
LM139 t Nltlonal (3317) 
PM139 fPMI 
LM139 t Raytheon 
CA139 t RCA 
LM139A t Signetics 
SG139 t Silicon G 
LM139 tTl 

5to ± 15 HA-4902-2 tHarrls 
(3284.3287) 

3-15 MM54C909 t National 10 
MM74C909 N'ational 

2-36/ ± 1, ± 18 LM239 AMD 
LM339 AMD 
JLA239 Fairchild 
JLA339 Fairchild 
LM339 Intersil 
LM239 Motorola 
LM339 Motorola 
LM239 National (3317) 
LM339 National (3317) 20 
JLPC177 NEC-Electron 
JLPC339 NEC-Electron 
AN6912 Panasonic 
PM239 PMI 
PM339 PMI 
LM239 Raytheon 
LM339 Raytheon 
CA239 RCA 
CA339 RCA 
LM239A Signetics 30 
LM339 Signetics 
SG239 Silicon G 
SG339 Silicon G 
LM239 TI 
LM339 TI 

3-36 MC3505 t Motorola 

±15,5 HA-4925 Harris 

2-36/ ± 1- ± 18 LM2901 Motorola 
LM2901 National 
JLPC2901 NEC-Electron 40 
LM2901 Raytheon 
LM2901 Signetics 
LM2901 TI 

5to ±15 HA-4905-5 Harris 
(3284.3287) 

3-36 MC3405 Motorola 

2 t028 MC3302 Motorola 
RV3302 Raytheon 
MC3302 Signetics 
SG3302 Silicon G 

5to ± 15 LM3302 National 50 

± 1.5 to ±7.5 MC14574 Motorola 

2-36/ ± 1- ± 18 TL336C TI 
3-36/ ± 1- ± 18 TL336M tTl 

,. 
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Ie MASTER 

LlNEAR-Confumer Circuits 
Function Device Source Line Function Device Source Line Function Device Source line 

Audio Circuits Noise Reduction. Dolby Power Amplifier. Single. <5 Watt~ 
(Cont'd) (Cont'd) 

Amplifier and Preamplifier. Low Power LMl121C National (3326) 50 LA4138 Sanyo 
TCA210 Signetics LM1131A National (3326) LA4180 Sanyo 

Amplifier. Headphone LM1131B National (3326) LA4182 Sanyo 
LA4170 Sanyo LM1131C National (3326) LA4200 Sanyo 
LA4175 . Sanyo LM1894 Nltlonal -(3326) LA4201 Sanyo 
LA4177 Sanyo NE545B Signetics LA4220 Sanyo 

Amplifier. Hearing Aid NE645 Signetics LA4430 Sanyo 
CS263 Cherry NE646 Signetics TBA820 SGS 

TCA1003 ITT NE648 Signetics TBA820M SGS 120 

TCA1004 ITT NE649 Signetics TCA830S SGS 

MPS5b03 Micro Pwr NE650 Signetics 60 TDA1012 Signetics 

MPS5004 Micro Pwr Pop NOise Canceller TDA1013 Signetics 

MPS5053 Micro Pwr 10 AN6135 Panasonic ULN-2280B Sprague 

ILPC12 NEC-Electron Power Amplifier Controller ULN-2283B Sprague 
OM200 Panasonic AN7071 Panasonic ULN-3705M Sprague 

OM200 Signetics TCA830 Telefunken 
Power Amplifier Driver U410 Telefunken Amplifier. Low Power ICL8063C Intersil 

TBA915 Signetics ICL8063M t Intersil 
U411 Telefunken 
LM388 TI 130 

Amplifier. with AGC. for Recorders MC3221 Motorola 
SN16923 TI HA1319 Hitachi MC3320 Motorola 

HA1361 Hitachi MC3321 Motorola 
SN76000 TI 

TDA2054 Signetics LM391 National 
SN76002 TI 

TDA7137 Toshiba (3326.3328) SN76011 TI 

TDA7137-ST Toshiba AN7070 Panasonic SN76021 TI 

NE540 Signetics 70 SN76024 TI 
Attenuator. Digital 

AD7115K AD (3163) 20 SE540 Signetics TA7140 Toshiba 
TA7207 Toshiba 

Attenuator. Digital (logarithmic D/A converter) Power Amplifier Driver. Dual TA7208 Toshiba 
AD7111K AD (3166) STK3042 Sanyo 

AD7111L AD (3166) STK3062 Sanyo Power Amplifier. Single. > 10 Watts 

AD7111T tAD (3166) STK3082 Sanyo ILA7332 Fairchild 140 

AD7111U tAD (3166) Power Amplifier. Single. <5 Watts 
HA1388 Hitachi 
HA1392 Hitachi 

AD7118T tAD (3166) CA3094 t RCA 
LM1875 Natlonll (3330) AD7118U tAD (3166) TBA641 Fairchild 

TBA820 Fairchild 
CA2004 RCA 

Attenuator. Digital (with loudness compensation switch). 0 SI1020 Sanken 
to 88.5 dB Attenuation in 1.5 dB Steps HA1325 Hitachi 

SI1030 Sanken 
AD7110K AD (3166) HA1329 Hitachi 

SI1050 Sanken 
AD7118K AD (3166) MC1306 Motorola 80 
AD7118L AD (3166) MC1384 Motorola LA4460 Sanyo 

MC1454 Motorola LA4461 Sanyo 
Attenuator. Dual 

MC1554 t Motorola STK0030 Sanyo 150 
LA2600 . Sanyo 30 STK0040 Sanyo 

Q) LC7500 Sanyo MC3360 Motorola 

"'0 LM1879 National STK0050 Sanyo 
Audio NOise Reduction. Compander. See Linear-

LM2001 National STK0055 Sanyo 
:::J Telecommunications Circuits 

LM2895 National (3326) STK0059 Sanyo 
C.9 Controls (loudness. treble. bass) LM380 National (3326) STK0060 Sanyo 

c:: TDA4290 Siemens LM386 Nallonal STK0070 Sanyo 
0 Controls, Stereo, DC Operated (3326.3328) STK0080 Sanyo 

....... LM1035 Nillonil (3326) LM388 Nallonal STK0150 Sanyo 
t) 

TCA730A Signetics (3326.3328) 90 STK050 Sanyo Q) 

Q) 
. TCA740A Signetics LM389 National STK058 Sanyo 160 

.W TDA1074 Signetics LM390 Nillonil STK070 Sanyo 
TDA1524 Signetics (3326.3328) STK075 Sanyo .... 

ILPC1025 NEC-Electron STK077 . Sanyo Q) Digital Compact Disc ....... SAA7000 Signetics IIPC41 NEC-Electron STK078 Sanyo 
CJ) 
Cd SAA7010 Signetics 40 AN124 Panasonlc STK080 Sanyo 

~ SAA7020 Signetics AN214 Panasonlc STK082 Sanyo 

Digital Noise Source AN252 Panasonlc STK083 Sanyo 

MM5437 National AN374 Panasonlc STK084 Sanyo 

Equalizer, Swltchable 
AN7110 Panasonlc STK086 Sanyo 

TDA2000 Siemens 
AN7114 Panasonlc 100 STK4021 Sanyo 170 
AN7115 Panasonlc STK4023 Sanyo 

Muting Circuit (switching noise suppressor) AN7120 Panasonlc STK4025 Sanyo 
·TA7324 Toshiba AN7130 Panasonlc STK4372 Sanyo 

Noise reduction, DNR CA3020 t RCA STK4392 Sanyo 
LM832 National LA4100 Sanyo TCA940 SGS 

Noise Reduction, Dolby LA4101 Sanyo TDA2008 SGS 
HAl1226 Hitachi LA4102 Sanyo TDA2010 SGS 
LMllll NaUonal LA4110 Sanyo TDA2020 SGS 

(3326.3328) LA4112 Sanyo TDA2020D SGS 
LM1121A Nallonal (3326) LA4126 Sanyo 110 TDA2030 SGS 180 
LM1121B NaUonal (3326) LA4137 Sanyo TDA2040 SGS 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold facalndicatasaddlllonal data Is provided on the page noted. 
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MASTER SELECTION GUIDE 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source line 

(Cont'd) 
Audio Circuits (Cont'd) Power Amplifier, Single, 5-10 Watts Power Amplifier, Dual, > 10 Watts 

(Cont'd) 
Power Amplifier, Single, > 10 Watts TDA1010A 

TDA1011 
TDA1011A 
TDA1020 
TDA2611A 
TDA2002 
TDA2002A 
ULN-3701Z 
ULN-3702Z 
ULN-3703Z 
ULN-3784B 
ULX-3704B 
TBA800 
TBA810 
TDA2002 
TDA2002A 
TDA2003 
TDA2004 
SN76005 
TA7205A 
TA7217A 
TA7222A 
TA7238 

. Signetics STK437 
STK439 

Sanyo 
Sanyo 
Sanyo 

(Cont'd) 
TDA2030 Siemens 
JDA3000 Siemens 
TDA 1512 Signetics 
TDA 1520 Signetics 

. TDA2030 Telefunken 
ESM532 Thomson-CSF 
TA7210 Toshiba 

Power Amplifier, Single, 5-10 Watts 
HA 1366 Hitachi 
HA 1368 Hitachi 
HA 1371 Hitachi 10 
HA1372 
HA1389 
TBA800 
TBA810 
TDA2002 
TDA2002 
TDA2002A 
LM2002 
LM383 
LM383A 
LM384 

TDA2002 
TDA2002A 
/lPC1020 
/lPC1155 
/lPC1156 
/lPC571 
/lPC578 
AN2i2 
AN315 
AN7150 
AN7151 
AN7152 
AN7154 
AN7155 
CA2002 
CA3131 
CA3132 
CA810 
CA810A 
CA810AM 
CA810M 
SI1010 
LA4140 
LA4230 
LA4250 
LA4420 
LA4422 
LA4440 
STK4017 
STK4019 
STK4332 
STK4352 
STK4362 
L149 
TBA800 
TBA810 
TCA940E 
TDA1905 
TDA1908 
TDA1910 
TDA2002 
TDA2002A 
TDA2003 
TDA2006 
TDA1037 
TDA2003 

Hitachi 
Hitachi 
Hitachi 
Hitachi 
Hitachi 
Motorola 
Motorola 
Nillaaal (3326) 
Nillanil (3326) 
Nillanil (3326) 20 
Nallanal 

(3326,3328) 
National 
National 
NEC-Electron 
NEC-Electron 
NEC-Electron 
NEC-Electron 
NEC-Electron 
Panasonic 
Panasonic 30 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
Sanken 
Sanyo 
Sanyo 
Sanyo 
San yo 
Sanyo 
Sanyo 

40 

Sanyo 50 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
SGS 
SGS 
SGS 
SGS 
SGS 
SGS 
SGS 
SGS 
SGS 
SGS 
SGS 
Siemens 
Siemens 

(Continued) 

60 

t Military Temperature Range (-55° to 125°C) 
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Power Amplifier, Dual, <5 Watts 
HA1374 
LM1877 

LM1895 
LM1896 

LM2877 

LM2896 

LM377 
LM378 
AN313 
AN7145L 
AN7146M 
LA4120 
LA4125 
LA4125T 
ULX-3783M 
TA7203 
TA7214 
TA7215 

Power Amplifier, Dual, 5-10 Watts 
HA1377 

Signetics 
Signetics 
Signetics 
Signetics 
Sprague 
Sprague 
Sprague 
Sprague 
Sprague 
Sprague 
Sprague 
Telefunken 
Telefunken 
Telefunken 
Telefunken 
Telefunken 
Teiefunken 
TI 
Toshiba 
Toshiba 
Toshiba 

70 STK441 

Preamplifier CA3080 
CA3080A 
MA106 
ZN459 
ZN459C 
ZN459CP 
ZN460 
ZN460C 
ZN460CP 

80 HA12017 
HA1406 
HA1457 
LM1837 

Toshiba 90 

LM3080 
LM3080A 
/lPC1023 
/lPC1024 
/lPC1032 
/lPC566 
/lPC573 
/lPC592 
AN127 
AN360 
AN370 
SL561 
SL561B 
SL561C 
LA3110 
LA3120 
LA3130 
LA3150 
LA3170 
TDA2310 
TDA3410 
TDA3420 
TAA263 
TAA310A 
TA7063 
TA7120 
TA7122A 
TA7122B 
TA7129 

Hitachi 
Nillanal 

(3326.3328) 
Nallanll (3326) 
Nallanll 

(3326.3328) 
Nallanal 

(3326.3328) 
Nltianal 

(3326,3328) 
National 
Nltianal (3326) 
Panasonic 
Panasonic 100 
Panasonic 
Sanyo 
Sanyo 
Sanyo 
Sprague 
Toshiba 
Toshiba 
Toshiba 

TA7129A 
Hitachi TA7136A 

RCA 
t RCA 

Analog Sys 
t Ferranti 

Ferranti 
Ferranti 

t Ferranti 
Ferranti 
Ferranti 
Hitachi 
Hitachi 
Hitachi 
National 

(3325.3327) 
National 
National 

140 

NEC-Electron 150 
NEC-Electron 
NEC-Electron 
NEC-Electron 
NEC-Electron 
NEC-Electron 
Panasonic 
Panasonic 
Panasonic 
Plessey 
Plessey 
Plessey 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
SGS 
SGS 
SGS 
Signetics 
Signetics 
Toshiba 
.Toshiba 
Toshiba 
TOShiba 
Toshiba 
Toshiba 
Toshiba 
Toshiba LM2878 

LM2879 
LM379 

Nallanal (3326) 110 TA7322 
National -pr-ea-m-p-lif-ie-r f-o-r I-R-R-em-o-te-c-o-nt'-ro-I -------
Nallanal (3326) TDA2320 

. AN7145M 
AN7156 
STK433 
STK435 
STK443 
STK457 
STK459 
STK463 
STK465 
TDA2004 
TDA2005 
TDA1510 
TDA1515 
ULX-3777W 
TDA2005 
TA7227 

Power Amplifier, Dual, > 10 Watts 
AN7145H 
AN7146H 
AN7156N 

• Typical Value 

Panasonic Preamplifier, Dual 
Panasonic XR4739 
Sanyo XR4739M 
Sanyo UA739 
Sanyo /lA739 
Sanyo /lA749 
Sanyo HA 12012 
Sanyo 120 HA 1452W 
Sanyo LM1301 
SGS LM1303 
SGS LM1897 
Signetics 
Signetics 
Sprague 
Telefunken 
Toshiba 

Panasonic 
Panasonic 130 
Panasonic 

(Continued) 

LM381 

LM382 

LM387 

AN264 
AN7311 

Bald flCI Indiciles Idditlanal dill Is provided an Ibe pagl naiad. 

SGS 

Exar 
t Exar 

Fairchild 
Fairchild 

t Fairchild 
Hitachi '. 
Hitachi 
National 
Nallanll (3325) 
Nillanil 

180 

. (3325.3327) 190 
National 

. (3325.3328) 
Nltianal 

(3325.3327) 
Nltianll 

(3325,3327) 
Panasonic 
Panasonic 

(Continued) 
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Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source line 

Audio Circuits (Cont'd) Calculator Circuits CB Radio Circuits 
" 

Preamplifier, Dual Calculator ILPD1201 NEC-Electron AF Processing Circuit 
(Cont'd) ILPD1801 NEC-Electron AN6140 Panasonic 

LA3115 Sanyo ILPD276 NEC:Electron Channel SelectorlDisplay Driver 
LA3122 Sanyo ILPD277 NEC-Electron FCB8010 Fairchild 
LA3133 Sanyo ILPD278 NEC-Electron MN6080 Panasonic 120 
LA3155 Sanyo ILPD284 NEC-Electron LC7181 Sanyo 
LA3160 Sanyo ILPD286 NEC-Electron 60 LC7184 Sanyo 
LA3161 Sanyo 

I ILPD299 NEC-Electron LC7191 Sanyo 
TDA2320A SGS ILPD940 NEC-Electron 
LM381A Signetics ILPD941 NEC-Electron 

Programmer, for PLL 
MP7156 Micro Pwr LM387 Signetics ILPD943 NEC-Electron 
LC7120 Sanyo NE542 Signallc, (3393) 10 ILPD946 NEC-Electron 

TDA1522 Signetics ILPD947 NEC-Electron Synthesizer Set, 40 Channel, BCD Channel Setting 
ULN-2231A Sprague ILPD950 NEC-Electron MP7139 Micro Pwr 
SN76130 TI. ILPD951 NEC-Electron MP7149 Micro Pwr 
SN76131 TI ILPD952 NEC~Electron MP7189 Micro Pwr 
SN76149 TI MN5530 Panasonic 70 Synthesizer Set, 40 Channel, Binary Channel Setting 
TA7312 Toshiba MN5540 Panasonic SP8923 Plessey 
TA7325 Toshiba MN5550 Panasonic Synthesizer Set, 40 Channel, BCD Channel Setting TA7685 Toshiba MN5556 Panasonic SP8921 Plessey 130 

Preamplifier, Quad MN5701 , Panasonic SP8923 Plessey 
XR4?12 Exar MN5710 Panasonic LC7131 Sanyo 

Signal Delay MN3001 Panasonic 20 MN5750 Panasonic LC7135 Sanyo 
MN3010 Panasonic . MN5752 Panasonic 

Synthesizer Set, 40 Channel, Binary Channel Setting 
MN3204 Panasonic TMS1018 TI I (1559) 

SP8922 Plessey 
MN3207 Panasonic Calculator, Printing 
TDA1096 Signetics HD38510 Hitachi Transceiver Receiver 

TDA2104 Signetics HD38513 Hitachi 80 
TMS1022 TI 

~ TDA2105 Signetics HD38546 Hitachi Clock/Watch Circuits 
~ TDA2107 Signetics HD38550 Hitachi 

~ 
TDA2108 Signetics HD38560 Hitachi Alarm Clock HD38980 Hitachi 

~ Sound Generator HD38570 Hitachi HD38991C Hitachi • AY3-8910 GI HD38580 Hitachi HD43115 Hitachi 
AY3-8912 GI 30 HD38585 Hitachi HD43890 Hitachi 

Sound Generator Controller for Microprocessor-Based ICM1115 Intersil 140 
Systems SN76489 TI Camera Circuits ICM1115A Intersil 

SN76489A TI 
Ex~osure Control ICM1115B intersil 

SN76493 TI CS100 Cherry ICM7038A Intersil 
SN76494 TI CS102 Cherry ICM7038B Intersll 

Q) SN76495 TI CS122 Cherry ICM7049A Intersil 
"0 Sound Generator w/Audio Amp CS127 Cherry 90 ICM7050 Intersil 

::J SN76487 TI CS129 Cherry MM53108 National 
(9 SN76488 TI CS130 Cherry MM5316 Nallonal (3327) 

CS131 Cherry MM5387 Nallonal (3327) C 
0 Automotive Circuits CS132 Cherry MM5402 Nallonal (3327) 150 
+-' CS137 Cherry MM5405 National 
() Clock PCF1171 Signetics 

'CS460 Cherry MM58143 Nallonal (3327) 
Q) PCF1172 Signetics 

CS461 Cherry MM58144 National 
Q) Clock with Vacuum Fluorescent Display Drivers CS462 Cherry. ILPD5388 NEC-Electron C/) S4003 AMI 40 CS463 Cherry ILPD832 NEC-Electron 
~ SCL5233 SSS CS464 Cherry 100 ILPD833 NEC-Electron Q) 
+-' Ignition Circuit MC3333 Motorola CS470 Cherry MSM5550 OKI (3873) en 
CO Lamp Monitor ULN-2401A Sprague CS480 Cherry MN6052 Panasonlc 

~ CS481 Cherry MN6053 Panasonlc Low Coolant Detector 
ULN-2429A Sprague CS482 Cherry MN6054 Panasonlc 160 

CS483 Cherry MN6056 Panasonlc 
Speed Control Processor' CS484 Cherry MN6075 Panasonlc 

MCl4460 Motorola CS485 Cherry MN6076 Panasonlc 
Speedometer and Mileage Indicator CS486 Cherry MN6091 Panasonlc 

SAY115 ITT CS487 Cherry MN6092 Panasonlc 
Traffic Information Broadcast Decoders CS488 Cherry 110 LM8360 Sanyo 

UAA1009 ITT CS489 Cherry LM8361 Sanyo 
S0280 Siemens CS580 Cherry MB561 Signetics 
S0281 Siemens ILPC558 NEC-Electron MB562 Signetics 
S551 Siemens 50 ILPC589 NEC-Electron PCA1515 Signetics 170 
S552 Siemens S0258A Siemens PCA1517 Signetics 

Voltage Regulator S0289 .Slemens PCA1564 Signetics 
TCA700 ITT Strobe Light Controller PCA1566 Signetics 
MC3325 Motorola CS139 Cherry TCA1516 Signetics 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold 'Ica Indlcalas addlllonal dala Is provldad on Iba paga nolad. 
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MASTER SELECTION GUIDE 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source 

Clock/Watch Circuits (Cont'd) 

Alarm Clock Radio 
GI 
Intersil 

. Intersil 
Intersil 
National 
National 
National 

CK3300 
ICM7223 
ICM7223A 
ICM7223VF 
MM53113 
MM53124 
MM5455· 
MM5456 
MM5457 
MM5462 
MM5463 
MM5464 
MM5465 
MM5466 
MSM5523 
MSM5524 
MSM5549 

Nallonal (3327) 
Nallonal (3327) 
National 
National 
Nallonal (3327) 
National 
Nallonal (735) 
OKI 
OKI (3873) 
OKI 

MSM5550 OKI . 
LM8363 Sanyo 
LM8364 Sanyo 

Automotive Clock with LCD Display Drivers 
PCF1171 Signetics 
PCF1172 Signetics 

Clock Automotive, with Vacuum Fluorescent Display 
Drivers MSM5557 OKI (3873) 

SCL5458 SSS 

Clock Circuits (See Also: Digital-CMOS Oscillators/ 
Dividers. Linear-Clock, Alarm Clock, Clock, Alarm Clock 
Radio. Other Linear Devices-Oscillator) 

S4003 AMI (618) 
8640 Epson 
8650 Epson 
8651 Epson 
HD44010 Hitachi 
ICM7051A Intersil 
ICM7051B Intersil 
ICM7052 Intersil 
SAJ300 ITT 
C1200 LSI Comp 
MM5309 National 
MM5311 National 
MM53110 National 
MM5312 National 

National 
National 
National 
National 

MM5313 
MM5314 
MM5315 
MM5318 
MM5378 
I'PD811 
I'PD815 
I'PD816 
MSA750 
MSM5509 
MSM5528 
MSM5529 
MSM5558 
MSM5559 
MN6052 
MN6053 
MN6057 
MN6058 
MN6059 
MN6070 
MN6093 
MN6200 
MN6250 ' 
MN6251 
MN6252 
CD22012 
CD22014 

National 
NEC-Electron 
NEC-Electron 
NEC-Electron 
OKI 
OKI 
OKI 
OKI 

(3873) 
(3873) 

OKI (3873) 
OKI 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
RCA 
RCA 

(Continued) 

t Military Temperature Range (-55° to 125°C) 
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line Function Device Source 

Clock Circuits (See Also: Digital-CMOS Oscillators/ 
Dividers. Linear-Clock, Alarm Clock, Clock, Alarm Clock 
Radio. Other Linear Devices-Oscillator) 

MB512 
MB513 
SCL5233 
SCL5238 
SCL5455 
SCL5463 
SCL5474 
SCL5601 

Signetics 
Signetics 
SSS 
SSS 
SSS· 
SSS 
SSS 
SSS 

(Cont'd) 

10 Clock Circuits (See Also: Digital-CMOS Oscillators/ 
Dividers. Linear-Clock, Alarm Clock, Clock, Alarm Clock 
Radio, Other Linear Devices-Oscillator) 

ICM7045 Intersil 
WD2412 Western 

Color Bar Generator 
MM5322 

Color Control for VIR Broadcasts 
HA11409 

National 

Hitachi 

20 Digital Clock, Channel and Time Display 
MM58106 National 

Digital Tuner MM58142 

Melody Circuit, for Clocks 
7910 
7920 
7930 
SVM7940 
SVM7950 
'SVM7960 
SVM7970 
SVM7990 

Melody Circuit, Westminister Chime 
SVM5530 
SVM7810 

National 

Epson 
Epson 
Epson 
Epson 
Epson 
Epson 
Epson 
Epson 

Epson 
Epson 

30 Stopwatch/Clock (LCD) 
ICM7045 
WD2412 

Intersil 
Western 

Stopwatch (LED) 
ICM7205 Intersil 
ICM7215 Intersil 

Watch, Analog (See also Digital-CMOS Oscillators/ 
Dividers) HC43850 Hitachi 

ICM7047 Intersil 
ICM7245 Intersil 

40 I'PD810 NEC-Electron 
MB101 Signetics 
MB105 Signetics 
MB125 Signetics 
MB 126 Signetics 
MB140 Signetics 
SCL5484 SSS 

Watch (LCD), Digital 
HC42022 Hitachi 
HC42030 Hitachi 

50 HC43032 Hitachi 

60 

HC43802 Hitachi 
HC43803 Hitachi 
ICM1424B Intersil 
ICM1424MB Intersil 
ICM1424MC Intersil 
ICM7210 Intersil 

Intersil 
Intersil 

. Intersil 
Intersil 
Intersil 
Intersil 
Intersil 

line Function Device Source 

70 

80 

90 

100 

Watch (LCD), Digital 

ICM7270 
ICM7272 
I'PD809 
I'PD819 
I'PD826 
I'PD828 
I'PD844 
MSM5080 
MSM5517 
MSM5803 
MSM5977 
MS680 
MS681 
MS682 
MS683 
LC5621 
MJ11-2 
MJ121 
MJ123 
PCA1122 
PCA1126 
SCL54301 
SCL5450 
SCL5478 
SCL5482 
SCL5483 

Watch (LCD), Digital Chronograph 
ICM7220C 
MP7160 
MSM5515 
MSM5970 
MSM5976 
LC5613 
SW-604 

(Cont'd) 
Intersil 
Intersil 
NEC-Electron 
NEC-Electron 
NEC-Electron 
NEC-Electron 
NEC-Electron 
OKI 
OKI 
OKI 
OKI 
RTC 
RTC 
RTC 
RTC 
Sanyo 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
SSS 
SSS 
SSS 
SSS 
SSS 

Intersil 
Micro Pwr 
OKI 
OKI 
OKI 
Sanyo 
Supertex 

(3873) 

Watch (LCD), Digital Chronograph/Alarm 
HI7000 Holt 
MP7216 
MSM5016 
MSM5081 

Watch (LCD), Digital with Alarm 
HI7020 
ICM7220A 
ICM7220FA 
ICM7220MFA 
ICM7221 
ICM7222 
MP7150 
MSM5518 
MSM5519 
MSM5972 
MJ150 
SCL5481 
SCL5485 
SCL5486 

Micro Pwr 
OKI 
OKI 

Holt 
Intersil 
Intersil 
Intersil 
Intersil 
Intersil 
Micro Pwr 
OKI 
OKI 
OKI 
Signetics 
SSS 
SSS 
SSS 

110 Watch (LCD), Digital with Alarm and Music Enable 
ICM7271 Intersil 
ICM7273 Intersil 

Watch (LCD), Digital with Musical Alarm 
SCL5470 SSS 
SCL5471 SSS 
SCL5472 SSS 

Watch (LED), Digital 
ICM7214 Intersil 

ICM7210C 
ICM7210M 
ICM7210MC 
ICM7220 
ICM7220B 
ICM7220M 
ICM7220MA 
ICM7220MC 
ICM7269 

Intersil 120 ICM7214A 
I'PD824 
I'PD829 

Intersil 
NEC-Electron 
NEC-Electron 

Intersil 
(Continued) 

• Typical Value 
80ld 'aca Indicatasaddillonal data Is provldod on tha paga notad. 
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Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source line Function Device Source line 

Organ Circuits Dual Voltage Controlled Amplifier IF Amplifier IlA757 Fairchild 100 
SSM2020 SSM LM1821 National 

Delay Circuit, See also Analog Shift Registers under SSM2022 SSM LM1868 National (3325) 
Linear-Other Devices. ,IlPC27 NEC-Electron 

SAD1024A Reticon Radio Circuits, AM IlPC577 NEC-Electron 
SAD512 Reticon AN203 Panasonic 
TDA1022 Signetics AM/SWTuner 5054 Siemens AN210 Panasonic 

Digital Accompaniment Interface Amplifier with Demodulator and Volume Control AN7218 Panasonic 
Ml09 SGS TDA1048 Siemens AN7266 Panasonic 

Electronic Attenuator Frequency Synthesizer LA1201 Sanyo 

CA3080 RCA TC9131 Toshiba TAA991 Siemens 110 

CA3080A t RCA Mixer,lF, AGC ULN-2243A Sprague Radio Frequency Display 
XR13600 Exar Receiver System 

MM5430 National 

MC3340 Motorola HAl151 Hitachi MM5431 National 

Frequency Divider, 6-Stage HAl197 Hitachi 60 Radio Frequency Display Driver and Clock 

S10129 AMI HAl199 Hitachi HA12404 Hitachi 

S10130 AMI HAl199 Motorola HA12405 Hitachi 

S10131 AMI IlPC1215V NEC-Electron T1400 Toshiba 

LM3216 Sanyo 10 AN259 Panasonic Receiver System 

Frequency Divider, 6-Stage, with Gating, Five Outputs CA3088 t RCA HAl1211 Hitachi 

TDA1008 Signetics CA3123 t RCA HAl1251 Hitachi 

Frequency Divider, 7-Stage 
TCA440 Siemens HA12402 Hitachi 

TDA1046 Siemens LM1866 Nallonal' (3325) 
MC1302 Motorola 

TCA440 Signetics AN217P Panasonic 120 
M738 SGS 

TDA1072 Signetics 70 AN253 Panasonic 
M740 SGS 

TEA5550 Signetics AN260 Panasonlc 
M741 SGS 

ULN-2249A Sprague AN277 Panasonic 
M747 SGS 
SAJ410 Siemens ULN-3838A Sprague AN366 Panasonic 

TDA1072 Telefunken . AN7000 Panasonic I. Frequency Divider, 8-Stage, with Staircase Generator SN76635 TI SL624C Plessey 
MN6004 Panasonic TA7306 Toshiba LA1210 Sanyo 

Frequency Generator. See also Organ, Top Octave 20 TA7615 Toshiba TDA1220A SGS 

~ ..... Generator MN6005 Panasonic RF, IF Detector LM3820 Nallonal 
TBA570A Signetics 

Key Divider S10430 AMI (3325,3327) TDA5700 Signetics 130 
TDA5701 Signetics 

Monophonic Synthesizer RF,IF, Detector, AGC TDA1083 Sprague 
Mll0 SGS ZN414 Ferranti TDA1090 Sprague 

NOise Generator RF, Mixer, IF IlPC1021 NEC-Electron 80 ULN-2204A Sprague 
S2688 AMI IlPC30 NEC-Electron ULN-2240A Sprague 
MM5837 National SSB Detector SL623C Plessey ULN-2241A Sprague 

ULN-2242A Sprague 
Rhythm Circuit S2567 AMI Stereo Decoder LM1981 National ULX-3840A Sprague Q) LM8372 Sanyo 

"'C LM8471. Sanyo Stereo Demodulator TDA1083 Telefunken 

::J LM8972 Sanyo 
HS3604 Harris U416 Telefunken 140 

CJ M258 SGS Tuner for Car Radio U417 Telefunken 

C M259 SGS 30 TA7402 Toshiba U418 Telefunken 

0 M268 SGS TA7616 Toshiba TA7613 Toshiba .-
M269 SGS TA7614 Toshiba ...... Tuner System LAl130 Sanyo (.) 

Q) Solo and Accompaniment LA 1240 Sanyo Search Tuning TDA 1580 Signetics 

Q) Ml08 SGS LA1245 Sanyo Signal Processor 
C/) Tone Generator 

ULX-3804A Sprague 

10.. M082 SGS Radio Circuits, AM/FM Synthesizer (FM prescaler, preamplifier and reference 
Q) 

M082AA SGS oscillator) AC5945. TI ...... AM/FM Phase and Signal Locked Loop (PSL') Tuner en M083 SGS 
CO LC7210 Sanyo 90 Tuner Control LC7200 Sanyo 

:2 M083AA SGS LC7201 Sanyo 
M086 SGS AM/FM PLL Synthesizer Tuner 

LC7203 Sanyo 150 LC7220 Sanyo M086AA SGS 40 LC7207 Sanyo LC7225 Sanyo 
Top Octave Generator 

AM/FM/SW Frequency Counter Tuner, Radio Frequency Display and Clock 
S50240 AMI 

MSM5527 OKI LC7250 Sanyo 
S50241 AMI 
S50242 AMI' Display Driver for Receiving Frequency Digital Display TV Synthesizer SAA 1057 Signetics 

S50243 AMI TD6301A Toshiba 
Radio Circuits, FM 

S50244 AMI FM/SW/MW/LW Frequency Display 
S50245 AMI LC7253 SanYQ Controller, for Voltage Synthesis Systems 
MK50240 Mostek LC7257 Sanyo SDA5690 Siemens 
MK50241 Mostek LC7258 Sanyo Detector. See Linear-Phase Locked Loop Circuits and IF 
MK50242 Mostek 

Frequency Counter Amplifier/Detector below. 
LM8071 Sanyo 50 MSM5525 OKI (3873) Front End , AN7213 Panasonic 

Toy Organ SAA1900 ITT Frequency Counter, Up to 130 MHz TDA1571 Signetics -
Single Chip M208 SGS SDA5680 Siemens TDA1574 Signetics 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indicates additional dala Is provided on Ihe page noled. 
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LINEAR-Consumer Circuits (Cont'd) 

Function Dev'ice Source line Function Device Source Line ~unctlon Device Source Line 

Radio Circuits, FM (Cont'd) IF Amplifier Detector Stereo Decoder (Cont'd) 
TBA120U Signetics AN211 Panasonic 

Front End Timer IF Amplifier/Detector AN271 Panasonlc 120 
TDA1094 Telefunken TBA750C Signetics AN362 Panasonic 
TA7335 Toshiba TCA420A Signetics AN363 Panasonic 

IF Amplifier HA1201 Hitachi TCA770 Signetics CA1310A RCA 

HA1211 Hitachi ULN-2111A Sprague CA1395 RCA 

MC1350 Motorola ULN-2136A Sprague CA3090A t RCA 

MC1355 Motorola ULN-3889A Sprague CA3195 RCA 

MC3310 Motorola TBA120 Telefunken 70 CA758 RCA 

AN278 Panasonic TDA1093 Telefunken LA3301 Sanyo 

SN76642 TI LA3350 Sanyo 
AN377 Panasonic 

SN76643 TI LA3361 Sanyo 130 
CA3002 t RCA 10 LA3365 Sanyo 
CA3005 t RCA SN76669 TI 

SN76675 TI LA3370 Sanyo 
CA3006 t RCA LA3375 Sanyo SN76689 TI CA3012 t RCA LA3380 Sanyo 
CA3028 t RCA IF Amplifier, Narrow Band LA3381 Sanyo 
CA3076 t RCA MC3359 Motorola LA3390 Sanyo 
LAllll Sanyo ULN-3859A Sprague TCA4500 Siemens 
LA1222 Sanyo IF Amplifier, PLL, Squelch, Narrow Band TCA4510 Siemens 
TDA4200 Siemens -SL6640 Plessey LM1870 Signetics 
TBA1576 Signetics SL6650 Plessey 80 TDA1005A Signetics 140 
TEA5560 Signetics 20 SL6690 Plessey TDA1578 Signetics 

ULN-2243A Sprague IF System LA 1235 Sanyo JLA758 Signetics 

SN76676 TI LA2300 Sanyo ULN-2245A Sprague 

SN76678 TI Interference Absorption Circuit ULN-3809A Sprague 

TA7302 Toshiba TDA1001A Signetics ULN-3810A Sprague 

TA7303 Toshiba TDA1001B Signetics SN76104 TI 
SN76105 TI 

IF Amplifier/Detector LED Tuning Indicator SN76110 TI 
HAl1225 Hitachi LB1450 Sanyo 

SN76111 TI 
HAl137 Hitachi LB1473 Sanyo SN76113 TI 
HA12411 Hitachi Mixer, IF, AGC System SN76115 TI 
MC1356 Motorola LAl160 Sanyo SN76116 TI 
LM1865 National Modulator Circuit (VeO/modulator, 1.4 to 14 MHz) TA7157A Toshiba 

(3325.3327) 30 MC1376 Motorola TA7401A Toshiba 
LM3011 National Noise Canceller TA7604A Toshiba 

(3325,3328) 
HA11219 Hitachi 90 TA7624 Toshiba 

LM3075 National AN10l Panasonic Stereo Multiplexer (PLL) 
(3325,3327) 

LA2100 Sanyo TA7343 Toshiba 
LM3089 National 

LA2101 Sanyo Slemel)s (3325.3327) Tuner TUA1000 

LM3189 National 
LA2110 Sanyo TDA1062 Telefunken 

(3325,3327) Prescaler (for digital tuning) TDA1062S Telef~nken 160 Q) 

TBA120 National TD6104 Toshiba "C 

(3325,3327) Receiver System with Squelch and Scan Control Remote Control Circuits :::l 

JLPC1004 NEC-Electron MP5071 Micro Pwr 
Remote Control, Infrared 

CD 
JLPC1028 NEC-Electron MC3357 Motorola SAA1082 Signetics c: 
TAA661 'Plessey RFIIF Amplifier CA3127 RCA SAA3004 Signetics 0 
TBA120 Plessey TBA120U Signetics SAA3027 Signetics 

..... 
() 

TBA750 Plessey 40 TCA770 Signetics 100 SAA3028 Signetics Q) 
CA2111A t RCA Stereo Decoder XR1310 Exar RF Amplifier/Mixer Q) 
CA3013 RCA HA11223 Hitachi CA3005 tRCA C/) 
CA3014 t RCA HAl1227 Hitachi CA3006 tRCA "-
CA3041 RCA HA1156 Hitachi CA3049 tRCA Q) 

CA3042 RCA HAl196 Hitachi 
..... 

Transceiver (ultrasonic) (J) 

CA3065 RCA MC1309 Motorola LM1812 National CO 
CA3075 t RCA MC1310 Motorola 

Transmitter, Infrared ~ 
CA3089 t RCA TCA4500 Motorola 

MM53226 National 
CA3189 RCA JLA758A Motorola 

SN76881 TI 170 
CA3209 RCA 50 LM1310 Nallonal 

SN76882 TI 
CA3215 RCA 

(3325,3328) 110 
SN76891 TI 

LA1140 Sanyo LM1800 Nallonal 
(3325,3328) NOTE: In the following category ONLY, the dagger symbol 

LAl150 Sanyo 
LM1870 Nallonal in front of a company name indicates a transmitter/ 

LA1230 Sanyo (3325.3328) encoder. Absence of a dagger designates a receiver/ 
LA1231N Sanyo LM4500A Nallonal decoder. 
TDA1200 SGS (3325.3328) Transmitter/Receiver (encoder/decoder), 2 device sets 
S041 Siemens I'PC1026 NEC-Electron S2600 tAMI 
TBA120S Siemens JLPC554 NEC-Electron S2601 AMI 
TDA1047 Siemens JLPC585 NEC-Electron S2602 tAMI 
CA3089 Signetics 60 JLPC587 NEC-Electron S2603 AMI 
CA3089D2 Signetics AN115 Panasonic 52604 tAMI 
TBA120S Signetics (Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold faca Indlcatas additional data Is provided on thll pagll noted. 
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LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Remote Control Circuits (Cont'd) Preprogrammed Vocabulary ROM Automatic Reverse/Eject for car stereo 
! (Cont'd) TD6304 Toshiba 

Transmitter/Receiver (encode!/decoder), 2 device sets VM61004 TI (1563) TD6308 Toshiba 
(Cont'd) VM61005 TI (1563) Broadband Compander 

S2605 AMI VM71001 TI U401 Telefunken 
S2742 AMI VM71002 TI 
S2743 tAMl, VM71003 'TI (1563) 70 

Controller (mode change, absence recording) 

S2747 AMI, HA12001 Hitachi 

S2748 AMI Speech Circuit for Electronic Telephones TC9121 Toshiba 

AY3-8470 t 61 
TCM1705A TI Head, Microphone, Headphone, Buffer, and Record 

AY3-8475 GI 
TCM1706 TI Amplifiers HA12005 Hitachi 

SAA1250 t ITT Speech Controller/Synthesizer TA7617 Toshiba 

SAA1251 ITT SP0200 GI IC Switch (cassette) 
SAA1272 ITT 10 Speech Evaluation Kit TC9143 Toshiba 
SAA1350 t ITT DT1051 National TC9144 Toshiba 120 
SAA1351 ITT Speech FIFO Buffer Memory and Control Logic Motor Speed Control (automatic stop, dc manual stop, 
MC14457 t Motorola SPB512 GI biasing and eraSing oscillator) 
MCl4458 Motorola SPB640 GI TDA7770 SGS 
MC145026 Motorola 

Speech Generator Motor Speed Control, Stop, Pause, Cassette Ejection 
MC145027 Motorola UAA1003 ITT TDA7270 SGS 
MC145028 Motorola 

UAAll03 ITT Power Amp, Preamp with ALC, Meter Driver 
LM1871 National 
LM1872 National Speech Interface Control Logic TA7225 Toshiba 

MM5425 National 20 SPROOO GI (1324) Power Amp, Preamp with ALC, Meter Driver, Mute Control 

MM58250 t National Speech Snythesis Processor TA7224 Toshiba 

MSL9362 OKI: (3873) SP0256 GI (1320,1324) 80 Power Amplifier (cassette) 
MSL9363 oKI (3873) OTlOoo Nallonal (3338) TA7229 Toshiba 

MN6021 Panasonic TMS5100 TI (1562) Power Amplifier (minicassette) 
MN6025 Panasonic TMS5110 TI (1562) TA7331 Toshiba 
ML920 Plessey TMS5200 TI Preamplifier with ALC 
ML922 Plessey TMS5220 TI (1562) LA3201 Sanyo 

I. ML926 Plessey SC-Ol Votrax LA3210 Sanyo 

'. ML928 Plessey Speech Synthesis Processor SSM2011 SSM 
ML929 Plessey 30 SVM9300 Epson Preamplifier with ALC (cassette) 

........ SL470 Plessey SP-0250 GI TDA1054M SGS 130 
SL490 Plessey SP0230 GI 

,SL491 Plessey Preamplifier with ALC (minicassette) 

M1124 tSGS Speech SyntheSiS System, Basic Numbers Kit TA7330 Toshiba 

SAB3209 Siemens 
DT1052 National 90 System (power amp, preamp with ALC, for minicassette 

SAB3210 t Siemens Speech SyntheSiS System, Standard Vocabulary Kit recorders) TA7625 Toshiba 
SAB3271 Siemens DT1050 National Tape Counter LM8523 Sanyo 
SAB4209 Siemens OTl056 Nallonal (3340) 

SDA2007 ' 'Siemens OTl057 Nallonal (3340) Tape Deck Amplifier System 

t Siemens 
TA7663 Toshiba 

Q) SDA2008 40 Speech SyntheSizer, Linear Predictive Data Stored in ROM 

::0 SDA3205 Siemens S3610 AMI Tape Deck Amplifier, Dual Channel 

SDA3206 '; t Siemens S3620 AMI (3149) 
TA7639 Toshiba 

:::J 
(9 SAA5000 t Signetics Synthesized-Speech ROM 

Tape Deck Automatic Reverse 

SAA5012 Signetics TMS6100 TI (1563) 
AN6249 Panasonic 

C SAB3021 Signetics TMS6125 TI (1563) 
AN6250 Panasonic 

0 SAB3023 Signetics Tape Deck Key Controller .-...... SAB3042 Signetics Tape Recorder Circuits, Audio AN6251 Panasonic t) 
Q) SAF1032 Signetics 

Q) SAF1039 Signetics Amplit'ier System Tape Recorder Circuits, Video 
en U318' Telefunken 50 TA7223 Toshiba 

lo... 
U321 t Telefunken TA7628 Toshiba Color Processing Circuit 

Q) U327. t Telefunken HA11704 Hitachi 
...... U328 Telefunken 

Amplifier System (for c~ssette recorders) HA11705 Hitachi 140 
(JJ TA7628H Toshiba 100 
res SN76605 tTl HAl1706 Hitachi 

~ 'SN76606 TI Amplifier, with AGC, for Recorders AN305. Panasonic 

SN76730 . TI TDA2054 SGS AN306 Panasonic 

SN76831 tTl TA7137 ' Toshiba AN307 Panasonic 

SN.76832A TI TA7137-ST Toshiba AN337 Panasonic 

TC9132 t Toshiba Audio System HA12006 Hitachi MN6061A Panasonic 

TC9133 Toshiba 60 LM1818 Nallonal Dropout Compensation Circuit 
TC9134 Toshiba (3325.3328) AN316 Panasonic 

Transmitter/Receiver, Pr'eamplifier AN262 Panasonic FM Limiter HAl1703 Hitachi 
TEA 1009 ITT Automatic Cuing Circuit AN304 . Panasonic 

lC7510 Sanyo TDA2730 Signetics 150 
Speech Circuits LC7512 Sanyo FM Recording Signal Processor 

Preprogrammed Vocabulary ROM Automatic Leveling HA11701 Hitachi 

VM61001 TI S028-2 Siemens AN6321 Panasonic 

VM61oo2 TI (1563) , Automatic Program Search AN6331 Panasonic 

VM61oo3 TI (1563) TC9138 Toshiba 110 Head Amplifier AN6320 Panasonic 
(Continued) TC9139 Toshiba AN6330 Panasonic 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold faca Indlcatas additional data Is provldad on tha paga notad. 
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MASTER SELECTION GUIDE 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source 

Tape Recorder Circuits, Video 
(Cont'd) 

Luminance Processing 
AN302 
AN303 

Oscillator , TDA3700 

Playback Signal Processor 
HA11702 

Servo Signal Processing 
HA11707 
AN301 
AN318 
AN6341 
AN6342 
AN6344 

Video Recording Processing 
AN6300 

Television Circuits 

AFT System HA 1108 
HAl126 
CA3139 
MC1364 
MC6195 
LM3064 
JLPC423 
AN222 
AN320 
AN321 
AN325 
AN326 
CA3064 
CA3139 
LA1364 
SDA4260 
SN76565 
TA7070 

Cable TV Channel Processor 
SDA2110 

Camera AN614 
AN616 

Camera Sync. Generator 
3262A 
3262B 
ZNA134E 
ZNAl34J 
HD44007 
MM5321 
MN6060 
MN6063 
MN6064 
S178A 

CATV Amplifiers (hybrid) 
MHWl121 
MHWl127 
MHWl171 
MHWl172 
MHWl182 
MHW1221 
MHW1222 
MHW1341 
MHW1342 
MHW1343 
MHW1391 
MHW1392 
MHW5181 
MHW5182 

Panasonic 
Panasonic 

Signetics 

Hitachi 

Hitachi 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 

SSS 
SSS 

Panasonic 

Hitachi 
Hitachi 
Motorola 
Motorola 
Motorola 
National 
NEC-Electron 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 

t RCA 
RCA 
Sanyo 
Siemens 
TI 
Toshiba 

Siemens 

Panasonic 
Panasonic 

Fairchild 
Fairchild 
Ferranti 

t Ferranti 
Hitachi 
National 
Panasonic 
Panasonic 
Panasonic 
Siemens 

Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 

'" IC MASTER 1983 

Line Function Device Source Line Function Device Source Line 

10 

20 

30 

40 

50 

CATV Amplifiers (hybrid) 
(Cont'd) 

Motorola MHW559 
MHW560 
MHW561 
MHW562 
MHW570 
MHW572 
MHW580 
MHW594 
MHW595 
CA2100 
CA2300 
CA2301 
CA2418 
CA2600 
CA2601 

Motorola 60 

Channel Display DriverlDecoder 
LM1017 
U143 

Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
TRW 
TRW 
TRW 
TRW 
TRW 
TRW 

National 
Telefunken 

Channel Processor for Frequency Synthesis Tuning 
System SDA2003 Siemens 

Channel Selection 
JLPC1009 
AN5010 
AN5011 
LB1500 
LB1515 
LB1550 
SN76701 
SN76702 
SN76710 
SN76711 
SN76721 
SN76727 
TA7171 
TA7172 
TA7177 
TA7178 

NEC-Electron 
Panasonic 
Panasonic 
Sanyo 
Sanyo 
Sanyo 
TI 
TI 
TI 
TI 
TI 
TI 
Toshiba 
Toshiba 
Toshiba 
Toshiba 

Character Generator (indicates tuning voltage scale and 
band info on screen) 

U191 Telefunken 

Chroma Circuits (demodulators, IF amplifiers, luminance 
control, signal processors, and various combinations) 

HA 11247 Hitachi 
Hitachi 
Hitachi 
Hitachi 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
NEC-Electron 
NEC-Electron 

70 

80 

90 

100 

110 

HAl1412 
HAl1417 
HAl1580 
MC1323 
MC1324 
MC1327 
MC1398 
MC1399 
LM1828 
LM1848 
LM2887 
LM3126 
TBA510 
TBA530 
TBA540 
TBA560 
TBA990 
TDA2522 
TDA2523 
TDA2530 
TDA2560 
TDA3500 
TDA3501 
UPC580 
JLPC1380 
JLPC562 
AN223 
AN224 

NEC-Electron 120 

• Typical Value 

Panasonic 
Panasonic 

(Continued) 

Bold fica Indlcllas Iddltlonll dill Is provldad on Iha plga naIad. 

Chroma Circuits (demodulators, IF amplifiers, luminance 
control, signal processors, and various combinations) 

(Cont'd) 
AN236 
AN282 
AN380 
AN5310 
AN5311 
AN5320 
AN5330 
AN5620 
AN5630 
TBA990 
TDA2522 
TDA2523 
TDA2530 
TDA2532 
TDA2560 
CA1398 
CA3067 
CA3070 
CA3071 
CA3072 
CA3121 
CA3125 
CA3126 
CA3128 
CA3135 
CA3137 
CA3143 
CA3144 
CA3145 
CA3151 
CA3156 
CA3158 
CA3170 
CA3172 
CA3194 
CA3201 
CA3217 
CA3221 
LA1368 
LA1369 
LA1390 
LB1332 
TDA2140 
TDA2151 
TDA2161 
TDA2522 
TDA2530 
TDA2560 
TBA540 
TCA640 
TCA650 
TCA660B 
TDA2522 
TDA2530 
TDA2532 
TDA2560 
TDA3500 
TDA3501 
TDA3505 
TDA3510 
TDA3520 
TDA3560 
TDA3561 
TDA3562 
TDA3563 
TDA3570 
TDA3590 
TDA3600 
TDA4550 
TDA4560 

Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
RCA 
RCA 

130 

RCA 140 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
SGS 
SGS 
SGS 
Siemens 
Siemens 
Siemens 170 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 180 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 190 
Signetics 
Signetics 

(Continued) 
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Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Television Circuits (Cont'd) Digital Tuning System (PLL) MATV Amplifiers (hybrid) 
TC9136 Toshiba OM337 Amperex 

Chroma Circuits (demodulators, IF amplifiers, luminance TC9137 Toshiba 60 OM339 Amperex 120 
control, signal processors, and various combinations) OM345 Amperex 

(Cont'd) Frequency Synthesis Control (converts tuning data into 
OM350 Amperex 

ULN-2224A Sprague frequency information for SDA 100 system) 
. OM360 Amperex SM564 Siemens ULN-2260A Sprague OM361 Amperex 

ULN-2261A Sprague Frequency Synthesis Control (interface between OM370 Amperex 
ULN-3914A Sprague synthesizer and varicap diode tuner) 

Modulator Circuit for Video Tape Recorders and Disc 
TBA520 Telefunken MC2801 Motorola 

Players MC1374 Motorola 
TBA530 Telefunken Frequency Synthesizer 
TBA540 Telefunken SAB3035 Signetics 

Noise Reduction System 
TA7652 Toshiba TBA560 Telefunken 

Frequency Synthesizer, interfaces to MPU TBA990 Telefunken On Screen Channel Display 

TDA2140 Telefunken 10 
MN6044 Panasonic M191 SGS 

TDA2150 Telefunken 
MN6049 Panasonic M192 SGS 

TDA2151 Telefunken Games, See Consumer Circuits, Video Games On Screen Display 

TDA2160 Telefunken Horizontal & Vertical Processor 
SDA2005 Siemens 130 

TDA2161 Telefunken HAl1235 Hitachi On Screen Tuning Voltage Bargraph Display 
SN76242 TI HAl1244 Hitachi UAA190 Siemens 

SN76243 TI LM1880 National PAL Switch AN387 Panasonic 
SN76246 TI AN294 Panasonic 70 Picture Contrast/Brightness 
SN76267 TI AN295 Panasonic TA7126 Toshiba 
SN76298 TI AN5410 Panasonic TA7134 Toshiba 

I 
SN76645 TI 20 AN5411 Panasonic TA7135 Toshiba 
SN76889 TI AN5430 ' Panasonic Power Supply Controller 
TA7141A Toshiba AN5431 Panasonic LA5112 Sanyo 
TA7148 Toshiba 

AN5435 Panasonic TDA2582 Signetics 
TA7149 Toshiba 

CA3157 RCA Prescalers 
TA7150 Toshiba 

CA3190 RCA Program Memory (17x16) TA7161 TOShiba 
CA3223 RCA M193 SGS 

~ TA7167 Toshiba 
LM1880 Signetics 80 

~ TA7168 Toshiba Program Memory (20x12), D/A 

TA7169 Tosh,iba TDA2577 Signetics SN76720 TI 140 
~ .. TDA2578 Signetics Radio M755 SGS 

j 
TA7173 Toshiba 30 
TA7174 Toshiba Horizontal Processor M756' SGS 

TA7192 Toshiba TBA940 ITT Signal Processor, Bilingual 
TA7193 Toshiba TBA950 ITT MC1344 Motorola 

TA7607A ~oshiba TDA1950 ITT AN228W Panasonic 

TA7611A Toshiba TDA9500 ITT AN245 Panasonic 

TA7621 Toshiba TDA9503 ITT AN246 Panasonic 

TA7622A Toshiba TDA9513 ITT AN287 Panasonic 

TA7650 Toshiba MC1391 Motorola AN331 Panasonic 
Q) AN345 Panasonic 

"'C TA7659 TOShiba MC1394 Motorola 90 
CA3120 RCA 150 

::::J TA7660 Toshiba 40 LM1391 National 
CA3142 RCA 

C.9 TA7661 Toshiba TBA920 National CA3154 RCA 
TA7675 Toshiba TBA950-2 National LA7751 Sanyo C 

0 TA7676 Toshiba TDA2590 National LA7755 Sanyo 
...... TA7678 Toshiba TDA2591 National TBA890 Signetics 
t) Chrome Circuits (demodulators, IF amplifiers, luminance J,tPC570 NEC-Electron SN76524 TI Q) 

control, signal processors, and various combinations) AN5750 Panasonic SN76544 TI 
Q) HAl1409 Hitachi AN5760 Panasonic SN76545 TI CJ) 

D/A Converter (converts an input to coarse and fine tune TBA920 . Plessey Sound Circuits HAl1229 Hitachi 10... 
outputs) SAB3013 Signetics TBA940 Plessey 100 Q) HAl124 Hitachi 160 ...... 

Decoder, 1 of 16 TBA950 Plessey HAl125 Hitachi en 
C'CS M054 S~S TDA2591 Plessey HA1364 Hitachi 

~ M055 SGS CA1391 RCA TDA1235 ITT 

Deflection Correction Circuit 
CA1394 RCA TDA1236 ITT 

TDA4610 Siemens CA3159 RCA MC1351 Motorola 

CA3210 RCA MC1357 Motorola 
Digital Tuner and Signal Detector CA920A RCA MC1358 Motorola 

LM1019 National 50 
TDAl180 SGS TDAl190 Motorola 

TDA4431 SGS 
. TBA920S Signetics TDAl1902 Motorola 

Digital Tuning SAB3035 Signetics TDA2571A Signetics 110 TDAl190P Motorola 170 
SAB3036 Signetics TDA2581 Signetics TDA3190P Motorola 

SAB3037 Signetics TDA2591 Signetics 
TBA120S Nallonal 

(3325,3327) 
Digital Tuning Device Set TDA2593 Signetics J,tPC575 NEC-Electron 

SAA1075 ITT . TDA2594 Signetics J,tPC576 NEC-Electron 
SAA1274 ITT TDA2591 Telefunken AN239 Panasonic 
SAA1276 ITT TDA2593 Telefunken AN240P Panasonic 

Digital Tuning System Memory Controller ,SN76525 TI AN241 Panasonic 
TA7619A Toshiba TA7151 Toshiba (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold facelndlcales,addltlonal dala Is provided on Ihe page nOled. 
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LINEAR-Consumer Circuits (Cont'd) 

Function Device 

Television Circuits 

Sound Circuits 
AN255 
AN340 
AN355 
AN5210 
AN5220 
AN5250 
AN5260 
AN5730 
AN5820 
AN5821 
TAA570 
TAA661 
TBA120 
TBA750 
CAl190 
CAl191 
CA3041 
CA3042 
CA3065 
CA3075 
CA3134 
LA1320 
LA1363 
LA1365 
TDAl190 
TDA2190 
TDA3190 
TDA2840 
TDA2841 ' 
TDA4280 
TDA4281 
TBA120S 
TBA120U 
TBA750C 
TDA2791 
TDA3810 
TDAl190Z 
ULN-2111A 
ULN-2211B 
ULN-2290 
TBA120 
SN76643 
SN76651 
SN76660 
SN76665 
SN76666 
SN76688 
TA7051 
TA7072 
TA7073A 
TA7130 
TA7146 
TA7176A 
TA7243 
TA7314 
TA7632 
TA7633 

Stereo Matrix Circuit 
AN5822 

Surface Acoustic Wave Filter, IF 
SW203 
SW205 
SW206 
SW303 
SW450 

Synchronication and Deflection Circuit 
LA7801 
LA7802 
LA7806 
LA7810 

Source 

(Cont'd) 

(Cont'd) 
Panasonic 
Panasonic 
Panasonic 
Panasonic . 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Plessey. 
Plessey 
Plessey 
Plessey 
RCA 
RCA 
RCA 
RCA 
RCA 

t RCA 
RCA 
Sanyo 
Sanyo 
Sanyo 
SGS 
SGS 
SGS 
Siemens 
Siemens 
Siemens 
Siemens 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Sprague 
Sprague 
Sprague 
Sprague 
Telefunken 
TI 
TI 
TI 
TI 
TI 
TI 
Toshiba 
Toshiba 
Toshiba 
Toshiba 
Toshiba 
Toshiba 
Toshiba 
Toshiba 
Toshiba 
Toshiba 

Panasonlc 

Plessey 
Plessey 
Plessey 
Plessey 
Plessey 

Sanyo 
Sanyo 
Sanyo 
Sanyo 

t Military Temperature Range (- 55° to 125°C) 

Line Function Device Source 

10 

Synchronous Demodulator 
TDA0820 Signetics 

T.V. Channel Selection-See also: Switches, Capacitance 
or Touch Sensing and T.V. Tuning, both this section 

Test Pattern Generator 
ZNA234 

Timer, Programmable 
MM53100 
MM53105 

Tone Control TDA 1524 
TA7125 

Ferranti 

National 
National 

Signetics 
Toshiba 

Touch Tuner: See Switches, Capacitance or touch sensing 
and T.V. 

Tuner Band Switching 
AN5700 

Tuner Controller 

LA7900 
TA7315 

SL952 

Panasonic 
Sanyo 
Toshiba 

Plessey 

20 Tuner Controller, Non-Volatile Storage for 16 Programs 

30 

40 

50 

60 

U193 Telefunken 

Tuner Controller (2 device set) 
SAA1020 
SAAl121 
SAA1220 

Tuning System SDA 100 
SDA200 

Universal Sync. Generator (NTSC) 
SCN2622A 

Universal Sync. Generator (PAL) 
SCN2621A 

Universal Video Interface 
SCN2637A 

Vertical Deflection 

VHF Tuner 

MC1393 
MC6190 
MC6191 
MC6192 
MC6193' 
MC6194 
ILPC1031 
AN5510 
AN5512 
AN5520 
AN5560 
LA1385 
LA1463 
LA1464 
LA7800 
TDAl170 
TDA1270 
TDA1470 
TDA1470A 
TDA1670 
TDA1770 
TDA2653 
TDA2653A 
TDA2654 
TDA3650 
TDA3651 
TDA3651A 
TDAl170 
ULN-2270 
U2170B 
TA7152 
TA7242 

TUA2000 

• Typical Value 

ITT 
ITT 
ITT 

Siemens 
Siemens 

Signetics 

Signetics 

Signetics 

Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
NEC-Electron 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
SGS 
SGS 
SGS 
SGS 
SGS 
SGS 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Sprague 
Sprague 
Telefunken 
Toshiba 
Toshiba 

Siemens 

MASTER SELECTION GUIDE 

Line Function Device Source 

Video Circuits (IF amplifiers, detectors, AGC, AFC, and 

70 

80 

90 

100 

110 

120 

various combinations) 
HAl1215 
HAl1220 
HAl1221 
HAl1238 
HAl1405 
MC13001 
MC13002 
MC1330Al 
MC1331 
MC13330A2 
MC1349 
MC1350 
MC1352 
MC1372 
MC1373 
LM1822 
LM1886 
LM1889 
TBA440 
TBA970 
TDA2540 
TDA2541 
TDA440 
ILPC595 
ILPC596 
AN247P 
AN350 
AN5111 
AN5120 
AN5610 
AN5710 
AN5720 
SL 1430 
SL1431 
SL 1432 
SL 1440 
TCA270 
TDA2540 
TDA2541 
TDA440 
CA1352 
CA270 
CA3068 
CA3136 
CA3191 

'CA3192 
CA3216 
LA1352 
LA1353 
LA1354 
LA1357N 
TDA4420 
TDA4433 
SDA5500 
TBAl440G 
TBAl441 
TDA5500 
TDA5600 
TDA5610 
TDA5611 
TBAl440G 
TBAl441G 
TDA2540 
TDA2541 
TDA3540 
TDA3541 
TDA440 
TDA4400 
TDA4410 
TDA4420 
TDA4421 

Hitachi 
Hitachi 
Hitachi 
Hitachi 
Hitachi 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Nallonal' 
National 
National 

. National 

(3329) 

National 
National 
National 
National 
NEC-Electron 
NEC-Electron 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
SGS 
SGS 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Signetics 
Signetics 
Signetics 
Signetlcs 
Signetics 
Signetics 
Telefunken 
Telefunken 
Telefunken 
Telefunken 
Telefunken 

(Continued) 

Line 

130 

140 

170 

180 

190 

Bold face Indlcales addlllonal dala Is provided on Ihe page noled. 
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Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Television Circuits (Cont'd) Miscellaneous Music, Voltage Controlled Transient Generator 
SSM2050 SSM 

Video Circuits (IF amplifiers, detectors, AGC, AFC, and Appliance Timer SSM2055 SSM 
various combinations) FCM7040 Fairchild SSM2056 SSM 

(Cont'd) Digital Lock LS7220 LSI Comp (696) 50 Optical Transceiver (intrusion alarm) TDA4422 Telefunken LS7225 LSI Comp (696) CS258A Cherry TDA4430 Telefunken 
TDA4431 Telefunken Facsimile LM1011 National Peak Power Meter Driver, Dual (for hi-fi stereo) 

TDA4432 Telefunken MN8023 Panasonic TA7318 Toshiba 

TDA4440 Telefunken General-Purpose AID Converter and Digital-Scale Circuit TA7332 Toshiba 

TDA4450 Telefunken S4036 AMI Protector Circuit (overcurrent detection for OCL and 
SN76600 TI Ground Fault Interrupter speaker) HA12002 Hitachi 110 
SN76644 TI CS259 Cherry TA7317 Toshiba 
SN76650 TI MC3426 Motorola Revolution Counter Pulse Shaper 
TA7069 Toshiba 10 LM1851 National SAK215 ITT 
TA7074 Toshiba Motor Positioning System (3-chip set), Tachometer Servo Driver NE544 Signetics 
TA7075 Toshiba Converter, D/A Converter and Switch-Mode Driver for dc NE644 Signetics 
TA7076 TOShiba Motor SG290N Silicon G 
TA7124 Toshiba . SG291N Silicon G 

Smoke Detector . 

TA7145 Toshiba SG2925 Silicon G 60 
CS179 Cherry 

TA7147 Toshiba MP7162 Micro Pwr 

TA7162 Toshiba 
Motor Speed Regulator MC14466 Motorola 

MC212 Analog Sys MC14467 Motorola TC5003. Toshiba MC213 Analog Sys LM1801 National 
Video Disc Player/Microprocessor Interface (digital CS140 Cherry NF5301 National 120 
auxiliary information buffer) . CS175 Cherry CA3164 RCA 

CD3226 RCA CS2917 Cherry SCL5331-5 SSS 
Video Pulse Generator MC2907 Cherry SCL5331-6 SSS 

S178 Siemens 20 LM1014 Fairchild SCL5341 SSS 
Y Signal Recording Processor LM1014A Fairchild SD1 Supertex 

TA7637 Toshiba IlA7392 Fairchild SD2 Supertex 

~ 
LM1014 National 70 SD3 Supertex 

Video Game Circuits MSM5819 OKI (3873) 
SFF25309 Thomson-CSF 

~ SL440 Plessey 
Character Generator TDA1085A Plessey Switch, Video SAA1300 Signetics 

~ HS3819 Harris TDA2085A Plessey Switches SAS560 Hitachi 130 ;: Clock Generator (for MM57100) TCA900 SGS SAS570 Hitachi 

MM53104 National TCA910 SGS MN1976 Panasonlc 

Color Circuit MN6062 Panasonic TDA1151 SGS SAS560 Siemens 
S572 Siemens SAS570 Siemens 

Color Processor (generates single composite color signal TCA955 Siemens SAS580 Siemens 
from game chip input) TDA1003A Signetics 80 SAS5800 Siemens AY3-8915 GI 

TDA1059B Signetics SAS590 Siemens 
Dedicated (some may be used in programmable systems TDA1506 Signetics SAS5900 Siemens 

(]) also) AY3-8500 GI TDA1559 Signetics SAS6800 Siemens 
"0 AY3-8500-1 GI SG1731 Silicon G SAS6810 Siemens 140 
:::J AY3-8603 GI SG2731 Silicon G SAS660 Telefunken 
(9 AY3-8603-1 GI SG3731 Silicon G SAS6600 Telefunken 

C 
AY3-8605 GI 30 

Motor Speed Regulator, for Record Players, Tape SAS6610 Telefunken 
0 AY3-8605-1 GI 

Recorders TDA1533 Signetics SAS670 Telefunken 
........ AY3-8606 GI SAS6700 Telefunken 
() AY3-8606-1 GI Motor Speed Regulator, PLL 

SAS6710 Telefunken (]) AY3-8607-1 GI TM4503 Toshiba 

(]) AY3-8610 GI Motor Speed Regulator, PLL, for Record Players, VTR SWitches, Capacitive Touch Input (keyboard encoder and 
C/) MSM5810 OKI prioritizer) TMS1976 TI 

Interface (processes graphics data and generates video 
lo.... signals) AY3-8900 GI MSM5811 OKI 90 Switches, DC-Controlled, Audio 
(]) 

AY3-8900-1 GI MSM5814 OKI LM1037 Natlonll (3326) ....... 
LM1038 National (3326) en MSM5815 OKI a:s Programmable Video Interface MSM5816 OKI (3873) TDA1029 Signetics 150 

~ SCN2636A Signetics TDA1527 Signetics 
SCN2637A Signetics Motor Speed Regulator, with Tape End Indicator, for Tape 

Recorders TDA1006A Signetics Switches, Proximity 
Sound Generator SAS221 Siemens 

AY3-8910 GI (1325) 40 Motor, Stepping Motor Drive 
TCA205AK Siemens 

AY3-8912 GI (1325) S4521 AMI (2610) 

SN76477 " TI 
PBL3717 RIFA Switches, Touch-Sensitive Light Dimmer 

Motor, Stepping Motor Driver LS7231 LSI Comp 
TV/IlP Interface 

SAA1027 Signetics LS7232 LSI Comp 
M106 SGS LS7233 LSI Comp UDN-2949Z Sprague 

Video Display Generator LS7234 LSI Comp 
S68047 AMI MusiC Chimes SAB0600 Siemens LS7235 LSI Comp 
MC6847 Molorola (1351) Music, Voltage Control Oscillator LS7236 LSI Comp 

Video Modulator (Interfaces audio, color, difference, and SSM2030 SSM 100 S566A Siemens 160 
luminance signals to TV antenna terminals) SSM2033 SSM S566B Siemens 

MC1372 Motorola Music, Voltage Controlled Filter, Four Stage S576A Siemens 
MC1373 Motorola SSM2040 SSM S576B Siemens 
LM1889 National SSM 2044 SSM (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold race Indlcales addlllonal dall Is provided on Ihe plge noled. 
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LlNEAR .... Consumer Circuits (Cont'd) 

Function Device Source 

Miscellaneous (Cont'd) 

Switches, Touch-Sensitive light Dimmer 

S576C 
TDA1010 

Tachometer Circuit 
CS189 
CS2917 
LM2907 
LM2917 
AN603 
SN76810 

Siemens 
Signetics 

(Cont'd) 

Cherry 
Cherry 
National , 
National 
Panasonic 
TI 

Thermo Controller (for air conditioners, refrigerators, etc.) 
TA7165 Toshiba 

Thermometer Circuit, Digital (-40 to O°C) 

'Line 

AY3-1270 GI 10 

Timers. See Appliance Timers, Clock, Watch circuits in 
this section and linear-Timers 

Tone Synthesizer for Doorchimes, Toys 
AY3-1350 GI 

Tuning Voltage Stabilizer, for use with Variable 
Capacitance Diodes 

TCA720 ' In 
TAA550 SGS 

t Military Temperature Range (- 55° to 125°C) 

~ IC MASTER 1983 

• Typical Value 
Bold faca Indlcatas additional data Is provldad on tha paga notad. 
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Ie MASTER 

LINEAR-Followers 

Bias Offset Voltage Unity Gain Slew Supply 
Current Voltage Drift Bandwidth Rate Output Range, 
nA 25°C mV 25°C ".vrc MHz min vlus VmA V Comments Device Source line 

Followers 

See also linear-Amplifiers, Special Purpose - Current Amplifiers 

0.1 10 25," 100 " 1000 9@ 100 ±5 to ±20 Fast Follower ADLH0033 tAD (3155) 
LH0033 t Nallonal (3342) 

50 400 200 3000 10@200 ± 11to ± 18 Very Fast, FET 9963 t OEI 

0.15 20 25 " 100 " 1000 9@ 100 ±5 to ±20 Fast Follower ADLHOO33C AD (3155) 
LH0033C Nallonal (3342) 

0.2 25 300 " 200 " 2000 10@200 ±5 to ±20 Very Fast Follower LH0063 t Nallonal (3342) 
50 300 " 200 " 2000 10@200 ±5 to ±20 Very Fast Follower LH0063C Nallonal (3342) 

0.2 " 50 300 " 300 " 2000 10@200 ±5 to ±20 -Gain 0.094 (50 Ohm) 3553 t Burr-Brown 

0.4 6.0 90 55 " 220 10@22 ±6 to ± 18 Very Fast Follower BUF-03E PMI 10 
100 55 " 220 10@21 ±6 to ± 18 Very Fast Follower BUF-03A PMI 

0.7 15.0 150 50 " 180 10@25 ±6to ± 18 Very Fast Follower BUF-03F PMI 
170 50 " 180 ±6to ±18 Very Fast Follower BUF-03B t PMI 

3 4.0 6" 12 " 30 " 10@1 ±5to ± 18 Follower, Replaces 102 SG210 Silicon G 
20 " ", 30 " 10@1 ±5 to ± 18 Dual 210 Follower LH2210 National 

Follower, Replaces 102 LM210 National 

10 " 20 " 30 " 10@1 ±5to ±18 Follower, Replaces ,102 LM110 t Intersil 

12 " 12 " 30 " 10@1 ±5 to ± 18 Follower, Replaces 102 SG110 t Silicon G 
20 " 30 " 10@1 ±5to ±18 Dual 110 Follower LH2110 Intersil 

LH2110 t Nallonal (3342) 20 

Follower, Replaces 102 LM110 t National 

5 20.0 100 200 1000 10@500 ±11 to ±18 Fast, High Current 9911 t OEI 

7 7.5 10 " 12 " 30 " 10@1 ±5to ±18 Follower, Replaces 102 SG310 Silicon G 
20 " 30 " 10@1 ±5 to ± 18 Dual 310 Follower LH2310 Intersil 

~ 
LH2310 t National 

Follower, Replaces 102 LM310 Intersil 

!! LM310 Motorola 
LM310 National 

~ 10 5.0 6" - - 10@ 1.25 ±15 Follower LM102 t Intersil • 8 " 10 " 10@1 ±15 Follower SG102 t Silicon G 30 

10 " 10 " 10@ 1.25 ± 12 to ± 18 Follower LM102 t National 

15 10.0 15 " 8" 10 " 10@ 1 ±15 Follower SG202 Silicon G 
10 " 10 " 10@1.25 ± 12 to ± 18 Follower LM202 National 

20 20.0 100 60 2000 10@ 100 ±6to ±18 Very Fast Follower 9910 t OEI 

30 -15.0 20 " - - 10@ 1.25 ±15 Follower LM302 Intersil 

Q) 8" 10 " 10@1 ±15 Follower SG302 Silicon G 

"0 10 " 10 " 10@ 1.25 ± 12 to ± 18 Follower LM302 National 

:J 20 " 20 " 10@ 1.25 ±5to ±18 Follower LM302 AMD 
(9 20 100 25 1000 10@ ±50 ±3to ±15 6 Identical Sections MZ320 Analog Sys 

C 
0 -- . () 
Q) 

Q) 

en 
~ 

Q) --en 
CO 
~ 

I 

t Military Temperature Range (- 55° to 125°C) ." Typical Value 
Bold face Indicates additional data Is provided on the page noted. 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers 

Function Device Source Line Function ' Device Source Line mA@V Device Source Line 

General Purpose FET Input. Bipolar/JFET available in standard (155), High Output Current 
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 3500 at 18 MCEL165 Micro Eng (4440) 
(-55°C to 125°C) offer approximately the same temperature ranges (155, 255, 355, etc are available,) MCEL2165 Micro Eng 
performance as the 741. Compensation is built in, Some versions approach the low cost of the units below. 3000 at 18 MCETCA2365 Micro Eng 

XR1458 Exar LF155 tAMD 
MCETCA365 Micro Eng (4440) 

JlA1458 Fairchild LF155 t Intersil 
MC1458 Motorola LF155 t Motorola 50 2700@24 ICH85301 Intersil 

LM1458 National LF157 Motorola ICH8530M t Intersil 

JlPC1458 NEC-Electron PM155 t PMI 2000@24 ICH85201 Intersil 
OP-14 PMI ICH8520M t Intersil 60 

PM1458 PMI 2000@22 LH0021 t National (3342) 
RC1458 Raytheon LH0101 National (3342) 
CA1458 RCA LH0101A t National (3342) 
NE5512 Signetics 10 LH0101AC National (3342) 
NE5514 Signetics LH0101C National (3342) 
SE5512 t Signetics 2000@20 3573 Burr-Brown 
SE5514 t Signetics 
MC1458 Silicon G 

1000@30 3571A Burr-Brown 

SG1458 Silicon G 
3572A Burr-Brown 

MC1458 TI 1000@24 ICH85101 Intersi! 
ICH8510M t Intersi! 70 

The lOlA series consists of the lOlA (- 55°C to 125°C), 
1000@ 10 the 201A (- 25°C to 85°C) and the 301 (O°C to 70°C), LH0021C National (3342) 

These units require an external compensation capacitor 750@34 1461 Teledyne P 
which permits the bandwidth to be optimized for 

500@ 10 LH0061 t Hatlonal (3342) particular applications. 
AD101A tAD (3153) LH0061C National (3342) 

JlAl01A Fairchild 200@ 10 JlA759 t Fairchild 
LM101A t Harris JlA759C Fairchild 

LM101A t Motorola 20 130@ 13 LH0041 t National (3342) 
LM101A t National LH0041C National (3342) 
LM101A t Raytheon 100@ 10 3554A Burr-Brown 
CA101A t RCA 3554B Burr-Brown 80 
SG101A tSilicon G 3554S Burr-Brown 
LM101A tTl LHOO03 t National 
TA7506 Toshiba TP3554 Teledyne P 

The performance of the 741 series is similar to the 101. 100@- CA3094 t RCA 
These units include internal compensation to make the 

75@ 145 1480 Teledyne P device stable and to eliminate the need for an external 
capacitor. AD741 tAD (3153) 60@30 3580J Burr-Brown 

JlA741 Fairchild 50@ 10 3329 Burr-Brown 
ICL741 t Intersil 9914 DEI (3346) ill 

"0 MP5502 t Micro Pwr 9918 DEI (3346) 
(401,3292) 30 1430 Teledyne P 90 ::J 

MC1741 t Motorola ~ 
50@5 LHOO05 National 

LM741 t National 
LHOO05A t National C 

JlPC741 NEC-Electron 0 
OP-02 PMI 47@14 LH0020 t National (3342) ...-
PM741 PMI LH0020C National (3342) 0 

ill 
RC741 Raytheon 40@4 LHOO05C National 

ill 
CA741 RCA 30@70 3581J Burr-Brown en 
JlA741 t Signetics 20@ 12 TAA2761 Siemens 10... 

SG741 t Silicon G TAA2762 t Siemens ill ...-
SFC2741 Thomson-CSF 40 TAA2765 Siemens CJ) 

TA7504 Toshiba TAA4761 Siemens 100 CO 

FET Input. The "741" of the FET input devices has yet to TAA4765 Siemens 2 
be established, Such a device requires very low cost, TAA761 Siemens 
several sources, and many users, Commercial devices in TAA762 t Siemens 
the 155 series above meet some of these criteria, TCA311 Siemens 
however, devices from the series below are generally TCA312 t Siemens 
lower in cost. LF13741 National TCA315 Siemens 

FET Input. The "741" of the FET input devices has yet to TCA325 Siemens 
be established. Such a device requires very low cost, TCA331 Siemens 
several sources, and many users. Commercial devices in TCA332 t Siemens 
the 155 series above meet some of these criteria, TCA335 Siemens 110 
however, devices from the series belOW are generally 

20@ 10 9912 t DEI (3346) 
lower in cost. JlAF771 , Fairchild 

LF351 National (3309) 20@8 TAA861 Siemens 

CA3140 t RCA (3350) TAA862 t Siemens 

CA3160 t RCA (3349) TAA865 Siemens 

CA3260 RCA (3349) 15@30 LHOO04C National 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indicates additional data Is provided on the page noted. 
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LINEAR-Operational Amplifiers (Cont'd) 

Unity Gain Slew Rate Maximum 
mA@V Device Source Line (VII's min) Device Source Line Supply Voltage Device Source Line 

High Output Current (Cont'd) High Speed High Voltage 

15@ 145 3582J Burr-Brown 2500 (g=5) 9909 DEI (3346) ± 150 3582J Burr-Brown 
3583 Burr-Brown 

1000 AM-5ooGC Dalal (2623) 
3583 Burr-Brown 

3584 Burr-Brown 3584 Burr-Brown 
AM-500MC Datel 

15@ 10 HA-262o t Harris 9914 DEI ±75 3581J Burr-Brown 
(3228.3287) ±40 3571A Burr-Brown 

HA2620 t Intersil 600 9912 t DEI 10 3572A Burr-Brown 
9932 DEI (3346) AM-464-2 Datal (2622) 

500 1430 Teledyne P AM-464-2M t Datel 70 

1430-83 t Teledyne P HA-2640 t Harris 

t Nallonal 
(3232.3287) 

400 LH0024 (3342) HA-2645 Harris 

350 LHo032 t Nallonal (3342) (3232.3287) 

LHo032C Nallonal (3342) LM143 t Harris 
(3286.3288) 

300 HOS-05o AD (3155) MC1536 t Motorola 
HOS-050A AD (3155) LHOO04 t National 
9916 t DEI (3346) LHOO04C National 

280 HA-2530 t Harris 20 LM143 t National 

HA2530 t Intersil LM144 t National 
LM1536 t National 

250(g=5) 9906 t DEI (3346) SG1536 t Silicon G 80 

250 HA-2535 Harris 1332 Teledyne P 

LHo024C Nallonal (3342) ±35 3580J Burr-Brown 

1435 t Teledyne P ±34 MC1436 Motorola 

200 HA-5190 Harris lM344 National 

(3275.3287.3289) SG1436 Silicon G 

HA-5195 Harris ±30 ICH85101 Intersil 

(3275.3287.3290) ICH8510M t Intersil 

9908 t DEI (3346) ICH85201 Intersil 

9917 DEI ICH8520M t Intersil 
ICH85301 Intersil 90 

100(g=3) HA-252o t Harris ICH8530M t Intersil 
(3220.3287) 30 MC1436C Motorola 

HA2520 t Intersil lM1436 National 

100 AD509K AD (3155) lM343 National 

AD509S tAD (3155) SG1436C Silicon G 

3550K Burr-Brown 
DPA605 Burr-Brown 

80 AD509J AD (3155) 
Q) 3507J Burr-Brown 

"'0 1322 Teledyne P 
::::J 1322-01 t Teledyne P 
(9 

65 3550J Burr-Brown 40 
C 3550S t Burr-Brown 0 

...... 50 lM118 tAMD 
() 

lM318 AMD Q) 

Q) 
AD518 AD (3155) 

en AD518S tAD (3155) 

~ 
AD528 AD 

Q) AD528S tAD ...... 
ILA118 t Fairchild rn 

CO ILA318 Fairchild 

~ HA-2510 t Harris 
(3218.3287) 50 

LM118 t Harris 
(3286.3288) 

LM318 Harris 
(3286.3288) 

HA2510 Intersil 
LH0062 t Nallonal (3342) 
LH0062C Nallonal (3342) 
lM118 t National 
lM318 National 
lM118 t Raytheon 
lM118 tTl 
lM318 TI 60 
SFC2118 t Thomson-CSF 
SFC2318 Thomson-CSF 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold faca Indlcatas addilional data Is provldad on tha paga notad. 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers (Cont'd) 

Cu~rent Function Device Source Line Supply Current 
pA 25'C Device Source Line 

Low Drift 
p.A ±15V Device Source Line 

Low Bias Current Low Power 
0.5 LH0044B National Non-Adjustable 

Rated values do not usually include thermal rise due to OP-05A t PMI 50 
circuit operation. 

0.6 MP5507A t Micro Pwr 9 OP-215B tPMI 
0.01 ICH8500A Intersil MP5507E Micro Pwr OP-215C tPMI 

0.075 3528C Burr-Brown SSS725A t AMD OP-215F PMI 

AD515L AD (3153) AM-430B Datel OP-215G PMI 
OPA104CM Burr-Brown AM-490-2M t Datel 45 OP-20B t PMI 

0.1 3523L Burr-Brown JLA714 t Fairchild OP-20C t PMI 
ICH8500 Intersil HA-2900 t Harris OP-20F PMI 120 
AM-490-2C Datel HA-5130-5 Harris OP-20G PMI 

0.15 AD515K AD (3153) HA-5135-5 Harris OP-20H PMI 

0.2 ADOP-07 tAD 10 OP-05E PMI 60 150 HA-2700 t Harris 
OP-07A tPMI HA-2704 Harris 

0.25 AD523L AD 
HA-2705 Harr'is 

3523K Burr-Brown 1.0 AD510K AD (3153) 

OPA104BM Burr-Brown AD510S tAD (3153) 200 TL061 Series TI (3425) 

0.3 AD515J AD (3153) 
LM725A National 220 OP-420B tPMI 

AM-490-2B Datel 
AD504L AD OP-420C tPMI 

HA-2904 Harris AD504S tAD OP-420F PMI 
AD517K AD OP-420G PMI 130 0.5 AD523K AD AD517S tAD 

3523J Burr-Brown 350 OP-21B tPMI 
3271 Burr-Brown 

OPA104AM Burr-Brown OP-21F PMI 
3291 Burr-Brown 70 

AD504M AD 20 
3354 Burr-Brown 400 LF442A National 

AD510L AD 3500E Burr-Brown 
(3309.3314) 

AD517L AD 
3510B Burr-Brown 

OP-21C tpMI 
3510C Burr-Brown 

3510S t Burr-Brown 
OP-21G PMI 

MP517L Micro Pwr 
3521L Burr-Brown 475 OP-21H PMI 

MP5505A t Micro Pwr 
AM-490-2A Datel 500 LF442 National 

LHOO44A t National 
t Fairchild (3309.3314) ~ LHOO44AC National JLA725A 

JLA725E Fairchild 600 LMl12 t National ,; 1.0 AD523J AD MP517K Micro Pwr LM212 National 
3522L Burr-Brown MP517S t Micro Pwr 80 LM316A National 140 ~ 
ICL8007AC Intersil 30 MP5505A t Micro Pwr LM108 t AMD ;:: 
ICL8007AM t Intersil LH0044 t National AD108 tAD (3153) • LH0052 t National (3342) 

LHOO44C National LM108 t Harris 
2.0 3527B Burr-Brown LMll t National (3286.3288) 

OPA103BM Burr-Brown LMllC National LM108 t Intersil 

5.0 AD506L AD (3153) OP-05 t PMI LM108 t Motorola 

OPA103AM Burr-Brown 1.0 (dual unit) MP5510A t Micro Pwr LM108 t National 

CA3080 RCA (401.3292) PM108 t PMI 

CA3080A t RCA MP5510B Micro Pwr SG108 t Silicon G Q) 
3522K Burr-Brown (401.3292) SFC2108 t Thomson-CSF '"0 
3522S Burr-Brown 40 LMl12 t AMD 150 .-

MP5510E Micro Pwr :J 
3527A Burr-Brown (401.3292) JLA10B t Fairchild ~ 
3527C Burr-Brown OP-l0 tPMI 90 OP-OB t PMI 

LH0052C National OP-lOA t PMI OP-12 tPMI C 
0 1425-01 Teledyne P OP-l0E PMI 

Programmable +-' 
1425-02 Teledyne P 1.3 MP5507E Micro Pwr (,) 

10.0 MP5507A t Micro Pwr (401.3292) 
Q) 

The current drain limits of these units are approximately -
(401.3292) AM-430M t Datel 10-300JLa. CA3094 t RCA 

Q) 

OPA101 Burr-Brown . JLA741E Fairchild CA3094A t RCA en 
OPA106/MIL t Burr-Brown MP5507B t Micro Pwr CA3094B t RCA "-

Q) 
OP-07 tPMI The current drain limits of these units are approximately +-' 

(J) OP-07E PMI 10-300JLA. JLA776C Fairchild CU 
AM-430A Datel HA-2720 t Harris (3236) 2 

1.5 MP5505C Micro Pwr HA-27Z5 Harris (3236) 
(401.3292) 100 LM4250C Harris 

3510A Burr-Brown (3286.3288) 160 
OP-05C PMI ICL4250 t Intersil 
OP-20B tPMI ICL4250C t Intersil 
OP-20F PMI MC1776 t Motorola 

1.5 (Dual Unit) OP-l0C PMI LM4250 . t National 

SSS725C PMI LM4250C t National 
SG3250 Silicon G 

1.6 JLA714C Fairchild SG4250 t Silicon G 
MP5507C Micro Pwr SG4250C t Silicon G 
OP-07C PMI CA3078 t RCA (3354) 

2.0 3510VM Burr-Brown 110 UC4250 t Solitron 170 
3527C' Burr-Brown UC4250C Solitron 
OPA103CM Burr-Brown JLA776 t Fairchild 
CA3193B t RCA (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold face Indicates additional dltl Is provided on the page noted. 
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Ie MASTER 

LINEAR-Operational Amplifiers (Co.nt'd) 

Supply Current 
",A ±15V Device Source line Function Device Source line 

Low Power Programmable 
Programmable (Cont'd) 

Adjustable Current/Performance Single 

The current drain limits of these units are approximately 
10-300 p.A. (Cont'd) 

LM4250 t Harris 

(1 unit per package) 
ICL7612C Intersi! 
CA3094 t RCA 

(3286.3288) CA3094A t RCA 

ICL8021C Intersl! CA3094B t RCA 
ICL8021M t Intersl! p.A776C Fairchl!d 

MC1776C Motorola p.A776M t Fairchild 30 

MC3476 Motorola HA-2720 t Harris 

CA3078A t RCA (3354) HA-2725 Harris 

CA6078A t RCA (3354) LM4250C Harris 
SG1250 t Silicon G ICL4250 t Intersi! 
SG2250 Silicon G ICL4250C t Intersi! 

ICL7611C Intersi! 
J.LA@±8V MC1776 t Motorola 

20 ICL7611M t Intersl! 
ICL7613M t Intersl! 

LM4250 t National 
10 LM4250C t National 

SG3250 Silicon G 40 
. ICL7631M t lritersi! 

ICL7632M t Intarsi! 
ICL7642M t Intersi! 

SG4250 t Silicon G 
SG4250C tSilicon G 
CA3078 t RCA 

200 ICL7612C Intersi! CA3080 RCA 
ICL7611C Intersi! CA3080A t RCA 
ICL7612M t Intersil . LM4250 t Harris 
ICL7613C Intersi! ICL7611M t Intersi! 
ICL7614C Intersi! ICL7612M t Intersl! 
ICL7615C Intersi! 20 ICL7613C Intersl! 
ICL7621C Intarsi! ICL7613M t Intersi! 50 
ICL7622C Intersi! ICL8021C Intersi! 
ICL7631C Intersi! ICL8021M t Intersl! 
ICL7642C Intersi! MC1776C Motorola 

MC3476 Motorola 
CA3078A t RCA 
SG1250 t Silicon G 
SG2250 Silicon G 

Dual (2 units per package) 
HA-2730 t Harris 

(3239.3287) 
HA-2735 Harris 

(3239.3287) 
ICL8022C Intersi! 60 
ICL8022M t Intersil 
LH24250 t Nillonil (3342) 
LH24250C Nallonal (3342) 

Triple (3 units per package) 
CA3060 t RCA 
ICL7632C Intersi! 
ICL7632M t Intersi! 
ICL8023C Intersi! 
ICL8023M t Intersi! 
CA3060A RCA 
CA3060B RCA 70 
SG1253 tSilicon G 
SG2253 Silicon G 
SG32~3 Silicon G 
Ll44A t Siliconix 
Ll44B Siliconix 
Ll44C Siliconix 

Quad (4 units per package) 
XR146 t Exar (3207) 
XR246 EXlr (3207) 
XR346 EXlr (3207) 
XR4202 Exar 80 
XR4202M t Exar 
MC3575 t Motorola 
TCA3002 Motorola 
TCA3003 Motorola 
LM146 t National 
LM246 National 
LM346 National 

(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold .ace Indicates Iddlllonal data Is provided on Ihe paga naIad. 
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Function Device Source Line 

Quad (4 units per package) 
(Cont'd) 

LM146 Raytheon 
LM246 Raytheon 
LM346 Raytheon 90 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers (Cont'd) 

Supply Supply Unity Gain, 
Voltage, V Device Source Line Voltage, V Device Source Line Bandwidth MHz Device Source Line 

Single Supply 3 to 30 (Cont'd) Wide Band 
Single Units LM324 Motorola 

LM124 t National 30 * LHOO03 t National 

to 24 CA3094 t RCA LM224 National LHOO03C National 

to 36 fJ.A759 t Fairchild LM324 National LHOO05 National 

fJ.A759C Fairchild fJ.PC224 NEC-Electron LHOO05A t National 

CA3140 t RCA 
fJ.PC324 NEC-Electron LHOO05C National 

CA3094A t RCA 
LM124 t Raytheon fJ.PC702 NEC-Electron 

LM224 Raytheon 70 TL702C TI 
to 44 CA3094B t RCA LM324 Raytheon TL702M tTl 120 

1 to 16 ICL7612C Intersil CA124 t RCA fJ.PC51A NEC-Electron 

ICL7612M t Intersil CA224 RCA SL565 Plessey 

5 to 16 CA3130 t RCA (3349) CA324 RCA 35 * AD507J AD (3155) 

CA3130A t RCA (3349) 10 LM124 t Signetics AD507K AD (3155) 

OP-20B t PMI LM224 Signetics AD507S tAD (3155) 

OP-20C tPMI LM324 Signetics 9917 OEI 

OP-20F PMI SG124 t Silicon G 38 * CA3100 t RCA 
OP-20G PMI SG224 Silicon G 

SG324 Silicon G 80 
40 9932 OEI 

OP-20H PMI 
LM124 tTl 50 * CA3015 t RCA 

Dual Units LM224 TI CA3015A t RCA 130 

LM258 TI CA3016 t RCA 

to 20 OP~215B t PMI LM324 TI CA3016A t RCA 

OP-215C tPMI 3 to 36 XR3403 Exar (3207) 
CA3030 RCA 

OP-215F PMI XR3503 t Exar (3207) 
CA3030A RCA 

OP-215G PMI fJ.A3303C Fairchild 
CA3038 t RCA 

3 to 26 HA17902 Hitachi 20 fJ.A3403C Fairchild 
CA3038A t RCA 

LM2902 Motorola MC3303 Motorola 
3551J Burr-Brown 

LM2904 Motorola MC3403 Motorola 90 
3551S t Burr-Brown 

LM2902 National MC3503 t Motorola 
OPA101 Burr-Brown 

LM2904 National RC3403 Raytheon 
OPA102 Burr-Brown 140 

~ 
LM2902 Raytheon RM3503 t Raytheon 60 * 1430 Teledyne P 

~ CA2904 RCA RV3403 Raytheon 1430-83 t Teledyne P 

LM2902 TI 4 to 18 MC3401 Motorola 
9912 tOEI I-

LM2904 TI LM3401 National 65 • fJ.A715C Fairchild ~ 
3 to 30 LM158 t Motorola RC3401 Raytheon fJ.A715M t Fairchild iii 

LM258 Motorola 30 CA3401 t RCA 70 • 3554A Burr-Brown 

LM358 Motorola 4 to 28 MC3301 Motorola 3554B Burr-Brown 

LM158 t National LM3301 National 100 3554S Burr-Brown 

LM258 National RC3301 Raytheon ADLH0032 tAD (3155) 

LM25BA National 4 to 32 LM2900 National 
ADLH0032C AD (3155) 150 

LM358A National LM3900 National 
LH0032 t National 

CA158 t RCA LM2900 Raytheon 
LH0032C National Q) 

CA258 RCA LM3900 Raytheon 
LH0024 t National "0 .-

LM158 t Signetics LM2900 TI 
LH0024C National ::J 

LM258 Signetics LM3900 TI 
OPA605 Burr-Brown CD 

NE532 Signetics 40 100 AM-500GC Datel 
NE535 t Signetics 

4 to 36 LM1900 TI C 
AM-500MC Datel 0 

SE532 t Signetics 5 to 30 OP-420B tPMI 9912 ' tOEI 
OP-420C t PMI 110 

+-' 
SE535 t Signetics 9906 tOEI t) 

LM158 tTl OP-420F PMI NE5539 Signetics 160 
Q) 

OP-420G PMI -
TL321C TI SE5539 t Signetics Q) 

TL321M tTl 9908 t OEI CJ) 

LM158A t National 9909 OEI '-
LM358 National 200 9916 tOEI 

Q) 

CA358 RCA 
+-' 

9918 OEI 
(j) 

LM358 Signetics 50 CU 

LM358 TI 
300 9914 OEI ~ 

3t036 fJ.A798 Fairchild 
500 * 1435 t Teledyne P 

MC3:458 Motorola 1000 OPA600/MIL Burr-Brown 

4 to 36 CA3240 RCA (3350) 

8 to 36 TBA231 SGS 

Quad Units 

3 to 30 fJ.A124 t Fairchild 
fJ.A224 Fairchild 

fJ.A324 Fairchild 
LM124 t Intersil 
LM324 Intersil 60 
LM124 t Motorola 
LM224 Motorola 

(Continued) 
.. t Mlhtary T~mperature Range (- 55° to 125°C) • Typical Value 

Bold laca Indlcatas additional data Is provldad on tha paga notad. 
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Ie MASTER 

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) "VloC MHz VI"s VIV dB Comp. 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 0.005 0.01 2.0 " 2.5 " 10M 120 0 Chopper Stabilized ICL7650C Intersil 
3 - 0.1 0.3 - 30K 88 " 0 Commutating Auto Zero, Compensated ICL7600C Intersil 

ICL7600M t Intersil 

Commutating Auto Zero, 
Uncompensated ICL7601C Intersil 

ICL7601M t Intersil 

0.01 " 10 - 0.2 " 8 " 2.8 " 1.5M" 120 0 Ultra-Low NOise MP5527 Micra Pwr 
(401,3292) 

63 " 17 " 1.5M" 120 0 Ultra-Low Noise MP5537 Micra Pwr 
(401.3292) 

0.020 " 0.15 " 0.05 " 0.1 3" 2.5 " 1M 120 3 Chopper Stabilized AM-490-2C Datel 
0.3 3 " 2.5 " 1M 120 3 Chopper Stabilized AM-490-2B Datel 10 

0.6 3" 2.5 " 1M 120 3 Chopper Stabilized AM-490-2M t Datel 

1.0 3" 2.5 " 1M 120 3 Chopper Stabilized AM-490-2A Dalel (2623) 

0.025 1 0.25 0.5 0.25 " 0.1 " 1M 110 0 Ultra Low Offset Voltage, Low Drift AD517L AD (3153) 
MP517L Micro Pwr 

2 2 0.6 0.6 " 0.17 " 300K 110 0 Ultra Low Offset Voltage, Low Drift ADOP-07A tAD (3153) 
OP-07A t Intersil 

1.2 " 0.25 " 300K 110 0 Ultra Low Offset Voltage. Low Drift MP5507A t Micro Pwr 
OP-07A t Micro Pwr 
OP-07A t PMI 

2.5 " 0.8 " 1M 100 0 Ultra Low Offset Voltage, Low Drift HA-5130-2 Harris 

~ 
(3264.3287) 20 

HA-5135-2 Harris 

!! (3264.3287) 
HA-5130-5 Harris 

....... (3264.3287) ;; HA-5135-5 Harris 
(3264.3287) 

10 2.5 2 0.3 " 0.1 " 1M 110 0 Trimmed Offset AD510L AD (3153) 

15 2.5 0.5 0.4 " 0.06 " 1M 120 1 Precision, Low Noise LH0044A t National (3342) 
LH0044AC National (3342) 

20 20 0.75 - - 5-1000 100 0 Instrumentation (2 amps available as 
pair) 3629B t Burr-Brown 

<D 25 30 0.5 - - 5-1000 100 0 Instrumentation (2 amps available as 
"0 pair) 3629C Burr-Brown 
:J 3629S t Burr-Brown 
(!J 35 50 3 - - 5-1000 100 0 Instrumentation (2 amps available as 
C pair) 3629A Burr-Brown 30 
0 40 35 - 8" 3.2 1200K * 126 " 0 Ultra Low Noise. Low Offset OP-27A t PMI 

o4-J OP-27E PMI () 
<D 63 * 11 " - - 0 Low Noise, High Slew Rate OP-37A t Raytheon 
<D 0.2 25 " 18 " 1M - 0 Ultra Low Noise. Low Offset OP-37A t PMI 

C/) OP-37E PMI 
~ 

0.6 5 1.7 1M 114 0 Ultra Low Noise AM-427-B Datel <D 
o4-J 600K 114 0 Ultra Low Noise OP-27A t Raytheon en 
CU OP-27E Raytheon 

~ 8" 1.7 1000K 114 o ' Ultra Low Noise OPA27A t Burr-Brown 
OPA27E Burr-Brown 40 

40 " 11 1000K 114 0 Ultra Low Noise OPA37A t Burr-Brown 
OPA37E Burr-Brown 

0.05 0.014 0.014 45 7 13 " 128 86 0 High Speed Instrumentation AM-543MM t Datel 
AM-543MR Datel 

0.05 0.05 45 7 13 " 128 86 0 High Speed Instrumentation AM-543MC Datel 

1 0.5 0.4 3" 2.5 " 10M 130 3 Chopper Stabilized HA-2904 Harris 

2 0.75 1 0.25 " 0.1 " 1M 100 0 Ultra Low Offset Voltage, Low Drift AD517K AD (3153) 
AD517S tAD (3153) 
MP517K Micro Pwr 
MP517S t Micro Pwr 50 

5 0.5 0.5 0.2 - 2M 126 0 Precision Instrumentation LM163A t National 
LM363A t National 

(Continued) 

t MIlitary Temperature Range (- 55° to 125°C) • Typical Value 
Bold 'aci IndlClles addlllonal dill Is provided on Ihe page noled. 
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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) I nA (25°C) I'V/oC MHz VII's VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

0.05 -- (Cont'd) 
10 10 0.5 - 5 1000 90 0 Precision Insrumentation AD524C AD (3158) 

13 4.0 1 0.3· 0.1· 1M 110 0 Trimmed Offset AD510K AD 
AD510S tAD 

14 14 1 0.5·' - 1024 86 0 Low Drift Instrumentation AM-542MM t Datel 
AM-542MR Datel 

30 - 0.2 0.25 5 1K 115 0 Precision Instrumentation AD624C AD (3156,3158) 
5 0.5 0.4· 0.06· 500K 114 1 Precision, Low Noise LH0044B Nallonal (3342) 

1 0.4 • 0.06· 500K 114 1 Precision, Low Noise LH0044 t Nallonal (3342) 

50 50 1 0.5· - 1024 86 0 Low Drift Instrumentation AM-542MC Datel 

0.06 1 0.5 0.6 3· 2.5· 1M 120 3 Chopper Stabilized HA-2900 t Harris 10 
15 10 0.5 0.4· 0.5· 1M 110 1 Low Drift 3510C Burr-Brown 

55 50 - 63· 11 • - - 0 Low Noise, High Slew Rate OP-37B t Raytheon 
OP-37F Raytheon 

0.3 8· 13.2· 1200K· 123· 0 Ultra Low Noise OP-27B PMI 
OP-27F PMI 

25· 18· 1M - 0 Ultra Low Noise, Low Offset OP-37B pMI 
OP-37F PMI 

1.3 5 1.7. 500K 106 0 Ultra Low Noise OP-27B t Raytheon 
OP-27F Raytheon 

0.060 55 50 1.3 8· 1.7 1000K 106 0 Ultra Low Noise OPA27B t Burr-Brown 20 
OPA27F Burr-Brown 

40· 11 1000K 106 0 Ultra Low Noise OPA37B t Burr-Brown 
OPA37F Burr-Brown 

0.075 3 2.8 1.3 0.6· 0.17· 200K 110 0 Ultra Low Offset Voltage, Low Drift OP-07 t Intersil r • 
ADOP-07 tAD (3153) 

1.2· 0.25· 200K. 110 0 Ultr"a Low Offset Voltage, Low Drift OP-07 t Micro Pwr 

/LA714 t Fairchild 
,..~ 

MP5507B tMlcro Pwr 
(401.3292) 

OP-07 t PMI 

4 3.8 0.2 0.4 0.2 150K 106 0 Ultra-Low Offset Voltage OP-07E TI 30 
1.3 0.6· 0.17· 200K 123· 0 Ultra Low Offset Voltage, Low Drift ADOP-07E AD (3153) 

OP-07E Intersil 

1.2· 0.25· 200K 106 0 Ultra Low Offset Voltage, Low Drift /LA714E Fairchild 
MP5507E Micro Pwr OJ 
OP-07E Micro Pwr "0 
OP-07E PMI =:s 

15 3 2 1.2· 0.25· 1M 120 0 PreCision Instrumentation CA3493B tHCA (3351) (9 
CA3193B tHCA (3351) 

C 
0.08 1 0.5 0.2· 3· 2.5· 1M 120 3 Chopper Stabilized AM-490 Datel 0 

HA-2905 Harris 40 ....... 
1340 Teledyne P U 

OJ 
15 0.5 1.5 0.1· - 1M 105 0 PreCision, Low Power OP-20B t PMI -

OJ 
OP-20F PMI (f) 

0.10 3 2.8 0.4 • 1.2· 0.25· 500K - 0 Ultra Low Offset Voltage OP-207A t PMI lo... 

OP-207B PMI OJ ....... 
5 1 3 0.2· - 2M 120 0 Precision Instrumentation LM163 t National CJ) 

ct1 
20 15 0.5 - 5 1000 90 0 Precision Insrumentation AD524B AD (3158) ~ 
25 5 3 3· 0.1· 250K 94 O. Trimmed Offset AD510J AD (3153) 

35 5 1 0.4· 0.06· 500K 114 1 PreCision, Low Noise LH0044C Nallonal (3342) 

40 1 0.8 - 1.7 1800 114 0 Ultra Low NOise OP-27 Micro Pwr 50 

50 - 0.5 0.25 5 1K 110 0 Precision Instrumentation AD624B AD (3156.3158) 
35 0.5 - 5 1000 90 0 Precision Insrumentation AD524S tAD (3158) 

70 1 0.6 - -' 1M 120 4 Instrumentation SSS725A t PMI 
0.8 - - 1M 120 4 High Performance 725 SSS725A t AMD 

0.01 100K 120 4 High Gain Instrumentation OP-06A t PMI 

80 40 0.4 • 8· 3.2· 17 1800 114 0 OP-37 Micro Pwr 
75 - 63· 11 • - - 0 Low Noise, High Slew Rate OP-37C t Raytheon 

OP-37G Raytheon 

0.4· 8· 3.2· 1200K 120 0 Ultra Low Noise OP-27G PMI 
1200K· 120 0 Ultra Low Noise OP-27C PMI 60 

(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold fac8 In~lcalas addlllonal dala Is provided on Iha page nolad. 
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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) J.LV/'C MHz V/J.Ls VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

0.10 so 75 0.4 " (Cont'd) 
25 " lS" 700K 120 0 Ultra low Noise OP-37C t PMI 

OP-37G PMI 

1.S 5 1.7 106K 100 0 Ultra low NOise AM-427-A Datel 
AM-427-M t Datel 

300K 100 0 Ultra low Noise OP-27C t Raytheon 
OP-27G Raytheon 

S" tl 700K 100 0 Ultra low Noise OPA27C t Burr-Brown 
OPA27G Burr-Brown 
OPA37C t Burr-Brown 
OPA37G Burr-Brown 10 

100 - 1 0.25 5 lK 100 0 Precision Instrumentation AD624S tAD (3156.3158) 

150 15 0.5 0.6 " 0.25 2M 110 0 Precision. low Power OP-21B t PMI 
OP-21F PMI 

0.12 25 15 1 0.4· 0.5 1M 110 1 low Drift 3510B Burr-Brown 
3510S t Burr-Brown 

2 0.25 0.5 1M 110 1 Precision. low Drift 3510V t Burr-Brown 

0.13 12 6 0.2 0.4 0.2 lOOK 110 0 Ultra-low Offset Voltage OP-07D TI 

0.15 2 0.2 2.5 O.S" 0.12 " SOK 104 0 Improved lOS A. low Bias. 
Compensated OP-12A t PMI 

OP-12E PMI 

1 Improved lOS A, low Bias OP-OSA t PMI 20 
OP-OSE PMI 

2 0.9 0.5 " 0.1 500K 114 0 Ultra low Noise OP-05A t Raytheon 

~ 
0.6 0.17 300K 126 0 low Bias. low Drift OP-05A t Intersil 

1.2 " 0.25· 300K 114 0 Instrumentation OP-05A t Micro Pwr 

!! MP5505A tMlcro Pwr 
(401.3292) 

11"'" ... 
OP-05A t PMI 

5 1 3 0.25 " 0.1 " 1M 94 0 Ultra low Offset Voltage. low Drift AD517J AD (3153) 
MP517J Micro Pwr 

7 6 0.2 0.4 0.2 lOOK 100 0 Ultra-low Offset Voltage OP-07C TI 
1.S 0.5· 0.1 lOOK 100 0 Ultra low NOise OP-07C Raytheon 30 

0.6 " 0.17 " 120K 100 0 Ultra tow Offset Voltage. low Drift ADOP-07C AD (3153) 
OP-07C Intersil 

1.2 " 0.25 " 120K 100 0 Ultra low Offset Voltage, low Drift OP-07C Micro Pwr 
Q) /lA714C Fairchild 
-0 MP5507C Micro Pwr 
::J (401.3292) 
0 OP-07C PMI 

C 7.0 6.0 0.5 " 0.5 " 0.17· 120K 100 0 low Noise /lPC354 NEC-Electron 
0 12 6 2.5 0.5 " 0.1 lOOK 94 0 Ultra low Noise OP-07D Raytheon 

-+-' 
0.6 " 0.17· 120K 94 0 Ultra low Offset Voltage, low Drift ADOP-07D AD (3153) U 

Q) OP-07D Intersil 40 
Q) 1.2· 0.25· 120K 94 0 Ultra low Offset. low Drift MP5507D Micro Pwr 

C/) (401.3292) 
lo- OP-07D PMI 
Q) 

35 20 2 0.4 • 0.5 " 1M 110 1 low Drift 3510A Burr-Brown -+-' 
(JJ 

CCS 0.17 S5- 90 2 4.5 11 50K 100 1 Ultra low Noise OP-34 PMI 

~ 17· 500K 100 Ultra low Noise MP5534 Micro Pwr 
(401.3292) 

5 1.7 50K 100 1 Ultra low Noise OP-24 PMI 
2.S" 500K 100 Ultra low NOise MP5524 Micro Pwr 

(401.3292) 

0.20 7 6 0.7· 1.2 " 0.25· 400K - 0 Ultra low Offset Voltage OP-207E PMI 
OP-207F PMI 

10 3 3 0.2 " - 1M 114 0 Precision Instrumentation lM363 National 50 

15 15 2 0.3 • 0.1· 1-1000 SO 0 Instrumentation AD522B AD 

20 5 3 1.2 " 0.25 300K 110 0 Precision. Instrumentation CA3193A RCA (3351) 

25 2.5 5 0.1" - 400K 100 0 Precision, low Power OP-20C t PMI 
OP-20G PMI 

20 6 0.3 " 0.1" 1-1000 75 0 Instrumentation AD522S tAD 

100 2 5 0.1" 1· 1-1024 74 0 Instrumentation AD612A AD 
(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold face Indlcales additional dala Is provided on Ihe page noled. 
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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) /Jvrc MHz VII's VIV dB Camp. Comments Device Source Line 

Single Units (Cont'd) 

0.20 100 2 5 0.1 • 1 • 1-1024 74 0 Instrumentation (Cont'd) 
AD612B AD 
AD612C AD 
AD614A AD 
AD614B AD 

200 20 0.5 0.6 • 0.25 1.5M 105 • 0 Precision, Low Power OP-21C t PMI 
OP-21G PMI 

0.25 0.00015 0.00004 5 0.5 • 0.3 - SO - Ultra Low Bias FET 352SB Burr-Brown 
0.001 0.0002 2 1 • 0.9 100K 76 1 Low Bias, FET Input OPA105WMI 

MIL t Burr-Brown 
200K 76 1 Low Drift, Low Bias FET OPA103DM Burr-Brown 

5 1 • 0.9 100K 76 1 Low Bias, FET Input OPA105VM t Burr-Brown 10 
200K 76 1 Low Drift, Low Bias FET OPA103CM Burr-Brown 

25 1 • 0.9 100K 76 1 Low Bias, FET Input OPA105UM t Burr-Brown 

0.0005 3 0.7 • 0.3 40K 76 0 Precision, Low Drift FET AD545M AD (3153) 

0.002 0.0003 • 5 1 • 0.6 100K 76 • 0 Low Drift FET 3527B Burr-Brown 

0.010 0.002 • 1 1.5 • 0.6 100K 90 • 0 Ultra Low Drift FET 3521L Burr-Brown 
0.004 5" 10 6.5 • 50K 105 0 Low Noise, Wideband JFET OPA101BM Burr-Brown 

OPA102BM Burr-Brown 

0.015 0.002 • 2 1.5 • 0.6 100K 90 • 0 Ultra Low Drift FET 3521K Burr-Brown 

0.020 0.020 " 5 1.5 • 0.6 50K 90 • 0 Ultra Low Drift FET 3521J Burr-Brown 
3521R t Burr-Brown 20 

0.025 0.002 1 1 3 250K SO 2 Ultra Low Drift BIFET AD547L AD (3151.3153) 

2 2 0.6 0.5 • 0.1 150K 110 0 Ultra Low Noise OP-07A t Raytheon 
2.5 " 0.5 1M 100 0 Ultra Low Drift AM-430B Datel ~ 40 35 - 63 " 11' - - 0 Low Noise, High Slew Rate OP-37E Raytheon 

50 0.005 5 5" 30 • 60K SO - High Speed, Low Drift FET AD381L AD (3155) ~ 
35 0.5 - 5 1000 90 0 Precision Instrumentation AD524A AD (3158) ;.; 

100 - 1 0.25 5 1K 100 0 Precision Instrumentation AD624A AD (3156,3158) ... 
0.30 0.050 0.010 1 " 1 " 0.3 100K 110 0 Improved 10S A, Low Power LM11 t National 

0.1 0.03 5 3 10 100K 90 - Precision JFET MA337 Analog Sys 

2 0.00004 10 0.035' . 2.2 • 100K SO 0 Ultra Low Bias FET OPA104CM Burr-Brown 30 
0.2 3.5 O.S" 0.12 • SOK 104 0 Improved 10S A, Low Power, 

Compensated OP-12B t PMI 
OP-12F PMI 

1 Improved 10S A, Low Power OP-OSB t PMI Q) 

OP-OSF PMI "0 .-
25 2 5 0.1 • _. 500K 90 0 Precision, Low Power OP-20H PMI ::J 

1000 200 2 20 10 10K 90 1 Precision, Bipolar MA327 Analog Sys 
~ 

0.35 2 2 0.2 3.5 0.12 " 300K 104 Low Bias Current MP5512 Micro Pwr 
C 
0 

(401.3292) 
0+-' 

3 2 0.2 2.5 0.12 • 300K 104 Low Bias Current MP5508 Micro Pwr U 
(401.3292) Q) -

0.4 5 1 1.5 0.25 O.OS 900K' S2 0 Programmable Micropower OP-22A PMI Q) 

0.40 25 20 6 0.3 " 0.1 • 1-1000 75 0 Instrumentation AD522A AD 40 
(f) 

"-
0.5 0.000075 0.00002 10 0.5 • 0.3 - 70 - Ultra Low Bias FET 352SC Burr-Brown Q) 

( 

0.0001 0.00005 25 1 " 0.6 100K SO" 0 Ultra Low Bias FET 3523L Burr-Brown 0+-' 
(j) 

0.00015 O.OOOOS 15 0.035 " 2.2 • 100K 66 0 Ultra Low Bias FET OPA104BM Burr-Brown C"O 

0.00025 0.0001 25 1 • 0.6 100K SO" 0 Ultra Low Bias FET 3523K Burr-Brown ~ 
0.0003 O.OOOOS 10 0.5 • 0.3 - 66 - Ultra Low Bias FET 3528A Burr-Brown 

0.001 0.0001 5 1 " 1.5 100K SO 0 Precision FET LH0052 t National 
0.0005 5 0.7 • 0.3 40K 76 0 Precision, Low Drift FET AD545L AD (3153) 

0.002 " 15 1 " 1.3 " 200K 76 0 low Drift, Low Bias FET OPA103BM Burr-Brown 

0.002 0.003 " 25 1 • 1.3 " 200K 76 0 Low Drift, Low Bias FET OPA103AM Burr-Brown 

0.005 0.0003 " 2 1 " 0.6 100K 76 " 0 Ultra Low Drift FET 3527C Burr-Brown 50 
10 1 " 0.6 100K 76 " 0 Low Drift FET 3527A Burr-Brown 

0.001 • 25 1 " 0.6 50K 90 • 0 Low Offset FET 3522K Burr-Brown 
3522S Burr-Brown 

0.020 0.002 * 10 1.5 " 0.6 50K 90 " 0 Ultra Low Drift FET 3521H Burr-Brown 

0.025 0.002 2 1 3 250K SO 2 Ultra Low Drift BIFET AD547K AD (3151.3153) 
5 1 3 250K SO 2 Ultra Low Drift BIFET AD547S AD (3151,3153) 

(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold lace Indlcalas addlllonal dala Is provided on Ihe paga noled. 
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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 ~ain CMRR 
mV (25°C) nA (25°C) nA (25°C) ".VloC MHz V/p.s VIV dB Compo Comments Device Source Une 

Single Units' (Cont'd) 

0.5 0.025 0.002 5 (Cont'd) 
2.0 17 ' 50K 80 0 tUg h Speed Precision Bipolar JFET AD544L AD (3153) 

5 " 30 " 40K 80 - 1 High Speed, Low Drift FET AD382T tAD (3155) 
60K 80 - High Speed, Low Drift FET . AD381T tAD (3155) 

10 5" 30 ' 40K 80 1 High Speed, Low Drift FET AD382K AD (3155) 
60K 80 - High Speed, Low Drift FET AD381K AD (3155) 

0.010 5 1.0 ' 3 200K 80 0 . Precision Bipolar JFET AD542L AD (3153) 

0.03 0.03 5" 0.11 5 100K 100 Precision JFET Input HA-5170-2 t Harris 
(3270.3287) 

0.035 0.002 5 1.5 " 300 " 10K 80 1 Wideband, Fast Settling OPA605C Burr-Brown 
OPA605K Burr-Brown 

10 1.5 ' 300 ' 10K 80 1 Wideband, Fast Settling OPA605B Burr-Brown 10 
OPA605J Burr-Brown 

0.050 0.01 5 - 45 100K 86 - Wideband, Decompensated, Settles to 
0.01% in 1.5 itS OP-17A t Micro Pwr 

OP-17E Micro Pwr 
OP-17A t PMI 
OP-17E PMI 

14 ' 10 100K 86 0 Bipolar-JFET, Bias Camp. OP-15A t Micro Pwr 
OP-15E . Micro Pwr 

I 
OP-15A t PMI 
OP-15E PMI 

19 ' 18 100K 86 0 Wideband-JFET, Bias Camp. OP-16A t Micro Pwr 20 
OP-16E Micro Pwr 
OP-16A t PMI 
OP-16E PMI 

~ 5 " ,0.8 ' 40 60K 86 1 Wideband-JFET, Camp. for G> 10 HA-5110-2 t Harris 
(3262.3287) 

~ 18 " 12 ' 75K 86 0 Wideband-J FET HA-5100-2 t Harris 

i 
(3260.3287) 

HA-51 00-5 Harris 
(3260.3287) 

10 " 0.8 " 40 60K 86 0 Wideband-JFET, Camp. for G> 10 HA-511 0-5 Harris 
(3262.3287) 

0.025 10 1 1 50K 80 0 Low Power BIFET LF441A Nallonal 
(3309.3313) 

3 10 50K 80 0 Wideband JFET LF411A Nallonal 
Q) (3309.3311 ) 

"0 0.06 0.06 5" 0.11 7 80K 90 Precision JFET Input HA-5170-5 Harris 
::J (3270,3287) 30 
(9 0.1 - 50 15 " 150 " 100K 90 1 High Speed, High Power 1461-83 t Teledyne P 

C 0.10 0.02 5" 2.5 ". 5 " 50K 85 0 Bipolar-JFET LF155 t AMD 
0 LF155 t Intersil 

........ LF155 t Motorola 
() 

PM155 t PMI Q) 

Q) 0.15 0.006 10' 10 ' 6.5 ' 50K 105 0 Low Noise, Wideband JFET OPA101AM Burr-Brown 

en OPA102AM Burr-Brown 

~ 0.2 0.1 10 " 3" 13 ' 50K 70 0 Low Offset JFET TL087M tTl (3424) 
Q) 

0.4 0.05 10 " 3" 13 " 25K 70 0 Low Offset JFET TL087C TI (3424) ........ en 1 0.2 5 " 0.11 4 1M 90 1 Low Bias Current, Low Power HA-5180A-2 Harris ctS 
~ (3272.3287) 40 

HA-5180A-5 HarriS 
(3272,3287) 

2 0.2 5 1 " 0.3 " 80K 96 1 Precision Bipolar, Low Bias LM108A t AMD 
LM208A AMD 

, AD108A tAD (3153) 
AD208A AD (3153) 
ItA108AM t Fairchild 
ItA208AM Fairchild 
LM108A t Harris 

(3286,3288) 
LM108A tlntersil 
LM108A t Motorola 50 
LM208A Motorola 

~ LM108A t National 
LM208A National 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 'Typical Value 
Bold lace Indlcatas additional dala Is provldad on Ihe paga naiad. 
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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) /J.VI'C MHz VII's V/V dB Compo Comments Device Source Line 

Single U~its (Cont'd) 

0.5 0.2 1" 0.3 " BOK 96 Precision Bipolar, Low Bias (Cont'd) 
PM10BA t PMI 
PM20BA PMI 
SG10BA t Silicon G 
SG20BA Silicon G 
SFC210BA t Thomson-CSF 
SFC220BA Thomson-CSF 

3 2.B 0.6 0.1 200K 114 Low Bias, Low Drift OP-05 t Intersil 
0.5 " 0.1 500K 114 Ultra Low Noise OP-05 t Raytheon 
0.6 0.25 " 200K 110 Instrumentation MP5505B tMlcro Pwr 

(401.3292) 
OP-05 t Micro Pwr 10 
OP-05 t PMI 

3.B 0.9 0.5 " 0.1 500K 110 Ultra Low Noise OP-05E Raytheon 
1.5 0.6 0.1 200K 123 Low Bias, Low Drift OP-05E Intersil 

0.6 0.25 " 200K 107 Instrumentation MP5505E Micro Pwr 
(401.3292) 

OP-05E Micro Pwr 
OP-05E PMI 

7 1 " 0.3 " BOK 96 Precision Bipolar LM30BA AMD 
AD308A AD (3153) 
JLA30BAC Fairchild 
LM308A Harris 

(3286.3288) 20 
LM30BA Intersil 
LM30BA Motorola 
LM30BA National 
PM30BA PMI 
SG30BA Silicon G 

30 O.B 0.25 lOOK B5 General Purpose MP5502A tMlcro Pwr 
(401.3292) 

MP5502E Micro Pwr 
(401,3292) 

OP-02A t Micro Pwr 
OP-02E Micro Pwr 

1" 0.25 " BOK 90 High Accuracy 301 AD301AL AD (3153) 30 

35 O.B 0.25 lOOK 90 General Purpose OP-02A t PMI 
OP-02E PMI 

ill 
40 10 1.2 " 0.25 " lOOK 100 Precision, Instrumentation CA3193 RCA (3351) "0 

CA3493 RCA (3351) ::JI 
50 2" '1.3 1.2 " lOOK High Performance BIFET OP19A t PMI (9 

OP19E PMI C 
5" 5.5 " lOOK High Performance BIFET OP1BA t PMI 0 

OP1BE PMI ...... 
() 

5' 1 " 0.5 " 50K 90 Higher Accuracy 741 AD741L AD (3153) ill 
30 1.5 " O.B lOOK" 100 " Low Drift 3500E Burr-Brown 40 ill 

75 5 0.005 " 1000K 110 4 High Accuracy Instrumentation JLA725AM t Fairchild 
(f) 
l-

BO 1000K 120 4 Instrumentation SSS725 PMI ill 
0.01 1000K 120 4 High Gain Instrumentation OP-068 t PMI 

...... en 
OP-06F PMI C'O 

10 0.5 0.3 " 0.12 " 1000K 110 Precision Low NOise AD504M' AD (3153) ~ 
1.0 0.3 " 0.12 " 1000K 110 Precision Low Noise AD504L AD (3153) 

AD504S tAD (3153) 

300 30 0.5 0.6 " 0.25 " 1000K 100 Precision Low Power OP-21H PMI 

500 200 15 0.3 72 Instrumentation HC3020 HyComp 

0.6 0.100 0.01 5 1 " 0.3 " lOOK 110 Precision, Low Input Current LMllC National 50 
7.5 2 2.0 0.25 O.OB 500K" BO Programmable Micropower . OP-22B PMI 

0.7 30 2.5 " lB' 50K 90 High Speed MP5501A Micro Pwr 
(401,3292) 

MP5501H tMlcro Pwr 
(401,3292) 

OP-01A t Micro Pwr 
OP-01H Micro Pwr 
OP-01A t PMI 
OP-01H PMI 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold lace Indlcatas addlllonal data Is provided on the page noted. 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (C~nt'd) 

Offset Bias Offset Voltage Band- Slew I Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV (25°C) nA (25°C) nA (25°C) IlV/oC MHz V/lls VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

0.75 3 2.8 1.3 0.5 " 0.1 150K 110 0 Ultra low Noise OP-07 t Raytheon 
4 3.8 1.3 0.5 " 0.1 150K 106 0 Ultra low Noise OP-07E Raytheon 

4 1.3 2.5 " 0.5 1M 100 0 Ultra low Drift AM-430A Dalel (2622) 
AM-430M t Datel 

80 5 - 0.44 " 0.3 50K 80 0 High Performance IlA741EC Fairchild 
1 " 0.3 " 50K 80 0 High Performance IlA741AM t Fairchild 

2.8 " - - 1000K 110 .. 4 High Performance 725 SSS725B AMD 

1.0 0.000075 - 25 0.35 0.3 50K 70 0 FET Electrometer AD515l AD 
0.00015 - 15 0.35 0.3 100K 80 0 FET Electrometer AD515K AD 

0.0003 0.00008 25 0.035 " 2.2 " 100K 66 0 Ultra low Bias FET OPA104AM Burr-Brown 10 

0.0005 0.0002 50 1 " 0.6 100K 80 " 0 Ultra low Bias FET 3523J Burr-Brown 

0.001 0.0005 15 0.7 " 0.3 40K 70 0 Precision low Drift FET AD545K AD (3153) 

0.002 0.001 25 0.7 " 0.3 20K 66 0 Precision low Drift FET AD545J AD (3153) 

0.005 - 10 1 " 3 75K 80 0 High Accuracy, FET AD506l AD 
2 " 3 50K 72 0 low Bias Current, FET 1425-02 Teledyne P 

25 2" 3 50K 72 0 low Bias Current, FET 1425-01 Teledyne P 

0.0002 10 1" 1 75K 76 0 Precision FET LH0052C National (3342) 

0.010 - 25 2" 3 5DK 72 low Drift, FET 1426-01 Teledyne P 
0.002 " 50 1 " 0.6 50K 90 " 0 Low Offset FET 3522J Burr-Brown 

I 
, 0.005 " 25 10 ", 65 25K 70 " 0 Fast Settling, 1 IlS to 0.01% 3550J Burr-Brown 20 

3550S t Burr-Brown 

20 " 100 25K 70 " 0 Fast Settling, 0.61Ls to 0.01% 3550K Burr-Brown 

0.015 - 25 10 " 50 50K 80 0 Fast Wide Band, High Accuracy, FET 
Input AD528K AD 

~ 
Fast Wideband, High Accuracy, FET 
Input AD528S tAD 

~ 0.025 - 5 2 " 3 50K 72 0 low Drift, FET 1426-03 Teledyne P 

i 
10 2 " 3 50K 72 0 low Drift, FET 1426-02 . Teledyne P 

0.002 10 2 16 50K 80 0 High Speed Precision Bipolar JFET AD544K tAD (3153) 
5 " 30 " 40K 80 1 High Speed, low Drift FET AD382S tAD (3155) 

60K 80 - High Speed, low Drift FET AD381S tAD (3155) 

15 2 16 50K 80 0 High Speed Precision Bipolar JFET AD544S AD (3153) 30 

0.01 10 1.0 " 3 50K 76 .0 Precision Bipolar JFET AD542S tAD (3153) 
200K 80 0 Precision Bipolar JFET AD542K AD (3153) 

0.035 0.002 25 1.5 " 300 " 10K 70 1 Wideband, Fast Settling OPA605A Burr-Brown 
Q) OPA605H Burr-Brown 

"C 0.005 5 1 3 100K 76 2 Ultra low Drift BIFET AD547J AD (3151.3153) 
:J 0.05 0.005 15 5" 30 " 40K 76 1 High Speed, low Drift FET AD382J AD (3155) 

CD 60K 76 - High Speed, low Drift FET AD381J AD (3155) 

C 0.050 . 0.01 5" 18" . 8" 150K' 86 " 0 Wideband, FET AM-410-2M t Datel 
0 60 " 50 • 150K' 94 • 0 Wideband, FET AM-411-2M t Datel --t) 15 70 1000 100K 44 1 150 ns Settling to 0.05% 3554B Burr-Brown 40 
Q) 30K 60 1 Wideband, Fast Settling FET AD3554B AD (3155) 
Q) 25 70 1000 100K 44 1 150 ns Settling to 0.05% 3554S Burr-Brown 
en 30K 60 1 Wideband, Fast Settling FET AD3554S tAD (3155) 
~ 0.10 0.01 50 50 • 250' 100K 70 • 1 Wideband, Fast Settling 3551J Burr-Brown Q) -- 3551S t Burr-Brown en 
ctS 0.02 - 35 75K 86 - 0 Wideband-JFET, Bias Compo OP-17B t Micro Pwr 

~ OP-17F Micro Pwr 

10 - 35 75K 86 - Wideband, Decompensated, Settles to 
0.01% in 1.5 IlS OP-17B t PMI 

OP-17F PMI 
13 • 7.5 75K 86 0 Bipolar-JFET, Bias Compo OP-15B t Micro Pwr 50 

OP-15F Micro Pwr 
OP-15B t PMI 
OP-15F PMI 

18 • 12 75K 86 0 Wideband-JFET, Bias Compo OP-16B t Micro Pwr 
OP-16F Micro Pwr 
OP-16B t PMI 
OP-16F PMI 

20 40 330 • 25K 60 1 Wideband, Fast Settling AD380K AD (3155) 
AD380L tAD (3155) 
AD380S AD (3155) 60 

(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold 'ace Indlcales addillonal dala Is provided on Ihe page noled. 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drill width Rate Gain CMRR 
mV (25°C) nA (25°C) nA (25°C) p'vrc MHz V/p.s VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

1.0 0.10 (Cont'd) 
0.05 5" 1S" 12 " 60K SO 0 Wideband-JFET HA-5105"5 Harris 

(3260.3287) 

0.05 " 15 " 0.6 " 35 " 50K SO 1 Wideband-JFET, Compo for G> 10 HA-5115-5 Harris 
(3262.3287) 

0.30 0.02 15 40 " 220 " 25K 60 1 Wide band, Fast Settling 1437 Teledyne P 
1437-S0 t Teledyne P 

2 100 10 30 300 " 100K 70 2 low Offset, Fast Settling HOS-060 tAD (3152.3155) 
HOS-060/ 
883 tAD (3152,3155) 

5 0.5 10 O.S" 0.12 " 40K S4 0 Precision, low Input Current OP-12C t PMI 
OP-12G PMI 

1 Precision, low Input Current OP-OSC t PMI 
OP-OSG PMI 10 

15 7" 3 1.5 " 1 45K 100 " 0 low Bias, low Noise 3500C Burr-Brown 
5 1.5 " 1 45K 100 " 0 low Bias, low Noise 3500T t Burr-Brown 

100 20 4" 1" 0.25 " 30K 70 2 High Voltage lHOO04 t National 
-5 - - 1000K 110 4 Instrumentation !,PC154 NEC-Electron 

PM725 t PMI 

0.5 " 0.01 " 1000K 110 4 Instrumentation RM725 t Raytheon 

1 " 0.005 " 1000K 110 4 High Accuracy Instrumentation !,A725M t Fairchild 
lM725 t National 

200 50 6 1 " 0.4 " 25K SO 3 General Purpose RM709A t Raytheon 

250 70 20 - - 20K 70 1 General Purpose TA7502B Toshiba 20 

1.2 0 3 2.0 0.35 O.OS 250K" SO 0 Programmable Micropower OP-22H PMI r • 
1.3 7 6 2 0.5 " 0.1 400K 100 0 Ultra low NOise OP-05C Raytheon 

2.0 0.6 0.17 120K 100 0 low Bias, low Drift OP-05C Intersil 

4.5 1.2" 0.25 " 120K 100 0 Instrumentation MP5505C Micro Pwr ..... ~ 

OP-05C Micro Pwr 
OP-05C PMI 

120 0 Instrumentation !,PC254 NEC-Electron 

110 13 1.4 " - 0.01 500K 110 4 High Gain Instrumentation OP-06G PMI 
4.5 - - 500K 100 4 Instrumentation SSS725C PMI 

1.5 0.010 - 25 1 " 3 50K SO 0 High Accuracy, FET AD506K AD (3153) 30 
50 1 " 3 50K SO 0 High Accuracy, FET AD506S tAD (3153) 

0.10 0.05 15 " 1S" S" 100K" S6 " 0 Wideband, FET AM-410-2C Datal (2622) Q) 

-0 
50 " 40 " 100K" 94 " 0 Wideband, FET AM-411-2C Datal (2622) --

2 0.5 " 0.005 " 1000K 120 4 Instrumentation lM725A National 
:J 

SO 5 ~ 
100 15 3 0.3 " 0.12 " 500K 100 1 low Drift, low NOise AD504K AD (3153) 

C 
120 45 4" 1 " 0.25 " 30K 70 2 High Voltage lHOO04C National 0 .-

2.0 0.001 0.0007 4" 0.5 " 0.5 " 20K 55 0 low Supply Voltage, BIMOS CA34208 t RCA (3352) +-' 
() 

0.010 - 50 2" 3 50K 72 - low Bias Current, FET 1425 Teledyne P Q) 
0.0005 " 15 1 " 3 50K 70 0 low Offset Voltage, FET IClS007 t Intersil -Q) 

0.02 - 50 100 1000 100K 90 1 Fast-Settling, FET Input 1443-S3 t Teledyne P 40 (f) 

0.025 - 50 2 3 50K 72 0 low Drift, FET 1426 Teledyne P J... 

0.025 " 0.010 " 20 1.0 " 3 50K 76 0 Precision Bipolar JFET AD542J AD (3153) 
Q) 
+-' en 

'0.030 ,0.01 4" 0.063 " 0.03 " 32K 75 0 Manopower, BIMOS CA3440B RCA (3353) ctS 
0.05 0.01 50 70 1000 100 60 1 Wideband, Fast Settling FET AD3554A AD (3155) ~ 
0.050 0.005 20 2 15 30K 74 0 High Speed Precision Bipolar JFET AD544J AD (3153) 

0.01 5 - 40 50K S5 - Wideband Decompensated lF357A AMD 
lF157A t Harris 

(3286.3288) 
LF357A Harris (3288) 
lF157A t Intersil 
lF357A Intersil 50 
lF157A t Motorola 
lF357A Motorola 
LF157A t Nallonal (3309) 
LF357A Nallonal (3309) 
PM157A t PMI 
PM357A PMI 

2.5 " 3 50K S5 0 Bipolar - JFET lF155A tAMD 
(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold face Indlcatas addlllonal dati Is provided on the page Dotad. 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) : 

Offset Bias Ollset Voltage . Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV (25'C) nA (25'C) nA (25'C) "V/oC MHz VI"s VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

2.0 0.050 0.01 2.5 " 50K 85 Bipolar - JFET (Cont'd) 
lF355A AMD 
lF155A t Intersil 
lF355A Intersil 
lF155A t Motorola 
L"F355A Motorola 
LF155A t Nallonal (3309) 
LF355A Nallonal (3309) 
PM155A t PMI 
PM355A PMI 

4 10 50K 85 Wideband - JFET lF156A tAMD 10 
lF356A AMD 
LF156A t Harris 

(3286.3288) 
LF356A Harris (3288) 
lF156A t Intersil 
lF356A Intersil 
lF156A t Motorola 
LF356A Motorola 
LF156A t Nallonal (3309) 
LF356A Nallonal (3309) 
PM156A t PMI 20 
PM356A PMI 

50 70 1000 lOOK 44 150 ns Settling to 0.05% 3554A Burr-Brown 

0.03 10 " 1.6 80K" 70 low Power ICl7611AC Intersil 
ICl7611AM t Intersil 

low Power. Extended CMVR ICl7612AC Intersil 
ICl7612AM t Intersil 

low Power. Input Protected ICl7613AC Intersil 

low Power ICl7614AC Intersil 
ICl7614AM t Intersil 

low Power. Input Protected ICl7615 t Intersil 30 
ICl7615AC Intersil 

0.075 0.025 10 " 4" 13 " 50K 80 Precision BIFET MC35001A t Motorola (3293) 

0.10 0.05 10 " 4 " 13 " 50K 80 Precision BIFET MC3400'lA Motorola (3293) 
Wideband Bipolar JFET LF351A Nalional (3309) 

20 150 400 10K 60 Fast Settling. Wideband OPA600N Burr-Brown 
Q) OPA600Vl 

"0 883B t Burr-Brown 

:::J OPA600VI 

C.9 Mil t Burr-Brown 

C 0.05 " 40 0.5 " 50K 80 High Current. High Power 3571A Burr-Brown 

0 3572A Burr-Brown 
....... 0.050 ,10 " 3" 13 " 50K 80 0 Bipolar JFET IlAF771A Fairchild 40 
() 

/LAF771AM t Fairchild Q) 

Q) 0.15 0.05 20 0.06 10 3K 100 JFET Input MA403 Analog Sys 

C/) 0.20 0.10 20 2.7 25K 70 0 Wideband JFET LF411 Nalional 
~ (3309.3311) 
Q) 20 " 10 50K 80 Wideband Bipolar JFET lF151A t National ....... 
en 0.50 75 60 " 500 200K Inverting. Settles to 0.01% in ~OO ns 1430 Teledyne P 
CU 1430-83 t Teledyne P 
~ 0.2 15 0.3 " 0.3 " 50K 85 1 - low Noise 108 ICll08lN t Intersil 

1 " 0.2 " 50K 85 0 Micropower, Supply Current 600 /La lMl12 t National 
lM212 National 

0.3 " 50K 85 Precision Bipolar lMl08 t AMD 50 
lM208 AMD 
AD 108 tAD 
AD208 AD (3153) 
/LA 108M t Fairchild 
/LA208M Fairchild 
lMl08 t Harris 
lMl08 t Intersil 
lM108 t Motorola 
lM208 Motorola 
lMl08 t National 60 
lM208 National 

(Continued) 

t Military Temperature Range (-55 0 to 125°C) " Typical Value 
80ld lace Indicates addlllonal data Is provided on the pagl noted. 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

ONset Bias ONset 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 VIV dB Camp. Comments Device Source line 

Single Units (Cont'd) 

2.0 0.2 15 1" 0.3 " 50K 85 Precision Bipolar (Cont'd) 
PM108 t PMI 
PM208 PMI 
SG108 t Silicon G 
SG208 Silicon G 
SFC210B t Thomson-CSF 
SFC220B Thomson-CSF 

10 0.5 " 0.1 45K 100 " . Low Bias Current 3501C Burr-Brown 

0.5 10 1.7" 2.5K 80 Wideband jLA702M tTl 

10 0.5 " 0.1 45K 100 " 0 Low Bias Current 3501B Burr-Brown 
3501S t Burr-Brown 10 

10 10 " 50 " 60 " 50K 86 Wideband-JFET HA-5150 Harris 

20 0.7 2.0 " 60K 89 Op Amp and Voltage Reference LM10BL National 
120K 93 Op Amp and Voltage Reference MCELM10 Micro Eng (4440) 

LM10 t National 
LM10B National 

10 " 1.5 " 45K 100 " Low Bias, Low Noise 3500B Burr-Brown 
10 1.5 " 45K 100 " Low Bias, Low Noise 3500S t Burr-Brown 

25 15 0.5 0.5 " 50K 80 Low Offset Current jLA777M tTl 

50 100K 80 High Performance 741 SSS741 tAMD 
2.5 " 18 " 50K 80 High Speed MP5501E Micro Pwr 

(401.3292) 20 
MP5501F tMlcro Pwr 

(401.3292) 
OP-01E Micro Pwr 
OP-01F t Micro Pwr 
OP-01E PMI 
OP-01F t PMI 

10 O.B 0.25 50K 90 General Purpose MP5502 t Micro Pwr 
OP-02 t Micro Pwr 
OP-02C Micro Pwr 
OP-02 PMI 
OP-02C PMI 30 

10 100K 80 High Performance 741 222741 t AMD 
15 4" 1.5 25K ·80 High Performance, High Gain RM4131 t Raytheon 

60 4" 1.3 " 1.2 " 50K High Performance BIFET OP-19B PMI 
OP-19F PMI 

5" 5.5 " 50K High Performance BIFET OP-1BB PMI 
Q) 

OP-1BF PMI 
"0 
:J 

10 15 40 50K 70 60 V/jLs Compo for g=5 SE53B t Signetics C.9 
3" 25 50K 70 High Slew Rate SE530 t Signetics 

75 10 15 O.B" 0.5 " 50K BO Low Noise 101A ICL 101ALN t Intersil 
C 
0 

1 " 0.5 " 50K 80 General Purpose, Compensated LM107 t Harris 40 ....... 
LM107 t Intersil () 

LM107 t Motorola Q) 

LM207 Motorola Q) 

LM107 t National Cf) 

LM207 National '-
LM107 t Raytheon Q) 

....... 
SG107 t Silicon G en 
SG207 Silicon G ctS 
LM107 tTl 2 
LM207 TI 50 
SFC2107 t Thomson-CSF 
SFC2207 Thomson-CSF 

Higher Accuracy 741 AD741S tAD (3153) 

General Purpose. Improved 101. 
Uncompensated AD101A tAD 

AD201A AD (3153) 
jLA101AM t Fairchild 
jLA201AM Fairchild 
LM101A t Harris 
LM101A t Motorola 
LM201A Motorola 60 
LM101A t National 
LM201A National 

(Continued) 

t Military Temperature Range (-55° to 125°C) " Typical Value 
Bold faca Indlcatas additional dati Is provided on tbe paga noted. 
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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) "V/'C MHz V/"s VIV dB Compo . Comments Device Source line 

Single Units (Cont'd) 

2.0 75 10 15 1" 0.5 " 50K 80 1 General Purpose, Improved 101, 
Uncompensated (Cont'd) 

LM101A t Raytheon 
CA101A t RCA 
CA201A RCA 
SG101A t Silicon G 
SG201A Silicon G 
LM101A ttl 
LM201A TI 

90 0 Higher Accuracy 741C AD741K AD (3153) 

200 50 10 5 " 0.3 " 25K 80· 3 General Purpose ILA709AM t Fairchild 
MC1709A t Motorola 10 
LM709A t National 
SFC2709A t Thomson-CSF 

25 - 0.3 " 45K" 80 3 General Purpose ILA709AM ttl 

800 200 - 10 " 13 " 50K 80 1 Wideband, Low Noise XR5534M tExar (3209) 
RM5534 t Raytheon 
SE5534 t Signetics 
SE5534A t Signetics 
SE5534 ttl 

4000 1500 1.2 " 15 " 3" 0.7K 70 1 6 Volt, Wideband CA3008A RCA 
CA3010A t RCA 20 
CA3029A RCA 
CA3037A t RCA 

6000 1600 1.2 " 50 " 7 " 2K 80 1 12 Volt, Wideband CA3015A t RCA 
CA3016A t RCA 

~ CA3030A RCA 

" 
CA3038A t RCA 

2.5 125 35 2 " 1 " 0.005 " 250K 94 4 High Accuracy Instrumentation ILA725C Fairchild 
~ LM725C National ; ILPC725 NEC-Electron 

PM725C PMI 30 
RC725 Raytheon 

3 - - 250K 96 4 725 Type ILPC154A NEC-Electron 

200 40 5 0.3 " 0.12 " 250K 94 1 Low Drift, Low Noise AD504J AD (3153) 
75 2 " 8" 1 100K 86 0 High Performance HS3546RH t Harris 

250 50 10" 1 " 0.25 " 100K 90 2 High Gain Instrumentation, 50 mA LH0020 t National 

Q) 3 20 5 - '0~85 " 0.55 80K 80 0 Low Power, Radiation Resistant HS3530RH t Harris 
"'0 100 100 - 10 22 10K 80 1 High Slew Rate, Wideband HS3511RH t Harris .-
::J 3.0 0.0003 :- 50 0.35 0.3 40K 66 0 FET Electrometer AD515J AD 
C) 0.020 0.020 " 25 3" 20 " 100K 110 " 0 High Voltage FET 3582J Burr-Brown 

C 5 20 " 50K 110 " 0 High Voltage FET 3581J Burr-Brown 40 

0 5 " 20 " 400K 110" . 0 High Voltage FET 3583 Burr-Brown 
+oJ 

7" - 1000K 110 " 2 High Voltage FET 3584 Burr-Brown (,) 
Q) 0.030 - 50 10 " 50 25K 70 0 Fast Wideband, High Accuracy FET AD528J AD 
Q) 0.01 10 " 5 " 13 200K 86 " 0 FET Input, Bipolar/MOS Output CAD81B RCA (3348) 

C/) 1 FET Input, Bipolar/MOS Output CAD8DB RCA (3348) 
lo... 0.040 0.02 10 " 5" 13 " 50K 80 0 FET Input, Bipolar/MOS Output CAD81AY tRCA (3348) 
Q) 

+oJ 1 FET Input, Bipolar/MOS Output CA08DAY tRCA (334B) 
en 

0.05 75 90 900 56K 80 1 Fast-Settling, FET Input 1443 Teledyne P ctS -
~ 0.01 10 " 1 " 100 75K 74 1 Wideband, High Slew Rate HA-5160·2 t Harris 

(3268,3287) 
20 " 1 " 100 75K 74 1 . Wideband, High Slew Rate HA-516D-5 Harris 

(3268,3287) 50 

0.050 0.015 - 1 " 0.3 " 40K 80 0 High Performance, Low Input Current LM316A AMD 
LM316A National 

0.15 0.03 10 0.11 10 3K 90 - Low Wideband Noise MA344 Analog Sys 

0.2 0.05 15 - 25 50K 82 - Wideband, Decompensated, Settles to 
0.01% in 1.6ILs OP-17C t PMI 

OP-17G PMI 

12 " 5 50K 82 0 Bipolar-JFET, Bias Camp. OP-15C t Micro Pwr 
OP-15G Micro Pwr 
OP-15C t PMI 
OP-15G PMI 

17 " 9 50K 82 0 Wideband-JFET, bias camp. OP-16C t Micro Pwr, 60 
(Continued) 

t Military Temperature Range (-55° to 125°C) " Typical Value 
Bold faca Indlcatas additional data Is provldad on tba paga notad. 
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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) I'vrc MHz VII's V/V dB Compo Comments Device Source line 

Single Units (Cont'd) 

3.0 0.2 0.05 15 17 " 9 50K S2 0 Wideband-JFET, bias compo (Cont'd) 
OP-16G Micro Pwr 
OP-16C t PMI 
OP-16G PMI 

20 25 50K S2 - Wideband, Decompensated, Settles to 
0.01% in 1.6/ls OP-17C t Micro Pwr 

OP-17G Micro Pwr 

0.1 10 " 1 " 3.5 " 4K SO 0 Low Power, Bipolar-JFET Tl061BC TI (3425) 
4 " 20K SO 0 Low Power, JFET Input HA-5062B-5 Harris 

(3252.3287) 

3" 13 " 50K SO 0 Blpolar-JFET TlO88C TI (3424) 
Tl088M tTl (3424) 

4 15 " 50K SO 1 JFET Input HA-5082B-5 Harris 
(3256.3287) 10 

0.30 75 10 " 0.3 10 200K" S5 0 2.0 A Power LH0101A t National 
LH0101AC National 

1 0.2 5 " 0.11 4 1M 90 1 Low Bias Current, Low Power HA-5180-2 Harris 
(3272.3287) 

HA-5180-5 Harris 
(3272,3287) 

4 0.5 5 100 1000 1000K 0 Settles to 0.01% in 200 ns AM-500GC Datel 
AM-500MC Datel 

7 100 1000 1000K 0 - Fast Setting AM-500MR Datel 

10 100 1000 1000K 0 - Fast Setting AM-500MM t Dalel (2620) 

5 3 10 " - 0.1 " 40K SO 0 Programmable Amplifier HA-2720 t Harris 
r ." 

7.5 3 - 0.25 " 0.16 " 100K 70 0 Programmable ICL4250 t Intersil 20 
LM4250 t National 
SG4250 t Silicon G 

1""". 
UC4250 t Solitron 

10 2 15 0.3 " 0.13 " 50K SO 0 Micropower RM4132 t Raytheon 
12 " 4 100K SO 0 High Impedance HA-2600 t Harris 

(3226.3287) 
HA2600 t Intersil 

1000 50 1 500 300 SO 2 High Slew Rate MA207 Analog Sys 

15 4 15 0.05 0.015 - 70 0 High Output, Low Power MA112 Analog Sys 
15 15 35 " 25 100K SO 1 Wide band, General Purpose AD507K AD . 

20 10 5" 1 " 10 400K S6 0 Wide Response, Low Power HA-2700 t Harris 30 
Q) 

""0 
HA-2704 Harris '-

::J 
25 5 10 " - - 4K 60 3 Matched Transistors LHOO05A t National (9 
.SO 30 - 1 " 0.6 50K SO 0 to 500 mA, single supply /lA759 t Fairchild 

C 
15 0.4 0.3 50K SO 0 Higher Performance LM741A t National 0 

LM741E National .-
*"'" 

1 High Slew Rate Inverting HA-2530 t Harris 
() 
Q) 

200 50 20 1 " 0.5 " 50K SO 0 High Current AD512K AD -Q) 
Higher Accuracy 741C AD741J AD (3153) en 

25 1" 0.5 " 50K SO 0 High Current AD512S tAD L.. 

300 100 3" 1 " 1.5 " 100K 70 1 0.2 A Power LH0041 t National 40 
Q) 

*"'" 
10 1 " 0.4 " 25K 70 3 High Gain RM709 t Raytheon en 

CO 
25 1 " 1.5 100K 70 1 1.0 A Power LH0021 t National ~ 

500 75 3" 2" 4.2 " 50K SO 2 General Purpose MC1539 t Motorola 

1000 200 10 . 40 20 100K 70 0 Low Noise, Wideband MA322 Analog Sys 
500 10 300 50 100K 90 2 Fast, Wideband MA326 Analog Sys 

2000 200 4 10 " - 20K 70 0 General Purpose Wide Bandwidth LHOO03 t National 
LHOO03C National 

3.5 0.015 - 75 1" 3 20K 70 0 High Accuracy, FET AD506J AD (3153) 
12 2.5 6" - 0.04 150K 115 " 2 Micropower RC307SA t Raytheon 

4.0 0.010 0.002 10 1 " 1.5 100K SO 0 Micropower LHOO22 t Nallonal (3342) 50 
15 2 - 1 " 2.5 " 100K SO 0 High Performance MC1556 Signetics 

10 " 1 " 2.5 " 100K SO 0 High Performance MC1556 Motorola 

15 10 " 35 " 25 100K SO 1 . Wide Band, High Impedance HA-2620 t Harris 
HA2620 t Intersil 

20 35 " 20 100K SO 1 Wide band, General Purpose AD507S tAD 
(Continued) 

t Military Temperature Rarige (- 55° to 125°C) " Typical Value 
Bold faca Indlcalas addlllonal data Is provided on the page noled. 
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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) p.VI'C MHz VII's VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

4.0 (Cont'd) 
25 12 15 " 4 " 5" lOOK 80 0 High Voltage HA-2640 t Harris 

30 2.0 5.0 - - 40K 80 0 Op Amp and Voltage Reference lMl0Cl National 
80K 90 0 Op Amp and Voltage Reference lMl0C National 

80 20 4" 1" 10 50K 70 0 High Slew Rate SE535 ' t Sig netics 

200 50 15 12 " 10 50K 80 0 High Speed, Fast Setting AD518K AD (3155) 
20 12 " 10 50K 80 0 High Speed, Fast Settling AD518S tAD 

250 50 - 15 " 50 50K 80 0 Precision High Speed lMl18 t AMD 
lM218 AMD 
lMl18 t Harris 
lMl18 t National 10 
lM218 National 
lMl18 t Raytheon 
lMl18 tTl 
lM218 TI 
SFC2118 t Thomson-CSF 
SFC2218 Thomson-CSF 

300 100 5 " 1 " 25 50K 70 1 0.5 A Wide band lH0061 t National 

350 100 3 - 0.5 " 50K 80 0 Short Circuit Protected TBA222 t Siemens 
5.5 " 50K 90 1 Adjustable Input Offset Voltage TBC0748 t Siemens 

I 
700 100 10 - - 25K 70 1 40mA Output MA342 Analog Sys 20 

25 - - 18K 70 1 20 rnA Output TAA762 t Siemens 
TAA8S2 t Siemens 

1500 300 - 10 " S" 25K 70 1 l~w noise, Compo for G=3 XR5534 Exar (3209) 
XR5534C Exar (3209) 
RC5534 Raytheon 

~ NE5534 Signetics 

~ NE5534A Signetics 

i 
NE5534 TI 
NE5534A TI 

13 " lOOK" 80 1 low Noise, Compo for G=3 AM-453-2C Datel 30 
AM-453-2M t Datel 

30000 5000 20 " 70 " 400 4K 60 " 3 High Slew Rate lH0024 t National 

4.5 170 32 6" - 0.04 - 110 2 Micropower RC3078 Raytheon 
0.04 " 25K 80 1 Micropower CA3078 . t RCA 

5.0 0.001 0.0005 " 25 1 " .0.6 50K 90 " 0 low Offset FET 3522l Burr-Brown 

Q) 0.003 0.002 4 " 0.5 " 0.5" 20K 70 0 low Supply Voltage CA3420A tRCA (3352) 
"0 0.005 0.0006 2" 50 " - 80 0 Micropower, Transconductance 
::J Amplifier CA3080 RCA 

(.9 CA3080A t RCA 

C 0.025 0.002 25 15 " 50 50K 80 0 Precision, High Speed FET lHOOS2 t National 
0 0.030 0.02 S" 4" 10 " 50K 80 0 MOS-Bipolar CA3160A tRCA (3349) 40 ...... 10 " 4" 10 " 50K 80 1 MOS, Single Supply, Strobe CA3130A t RCA () 
Q) 0.040 0.02 0.063 " 0.03 " 10K 70 0 Manpower BIMOS 
Q) CA3440A RCA (3353) 

CJ) 6" 4.5 " 9" 20K 70 0 MOS FET, Single Supply CA3140A RCA (3350) 

"'- 0.050 0.030 15 " 1 1.S 80K" 70 0 low Power ICl7S11BC Intersi! 
Q) 

ICl7611BM t Intersi! ...... en low Power, Extended CMVR ICl7612BC Intersi! Ct1 
~ ICl7612BM t Intersi! 

low Power, Input Protected ICl7613BC Intersi! 
ICl7613BM t Intersi! 

1 low Power ICl7S14BC Intersll 50 
ICl7614BM t Intersi! 

low Power, Input Protected ICl7615BC Intersi! 
ICl7615BM t Intersil 

0.10 0.02 5" - - 50K 85 - Wideband Decompensated lF257 AMD 
LF157 Harris 

(3286,3288) 
lF157 t Intersil 
lF357B Motorola 
LF157 t National (3309) 
LF257· National (3309) 
LF357B National (3309) 60 

(Continued) 

t Military Temperature Range (-55° to 125°C) " Typical Value 
Bold face Indicates addlllonal data Is provided on the page noted; 
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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 V//ls VIV dB Compo Comments Device Source line 

Single Units (Cont'd) 

5.0 0.10 0.02 5" 50K 85 Wideband Decompensated (Cont'd) 
PM157 t PMI 
PM257 PMI 

2.5 " 5 " 50K 85 0 Bipolar-JFET lF255 AMD 
lF255 Motorola 
lF355B Motorola 
LF155 t Nallonal (3309) 
LF255 Nallonal (3309) 
LF355B Nallonal (3309) 
PM255 PMI 

5 " 7,5· 50K 85 Wideband-JFET LF156 tAMD 10 
lF256 AMD 
LF156 Hmls 

(3286,3288) 
lF156 t Intersil 
lF156 t Motorola 
lF256 Motorola 
lF356B Motorola 
LF156 t Nallonal (3309) 
LF256 Nallonal (3309) 
LF356B Nallonal (3309) 
PM156 t PMI 20 
PM256 PMI 

0.025 10 25K 70 low Power-BIFET LF441 Nallonal 
(3309.3313) 

25 " 70· 350 1K 50 Ultra Fast FET TP0032 t Teledyne P 
Ultra Fast-FET ADlH0032 tAD 

lH0032 t National 

0.05 10 " 3" 13 " 50K 80 Bipolar JFET jJ. Fairchild 
Bipolar-JFET jJ.AF771B Fairchild 

jJ.AF771BM t Fairchild 

4" 13 " 50K 80 Precision-BIFET MC35001B tMolorola (3293) 

80 150 400 10K 60 Fast Settling, Wideband OPA600U Burr-Brown 30 

100 150 400 10K 60 Fast Settling, Wideband OPA600u/ 
883B t Burr-Brown 

0.20 0.025 3" 1 " 0.3 " 25K 96 0 Precision Bipolar lM11Cl National 
0.10 10 " 4" 13 " 50K 80 0 Precision-BIFET MC34001B Molorola (3293) 

Wideband Bipolar-JFET LF351B Nallonal (3309) 

15· 50K 100 " Wideband Bipolar-JFET lF151 t National 
Q) 

"0 
4 10 1 " 0.5· 20K 80 low Input Current 741 AD502l AD 

:::J 
7 4 20 1" 0.5 " 20K 80 low Input Current 741 AD502K AD (9 
10 7" 1 " 0.5 " 20K 70 low Input Current ICl8008M t Intersil C 

10 " 0.1" 25K 74 Programmable Amplifier HA-2725 Harris 0 
20 " 1 " 0.5 " 20K 80 0 Darlington 741 AD502S tAD 40 ....... 

() 
0.25 " 0.16 " 50K 70 Programmable lM4250C Harris Q) 

ICl4250C t Intersil Q) 
lM4250C t National (j) 
SG4250C t Silicon G 

10... 
UC4250C Solitron Q) 

15 20 0.5 " 0.1 45K 100 " low Bias Current 3501A Burr-Brown 
....... 
en 

3501R t Burr-Brown CO 

20 2.5 " lOOK 80 High Voltage lM144 t National 2 
1 " 2" lOOK 80 High Voltage MC1536 t Motorola 

lM1536 t National 50 
SG1536 t Silicon G 

25 5 20 0.3· 0.13 " 50K 70 Micropower RC4132 Raytheon 
25 5" 12 " 4 300K 100 Wide Temperature Range OPAllHT t Burr-Brown 

10 " 12 " 4 80K 74 0 High Impedance AM-460-2 Dalal (2622) 
AM-460-2M t Datel 
HA-2602 t Harris 

(3226.3287) 
HA-2605 Harris 

(3226,3287) 
HA2602 t Intersil 
HA2605 Intersil 

15· 35· 20 80K 74 1. Wide Band, High Impedance AM-462-1 Datel 60 
(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indlcales addlllonal dala Is provided on Ihe page naIad. 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset 
Voltage 
mV (25'C) 

Bias 
Current 
nA (25'C) 

Single Units 

5.0 25 

30 

40 

50 

100 

120 

150 

200 

250 

300 

500 

Offset 
Current 
nA (25'C) 

25 

15 * 

30 

2.5 * 
15 

15 

20 

25 

50 

100 

40 

20 
30 

40 

20 

25 

50 

20 

150 

150 

Voltage 
Drift 
"VI'C 

15 * 

30 * 

20 

20 ' 

60 

30 * 

10 

10 

30 

20 

3* 

6* 

20 

6 * 

10 * 
5* 

20 * 

20 * 

20 

10 * 

20 

t Military Temperature Range (- 55° to 125°C) 

2928 

Band
width 
MHz 

35 * 

70 

1.5 * 

1 * 

1* 

0.2 

2.5 * 

0.5 
1 * 

1.3 

1 * 

3* 

4* 

10 * 

12 * 

S* 

1 * 

7* 

Slew 
Rate 

V/"s 

20 

20 

0.6 

Voltage 
Gain 
VIV 

SOK 

SOK 
SOK 

45K 

0.4 50K 
0.4 50K 

10 _ 200K 

20 300K 

10 200K 

0.35 50K 

50K 
1S * 25K 

0.5 * 
0.5 * 

0.25 

0.4 * 

20 

2* 

60 * 

130 
250 

25 

15 * 

0.5 * 

3.5 

25K 
25K 

25K 

20-40K 

50K 

50K 

25K 
50K 

50K 

25K 
100K 

20K 

50K 

25K 

25K 

20K 

CMRR 
dB Compo Comments 

74 

74 
100 * 

100 * 

SO 
SO 

SO 
106 

SO 

70 

70 
SO 

70 
70 

70 

SO 

70 

70 

70 
70 

70 

SO 

SO 

SO 

96 

SO 

70 

* Typical Value 

Wide Band. High Impedance 

Wide band 
Wideband. High Gain 

Low Bias. Low Noise 

General Purpose 
General Purpose 

Micropower FET High Current Out 
High Speed 

Wide Response. Low Power 

Programmable Low Power 

High Performance 741C 
High Speed 

Precision 
Precision 

General Purpose 

Micropower 

Programmable 

High Slew Rate 

High Performance. High Gain 
Single Supply 

60 VllLs. Compo for G=5 

High Speed Inverting 
High Slew Rate. Inverting 

High Slew Rate 

Four Addressable Inputs. Single 
Amplifier 

General Purpose 
General Purpose 

Low Noise 

General Purpose 

Bold .ace Indlcat~s additional data Is provided on the pagl noted. 

Device 

AM-462-1M 
AM-462-2 
AM-462-2M 
HA-2622 

HA-2625 

HA2622 
HA2625 

350SJ 
1321 
1321-01 

3500A 
3500R 

Source 

(Cont'd) 

(Cont'd) 
t Datel 

Datel (2622) 
t Datel 
t Harris 

(3228.3287) 
Harris 

(3228.3287) 
t Intersil 

Intersil 

Burr·Brown 
Teledyne P 

t Teledyne P 

Burr·Brown 
t Burr·Brown 

3500R/MIL t Burr·Brown 
3500U/SS3B t Burr·Brown 

1323 Teledyne P 
AM-470-2C Datel (2623) 
AM-470-2M t Datel 

IIA-2705 Harris 

MC1776 t Motorola 

line 

10 

SSS741C AMD 20 
MP5501C Micro Pwr 

MP5501G 

OP-01C 
OP-01G 
OP-01C 
OP-01G 

ILA777C 
ILA777C 

MP5502B 

(401.3292) 
tMlcro Pwr 

(401.3292) 
Micro Pwr 

t Micro Pwr 
PMI 

t PMI 

TI 
Intersil 

tMlcro Pwr 
(401.3292) 

MP5502D Micro Pwr 
(401.3292) 30 

OP·02B t Micro Pwr 
OP-02D Micro Pwr 
OP-02B t PMI 
OP-02D PMI 

XR146 

NE530 

NEC-Electron 
NEC-Electron 

t Exar 

Signetics 

Raytheon RC4131 
TL3211 
TL3211 
TL321M 

TI 40 

NE53S 

ICLS017M 
HA-2535 

HA-2500 

HA2500 

TI 
tTl 

Signetics 

t Intersll 
Harris 

t Harris 
(3216.3287) 

t Intersil 

HA-2400 t HarriS 
HA-2404 Harris 

LM307 Raytheon 
LM301A Raytheon 

HA-909 

TA7502 
TA7502A 

t Harris 

Toshiba 
Toshiba 

(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) p.VI'C MHz Vlp.s V/V dB Compo Comments Device Source Line 

Single Units (Cont'd) 

5.0 500 (Cont'd) 
200 - 0.5 - 35 50K 70 1 High Slew Rate RM4531 t Raytheon 

1- 0.7 50K 70 0 High Speed 741 ICL741MHS t Intersil 
30 - 50K 70 1 High Slew Rate SE531 t Signetics 

3- 0.5 - 0.3 - 25K 70 3 General Purpose JlA709M t Fairchild 
MC1709 t Motorola 
LM709 t National 

0.8 - 5- 50K 70 0 Wideband 741 SG1217 t Silicon G 

1- 0.5 - 50K 70 0 General Purpose Compensated AD741 tAD 
JlA741M t Fairchild 
ICL741 t Intersil 10 
MC1741 t Motorola 
LM741 t National 
PM741 PMI 
RM741 t Raytheon 
JlA741 t Signetics 
SG741 t Silicon G 
JlA741M tTl 

Low Noise 741 ICL741LN t Intersil 
MC1741N t Motorola 
CA6741 t RCA 20 

1 General Purpose, Uncompensated JlA101 t Fairchild 
LM101 t National 
SG101 t Silicon G 

Uncompensated 741 JlA748M t Fairchild 
MC1748 t Motorola 
LM748 t National 
LM748C National 

. SL748A Plessey 
CA748 t RCA 
JlA748 t Signetics 30 
SG748 t Silicon G 
JlA748M tTl 

10 50K 70 0 High Slew Rate 741 MC1741S t Motorola 
SG741S t Silicon G 

Low NOise 741 MC1741NS Motorola 

4- 30 - 0.7 - 20K 70 2 Programmable CA3094A t RCA 
CA3094B t RCA 

6- - 0.3 - 45K - 70 3 General Purpose JlA709M tTl 

700 " 100 25 - 50 - 10K 65 0 20 rnA Output TCA322 t Siemens 

750 250 6- 65 - 15 15K 74 3 High Speed High Gain JlA715M t Fairchild 40 

850 200 20 - 2K 70 3 709 Type JlPC55A NEC-Electron 

1000 300 20 30 15 50K 90 0 Precision, Audio MA332 Analog Sys 
300 - 50 150 60 10K 70 1 High Power 1460 Teledyne P 

2000 400 - 38 - 25 - 0.6K 76 1 Large Signal Wideband CA3100 t RCA 

5000 - 1000 - 20 150 - 160 15K 74 1 Wideband, Fast Settling HA-5190 HarriS 

7000 2000 . 5- - - 2K 70 1 702 Type UPC51A NEC-Electron 

7500 2000 20 30 - 3.5 - 2K 70 3 Wideband JlPC702 NEC-Electron 

10000 2000 10 - 1.7- 1.4K 70 3 General Purpose TL702M· tTl 

12000 5000 1.2 - 15 - 3- 0.7K 70 1 6 Volt, Wideband CA3008 t RCA 
CA3010 t RCA 50 
CA3029 RCA 
CA3037 t RCA 

15000 4000 10 - 6.5 - 200 - 28K - - 1 Wideband, Compo for G>5 HA-5195 Harris 

20000 - 10 - 800 250 70 1 Fast, Slews 800 V / JlS NE5539 Signetics 
SE5539 t Signetics 

300 - 25 500 - 250 10K 80 1 Settles to 0.01% in 70 ns 1435 t Teledyne P 

6000 20 6 350 15K 60 - Wideband, Fast Settling HA-2540-2 t HarriS 
(3224,3287) 

24000 5000 3.5 - 50 - 7- 2K 80 1 12 Volt, Wideband CA3015 t RCA 
CA3016 t RCA 
CA3030 RCA 60 
CA3038 t RCA 

t Military Temperature Range (- 55° to 125°C) - Typical Value 
Bold face Indlcales addlllonal dala Is provided on Ihe page noled_ 
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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) I'VioC MHz VII's VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

6.0 0.025 0.002 15 1 " 75K 70 High Performance FEJ LHDD22C Nallonal (3342) 
0.04 0.02 10 " 5" 13 " 50K 80 MOS/FET Input. Bipolar/MOS Output CAD8DA tRCA (3348) 

CAD8DT tRCA (3348) 
CAD81A tRCA (3348) 
CAD8ll tRCA (3348) 

0.2 10 " 3" 13 " 15K 80 Low Noise Bipolar-JFET TLD75M tTl (3427) 
0.05 10" 3" 13 50K 80 Low Noise Bipolar-JFET TLD7DM tTl (3427) 

TLD71M tTl (3427) 

0.1 10 " 1 " 3.5 • 40K 80 Low Power Bipolar JFET TLD61AC TI (3425) 
TLD61M tTl (3425) 10 

Programmable Bipolar JFET MCE66 Micro Eng 
TLD66M tTl (3423) 

Low Power Bipolar JFET MCE60 Micro Eng 
TLD6DAC TI (3425) 
TLD6DM tTl (3425) 

4" 20K 80 Low Power. JFET Input HA-5D62-2 t HarrIs 
(3252.3287) 

HA-5D62A-5 HarrIs 
(3252.3287) 

3" 13 • 50K 80 Bipolar-JFET MCE80 Micro Eng 
TL080AC TI 

. Bipolar-JFET TL080AC TI 20 

15 " 25K 80 JFET Input HA-5D82-2 t HarrIs 
(3256.3287) 

50K 80 JFET Input HA-5D82A-5 HarrIs 
(3256.3287) 

25 10 6" 0.2 " 75K 70 Programmable SG3250 Silicon G 
12 40 1 • 0.5 " 20K 80 Low Input Current 741 AD502J AD 

20 15 " 0.5 " 20K 70 Low Input CUrrent ICL8008C Intersil 

25 15 • 35 " 20 80K 74 Wide band. General Purpose AD507J AD 

30 30 0.05 4 70K 74 Wideband. HA-2607 Harris 
HA2607 Intersil 

15 " 0.6 17 70K 74 Wideband HA-2627 Harris 
HA2627 Intersil 30 

4" 5" 100K 74 High Voltage AM-464-2 Datel 
AM-464-2M t·Datel 

Q) HA-2645 Harris 

"0 1332 Teledyne P 

:l 75 10 0.4 1.5 100K 80 Ultra-Low Power HA-514A Harris 

C.9 20 60K 70 Programmable !,PC4250C NEC-Electron 

C 
100 30 5 • 0.3 " 25K 70 Supply to + -10 V TCA520B Signetics 

0 150 40 6" 1" 10 50K 70 High Slew Rate NE535 Signetics 
....... 250 50 1 " 0.5 25K 80 to 500 mAo Single Supply !,A759C Fairchild () 
Q) 500 200 0.5 " 5K 70 Short Circuit Protected TBA221 Siemens 40 

Q) 5.5 • 5K 70 Adjustable Input Offset Voltage TBB0748 Siemens 
(f) 10 20K 70 1 A Output TDB0791 Thomson-CSF 
~ 1 " 0.5 20-50K 70 General Purpose Compensated AD741C AD (3153) 
Q) ....... IC450 Cherry 
(J) !'A741C Fairchild ctS 
~ 

HA17741 Hitachi 
MC1741C Motorola 
LM741C National 
!,PC151 NEC-Electron 
!,PC741 NEC-Electron 50 
PM741C PMI 
RC741 Raytheon 
CA741C RCA 
!,A741C Signetics 
SG741C Silicon G 
!,A741C TI 
SFC741C Thomson-CSF 

0.5 " 20-50K 70 General Purpose !,A748C Fairchild 
!,A748C Intersil 
MC1748C Motorola 60 
SL748 Plessey 

(Continued) 

t Military Temperature Range (-55° to 125°C) " Typical Value 
Bold 'ace IndIcates additional data Is provIded on the paue noted. 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset 
Voltage 
mV (25°C) 

Bias 
Current 
nA (25°C) 

~ingle Units 

6.0 

7.0 

7.5 

500 

1000 

1200 

1500 

100 
200 

400 

6000 

15 

250 

Offset 
Current 
nA (25°C) 

200 

300 

300 

500 

200 

10 
10 * 

75 

75 

1 

50 

Voltage 
Drift 
p'vrc 

3* 

5* 

10 * 

15 * 

30 

10 * 

6* 

5* 

10 * 

5* 

5* 

6* 

30 

30 

30 

t Military Temperature Range (- 55° to 125°C) 

© IC MASTER 1983 

Band· 
width 
MHz 

1 * 

1 * 

1 * 

O.B * 

1 * 

0.2 * 

1 * 

7* 
12 * 

4* 

0.5 * 
1 * 

0.4 
10 * 

1 * 

0.3 * 

1 * 

0.8 * 
1 * 

Slew 
Rate 
V/p.s 

0.5 * 

0.7 

10 

5 * 

0.25 

0.5 * 

0.2 * 

1 * 

5 * 
50 

100 * 

35 * 

20 * 

130 * 

0.4 * 

1.6 

0.3 * 

0.3 * 

0.1 

0.5 * 
0.5 * 

Voltage 
Gain 
VIV 

CMRR 
dB Compo Comments 

20-50K 70 

25K 

lOOK 

20K 

20K 

lOOK 

25K 

20K 

lOOK 

20K 
25K 

12K 

10K 

20K 
20K 

lOOK 
25K 

3K 
3K 

3K 

25K 
25K 

25K 

25K 

25K 
25K 

70 

70 

70 

70 

90 

70 

70 

70 

74 
70 

65 

70 

70 
70 

77 

63 
63 

63 

BO 
BO 

80 

BO 

70 
70 

o 

* Typical Value 

General Purpose 

High Speed 741 

0.2 amp Power 

High Slew Rate 741 

Low Noise 741 

Wide band 741C 

High Gain, Instrumentation, 50 rnA 
, Output 

Low NOise 741 

High Power 

1.0 amp Power 

Low NOise 
High Speed, Fast Setting 

20 rnA Output 

Gated 

High Slew Rate 
High Slew Rate, High Performance 

Ultra-Low Power 
High Speed Inverting 

250 rnA Output, Electronic Shutdown 
250 rnA Output, Electronic Shutdown 

450 rnA Output, Electronic Shutdown 

Low Noise 30B 
308 Type 

Micropower, Supply Current BOO /LA 
Precision Bipolar 

Precision 

Low Noise 301A 
General Purpose, Compensated 

General Purpose Uncompensated 

Bold face Indlcales additional dala Is provided on Ihe page noled. 

Device 

CA74BC 
/LA74BC 
SG74BC 
/LA74BC 
SFC74BC 

Source 

(Cont'd) 

RCA 
Signetics 
Silicon G 

(Cont'd) 

TI 
Thomson-CSF 

ICL741CHS Intersil 

LH0041C National 

MC1741SC Motorola 
SG741SC Silicon G 

MC1741NC Motorola 

SG3217 Silicon G 

LH0020C National 
ICL741CLN Intersil 

/LA791C 
TBA0791 

LH0021C 

HA-911 
AD518J 

TAA761 

ZN424 

RC4531 
NE531 

HA-5141 
ICLB017C 

LM130BO 
MA130BO 

MA324 

LM30BLN 
/LPC156A 

LM312 
LM30B 
AD308 
LM308 

LM30B 
LM30B 
LM30B 
PM30B 
SG30B 
SFC230B 

1660 

ICL301ALN 
LM307 
LM307 
LM307 
LM307 
CA307 
SG307 
LM307 
SFC2307 

Fairchild 
Thomson-CSF 

National 

Harris 
AD (3155) 

Siemens 

Ferranti 

Raytheon 
Signetics 

Harris (3266) 
Intersil 

National 
Analog Sys 

Analog Sys 

Intersil 
NEC-Electron 

National 
AMD 
AD (3153) 
Harris 

(3286,3288) 
Intersil 
Motorola 
National 
PMI 
Silicon G 
Thomson-CSF 

AMD 

Intersil 
Harris 
Intersil 
Motorola 
National 
RCA 
Silicon G 
TI 
Thomson-CSF 

Line 

10 

20 

30 

40 

AD301A 
/LA301A 
LM301A 
LM301A 
LM301A 
/LPC157 
/LPC301 
CA301A 
LM301A 
SG301A 
LM301A 
SFC2301A 

AD (3153) 50 
Fairchild 
Harris 
Motorola 
National 
NEC-Electron 
NEC-Electron 
RCA 
Signetics 
Silicon G 
TI 
Thomson-CSF 

60 

(Continued) 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset 
Voltage 
mV (25°C) 

Bias 
Current 
nA (25°C) 

Single Units 

7.5 

S.O 

10.0 

1000 

1500 

40 
200 

250 

40000 

0.40 
250 

0.003 
0.050 

0.10 

0.15 

0.20 

Offset 
Current 
nA (25°C) 

150 
300 

250 
500 

10 
25 

50 

15000 

0.20 
50 

0.002 
0.020 * 
0.025 

0.03 

0.05 

0.05 

Voltage 
Drift 
/LV/oC 

3 * 
6 * 

6* 

6-10 * 

20 * 

30 

20 • 

25 * 

10 * 
30 * 

4* 

30 
4* 

10 

20 

5* 

10 * 

t Military Temperature Range (- 55° to 125°C) 

2932 

Band
width 
MHz 

2 * 

65 * 

1 * 

1 * 

1* 
10 * 

20 * 

20 * 

12 • 

70 * 

1* 
8* 

0.5 * 
3 * 
0.063 * 

12 

1 * 

2.5 

3* 

Slew 
Rate 
V//Ls 

" 4.2 * 

1S * 

10 
0.3 * 
0.5 * 

0.3 * 

2.5 * 
50 

100 

100 

20 

250 

0.6 * 
15 * 

0.5 * 
15 * 
0.03 * 

10 
35 

0.3 * 
10 

5* 

12 * 

13 * 

Voltage 
Gain 
VIV 

15K 
5K 

10K 
15K 
20K 

15K 

70K 
10K 

10K 

10K 

15K 

3K 

200K 
50K 

10K 
20K 
10K 

3K 
100K 

20K 
. 30K 

25K 

25K 

25K 

15K 

CMRR 
dB Compo Comments 

SO 
60 

74 
65 
65 

65 

70 
SO 

SO 

SO 

74 

60 * 

70 
74 

70 
S6 * 
70 

90 
90 

80 
90 

SO 

SO 

80 

80 

4 

o 
o 

o 
o 

* Typical Value 

General Purpose 
20 mA Output 

High Speed 
General Purpose 
General Purpose 

General Purpose 

General Purpose 

High Voltage 
High Slew Rate 

100 vllLs, Gain =3 

High Speed, Fast Settling 

High Slew Rate 

High Slew Rate 

JFET Input 
Four Addressable Inputs Single 
Amplifier 

Low Supply Voltage 
High Voltage FET 
Nanopower BiMOS 

FET Input, Low Noise 
JFET Input 

High Performance, Low Input Current 
Low 1/f Noise 

Wide band Decompensated 

Bipolar-JFET 

Wideband-JFET 

Low Noise Bipolar-JFET 

Bold face Indicates additional data Is provided on the page noted. 

Device Source 

(Cont'd) 

MC1439 
TCA321 
TCA325 

ILA715C 
ILA709C 
ILA201 
LM201 
SG201 

ILA709C 
LM709C 

Motorola 
Siemens 
Siemens 

Fairchild 
TI 
Fairchild 
National 
Silicon G 

Fairchild 
National 

RC709 Raytheon 

TAA521 Siemens 

LM344 National 
HA-2510 t Harris 
HA2510 Intersil 

HA-2520 t Harris 
HA2520 t Intersil 

AD509K 
AD509S 

AD 
tAD 

(Cont'd) 

line 

10 

AM-450-2 Datel (2622) 20 
AM-450-2M t Datel 
HA-2502 t Harris 

(3216,3287) 
HA-2505 Harris 

(3216.3287) 
HA2502 t Intersil 
HA2505 Intersil" 

LH0024C 

TL091M 

HA-2405 

CA3420 
35S0J 
CA3440 

MA333 
MA334 
MA400 

LM316 
MA339 

LF357 
LF357 
LF357 
LF357 
LF357 
PM357 

LF355 
LF355 
LF355 
LF355 
PM355 
LF355 

National 

tTl 

Harris 

tRCA (3352) 
Burr-Brown 
RCA (3353) 

Analog Sys 
Analog Sys 
Analog Sys 

National 
Analog Sys 

AMD 
Harris (3288) 
Intersil 
Motorola 
Nallonll (3309) 
PMI 

AMD 
Intersil 
Motorola 
Nallonal (3309) 
PMI 
Signetics 

30 

40 

LF356 
LF356 

AMD 
Harris (3288) 50 

LF356 Intersil 
LF356 Motorola 
LF356 Nallonal (3309) 
PM356 PMI 
LF356 Signetics 

TL070AC 
TL070C 
TL071AC 
TL071BC 
TL071C 

TI 
TI 
TI 
TI 
TI 

(3427) 
(3427) 
(3427) 
(3427) 
(3427) 60 

(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) p.V/oC MHz V/p.s VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

10.0 0.20 (Cont'd) 
0.1 10 " 3~ 13 " 50K 70 o _ Bipolar JFET /lAF771 Fairchild 

4 " 13 25K 70 0 Bipolar-JFET lF351 National 
13 " 25K 70 0 Precision BIFET MC34001 Molorola (3293) 

2 10 " 3 " 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 lH010l· National 
lH0101C National 

10 3 150 - 250 O.7K 50 1 100 MHz 9906 t OEI 
I 

30 10 - 1" 2.5 " 70K 70 0 High Performance MC1456 Motorola 

40 10 - 1 " 2" 70K " 70 0 High Voltage MC1436 Motorola 10 
MC1456 Signetics 
SG1436 Silicon G 

65 1 " 1.5 - 70 0 2 A Continuous 3573 Burr-Brown 

50 20 20 " - - 2K 55 3 Matched Input Transistors lHOO05 National 

100 25 25 " - - 2K 50 3 Matched Input Transistors lHOO05C 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 HA-2507" Harris 

HA2507 Intersil 

40 7.5K 74 0 High Slew Rate HA-2512 t Ilarrls 
(3218,3287) 

HA2512 Intersil 20 

20 " 80 7.5K 74 1 80 V//ls Gain=3 HA-2522 t HarriS 
(3220.3287) , I' 

HA2522 t Intersil 

30 " - 80 7K 74 1 Fast Slewing 3507J Burr-Brown 
12 " 30 7.5K 74 0 High Slew Rate HA-2517 Harris 11""'". 

HA2517 Intersil 

40 7.5K 74 0 High Slew Rate HA-2515 HarriS 
(3218.3287) 

HA2515 Intersil 

80 7.5K 74 1 80 V//ls Gain = 3 HA-2525 Harris 
(3220.3287) 

HA2525 Intersil 

80 V//lS Gain=3 AM-452·2 Dalel (2622) 30 Q) 
AM-452-2M t Datel "0 

20 " 60 7.5K 74 0 High Slew Rate HA-2527 Harris :::s 
HA2527 Intersil (9 

80 7.5K 90 " 1 High Slew Rate 1322 Teledyne P C 
1322-01 t Teledyne P 0 

....... 
70K 90 " 0 High Slew RatelTemperature OPA12HT t Burr-Brown 0 

500 200 - 15 " 50 25K 70 0 Precision, High Speed lM318 AMD 
Q) -

/lA318 " Fairchild Q) 

lM318 Harris 
C/) 

lM318 National 40 L-
Q) 

/lPC159A NEC-Electron ....... 
CJ) 

lM318 TI ro 
SFC2318 Thomson-CSF 2 

5" 1 " 25 25K 60 1 0.5 A, Wideband lH0061C National 

300 10 2 10 50K 70 1 Up to ± 40 V Output MA700 Analog Sys 

750 - - - - 14K - 1 Telephone Channel Amplifier lS045 SGS 

1000 300 6" - 18 " 0.56K 60 1 to 90 rnA Output TAA861 Siemens 
TAA865 Siemens 

3000 300 16 20 10 lOOK 60 2 Up to 400 rnA Output MA206 Analog Sys 

15000 5000 5 " - 1.7 " lK 65 3 General Purpose Tl702C TI 50 

12.0 90 25 - 1 " 2 " 50K 50 0 High Voltage MC1436C Motorola 
SG1436C Silicon G 

30 - 1" 2.5 25K 110 " 0 High Performance MC1456C Motorola 
lM1436 National 

14.0 200 15 50 " - - 10K 65 1 Darlington Input TCA312 t Siemens 
TCA332 t Siemens 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold 'ace Indlcales addltlonll dala Is provided on Ihe page noled. 
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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°CL /1-VloC MHz VI/1-s VIV dB Compo Comments 

Single Units 

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 S- 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 SOK 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, F~T 
0.01 20 " 1 - 50 25K 70 1 Wideband,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 10 - 1 " 3.5 " 3K 70 0 Low Power Bipolar-JFET 

1 Low Power Bipolar-JFET 

H 10K 70 0 Low Power, JFET Input 

3" 13 - 25K 70 0 Bipolar-JFET 
1 Bipolar-JFET 

4 15 - 25K 70 - JFET Input 

0.40 0.20 10 - 1 - 0.6 - 200K 70 0 JFET Input 

750 150 30 300 15 10K S4 1 High Power 

20000 6000 20 6 350 10K 60 - Wideband. Fast Settling 

20 - 9.5 " 550 10K 60 - High Slew Rate. Wideband 

15K 60 - High Slew Rate, Wideband 

20.0 0.00025 - 60 0.5 - 3 40K SO 0 Electrometer, FET 
0.0005 - 30 0.5 - 3 40K SO 0 Electrometer, FET 

0.010 - 25 0.75- 0.5 - 50K 70 0 Low Noise FET 
0.002 - 25 1- 2.5 31K S6 - 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 SO 0 FET 

6" 50K 70 0 Low Cost FET Input 

0.002 - 50 1 " 0.5 - 25K SO" 0 Low Noise 

0.010 20 1- 1.5 50K 70 0 Low Cost FET Input 

0.030 0.005 " 20 - 1 " 6" 50K 70 0 FET 

0.050 - 25 1 " 6- 25K 70 0 Low Cost FET 
0.005 25 1 " 1 25K 70 0 Low Cost FET 

0.10 - 25 1- 3 50K SO 0 Low Cost FET Input 

0.20 0.15 0.06 " 1- 6" 1000K SO' 0 High Slew Rate FET 
20 - 3- 6' 25K 64 0 High Slew Rate FET 

t Military Temperature Range (-55° to 125°C) " Typical Value 
Bold faci Indicates additional data Is provided on the page noted. 
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Device Source Line 

(Cont'd) 

1421-02 Teledyne P 
1421-01 Teledyne P 

1421 Teledyne P 
CA3160 t RCA 
CA3140 t RCA 

CA3130 t RCA 
CA081 RCA (3348) 
CA081C RCA (3348) 

CA080 RCA (3348) 
CA080C RCA (3348) 10 

ICL7611C Intersil 
ICL7612C Intersil 

ICL7613DC Intersil 

ICL7614DC Intersil 
ICL7615DC Intersil 

LH0062C National 
HA-5162-5 Harris 

(3268.3287) 

LF13741 Nallonal (3309) 
ADLH0032C AD 
LH0032C· National 20 

/tAF771L Fairchild 

MCE70 Micro Eng 
TL061C TI (3425) 
TL060C TI (3425) 

HA-5062-5 Harris 
(3252,3287) 

/tPC40S1 NEC-Electron 
TLOSOC TI 

HA-5082-5 Harris 
(3256.3287) 

TL091C II 

MA329 Analog Sys 30 

HA-2540-5 Harris 
(3224.3287) 

HA-2539-5 Harris 
(3222.3287) 

HA-2539-2 t Harris 
(3222.3287) 

AD523L AD 
AD523K AD 

AD514L AD 
3503B Burr-Brown 
3503S t Burr-Brown 

AD514K AD 
AD514S tAD 40 

ICLS007M t Intersil 

AD540K AD (3153) 
AD3542J AD 
AD540S tAD (3153) 

3542J Burr-Brown 
3542S t Burr-Brown 

LH0042 t Intersil 
LH0042 t Nallonal (3342) 

SU536 Signetics 

AD0042C AD 50 
LH0042C Intersil 
LHOO42C Nallonal (3342) 

AD503K AD (3153) 
AD503S tAD (3153) 

/tA740C Signetics 
/tA740 t Intersil 

(Continued) 
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MASTER SELECTION GUIDE 

LlNEAR-Operatio~al 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) livrc MHz VIliS VIV dB Compo Comments Device Source Line 

Single Units (Cont'd) 

20.0 (Cont'd) 
50 20 12 " - 9" 0.5K 60 1 Darlington Input TBB1331A Siemens 

200 25 12 " - - 6K 60 0 Darlington Input TCA311 Siemens 
TCA315 Siemens 

1 Darlington Input TCA331 Siemens 

50000 10000 30 1 300 70K 90 2 Low Propagation Delay 9818 DEI 

25.0 40000 10000 1000 100 600 1K 50 2 Wide Gain-Bandwidth 9912 t OEI 

30.0 0.001 0.0002 " 50 1 " 2.5 20K 86 0 Low Bias FET ICL8007AC Intersi! 
ICL8007AM t Intersi! 

30000 10000 150 200 300 1K 50 0 Wideband 9916 t OEI 

50000 20000 100 300 1K 4K 90 1 Wideband 9914 OEI 10 

30.0 " 5000 " 6000 50 " 150 " 600 40 - 0 Fast Settling, Wideband CLC103AM t Comlinear 
8000 50 " 150 " 600 40 - 0 Fast Settling, Wideband CLC103AI Comlinear 

35.0 2 0.1 150 100 300 100K 70 0 High Slew Rate HDS-060 AD 

50.0 0.00001 - - - 0.5 " 20K 60 0 Ultra low Bias FET ICH8500A Intersi! 
0.0001 - - - 0.5 " 20K 60 0 Ultra low Bias FET ICH8500 Intersi! 

0.001 - 50 0.3 " - 10K 70 MOS FET ILPC250A NEC-Electron 
0.0005 " 90 0.5 " 3 20K 70 0 Electrometer, FET AD523J AD 

0.015 - 75 1 " 3 20K 70 0 Los Cost FET Input AD503J AD (3153) 

0.025 0.005 * 75 1 * . 2.5 20K 86 " 0 High Performance, Low Bias FET 3503A Burr-Brown 
3503R t Burr-Brown 20 

0.050 - 75 0.75 * 0.5 " 20K 70 0 Low NOise FET AD514J AD 
1 " 6 " 20K 70 0 Low Cost FET AD540J AD (3153) 

72 0 High Performance FET 1424 Teledyne P 

0.0005 " 75 1 " 6 " 20K 70 0 High Performance, FET ICL8007C Intersi! 

90.0 0.10 0.005 " 30 * 1 * 6" 50K 64 0 FET, High Input Impedance NE536 Signetics 

110.0 0.20 0.15 20 " 3" 6* 25K 64 0 High Slew Rate FET ILA740C t Intersi! 

200.0 0.01 - 50 " 1 " 0.4 • 10K 70 * MOS FET ILPC152A NEC-Electron 

Dual Units 

- 8000 " - - 30 60 " 4K - 0 GB Product = 400 MHz LM159 t National 
LM359 National 

0.08 40 35 1 5 1.7 250K 114 0 Ultra Low Noise Instrumentation OP-227A t PMI 30 
OP-227E PMI 

0.12 55 50 1.5 5 1.7 250K 106 0 Ultra Low Noise Instrumentation OP-227B t PMI 
OP-227F PMI 

0.15 7.0 6.0 0.5 " 0.5 " 0.17 " 120K 100 0 Low NOise ILPC454 NEC-Electron 
20 2 2 100 " . - 500K 96 0 Low Power, Single/Dual Supply OP-220A t PMI 

OP-220E PMI 

0.18 80 75 2 5 1.7 200K 106 0 Ultra Low NOise Instrumentation OP-227C t PMI 
OP-227G PMI 

0.25 0.035 0.002 2.5 1 " 3* 250K 80 - Ultra Low Drift BiFET AD647L AD (3151.3153) 

0.3 0.050 0.010 3 1" 0.3 * 300K .110 0 Dual LM 11, High Performance LH2011 t National (3342) 40 
25 2.5 5 100 " - 300K 90 0 Low Power, Single/Dual Supply OP-220B t PMI 

OP-220F PMI 

0.5 0.035 0.002 5 1" 3" 250K 80 - Ultra Low Drift BiFET AD647K AD (3151.3153) 
AD647S tAD (3151.3153) 
AD647S1 
883B tAD (3151,3153) 

0.005 " 5 2" 3" 2S0K SO 0 Dual 544 AD644L AD (3153) 
5" 1 " 3" 300K" SO 0 Dual 542 AD642L AD (3153) 

15 2 " 3" 250K 80 0 Dual 544 AD644S tAD (3153) 

0.06 0.025 5 " - 13 " 50K SO 0 Precision BIFET MC3S003A t Motorola 
MC3S022A t Motorola 50 

O.D7S '0.03 5" - 13 " 50K SO 0 Precision BIFET MC34003A Motorola 
MC34022A Motorola 

2 0.2 I 15 1" 0.3 " SOK 96 1 Dual10SA LH210SA ' t Intersi! 
LH210BA t Nallonal (3342) 
LH2208A Nallonll (3342) 
PM210SA t PMI 
PM220SA PMI 

3 2.S 2 0.6 " 0.17 " 150K 110 0 Dual Matched Instrumentation OP-10 t Micro Pwr 
(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold flce Indlcales addlllonal dall Is provided on Ibe plge noled_ 
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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) I'V/oC MHz VII's VN dB Compo Comments 

Dual Units 

0.5 3 2.S 2 0.6 * 0.17 * 150K 110 0 Dual Matched Instrumentation 

7 1 30 1 * 0.3 * 80K 96 1 Dual30SA 

-
20 0.1 10 3 13 50K SO 0 Bipolar-JFET 

0.6 0.10 0.01 2 O.S * 0.3 250K 110 0 Dual LM 11, High Performance 
40 4 10 100 * - 500 • 76 0 Low Power, Single/Dual Supply 

0.75 50 2 S O.S 0.5 100K 90 0 Dual Matched 

OP-04 with Internally Connected Vcc 
Terminals 

1.0 0.035 0.005 * 10 1 * 3* 300K * 80 * 0 Dual 542 

2" 3* 250K SO 0 Dual 544 

0.05 0.025 10 1 1 50K SO 0 Low Power BIFET 

0.075 0.005 10 1 * 3* 100K 76 - Ultra Low Drift BiFET 
0.050 5* 4" 13 " 50K SO 0 BIFET 

0.1S 0.02 3 O.S * 0.3 90K - 0 Dual LM11, High Performance 

0.2 0.10 10 3 10 50K SO 0 Wideband JFET 

500 600 - 2* 50 * 20K SO 0 Transconductance Amplifier 

1.3 7 6 4.5 1.2 " 0.25 • 120K 100 0 Dual Matched Instrumentation 
250K 100 0 Dual Matched Instrumentation 

2.0 0.02 0.01 5 * 4* 10 * 50K * S6 0 Dual 3160 
0.05 0.030 10 " 1 1.6 SOK * 70 0 Low Power, Dual 747 

Low Power, Dual 145S 

0.075 0.025 10 * 4* 13 * 50K 80 0 PreCision BIFET 
0.030 5* 4* 13 * 50K 80 0 PreCision BIFET 

0.075 * 20 * 1 * 3* 200K * i6 * 0 Dual 542 
2.0 3* 100K 76 0 Dual 544 

0.10 0.05 10 * 3* 13 * 50K SO 0 Bipolar-JFET . 

4* 13 * 50K SO 0 Dual 351A 

Precision BIFET 

0.15 0.05 20 0.06 10 3K 100 - JFET Input 
0.07 5 * 4* 13 * 25K SO 0 Precision BIFET 

2 0.2 15 1 * 0.3 * 50K S5 1 Dual 108 

50 10 15 1 * - 50K 70 0 Low Power, Single Supply 
25 5 1.5 " O.S 100K * 100 * Matched Amplifier Pairs 

60 10 15 - - 50K 70 1 40 V/IJ.S, 6=5 
3* 35 * 50K 70 0 High Slew Rate 

75 5 10 O.S 0.5 50K 90 0 Dual Matched 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold face Indicates additional data Is provided on the pagl notad. 
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Device Source Line 

(Cont'd) 

(Cont'd) 
OP-10A t Micro Pwr 
OP-10E Micro Pwr 

LH230SA Intersil 
LH230BA Nallonll (3342) 
PM230SA PMI 

TL2B7C TI (3424) 
TL2B7M ttl (3424) 

LH2011B tNalloaal (3342) 
OP-220C t PMI 
OP-220G PMI 10 

OP-04A t PMI 
OP-04E PMI 
OP-14A t PMI 
OP-14E PMI 

MC35022 t Motorola 
OP-03A t PMI 
OP-03E PMI 

AD642K AD (3153) 
AD642S tAD (3153) 

AD644K AD (3153) 20 

LF422A National 
LF442A National 

AD647J AD (3151,3153) 
MC35022B t Motorola. 

LH2011C Nalional (3342) 

LF412A Nllional 
(3309,3312) 

LM11700A National 
LM13700A. Nalional 

(3326.3328) 

OP-10C PMI 
MP5510C Micro Pwr 

(401.3292) 30 
OP-10C Micro Pwr 

CA3260B RCA (3349) 
ICL7622AC Intersil 
ICL7622AM t Intersil 

ICL7621AC Intersil 
ICL7621AM t Intersil 

MC35002A tMotorola (3293) 
MC34022A Motorola 

AD642J AD (3153) 
AD644J AD (3153) 40 

IJ.AF772A Fairchild 
IJ.AF772AM t Fairchild 

LF353A Nalional 
(3309.3326) 

MC34002A Motorola (3293) 

MA406 Analog Sys 
MC34022 Motorola 
MC35022 t Motorola 

LHZ108 tNllional (3342) 
LH2208 Nalional (3342) 
PM210S PMI 50 
PM220S PMI 

CA15SA t RCA 
3500MP Burr-Brown 

SE553S t Signetics 
SE5530 t Signetics 

OP-04 PMI 
OP-04C PMI 
OP-14C PMI 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifi«;!rs-Characteristics (Cont'd) 

Offset 
Voltage 
mV (25'C) 

Bias 
Current 
nA (25'C) 

Dual Units 

2.0 

3.0 

4.0 

5.0 

75 

100 

SOO 

0.03 

0.04 

0.15 

0.2 

, 15 

20 

So 

100 

750 

5000 

80 
150 

200 

350 

500 

700 

800 

1500 

0.03 

Offset 
Current 
nA (25'C) 

10 

20 

200 

0.01 

0.02 

0.03 

0.1 

7.5 

15 

30 

30 

400 

700 

20 
25 

50 

100 

600 

100 

150 

300 

0.02 

Voltage 
Drift 
I'VI'C 

10 

15 

10 

10 * 

10 * 

10 

10 * 

20 

10 * 

5* 

15 

15 

S* 

20 

3* 

5* 

4* 

20 

3* 

25 

6* 

t Military Temperature Range (-55° to 125°C) 

~ Ie MASTER 1983 

Band
width 
MHz 

O.S 

1 * 

5.7 * 

10 * 

5* 

5 * 

0.11 

1 * 
3* 

0.7 

25 * 

0.25 

.25 * 

0.27 * 

1 * 

0.44 

S* 

1 * 

9* 

1* 

5.4 * 

2* 

10 * 

10 * 

4* 

Slew 
Rate 
VII's 

0.5 

Voltage 
Gain 
VIV 

50K 

CMRR 
dB 

90 

Compo Comments 

OP-04 with Internally Connected VCC 

Device Source Line 

(Cont'd) 

(Cont'd) 

Terminals OP-03 PMI 

0.5 * 

16 * 

13 

13 * 

13 * 

10 

3.5 * 
15 * 

0.1 * 

0.16 

0.16 * 

0.16 * 

0.3 

2 * 

125 * 

10 

15 * 

0.5 * 

50 * 

9 

13 * 

10 * 

50K 

220K 

50K 

50K 

50K 

3K 

4K 
50K 

25K 

40K 
100K 

100K 

100K 

50K 

50K 

50K 

25K 

25K 

20K 

50K 

50K 
50K 

200K 

50K 

20K * 

1SK 

25K 

25K 

50K * 

so 

100 * 

so 

so 

so 
90 

SO 
SO 

70 

SO 
100 

70 

70 

70 

So 

So 

65 

70 

SO 

70 
70 

96 * 

80 

80 

70 

70 

70 

70 

* Typical Value 

Dual LM101A High Performance 

Precision Bipolar-JFET 

Dual 5534 

MOS/FET Input, Bipolar/MOS Output 

MOS/FET Input, Bipolar/MOS Output 

Low Wideband Noise 

Low Noise Bipolar-JFET 
Bipolar-JFET 

Wideband JFET 

Programmable 
Low Noise 

Low Power 

Programmable Dual LM4250 

Low Power Adjustable Current 

Low Power, Single Supply 

Dual 741 

High Slew Rate 

Low Power, Single Supply 

Audio Preamp 

Transconductance Amp 

High Slew Rate 
2 Op Amp/Comparators 

Precision Blpolar·JFET 

Dual 222 

Transconductance Amplifier 

20 rnA Output 

Low Noise 

Dual 5534 

Dual 3160 

Bold faci Indicates additional data Is provided on the page notad. 

OP-03C PMI 

LH2101A t AMD 
LH2201A AMD 
LH2101A 
LH2101A 
LH2201A 
LH2101A 

OP-215B 
OP-215F 

SE5532 
SE5532A 
SE5533 
SE5533A 

CA082B 
CA083B 

CA082AT 

MA345 

TL062BC 
TLOS2BC 
TL288C 
TL288M 

LF412 

HA-2730 
SE5512 

LH2250 
LH2250C 

LH24250 

ICLS022M 

LM25SA 
CA25SA 

/J.A747AM 
/J.A747EC 
LM747A 
LM747E 

HA·2650 

LM358A 
CA35SA 

/J.A749C 

Intersil 
t National 

National 
Raytheon 

t PMI 
PMI 

t Signetics 
t Signetics 
t Signetics 
t Signetics 

(3342) 
(3342) 

RCA (3348) 
RCA (3348) 

tRCA (3348) 

Analog Sys 

TI (3425) 
TI 
TI 

tTl 
(3424) 
(3424) 

National 
(3309.3312) 

t Harris 
t Signetics 

t National 
National 

t National 

t Intersil 

National 
RCA 

t Fairchild 
Fairchild 

t National 
National 

(3342) 
(3342) 

t Harris 
(3234.3287) 

National 
RCA 

Fairchild 

10 

20 

30 

CA32S0 RCA 40 

SE5535 
LM192 

OP·215C 
Op·215G 

TBC0747 

LM13700 

. t Signetics 
t National 

t PMI 
PMI 

t Siemens 

t Nillonil 
(3326.3328) 

T AA2762 t Siemens 

NE5532 TI 
NE5532A TI 

XR5532 
XR5533 
NE5532 
NE5532A 
NE5533 
NE5533A 

CA3260AE 
CA3260AT 

EXIr 

EXIr 
Signetics 
Signetics 

t Signetics 
Signetics 

(3208) 50 
(3208) 

RCA 
tRCA 

(3349) 
(3349) 

(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) I'V/oC MHz VII's VIV dB Compo Comments Device Source Line 

Dual Units (Cont'd) 

5.0 (Cont'd) 
0.04 0.02 15 " 45 " 9 " 20K 70 Dual 3140A, MOS FET CA3240A RCA (3350) 

0.050 0.030 15 " 1.6 80K 70 Low Power, Dual 1458 ICL7621BC Intersil 
ICL7621BM t Intersil 

Low Power, Dual 747 ICL7622BC Intersil 
ICL7622BM t Intersil 

0.10 0.05 10 " 1" 1" 25K 70 Low Power JFET LF442 National 
4" 13 " 50K 80 Precision BIFET MC35002B t Motorola (3293) 

0.07 10" 4" 13 " 25K" 70 Precision BIFET MC34002B Motorola (3293) 

0.10 10 " 3 " 13 " 50K 80 Bipolar JFET JlAF772B Fairchild 
JlAF772BM t Fairchild 10 

0.20. 0.10 10 " '10 50K 80 Dual 151 LF153 t National 
4" 13 " 50K 80 Dual 351B LF353B National 

(3309,3326) 

7.5 3 3" 1" 15 " 200K 70 Multi-Purpose Programmable JlA776M t Fairchild 

10 10 " 0.1 " 25K 74 Programmable HA-2735 Harris 
10 1 100K 100 Low Noise NE5512 Signetics 

NE5517 Signetics 
. NE5517A Signetics 

100 25 50K 70 Dual High Performance 741C SSS747C AMD 
10 0.8 0.25 50K 70 Dual Matched OP-04B t PMI 

OP-04D PMI 20 

OP-04 with Internally Connected VCC 
Terminals OP-03B t PMI 

, OP-03D PMI 

40 0.8 " 0.5 " 4K 60 Low Power TL022M tTl 
120 40 6" 3" 35 " 50K 70 High Slew Rate NE5530 Signetics 

150 30 7" 1 " 50K 70 0 Half LM124 LM158 t Motorola 
LM158 t National 
LM258 National 
CA158 t RCA 
CA258 RCA 
LM158 t Signetics 30 
LM258 Signetics 
SE532 . t Signetics 
LM158 tTl 

Q) 40 6" 60 " 70 60 V/JlS, G=5, Dual 538 NE5538 Signetics 

"'0 200 60 8" ' 8" 20K 74 High Slew Rate HA-2655 Harris 

::::l (3234,3287) 

CJ 80 0.8 * 0.5 " 1K 60 Low Power TL022C TI 

C 
250 50 25K 65 2 Op Amp/Comparators LM292 National 

0 LM392 National 

-I-' 500 50 10 " 1 " 0.6 " 50K 70 Single Supply MC3558 t Motorola 
() 200 10 50K 70 High Slew Rate 1558 MC1558S t Motorola 40 
Q) 

1.5 " 50K 70 0 Dual Wideband 741 RM4558 t Raytheon 
Q) 

2.5 20K 70 0 General Purpose SE4558 t Signetics (f) 
1.5 " 50K 70 Dual Wideband 741 MC4558 t Motorola 

~ 

Q) MC4558A Motorola 
-I-' 

Low Noise MC4558N t Motorola en 
ctS 1.5 " 50K 70 3 MHz Min. Bandwidth RM4559 t Raytheon 
~ 1.5 " 1 " 0.3 " 25K 70 Matched Dual 709 RM1537 t Raytheon 

2-15 " 1" 0.5 " 50K 70 Dual 741 JlA1558M t Fairchild 
JlA747M t Fairchild 

, MC1558 t Motorola 50 
MC1747 t Motorola 
LM1558 t National 
LM747 t National 
PM1558 t PMI 
PM747 t PMI 
RM1558 t Raytheon 
RM747 t Raytheon 
CA1558 t RCA 
CA747 t RCA 
MC1558 t Signetics 60 
JlA747 t Signetics 

(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold face Indlcales additional dala Is provided on the page noled. 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics, (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift widt,h Rate Gain CMRR 
mV (25'C) nA (25'C) nA (25'C) I'VI'C ",Hz VII's V/V dB Camp. Comments Device Source Line 

Dual Units (Cont'd) 

5.0 500 200 2-15 ' 1 ' 0.5 ' 50K 70 Dual 741 (Cont'd) 
SG1558 t Silicon G 
SG747 t Silicon G 
MC1558 tTl 
/LA747M ttl 
TA75458 Toshiba 
TA75747 Toshiba 

Low Noise MC1558N t Motorola 

3 ' 0.25 25K 70 Dual MC1709 MC1537 t Motorola 

7000 8000 6000 2' 50 80 Transconductance Amplifier LM13600 Nallonal (3326) 

6.0 0.04 0.02 10 ' 5' 13 ' 50K 80 MOS/FET Input, 8ipolar/MOS Output CA082A RCA (3348) 10 
CA082T tRCA (3348) 
CA083A RCA (3348) 

0.2 0.05 10 ' 3 ' 13 ' 50K 80 Low Noise Bipolar-JFET TL072M tTl (3427) 
0.1 10 ' 1 ' 3.~ , 4K 80 Low Power Bipolar-JFET TL062AC TI (3425) 

TL062M tTl (3425) 

3' 13 ' 50K 80 Bipolar JFET XR082 Exar (3206) 
XR082M tExar (3206) 
XR083 Exar (3206) 
XR083M t Exar . (3206) 
TL082AC TI 20 
TL082M ttl 
TL083AC TJ 
TL083M tTl 

10 3' 1 ' 15 ' 50K 70 0 Multi-Purpose Programmable /LA776C Fairchild 

30 10 0.25 ' 0.16 ' 75K 70 0 Programmable Dual LM4250 LH24250C National 
5 ' 0.27 ' 0.16 ' 50K 70 Low Power Adjustable Current ICL8022C Intersil 

75 10 0.4 1.5 100K 80 Ultra-Low Power HA-5142A Harris (3266) 

150 40 6' 1 ' 10 50K 70 High Slew Rate NE5535 Signetics 

250 50 7' 1· 0.6· 25K 65 Half LM244/324 LM258 Motorola 
LM358 Motorola 30 
NE532 Signetics 

75 10· 1· 0.6· 20K 70 Single Supply, I/O Operates to Ground /LA798C Fairchild 

500 200 0.5· 5K 70 Dual 221 TBB0747 Siemens 
TBB1458 Siemens 

1 • 20K 70 Wideband 741 /LPC4557 NEC-Electron 

2· 20K 70 Wideband 741 /LPC4559 NEC-Electron 
0) 
"0 

5· 20K 70 Wideband 741 /LPC4556 NEC-Electron ::J 
1· 0.5 ' 20-50K 70 Dual 741C IC900 Cherry CD 

XR1458 Exar C 
/LA 1458C Fairchild 40 0 
/LA747C Fairchild ...... 
MC1458 Motorola t) 

MC1747C Motorola 
0) 

LM1458 National Q3 
LM747C National en 
/LPC1458 NEC-Electron I-

0) 
/LPC251 NEC·Electron ...... 
AN6550 Panasonlc rn 

CO 
AN6551 Panasonlc ~ AN6552 Panasonlc 50 
PM747C PMI 
RC747 Raytheon 
CA747C RCA 
/-lA747C Signetics 
SG747C SIlicon G 
/-lA747C TI 

0.5· 20K 70 Dual Wideband 741C MC4558C Motorola 
Low Noise MC4558NC Motorola 

50K 70 General Purpose NE4558 Signetlcs 

1.5 20K 70 3 MHz Min. Bandwidth RC45!j9 Raytheon 60 
RV4559 Raytheon 

3· 20K 70 Low Noise RC4739 Raytheon 
Wideband 741 XR4558 Exar 

(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold face Indicates additional data Is provided on the page noted_ 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Vol\age 
Voltage Current Current Drift width Rate Gain CMRR 
mV (25°C) nA (25°C) nA (25°C) p.V/oC MHz V/p.s VN dB Camp. Comments Device 'Source Line 

Dual Units .. (Cont'd) 

6.0 500 200 - 3* 1 20K 70 0 Wideband 741 (Cont'd) 
/LPC4558 NEC-Electron 
RC4558 Raytheon 
RC4558 TI 

Low NOise XR4739 Exar 

10 " 2.8 * 20K 70 0 Wide band 741 /LPC4560 NEC-Electron 

10 * 1 * 0.8 * 20K 70 0 Low Noise MC1458N Motorola 
10 20K 70 0 High Slew Rate 1458 MC1458S Motorola 

2000 1000 - - 1 * 6.5K 70 2 Low Noise /LA739 Fairchild 

7.0 100 10 - . 0.4 1 100K 77 - Ultra-Low Power HA-5142 Harris (3266) 
200 50 - - - 25K 65 0 Single Supply TL321C TI 10 

250 50 7* 1 * - 25K 65 0 Half LM224 /LPC1251 NEC-Electron 
/LPC358 NEC-Electron 

7.5 7 1 30 1 * 0.3 * 25K 80 1 Dual 308 LH2308 National (3342) 
PM2308 PMI 

250 50 30 1 * 0.5 * 25K 70 1 Dual High Performance LH2301A AMD 
LH2301A Intersi! 
LH2301A National (3342) 

1500 500 1.5 * 1 * 0.25 " 15K 65 3 Matched Dual MC1709C M'C1437 Motorola 
0.3 * 15K 65 3 Matched Dual 709 RC1437 Raytheon 

S.O 500 75 10 * 1 * 0.6 * 20K 70 0 Low Power TL322M TI 20 

9.0 0.40 0.20 10 * 1 * 0.6 * 200K 70 0 JFET Input TL092M tTl 

10.0 0.10 0.03 10 3 10 100K" 100 * 1 JFET Input MA336 Analog Sys 

I'. 
0.10 10 * 4 * 13 " 25K 70 0 BIFET MC34002 Motorola (3293) 

Precision BIFET MC35002 Motorola (3293) 

0.20 0.05 10 * 3 * 13 " 25K 70 0 Low Noise Bipolar-FET MCE72 Micro Eng 
TL072C TI (3427) 

~ .... 
SO 0 Low Noise Bipolar-JFET TL072AC TI (3427) 

TL072BC TI (3427) 

0.10 10 " 3" 13 " 50K 70 0 Bipolar JFET /LAF772 Fairchild 
4" 13 " 25K 70 0 Dual 351, Wide Band LF353 National 

(3309,3326) 30 
SE571 t Signetics 

500 75 10 " 1 " 0.6 " 20K 70 0 Low Power TL322C TI 

700 300 15 " 1.1* 0.5 " 20K 60 0 General Purpose MC1458C Motorola 
Q) 

1500 600 .... 10K 70 0 Audio Preamp /LA749D Fairchild "0 - -
::J 15.0 0.050 0.030 S" 4" 10 " 50K" 70 0 Dual 3160 CA3260E RCA (3349) 

c.9 CA3260T tRCA (3349) 

C 10 " 5 " 13 " 50K 70 0 MOS/FET Input, Bipolar/MOS Output CA082 RCA (3348) 

0 CA083 RCA (3348) 
..-- 200K 76 " 0 MOS/FET Input, Bipolar/MOS Output CA082C RCA (3348) 
() 

CA083C RCA (3348) 40 Q) 

Q) 25 " 1 " 1.6 SOK" 70 0 Low Power; Dual 145S fCL7621DC Intersi! 

en Low Power, Dual 747 ICL7622DC Intersil 

'- 0.20 0.10 10 " 3" 13 " 50K 70 0 Bipolar JFET /LAF772L Fairchild 
Q) 

0.4 0.2 10 " 1 " 3.5 " 3K 70 0 Low Power Bipolar-JFET TL062C TI (3425) ..--en 3" 11 " 25K 70 0 Bipolar-JFET /LPC40S2 NEC-Electron tU 
~ 13 " Z5K 70 0 Bipolar-JFET XR082C Exar (3206) 

XR083C Exar (3206) 
MCES2 Micro Eng 
MCES3 Micro Eng 
TL082C TI 50 
TL083C TI 

0.40 0.20 10 " 1 " 0.6 * 200K 70 0 JFET Input TL092C TI 

50 25 12 * - 1S" 3K 65 0 Darlington Input TBB2331 Siemens 

200 100 30 - 2 10K 40 0 Power Op Amp, Compo for G>30 MA20S Analog Sys 

20.0 0.02 0.0005 * 75 1* 6" 50K 70 0 FET Input Dual ICLS043M t Intersil 

50.0 0.05 0.0005 " 75 . 1" 6" 20K 70 0 FET Input Dual ICLS043C Intersil 

Triple Units 

3.0 0.03 0.01 5* 0.27 0.1 5K 70 0 Low Power, Programmable HA-8023-2 t Harris 
(3282,3287) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Bold face Indicates additional dala Is provided on Ihe page noted. 
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MASTER SELECTION GUIDE 

r" INEAR-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/Ls VIV dB Compo Comments Device Source line 

Triple Units (Cont'd) 

5.0 0.050 0.030 10 " 1 1.6 SOK" 70 0 Low Power ICL7631BC Intersil 
ICL7631BM t Intersil 

1 Low Power ICL7632BC Intersil 
ICL7632BM t Intersil 

70 14 - 0.02 " 0.1 " - 70 0 Micropower, Transconductance 
Amplifier CA3060 t RCA 

6.0 0.03 0.01 5 " 0.27 0.1 5K 70 0 Low Power, Programmable HA-8023-5 Harris 
(3282.3287) 

10.0 0.050 0.030 20 " 1 1.6 SOK 70 0 Low Power ICL7631CC Intersil 
ICL7631CM t Intersil 

1 Low Power ICL7632CC Intersil 
ICL7632CM t Intersil 10 

2000 200 " - 5 0.46 4K" 90 " 2 Supply +-6 V TCA220 Signetics 

20.0 0.050 0.030 30 " 1 1.6 SOK 70 0 Low Power ICL7631EC Intersil 
1 Low Power ICL7632EC Intersil 

Quad Units 

0.5 0.075 0.025 10 " 4" 13 " 50K so 0 Precision BIFET MC35004A t Molorola (3293) 
300 20 10 1.5 0.7 lOOK 100 0 Symmetrical, Matched MP5509A tMlcro Pwr 

(401.3292) 
MP5509E Micro Pwr 

(4D1.3292) 
MP5511A tMlcro Pwr 

(401.3292) 
MP5511E Micro Pwr r • 

(401.3292) 
OP-09A t PMI 
OP-09E PMI 20 ..... 
OP-llA t PMI 
OP-l1E PMI 

2.0 0.10 0.05 10 " 4" 13 " 50K SO 0 Precision BIFET MC34004A Molorola (3293) 
0.2 0.1 S.3 " 0.24 15 " 50K SO - JFET Input HA-5084B-5 Hurls 

(3258.3287) 

50 10 20 1 " - 50K 70 0 Low Power LM124A t National 

2.5 50 5 10 750 " 0.25 " 400K" lOOK 0 Quad Micropower OP-21 OP-421B t PMI 
OP-421F PMI Q) 

200 75 2 " 0.26 12 lOOK S6 0 Wide band; High Performance HA-4620-2 tHurls "'0 --
(3248.3287) :J 

HA-4620-5 Harris C) 
(3248,3287) C 

S" 1 lOOK S6 0 High Performance . HA-4600-2 t Harris 0 --
(3246.3287) 30 ....... 

t) 
HA-4600-5 Hurls Q) 

(3246.3287) Q) 
HS4602RH t Harris C/) 

4" lOOK S6 0 Wideband HA-4602-2 t Harris (3246) 10-
Q) 

500 50 15 1.5 0.7 lOOK 100 0 Symmetrical, Matched OP-09B t PMI ....... 
en OP-09F PMI C'O 

OP-l1B t PMI ~ 
OP-l1F PMI 

3.0 0.03 0.02 10 " 5" 13 " 50K SO 0 MOS/FET Input, Bipolar/MOS Output CA084B RCA (3348) 
0.2 0.1 10 " 0.63 2 20K SO - Low Power, JFET Input HA-5064B-5 Harris 

(3254.3287) 
1 " 3.5 " 4K SO 0 Low Power Bipolar-JFET TL064BC TI (3425) 40 

3" 3 50K SO 0 JFET TLOS4BC TI 

20 10 - 1 " O.S" 25K 74 0 Programmable HA-2740 tHarrls 
(3242.3287) 

30K 100 " 0 Programmable HA-2740-2 t Harris 
(3242,3287) 

SO 15 20 1 " - 50K 70 0 Low Power LM224A National 

100 30 30 1 " - 25K 65 0 Low Power LM324A National 
LM324A TI 

(Continued) 

t Military Temperature Range (-55" to 125"C) " Typical Value 
Bold faca Indlcalas addlllonal dala Is provldad on Iha paga nolad. 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characterisiics. (Cont'd) 

Offset Bia~ Offset Voltage Band· Slew Voltage 
Voltage Current Current Drift width Rate Gain Cr~RR 

mV (25'C) nA (25'C) nA (25°C) ~VI'C MHz V!~s VIV dB Compo Comments 

Quad Unit~ 

3.0 
200 30 5 * 0.02 1.3 100K 80 0 General Purpose 

3 1.2 25K 80 0 NOise 2J.!V Max 
1.6 * 50K 80 0 Quad 741 

3.S * 1.6 • SOK 80 0 Quad 741 

19 * 8 • 25K 80 0 Uncompensated 4156 

325 125 2 * 70 * 12 lOOK 86 0 Wideband; Camp. for g> 10 

3.5 300 100 2 • 8 • 4' 75K 80 0 Wideband 

4.0 125 12 15 750 • 0.25 • 200K 95 • 0 Quad. Micrcpower OP·21 

400 50 5 • l' 1.2 • 50K 70 0 LM124 with Improved Output 
120 2 • 70 • 11 75K 80 0 Wideband. Camp. for g> 10 

5.0 0.050 0.030 15 • 1 1.6 80K 70 0 Low Power 

0.050 10 1 1 50K 80 0 Low Power BIFET 

0.10 0.05 10' 4 • 13 • 50K 80 0 Precision BIFET 
0.10 10 • 3 • 13 • 50K 80 0 Bipolar JFET 

0.20 0.10 8.3 • 0.24 15 • 50K 80 - JFET Input 

10 • 4 • 13 • 50K 80 0 Precision BIFET 
Wideband. Quad 351B 

30 10 - 1 • 0.8 • 25K 74 0 Programmable 

100 25 - 1 • 0.5 • 5DK 70 0 Quad 741 with Standard npn Input 
Stage 

4 • 2.0 • 50K 70 0 Wideband Quad 741 for Gains >5 

40 - 0.8 • 0.5 • 4K 60 0 Low Power 

250 80 - 0.8 • 0.5 • lK 60 0 Low Power 

300 50 5 • 0.02 1.3 5CK 80 0 General Purpose 

3 1.2 25K 80 0 Noise 2 J.!V Max 

3' 1.6 • 25K 80 0 Quad 741 

3.5 • 1.6 ,.: 25K 80 0 Quad 741 

5CO 50 - 2 • 1.5 • 5K 70 0 Programmabla Quad 741 
1.6 • 20K 70 0 Low rJcise. Low Power 

10 1 0.6 200K 90 0 Low Power 

200 - 3 • 1.5 • 50K 70 0 Quad 741. High Gain 

t Military Temperatllfe H:lIlge (- 55° to 125°C) • Typical Value 
!lold lacoilldicatos 2rldill~n~1 data is vrovid8~ on Iho page no191. 
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Device Source Line 

(Cont'd) 

(Cont'd) 
IIA·4156·2 tllmls 

(3244.3287) 
RM4156 t Raytheon 
XR4741M t Exar 

HA·4741·2 tllmls 
(3250.3207) 

HA4741·2 t Raytheon 

RC4157 Raytheon 
RM4157 t Raytheon 

IIA·4622·2 tllmls 
(3248.3287) 

HA·4605·5 IImls (3246) 

OP·421C t PMI 10 
Op·421G PMI 

RM3503A t Raytheon 
HA·4625·5 IImls 

(3248.3287) 

ICL7641BC Intersi! 
ICL7641BM t Intersil 
ICL7642BC Intersil 
ICL7642BM t Intersil 

LF444A Ilallanzl 
\ (3309.3315) 

r.1C35004B tUolorcla (3293) 
J.!AF774B Fairchild 20 
J.!AF774BM t Fairchild 

111.·50114-2 t IImls 
(3250.3287) 

IIA·5084A·5 IImls 
(3258.3287) 

1.1C34004B r.lolerola (3293) 
LF347D lIallon31 

(3309.3326) 

111.·2740·5 IImls 
(3242.3287) 

LM148 t AMD 
J.!A148 t Fairchild 
Lf.1148 t lIarrls 

(3286.3288) 
LM148 t Motorola 30 
LM14B t Raytheon 
LM148 tTl 

LM149 t National 
LM149 t Raytheon 

TL044M tTl 

TL044C TI 

HA·4156·5 Harris· 
(3244.3287) 

RC4156 Raytheon 
RV4156 Raytheon 

J.!PC4741 NEC·Electron 40 

XR4741C Exar 
111.·4741·5 Hurls 

(3250.3287) 
HA4741·5 Raytheon 

MC4202 M~torola 

XR4212M t Exar 

MC3503 Signctics 

XR4136M t Exar 
J.!A4135M t Fairchild 
r.1P413G Micro Pwr (3292) 
PM4136 t PMI 50 
RM4136 t Raytheon 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset 
Voltage 
mV (25'C) 

Bias 
Current 
nA (25'C) 

Quad Units 

5.0 

6.0 

7.0 

8.0 

500 

0.04 
0.2 

75 

200 

250 

500 

100 
150 

250 

500 

500 

Offset 
Current 
nA (25'C) 

200 

0.02 
0.05 

0.1 

10 

50 

20 

50 

100 

200 

10 
30 

50 

50 

75 

Voltage 
Drift 
I"VI'C 

15 * 

10 * 

10 * 

10 * 

25 

10 
10 * 

t Military Temperature Range (- 55° to 125°C) 

© Ie MASTER 1983 

Band
width 
MHz 

3.5 

5* 

3* 

0.63 

1 * 

3* 

0.4 

1 * 

4* 

750 * 

1* 

1 * 
3* 

0.4 

1 
1* 

Slew 
Rate 
VII's 

1.5 

0.5 * 

13 * 
20 
13 * 

3.5 * 

13 * 

1.5 

0.5 * 

2* 

0.25 * 

1.2 * 
1.6 

0.4 * 

0.5 * 
1 * 

2.4 * 

0.6 
0.6 * 

Voltage 
Gain 
VIV 

96 

50K 

50K 
50K 
50K 

20K 

4K 

50K 

100K 

25K 

25K 

200K * 

25K 
5K 

20K 

20K 
20K 

20K 

100K 
20K 

25K 

100K 
100K * 

200K 
20K 

CMRR 
dB Compo Comments 

110 

70 

80 
80 
80 

80 

80 

80 

80 

70 

70 

90 * 

70 
70 

70 

70 
60-70 

70 

77 
60 

65 

50 
85 * 

90 
70 

o 
o 

* Typical Value 

Programmable 

Quad 741 

MOS/FET Input. Bipolar/MOS Output 
FET. Wideband 
Low Noise Bipolar-JFET 

Low Power. JFET Input 

Low Power Bipolar-JFET 

Bipolar JFET 

Indiv. Program 

Programmable. Bipolar - FJET 

Ultra-Low Power 

Quad 741 with Standard npn Input 
Stage 

Wideband Quad for Gains >5 

Quad OP-21 

LM324 with Improved Output 
Quad 741 

346 w/Sep Bias Resister for Each Pair 

Quad 741 
Quad 741 

High Performance 

Ultra-Low Power 
Single Supply 

324 Type 

Single Supply 
324 Type 

Low Power 
Single Supply: I/O Operates to Ground 

Bold face Indicates addltlon~1 data Is provided on the page noted. 

Device 

TAB1042 
TAB1043 

MC4741 

CA084A 
MC3571 
MCE74 
TL074M 

Source 

(Cont'd) 

Plessey 
Plessey 

t Motorola 

(Cont'd) 

RCA (3348) 
t Motorola 

Micro Eng 
tTl (3427) 

HA-5064-2 t Harris 
(3254.3287) 

HA-5064A-5 Harris 
(3254.3287) 

line 

TL064AC 

XR084 
XR084M 

TI (3425) 10 

Exar (3206) 
t Exar (3206) 

MCE84 Micro Eng 
TL084AC TI 
TL084M tTl 
TL085AC TI 

XR096 
XR096M 

XR094 
XR094M 
XR095 
XR095M 

Exar 
t Exar 

Exar 
t Exar 

Exar 
t Exar 

HA-5144A . Harris 

LM248 AMD 
LM348 AMD 
ILA248 Fairchild 
ILA348 Fairchild 
LM348 Harris 

(3266) 

(3286.3288) 
LM248 National 
LM348 
LM248 
LM348 
LM248 
LM348 

LM249 
LM349 
LM249 
LM349 

OP-421H 

RC3403A 
XR4212C 

XR346-2 

MC4741C 
XR4136C 
ILA4136C 
MP4136C. 
RC4136 
RV4136 
SG4136 
SG4136C 
RC4136 

TL 136C 

HA-5144 
TA75902 

TBB0324 

ILPC2902 
ILPC451 

MC3303 
MC3303 

National 
Raytheon 
Raytheon 
TI 
TI 

National 
National 
Raytheon 
Raytheon 

PMI 

t Raytheon 
Exar 

Exar (3207) 

Motorola 
Exar 
Fairchild 
Micro Pwr (3292) 
Raytheon 
Raytheon 

t Silicon G 
Silicon G 

tTl 
TI 

Harris (3266) 
Toshiba 

Siemens 

NEC-Electron 
NEC-Electron 

Signetics 
TI 

20 

30 

40 

50 

2943 
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Ie MASTER 

liNEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset lJias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate ,Gain WRR 
mV (2S'C) nA (2S"C) nA (2S"C) ~vr'c MHz VII's VIV dB Comp, Comments 

Quad Units 

9.0 0.2 0.1 10 ' l' 3.5 ' 4K 80 0 Low Power Bipolar-JFET 
0.40 0.20 10 ' l' 0.6 ' 200K 70 0 JFET Input 

10.0 0.050 0.030 20 ' l' t6 ' 80K 70 0 Low Power 

0.10 0.05 10 1 1 25K 70 0 Low Power BIFET 

0.20 0.05 0.10 5 15 ' 25K 70 0 Bipolar-JFET, Quad 351 

10 ' 3 ' 13 ' 25K 70 0 Low Noise Bipolar-JFET 

0.10 10 ' 3 ' 13 ' 50K 70 0 Bipolar JFET 

0.20 ' 0.05 ' 10 ' l' 0.6 ' 20K 70 0 JFET Input 

500 50 10 1 0.6 200K 90 0 Low Power 
10' l' 0.6 ' 20K 70 0 Single Supply: I/O Operates to Ground 

15.0 0.05 0.03 10 ' 5' 13 • 25K 70 0 MOS/FET Input, Bipolar/MOS Output 
0.20 0.10 10 ' 3 • 13 ' 50K 70 0 Bipo13r-JFET 

0.40 0.2 8.3 ' 0.24 15 ' 25K 70 - JFET Input 

10 ' l' 3.5 ' 3K 70 0 Low Power Bipolar-JFET 
3 ' 11' 25K 70 0 Bipolar-FET 

13 ' 25K 70 0 Bipolar-FET 

Indiv. Program. 

Programmable Bipolar-JFET 

20 • 0.63 2 10K 70 - Low Power, JFET Input 

0.20 10 • l' 0.6 ' 200K 70 0 JFET Input 

50 25 12 ' - - 3K 65 0 Darlington Input 

20.0 0.050 0.030 30 ' 1 1.6 80K 70 0 Low Power 

30.0 0.050 0.100 15 ' l' 0.8 ' lK' 70 ' 0 Low Power 

Hex Units 

5 100 25 - 1.0 0.5 25K 70 0 Hex 741 W/NPN Input 

t Military Temperature Range (- 55° to 125°G) , Typical Value 
Bold laco Indicates additional data is provided on the pago noted. 
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Device Source Line 

(Cont'd) 

TL064r.1 tTl (3425) 
TL094M tTl 

ICL7641CC Intersil 
ICL7641CM t Intersil 
ICL7642CC Intersil 
ICL7642CM t Intersil 

LF444 lIalianal 
(3309.3315) 

LF347 lIalional 
(3309,3326) 

TL074AC TI (3427) 
TL074BC TI (3427) 10 
TL074C TI (3427) 
TL075C TI (3427) 

IlAF774 Fairchild 

TL094C TI 
TL094M tTl, 

MC3403 Signetics 
IlA3403 Fairchild 
MC3403 TI 

CA084 RCA (3348) 
/lAF774L Fairchild 20 

IIA-5084-5 lIarrls 
(3258,3287) 

TL064C TI (3425) 
IlPC4084 NEC-Electron 
XR084C Exar (3206) 
TL084C TI 
TLOS5C 

.. 
TI 

XR096C Exar 

XR094C Exar 
XR095C Exar 

IIA-5064-5 lIarrls 
(3254.3287) 30 

TL094C TI 

TBB4331 Siemens 
TBE4335 Siemens 

ICL7641EC Intersil 
ICL7642EC Intersii 

MC14573 Motorola 

TL326M tTl 
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LINEAR-Phase Locked Loops/Synthesizers 

Function Device 

Phase Locked Loopsl 
Synthesizers 

Source 

CB device sets and support circuits are also found in 
Consumer Circuits ' 

Count Extender, 74, 710/11 becomes 740/41 
SP8790A t Plessey 
SP8790B Plessey 

Count Extender, 78 (extends division ratio of a two 
modulus prescaler while retaining the difference, ie 7 10/ 
10/11 becomes 780/81) 

SP8794A 
SP8794B 

Counter Logic Control 
SP8790 

t Plessey 
Plessey 

Plessey 

Counter Logic Control (use with MC12012 for high 
frequency programming) 

MC12014 Motorola 

Crystal Oscillator (0.1 to 2.0 MHz) 
MC12060 
MC12560 

Motorola 
t Motorola 

line Function Device 

Phase Locked Loop (CMOS) 

CD4046BE 
883/4046B 
883/4446B 
SCL4046B 

Source 

RCA 
tsss 
tsss 

SSS 
SCL4446B SSS 

Phase Locked Loop for Moto~ Control 

(Cont'd) 
(748) 

Phase LOCked Loop System (multiplier, VCO and Op Amp) 
XRS200 Exar 

Phase-Frequency Detector 
11C44C Fairchild 

t Fairchild 
Motorola 

t Motorola 

11C44M 
MC12040 
MC12540 
MC4044 Motorola 
MC4344 t Motorola 

PLL Peripheral (VCO, mixer, amp for CB) 

Prescaler 

AN 103 Panasonic 
TA7310 Toshiba 

SDA4040 
SDA4041 

Siemens 
Siemens Crystal Oscillator (2 to 20 MHz) 

MC12000 
MC12061 
MC12561 

Motorola 
Motorola 

t Motorola 

(733) 10 Prescaler, Divide by 20 
MC3396 Motorola 

Crystal Oscillator (250 kHz to 60 MHz) 
CK1100A Solarise 
CK1114A 
CK1144A 
CK1145A 

Double Balanced Mixer 
MC12002 
MC12502 

FSK Modulator/Demodulator 
XR210 
XR210M 
XR2211 
XR2211 
XR2211C 
XR2211M 
XR2212M 
XR2211C 
XR2211M 

Solarise 
Solarise 
Sola rise 

Motorola 
t Motorola 

Exar 
t Exar 
t Exar 

Exar 
Exar 

t Exar 
t Exar 

Raytheon 
t Raytheon 

Prescaler, Divide by 64 
SDA2001 

Prescaler, for AM/FM 
TD6102 

Prescaler, for FM Radio 
DS8626 
DS8629 
SP8627 
SP8628 
SP8629 

(3195) 
(3195) 20 Prescaler for PLL Tuner, Divide by 8 
(3195) LB3500 

(3195) 
(3195) 
(3196) 

Prescaler for VHF/UHF, Divide by 64 
MC12071 
DS8621 
CA3179 

Prescaler for VHF/UHF, Divide by 4 
CA3199 

Siemens 

Toshiba 

National 
National 
Plessey 
Plessey 
Plessey 

Sanyo 

Motorola 
National 
RCA 

RCA (3364) 

Offset Control System (for synthesizer tuned transceivers) Prescaler for VHF/UHF, Dual Modulus 
DS8622 National MC12020 Motorola 

MC12021 
MC12520 
MC12521 

Motorola 
t Motorola 

Motorola 

Phase Comparator and Programmable Counter 
MC14568BA t Motorola 
MC14568BC Motorola 

Phase Locked Loop 
XR215 
XR215M 
SL652 
SDA2002 
SDA2112 
NE564 
SE564 
SN54LS297 
SN74LS297 

Phase Locked Loop (CMOS) 

Exar 
t Exar 

Plessey 
Siemens 
Siemens 
Signetics 

t Signetics 
tTl 

TI 
(926) 
(926) 

Prescalers-see also Digital-Special, Dividers, Digital-ECL 

30 Programmer, for CB Synthesizer 
MP7156 Micro Pwr 

National 

40 

MM57190 

Programmers and Controllers for Citizens Band See 
Linear-Consumer Circuits 

Synthesizer, Marine Band (PLL) 
MN6043 
MN6141 
MN6143 

Synthesizer, Mobile Radio (2 device set) 

Panasonic 
Panasonic ' 
Panasonic 

NJ8811 Plessey 
NJ8812 Plessey 
SP8901 Plessey 
SP8906 Plessey 

Hughes 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 

MASTER SELECTION GUIDE 

line Function Device Source line 

60 

70 

Synthesizer, PLL 

MC145151 
MC145152 
MC145155 
MC145156 
MC145157 
MC145158 
MC145159 
MC6195 
DS8906 
DS8907 
DS8908 
MM55108 
MM55110 
MM55121 
MM55123 
MM55124 
MM55126 
IlPD861 
MN6040 
MN6040A 
MN6040Z 
MN6041A 
MN6043A 
MN6043B 
MN6140 
MN6142 
LC7210 
LC7220 
LC7225 
HEF4750 
SAA1056 
SAA1057 
TC9106B 
TC9109B 
TC9111B 

Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 

(Cont'd) 

Motorola 110 
Motorola 
National 
National 
National 
National 
National 
National I 

National 
National 
National 120 
NEC-Electron 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Sanyo 
Sanyo 
Sanyo 
Signetics 
Signetics 
Signetics 
Toshiba 
Toshiba 
Toshiba 

Synthesizer (programmable divider, to 1021 channels, 
adder, phase comparator) 

HCTR0320 Hughes 

80 Synthesizer (programmable dividers, phase comparator) 

90 

S187A Siemens 140 

Synthesizer, 150 Channel, Phase Comparator 
MP7149 Micro Pwr 

Synthesizer, 200 Channel, for AM/FM 
8X08 Signetics 

Tone Decoder XR2211C Exar 

VCO 

XR2211M t Exar 
XR2213C 
XR2213M 
XR567C 
XR567M 
XRL567C 
XRL567M 
LM567 
LM567C 
XR2211C 
XR2211M 
NE567 
SE567 

Exar 
t Exar 

Exar 
t Exar 

Exar 
t Exar 
t National 

National 
Raytheon 

t Raytheon 
Signetics 

t Sign~tics 
Fairchild 
Motorola 

t Motorola 
Motorola 
Plessey 
Plessey 

(3196) 
(3196) 
(3194) 
(3194) 
(3194) 
(3194) 150 

160 

, F4046BC 
F4046BM 
MC14046BA 
MC14046BC 
CD4046BC 
CD4046BM 
CD4046A 
CD4046AE 
CD4D46B 

Fairchild 
t Fairchild 
t Motorola 

Motorola 
National 

t National 

Synthesizer, PLL 
HCTR0347 
MC145104 
MC145106 
MC145107 
MC145109 
MC145112 
MC145143 
MC145144 
MC145145 
MC145146 

Motorola 100 

11C58C 
MC1648 
MC1648M 
MC1658 
SP1648 
SP1658 
SN54LS324 
SN54LS624 
SN54LS628 
SN74LS624 
SN74LS628 

tTl 
tTl 
tTl 

t RCA 
RCA 

t RCA 

t Military Temperature Range (-55° to 125°C) 

© Ie MASTER 1983 

(748) 
(748) 50 
(748) 

(Continued) 

Motorola 
Motorola 
Motorola 

(Continued) 

• Typical Value 
Bold face indicates additional dala Is provided on the page noted. 
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Ie MASTER 

LINEAR-Phase loclted loops/Synthesizers (Cont'd) 

Function Device Source Line Function Device Source Line 

Phase loc!(ed Loopsl Two Modulus Prescaler (74/8) 

Synthesizers (Cont'd) (Cont'd) 
MC12009 Motorola 60 

VCO and Phase Comparator MC12509 t Motorola 
LM565 Motorola SP8740 Plessey 
NE565 Motorola SP8745 Plessey 
LM565 National TD6102 Toshiba 
LM565C t National Two Modulus Prescaler (75/6) 
NE565 Signetics MC12009 Motorola 
SE565 t Signetics MC12509 t Motorola 
TA7133 Toshiba 

Two Modulus Prescaler (75/6, 10/11, 10/12) 
VCO Function Generator, (Includes square and triangular MC12012 Motorola 
waveforms - but not sine.) Two Modulus Prescaler (76/7) 

XR2207 Exar (3193) SP8741 Plessey 
XnZ207C Exar (319S) SP8746 Plessey 
XR2209C Exar (3197) 10 
Xn2209U t Em (3197) Two Modulus Prescalcr ( 7 8/9) 

LM566 National 
MC12011 Motorola 70 

LM566C t National 
MC12511 t Motorola 
SP8743 Plessey 

XR2207C Raytheon 
XR2207M t Raytheon Two Modulus Prescaler (710/11) 

NE566 Signetics 11C90C Fairchild 

SE566 t Signetics 11C90M t Fairchild 
95H90C Fairchild 

VCO Phase Comparator, Multiplier 95H90M t Fairchild 
SL651 Plessey MC12013 Motorola 

~ 
,.' VCO Phase Comparator, Multiplier, with Auxiliary Amplifier MC12513 t Motorola 

SL650 t Plessey SP8643 Plessey 

".', VCO Waveform Generator (includes sinewave output SP8647 Plessey 80 
amcng its functions) SP8685 Plessey 

XR205 Exar 20 SP8690 Plessey 

:(!3' X!l2206 t Exar (3197) Two Modulus Prescaler (715/16) 

"~ 
XR2206 Exar MC3393 Motorola 
Xn2205C bar (3197) 

Two Modulus Prescaler (731132) 
:,1'8 xn2206111 t Exar (3197) 11C79 Fairchild 

Xn8038 Eur (3198) 

~Ij 
XnS038A Exar (3198) Two Modulus Prescaler (740/41) 

Xn8038U t Exar (3198) 
SP8793 Plessey 

ICL8038C Intersil 
SP8793A Plessey 

ICL8038M t Intersil Two Modulus Prescaler (764/256) 
MC12071 Motorola 

VCO, Dual 11C24C Fairchild 30 DS8621 National 
i;,;'~ 

11C24M t Fairchild CA3163 RCA 
MC4024 Motorola CA3179 RCA (3363) 90 

OJ MC4324 t Motorola 

1:J SN54LS325 TI Two Modulus Prescaler (780/81) 

SN54LS325 tTl 
SP8792 Plessey 

::l SP8792A Plessey 
~ SN54LS327 tTl 

SII54lS625 tTl (!l71) Two Modulus Prescaler (7248/256) 
C Sfl54lS626 tTl (971) 11C82 Fairchild 
0 

SIl54lS627 tll (978) 11C83 Fairchild I 

-+-' SAB1077 Signetics 
() S!154lS629 tTl (978) 40 
OJ SII54S124 tTl (874) Four Modulus Prescaler ( 7256/512) 

OJ SN74LS124 TI SP8901 Plessey 

en SN74LS325 TI SP8906 Plessey 

lo.... SN74LS326 TI 
OJ 

-+-' 
SN74LS327 TI 

en SN74LS328 TI 
CO SI174lS625 TI (971) 
~ Stl74lS626 TI (971) 

St174lS627 TI (978) 
SI174lS629 'TI (978) 50 
SI174S124 TI (874) 

Dual Tone Decoder 
XR2567C Exar 
XR2567M t Exar 

Two Modulus Prescaler (73/4) 
SP8720 Plessey 
SP8725 Plessey 

Two Modulus Prescaler ( 7 4/8) . 
11C91C Fairchild 
11C!l1M t Fairchild 
95H91C Fairchild 
95H91M t Fairchild 

(Continued) 

t Military Temperature Range (- 55" to 125°C) • Typical Value 
Dold faca Indicates additional data is provide:! en th9 Pl!)9 notad. 
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MASTER SELECTION GUIDE 

LINEAR-Telecommunication Circuits 

Function Device Source Line Function Device Source Line Function Device Source Line 

Telecommunication Circuits Codec, A Law (Cont'd) Companding Analog to Digital Converter 
DF342A Siliconix MN5110 Micro Net 

Address Selector (gives output if sequential input is TCM2911A TI MN5111 Micro Net 
entered In a fixed order within a maximum time) 

Codec/Filter, A Law DF331A Siliconix 
7511-01 Telaris 

83506 AMI (3145) Companding Digital to Analog Converter 
Amplifier, Microphone MT8961 Mitel 60 DF332A Siliconix 

SL792 Plessey 
MT8963 Mitel 

SL793 Plessey 
Compandor (signal expander/compressor) 

XR2216 Exar 
Amplifier, Telephone Handset 

Codec/Filter, A Law, Asynchronous 
S3508 AMI NE570 81gnatlcs (3391) 

TEA1045 ITT NE571 81gnetlcs (3391) 120 
Antiope Character Generator, Europe Codec/Filter, A Law PCM NE572 Signetics. 

SAA5151 Signetics 
S3503 . AMI 

8A571 t 81gnatlcs (3391) 
S3504 AMI 

Antiope Character Generator, French SE570 t Signetics 

SAA5150 Signetics Codec/Filter, Paraiiel Data Interface Crosspoint Switch (double 4x4 matrix) 

Antiope Character Generator, USA 
TP3051 Nalional (3334) RC4444 Raytheon 

SAA5155 Signetics 
TP3056 Nalional (3334) RM4444 Raytheon 

Antiope Timing Circuit, 525 Lines Codec/Filter, Pin Selectable !LLaw or A Law Crosspoint Switch (2x8 matrix) 
SAA5125 Signetics 2913 Intel M089 SGS 

2914 Intel M099 SGS Antiope Timing Circuit, 625 Lines MC14403 Molorola (3298) 
SAA5120 Signetics Crosspoint Switch (4x4 matrix with control memory) 

MC14405 Molorola (3298) 70 MC142100 Motorola (3298) Bandpass Filters TCM2913 TI MC145100 t Molorola (3298) R5602 Reticon 10 TCM2914 TI 
R5604 Reticon !LPD22100 NEC-Electron 130 

R5605 Reticon Codec/Filter, Serial Interface C022100 RCA (749.753) 

R5606 Reticon TP3052 Nalional (3335) M22100 SGS 

R5609 Reticon TP3053 Nalional (3335) Crosspoint Switch (4x4x2 with control memory) 
R5610 Reticon TP3054 Nalional (3335) C022101 RCA (749.754) 

R5611 Retieon TP3057 Nallonal (3335) C022102 RCA (749.754) 

R5612 Reticon Codec/Filter, !L255 Law Crosspoint SWitch (8x4 switch matrix) 
R5613 Reticon 83507 AMI (3145) MT8804A Mitel 

r • 
Bandpass'Filters (touchtone) 83507A AMI (3145) MT8804B t Mitel 

83525A AMI (3146) MT8960 Mitel CTCSS (continuous tone-controiied squelch system) !! 835258 AMI (3146) 20 MT8962 Mitel 80 Encoder/Decoder 
83526A AMI (3147) MK5300 Mostek MC1938 NEC-Electron ~ 
835268 AMI (3147) Codee/Filter, ~55 Law, Asynchronous MC4137 NEC-Electron 
ITT3040A Aptek S3509 AMI MC4138 NEC-Electron 
ITT3041A Aptek S3509A AMI Delta Modulation System, Continuously Variable Slope 
ITT3044 Aptek Codec/Filter, !L255 Law PCM XR3417 Exar (3187) 140 
ITT3045 Aptek S3505 AMI XR3418 Exar (3187) 
CH1295 Cermetek S3505A AMI XR3517 Exar 
CH1296 Cermetek XR3518 Exar 
G8865 GTE Micro Codec, !L255/A Law 

HC55516-2 t Harris 
MT8865 Mitel 30 ZNPCMl Ferranti 

(2739.3287) 
OJ 

AY3-9900 GI "0 
AF10l National HC55516-8 t Harris .-
AF102 National HC5117A Harris (2737) (2739.3287) 

::l 

AF103 National MC14404 Motorola (3298) HC55516-9 Harris 
(9 

AF121 National MC14407 Motorola (3298) 90 (2739.3287) C 
AF122 National TP5117A Nalional (3337) HC55532-2 t Harris 0 

Bandsplit Filter, DTMF 
S291 Siemens HC55532-8 t Harris ....... 
SM61C Siemens HC55532-9 Harris 

0 
S3525A AMI OJ 
S3525B AMI Codec, !L255 Law HC55536 Harris 150 OJ 
G8865X GTE Micro 5116 Fairchild MC3417 Motorola (jJ 
MV8865 Plessey 5151 Fairchild MC3418 Motorola 

L. 

TT61n Teltone 40 HC5116A Harris (2737) MC3517 t Motorola OJ 
2910 Intel MC3518 t Motorola ....... 

Click Suppressor (j) 

ZSYO ITT 2910A Intel Delta Sigma Modulator/Demodulator <U 

Codec, A Law 5156 Fairchild 
MK5116 Mostek ZNPCM2 Ferranti ~ 

HC5156A Harris (2737) MK5151 Mostek 100 Dialer, Microcomputer (clock, duration, fee pulse counter, 

2911A Intel MC14406 Motorola (3298) redial, storage) 

MK5156 Mostek TP3020 Nalional (3332) SAA6002 ITT 

TP3021 Nalional (3332) TP5116 Nallonal (3337) MK5170 Mostek 

TP5156 Nallonal (3337) TP5116A Naliollal (3337) PCD3340 Signetics 

TP5156A Nallorial (3337) !LPD7710 NEC-Electron Dialer, Microcomputer (clock, stopwatch, redial, 16/32 

!LPD7711 NEC-Electron C022406 RCA (749) number) TZ2001 GI 

MJ1480 Plessey 50 C022407 RCA (749) TZ2002 GI 160 

SL 1480 Plessey M5116 SGS TZ2003 TI 

C022404 RCA (749) ST101 Signetics Dialer, Loop Disconnect 
M090 SGS TCM2910A TI 110 DF820 ITT 
M5156 SGS TCM4110 TI DF821 ITT 
S0291 Siemens TCM4910 TI DF822 ITT 
DF341A Siliconix Companding AID and D/A Converter DF823 ITT 

(Continued) MM8100 National (Continued) 

, t Military Temperature Range (-55° to 125°C) • Typical Value 
80ld faca Indlcalas additional data Is provided on the paga notad. 
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lI~!EAR-Telecommunication Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Telecommunication Circuits 
I 

Elastic Store (provides buffer store and justification Modem Circuits, for 103/113 and Other FSK Systems 

(Cont'd) function in a 2nd order PCM multiplexer) (Cont'd) 
TCM2401 TI 60 CH1257 Cermetek 

Dialer, Loop Disconnect Encoder 8 of 8 Keyboard to Binary Encoder (4x4 key input CH1262 Cermetek 
(Cont'd) to 4 line output) CH1265 Cermetek 

M760 SGS 7.1C14419 Molorola (3298) CH1266 Cermetek 
M760A SGS Filler, Ccdec (A law/l'law) , CH1267 ' Cermetek 

Dialer, Push Buton Telephone Dialer Circuit (converts push MB6001 Fujilsu CH1271 Cermetek 

button inputs to pulses) MB6002 Fujitsu CH1272 Cermetek 120 
S2560A AMI r.~C14400 Uolorol3 CH1273 Cermelek 
AY5-9151 GI (729,3298) CH1280 Cermetek 
AY5-9153 GI MC14401 Mclorola (3298) Modem, Dn!.F 7900 Telaris 
AY5-9154 GI r.1C14402 f.lolGrcla (3298) 

DF320 ITT MC14403 Motorola Modem Filter, General Purpose (bandpass filter and MUX) 
R5633 Reticon 

MT4320 Mitel MC14405 Motorola 

MT4322 Mitel Filter, PCM ITT3064 Aptek Modem Filter, 2121V.22, 1200 Baud 

MT4323 Mitel 10 ITT3065 ' Aptek 70 
R5632 Reticon 

MT4325 Mitel HC5512 IImls Modem Filter (300 baud) 

MT4326 Mitel (27311.3287) MC145440 •. 1010roI3 (32911) 

MT4327 Mitel tlC5512A Ilarris r.1C145441 r.lc!orcla (32!!8) 

MK50961 Mostek (2738.321l7) MC6170 Motorola 

MK50982 Mostek MT8912 Mitel Modem Filt~r (1200 baud) 
MK50991 Mostek AF132 National CH1710 Cermet~k 

MK50992 Mostek AF133 National CH1720 Cermetek 130 

r,:C144011 M~lorola (3298) AF134 National GH1730 Cermetek 

r,lC14409 r.'olorcla (32!18) MC4264 rJEC-Elaclron CH1740 Cermetek 
SM153 Siemens 

MM53143 National 20 
TCM2912A TI Modem Filter (1200/2400 baud) 

MM53144 National 1,'C61162 Filolorola (1351) 
MW,53190 Nation31 Filter, PCM Transmit/Receive 

Modem (fer serial communications at up to 600 b/s) G8912 GTE Micro 80 MM5393 National 
2912A F.lC6060 Molorola 

,MII15394 National 
Intel 

(1351.3298) 
MT8912 Mitel 

NC2000 Nitron " MK5912 Mostek Modem (frequency-shift keying modulator/demodulator) 
NC2001 Nitron MK8912 Mostek r,1&14412 "'010ro13 (32911) 

~ ..... NC2320 Nitron "'C14·113-1 F.lnlorol~ (329B) ESM501 Thomson-CSF 
NC2321 Nitron MC14413-2 r,~olorola (3298) Modem, FSK Demodulalor 
NC2322 Nitron UC14414-1 Uolorola (32!lB) XR2211 t Exar 
CRC8000 ROCk\~ell 30 r.~C14414-2 l.lolorol3 (3298) XR2211 Exar 
CRCBOO1 Rockwell TP3040 National XR2211M t Exar 
M761 SGS TP3040A tJational 90 
M761A SGS CD22413 RCA (749) 

Modem, FSK Modulator 
XR2206 't Exar 140 

PCD3320 Signetics CD22414 RCA (749) XR220G Exar 
PCD3321 Signetics M5912 SGS XR2206M t Exar Q) PCP3322 Signetics Filter, Speech (dual, tunable low-pass) ""0 XR2207 Exar .- PCD3323 Signetics MC145414 Motorola Xn2207l:1 Exar (3190) ::::J 

(9 
TCD3311 Signetics Filter, Tunable (Iowpass/bandpass) 
TCD3312 Signetics 1.IC145431 P.lolorola (3298) 

Modem Interface and Receiver Filter Circuit (300 baud 

C TDA1077 Signetics 40 
modem) CH1230 Cermetek 

0 TEA1021 Signetics 
Filter, Tunable (notch, bandpass) Modem System, FSK .- 1,1C145433 1,'010roI3 (3298) ....... TEA1043 Signetics XR14412F Exar (318i) 

t) MC145434 I.!otarola (32911) 
Xn14412V Exar (3187) 

Q) TEA 1044 Signetics - DF320 Siliconix. 
Gyrator AF120 lIalianal (3345) 

Modem, 2400 bps Demodulator Q) 
Cf) OF320A Siliconix HDB3 Transcoder UC6173 Motoro!a (3298) 

DF322 Siliconix TCM2201 TI 
Multifrequency Interface Line Circuit ~ 

Q) DF328 Siliconix IR Receiver 5MB02 Siemens 100 LS342 SGS ....... 
TCM1101 Tl IR Transmitter SM801 Siemens CJ) PCM Repeater XR-C240 Exar 150 

CO Dialer, Repertory Limiter (limits voltage on two-wire speech) XR-C262 Exar 
~ S25610 A~'I (3141) U225 Telefunken XR-C277 Exar 

S2562 AMI 50 Modem Circuit, V23 or Bell 202 RPT-81 PMI 
~2563 AP.'I (3140) TCM3101 TI ,TCM2101 TI 
CET200 Fairchild Modem Circuits, for CCITT FSK System PCM Signal Monitor 
MK5175 Mostek CH1225 Cermetek SP1450B Plessey 
SFF19200 Thomson-CSF CH1253 ' Ccrmetei< SP1455B Plessey 

Digital Filter with Utility Peripheral CH1258 Cermetek 
Polarity Guard Bridge 

S28215 AMI CH1259 Ccrrnetek TCM1703 TI 
CH1263 Cermetek 

Digital Line Interface Controllers CH 12,68 Cermetek Polynomial Generator/Checker (for character-oriented 
TP3110 !':~lIonal (3336) data communication links) 
TP3120 IlJli:mal (3336) Modem Circuits, for 103/113 and Other FSK Systems SCI12653A Signalics (1520) 

CH1222 Cermetek 110 
Digital Timer/Space Switch CH1223 Cermetek RC Decoder, Two Channel 

MT8980 Mitel CH1224 Cermetek NE5046 Signetics 

Echo Canceller Peripheral CIl1252 Cermetek RC Encoder, Programmable 7-Channel 
S28216 AMI (Continued) NE5044 Signetics 150 

t Military Temperature Range (-55 0 to 125°C) * Typical Value 
8QId lacs IndlC3las addillonal dala is pro'lld~d en tho page notsd. 
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MASTER SELECTION GUIDE 

LINEAR-Telecommunication Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Telecommunication Circuits Teletex Character Generator, German Tone Ringer (operates from ring signal, drives speaker) 

(Cont'd) SAA5051 Signetics (Conl'd) 

Teletex Character Generator, Swedish CS8204 Cherry 
RD Decoder, Seven Channel SAA5052 Signetics CS8205 Cherry 

NE5045 Signetics ML8204 Mitel 
Teletex Timing Circuit, 525 Lines 

ML8205 Mitel Receiver, DTMF (hybrid) SAA5025A Signetics 50 
MT8251 Mitel 110 MH88315 Mitel SAA5025B Signetics 
M764 SGS ' MH88305 Mostek SAA5025C Signetics 
M764A SGS 

Receiver, Hex DTMF Teletex Timing Circuit, 625 Lines TCM1501 TI 7904 Telaris SAA5020 Signetics TCM1504 TI 
Receiver, lx16 DTMF Teletex Video Input Processor TCM1505 TI 

7916 Telaris SAA5030 Signetics TCM1506 TI 
Receiver, 2x8 DTMF Time Slot Access Circuit TCM1512 TI 

7908 Telaris MJ1446 Plessey TCM1512A TI 
Relay Driver (for 48 V telephone relays) Time Slot Asigner Circuit Transcoder, with Error Detection (10 kb/s to 2.048 Mb/s) 

DS1686 t National MC14416 Motorola (3298) CD22103 RCA (749.756) 
DS1687 t National MC14417 Motorola (3298) Transmission Interface 
DS3686 National MC14418 Motorola (3298) TEA1042 Signetics 120 
DS3687 National 10 CD22416 RCA (749) TEA1046 Signetics 
UDN·2580A Sprague (2843) CD22417 RCA (749) 60 TEA1055 Signetics 
UDN·2585A Sprague (2843) CD22418 RCA (749) 

Tri·Port Memory (n carrier) UDN-2588A Sprague (2843) 
Tone Caller ZN473E Ferranti R8040 Rockwell 

UDN-2956A Sprague 
Tone Decoder (operates from 0.01 Hz to 500 kHz) UDN-2957A Sprague Videotex Decoder, Interactive 

XR2211C Exar SAA5070 Signetics 
Ring Detector (operates from 16 to 68 Hz) XR2211M t Exar Dual Tone Generator (DTMF) or Dial Pulses TCM1520 TI 

XR567C Exar HC5541 Harris (2740) 
Serial Receiver (changes n-D2 or T1-D3 input to parallel XR567M t Exar 

Dual Tone Generator (generates 12-16 tone pairs) output) R8060 Rockwell LM567C National 
AY3-9400 GI 

Serial Transmitter (generates 193-Bit data stream in T1- XR2211C Raytheon 
AY3-9410 GI 

D2 or T1-D3 format) XR2211M t Raytheon ~ 
R8050 Rockwell NE567 Signetics 70 Dual Tone Generator (touchtone frequencies) 

SE567 t Signetics S25089 AMI 
Signal Processing Peripheral (arithmetic processor, RAM, 

S2559A AMI (3138) ROM,IIO) S28211A AMI (3142) Tone Decoder, Dual (operates from 0.01 Hz to 500 kHz) S2559B AMI (3138) 130 ""~ S28211B AMI (3142) 20 XR2567 Exar 
S2559C AMI (3138) 

Speech Circuit for Electronic Telephones XR2567M t Exar 
S2559D AMI (3138) 

PBL3725 RIFA Tone Decoder, Dual S2559E AMI (3138) 
PBL3726 RIFA MT8860 Mitel S2559F AMI. (3138) 
TCM1705A TI MT8862 Mitel S2559G AMI (3138) 
TCM1706 TI MT8863 Mitel S2559H AMI (3138) 

Subscriber Line Interface Circuit (performs 2-wire to 4- MV8820 Plessey S2859 \ AMI 
wire conversion) MV8860 Plessey S2860 AMI 

1TI2001 Aptek MV8862 Plessey ICM7206A Intersil Q) 

ITT2002 Aptek MV8863 Plessey 80 
ICM7206B Intersil 140 1:J 

ITT3081 Aptek CRC8030 Rockwell ICM7206C Intersil :J 
ITT3082 Aptek . 7516-01 Telaris 

ICM7206D Intersil C) 
ITT3084 Aptek Tone Receiver Circuit, Dual (combine with fillers for touch SBA5089 ITT C 
1TI3085 Aptek 30 tone receiver) G8860 GTE Micro SBA5091 ITT 0 
HC5501 Harris G8860X GTE Micro MT5087 j Mitel ....... 
MH88500 Mitel MK5102-5 Mostek MT5089 Mitel U 

Q) MH88500 Mostek MK5103-5 Mostek MT5091 Mitel -
MC3419 Motorola (2756) AF104 National MT5092 Mitel 

Q) 

MC3419A Motorola (2756) AF105 National MK5087 Mostek 
(f) 

MC3419C Motorola (2756) AF110 National MK5089 Mostek 150 L.. 
Q) 

MC3519 Motorola SM301A Siemens 90 MK5091 Mostek ....... 
CD22419 RCA (749) 7640-01 Telaris MK5092 Mostek 

(f) 

CO G150 Siemens TT6174 Tellone MK5094 Mostek 2 TCM4204 TI 40 Tone Receiver Circuit, Dual (with filters) MK5380 Mostek 
TCM4205 TI ITT3201 Aptek MK5382 Mostek 

Telephone Restricter 1TI88205-5NC Aptek MK5389 Mostek 
CRN3300 Thomson-CSF MH-88305 Mitel MC14410 Motorola (3298) 

Telephone Speech Circ~it (programmable) MH88210 Mitel MM53125 National 

. LS288 SGS MT8870 Mitel MM53130 National 
SSI201 Silicon Sys MM5395 National 160 

Teletex Acquisition/Control M927 Tellone ILPC767 NEC-Electron SAA5040 Signetics 
M937 Tellone 100 NC2030 Nitron 

Teletex Adaptive Data Slicer (provides data, clock and M947 Teltone CD22859 RCA (749.758) 
synchronizing signals) M967 Teltone PBD3534 RIFA 

SN76940 TI 
Tone Ringer (operates from ring Signal, drives speaker) PBD3535 RIFA 

Teletex Character Generator, American S2561 AMI (3139) M751 SGS 
SAA5055 Signetics S2561A AMI (3139) S359 Siemens 

Teletex Character Generator, British S2561C AMI (3139) SCT5087 SSS 
SAA5050 Signetics (Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • TYPical Value 
Bold face Indicates additional data Is provided on the page noted. 
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Ie MASTER 

UNEAR-Telecommunication Circuits (Cont'd) 

Function Device Source Line 

Telecommunication Circuits 
(Cont'd) 

Dual Tone Generator (touchtone frequencies) 
(Cont'd) 

SCT5089 SSS 
7603-02 Telaris 
TCM5087 TI 
TCM5089 TI 
TCM5092 TI 

Two-Wire-to-Four Wire Converter (replaces hybrid 
transformer) LS285A SGS 

ST120 Signetics 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bald faco indicatos additional data is providsd on tho page nOlad. 
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MASTER SELECTION GUIDE 

LINEAR-Timers 

Function Device Source line Function Device Source line 

Timers Timer (CMOS 555), Low Power 
ICM7555 Intersil 

Adjustable Threshold ICM7555M t Intersil 
MC1422 Motorola Timer with + 12 Counter (time constant 7200 RC) 

Delayed Switch ON/OFF (for driving relays, lamps, etc.) ZN1034E Ferranti 
PBA3008 RIFA Timer with Counter, (time constant 128 RC) 
PBA3009 RIFA XR2242C Exar (3201) 60 

jnternal Current Source XR2242M t Exar (3201) 

XR320 Exar Universal {includes two 4-digit counters, comparator, 

Long Period (1 sec to 1 week) 
clock oscillator and divider) 

MM5865 National 
AN6780 Panasonic 

Long Period (10 ms to 10,000 hours) 
Dual (CMOS 556) Low Power 

ICM7556 Intersil 
MW122 Analog Sys ICM7556M t Intersil 

Low Power (supply 3 V) Dual {dual 555), Pinout Variations 
SN76812 TI XR2556C Exar 

Micropower, Long Range (microseconds to days) XR2556M t Exar 

XR2243 , EXir (3201) Dual {dual 555) . 

Microwave Oven Controller XR556C Exar 

TMS1117 TI XR556M t Exar 

TMSl117NLP TI (1559) 10 XRL556C Exar 
XRL556M t Exar 70 

Precision MW107 Analog Sys I'A556C Fairchild 
MW197 Analog Sys NE556 Intersil 
LM122 t National SE556 t Intersil 
LM2905 National MC3456 Motorola 

LM322 National MC3556 t Motorola 

LM3905 National LM556 t National 

Precision Decade, Direct 7 Segment and Digit Drivers 
LM556C National 
RC556 Raytheon 

ICM7045A Intersil 
RM556 t Raytheon 

Programmable (includes a counter for long time delays) NE556 Signetics 80 
Binary Control NE556-1 Signetics 

XR2240C EXir (3200) SE556 t Signetics 
XR2240M t Exar (3200) SE556-1 t Signetics 
I'A2240C Fairchild 20 SE556-1C t Signetics 
I'A2240M t Fairchild SG556 t Silicon G 
ICM7240 Intersil SG556C Silicon G 
ICM7242 Intersil NE556 TI 
ICM7250 Intersil SE556 tTl 
ICM7260 Intersil Quad, Current Sink Output 
LS7210 LSI Comp (696) XR558C Exar 
MC14541BA t Motorola XR558M t Exar 90 Q) 
MC14541BC Motorola NE558 Signetics "0 
I'A2240C TI SE558 t Signetics ::J 
I'A2240M tTl 30 Quad, Current Source Output CJ 

Timer XR555C Exar XR559C Exar 
C 

XR555M t Exar XR559M t Exar 0 
XRL555 Exar 4 Digit Up/Down Presettable CounterlTimer, Settable -+-' 

I'A555C Fairchild Register with Comparison to Counter, Multiplexed 7- () 
Q) 

NE555 Intersil ~egment and BCD Output (maximum count 5959) 
Q) 

SE555 t Intersil 
ICM7217B Intersil 
ICM7217C Intersil CJ) 

MC1455 Motorola 
ICM7227B Intersil "-

MC1555 t Motorola ICM7227C Intersil Q) 

LM555C National -+-' en 
I'PC1555 NEC-Electron 40 CO 
RC555 Raytheon ~ 
RM555 t Raytheon 
CA555 t RCA 
CA555C RCA 
NE555 Signetics 
SE555 t Signetics 
SE555C t Signetics 
SG555 t Silicon G 
SG555C Silicon G 
ULN-3304M Sprague 50 
355A1C Teledyne S 
355B/M t Teledyne S 
NE555 TI 
SE555 tTl 
TA7326 Toshiba 
TA7327 Toshiba 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold faca Indlcatas additional data Is provldad ontha paga notad. 
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Ie MASTER 

-LINEAR Voltage Regulators 

Output Output Output Output 
Voltage, V Current, mA Device Source Line Voltage, V Current, rnA Device Source Line 

Fixed, Positive 5 1000 (Cont'd) 
SG7805CP t Silicon G 

For low amounts of current, voltage references can be SG780SP Silicon G 
used as voltage regulators. See Linear-Other SFC2109M Thomson-CSF 70 
Devices, Reference Diodes 

TA78005 Toshiba 
2.6 100 MC78L02C Motorola 

1200 SI35S1M Sanken 
I'A78L02AC TI 
I'A78L02C TI 1500 I'A7805C Fairchild 

TA7316 Toshiba I'A780SM t Fairchild 
LAS150S Lambda S 100 I'A78L05C Fairchild 
LAS1SAOS Lambda MC78LOSAC Motorola 

MC78LOSC Motorola Lr.1140-5 tMolorcla (3294) 
LM340-5 Molorola (3294) LP.1140lA-5 Ilzllcnal (3299) 
MC7805 t Motorola LM78L05A National 10 

LM78L05C National MC7805A t Motorola 80 
MC7805AC Motorola I'PC78LOS NEC-Electron 
MC7805C Motorola I'A78L05AC TI 
U1140·5 t 1IIIIonii (3299) I'A78L05C TI 
LI.11401\·5 t Hallonal (3299) TA78L005 Toshiba 

TA78L005A Toshiba LM2931·5 llallanal (3299) 
LM340·5 113110nal (3299) 

150 LM2930-5 TI 
LIr1340A·5 liallanal (3209) 

LM330-S TI 
LM7805 National 

200 - LMl0911 Motorola (3294) SG140-05K Silicon G 
LM20911 Motarola (3294) 20 SG140-05R Silicon G 90 

~ W30911 MOlorola (3294) SG340-05K Silicon G : ~~jr 'I ' '~'11""" . 

t liallonal (3,99) SG340-05R Silicon G 
',.:(~'., ~"~ ,:!t~:;' • 

Lf.ll09H ~~::'::~;~(?::,'~~:' ;\~' 
LM20911 Iialional (3299) SG7805ACK Silicon G i.': w·~~t{:·~, ;j'~;~.;: ~'. !:' 
LI.12930-5 Hallonal (3299) SG780SACR Silicon G 

'" "",".". ": .. / ' '~ W30911 lIallonal (3299) SG7805AK t Silicon G 

<I 
Lr.1330·5 lialianal (3299) SG780SCK Silicon G 
SG109T t Silicon G SG7805CR Silicon G I. '4 " 

SG209T Silicon G SG7805K t Silicon G 
(' " 

SG309T Silicon G LM340-5 T\ ' .r;,.. 
SFC2109 t Thomson-CSF 30 TL7BO-05C TI (3433) 100 .. ,'~:sr. 
SFC2209 Thomson-CSF 

2000 HA17805P Hitachi 
,i:',""" t, 

,r)t~l:. 
SFC2309 Thomson-CSF 

LAS1605 Lambda 
250 LM342-5 lIalional (3299) 

SI3050G Sanken 
SOO I'A78M05C Fairchild SI3S52M Sanken ',,~.; ~. , 

I'A78MOSM t Fairchild L78S0S t SGS 
r:-':. r 
",'" ~~ 

TDD160S ITT L78S0SC SGS ~ 
MCnOSC Motorola 

ill MC78MOSC Motorola 3000 SH123 t Fairchild 
SH223 Fairchild "0 W341-5 lIallon31 (3300) 
SH323 Fairchild .-

LM78M05 National 40 ::::J 
LAS1405 Lambda 110 (!) I'PC78MOS NEC-Electron 
U1123 , Molorola (3294) L194-5 SGS 
LM223 Motorola (3294) C 

L260S SGS 
LM323 Molorola (3294) 0 

SS140-05T t Silicon G 
MC78TOS t Motorola 

+-' 
SG340-0ST Silicon G () 

ill - SG780SACT Silicon G MC78TOSA t Motorola 

ill SG7805AT t Silicon G MC78T05AC Motorola 
(J) I'A78MOSC TI MC78TOSC Motorola 

Un23 t Ibllonal (3299) lo... I'A78MOSM tTl 
U1223 "allonal (3299) ill 8S0 L 129 SGS 50 +-' 
LM323 Nallonal (3299) 120 en 

1000 I'A109M t Fairchild 
SI3SS4M Sanken ctS 

I'A209M Fairchild 
SG123 t Silicon G 2 

I'A309C Fairchild 
SG1S3-0S t Silicon G nn09K t Molorola (3294) 
SG223 Silicon G LP.1209K '.'olorola (3294) 
SG253-0S Silicon G LF.1309K r,'olorola (3294) 
SG323 Silicon G Ull09K t flalianal (3299) 
SG353-0S Silicon G Ll.1209K llalional (3299) 

LI.1309K Iialional (3299) 5000 I'A78H05 Fairchild 
I'PC780S NEC-Electron 60 I'A78HOSA Fairchild 
L780S t SGS LAS190S Lambda 130 
L780SC SGS 420S0-0SS Micropac 
SG109K t Silicon G 8000 LAS390S Lambda 
SG209K Silicon G LAS390SK Lambda 
SG309K Silicon G 
SG7805ACP Silicon G 10000 I'A78P05 Fairchild 

SG7805AP t Silicon G 42050-510 Micropac 

(Continued) 20000 520SS-520 Micropac 

t Military Temperature Range (-SSO to 12S°C) TYPical Value 
Bold lace Indicales additional dala Is provided on the page nOled. 
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~JJASTEA SELECTiON GUIDlE 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 

Voltage, V Current, rnA Device Source ~ine VoltJge, V Current, mA Device Source Line 

Fixed, Positive (Cont'd) B (Cont'd) 
150 LM2930-B TI 

6 100 TA7BL006 Toshiba 
TA7BL006A Toshiba 

200 LI.12930-8 lIalional (3299) 

500 IIA7BM06C Fairchild 
500 IIA7BMOBC Fairchild 70 

IIA7BM06M t Fairchild 
IIA7BMOSM t Fairchild 

TDD1606 ITT 
TDD160B ITT 

MC7BM06C Motorola 
MC7BMOSC Motorola 

SG140-06T t Silicon G 
IIPC7SMOB NEC-Electron 

SG340-06T Silicon G / 
SG140-0BT t Silicon G 

SG7B06ACT Silicon G 
SG340-0BT Silicon G 

SG7B06AT t Silicon G 10 
SG7BOBACT Silicon G 

SG7B06CT Silicon G 
SG7BOSAT t Silicon G 

SG7806T t Silicon G 
SG780SCT Silicon G. 

IIA78M06C TI SG7808T t Silicon G 80 

IIA7BM06M tTl 
IIA7BMOBC TI 

1000 SG7B06ACP Silicon G 
IIA78MOBM tTl 

SG7B05AP t Silicon G 1500 IIA7BOBC Fai~child 

SG7B06CP Silicon G IIA7808M t Fairchild 

SG7B06P t Silicon G HA1780B Hitachi 
LAS150B Lambda 

1500 IIA7B06C Fairchild 
LAS1506 Lambda 20 

Lf.1140-8 t r.lolorola (3294) 

W140-6 t 1,1nlorola (3294) 
LF.1340-8 r.tolorola (3294) 

W340-fi Motorola (3294) 
UC7808 t Uolcrola (3294) 

MC7806 t Motorola 
r.lC71l0llA t r.lclcrcla (32!l4) 90 

MC7806A t Motorola 
r.lC7808AC I.lolorola (3294) 

MC7B06AC Motorola 
f,lC7S0aC r.lolnrola (3294) 

MC7B06C Motorola 
SG140-08K Silicon G 

SG140-06K Silicon G 
SG140-08R Silicon G 

SG140-06R Silicon G 
SG340-0BK Silicon G 

SG340-06K Silicon G 
SG340·08R Silicon G 

SG340-06R Silicon G 30 
SG7B08ACK Silicon G 

SG7B06ACK Silicon G 
SG7BCBACR Silicon G 

SG7806ACR Silicon G 
SG7BOBAK t Silicon G 

SG7B06AK t Silicon G 
SG780BCK Silicon G 100 

SG7806CK Silicon G SG7808CR Silicon G 

SG7B06CR Silicon G SG7BOBK t Silicon G 

SG7806K t Silicon G LM340-8 TI 

LM340-6 TI IIA780BC TI 

IIA7BOSC TI 2000 LAS160B Lambda 

2000 HA 17B06P Hitachi 3000 MC7BTOB Motorola 

CJSE017 Solitron 40 MC7BTOaC Motorola 

CJSE019 Solitron SG 153-03 t Silicon G 
CJSE021 Solitron SG253-0B Silicon G 

3000 LAS1406 Lambda SG353-0B Silicon G 110 

MC7BT06 t Motorola 5000 IIA7BHOBC Fairchild 
MC7BT06C Motorola 10000 IIPC7808 NEC-Electron 

10000 42050-610 Micropac SG780SACP Silicon G 

20000 52055-620 Micropac SG7BOBAP t Silicon G 

6.2 100 IIA7BL62C Fairchild 
SG7BOBCP Silicon G 

JlA7BL06AC TI 
SG780BP t Silicon G 

IIA7BL06C TI 50 20000 42055-820 Micropac 

7 100 TA7BL007 Toshiba B.2 100 IIA78LB2C Fairchild 

TA78L007A TOShiba 8.5 500 L26B5 SGS 

10000 42050-710 Micropac 1000 JlA7885 Fairchild 120 

20000 42055-720 Micropac 
IIA78B5C TI 

7.5 100 TA78L075 Toshiba 
9 100 JlA78L09C Fairchild 

TA78L075A Toshiba 
IIA78L09AC TI 
IIA78L09C TI 

1000 L7875 t SGS TA78LOO9 Toshiba 
L7875C SGS TA78L009A Toshiba 
L78C75C SGS 
L78S75 t SGS 60 1500 L7B09 SGS 

8 100 MC7BLOBAC 
L78S09 t SGS 

~ 

Motorola SL78S09C SGS 
MC78LOSC Motorola 
IIPC78LOB NEC-Electron 20000 42055-920 Micropac 130 

IIA78L08AC TI 10 100 IIA78L 10AC TI 

IIA78L08C TI IIA7BL 10C TI 

TA78L008 Toshiba TA78L010 Toshiba 

TA7BLOOSA Toshiba TA7SL010A Toshiba 
(Continued) (Continued) 

Militar Tern erature Ran e y ( 55 to 125 C) * TypIcal Value 
Bold faca indicates addilianal dala is providad on tho PICD nclEd. 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 
Voltage, V Current, rnA Device Source line Voltage, V Current, rnA Device Source line 

Fixed, Positive (Cont'd) 12 1500 (Cont'd) 
SI3120G Sanken 

10 (Cont'd) SI3120M Sanken 
200 LH0075 t Nallonal l7812 t SGS 

(3303.3343) l7812C SGS 70 
500 TDD1610 ITT SG140·12K t Silicon G 

l2610 SGS SG140·12R t Silicon G 
I'A78M10C TI SG340·12K Silicon G 

1500 lAS1510 lambda SG340·12P Silicon G 

lM340·10 TI SG340·12R Silicon G 

I'A7810C TI SG7812ACK Silicon G 

2000 l78S10 t SGS 
SG7812ACP Silicon G 
SG7812AK t Silicon G 

l78S10C SGS 
SG7812CK Silicon G 

9000 42050·109 Micropac 10 SG7812CP Silicon G 80 
20000 42055·1020 Micropac SG7812K t Silicon G 

12 100 I'A78l12C Fairchild lM340·12 TI 

MC78l12AC t Motorola TL780·12C TI (3433) 

MC78l12C Motorola I'A7812C TI 

LM 140LA·12 t Nallonal (3299) 2000 HA17812P Hitachi 
LM340LA·12 Nallonal (3299) lAS1612 lambda 
lM78l12A National STK531 Sanyo 
lM78l12C National l7812 t SGS 
I'PC78l12 NEC·Electron l7812C SGS 
I'A78l12AC TI 20 l78S12C SGS 90 
I'A78l12C TI 3000 lAS1412 lambda 
TA78l012 Toshiba MC78T12 t Motorola 
TA78l012A Toshiba MC78T12A t Motorola 

250 LM342·12 Nallonal (3299) MC78T12AC Motorola 

500 I'A78M12C Fairchild MC78T12C Motorola 

I'A78M12M t Fairchild SG153·12 t Silicon G 

TDD1612 ITT SG253·12 Silicon G 

MC78M12C Motorola SG353·12 Silicon G 

LM341·12 Nallonal (3300) 5000 I'A78H12 Fairchild 
lM78M12 National 30 lAS1912 lambda 100 
I'PC78M12 NEC·Electron 8000 42050·128 Micropac 
l194·12 SGS 

16000 42055·1216 Micropac 
SG140·12T t Silicon G 
SG340·12T Silicon G 13,2 100 TA78l132 Toshiba 

SG7812ACT Silicon G TA78l132A Toshiba 

SG7812AT t Silicon G 1500 lAS15CB lambda 

Q) SG7812CT Silicon G 13.8 2000 lAS16CB lambda 
-0 SG7812T t Silicon G 

14 2000 lAS16CB lambda 
:::J I'A78M12C TI 

8000 42050·148 Micropac 
(!) I'A78M12M tTl 40 

720 l130 SGS 
16000 42055·1416 Micropac 

C 
0 1000 I'PC7812 NEC·Electron 15 100 I'A78l15C Fairchild 110 

...... SI3120E Sanken MC78l15AC Motorola 
() SI3120T Sanken MC78l15C Motorola 
Q) 

STK521 Sanyo LM140LA·15 t Nallonal (3299) 
Q) STK541 Sanyo LM340LA·15 Nallonal (3299) 
(f) 

SG7812ACR Silicon G lM78l15A National 
~ SG7812AR t Silicon G lM78l15C National 
Q) NEC·Electron ...... SG7812CR Silicon G I'PC78l15 
en SG7812R t Silicon G 50 I'A78l15AC TI 
CO 

TA78012 Toshiba I'A78l15C TI 
~ 

1500 I'A7812C 
TA78l015 Toshiba 120 

Fairchild 
TA78l015A Toshiba 

I'A7812M t Fairchild 
lAS1512 lambda 250 LM342·15 Nallonal (3299) 

lAS15A12 lambda 500 I'A78M15C Fairchild 
LM140·12 t Motorola (3294) I'A78M15M t Fairchild 
LM340·12 Motorola (3294) TDD1615 ITT 
MC7812 tMotorola (3294) MC78M15C Motorola 
MC7812A tMotorola (3294) LM341·15 Nallonal (3300) 
MC7812AC Motorola (3294) 60 lM78M15 National 
MC7812C Motorola (3294) I'PC78M15 NEC·Electron 
LM140·12 t Nallonal (3299) l194·15 SGS 130 
LM140A·12 t Nallonal (3299) SG140·15T t Silicon G 
LM340·12 Nallonal (3299) SG7815ACT Silicon G 
LM340A·12 Nallonal (3299) SG7815AT t Silicon G 
lM7812 National SG7815CT Silicon G 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indlcales additional data Is provided on the page noted. 
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LINEAR Volt~ge Regulators (Coni'd) - U 

Output Output Output Outp~t 

Voltage, V Curre"t, mA Device Source Line Vo:tage, V Current, m,\ 

Fi;ced, Positive (Cont'd) 18 SOD 

15 500 (Cont'd) 

- SG7815T t Silicon G 
ILA78M15C TI 
ILA78M15M ttl 

600 L 131 SGS 

1000 SI3150E Sanken 
SI3150T Sanken 
L7815 t SGS 1000 

L7815C SGS 
SG7815ACR Silicon G 
SG7815AR t Silicon G 10 
SG7815CR Silicon G 
SG7815R t Silicon G 
TA78015 Toshiba 

1500 ILA7815C Fairchild 
ILA7815M t Fairchild 

1500 LAS1515 Lambda 
LAS15A15 Lambda 
W140-15 t r,'Glarcla (3294) 
LU340-15 r,'olorola (3294) 
r.1C7815 t r.lolorala (3294) 20 
r.iC7815A t !Iolorcla (3294) 
UC7815AC Melorola (3294) 
r.~C7B15C Motorola (3294) 
W140-15 t Ilalional (3299) 
Lr.I140A-15 t lIational (3299) 
Lr.1340-15 flallanal (3299) 
Lr.l340A-15 Uational (3299) 
LM7815 National 
SI3150G Sanken 
SI3150M Sanken 30 
SG140-15K t Silicon G 
SG140-15R t Silicon G 
SG7815ACK Silicon G 
SG7815ACP Silicon G 
SG7815AK t Silicon G 
SG7815CK Silicon G 
SG7815CP Silicon G 
SG7815K t Silicon G 2000 

LM340-15 TI 
Tl7BO-15C TI (3433) 40 

"A7815C TI 

2000 HA 17815P Hitachi 
LAS1615 Lambda 3000 

L78S15 t SGS 
L78S15C SGS 
CJSEOOl Solitron 8000 

CJSE003 Solitron 12000 
CJSE005 Solitron 

3000 LAS1415 Lambda 20 100 
MC78T15 t Motorola 50 
MC78T15A t Motorola 500 
MC78T15AC Motorola 
MC78T15C Motorola 
SG153-15 t Silicon G 
SG253-15 Silicon G 
SG353-15 Silicon G 

5000 LAS1915 Lambda 

8000 42050-158 Micropac 

16000 42055-1516 Micropac 

16 8000 42050-168 Micrcpac 60 
1000 

12000 42055-1612 Micrcpac 

18 100 MC78L 18AC Motoro!a 
MC78L 18C Motorola 
TA78L018 Toshiba 
TA78L018A Toshiba 

500 TDD1618 ITT 
(Continu~d) 

t Military Temperature Range (- 55° to 125°C) Typtcal Value 
Bold faco indic31ss additional data is provided cn tho paga nctad. 
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Device 

MC78M18C 
ILPC78M18 
SG140-18T 
SG340-18T 
SG7818ACT 
SG7818AT 
SG7818CT 
SG7818T 

"PC7818 
STK522 
STK542 
L7818 
L7818C 
SG7817AP 
SG7818ACP 
SG7818AP 
SG7818P 

ILA7818C 
I1A7818M 
HA 17818P 
LAS1518 
W140-18 
U1340-18 
r.1C7BlIl 
r.1C71l1BA 
r.1C781BAC 
r.IC7818C 
SG 140-18K 
SG140-18R 
SG340-18K 
SG340-18R 
SG7818ACK 
SG7818ACP 
SG7818AK 
SG7818CK 
SG7816CP 
SG7818K 
LM340-18 
ILA7818C 

MC78T18 
MC78T18C 
STK532 
L78S18 
L78S18C 

SG 153-18 
SG253-18 
SG353-18 

42050-188 

42055-1812 
42055-1812 

TA78L020 
TA78L020A 

MC78M20C 
SG140-20T 
SG340-20T 
SG7820ACT 
SG7820AT 
SG7820CT 
SG7820T 
ILA78M20C 
",A7W20M 

LAS1520 
SG140-20K 
SG140-20R 
SG240-20K 
SG340-20P 
SG340-20R 
SG7320K 
SG7820R 

SGurce Line 

(Cont'd) 
Motorola 
NEC-Electron 

t Silicon G 
Silicon G 70 
Silicon G 

t Silicon G 
Silicon G 

t Silicon G 

NEC-Electron 
Sanyo 
Sanyo 

t SGS 
SGS 

t Silicon G 80 
t Siilcon G 

Silicon G 
Silicon G 

Fairchild 
t Fairchild 

Hitachi 
Lambda 

t Molcroia (3294) 
r.:~lcrcla (32!l4) 

t r.~Ji~rcI3 (3294) 90 
t 1.;010[013 (3294) 

r.1olorola (3294) 
r.10:orola (3294) 
Silicon G 
Silicon G 
Silicon G 
Silicon G 
Silicon G 
Silicon G 

t Silicon G 100 
Silicon G 
Silicon G 

t Silicon G 
TI 
TI 

t Motorola 
Motorola 
Sanyo 

t SGS 
SGS 110 

t Silicon G 
Silicon G 
Silicon G 

Micropac 

Micropac 
Toshiba 

Toshiba 
Toshiba 

~otorcla 

t Silicon G 120 
Silicon G 
Silicon G 

t Silicon G 
Silicon G 

t Silicon G 
TI 

ttl 

Lambda 
t Silicon G 

. t Silicon G 130 
Silicon G 
Silicon G 
Silicon G 

t Silicon G 
t Silicon G 

(Continued) 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 
Voltage, V Current, mil Device Source line Voltage, V Current, mA Device Source line 

Fixed, Positive (Cont'd) 24 (Cont'd) 
4000 42050-244 Micropac 

20 (Cont'd) 
10000 42055-2410 Micropac 

2000 CJSE009 Solitron 
CJSE011 Solitron 26 4000 42050-264 Micropac 70 

CJSE013 Solitron . 8000 42055-2608 Micropac 

8000 42050-208 Micropac 28 1500 lAS1528 lambda 

42055-2010 Micropac 4000 42050-284 Micropac 

22 500 IlA78M22C TI 8000 42055-2808 Micropac 

1500 IlA7822C TI 30 4000 42050-304 Micropac 

4000 42050-224 Micropac 31 Shunt TAA550 National 

10000 42055-2210 Micropac 32 4000 42050-324 Micropac 

24 100 MC78l24AC Motorola 10 33 Shunt TAA550 National 
MC78l24C Motorola 34 4000 42050-344 Micropac 
TA78l024 Toshiba 

35 Shunt TAA550 National 80 
TA78l024A Toshiba 

300 STK507 Sanyo 
190 20 01900 Dionics 

50 01905 Dionics 
500 IlA78M24C Fairchild 

IlA78M24M t Fairchild Fixed, Negative 
T001624 ITT 
MC78M24C Motorola 2 1000 MC7902C Motorola 
IlPC78M24 NEC-Electron 1500 lAS1802 lambda 
SG140-24T t Silicon G 20 2000 IlA79E02 t Fairchild 
SG340-24T Silicon G IlA79E02C Fairchild 
SG7824ACT Silicon G 

3 ' 100 MC79l03AC Motorola 
SG7824AT t Silicon G MC79l03C Motorola 
SG7824CT Silicon G 
SG7824T t Silicon G 5 100 MC79l05AC Motorola 

I'. IlA78M24C TI MC79l05C Motorola 90 

IlA78M24M tTl lM320l05 National 

1000 IlPC7824 
lM79l05 National 

NEC-Electron lM79l05A National 
...... SI3240E Sanken MC79l05AC TI 

SI3240T Sanken 30 
STK523 Sanyo 250 lM320Ml05 National 

l7824 t SGS 500 IlA79M05C Fairchild 
l7824C SGS IlA79M05M t Fairchild 
SG7824ACP Silicon G lM120H5 t National 
SG7824AP t Silicon G lM320H5 National 
SG7824CP Silicon G lM320MP5 National 100 
SG7824P t Silicon G lM79M05 National 

Q) 1500 IlA7824C Fairchild SG120-05T t Silicon G 

"0 IlA7824M t Fairchild SG220-05T Silicon G 

::::J lAS1524 lambda 40 SG320-05T Silicon G 

CD lM140-24 tMotorola (3294) IlA79M05C TI 

lM340-24 Motorola (3294) IlA79M05M tTl 
C 
0 MC7824 t Motorola 1000 IlPC7905 NEC-Electron 

0+-1 MC7824A t Motorola SG120-05P t Silicon G 
() MC7824AC Motorola SG220-05P Silicon G 
Q) 

MC7824C Motorola SG320-05P Silicon G 110 
Q) SI3240G Sanken 1500 IlA7905C Fairchild en SI3240T Sanken IlA7905M t Fairchild 
lro... SG140-24K Silicon G lAS1805 lambda 
Q) 

0+-1 SG140-24R Silicon G 50 lAS18A05 lambda en SG340-24K Silicon G MC7905C Motorola (3294) ctS 
~ 

SG340-24P Silicon G lM120K5 t National 
SG340-24R Silicon G lM320K5 National 
SG7824ACK Silicon G lM320T5 National 
SG7824ACR Silicon G lM7905 National 
SG7824AK t Silicon G SG120-05K t Silicon G 120 
SG7824CK Silicon G SG220-05K Silicon G 
SG7824CR Silicon G SG220-05R Silicon G 
SG7824K t Silicon G SG320-05K Silicon G 
lM340-24 TI 60 SG320-05R Silicon G 
IlA7824C TI SG7905 t Silicon G 

2000 HA17824P Hitachi SG7905A t Silicon G 

MC78T24 t Motorola SG7905C Silicon G 

MC78T24C Motorola IlA7905C TI 

STK533 Sanyo 3000 MC79052C Motorola 
l78S24 t SGS lM145K5 t National 130 
l78S24C SGS lM345K5 National 

(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold faca Indlcatas additional data Is provided on the paga notad. 
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LI~JEAA-VoItQgo BcglJlD~Orn (Cont'cl) 

Gutp~t Oulp"1 Output Outr.ut 

Voltage, V CUrr8:1t, mt\ Device Source Line Vo:tJge, V Current, 01,\ Device Source Line 

FilCCd, Neglltivc (Cont'd) 12 200 (Cont'd) 
SG220-12T Siiicon G 

5 (Cont'd) SG320-12T Silicon G 
5000 42051-055 Micropac 500 IlA79M12C Fairchild 

5.2 500 SG120-5 t Silicon G IlA79M12M t Fairchild 
SG220-5 Silicon G LM320MP12 National 70 
SG320-5 Silicon G LM79M12 National 

1000 SG 120-5 t Silicon G IlA79M12C TI 

SG220-5 Silicon G IlA79M12M tTl 
SG320-5 Silicon G 1000 LM120K12 t National 

1500 LAS18052 Lambda LM320K12 National 

MC7905 Motorola LM320T12 National 

SG 120-5 Silicon G 10 IlPC7912 NEC-Electron 

SG220-5 Silicon G SG120-12P t Silicon G 

SG220-5 Silicon G SG220-12P Silicon G 

SG320-5 Silicon G SG320-12P Silicon G 80 

SG320-5 Silicon G 1500 IlA7912C Fairchild 
SG7905 t Silicon G IlA7912M t Fairchild 
SG7905 t Silicon G LAS1812 Lambda 
SG7905 Silicon G LAS18A12 Lambda 
SG7905 Silicon G r.1C7912AC r.lalorola (321:4) 
IlA7952C TI f.tC7912C I.1nlorola (329.f) 

3000 LM145K5 t Naiional 20 LM7912 Ilational 

U.1345K5 flatirnal SG120-12K t Silicon G r' ,~. "_. .--
6 500 /lA79M06C TI SG220-12K Silicon G I /lA79M06M tTl SG220-12R Silicon G 90 

SG320-12K Siiicon G 

I 1500 LAS1BOS Lambda SG320-12R Silicon G 
f.IC7!106C r.!nIGroll (3294) SG7912 t Silicon G 
jlA"190GC TI SG7912A t Silicon G 

1
8 

2000 CJSE018 Sclitron SG7912AC Silicon G ;~, 

CJSE020 Solitrcn '--" 
SG7912C Silicon G . t!!) 

5000 42051-065 Micropac /lA7912C TI rE~ 
7 5000 42051-075 Micropac 30 4000 42051-124 Micropac ~ .. ~ 

8 500 /l79M08C Fairchild 14 4000 . 42051-144 Micrcpac 2r 
/lA7908M t Fairchiid 15 100 MC79L 15AC Motor01a 100 
SG120-08T t Silicon G MC79L 15C Motorcla 
SG320-0BT Silicon G LM320L 15 National 

" 

IlA79M08C TI LM79L 15 National 
IIA79M08M tTl LM79L 15A National 0........-

1000 /lA7908C Fairchild MC79L 15AC TI 

LAS1808 Lambda 200 LM120H15 t flatianal 
Q) 

"'0 
1.!C79011C I.lotnrcla (3234) LM320H15 flatlanal .-
/lPC790a NEC-Electron 40 SS12O-15T t Silicon G ::l 

SG120-0BK t Silicon G SG220-15T Silicon G (9 

SG120-08R t Silicon G SG320-15T Silicon G 110 C 

SG320-CBK Silicon G 250 LM320ML 15 National 0 .-
SG320-08P Siiicon G ........ 

500 /lJl.79M15C Fairchild U 
SG320-0SR Silicon G "A79M15M t Fai~Ghild Q) 

SG79G8 t Silicon G -
LM320MP15 Ilational Q) 

SG7908A t Siiicon G LM79M15 National en 
SG7908AC Silicon G IlA79M15C TI '-
SG7908C Silicon G ILA79M15'!. tTl Q) 

IIA7S08C TI 50 
........ 

1000 MC79L 15A Motorola en 
5000 42051-085 Micropac LM120K15 t National 

CU 

9 1500 42C51-095 Micropac LM320K15 National 120 :2 
10 500 I,A79M10C TI LM320T15 National 

/lA79M10M tTl IlPC7915. tJEC-Elcctron 

1500 LAS1810 Lambda 
SG120-15R t Si:icon G 
SG220-15R Silicon G 

5000 42051-105 Micropac SG320-15R Silicon G 
12 100 MC79L 12AC Motorola 1500 1lA7915C Fairchild 

MC79L 12C Motorola IlA7915M t Fairchild 
LM320L 12 National LAS1815 Lambda 
LM79L 12 National 60 LAS18A15 Lambda 
LM79L 12A National f/1G7915AC r,iolorllls (32!l4) 130 
MC79L 12AC Ti r.1C7915C f,l:;:~rcls (3294) 

200 LM120H12 t National LM7915 National 
LM32Of112 fJatioi1al SG 120-15K t Silicon G 
SG120-12T t Siiiccn G SG220-15K Silicon G 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bcld flee indicl\es additinRiil data is prui'idsd en tho P3&8 noted. 
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IC.MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 
Voltage, V Current Device Source Line Voltage, V Current Device Source Line 

Fixed, Negative (Cont'd) 36 3000 42051-363 Micropac 

15 1500 (Cont'd) Fixed, Dual 
SG220-15P Silicon G 
SG320-15K Silicon G ±6 5000 42051 Micropac 

SG320-15P , Silicon G ±12 100 LM126 t National 
SG7915 t Silicon G LM326 National 
SG7915A t Silicon G ±15 100 M~1468 Motorola (3296) 
SG7915AC Silicon G MC1568 tMotorola (3296) 70 
SG7915C Silicon G SG1468 Silicon G 
ItA7915 tTl SG1568 t Silicon G 
ItA7915C TI SG4501 Silicon G 

2000 42051-154 Micropac 10 XR1468 Exar 
CJSE002 Solitron XR1568 t Exar 
CJSE004 Solitron XR4195 Exar 
CJSE006 SOlitron LM125 t National 

16 4000 42051-164 Micropac LM325 National 
RC4195 Raytheon 

18 100 MC79L18C Motorola RM4195 t Raytheon 80 
500 SG120-18T t Silicon G TA7179 Toshiba 

SG320-18T Silicon G 
200 SG1501A t Silicon G 

1000 ItPC7918 NEC-Electron SG2501A Silicon G 
1500 LAS1818 Lambda SG3501A Silicon G 

MC7918C Motorola (3294) 20 
MC79L 18AC Motorola 
SG120-1BK t Silicon G 
SG120-1BR t Silicon G 
SG320-18K Silicon G 
SG320-1BP Silicon G 

~ 
SG320-1BR Silicon G 
SG791B t Silicon G 

~ SG7918A t Silicon G 

~ SG7918AC Silicon G 

i 
SG7918C Silicon G 30 
ItA7918C TI 

4000 42051-1B4 Micropac 

20 500 SG120-20T t Silicon G 
ItA79M20C TI 
ItA79M20M tTl 

1500 LAS1B20 Lambda 
SG120-20K t Silicon G 

(J.) SG120-20R t Silicon G 
"C ", SG7920 t Silicon G 
:::J SG7920A t Silicon G 40 

(.9 SG7920AC Silicon G 

C SG7920C Silicon G 

0 2000 CJSE010 Solitron .... CJSE012 Solitron 
C,) 

CJSE014 Solitron OJ 
(J.) 3000 42051-204 Micropac 

C/) I 

22 3000 42051-223 Micropac 
~ 24 100 MC79L24AC Motorola (J.) .... MC79L24C Motorola 
(J) 
CO 500 ItA79M24C TI 50 

~ ItA79M24M tTl 

1000 ItPC7924 NEC-Electron 

1500 LAS1B24 Lambda 
MC7924C Motorola (3294) 
ItA7924"c TI 

3000 42051-243 Micropac 

26 3000 42051-263 Micropac 

2B 1500 LAS182B Lambda 
3000 42051-283 Micropac 

30 3000 42051-303 Micropac 60 

31 Shunt TAA550 National 

32 3000 42051-323 Micropac 

33 Shunt TAA550 National 

35 Shunt TAA550 National 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indicates additional data Is provided on tba paga notad, 
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LINEAR-Voltage Regulators 

Output Voltage Output Output Voltage 

Hi Low Current, mA Device Source Line Hi Low 

Adjustable, Positive 33 1.2 

Arranged in sequence by Output Voltage-High, Output 
30 1.7 

Current, and then Output Voltage-Low. 
2.5 

Suffixes designating package style differences are 
basically dropped in the Adjustable Voltage Regulator 
Section. Thus identical part numbers may be 

37 1.2 referenced more than once under different 
parameters. Consult manufacturers on availability of 
different grades. 

15 5 1500 Sl3580M Sanken 

16 1.3 40 ICL76S3 lntersil 

4 8000 LAS39U Lambda 

20 1.2 10000 U.1196 lIalienal (3299) 

W396 flalianal (3299) 

2 20 LM300 Intcrsil 
SG300 Silicon G 
SFC2300 Thomson-CSF 10 

5 5000 ).IA78H Fairchild 

24 3 150 Lr.l2931 !lalienal (3299) 

5 50000 ).IA78HG Fairchild 

26 1.8 12 CA3085 t RCA 

27 0 200 LH0075 t National 
LH0075C lIalien.1 

(3303.3343) 

30 2 20 LM100 t lnlersil 
SG100 t Silicon G 
SG200 Silicon G 
SFC2100 t Thomson-CSF 20 
SFC2200 Thomson-CSF 

2.6 3000 LAS14AU Lambda 2 

3 Shunt TL430C TI 
1800 L200 SGS 

4 1500 LAS15U Lambda 
2000 LAS16U Lambda 

5000 LAS19U Lambda 

4.5 12 ).IA305C Fairchild 
LM305 lntersil 
LM305 Motorola 30 
LM305 National 
).IPC141 NEC-Electron 
I'PC325 NEC-Electron 
otPC305 NEC-Micro 
SG305 Silicon G 

5 500 I'A78MG Fairchild 
1000 ).IA78G Fairchild 

5000 ).I78HG Fairchild 

32 1.2 100 TL317 Tl 2.5 

3000 Lr.I150 t r,lalarcla (3295) 40 
Lr.l250 Molorola (3295) 
LM350 r.lolorola (3295) 
LM150 t lIalional (3299) 
LU250 Nallenal (3299) 5 
Lr.I350 lIalicnal (3299) 
SG150 t Silicon G 
SG150A Silicon G 38 2 
SG250 Silicon G 
SG250A Silicon G 
SG350 Silicon G 50 
SG350A Silicon G 

3 

5000 LU138 t tlalional (3299) 
40 0 

LM238 lIalional (3299) 
2 

LM33B rlalional (3299) 
4.5 

2.5 200 f.lC1409 Molorola (3295) 

500 MC1469 Motorola 

3.3 200 TA7089 Toshiba 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold laco Indicalos addlllonal data Is provided on tho pago nolod. 
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~VJASTER S!2LECT~ON GUIDE 

Output 
Current, mA D~vice Source Line 

3000 LLM350 Lambda 
5000 LLM338 Lambda 

100 CA3085A t RCA 00 
100 ).IA431 Fairchild 

TL431C Tl 
TL431M tTl 

100 Ulll7L t !.lolorala (3295) 
W217L Uolorola (3295) 
W317L Molorola (3295) 
W317L Ihlional (3299) 

500 SG117 t Silicon G 
SG217 Silicon G 
SG317 Silicon G 70 
TL 117L tTl 

1500 ).IA117 t Fairchild 
).IA217 Fairchild 
).IA317 Fairchild 
LLM317 Lambda 
MCELM117 Micro Eng 
MCELM217 Micro Eng 
MCELM317 Micro Eng 
Wl17 t I.!olorola (3295) 
W217 r,lolcrola (3295) 80 
W317 r.lolorola (3295) 
u.1117 t 1;3lional (3299) 
U.1217 Iialicnal (3299) 
W317 lIalional (3299) 
SG117 t Silicon G 
SG217 Silicon G 
SG317 Silicon G 

! 

LM217 TI 
LM317 TI 

150 ).IA723C Fairchild 90 
).IA723M t Fairchild 
).IA723 lntersil 
f,\C1723 t r.lolorala (3295) 
UC1723C r.lclarcla (3295) 
LM723 t National 
LM723C National 
RC723 Raytheon 
RM723 t Raytheon 
CA723 t RCA 
CA723C RCA 100 
).IA723 t Signetics 
).IA723C Signetics 
SG723 t Silicon G 
SG723C Silicon G 
).IA723C TI 
).IA723M tTl 
SFC2723C t Thomson-CSF 
SFC2723EC Thomson-CSF 

250 u.t117r.t t Molorola (3295) 
W2171.1 !.Iolorola (3295) 110 
W317f.l r,lolorola (3295) 
MC1569 t F.lolorola (3295) 

600 MC1569 t Motorola 

25 ).IA376C Fairchild 
LM376 National 

50 SE550 t Signetics 

100 SG3532 Silicon G 
150 LAS1000 Lambda 

LAS723 Lambda 

150 L 123CB SGS 120 
L 123CT SGS 

150 LAS3700 Lambda 
50 NE550 Signetics 

12 ).I A 105M t Fairchild 
LM205 Motorola 
LM105 t National 

(Continued) 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Voltage Output Output Voltage Output 
Hi Low Current, rnA Device Source Line Hi Low Current, rnA Device Source Line 

Adjustable, Positive (Cont'd) 56 8 1000 CJCA002 Solitron 60 
CJCA008 SOlitron 

40 4.5 12 (Cont'd) 
57 1.2 100 lM337L Nallonal (3301) 

LM205 National 
SG105 t Silicon G 

1500 LM137 t National 
LM237 National 

SG205 Silicon G 
LM337 National 

SFC2105 . t Thomson-CSF 
SFC2205 Thomson-CSF Adjustable, Dual 

45 I'A305AC Fairchild ! 

LM305A National ± 15.5 ± 14.5 100 MC1468 Motorola 

SG305A Silicon G MC1568 t Motorola 

SFC2305 Thomson-CSF ±20 ±8 100 MC1468 Motorola 

46 1.7 100 CA3085B t RCA 10 MC1568 t Motorola 

48 2 100 SG1532 t Silicon G 
SG1468 Silicon G 70 
SG1568 t Silicon G 

SG2532 Silicon G 
±14.5 100 SG1468T Silicon G 

150 LAS1100 Lambda 
SG1568T t Silicon G 

LAS723B Lambda 
±28 ±10 100 SG1502 t Silicon G 

56 8 1000 CJCAOO1 Solitron SG2502 Silicon G 
CJCA007 Solitron SG3502 Silicon G 

77 2 150 L146 SGS SG4501 Silicon G 

125 1.25 700 Tl783C TI (3431) ±42 ±0.01 100 XR4194M t Exar 

1000 0 100 MC1466 Molorola (3296) 200 MCE4194 Micro Eng (4440) 

MC15666 t Motorola 20 RC4194 Raytheon 80 
RM4194 t Raytheon 

Adjustable, Negative SG4194 t Silicon G -
SG4194C Silicon G 

16 1.3 40 ICL7664 Intersil 

~ 24 2.2 5000 1'79HGA Fairchild Switching Regulators 

" 27 0 200 lH0076 t Nallonal Switching Regulator Circuits 

~ 
(3303.3343) AM6301 AMD (3115) 

lH0076C Nallonal 722 Burr-Brown ; (3303.3343) 724 Burr-Brown 
30 0.035 20 LM304 Motorola XR1524 tExar (3190) 

LM304 National XR1525A tExar (3191) 

I'PC142 NEC-Electron XR1527A tExar (3191) 

SG304 Silicon G XR2230 Exar 90 

2.2 500 I'A79MG Fairchild XR2235 Exar (3192) 

1000 I'A79G Fairchild 30 XR2524 Exar (3190.3209) 
XR2525A Exar (3191) 

Q) 2.6 1500 LAS18U Lambda XR2527A Exar (3191) 
"0 

32 3.8 250 MC1463G Motorola (3295) XR3524 Exar (3190) 
::J 500 TA7085A Toshiba XR3525A Exar (3191) 
C) 

33 3.6 250 MC1563G Molorola (3295) XR3527A Exar (3191) 

C XR494 Exar (3189) 
0 34 3.8 600 MC1463R Molorola (3295) XR495 bar (3190) 

...... 37 1.2 500 lM137 tMolorola (3295) SH1605 Fairchild 100 
(,) lM237 Molorola (3295) I'A494 Fairchild Q) 

lM337 Molorola (3295) 1'A494M t Fairchild 
Q) 

1500 MCELM137 Micro Eng I'A78S40 Fairchild Cf) 
~ 

MCELM237 Micro Eng 40 I'A78S40M t Fairchild 

Q) MCELM337 Micro Eng ZN1060 t Ferranti 
...... lM137 t Nallonal (3301) ZN1066E Ferranti en 
ct1 lM237 Nallonal (3301) ZN1066J t Ferranti 

~ lM337 Nallonal (3301) MB3759 Fujitsu 

SG137 t Silicon G MB3760 Fujitsu 

SG237 Silicon G LAS3800 Lambda 110 

SG337 Silicon G LAS6300 Lambda 

LM137 tTl LAS6301 Lambda 

LM237 TI MC3380 Motorola 

LM337 TI 50 MC34060 Motorola (3297) 

600 t Motorola 
MC3420 MOlorola (3297) 

3.6 MC1536R MC35060 Molorola (3297) 
40 0.015 20 LM104 t Motorola MC3520 tMolorola . (3297) 

LM204 'Motorola SG1526 Molorola (3297) 
LM104 t National SG2526 Molorola (3297) 
LM204 National SG3526 Molorola (3297) 120 
SG204 Silicon G Tl494C Molorola (3297) 
SG304 Silicon G Tl494M t Molorola (3297) 
SFC2204 Thomson-CSF Tl495C MOlorola (3297) 
SGC2104 t Thomson-CSF (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold face Indlcales addlllonal dala Is provided on Ihe page noled. 
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LINEAR-Voltage Regulators (Cont'd) 

Output Volt2ge Output Output Voltage 

Hi Low Current, mA Device Source Line Hi Low 

Switching Regulators (Cont'd) Switching Regulator Circuits 

SWitching Regulator Circuits 
(Cont'd) 

TL495U t Motorola (3297) \ 

IlA78540 Motorola 
lI11605 t Halio~al (3343) 
LH1605C lIalional (3343) 
LM1524 t tJational 
LM2524 National 
LM3524 National 
SL442 Plessey 
RC4191 Raytheon 
RC4192 Raytheon 10 
RC4193 Raytheon 
RM4191 t Raytheon 
RM4192 t Raytheon 
RM4193 Raytheon 
CA1524 tRCA (3368) 
CA2524 RCA (3368) 
CA3524 RCA (3368) 
TOA4600 Siemens 
TOA4700A Siemens 
flE5560 Signclics (3402) 20 
NE5561 Signetics 
SE5560 t Signelics (3402) 
SE5561 t Signetics 
SG1524 t Signetics 
SG3524 Signetics 
TOA1060 Signetics 
TDA2581 Signetics 
TOA2640 Signetics 
SG 1524 t Silicon G 
SG1525A t Silicon G 30 
SG1526 t Silicon G 
SG1527A t Silicon G 
SG2524 Silicon G 
SG2525A Silicon G 
SG2526 Silicon G 
SG2527A Silicon G 
SG3524 Silicon G 
SG3525A Silicon G 
SG3526 Silicon G 
SG3527 Silicon G 40 
SG3527A Silicon G 
PWr.l25 Siliconix (2820) 
PWf.l27 SlIiconix (2820) 
SI15258 Siliconix 
SI15278 Siliconix 
SI25258 Siliconix 
SI25278 Siliconix 
SI35258 Siliconix 
SI35278 Siliconix 
ULN-8126 Sprague 50 
ULN-~160 Sprague 
ULN-8161 Sprague 
ULS-8126 t Sprague 
ULS-8160 t Sprague 
SG1524 tTl 
SG2524 TI 
SG3524 TI 
SG3525A TI 
SG3527A TI 

I TL493C TI 60 
TL494C TI 
TL494M tTl 
TL495C TI 
TL497AC TI \ 

TL497AM tTl 
TL593C TI (3428) 
TL594C TI (3429) 
TL594F.1 tTl (3429) 

(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
80ld face indicates additional data Is providad on the pags notsd. 
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W~ASTER SEl[2CTIO~~ GUIDr2 

Output 
Current, mA Device Source Lin~ 

(Cont'd) 
TL595C TI (3430) 
PIC600 Unltroda (3446) 70 
PIC60l Unltrorla (3446) 
PIC602 UnltroJo (3446) 
PIC610 Unltrcdo (3446) 
PIC611 Unltrcda (3446) 
PIC612 UlIllrcda (3446) 
PIC625 Unllrodo (3446) 
PIC626 Unllro~e (3446) 
PIC627 Unilroda (3446) 
PIC635 Unllrcrla (3446) 
PIC636 Unltrodo (3446) 80 
PIC637 Unllrode (3447) 
PIC645 Unllro~8 (3446) 
PIC646 Unilroda (3446) 
PIC647 Unltrono (3446) 
PIC655 Unllroda (3445) 
PiC656 Unllrodo (3446) 
PIC657 Unllrode (3446) 
PIC660 Unllrcda (3446) 
PIC661 Unltroda (3446) 
PIC662 Uroltroda (3446) 90 
PIC670 Unllrcda (3446) 
PIC671 Unllrodo (3446) 
PIC672 Unllroda (3446) 
PIC730 Unltra~a (34.16) 
PIC740 Unitrcda (3446) 
PIC800 Unitrcda (3446) 
PIC801 Unilroda (3446) 
PIC010 Uroilrorlo (3446) 
PICOll Unilroda (3446) 
UC1524A Unilrcdo (3444) 100 
UC1527A Unltrcda (3445) 
UC1535 Unitroda (3445) 
UC1840 Ur.llroda (3.145) 
UC2524A Unllrcda (3444) 
UC2525A Unllroda (3445) 
UC2527A Unllroda (3445) 
UC2040 Unllrodo (3445) 
UC3524 Unllrada (3444) 
UC3524A Unilroda (3444) 
UC3527A Unllroda (3445) 110 
UC3840 Unllrods (3445) 
UC493 Unltroda (3444) 
UC4!l4 Unllrorlo (3444) 
UC495 Unllrode (3444) 
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LINEAR-Other Devices 

Function Device Source 

Other Linear Devices 

Absolute Module Value 
9014 DEI (3347) 
9934 DEI (3347) 

AC A!T'plifier, Quad, Single Supply 
CA3048 t RCA 

AC Phase Control 
TEA1087 Telefunken 
Ulll Telefunken 

Active Filter, Voltage Controlled, 4 stage 
SSM2040 SSM 
SSM2044 SSM 

Active Filters (See also linear - Telecommunications 
Circuits) ATF76 Burr-Brown 

UAFll Burr-Brown 
UAFllH t Burr-Brown 
UAF21 Burr-Brown 
UAF21H t Burr-Brown 
UAF31 Burr-Brown 
UAF41 Burr-Brown 
CH1290 Cermetek 
CH1295 Cermetek 
CH1296 Cermetek 
FlT-U2 Datel 
Fl T-U2M Datel 
ACF7092C GI 
ACF7301C GI 
ACF7302C GI 
AF100 t National (3345) 
AF150 National (3345) 
AF151 National (3345) 
AF160 National (3345) 
AF161 National 
MF10 National (3308) 
MF4 National (3305) 
MF5 National (3306) 
MF6 National (3307) 

ADC Subsystem, 51/2 Digit, Quad Slope Integrating 
A07555 AD (3174) 

Alarm Circuit S2561 AMI 

Alarm Circuit (Single chip detector/alarm system) 
CA3164E RCA 
SCl5284 SSS 
SCl5285 SSS 
SCl5331 SSS 

Amplifier-SCR firing Circuit 
UlN-2300M Sprague 

Analog Memory, Serial-In, Parallel-Out 
R5351 Reticon 

Analog Memory, Triple (three analog outputs which can be 
stepped up or down) 

S175 Siemens 

Analog Multiplexer, 16-Bit, Parallel-In, Serial Out 
CCD16MUX Micro Tech 

Analog Multiplexer, 16-Bit, Serial-In, Parallel-Out 
CCD16DMUX Micro Tech 

Analog Shift Register (Bucket Brigade Device) Dual 512 
stage, acts as a variable delay line in the audio frequency 
range) MN3001 Panasonic 

MN3010 Panasonic 
TDA1096 Signetics 
TDA2110 Signetics 

Analog Shift Register (Bucket Brigade Device) (Dual 64 
stage, acts as a variable delay line in the audio range) 

MN3003 Panasonic 

Analog Shift Register (Bucket Brigade Device, 1024 stage) 
MN3007 Panasonic 
MN3204 Panasonic 
MN3207 Panasonic 
TDA2107 Signetics 

t Military Temperature Range (-55° to 125°C) 

2962 

Line Function Device Source Line 

Analog Shift Register (Bucket Brigade Device, 128 Stage) 
MN3006 Panasonic 

Analog Shift Register (Bucket Brigade Device, 2048 stage) 
MN3008 Panasonic 
SAD4096 Reticon 
TDA2108 Signetics 

Analog Shift Register (Bucket Brigade Device, 256 Stage) 
MN3009 Panasonic 

Analog Shift Register (Bucket Brigade Device, 3328 stage) 
MN3011 Panasonic 

Analog Shift Register (Bucket Brigade Device) (3,5,190 
stages) MN3012 Panasonic 

Analog Shift Register (Bucket Brigade Device, 4096 stage) 
MN3005 Panasonic 
TDA2015 Signetics 60 

10 
Analog Shift Register (Bucket Brigade Device, 512 stage) 

MN3002 Panasonic 
MN3004 Panasonic 
TDA1022 Signetics 
TDA2104 Signetics 

Analog Shift Register (CCD), 295x2 stage 
R5104 Reticon 

Analog Shift Register Clock Generator/Driver 
MN3101 Panasonic 

Analog Shift Register (Quad 64 stage) 

20 CCD64 Micro Tech 

Analog Shift Register (185 stage, 190x2 stage) 
S10110 AMI 
S10111 AMI 

Analog Shift Register (256 stage) 
CCD256SERP Micro Tech 70 
CCD256SPS Micro Tech 

Analog Shift Register (2000 stage, audio delay) 
R5101 Reticon 

Analog Shift Register (455x2) 
30 CCD321 Fairchild 

Analog Signal Averager (32 sample) 
R5701 Reticon 

Analog Signal Processor - contains two transconductance 
amplifiers, two current-mode SWitches, output voltage 
buffer amplifier, and precision comparator 

GAP-01A PMI 
GAP-01B t PMI 
GAP-OlE PMI 
GAP-01F PMI 

Attenuator AN829 Panasonic 

Attenuator, Dual 
AN829S Panasonic 80 

Attenuator,3 1/2-Digit BCD, digitally controlled 
AD7525K AD 
AD7525T tAD 
MP7525B Micro Pwr 

40 
MP7525K Micro Pwr 
MP7525T Micro Pwr 

Balanced Mixer 
Tl442C TI 
Tl442M TI 

Balanced Modulator 
Sl1025 Plessey 

Balanced Modulator/Demodulator 
AD630 AD (3160.3161) 
MC12002 Motorola 90 
MC12502 t Motorola 
MC1496 Motorola 
MC1596 t Motorola 
lM1496 National 
lM1596 t National 
AN610 Panasonic 
AN612 Panasonic 

50 Sl640C Plessey 
(Continued) 

* Typical Value 
Bold face Indicates addlllonal dala Is provided on the page noled. 

Function Device Source Line 

Balanced Modulator/Demodulator 
(Cont'd) 

Sl641C Plessey 
lS025 SGS 100 
S042 Siemens 
MC1496 Signetics 
MC1596 t Signetics 
TCA240 Signetics 
TDA0820 Signetics 
SG1496 Silicon G 
SG1596 Silicon G 
TA7320 Toshiba 

Blowout Resistant Transistor (simulates 40 V transistor 
with special protection) 

lM195 t National 
lM295 National 110 
lM395 National 

Bubble Memory Coil Driver 
DS3616 National 

Bubble Memory Controller 
7220-1 Intel 

Bubble Memory Current Pulse Generator 
7230 Intel 

Bubble Memory Function Driver 
DS3615 National 
DS3618 National 

Bubble Memory Predriver 
SI7250 Silicon Ix (2830) 

Bubble Memory Sense Amplifier 
DS3617 National 

Bubble Memory Dual Formatter/Sense Amplifier 
7242 Intel 

Bubble Memory Quad VMOS Drive Transistors 
7242 Intel 120 

Comparator, Cache Address 
TMS2150-4 TI (3961) 
TMS2150-5 TI (3961) 
TMS2150-7 TI (3961) 
TMS2150-9 TI (3961) 

Comparator, Drives lamps, Relays or logic loads 
4082/03 Burr-Brown 

Comparator, Window (Internally set limits) 
MK104 Analog Sys 
4115/04 Burr-Brown 

Comparators, Programmable with Memory (High/low 
Comparator) CA3098 t RCA 

CA3099 t RCA 

Constant Current Source, 1 IlA to 10 rnA 
lM134 t National 130 
lM234 National 
lM334 National 

Coordinate Converter (polar to cartesian) 
5090A DEI (3347) 

Correlator, Analog to Analog 
R5403 Reticon 

Correlator, Binary to Analog 
R5401 Reticon 
R5406 Reticon 

Correlator, 16 programmable taps 
R5404 Reticon 

Correlator, 32 programmable taps 
R5405 Reticon 

CRT Geometry/Focus Corrector 
C310 Intronics 
C311 Intronics 140 
C312 Intronics 
C410 Intronics 
C411 Intronics 

CRT Vertical Countdown 
SN76566 TI 

© Ie MASTER 1983. 



LlNEAR-Oiber Devices (Coni'd) 

Function Device Source Line 
-

Other Linear Devices (Cont'd) 

Crystal Oscillators 
SL 1680 Plesscy 
SL680 Plessey 

Current Mirror: Adjustable Ratio NPN 
n010 TI 

Current Sensing Latch 
SG 1549 t Silicon G 
SG2549 Silicon G 
SG3549 Silicon G 

Current Source, Programmable 
MJ335 Analog Sys 

Current Source, 4-Bit 
9650 Fairchild 

Data Acquisition Controller for AID Converter (ASCII 
Output) CY600' Cybernetic 

Data Acquisition System, front end. Multiplexer, 
jnstrumentation amp (digitally programmable) and 
sample/hold 1i15!lOD-2 tllmls 

(2713.3283.3291 ) 10 
1U5900-5 HarriS 

(2713.3283.3291 ) 

Data Acquisition System front end. 16 pseudo-differential/ 
single ended input channels. 

1115901 Hmis 
(2715.3283.3291 ) 

Data Acquisition System, 6 Channel, SamplelHold, Pulse 
Width Output I1A9708 Fairchild 

Data Acquisition System, 8 Channel Differential, Sample/ 
Hold, 12-Bit Conversion 

HDAS-IH.iC D~IGI (2623) 
HDAS-m.m t Dalal (2620) 

Data Acquisition System, 8 Channel Differential, 16 
Channel Single Ended, Sample/Hold, 12-Bit Conversion (2 
device set) AD363K AD 

AD363S tAD 
AD364J AD 
AD3641\ AD 
AD364S tAD 20 
AD364T tAD 

Data 'Acquisition System, 8 Channel (expandable), Sample/ 
Hold, 8-Bit Conversion 

MN7100 Micro Net 
MN7100H t Micro Net 
Mr17120 Micro Net 
MN7120H t Micro Net 

Data Acquisition System, 8 Channel, Sample/Hold. 12-Bit 
AID MN7140 Micro Net 

MN7140H t Micro Net 

Data Acquisition System, 8 Channel, 8-Bit Conversion 
ADC030B I/allonal (3319) 
AOCOl!09 flallonal (3319) 

Data Acquisition System, 8 Channel, 8-Bit Conversion, 
Microprocesscr Compatible 

A07581A AD (3174) 30 
AD7581D M (3174) 
AD7581C AD (3174) 

, AD7581J AD (3174) 
AD7581K AD (3174) 
AD7581L AD (3174) 
r.1P75al r.lItro Pwr 

(401.2749) 

Data Acquisition System, 16 Channel or 8 Channel 
Differential, 12-Bit A/D 

AD362K AD 
AD362S tAD 
DSMS56 Burr-Brown 
SDM854 Burr-Brown 40 
SDM857 Burr-Brown 

t Military Temperature Range (-55 0 to 125°C) 

© Ie MASTER 1983 

Funr.tien Device Source Liile 

Data Acquisition System, 16 Channel, SamplelHold, 12-Bit 
Conversion 1I0AS-l GI.IC O~tcl (2623) 

HDAS-161.11,' t DatGI (2620) 

Data Acquisition System, 16 Channel 8-Bit Conversion 
DAS-952!1 Datel (2623) 
ADC081GC Il~lional (3319) 
ADCOll17C t Ilational (3319) 

DC to DC Converter: Sec Regulators, Switching, under 
Linear - Voltage Regulators. 

Deglitcher (suppresses transients at outputs of D/ A) 
4902 Teledyne P 
4902-83 Teledyne P 

Delay Line, Analog Audio Frequency Signals 
CCD341A Fairchild 50 

Delay Line, Tapped 
R5501 Raticon 
R5502 Reticon 

Divider (See also Multipliers/Dividers below.) 
AD535J AD 
AD535K AD 
4291 Burr-Brown 
DIV100 Burr-Brown 

DVM Circuits-See Interface-Analog to Digital Converters. 
also Digital-Special 

Electronic Switching Circuit (for ignitions) 
CA3165 RCA 

Electro-Optic Driver/Modulator 
MU115 Analog Sys 

Fiber Optic Data Link 
3712TIR Burr-Brown 60 
3713TIR Burr-Brown 
3714T Burr-Brown 

Fiber Optic Data Link Controiler 
SN76333 TI 
SN76334 TI 

Fiber Optic Detector/Preamplifier 
TIED461 TI 
TIED463 TI 

Fiber Optic Emitter 
FOE31l0B-1 f1alional (3345) 
FOE3301l-2 /lalional (3345) 

Fiber Optic Receiver 
FOR110 Burr-Brown 
FOnl0CO fialional (3345) 7Q 
FOnZ61F-l Ilational (3345) 
FOn261F-2 [lalianal (3345) 

Fiber Optic Transmitter 
FOT110 Burr-Brown 
FOT1/l0n llatianal (3345) 

Flasher (LED) LM3909 National 

Fluid Detector (osci!lator, balance detector) 
CS166 Cherry 
LM1830 rlational 
ULN-2429A Sprague 

Frequency Switch, Programmable 
MC3344 Motorola 

Frequency to VoltagelVoltage to Frequency Converter 
VFC32 Burr-Brown 80 
VFC32M t Burr-Brown 
VFC42 Burr-Brown 
VFC42M t Burr-Brown 
VFC52 Burr-Brown 
VFC52M t Burr-Brown 
VFQ-1C Datel 
VFQ-3C Datel 
XR4151C Exar (3193) 
XR415H.i t Exar (3193) 
LM131 t National 90 
LM131A t rJational 
LM231 National 

(Continued) 

* Typical Value 
!Iold I~ca Indicates additional data Is providod on tha page nol&d. 

Function Devico Source Line 

Frequency to VoltagelVoltage to Frequency COfl'JCrter 
(Cont'd) 

LM231A National 
LM331 National 
LM331A National 
RC4151 Raytheon 
RC4152 Raytheon 
RC4153 Raytheon 
RM4151 t Raytheon 
RM4152 t R3ytlicon 100 
RM4153 t Raytheon 
RV4151 Raytheon 
RV4152 Raytlleon 
4780 Teledyne P 
4781 Teledyne P 
4782 Teledyne P 
9400 Teledyne S 
9401 Teledyne S 
9402 Teledyne S 

Frequency/Tone Operated Devices-See Linear-
Telecommunication Circuits 110 

Frequency-to-Voltage Converter (precision) 
CS2907 Cherry 
CS2917 Cherry 
LM2907 National 
LM2917 National 
L290 SGS 
L2.91 SGS 
L292 SGS 
L293 SGS 
4736 Teledyne P 

Function Generator, D/A Controller 
CY360 Cybernetic 120 

Hall Effect Devices (sense magnetic field) See al£o Digital-
Other Digital Devices 

DN6835 Panasonic 
DN6837 Panasonic 
DN835 Panasonic 
UGN-3013 Sprague 
UGN-3030 Sprague 
UGN-3040 Sprague 
UGN-3220 Sprague 
UGN-3501 Sprague 
UGN-3600 Sprague 
UGN-3601 Sprague 130 
UGS-3030 t Sprague 
TL 172C TI 
TL mc TI 

Image Area Sensor, Linear Soil-Scanning, X-Ray Sensitive 
IPI2D1 IPI 
RA100X100 Reticon 
RA256X256 Reticon 
RA32X32 Reticon 
RA50X50 Reticon 
RL 1024SFX Retican 
RL 128SFX Reticon 140 
RL512SFX Reticon 

Image Area Sensor, 488x380 
CCD221 Fairchild 

Image Rotator 6125A OEI 

Image Sensor, CC Photodiode 
CCPD128x2 Reticon 
CCPD128x4 Reticon 
CCPD128x8 Reticon 
CCPD256 Relicon 

Image Sensor, CC Photodiode, 1024x1 
CCPD1024 Reticon 

Image Sensor, Circular, Self Scanning 
R064 Reticon 
R0720A Reticon 150 
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LINEAR-Other Devices (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Other Linear Devices (Cont'd) Image Sensor, 3456><1, CCD Low Battery Indicator, Triggers on 3 V (for use with 3 NiCd 
TC104 TI 60 cells) ICM7201 Intersil 

Image Sensor, Linear Self Scanning 
Induction Motor Energy Saver L VDT Signal Conditioner 

CCD111 Fairchild 
CCD122 Fairchild 

HVlooo Harris NE5520 Signetics 

CCD133 Fairchild 
(2741.3288) SE5520 t Signatics (3372) 

HVloo5 Harris 
CCD142 Fairchild Motor and Solenoid Driver 

CCD143 Fairchild 
(2741.3288) CA3169 RCA (3362) 

HVl010 Harris CA3169M t RCA (3362) IPI3010 IPI (2741.3288) 
IPI3016 IPI Motor Driver, Full Bridge 
IPI3032 IPI Level Detector,. Analog UoN-2952 Sprague (2843) 

IPI4050 IPI 
TL489C TI PIC900 Unllrode (3446) 

IPI4064 IPI 10 
TL490C TI 

Motor Driver, Half Bridge 
IPI4100 IPI 

TL491C TI 
SG1635 Silicon G 

IPI4128 IPI Level Detector, Logarithmic (3 DB increments) SG3635 Silicon G 120 
IPI4256 IPI TL487C TI 

Motor Driver, Half H 
IPI7050 IPI Level Detector, Logarithmic, 10 Step Analog SN75603 TI (2857) 
IPI7064 IPI NSL4944 National SN75604 TI (2857) 
IPI7100 IPI Level Detector, Precision, (with internal reference, schmitt Motor Speed Controller 
IPI7128 IPI trigger action) MC213 Analog Sys 
IPI7256 IPI CS127 Cherry 
M256 IPI CS401 Cherry. 70 

Motor Speed Regulator (for small dc motors). See also 

M512 IPI 20 CS402 Cherry 
Linear-Consumer Circuits. 

MC212 Analog Sys 
MI1024 IPI CS450 Cherry CS140 Cherry 
MEL 1024K Panasonic TL560C TI 

I 
MEL 1024KV Panasonic 

CS175 Cherry 

MEL 128 Panasonic 
Level Detector, Precision Dual CS2907 Cherry 

CS122 Che,rry CS2917 Cherry 
MEL512KV Panasonic 

CS129 Cherry fJ-A7392 Fairchild MEL64A Panasonic 
MEL64x64 Panasonic 

CS130 Cherry LM1014 National 130 

MEL864A Panasonic Level Detector, 12-Point (for fluorescent displays) SL440 Plessey 

MN512 Panasonic XR2276 Exar (3204) TCA900 SGS 

~ RL 1024 Reticon 30 LC7555 Sanyo TCA910 SGS 

~ RL 1024S Reticon LC7556 Sanyo TCA955 Siemens 

""" .... RL 1024SF Reticon Level Meter, Analog Input Drives a Bar of LED's 
NE5520 Signatics (3372) 

i 
RL 128 Reticon LB1405 Sanyo 80 TDA1003A Signetics 

RL 128S Reticon UAA170 Siemens TDA1006A Signetics 

RL 128SF Reticon UAA180 . Siemens TDA1506 Signetics 

RL 1728 Reticon SG1731 t Silicon G 

RL 1872 Reticon 
Light Activated Switch SG2731 Silicon G 140 

ZNP100 Ferranti 
RL2048 Reticon SG3731 Silicon G 

ZNP102 Ferranti 
RL256 Reticon ZNP103 Ferranti Motor, Stepping Motor Driver 
RL512 Reticon 40 IPI15 IPI 

SAA1027 Signetics 
Q) RL512S Reticon IPI17 IPI 

UDN-2949Z Sprague (2843) 
"0 TL376C TI RL512SF Reticon IPI1700 IPI 
::J RL64 Reticon IPI18 IPI Motor, Stepping Motor Translator/Driver 

(.9 RL936 Reticon 
IPI1800 IPI 90 UCN-4202A Sprague (2843) 

C Image Sensor, Photodiode, Circular and Annular PS12 IPI Multifunction Converter (generates output=(V1 + V2) 
0 IPL30 IPI PS24 IPI LHo094 National (3343) .-...... 

Image Sensor, 128x1, CCD ULN·3330Y Sprague LH0094C National (3343) (.) 
Q) TC102 TI PF100 Unitrode Multifunction Convertors (XY/Z)expM 
Q) Image Sensor, 256x1, CCD PF200 Unitrode 4301 Burr-Brown 

CJ) CCD111 Fairchild PF30 Unitrode 4302 Burr-Brown 
lo.. Image Sensor, 488x380 Area Element, CCD PF300 Unitrode Multipliers AD539J AD (3161) 150 
Q) CCD222 Fairchild PF400 Unitrode AD539K AD (3161) ...... en Image Sensor, 1024x1, CCD PF60 Unitrode AD539S tAD (3161) ctS 

CCD133 Fairchild PR100 Unitrode 100 MM109 Analog Sys 
~ 

Image Sensor, 1024x1, CCD 
PR200 Unitrode XR2208 Exar (3202) 

MN8026 Panasonic 50 PR30 Unitrode XR2208M tExar (3202) 
PR300 Unitrode XR2228 Exar (3202) 

Image Sensor, 1728xl, CCD PR400 Unitrode XR2228M t Exar (3202) CCD122 Fairchild 
PR60 Unitrode ICL8013C Intersil 

Image Sensor, 1728x1, CCD 
Light Detector (with buffer amplifier) ICL8013M t Intersil 

CCD121 Fairchild 
IPI16 IPI MC1494 Motorola 160 

TC101 TI MC1495 Motorola fJ-PC558 NEC-Electron 
Image Sensor, 2048x1, CCD U123 Telefunken MC1594 t Motorola 

CCD142 Fairchild MC1595 t Motorola 
CCD143 Fairchild Light to Frequency Converter 

CA3091 t RCA 
TC103 TI IPI13 IPI 

SG1402 t Silicon G 
Image Sensor, 2048x1, CCD Linear Filter (for sensor and control systems) SG1495 Silicon G 

fJ-PD792 NEG-Electron MF409 Analog Sys 110 SG1595 t Silicon G 
fJ-PD794 NEG-Electron Linear Isolator (for sensor and control systems) SG2402 Silicon G 
MN8027 Panasonic MI900 Analog Sys (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold faca Indlcales additional dala Is provided on the page notad. 
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LINEAR-Other Devices (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Other Linear Devices (Cont'd) 

Multipliers (Cont'd) 
SG3402 Silicon G 
TA7158 Toshiba 

Multipliers/Dividers 
AD530J AD 

AD 
AD 

tAD 
AD 
AD 
AD 

tAD 
AD 
AD 

tAD 
AD 
AD 
AD 

tAD 
AD 
AD 
AD 

tAD 
tAD 

(3161) 
(3161) 
(3161) 
(3161) 10 
(3161) 
(3161) 
(3161) 
(3161) 
(3161) 
(3161) 
(3161) 
(3161) 
(3161) 
(3161) 20 
(3161) 
(3161) 

Overvoltage Protector 

SG3423A 
SG3523 
SG3523A 
SG3542 
MC3423 

Silicon G 
t Silicon G 
t Silicon G 

Silicon G 
TI 

(Cont'd) 

Peak Detector (senses and holds peak) 
4085 Burr-Brown 

t Burr-Brown 4085M 
5030A 
5032A 
5902 
5905 
PKD-01 

Phase Detector (module) 
3420 
3421 

PIN Diode Driver 
oHo035 
DH0035C 
UDS-5790H 
UDS-5791H 

Potentiometer, Dual Double 
TDA1074 

Potentiometer, 3 1/2-Digit BCD 
AD7525K 
AD7525L 
AD7525T 
AD7525U 

70 
DEI (3347) 
DEI (3347) 

t DEI (3347) 
DEI (3347) 
PMI 

DEI 
DEI 

t Nalional 
Nallonal 

t Sprague 
t Sprague 

Signetics 

AD 
AD 

tAD 
tAD 

(3347) 
(3347) 

(3344) 
(3344) 
(2843) 80 
(2843) 

(3166) 
(3166) 
(3166) 
(3166) 

Power Supply Supervisory/Over-Under Voltage Protection 
Circuit MC3425 Motorola 

MC3425A Motorola 
MC3525 Motorola 
MC3525A 

Pressure Transducers, Absolute 
lX04XXA 
lX05XXA 
lX05XXAO 
lX06XXXA 
lX14XXA 
lX14XXAF 
lX14XXAS 
lX1600A 
lX16XXA 
lX18XXA 

Pressure Transducers, Backward Gage 

Motorola 

National 
National 
National 
National 
National 
National 
National 
National 
National 
National 

lX0603GB National 
lX06XXGB 
lX16XXGB 
lX18XXGB 

Pressure Transducers, Differential 
lX16XXD 
lX18XXD 
lX96XXD 

Pressure Transducers, Gage 
lX06002D 
lX06002G 
lX06XXXD 
lX16XXG 
lX18XXG 

National 
National I 

National 

National 
National 
National 

National 
National 
National 
National 
National 

Programmable Quad Comparator, Micropower 

120 

130 

AD530K 
AD530l 
AD530S 
AD531J 
AD531K 
AD531L 
AD531S 
AD532J 
AD532K 
AD532S 
AD533J 
AD533K 
AD533L 
AD533S 
AD534J 
AD534K 
AD534L 
AD534S 
AD534T 
4203 
4203S 
4204 
4204S 
4205 
4205S 
4206 
4213 
4213S 
4214 
4214M 
RC4200 
RC4200A 

Burr-Brown 
t Burr-Brown 

Burr-Brown 
t Burr-Brown 

Burr-Brown 
t Burr-Brown 

Burr-Brown 
Burr-Brown 

t Burr-Brown 
BurrcBrown 

t Burr-Brown 
Raytheon 
Raytheon 

Power Control Subsystem 
30 AM6300 AMD 

. LP165 National 
LP365 National 

(3112) 
(3316) 
(3316) 

Noise Generator (psuedo-ramdom sequence generator for 
audio) S2688 AMI 

MM5837 National 

Oscillator, Crystal Clock (250 kHz to 60 MHz) 
CK1100A Solarise 
CK1114A 
CK1144A 
CK1145A 

Solarise 
Solarise 
Solarise 

Oscillator, Fixed Frequency (10 Hz to 20 kHz) 
4023 Burr-Brown 
4025 Burr-Brown 

Oscillator, Quadrature 
4423 Burr-Brown 

lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
lambda 
Motorola 

40 

50 

Overvoltage Protector 
l20V12 
l20V15 
l20V18 
l20V20 
l20V24 
l20V5 
l20V6 
l20V9 
l60V12 
l60V15 
l60V24 
l60V28 
l60V5 
l60V6 
MC3423 
MC3523 
SG1542 
SG2542 
SG3423 

t Motorola 60 
t Silicon G 

Silicon G 
Silicon G 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 
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Power Control Zero Voltage Switch 
Sl445A Plessey 

Power Supply Control (voltage reference, over and under 

Proximity Detector, Electromagnetic 
CS191 
CS209 

Cherry 
Cherry 

voltage sensing) 
XR1543 
XR2543 
XR3543 
SG1543 
SG1544 
SG2543 
SG2544 
SG3543 
SG3544 

Exar 
Exar 
Exar 

Pulse-Width Modulated Controller (for motors, heaters, 
(3192) lamps) MC343 Analog Sys 
(3192) 90 
(3192) Pulse-Width Modulator Control System (for switching 

regulators, motor-speed controllers) 
XR2230 t Silicon G 

t Silicon G 
Silicon G 
Silicon G 
Silicon G 
Silicon G 

Power Supply Controller (voltage reference, ~ ulse 
generator and timing circuitry, error amp) 

lA5700 Sanyo 
Tl496C TI 

Power Supply Fault Monitor (monitors 3 dc voltages and 
ac input) SG 1547 t Silicon G 

SG2547 
SG3547 

Silicon G 
Silicon G 

Power Supply Overvoltage Sensing Circuit, Pin 
Programmable 

MC34062 
MC35062 

Motorola 
Motorola 

Power Supply Overvoltage SenSing Circuit, Three-Terminal 
MC34061 Motorola 
MC34061A 
MC35061 
MC35061A 

Power Supply Supervisory Circuit 
MC3324 
MC3324A 
MC3424 
MC3424A 
MC3524 
MC3524A 

• Typical Value 

Motorola 
Motorola 
Motorola 

Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 

Exar (3191) 

Quantizer, 4-Bit (Quantizes analog voltage into 15 equally
spaced levels and outputs 4-Bit binary digital word at 
sampling rates up to 100 MHz.) 

AM6688 
AM6688L-6 
AM6688L-7 
AM6688L-8 
AM6688M-6 
AM6688M-7 
AM6688M-8 

AMD 
AMD 
AMD 
AMD 

tAMD 
t AMD 
tAMD 

(3109) 
(3109) 
(3109) 
(3109) 150 
(3109) 
(3109) 
(3109) 

100 Read Chain Data Comparator 
Tl712 
Tl721 

TI 
TI 

110 

Read/Write System for Magnetic Cards, Tapes, or Disks 
CA3196 RCA 

Reference Diode 

CA3197 
CA3198 

AN156 
AN 179 

Reference Voltage 
AD584J 
AD584K 
AD584l 
AD584S 
AD584T 
AD584U 
MC14oo-6 
MC14ooA-6 

RCA 
RCA 

Panasonic 
Panasonic 

AD 
AD 
AD 

tAD 
tAD 
tAD 

Motorola (2761) 
Motorola (2761) 

(Continued) 

160 

Bold face Indicates additional data Is provided on tbe page noted., 

2965 

Q) 

"'0 
:::J 
(9 

C 
o 

+oJ 
t) 
Q) 

Q) 
(f) 



....... 
() 
Q) 

Q) 
(f) 

I 

Ie MASTER 

LINEAR-Other Devices (Cont'd) 

Function Device Source Line 

O'ther Linear Devices (Cont'd) 

Reference Voltage 
(Cont'd) 

UC1404-6 Motorol3 (2161) 
r.lC1S00-6 t ','otorGla (2161) 
UC1S00A-6 t r.lotorola (2761) 
UC1S04-6 t r,lotorola (2761) 

Reference Voltage (two terminal active circuit 1.220 
V±5%) r·1PS010 t Wero Pwr 

(401.3292) 
',lP5010A t ',liero Pm 

(401,3292) 
LM113 trlaliml (3304) 
LI:1113-) t "alional (3304) 
Lf.1113-2 Ihllon31 (3304) 
Lf,1313 tlallonal (3304) 10 
9491AM t Teledyne S 
9491B Teledyne S 
9491BM Teledyne S 

Reference Voltage (two terminal active circuit) 1.235 
V:±.2% LU18S t lIalional (3304) 

Lf.l285 !!allonal (3304) 
LM385 National 

Reference Voltage (two terminal active circuit) 1.8 to 5.6 V 
LM103 ! Nationa_1 ___ 

Reference Voltage, 1.23 V 
ADS89J AD (3178) 
ADSS9K AD (3178) 
AD589L AD (3178) 20 
1\0589101 AD (3178) 
AOS89S tAD (3171!) 
AOS89T tAD (3178) 
A0589U t liD (3178) 
ICL8069 Intersil 
ICL8069M t Intersil 
Lr.1185-1 t !lalional (3304) 
U,lZ8S-1 l!alional (3304) 
LM385-1 National 

Reference Voltage, 1.26 V (two terminal active circuit) 
ZN423 Ferranti 30 

Reference Voltage, 2.45 V (two terminal active circuit) 
VR-182A . Datel 
VR-182B Datel 
VR-182C Datel 
ZN404 Ferranti 
ZN458 Ferranti 
ZN458A Ferranti 
ZN458B Ferranti 

Reference Voltage, 2,5 V 
1101403 AD (3178) 
A014G3A AD (3178) 
AOS80J AD (3178) 40 
ADS8GK AD (3178) 
A0580L AD (3178) 
A0580S tAD (3178) 
'.0580T tAD (3178) 
AOS80U tAD (3178) 
MP5540 Micro Pwr 
r.1C1400-2 r,latorola (2761) 
MC1400A-2 Motorcla (2761) 
f.lC1403 f.lotorol3 (2161) 
r.1C1403A "'otorola (2161) 50 
UC1S00-2 t Motorola (2161) 
r.1C 1500A-2 t !.latorola (2161) 
MC1503 t Motorola (2761) 
MC1S03f. r.lalorola (2161) 
W136-2 t rhllenal (3304) 
LF.1136A-2 t rlallonal (3304) 
W185-2 t llallonal (3304) 
u.t236-2 rialicnal (3304) 
L1.!236A-2 !lallonal (3304) 

(Continued) 

t Military Temperature Range (-55° to 125°C) 
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Function Device Source Line Functicn Device Source Line 

Reference Voltage, 2.5 V Reference Voltage, 10 V(or -10 V) 
(Cont'd) (Cont'd) 

LM285-2 . llallenal (3304) 60 A02100U t liD (3178) 120 
W336-2 I13l1onal (3304) A02101J AD (3178) 
LM385-2 National 1I0210lL AD (3178) 
SG 1503 Silicon G A02701S tAO (3178) 
SG2503 Silicon G A02701U tAO (3178) 
SG3503 Silicon G A02710K AD (3178) 

Reference Voltage, 2.5 V (trimmable output) AoZ710L AD (3178) 

ZNREF025 Ferranti A0581J AD (3178) 

Reference Voltage, 4 V (trimmable output) A0581K AD (3178) 

ZNREF040 Ferranti AG581L AD (3178) 
A0581S tAO (3178) 130 

Reference Voltage, 5 V AD581T tAD (3178) 
HA-1620 Harris 

AOS81U t liD (3178) 
HA-1625 Harris 

HA-1600-2 t Harris 
r,'PSS31 t Ulero Pwr 

HA-1602-2 t Harris 
(401,3292) 70 

HA-1605-5 Harris 
MP5541 t Micro Pwr 

HA-1610-2 t Harris MP5543 t Micro Pwr 
HA-1615-2 t Harris REF-02 t Micro Pwr 
HA-1615-5 

REF-02A t Micro Pwr 
Harris 

REF-02C Micro Pwr 
HSREF01 Hybrid Sys 

REF-02D Micro Pwr 
R675B-1 t Hybrid Sys 140 

REF-02E Micro Pwr 
R675B-4 t Hybrid Sys 

REF-02H Micro Pwr 
R675B-5 t Hybrid Sys 

',1CI400-S Motorola (2761) 
R675C-1 Hybrid Sys 

UC1400J\-5 r.lotcrola (2761) 80 
R675C-5 Hybrid Sys 
UPS532 t mero Pwr F.IC1404-S Motorola (2761) 

(401.3292) 
MC1500-5 t ',1clorcla (2761) 

MP5542 t Micro Pwr 
',lC1S001\-5 I.lctorola (2761) 

MP5545 t Micro Pwr 
',IC1S04-S t r.'ntorola (2761) 

UC1400-10 Motorola (2761) 
LM136-5 t Ilallonal (3304) 

f,IC14COA-l0 1,1otorola (2761) 
LF.1136A-S t Iialional (3304) 

MC1404-10 r,'olorola (2161) 150 
U,1236-5 I!allonal (3304) 

BC1404A-l0 Motorola (2761) 
Lf.1236A-5 lIalional (3304) 

UC1S00-10 t r,lotorola (2761) 
W336-5 . Flallonal (3304) 

UC1S00A-l0 t Motorola (2761) 
LM336B-S !Ialional (3304) 90 

MC1S04-10 t Motorola (2161) 
REF-02 t PMI 

r.1C1504A-l0 t r.lotorola (2761) REF'-02A t PMI 
LH0070 t !lat.lonal REF-02C PMI 

(3304.3343) 
REF-02D PMI 

REF-01 t PMI 
REF-02E PMI 
REF-02H PMI, 

REF-01A t PMI 

REF-05A PMI 
REF-01C PMI 

REF-05B t PMI 
REF-01D PMI 160 
REF-01E PMI 

9495A t Teledyne S 
REF-01H PMI 

9495C Teledyne S 100 
TSC9495 Teledyne S REF-10A PMI 

REF-10B t PMI 
Reference Voltage, 5 V (trimmable output) REF-01 Raytheon 

ZNREF050 Ferranti REF-01A Raytheon 
Reference Voltage, 6.1 V (trimmable output) REF-01C Raytheon 

ZN406 Ferranti REF-01D Raytheon 
ZNREF061 Ferranti REF-01E Raytheon 

Reference Voltage, 6,9 V Temperature Stabilized REF-01H Raytheon 170 
LU129 t lIalional (3304) TSC9496 Teledyne S 
Lf,1199 t Iialional (3304) Reference Voltage, 10,024 V 
LI.1199A t Hallenal (3304) lH0071·0 113lional 
Lf.1299 Ilalional (3304) (3304.3343) 
UII299A lIalional (3304) LH0071-1 Hallonal 
LM329 I!alional (3304) 110 (3304.3343) 
LM399 .hlional (3304) LHOO11-2 lIalional 
LI!l3999 !Iallonal (3304) (3304,3343) 
W399A Nallonal (3304) 

Reference Voltage, .10.24 V 
LM329 Raytheon LH0071 Nallonal 

Reference Voltage, 7.5 V (3304.3343) 
MP5544 Micro Pwr Reference Voltage, ±10 V 

Reference Voltage, 10 V (trimmable Gutput) AD27025 AD 
ZNREF100 Ferranti AD2702L AO (3178) 

Reference Voltage. 10 V(or -10 V) A02702S tAO (3178) 
A02100J AD (3176) "D2102U AD (3178) 
AD2700L AD (3178) AD271ZK AD (3178) 180 
AD2700S tAD (3118) AD2712L AD (3178) 

(Continued) (Continued) 

* Typical Value 
Bold faco indicates additional data is provided on tho pago nated. 
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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 Device~ (Cont'd) Sample and Hold Circuits Sample and Hold Circuits 
(Cont'd) (Cont'd) 

Reference Voltage, ± 10 V HTS-0025 AD (3181) SMPllF PMI 
(Cont'd) MH410 Analog Sys SMPllG PMI 

AD2720 AD (3177) MN245 Analogic SMP81E PMI 
HA-1608· Harris SHC23 Burr-Brown SMP81F PMI 

(3210,3287) SHC298AM Burr-Brown lF298 Signetics 
R675B-3 t Hybrid Sys SHC80 Burr-Brown lF398 Signetics 
R675C-3 Hybrid Sys SHC85 Burr-Brown 70 NE5537 Signetics 

Regulator Diode with Amplifier (6.8 to 11 V) SHC85ET. Burr-Brown SE5537 t Signetics 
MCA-series Motorola SHM-6MM t Dalel (2620) CSH101A tTeledyne C 140 

Resolver and Synchro Systems SHM-7MC Dalel (2622) 4856 Teledyne P 
SDC1740 AD SHM-7MR t Datel 4857 Teledyne P 
SDC1741 AD SHM-8MC Datel 4860 Teledyne P 
SDC1742 AD SHM-HUMC Dalel (2622) 4860-83 t Teledyne P 
DRC10500 DDC SHM-HUMM t Dalel (2620) TL195C TI (3436) 
HMSDC-8700 DOC 10 SHM-IC-l Dalel (2622) 

HRCDX-14 DOC SHM-IC-1M t Dalel (2622) SCR/TRIAC Control (burst control) 

HRCT-14 DDC SHM-lM-2 Dalel (2622) 80 l121 SGS 

HRDC-l0 DDC SHM-lM-2M t Dalel (2622) SCR/TRIAC Control (phase control) 

HRDC-14 DDC ILA398 Fairchild l120 SGS 

HSCDX-14 DOC ILAF198 t Fairchild UAA145 Telefunken 

HSCT-14 DOC ILAF298 Fairchild UAA146 Telefunken 

HSDC-l0 DOC HA-2420 Harris Sensor/Controller, Air Temperature 
HSDC-14 DDC (3214,3287) MS120 Analog Sys 150 
HSDC-360 DDC HA-2425 t Harris 

HSDC-8915 DDC 20 (3214,3287) Sensor/Controller, Ground MOisture and liquid level 
MS211 Analog Sys 

HSDC-8916 DDC HA-5310 Harris 

HSDC-8917 DDC HA-5315 Harris Sensor/Controller, Relative Humidity 

HSDC-8918 DOC HA-5320-2 t Harris MS214 Analog Sys 

HSDC-8919 DOC (3277.3287) Sensor, Ultrasonic Object Detector (position and distance) 
HSDC-8920 DOC 

HA-5320-5 Harris MSl18 Analog Sys 

HSDC-8921 DDC 
(3277.3287) 90 

SH-8518 DDC Sequencer, 10 Outputs, 100 ILS to 100 Seconds 
HSDC-8922 DDC 

IH5110 t Intersil MCl16 Analog Sys 
HXCDX-14 DOC 

IH5111 t Intersil Serial Analog Delay (analog storage units with read In/ 
HXCT-14 DDC 
HXDC-l0 DOC 30 

IH5112 Intersil read out shift register) (See also Analog Shift Registers 
IH5113 Intersil above) DAS1024A Reticon 

HXDC-14 DOC 
IH5114 Intersil SAD1024A Reticon 

SDC-14510 DOC 
IH5115 Intersil SAD512 Reticon 

SDC-14520 DDC 
MN343 Micro Net SAD512D Reticon 

SDC19100 DDC 
MN343H t Micro Net Serial Analog Delay, Tapped (bucket brigade with 32 taps) Ring Modulator, four transistor MN344 Micro Net 100 TAD32A Reticon SL355 Plessey MN344H t Micro Net 

TBA673 Plessey MN346 Micro Net Serial An;llog Memory (analog storage with independent Q) 

TBA673 Signetics MN346H t Micro Net 
read-in and read-out shift registers) "0 

RMS to DC Converter MN347 Micro Net 
SAM 128LR Reticon 160 ::J 

AD536A AD (3161) MN347H t Micro Net 
SAM128V Reticon CJ 

AD536AJ AD (3161) MN375 Micro Net Servo Amplifier, for Motor Control C 
AD536AK AD (3161) 40 MN7130 Micro Net ZN409CE Ferranti 0 
AD536AS tAD (3161) MN7130H t Micro Net ZN419CE Ferranti ....... 
AD636J AD (3161) LF198 t National Servo Controller, for VTR or dc Servos 

U 
Q) 

AD636K AD (3161) LF198A t National 110 AN6880 Panasonic 
AD637J AD (3159,3161) LF298 National LB1601 Sanyo 

Q) 

AD637K AD (3159,3161) LF298A National 
(f) 

4340 Burr-Brown lF398 National 
Servo Controller, Proportional Control L-

XR2264 Exar Q) 
4341 Burr-Brown lF398A National XR2265 Exar 

....... 
lH0091 t National (3343) 

(J) 
lH0023 t Nallonal (3343) CU 

lH0091C National (3343) lH0023C National (3343) Servo Controller, Radio Controlled Cars, 2 Channel 
~ 

Sample and Hold Circuits lH0043 t National (3343) XR2266 Exar 

lF198 AMD 50 lH0043C National (3343) Signal Processor, Real Time Digital Processing of Analog 

LF298 AMD lH0053 t National (3343) Signals (programmable) 

lF398 t AMD lH0053C National (3343) 120 2920-10 Intel 

AD582K AD (3181) SHM6401 National 2920-16 Intel 170 

AD582S tAD (3181) ILPC649 NEC-Electron 2920-18 Intel 

AD583K AD (3181) 5021 DEI (3347) Smoke Detectors: See linear-Consumer Circuit, 
AD583S tAD (3181) 5025 DEI (3347) Miscellaneous 
AD585J AD (3179,3181) SMP10A t PMI Solar Transceiver 
AD585S tAD (3179,3181) SMP10B t PMI M1812 National 
ADSHC-85 AD (3181) SMP10E PMI 
ADSHC-85E tAD 60 SMP10F PMI Solenoid Driver MC3484V2 TI 

ADX346 AD SMPllA t PMI MC3484V4 TI 

HTC-0300 AD (3181) SMPllB t PMI 130 Switch Driver, for Power Transistors 
HTC-0500 AD (3180) SMPllE PMI SG1629 t Silicon G 

(Continued) (Continued) SG3629 Silicon G 

t Military Temperature Range (-55 0 to 125°C) • Typical Value 
80ld face Indlcales addillonal dala Is provided on Ihe page noled. 
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LINEAR-Other Devices (Cont'd) 

Function Device Source Line Function Device Source Line 

Other Linear Devices (Cont'd) Voltage Converter, + 5 V to :!: 5 V 
VI-7660C Datel 

Switches ICL8018AC Intersil VI-7660M Datel 
ICL8018AM t Intersil ICl.7660 Intersil 
ICL8019AC Intersil Voltage Detector, Indicator, Regulator, (programmable 
ICL8019AM 11ntersil zener) ICL8211C Intersil 
ICL8020AC Intersil ICL8211M t Intersil 
ICL8020AM t Intersil 

I 

ICL8212C Intersil 

Switching Regulators. See Linear-Voltage Regulators, ICL8212M t Intersil 

Switching Voltage Overvoltage Protector. (Crowbar) See Overvoltage 

Tachometer: See Frequency to Voltage and Frequency Protector above 60 

Switch above Voltage to Frequency Converter 

Temperature Controlled Differential Pair A0537J AD (3176) 

I,A726C Fairchild AD537K AD (3176) 

/LA726M t Fairchild 10 A05378 tAD (3176) 
A0650 AD (3176) 

Temperature Transducers ADVFG32 AD 
AD5901 tAD VFQ-1 Datel 
AD590J tAD VFQ-2 Datel 
AD590K tAD VFQ-3 Datel 
AD590L tAD 3930 DEI (3347) 
AD590M AD SSM2031 SSM 70 
AD5901 t Intersil 4731 t Teledyne P 
AD590J t Intersil 4731-83 t Teledyne P 
AD590K t Intersil 4732 Teledyne P 
AD590L t Intersil 4732-83 t Teledyne P 
AD590M t Intersil 20 4733 t Teledyne P 
ICL8073 Intersil 4733-83 t Teledyne P 
ICL8074 Intersil 4734 Teledyne P 
MMBTS102 Motorola 4734-83 t Teledyne P 
MMBTS103 Motorola 4735 t Teledyne P 
MMBTS1D5 Motorola 4735-83 t Teledyne P 80 
LM134 t National 4736-83 t Teledyne P 
LM135 t National 4739 Teledyne P 
LM234 National 4739-80 t Teledyne P 

LM334 National 4743 Teledyne P 

LM335 National 30 4743-80 t Teledyne P 

LM3911 National Voltage to Frequency/Frequency to Voltage Converter 
I'PC3911 NEC-Electron VFC32 Burr-Brown 
REF-02 t PMI VFC32M t Burr-Brown 
REF-02A t PMI VFC32UM t Burr-Brown 
REF-02C PMI VFC32VM t Burr-Rrown 

REF-02D PMI VFC32WM t Burr-Brown 90 

REF-02E PMI VFC42 Burr-Brown 

REF-02H PMI VFC42M . t Burr-Brown 

LA7011 Sanyo VFC52 Burr-Brown 
VFC52M t Burr-Brown 

Thermal Converter (matched transistors, diffused VFV-100K Datel 
resistors) 4131 Burr-Brown 40 

VFV-10K Datel 
Threshold Switch (oscillator, switch with hysteresis) XR4151 Eur (3193) 

TCA105 Siemens XR4151M t Exar 

Threshold Switch (2/3 supply voltage) F.lCEVFC32 Wcro Eng (4440) 

CS560 Cherry LM131 t National 100 

TCA345 Siemens LM131A t National 
LM231 National 

Tone Decoder (traffic signal control and detector) 
LM231A National 

LA2200 Sanyo 
LM331 National 

Track and Hold LM331A National 
ADH-05o DOC RC4151 Raytheon 
ADH-051 DOC RC4152 Raytheon 
TH-8530 DOC RG4153 Raytheon 

Traffic Information Control System (ARI-DK type) RM4151 t Raytheon 

LA2211 Sanyo RM4152 t Raytheon 110 
RM4153 t Raytheon 

Transversal Filter, Quad Chirped (for discrete fourier 
RV4151 Raytheon 

transform and power spectral density applications) 
RV4152 Raytheon R5601-1 Reticon 

R5601-2 Reticon 50 4780 Teledyne P 
4781 Teledyne P 

Undervoltage Protector/Low Voltage Monitor 4782 Teledyne P 
CS188 Cherry 9400 Teledyne S 

Video Delay, CCD 9401 Teledyne S 
CCD321A Fairchild 9402 Teledyne S 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faco Indicates addillonal data Is provided on the page noted. 
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Function Device Source Line 

Voltage Variable Gain Block 
MQ328 Analog Sys 120 

Window Discriminator (indicates voltage above, below, 
inside, or outside two adjustable limits) 

TCA965 Siemens 

Window.Discriminator (indicates when input is above or 
below two limits) 

CS180 Cherry 

Zero Voltage and Zero Crossing Triggers (triac and SCR 
control) CA3059 Motorola 

CA3079 Motorola 
MC3370 Motorola 
SL441 Plessey 
SL443 Plessey 
SL446 Plessey 
CA3058 t RCA 
CA3059 t RCA· 130 
CA3079 t RCA 
TCA780 Siemens 
TCA280A Signetics 
TDA1023 Signetics 
TDA1024 Signetics 
SG3059 Silicon G 
SG3079 Silicon G 
U1D6 Telefunken 
U217 Telefunken 
TL440C TI 140 
TA7606 Toshiba 

Dual Over/Under-Voltage Detector 
ICL7665 Intersil 

Dual Transistors, Monolithic, Matched, See Linear-Arrays 

Dual Voltage Level indicator: See Window Discriminator 
below 

Quad Voltage Level Monitor/Alarm (activated if any of 4 
inputs differs by more than ± 5, ± 10 or ± 20% of 
selected value) 

ULN-2401A Sprague 

Two-Wire Bidirectional Communication System 
Ll.11893 f!2l1onal (3331) 
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Advanced Micro Devices 
LINEAR 
Am6012 

_ .... ~~.m ....•.• _ 

Ir~·-· 

Distinctive Characteristics • 100% Mll-STD-883 reliability assurance testing 
• All grades 12-bit monotonic over temperature • Differential current outputs 
• Differential nonlinearity to ±.012% (13 bits) max. over • low cost 

temperature • High-speed multiplying capability 
• Trimless design is inherently monotonic • Direct interface to TTL, CMOS, ECl, HTl, NMOS 
• Fast settling output current: 250nsec • Performance unchanged over supply range 
• Full scale current 4mA • low power consumption: 230mW 
• High output impedance and compliance: -5 to + 1 OV • ROUT, COUT independent of logic code 

GENERAL DESCRIPTION 

The Am6012 series of 12-bit monolithic multiplying Digital to 
Analog Converters represent a new level of high speed and 
accuracy coupled with low cost. The Am6012 is the first 12-bit 
D/A Converter ever built using standard processing without the 
requirements of thin film resistors and/or active trimming of indi
vidual devices. The Am6012 uses sophisticated new circuit de
sign concepts that give inherent monotonicity without requiring 
ultra precision internal components. 

The Am6012 design guarantees a more uniform step size than is 
possible with standard binarily weighted DAC's. This ±1/2 LSB 
differential nonlinearity is desirable in many applications where 
local linearity is critical. The uniform 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. 

The Am6012 has high voltage compliance, high impedance dual 
complementary outputs which increase its versatility and enable 
differential operation to effectively double the peak to peak out
put swing. These outPl-lts can be used directly without op amps 
in many applications. The dual complementary outputs can also 
be connected in NO converter applications to present a constant 
load current and significantly reduce switching transients and 
increase system throughput. Output full scale current is speci
fied at 4mA, allowing use of smaller load resistors to minimize 
the output RC delay w;lich usually dominates settling time at the 
12-bit level. 

The Am6012 series guarantees full 12-bit monotonicity for all 
grades and 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, -12 volts to ±18 volts. 

FUNCTIONAL DIAGRAM 

v+ 

iQ 

1

19

-

CURRENT SOURCES I 
LADDER NETWORK I I 

+--.--l------------------------------~ 
REFERENCE 
AMPLIFIER 

16 

COMP 

17 

v-

ORDERING INFORMATION 

Order Temperature 
Number Package Range 

AM6012ADM Ceramic -55 to +125°C 

AM6012DM Ceramic -55 to +125° C 

AM6012ADC Ceramic o to +70°C 

AM6012APC Plastic o to +70°C 

AM6012DC Ceramic o to +70°C 

AM6012PC Plastic o to +70°C 
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Am6012 

CONNECTION DIAGRAM - Top View 

MSB B, V~ 

Differential B2 10 

Nonlinearity 
B3 10 

±.012% B4 V-

±.025% Bs COMPo 

±.012% 
B6 VAEF!-) 

±.012% 
B7 VAEF!+) 

±.025% 
±.025% 

B8 GNDIVLC 

Note: B9 B'2 LSB 

Pin 1 is marked 810 B" 
for orientation. 
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Advanced Micro Devices 
LINEAR 
Am6012 

MAXIMUM RATINGS above which useful life may be impaired 

Operating Temperature Power Supply Voltage 
1--

Am6012ADM, Am6012pM -55 to + 125°C Logic Inputs 

Am6012ADC, Am6012DC o to + 70°C Analog Current Outputs 

Am6012APC, Am6012PC o to + 70°C Reference Inputs V14, V15 

:.'::18V 
--

-5 to +18V 

V- to V+ 

Storage Temperature -65 to +125°C Reference Input Differential Voltage (V14 to V15) 

··Bto +12~ 

:!::18V 

1.25~~ Lead Temperature (Soldering, 60 sec) 300°C Reference Input Current (114) 

ELECTRICAL CHARACTERISTICS 
These specifications apply for V+ = +15V, V_ = -15V, IREF ", 1.0mA, overthe operating temperature range unless otherwise specified. 

Am6012A Am6012 

Parameter Descr.iption Test Conditions Min. Typ. Max. Min. Typ. Max. Units 

Resolution 12 12 12 12 12 12 Bits 

Monot?nicity 12 12 12 12 12 12 Bits 
--

Differential :!:.012 :!:.025 ,/iFS 
D.N.L. 

Nonlinearity 
Deviation from ideal step Size 

13 12 Bits 

N.L. Nonlinearity Deviation from ideal straight line :!:.05 :!:.05 '7<FS 

VREF = 10.000V 

IFS Full Scale Current R14 = R15 = 10.000kO 3.967 3.999 4.031 3.935 3.999 4.063 mA 
TA = 2SoC 

:!:S :!:20 :!:10 :!:40 ppml'C 
.TCIFS Full Scale Tempco 

:!:.OOOS :!:.002 :!:.001 =.004 7rFS/oC 

Output Vo~age 
D.N.L. Specification guaranteed 

VOC over compliance range -5 +10 -S +10 Volts 
Compliance 

ROUT> 10 megohms typo 

'FSS 
Full Scale 

IFS - TFs ±O.2 :!:1.0 :!:0.4 :!:2.0 IlA 
Symmetry 

IzS Zero Scale Current 0.10 0.10 IlA 

ts Settling Time To :!:1/2 LSB, all bits ON or OFF, TA = 25°C 250 500 250 500 nsec 

tpLH Propagation 
SO% to SO% 25 50 2S SO nsec 

tpHL Delay - all bits 

COUT Output Capacitance 20 20 pF 
-

Logic I Logic "0" VIL 0.8 0.8 
Input Volts 

VIH Levels J Logic "1" 2.0 2.0 

'iN Logic Input Current VIN = -5 to +18V 40 40 IlA 

VIS Logic Input Swing V- = -15V -5 +18 -5 +18 Volts 

IREF 
Reference Current 

0.2 1.0 1.1 0.2 1.0 1.1 mA 
Range 

115 Reference Bias Current -O.S -2.0 -O.S -2.0 IlA 

dlld! 
Reference Input R14(eQ) = 8000 4.0 8.0 4.0 8.0 mAillS 
Slew Rate CC = OpF 

PSSIFS+ Power Supply V+ = +13.5V to +16.SV, V- = -1SV :!:.OOOOS :!:.001 :!:O.OOOS :!:.001 
'/tFS/% 

PSSIFS- Sensitivity V- = -13.SV to -16.SV, V+ = +1SV :!:.0002S :!:.001 :!:.00025 :!:.001 

V+ Power Supply 4.S 18 4.S 18 

Range VOUT = OV Volts 
V- -18 -10.8 -18 -10.8 

1+ S.7 8.S 5.7 8.5 

1- Power Supply 
V+ = +SV, V- = -1SV 

-18.0 -13.7 -18.0 -13.7 
Current mA 

1+ S.7 8.S S.7 8.S 

1-
V+ = +15V, V- = -1SV 

-13.7 -1B.0 -13.7 -1B.0 

Power V+ = +5V, V,... = -15V 234 31.2 234 312 
PD Dissipation mW 

V+ = +15V, V- = -15V 291 397 291 397 
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Advanced Micro Devices 
LINEAR 
Am6108 

DISTINCTIVE CHARACTERISTICS 

• 1 ILS 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-programmable unipolar or bipolar twos complement 

conversion 
• Conversion complete available as interrupt or as multiplexed 

output on data bus 

The International Standard of Quality 
guarantees these electrtcal AQLs on all 
parameters over the operat:!flg tempera
ture~: 0.1% on MOS RAMs & ROMs; 
0.2% on 'Bi lar . c & Interface; 0.3% 
on Linear. ic& other memories. 

Effective April!. 1981 

GENERAL DESCRIPTION 

The Am6108 is a microprocessor compatible 8-bit high-speed 
analog-to-digital converter. The Am6108 is the first fully 
monolithic high-speed AJD to include a precision reference, 
DAC, comparator, SAR, scale resistors, output 3-state buffers 
and control logic. The Am6108 is capable of completing an 8-bit 
conversion in under one microsecond and can handle input vol
tage ranges of 0 to 10V, 0' to 5V, and ~5V without external 
components. With appropriate external resistors, the user can 
program the device to operate on other input signal ranges (2 or 
3 precision resistors are required). Full 8-bit performance is 
guaranteed over temperature. The device has 3-state outputs 
for bus compatibility and two status outputs - one a standard 
TTL signal and the other available as a status output on the data 
bus. 

The Am6108 is useful in microprocessor-based systems, or can 
be used in a stand-alone mode. The conversion time is short 
enough to allow most microprocessors to accept data im
mediately after requesting a conversion. Applications include 
Analog I/O subsystems and servomechanism control. 

EQUIVALENT CIRCUIT 

REFERENCE 
ANALOG GAIN AMPLIFIER 
GROUND VAEF RESISTOR INPUT COMPENSATION 

CODE CS START 
SEL 

ORDERING INFORMATION 

Order Temperature 
Number Range 

AM6108DM -55 to + 125°C 
AM6108DC o to 70°C 
AM6108PC o to 70°C 
AM6108XM Dice 
AM6108XC Dice 

© Ie MASTER 1983 

DIGITAL 
OUTPUT 

NON·INVERTING 
COMPARATOR 

INPUT RJN ROFF 
INVERTING 

COMPARATOR 10 

o-----<::J +sv 

o-----<::J -SV 

c:r----D GND 

L1C-860 

CONNECTION DIAGRAM 
Top View 

POSITIVE POWER SUPPLY NEGATIVE POWER SUPPLY 

LSB Do OUTPUT COMPENSATION 

0, OUTPUT ANALOG GROUND 

02 OUTPUT VOLTAGE REFERENCE 

OJ OUTPUT GAIN RESISTOR 

0, OUTPUT 
POSITIVE REFERENCE 
AMPLIFIER INPUT 

0 5 OUTPUT VOLTAGE OFFSET RESISTOR 

0, OUTPUT 10 

0 7 OUTPUT/CONVERSION COMPLETE VOLTAGE INPUT RESISTOR 

CONVERSION COMPLETE NON·INVERTING COMPARATOR INPUT 

START INVERTING COMPARATOR INPUT 

CHIP SELECT OIGITALGROUND 

READ CODE SELECT 

DATA/STATUS CLOCK 

Note: Pin 1 is marked for orientation. LIC-861 
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Advanced I\~icro Devices 
LINEAR 
Am610a 

MAXIMUM RATINGS above which useful life may be impaired 

V+ to 0 GNO --0.5 to + 7.0V Voltage at GAIN R, REFIN V- to V+ 

V- to 0 GNO +0.5 to -7.0V Voltage at R 1N , ROFF -5to+10V 

Max Differential V + to V- :t12V OAC Compliance Voltage -2 to +10V 

Digital Inputs to 0 GNO --0.5 to +7.0V Operating Temperature -55 to +125°C 

A GNO to 0 GNO :t1V Storage Temperature -65 to +150°C 

VREF Max Output Current 15mA Lead Temperature (Soldering 60 sec) 300°C 

Max Input Current at REFIN 2mA 

ELECTRICAL CHARACTERISTICS (V+ = SV, v- = -SV) 

Parameters Description Test Conditions Min Typ Max Units 

Transfer Characteristic 

Resolution 8 8 8 Bits 

Monotonicity 8 8 8 Bits 

Differential Non-Linearity TA = 2S"C ±1/2 LSB 
--

Linearity TA = 2SoC ±1/2 LSB 
f-----

Inherent Quantization Error ±1/2 LSB 
f----

Unipolar Gain Error TA ~ 2SoC ±3/4 LSB 
1--- --

Unipolar Offset Error TA = 2SoC ±1/2 LSB 

Bipolar Gain Error TA = 2SoC ±1 LSB 
--

Bipolar Offset Error TA = 2SoC ±3/4 LSB 

Positive Power Supply Sensitivity V+' = 4.5 to 5.SV .002 ':,FS/t;; 
--

Negative Power Supply Sensitivity V- o. 4.S to -S.SV .002 r:',FS/'lr 

Drift 

Monotonicity 8 8 8 Bits 
--

Differential Non-Linearity ±10 ppmrc 
._--------

Linearity ±10 ppmrc 
-- --

Unipolar Gain Error '::30 ppml"C 
-------- --

Unipolar Offset Error ±30 ppmrc 

Bipolar Gain Error :'::30 ppm/oC 
--f--- --

Bipo!ar Offset Error :!-.30 ppmrc 

Internal Reference 

VREF Reference Voltage I 2.495 2.S 2.S0S Volts 

VREF/TA Reference Voltage Tempco 2S ppm;oC 

VREF/IREF Load Regulation IREF = 1mA to SmA .05 '7'cVREF/mA 
--

VREF/V+ Line Regulation V+ = 4.S to S.SV .OS ');VREF/V 

Noise 20 /LV 

Analog Inputs 

Input Impedance 

75V 2.S K!l 
I --

~t010V 2.S K!l 
---- ------- ----_._--

I 0 to 5V 1.25 KO 
-- --!-- --f---

Input Capacitance 
----.------------c--- -1----

fllN, ROFF 20 pF 
---.- -------1-------

10 20 pF 

COMP+ 20 pF 
--

CaMP- 2 pF 
--

GAIN R 2 pF 
>---. 

REFIN 2 pF 
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Advanced Micro Devices 
LINEAR 
Am6108 

ELECTRICAL CHARACTERISTICS (Cont.) 

Parameters Description Test Conditions 

Digital Inputs 

logic level Input Voltage 

VIH logic 1 

Vil logic 0 

logic level Input Current 

IIH logic 1 

III logic 0 

Digital Outputs 

logic level Output Voltages 

VOH logic 1 iOH = - 4OO!J.A 

Val logic 0 10l = SmA 

Ise Output Short Circuit Current V+ = 5.5V 

loz Off-State Output Current V+ = 5.5V 

Va = 2.4V 

Va = O.4V 

Power Requirements 

V+ Positive Supply 

V- Negative Supply 

Power Dissipation 

SYSTEM TIMING 

Parameters Description Min 

te Conversion Time 

tess CS low Set-up Time 0 

tss S low to ClK low Set-up Time 0 

tws S Pulse Width 20 

tesH CS low Hold Time 0 

toee ClK low to CC High Delay 

tORS R low to Data Stable 

teos CODESEl to Data Stable 

tSTS . D/ST to Data Stable 

tOF Data Float After Read 

tePl ClK low Period 50 

tePH ClK High Period 50 

fe Clock Frequency 

START CONVERSION 

CODESEL 

D/ST 

LlC·894 

© Ie MASTER 1983 

Min Typ Max Units 

2.0 Volts 

OS Volts 

40 !J.A 

0.1 !J.A 

2.4 Volts 

.5 Volts 

-20 mA 

20 !J.A 

-20 !J.A 

44 S2 mA 

-65 -100 mA 

600 1000 mW 

Typ Max Units 

1 !J.s 

ns 

ns 

ns 
.-

ns 

10 ns 

30 ns 

20 ns 

20 ns 

50 ns 

ns 

ns 

10 MHz 

READ DATA 

LlC·895 
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Adv8.nced Micro Devices 
LINEAR 
Am6112 

PRELIMINARY DATA 

Am6112 
31'S Microprocessor Compatible 
12-Bit AID Converter 

CI First totally monolithic, high-speed 12-bit ADC 
~ 3fLs typical conversion time 
o Internal precision voltage reference 
o Guaranteed monotonicity with no missing codes over full 

operating temperature range 
C) Easy interfacing with 8- and 16-bit ILP's 
o Internal command register for programmable modes 

of operation 
o Offset binary or 2's complement output code 
o 0 to 10V, 0 to 5V or ±5V input range 
o 24-pin package 

FUNCTIONAL DESCRIPTION 

The Am6112 is the first fully monolithic microprocessor com
patible 12-bit high-speed analog-to-digital converter. The 
Am6112 high-speed AID contains a precision reference, 
DAC, ~omparator, 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 
under three microseconds and can handle input voltage 
ranges of 0 to 10V, 0 to 5V, and ±5V without external 
components. 

The Am6112 has four modes of operation, two micro
processor, one DMA, and a stand-alone mode. These 
modes are software programmable, except for the stand
alone mode which is pin selectable. Applications include 
analog 1/0 subsystems, servo-control and high-speed digital 
signal processing of analog events. 

BLOCK DIAGRAM 

VREF OUT 

2.5V 

BANDGAP 
VOLTAGE 

REFERENCE 

V<'I (+5V) 

0---

ANALOG GND 

0---

DIGITAL GND 

0---

V<-I (-5V) 

0---

A81-00B 

RGAIN 
2.Skll 

15 EOUAL VALUED 
CURRENT SOURCES 

DL 

SL 

cc 
CS 

VIR 

RD 

C/O 
CONTROL ClK 

lOGIC 

CDSE 

ACK 
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Advanced Micro Devices 
LINEAR 
Am6112 

ELECTRICAL CHARACTERISTICS (v+ = 5V, v- = -5V) 

Parameters Description Test Conditions 

Transfer Characteristic 

Resolution 

(Guaranteed Over Full 
Monotonicity Operating Temperature 

Range) 

Differential Non-Linearity TA = 2SoC 

Linearity TA = 2SoC 

Inherent Quantitization Error TA = 2SoC 

Unipolar Gain Error TA = 2SoC 

Unipolar Offset Error TA = 2SoC 

Bipolar Gain Err~r TA = 2SoC 

Bipolar Offset Error TA = 2SOC 

Positive Power Supply Sensitivity V+ = 4.S to S.SV 

Negative Power Supply Sensitivity V- = -4.Sto -S.SV 

Drift ( - 55 to + 125°C) 

Differential Non-Linearity 

Linearity 

Unipolar Gain Error 

Unipolar Offset Error 

Bipolar Gain Error 

Bipolar Offset Error 

Internal Reference 

VREF Reference Voltage 

VREF/TA Reference Voltage Tempco TA = -SSto +12SoC 

VREF/IREF Load Regulation IREF = 1 rnA to SmA 

VREF/V+ Line Regulation 
V+ = 4.S to S.SV 
V- = -4.S to -S.SV 

Noise 

Digital Inputs 

Logic Level Input Voltage 

VIH Logic 1 

VIL Logic 0 

Logic Level Input Current 

IIH Logic 1 

IlL Logic 0 

Digital Outputs 

Logic Level Output Voltages 

VOH Logic 1 IOH = -400j.LA 

VOL Logic 0 IOL = 8mA 

Ise Output Short Circuit Current V+ = S.SV 

loz Off-State Output Current V+ = S.SV 

Vo = 2.4V 

Vo = 0.4V 

Clock Frequency 

Ie 

Conversion Time 

te 

Power Requirements 

V+ Positive Supply 

V- Negative Supply TA = 2SoC 

Device Power Dissipation 

© Ie MASTER 1983 

Min Typ Max Units 

12 12 12 Bits 

±1/2 1 LSB 

±1/2 LSB 

±1/2 LSB 

±1/2 LSB 

±1/2 LSB 

±3 LSB 

±2 LSB 

0.001 %/V 

0.001 %/V 

±O.S ppmfDC 

±O.S ppmfDC 

±2 ppmfDC 

±1 ppmfDC 

±4 ppmfDC 

±1 ppmfDC 

2.497S 2.S 2.S02S Volts 

+8 ppmfC 

O.OOS %VREF/mA 

O.OOS %VREF/mA 

20 j.LV 

2.0 Volts 

.8 Volts 

40 j.LA 

0.1 j.LA 

2.4 Volts 

.S Volts 

-20 rnA 

20 j.LA 

-20 j.LA 

4 MHz 

3.3 j.LS 

SO rnA 

-70 rnA 

600 mW 
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Advanced Micro Devices 

Control logic Inputs 

RD WR 

X X 

o 0 0 

o 1 0 

o 0 1 

o 0 1 

ci5 
x 
x 

o 

LINEAR 
Am6112 

STATUS TRUTH TABLE 

Am6112 Status 

Output Data Lines (07-00) in High Impedance State 

Forced to Mode 3 Operation 

Write into Command Register to Select Mode of Operation 

Read 8 LSB's (Low Byte) 

Read 4 MSB's and Sign Bit (High Byte) 

COMMAND REGISTER BITS Mode Select 

02 01 Do 0 0 = Mode 0 - Am6112 under /LP control. 

T y 1 = 2's complement output code. Conversion cycle started by active 

o = offset binary output code. WR. 

Mode Select 0 1- = Mode 1 ~ Am6112 under /LP control. 
Conversion cycle started by active RD. 

1 0 = Mode 2 - Am6112 under OMA control (such as 
Am9517A). Conversion cycle started 
by active RD. Data outputted as 8 
LSB's and 4 MSB's. Output data 
control is done internally and not 
accessible by the user. 

1 1 = Mode 3 - Stand-alone_operation. 

Am6112 FUNCTIONAL PIN DESCRIPTION 

VREFOUT 2.5V internal voltage reference output. 

Active low input allows the Am6112 to be involved in 
1/0 operations (see Status Truth Table). 

ci5 

Connected to an external voltage reference 
(VREFOUT) to establish a reference current for the 
OAC bit currents. 

External reference current input for ratiometric 
operation. 

OAC current output. 

Analog voltage input. 

When connected to VREFOUT,1/2 scale offset is 
generated to accommodate bipolar analog input 
signals. 

Three-state data lines. 00- 02 are bidirectional data 
lines, while 03-07 are strictly output data lines. Data 
is loaded into the internal COMMAND register 
via 00-02 to select one of four modes of opera
tion. 00-03 are also used to output the 4 MSBs 
(B8-B11) of the 12-bit data. 04-07 also output the 
sign bit (B11 ) .. 

Active low input used to reset the SAR and start a 
conversion cycle (MODE 0 operation). This input line 
is also used to load data into the command register 
along with C/O line held high. 

Active low input used to read the SAR data. SAR data 
is read in two bytes. The reading of the high byte 
(Ba- B11) or low byte is user selectable except during 
Mode 2 via the C/O line (see Status Truth Table). 

Used in loading the COMMAND register with an 
active WR or outputting the HIGH and LOW data 
bytes with an active RO (see Status Truth Table). 

ClK 

V+ 

V
AGND 

DGND 

Open collector, active low output indicating the 
status of the Am6112. 

Clock input synchronizing and controlling the opera
tion of the Am6112. 

+5V power supply input. 

-5V power supply input. 

Analog ground. 

Digital ground. 

CONNECTION DIAGRAM 
Top View 

v+C~:JV-
0 7 C 2 23 :J VREFOUT 

0 6 C 3 22 :J VREFIN 

05 C 4 21 :J IREFI~ 
0 4 c: 5 20 :J RorF 

0 3 c: 6 Am6112 19 p VIN 

O2 C 7 18 D 10 

0 1 C 8 17 P A.GND 

Do C 9 16 P O.GNO 

ACK C 10 15 P C/O 

AD C 11 14 pes 
WR C 12 13 P ClK 

Note: Pin 1 is marked for orientation. 

ABI-009 
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Advanced Micro Devices 
LINEAR 
Am6688 

Distinctive Characteristics: 
o 1 OOMHz sampling rate 
o 5ns maximum encode delay 

o 4-bit resolution, expansible to 8 bits 
o 8-bit accuracy 

5 

ANALOG 
INPUT 

FUNCTIONAL DIAGRAM 

~~~IEOR-EN-CE-~-+--ql...,..rll: L-r::-O;;====;i 
HIGH 

HALF 
REFERENCE 
VR .. 

14 

REFERENCE 
lOW 

VRlO o-"""""v-~--cLof'( 
6 

OVERRANGE 

MS8 

LlC-900 

ThelDrematiQuaLStapciCl)1i QfQ1J.cW-!y 
guarantees these electrtcal AQLs on all 
parameters over the operat.!f!g tempera-: 
ture raIl,f;!e: 0.1% on MaS RAMs & ROMs; 
0.2% on 'E, i~!~,~C & Interrace; 0.3% 
on Linear, ~!""'-' ic & other memories. 

~~~ 
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o Large bipolar input voltage range 
o Low input current 

o Q and Q Outputs on MSB for 2's complement 

conversion 
o 100% MIL-STO-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 outp.ut 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 
exceeded 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 Eel gate or a high-speed com
parator such as the Am685. 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 500n to -5.2V. 

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 +85°C ±5mV 
Am6688Dl-7 -30 to +85°C ±10mV 
Am6688Dl-6 -30 to +85°C ±20mV 

Am6688DM·8 -55 to +125°C ±5mV 
Am6688DM-7 -55 to +125°C ±10mV 
Am6688DM-6 -55 to + 125°C ±20mV 

CONNECTION DIAGRAM 

DIGITAL GND #1 

ANALOG eND 

V+ - POSITIVE SUPPLY 

V,N - ANALOG INPUT 

VAH1 - REFERENCE HIGH 

VRLO - REFERENCE lOW 

V- - NEGATIVE SUPPLY 

lE - lATCH ENABLE 

Top View 

C4 OUTPUT 

Q40UTPUT 

C, OUTPUT 

a; OUTPUT 

HALF REFERENCE - VR .. 

C2 0UTPUT 

C, OUTPUT 

Co OUTPUT 

DIGITAL GND #2 

Note: Pin 1 is marked for orientation. 
LIC-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 -5V to +3V Storage 
Digital -5V to OV Junction 

Differential Voltage: Analog Input to References =:6V 
Lead (soldering, 60sec) 

Analog Gnd to Digital Gnds =:0.1V Minimum Operating Voltage (V+ to V-) 

ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES 
(Unless otherwise specified) 

DC Characteristics 

15mA 

-30 to +85°C 
-55 to -t-125°C 
-65 to + 150°C 

+175°C 
+300°C 

10V 

Am6688DL Am6688DM 
Symbol Parameter (see definitions) Conditions (Note 1) Min Max Min Max Units 

Resolution 4 4 Bits 

Am6688 - 8 -5 +5 -5 +5 mV 

Vos Error Voltage (each transition) -7 -10 +10 -10 +10 mV 
-6 -20 +20 -20 +20 mV 

DNL Differential Nonlinearity ~VREF = ~VREF(min) -0.5 0.5 -0.5 0.5 LSB 

VIN Input Voltage -3.3 +2.7 -3.3 +2.7 V 

Am6688 - 8 0.16 6.0 0.16 6.0 V 

~VREF 
Reference Resistor Voltage -7 0.32 6.0 0.32 6.0 V 
(VRHI- VRLO) -6 0.64 6.0 0.64 6.0 V 

IREF Reference Current ~VREF = 2.56V 6.0 17 5.0 18 mA 

IB Analog Input Current VIN "" VRHI 230 250 !J-A 

IL Latch Input Current VL"" VOH 200 220 !J-A 

TA = 25°C -0.93 -0.72 -0.93 -0.72 V 

VOH Output HIGH Voltage TA = TA(min) -1.03 -0.80 -1.08 -0.83 V 

TA = TA(max) -0.86 -0.64 -0.83 -0.58 V 

TA = 25°C -1.90 -1.62 -1.90 -1.62 V 

VOL, Output LOW Voltage TA = TA(min) -1.93 -1.65 -1.95 -1.66 V 

TA = TA(max) -1.86 -1.58 -1.84 -1.54 V 

1+ Positive Supply Current 100 100 mA 

1- Negative Supply Current 100 100 mA 

POISS Power Dissipation ~VREF = 2.56V 1.2 1.2 W 

Switching Characteristics (Note 2) 

FMAX Maximum Sampling Frequency 100 100 MHz 

tpw Minimum Sample Time 3 .3 ns 

tpd Encode Delay (each transition) TA(min) ~ TA ~ 25°C 5 5 ns 

TA = TA(max) 6 8 ns 

ts. Minimum Set-up Time TA = 25°C· 3 3 ns 

th Minimum Hold Time TA = 25°C 1 1 ns 

tpa Analog Delay (each transition) TA(min) ~ TA ~ 25°C 3 3 ns 

TA = TA(max) 4 4 ns 

Notes: 1. Unless otherwise specified, V+ = +6.0V, V- = -5.2V, VRHI = +2.56V, VRM = + 1.28V, VRLO = OV, tpw = 5ns, and RL = 100n to -2V at 
all outputs. The specifications given for VOS' DNL, and tpd 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 1m V past the 
maximum specified error voltage. 
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TIMING DIAGRAM 

LE 

LE 

LINEAR. 
Am658G 

NOMINAL TRANSITION VOLTAGE 

ANALOG -)-
INPUT 

~ 

---- ~~VREF + VRLO(n = 1 TOI6) 
16 

VOS+ lmV _-l
p
d--! _ lpa--j 

--- .. ---_ ... - """"" - 3tffJl" .. 
OUTPUT 

LI C 902 

KEY TO TIMING DIAGRAM 

WAVEFORM INPUTS 

MUST t3E 
STEADY 

OUTPUTS 

WILLOE 
STEADY 

MAY CHANGE CHAf\JGI~ .. G 

__ 
WILLBE 

FROMHTOL FROMHTOL 

l!I!If MAY CHANGE WILL BE 

FROM L TO H ~~~~G~J~g H 

__ 
DON'T CARE. 
ANY CHANGE 
PEI1MITTED 

CHANGING 
STATE 
UNKNOWN 

During the sampling time, the quantizer acts like a low-gain, very wide-bandwidtrl linear amplifier. The gain is not high enough to hold the 
outputs in a stable logic state under ail conditions; consequently, the outputs may be undefined during this period. The time that the outputs 
are unstaole begins tpa after the Latch Eno.blc goes HIGH, and terminates tpd after it goes LOW. It is best to minimize this time by using as 
no.rrowa samplmg pulse as possible, since the possibility of oscillation due to extern;}1 po.rasltic feedback is greater the longer the device is in 
the analog mode. 

TYPICAL TRANSFER FUNCTION TRUTH TABLE 

I Analog Input 

I (relative to VRLO) 0 4 03 02 01 00 

1 
VlrJ <i6,'wREF L L L L L 

c--
1 1 
16~VREF < VIN < 8~VREF L L L L H 

01110 r--

.!..~VREF <' VIN <1..~VREF L L L H L 8 - 16 
01100 

3 1 
L L L H H 16~VREF < VIN <"4 ~VREF 

01011 

o 1010 
-------------- ----c--

1 5 
L L H L L 4~VREF < VIN < 16~VREF 

o 10'::'1 

01000 -

00111 

5 . 3 
16~VREF < VIN < 8 ~VREF L L H L H 

OC101 

3 7 
8~VREF < VIN < 16~VREF L L H H L 

00011 

7 1 
L L H H H 16~VREF < VIN2~VREF 

00010 

o 0001 
--~ 

1 9 '2 ~VREF < VIN < 16 ~VREF L H L L L 

LI C903 

9 5 
L H L L H 16~VREF < VIN <'8~VREF 

ANALOG INPUT VOLTAGE 

5 11 
8~VREF < VIN < 16~VREF L H L H L 

11 3 
16 ~VREF < VIN <4~VREF L H L H H 

3 13 
4~VREF < VIN < 16~VREF L H H L L 

--

13 7 
16 ~VREF <: VIN <" 8" ~VREF L H H L H 

7 15 
8~VRE:F < VIN <: 16~VREF L H H H L 

-- --~ 

15 
16~VREF < VIN < ~VREF L H H H H 

-- --~ 

VIN > ~VREF H L L L L 
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Advanced Micro Devices 
LINEAR 
Am6300 

DISTINCTIVE CHARACTERISTICS 

• 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. 80th 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, ± 57c 
or ± 107c. 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 sen~e resistor in series with V1N , GND, or the output of 

IOEl 

VCl 

IS+ 

IS-

BLOCK DIAGRAM 

VCOUT 

VEOUT 

L.---+---1~--- SENSE'N 

RESET 
AND 

CONTROL 
CIRCUIT 

°SEl 

USEl 

VOEl 

LlC·88S 

• ±5% or ± 10% over/under voltage detection/protection 
• Programmable current limit detection/protection 
• Programmable 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. 

Package Type 

Hermetic DIP 

Hermetic DIP 

Plastic DIP 

ORDERING INFORMATION 

Temperature Range 

-55 to + 125aC 

o to 70DC 

o t070aC 

CONNECTION DIAGRAM 
Top View 

V+ VEOUT 

PoA VCOUT 

POEL SENSE1N 

PE VREF 

PAISE USEl 

PON OSEl 

15+ VOEL 

15- VAlARM 

IOEL IALARM 

GNO VCl 

Order Number 

AM6300DM 

AM6300DC 

AM6300PC 

Pin 1 is marked for orientation. LlC·886 
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MAXIMUM RATINGS 

Pulse Voltage at v+ (50ms) sov Input Voltage (ali pins) Gnd to V+ 
r----' --------------------------------- -~ 

Continuous Voltage at V + 40V Maximum Output Current 
1--------------------------------------------------------.-------- . 

100mA 

Input·Output Voltage Differential 37.5V Internal Power Dissipation 1000mW (Note' 1) 

ELECTRICAL CHARACTERISTICS (Note 2) 

Parameters Description Test Conditions Min Typ. Max Units 

Voltage Regulator 

Output Error (Note 3) -1.0 +1.0 %VOUT 
~------r-----------f---------------.------.--------- -----.-----.-----+-----

tlVOUT/tlVIN Line Regulation, TA= 25'C VIN = 12 to 40V .02 .2 %VOUT 
~--------- -+----------f----------·-+----------Ir----------

.15 %VOUT I-----tl_V_0_U_T_I_!J._I_l __ +-_L_O_3d __ R_e_9_ul_a_tio_r_I,_T_A __ -_··,._2_5_'C ____ . ________ . ___ ~.: __ l!_nA_t~_O_rn_A_f-___ ..:9~_ -----
Ripple Rejection f ,~ 1kHz TA = 25c C 74 S6 dB 

f-------------+---------------------.---------.--- ----------1-----.---------4-----
ISlAS Sense Input Bias Current 2 I 4 J1.A 

I--------------+---------.. ----.-----.. ---------------.---------t-----------t-----------t-----------------
VIN Input Operating Range 5 40 Volts 

--

VOUT Output Operating Range 2.5 37.5 Volts 

VIN,VOUT Input·Output Differential ==r= 2.5 37.5 Volts ___ , ___ -'-'-__ --1 _______________________ ----.---.----- ------- -------- --------. t---------- c---------- -----,----
Is Supply Current 5 10 mA 

Voltage Reference 

VREF Reference Voltage T A ~c 25'C 2.494 2.5 2.506 Volts 
I--------------f---- ~--+_--------+_---------+----------f__-----~ 

tlVREF/tlVIN Line Regulation =t VltJ = 12 to 40V %VREF 
1--------------+-------------------- ------ -----------r---------------t--------- ------- -----------

tlVREF/j.IREF load Regulation IREF = 1 rnA to 5mA .15 .30 %VREF 
f__----------+---------------------------------

Temperature Stability ppmrC t
Oto 70c C 
-55 to 125°C 

1---------------+-------------------------------- --- --------- - t------------t----------+---------- -----
Ise Short Circuit Current VREF = OV 10 30 60 mA 

Current Overload Circuit 

VIS (dill)/VCl Trip Point Ratio 

VCl 

VIS (dill) 

CMVR 

lOS 

Trip Point Input Range 

Sense Voltage Input Range 

Sense Input Cornman Mode Range 

Input Bias Current 
(IS+.IS-) 

Input Offset Current 
(IS+,IS-) 

1[lIAS Input Bias Current (VeLl 

Voltage Protection Circuit 

+5% Error Trip Point 

_. 

VIS = OV to +2V 
VIS = +2V to VIN 

OSEL = 5V 
-------------------+-

-5% Error Trip Point 
1---------4---

+ 10% Error Trip Point 

-10% Error Trip Point 

Digital Characteristics (Note 4) 

Input High Level 

Input Low Level 

Open Collector Output Voltage 

USEl = 5V 

0SEl = OV 

USEL = OV 

10l = SmA 
10L = 15mA 

.45 

0 
----

0 

0 
---_. 

4.5 

-4.5 

9 

-9 

2.0 

0 

.5 

-S 
+S 

:!:1 

-.25 

5 

-5 

10 

-10 

.55 

.4 

.2 

-20 
+20 

±5 

-1.0 

5.5 

-5.5 

11 

-11 

.S 

.4 
1.5 

V/V 

Volts 

Volts 

Volts 

J1.A 

%VOUT 

%VOUT 

%VOUT 

%VOUT 

Volts 

Volts 

Volts 

Notes: 1. Power dissipation ratings apply for TA = 25°C. Derate linearly at SmWrC above 25°C for commercial parts and above 50°C for rnilitary parts. 
2. All specifications are for VIN = 12V, VOUT = 5V, lOUT = 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 eHects. 
4. Digital Inputs are PDN, PDR, OSEL, USEL . 

Digital Outputs are VALARM, IALARM' PE 
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3114 

Advanced Micro Devices 

TIMING CHARACTERISTICS 

Parameters Description 

Current Overload and Voltage 
tl DEL. tVDEL Error Power Down Delays 

tpDEL Power Up Delay (Note 5) 

tpRISE Power Up Rise Time (Note 5) 

tpON. tpDR 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 Units 

1.2 ILS 

.22 ILs/pF 

1.2 ILS 

.22 ILs/pF 

1.5 ILS 

.22 ILs/pF 

10 ILS 

Note 5: It is necessary to make the tctal time tpDEL + tpRISE greater than the rise time of the supply to the Am6300 to insure proper power up. 

TIMING WAVEFORMS 

lIe-SS7 
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Advancec~ Micro Devices 

Am6301 
Switching Power Supply Controller 

o Feed-forward (line hum suppression) 
o Output over/under voltage protection 
o Input under voltage protection 
o Cycle-by-cycle current limiting 
o Soft start 
o 250kHz max. oscillator frequency 
o Phase lock capability 
o 96% max. duty cycle 
o Double pulse suppression 
o Symmetry inputs for push-pull converter 
o Remote shutdown 
o Pin equivalent to the Siemens' TDA 4700 

COMPARATOR 
INPUT 

,-
I 

I 
I 
I 
I 

RAMP 
VOLTAGE 

© Ie MASTER 1983 

,g 

ON/Off 
UNDER VOLTAGE 

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. 

BLOCI( DIAGRAM 

SYNCHRONIZATION 

INPUT OUTPUT SYM 01 

PUSH· PULL FF 

PULSE TURN-OFF FF 
(R DOMINANT) 

24 

OUTPUT 
4 Q2 (ACTIVE L) 

0.7V ... ilL" lV 

OUTPUT 
5 0, (ACnVE l) 

O.7V" VL .. 1V 

r--"""",">---~-------¢3 Vs SUPPlY VOLTAGE 

I22~F 

~ I ~ 
~lGND 

VREF OVERCURRENT n 
______________ ----.J 

OYNAMIC CURRENT 
LIMITATION 

AI3I·020 
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Advanced Micro Devices 
LINEAR 
Am6301 

MAXIMUM RATINGS (Above which useful life may be impaired) 

Supply Voltage V S 

Input Voltage (all inputs) 

Output Voltage A5 

Output Voltage A 1 

ELECTRICAL CHARACTERISTICS 
(Vs = 12V, TA == 25°C, tvco = 15kHz) 

Parameters Description 

Regulator 

Vs Supply Voltage 

Is Supply Current 

fveo Operating Frequency Range 

Reference 

VREF Reference Voltage 

tNREF/tNs Line Regulation 

.:WREF/~IREF Load Regulation 

~VREF/~TA Temperature Stability 

Oscillator 

fveo Operating Frequency Range 

~fif Initial Tolerance 

~fI~TA Temperature Stability 

~f/~VS Frequency Stability 

tveo Fall Time 

Ramp Generator 

framp Frequency Range 

VrampHi Voltage at Cramp High 

VrampLow Voltage at Cramp Low 

Iramp Input Current at Rramp 

Synchronization 

VIH 

VIL 
Synchronization Input 

VOH 

VOL 
Synchronization Output 

Comparator A2 

18 Input Bias Current 

tA2 Turn-off Delay 

VIN Input Voltage for Duty Cycle 

Soft Start 

leHG Charging Current 

lOIS Discharging Current 

VLlM Upper Umiting Voltage 

VTH Reset Voltage 

33V Voltage at 01, 02 

Gnd to Vs Current at 01, 02 

33V Input Current Rramp 

6.5V 

Test Conditions Min 

11 

40 

2.35 

Vs = 25V ± 20% 

IREF = 0 to SmA 

40 

aCT = 0%, ~RT = 0% 

TA = Ot070°C 

Vs = 25V ± 20% 

CT = 1nF 

40 

10 

2 

IOH = 200J-LA 4 

IOL = 1.6mA 

TOn/TOIf = 0% 

TOn/T 0If = 48% 5 

33V 

70mA 

1mA 

Typ Max Units 

30 Volts 

12 mA 

250k Hz 

2.5 2.65 Volts 
--

15 mV 

3 mV 

100 ppm/oC 

250k Hz 

±7 % 

300 ppmrc 

1 % 

1 J-LS 

250k Hz 

5.5 Volts 

1.8 Volts 

400 J-LA 

Volts 

O.B Volts 

Volts 

0.4 Volts 

-1 J-LA 

500 ns 

1.8 
Volts 

6 J-LA 

2 !LA 

5 Volts 

1.5 Volts 

© Ie MASTER 1983 



P\dvanced ~Jlicro Devices 

ELECTRICAL CHARACTERISTICS (Cont.) 

Parameters Description 

Operational Amplifier 

LINEAR 
Am6301 

Test Conditions Min Typ Max Units 

~d~-~--Hhase Shift at 3MHz ~---------------- '---~- -----1-. --1;0- ----~--~ I~;~~~j 
I Symmetry 

I--,"H ___ l'O'"tVoIl3ge t-__ ~_m_f __ 2- ---t-=t- vo",J 

I--~:---~----t~~~wcur~-----------~l----------------- -----. ---- ~t-- -- - o~ __ + v::'_1 
Output States 01, 02 

VOL I Output Voltage 10 = 25mA I 1 _--j Volts 
J;~-----~j Output Curre-,:;t----------

-----------------~~-I~~-- ------ ----------

VOH= 30V 2 /J-A 

ON/OFF, Under Voltage 

VTH ±~'hOId VolI,ge ' VREF + Volts 
----- - -- --------~-- -------~~ ~-~ ----r----------

18 Input Bias Current /J- A 
----- --c-- 1-- 250--r------~------

tOFF _+ Turn-Off Delay ns 
----------- ------------:---------------f--------- ----- --

tERR Error Recognition Time 50 ns 

Dynamic Current Limiting 

VCM Common Mode Range 0 4 Volts 

Vos Input Offset Voltage 20 mV 
-----

IB Input Bias Current 
i 

-1 /J--A 

tOFF Turn-Off Delay 

-~ 250 ns 
--~----~ 

tERR Error Recognition.Time 50 ns 

Over Voltage 

VTH Threshold Voltage VREF Volts 

18 Input Bias Current -1 /J--A 
r------

10H Output Current VOH == 5V -200 /J--A 
--1--- --~-

tOFF Turn-Off Delay 250 ns 

tERR Error Recognition Time 50 ns 

Supply Under Voltage 

~~;----i- Turn-On Threshold, Vs Rising 9.6 Volts 
--

Turn-Off Threshold, Vs Falling 9 Volts 

© Ie MASTER 1983 3117 
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Advanced Micro Devices 
LINEAR 
Am6301 

Am6301 FUNCTIONAL DESCRIPTION 

VOL TAGE~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 CT. Maximum 
oscillator frequency is 2S0kHz. The oscillator frequency can be 
varied for frequency synchronization purposes by varying the 
voltage at Cfilter. 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 
the VCO and 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 output. 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 compensatio,n 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 Cfilter. 
The VCO then oscillates at the frequency set by RT and CT. 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 sw[tched 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 +SV. 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 

A3limits the voltage at the Csoll start pin (and also one input of A2) 
to a maximum of SV. 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.SV and its 
output connected to the error flip-flop, so that when the voltage at 
capacitor Csoll start is less than 1.SV the flip-flop is set. The er~or 
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 Csoll start is equal to OV. As long as no 
error exists, this capacitor is charged with a current of 6J.LA to the 
maximum value of SV. In the case of an error, Csoll start is 
discharged with a current of 2J.LA. The error flip-flop is set when 
the Csoll start voltage is below 1.SV and the outputs are enabled if 
a reset signal is' not present at the same time. The minimum 
ramp generator voltage is 1.8V, therefore, the soft start circuit 
only controls the duty cycle after the voltage at Csoll start 
exceeds 1.8V. 

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 
AS. 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 AS 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 (~SKn) 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 0 to +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 2S0ns. 

COMPARATOR AS - IC UNDER VOLTAGE 

Comparator A8 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 = 
OV. 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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Am6301 

,-----------------------------------------------------------------------------------------------------, 

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. 

SV 

VSOFT START 

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 tim~, during 
which only one of the two outputs is on, can be varied. The 
duration of the fal!lflg edge at the VCO is ttle 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. 

::~ :i;'f:===t====I====~=====tt=i===I== 

DUTY 
CYCLE 

VSYNC 

4V 

48~o 

Figure 1. Am6301 System Timing Showing Soft Start, Error Timing, 
and Remote Shutdown. (Csoft start = 1j.LF.) 

a) VOLTAGE AT CT 

b) SYNC OUTPUT 

1 J I J lJ LI 
c) VOLTAGE AT RAMP GENERATOR 

d) VOLTAGE AT OUTPUT 1 

e) VOLTAGE AT OUTPUT 2 

'" ; +-J ~' _-r-l _:_T_J -r-j ___ U _____ _ 
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Figure 2. Am6301 Pulse Timing Diagram, Dotted Lines 
Show the Effect of Feed-Forward Control. 
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Advanced Micro Devices 
LINEAR 
Am6301 

FUNCTIONAL PIN DESCRIPTION 

VREF 

Output 
01,02 

SYM01,'02 

SYNC OUT 

Csoft start 

Cfilter 

SYNCIN 

The output of the internal 2.5V reference. 

The open collector output transistors capable of 
sinking 70mA each. 

Transformer unbalance control inputs. With a 
small amount of external circuitry these inputs can 
be used to cause assymetrical output duty cycles. 
This allows correction for imbalances in the 
push-pull circuitry. 

The VCO output, used for synchronizing other 
circuits to the Am6301. 

An external capacitor at this pin causesthe output 
duty cycle to increase linearly during power up. 

An external resistor and a capacitor at these pins 
control the VCO 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 inter!1ally connected to the VCO 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 
Voltage 

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 Voltage This input disables the outputs whenever it is 
Input higher than VREF. 

Over Voltage The output of the over voltage comparator. This 
Output pin can be connected back to the over voltage 

input for SCR-type protection. 

+IOYN, 
-IOYN 

Sense inputs for the dynamic current limiting 
circuit. 

CONNECTION DIAGRAM 
Top View 

GND 24 SYM01 

VREF 23 +IOYN 

Vs 22 -IOYN 

OUTPUT 0, 21 OVER VOLTAGE INPUT 

OUTPUT 01 20 OVER VOLTAGE OUTPUT 

SYM 02 19 ON/OFF - UNDER VOLTAGE 
Am6301 

SYNC OUT 18 SYNC IN 

CSOFT START 17 (+) AMP IN 

RT 16 (-) AMP IN 

CFILTER 10 15 AMP OUT 

Cr 11 14 CaMP IN 

RR 12 13 CR 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, 
temperature range, and screening level. 

Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 

AM63010L 0-24-1 L C-l 

AM6301DC 0-24-1 C C-l 

AM6301PC P-24-1 C C-l 

Notes: 1. 0 = Hermetic DIP, P = Plastic DIP. Number following letter is number of leads. 
2. G = 0 to 70°C; L = -25 to 85°C. 
3. Level C-l conforms to MIL-STO-883, Class C. 

ABI-029 
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Advanced Micro Devices 
COMMUNICATIONS 

Am7910 
PRELIMINARY DATA (Revised) 

Am7910 
FSKModem 
WORLD-CHlpTM 

• Complete FSK MODEM in a 28-pin package (except 
line interface) 

• Meets basic 8eIl103/113/108, 8e1l202, 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 V24 handshake 

signals 
• Auto-answer capability 
• Local copy/test modes 
• 1200 bps full duplex on 4-wire line 

RING BTD 
28 

27 
VDD BCD 

26 REm RD 

Vee CD 
25 

RC XTAL,/CLK 

CAP, XTAL2 

CAP2 DGND 

TC MC4 

AGND MC3 

TO MC2 

BRTS MC, 

RTS MCa 
CTS DTR 

14 
BCTS BRD 

GENERAL DESCRIPTION 

The Am791 0 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 8ell and CCITT recommended standards for 
103/113/108, 202, V21 and V23 type m'odems. 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 (OM) or acoustic coupler must 
provide the phone line interface externally. 

The Am7910 is fabricated using N-channel MOS technol
ogy in a 28-pin package. All the digital input and output 
signals (except the external clock signal) are TTL compat
ible. Power supply requirements are ± 5 volts. 

Figure 1. Am7910 Pinout 
MMC-036 

t-----------o ~:~~:~TTED 

CAP, 0----1----4------1 
CAP2 0----I----4------I 

RECEIVED o----f----+-----I 
CARRIER ~---T--r---I 

DATA TERMINAL 
READY 

24 

23 

INTERFACE CONTROL 

XTAL2 0-----1 

12 
REQUEST TO SEND } 13 

1-----+---
2
-
S
-o CLEAR TO SEND MAIN 

1-----+---":'"11-0 CARRIER DETECT 

REQUEST TO SEND } 
14 

1-----+---
2
-
7
-0 CLEAR TO SEND BACK 

1-----+----0 CARRIER DETECT 

~----+-----oRING 

~----+------oRESET 

~+SV(VDO> 
o-----!.o -SV (Vee) 

o-----!.o AGND 
22 

0----0 DGND 

Figure 2. Am7910 Block Diagram 

WORLD-CHIP is a trademark of Advancea Micro Devices. 
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Advanced Micro Devices 
COMMUNICATIONS 

Am7910 

A COMPLETE FSK MODEM ON ONE WORLD-CHlpTM 

It's the World's First 
The new Am7910 is the first complete. asynchronous 
Frequency Shift Keying modem ever offered on a 
single LSI chip. Our Am7910. a crystal. and a few 
inexpensive. non-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 Complete 
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 
loopback is already there. Back channels are already 

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 a WORLD· CHlpTM 
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. 

Figure 1. Stand-Alone Am7910 Application 

~ RTS RING RING 

DTR '" DT 

-
CTS 

6000 

~ 
TC 

I 
r- DR 

BRTS DAA 
RC 

BCTS 
22KO 

RESET 
RS232C~ TTL 1 TTL - RS232C TO 
CONVERTERS 

. 01"'1 
> 1M!l . 22KO 

RD 
() ~ 

BTD +5 

Am7910 

BRD 

Co 

BCD 

XTAL1 + 2.4576MHz 

• VALUE AS 
RECOMMENDED 

BY CRYSTAL 
MCO XTAL2 

1· 
MANUFACTURERS 

MCl 
CAPl I--- . 

MODE =:: 390pF 

I f SELECT MC2 7.2KO 
SWITCH 

MC3 CAP2 I---

MC4 
+5 -5 DG AG 

1111 
MMC 224 
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Advanced Micro Devices 
COMMUNICATIONS 

Am7910 

DIGITAL SIGNAL PROCESSING FOR HIGH STABILITY, 
WITHOUT CRITICAL COMPONENTS 

The Am7910 Doesn't Drift 
With Time or Temperature 
The Am7910 uses digital signal processing 
techniques (DSP) to perform 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 stab-Ie. 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 External 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. 

Figure i. 

..J"1.S"L TO 

FROM 
UART 

'WV' 
FROMDAA 

OR 
ACOUSTIC COUPLER 
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RC 

a) Transmitter Block Diagram 

DIGITAL 
SINE WAVE 

SYNTHESIZER 

ANALOG 
PREFILTER 

DIGITAL 
BANDPASS 

FILTERS 

DIGITAL 
BANDPASS 

FILTERS 

ANALOG 
POST 

FILTER 
TC 'WV' 

TODAA 
OR 

ACOUSTIC 
COUPLER 

MMC-033 

TO UART 

MMC-034 
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Advanced Micro Devices 
COMMUNICATIONS 

Am7910 

SELECTABLE TO ANY OF 9 DIFFERENT WORLD STANDARDS 

The Am7910 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 CONFIGURATIONS 
STD. BPS DUPLEX FEATURES 

Bell 103 300 Full Originate 
Bell 103 300 Full Answer 
Bell 202 1100 Half 
Bell 202 1200 Half Line Equalizer 
CCITT V.21 300 Full Originate 
CCITT V.21 300· Full Answer 
CCITT V.23 mode 2 1200 Half 
CCITT y. 23 mode 2 1200 Half Line Equalizer 
CCITT y. 23 mode I 600 Half 

MORE BUILT·IN FEATURES 
MAKE THE Am7910 THE EASIEST MODEM TO USE 

Loopback for Simplified Testing 
Ten loopback modes exist which permit 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 for local analog 
loopback. Alternatively. the digital. data signals (TO 
and RD. or BTD and BRO.) can be connected 
externally. allowing 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. 

Back Channel Option Included 
Low bit-rate back channels are provided by the 
Am7910 when the Bell 202 or CCITT Y.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 $peed 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 Y.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-to-Send ON to Clear-to-Send ON 
are automatically inserted. The control signals are 
TTL compatible. 
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Am7910 

SETS 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 standard. 

Performance Curves 

figure 3. 103 ORIG, 300bps BER 
versus SNR, DHferent Lines 

~~~~ LOCAL XIMIT = -1~Bm, 
J:: 300 BPS 

10-2 REC LEVEL = -24dBm, 
511·BIT 

ffi 10 - 3 t-----!-.""'IIIIIo.rl---t--.-+----+----+---+'-+--+---t---I 
m ~ BELL LONG 

I -'" o..OJ 10 -4 t---f--4-/.,.A-~~~rJY----+--t--+--+--+--I 

~FLAT 
10-5 t---lf--4I--+--+--l'"'~'-+--t--+--+--+--I 

10-6 , , 

3 4 5 6 7 8 9 10 11 12 13 14 
SNR - dB 

figure 4. CCITT V.13, 110Gbps 
Different Unes 

10-
1 ;~~~~~~~-L-O-CA-L-X-MI-T-=--1-~-B-m~, 

J: 75 BPS BACK 
10-2 REC LEVEL = -25dBm, 

~ ~11·BIT 

.'- '- FRENCH #3 
CCw 10-3 "' "' EQUALIZER 
m
l 

~~~~~~~~~'~~IN;(t14~~~o)~ rFLAT 
0..°10-4 EQUALIZER -""",\r-+--+--" ... ,'-+--+--I 

~O~U~T~(1~O~%~)~~~~~~~~~ 

3 4 5 6 7 8 9 10 11 12 13 14 
SNR - dB 

MMC-054 

MEETS THE INTERNATIONAL STANDARD OF QUALITY 
Fabricated using N -channel MOS technology in a 
2S'-pin package, every lot of Am7910 FSK modems 
that Advanced Micro Devices ships meets or ex
ceeds the International Standard of Quality, 

@ Ie MASTER 1983 

INT-STD-123. We promise you a 0.3% AQL-the 
best guarantee available. When you choose the 
Am7910. you have opted for state-of-the-art design 
along with quality that's second to none. 
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Advanced Micro Devices 
COMMUNICATIONS 

Am7910 

THE WORLD-CHIP'· SERIES 
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 support 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 eve~ 
smaller (and faster) place in which to 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' World-ChipsTM - to meet all 
their needs. 

RELATED WORLD-CHIP'· SERIES PRODUCTS: 
• Am7901/7902 Subscriber Line Audio

Processing Circuit 

• Am7950 SLiC 

© Ie MASTER 1983 



Advanced Micro Devices 
COMMUNICATIONS 

Am7990 Family Ethernet Node 

Advanced Micro Devices has developed a set of 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 

Am 79XX 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 1983 

• Buffer management 
• Data encapsulation 
• Framing and packet,control 
• CRC generation/check 
• SeriaIldeserialization 

Ethernet Physical Link Layer Support 

• Data rate: 10 Mb/s 
• Carrier-sense multiple-access 

with collision detection 
• Transceiver interface compatibility 
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Advanced Micro Devices 
COMMUNICATIONS 

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 half 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 s'ignals 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 
backoff" algorithm implemented in the LANCE, before attempting 
to transmit again. This minimizes the possibility of collision on 
retransmission. 

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 Ethemet 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 clock 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. 

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. 

ADDRESSING 

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 

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 

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) 

I 

\ 
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Figure 2. LANCE/Processor Memory Interface 
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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, Z8000, 
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. 

CPU 

DALo·DAL,5 

ALE 

Add, ••• BII. 
0·23 

D.,./Add, ••• 
BII.0·15 

J-------I ALE 

Add, ••• 
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LANCE 
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a) Demultlplexed Bus 

D., •• nd 
Add, ... Add, ... BII. 
BII.0·15 16·23 Conl,ol 
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MMC-l06 

I-----------------~ALE 

ALE 

b) Multiplexed Bus System Overview 

Figure 3. 
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Am7990 
Local Area Network Controller 
for Ethernet™ (LANCE) 

• Compatible with Ethernet specifications 
• Single +5 volt power supply 
• Single phase 10MHz TTL level clock 
• TTL compatible inputs and outputs 

IN DEVELOPMENT 

GENERAL DESCRIPTION 

• Direct interface to variety of microprocessors 

The Am7990 Local Area Network Controller for Ethernet 
(LANCE) is a 48 pin VLSI device designed to greatly simplify 
interfacing a microcomputer or minicomputer to an Ethernet 
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 
network. The Am7990 is designed using a scaled N 
Channel MOS technology and is compatible with a variety of 
microprocessors. 

• CSMNCD access protocol 
• Collision handling and retry 
• On board DMA control 
• Error detection and interrupt capability 
• Packet formatting including: 

preamble and CRC insertion 
preamble stripping and CRC checking 

Microcode 

LANCE BLOCK DIAGRAM 

Buffer 
Management 

Parallel 
Interface 

Bus ~
DAL15'O 
Handshake 
Signals .... - ........... 

Internal Bus 
ToSIA 

Tx-

Rx-
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PIN DEFINITIONS 

DALoo
DAL15 

A16-A23 

READ 

Data/Address Lines (Input/O~tput 3-State). The 
time multiplexed Address/Data bus. 

High Order Address Bus (Output 3-State). The 
additional address bits necessary to extend the DAL 
lines to output a 24 bit address. These lines are driven 
as a Bus Master only. 

(Input/Output 3-State). Indicates the type of opera
tion to be performed in the current bus cycle. This 
signal is an output when the LANCE is a Bus Master. 

High - Data is placed on the DAL by the chip 

Low - Data is taken off 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 

BMO. BM1 Byte Mask (Input/Output). Pins 15 and 16 are pro
grammable through bit (00) of CSA3. Asserting. 
RESET clears CSR3. 

BYTE 

If CSR3 (00) BCON = 0 
I/O pin 16 = BM1 (Input/Output 3-State) 
I/O pin 15 = BMo (Input/Output 3-State) 

If CSR3 (00) BCON = 1 
I/O pin 16 = BUSAKO (Output) 
I/O pin 15 = Byte (Input/Output 3-State) 

BMo, BM1 Byte Mask. Indicates the byte(s) of a bus 
transaction to be read or written. The BM lines are 
ignored by LANCE as a Bus Slave, which assumes 
word transfers only. The LANCE drives the BM lines 
only as a Bus Master. Byte selection is done as out
lined in the following table. 

CSR3 (00) BCON = 0 

BM1 BMo 

LOW LOW Whole word 
LOW HIGH Upper byte 
HIGH LOW Lower byte 
HIGH HIGH None 

An alternate byte selection line. Byte selection is done 
using the BYTE line and DALoo line, latched during 
the address portion of the bus transaction. The BYTE 
line is ignored by a Bus Slave (similar to BMo, BM1)' 
There are two modes of ordering bytes dependent on 
bit 02 of CSR3 (BSWP). This programmable ordering 
of upper and lower bytes is necessary for compatibility 
with the various 16 bit microprocessors. 

~ 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 

Vss 48 Vee 
DAL7 47 DALe 

DAL6 46 DALg 

DALs 45 DAL10 
. DAL4 44 DAL11 

DAL3 43 DAL12 

DAL2 42 DAL13 

DALl 41 DAL14 

DALo 40 DAL 15 

READ 10 39 A 16 

INTR 11 38 A17 

DALI 12 37 Ale 

DALO 13 36 A l g 

DAS 14 35 Azo 

BMo/BYTE 15 34 A21 

BM1/BUSAKO 16 33 A22 

HOLD/BUSRQ 17 32 A 23 

ALE/As 18 31 RX 

HLDA 19 30 CARR 

CS 20 29 TX 

ADR 21 28 CLSN 

READY 22 27 RCLK 

RESET 23 26 TENA 

Vss 24 25 TCLK 

Note: Pin 1 is marked for orientation. 
MMC-l09 

CS 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. 

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. 

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 programmable 
through bit (01) of CSR3. As ALE, (CSR3 (01), 
ACON = 0) the signal transitions from a HIGH to a 
LOW during the entire data portion of the transaction. 
As ~S (CSR3 (01), ACON = 1), the signal pulses 
LOW during the address portion of the bus trans
action. The LANCE drives the ALE/AS line only as a 
Bus Master. 

Data Strobe (Input/Output 3-State). Defines the 
data portion of the bus transaction. DAS is driven only 
as a BuS- Master. 

Data/Address Line Out (Output 3-State). An exter
nal bus transceiver control line. DALO is asserted 
when the LANCE drives the DAL lines. 

Data/Address Line Out (Output 3-State). An e~ter
nal bus transceiver control line. DALI is asserted when 
the LANCE reads from the DAL lines. 

Bus Hold Request (Output Open Drain). Asserted 
by the LANCE when it requires access to memory .. 
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.~. 

RX 

TX 

HOLD is held LOW for the entire ensuing bus trans
action. The function of this pin is programmed through 
bit (00) of CSR3. Bit (00) of CSR3 is cleared when 
RESET is asserted. 

When CSR3 (00) BCON = 0 

I/O pin 17 = HOLD (Output Open Drain) 

When CSR3 (00) BCON = 1 

I/O pin 17 = BUSRO (Output Open Drain) 

BUSRO will be asserted only if I/O pin 17 is high 
prior to assertion. 

Bus Hold Acknowledge (Input). A response to 
HOLD indicating that the LANCE is the Bus Master. 
HLDA goes back high after HOLD has gone high. 

Interrupt (Ouput Open Drain). An attention signal 
that indicates, when active, that one or more of the 
following events have occurred: a message recep
tion or transmission has completed, an error has 
occurred during the transaction, the initialization pro
cedure has completed, or a memory error has been 
encountered. INTR is enabled by programming 
register CSRO. 

Receive (Input). Receive Input Bit Stream. 

Transmit (Output). Transmit Output Bit Stream. 

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. When the 
LANCE is a Bus Master a programmable mode of operation 
allows by1e addressing in one of two ways: A By1e/Word control 
signal compatible with the 8086 and Z8000, or an Upper Data 
Strobe and Lower Data Strobe signal compatible with micro
processors such as the 68000. A programmable polarity on the 
Address Strobe signal eliminates the need for external logic. 
The LANCE interfaces with both 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 
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 
upon completion of its initialization routine, the reception of a 
packet, the transmission of a packet, transmitter timeout error, a 
missed packet, and memory error. 

The cause of the interrupt is ascertained by reading CSRO. Bit 
(06) of CSRO, (INEA) enables or disables interrupts to the micro
processor. In systems where polling is used in place of interrupts, 
Bit (07) of CSRO (INTR) indicates an interrupt condition. 

The basic operation of the LANCE consists of two distinct 
modes: transmit and receive. In the transmit mode the LANCE 

@ Ie MASTER 1983 

TENA 

RCLK 

CLSN 

CARR 

Transmit Enable (Output). Transmit Output Bit 
Stream enable. A level asserted with the Transmit 
Output Bit Stream. TX, to enable the external transmit 
logic. 

Receive Clock (Input). Normally a 10MHz square 
wave synchronized to the Receive data and only ac
tive while receiving an Input Bit Stream. 

Collision (Input). A logical input that indicates that a 
collision is occurring on the channel. 

Carrier (Input). A logical input that indicates the pre
sence of Carrier on the channel. 

TCLK Transmit Clock (Input). Normally a freerunning 
10MHz clock. 

READY (InputjOutput Open Drain). When the LANCE is a 
Bus Master, READY is an asynchronous input from 
external memory acknowledging that.it will complete 
the data transfer. As a Bus Slave, the LANCE asserts 
READY when it has put data on the Bus, or is about to 
take data off the Bus. READY is a response to DAS. 
READY returns HIGH after DAS has gone HIGH. 

RESET (Input). Bus Reset signal. Causes the LANCE to 
cease operation and enter an idle state. 

Vee Power supply pin +5 volts ± 5% 

VSS Ground 

chip directly accesses data in a transmit buffer in memory. It 
prefaces the data with a preamble, sync pattern, and calculates 
and appe~ds 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 (Le., 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. 

Collision Detection and Implementation 

The Ethernet CSMA/CD network access algorithm is im
plemented 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 and detect the fact that the data on the coax is garbled, 
continue to transmit for a predetermined length of time to "jam" 
the network and ensure that all nodes have recognized the colli
sion. The transmitting nodes then delay a random amount of time 
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COMMUNICATIONS 
Am7990 Family Ethernet Node 
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Figure 1. LANCE/CPU Interfacing 
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according to the "truncated binary backoff" algorithm specified in 
the Ethernet specification in order that the colliding 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 before 
reporting back an error due to excessive collisions. 

Error Reporting 

Extensive error reporting is provided by the LANCE through a 
microprocessor interrupt and error bits in a status register. The 
following are the significant error conditions - CRC error on 
received data, transmitter on longer than was needed to send the 
data, missed packet error (Le., a packet on the coax was missed 
because there were no empty buffers in memory), and memory 
error in which the memory did not respond (handshake) to a 
memory cycle reque~t. 

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 transmit 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 
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 
empty this buffer. 

LANCE Interface 

CSR bits such as ACON, BCON, and BSWP are used for pro
gramming 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 
by1e, or an explicit scheme in which two signals labeled as BYTE 
MASK (BMO and BM1) indicate which by1e is addressed. When 
the BYTE scheme is chosen the BM1 pin can be used for per
forming the function BUSACKO. 

BCON is also used to program pins for different DMA modes. In a 
daisy chain DMA scheme, 3 signals (BUSRQ, HLDA, 
BUSACKO), are used. In systems using a DMA controller tor 
arbitration, only HOLD and HLDA are programmed by BCON. 

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 600 nsec in length 
and can be increased in 200 nsec increments. 

Initialization 
Block 

Transmit 
Data 
Buffer. 

Receive, 
Data 
Buffers 

Figure 2. LANCE/Processor Memory Interface MMC·l05 
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Read Sequence 

The read cycle is begun by valid addresses being placed on 
DALoo-DAL15 and A16-A23' The BYTE MASK signals are placed 
valid to indicate a word, upper byte or lower byte memory refer
ence and READ indicates the type of cycle. ALE or AS are pulsed 
and the trailing edge of either can be used to latch addresses. 
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. DAL,I 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 inactive to avoid 
"spiking" of the bus transceivers. 

Write Sequence 

The write cycle is very similar except that the DALOO-DAL15 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 
me~ory is held valid after DAS goes inactive. 

------------TC'cle------------
I 50 1 100 1 150 I 200 I 250 I 300 I 350 1 400 1450 I 500 1 550 I 600 I 

Ai6-A~. Read. X X 
BMo. BMi 
~----

DALOO·DALi5 
(Read) 

DALoo·DALts 
(Write) 

ALE 
As (Dotted) 

Address 
r-------, 

----( Memor, Data )----\._----- -' 

Data to Memor, 

\._-----' 

DALO (Read) \ / 

-. -- \ 
DALI (Read) \ ___ 1 

DALO (Write) \"' _______________________ ...11 
"'" 

DAL' (Write) --------------------------

Figure 3. Bus Master Timing MMC·ll0 
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IN DEVELOPMENT 

Am7991 
Serial Interface Adapter (SIA) IMOX 

• Complete compatibility with Ethernet specifications 
• Manchester encoding/decoding with phase locked loop 
• Single 5V power supply 
• TTL compatible inputs 
• Differential transmit transceiver cable drive 
• Transmit clock may be derived from external 20MHz 

oscillator or TTL level signal 

FUNCTIONAL DESCRIPTION 

The Am7991 Serial Interface Adapter (SIA) interfaces the 
Local Area Network Controller for Ethernet (LANCE) with a 
standard Ethernet transceiver cable. The SIA provides node 
data and clock encoding/decoding functions using standard 
Manchester code. The SIA is compatible with transceiver 
signalling detailed in the Ethernet specification. (Version 1) 

BLOCK DIAGRAM 

Serial Interface Adaptor (SIA) 

Receive Data _ 
(RX) 0...--.....-1 Manchester 

Decoder on 
Board PLL 

1--------------0- Receive + 

Receive Clock 0-----1 
(RCLK) I--------------()- Receive -

Carrier Present I 
(CARR) _a-..---------J 

Collision o~--------------___..I (CLSN) " 

Collision 
Detector I : Collision 

Presence"+ 
1-___ Collision 

Presence -

Transmit Data 
(TX) 0----1 Manchester 

Encoder 

t--------------O ..... Transmit + 

Transmit Enable 0----1 
(TENA) -

1--------------0_ Transmit-

Transmit Clock 0------------f1110MHZ 
(TCLK) XTAL

1 

Crystal 
Oscillator 20MH.[ 

XTAL
2 
----_ .. 

Transmit Mode 

The Manchester Encoder takes the TTL TRANSMIT DATA 
(TX) and TRANSMIT ENABLE (TENA) signals from the 
LANCE" and creates the Manchester encoded differential 
signals TRANSMIT + and TRANSMIT-to drive the trans
ceiver interface~ An external 20MHz crystal oscillator or TTL 
signal may be used to drive the encoder "and to provide 
transmit clock (TCLK) to" the LANCE. 

Receive Mode 

When data is on the Ethernet coax, the transceiver creates 
the differential signals RECEIVE+ and RECEIVE-. The 
Manchester decoder is synchronized to the incoming signals 

IMOXTM High Performance IMplanted OXide 
Isolated Bipolar Process 

© Ie MASTER 1983 
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by the Phase Locked Loop. Clock and data are recovered 
and passed on to the LANCE as the TTL signals RECEIVE 
DATA (RX) and RECEIVE CLOCK (RCLK). In addition, the 
SIA creates the signal CARRIER PRESENT (CARR) while it 
is receiving data from the cable to indicate to the LANCE that 
receive data and clock are valid and available. 

Collision Signalling 

When a collision on the Ethernet cable is sensed by the 
Transceiver, it will create the differential signals COLLISION 
PRESENCE+ and COLLISION PRESENCE-. These in
puts are conditioned to produce the TTL Collision Signal 
(CLSN) for the LANCE. 
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Features 

o ~w Output Tone Distortion: 7% 
o Wide Operating Supply 

Voltage Range: 2.5 to 10 Volts 
o Oscillator Bias Resistor On-Chip 

S2559E/FIGIH 

DTMF TONE GENERATOR 

General Description 

o Can be Powered Directly from Telephone Line or 
from Small Batteries 

The 82559E, F, G and H are improved members of the 
82559 Tone Generator Family. The new devices feature 
extended operating voltage range, lower tone distortion, 
and an on-chip oscillator bias resistor. The 82559E and F 
are pin and functionally compatible with the 82559C and 
D, respectively. 

o Interfaces Directly to a Standard Telephone 
Push-Button or Calculator Type X-Y Keyboard 

The 82559 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
cuit. Tone distortion in the telephone is also likely to be 
lower. 

o Four Options Available on Pin ·15: 
Bipolar Output 

E: Mode Select 
F: Chip Disable 

Darlington Output 
G:Mode Select 
H: Chip Disable 

Block Diagram 

."'L 
lHIiIH, 

r---;,;;",7v;;II7.;'I;;;;R- -, 

I I 
I I 

lit, I ISUCI RIS'SIOR I 
JOHNSON L AOOI R 

I COUIlII R IIII"'ORI 

I lit 

I 

lit" I J~~~~~~ IlLI:~S~IO: 
I tOUNTlIl IIIT.OIlI 

I I L ________ ..J 

Vgg 

, 

('-V~ 
'-----------

Pin Configuration 

V.., TONE OUT 

XMIT MOSUCO 

C1 R1 

Cz Rz 

C3 R3 

Vss R • 

OSc. MUTE 

OSeo c. 
11 ~OUT 

T_OUT 
8111 
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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, 
Eliminating Capacitive Coupling and 
l)¥I'u,i,l"., Tnn¥" .. .,,,,l l)". ... ,n¥ A .... "' .... ---. ---- --------- - - - .. -- - --r--

o 50mW Output Drive Capability at 10V 
Operating Voltage 

82561 A/S2561 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 Maximum 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. 

Data subject to change at any time without notice. These sheets transmitted for information only. 

Block Diagram 

o 
(ij 

OIA.lPUlSE 
REJECT filTER 

II 
~U' 

S~S 0-----------:.. 
OSCT, 

OSCT", 

OSCTu 

OSCR, 

OSCR", 

~'10H, 

(NO"'I 

THC 

TONE 
OSC t------.j 

PO[ 

VOLTAG[ 
SENSING 
CIRCUIT 

POR 
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POR 

TON[ 

AMPLITUDE 
SEQUENCING 

COUNTER 

OUTPUT 
STAGE 

~----o AUTO 

1--__ --oOUTC 

~ ____________ -oRAT[* 

t-*-! 
VOO VSS 

Pin Configuration 

SFS 

OSCR, 

OSCRm 

OSCRO 

OSCT, 

OSCTm 

OSCT. 

AIM 

OSCR, 

OSCR", 

OSCRa 

Vss 

Voo 

THC 

01 

OUT H 

OUT", 

OUT I 

OUTc 

EN/RATE 

EN 

VDD 

OUTh 

OUTc 

EN 
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Features 

o Specifically Designed for Telephone Line 
Powered Applications 

82563 

REPERTORY DIALER 

General Description 

o CMOS Process Achieves Low Power Operation 

The·82563 is an improved version of the 82562 repertory 
dialer and can replace the 82562 in existing applications 
using local power. I t is however specifically designed for 
applications that will only use telephone line power. To 
achieve this following changes were made to the 82562 
design. 

o 8 or 16 Digit Number Capability 
(Pin Programmable) 

o Dial Pulse and Mute Output 
D Tone Outputs Obtained by Interfacing With 

Standard AMI S2559 Tone Generator 
o Two Selections of Dial Pulse Rate 
o Two Selections of Inter-Digit Pause 
o Two Selections of Mark/Space Ratio 
o Memory Storage of 29 8-Digit Numbers or 

IS-Digit Numbers with Standard 
AMI S5101 RAM 

a. PF output was replaced by a level reset input which 
allows the device to be totally powered down in the 
on-hook state of the telephone. 

o IS-Digit Memory for Input Buffering and for 
Redial with Access Pause Capability 

b. To reduce power consumption in the associated 
85101 memory in the standby mode, the interface 
was changed so that its CE2 input rather than the 
the CE l input is controlled by the device. 

c. Process was changed to a lower voltage CM08 pro
cess. Additionally a mark/space selection input 
(M/8) was added to allow selection of either 40/60 or 
33/67 ratio. Provision was also made to allow the 
device to work with a standard 3x4 or 4x4 
keyboard. 

o Accepts the Standard Telephone DPCT Keypad 
or SPST Switch X-V Matrix Keyboards; Also 
Capable of Logic Interface 

o Can Use Standard 3x4 or 4x4 Keyboards 
o Inexpensive, but Accurate R-C Oscillator Design 
o BCD Output with Update for Single Digit Display 
Data subject to change at any time without notice. These sheets transferred for information only. 

Block Diagram 

3140 

DSCj 
DSCm 
DSCo 

IPSO---~ 

MlSo---~ 

DRSO---~ 

P/No---~ 

MDOEo---~ 

NLSo---~ 

R,O----::--~ 

PLA 

KEYPAD I ~~ 
C, o----!'--~'--__ ___' 

RESET 0--

OPo-.----...J 
MUTEo-J------.....J 

-4-() Yoo 
..-0 Yss 

"'-"---0 CE 

"'-"---<J RIW 

r-~---oAD 
J-----{) Al 
~---<JAz 

RAM L'O DATA 
DISPLAY 

J-----{) A3 RAM ADDRESS 
J----<J A. TONE GENERATOR 
J-----{) As 
J-----{) AI 

1.---1---0 Ay 

Pin Configuration 
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Features: 

o Complete Pin CompatiJ:!:ity With S2560A Pulse 
Dialer Allowin~ Easy Upgrading of Existing 
Designs. 

o Ten I8-Digit Number Memories Plus Last 
Number Redial (22 Digit) Memory On Chip. 

o Low Voltage CMOS Process for Direct Operation 
From Telephone Lines. 

o Inexpensive R-C Oscillator Design With 
Accuracy Better Than ±50/0 Over Temperature 
and Unit-Unit Variations. 

Block Diagram 

KEYBOARD 
INPUTS 

C1 

HOOK -
SWITCH Hs 

DIAL IRD 
RATE CD 

OSC RE 

~ 

.., 

0--

0--

0--

· · · 
· · · 

DSC 

KEYBOARD 
INTERFACE + 

22 DIGIT BUFFER 

I 

t 
~ lOx 18 DIGIT 

MEMORY 

S2561 0 

825610 SINGLE CHIP 
REPERTORY DIALER 

o Independent Select Inputs for Variation of Dial
ing Rates (lOpps/20pps), Mark/Space Ratio (331/3 -

66%/40-60), Interdigit Pause (400ms/800ms). 

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 II Keys 
Simultaneously. 

Pin Configuration 

R4 18 C3 

R1 2 17 C2 

R2 3 16 C1 

R3 4 15 IPS 

HS 5 825610 14 DRS 

RE 6 13 Voo 

CD 7 12 MIS T ,- RD 8 11 MUTE 
.., 

CDNTRDllDGIC 
DP 

DP 9 10 Vss 

MUTE 

t t ~ 
DRS IPS MIS 
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Features 

o Single-Chip Programmable Digital Signal 
Processor 

o May Be Customized (ROM Programmed) With 
Customer Generated Routines 

o Self-Emulation Capability 
o Standard Preprogrammed Processors Available 
o Fetch/Muitiply/Add/Store Cycle 
o 512 Word X 18 Bit Instruction Memory 
o Unique Three Port Data Memory 

256 X 16 RAMI128 X 16 ROM 
12 X 12 Pipelined Multiplier With 16 Bit Product 
16 Bit Accumulator With Overflow Detect/Protect 
Double Buffered Asynchronous Serial 1/0 Port 
",P-Compatible 1/0 Port i.e. 6800 (A Version), 
8080 (B Version), etc. . 

Simplified Block Diagram 

Simplified Block Diagrom 

A-8US 

Deus 

ICSI-

(lACK 

so 
SOU_ 

SOCK SERIAL 
vo 

Si LOGIC 

SIEN 

SICK 

F-8US 
FlUS DECODE 

LOGIC 
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S28211A1B 

SIGNAL PROCESSING 
PERIPHERAL 

General Description 

The 828211 is a single-chip microcomputer which has 
been optimized to execute digital signal processing algo
rithms commonly used in applications such as telecom
munications speech processing, industrial process control 
instrumentation, etc. It may be used as a stand alone unit, 
or may be operated as a peripheral in a microprocessor 
based system. The latter configuration allows arrays of 
828211s to be used together for increased processing 
throughput. The 828211 's multi-bus, pipelined architec
ture 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 828211 
may be customized with user generated algorithms (Fac
tory ROM Programmed). 

Pin Configuration 

Si Vee 

(CS) SIEN 

EXACK SICK 

00 SOCK 

0, SOEN 

02 SO 

03 OSCI 

04 OSC, 

05 Fo 

06 F, 

07 F2 

(WR) RM F3 

IRQ RST 

VSS if (RO) 

NOTE: 
INSTRUCTION PIN FUNCTIONS IN ROM 

512 X 18 PARENTHESIS APPLY 
ONL Y FOR B VERSION 

OSCD OSC, 

~ IC MASTER 1983 



Features 

o Based on AMI's Signal Processing Peripheral 
Chip (S2811) 

o Performs 32 Complex Point Forward or Inverse 
FFf in 1.3msec, Using Decimation in Frequency 
(DIF) 

o Transform Expandable either by Using Multiple 
S2814As (for Minimum Processing Time) or by a 
Single S2814A (for Minimum Hardware) 

o Operates with any 8 or 16 Bit Microprocessor, 
including S6800 and S99OO. Optional DMA Con
troller Increases Speed 

o All Data 1/0 Carried Out on Microprocessor Data 
Bus 

o Basic Resolution of 57 dB. Optional Conditional 
Array Scaling (CAS) Routine Increases Dynamic 
Range to 70dB 

o Optional Windowing Routine Incorporated to 
Permit Use of Arbitrary Weighting Function 

o Coefficient Generation On Chip, with Rotation 
Algorithm for Transform Expansion up to 512 
Points 

o Optional Power Spectrum Computation 

Block Diagram: Minimum System Configuration 

TO 110 ClRCtlTRY, •••• ADC I OAC 
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S2814A 

FAST FOURIER TRANSFORMER 

General Description 

The AMI S2814A Fast Fourier Transformer is a pre
programmed version of the S2811 Signal Processing 
Peripheral. For further information on the internal 
operation of the S2811, please refer to the S2811 Ad
vanced Product Description. It calculates FFTs and 
IFFTs using a decimation in frequency (DIF) techni
que for minimum distortion. The S2814A calculates a 
32 complex point FFT using internally generated coef
ficients in a single pass. A coefficient rotation 
algorithm allows larger FFTs to be implemented (in 
blocks of 32 points). This implementation may be car
ried out by successive passes of the data through the 
two main routines in the S2814A, allowing larger 
transforms to be carried out with a single S2814A. 
Alternatively, an array of S2814As may be used to in
crease the transformation speed by parallel processing. 

The word length used in the S2814A gives the trans
formed data a resolution of up to 57dB, but the total' 
dynamic range can be increased up to 70dB by using 
the Conditional Array Scaling (CAS) routine incor
porated. 

The S2814A is intended to be used in a microprocessor 
system (see Block Diagram), using an 8 or 16 bit micro
processor, ROM, RAM and an optional DMA Control
ler or Address Generator. 

Pin Configuration 

NOT USED 

NOT USED 

NOT USED 

Do 

D, 

D2 

DATA D3 
BUS o. 

D5 

D& 

D7 

RIW 
ijia 

VSS 

Vee 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

OSCi 

OSC, 

F: CONTROL 
F I F
z 

BUS 

F3 

RST 

if 
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82815 

DIGITAL FILTER/UTILITY PERIPHERAL' 

Features 

o S2811 Signal Processing Peripheral Programmed 
With Filter and Utility Routines 

o Microprocessor Compatible Interface Plus 
Asynchronous Serial Interface 

o Two Independent 32 Tap Transversal Filter 
Routines, Cascadable into a Single 64 Tap Filter 

o Two Recursive (biquadratic) Filters Providing a 
Total of 16 Filter Sections 

o Computation Functions: Two Integrating, Two 
Rectifying, Squaring, and Block Multiply 
Routines 

Typical System Configuration 

Yee 20MHz 
OSC, 

CJ 
OSCo S2115 OFUP 

RST 
IRQ RIW 

P·PORT CPz A·BUS 

S6846 
ROMII·OITIMING 

Yee 

TO 
OTHER 
PERIPHERALS 

IifQ IIIW 
mET 

4MHz S6I02 
HAL MICROPROCESSOR 

CJ 
UTAl 

3144 

o Conversion Functions: ",255 Law-to-Linear, Linear-to
",255 Law, and Linear-t<HIB Transformations 

o Generator Functions: Sine and Pseudo-Random 
Noise Patterns 

General Description 

The AMI 82815 Digital Filter/Utility (DFUP) is a pre
programmed version of the 82811. Architectural and in
ternal operating details of the 82811 may be found in the 
82811 Advanced Product Description. The 82815 has 
been programmed with a collection of filter, computa
tional, conversion, and generator routines which may be 
selected individually, or cascaded under control of the 
host processor. 

Pin Configuration 

ANALOG 
II 

REF 
S3507 

CODEC/FIL TER REF Si 28 Vce 
SET 

NOT USED 2 27 SIEN 

NOT USED 3 26 SICK 

Do 4 25 SOCK 

01 5 24 SO EN 

02 6 23 so 
03 7 S2815 22 OSCi 

04 8 OFUP 21 OSCa 

05 9 20 Fo 

06 10 19 

07 11 18 

R/W 12 17 F3 

IRQ 13 16 RST 

Vss 14 15 if 
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Features 
D Independent Transmit and Receive Sections With 

75dB Isolation 
D Low Power CMOS 80m W (Operating) 

8m W (Standby) 
D Stable Voltage Reference On-Chip 
D Meets or Exceeds AT&T D3, and CCITT G.711, 

G.712 and G.733 Specifications 
D Input Analog Filter Eliminates Need for Extemal 

Anti-Aliasing Prefilter 
D Input/Output Op Amps for Programming Gain 
D Output Op Amp Provides ±3.1 V into a 12()()Q 

Load or Can Be Switched Off for Reduced 
Power (7Om W) 

D Special Idle Channel Noise Reduction Circuitry for 
Crosstalk Suppression 

Block Diagram 

r r r 
Q 

TlIAIIS..,FUU 

-0--~51'" AllASIII& f-- COSIIIE lOW·'ASS NlCH·'ASS 
.0-- FUEl (5TH OIIGEII (31100ll0UI f+ + (2110 OIIDERI 

• 

t + i 
251"H' 

TIIAIIS.., 14'", 
• o--~ 

IAGA' IUFFER 
VOlTASE 

IlEFEREIICE RECEIVE 
IUfFEII '1 + IIECEIVE filTER 

II·SIIFT 

10--_ 
IllPUT I1151TAl·TO· lOW·'ASS 

IIESISTER AMAlOS I"---"-" (5TH OIIDEII 
DECODER 

PC ... 

-- ---r---- 1 
14k", + 25"", 
·t T -1 

I U .O+-f-
Sl5MAllIIII I ClOClt SEIlEIlATOII 

o-f-
lOU I AIIO_SOUIICE 

I 

A OUT 

lOUT 
I 
I 

• "A"OIII.Y I i t· __________ :.J II·AII SEl 

II·STlOIE 

CliSElC I SntlK 1 

83506/S3507/S3507 A 

CMOS SINGLE CHIP JA-LAW/A-LAW 
COMBO CODECS WITH FILTERS 

D Encoder has Dual-Speed Auto-Zero Loop for Fast 
Acquisition on Power-Up 

D Low Absolute Group Delay = 450llsec. @ 1kHz 

General Description 

The 83506 and 83507 are monolithic silicon gate CM08 
Companding Encoder/Decoder chips designed to imple
ment the per channel voice frequency Codecs used in PCM 
systems. The chips contain the band-limiting filters and 
the analog ... digital conversion circuits that conform to 
the desired transfer characteristic. The 83506 provides 
the European A-Law companding and the 83507 provides 
the North American WLaw companding characteristic. 

These circuits provide the interface between the analog 
signals of the subscriber loop and the digital signals of the 
PCM highway in a digital telephone switching system. 

Pin Configuration (22 Pin) 

VDO(+5V) 

Vaul 

T·SHI'T OUT-

CAZ (it- CuSIIO 

TS .. T sn Clil FLT OUT 

T·STROIE PON 

PCM OUT V. 

o GNO 11-

AMAlOS·TO· 
r- I1151TAl OUTPUT 1-...:..0 RESlSTEII CODER 

PClilOUT 
CAZ IN+ 

H·SHI'T CAl CUD 

I r--- ---

I ... ~ 
I SI5IIAlIIIII 

I 
lOU J. f----o 

A • 

R·STROBE A GNO 

PCMIII Vss(-5V) 

•• 
1 

:"A"OIIl" T·A/. SEL 
Pin Configuration (28 Pin) 

~------ -

FLTOUT 
1111 Vil. 

AIM VDO (HV) 

L~ 
rV 

CLK SEl T·AlI SEL 

T·SIII'T Vaul 

SYS CLK OUT-

UTROIE FlT OUT 

PCM OUT POll 

OUT-

Vaul 

o liMO V. 

BOUT ili-

1 A OUT 11+ 

OSIlll AUG Cu CAl IONO 

R·AlI SEl A GNO 

R·SHI'T Vu(-5V) 

UTROIE PCMII 
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Introduction 

DTMF (Dual·Tone, Multi-Frequency) or Touch-ToneR, is 
widely used for controlling and signaling. Bell System 
originally designed this signaling method to provide cus
tomers with a more rapid, convenient means of transmit
ting digits of the called party phone to the central office. 
Now, it is used in many other applications. 

Pushing a button produces 2 tones simultaneously. It is 
this particular set of tones that the DTMF Receiver at 
the telephone central office (or exchange) uses to deter
mine which button was pushed (see Figure 1). By analyz
ing the series of tones sent, the receiver determines what 
number was dialed and the switching equipment then 
acts accordingly. 

Figure 1. DTMF Keyboard 

I 

I 

S3525A1B 

DTMF BANDSPLIT FILTER 

The requirements for accuracy and reliability in the tele
phone network have been well defined. As a result a 
DTMF Receiver for a central office must have high quali
ty and reliability. 

The performance ofDTMF in the telephone network is 
well appreciated by designers of other . systems evidenced 
by the familiar Touch-ToneR pad present on radios, 
remote credit card terminals, electronic bank tellers, etc. 
These applications take advantage of the end-to-end 
capability inherent in the DTMF method. The tones, like 
voice, go from the originating end to the receiving end 
without significant degradation. 

I 
I' 

697HZ-[2J-0-0 0-
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I I I I 

770HZ-0-IT]-00-
I I I I 

852Hz - 0-0-0 0-
I I I I 

941HZ-G-0-lI] 0-
I 
I 1209 I I 

I I 1336 1477 
NORMAL TELEPHONE 

I 
I 1633Hz 

SPECIAL 
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S3526A1S3526B 

TUNEABLE BANDPASS/NOTCH FILTER 

Features 

o Provides Band Pass and Band Reject Outputs 

o Uses 3.58MHz TV Crystal or 256KHz Clock as 
Timebase for 2600Hz Center Frequency 

o Generates 2600Hz Sinewave 
I 

o Single or Dual Supply Operation 

o Buffer Drives 6O()Q Loads 

o The bandpass/notch frequency can be shifted 
from 2600Hz by using other clock frequencies. 

Block Diagram 

CIT 
14 

tI 

r---------
, • DIlLY 

'-
101 

'AI IIr(V.·Vnl 
U 

101 12,KHz 
fUll 
CLDtl 

'a L _________ 

~l~-------------------+~ 
IIIP\It 1 

IIlUII_ftLTlI I 
10 

SWITCH 
CDIITROlISC) 
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General Description 

The S3526 Single Frequency (SF) Filter is a l4-pin mono
lithic CMOS circuit designed to implement a precision 
SF tone receiver. When used with an inexpensive 3.58 
MHz TV crystal or a 256kHz clock input it provides 
sharp 2600 Hz bandpass and notch filters as well as a 
2600Hz sine wave output. The 256kHz clock can be at 
CMOS or TTL levels. A change in the crystal (or clock) 
frequency from 3.58MHz (256kHz) will proportionately 
change the bandpass, notch and sine wave output fre
quencies. The S3526A is intended for dual + 5V and 
- 5V power supply operation, whereas the S3526B is in
tended for 'a single + 10V supply. 

Pin Configuration 

SIG IN 14 clf , 
OSCIN 1~ VAG 

OSCOUT 3 12 BP OUT 
lAND CS 4 83526 11 BUF-RIJICTOOT 

2600 OUT 5 10 SC 
BIIfFU'M 

Vss 6 9 BUF OUT 
IUffUOOT 

Voo 7 8 BR OUT 

IAIIOI'ASS 
OOT 

11 

3147 

cJ 
c: 

en 
E 
(J) ..... 
en 
~ en 
0 
~ 
(,) 

~ 
c: 
as 
(,) 
.i: 
(J) 

E 
<t: 



(,) 
s:::: 

en 
E 
Q) 

of-"' 
U) 
~ 
U) 

0 
"-
(,) 

~ 
s:::: 
Cd 
(,) 
.~ 

Q) 

E 
<C 

Features 

o Simple Digital Interface 

S361 0 

LPC-10 SPEECH SYNTHESIZER 
WITH ON-CHIP 20K SPEECH DATA ROM 

General Description 

o CMOS Switched-Capacitor Filter Technology 

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 i~terface 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 into the power
down mode until a new word select address 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 techniques used internally, giving about 
17 seconds of speech from the ROM data. The 5 word
select lines allow a maximum vocabulary of 32 words. 

o Automatic Powerdown 

D Single Power Supply Operation 

[J Direct Loudspeaker Drive 

o 30m W Audio Output 

20K Bits Speech ROM 

Low Data Rate 

Up to 32 Word Vocabulary 

Block Diagram 

Ao 

WORO 
SELECT 

liliES 

A4 

BUSY 

STROBE 

OSC, 

osc. 

AGNO 

TEST1~ i TEST2~ 

TEST3~ 
PSEUOO 

RANOOM 
NOISE SOURCE 

LS, 

LSz 
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SPEECH OA'" 
ROM 

2.5Kd BITS 

INTEROLA TION 
FILTER 

BUFFER BIT 

REGISTER AllOCATION 
PlA 

PARAMETER 
VALUE ROM 

10 STAGE 
LA TTICE FIL TEll 

Pin Configuration 

A3 24 Voo 

A2 2 23 N/C 

A, 3 22 N/C 

N/C 4 21 N/C 

AD 5 20 A4 

ST 6 
83610 

19 au 
Nle 7 18 T2 

T, 8 17 T3 

OSCo 9 16 NIC 

NIC 10 15 LS, 

OSCi 11 14 LS2 

Vss 12 13 A GND 

NIC = NO CONNECTION 
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Features 

o Simple Microprocessor Interface 

o CMOS Switched-Capacitor Filter Technology 

o Automatic Powerdown 

o Single Supply Operation 

o Direct Loudspeaker Drive 

o 30m W Audio Output 

o Low Data Rate 

Block Diagram 

Do 

OATA .,BlT .uTS INPUT 
LATCH 

01 

IUSY 

STROlE 

OSC. 

OSC, r--
I 
I 
I 

VDD~ 

Vss~ 

TEST1~ r TEST2~ 

TEST3~ PSEUDO 
RANOOM 

NOISE SOURCE 

LS, 
!MTEROLA TlDN 

LSz 
FILTER 

@) Ie MASTER 1983 

BUFfER 
REGISTER 

PARAMETER 
VALUE ROM 

10 STAGE 

S3620 

LPC-10 SPEECH SYNTHESIZER 

General Description 

The S3620 LPC-IO 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 synthesizer automatically shuts down 
and goes into the powerdown mode. A busy signal allows 
the processor to sense the status of the synthesizer. The 
input data rate is 2.0K bits/sec. max., but typically the 
average data rate will be reduced to about 1.4K bits/sec. 
by means of the data rate reduction techniques used in
ternally. 

Pin Configuration 

BIT 
ALLOCATION 

PLA 

P4 22 Voo 

03 2 21 05 

02 3 20 06 

01 4 19 07 

Do 5 18 iRa 

ST .6 83620 17 BU 

T1 7 16 T2 

OSCo 8 15 T3 

NIC 9 14 lS1 

OSCi 10 13 lS2 

Vss 11 12 A GNO 

NIC = NO CONNECTION 

LATTICE FILTER 
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Features 

o Single +5V Power Supply 
o Directly TTL Compatible Inputs 
o Directly TTL Compatible Outputs, Three State 

on S3630A 
o Low Power: Supply Current-2OmA Max. 
o Power Down Capability (S3630A) 

General Description 

The 83630A/B is a high density 131072 bit NM08 mask 
programmable Read Only Memory. The device is fully 
TTL compatible and the organization as 16K X 8 bits 

Block Diagram 

Ao 
A1 
A2 
A3 ADDRESS 

DECODER 512X256 A4 DRIVER ARRAY A5 
A6 
A7 

As 
Ag 

ADDRESS A10 COLUMN 
A11 DECODER CIRCUITS DRIVER A12 
A1~ 

OUTPUT OE* 3·STATE 
CONTROL* BUFFERS 

*S3630A ONL Y 

3150 

S3630AlB 

128K(16K X 8) BIT NMOS ROM 

makes it very suitable for use in microprocessor systems. 
. I t is available in both 6",sec and 1 O",sec versions. 

The 83630 is available in two pin configurations. The 
83630A has the industry standard pinout (28-pin pack
age). The 83630B has a minimum pin configuration, 
allowing it to be packaged in ~ 24-pin DIL pack, saving 
valuable board space where this configuration is usable, 
as well as reducing costs. 

The 83630 is manufactured in a high density silicon gate, 
depletion load, N-channel process. Its high data capacity 
makes it extremely suitable for use in speech synthesis 
systems. 

Logic Symbol Pin Configuration 

A, Vee 
Ao A. A. 
AI As A. 
A2 110 A4 An 

A3 01 A3 Au 

A4 02 NIC All 
As 03 A2 DE 
A. 04 NlC An 

A, 05 AI CE 
A. O. Aa 0, 

A. 0, 00 O. 

Alo 01 05 

All 02 04 

An VII 03 

Au 

CE 
N.C. = NO CONNECTION 

DE 
A, Vee 

A. A. 

A, At 

Pin Names A4 An 

A3 Au 

Az All 

Ao-A13 Address Inputs A, All 

00-07 Data Outputs Ao 0, 

CE Chip Enable 00 o. 

OE . Output Enable 0, 0, 

02 04 

VII 03 
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FEATURES 
Ultra Low Drift (1~VfC) 
Low Offset Voltage (O.25mV) 
Low Input Bias Currents (25pA) 
Low Quiescent Current 
Low Noise.(2I-tV pop) 
High Open Loop Gain (110dB) 
Matched Offset Voltage - AD647 
Matched Offset Voltage Over Temperature - AD647 
Matched Bias Current - AD647 
Crosstalk 124dB at 1kHz 
Low Total Harmonic Distortion 

PRODUCT DESCRIPTION 
The ADS47 and AD647 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, S/lV/oC
J versions, O.2SmV, l/lVtC-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: 3 SpA max, 
matched to lSpA for the AD647K and L; 7SpA max, matched 
to 2SpA for the AD647J and S. 

PRODUCT HIGHLIGHTS 
1. Advanced laser wafer trimming techniques reduce offset 

voltage drift to l/lV /C max and reduce offset voltage to 
only O.2SmV max on the ADS47L. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0.165 (:::)Pth

NE 

0.50 MIN 
~) (127 MIN) 

t I = a ~ I 
0.370 (9.40) I 

0.305 (775) : 
0.355 (900) I 
~ = 

-1----0 .04 MAX :tl 
(102 MAX)--j 

-=u-- 0.010 (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 
(lOpA typical) bias currents specified after S minutes of 
warm-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.2Sm V max and matched side to side to O.2Sm V (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 Range 

ADS47JH 1.0mV S/lvtc o to +70oC 
ADS47KH O.SmV 2/lVtC o to +70o

C 

ADS47LH O.2SmV l/lV/oC o to +70oC 
ADS47SH O.SmV S/lvtc -55°C to +12S

o
C 

AD647JH 1.0mV lO/lV/oC o to +70o
C 

AD647KH O.SmV S/lV/oC o to +70oC 
AD647LH O.2SmV 2/lV/oC o to +70oC 
AD647SH O.SmV lO~V/C -55°C to +12SoC 

ONE TECHNOLOGY WAY. P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 
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a..OEVICES 

FEATURES 
<1mV Vos 
Low Drift 
80ns Settling to 0.1%;200ns to 0.01% 
100mA Output @ ± 10V ' 

APPLICATIONS 
D/A Current Converter 
Video Pulse Amplifier 
CRT Deflection Amplifier 
Wideband Current Booster 

GENERAL DESCRIPTION 
The HOS-060 Operational Amplifier is an extension of the 
proven hybrid technology used in the HOS-OSO series of op , 
amps. 

The FET input and high-performance characteristics, including 
wide bandwidth and fast settling, make it useful for a variety of 
applications in the processing of video signals. 

Recent innovations in circuit design have been incorporated into 
the HOS-060 to make it extremely useful to the designer who 
needs outstanding performance in current boosting, voltage 
amplification, impedance matching, or a multiplicity of other 
high-frequency requirements. 

Voltage offset and its temperature coefficient have been dramati
cally improved in the HOS-060; offset is as low as on most 
monolithic op amps, despite being a thick-film hybrid. 

These improvements, moreover, have been accomplished with
out any sacrifice in the other parameters which characterize its 
outstanding performance in video applications . 

The HOS-060 op amp is pin-for-pin compatible with its forerunner 
HOS-OSO and is useable in the same diversity of video require
ments. The reader is strongly urged to refer to the six-page data 
sheet for the HOS-OSO op amp to obtain additional insight and 
details on potential uses for the HOS-060. 

The HOS-060 Operational Amplifier is housed in an industry 
standard TO-8 metal can and operates over a case temperature 
range of - 55°C to + 125°C; the model number for the standard 
unit is HOS-060SH. 

For units processed to MIL-STD-883, Method 5008, specify 
model number HOS-060SH/883. 

Low Offset, Fast Settling 
Video Operational Amplifier 

12 

~ 10 

~ 8 
CI 

CI 

~ o 
> ... 
o 

0 

0 

0 

0 

9 4 0 

~ o 
0 

0 

HOS-060 I 
GAIN '10011 LOADI ~ 

~ 
I 

--- ---- ---- ---
/1 

CMR 

/ ~ ./ " 

80 

35 

V ~ / 
VPHAr ~ ./ 

90 

45 

o 
10 100 lk 10k lOOk 1M 10M 100M 

FREQUENCY - Hz 

Figure 1. HOS-060 Frequency Response 

:;: 
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Z 
0 
i= 
cI: 
~ 

~ 
0 
a: 
w 
:;: 
2 

1.5 

1.0 

0.5 

o 25 50 75 100 125 150 

TEMPERATURE _ °c 

Figure 2. Power Derating 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

t- 0.55 (14)---J 1 
0.025 . I---L 
(0.64) r 1 0.165 L (4.2) 

t .f 
0.375 

(9.5) LONG. MIN 

t 
O.S 

(1S.24) 
:!oO.OOS 

"I" 
TO-S CAN 

L 

PINS ARE GOLD PLATED 

BOTTOM VIEW 
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r.ANALOG 
L.III DEVICES Operational Amplifiers 

FEATU RE SELECTION CHART / GENERAL PURPOSE / IIIGIt ACCURACY / 
LOW VOS DRIFT / 

/ FET INPUT / / 7 / FET INPUT / / WIDEBAND 

!t/t/J/;h/;!tIt'1 l!t/;h!t~hl <.!' ~ 
C' <;:,'0 ~ .;:- .;:- ~ ~ <;:,.... ;:- ~ .$' ~ :;. ~ .;.- .;.- ~ 

~"i $"i !' ~"i l l I ~.... f !' !' ~ ~.... ~.... ~.... ~'O !' 
Monolithic Bipolar Input · · · · · · Technology J·FET • · · · Dual J·FET · · · Multi·Device Hybrid • · · · Technology Module 

High Open ;;>JOOdB · · · · · · · · Loop Gain ;;>140dB 

High CMR >JOOdB · · · · Low Offset ';:;SmV · · · · · · · • · · · · · Voltage ';:;lmV · · · · · · ';:;SO;N · · Low Offset ';:;S/lV/oC · · · • • · · · · · · V.v<. Temp ';:;1/lV/C • • 
';:;0.6/lV/C · · • 

Low Bias ';:;SOpA · • · • · · · • · • · Current ';:;SpA · · ';:;O.SpA · Fast Settling ';:;I/lsto 0.1% • • 
';:;S/lS to 0.01 % · · Wideband ;;>2MHz · · · (Unity Gain) ;;:>IOMHz 

High Slew ;;>IOVI/ls • · · Rate ;;>30VI/ls 
;;>IOOVI/ls 
;;>IOOOVI/ls · · Low Noise (0.1 to 10Hz) · · • · • · · · · 2/lV p.p 

High Voltage Out ;;>IOOV 
High Current OUt ;;'20mA 
Low Power ';:;7SmW • · · • · · · · · • 
Second Source · · · Temperature Range 

o to +70°C · · · · · · · · · · • · • • · · · -2SoC to +8SoC • 
-SSoC to + 12SoC · · • • · • · • · · · · • · • 

Dice Availability · • · · · • · · 
GENERAL PURPOSE BIPOLAR INPUT SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2SoC unless otherwise noted) 

Output Vos b.Voslb.T Ib CMR 
Gain VIrnA Unity Gain Slew Rate mV J.lV/oC nA dB Temp 

Model min min MHz V/J,l.S max max max min Rangel Package2 

AD101A 50k 10/5 1.0 to B.O 0.5 to 10 2.0 15 75 BO M H 
AD201A 50k 10/5 1.0 to B.O 0.5 to 10 2.0 15 75 BO I H,N 
AD301A 25k 10/5 1.0 to B.O 0.5 to 10 7.5 30 250 70 C H,N 
AD30IAL BOk 10/5 1.0 to 10.0 0.25 to 9.0 1.0 5.0 30 90 C H,N 
ADIOB 50k 13/1.3 0.3 to 3.0 0.3 to 1.3 2.0 15 2.0 B5 M H 
AD20B 50k 13/1.3 0.3 to r.o 0.3 to 1.3 2.0 15 2.0 B5 I H 
AD30B 25k 13/1.3 0.3 to 3.0 0.3 to 1.3 7.5 30 7.0 BO C H 
ADlOBA BOk 13/1.3 0.3 to 3.0 0.3 to 1.3 0.5 5.0 2.0 96 M H 
AD20BA BOk 13/1.3 0.3 to 3.0 0.3 to 1.3 0.5 5.0 2.0 96 I H 
AD30BA BOk 13/1.3 0.3 to 3.0 0.3 to 1.3 0.5 5-.0 7.0 96 C H 
AD741 50k 10/5 1.0 0.5 5.0 500 70 M H,N 
AD741C 20k 10/5 1.0 0.5 6.0 500 70 C H,N 
AD74IJ 50k 10/10 1.0 0.5 3.0 20 200 BO C H,N 
AD741K 50k 10/5 1.0 0.5 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 BO M H 
NOTES 
1 C =0 to +70°C, I = -25°C to +8SoC, M = -55°C to +12SoC 
2 H = TO-99 can, N = 8-pin mini DIP 
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r.ANALOG 
L.IIII DEVICES Operational Amplifiers 

3154 

GENERALPURPOSEFETINPUT 
SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S

o
C unless otherwise noted) 

Output 
Gain V/mA Unity Gain 

Model min min MHz 

ADS03} 20k 1015 1.0 
ADS03K SOk 1015 1.0 
ADS03S SOk 1015 1.0 
ADS06} 20k 1015 1.0 
ADS06K SOk 1015 1.0 
ADS06L 7Sk 1015 1.0 
ADS06S SOk 1015 1.0 
ADS40} 20k 1015 1.0 
ADS40K SOk 1015 1.0 
ADS40S SOk 1015 1.0 
ADS42} lOOk 1015 1.0 
ADS42K 300k 1015 1.0 
ADS42L 300k 1015 1.0 
ADS42S 300k 1015 1.0 
ADS44} 30k 1015 2.0 
ADS44K SOk 1015 2.0 
ADS44L SOk 1015 2.0 
ADS44S SOk 1015 2.0 
ADS47} lOOk 1015 1.0 
ADS47K 2S0k 1015 1.0 
ADS47L 2S0k 1015 1.0 
ADS47S 2S0k 1015 1.0 
AD642} lOOk 1015 1.0 
AD642K 300k 1015 1.0 
AD642L 300k 1015 1.0 
AD642S 
(S/8838) 300k 1015 1.0 

AD644} 30k 1015 2.0 
AD644K SOk 1015 2.0 
AD644L SOk 1015 2.0 
AD644S 
(S/8838) SOk 1015 

AD647}1I lOOk 1015 
AD647KII 2S0k 1015 
AD647LII 2S0k 1015 
AD647S111 

8838 2S0k 1015 

2.0 
1.0 
1.0 
1.0 

1.0 

Ie w 0 to +70oC; M. -5SoC to + 12Soc 
3H~ T0-99can; z. Module 

Vos 6Vos/6T 
Slew Rate mV p.vfc 
VIp.. 

3.0 SO 75 
3.0 20 25 
3.0 20 SO 
3.0 3.5 75 
3.0 J.S 25 
3.0 1.0 JO 
3.0 J.S SO 
6.0 SO 75 
6.0 20 25 
6.0 20 SO 
3.0 2.0 20 
3.0 1.0 10 
3.0 0.5 5 
3.0 1.0 IS 
J3 2.0 20 
J3 1.0 JO 
J3 0.5 5 
J3 1.0 IS 
3.0 1.0 5 
3.0 0.5 2 
3.0 0.25 I 
3.0 0.5 5 
3.0 2.0' UmV' 
3.0 1.0' 2.0mv' 
3.0 0.5' LOrnv' 

3.0 1.0' Urnv' 
J3 2.0' Urnv' 
J3 1.0' 2.0mv' 
J3 0.5' 1.0mv' 

J3 
3.0 
3.0 
3.0 

3.0 

1.0' UrnV' 
1.0' JO 
0.5' 5 
0.25' 2.5 

0.5' 10 \ 

IS 
10 
10 
IS 
10 
5 
10 
SO 
25 
25 
SO 
25 
25 
25 
SO 
25 
25 
2S 
SO 
25 
25 
25 
7S 
3S 
3S 

75 
75 
3S 
3S 

75 
75 
3S 
3S 

3S 

J Du.1 amplifins with matched side to side OUKt voluge 
4Guarantttd max offstt rnor from Trrin to Tmax 

HIGH ACCURACY LOW VOS DRIFT 

CMR 
dB Temp 
min Rangel 

70 C 
80 C 
80 M 
70 C 
80 C 
80 C 
80 M 
70 
70 
70 M 
76 C 
80 C 
80 C 
80 M 
74 C 
80 C 
80 . C 
80 M 
76 C 
80 C 
80 C 
80 M 
76 C 
80 C 
80 C 

80 M 
76 C 
80 C 
80 

80 
76 
80 
80 

80 

M 

C 

M 

Package' 

II 
II 
II 

II 

II 
II 
II 
II 
II 

II 
II 
II 

II 
II 
II 

II 
II 

II 

SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S
o
C unless otherwise noted) 

Model 

ADS04} 
ADS04K 
ADS04L 
ADS04M 
ADS04S 
AD510} 
ADSIOK 
ADSIOL 
ADSIOS 
ADSI7} 
ADSI7K 
ADSI7L 
ADSI7S 
ADS47} 
ADS47K 
AD547L 
ADS47S 
AD647}II 
AD647KII 
AD647111 
AD647S11 
AD OP·07EII 
ADOP'()7CII 
ADOP'()7DH 
ADOP'()7AH 
AD o P.{)7 II 

Gain 
min 

250k 
SOOk 

1000k 
1000k 
JOOOk 

250k 
1000k 
1000k 
1000k 
1000k 
1000k 
1000k 
1000k 

lOOk 
250k 
Z50k 
2S0k 
lOOk 
250k 
250k 
250k 

2000k 
1200k 
1200k 
3000k 
ZOOOk 

Output 
V/mA Unity Gain Slew Rate 
min Mllz VIp.. 

1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
10110 
10110 
10110 
10110 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
10110 
10110 
10/10 
10/10 
10110 

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 

0.12 to 2.5' 
0.12 to 2.5' 
0.12 to 2.5' 
0.12 to 2.5' 
0.12 to 2.5' 
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 AVos/AT Ib 
mV p.vl'c nA 

2.5 5.0 
J.S 3.0 
0.5 1.0 
0.5 0.5 
0.5 1.0 
0.1 3.0 
0.05 1.0 
0.025 0.5 
0.05 1.0 
0.150 3.0 
0.075 1.8 
0.05 J.3 
0.075 1.8 
1.0 5 
0.5 2 
0.25 
0.5 
1.0' 10 
0.5' 5 
0.25' 2.5 
0.5' 10 
0.075 J.3 
0.150 1.6 
0.150 2.5 
0.025 0.6 
0.075 J.3 

200 
100 
80 
80 
,80 
25 
13 
10 
13 
5 
2 
I 
2 
50 
25 
25 
25 
75 
3S 
3S 
3S 
t4 
±7 
tl2 
±2 
±3 

CMR 
dB Temp 
min Rangel Package2 

94 
100 
110 
110 
110 
94 
110 
110 
110 
94 
110 
110 
110 
76 
80 
80 
80 
76 
80 
80 
80 
106 
100 
94 
110 
110 

C 
C 
C 
C 
M 
C 
C 
C 
M 
C 
C 
C 
M 
C 
C 
C 
M 
C 
C 
C 
M 
C 
C 
C 
M 
M 

/I 
H 
H 
H 
H 
H 
H 
II 
/I 
H 
H 
H 
H 

II 
H 
/I 
II 
II 
/I 
/I 
/I 
H 
H 
H 
H 

1 H .. TO-99 can; N - 8-pin mini DIP I Dtpendent on compensation capacitor sdectioD 

HIGH ACCURACY LOW BIAS CURRENT 
SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S

o
Cunless otherwise noted) 

Model 

ADSI5} 
ADSI5K 
ADSI5L 
AD545} 
ADS45K 
AD545L 
AD545M 

'CsOto+70"'C 

Cain , 
min 

20k 
40k 
25k 
20k 
40k 
40k 
40k 

Output 
VirnA Unity Gain Slew Rate 
min· MHz Vlp.s 

1015 0.35 0.3· 
1015 0.35 0.3 
1015 0.35 0.3 
1015 0.7 1.0 
1015 0.7 1.0 
1015 0.7 1.0 
1015 0.7 1.0 

I H • TO-99 can, Z .. Module 'Adjustable [0 zero 

Vos AVos/AT 
mV p.V/oC 

3.0 50 
1.0 15 
1.0 25 
1.0 25 
1.0 15 
0.5 5 
0.25 3 

0.300 
0.150 
0.075 
2 

CMR 
d8 Temp 
min Rangel 

66 C 
80 C 
70 C 
66 C 
70 C 
76 C 
76 

Package' 

H 
H 
H 
H 
H 
H 
H 
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r.ANALOG 
LIllI DEVICES Operational Amplifiers 

FEATURE SELECTION CHART 

.\\onllhthh: l\1t'hlIJr Inpu( 
T('(hnohl~ )·1·11' 

llu,lj-I·I·1 

,\tuhl-Df\"h:c" Ih hnJ 
Tct.:hnulog) .\loJuk 

Ihgh Open >llIllJB 
Llh.lP £.;.lIn >HOJ8 

Ihgh O\R >lOllJB 

Low Offset "sm\· 
\'ohJf!c "Im\· 

"50,,\· 

Lo\\"Of(se( ';5,,\· ·C 
",n. Temp ';I,,\·,'C 

"0.6,,\·,'C 

LlW. Bias ,;sUpA 
Current "SpA 

"u.sp.'. 

Fast Settling ~ I~s luO.lou 

~51.a [(I O.UI~u 

W.dcb""d ;'2.\\11, 

(tnny Lain} ;'10\\11, 
~50\1I11 

High S!e", ~10\'/~s 

Rate >30\'1". 
;'IOOV/",. 
;;>1000\'/"" 

1.0\\ 'Ol\c: HI 1 10 1011,1 
,.2,,\· p.p 

Il.gh Volrage Our ;;>100\' 
Il.gh Cumnr Our ;;>20mA 
Low Power <.75mW 

Second Sour("c 

Tcrnpnature Range 
o to +70r:.C 
-2SC.Cto +!lSC.C 
-SSr;.Ctu +12SoC 

Dice Availability 

FAST IWIDEBAND 

.. 

SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S
o
C unless otherwise noted) 

Output Slew Rate Settling Vos AVq,s/AT Ib CMR 
Gain VirnA Unity Gain V/~ Time mV /lVI C nA dB remp 

Model min min MHz min /lltoO.l% min Rangel Packagel 

A0380JII 2Sk 10/50 40 200 0.13 2.0 SO 100 60 C X 
A0180KII 2Sk 10/50 40 200 0.13 1.0 20 100 60 C X 
A0180LII 2Sk 10/50 40 200 0.13 1.0 10 100 60 C X 
A0380S1II881B 2Sk 10/50 40 200 0.13 1.0 SO 100 60 M X 

A0381JII 60k lOIS 20 0.7 1.0 IS 100 76 C II 
A0181KII lOOk lOIS 20 0.7, 0.5 10 100 80 C II 
AD181LII lOOk lOIS 20 0.7 0.2S 5 100 SO C 
A0181S1II881B lOOk lOIS 20 0.7 1.0 10 100 SO M II 

A0182JIl 2Sk 10/50 20 1.1' 1.0 IS 100 76 C X 
AD382KII lSk 10/50 20 1.3" 0.5 10 SO SO C X 
A0382LII Hk 10/50 20 1.3" 0.25 5 SO 80 C X 
A0182S1II8838 Hk 10/50 20 1.1" 1.0 10 SO 80 M X 

ADS07J 80k 10110 H 20 0.9 IS 25 74 C 
AOS07K lOOk 10110 H 25 0.9 IS IS SO C 
AOS07S lOOk 10110 H 20 0.9 20 IS SO M 
AOS09J 7.Sk lOIS 20 80 0.2 10 20 250 74 C 11 
AOS09K 10k lOIS 20 80 0.2 S 10 200 80 C II 
AOS09S 10k lOIS 20 100 0.5 8 30 200 SO M II 
AOSI8J 2Sk 10110 12 SO 0.8 10 10 500 70 C 11 
AOSI8K SOk 10110 12 SO O.S 4 IS 250 SO C 11 
AOSISS SOk 10110 12 SO O.S 4 20 250 SO M II 

AOHS4AM 31.6k 101100 90 1000 0.12 2.0 SO SO 60 Y 
AOHS48M H.6k 101100 90 1000 0.12 1.0 15 SO 60 I Y 
AOHS4SM 31.6k 101100 90 1000 0.12 1.0 25 SO 60 M Y 

AOLlloo12CG Ik 12110 70 500 0.1 5 25 0.025 60 X 
AOLlloo12G Ik 12110 70 500 0.1 2 25 0.01 60 M X 
AOLllooBCG 0.98' 121100 100· 1400 1.2n.' 12 SO 0.05 I X 
AOLllooHG 0.98' 121100 100· 1500 2.9n.' 5 SO 0.05 M X 

1I0S'()SO lOOk 101100 100 100 0.1 35 ISO 2 70 M X 
1I0S'()SOA lOOk 101100 100 300 0.1 IS H 2 70 M X 
1I0S'()SOC lOOk 101100 100 100 0.1 65 200 2" 70 I X 
1I0S'()60SI1 lOOk 101100 100 300 0.1 1.0 10 2" 70 M X 
1I0S·I ooAII 0.96' 121100 125· 1400 2.0ns' 10 25 5/lA I X 
1I0S·100s11 0.97' 121100 125· 1500 2.0ns' 5 25 S/lA M X 

NOTES 

Ie. 0 [0 +70"C.'. -2S"C [0 +8S"C. M. -2S"C to + 12S"C 
I: II • T0-99 can, X • 12-1cad TO-8 can, Y • TO~J can, Z • Module 
·Scttl~nl time to 0.01" 
"Scttlina cime to 0.0111; max 
• Unity Gain Buffers 
• Lu,c 5icnal 3d8 BW 
'RiKTirne 
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r.ANALOG 
a...OEVICES Precision Instrumentation Amplifier 

PRELIMINARY TECHNICAL DATA 
FEATURES 
Low Noise: 0.2f.lV p-p 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 1) 
High CMRR: 115dB (G = 500) 
Low Offset Voltage: 50f.lV 
Low Offset Voltage Drift: 0.25f.lV/oC 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 100,200,500 
No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The AD624 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 AD624 suitable for use in 
many data acquisition systems. 

The AD624 has an output offset voltage drift ofless than 2Sj..l V/oC, 
input offset voltage drift ofless than 0.2Sj..lVrC, CMR above 
90dB at unity gain (120dB at G = 500) and maximum nonlinearity 
of 0.003% at G = 1. In addition to the outstanding dc specifications 
the AD624 also has a 2SMHz gain bandwidth product (G = 
100). To make it suitable for high speed data acquisition systems 
the AD624 has an output slew rate of SV/j..ls and settles in ISj..ls 
to 0.01% for gains of 1 to 100. 

As a complete amplifier the AD624 does not require any external 
components for fixed gains of 1, 100, 200 and 500. For other 
gain settings between 1 and 1000 only a single resistor is re
quired. 

The AD624 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "A" grade, the low drift "B" grade and lower 
drift, higher linearity "c" grade are specified from - 2SeC to 
+ 85°C. The "S" grade guarantees performance to specification 
over the full MIL-temperature range - 55°C to + l2See, and is 
available with MIL-STD-883B screening. 

PIN CONFIGURATION 

-INPUT 1 

INPUT NULL 4 
13 G = 100} SHORT TO 

RG, FOR 
G = 200 DESIRED 

GAIN 
G = 500 

INPUT NULL 5 

REFERENCE 6 

AD624 I 
AD624 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD624 has guaranteed low offset voltage, offset voltage 

drift and low noise for precision high gain applications. 

2. The AD624 is functionally complete with pin programmable 
gains of 1, 100, 200 and 500, 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 AD624 offers superior dynamic performance with a gain 
bandwidth product of 2SMHz, full power response of 75kHz 
and a settling time of ISj..ls to 0.01% of a lOY step (G = 
100). 

0.040R 

0.310 :!: 0.01 
(7.874 :!: 0.254) 

• 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

~ 0.430 --l I _ (10.922) _ I 

I 0.800" 0 010 I 
1(20.32:!: 0.254)---, 

IU!~·,~:lI{ ~-±:::f '.Ol"'.Ol 

jE~7 + .~~lO'125(3~~~:~9:!: 0.254) 
~ . - MIN 
(1.19:!: 0.18) - 0.43 +-O.O~ 

0.100 (254) Bse 

0.700 (17.78) sse 

16-PIN CERAMIC DIP 
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I.I1II DEVICES 

FEATURES 
2.2ns Propagation Delay - AD9685BD/BH 
2.7ns Propagation Delay - AD9687BD 
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 AD968SBD/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 AD968SBD/BH is a single comparator which is pin-compatible 
with the Am68S, 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 EeL 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. 

AD9685BD/BH Single Comparator 
A latch function allows the AD968SBD/BH to be operated in a 
sample-hold mode. When the Latch Enable CLE) is EeL HIGH, 
the comparator functions normally. When the Latch Enable is 
driven LOW, its outputs are locked 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 Am68S, the 
AD968SBD/BH also dissipates less power because it operates on 
a positive S volt supply instead of the 6 volts required by the 
AMD device. 

AD9687BD Dual Comparator 
The latch function of the AD9687BD provides an ability to 
operate the unit in either a track-hold or sample-hold mode. 
The latch funclion 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 normal comparator function is in operation. When 
LE is forced LOW and LE is driven HIGH, the outputs of the 

Ultra-Fast Comparators 
AD9685/AD9687 I 

AD9685BD/BH FUNCTIONAL BLOCK DIAGRAM 

NONINVERTINGWaOUTPUT INPUT 

INVERTING _ Q OUTPUT 
. INPUT 

RL Rl 

LA TCH ENABLE V, 

THE OUTPUTS ARE OPEN EMITTERS. REQUIRING EXTERNAL 
PULL·DOWN RESISTORS. THESE RESISTORS MAY BE IN THE 
RANGE OF 5011-20011 CONNECTED TO - 2.0V; OR 2001l-200011 
CONNECTED TO S.2V. 

AD9687BD FUNCTIONAL BLOCK DIAGRAM 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

aQUTPUT a OUTPUT 
~----~~ ~~----~ 

Q OUTPUT Q OUTPUT 
L'--~~~ ~~~~~. 

LE V, IT LE 

'---.r-----l "-v--J 
LATCH ENABLE LATCH ENABLE 

THE OUTPUTS ARE OPEN EMITTERS. REQUIRING EXTERNAL 
PULL· DOWN RESISTORS. THESE RESISTORS MAY BE IN THE 
RANGE OF SOIl-200IlCONNECTED TO - 2.0V; OR 2001l-200011 
CONNECTED TO -S.2V. 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

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 AD968SBD/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 (mm). 

16 9 

~ ~[: I ] ;::~~'''AO'AO' 
1

<-.... 1 ___ --,.._+-::0.-::'000,.--___ 8-11 APPROX. WEIGHT 1.4G 

r- 0.807 -0.019 • 

( 20.5 ~g:~) 0.165 MAX 

0'019MIN~j 
(~]- ~ l 0.138.0.011 (3.5. 0.031 

~~~: ~ ~ --lP 
0.055(1.41 +0.003 

0.D18 -0.000 

0.10 (2.541 (0.45 ~g:~) 

+0.003 
0.009 -0.000 

(0.25 ~:~) 

I 0.300 !0.021 
(7.62 '0.61 

AD9687BD 
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r.ANALOG 
a...OEVICES 

INSTRUMENTATION AMPLIFIERS 

Instrumentation Amplifiers 
Comparators 

SPECIFICATIONS (typical @ Vs = ±ISV, RL = 2kU and TA = 2SoC unless otherwise noted) 

Model 

GAIN 
Range VIV 
Nonlinearity (G = 100) - % max 

RATED OUTPUT - V dclmA 

DYNAMIC RESPONSE 
Small Signal (-3dB) 

G = 1000 
Full Power Frequency 
Slew Rate - V/jJ.s 

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 @ Ikn Source Unbalance. 
CMV·±IOV 

G= I - dB 
G=IO-dB 
G= 1000 - dB 

NOTES 
I Processin, to MlL·STD·8838 available. 
'DC to 6011 •• 

COMPARATORS 

Monolithic IC Hybrid IC 
AD521j(K)(L)(S)1 AD522A(B)(S)1 

0.1 to 1000 I to 1000 
0.2(0.2)(0.1 )(0.2) 0.01(0.005)(0.005) 

±IO/fIO i10/:!:5 

40kHz 300Hz 
100kllz 1.5kHz 
10 0.1 

J(1.S)(1)(I.S)jJ.V max ±400(200)(200)jJ.V max 
15(1S)(2)(S)jJ.Vtc ±6(2)(6)jJ.V'·C 
400(1200)(100)(200)jJ.V max 
400( ISO)(75)( I 50)jJ.V tc 
:!:80(40)(40)(40) :!:25(15)(25) 

6 X 10 10 10' 

70(74)(74)(74)1 75(80)(85) de to 30Hz 
90(94)(94)(94)1 90(95)(90) de to 10Hz· 
100(110)010)(110)1 100(110)(100) dc to 1Hz 

Monolithic Hybrid IC Hybrid IC Monolithic 
AD524A(B)(C)(S) AD6I2A(B)(C) AD6I4A(B) AD624A(B)(C)(S) 

I to 1000 I to 1024 I to 1024 I to 1000 
0.01(0.005)(0.003)(0.005) 0.001 0.001 0.01(0.005 )(0.003 )(0.005) 

:!:JO/:!:S :!:IO/±S ±tOltS ±J0/:!:5 

25kHz 10kHz 20kHz 2SkHz 
- - - -
S 1 I 5 

250( 100)(SO)(100)jJ.V :!:200jJ.V :!:200jJ.V 250(100)(50)(100)jJ.V 
2(0.75)(0.S)(2)jJ.V/·C :!:5(2)(1)jJ.V/·C max is(2)jJ.V'·C max 1(0.5 )(0.2)(1 )jJ.V I·C 
S(3)(2)(J)mV 2mV 2mV 5(3)(2)(3)mV 
100(50)(2S)(SO)jJ.V I·C :!:200(l50)(7S)jJ.Vi"C ±200(l50)jJ.Vi"C max 100(50)(25)(50)jJ.V/·C 

50(2S)(I5)(2S) +100 +100 100(SO)(JO)(100) 

10'/IOpF 10'/JpF 10'/JpF 109/IOpF 

70(75)(80)(70) 741 742 

90(95)( 100)(90) . 801 801 

100(115)(120)(110) 941 941 100(110)(115)(100) 

The AD968S BD/BH and AD9687BD are ultra-fast comparators 
which make it possible to obtain incredibly short propagation 
delays and latch setup times. The AD968S BD/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 
Am68S 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 @ +2SoC unless otherwise noted) 

Input Max. Input Input Input Output Levels Propagation Delays (ns) Latch Enable Times 
Model Offset Offset Bias Voltage (Volts) Input to Output (nanoseconds) 
Number Voltage Current Current Range High Low High Low Setup Hold 

AD968S SmV . Sp.A 10p.A ±SV -0.88 -1.7S 2.2 2.2 O.S 1.0 
AD9687 SmV 5p.A 10p.A ±5V -0.88 -1.75 2.7 2.7 O.S 1.0 
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FEATURES 
True rms-to-dc Conversion 
Laser-Trimmed to High Accuracy 
±O.l% max Error AD637K 
Wide Response Capability: 

Computes rms of ac and dc Signals 
500kHz Bandwidth: V rms >100mV 
5MHz Bandwidth: V rms >lV 
Signal Crest Factor of 7 for 1 % Error 

dB Output with 60dB Range 
Low Power: 2.5mA Operating Current 

350f.1A Power Down 
Monolithic Integrated Circuit 

PRODUCT DESCRIPTION 
The AD637 is a complete monolithic integrated circuit which 
performs true rms-to-dc conversion. It offers performance which 
is comparable or superior to that of hybrid or modular units 
costing much more. The AD637 directly computes the true rms 
value of any complex input waveform containing ac and dc 
components. It has a crest factor compensation scheme which 
allows' measurements with 1 % error at crest factors up to 7. The 
wide bandwidth of the device extends the measurement capability 
to 500kHz with 3dB error for signal levels above 100m V. 

An important feature of the AD637 is an auxiliary dB output. 
The logarithm of the rms output signal is brought out to a 
separate pin to allow the dB conversion, with a useful dynamic 
range of 60dB. Using an externally supplied reference current, 
the OdB level can be conveniently set by the user to correspond 
to any input level from 0.1 to 2 volts rms. 

The AD637 is laser trimmed at the wafer level for input and 
output offset, positive and negative waveform symmetry (dc 
reversal), and full scale accuracy. As a result, no external trims 
are required to achieve the rated accuracy of the unit. 

There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply 
levels. Loss of supply voltage with inputs connected will not 
cause unit failure. The output is short-circuit protected. 

PIN CONFIGURATION 

AD637 

Integrated Circuit 
True rms-to-dc Converter 

AD637 I 
AD637 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD637 computes the true root-mean-square level of a 

complex ac (or ac plus dc) input signal and gives an equivalent 
dc output level. The true rms value of a waveform is a more 
useful quantity than the average rectified value since it relates 
directly to the power of the signal. The rms value of a statistical 
signal also relates to its standard deviation. 

2. The crest factor of a waveform is the ratio of the peak signal 
swing to the rms value. The crest factor compensation scheme 
of the AD637 allows measurement of highly complex signals 
with wide dynamic range. 

3. The only external component required to perform measure
ments to the fully specified accuracy is the capacitor which 
sets the averaging period. The value of this capacitor determines 
the low frequency ac accuracy, ripple level and settling time. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (nun). 

1= 0.430 (10.92)--1 

0.040R (1.02) 

1==0.700 :!:0.010=--1 
(17.78 :!:0.25) 

0.035 :!:0.010 1 
10.89 '0.251 ~----'--
~ 0.085 (2.16) 

+ U U r to.180 :!:0.030 ~4.57 :!:0.76) 

. 0.047 :!:0.007 --11- -l I- 0.1 (2.54) 
(1.19 :!:0.18) +0 003 

0.017 -0:002 

( 0.43 ~g:g~ ) 
14-PIN CERAMIC DIP 
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~ANALOG 
a...OEVICES 

PRELIMINARY TECHNICAL DATA 
FEATURES 
Pin Programmable Gains of ± 1 and ± 2 
Wide Bandwidth: 2MHz 
Low Channel Selection Delay: 200ns 
Crosstalk· - aOdB at 10kHz 
Low Offset Voltage: 250f.1V 
High Gain Accuracy: 0.05% 

PRODUCT DESCRIPTION 
The AD630 is a precision balanced modulator-demodulator 
consisting of two selectable input amplifiers, an output amplifier, 
and a fast comparator-controlled channel select switch. Its signal 
processing applications include modulation, demodulation, 
quadrature detection, synchronous detection, lock-in amplifica
tion, phase detection, and square wave multiplication. It can 
also be used as a precision two-channel· analog multiplexer with 
pin programmable channel gains of + 1, +2, +3 or +4. Other 
channel gains can be configured using external resistors. 

The two signal channels are comprised of two input transcon
ductance stage amplifiers, a current mode switch and a trans
impedance output stage. This type of circuit design yields a 
very high open loop gain, typically 100dB. The open loop channel 
gain is divided between the input and the. output stages so as to 
minimize switching distortion and maximize the amplifying 
channel bandwidth which is typically 2MHz. 

The AD630 is intended for wide band, low level, and wide 
dynamic range instrumentation applications. Particular attention 
was paid to the implementation of the circuit which yielded a 
good channel separation of 80dB at 10kHz. The use of laser 
trimmed thin-film resistors provided low offset voltage for both 
input amplifiers and comparator; 250j-L V typical. The pin prog
rammable channel gains of ± 1 and ± 2 are also pretrimmed to 
0.05% accuracy and a match of 0.03%. 

PIN CONFIGURATION 

DIFF OFF ADJ 3 

DIFF OFF ADJ 4 

CM·OFFADJ 5 

CMOFF ADJ 6 

CHANNEl STATUS BlA 7 

COMPARATOR IN B 9 

COMPARATOR IN A 10 

Balanced Modulator
Demodulator 

AD630 I 
AD630 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The applications versatiHty designed into the AD630 can be 

utilized for a number of signal processing functions such as: 
Balanced Modulator 
Balanced Demodulator 
Absolute Value Amplifier 
Phase Detector 
Square Wave Multiplier 
Two-Channel Precision Multiplexer 

2. Laser wafer trimmed thin-film resistors provide closed loop 
gain accuracies to within 0.05% and matched to 0.03%. 

3. Laser trimming reduces offset voltages on both the input 
amplifiers and comparator to as low as 250j-L V, thus eliminating 
the need for external nulling in many situations. 

4. The AD630 has good channel separation of 80dB at 10kHz 
and a wide bandwidth of 2MHz for use in wide band 
instrumentation. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

.,0.430(10.16) I 

~E~I~~~~I~]~ 
~---~'OO" 

::~:~:~~" "'''''~~V ~JtU J L 0'" 
0.095 
(2.41) 

,." "'" I==l~ 
0.012 (0.30) + ~ 

--l I-- 0.300 (7.62) 
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DEVICES Analog Computational Circuits 

I I 
COMPUTATIONAL CIRCUITS 
SPECIFICATIONS (typical @ +2S

o
C and rated supply voltage unless noted otherwise) 

Full Scale Accuracy Bandwidth Operating Operating 
Transfer Accuracy - % vs. Temperature X Nonlinearity Y Nonlinearity Small Signal Power Supply Temperature 

Rangel Model Function Max %/C % of Full Scale % of Full Scale MHz 

AD531J XY/kl z 0.04 0.8 0.3 
AD531K XY/kl z 0.03 0.5 0.2 
AD531L XY/kl z 0.5 0.01 0.3 0.2 
AD531S XY/kl z 1 0.03 max 0.5 0.2 

AD532J 
(Xl - X2) (YI- Y2) 

0.04 0.8 0.3 10 

AD532K 
(Xl -X2) (YI - Y2) 

0.03 0.5 0.2 
10 

ADS 32S 
(XI-X2)(YI -Y2) 

0.04 max 0.5 0.2 
10 

ADS 33J XY/I0 0.04 0.8 0.3 
AD533K XY/I0 0.03 0.5 0.2 
AD533L XY/I0 0.5 0.01 0.5 0.2 
AD533S XY/IO 0.01 0.5 0.2 

AD534J 
(XI-X2)(YI-Y2) 

10 + Z2 
0.022 0.4 0.01 

AD534K 
(XI-X2) (Y I -Y2) 

0.5 
10 + Z2 

0.015 0.3 max 0.01 max 

AD534L 
(XI-X2)(YI-Y2) 

0.25 
10 + Z2 

0.008 0.12 max 0.01 max 

AD534S 
(Xl - X2) (YI - Y2) 

0.02 max 0.4 0.01 
10 + Z2 

AD534T 
(Xl -X2)(YI-Y2) 

0.5 0.01 max 0.3 max 0.01 max 
10 + Z2 

AD539J VxVyl. VxVy2 (Note 2) 2.5 5% Total3 0.5dB4 30min 
AD539K Vx Vyl. Vx Vy2 (Note 2) 1.5 2% Total3 0.2dB4 30 min 
AD539S Vx Vyl. Vx Vy2 (Note 2) 2.5 5% Total3 0.5dB4 30min 

NOTES 
'C: 0 to +70°C, M: -SSoC to +12SoC • Channels I & 2 • Multiplier scaling voltage • Absolu te 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. Temperature Range Factor 

AD536AJ VOUT = ~avg. (VIN )2 ±5mV ±0.5% of RDG max ±(O.lmV ±0.01 % of RDG)tC ±IOV 40/lNVrms 
AD536AK VOUT = ..; avg. (VIN )2 ±2mV ±0.2% of RDG max ±(0.05mV ±0.005% of RDG)tC ±10V 40/lAIV rms 
ADS36AS VOUT = avg. (VIN)2 ±5mV ±0.5% of RDG max ±(O.lmV ±0.01% of RDG)tC ±10V 40/lAIV rms 

AD636J VOUT =~avg. (VIN)2 ±0.5mV ±1.0% of RDG max ±(O.lmV ±0.001% of RDG)tC ±200mV 100/lAIV rms 
AD636K VOUT = avg. (VIN)2 ±0.2mV ±0.5% of RDG max ±(O.lmV ±0.0005% of RDG)tC ±200mV l00/lAIV rms 

AD637J VOUT = ~avg. (VIN)2 ±lmV ±0.2% of RDG max ±0.4% ±10V 
AD637K VOUT = avg. (VIN)2 ±0.5mV ±0.1% of RDG max ±0.2% ±10V 

NOTE 
'C: 0 to +70·C, M: -SS'C to + 12S·C 

BALANCED MODULATOR-DEMODULATOR 
SPECIFICATIONS (typical @ +2S

o
C and ±lSV dc unless otherwise noted) 

Model 

Gain 
Gain Accuracy ±1. ±2 
Gain Match 

Input Characteristics. Amplifiers & Comparator 
Input Offset Voltage 
Input Bias Current 
Input Offset Current 
Input Impedance 

AD630 

0.05% 
0.03% 

250/lV 
2S0nA 
SOnA 
1 SMUiIl.5pF 

Model 

AC Chua.:teristics 
Comparator Hysteresis 
Comparator Response Time 
Small Signal -3dB Bandwidth 
Slew Rate 

System Characteristics 
CMRR 
PSRR 
Channel Separation @ 10llHz 

Volts 

±15 to ±18 C 
±15 to ±18 C 
±15 to ±18 C 

M 

±15 to ±18 C 

±15 to ±18 C 

M 

±15 to ±18 C 
±15 to ±18 C 
±15 to ±18 C 

M 

±8 to ±18 C 

±8 to ±18 C 

±8 to ±18 C 

±8 to ±18 M 

±8 to ±18 M 

±4.5 to 16.5 C 
±4.5 to 16.5 C 
±4.5 to 16.5 M 

Bandwidth 
Operating. 
Power Supply 
Volts Full Scale 

2MHz 
2MHz 
2MHz 

1.3MHz 
1.3MHz 

5MHz 
5MHz 

+5 to ±18 
+5 to ±18 
+5 to ±18 

+2/-2.5 to ±12 
+2/-2.5 to ±12 

±3.0 to ±18 
13.0 to ±18 

AD630 

1mV(Omin) 
200ns 
2MHz 
40VI/ls 

90dB 
80dB 
-SOdB 

Operating 
Temperature 
Rangel 

C 
C 
M 

C 
C 

C 
C 
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r.ANALOG 
L.III DEVICES 

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 ECL-level digital 
input voltages and convert them into analog voltages 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 rates up to 40MHz. 

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 = -1.28V) and an external current 
setting resistor, RSET' 

Full-scale output current lOUT is calculated with the equation: 

VREF 
IOUT=4X-

R SET 

The setting resistor, RSET is typically 220n and should have a 
temperature coefficient similar to the output load resistor. A 
complementary lOUT is also provided. 

The reference voltage source is a modified bandgap type and is 
nominally - 1.28 volts. This reference supply is on-chip stable; 
to reduce ~he 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 loop amplifier 
is by a single capacitor connected from pin 17 (COMPENSATION) 
to ground. The minimum value for this capacitor is 3900pF, 
although a O.Ol,..,F chip ceramic capacitor is recommended. 

The incredible speed characteristics of the AD9768SD D/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 D/ A converter adds another dimension to its usefulness 
and makes the AD9768SD a truly versatile device. 

Ultra High-Speed IC 
0/ A Converter 

AD9768 I 
AD9768SD D/A SCHEMATIC 

OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

I 0.895 ± 0.02 I 

I~I:o::::"1 ~ ~I 
I 0.5(2.70) I ~29(7.3L 

~o':~ ,t f9-1 - MAX-, 
1 (3,56) 

-I- MAX 
t 0,01 ±0,002 

(0.25 ±0,05) 

0.150 ±0,025 -.U- -l ~ 0,3 (7,62) 
(3,81 ±0,635) 0,018 ±0,002 0,1 ±0,005 NOMINAL 

(0.46 ±0,05) (2.54 ±0,13) 

AD9768SD PIN CONNECTIONS 
(TOP VIEW) 

DIGITAL 
INPUTS 

TOP VIEW 

RSET 

COMPENSATION 

REFERENCE IN 

REFERENCE OUT 

OUTPUTUo) 

OUTPUT 00) 

ANALOG RETURN 

Vee (+5V) 
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~ANALOG 
-"OEVICES 

I 
FEATURES 
Dynamic Range: 0 to 19.9dB Plus Full Muting 
Resolution: O.1dB 
2 1/2 Digit BCD Input Coding 
On-Chip Data Latches 
Full ± 25V Input Range 
Low Distortion and Noise 
Latch-Up Free (No Protection Schottky Required) 
TTL Compatible 
Monotonic 

APPLICATIONS 
Audio Attenuators 
Function Generators 
Test Equipment 
Digitally Controlled AGC Systems 

GENERAL DESCRIPTION 
The AD7115 is a digitally programmable attenuator which at
tenuates an analog input signal over the range 0 to -19.9dB in 
O.ldB steps. 

The degree of attenuation is controlled by a 2 112 digit BCD coded 
input word which is latched into on-chip data latches using 
microprocessor compatible control signals WR, LBEN and 
HBEN. Operating frequency range of the device is from dc to 
several hundred kHz. 

The device is packaged in an 18-pin dual-in-line plastic, cerdip 
or ceramic package. 

PIN CONFIGURATION 

10.00IGIT{ 08 5 

A07115 
TOP VIEW 

(NOT TO SCALE) 

LOGDACTM 
CMOS O.ldB. Step Attenuator 

AD7115 I 
AD7115 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. High resolution O.IdB steps from 0 to 19.9dB with step ac

curacies better than ± O.04dB allow precision attenuators and 
other special purpose function generators to be built at low 
cost. 

2. A resolution of O.ldB is equivalent to step sizes of 1% ofread
ing. 

3. The 2 112 digit BCD input code can be loaded into the on-chip 
latches in one WRITE operation. Alternatively, for use with 
an 8-bit data bus, data can be loaded in two WRITE operations 
by using byte enable signals HBEN and LBEN. 

4. The AD7115 can be used in series with standard attenuator 
blocks to position its attenuation range as required, e.g., - 40dB 
to - 60dB in O.ldB steps: 

5. Analog input signal can be up to ± 25V with Voo = + 5V. 
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r.ANALOG 
~DEVICES Digital-to-Analog Converters 

FEATURE SELECTION CHART 

/ /' / GENERAL PURPOSE FAST lIP BUS / SPECIAL / MULTIPLYING 
COMPATIBLE PURPOSE 

It It/lllili/it I/i It hA~;jiiilti1t!t! ~.. ~ ~ ~ ~ ~ ! ~ $ ; ; ;$ ~ ():;,T; ; ; ; ; ; ; ; 

Resolution 8 Bits · · .. · · · 10 Bits · · · · · · · 12 Bits · · · · · · · · . Accuracy 8 Bits · · · · · · · · · · · · 10 Bits · · · · · · · · · · · 12 Biu · · · · · · Output Current · · · · · · · · · · · · · · · · · · Format Voltage · · · Internal Reference · · · · · · · Multi.,lication 2 Quadrant · · · · · · · · · · · · · · · · Capability 4 Quadrant · · · · · · · · · · · · Logic TTL · · · · · · · · · · · · · · · · · · · Compatible with CMOS · · · · · · · · · · · · · · · · Input Coding Binary · · · · · · · · · · · · · · · · · · · · · BCD · · · · Second Source · · · · · · · · · · · · · · · · · Single Power Supply · Input Data Serial · Latch Structure Parallel · · · · · Operatin, C = 0 to +70 C · · · · · · · · · · · · · · · · · · · · · Temperature I a:: -2SoC to 
Range,1 +85°C · · · · · · · · · · · · · · M-=-5S0Cto 

+I2SoC · · · · · · · · · · · · · · · · · Low Power · · · · · · · · · · · · · Dice Availability · · · · · · · · · · NOTE 

Ie. Commercial 1-lndunriaJ M-Miliury 

GENERAL PURPOSE SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 
Relative Differential Gain T.C. Setding Temp IN Input 

Model Resolution Accuracy Nonlinearity ppmfC Time Rangel Out Logic: Package 

AD DAC·08(1883B) 8 Bits ±0.19% Monotonicity SO I3Sns M I TTL & D:P 
AD DAC·08A(l883B) 8 Bits ±0.1% Guaranteed SO 135ns M I CMOS DIP 
ADDAC·08C 8 Bits ±0.39% 80 135ns C I DIP 
ADDAC·08E 8 Bits ±0.19% SO 135ns C I DIP 
ADDAC·08H 8 Bits ±0.1% SO 13Sns C I DIP 

AD1408-7 8 Bits ±0.39% ±2LSB 20typ 250ns typ C TTL & DIP 
AD 1408·8 8 Bits ±0.19% ±ILSB 20typ 250ns typ C CMOS DIP 
AD1408-9 8 Bits ±0.1% ±II2LSB 20typ 2S0ns typ C DIP 
ADI508-8(1883B) 8 Bits ±0.19% ±ILSB 20typ 250ns typ M DIP 
AD 1 508·9(1883B) 8 Bits ±0.1% ±1I2LSB 20typ 250ns typ M DIP 

AD DAC80(Z)-CBI-V1 12 Bits ±0.012% ±3/4LSB' 30 31ls typ C V TTL DIP 
AD DAC80(Z)-CBI-I1 12 Bits ±0.012% ±3/4LSB 30 300ns typ C I DIP 
AD DAC80(Z)-CCD-V1 3 Digits ±0.024% ±II2LSB 30 31ls typ C V DIP 
AD DAC80(Z)-CCD-11 3 Digits ±0.024% ±1/2LSB 30 300ns typ C DIP 

AD DAC85C-CBI-V 12 Bits ±0.012% ±1/2LSB 20 31ls typ C V TTL DIP 
AD DAC85C-CBI-1 12 Bits ±0.012% ±II2LSB 20 300ns typ C I DIP 
AD DAC8SC-CCD-V 3 Digits ±0.024% ±II2LSB 20 31ls typ C V DIP 
AD DACS5C-CCD·1 3 Digits ±0.024% ±II2LSB 20 300ns typ C I DIP 
AD DAC8S(LD)-CBI-V 12 Bits ±0.012% ±1I2LSB 20(10) 3115 typ V DIP 
AD DAC85(LD)-CBI-1 12 Bits ±0.012% ±1/2LSB 20 (10) 300ns typ I DIP 
AD DAC85-CCD-V 3 Digits ±0.024% ±1/2LSB 20 31ls typ V DIP 
AD DAC8S-CCD-1 3 Digits ±0.025% ±II2LSB 20 300ns typ I DIP 
AD DAC8SMIL-CBJ-V 12 Bits ±0.012% ±II2LSB 20 3115 typ M V DIP 
AD DAC85MIL-CBI-1 12 Bits ±0.012% ±1I2LSB 20 300n5 typ M I DIP 

AD DAC100JD(l883B) 10 Bits ±0.1% GMOT3 ±60 375ns I TTL & DIP 
AD DAC100KD(t883B) 10 Bits ±0.05% GMOT3 ±30 37Sns I DTL DIP 
AD DAC100LD(t883B) 10 Bits ±O.OS% GMOT3 ±IS 375ns I DIP 
AD DAC100SD(!883B) 10 Bits ±0.1% GMOT3 ±60 375ns M DIP 
AD DAC100TD(t883B) 10 Bits ±O.05% GMOT3 ±30 375ns M DIP 

AD561JD 10 Bits ±O.OS% ±lI2LSB 80 2S0ns typ C TTL & DIP 
ADS61KD 10 Bits ±0.025% ±II2LSB 30 250n5 typ C CMOS DIP 
AD561SD(l883B) 10 Bits ±0.05% ±1I2LSB 60 2S0ns typ M DIP 
ADS61TD(l883B) 10 Bits ±0,025% ±II2LSB 30 2S0ns typ M DIP 
NOTES '''Z'' models specified for operation on ±12V supplies 
1 C -0 to +70'C.1 c -2S'C to +8S'C. M - -Ss'C to +12S'C 'Guaranteed Monotonic Over Tempcnture 
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r.ANALOG 
-"OEVICES Digital-to-Analog Converters 

MULTIPLYING SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 

Model 

AD7523jN(AD)(SD) 
AD7523KN(BD) 
AD7523LN(CD) 

AD7520jN(jD)(SD) 
AD7520KN(KD)(TD) 
AD7520LN(LD)(UD) 

AD7530jN(JD) 
AD7530KN(KD) 
AD7530LN(LD) 

AD7533jN(AD)(SD) 
(SD/883B) 

AD7533KN(BD)(TD) 
(TD/883B) 

AD7533LN(LD)(UD) 
(UD/883B) 

AD7521jN(JD)(SD) 
AD7521KN(KD)(TD) 
AD7521LN(LD)(UD) 

AD7531jN(JD) 
AD7531KN(KD) 
AD7531LN(LD) 
NOTE 

Relative 
Resolution Accuracy 

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 

±0.2% 
±0.1% 
±0.05% 

±0.2% 
±0.1% 
±0.05% 

±0.2% 
±0.1% 
±0.05% 

±0.2% 

±0.1% 

±0.05% 

±0.2% 
±0.1% 
±0.05% 

±0.2% 
±0.1% 
±0.05% 

Ie =0 to +70°C,1 = -25°C to +8SoC, M = -55°C to +12SoC 

Differential Gain T,e. Settling 
Nonlinearity ppm!C Time 

Monotonicity 66/50/30 
Guaranteed 66/50 

±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% 

66150 

10 
10 
10 

10 
10 
10 

22/16/10 

22/16/10 

22/16/10 

10 
10 
10 

10 
10 
10 

150ns typ 
150ns typ 
150ns typ 

500ns typ 
500ns typ 
500ns typ 

500ns typ 
500ns typ 
500ns typ 

600ns 

600ns 

600ns 

500ns typ 
500ns typ 
500ns typ 

500ns typ 
500ns typ 
500ns typ 

Temp 
Rangel 

CII/M 
C/I 
CII 

C/I/M 
C/IIM 
CII/M 

CII 
CII 
C/I 

C/I/M/M 

C/I/M/M 

C/IIM/M 

C/IIM 
C/I/M 
CII/M 

C/I 
C/I 
C/I 

IN 
Out 

Input 
Logic 

CMOS 

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 

CMOS& DIP 
TTL DIP 

DIP 

pP COMPATIBLE SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 

Model Resolution 

AD558jD(SD)(SDI883B) 8 Bits 
AD558KD(TD)(TDI883B) 8 Bits 

AD7524jN(AD)(SD) 8 Bits 
AD7524KN(BD)(TD) 8 Bits 
AD7524LN(CD)(UD) 8 Bits 

AD7522jN(jD)(SD) 
AD7522KN(KD)(TD) 
AD7522LN(LD)(UD) 

DUAL MULTIPLYING 

AD7528jN(AQ)(SD) 
AD7528KN(LN) 
AD7528BQ(CQ) 
AD7528TD(UD) 

SYSTEMS DAC3 

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 

±0.2% 
±0.1% 
±0.05% 

±0.2% 
±0.1% 
±0.05% 

±ILSB 
±1/2LSB 
±1/2LSB 
±1/2LSB 

±ILSB 
±0.5LSB 
±O.5LSB 

Differential Gain T.e. 
Nonlinearity ppm! C 

Monotonicity ±2LSB 
Guaranteed ±2LSB 

Monotonicity 10 
Guaranteed 10 

±0.4% 
±0.2% 
±0.1% 

±ILSB 
±lLSB 
±lLSB 
±ILSB 

±2LSB 
±ILSB 
±ILSB 

'+lSVsupply 

10 

10 
10 
10 

Settling 
Time 

800ns typ 
800ns typ 

lOOns 
lOOns 
lOOns 

500ns typ 
500ns typ 
500ns typ 

200ns2 

200ns2 

200ns2 

200ns2 

Temp 
Rangel 

C/M 
C/M 

CII/M 
CII/M 
C/I/M 

CllIM 
C/I/M 
C/I/M 

C/I/M 
C 

M 

C/IIM 
C/I/M 
C/I/M 

IN 
Out 

v 
V 

I 

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-buffered latches, data readback, data override, LlR - justified data, increment/decrement 

HIGH PERFORMANCE SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 

Model 

AD563jD-BIN/BCD 
AD563KD(SD)(TD)-BIN/BCD 

AD565jD(SD)(SD/883B) 
AD565KD(TD)(TDI883B) 

AD565AjD(SD)(SD/883B) 
AD565AKD(TD)(TD/883B) 

AD DAC87-CBI-I(l883B) 
AD DAC87-CBI-V(l883B) 

AD370jN(JD) 
AD370KN(KD)(SD)(SD/883 B) 

AD371jN(JD) 
AD3 71KN(KD)(SD)(SDI883 B) 

NOTES 

Ie = 0 to +70°C, M = -55°C to +12SoC 

Resolution 

12 Bits/3 Digits 
12 Bits/3 Digits 

12 BiLs 
12 Bits 

12 Bits 
12 Bits 

12 Bits 
12 Bits 

12 Bits 
12 Bits 

12 Bits 
12 Bits 

Relative 
Accuracy 

±II2LSB 
±1/4LSB 

±1/2LSB 
±1/4LSB 

Differential 
Nonlinearity 

±112LSB 
±1I2LSB 

±3/4LSB 
±1/2LSB 

±II2LSB ±3/4LSB 
±1/4LSB ±II2LSB 

Gain T.C. Settling Temp 
ppm! C Time Rangel 

50 l.SJIs typ C 
20/30/10 1.5JIs typ C/M 

30 400ns 
20115115 400ns 

50/30/30 250ns 
20115115 250ns 

C/M/M 
C/M/M 

C/M/M 
C/M/M 

IN Input 
Out Logic Package 

TTL & DIP 
CMOS DIP 

TTL DIP 

TTL 
TTL 

DIP 

DIP 
DIP 

±l!2LSB ±3/4LSB 25 3JIs 
300ns 

M/M I TTL & DIP 
CMOS DIP ±1/2LSB ±3/4LSB 25 

±lLSB 
±1/2LSB Monotonic 

±lLSB 
±1/2LSB Monotonic 

35JIs 
35JIs 

35JIs 
35JIs 

M/M V 

C/C V 
C/C/M/M V 

C/C V 
C/C/M/M V 

TTL & DIP 
CMOS DIP 

TTL & DIP 
CMOS DIP 
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r.ANALOG 
~DEVICES Digital-to-Analog Converters 

I 
HIGH PERFORMANCE DACS 
FEATURE SELECTIO NCHART / 

/ / MUlTl- / 
PLYING 

HIGH PERFORMANCE 
I 7 jcOMP~~IBlV FAST 

/I // It /ll!t~f; /I/l It/l/l/ 't" 't" 't" 't" 't",::r 't" 't" 't" 't" 't" 't" 't" 

Resolution 0.37SdS Steps to 88.SdB 
UdB Steps to 88.SdB 
8 Bits 
10 Bits 

12 Bits · · · · · · · · · · 16 Bits · · 18 Bits 

Output Current · · · · · · · · Fonnat Voltage · · · · · · Internal RdcrC'ncc · · · · · · · · · Multiplication 2 Quadrant · · · Capability 4 Quadrant 

Logic TTL, · · · · · · · · · · · · Compatible with CMOS · · · · · · Input Code Binary · · · · · · · · · · · · BCD · · Sccon~ Source · · · · · · · · · · Single Power Supply 

Input Data Serial 
Latch Sttucturc Parallel · · · Operating C = 0 to +70"C · · · · · · · · · · · · Temperature 1:1: -2SoC to +8SoC · · Ranges' M I: _55°C to +12SoC · · · · · · · · · · Low Power · · · · Input/Output Isolation 

DacC' Availability · · <r 

Ie. Commercial I. Industrial M. Military 

ANCEDACS / IIIGII HKFOKMANCI-: / SPECIAL PURPOSE 1 HIGH PERFORM 
FEATURE SEL ECTION CHART 
( Continued) / MULTiPlYING / 777/ liP BUS / lOG DACTM 

COMPATIBLE A!TENUATOKS 

h~ ~0;j /;it'h/JI; It!;/! / I'>y ~ ~ ~ ~ ~ rl' ~ ~ ~ ~ ~ ~ 
'0 ~"i ~., ~ !\") !\" ,,40) ~ !\.... !\' ".... ".... ~ 

~"i ~ ~ ~ ? ~ ~ ~ ~ ~ ~ ~ ~ 
O.ldB Steps to 19.9dB · Resolution 0.375dB Steps to 88.5dB · I.SdB Steps to 88.5dB · · 
8 Bits 
10 Bits · 12 Bits · · · · · · · -. 
16 Bits 
18 Bits 

Output Current · · · · · · · · · · · · Fonnat Voltage · Internal Reference T 

Multiplication 2 Quadrant · · · · · · · · · · · · · Capability 4 Quadrant · · · · · · · Logic TTL · · · · · · · · · · T 

Compatible with CMOS · · · · · · · · · · · · Input Code Binary · · · · · · · · · · · BCD · · · Second Source · · · Single Power Supply · · --. 
Input Data Serial · Latch Structure Patalle! · · · · · · 
Operating C=Oto+70 C · · · · · · · · · : -. -. 

Temperarure I = _25°C to +8SoC · · · · · · · · · Ranges' M = -S5°C.to +IZSoC · · · · · · · · · · · · Low Power · · · · · · · · · · · 
Input/Output Isolation 

Dice Availablity · · · 
NOTE 

I Six-5tqe fiFO Input Register S C • Commercial I. Industrial M. Military 
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~ANALOG 
LIllI DEVICES Digital-to-Analog Converters 

p.P BUS COMPATIBLE 
SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 

Relative Differential Gain T.C. Setding Temp IN Input 
Model Resolution Accuracy Nonlinearity ppmfC Time Rangel Out Logic Package 

AD567j(S)(S/883B) 12 Bits ±1I2LSB ±3/4LSB 50/30/30 500ns C/M/M TTL & DIP 
AD567K(T)(T/883B) 12 Bits ±1I4LSB ±1/2LSB 20 500ns C/M/M CMOS DIP 

AD3860K 12 Bits ±1/2LSB ±lLSB ±10 5IJ.S2 C V TTL DIP 
AD3860S 12 Bits ±1I2LSB GMOT3 ±10 5IJ.s2 M V TTL DIP 

AD7542jN(AD)(AD/883B) CII/II 
TTL 

(SD)(SD/883B) 12 Bits ±lLSB ±0.048% 2IJ.s M/M CMOS DIP 
AD7542KN(BD)(BD/883B) C/I/II 

(TD)(TD/883B) 12 Bits ±1I2LSB ±0.024% 2J1s M/M CMOS DIP 

AD7543jN(AD)(AD/883B) C/IIII 
(SD)(SD/883B) 12 Bits ±lLSB ±0.048% 2IJ.s M/M CMOS DIP 

AD7543KN(BD)(BD/883B) C/IIII 
(TD)(TD/883B) 12 Bits ±1/2LSB ±0.024% 2IJ.s M/M CMOS DIP 

AD7544jN(AD)(SD)4 12 Bits ±lLSB ±0.048% 2IJ.s C/IIM CMOS DIP 
AD7544KN(BD)(TD)4 12 Bits ±1I2LSB ±0.024% 2IJ.s C/IIM CMOS DIP 
AD7544GKN(GBD)(GTD)4 12 Bits ±1I2LSB ±0.024% 2IJ.s C/IIM CMOS DIP 

AD7545j(A)(S) 12 Bits ±2LSB ±4LSB ±5 s C/I/M TTL & DIP 
AD7545K(B)(T) 12 Bits ±lLSB ±lLSB ±5s C/IIM CMOS DIP 
AD7545L(C)(U) 12 Bits ±1/2LSB ±ILSB ±5 s C/I/M DIP 
AD7545GL(GC)(GU)6 12 Bits ±1/2LSB ±ILSB ±5s C/I/M DIP 

AD7546jN(AD) 16 Bits ±0.05% FSR ±0.006% FSR ±2 IOlJ.s typ 7 C/I V TTL & DIP 
AD7546KN(BD) 16 Bits ±0.012% FSR GMOT3 ±2 IOlJ.s typ7 C/I V CMOS DIP 

LOG DAC™ STEP ATTENUATORS 

AD7111K(B)(T) 0.375dB 30dB ± 0.17dB GMOT8 C/I/M CMOS DIP 
AD7111 L(C)(U) 0.375dB 36dB ± 0.17dB GMOT9 C/IIM CMOS DIP 

AD7115K(B)(T) O.ldB ±0.05dB Monotonic C/IIM TTL & DIP 

QUAD DAC (FOUR DACS IN ONE PACKAGE) CMOS 

AD390jD(SD) 12 Bits ±3/4LSB GMOT3 ±401±1010 8IJ.s C/M V TTL & DIP 
AD390KD(TD) 12 Bits ±112LSB GMOT3 ±101±5 10 

8IJ.s C/M V CMOS DIP 

NOTES 
1 C = 0 to ~70°C. I = -25°C to +8SoC. M = -55°C to +12SoC 6 2LSB max gain error (multiplying DAC)5 
2 To 0.01 % for 10-V Step 7 To 0.00076% of final value 
'Guaranteed Monotonic Over Temperature 10 to -48dB at 0.37SdB. 0 to -6OdB at 0.7SdB. 0 to -72dB at l.SdB 
·Six-Stage FIFO Input Register • 0 to -54dB at 0.375dB. 0 to -72dB at 0.75dB. 0 to -88.SdB at I.SdB 
55 Volt Supply 10 Internal/External reference 
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r.ANALOG 
a...OEVICES Digital-to-Analog Converters 

HIGH RESOLUTION 
SPECIFICATIONS (maximum @ +2S

o
C 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 ±0.05% ±0.006% ±2 10llstyp2 C/I V CMOS or DIP 
AD7546KN(BD) 16 Bits ±0.012% ±0.0015% ±2 10llstyp2 C/I V TTL DIP 
ADDAC71 . 16 Bits ±0.003% Note 3 ±15 10/11ls4 C VII TTL DIps 

AD DAC71H 16 Bits ±0.003% Note 3 ±15 10/11ls4 C VII TTL DIps 

ADDAC72C 16 Bits ±0.003% Note 3 ±15 10/11ls4 C VII TTL DIps 

ADDAC72 16 Bits ±0.003% Note 6 ±15 6 10111ls4 I VII TTL DIps 

NOTES 
I C .. 0 to +70oC, I ~ -25°C to +8SoC 5 AD DAC71 polymer scaled, AD DAC71H andAD DAC72 hermetic 
2 to 0.00076% of final value 'Guaranteed 14-bit monotonic 0 to +70°C, Gain tempco ±lSppmfC, Tmin to +2Soe, 
'Guaranteed 14-bit monotonic 0 to +sooe ±7ppmfe, +2Soe to T max 
4Voltage/current, to ±U.OO3% FSR 

SPECIAL PURPOSE 
SPECIFICATIONS (maximum @ +2S

o
C unless otherwise noted as typical) 

Relative Differential Gain T.C. Setding Temp IN Input 
Model Resolution Accuracy Nonlinearity ppmfC Time Rangel Out Logic Package 

LOG DACTM STEP ATTENUATORS 

AD7110KN 1.5dB ±0.7dB, 0 to 48dB Monotonic NA NA Oto+50oC CMOS DIP 
AD7118KN(BD)(TD) 1.5dB ±O.75dB,O to 42dB Monotonic NA NA C/IIM CMOS & DIP 

TTL 

AD7118LN(CD)(UD) 1.5dB ±0.7dB, 0 to 48dB Monotonic NA NA C/I/M CMOS & DIP 
TTL 

These devices are digitally controlled attenuators for use in high performance audio systems and wide dynamic range applications. 

NOTE 
Ie = 0 to +70°C, I .. -25°C to +8SoC, M. -ssoe to +12~C 

MULTIPLYING 

Relative Differential Gain T.C. Setding Temp IN Input 
Model Resolution Accuracy Nonlinearity ppmfC Time Rangel Out Logic Package 

AD562KD(AD)-BIN 12 Bits ±1I2LSB ±1/2LSB 3 1.51lS typ C/I TTL & DIP 
AD562SD-BIN 12 Bits ±1I4LSB ±1/2LSB 3 1.51ls typ M CMOS DIP 
AD562KD(AD)-BCD 3 Digits ±1I2LSB ±1/2LSB 3 1.51lS typ C/I DIP 
AD562SD-BCD 3 Digits ±1/10LSB ±1/2LSB 3 1.51ls typ M DIP 

AD566jD(SD)(SD/883B) 12 Bits ±1/2LSB ±3/4LSB 10 400ns C/M/M TTL DIP 
AD566KD(TD)(TD/883 B) 12 Bits ±1I4LSB ±1/2LSB 3 400ns C/M/M DIP 

AD566AjD(SD)(SD/883B) 12 Bits ±1/2LSB ±3/4LSB 10 350ns C/M/M TTL DIP 
AD566AKD(TD)(TD/883 B) 12 Bits ±1/4LSB ±1/2LSB 3 350ns C/M/M TTL DIP 

AD7541jN(AD)(SD)(SD/883B) 12 Bits ±ILSB ±2LSB 10 Ills C/IIM/M TTL & DIP 
AD7541KN(BD)(TD)(TD/883B) 12 Bits ±1/2LSB ±ILSB 10 IllS C/I/M/M CMOS DIP 

AD7541AjN(AQ) 12 Bits ±ILSB ±ILSB 5 0.61ls typ2 C/I TTL & DII,> 
AD7541AKN(BQ) 12 Bits ±1I2LSB ±1/2LSB 5 0.61lS typ2 CII CMOS DIP 
AD7541ASD(SD/883B) 12 Bits ±ILSB ±ILSB 5 0.61lS typ2 M/M DIP 
AD7541ATD(TD/883 B) 12 Bits ±1/2LSB ±1/2LSB 5 0.61lS typ2 M/M DIP 

AD7525KN(BD)(TD)(TD/883B) 3 1/2 Digits ±ILSB ±ILSB 25 Ills C/I/M/M CMOS DIP 
AD7525LN(CD)(UD)(UD/883B) 3 1/2 Digits ±1/2LSB ±1/2LSB 25 IllS C/IIM/M DIP 
NOTES 

Ie = 0 to +70oe,l" _2soe to +8so e, M = -ssoe to +12Soe 'Guaranteed Monotonic Over Temperature, -30oe to +8Soe 
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r.ANALOG 
a...OEVICES Digital-to-Analog' Converters 

I 
ULTRA FAST/VIDEO DACS L CURRENT OUT / 

FEATURE SELECTION CHj)j) ft01i j) ~ jj IIft0f f I I ~ ~ #' ~ ~ ~"" .f ~ 
" (J. (J , ~ ~ 9 ~ f!?"" f!? 9 ~ 
~~~~~~~~~~~ 

Settling Time <550ns 
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 Fonnat Current • • • • • • • • • • 
Voltage 

Binary Logic TTL • • 
ECL • • • • • • • • 
Latched • • • • • • 

Single Power Supply • • • • .' • • • 
Operating o to +70oC • • • • • • • • • '. Temperature -25°C to'+85°C • • • 

Ranges _SSoC to +125°C • • • • 

LTRA FAST/VIDEO DACS U 
F 
(C 

/ CURRENT OUT / VOLTAGE OUT / 

EATURE SELECTION CHA~% ~00 ~ jj1 . d) ~ ~ ~ ~ 'I) ~ ~ onnnue ~ ~ ~ ~ ~ ~ ~ 
9"" f!?"" f!?"" I *..., *"" 9"" 
~ ~ ~ ~ ~ ~ ~ 

Settling Time <2115 • • 
to Resolu tion <2lOns • • 
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 Fonnat Current • • • 
Voltage • • • • 

Binary Logic TTL • • • • • 
ECL • • 
Latched • • 

Single Power Supply • 
Operating o to +70vC • • • • • • • 

Temperature _25°C to +85°C • 
Ranges -55°C to +12S

o
C • .1 • • • • 

NOTE 
'-SS·C to +l00·C 

• 

• 

• 
• 

• 

• 

• 
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IlANALOG 
DEVICES Digita~ to-Analog Converters 

I I 
ULTRA FASTNIDEO 
SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 

Gain T.C. Settling 
Relative' Differential ppmfC Time ns Temp IN Input 

Model Resolution Accuracy Nonlinearity Typical Typical Rangel Out L:>gic Package 

AD976S S Bits ±1I2LSB GMOT2 SO 5 M I ECL DIP 
HDG-04053,4 4 Bits ±1I2LSB GMOT2 25 4 C I ECL DIP 
HDG-06053,4 6 Bits ±1I2LSB GMOT2 25 6 C I ECL DIP' 
HDG-oS053,4 S Bits ±1I2LSB GMOT2 25 S C ECL DIP 

HDS-QS20{OS20M) S Bits ±1I4LSB GMOT2 30 20 C/M TTL DIP 
HDS-QSI0E(OSI0EM) S Bits ±1I4LSB GMOT2 SO 10 C/M ECL DIP 
HDD-oSI0{OSI0M)4 S Bits ±1I4LSB GMOT2 SO 10 C/M ECL DIP 
HDD-oSI0C(OSI0CM)3,4 S Bits ±1/4LSB GMOT2 SO 10 C/M ECL DIP 

HDS-I025{1025M) 10 Bits ±II2LSB GMOT2 30 25 C/M TTL DIP 
HDS-I01SE{1015EM) 10 Bits ±1I2LSB GMOT2 SO 15 C/M ECL DIP 
HDD-I015(1015M)4 10 Bits ±1I2LSB GMOT2 SO 15 C/M ECL DIP 
HDD-I015C(101SCM)3,4 10 Bits ±1/2LSB GMOT2 SO 15 C/M ECL DIP 

HDS-12S0{1250M) 12 Bits ±II2LSB GMOT2 30 35 C/M I TTL DIP 
HDS-1240E{ 1240EM) 12 Bits ±II2LSB GMOT2 25 35 C/MR I ECL DIP 
HDD-1206JW 12 Bits ±1/2LSB GMOT2 40 605 C V TTL DIP 
HDD-1206SM 12 Bits' ±112LSB GMOT2 40 605 M V TTL DIP 

HDH-QS02(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-120S(120SM) 12 Bits ±1I2LSB GMOT2 30 500 C/M V TTL DIP 
NOTES 

IC _ 0 to +70°C, I = -2SoC to +8SoC, M:= -Ssoc to +12SoC, MR = -Ssoc to +100°C 2 Guaranteed Montonic Over Temperature 
S Composite video 4 Latched input '1 LSB settling 
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r.ANALOG 
a... DEVICES 

CMOS 
uP Compatible 10-Bit+ Sign ADC 

PRELIMINARY TECHNICAL DATA 
FEATURES 
10-Bit Plus Sign Resolution 
No Missed Codes Over Full Temperature Range 
Conversion Time 80f.1s Typ 
Differential Analog Voltage Inputs, ± 10V Range 
Serial and Parallel Data Outputs 
Easy Interface to All Microprocessors 
Internal Clock Oscillator 

GENERAL DESCRIPTION 
The AD7571 is a low cost lO-bit plus sign CMOS AID converter 
which uses the successive approximations technique to provide a 
typical AID conversion time of 80J..Ls. The device is designed for 
easy microprocessor interface allowing single or: double byte 
reading over three-state outputs. Conversion results are also 
available in serial form allowing opto-isolated operation 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 
zero. Analog input voltage range is ± IOV using a single positive 
reference. 

PRODUCT HIGHLIGHTS 
I. Pin Programmable Data Output Formats 

The output format for the 10 bits + sign data is pin pro
grammable allowing full parallel, two byte (left justified) 
format. Serial output data is also available. 

AD7571 I 
AD7571 FUNCTIONAL BLOCK DIAGRAM 

CMPOUT Voo 

ClK ClK BUSY Vee AD CS CE FORM HSELIlSEl 
IN OUT 

2. Improved Control Logic 
The AD7571 control logic is an improved version of that 
used in the highly successful AD7574. This allows the AD7571 
to be operated as a memory mapped input device interfacing 
to the J..LP via the control lines CS (chip select) and RD (READI 
WRITE) control. 

3. All Active Components on Chip 
The addition of a few passive support components makes the 
AD7571 a complete lO-bit plus sign converter requiring only 
a reference voltage and power supplies. An on chip clock is 
also provided but the device can run from an external clock 
if required. 

4. Differential Analog Inputs 
The analog input voltage can be unipolar or bipolar with an 
input range of ± IOV. The differential input allows asymmetric 
input voltage ranges to be easily accommodated. 

ORDERING INFORMATION 

Relative Accuracy 

(T min to T max) 

±ILSB 

± 1I2LSB 

Temperature Range and Package 

Plastic Cerdip Side-Brazed Ceramic 
o to + 70°C - 25°C to + 85°C - 55°C to + 125°C 

AD757lJN 

AD7571KN 

AD7571AQ 

AD7571BQ 

AD7571SD 

AD7571TD 
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r.ANALOG 
~DEVICES 

Very Fast, Complete, 
MIL-Temp 12-Bit AID Converter 

PRELIMINARY TECHNICAL DATA 
FEATURES 

Performance 
Complete 12-Bit AID Converter with Reference and 

Clock 
Fast Successive Approximation Conversion: 4.5f.ls 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: ±30ppm/oC max 
Max Nonlinearity: < ±O.012% 
No Missing Codes Over Temperature 
Low Power: 775mW 
Military Temperature Range 
Hermetic Package 

Versatility 
Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
liZ" Models for ± 12 Volt Supplies 

PRODUCT DESCRIPTION 
The ADS78 is a high speed low cost 12-bit successive approxi
mation analog-to-digital converter that includes an internal clock, 
reference and comparator. Its hybrid IC design utilizes MSI 
digital and linear monolithic chips in conjunction with a 12-bit 
monolithic DAC to provide superior performance and versatility 
with IC size, price and reliability. 

Important performance characteristics of the ADS78 include a 
maximum linearity error at + 25°C of ± 0.012%, no missing 
codes, maximum gain temperature coefficient of ± 30ppml"C, 
and typical power dissipation of 77SmW. The maximum conver
sion times of 4.SJ,Ls (T grade) and 6J,Ls (S grade) make the ADS78 
an excellent choice in a variety of applications where system 
throughput rates from 166kHz to 222kHz are required. In addition, 

,it may be short cycled to obtain faster conversion speeds at. 
lower resolutions. 

The design of the ADS78 includes scaling resistors that provide 
analog input signal ranges of ± SV, ± 1 OV, 0 to + 10V or 0 to 
+20V. Adding flexibility and value is the + 10V precision 
reference which can be used for external applications. 

The ADS78S and ADS78T are available processed to MIL-STD-
883B, Method 5008. Both are packaged in a hermetic 32-pin 
ceramic DIP. For 883B versions order ADS78XXl883B. 

ADS78S, T QRDERING GUIDE 

Conversion Temperature Supply 
Model Speed Range Voltage 

ADS78SD 6J,Ls - 55°C to + 125°C ± ISV, +SV 
ADS78TD 4.SJ,Ls - 55°C to + 125°C ± ISV, +SV 
ADS78ZSD 6J,Ls - 55°C to + 125°C ± 12V, +SV 
ADS78ZTD 4.SJ,Ls - 55°C to + 125°C ± 12V, +SV 

AD578S,T I 
ADS78 FUNCTIONAL BLOCK DIAGRAM AND PINOUT 

a: 
... 

t:ffi 
LU--~~+++-~ ~> 

I---_+++l+l+~ ~8 H-----1 
~ 
01-+-----/ 

1.-----4>-----121 CONVERT START 

PRODUCT HIGHLIGHTS 
1. The ADS78 is a complete 12-bit AID converter. No external 

components are required to perform a conversion. 

2. The fast conversion rate of the ADS78 makes it an excellent 
choice for high speed data acquisition and digital signal pro
cessing applications. 

3. The internal buried zener reference is laser trimmed to 10.00V 
±0.1% and ± ISppm/oC typical T.e. The reference is available 
externally and can provide up to ImA. 

4. The scaling resistors are included on the monolithic DAC for 
exceptional thermal tracking. 

S. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds andlor lower 
resolutions. 

6. The integrated package construction provides high quality 
and reliability with small size and weight. 

BITS 1-12 

AD578 

r-
I I L ____________________ ~ 

NOTES: BY A 10".F CAPACITOR IN PARALLEL WITH A 
1. TO MINIMIZE NOISE THE REFERENCE OUTPUT 0.1".F CAPACITOR AS CLOSE TO THE AD578 

(PIN 241 SHOULD BE DECOUPLED BY A 6.8".F AS POSSIBLE. 
CAPACITOR TO PIN 30. 3. FOR AD578T GRADE 4.5,.5 CONVERSION . 

2. EACH OF THE AD578'S SUPPLY TERMINALS SPEED.IADD A 3.32kll :!: 1% RESISTOR BE· 
(:t:15V AND +5VI SHOULD BE DECOUPlED TWEEN PINS 17 & 18. 

Figure 1. Bipolar Input Connections 
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r.ANALOG a... DEVICES 

PRELIMINARY TECHNICAL DATA 
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 - 35f.1s 
Short Cycle Capability 
Parallel or Serial Logic Outputs 
Low Cost 

PRODUCT DESCRIPTION 
The AD ADC71 and AD ADCn are high resolution 16-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 or hermetic ceramic (AD ADCn) . 
DIP. The thin-film scaling resistors allow analog input ranges of 
±2.5V, ±SV, ±IOV, 0 to +5V, 0 to +lOV, and 0 to +20V. 

Important performance characteristics of the devices are maximum 
linearity error of ± 0.003% of FSR (AD ADC7IK, AD ADCnK 
and B), and maximum conversion time of SOf.Ls. This performance 
is due to innovative design and the use of proprietary monolithic 
D/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 DTLlTTL compatible. 
PRODUCT HIGHLIGHTS 
l. The AD ADC71 and AD ADCn provide 16-bit resolution 

with maximum linearity error less than ± 0.003% (± 0.006% 
for J and A grades) at 25°C. 

2. Conversion time is 35f.Ls (SOf.LS max) with short cycle 
capability. 

3. The AD ADCn(KD, BD) have no missing codes (to 14 
bits) over the full specification temperature range. 

4. Two binary codes are available on the AD ADC71 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 (CTC) coding may be obtained by inverting 
pin I (MSB). 

5. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and, lower chip count for 
improved reliability. 

ORDERING GUIDE 
Linearity Error Specification 

Model (Max) Temp Range Package 

ADADC7ljW ± 0.006% ofFSR Oto + 70°C Ceramic 
ADADC71KW ± 0.003% ofFSR Oto + 70°C Ceramic 
ADADC72JD ±0.006%ofFSR Oto + 70°C Hermetic 
ADADC72KD ± 0.003% ofFSR Oto + 70°C Hermetic 
ADADC72AD ± 0.006% ofFSR - 25°C to + 85°C Hermetic 
ADADC72BD ± 0.003% ofFSR - 25°C to + 85°C Hermetic 

High Resolution 
16-BitAiD Converter· 

AD ADC7l/AD ADC72 I 
AD ADC7l/AD ADC72 FUNCTIONAL BLOCK DIAGRAM 

1-----4---...-1----+--.....--<) + 15V de 

~\------+-t----+--+--o -15V de 

Figure 1. AD ADC71/AD ADC72 Connections for: ± 10V 
Analog Input Parallel Data Output 

MECHANICAL OUTLINE 
Dimensions shown in inches and (mm). 

""'"I .1----- 1.712 (4UII MAX -------1.-11 
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r.ANALOG 
a...OEVICES 

HIGH PERFORMANCE/HIGH RESOLUTION 
FEATURE SELECTION CHART 

1"""'"Rro.1 p.PBUS 
COMPATIBLE 

Analog-to-Digital Converters 

I / ff:fI HIGH / p.PBUS ;',m." 1 ULTI PERFORMANCE COMPATIBLE RESOLUTION 
CHAN 

,·//~~~;j~!t~~~'l/I/~"/!0~~~i///! I I ~ I Iff f I I I~" ~ f f f ~ ~ 
Resolution 8 Bits · · · · 10 Bits · · 10 Bits & Sign · 12 Bits · · · · · 13 Bits · · 14 Bit, 

16 Bits · · 4112 Digin · 5112 Digits · Conversion Time 1800m, · 50ms .. .' · · lOOp., 

50p.s · · · 25p.' · · · • · · · 15p.s · · Internal Reference · • · · • · · · · · · Ratiometric Capability · • · · · · · · Low Power · · · · · · Second Source · · · • · · Logic TTL · · · · · · · · · · · · · · · Compatibility CMOS · · · · · · • 
Operating C:.::Oto+70

Q

C · · · · · · · · · · · Temperature I ~ -25·C to +85·C · · · · · · · · · · · Ranges M = -55·C to +125·C · · · · · · · · · · Dice Availability · · • · '. 
NOTES 
I 80,..s conversion time 
'66.6,.,s/channcl 

GENERAL PURPOSE SPECIFICATIONS (maximum @ +2S
o
C unless otherwise noted) 

Rel&tive DirrerenuaJ GlinT.C. Conversion Temp 
Mood Resolution Accuracy Nonlinearity ppmfC Time Logic Ran,.· Pockqe 

AD570jD 8 Bit. tl/2LSB Note 2 176 401" TTL C DIP 
ADS70SD(SD/88lB) 8 Bits tl/2LSB Note 2 80 4O!J. TTL M DIP 
AD57IjD(SD)(SD/883B) 10 Bits tl/2LSB Note 3 SS/50/50 401" TTL & C/M/M DIP 
AD571KD 10 Bits tl/2LSB Note 2 44 40,.s CMOS C DIP 

AD ADe80·10(l) 10 Bits tl/2LSB tll2LSB 30 2 II's TTL DIP 
AD ADCSO'12(l) 12 Bits ±II2LSB tt/2LSB 30 251" TTL DIP 

,",P COMPATIBLE 

AD671J 8 Bits ±1/2LSB Note 2 2" 30,",s TTL C DIP 
AD671S 8 Bits tt/2LSB Note 2 2' 301" TTL M DIP 
AD7574jN(AD)(SD)(SD/8S3B) 8 Biu ±3/4LSB ±7/8LSB Note 5 15/1s CMOS C/I/M/M DIP 
AD7574KN(BD)(TD)(TD/883B) 8 Bits ±II2LSB ±3/4LSB Note 5 I 51's CMOS c/I/M/M DIP 

AD57lj 10 Bits ttLSB Note 6 4" 20,"" TTL C DIP 
AD571K 10 Bits tt/2LSB Note 2 2" 20,.' TTL C DIP 
AD571S 10 Bits ±ILSB Note 2 5' 20l's TTL M DIP 

AD7571JN 10 Bits & Sign ±ILSB Note 2 5" 8Ol'S TTL & C DIP 
AD7571KN 10 Bits & Sign tt/2LSB Note 2 4" 801" CMOS C DIP 
AD7571AQ 10 Bits & Sign ±ILSB Note 2 5" SOIJs TTL & I DIP 
AD757IBQ 10 Bits & Sign ±1/2LSB Note 2 4" 80l's CMOS I DIP 
AD757ISD 10 Bits & Sign tlLSB Note 2 5" SOl'S TTL & M DIP 
AD7HlTD 10 Bits & Sign ±1I2LSB Note 2 4' So,.s CMOS M DIP 

AD574AjD 12 Bits ±1LSB Note 7 9" lSI" TTL C DIP 
AD574AKD 12 Bits ±1/2LSB Note 2 5" HI'S TTL C DIP 
AD574ALD 12 Bits ±1/2LSB Note 2 2" 35l's TTL C DIP 
ADS74ASD 12 Bits ±ILSB Note 7 20" lSI" TTL M DIP 
ADS74ATD 12 Bits ±1I2LSB Note 2 10" 351" TTL M DIP 
AD574AUD 12 Bits ±1/2LSB Note 2 5" 351" TTL M DIP 

AD7552 12 Bits & Sign I Count Note 2 I" 160' TTL & DIP 
CMOS 

MULTloCHANNEL 

AD758IjN(AD)' 8 Bits ±! 7/SLSB ±I 7/SLSB Note 5 66.61"·· TTL & C/I DIP 
AD758IKN(BD)' 8 Bits t3/4LSB t7/8LSB Note 5 66.6I's'· CMOS C/I DIP 
AD7SSILN(CD)' 8·Bits t1l2LSB !3/4LSB NoteS 66.61"·· C/I DIP 

HIGH PERFORMANCE 

AD5200BD(BD/883B) Serie, 12 Bit' ±l/2LSB Note 2 Note II SOilS TTL I DIP 
AD5200TD(TD18S3B) Seri .. 12 Bits t1l2LSB Note 2 Note II 50l's TTL M DIP 

AD574jD(SD)(SD/883B) 12 Bits ±1/2LSB !ILSB 50 351" TTL c/M/M DIP 
AD574KD(LD) 12 Bits ±1/2LSB Note 2 27/10 HI'S TTL C DIP 
AD574TD(TD/883B)(UD)(UD/883B) 12 Bits ±II2LSB Note 2 25112.5 3SI's TTL M DIP 
AD572AD(BD) 12 Bit !1/2LSB ±lI2LSB 30/1S 25p.s TTL I DIP 
AD572SD(SD/88lB) 12 Bits U/2LSB ±1/2LSB IS 251's TTL M DIP 

AD5211B, AD5212B 12 Bits ±l/2LSB Note 2 0.4%·2 131" TTL I DIP 
AD5211T. AD5212T 12 Bit. ±1I2LSB Note 2 0.4%12 131" TTL M DIP 
AD5214B, AD5215B 12 Bits ±1I2LSB Note 2 0.1%·' I 31's TTL I DIP 
AD52141,AD52I5T 12 Bit< tl/2LSB Note 2 0.1%12 I 31's TTL M DIP 

NOTES 
I C. 0 10 .70·C,I. -2'·C to +a5"c, M. -,"C 10 .U,·C • No missin, codes over cemperature. 9~ic rtsoludon "Perchannel 
1 No missin, codes over cernperuurt ' No mluin, c:odu oyer temperature, 11-bit resolution II Absolute Ac:('Uracy. tD.l"'O,l'MI of fulll('ilc input volt. ovcr tcmper.tu~ ran,c 
S No miWn' codn • MiIIi~conds, typical ., Absolute "cura", error. T min to T max. mIX • • 

-Gain error in LSB. Tmin to Tmax. max '8 channels. 
't2LSB max .ain c.hanJC from +l.'oC to Tmin orTmax 
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r.ANALOG 
-"OEVICES Analog-to-Digital Converters . 

HIGH RESOLUTION SPECIFICATIONS (maximum @ +2SoC unless otherwise noted) 
Relative Differential GainT.C. Conversion Temp 

Model Resolution Accuracy Nonlinearity ppmfC Time Logic Range' Package 

AD7SS0BD 13 Bits ±ILSB 40m. typ TTL& CMOS I DIP 
AD7SSSKN(BD) 5112 Digits ±IO Counts Note 2 0.2 1760m' CMOS CII DIP 

4112 Digits ±I Count Note 3 0.2 610ms CMOS 

AD ADC71jW 16 Bits ±0.006s Note 6 IS SOilS DTL & TTL C DIP 
ADADC71KW 16 Bits to.003' Note 7 15 SOilS DTL& TTL C DIP 
AD ADC72jD(AD) 16 Bits to.006' Note 6 20(lS) SOilS DTL & TTL C(l) DIP 
AD ADC72KD(BD) 16 Bits to.003' Note 7 20(15) SOilS DTL& TTL C(l) DIP 

NOTES 
Ie. 0 to +1Cfc; I • _25°C to +8S'C '" of FSR 'No missing codes (to 14 bitS) OYer tC'mpcTl.turt 
iCount uncertainty due to noise: t2 counts -No missin, codes (to 13 bits) over temperature (+lrfC to +40°C - KWi 0 to +10"C - KDi-2S"C to +8S

o
C"_ 80) 

'COUr'lt uncertainty duc to noisc: U/2 count (0 to +SO°C - JWi 0 to +70°C - JDi - 2SoC to +8S"C - AD) 
.. No missing codes 

HIGH SPEED/VIDEO FEATURE SELECTION CHART 

L HIGH SPEED / 

J/;/;/;/ililililililll i ... -~ ~ ~ r;::,.... ~.... !\t 
'" ~ U <:> ~ ~ ~ ~ <:s ~ <:> <:> 

I I ! I II I J I j I I 
6 Bits · · Resolution 8 Bits · · 9 Bits · 10 Bits · · · · 12 Bits · · · · · · · Conversion Time .;;ailS · · · ';;31ls · · · · · · ';l.Ills · · Word Rate ~SMHz 
;;'16MHz 
;'SOMHz · ;'IOOMHz · Internal Reference · · · · · · · · · · Logic Compatibility TTL · · · · · · · • · · EeL · · Operating C=Oto+70oC · · · · · · · · · · · · Tcmperarure 1= -2SoC to +8Soe · · · · Ranges M: -SSoC to +12Soe · · · · NOTES 

I Second Source 
I Complete with Track and Hold. 

HIGH SPEED SPECIFICATIONS (maximum @ +2SoC unless otherwise noted) 

Relative Differential Gain T .C. Conversion Temp 
Model IUsolution Accuracy Nonlinearity ppmf C 'Time, min Logic Rangel Package 

ADS78jN(JD) 12 Bits ±1/2LSB Note 2 30 6jlS TTL C DIP 
ADS78KN(KD) 12 Bits ±1I2LSB Note 2 30 4.SIlS TTL C DIP 
ADS78LN(LD) 12 Bits ±II2LSB Note 2 30 3jlS TTL C DIP 
ADS78SD(SD/883B) 12 Bits ±1/2LSB Note 2 SO 61ls TTL M DIP 
AD578TD(TD/883B) 12 Bits tl/2LSB Note 2 30 4.SIlS TTL M DIP 

ADS240KD 12 Bit. tll2LSB Note 2 30 S TTL e DIP 
ADS240SD ·12 Bits ±1I2LSB Note 2 2S S TTL M DIP 

AD ADC84-10(84-12) 10/12 Bits ±1I2LSB Note 2· 30/30 6110 TTL C DIP 
AD ADC8SC-10(SSC-12) 10112 Bits ±1I2LSB Notes2& 3 4012S 6110 ' TTL C DIP 
AD ADC8S-10(8S-12) 10/12 Bits ±1/2LSB Notes 2 & 3 20/lS 6110 TTL I DIP 
AD ADC8SS-10(8S5-12) 10/12 Bits ±II2LSB Note 2 2S 8110 TTL M DIP 

ADS79jN 10 Bits t1l2LSB Note 2 30 2.2 TTL C DIP 
ADS79KN 10 Bits t1l2LSB Note 2 30 1.8 TTL C DIP 
ADS79BD 10 Bits ±1/2LSB Note 2 30 1.8 TTL I DIP 
ADS79TD 10 Bits tll2LSB Note 2 30 1.8 TTL M DIP 

HAS'()802 8 Bits ±1/4LSB Note 2 30 typ 1.21ls typ TTL C· DIP 
HAS-1002 10 Bits ±1/2LSB Note 2 30typ 1.41lS typ TTL c' DIP 
HAS-1202. 12 Bits t1l2LSB Note 2 30 typ 2.21ls typ TTL c' DIP 

NOTES 
Ie -0 to +70°C.I"-2SoC to +8SoC. M --ssoc to +i2soc ' No missing codes 
) No missing codes over temperature .. Extended temperature rantes available 

IC ADC FLASH ENCODERS SPECIFICATIONS (typical @ +2SoC unless otherwise noted) 
IUlative Aperture Temperature Size & Input 
Accuracy Uncertainty Word Output Range Package Voltage 

Model Resolution % p.max Rate Code °c Inche. Volts Impedance 

AD6020KD 6 Bits tl/8LSB 20 dc to SOMHz BIN o to +70 16-Pin DIP ±2.S max 2SpF' 

ADSOIOKD 6 Bits t1l8LSB ~~ de to looMHz BIN o to +70 16·Pin DIP t2.S max 2SpF' 
NOTE 
I Input Capacitance 
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r.ANALOG 
a..OEVICES 

V IF Converters 
Multiplexers & Switches 

V/F CONVERTERS 
SPECIFICATIONS (typical @ +2S

o
C and Vs = ±lSV dc unless otherwise noted) 

Model 

Analog Input 
Voltage Signal Range - V min 
Current Signal Range - mA min 
Overrange - % min 

Accuracy 
Nonlinearity, max - at rate F.S. range 

Voltage Input - % 

~rrent Input - % • 
GalD vs. temperarure, ppml C, max 
Input Offset Voltage - mV • • 

vs. Tempcrarure (0 to +70 C) -,.V I C 

Response 
Settling Time - ps 
Overload Recovery - ms 

Output 
Waveform 
Pulse Width - ps 
Pulse Polarity 
Logk "I" (HIGH) Level- V min 
Logic "0" (LOW) Level) Lcvel- V max 

Power Supply 
Voltage, Rated Performance - V dc 
Current, Quiescent - rnA 

Temperarure Range' 
Rated Performance - • C 

Case Size - Inches 

NOTES 

High Performu,,:e WideBllld EconomylVenatile 
500kHz 1MHz o to 150kHz 
ADVFC31K(B)(S) AD650J(K)(S) AD537JH(KH)(SH1 )QD)(KD)(SD1

) 

Oto-10V o to -IOV -VS to (+VS -4V) min 
o to +0.25 o to +0.25 O.lpA to lO00j.lA 

100 

@F" 10kHz 
:to.2 :to.5(±0.1)(:t0.2) 
:to.2 :to. 5 (:to. 1 )(:to.2) 0.IS(0.07)(0.07)(0.15)(0.07)(0.07). 
150(1oo)(1S0) 150(100)(150) :t150(:tSO)(:t 1 SO)(:t1 SO)(:tS 0)(:t150) 
:t4max :t4max :tS(:t2)(:t2)(:tS)(:t2)(:t2) max 
:t30max ±30max :t5(:t1)(:t10 max)2 (:t5)(U)(:t10 max)2 

1 
Ips IpS 

~ TRAIN OF TTLIDTL COMPATIBLE PULSES -----..... Symmettical 
0.1 to O.IS1fmax 0.1 toO.1S1f max Square Wave, TTL, DTL, CMOS, 
.. POSITIVE ... ECL, HNIL Compatible by Selection 
Compatible by 
Resistor Selection 

:t9 to :t18 
6 

C(J)(M) 

D-14·Pin DIP 
H-TO'IOO Can 

Compatible by 
Resistor Selection 

:t9 to :t18 
6 

C(C)(M) 

D-14-Pin DIP . 

of External Resistor 

+5 to +36 or:t5 to :t18 
1.2 

C(C)(M)(C)(C)(M) 

D-14·Pin DIP: H-tO'IOO Can 

I Proc<ssin. to MIL-STD·88J Level B is available. Consult 
factory for pricin •. 

'Gultanteed owr -,S-C to +125"C tempcraN~ ran,. 
'C. 0 to + 70" C, M. -'SOC to +125"C 

MULTIPLEXERS AND SWITCHES 

SPECIFICATIONS SPECIFICATIONS 
(TA = +2S

o
C, VSUPPLY = ±lSV unless otherwise noted) (TA = +2S

o
C, VSUPPLY = ±lSV unless otherwise noted) 

Off 
RON Leakage Temp Logic Com· 

Type' Function n,max nA, max Range2" padbility 

RON OFF Temp LosicCom' 
Type l Function n,max Leakage Range2,J padbility 

ADG200CJ 80 SnA,max C TTL/CMOS 
AD750IjN(JD) 10 C/I CMOS ADG200BP 80 SnA,max I TTL/CMOS 
AD750IKN(KD) 8-Channel 300 10 C/I TTL/CMOS ADG200BA Dual SPST 80 SnA,max I TTL/CMOS 
AD750lSD 5 M TTL/CMOS ADG200AP 70 2nA,max M TTL/CMOS 

AD7502jN(jD) Dual C/I CMOS ADG200AA 70 2nA,max M TTL/CMOS 

AD7502KN(KD) 4'Channel 300 C/I TTL/CMOS ADG20lCj 100 5nA,max C TTL/CMOS 
AD7502SD (differential) M TTL/CMOS ADG201BP Quad SPST 100 5nA,max I TTLICMOS 

AD7503jN(JD) 10 C/I CMOS ADG20lAP 80 InA,max M TTL/CMOS 

AD7503KN(KD) 8-Channel 300 10 C/I TTLICMOS 
AD7503SD 5 M r TTLICMOS 

AD7506jN(JD) 450 20 C/I CMOS 
AD7506KN(KD) 16·Channel 450 20 CII TTLICMOS 
AD7506SD 400 10 M CMOS 
AD7506TD 400 10 M TTL/CMOS 

AD7SIODlJN(jD) Quad SPST 5nA,max Ctl CMOS 

AD7510DlKN(KD) Note 4 100 5nA,max C/I TTL/CMOS 
AD7SIODISD 3nA,max M TTLICMOS 

AD7S11D1jN(]D) Quad SPST SnA,max CII CMOS 

~~~~g~:~(KD) Note 4 
100 SnA, max C/I TTL/CMOS 

3nA,max M CMOS 

AD7507jN(jD) Dual 450 10 C/I CMOS 
AD7507KN(KD) 8-Channel 450 10 C/I TTLICMOS 
AD7S07SD (differential) 400 5 M CMOS 
AD7S07TD 400 5 M TTL/CMOS 

NOTES 

AD7511DITD 3nA, max M TTL/CMOS 

AD7S12DIJN(jD) Dual SPDT ISnA,max CII CMOS 
AD7512D1KN(KD) Note 4 100 15nA,max C/I TTLICMOS 
AD7S12DISD 9nA, max M CMOS 
AD7512D1TD 9nA,mu, M TTLICMOS 

• Suffix "N"; plastic DIP. Suffix "D"I ceramic DIP 

• C, Commorical (0 to +7o"C) 
I, Industrial (-25·C to +85·C) 

AD7590DlKN Quad SPST 90 SnA, max C TTL/CMOS 
AD7S90DIBD with Data 90 SnA, max I TTL/CMOS 
AD7591D1KN Latches 90 SnA,max C TTL/CMOS 

M, Military (-,,·C to +125'C) 
• MIL'STD-88J Level B proce.in. availablo Oft all 11M wuionl. 
Consult factory for priclnl. 

AD7S91DIBD 90 SnA, max I TTL/CMOS 
AD7S92D1KN DualSPDT 90 5nA, max C TTL/CMOS 
AD7592D1BD with Data 90 SnA,max I TTL/CMOS 

Latches 
NOTES 
I Suffl,. .. , N - Plastic DIP 

P, D - Ceramic DIP 
A,H-TO·lOO 

'C. Commercial (0 to +70·C) 
J, Industrial (-2S'C to +U·C) 
M, Military (-S5·C to +125'C) 
'MIL~TD-88J Level B proccssinJ avallable on selected devices. 
Consult factory for pricin, and availability. 

• Dielectric:a\ly isolated fntun:llatc:hup.free <WerYOl .... proof operation. 
I VDD - VSS (Rlpply wlrqel) • + 15V 
• VDD (supply volrqe) • IV 
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r.ANALOG a... DEVICES 

PRELIMINARY TECHNICAL DATA 
FEATURES 
Laser Trimmed to High Accuracy: + 10.000V ± 1mV 
Low Temperature Coefficient: 1ppmfC 
Excellent Long Term Stability: 25ppm/1000 Hrs. 
MIL Temperature Range Available ( - 55°C to + 125°C) 
MIL-STD-8838 Screening Available 
Low Noise (30fL V pop) 
Short Circuit Protected 
Low Power (90mW) 
Single Supply Operation 
Small Size (Standard TO-99 Package) 
Output and Ground Sense Provision 

PRODUCT DESCRIPTION 
The AD2720 is a temperature compensated voltage reference 
which provides a precise + 1O.000V output from an unregulated 
input level from + 14.25 to + 15.75 volts. Active laser trimming 
is used to achieve this high precision, which eliminates the need 
for any external adjustments. The proprietary design re'sults in 
ultra high precision performance previously available only in 
oven-regulated modules. The 1.0m V maximum initial error and 
IppmrC guaranteed maximum temperature coefficient of the 
AD2720CH represents the best performance available without 
using power hungry ovens or heated substrates for temperature 
regulation. 

The AD2720 precision ·10.000 volt reference offers the user 
unequalled accuracy and stability with performance guaranteed 
over the - 25°C to + 85°C (AD2720AH, BH, CH) and - 55°C 
to + 125°C (AD2720SH and AD2720TH) temperature ranges. 
These devices combine the recognized advantages of thin film 
technology and active laser trimming with a unique patent pending 
circuit design, to provide an excellent reference for use in appli
cations requiring high accuracy and stability. 

The AD2720 is recommended for use as a reference for 12-, 14-
and 16-bit D/A converters which can use an external reference. 
The device is also suitable for many types of high resolution 
AID converters, either successive approximation or integrating 
designs. The 5mA output drive capability of the device also 
makes the AD2720 ideal for use as a master system reference. 

Ultra High Precision 
+10.000 Volt Reference 

AD2720 I 

AD2720 PINOUT DIAGRAM 

TEST POINT 

VOUT 
(SENSE) 

4 

GROUND 

TO-99 STYLE 
TOP VIEW 

VOUT 
(FORCE) 

PRODUCT HIGHLIGHTS 
1. Active laser trimming results in very high accuracy over the 

full temperature range without the use of external components. 
The AD2720CH has a maximum deviation from 10.000 volts 
of ± 1.0m V at 25°C with no external adjustments. 

The AD2720TH has a maximum deviation from 10.000 volts 
of ± l.OmV at 25°C, and a temperature coefficient of ± 2ppml 
°c (max) over - 55°C to + 125°C. 

2. The AD2720 is well suited for a broad range of applications 
requiring an accurate, stable reference source such as data 
converters, test and measurement systems, and calibration 
standards. 

3. The performance of the AD2720 is achieved by a proprietary 
design and close control over the manufacturing process, and 
eliminates the need for temperature-controlled ovens or heated 
substrates to provide stability. 

4. The AD2720 is packaged in a small size (standard TO-99) 
package. 

5. Output and ground sense provisions eliminate the problems 
of ground loops and load regul~tion errors. 

6. Low power consumption insures high reliability and extended 
temperature range performance. 

REFERENCE 
INPUT 

ANALOG 
GROUND 

DAC. OR SYSTEM 

DIGITAL 
~-----.... GROUND 

Figure 1. Basic Connections for VOUT (Force and Sense) 
and Grounding 
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r.ANALOG 
LIllI DEVICES 

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 amplifiers ror optimum load regulation. 

The AD2720 precision hybrid reference provides the highest 
initial accuracy and lowest temperature coefficient. 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 AD 5 84 is a unique bandgap reference. Depending on user 
requirements it may be connected to provide anyone of four 
standard voltages without additional external parts. 

SPECIFICATIONS 
(typical@ VIN = +lSV and +2S

o
C unless otherwise noted) 

- Temp 
Maximum Error in m V Stability 
for Nominal Output of: ppmfC Temp 

ModeJ 2.SV SV 7.SV lOY max Rangel 

ADS84}H ±7.S ±IS ±22 ±30 30 C 
ADS84KH ±3.S ±6 ±8 i10 IS C 
ADS84LH ±2.S ±3 ±4 is S c 
ADS84SH(SH/883B) ±7.S ±IS ±22 ±30 30 M 
ADS84THCTH/883B) ±3.S ±6 ±8 ±IO IS M 
NOTE 
ICc 0 to +70°C. M = -5SoC to +12SoC 

(min-max @ EIN = +lSV or -lSV and +2S
o
C unless otherwise noted) 

Output Output 
Output Vol. Output Temp Output Vol. Output Temp 
VolUle Tolerance Curnnt Stability Time Temp Vol. Tolerance Curnnt Stability Time Temp 

Model Vola ""Error mA ppmtC Stability (ryp) Ranae l Mod.1 Vola ""Error mA W mtC Stability (ryp) ~' 
AD580)H(KH)(LH)(MH) 2.5 3.0(1.0)(0.4 )(0.4) 10 85(40)(25)(10) 251lV/Month C AD27oo)(S) 10.000 10.05 10 10m looppm per 11M 

2'OllV Long AD2700L(U) 10.000 to.025 10 3 1000 Hours 11M 
Term @ +55°C 

AD580SH(TH)(UH) 2.5 1.0(0.4)(0.4) 10 55(25)(10) 2'IlVIMonth M AD2700sD18838' 10.000 to.05 10 M 
250llV Long AD2700UDI8838' 10.000 to.025 10 M 
Term 

-10.000 to.05 10 10(3) lOOppm pcr 11M 
AD58OSHI8838' 

AD2701J(S) 
2.5 11.0 10 55 M AD270IL(U) -10.000 10.025 10 3 1000 Hours 11M 

AD58OTH/8838' 2.5 to.4 10 25 M @+55°C 
AD580UH/8838' 2.5 10.4 10 10 M 

AD270lSD/8838' M -10.000 10.05 10 
AD581)H(KH)(LH) 10.000 10.3(0.1)(0.05) 10 30(15)(5) 25ppm per C AD270lUD/8838' -10.000 10.025 10 M 

1000 Hours 
10.05 10 10(5) lOOppm per 11M 

Noncumulative AD2702J(S) UO.ooo 

AD58ISH(TH)(UH) 10.000 10.3(0.1)(0.05) 10 30(15)(5) 25ppm pcr M AD2702L(U) tlO.ooO 10.025 10 5(3) 1000 Hours 11M 

1000 Hours 
@+55°C 

Noncumulative AD2702SDI8838' 110.000 10.05 10 M 

AD581SHI8838' 10.000 10.3 10 30 M AD2702UD/8838' 110.000 10.025 10 M 

AD581TH18838' 10.000 10.1 10 15 M AD2710KN(LN) +10.000 10.01 10 2(1) C 
AD58IUHI8838' 10.000 10.05 10 5 M AD2712KN(LN) 110.000 10.01 10 2(1) C 

AD589jH(KH)(LH)(MH) 1.235 -2.8, +1.2 100(50)(25)(10) AD272e \H +10.000 10.02 25ppm pcr 
AD27208H +10.000 10.01 1000 Hours I 
AD2720CH +10.000 to.OI @+2'·C I 

AD'89SH(TH)(UH) 1.2)5 -2.8, +1.2 100(50)(2') M AD2720SH(SHI8838)' +10.000 to.02 M 
typ AD272OTH(TH/8838)' +10.000 10.01 M 

NOTES 

AD589SH18838 ' 1.235 -2.8, +1.2 100 M 1 C. 0 to +70"C. I __ 2'oC to +85"C. M. _SSDC to +12'''C 

AD589TH/8838' typ 50 M • Fully procaoed co MIL-5TD-883, CI ... B 

AD589UH/8838' 25 M 

.:;; FEATURE SELECT ION CHART 
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~"i l t:J'" ~ t:J"i t:J'" t:J'" I:J'" 
~ ~ ~ ~ ~ ~ 

Output Voltage Range 1.23SV • • 
2.5V • • • 
S.OV • 
7.SV • 
+10.00V • • • • • 
-lO.OOV • 
±lO.OOV • • 

Output Voltage Tolerance <;±0.4% • • • • • • • 
<;:to.05% • • • • • 
<;10.025% • • • 
<;to.012% • • 

Temperature Stability <;2SppmtC • • • • • • • • 
<;1 Oppm/oC • • • • • • 
<;SppmtC • • • • • 
<;lppm/oC • • 

Temperature Range o to +70 C • • • • • • • • 
-25°C to +8SoC • • 
_SSoC to +12SoC • • • • • 

Package Style Hennetic Package • • • • • • • 
Plastic Package • 

Dice Available • • • • 

ONE TECHNOLOGY WAY • P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 
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r.ANALOG a... DEVICES 

FEATURES 
Fast 2.5J1s Acquisition Time to ± 0.01% 
Low Droop Rate: 0.5mV/ms 
Low Offset: 1 m V 
Sample/Hold Offset Step: 1 mV 
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 fe~dback 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 (2.5JJ.s to 0.01%) and low offset step (lmV) 
are suitable for high speed 12-bit data acquisition systems. 

The device is available in two versions: the "1" specified for 
operation over the 0 to + 70°C commercial temperature range 
and the "S" specified over the full military temperature range 
- 55°C to + 125°C. 

PIN CONFIGURATION 

High Speed 
Sample and Hold Amplifier 

AD585 I 
AD585 FUNCTIONAL BLOCK DIAGRAM 

TTL 
LOGIC REF 

HOLD REF OUT 

- V1N + V1N NULL - Vs NULL GND 

PRODUCT HIGHLIGHTS 
1. The droop rate is only 0.5mV/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 pre trimmed 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 (mm). 

C 0.430 (10.92)--1 

O~OR "O"t [ : : : ] ~ I o#~~[:I621 
. -1 ~ 

0.095 (2.41) 

i-0.700:!:0.010=1 
. (17.78 :!:0.25) . : 

0.035 ±0.010 ' 1 

lo .•• tO'251~-'----L- . . . 0.085 (2.16) 

+ U U· .. ~ to.180 ±0.030 J4.57 :!:0.76) 

0.047 :!:0.007 -Jl- --l j.:- 0.1 (2.54) 
~:!:~~ ~~ . 

0.017 -0:002 

( 0.43 ~g:gg ) 
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r.ANALOG 
~DEVICES 

f:=EATURES 
700ns Acquisition Time 
<750mW Power Dissipation 
14-Pin DIP 
0.01% Linearity 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay and Storage 
Peak Amplitude Measurements 

GENERAL DESCRIPTION 
The Analog Devices HTC-OSOO 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 only characteristics which make this unit 
worth serious consideration for a variety of uses. The innovative 
design ideas which have been included make it possible fOJ 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-OSOO, 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. 

Figure 2 shows a suggested method for changing gain over a 
range which· is approximately 8 percent below to approximately 
17 Percent above nominal. This kind of potential gain variation 
can be an important element when the HTC-OSOO is combined 
with other components in a system design. The gain of the 
HTC-OSOO can be changed as necessary to compensate for varia
tions in other portions of the system. External adjustments also 
allow the offset to be nulled. 

The HTC-OSOO is a perfect choice for use with Analog Devices' 
converters such as the HAS-1202, ADS78, and ADS79 in 
applications which do not require the speed of the model HTC-0300 
Track-and-Hold, but require higher speed tha~ the ADSHC-8S. 

The standard unit is housed in a metal dual in-line package; its 
model number is HTC-OSOOAM. A temperature range of - 55°C 
to + 12SoC is available with model HTC-OSOOSM. For units 
processed per MIL-STD-883, Method 5008, specify model 
number HTC-OSOOSM/883. 

High Speed Hybrid 
Track-and-Hold Amplifiers 

HTC·0500 

ANALOG 
INPUT 

NIC a NO CONNECTION INTERNALLY 

3k 

HTe-D5DD I 
EXTERNAL 
STRAP BY 

USER 

GAIN \ 

14 ADJUST] 

OUTPUT 

• +1SV _____ , 

12 } ----, : 
OFFSET ~J 
ADJUST ~z,. TO 

11 -----' Sk 

CASE IS GROUNDED 

NORMAL GAIN (-11 OPERATION 

Figure 1. 

HTC·0500 

EXTERNAL 
CIRCUIT 
IIY USER 

EXTERNAL 
CIRCUIT 
IIY USER 

GAIN \ 

( 

TRACK! 3 
HOLD 

ADJUST f 
Sooll 

13 OUTPUT 

9 + ISV - - - -., 

12 }----' : OFFSET ~..J 
ADJUST ~ 2k TO 

11 ____ .J 5k 

NIC = NO CONNECTION INTERNALLY CASE IS GROUNDED 

VARIABLE GAIN OPERATION 

Figure 2. 

MECHANICAL DIMENSIONS 
Dimensions shown in inches and (mm): 

0.230 (5.114) 
M)N ---

DOT ON COVER 
AND SQUARE 
CORNER DENOTE 
PIN 1 

~ ;g 

0.100 (2.54) :!:0.002 
6 PLACES 

I---l 

0.0111 DIA. 
:!:0.002 TYP 

1 11 7 

-0-@-0-0-0-0-0-

~: . 

L -0.-0-0-0-0-0-0.-
I I 14 I 1 8 

1---+----0.500 115.241 :!:0,002 ----1 
t------ 0.872 (22.151 MAX -----t~ 

BOTTOM VIEW 

ONE TECHNOLOGY WAY • P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 

3180 © Ie MASTER 1983 



r.ANALOG 
a.lDEVICES Sample/Track-Hold Amplifiers 

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 ADS82 is the lowest cost SHAj ye~ it can replace many 
modular and hybrid units. For faster acquisition time or 
greater precision, the ADS83 and ADS8S are recommended. 

SPECIFICATIONS (typical @ +2SoC unless otherwise noted) 
Open Loop 

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, 1 SOns 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 for a generic industry-standard device. 

Gain Gain Acquisition Aperture Droop 
RL=2kil Output Bandwidth Time Time Aperture Rate Oper 

Model kmin Vmin/mAmin MHz (0.1%)1 os Uncertainty mV/ms Templ Package 

ADS82K 2S 3 flO/flO l.S 61ls ISO lSns 100pA4 C l4-Pin DIP 
TO-IOO 

ADS82S 2S 3 flO/flO l.S 61ls ISO lSns 100pA4 M H-Pin DIP 
TO-lOO 

ADS83K 2S 3 flO/flO 2 41ls SO Sns SOpA4 C l4-Pin DIP 
ADS8S] 303 flO/flO 2.S 2.SIlSs 10 Ins O.S C l4-Pin DIP 
ADS8SS 303 flO/flO 2.S 2.Sp.S5 10 Ins O.S M 14-Pin DIP 
ADSHC-8S +1 ±1O/±106 0.2 4.Sp.s5 2S O.Sns 0.2 C l4-Pin DIP 
ADSHC-8SET +1 ±10/±106 0.2 4.Sp.s5 2S O.Sns 0.2 M l4-Pin DIP 
HTS-002S 0.92 ±21±SO 30 30ns 10 20ps 200 C 24-Pin DIP 
HTS-002SM 0.92 ±21±SO 20 30ns 10 20ps 200 MR 24-Pin DIP 
HTC-0300 -1 ±lO/±SO 8 l70ns 10 lOOps S C 24-Pin DIP 
HTC-0300A -1 ±lO/±SO 10 lSOns 6 lOOps 1 C 24-Pin DIP 
HTC-0300AM -1 ±lO/±SO 10 lSOns 6 lOOps 1 M 24-Pin DIP 
HTC-0300M -1 ±lO/±SO 8 l70ns 6 lOOpS S MR 24-Pin DIP 
HTC-oSOOAM -1 ±12l±1S 2 700ns 30 60ps O.S I l4-Pin DIP 
HTC-oSOOSM -1 ±12/±lS 2 700ns 30 ' 60ps O.S M l4-Pin DIP 
NOTES 
I AV.1, RL-2k, CL.S~F . 
'C.O to +70·C,I. -25 C to +8S·C, M. -SSoC to +12SoC, MR .. -55°C to +lOO°C 
10pen-loop pin - k min, RL. 2kn 
• Droop c:urrent; rate depends on external capacitance, 
• Acquisition Time to 0.01 %' 
'Typical outputs 
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r.ANALOG 
a..I DEVICES, 

PRELIMINARY TECHNICAL DATA 
FEATURES. 
16-by-16 Parallel Multiplication/Accumulation 
150 Nanosecond Multiply/Accumulate Time 
250mW Power Dissipation with ,CMOS Technology 
Improved TDC1010J Second Source 
Double Precision Multiplication/Addition or 

Subtraction With Three Guard Bits 
Two's Complement or Unsigned Magnitude Input 

Data Formats 
Round Control 
Available in Hermetically Sealed 64 Pin Flat 

Pack or 0.7 Square Inch Ceramic DIP 
Operates Off of a Single + 5V Power Supply 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 
Power Series Expansions 

Matrix Manipulations 
Microprocessor Acceleration 

GENERAL INFORMATION 
The ADSP-101O is a 'lTL compatible high speed low power 16-
by-16 multiplier/accumulator that is pin for pin compatible with 
TRW's TDCIOIOJ. The ADSP-I01O has essentially the same 
speed as the TDC1010J but consumes only about 1110 the 
power. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of three time saving techniques. 
A modified booth algorithm is used. Feed-forward carry organi
zation is used throughout the array. A conditional sum adder is 
used in the final adder stage of the multiplier. 

The ADSP-1010 has two 16-bit input buses, a 16-bit MSP product 
bus, a 16-bit LSP product bus, the output port of which is 
shared with the Y input port, and a 3-bit extended product bus. 
All iriputs are diode protected. The independently controlled 
input registers are D-type positive edge triggered flip-flops as 
are the product registers. Each product register has its own 
three state output control which, when combined with the inde
pendent input clocks, allows the ADSP-lOlO to operate on a 16-
bit microprocessor bus. 

The ADSP-I010 has a RND control which rounds the product 
to the 16 most significant bits by adding a 1 to the MSB of the 
16 LSBs of the multiplier array. The preload control is used in 
conjunction with the three state control to initialize the contents 
of the output registers. The ADSP-I01O will perform either a 
multiplication then addition or multiplication then subtraction 
or a straight. multiplication depending upon the status of the 
ACC and SUB controls. The TC control provides the capability 
for either two's complement or unsigned magnitude data 
formats. 

x .. 

) 

~Q 

16x16-Bit CMOS 
Multiplier/Accumulator 

ADSP-l0l0 I 
ADSP-IOIO FUNCTIONAL BLOCK DIAGRAM 

'611;16 
BIT 

ASYNCHRONOUS 
MULTIPLIER 

ARRAY 

AOSP,1010 

64-PIN HERMETICALLY SEALED 
DUAL-IN-LINE PACKAGE 

Dimensions shown in inches and (mm). 

Il 
ADSP·l0l0 

MSPOUl 

XTPOUT 

~ PIN 1 tNOICATOR 

005 

-~"""'--'---"""'.r.II.....,....,..,I;;;;;;;;;;;;:;;;~~~-=""""'-.-.r.=-'-'''''"''''"'I~ 

--l f- ooas mo. --H--
0.100 ~ooos 10.215 :t022S) 0018 '!:O DOl 
(2'" :to.1l7 --.-t 104S1 :taosl 

hto .. ,os. -1t
OO

'000OO2 r' +12540005" 

PIN CONFIGURATION 

PIN FUNCTION PIN FUNCTION 

1 XI 33 Pl4 

2 X5 34 Pl5 

3 X4 35 Pl8 
4 X3 36 Pl7 

5 Xl 3" Pli 

6 Xl 38 P29 
7 XO 39 P30 

8 YO,PO 40 P31 

9 Yl.Pl 41 P32 
10 Y2.P2 42 P33 
11 Y3.P3 43 P34 

12 ~4.P4 44 CLKP 

13 Y5.PS 45 TSM 
14 Y6.PI 48 PREL 
15 Y7.P7 47 TSX 

16 GND '48 TC 

17 YI.PI 49 Vee 
18 Y9." 50 CLKY 

19 Yl0.Pl0 51 CLKX 

20 Yl1.Pll 52 ACC 
21 YI2.P12 53 SUB 

22 YI3.P13 54 RNO 

23 Y14.P14 55 TSL 

24 Y15,P15 58 X15 
25 P18 57 X14 

26 P17 58 X13 

27 Pll 59 X12 

21 P19 10 XI; 

29 PlO 61 Xl0 

30 Pll 62 X9 
31 P22 83 XI 

32 Pl3 84 X7 
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PRELIMINARY TECHNICAL DATA 
FEATURES 
8 x 8 Bit Parallel Multiplication/Accumulation 
150mW Maximum Power Dissipation Through CMOS 

Technology 
95 Nanosecond Multiply/Accumulate Time 
Available in 48-Pin DIP or 0.46 Square Inch Flat Pack 
Improved TDC1008J Second Source 
Double Precision Adder With Three Guard Bits 
Round Control 
Accumulator can be Preloaded 
Three State Outputs 
Operates Off of a Single + 5V Power Supply 

APPLICATIONS 
Extends' Capabilities of Microcomputers by Permitting 

Hardware Multiplication/Accumulation for Increased 
Computational Speed 

Matrix Manipulations 
Fourier Transformations 
Digital Filtering 

GENERAL INFORMATION 
The ADSP-I008 is a TTL compatible high speed low power 
8-by-8 bit multiplier accumulator that is pin for pin compatible 
with TRW's TDCI008J. The ADSP-1008 has essentially the 
same speed as the TDC1008J but consumes only about 1/10 
the power. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of three time saving tech
niques. A modified booth algorithm is used. Feed-forward 
carry organization is used throughout the array. A conditional 
sum adder is used in the final adder stage of the multiplier. 

The ADSP-1008 has two 8,.bit input buses, two 8-bit product 
buses and a 3 bit extra product bus. All inputs are diode 
protected. The independent input registers are D-type positive 
edge triggered flip-flops as are the product registers. Each 
product register has its own three state output control which, 
when combined with the independent input docks, allows 
the ADSP-1008 to operate on an 8-bit microprocessor bus. 

The ADSP-I008 has a RND control which rounds the product 
to the II mo.st significant bits by adding a I to the MSB of 
the LSP. The preload control is used in conjunction with the 
three state control to initialize the contents of the output 
registers.. The ACC and SUB controls are used to determine 
whether a multiply/add or a multiply/subtract or a straight 
multiply is performed. The TC control is used to distinguish 
between two's complement or unsigned magnitude inputs. 

The ADSP-1008 is available in either a 48-pin ceramic DIP 
or a 0.46 square inch flat pack. Each package is available in 
military or commercial grades. 

8x8-Bit CMOS 
Multiplier/Accumulator 

ADSP-l008 I 
ADSP-I008 FUNCTIONAL BLOCK DIAGRAM 

x" 

Y" 

'87T1 

ASYNCHRONOuS 
MUlnPLI[R 

ARRAY 

ADSP·l008 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

48-PIN DIP 

0.490 :!: 0.008 

MSPoUI 

XTPout 

~~~~ 0.05011.25) 

~5;.~~ 
SIDE VIEW ~ I- --11-

0.100 :!: 0.005 0.018 :!: 0.002 
12.5 :!: 0.125) 10.45 :!: 0.050) 

0.010 :!: 0.001 -L-t::===:::::J..,-.J. 
10.25 :!: 0.025) -.-""" 0.085 :!: 0.009 

T t 10.215 :!: 0.225) 

so· - 150' 

0.01 0 ~ g:gg~ 
END VIEW (0.25 ~g.g~~ ) 

PIN CONFIGURATION 

PIN FUNCTION PIN FUNCTION 
1 P12 25 X3 
2 P11 26 X4 
3 P10 27 X5 
4 P9 28 X6 
5 P8 29 X7 
6 TSM 30 CLKX 
7 CLKP 31 CLKY 
8 PREL 32 YO 
9 P7 33 Y1 

10 P6 34 Y2 
11 P5 35 Y3 
12 GND 36 Y4 
13 P4 37 Vee 
14 P3 38 Y5 
15 P2 39 Y6 
16 P1 40 Y7 
17 PO 41 TC 
18 TSL 42 TSX 
19 SUB 43 P18 
20 ACe 44 P17 
21 RND 45 P16 
22 XO 46 P15 
23 X1 47 P14 
24 X2 48 P13 
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r.ANALOG 
a...OEVICES 

PRELIMINARY TECHNICAL DATA 
FEATURES' 
16 x 16 Parallel Array Multiplier 
150mW Power Dissipation with CMOS Technology 
130 Nanosecond Multiply Time 
Improved MPY-016HJ Second Source 
Two's Complement, Unsigned Magnitude or Mixed 

Mode Multiplication 
Zero Register Hold Time 
Three State Outputs 
Single + 5 Volt Power Supply Operation 
Available in Hermetically Sealed 64-Pin Flat Pack or 

Ceramic DIP 
Versions Available with Full MIL-STD-8838 Processing 

APPLICATIONS 
Fourier Transformations 
FIR & IIR Digital Filters 
Microprocessor Accelerators 
Matrix Multiplications 

GENERAL DESCRIPTION 
The ADSP-I016 is a TTL compatible high speed low power 16 
x 16-bit multiplier, that is pin for pin compatible with TRW's 
MPY-016HJ. The ADSP-1016 has essentially the same speed as 
the MPY-16HJ but consumes only about 1110 the power. 

The low power is obtained by using complementary MOS tech
nology. The high speed is achieved by use of three speed saving 
techniques. A modified booth algorithm is used. Feed-forward 
carry organization is used throughout the array. A conditional 
sum adder is used in the final adder stage. 

The ADSP-1016 has two 16-bit input buses and two 16-bit 
product buses. The LSP output port is shared with the Y input 
port. The inputs can be in either 2's complement unsigned 

en magnitude or mixed mode formats. All inputs are diode protected. 
~ The independent input registers are D-type positive edge triggered 
.s: flip-flops as are the LSP and MSP product registers. The product 
Q)registers have three-state outputs which, when combined with 
o the independent control of the input registers, allows the ADSP-
0) 1016 to operate on a 16-bit microprocessor bus. 
o 

(ij The ADSP-1016 has a RND control which rounds the, product 
c: to the 16 most significant bits by adding a 1 to the MSB of the 
<t: LSP. The FA control formats the output for 2'8 complement by 

shifting the MSP up one bit and then repeating the sign bit in 
the MSB of the LSP. It should be only used for 2's'complement 
arithmetic. The Ff control makes the output latches transpa
rent. 

The ADSP-1016 is available iIi both commercial and MIL temp 
ranges. Full 883B processing is performed on the MIL grades. 
Additionally, all versions are available in either a 64-pin hermet
ically sealed ceramic DIP or a 64-pin hermetically sealed flat 
pack. 

16x16-Bit CMOS Multiplier 
ADSP-1016 I 

ADSP-IOI6 FUNCTIONAL BLOCK DIAGRAM 

ClKl~-------------....., 

V,..J 
(LSBouTJ 

TCX, TCV, RND 

) 

0 

x .. 

"~------------~ 
ClKM~ _____________ ---J 

64-PIN HERMETICALLY SEALED 
DUAL-IN LINE PACKAGE 

.Dimensions shown in inches and (mm). 

Il 
ADSP·l016 

. 

MSPOUT 

1 

~0520~O'OO'~1 O.050:t:O.01 

~
ll'2}0'2S) 

~ 
.0135 
--.tlll7S) 

---l f-- 0.015 .0.009 --H--
0,018 :t 0002 0.100 :to.OOS (2,115 :to.231 0.01' :to 002 
(045:!: 0.0501 f2.S4 :to 121 ---' 10.451 :to.051 

h90._ 10s• """it0010.0002 r' +1.254.00511 

PIN CONFIGURATION 
PIN FUNCTION PIN FUNCTION 

1 X4 33 P24 

2 X3 34 P2S 

3 X2 35 P26 

4 XI 36 P27 

5 XO 37 P28 

6 TRIL 38 P29 

7 CLKL 39 P30 

8 CLKY 40 P31 

9 PO,YO 41 CLKM 

10 Pl,Yl 42 TRIM 

11 P2,Y2 43 FA 

12 P3,Y3 44 FT 
13 P4,Y4 45 GND 

14 PS,Y5 46 GND 

15 P6,Y6 47 GND 

16 P7,Y7 48 +Vcc 
17 ps,Y8 49 +Vcc 
18 P9,Y9 50 lCY 

19 Pl0,Yl0, 51 lCX 

20 Pl1,Yll 52 RND 

21 P12.Y12 53 CLKX 

22 P13,Y13 54 X15 

23 P14,Y14 55 X14 

24 P1S,Y1S 56 XU 

25 P16 57 X12 

26 P17 58 XII 

27 P18 59 Xl0 

28 P19 60 X9 

29 P20 61 X8 

30 P21 62 X7 

31 P22 63 X6 

32 P23 64 XS 
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~DEVICES 

PRELIMINARY TECHNICAL DATA 
FEATURES 
8 x 8 Bit Parallel Multiplication with Double Precision 

Product 
100mW Power Dissipation with CMOS Technology 
85ns Multiply Time 
Available in 40-Pin DIP or 0.46 Square Inch Flat Pack 
Improved MPY -8HJ Second Source 
Three State Outputs 
Zero Register Hold Time, Positive Setup Time 
Single + 5 Volt Power Supply Operation 

APPLICATIONS 
High Speed Multiplication for Digital Filters 
Matrix Multiplications 
Fourier Transformations 

PRODUCT DESCRIPTION 
The ADSP-1080 is a TTL compatible high speed low power 8-
by 8-bit multiplier that is pin for pin compatible with TRW's 
MPY -8HJ. The ADSP-1080 is essentially the same speed as the 
MPY~8HJ but consumes only about 1110 the power. 

The low power is obtained by using complementary MOS tech
nology. The high speed is achieved by the use of three speed 
saving techniques. A modified booth algorithm is used. Feed-for
ward carry organization is used throughout the array. A conditional 
sum adder is used in the final adder stage. 

The ADSP-1080 has two 8-bit input buses and two 8-bit product 
buses. All inputs are diode protected. The independent input 
registers are D-type positive edge triggered flip-flops as are the 
LSP and MSP product registers. The product registers have 
three state outputs, which when combined with the independent 
control of the input registers allows the ADSP-1080 to operate 
on an 8-bit microprocessor bus. 

The registered RND control can be used to round the product 
to the 8 most significant bits by adding a 1 to the MSB of the 
LSP. 

The ADSP-1080 is available in either a 40-pin ceramic DIP or a 
0.46 square inch ceramic flat pack. Each package is available in 
either military or commercial grades. 

8x8-Bit CMOS Multiplier 
ADSP-l080 I 

x'" 

ADSP-I080 FUNCTIONAL BLOCK DIAGRAM 

••• ·BIT 
ASYNCHRONOUS 

MULTIPLIER 
ARRAY 

ADSP·1080 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

40-PIN DIP 
1 .... ------ 2.000 150.8) ---------;·~I 

D 
D ADSP·1080 

:Q 

l 
0.610 :t 0.01 

115.49 :t 0.254) 

~ 
,"p 

I~~.I~ATOR .0.520113.2) 0.05 
. 112.8) 

====~~~~~~===~ 

~ --I -11-- =r'~~5~ 
0.040 0.100 0.018 :t 0.002 

110.16) 12.54) 10.46 :t 0.05) 

PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

~
--.! 0.090:t 0.01 

. 

12.29 :t 0.25) 

+90· - -105· 
0.010 :t 0.002 
(0.254 :t 0.05) 

PIN CONFIGURATION 

FUNCTION PIN FUNCTION 

P5 21 X1 

P6 22 XSON 
P7 23 CLKX 
CLKP 24 CLKY 
TRIM 25 RND 
TRIL 26 Y7 
PsoN(LSP) 27 Y6 
P8 28 Y5 

P9 29 Y4 
P10 30 Vee 
P11 31 Y3 

P12 32 GND 

P13 33 Y2 
P14 34 Y1 
X7 35 YSON 
X6 36 PSQNIMSP) 
X5 37 P1 
X4 38 P2 
X3 39 P3 
X2 40 P4 

LSP 

MSP 

ONE TECHNOLOGY WAY. P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 

@ Ie MASTER 1983 3185 

en 
Q) 
(,) .s: 
Q) 

c 
0) 
o 

CiS 
c: « 



en 
Q) 
C,.) 

> 
Q) 

0 
0> 
0 
(ij 
c:: « 

r.ANALOG 
1IIIIIIII' DEVICES 

Analog Devices Monolithic Digital Signal-Processing Compo
nents are cool, reliable, and compatible in form, function, and 
pinout with the equivalent industry-standard devices. Em
ploying CMOS for power dissipation as low as SSmW for 
8X8-bit and 17SmW for 16X16-bit multiplier-accumulators, 
their speed is compatible with systems having clock rates up 
to SMHz and beyond. 

Products available include 16X 16- and 8X8-bit multipliers 'and 
multiplier-accumulators in DIP and Flat Pack configurations 
for commercial and military temperature ranges at com
petitive prices. 

Digital Signal 
Processing Components 

J 

SPECIFICATIONS (typical@ Vs = +SV, TA = +2S
o
C unless otherwise noted) 

Maximum 
Functional Typical Power 

Model Description Multiply Time Dissipation Package Temperature 

ADSP-1016KD 16X 16-Bit Multiplier 130ns 2S0mW 64-Pin DIP o to +70
o
C 

ADSP-I016TD/883B 16X 16-Bit Multiplier 130ns 2S0mW 64-Pin DIP . -55°C to +12S
o
C 

ADSP-1016KF 16X 16-Bit Multiplier 130ns 2S0mW 64-Pin Flat Pack o to +70
o
C 

ADSP-I016TF/883B 16X 16-Bit Multiplier 130ns 2S0mW 64-Pin Flat Pack -55°C to +12S
o
C 

ADSP-1010KD 16X 16-Bit Mult.l Accum. 1S0ns ,2S0mW 64-Pin DIP ! 0 to +70
o
C 

ADSP-I010TD/883B 16X 16-Bit Mult.l Accum. 1S0ns 2S0mW. 64-Pin DIP, -55°C to +12S
o
C 

ADSP-1010KF 16X 16-Bit Mult.l Accum. 1S0ns 2S0mW 64-Pin Flat Pack o to +70
o
C 

ADSP-IOIOTF/883B 16X16-Bit Mult.lAccum. lSOns 2S0mW 64-Pin Flat Pack -55°C to +12S
o
C, 

ADSP-1080KD 8X8-Bit Multiplier 90ns 1S0mW 40-Pin DIP o to +70
o
C 

ADSP-1080TD/883B 8X8-Bit Multiplier 90ns 1S0mW 40-Pin DIP -55°C to +12S
o
C 

ADSP-I080KF 8X8-Bit Multiplier 90ns lSOmW 40-Pin Flat Pack o to +70
o
C 

ADSP-1080TF/883B 8X8-Bit Multiplier 90ns lSOmW 40-Pin Flat J~ack -55°C to +12S
o
C 

ADSP-1008KD 8X 8-Bit Mult.l Accum. 9Sns 1S0mW 40-Pin DIP o to +70°C 
ADSP-1008TD/883B 8X8-Bit Mult.l Accum. 9Sns 1S0mW 40-Pin DIP -SSoC to +12S

o
C 

ADSP-IOO8KF 8X8-Bit Mult.l Accum. 9Sns 1S0mW 40-Pin Flat Pack o to ~70oC 
ADSP-IOO8TF/883B 8X8-Bit Mult.lAccum. 9Sns 1S0mW 40-Pin' }flat Pack -55°C t~ +12S

oC 
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Telecommunications 

XR-3417/3517 
CONTINUOUSLY VARIABLE 
SLOPE DELTA MODULATOR (CVSD) 

The X R3417 is a continuously variable slope delta modu
lator (CVSD). The circuit's primary function is the digital 
encoding and analog decoding of voice signals; The circuit 
consists of a dual comparator, shift register, V /1 converter, 
integrator, and a voltage reference source. 

The X R-3417 offers a simplified and economical solution 
to commercial quality telephone communications, secure 
military. communications, and video game sound produc
tion applications. 

FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
IN 

ANALOG 
FEEDBACK 

SYLLABIC 
FILTER 

IGC 
GAIN CONTROL 

INT. 
REF. INPUT 1+1 

FILTER 
INPUT I-I 

ANALOG 
OUTPUT 

VEE 

FEATURES 

ISL (Integrated Schottky Logic) 
for Increased Gate Speed 

TTL/CMOS Compatible 
Encode/Decode Selectable 
3-Bit Processor Algorithm 

APPLICATIONS 

Voice Quality CODEC 
Video Game Sound Production 

ORDERING INFORMATION 

Part Number 
XR-3417CN 
XR-3417CP 
XR-3517M 
XR-3517CN 

Package 
Ceramic 
Plastic 

Ceramic 
Ceramic 

Vcc 

ENCOI)ElDECODE INPUT 

CLOCK INPUT 

DIGITAL DATA INPUT 

DIGITAL THRESHOLD 

COINCIDENCE OUTPUT 

VREFOUTPUT 

DIGITAL OUTPUT 

Audio Delay Lines 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-55°C to +125°C 

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 T2L
compatible inputs and outputs. I ncluded in the X R-14412 
are features for self-testing and an echo suppression tone 
generator. The XR-14412 utilizes complementary MOS 
technology for low-power operation. 

FUNCTIONAL BLOCK DIAGRAM 

RXCAR Voo 

ST TTLD 

OSCOUT TYPE 

OSCIN ECHO 

RS TXEN 

Rx RATE TXDATA 

RXOATA MODE 

Vss TXCAA 

FEATURES 

Simplex, Half-duplex, and Full Duplex Operation 
Crystal Controlled 
Answer or Originate Modes 
Single Supply Operation 
Self-test Mode 
Selectable Data Rates 200,300, or 600 bps 
T2L- 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 

Package 
Ceramic 
Ceramic 
Plastic 
Plastic 

Operating Temperature 
_40° C to +85° C 
_40° C to +85° C 
-40° C to +85° C 
_40° C to +85° C 
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Line Drivers/Receivers 

XR-1488 QUAD LINE DRIVER 

The XR-1488 is a monolithic quad line driver designed to 
interface data term inal equipment with data communica
tions equipment, in conformance with the specifications 
of EIA Standard No. RS232C. This extremely versatile 
integrated circuit can be used to perform a wide range of 
applications. The circuit features 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
plete interface system between DTL and TTL logic levels, 
and the RS232C defined voltage and impedance levels. 

FUNCTIONAL BLOCK DIAGRAM 

VEE +I,,'cc 

INPUT INPUT 

OUTPUT INPUT 

INPUT OUTPUT 

INPUT INPUT 

OUTPUT INPUT 

GROUND OUTPUT 

FEATURES 

Current Limited Output 
I ndependent 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 EIA Standard No. RS232C 

APPLICATIONS 

RS232 C Interface 

ORDERING INFORMATION 

Part Number 
XR-1488N 
XR-1488P 

Package 
Ceramic 
Plastic 

Operating Temperature 
OoC to +70°C , 
O°C to +70°C 

XR-1489A QUAD LINE RECEIVER 

The X R-1489A is a monolithic quad line receiver especi
ally designed for data bus interface. Each of the line 
receiver s~ctions 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 X R-1489A quad line receiver along with its compan
ion circuit, the XR-1488 quad line 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' 

APPLICATIONS 

Data Bus Interface 
Microprocessor Interface 
Remote Terminal Interface 
RS232 Interface 

ORDERING INFORMATION 

Part Number 
XR-1489AN 
XR-1489AP 

. Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 
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Disc Drives 

XR·3470 FLOPPY DISC READ AMPLIFIER 

The XR-3470 is a read amplifier system designed pri
marily for use in a floppy disc 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 differentiator, a zero-crossing detector, and a time 
domain filter. 

The XR-3470 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, which gives it the flexibility to be used for 
single- or double-density floppy disc systems. The chip 
contains all the circuitry essential for a floppy disc read 
amplifier system. 

FUNCTIONAL BLOCK DIAGRAM 

AM PLI Fb 
INPUTS 

L 
'r 

OFFSET 
DECOUPLING 

L 
GROUND 

r 
~TONE-SHOT 

COMPONENTS 

L 
r 

DIGITIZER 
ONE-SHOT 

COMPONENTS 

L 

FEATURES 

Less Than 5% Peak Sh ift 
Low I nput Voltage Detection 
Complete Floppy Disc Read System 
Increased Preamp Gain 
Up to 3 M Baud Operation 

APPLI CATIONS 

Vcc/2 

l 
AMPLIFIER 
OUTPUTS 

J -, 
ACTIVE 
DIFFERENTIATION 
INPUTS 

.J 
l 
DIFFERENTIATOR 
COMPONENTS 

J 
Vec, 

DATA 
OUTPUT 

110 V/V, Typical 

Single/Double Density Floppy Disc Read Amplifier 
Magnetic Tape Read Amplifier 

ORDERING INFORMATION 

Part Number 
XR-3470CN 
XR-3470CP 

Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

Switching Regulators 

XR·494 PU LSE·WI DTH 
MODULATING REGULATOR 

All functions required to construct a pUlse-width modu
lating regulator are incorporated on a single monol ithic 
chip in the XR-494. The device is primarily designed for 
power supply control and contains an on-ch ip 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 

DEAD 
OUTPUT TIME 

CONTROL CONTROL 

CT Vee 

RT C2 

GROUND E2 

C1 E1 

FEATURES 

Complete PWM Power Control Circuitry 
Uncommitted Outputs for 200 mA Sink or Source 
Output ControLSelects Single-ended 

or Push-pull Operation 
Internal Circuitry Prohibits Double Pulse at Either Output 
Variable Dead-time Provides Control Over Total Range 
I nternal Regulator Provides a Stable 5V Reference Supply 
Circuit Architecture Provides Easy Snychronization 

APPLICATIONS 

Pulse-Width Modulated Power Control Systems 
Switching Regulators 
Motor Speed Control 
Power Inverters 

ORDERING INFORMATION 

Part Number 
XR-494M 
XR-494CN 
XR-494CP 

Package 
Ceramic 
Ceramic 
Plastic 

Operating Temperature 
-55°C to +125°C 

OOC to +70°C 
O°C to +70°C 
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Switching Regulators 

XR-495 PU lSE-WI DTH . 
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~ch ip 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 XR-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 

INV INV 
INPUT INPUT 

FEED REF 
BACK OUT 

DEAD 
TIME 

CONTROL 

OUTPUT 
CT CONTROL 

RT 
STEERING 
INPUT 

GROUND Vee 

C1 C2 

E2 

FEATURES 

Complete PWM Power Control Circu itry 
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 INFORMATION 

Part Number 
XR-495M 
XR-495CN 
XR-495CP 

. Package 
Ceramic 
Ceramic 
Plastic 

. Operating Temperature 
-55°C to +125°C 

O°C to +70°C 
O°C to +70°C 

XR-1524/2524/3524 
PULSE-WIDTH MODULATING REGULATOR 

This monolithic integrated circuit contains all the control 
circuitry for a regulating power supply inverter or switch
ing regulator. I ncluded in the 16-Pin dual-in-I ine package 
is the voltage reference, error amplifiers, oscillator, pulse
width modulator, pulse-steering flip-flop, dual alternating 
output switches, current-limiting, and shut-down cir
cuitry. This device can be used for switching regulators of 
either polarity, transformer coupled dc-to-dc converters, 
transformerless voltage doublers, and polarity converters. 
The X R-1524 is specified for operation over the full 
military temperature r-ange of -55°C to +125°C, while the 
XR-2524 and XR-3524 are designed for commercial 
applications of O°C to +70°C. 

FUNCTIONAL BLOCK DIAGRAM 

INV VREF INPUT 

NON-INV 
Y'N INPUT 

OSC EMITTER B 
OUTPUT 

+SENSE COLLECTOR B 

-SENSE COLLECTOR A 

RT EMITTER A 

CT SHUTDOWN 

GROUND COMPENSATION 

FEATURES 

Direct Replacement for SG 1524/2524/3524 
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 Less Than 10 mA 
Operation Beyond 100 kHz 

APPLICATIONS 

Switching Power Supply 

ORDERING INFORMATION. 

Part Number 
XR-1524M 
XR-2524N 
XR-2524P 
XR-3524N 
XR-3524P 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

Motor Speed Control 

Operating Temperature 
-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 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Switching Regulators 

X R-1525A/2525A/3525A 
XR-1527A/2521A/3527A 
PULSE-WIDTH MODULATING REGULATORS 

The X R-1525A/1527 A are a series of monol ith ic inte
grated circuits that contain all of the control circuitry 
necessary for a pulse-width modulating regulator. In
cluded are the voltage reference, error amplifier, oscilla
tor, pulse-width modulator, under-voltage lockout, soft
start circuitry, and output drivers. ' 

The on-chip + 5.1-volt reference is trimmed to ± 1% initial 
accuracy. Dead-time is adjustable with a single external 
resistor. The X R-1525A series gives a LOW output for an 
OFF state, while the XR-1527A series gives a HIGH out-
put for an 0 F F state. ' 

FUNCTIONAL BLOCK DIAGRAM 

INV. 
INPUT 

NON-INV. 
INPUT 

SYNC 

OSCILLATOR 
OUTPUT 

CT 

RT 

DISCHARGE 

SOFT-START 

FEATURES 

8- to 35-Volt Operation 
Adjustable Dead-Time Control 
I nternal Soft-Start 

VREF 

VIN 

OUTPUT B 

Vc 

GROUND 

OUTPUT A 

SHUTDOWN 

COMPENSATION 

Latching PWM to Prevent Double Pulsing 
Dual Source/Sink Output Driver Capable of +200 mA 

APPLICATIONS 

Pulse-Width Modulation 
Switching Regulators 

ORDERING INFORMATION 

Part Number 
X R-1525/27 AN 
XR-2525/27AN 
X R-2525/27 AC 
X R-3525/27 AN 
X R-3525/27 AC 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

Power Control Systems 
I ndustrial Controls 

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°C 

XR-2230 PULSE-WIDTH 
MODULATOR CONTROL SYSTEM 

The XR-2230 is a high-performance monolithic pulse
width modulator control system. It contains all the neces
sary control blocks for designing switch mode power sup
plies, and other power control systems. Included in the 
18-Pin dual-in-line package are two error amplifiers, a 
sawtooth generator, and the necessary control logic to 
drive two open-collector power transistors. Also included 
are protective features, such as adjustable dead-time con
trol, thermal shu tdown, soft-start control, and double
pulse protection circuitry. 

FUNCTIONAL BLOCK DIAGRAM 

COMPl 

-VSENSE, 

+VSENSE, 

-VEE 

+Vcc 

DTAOJ 

FAOJ 

GROUND 

OUTl 

FEATURES 

Thermal Shutdown 
Adjustable Dead-time 

COMP2 

. -VSENSE2 

+VSENSE2 

SET 

OSCILLATOR 
OUTPUT 

EXTERNAL 
SHUTDOWN' 

PWMOUT 

PWMIN 

OUT2 

Dual Open-Collector 30 mA Output Transistors 
Double-Pulse Protection Circu it 
Soft-Start Control 
High-Speed Remote Shut-Down Input 
Two High-Performance Error Amplifiers with ± 5V Input 
Common-Mode Range 

APPLICATIONS 

Switching Regulators 
Motor-Speed Controllers 
Pulse-Width Modulated Control Systems 

ORDERING INFORMATION 

Part Number 
XR-2230CP 

Package 
Plastic 

Operating Temperature 
O°C to +70°C 
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Switching Regulators 

XR-2235 HIGH-VOLTAGE PULSE-WIDTH 
MODULATING REGULATOR . 

The XR-2235 is a monolithic integrated circuit that con
tains all of the control circuitry for a high-voltage switch
ing regulator. Included in the 14-Pin dual-in-line package 
is the voltage reference, error amplifier, oscillator, pulse
width modulator, and high-voltage npn and pnp transis
tors.The XR-2235 is capable of regulating voltages as high 
as 60 volts down to 5 volts. This device can be used for 
step-up, step-down, and inverter switching regulator 
designs. The design of the XR-2235 allows positive or 
negative input voltages. 

FUNCTIONAL BLOCK DIAGRAM 

AMPLIFIER REFERENCE 

COMPENSATION VOLTAGE 
OUTPUT 

N.C. N.C. 

GROUND AMPLIFIER .-
INPUT 

COMPARATOR AMPLIFIER + 
OUTPUT INPUT 

POWER PNP OSCILLATOR 
COLLECTOR INPUT 

POWER PNP AMPLIFIER 
EMITTER OUTPUT 

POWER PNP REFERENCE 
VOLTAGE BASE BIAS INPUT 

FEATURES 

Complete Pulse-Width Modulating Control Circuitry 
Operation Beyond 100 kHz 
Line and Load Regulation of 0.3% 
Total Standby Current of 6 mA 
Continuous Load Current of 50 mA, Maximum 
I nput Voltages of 10V to 60V 
Single-ended Output 

APPLICATIONS 

High-Voltage Switching Regulators 
Pulse-Width Modulating Power Control Systems 
Telephone System Switching Regulators 
Power Inversion Circuits 

ORDERING INFORMATION 

Part Number 
XR-2235CN 
XR-2235CP 

Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
o°c to +70°C 

XR-1543/2543/3543 POWER SUPPLY 
OUTPUT SUPERVISORY CIRCUIT 

The XR-1543/2543/3543 are monolithic integrated cir
cuits thai contain all the functions necessary to monitor 
and control the output of a power supply system. In
cluded in the 16-Pin dual-in-line package are a voltage 
reference, an operational amplifier, voltage comparators, 
and a high-current SCR trigger circuit. The functions per
formed by this device include over-voltage and under
voltage sensing, and current limiting with provisions for 
triggering an external crowbar. 

The internal voltage refer.ence on the XR-1543 is trimmed 
for an accuracy of ± 1 % to eliminate the need for external 
potentiometers. The. entire circu it may be powered from 
either the output that is being monitored or from a separ
ate bias voltage. 

FUNCTIONAL BLOCK DIAGRAM 

SCRTRIGGEH 

REMOTE 
ACTIVATE 

RESET 

OVER-VOLTAGE 
INDICATE 

OVER-VOLTAGE 
DELAY 

OVER-VOLTAGE 
INPUT 

UNDER-VOL.TAGE 
INPUT 

UNDER-VOLTAGE 
DELAY 

FEATURES 

Over-voltage Sensing Capability 
Under-voltage Sensing Capability 
Current Limited Output 

V'N 

VREF 

GROUND 

C.L. 
OUTPUT 

OFFSET \ 
COMPENSATION 

C.L.NI 
INPUT 

C.L.INV 
INPUT 

UNDER-VOLTAGE 
INDICATE 

Reference Voltage Trimmed to ± 1% Accuracy 
SCR Crowbar Drive to 300 mA 
Programmable Time Delays 
Open Collector Outputs 
Remote Activation Capability 
Total Standby Current Less than 10 mA 

ORDERING INFORMATION 

Part Number 
XR-1543N 
XR-2543N 
XR-3543N 

Package 
Ceramic 
Ceramic 
Ceramic 

Operating Temperature 
-55°C to +125°C 
-25°C to +85°C 

, O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Converters 

XR-9201 8-BIT MICROPROCESSOR 
COMPATIBLE D/A CONVERTER 

The XR-9201 is a monolithic 8-bit pP compatible, digital
to-analog converter with differential current outputs. It 
contains an internal data latch, making it suitable for in
terfacing with microprocessors. The chip contains a stable 
voltage reference (2.0V nominal) which is externally 
adjustable, and can be used as a reference for other D/A 
and AID converters. 

The XR-9201 features nonlinearity of ± 1/2 LSB maxi
mum (± .19% of full scale current). The internal voltage 
referen-ce - maintains a temperature coefficient of 50 
ppmfC. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

8-Bit Resolution 
I nput Data Latches 
I nternal Voltage Reference 
Microprocessor Compatible 
Nonlinearity 
Reference Voltage Stability 
TTL Compatible 

APPLICATIONS 

A/o' Conversion 
Test Equipment 
Bipolar and Unipolar 

D/A Conversion 

+vcc 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO 

± 112 LSB, Maximum 
± 50 ppmfC 

Programmable Current Source 
Programmable Voltage Source 

Measuring Instruments 

ORDERING INFORMATION 

Part Number 
XR-9201CP 

Package 
Plastic 

Operating Temperature 
O°C to +70°C 

XR-4151 VOL TAGE-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 XR-4151 is useful in a wide range of 
applications, including AID and D/A 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 Stability 
High-Noise Rejection 
Inherent Monotonicity 
Easily Transmittable Output 
Simple Full Scale Trim 

+Vcc 

lNPUT VOLTAGE 

THRESHOLD 

ONE-SHOT RC 

+ 8V to + 22V 

± 0.05%, Typical 
± 100 ppmfC, Typical 

Single-ended Input 
Frequency-to-Voltage Conversion 
Direct Replacement for RC/RV IRM4151 

APPLICATIONS 

Voltage-to-Frequency Conversion 
AID and D/A Conversion 
Data T ransm ission 
Frequency-to-Voltage Conversion 
Transducer Interface 
System Isolation 

ORDERING INFORMATION 

Part Number 
. XR-4151 P 

XR-4151 CP 

Package 
Plastic 
Plastic 

Operating Temperature 
-40°C to +85°C 
O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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rEMR 
PLL's and Tone Decoders 

XR-567A MONOLITHIC 
TONE DECODER 

The XR-567 A is a monolithic phase-locked loop system 
designed for general purpose tone and frequency decod
ing. It offers a wide frequency band of 0.01 Hz to 500 
kHz, and has a logic compatible output capable of sinking 
up to 100 mA of load current. Four independent external 
components determine the bandwidth, center frequency, 
and output delay. 

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 
..J 

0%to14% 

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-567AM 
XR-5.67ACN 
XR-567ACP 

Package 
Ceramic 
Ceramic 
Plastic 

Operating Temperature 
_55° C to +125° C 

O°C to +70°C 
O°C to +70°C 

XR-L567A MONOLITHIC 
TONE DECODER 

The XR-L567A is a micropower phase-locked 100p.(PLL) 
circuit designed for general purpose tone and frequency 
decoding. It is a direct replacement for the popular 567-
type tone decoder Ie's, designed for applications requiring 
very low power dissipation. The XR-L567A 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 stabil ity, frequency selectivity and 
detection threshold. At 5-volt operation, typical quiescent 
power dissipation is less than 4 mW. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT OUTPUT 
FILTER 

LOW-PASS GROUND 
LOOP FILTER 

-, 
INPUT TIMING 

RESISTOR 
AND 

+Vcc 
CAPACITOR 

-.J 

FEATURES 

Very Low Power Dissipation < 4 mW at 5V 
Adjustable Bandwidth 0% to 14% 
Logic Compatible Output with 

10 mA Current Sinking Capability 
Highly Stable Center Frequency 
Adjustable Center Frequency 0.01 Hz to 50 kHz 
Inherent Immunity 

to False Signals 
High Rejection of Out-of-Band 

Signals and Noise 
Adjustable Frequency Range 

by External Resistor over 20: 1 range 

APPLICATIONS 

Battery Operated Tone Detection 
Touch-Tone® Decoding 
Communications Paging 
Ultrasonic Remote Control 
Telemetry Decoding 

ORDERING INFORMATION 

Part Number 
XR-L567ACN 
XR-L567ACP 

Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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PLL's and Tone Decoders 

XR-210 FSK MODULATOR/ 
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, and over a frequency 
band of 0.5 Hz to 20 MHz. The circuit can accomodate 
analog signals between 300 IlV and 3V, and can interface 
with conventional DTL, TTL, and ECL logic families. 

FUNCTIONAL BLOCK DIAGRAM 

VOLTAGE 
COMPARATOR +Vcc 

INPUT 

r VCO 

PHASE OUTPUT 

DETECTOR 
l OUTPUTS 

L VCO 
TIMING 

INPUT 
CAPACITOR 

#1 J 
1 BIAS 
VCO GAIN 
AND SWEEP 

INPUT 
CONTROLS 

#2 J 
GROUND 

veo 
KEYING 

I-VEE' INPUT 

LOGIC VCO 
OUTPUT FINE-TUNE 

FEATURES 

Digital Programming Capability 
'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 

50 mA 

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 

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 DEMODULATOR/ 
TONE DECODER 

The XR-2211 is a monolithic phase-locked loop system 
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 

+vcc 

INPUT 

LOCK 
DETECT 

FILTER 

GROUND 

r 
LOCK a 

DETECT 
OUTPUTS <:) 

L 
DATA 

OUTPUT 

FEATURES 

Wide Frequency Range 
Wide Supply Voltage Range 

l 
TIMING 
CAPACITOR 

J 
TIMING 
RESISTOR 

LOOP 
DET, 
OUT 

REF 
VOLTAGE 
OUT 

NC 

FSK 
COMP INPUT 

0.01 Hz to 300 kHz 
4.5V to 20V 

DT L/TTL/ECL LogicCompatibil ity 
Wide Dynamic Range 2 mV to 3V rms 
Adjustable Tracking Range ± 1% to ± 80% 
Excellent Temperature Stability 20 ppm/C, Typical 
FSK Demodulation with Carrier-Detection 

APPLICATIONS 

FSK Demodulation 
Data Synchronization 
Tone Decoding 

ORDERING INFORMATION 

Part Number 
XR-2211 M 
XR-2211 N 
XR-2211 P 
XR-2211 CN 
X R-2211 CP 

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 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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rEXAR 
PLL's and Tone Decoders 

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 I 

GROUND 

VCO 
OUTPUT 

I VOLTAGE I 

COMP 
CAP. 

INV. 
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 
XR-2212M 
XR-2212N 
XR-2212P 
XR-2212CN 
XR-2212CP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

DET 
INPUT 

VCO QUAD 
OUTPUT 

-, 
TIMING CAPACITOR 

-.J 

TIMING RESISTOR 

DET 
OUTPUT 

NON INV 
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 
O°C to +700 C 
O°C to +70°C 

XR-2213 PRECISION PHASE-LOCKED 
LOOP/TONE DECODER 

The XR-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 0: 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 

Q 

+ 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 5 Outputs 
Wide Dynamic Input Voltage Range 
Excellent VCO Stability 

APPLICATIONS 

Tone Detection 
Frequency Synthesis 

ORDERING INFORMATION 

REFERENCE 
VOLTAGE 

VcoTIMING 
RESISTOR 

l 
TIMING 
CAPACITORS 

J 
JCK 
DETECT 
OUTPUTS 

6 
--' 
LOCK 
DETECT 
FILTER 

0.01 Hz to 300 kHz 
4.5V to 15V 

2 mV to 3V rms 
20 ppmfC, Typical 

FM Detection 
Track i ng 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°C to +70°C 
XR-2213CP Plastic O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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I!'EMR 
Function Generators 

XR-2209 PRECISION OSCILLATOR 

The X R-2209 is a monolith ic 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 M Hz. The frequency is set by an external 
RC product. The device is ideally su ited 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-220B. 

The circuit is comprised of three fUr;lctional blocks: A 
variable frequency oscillator and two buffer amplifiers. 
The XR-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 

+Vcc 

I 
TIMING 

CAPACITOR 

L 
TIMING 

RESISTOR. 

FEATURES 

TRIANGLE 
OUTPUT 

saUAREWAVE 
OUTPUT 

BIAS 

Excellent Temperature Stability 20 ppmfC 
Linear Frequency Sweep 
Wide Sweep Range 1000:1, Minimum 
Wide Supply Voltage Range ± 4V to ± 13V 
Low Supply Sensitivity 0.15%N 
Wide Frequency Range 0.01 Hz to 1 MHz 
Simultaneous Triangle and Square Wave Outputs 

APPLICATIONS 

V IF Conversion 
C/F Conversion 
FM and Sweep Generation 

ORDERING INFORMATION 

Part Number 
XR-2209M 
XR-2209CN 
XR-2209CP 

Package 
Ceramic 
Ceramic 
Plastic 

Waveform Generation 
Stable Phase-Locked Loop 

Operating Temperature 
-55°C to +125°C 

O°C to +70°C 
O°C to +70°C 

XR-2206 MONOLITHIC 
FUNCTION GENERATOR 

The XR-2206 isa· monolithic function generator inte
grated circuit capable of producing high quality sine, 
square, triangle, ramp, and pulse waveforms of high sta
bility and accuracy. The output waveforms can be both 
amplitude and frequency modulated by an external volt
age. 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 DIAGRAM 

AM 
INPUT 

"",ORN 
OUTPUT 

MULT. OUT 

+Vcc 

TlMlk 
CAPACITOR 

L 
r 

TIMING 
RESISTORS 

L 

FEATURES 

Low Sinewave distortion 
Excellent Stability 
Wide Sweep Range 
Linear Amplitude Modulation 
Adjustable Duty Cycle 

APPLICATIONS 

Waveform Generation 
Sweep Generation 
AM/FM Generation 

ORDERING INFORMATION 

Part Number 
XR-2206M 
XR-2206N 
XR-2206P 
XR-2206CN 
XR-2206CP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

l 
SYMMETRY 
ADJ. 

J 
l 
WAVEFOflM 
ADJ 

J 
GnOUND 

SYNC 
OUTPUT 

BYPASS 

FSK 
INPUT 

.5%, Typical 
20 ppmfC, Typical 

2000: 1, Typical 

1% to 99% 

V IF Conversion 
FSK Generation 

Phase-Locked Loops 

Operating Temperature 
-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 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086* (408) 732-7970 
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Function Generators 

XR-2207 VOLTAGE-CONTROLLED 
OSCILLATOR 

The XR-2207 is a monolithic voltage-controlled oscillator 
(VCO) integrated circuit featuring excellent frequency 
stability and a wide tuning range. The circuit provides 
simultaneous triangle and square wave outputs over a fre
quency range of 0.01 Hz to 1 MHz. It is ideally suited 
for FM, FSK, sweep or tone generation, and phase-locked 
loop applications. 

The X R-2207 has a typical drift specification of 20 
ppmfC. The oscillator frequency can be linearly swept 
over a 1000: 1 range with an external control voltage. 

FUNCTIONAL BLOCK DIAGRAM 

+Vcc TRIANGLE 
WAVE OUT 

I SQUARE 

TIMING 
WAVE OUT 

CAPACITOR 

L VEE 

I: BIAS 

R2 GROUND 

TIMING 
'~ESISTORS -, 

L; BINARY 
KEYING 
INPUTS 

R. --1 
FEATURES 

Excellent Temperature Stability 20 ppmfC 
Linear Frequency Sweep 
Adjustaple Duty Cycle 0.1 % to 99.9% 
Two or Four Level FSK Capability 
Wide Sweep Range 1000:1, Minimum 
Wide Supply Voltage Range ± 4V.to ± 13V 
Low Power Sensitivity 0.15%N 
Wide Frequency Range 0.01 Hz to 1 MHz 
Simultaneous Triangle and Square Wave Outputs 

APPLICATIONS 

FSK Generation 
V IF Conversion 
C/F Conversion 

ORDERING INFORMATION 

Part Number 
XR-2207M 
XR-2207N 
XR-2207P 
XR-2207CN 
XR-2207CP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

FM and Sweep Generation' 
Waveform Generation 

Stable Phase-Locked Loop 

Operating Temperature 
-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 

XR-8038/8038A PRECISION 
WAVEFORM GENERATOR 

The XR-S03S/S03SA is a precision waveform generator I C 
capable of producing sine, square, triangular, sawtooth, 
and pulse waveforms with a minimum of external com
ponents and adjustments. Its operating frequency can be 
selected over nine 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 freq~ency can be programmed digit
ally through the use of either resistors or capacitors. 

FUNCTIONAL BLOCK DIAGRAM 

SINEADJ 

M 

. r 
DUTY CYCLE 

ADJ. 

L 
+Vcc 

FM BIAS 

FEATURES 

Direct Replacement for I ntersil S03S 
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 9S% 

APPLICATIONS 

Precision Waveform Generation 
Test Instrumentation Design 
Phase-Locked Clock Generation 

ORDERING INFORMATION 

Part Number 
XR-S03SM 
XR-S03SN 
XR-S03SP 
XR-S03SCN 
XR-S03SCP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

Sweep Generation 
Precision PLL Design 

Tone Generation 

Operating Temperature 
-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 

EXAR Integrated Systems. Inc., 750 Palomar Ave .• Sunnyvale. CA 94086 * (408) 732-7970 
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Darlington Arrays 

X R-2001/2002/2003/2004 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 

The X R-2001 /2002/2003/2004 are high-voltage, high
current Darl ington 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 600 mA are allowed, which 
makes the arrays ideal for driving tungsten filament lamps. 
The outputs maybe paralleled to achieve higher load cur
rent capability, although each driver has a maximum con
tinuous collector current rating of 500 mA. The arrays 
are 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 Package Operating Temperature 
XR-2001CN Ceramic O°C to +70°C 
XR-2002CN Ceramic O°C to +70°C 
XR-2003CN Ceramic O°C to +70°C 
XR-2004CN Ceramic O°C to +70°C 

XR-2011/2012/2013/2014 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 

The XR-2011 /~012/2013/2014 are high-voltage, high
current Darl ington 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, which 
makes the arrays ideal for driving tungsten filament lamps. 
The outputs may be paralleled to achieve higher load cur
rent capabil ity, although each driver has a maximum con
tinuous collector current rating of 600 mA. The arrays 
are price competitive with discrete transistor alternatives. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Peak Inrush Current Capability of750 mA 
I nternal Protection Diodes for Driving I nductive 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 Package Operating Temperature 
XR-2011 CN Ceramic O°C to +70°C 
XR-2012CN Ceramic O°C to +70°C 
XR-2013CN Ceramic O°C to +70°C 
XR-2014CN Ceramic O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Darlington Arrays 

X R-2201 /2202/2203/2204 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 

The X R-2201 /2202/2203/2204 are Darlington transistor 
arrays comprised of seven silicon npn Darlington pairs on 
a single monolithic substrate. All feature open-collector 
outputs and internal protection diodes for driving induc
tive loads. Peak inrush currents of up to 600 mA are 
allowable, making them ideal for driving tungsten filament 
lamps. Although the maximum continuous collector cur
rent rating is 500 mA for each driver, the outputs may be 
paralleled to achieve higher load current capability. 

FUNCTIONAL BLOCK DIAGRAM 

INPUTS OUTPUTS 

FEATURES 

High Peak Current Capability 
Internal Protection Diodes 

for Driving Inductive Loads 
Directly Compatible with: 

600 mA 

TTL, CMOS, PMOS, and DTL Logic Families 
Direct Replacement for Sprague: 

U LN2001 A/2002A/2003A/2004A 

APPLICATIONS· 

Solenoid and Relay Driver High-Current Switch 
High-Current LED Driver Tungsten Lamp Driver 
Printing Calculator Hammer Driver 

ORDERING INFORMATION 

Part Number 
X R-2201 CP 
XR-2202CP 
XR-2203CP 
XR-2204CP 

Package 
Plastic 
Plastic 
Plastic 
Plastic 

Operating Temperature 
O°C to +85°C 
O°C to +85°C 
O°C to +85°C 
O°C to +85°C 

Timers 

XR-2240 PROGRAMMABLE 
TIMER/COUNTER 

The XR-2240 Programmable Timer/Counter is a mono
lithic controller capable of producing ultralong time 
delays (from microseconds to days), without sacrificing 
accuracy. The circu it is comprised of an internal time-base 
oscillator, a programmable 8-bit counter, and a control 
flip-flop. The time delay is set by an external RC network 
and can be programmed to any value from 1 RC to 225 
RC. 

FUNCTIONAL BLOCK DIAGRAM 

fa +vcc 

fo/2 
REGULATOR 
OUTPUT 

fo/4 
TIME BASE 
OUTPUT 

fo/8 TIMINGRC 

fo/16 MODULATION 

fo/32 TRIGGER 

fo/64 RESET 

GROUND 

FEATURES 

Timing from Microseconds to Days 
Programmable Delays 1 RC to 225 RC 

4V to 15V Wide Supply Range 
TTL and DTL Compatible Outputs 
High Accuracy 0.5% 
External Sync and Modulation Capabil'ity 
Excellent Supply Rejection 0.2%/V 

APPLICATIONS 

Precision Timing 
Long Delay Generation 
Sequential Timing 
Binary Pattern Generation 

ORDERING INFORMATION 

Part Number 
XR-2240M 
XR-2240N 
XR-2240P 
XR-2240CN 
XR-2240CP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

Frequency Synthesis 
Pulse Counting/Summing 

A/D Conversion 
Digital Sample and Hold 

Operating Temperature 
-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 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Timers 

XR-2242 LONG-RANGE TIMER 

The XR-2242 is a monolithic Timer/Controller capable of 
producing ultralong time delays from mic'roseconds to 
days. Two timing circuits can be cascaded to generate 
time delays or timing intervals of up to one year. The cir
cuit is comprised of an internal time-base oscillator, an 
8-bit binary counter, and a control fl ip-flop. For a given 
external RC network connected to the timing terminal, 
the circuit produces an output timing pulse of 128 RC. 
If two circuits are cascaded, a total time delay of (128)2 
or 16,384 RC is obtained. 

In monostable timer applications, the output terminal 
(Pin 3) is connected back to the reset terminal, and the 
circuit continues to operate in an astable mode, subse
quent to a trigger input. 

FUNCTIONAL BLOCK DIAGRAM 

+Vee 

OUTPUT 2 

OUTPUT 1 

GROUND 

FEATURES 

Timing from Microseconds to Days 
Wide Supply Range 
TTL and DTL Compatible Outputs 
High Accuracy 
Excellent Supply Rejection 
Monostable and Astable Operation 

APPLICATIONS 

Long Delay Generation 
Sequential Timing 
Ultralow Frequency Oscillator 
Precision Tim ing 
I nterval Timing 

ORDERING INFORMATION 

TIME BASE 
OUTPUT 

TIMING 
RC 

TRIGGER 

RESET 

4.5V to 15V 

0.5% 
0.2%/V 

Part Number 
XR-2242M 
XR-2242CN 
XR-2242CP 

Package 
Ceramic 
Ceramic 

Operating Temperature 
-55°C to +125°C 

O°C to +70°C 
Plastic O°C to +70°C 

XR-2243 MICROPOWER 
LONG-RANGE TIMER 

The XR-2243 is a monolithic Timer/Controller capable 
of producing ultralong time delays, from microseconds 
to days. Two timing circuits can be cascaded to generate 
time delays or timing intervals of up to one year. The cir
cuit is comprised of an internal time-base oscillator, an 
11-bit binary counter, and a control flip-flop. For a given 
external RC network connected to the timing terminal, 
the circuit produces an output timing pulse of 1024 RC. 
If the two circuits are cascaded, a total time delay of 

. (1024)2 or 1,048,576 RC is obtained. 

The X R-2243 long-range timer was designed for low 
power operation. Its supply current requ ires less than 
100 pA in standby: or reset mode. No'rmal operation 
requires less than 1 mA_ 

FUNCTIONAL BLOCK DIAGRAM 

Vee 

OUTPUT #1 

OUTPUT #2 

GROUND 

FEATURES 

High-Output Current Sink Capability 
Timing from Microseconds to Days 

TIME 
BASE 
OUTPUT 

REXT 
CEXT . 

TRIGGER 

RESET 

Wide Supply Range 2.2V to 15V 
TTL and DTL Compatible Outputs 
High Accuracy 0.5% 
Excellent Supply Rejection 
Monostable and Astable Operation 
Micropower Consumption/Standby Operation 
Low-power Consumption/Normal Operation 

APPLICATlor~s 

Long Delay Generation 
Battery Powered Applications 
Ultralow Frequency Oscillator 

ORDERING INFORMATION 

Part Number 
XR-2243CN 
XR-2243CP 

Package 
Ceramic 
Plastic 

Sequential Timing 
Precision Timing 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Multipliers 

XR·2208 OPERATIONAL MULTIPLIER 

The X R-220S operational multiplier combines a four
quadrant analog multiplier (or modulator), a high fre
quency buffer amplifier, and an operational amplifier in a
monolithic circuit that is ideally suited for both analog 
computation and communications signal processing appli
cations. The multiplier/buffer amplifier combination 
extends the small signal 3 dB bandwidth to S MHz, and 
the transconductance bandwidth to 100 MHz. 

FUNCTIONAL BLOCK DIAGRAM 

MULTIC 
OUTPUTS 

L 
X-INPUT 

COMMON 

V-INPUT 

I 
V-GAIN 

L 
X-GAIN 

FEATURES 

Internally Separated Multiplier, 
Op Amp, and Buffer 

Excellent Linearity 
Wide Bandwidth: 

3 dB Bandwidth 
3° Phase Shift Bandwidth 

Simplified Offset Adjustments 
Wide Supply Voltage Range 

APPLICATIONS 

+Vcc 

HIGH FREQ 
OUTPUT 

:lMP 
INPUTS 

~ 
COMP 

OPAMP 
OUTPUT 

-VEE 

X-GAIN 

0.3%, Typical 

S MHz, Typical 
1.2 MHz, Typical 

± 4.5V to ± 16V 

Analog Computation (Multiplication/Division) 
Triangle-to-Sine Wave Converter 
AGC Ampl ifier 
Phase Detector 

ORDERING INFORMATION 

Part Number 
XR-220SM 
XR-220SN 
XR-220SP 
XR-220SCN 
XR-220SCP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

Operating Temperature 
-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 

XR·2228 MULTIPLIER/DETECTOR 

The XR-222S multiplier/detector circuit is designed as a 
basic building block for analog signal processing, and com
munication systems. It contains a four-quadrant analog 
multiplier/modulator, and a high--gain op amp on the same 
chip. Because of its wide common-mode range and differ
ential inputs, the XR-222S can interface with any of the 
existing PLL circuits in designing synchronous AM detec
tion or frequency translation systems. It can be used as a 
phase detector for frequencies up to 100 MHz. 

FUNCTIONAL BLOCK DIAGRAM 

MULTIPLIER MULTIPLIER 
OUTPUT OUTPUT 

r +Vcc 
MULTIPLIER 

X-INPUTS 

l L OP AMP 

r INPUTS 

J MULTIPLIER 
V-INPUTS 

L COMP 

r OP AMP 
OUTPUT 

V-GAIN 

L -VEE 

X-GAIN X-GAIN 

FEATURES 

Internally Separated Multiplier and Op Amp 
Differential X and Y Inputs 
Interfaces with all PLL and VCO Circuits 
Wide Common-Mode Range 
Wide Transconductance Bandwidth 100 MHz, Typical 

APPLICATIONS 

Phase-Locked Loop Design 
Phase Detection 
Synchronous AM Detection 
AM Generation 
Triangle-to-Sine Wave Conversion 
Frequency Translation 

ORDERING INFORMATION 

Part Number 
XR-222SM 
XR-222SN 
XR-222SP 
XR-222SCN 
XR-222SCP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

Operating Temperature 
-55°C to +125°C 
_40° C to +S5° C 
_40° C to +S5° C 
-40°C to +S5°C 
O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Display Drivers 

XR-2284 HIGH-VOLTAGE 
PLASMA DISPLAY DRIVER 

The XR-2284 is a four-channel display driver circuit espe
cially designed for interfacing with high-voltage ac plasma 
display systems. Each driver array can be used for either 
the segment or the column (or digit) drive, and several 
driver arrays can be "stacked" together to drive a large 
number of display segments or columns.· 

All four channels of the driver IC are driven by a common 
ac toggle voltage. Each output can sink or source up to 
100 mA of load current and can operate with toggle 
frequencies of up to 200 kHz. The input threshold levels 
of each of the driver channels is compatible with TTL or 
CMOS logic levels. The XR-2284 is designed to operate 
with 360-volt ac plasma systems, and has a minimum 
standoff voltage of 90 volts. The commercial version, 
XR-2284C, is designed for 240-volt plasma systems and 
has a maximum voltage rating of 60 volts. 

FUNCTIONAL BLOCK DIAGRAM 

NC 

I 
INPUTS 

L 
SUBSTRATE 

I 
INPUTS 

L 
NC 

FEATURES 

High Standoff Voltage 

Very Low ac Standby Power 
at 100 kHz 

Zero dc Standby Power 
100 mA Output Drive Capability 

APPLICATIONS, 

NC 

l 
OUTPUTS 

J 
TOGGLE 

INPUT 

l 
OUTPUTS 

J 
NC 

> 90V (2284) 
> 60V (2284C) 

< 25 MW /Channel 

High-Voltage Pulsed Displays & ac Plasma Panels 
Pulsed ac Switching 

ORDERING INFORMATION 

Part Number 
XR-2284P 
XR-2284CP 

Package 
Plastic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

XR-2288 HIGH-VOLTAGE 
AC PLASMA DISPLAY DRIVER 

The XR-2288 is an eight-channel high-voltage display 
driver circuit especially designed for ac plasma displays. It 
contains the equivalent of two X R-2284 type driver cir
cuits in a single IC package. Each driver channel can sink 
or source up to 100 mA of capacitive load current and 
can operate with toggle frequencies up to 200 kHz. The 
X R-2288 is designed to operate with 360-volt ac plasma 
systems, and a minimum standoff voltage of 90 volts. The 
commercial version, XR-2288C, is designed for 240-volt 
ac plasma systems, and has a maximum voltage rating of 
60 volts. 

FUNCTIONAL BLOCK DIAGRAM 

INPUTS 

FEATURES 

High Standoff Voltage 
Eight Independent Driver Channels 
Very Low ac Standby Power 

at 100 kHz 
Zero dc Standby Power 
100 mA Output Drive Capability 
TT L and CMOS Compatible Inputs 

APPLICATIONS 

High-Voltage ac Plasma Panels 
High-Voltage Pulsed Displays 
Pu Ised ac Switch ing 

ORDERING INFORMATION 

OUTPUTS 

90 volts, Typical 

< 25 mW/Channel 

Part Number 
XR-2288P 
XR-2288CP 

Package 
Plastic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Display Drivers 

XR-2276 BAR-G RAPH 
DISPLAY GENERATOR 

The X R-2276 is a 12-point level detector circLi it particu
larly designed for interfacing with fluorescent displays. 
The circuit is comprised of an input buffer amplifier, 12 
high-gain comparators, an internal voltage reference, and 
a bias-setting resistor string. All of the 12 comparator 
stages have independent buffered outputs. Each of the 
comparators has a threshold level higher than the preced
ing comparator. With no input signal, allof the compara
tors are OFF, and all the outputs are at a LOW state. As 
the input level is increased, the outputs successively 
switch to their HIGH state, at 12 discrete input levels. 
These threshold levels are set to be with in the rang~ of -20 
dB to +8 dB; with reference to a.zero dB level sett}ng. 

FUNCTIONAL BLOCK DIAGRAM 

OdB INPUT ADJUSTMENT 

-20 dB 

-15 dB 

-10 dB 

OUTPUTS 

-7 dB 

-5 dB 

-3 dB 

GROUND 

FEATURES 

Direct Fluorescent or LED Display 
Drive Capability 

High Input Impedance 
Internal Pulldown Resistors 
Logarithmic Display Characteristics 
External Reference Level Adjustment 

APPLICATIONS 

+BdB 

+5dB 

+3 dB 

+1 dB 

OdB 

-1 dB 

+vcc 

Bar-Graph & Sequential Display Generator 
12-Point Display Driver & Digital Controller 
Audio Level Indicator 
Channel Separation Indicator 

ORDERING INFORMATION 

OUTPUTS 

Part Number 
XR-2276CP 

Package 
PJastic 

Operating Temperature 
O°C to +70°C 

XR-2277/XR-2278 
DOT OR 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 
+8 dB. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Direct LED Interface 
Constant-Current Outputs 
External Mode-Select 

Adjustable Zero dB Reference 
Adjustable Output Currents 

High Input Impedance 
for Dot/Bar-Graph Format 

APPLICATIONS 

Bar-Graph Display Generator and Driver 
Dot Display Generator 

ORDERING INFORMATION 

Part Number 
XR-2277CP 
XR-2278CP 

Package 
Plastic 
Plastic 

Operating Temperature 
O°C to' +70°C 
O°C to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave~, Sunnyvale, CA 94086 * (408) 732-7970 
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Display Drivers 

XR·2279 DOT AND BAR·GRAPH 
DISPLAY GENERATOR 

The XR-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 continu9us bar-graph format, 
based on control voltage applied to the mode-select pin. 

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 Logarithmic Level Indicator 
Moving Dot Display Generator Sequential Level Indicator 

ORDERING INFORMATION 

Part Number 
XR-2279CP 

Package 
Plastic 

Operating Temperature 
aOc to +7aoC 

XR·6118/6128 FLUORESCENT 
DISPLAY DRIVER 

The X R-6118 and X R-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 type 
inputs. All channels on the chip share common power sup
ply 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 with TTL, DTL, 
Schottky TLL, and 5-volt CMOS logic families. The 
XR-6'128 is intended for use with PMOS or CMOS logic 
families, operating with supply voltages of 6V to 15V. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUTS 

FEATURES 

Direct Replacement for Sprague 6118A/6128A 
Digit or Segment Drivers 
Low Power and I nput Current 
Internal Output Pulldown Resistors 
High Output Breakdown Voltage 75V, Minimum 

APPLICATIONS 

Fluorescent Driver 
Gas Discharge Display Driver 

ORDERING INFORMATION 

Part Number 
XR-6118P 
XR-6128P 

Package 
Plastic 
Plastic 

High-Voltage Switching 

Operating Temperature 
aOc to +85°C. 
aOc to +85°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA,94086 * (408) 732-7970 
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Operational' Amplifiers 

XR·082/083 DUAL BIFET 
OPERATIONAL AMPLIFIERS 

The XR-082/083 family of junction FET input dual oper
ational ampl ifiers 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
ationalamplifier circuits are fabriCated using ion implan
tation technology to combine well-matched junction 
F ET's and high-performance bipolar transistors on the 
same monol ithic ch ip. 

The XR-082 family of dual BIFET op amps are packaged 
in an 8-Pin dual-in-line package. The XR-083 family of 
op amps offers an independent offset adjustment for each 
of the individupl op amps on the same chip, and are avail
able in a 14-Pin dual-in-line package. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Direct Replacement for TL082/083 
Low Power Consumption 

-Vee 

OUTPUT B 

-INPUT B 

+INPUT B 

Wide Common-Mode and Differential Voltage Ranges 
Low Input Bias and Offset Currents 
Output Short Circuit Protection 
High-Input Impedance .... FET Input Stage 
I nternal Frequency Compensation 
Latch-Up-Free Operation 
High Slew Rate 13V /l1s, Typical 

APPLICATIONS 

Transducer Ampl ifier High-Impedance Buffer 

ORDERING INFORMATION 

Package Operating Temperature 
Ceramic -55°C to +125°C 
Ceramic -25°Cto +85°C 
Plastic -25°C to +85°C 

Ceramic O°C to +70°C 
Plastic O°C to +70°C 

Part Number 
XR-082M 
XR-082N 
XR-082P 
XR-082CN 
XR-082CP 
XR-083 ' Available in 14-Pin 

XR·084 QUAD BIFET 
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 fab
ricated using ion implantation bipolar/FET or BI FET 
technology to combine well-matched junction FET's and 
high-performance bipolar transistors on the same r:nono
lithic chip. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT A OUTPUT 0 

-INPUT A -INPUT 0 

+INPUT A +INPUT 0 

+Vee -VEE 

+INPUT B' +INPUTC 

-INPUT B -INPUTC 

OUTPUT B OUTPUTC 

FEATURES 

Direct Replacement for TL084 
Same Pin Configuration as XR-3403 and LM324 
High-Impedance Junction FET Input Stage 
Low Power Consumption 
Wide Common-Mode and Differential Voltage Ranges 
Low Input Bias and Offset Currents 
Output Short Circuit Protection 
I nternal Frequency Compensation 
Latch-Up Free Operation 
High Slew Rate13V /l1s, Typical 

APPLICATIONS 

Transducer Amplifier High-I mpedance Buffer 

ORDERING INFORMATION 

Part Number Package Operating Temperature 
XR-084M Ceramic -55°C to +125°C 
XR-084N Ceramic -25°C to +85°C 
XR-084P Plastic -25°C to +85°C 
XR-084CN Ceramic O°C to +70°C 
XR-084CP Plastic O°C to +70°C -

EXAR Integrated Systems, Inc .• 750 Palomar Ave .• Sunnyvale, CA 94086 * (408) 732-7970 
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Opera tional Amplifiers 

XR·146/246/346 PROGRAMMABLE 
QUAD OPERATIONAL AMPLIFIER 

The X R-146 fam ily 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 0 

-INPUT A -INPUT 0 

+INPUT A +INPUT 0 

+VCC -VEE 

+INPUTB +INPUT C 

-INPUT B -INPUTC 

OUTPUTS OUTPUTC 

ISET ISET 

FEATURES 

Direct Replacement for LM146/246/346 
Direct Replacement for LM346-2 
Programmable Electrical Characteristics 
Low Supply Current 350 J..lA per Amplifier 
Large dc Voltage Gain 120 dB 
Low Noise Voltage 25 nV /1Hz. 

. Wide Power Supply Range ± 1 ~5V to ± 22V 
Class AB Output Stage No Crossover Distortion 

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 

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 

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. TheXR-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 OUTPUT 0 

-INPUT A 4NPUTD 

+INPUT A +INPUT 0 

+vCC -VEE 

+INPUTB +INPUTC 

-INPUT B -INPUTC 

OUTPUT B OUTPUTC 

FEATURES 

Direct Pin for Pin Replacement 
for MC3403/3503, LM324 & RC4137 

Suitable for Single Supply Operation 
Short Circu it Protected Outputs 
Class AB Output Stage 
Single Supply Operation 
Split Supply Operation 
Low Input Bias Currents 
I nternally Compensated 

APPLI CATIONS 

No Crossover Distortion 
3.0V to 36V 

± 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-3403CP 

Package 
Ceramic 
Ceramic 
Plastic 

Operating Temperature 
-55°C to +125°C 

O°C to +70°C 
OOC to +70°C 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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'Operational Amplifiers 

XR-5532/5532A DUAL LOW-NOISE 
OPERATIONAL AMPLIFIER 

The XR-5532 ultralow noise dual operational amplifier is 
especially designed for high quality audio and instrumen
tation applications. Compared to standard 741- or 301A
type op amps, these operational amplifiers offer an order 
of magnitude improvement in both noise performance 
and small signal bandwidth. Higher output drive capa
bility and internal compensation are added features. The 
X R-5532A is specially screened for a guaranteed u Itralow 
noise specification. This ultralow noise specification 
makes the XR-5532A ideally suited for audio preamplifier 
and other low level appl ications. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT A +Vcc 

-INPUT A OUTPUT B 

+INPUTA -INPUT B 

-VEE +INPUT B 

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 
I nstrumentation and Servo Control 
Telephone Channel Amplifier 
Low-Level Signal Processing 
Audio Preamplification 
Transducer Amplifiers 

ORDERING INFORMATION 

4 nV / ifHi, Typical 
10 MHz, Typical 

10V rms into 600n 
± 3V to ± 20V 

200 kHz 
6V /jJ.sec 

Part Number 
XR-5532ACN 
XR-5532CN 

Package 
Ceramic 
Ceramic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

XR·5533/5533A DUAL LOW-NOISE 
OPERATIONAL AMPLIFIER 

The XR-5533 ultralow noise dual operational amplifier is 
especially designed for high qual ity audio and instrumen
tation applications. Compared to the standard 741- or 
301 A-type op amps, these operational ar;npl ifiers 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 
XR-5533A is specially screened for a guaranteed ultralow 
noise specification~ 

FUNCTIONAL BLOCK DIAGRAM 

-INPUT A BALANCE 

+INPUT A CaMP, 

BALANCE OUTPUT A 

-VEE +vcc 

BALANCE OUTPUT B 

+INPUTB CaMP 

-INPUTB BALANCE 

FEATURES 

Direct Replacement for NE5533/NE5533A 
Ultralow Input Noise 4 nV / {Ffi, Typical 
Wide Small Signal Bandwidth 10 MHz, Typical 
High Output Drive Capability 10V rms into 600[2 
Wide Supply Range ± 3V to ± 20V 
Wide Power Bandwidth 200 kHz 
High Slew Rate 13V /jJ.sec 

APPLICATIONS 

Professional Audio Equipment 
Instrumentation and Servo Control 
Telephone Channel Amplifier 

. Low-Level Signal Processing 
Audio Preamplification 

ORDERING INFORMATION 

Part Number 
XR-5533ACN 
XR-5533CN 

Package 
Ceramic 
Ceramic 

Operating Temperature 
O°Cto +70°C 

XR-5533ACP 
XR-5533CP 

Plastic 
Plastic 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

.\ 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Opera tional Amplifiers 

XR·5534/5534A LOW·NOISE 
OPERATIONAL AMPLIFIER 

The XR-5534 is a high performance, ultralow noise opera
tional amplifier. Compared to the standard 741- or 301 A
type op amps, it offers an order of magnitude improve
ment in noise performance, and small signal bandwidth, 
as well as significantly better output drive capability. The 
X R-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 BtOCK DIAGRAM 

FEATURES 

BALANCE CaMP 

+vcc 

OUTPUT 

OUTPUT 
COMPENSATION 

Direct Replacement for NE5534/NE5534A 
Ultralow Input Noise 4 nV /1/Ffi, Typical 
Wide Small Signal Bandwidth 10 MHz, Typical 
High Output Drive Capability 1.0V 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 

oOe to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Technical Litera ture 

SWITCHING REGULATOR DATA BOOK: 

Exar's entire line of switching regulator IC products are 
specified in this technical data book. In addition, several 
design and application articles are included, along with a 
review of the fundamentals of pulse-width modulated 
regulator circuits. 

TIMER DATA BOOK: 

Provided in this publication is a collection of technical 
articles and application information on monolithic timer 
IC products. Also included are the data sheets and de
tailed electrical specifications for all of Exar's timer cir
cuits, including the programmable timer/counter, micro
power, and long-delay timers. 

PHASE·LOCKED LOOP DATA BOOK: 

The fundamentals of design and ~pplication of monolithic 
phase-locked loop (PLL) circuits are included in this 
data book. A long list of PLL applications are illustrated 
covering FM demodulation, frequency synthesis, FSK, 
and tone detection. Particular emphasis is given to the 
application of PLL circuits in data interface and commun
ication systems such as FSK MODEMS. This book also 
contains the data sheets and electrical specifications for all 
of Exar's P L L products. 

FUNCTION GENERATOR DATA BOOK: 

This comprehensive data book contains a number of tech
nical articles and application notes on monolithic voltage
controlled oscillators (Veo), and function generator Ie 
products. In addition, the data sheets and technical speci
fications for Exar's monolithic VCO's and function gen
erators are included. 

OPERATIONAL AMPLIFIER DATA BOOK: 

A collection of technical articles on the fundamentals of 
monolithic Ie op amps is contained in this technical pub
lication. Some of the basic op amp circuits are given, and 
the application of IC op amps in active filter design is dis
cussed~ A complete set of electrical specifications on 
Exar's bipolar and BIFET op amp products is included. 

APPLICATIONS DATA BOOK: 

Th is practical applications guide contains a complete and 
up-to-date set of appl ication notes prepared by Exar's 
technical staff. These application notes cover a wide range 
of subjects, such as FSK MODEMS, active filters, tele
communication circuits, electronic music synthesis and 
many more. In each case, specific design examples are 
given to demonstrate the applications discussed. 

EXAR Integrated Systems. Inc .• 750 Palomar Ave .• S,unnyvale, CA 94086 * (408) 732-7970 
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mHARRIS 

FEATURES 

• MONOLITHIC CONSTRUCTION 

• INITIAL ACCURACY 

• OUTPUT VOLTAGE ERROR, TOTAL 

• LOW NOISE 

• WIDE INPUT RANGE 

• LOW POWER DISSIPATION 

• OUTPUT SHORT CIRCUIT PROTECTION 

• ADJUSTABLE OUTP'UT 

APPLICATIONS 

+10V ± 0.010V 

±.1/4 LSB 

20pVp_p 

12V TO 30V 

30mW 

• AN ECONOMICAL EXTERNAL REFERENCE FOR: 
HI-5608; DAC 08; AD1408; AD559 

• VOLTAGE REGULATOR REFERENCE 

• PORTABLE BATTERY OPERATED EQUIPMENT 

• NEGATIVE 10V REFERENCE 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

NC 

GND 

HA-160B 
+IDV Adjustable Voltage 

Reference 

DESCRIPTION 

HA-1608 is a monolithic +10V adjustable voltage reference featuring 
accuracy and temperature stability specifications detailed exclusively 
for 8 bit data conversion systems. A stable +10V 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 provide a total output voltage error of.±. 1/4 LSB for 8 
bit D/A or A/D converters. Low standby power (0.3mW) make~ HA-
1608 a natural selection for portable battery operated equipment, 
comparator references, and reference stacking circuits. These devices 
can also be used 0 n -10V references. 

HA-1608 is packaged in 8 pin metal cans (T0-99) and 1 he pinout 
is arranged for convenient replacement of other less accurate 
regulators in applications demanding minimal change With temperature 
and time. HA-1608-2 is specified for -550 C to +1250Coperation 
while the HA-1608-5 operates from OOC to +750 C. 

FUNCTIONAL SCHEMATIC 

TRIM 

OUT 

VIN 

VIN 

GND 

GND 

3210 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Voltage 

Output Short Circuit Duration 

Power Dissipation 

40V 

Indefinitely 

500mW 

Storage Temperature Range -S50 C to +1500 C 

Operating Temperature Range 

HA-1S08-2 

HA-1S08-5 

-550C to +1250C 

OOC to +750C 

ELECTRICAL CHARACTERISTICS (Note 2) (VIN = +15V, IL = OmA, unless otherwise specified) 

HA-1S08-2 
-550 C to +1250C 

PARAMETER TEMP MIN 

POWER INPUT CHARACTERISTICS 

Input Voltage Range, VIN Full 12 

Quiescent Current, I Q 250 C 
Full 

REGULATED OUTPUT CHARA.'S 

Output Voltage, Vo 250C 9.990 

Output Load Current, IL Full 10 

line .Regulation (VIN = 12V to 30V) 250 C 
Full 

Load Regulation (IL = Open to 10mA) 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 ± 0.1% 250 C 
to± 0.01% 250C 

Warm-up Time (to'± 0.01%) 250 C 
Full 

NOTES: 
1. Absolute maximum ratings are limiting valu~s 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 1983 

TYP MAX 

15 30 

1.9 
3.0 

10.00 10.010 

20 

O.OOS 
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 

12 15 30 V 

1.9 
3.0 rnA 

9.990 10.00 10.010 V 

10 20 rnA 

O.OOS 
0.015 %/V 

O.OOS 
0.015 %/mA 

±1/4LSB 

35 Jl.Vp_p 

2.5 
5 /Js 

1 
3 sec 

3211 
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mHARRIS HA-2400/2404/2405 

FEATURES 

• PROG RAMMABI LlTY 

• HIGH SLEW RATE 

• WIDE GAIN BANDWIDTH 

• HIGH GAIN 

·0 LOW OFFSET CURRENT 

• HIGH INPUT IMPEDANCE 

• SINGLE CAPACITOR COMPENSATION 

• DTL/TTL COMPATIBLE INPUTS 

APPLICATIONS 

30V/ps 

40MHz 

150,000 

5nA 

30Mn 

• THOUSANDS OF NEW APPLICATIONS; PROGRAM 

SIGNAL SE LECTION/MUL TIPLEXING 

OP AMP GAIN 

OSCI LLATO R FR EQUENCY 

FI LTER CHARACTERISTICS 

ADD-SUBTRACT FUNCTIONS 

INTEGRATOR CHARACTERISTICS 

COMPARATOR LEVELS 

PINOUT 

TOP VIEW 
Section 11 for Packaging 

TRUTH TABLE 

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 

PRAM Four Channel 
Programmable Amplifier 

DESCRIPTION 

HA-2400/240412405 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 
connected 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. With 30V / p S 

slllw rate, 40MHz gain bandwidth, and 30M ohms input imped
ance these devices are ideal building blocks for signal generators, 
active filters, and data acquisition designs. Programmability 
coupled with 2mV typical offset voltage and 5nA offset current 
makes these amplifiers outstanding components for signal 
conditioning circLiits: 

HA-2400!2404/2405 are available in a 16 pin dual-in-line 
package. HA-2400 is specified from ~550C to +1250C. HA-
2404 is specified over the -250C to +850C range, while HA-
2405 operates from OOC to +750C. 

SCHEMATIC 

Condensed circuit diagram for a programmable amplifier 

(PRAM HA-24001 

Diagram includes: ONE INPUT STAGE, DECODE CONTROL, 

BIAS NETWORK AND OUTPUT STAGE 

3212 See Pages 3287-3291 for Package Informa~ion. @ Ie MASTER 1983 



SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 45.0V Internal Power Dissipation 300mW 

(Note 13) 
Differential I nput Voltage 
Digital Input Voltage 
Output Current 

± VSupply Operating Temperature Range -55°C ~ T A ~ +1250 C (HA-2400) 
-0.76V to + 1 O.OV -25°C ~ TA ~ +850 C (HA-2404) 
Short Circuit Protected 
USC ~ ± 33mA) Storage Temperature Range 

OOC ~ T A ~ + 75°C (HA- 2405) 
-65°C ~ TA ~ +1500 C 

ELECTRICAL CHARACTERISTICS Test Conditions: VSupply = ± 15.0V 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 

Offset Voltage 
+250C 4 9 4 9 mV 

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 

Full 100 100 nA 

Input Resistance (Note 12) +250 C 30 30 M.Q 

Common Mode Range Full ±9.0 ±9.0 V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1,5) 
+250 C 50K 150K 50K 150K V/V 

Full 25K 25K V/V 

Common Mode Rejection Ratio (Note 2) Full 80 100 74 100 dB 

Gain Bandwidth (Note 3) +250 C 20 40 20 40 MHz 
(Note 4) +250C 4 8 4 8 MHz 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) Full ±10.0 ±12.0 ±10.0 ±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 

TRANSI ENT RESPONSE 
Rise Time (Notes 4,6) +250C 20 45 20 50 ns 

Overshoot (Notes 4,6) +250 C 25 40 25 40 % 

Slew Rate (Notes 3,7) +250C 20 30 20 30 VIps 
(Notes 4,7) +250C 6 8 6 8 VIps 

Settling Time (Notes 4, 7, 8) +250 C 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 I nput Current (VI N = +5.0V) Full 5 5 nA 

Output Delay (Note 9) +250C 100 250 100 250 ns 

Crosstalk (Note 10) +250C -80 -110 -74 -110 dB 

POWER SUPPLY CHARACTERISTICS 
Supply Current +250 C 4.8 6.0 4.8 6.0 rnA 

Power Supply Rejection Ratio (Note 11) Full 74 90 74 90 dB 

NOTES: 1. RL = 2KrG 8. To 0.1 % of final value 
2. VCM =. ±SV.D.C. 9. To 10% of final value; output then slews at normal 

3. AV = +10. CCOMP = O. RL = 2KrG. CL = SOpF rate to final value. 

4. AV = +1. CCOMP = 15pF. RL = 2KrG. CL = 50pF 10. Unsele.cted input to output; VIN = ±10 V.D.C. 
5. VOUT = 20V peak-to-peak 
6. VOUT = 200mV peak-to-peak 
7. VOUT = 10.0V peak-to-peak 

~ Ie MASTER 1983 

11. VSUPP = ±10V.D.C. to ±20V.D.C. 
12. Unselected channels have approximately the same 

input parameters. 
13. Derate by 4.3mWPC above 10SoC 
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mHARRIS 

FEATURES 

• LOW DROOP RATE (CH = 1000pF) 5p.V/ms 

• LOW CHARGE TRANSFER 5pC 

• FAST ACQUISITION TIME (10V STEP TO .01%) 5p.s 

• HIGH SLEW RATE 

• BANDWIDTH 

• LOW APERTURE TIME 

7V /p.s 

2.5MHz 

30ns 

• TIL COMPATIBLE CONTR'OL INPUT 

APPllCA TIONS 

• A TO 0 CONVERSION SYSTEMS 

• 0 TO A OEGLITCHER 

• AUTO ZERO SYSTEMS 

• PEAK DETECTOR 

• GATED OP AMP 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

OFFSET 
ADJ. 

OFFSET 
AOJ. 

14 PIN on-

HOLD 
CAP. 

INDEX 
CORNER stH 

+IN -IN NC CONTRl. GNO 

10 11 12 
r1 r1 :1 

17'_-_-: NC 

16[.:-: ~gt-0 

15[::: NC 

1~4[::: NC 

:-1 

NC OUTPUT HC NC V+ 

LEAOLESS CHIP CARRIER 
(LCC) PACKAGE 

HA-2420/2425 
Fast Sample and Hold 

DESCRIPTION 

The HA-2420/2425 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 
standard 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. 

-----, 
I 

1 + lOUT 

2 I 1 ' 'N+LL _______ .1,=~ ___ J 
HIGH LOW C HIGH 
GAIN LEAKAGE IMPEDANCE 
AMP SWITCH MOSFET 

FOLLOWER 

3214 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 

40V 
±24V 

+BV,-15V Digital Input Voltage (Pin 14) 
Output Current 
Internal Power Dissipation 

Short Circuit Protected 
300mW (Note 7) 

Operating Tempera,ture Range 
HA-2420-2/B 
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.BV (Sample), VIH = +2.0V (Hold) 

HA-2420-2 HA-2425-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

'INPUT CHARACTERISTICS 

·Offset Voltage +250C 2 4 3 6 mV 
Full 3 6 4 8 mV 

·Bias Current +250C 40 200 40 200 nA 
Full 400 400 nA 

·Offset Current +250C 10 50 10 50 nA 
Full 100 100 nA 

Input Resistance +250C 5 10 5 10 Mn 

Common Mode Range Full ±10 ±10 V 

TRANSFER CHARACTERISTICS 

·Large Signal Voltage Gain (Note 1,4) Full 25K 50K 25K 50K V/V 

·Common Mode Rejection (Note 2) Full 80 90 74 90 dB 

Hold Mode Feedthrough Attenuation (Note 9) Full -76 -76 dB 

Gain Bandwidth Product (Note 3) +250C 2.5 2.5 MHz 

OUTPUT CHARACTERISTICS 

·Output Voltage Swing (Note 1) Full ±1O ±1O V 

Output Current +250C ±15 ±15 mA 

Full Power Bandwidth (Note 3, 4) +250C 100 100 kHz 

Output Resistance (D.C') +25OC .15 .15 n 
TRANSIENT RESPONSE 

Rise Time (Note 3, 5) +250C 50 50 ns 

Overshoot (Note 3, 5) +250C 25 25 % 

Slew Rate (Note 3, 6) +250C 7 7 V/p.s 

DIGITAL INPUT CHARACTERISTICS 

Digital Input Current (VIN = OV) Full 0.8 0.8 mA 

Digital Input Current (VIN = +5.0V) Full 20 20 JJ.A 
Digital Input Voltage (low) Full 0.8 0.8 V 

Digital Input Voltage (High) Full 2.0 2.0 V 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time to .1%.1 OV Step (Note 3) +250C 4 4 J.i.s 

Acquisition Time to .01% 10V Step (Note 3) +250C 5 5 J.i.s 

Aperture Time +250C 30 30 ns 

Aperture Delay Time +250C 50 50 ns 

Aperture Uncertainty Time +250C 5 5 ns 

·Drift Current (Note 3, 8) +250C 5 50 5 50 pA 
Full 0.5 4.0 0.5 1.0 nA 

·Charge Transfer (Note 8) +250C 5 10 5 10 pC 

POWER SUPPLY CHARACTERISTICS 

*Supply Current (+) +250C 3.5 5.5 3.5 5.5 mA 
·Supply Current (-) +25QC 2.5 3.5 2.5 3.5 mA 

*Power Supply Rejection Full 80 90 74 90 dB 

NOTES: 1. RL = 2kn 6. VOUT = 10.0V peak-to-peak 8. VIN = OV 
2. VCM = ±1 OVDC 7. Derate Power Dissipation by 9. fiN" 100kHz 
3. AV = +1, RL = 2kn, CL = 50pF 4.3mW/oC above +1 050 C 
4. VOUT = 20V peak-to-peak Ambient Temperature 
5. VOUT = 400mV peak-to-peak *100% Tested for DASH 8 

@> Ie MASTER 1983 3215 
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(II HARRIS 

FEATURES 

• HIGHSLEW RATE 

• FAST SETTLING 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• LOWOFFSETCURRENT 

• INTERNALLY COMPENSATED 

APPllCA TIONS 

• DATA ACQUISTION SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLI FIERS 

• SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

COMPENSATION 

TOP VIEWS v-

BALANCE 

IN-

IN+ 

v-

30V//lS 

330ns 

500kHz 

12MHz 

50Mn 

10nA 

Section 11 for Packaging 

COMPENSATION 

v+ 

OUT 

BALANCE 

HA-2500/02/05 
Precision High 'Slew Rate 

.", . 

> Operational Amplifiers 

DESCRIPTION 

HA-25001250212505 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 ~f ±25V / /l 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 
ofhet current, HA-2500/250212505 ani 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-2510 ,series is maximized for slew rate. 

HA-25001250212505 are available in metal 'can (TO-99) pack
ages. HA-2500 and HA-2502 are specified over the, -55 0 C to 
+t250 C range. HA-?505 is specified from OOC to +750 C. 

SCHEMATIC 

3216 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential I nput Voltage 
Peak Output Current 
I nternal Power Dissipation 

40.0V 
±15.0V 
50mA 
300mW 

Operating Temperature Range -:- HA-2500/HA-2502 
HA-2505 

Storage Temperature Range 

-55°C ~TA ~ +1250 C 
OOC ~ TA ~ +750 C 
-65°C ~ TA ~ +150oC 

ELECTRICAL CHARACTERISTICS 

V+ = +15V D.C., V- = -15V D.C. 

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 (Note 10) +250 C 

Common Mode Range Full 

TRANSFER 
CHARACTERISTICS 
Large Signal Voltage Gain +250 C 
(Note 1,4) Full 

Common Mode Rejection Full Ratio (Note 2) 

Gain Bandwidth Product 
+250 C (Note 3) 

OUTPUT 
CHARACTERISTICS 
Output Voltage Swing 

Full (Note 1) 

Output Current (Note 4) +250 C 

Full Power Bandwidth 
+250 C (Note 4) 

TRANSIENT RESPONSE 
Rise Time (Notes 1,5,6 & 8) +250 C 

Overshoot (Notes 1, 5, 7 & 8) +250 C 

Slew Rate (Notesl,5,8& 12) +250 C 

Settling Time to 0.1% 
+250 C (Notes 1,5,8 & 12) 

POWER SUPPLY 
CHARACTERISTICS \ 

Supply Current +250 C 

Power Supply Rejection 
Full Ratio (Note 9) 

NOTES: 1. RL = 2K 
2. VCM =± 10V 

@ Ie MASTER 1983 

3. AV >10 
4. Va = :t10.0V 
S. CL = SOpF 
6. Va =:t 200mV 

HA-2500 HA·2502 HA-2505 
-55°C to +125 0C -55°C to + 125°C OOC to +750 C 

LIMITS LIMITS 
MIN. TYP. MAX. MIN. TYP. 

2 5 4 
8 

20 20 

100 200 125 
400 

10 25 20 
50 

25 50 20 50 

±10.0 ±10.0 

20K 30K 15K 25K 
15K 10K 

80 90 74 90 

12 12 

±10.0 ±12.0 ±10.0 ±12.0 

±10 ±20 ±10 ±20 

350 500 300 500 

25 50 25 

25 40 25 

±25 ±30 ±20 ±30 

0.33 0.33· 

4 6 4 

80 90 74 90 

7. Va ± 200m V 

8. See transient response test 
circuits and waveforms page four. 

9. L1 V = :tS.OV 

LIMITS 

MAX. MIN. TYP. MAX. UNITS 

8 4 8 mV 
10 10 mV 

20 /.lV/oC 

250 125 250 nA 
500 500 nA 

50 20 50 nA 
100 100 nA 

20 50 M.Q 

±1O.0 V 

15K 25K VIV 
10K VIV 

74 90 dB 

12 MHz 

±10.0 ±12.0 V 

±10 ±20 rnA 

300 500 kHz 

50 25 50 ns 

50 25 50 % 

±20 ±30 V//.ls 

0.33 /.ls 

6 4 6 rnA 

74 90 dB 

10. This parameter value is based on 
design calculations. 

11. Full power bandwidth guaranteed based 
on slew rate measurement using 
FPBW = S.R./21T Vpeak. 

12. VOUT = ± SV 
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mJHARRIS 

FEATURES 

• HIGH SLEW RATE 

• . FAST SETTLING 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• LOW 0 FFSET CU R RENT 

• INTERNALLY COMPENSATED 

APPLICATIONS 

• DATA ACQUISITION SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLIFIERS 

• SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

COMPENSATION 

TOP VIEWS 

BALANCE 

IN-

IN+ 

v-

60V/Ils 

250ns 

1,000kHz 

12MHz 

100Mn 

10nA 

Section 11 for Packaging 

COMPENSATION 

v+ 

OUT 

BALANCE 

HA-2510/2512/2515 
High Slew Rate 

Operational Amplifiers 

DESCRIPTION 

The HA-2510/2512/2515 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 characteristics, these dielectrically isolated amplifiers 
also offer low offset current and high input impedance. 

The ±60V I Ils slew rate and 250ns (0.1%) settling time of these 
amplifiers is ideally suited for high speed DIA, AID, and pulse 
amplification designs. HA-2510/2512/2515'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-2510/2512 are available in metal can (T0-99) and 
14-pin flat packages. HA-2510 and HA-2512 are specified from 
-550 C to +125 0 C. HA-2515 is specified over the OOC to + 75 0 C 
range, and is available in the TO-99 package. 

SCHEMATIC 

COMPo 

BALANCE 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Peak Output Current 50mA Voltage Between V+ and V- Terminals 

Differential I nput Voltage 
Operating Temperature Range 

40.0V 

.± 15.0V I nternal Power Dissipation 

Storage Temperature Range 

300mW 

-650C~TA~+150oC 
HA·2510/HA·2512 
HA·2515 

-550CS. TAS. +125 0 C 
OoCS.TA~+750C 

ELECTRICAL CHARACTERISTICS 

V+ = +15V D.C., V- = 15V D.C. 

HA·2510 HA·2512 HA·2515 
-55°C to + 125°C -55°C to + 125°C DoC to + 75°C 

PARAMETER TEMP. MIN. 

INPUT CHARACTERISTICS 

Offset Voltage 
+25 0 C 

Full 

Offset Voltage Average Drift Full 

Bias Current 
+250 C 

Full 

Offset Current 
+250 C 

Full 

Input Resistance (Note101 +25 0 C 50 

Common Mode Range Full -. ±10.0 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1,4) 
+25 0 C 10K 

Full 7.5K 

Common Mode Rejection Ratio Full 80 (Note 2) 

Gain Bandwidth Product (Note 3) +250 C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 

Output Current (Note 4) +25 0 C ±10 

Full Power Bandwidth (Note 4, 11) +25 0 C 750 

TRANSIENT RESPONSE 

Rise Time (Notes 1,5,6 & 8) +25 0 C 

Overshoot (Notes 1,5,7 & 8) +25 0C 

Slew Rate (Notes 1,5,8 & 12) +25 0 C ±50 

Settling Time (Notes 1,5,8 & 12) +25 0 C 

POWER SUPPL Y CHARACTERISTICS 

Supply Current +25 0 C 

Power Supply Rejection Ratio (Note 9) Full 80 

NOTES: 1. RL=:~ 

© Ie MASTER 1983 

2. 
3. 

V CM - - 10V 
AV > 10 

4. Vo =! 10.0V 
5. C L = 50pF 
6. Vo =:!: 200mV 

LIMITS LIMITS 

TYP. MAX. MIN. TYP. 

4 8 5 
11 

20 25 

100 200 125 
400 

10 25 20 
50 

100 40 100 

±10.0 

15K 7.5K 15K 
5K 

90 74 90 

12 12 

±12.0 ±10.0 ±12.0 

±20 ±10 ±20 

1000 600 1000 

25 50 25 

25 40 25 

±65 ±40 ±60 

0.25 0.25 

4 6 4 

90 74 90 

7. V o ='±200mV 
8. See transient response test 

circuits and waveforms 
9 . .1 V = !5.0V 

LIMITS 

MAX. MIN. TYP. MAX. 

10 5 10 
14 14 

30 

250 125 250 
500 500 

50 20 50 
100 100 

40 100 

±10.0 

7.5K 15K 
5K 

74 90 

12 

±10.0 ±12.0 

±10 ±20 

600 1000 

50 25 50 

50 25 50 

±40 ±60 

0.25 

6 4 6 

74 90 

10. This parameter value is based 
upon design calculation's. 

UNITS 

mV 
mV 

PV/oC 

nA 
nA 

nA 
nA 

Mn 

V 

V/V 
V/V 

dB 

MHz 

V 

mA 

kHz 

ns 

% 

VI J.1s 

J.1s 

mA 

dB 

11. Fu II power bandwidth guaranteed 
based upon slew rate measurement 
FPBW = S.R./2TTVpeak. 

12. VOUT = t 5V 
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FEATURES 

• HIGH SLEW RATE 

• FAST SETTLING 

• WI 0 E POWE R BAN OWl OTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• LOW OFFSET CURRENT 

APPllCA TIONS 

• DATA ACQUISITION SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLI FI ERS 

• SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

COMPENSATION 

TOP VIEWS v-

BALANCE 

IN-

IN+ 

v-

120V/ps 

200ns 

2,OOOkHz 

20MHz 

100Mrl 

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/ P s slew rate and 200ns (0.1%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 20MHz 
gain bandwidth and 2MHz power bandwidth. For accurate 
signal conditioning designs the HA-2520/2522/2525's superior 
dynamic specifications are complimented by 10nA offset cur
rent, 100Mrl input impedance and offset trim capability. 

The HA-2520/2522 ar'e 'available in metal can (TO-991 and 
14-pin flat packages. HA-2520 and HA-2522 are specified 
over -550 C'to +1250 C range. HA-2525 is specified from 
OOC to +75 0 C, and is available in the TO-99 package. 

SCHEMATIC 
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SPECIFIC A TIO/vS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+and V- Terminals 

Differential Input Voltage 

40.0V 

±.15.0V 

Peak Output Current 

I nternal Power Dissipation 

50mA 

300mW 

Operating Temperature Range 

HA-2520/2522 -550C~ TA~+1250C 

OOC ~T A~+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 + 125°C -55°C to + 125°C OOC to +750 C 

PARAMETER TEMP. MIN. 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 
Full 

Offset Voltage Average Drift Full 

Bias Current +25 0C 
Full 

Offset Current +2SoC 
Full 

I nput Resistance (Note 9) +25 0C SO 

Common Mode Range Full ±10.0 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1,4) +25 0C 10K 
Full 7.SK 

Common Mode Rejection Ratio Full 80 (Note 2) 

Gain Bandwidth Product (Note 3) +2SoC 10 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 

Output Current (Note 4) +2SoC ±10 

Full Power Bandwidth (Note 4, 10) +2SoC lS00 

TRANSIENT RESPONSE (AV =+3) 

Rise Time (Notes 1, S, 6 & 8) +2SoC 

Overshoot (Notes 1,5,6 & 8) +25 0 C 

Slew Rate (Notes 1,5,8 & 11) +250 C ±100 

Settling Time (Notes 1,5,8& 11) +2SoC 

POWER SUPPLY CHAnACTERISTICS 

Supply Current +2SoC 

Power Supply Rejection Ratio (Note 7) Full Rn 

. NOTES: 1. RL = 2K 4. Vo = ±10.0V 

2. VCM = ± 10V 5. C L = 50pF 

3. AV> 10 6. V 0 = ±200mV 

@ Ie MASTER 1983 

LIMITS LIMITS 

TYP. MAX. MIN. TYP. 

4 8 5 
11 

20 25 

100 200 125 
400 

10 2S 20 
SO 

100 40 100 

±10.0 

lSK 7.SK lSK 
SK 

90 74 90 

20 10 20 

±12.0 ±10.0. ±12.0 

±20 ±10 ±20 

2000 1200 1600 

25 SO 2S 

25 40 25 

±120 ±80 ± 120 

0.20 0.20 

4 6 4 

90 74 90 

7. L1 V = ±5.0V 

8. See transient response test 
circuits and waveforms 

LIMITS 
MAX. MIN. TYP. MAX. UNITS 

10 5 10 mV 
14 14 mV 

30 /JV/oC 

250 125 2S0 nA 
SOO SOO nA 

SO 20 SO nA 
100 100 nA 

40 100 MD 

±10.0 V 

7.SK lSK V/V 
SK V/V 

74 90 dB 

10 20 MHz 

±10.0 ±12.0 V 

±10 ±20 mA 

1200 1600 kHz 

SO 2S SO ns 

50 2S 50 % 

±80 ±120 VI J.lS 

0.20 

6 4 6 

74 90 

9. This parameter value is based 
upon design calculations. 

/Js 

mA 

dB 

10. Full power bandwidth guaranteed 
based upon slew rate measurement 
FPBW = SJU27TVpea k. 

11. VOUT=±5V 
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FEATURES 

• VERY HIGH SLEW RATE 

• OPEN LOOP GAIN 

• WIDE GAIN-BANDWIDTH 

• POWER BANDWIDTH 

• LOW'O FFSET VOLTAGE 

• INPUT VOLTAGE NOISE 

• OUTPUTVOLTAGESWING 

APPLICATIONS 

• PULSE AND VIDEO AMPLIFIERS 

• WIDEBAND AMPLIFIERS 

600V/ps 

30kV IV 

600MHz 

9.5MHz 

3mV 

15nV/~ 
'±'10V 

• HIGH SPEED SAMPLE-HOLD CIRCUITS 

~ RF OSCILLATORS 

PINOUT 

TOP VIEW 

+INPUT -INPUT 

N.C. N.C. 

-VSUPPL Y N.C. 

N.C. N.C. 

N.C. + VSUPPLY 

N.C. N.C. 

N.C. OUTPUT 

Copyright © Harris Corporation 1982 

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
Ild 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 / J.1 s slew rate and a 600M Hz gain-bandwidth
pr<1duct, 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 CERD IP. The HA-
2539-2 denotes -550 C to + 1250 C operation while the HA-
2539-5 operates over the OOC to +75 0 C range. 

SCHEMATIC 

+ INPUT 
<>-t--+---+---~ 

-INPUT 
~~-+-------r+-4-~ 

OUTPUT 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage between V+ and V- Terminals 
Differential I nput Voltage 
Output Current 

. Internal Power Dissipation (Note 2) 
Operating Temperature Range: (HA-2539-2) 

(HA-2539-5) 
Storage Temperature Range 

35V 
6V 

50 rnA (Peak) 
870mW (Cerdip) 

-550C< T A < +1250C 
00C~TA~+750C 

-650C ~ T A ~+1500C 

ELECTRICAL CHARACTERISTICS VSUPPLy=±.15Volts; RL= 1Kohms, unless otherwise specified. 

HA-2539-2 HA-2539-5 
-550C to +1250C OOC to +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX 

INPUT CHARACTERISTICS 

Offset Voltage +250C 3 5 3 15 
FULL 10 20 

Average Offset Voltage Drift FULL 20 20 

Bias Current +250C 5 20 5 20 
FULL 25 25 

Offset Current +250C 1 6 1 6 
FULL 8 8 

Input Resistance +250C 10 10 

Input Capacitance +250C 1.0 1.0 

Common Mode Range FULL ± 10 .± 10 

Input Voltage Noise (f = 1kHz, Rg = On) +250C 15 15 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250C 15K 30K 10K 30K 
FULL 5K 5K 

Common-Mode Rejection Ratio (Note 4) FULL 60 60 

Gain-Bandwidth-Product (Notes 5 & 6) +250C 600 600 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) FULL ±. 10 .± 10 

Output Current (Note 3) +250C 10 10 

Output Resistance +250C 30 30 

Full Power Bandwidth (Note 3 & 7) +250C 8.7 9.5 8.7 9.5 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250C 7 7 

Overshoot +250C 15 8 

Slew Rate +250C 550 600 550 600 

Settling Time: 
10V Step to 0.1% +250C 350 350 

POWER REQUIREMENTS 

Supply Current FULL 20 25 20 25 

Power Supply Rejection 'Ratio (Note 9) FULL 60 60 

~ Ie MASTER 1983 

UNITS 

mV 
mV 

pV/oC 

pA 
pA 

pA 
pA 

Kohms 

pF 

V 

nV/jHZ 

V/V 
V/V 

dB 

MHz 

V 

rnA 

Ohms 

MHz 

ns 

% 

Vips 

ns 

rnA 

dB 
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1I1 HARRIS 

Preliminary 

FEATURES 

• VERY HIGH SLEW RATE 

• FAST SETTLING TIME 

• WIDE GAIN-BANDWIDTH 

• POWER BANDWIDTH 

• LOW OFFSET VOLTAGE 

• INPUT VOLTAGE NOISE 

• OUTPUT VOLTAGE SWING 

• MONOLITHIC BIPOLAR CONSTRUCTION 

APPLICA TIONS 

• PULSE AND VIDEO AMPLIFIERS 

• WIDEBAND AMPLIFIERS 

• HIGH SPEED SAMPLE-HO LD CI RCUITS 

• FAST, PRECISE DIA CONVERTERS 

PINOUT 

400V/tl S 

250ns 

400MHz 

6MHz 

5mV 

15nV/Fz 

±10V 

Section 11 for Packaging 

TOP VIEW 

HA-2540 
Wideband, Fast Settling 

Operational Amplifiers 

GENERAL DESCRIPTION 

The Harris HA-2540 is a wideband, very high slew rate, mono
lithic operational amplifier featuring superior speed and band
width characteristics. Bipolarconstruction 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/ /JS slew rate ensures high performance in video. and 
pulse amplification 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 -55 0 C to +125 0 C range 
while the HA-2540-5 is specified from OOC to +75 0 C. 

SCHEMATIC 

OUTPUT 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage between V+ and V- Terminals 

Differential I nput 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~T ~+750C 

-650 C ~ TA ~+1500C 

ElECTR ICAl CHARACTER ISTICS VSUPPL Y = ±.15 Volts; RL = 1 K ohms, unless otherwise specified. 

HA-2540-2 HA-2540-5 

-55 0 C to +1250C DoC to + 750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 3 5 3 15 
FULL 10 20 

Average Offset Voltage Drift FULL 20 20 

Bias Current +250C 5 20 5 20 
FULL 25 25 

Offset Current +250 C 1 6 1 6 
FULL 8 8 

Input Resistance +250 C 10 10 

Input Capacitance +250 C 1.0 1.0 

Common Mode Range FULL ±10 ±10 

Input Noise Voltage (f = 1kHz, Rg = On) +250 C 15 15 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250 C 15K 30K 10K 30K 
FULL 5K 5K 

Common-Mode Rejection Ratio (Note 4) FULL 60 60 

Gain-Bandwidth-Product (Notes 5 & 6) +25 0 C 400 400 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) FULL ±10 ±10 

Output Current (Note 3) +250 C 10 10 

Output Resistance +250 C 30 30 

Full Power Bandwidth (Note 3 & 7) +250 C 5.5 6 5.5 6 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250 C 14 14 

Overshoot +250 C 5 5 

Slew Rate +250 C 350 400 350 400 

Settling Time: 

10V Step to 0.1% +250 C 250 250 

POWER REQUIREMENTS 

Supply Current FULL 20 25 20 25 

Power Supply Rejection Ratio (Note 9) FULL 60 60 

@) Ie MASTER 1983 

UNITS 

mV 
mV 

IlV/oC 

pA 
IlA 

IlA 
IlA 

Kohms 

pF 

V 

nV/JHz 

V/V 
V/V 

dB 

MHz 

V 

rnA 

Ohms 

MHz 

ns 

% 

V/Ils 

ns 

rnA 

dB 
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mHARRIS HA-260 0/2602/2605 

FEATURES 

• WIDE BANDWIDTH 12MHz 

• HIGH INPUT IMPEDANCE 500Mn 

• LOW INPUT BIAS CURRENT lnA 

• LOWINPUTOFFSETCURRENT lnA 

• LOW INPUT OFFSET VOLTAGE 0.5mV 

• HIGH GAIN 150K VIV 

• HIGH SLEW RATE 7V//1s 

• OUTPUT SHO RT CI RCUIT PROTECTION 

APPLICA TIONS 

• VIDEO AMPLIFIER 

o PULSE AMPLIFIER 

• AUDIO AMPLIFI ERS AND FI L TERS 

• HIGH-QACTIVE 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 

Wide Band, High Impedance 
Operational Amplifiers 

DESCRIPTION 

HA-2600/260212605 are internally compensated bipolar opera
tional allJ.plifiers that feature very high input impedance (500 
Mn, HA-2600) coupled with wideband AC performance. '~he 

high resistance of the input stage is complemented by low offset 
voltage (O.5mV, HA-2600) and low bias and offset current 
(1 nA, HA-2600) to facilitate accurate signal processing. Input 
offset can be reduced further by means of an external nulling 
potentiometer. 12MHz unity gain-bandwidth product, 7V//1 s 
slew rate and 150,000V IV open-loop gain enables HA-26001 

, 2602/2605 to perform high-gain amplification of fast, wideband 
signals. These dynamic characterisitics, coupled with fast 
settling times, make these amplifiers ideally suited to pulse 
amplification designs as well 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-2600/2602/2605 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-2600 and HA-2602 are guaranteed over -550C to +1250C. 
HA-2605 is specified from OOC to + 750C. All devices are 
available in TO-99 cans, and HA-2600/2602 are available in 
10 lead flat packages. 

SCHEMATIC 

COMPENSATION 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential I nput Voltage 
Peak OutPllt Current 
Internal Power Dissipation 
Operating Temperature Range - HA·2600IHA·2602 

HA·2605 
Storage Temperature Range 

45.0V 
±12.0V 
Full Short Circuit Protection 
300mW 
-55°C ~TA~+1250C 
OO~TA~+750C 

-65°C ~ TA ~ +150oC 

ELECTRICAL CHARACTERISTICS V+ = +15VDC, V- = -15VDC 

PARAMETER TEMP. 

INPUT CHARACTERISTICS 

Offset Voltage 
+25 0 C 

Full 

OffsetVoltage Average Drift Full 

Bias Current 
+25 0 C 

Full 

Offset Current 
+250 C 

Full 

I nput Resistance (Note 101 +25 0C 

Common Mode Range Full 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1,4) 
+250 C 
Full 

Common Mode Rejection Ratio 
Full (Note 2) 

Unity Gain' Bandwidth (Note 3) +250 C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) Full 

Output Current (Note 4) +25 0C 

Full Power Bandwidth (Note 4 & 111 +250 C 

TRANSIENT RESPONSE 
Rise Time (Notes I, 5, 6 & 8) +25 0C 

Overshoot (Notes I, 5,7 & 8) +250 C 

Slew Rate (Notes 1, 5, 8 & 12) +250 C 

Settling Time (Notes 1, 5,8 & 12) +250 C 

POWER SUPPLY CHARACTERISTICS 
Supply Current +250 C 

PowerSupply Rejection Ratio (Note 9) Full 

TEST CONDITIONS 

NOTES: 1. RL = 2K 
2. VCM=~10V 
3. V O <90mV 
4. VO=~10V 
5. C L = 100pF 
6. V 0 = ~ 200m V 

© Ie MASTER 1983 

HA-2600 HA-2602 HA-2605 
-55°C to +125 OC -55°C to +1250 C oDe to +750C 

LIMITS LIMITS 

MIN. TYP. MAX. MIN. TYP. 

0.5 4 3 
2 6 

5 

1 10 15 
10 30 

1 10 5 
5 30 

100 500 40 300 

±11.0 ±11.0 

lOOK 150K SOK 150K 
70K 60K 

SO 100 74 100 

12 12 

±10.0 ±12.0 ±10.0 ±12.0 

±15 ±22 ±10 ±lS 

50 75 50 75 

30 60 30 

25 40 25 

±4 ±7 ±4 ±7 

1.5 1.5 

3.0 3.7 3.0 

SO 90 74 90 

7. V 0 = ~ 200m V 
8. See Transient response test circuits 

and waveforms 

9. 6vs = .!5V 

LIMITS 

MAX. MIN. TYP. MAX. UNITS 

5 
7 

25 
60 

25 
60 

60 

40 

4.0 

3 5 mV 
7 mV 

/lV/DC 

5 25 nA 
40 nA 

5 25 nA 
40 nA 

40 300 MQ 

±11.0 V 

SOK 150K V/V 
70K V/V 

74 100 dB 

12 MHz 

±1O.0 ±12.0 V 

±10 ±18 mA 

50 75 kHz 

30 60 ns 

25 40 % 

±4 ±7 V/f..Ls 

1.5 f..Ls 

3.0 4.0 mA 

74 90 dB 

10. This parameter value guaranteed 
by design calculations. 

11. Full power bandwidth guaranteed 
by slew rate measurement. 
FPBW = S.R.l21TVpea k. 

12. VOUT = ± 5V 
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Ell HARRIS HA-2620/2622/2625 
Very Wide Band, 

U~compensated Operational Amplifiers 

FEATURES 

• GAIN BANDWIDTH PRODUCT(AV = 5) 100MHz 

• HIGH INPUT IMPEDANCE 500Mn 

• LOWINPUTBIASCURRENT 1nA 

• LOW INPUT OFFSET CURRENT 1nA 

• LOW INPUT OFFSET VOLTAGE O.5mV 

• HIGH GAIN 150K VIV 

• HIGH SLEW RATE 35V/p.s 

• OUTPUT SHORT CIRCUIT PROTECTION 

A PPllCA TID NS 

• VIDEO AND R.F. AMPLIFIERS 
• PULSEAMPLIFIER 
• AUDIO AMPLIFIERS AND FILTERS 
• HIGH-Q ACTIVE FILTERS 
• HIGH-SPEED COMPARATORS 
• LOW DISTORTION OSCILLATORS 

PINOUT 
COMPENSATION Section 11 for Packaging 

DESCRIPTION 

HA-2620/2622/2625 are bipolar operational amplifiers that 
feature very high input impedance (500Mn, HA-2620) coupled 
with wideband 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 (1 nA, HA-2620) to 
facilitate accurate signal processing. I nput offset can be reducep 
further by means of an external nulling potentiometer. 100MHz 
gain-bandwidth product (HA-2620/2622/2625 are stable for 
closed loop gains greater than 5), 35V / p. s slew rate and 
150,OOOV IV open-loop gain enables HA-2620/2622/2625 to 
perform high-gain amplification of very fast, wideband signals. 
These dynamic churncterisitcs, coupled with fast settling times, 
make these amplifiers ideally suited to pulse amplification 
designs as well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an exter~al bandwidth control 
capacitor. 

In addition to its application in pulse and video amplifier de
signs HA-2620/2612/2625 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 +125 0 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 

'Case Connected to V- v- COMPENSATION 

BALANCE 1 8 COMPENSATION 

IN- V+ 

TOP VIEWS 
IN+ OUT 

V- BALANCE 

NC 1 14 COMPENSATION 

NC 2 13 NC 

BALANCE 3 12 NC 

INVERTlNG INPUT 4 11 V+ 

NON'INVE~J~~~ 5 10 OUTPUT 

V- 6 9 BALANCE 

NC 7 8 NC 

3228 S'ee Pages 3287-3291 for Package Information. @ Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

Peak Output Current 

I nternal Power 0 issipation 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

45.0V 

±12.0V 

Full Short Circuit Protection 

300mW 

-650C~ TA ~ +150oC 

HA·2620 HA·2622 HA·2625 V+ = +15 VDC, V- = -15 VDC 
-55°C to + 125°C -55°C to + 125°C OOC to + 75°C 

PARAMETER TEMPERATURE 

INPUT CHARACTERISTICS 

Offset Voltage (Note 1) 
+25 0 C 

Full 

Bias Current 
+25 OC 

Full 

Offset Current +25 0 C 
Full 

Input Resistance (Note 11) +250 C 

Common Mode Range Full 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain +250 C 
(Notes2&3) Full 

Common Mode Rejection Ratio Full (Note 4) 

Gain Bandwidth Product 
+250 C (Notes 2, 5, &6) 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) Full 

Output Current (Note 3) +250 C 

Full Power Bandwidth 
+25 0 C 

(Notes 2, 3,7 &12) 

TRANSIENT RESPONSE 
Rise Time (Notes 2, 7 & S) +250 C 

Slew Rate (Notes 2, 7, S & 10) +250 C 

POWER SUPPLY 
CHARACTERISTICS 

Supply Current +250 C 

Power Supply Rejection Ratio 
Full (Note 9) 

NOTES: 1. Offset may be externally adjusted to zero. 

© Ie MASTER 1983 

2. RL = 2KD, CL = 50pF 
3. Vo = .±.10.0V 
4. VCM = .±.10V 
5. Vo <90mV 
6. 40dB Gain 
7. See transient response test circuits and 

waveforms 

MIN. TYP. 

0.5 

1 
10 

1 
5 

65 500 

±11.0 

lOOK 150K 
70K 

SO 100 

100 

±10.0 ±12.0 

±15 ±22 

400 600 

17 

t25 ±35 

3.0 

80 90 

MAX MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

4 3 5 3 5 mV 
6 7 7 mV 

15 5 25 5 25 nA 
35 60 40 nA 

15 5 25 5 25 nA 
35 60 40 nA 

40 300 40 300 MD 

±11.0 ±11.0 V 

SOK 150K SOK 150K V/V 
60K 70K V/V 

74 100 74 100 dB 

100 100 MHz 

±1O.0 ±12.0 ±10.0 ~12.0 V 

±10 ±18 ±10 ±lS mA 

320 600 320 600 kHz 

45 17 45 17 45 ns 

± 20 ±35 ± 20 ±35 V/~s 

3.7 3.0 4.0 3.0 4.0 mA 

74 90 74 90 dB 

8. AV = 5 (The HA-2620 family is not stable 
at unity gain without external compensation.) 

9. ~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./2rrV peak. 
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;JJHARRIS HA-2630/2635 
High Performance Current Booster 

FEATURES 

• OUTPUT CURRENT 

• SLEW RATE 

±400mA 

500V/J.ls 

• BANDWIDTH 8MHz 

• FULL POWER BANDWIDTH 8MHz 

• INPUT RESISTANCE 2.0x 106n 
• OUTPUT RESISTANCE 2.0 n 
• POWER SUPPLY RANGE ±5V to ±20V 

• PACKAGE IS ELECTRICALLY ISOLATED 

APPllCA TIONS 

• COAXIAL CABLE DRIVERS 

• AUDIO OUTPUT AMPLIFIERS 

• SERVO MOTOR DRIVERS 

• POWER SUPPLlES(BIPOLAR) 

• PRECISION DATA RECORDING 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

* Optional Current 
Limiting Resistor 

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 imp'edance 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 / J.l 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 mO'unting with or without a heat 
sink. HA-2630 is spec!fied over the -550 C to +1250 C range. 
HA-2635 is specified from DoC to + 750C. 

SCHEMATIC 
+UIIIIT OUT 

'v 

All 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 

Input Voltage Range 

Output Cu rrent (N ote 2) 

Internal Power Oissipation (Note 6) Free Air: 
In 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 ~ T A ~ +1250 C 

OOC ~ T A ~ + 750 r 
Storage Temperature Range: 

-65°C ~ TA ~ +1500 C 

Unless otherwise specified. 

HA-2635 

(HA-2630) 
(HA-2635) 

-55°C to +1250 C OOC to+75?C 

PARAMETER TEMP. MIN. 

INPUT CHARACTERISTICS 

Bias Current +25 0 C 
Full 

I nput Resistance +25 0C 

I nput Capacitance +25 0 C 

TRANSFER CHARACTERISTICS 

Voltage Gain (Note 1) Full .85 

Offset Voltage (VOUT - VIN) +25 0C 
Full 

Bandwidth (-3dB) +250 C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full ±1O 

Output Current (Note 1) Full ±300 

Output Resistance +25 0 C 

Full Power Bandwidth (Note 1) +25 0 C 

TRANSIENT RESPONSE 

Rise Time (Note 3) +25 0 C 

Slew Rate (Note 4) +25 0C 200 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 

Supply Voltage Range Full ±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 = a.4V p-p. 
4. Vo = 1av p-p. 

© Ie MASTER 1983 

TYP. 

30 

2.0 

5.0 

.95 

70 

8.0 

±12 

±400 

2.0 

8.0 

30 

500 

15 

66 

MAX. MIN. TYP. MAX. UNITS 

150 30 150 ].lA 
200 200 ].lA 

2.0 Mil 

5.0 pF 

.85 .95 V/V 

±200 70 ±200 mV 
±300 ±300 mV 

8.0 MHz 

±10 ±12 V 

± 300 ±400 mA 

2.0 il 

8.0 MHz 

30 ns 

200 500 V/].ls 

20 15 23 mA 

±20 ±5 ±20 V 

66 dB 

5.6vsUPPLy=±.5V. 
6. Without heat sink, derate by 14mW/oe ambient 

temperature above 1 aaoe ambient, with heat 
sink, derate by 67mW/oe case temperature above 
1150 e case. 
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fliHARRIS 

FEATURES 

• OUTPUT VOLTAGE SWING 

• SUPPLY VOLTAGE 

• OFFSET CURRENT 

• BANDWIDTH 

• SLEW RATE 

±35V 

±10V TO ±40V 

5nA 

4MHz 

5V lJ1s 

• COMMON MODE INPUT VOLTAGE SWING ±35V 

• OUTPUT OVERLOAD PROTECTION 

APPllCA TIONS 

• INDUSTRIAL CONTROL SYSTEMS 

• POWER SUPPLIES 

• HIGH VOLTAGE REGULATORS 

• RESOLVER EXCITATION 

• SIGNAL CONDITIONING 

PINOUT 

COMPENSATION Section 11 for Packaging 

TOP VIEWS v-

BALANCE COMPENSATION 

IN- v+ 

IN+ OUT 

v- BALANCE 

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. 4M H z gain bandwidth and 5V I J1 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 +125 0 C and HA-2645 is specified ov'er 
the OOC to + 750 C range. 

SCHEMATIC 

COMPENSATION 

6 OUT 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and. V- Terminals 100V Operating Temperature Range 

I nput Voltage Range ±37V -55 0 C ~ T A ~ + 1250 C (HA-2640) 

Output Current/Full Short Circuit Protection OOC ~ T A ~ + 750 C (HA-2645) 

I nternal Power Dissipation 680mW* Storage Temperature Range 

-65 0 C$ TA $ +1500 C 
*Derate by 4.6mW/oC above +25 0 C 

ELECTRICAL CHARACTERISTICS 

VSuppl y = ±40V, R L = 5K, Unless Otherwise Specified. 

HA·2640 HA·2645 
·55 0 C to +1250 C OOC to +750 C 

PARAMETER TEMP. MIN. TYP. 

INPUT CHARACTE RISTI C.S 

Offset Voltage 
+250 C 2 

Full 

Offset Voltage Average Drift Full 15 

Bias Current +250 C 10 
Full 

Offset Current 
+250 C 5 

Full 

I nput Resistance (Note 10) +250 C 50 250 

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 CHARACTE R ISTI CS 
Output Voltage Swing Full ±35 

Output Current (Note 9) +25 0 C ±12 ±15 

Output Resistance +25 0 C 500 

Full Power Bandwidth (Notes 3 & 11) +250 C 23 

TRANSI ENT RESPONSE. (Note 7) 
Rise Time (Notes 4,6) +250 C 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 = _._' OV to ~40V 

2. Vo = 90mV 6. AV = 1 

3. Vo = ~35V 7. C L = 50pF 

4. Vo = ~200mV 8. VO=~30V 
9. RL=lK 

© Ie MASTER 1983 

MAX. 

4 
6 

25 
50 

12 
35 

100 

30 

3.8 

±40 

MIN. TYP. MAX. UNITS 

2 6 mV 
7 mV 

15 W V /oC 

12 30 nA 
50 nA 

15 30 nA 
50 nA 

40 200 MS"2 

±35 V 

lOOK 200K V/V 
75K V/V 

74 100 dB 

4 MHz 

±35 V 

±10 ±12 mA 

500 S"2 

23 kHz 

60 100 ns 

15 40 % 

±2.5 .±5 V/ws 

3.2 4.5 mA· 

±1O ±40 V 

74 90 dB 

10. This parameter based upon 

design calculations. 

11. Full power bandwidth 

guaranteed based upon 

slew rate measurement. 

FPBW = S.R./2TTV pea k. 
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mHARRIS 

FEATURES 

• SLEW RATE 

• BANDWIDTH 

• BIAS CUR RENT 

• AV. OFFSET VOLTAGE DRIFT· 

• POWER CONSUMPTION 

• SUPPLY VOLTAGE RANGE 

APPllCA TIONS 

• VIDEO AMPLIFIERS 

5V / p.s 

8MHz 

·35nA 

8p.V/oc 

75mW 

±2V TO ±20V 

• HIGH IMPEDANCE, WIDEBAND BUFFERS 

• INTEGRATORS 

• AUDIO AMPLIFIERS 

• ACTIVE FILTERS 

PINOUT 
TOP VIEW 

V+ 

NOTE: Case Connected to v· 

N/C 1 

OUT 2 

BALANCE { ~ 

TOP VIEW 

NOTE: Bottom of package is connected to V-. 

Section 11 for Packaging 

14 V+ 

13 N/C 

12 OUT 

11 } 
BALANCE 

10 

: }IN 

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. VloC offset voltage drift and low offset and bias 
current UnA 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-2650/2655 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-2650/2655 are offered in 14 pin D.LP. 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 f~om OOC 
to + 750 C. 

SCHEMATIC 

--!-_____ OJU_HAlF HA·21i~'H"'-1'~~ - ______ --! 
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SPECIFICA 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 Cu rrent 

Offset Current 

Common Mode Range 

Differential I nput Resistance (Note 9) 

Common Mode Input Resistance 

I nput Capacitance 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3ab) 

Common Mode Rejection Ratio (Note 4) 

OUTPUT CHARACTERISTICS 

*Output Voltage Swing (Note 3c) 

Full Power Bandwidth (Notes 5 & 10) 

Output Current (Note 3a) 

Output Resistance 

TRANSI ENT 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 +11 OOC. 

3. (a)V O =±10V (b) RL=2K 
(c) RL = 10K 

© Ie MASTER 1983 

40.0V 
±30.0V 
±15.0V 

Indefinite 

Power Dissipation (Note 2) TO-99 
• TO-116 

Operating Temperature Range: 

300 mW 

300 mW 

HA-2650 -55°C ::::: T A ::; + 125°c 

HA-2655 DoC ::; T A -:; +750 C 
Storage Temperature Range -65°C::; TA ::; +1500 C 

HA-2650 HA-2655 
-55°C to +125 0 C DoC to +750 C 

TEMP. MIN. TYP. MAX. 

+250 C 1.5 3 
Full 5 

Full 8 

+25 0 C 35 100 
Full 200 

+25 0C 1 30 
Full 60 

Full ±13 

+25 0 C 5 20 

+250 C 500 

+25 0 C 5 

+250 C 20K 40K 
Full 15K 

+250 C 80 100 
Full 80 

+25 0C ±13 ±14 
Full ±13 

+25 0 C 30 80 

+25 0C ±20 

+250 C 100 

+250 C 40 80 

+250 C 15 30 

+250 C :':2 :':5 

+250 C 2.5 4 

+250 C 80 100 
Full 80 

4. V CM = ±5.0V 
5. AV=l,RL =2K,VO=20Vpp 

6. See transient response/slew rate 
circuit. 

7. Vin = 200m V 
8. ~ V = ±5.0V 

MIN. TYP. MAX. UNITS 

2 5 mV 
7 mV 

8 /1-V JOC 

50 200 nA 

300 nA 

2 60 nA 
100 nA 

±13 V 

5 20 MSl 

500 MSl 

5 pF 

15K 40K V/V 
10K V/V 

74 100 dB 
74 dB 

±13 ±14 V 
±13 V 

30 80 KHz 

:':18 mA 

100 n 

40 90 ns 

15 40 % 

±2 ±5 V//ls 

3 5 mA 

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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;JiHARRIS 

FEATURES 

• WIDE PROGRAMMING RANGE 

SLEW RATE 
BANDWIDTH 
BIAS CURRENT 
SUPPLY CUR RENT 

• WIDE POWER SUPPLY RANGE 

0.06 TO 6V/ps 
5kHz TO 10MHz 

0.4 TO 50nA 
1 pA TO 1.5mA 

±1.2 TO ±18V 

• CONSTANT AC PERFORMANCE OVER SUPPLY 
RANGE 

APPllCA TIONS 

• ACTIVE FI L TERS 

• CURRENT CONTROLLED OSCILLATORS 

• VARIABLE ACTIVE FI LTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 
Section 11 for Packaging 

NOTE: Case tied to v-
TOP VIEWS 

BALANCE 

INVERTING INPUT 2 

NON-INVERTING 
INPUT 

v:. 

ISET 

V+ 

OUTPUT 

BALANCE 

HA-2720/25 
Wide Range Programmable 

Operational Amplifier 

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 
(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. 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 fOT 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 ±15V), allowing the amplifiers to offer maximum 
performance in almost any system including battery-operated 
equipment. A primary application for HA-2720/2725 is in 
active filters for a wide variety of signals that differ in frequency 
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 -55 0 C to +1250 C. HA-2725 is 
specified from OOC to +75 0 C. Both parts are available in TO-99 
cans or dice form. 

SCHEMATIC 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 

Differential I nput 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 

Offset Voltage 25°C 
Full 

Offset Current 25°C 
Full 

Bias Current 25°C 
Full 

Input Resistance (N ote 10) 25°C 

I nput Capacitance 25°C 

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) 25°C 

Overshoot (Note 6) 25°C 

Slew Rate (Note 7) 25°C 

POWER SUPPLY CHARACTERISTICS 

Supply Current 25°C 
Full 

Power Supply Rejection Ratio (Note 8) Full 

© Ie MASTER 1983 

Power 0 issipation (N ote 2) 300mW 

Operating Temperature Range: 
HA-2720 -55°C ~ T A ~ +125 0 C 
HA-2725 OOC ~ T A ~ + 75°C 

45.0V 

±30.0V 

±15.0V 

500j1A 

V+ - 2.0V ~ VSET ~ V+ 
Storage Temperature Range -65°C ~ T A ~ + 150°C 

HA-2720 HA-2725 
-55°C to +125 0 C OOC to +75 0 C 

ISET = 1.5J.1A ISET = 15J.1A ISET = 1.5J.1A ISET = 15J.1A 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

2.0 3.0 2.0 3.0 2.0 5.0 2.0 5.0 mV 
5.0 5.0 7.0 7.0 mV 

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 10 8.0 30 nA 
10 40 10 40 nA 

50 5 50 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 mA 

2K 500 2K 500 Q 

2.8 14 2.8 14 mA 

2.5 0.25 2.5 0.25 J.1s 

5 10 5 10 % 

0.07 0.70 0.07 0.70 V/f.1s 

15 170 15 170 /-LA 
25 250 25 250 j1A 

100 I 100 150 150 f.1 V/V 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

V+ = +15.0V, V- = -15.0V 

HA-2720 HA-2725 
-55°C to +125 0 C DoC to +75 0 C 

ISET = 1.5pA ISET = 15J.lA ISET = 1.5J.lA ISET = 15J.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 r.O 
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 0 C 30K lOOK 30K 120K 25K lOOK 25K 120K 
Full 20K 20K 20K 20K 

Common Mode Rejection Ratio (Note 4) 25°C 90 90 90 90 
Full 80 80 74 74 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 25°C ±.12 ±.13.5 ±. 12 ±.13.5 ±'12 ±.13.5 ±'12 ±.13.5 
Full ±10 ±.lp ±10 ±1O 

Output Current (Note 5) 25°C ±0.5 ±5.0 ±0.5 ±.5.0 

Output Resistance 25°C 2K 500 2K 500 

Output Short-Circuit Current 25°C 3.7 19 3.7 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 CHARACTERISTICS 

Supply Current 25°C 20 210 20 210 
Full 50 450 50 

Power Supply Rejection Ratio (Note 8) Full 100 100 150 150 

NOTES: 1. For supply voltages less than ±15.0V, the absolute maximum input voltage is equal to supply voltage. 
2. Derate at 6.8mW/o C for operation ambient temperatures above 75°C. 

VSUPPL Y = ±3.0V 

3. T = +25 0 C ahd Full 

4. V CM =±1.5V 

5. Vo = ±2.0V 

VSUPPL Y = ±15.0V 

T = +250 C 

T = Full 

V CM = 15,OV 

V O =±10.0V 

ISET = 1.511 A 

RL = 75Kn 

RL = 75K!! 

6. -------AV = +1, V IN = 400mV, RL = 5K, C L = 100pF 

7. Vo = ±2.0V V O =±10.0V R L =20K 

8. :lv = ±1.5V .:lv = ±5.0V 

9. V O =±1.0V V O =±10.0V 

10. This parameter based upon design calculations. 

ISET = 1511A 

RL = 5Kr2 

RL = 75Kr2 

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 

mA 

Q 

mA 

J.ls 

% 

V/J.ls 

/-LA 
J.lA 

/.1V/V 
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m HARRIS HA-2730/35 
Wide Range Dual Programmable 

Operational Amplifier 

FEATURES 

• WIDE PROGRAMMING RANGE 

SET CURRENT 
SLEW RATE 
BANDWIDTH 
BIAS CURRENT 
SUPPLY CUR RENT 

• WIDE POWER SUPPLY RANGE 

0.1 TO 100pA 
0.06 TO 6V Ip s 

5kHz TO 10MHz 
0.4 TO 50nA 

lpA TO 1.5mA 

±1.2 TO ±18V 

• CONSTANT AC PERFORMANCE OVER SUPPLY 
RANGE 

APPLICATIONS 

• ACTIVE FI L TERS 

• CURRENT CONTROLLED OSCILLATORS 

• VARIABLE ACTIVE FILTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

ISET V+ 

OUT 

V-

ISET 

OUT 

NOTE: Bottom of package is connected to V-. 

DESCRIPTION 

HA-2730/2735 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 (ISET). 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-2730/2735 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 di"ffer 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 -55 0 C to +125 0 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 

(ONE HALF) 
\ ONLY 
HA-2730/35 

© Ie MASTER 1983 See Pages 3287-3291 for Package Information. 3239 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Different iall nput Voltage 
Input Voltage (Note 1) 
ISET (Current at ISET) 

45.0V 
±30.0V 
±15.0V 
500,llA 

VSET (Voltage to Gnd. at ISET) 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 $ +1250e 
HA-2735 oOe $ T A $ + 75°C 

Storage Temperature Range -65°C ~ TA ~ +1500 C 

HA-2735 
-55°C to +1.25 0 C OOC to +75 0 C 

ISET = 1.5f.1A ISET = 15,llA ISET = 1.5,llA ISET = 15,llA 
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARAcTE RISTI CS 
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 20 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 

Large Signal Voltage Gain (Notes 3 & 9) 25°C 15K 40K 15K 40K 15K 40K 15K 40K 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 ,lls 

Overshoot (Note 6) 25°C 5 10 5 10 % 

Slew Rate (Note 7) 25°C 0.07 0.70 0.07 0.70 V l,lls 

POWER SUPPLY CHARACTERISTICS 
Supply Current (Each Amp) 25°C 15 170 15 170 ,llA 

Full 25 250 25 2.50 f.1A 

Power Supply Rejection Ratio(Note 8) Full 100 100 150 150 f.1VIV 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (Each Side) 

V+=+15.0V, V-=-15.0V 

HA-2730 HA-2735 
-55°C to +1250 C OOC to +75 0 C 

ISET = 1.511A ISET = 15J.1A ISET = 1.5J.1A ISET = 15J.1A 

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 

Input 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 30K lOOK 30K 120K 25K lOOK 25K 120K 
Full 20K 20K 20K 20K 

Common Mode Rejection Ratio (Note 4) 25°C 90 90 90 90 
Full 80 80 74 74 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 25°C ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 
Full ±10 ±10 ±10 ±1O 

Output Current (Note 5) 25°C ±0.5 ±5.0 ±0.5 .±.5.0 

Output Resistance 25°C 2K 500 2K 500 

Output Short-Circuit Current 25°C 3.7 19 3.7 19 

TRANSI ENT 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 CHARACTERISTICS 

Supply Current (Each Amp) 25°C 20 210 20 210 
Full 50 450 50 

Power Supply Rejection Ratio (Note 8) Full 100 100 150 150 

NOTES: 1. For supply voltages less than ±15.0V, the absolute maximum input voltage is equal to supply voltage. 

© Ie MASTER 1983 

2. Derate at 4.7mW/oC at ambient tempera1 ~ above 68°C. 

VSUPPL Y = ±3.0V VSUPPL Y = ±15.0V ISET = 1.5J.1A ISET = 15J.1A 

3. T = +250 C and Full 

4. V CM =±1.5V 

5. Vo = ±2.0V 

T = Full 

V CM = ±5.0V 

Vo = ±10.0V 

RL = 75K.Q 

RL = 75K.Q 

6. -------AV = +1, V IN = 400mV, RL = 5K, C L = 100pF 

7. Vo = ±2.0V Vo = ±10.0V RL = 20K 

8. D.V = ±1.5V D.V;= ±5.0V 

9. Vo = ±1.0V Vo = ±10.0V 

10. This parameter value based upon design calculations. 

MAX. 

5.0 
7.0 

10 
20 

30 
40 

450 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MQ 

pF 

VIV 
VIV 

dB 
dB 

V 
V 

mA 

Q 

mA 

J.1s 

% 

V/l1s 

I1A 
I1A 

I1 V/V 
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m HARRIS· 

FEATURES 

• WIDE PROGRAMMING RANGE 

~ SLEW RATE 
~ BANDWIDTH 
~ BIAS CURRENT 
~ SUPPLY CURRENT 

• WIDE POWER SUPPLY RANGE 

• CONSTANT AC PERFORMANCE OVER 
SUPPLY RANGE 

APPLICATIONS 

• ACTIVE FILTERS 

• CURRENT CONTROLLED OSCILLATORS 

• VARIABLE ACTIVE FILTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 

O.SV I IJs 
1MHz 

SnA 
250IJA 

Section 11 for Packaging 

TOP VIEW 

OUT A ---''-t----, ,--_-t---'-'16"-- 0 UT 0 

- I N A ---='---+---I~ ~ .. -t---,-1 ,,-5 - _ IN 0 

+ IN A ---f---L""" ~--+--'-14"'-- + IN 0 

+v 13 -v 

+ IN B ----=-f---rN. /.I----+~12~ + IN C 

- I N B ----='---+---1:/ ~---+--'-"'-- - INC 

OUT B ---'---+----..1 L--t--t---:.;10::.- 0 UT C 

SET A. B. 0 --:;-+--~ I...----f----.:...- SET C 

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 
optimum 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 program m ing cu rrent. 

A majar advantage of the HA-2740 is that operating characteristics remain 
virtually constant over a wide supply range ( ± 1.2V to ± lSV), 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-line package. 

SCHEMATIC 

3242 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 2) 
ISET (Current at ISET) 
VSET (Voltage to Gnd. at ISET) 

45.0V 
± 30.0V 

. ± 15.0V 
500l1A 

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 ~ +750 C 

-65 0 C ~ TA ~ +1500 C 

ELECTRICAL CHARACTERISTICS V+ = +15.0V, V-= -15.0V 

HA-2740-2 HA-2740-5 
-550C to + 1250C ooc to +750C 

ISET = 1.5pA 

PARAMETER TEMP MIN TYP 

INPUT CHARACTERISTICS 

Offset Voltage 250C 2.0 
Full 

Offset Current 250C 0.5 
Full 

Bias Current 250C 2.0 
Full 

Input Resistance (Note 3) 250C 50 

I nput Capacitance 250C 3.0 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) 250C 30K lOOK 
Full 20K 

Common Mode-Rejection Ratio (Note 5) 250C 100 
Full 80 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) 250C ± 12 ± 14 
Full ± 10 

Channel Separation (Note 7) 250C 110 

Output Current (Note 8) 250C ±0.5 

Output Resistance 250C 

Output Short Circuit Current 250 C 

TRANSIENT RESPONSE 

Rise Time (Note 9) 25 0 C 

Overshoot (Note 9) 250C 

Slew Rate (Note 10) 250C 

POWER SUPPLY CHARACTERISTICS 

Supply Current (each amp) 250C 
Full 

Power Supply Rejection Ratio (Note II) 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 = 15pA 
RL = 75K @ ISET = 1.5pA 

© Ie MASTER 1983 

2K 

3.6 

2.0 

2 

0.1 

25 

MAX 

3.0 
5.0 

3.0 
7.5 

5.0 
10 

50 

-
ISET=15pA w ISET = 1.511 A ISET = 15pA 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

2.0 3.0 2.0 5.0 2.0 5.0 
5.0 7.0 7.0 

1.0 10 0.5 5.0 1.0 10 
20 7.5 30 

8.0 20 2.0 10 8.0 30 
40 10 40 

5 50 5 

3.0 3.0 3.0 

30K 120K 25K lOOK 25K 120K 
20K 20K 20K 

100 100 100 
80 74 74 

1.12 ± 14 ±.12 ±. 14 ±. 12 ±.14 
±. I 0 

: 
±.IO ±.IO 

110 110 110 

1. 5.0 ±'0.5 ±. 5.0 

500 2K 500 

16 3.6 16 

0.2 2.0 0.2 

10 2 10 

0.8 0.1 0.8 

250 25 250 
450 50 450 

100 150 150 

5. VCM = ± 5V 

6. RL = 5kn @ ISET = 15pA, RL = 75K @ ISET = 1.5pA 

7. RS=lkU, f=IOOHz. 

8. VO=±'IOV 

9. AV = I, VIN = 200, .V, RL = 5k, CL = 100pF. 

10. Va =± 10V, RL = 5K@ ISET = 15pA, 

RL = 20K @ ISET = 1.5pA 

I1.AV=~5V. 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MS1 

pF 

V!V 
V!V 

dB 
dB 

V 
V 

dB 

mA 

n 
mA 

ps 

% 

VIp s 

pA 
pA 

pV/V 
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mJ HARRIS 

FEATURES 

• SLEW RATE 

• BANDWIDTH 

1.6 VIps (TYP.l 

3.5 MHz (TYP.l 

• INPUTVOLTAGENOISE(f=lKHz) 9 NV';;;; (TYP.l 

0.5 mV (TYPJ • INPUT OFFSET VOLTAGE 

• INPUT BIAS CURRENT 60 nA (TYP.l 

• SUPPLY RANGE ±2V to ±20V 

• 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 

HA-4156 
High Performance Quad 

Operational Amplifier 

DESCRIPTION 

The HA-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 
in 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 DoC to +750 C. 

, SCHEMATIC 

RI 
3K 

-IN 

RI 
80 

RI 
-IN 150 

+V 

OUT 

R7 
80 

as 

(%) HA-4156 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

TA = +250C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals 
D ifferentiall 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 

Differential Input Resistance 

Input Noise Voltage (f = 1 KHz) 
If = 20Hz to 20kHz) 

TRANSFER CHARACTERISTICS 

large Signal Voltag" 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 1-1 

Power Supply Rejection Ratio (Note 8) 

40.0V 
±30.0V 

± 15.0V 

Indefinite 

TEMP. 

+25 0C 

Full 

Full 

+250 C 

Full 

+250 C 

Full 

Full 

+25 0 L 

+250 C 
+250 C 

+25 0 C 

Full 

+25 0 C 

Full 

+25 0 C 

+250 C 

Full 

Full 

+25 0C 

Full 

+25 0C 

+250 C 

+25 0 C 

+250 C 

+250 C 

Full 

Power Dissipation (N ote 3) 

Operating Temperature Range 

HA-4156-5 

Storage Temperature Range 

HA-4156-5 
OOC to +75 0 C 

MIN. TYP. MAX. UNITS 

1.0 5.0 mV 

5.0 6.5 mV 

5 JiV/oC 

60 300 nA 

400 nA 

30 50 nA 

100 nA 

1" 12 V 

5 MS1 

9 nV/.[Hz 
1.4 2.0 pVRMS 

25K 50K V!V 

15K V!V 

80 dB 

74 dB 

-108 dB 

2.8 3.5 MHz 

1"12 1" 13.7 V 

1"10 1" 12.5 V 

20 25 KHz 

1"5 1"15 rnA 

300 n 

75 ns 

25 % 

1.3 1" 1.6 VI Jis 

7.0 rnA 

80 dB 

880mW-

OOC$T A~ +750C 

- 650C$TA~+1500C 

NOTES: 1. For supply voltag~s less than ± 15V, the absolute 4. VOUT = .:!.'la, RL = 2K 

© Ie MASTER 1983 

maximum input voltage is equal to the supply 
voltage. 

2. One amplifier may be shorted to ground indefinitely. 
3. Derate 5.8mW/oC above T A = +250 C. 

5. Referred to input; f = 10KHz, RS = 1 K 
6. VOUT =1"10 
7. See pu Ise response characteristics 
8. Ilv = 1"5.0V 
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FEATURE.~ 

• LOW OFFSET VOLTAGE 0.3mV 

• HIGH SLEW RATE ±4V l/ls 

• WIDE BANDWIDTH 8MHz 

• LOW DRIFT 2/lV/oC 

• FAST SETTLING (0.01%, 10V STEP) 4.2/ls 

• LOW POWER CONSUMPTION 35mW/AMP 

• SUPPLY RANGE ±5V TO ±20V 

APPLICATIONS 

• HIGH Q, WIDE BAND FILTERS 

• INSTRUMENTATION AMPLIFIERS 

• AUDIO AMPLIFIERS 

• DATA ACQUISITION SYSTEMS 

• INTEGRATORS 

• ABSOLUTE VALUE CI RCUITS 

• TONE DETECTORS 

PINOUT 

Section 11 for Packaging 

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-4600 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-4600 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 I JHZ) and excellent full power bandwidth 
(60kHz). The HA-4602/4605 is particularly useful in designs 
requiring low offset voltage (O.3mV) and drift (2pV/OC), such as 
instrumentation and signal conditioning circuits. The high slew 
rate (4V/j.ls) and fast settling time (4.2j.ls to 0.01%, 10V step) 
makes these amplifiers useful compoinents in fast, accurate data 
acquisition systems. 

The HA-4600 series are available in 14 pin CERDIP packages 
which are interchangeable with most other quad op amps. 
HA-4600/4602-2 is specified from -550 C to +125 0 C and 
HA-4600/4605-5 is specified over OOC to +75 0 C range. 

SCHEMATIC 

ONE FOURTH ONLY (HA-4600) 

3246 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

TA = +250 C Unless 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 (N ote 4) 
Operating Temperature Range 
HA-4600/4602-2 
HA-4600/4605-5 
Storage Temperature Range 

ELECTRICAL CHARACTERISTICS V+=+15V, V-= .-15V 

HA-4600-2 HA-4602-2 
HA-4600-5 HA-4605-5 

PARAMETER TEMP MIN TYP MAX MIN TYP 

INPUT CHARACTERISTICS 

Offset Voltage +250C 0.3 2.5 3.0 
Full 3.0 

Av. Offset Voltage Drift Full 2 5 

Bias Current +250 C 130 200 200 
Full 325 

Offset Current +250C 30 75 70 
Full 125 

Common Mode Range Full ±12 ±12 

Input Noise Voltage (f = 1 kHz) +250 C 8 8 

Input Resistance 500 500 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) Full lOOK 250K 75K 250K 

Common Mode Rejection Ratio (Note 9) Full 86 80 

Channel Separation (Note 6) +250 C -108 -108 

Small Signal Bandwidth +250 C 8 8 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (R L = 10K) Full ±12 ±13 ±12 ±13 
(RL = 2K) Full ±10 ±12 ±1O ±12 

Full Power Bandwidth (Note 5) +250 C 60 60 

Output Current (Note 7) Full ±1O ±15 ±8 ±15 

Output Resistance +250 C 200 200 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250C 50 50 

Overshoot +250C 30 30 

Slew Rate +250C 1 i4 ±4 

Settling Time (Note 10) 4.2 4.2 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C 4.6 5.5 5.0 

Power Supply Rejection Ratio (Note 9) Full 86 74 

@) Ie MASTER 1983 

880mW 

-550 CSTA S+1250 C 
OOCSTAS+750 C 

-65 0 C STAS+1500 C 

MAX UNITS 

9 mV 
10 mV 

IlV 10C 

400 nA 
500 nA 

150 nA 
175 nA 

V 

nV/.jHi 

kn 

V/V 

dB 

dB 

MHz 

V 
V 

kHz 

rnA 

n 

ns 

% 

V IllS 

Ils 

7.5 rnA 

dB 
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mHARRIS 

FEATURES 

• Wide Gain Bandwidth Product 

• High Slew Rate 

• Low Offset Voltage 

• Fast Settli ng (0.01%, 1 OV Step) 

70MHz 

±20V /ps 

0.3mV 

2.5J.ls 

• Total Harmonic Distortion <.01% to 30kHz 

• Low Drift 2J.lV/OC 

• Low Power Consumption 35mW/Amp 

• Supply Range ±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 
Section 11 for Packaging 

TOP VIEW 

Out Out 
1 4 

Inputs Inputs 
1 4 

v+ V-

Inputs Inputs 
2 3 

Out Out 
2 3 

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 isolated 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 act'ive filter 
circuits. HA-4620 series offers 0.3mW offset voltages and 2 J.1 V /oC , 
offset voltage drift for very accurate signal conditioning designs. In 
high performance audio applications, these amplifiers deliver 260kHz 
full power bandwidth and 8nV JHZ noise voltage. For fast accurate 
data acquisition systems HA-4620 series offer 20V J.1 s slew rate and 
settl i ng ti me of 2.5J.1secs 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 -550 C to 
+125 0 C andHA-4620/4625-5 is specified over OOC to + 75 0 C range. 

SCHEMATIC 

ONE FOURTH ONLY (HA-4620) 

3248 See Pages 3287-3291 for Package Informat'ion. © Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

T A = +250C Unless otherwise stated. 

Voltage between V+ and V- Terminals 40.0V 
Differential I nput Voltage ±'7V 
Input Voltage (Note 2) ± 15.0V 

Output Short Circuit Duration (Note 3) Indefinite 

ELECTRICAL CHARACTERISTICS 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS-

Offset Voltage +250C 
Full 

Av. Offset Voltage Drift Full 

Bias Current +250C 
Full 

Offset Current +250C 
Full 

Common Mode Range Full ±12 

Input Noise Voltage (f = 1 kHz) +250C 

Input Resistance -:f"25 0C / 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) Full lOOK 

Common Mode Rejection Ratio (Note 6) Full 86 

Channel Separation (Note 7) +250C 

Gain Bandwidth Products (Note 8) +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (R L = 10K) Full ±12 
(RL = 2K) Full ±10 

Full Power Bandwidth (Note 9) +250 C 

Output Current (Note 7) Full ±10 

Output Resistance +250C 

TRANSIENT RESPONSE (Note 11) 

Rise Time +250C 

Overshoot +250C 

Slew Rate +25 0C ±12 

Settling Time (Note 10) 

POWER SUPPL Y CHARACTERISTICS 

Supply Current +25 0C 

Power Supply Rejection Ratio (Note 9) Full 86 

© Ie MASTER 1983 

Power Dissipation (Note 4) 880mW 
Operating Temperature Range 

HA-4620/4S22-2 -550 C·S T A ~ +1250C 
HA-4620/4625-5 OOC~TA~+750C 

Storage Temperature Range -650C ~ TA ~ +150oC 

HA-4620-2 HA-4622-2 
HA-4620-5 HA-4625-5 

TYP MAX MIN TYP MAX UNITS 

0.3 2.5 3.0 9 mV 
3.0 10 mV 

2 5 IlV IOC 

130 200 200 400 nA 
325 500 nA 

30 75 70 150 nA 
125 175 nA 

±12 V 

8 8 nV/jHi 

500 500 kn 

250K 75K 250K VIV 

80 dB 

-108 -108 dB 

70 70 MHz 

±13 ±12 ±13 V 
t12 ±10 ±12 V 

260 260 kHz 

±15 ±S ±15 rnA 

200 200 n 

38 60 38 ns 

45 60 45 % 

±20 ±12 ±20 V IllS 

2.5 2.5 Ils 

4.6 5.5 5.0 7.5 rnA 

74 dB 

3249 
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FEATURES 

• SLEW RATE 
• BANDWIDTH 
• INPUT VO L TAGE 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 //1S (TYP.) 
3.5MHz (TYP.l 

9nV{HZ (TYP.l 
O.5mV (TYP.) 

60nA (TYP.l 
±2V TO ±20V 

Section 11 for Packaging 

Out Out 
1 4 

I nputs Inputs 
1 4 

v+ 

Inputs 

2 

Out 
2 

QUAD OP AMP 

Inputs· 

3 

Out 
3 

HA-4741 
Quad Operational Amplifier 

DESCRIPTION 

The HA-4741, 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 
operatin"g 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 
(O.5mV), input bias current (60nA) and input voltage noise 
(9nV / (Hi. 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-4741'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 1kHz). 

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 H A-4 741 has guaranteed operation Qver -550 C to + 1250 C 
and can be furnished to meet M I L-STD-883 (HA-4741-8l. 
The HA-4741-5 is guaranteed over OOC to +750C and is avail
able in ceramic and plastic dual-in-line packages and in dice 
form . 

SCHEMATIC 

(~) HA-4741 

3250 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

TA = +250C 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 nput B esistance 

Input Noise Voltage (f = 1KHz) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) 

Common Mode Rejection Ratio (Note 8) 

Channel Separation (N ate 5) 

Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (RL = 10K) 

(Rt = 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 

+250 C 

Full 

+250 C 

Full 

Full 

+250 C 

+250 C 

+250 C 

Full 

+250C 

Full 

+250 C 

+250C 

Full 

Full 

+250 C 

Full 

+250C 

+250 C 

+250 C 

+250C 

+250 C 

Full 

Power Dissipation For 
Epoxy Package. (Note 3) 
Operating Temperature Range 

HA-4741-2 

HA-4741-5 
Storage Temperature Range 

HA-4741-2 

880mW 

- 550C$TA~+1250C 

OOC$TA~+750C 

- 650C$T A ~+150oC 

HA-4741-5 

-550 C to +1250 C OOC to +750 C 

MIN. TYP_ MAX. MIN. TYP. MAX. UNITS 

0.5 3.0 1.0 5.0 mV 

4.0 5.0 5.0 6_5 mV 

5 5 J..I.V/oC 

60 200 60 300 nA 

325 400 nA 

15 30 30 50 nA 

75 100 nA 

± 12 .:t12 V 

5 5 Mn 

9 9 nV/[Hz 

50K lOOK 25K 50K V/V 

25K 15K V/V 

80 80 dB 

74 74 dB 

90 -108 90 -108 dB 

2.5 3.5 2.5 3.5 MHz 

.:t12 .:t 13.7 .:t12 .:t 13.7 V 

±10 ±12.5 ±10 ± 12.5 V 

14 25 14 25 kHz 

±5 ±15 .:t5 .:t15 mA 

300 300 n 

75 140 75 140 ns 

25 40 25 40 % 

± 1.6 ±1.6 V/J..I.s 

5.0 7.0 mA 

80 80 dB 

NOTES: 1. For supply voltages less than ± 15V, the absolute 
maximum input voltage is equal to the supply 

7. See pu Ise response characteristics 
8. tJ.V = ±5.0V 

voltage. 
2. One amplifier may be shorted to ground Indefinitely. 

3. Derate 5.8mW/oC above T A = +25 0 C. 

4. VOUT=i10,RL=2K 
5. Referred to input; f = 10KHz, RS =. 1 K 
6. V OUT =±1O 

© Ie MASTER 1983 

9. Full power bandwidth guaranteed based upon 

slew rate measurement FPBW = S.R'/2TTVpeak 

10.RL = 2K, CL = 50pf. 

11.VOUT = ±200mV 

12. VOUT = ±5V 
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mHARRIS HA-5062 Series 
low Power JFET Input 

Preliminary Dual Operational Amplifiers 

FEATURES DESCRIPTION 

• HIGH INPUT IMPEDANCE 1012n 

• LOW INPUT BIAS CURRENT 

• LOW INPUT OFFSET CURRENT 

• VERY LOW POWER CONSUMPTION 
TYPICAL SUPPLY CURRENT 

200pA 

100pA 

200llA 

• INTERNAL FREQUENCY COMPENSATION 

• HIGH SLEW RATE 4V/ps 

• PIN COMPATIBLE WITH LM1458 
• DIRECT REPLACEMENT FOR TL062 

APPLICATIONS 

• ACTIVE FILTERS 

• INSTRUMENTATION AMPLIFIERS 

• AUDIO AMPLIFIERS 

• BATTERY OPERATED EQUIPMENT 

• SIGNAL COND'lTIONING 

PINOUT 
V+ 

NOTE: Case Connected to v-
TOP VIEWS 

Copyright © Harris Corporation 1982 

The HARRIS HA-5062 operational amplifiers area 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 anda slew rate of 4v/lls. 

This improved performance is a result of the HARRIS 
FET/Bipolar technology and makes the HA-5062 series 
of amplifiers ideally suited for applications 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 +1250C. 
The HA-5062A-5, HA-5062B-5 and HA-5062-5 are 
all characterized' over the commercial temperature range 
of OOC to +750C. 

SIMPLIFIED SCHEMATIC 

-IN OUT 

(ONE HALF ONLY) 

3252 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 

Differential I nput Voltage 

Input Voltage (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 
ambient temperature after warm-up. -SSOC to +12SOC 

PARAMETER TEMP. MIN. TYP. MAX. 

INPUT CHARACTERISTICS 
Offset Voltage (Note 3) +25 0 C 3 

Full 
Av. Offset Voltage Drift Full 10 
Bias Current +250 C 30 

Full 
Offset Current +250C 5 

Full 
Common Mode Range Full ±10 ±12 
Input Resistance +250 C 1012 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 4) +25 0 C 20K 25K 

Full 10K 
Common Mode Rejection Ratio (Note 5) Full 80 86 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 6) +250 C !10 ±12 

Full ±to 
Unity Gain'Bandwidth (Note 6) +250 C t 
Full Power Bandwidth (Note 7) +250C 63 

TRANSIENT RESPONSE 
Rise Time (Note 8) +250C 80 
Overshoot (Note 8) +25 0C 10 
Slew Rate (Note 9) +25 0C 4 
Settling Time (Note 10) +250 C 3.5 

POWER SUPPLY CHARACTERISTICS 
Supply Current (Notl! 11) +250C 
Power Supply Rejection Ratio (Note 12) Full 80 9S 

NOTES: 

1. Absolute l1)aximum 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~1O~n,VO=±10V. 

5. .1VIN =~10V. 

6. RL = 10Kf!. 

@) Ie MASTER 1983 

6 
9 

200 
50 
100 
20 

0.4 

Power DissiRation 600mW* 

Operating Temperature Range: 

HA-5062-2 -550C~TA~+1250C 
HA-5062-5 00C~TA~+750C 

Storage Temperature Range -650C~T A~+1500C 
* To-99 Derate by 6.75mW/oC above +85 0 C 

Dip Derate by 5.57mW/oC above +65 0 C 

HA-S062A-S HA-S062B-S HA-S062-S 
OOC to 7SOC OOC to 7S0 C OOC to +7SoC 

MIN. TYP. M~X. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

3 6 2 3 3 15 mV 
7.5 S 20 mV 

10 10 10 p.V/OC 
30 200 30 200 30 400 pA 

7 7 10 nA 
5 100 5 100 5 200 pA 

3 3 5 nA 
±10 ±12 ±10 !12 !10 ±12 V 

1012 1012 10 12 Mr2 

20K 25K 20K 25K 10K 25K V/V 
lSK lSK SK V/V 
80 86 80 86 70 76 dB 

±to ±t2 ±to ±t2 ±to ±t2 V 
±10 ±to .±to V 

t t t MHz 
63 63 63 KHz 

80 80 80 nsec 
10 to 10 % 
4 4 4 V/J.js 

3.5 3.5 3.5 J.l. sec 

0.4 0.4 O.S mA 
80 9S 80 95 70 95 dB 

7. R L =10K; Full power bandwidth guaranteed based on 

I . FPBW SLEW RATE 
sew rate measurement uSing = 2 7TVPEAK . 

8. V,N = 50mV, CL = 50pF, RL = 10K!? 

9. V,N = 10V, CL = 50pF, RL = 10KH. 

10. Settling time is measured to 0.1% of final value for a 
10 volt output step and A V = -1. 

11. No load, No signal: 

12. VSUPP = ±5V.D.C. to ±15 V.D.C. 
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~HARRIS 

JUL Y 1982 Preliminary· 

FEATURES 

• LOW INPUT BIAS CUR RENT 100pA 

• LOW POWER DISSIPATION 24mW/Pkg. 

• FAST SLEWING 4V/Jl.s 

• LOW VIO DRIFT l0Jl.V/OC 

• HIGH INPUT IMPEDANCE 1012n 
• GOOD CHANNELSEPARATION 120dB 

• POWER SUPPLY RANGE ±5V TO ±20V 

APPLICA TIONS 

WHERE DENSITY AND POWER REQUIREMENTS 
ARE 0 EMANDING: 

• ACTIVE FILTERS 

• SIGNAL CONDITIONING 

.. SIGNAL GENERATION 

• INSTRUMENTATION AMPLIFIERS 

PINOUT 

TOP VIEW 

OUT 14 OUT 
1 4 

13 

INPUTS INPUTS 
1 12 4 

V+ 
11 

V-
10 

INPUTS INPUTS 
2 9 3 

OUT 7 8 OUT 
2 3 

Copyright © Harris Corporation 1982 

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 0 C characteristics. Maximum 
power dissipation of 24 mW/package is achieved by using com
plementary design, process, and layout techniques. 

A 4V!lls slew rate coupled with 1MHz 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 com prom
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/H A-5064-5 are specified over the OOC to 
+75 0 C range. 

SIMPLIFIED SCHEMATIC 

-IN OUT 

ONE-FOURTH ONLY 

3254 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



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-5064-2 
-550C to + 1250 C 

PARAMETER TEMP MIN TYP MAX 

INPUT OHARACTERISTICS 

Offset Voltage +250C 2 6 
Full 9 

Offset Voltage Average Drift Full 10 

Bias Current +250C 200 
Full 50 

Offset Current +250 C 100 
Full 20 

Input Resistance +250C 10 12 

Common Mode Range Full ~1O 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) +250 C 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 2:12 
Full ::10 

Output Current (Note 9) Full ::1 
Full Power Bandwidth (Note 10) +250C 63 
Output Resistance (Note 11) +250C 300 

TRANSIENT RESPONSE (Note 12) 

Rise Time (10% TO 90%) +250C 80 

Slew Rate +250C 2 4 
Settling Time (Note 13) +250C 3.5 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C .8 
P. S. R. R. (Note 14) Full 80 

© Ie MASTER 1983 

HA-5064A-5 
OOCto+750C 

MIN TYP MAX 

2 6 
7.5 

10 
200 
7 

100 
3 

10 12 

~1O 

20K 25K 
15K 

80 
1 

120 

2-10 ±12 
::'10 
:!:1 

63 

300 

80 

2 4 
3.5 

.8 
80 

40V 

±30V 

Continuous 

500mW 

-650 C to +1500 C 

HA-5064B-5 HA-5064-5 
OOC to + 750 C 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 

±1O 2"12 2:10 !12 

::'10 ::10 
::1 ~1 

63 63 
300 300 

80 80 

2 4 2 4 
3.5 3.5 

.8 1 
80 70 

UNITS 

mV 
mV 

/J.V/oC 
pA 
nA 
pA 

nA 
S1 
V 

V/V 
V/V 
dB 

MHz 
dB 

V 
V 

mA 
kHz 
n 

. nsec 

V / IJ.sec 
Jisec 

mA 
dB 
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~HARRIS HA-50B2 Series 
JFET Input 

Preliminary Dual Operational Amplifiers 

FEATURES DESCRIPTION 

• HIGH INPUT IMPEDANCE 1012n 

• 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: Case Connected to v-

Copyright © Harris Corporation 1982 

200pA 

100pA 

3.5mA 
15V/J,lS 

TOP VIEWS 

The HAR RIS HA-5082 operational amplifiers are a series 
of dual monolithic JFET -input amplifiers featuring 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 15Vj J,ls, and bandwidths of 4M Hz. 

This improved performance is a result of the HAR RIS 
F ET IB ipolar technology and makes the H A-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 
OOC to + 750 C. 

SIMPLIFIED SCHEMATIC 

-IN OUT 

(ONE HALF ONLY) 

3256 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 
Input Voltage (Note 21 
Output Short Circuit Duration 

±20V 

±40V 
±15.0V 

Indefinite 

E lECTR ICAl CHARACTER ISTICS 
V+=15V V-=-15V 
Parameters are guaranteed at indicated HA-5082-2 
ambient temperature after warm-up. -55 0 C to +125 0 C 

PARAMETER TEMP. MIN. TYP. MAX. 

INPUT CHARACTERISTICS 
Offset Voltage (Note 3) +250 C 3 

Full 
Av. Offset Voltage Drift Full 10 
Bias Current +250 C 30 

Full 
Offset Current +25 0 C 5 

Full 
Common Mode Range· Full !10 ±12 
I nput Resistance +25 0 C 10 12 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 4) +25 0 C 50K 200K 

Full 15K 
Common Mode Rejection Ratio (Note 5) +25 0 C 80 86 

Unity Gain Bandwidth +250 C 4 
, 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 6) +25 0 C :1:.10 ±12 

Full ±10 
Output Current (Notp 7) Full ±5 
Full Power Bandwidth (Note 8) +25 0 C 240 

TRANSIENT RESPONSE 
Rise Time (Note 9) +25 0 C 60 
Overshoot (Note 9) +25 0 C 10 
Slew Rate (Note 10) +25 0 C 15 
Settling Time (Note 11) +250 C 2 

POWER SUPPLY CHARACTERISTICS 
Supply Current (N ate 12) +25 0C 3.5 
Power Supply Rejection Ratio (Note 13) +250C 80 86 

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 max
imum input voltage is equal to the supply Voltage. 

3. RS = 50n. 

4. RL~2Kn,VO=±10V. 

5. .1 VIN = ~10V. 

6. RL = 2Kn. 

@ Ie MASTER 1983 

5 
8 

200 
50 
100 
20 

5.6 

Power Dissipation 600mW* 
Operating Temperature Range: 

HA-5082-2 -550C~TA~+1250C 

HA-5082-5 OOC~ T A~ +750C 
Storage Temperature Range -650C ~TA ~+1500C 

* To-99 Derate by 6.75mW/oC above +850C 
Dip Derate by 5.57mW/oC above +650C 

HA-5082A-5 HA-5082B-5 HA-5082-5 
OOC to 75 0 C OOC to 750 C OOC to +75 0 C 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

3 5 2 5 15 mV 
7 4 20 mV 

10 10 10 pV/oC 

±1O 

50K 
25K 

80 

±10 
.±.1O 

±5 

80 

30 200 30 200 30 400 pA 
8 4 10 nA 

5 100 5 100 !) 200 pA 
4 2 5" nA 

~12 ±10 ~12 ~1O ±12 V 

10 12 1012 10 12 Mrl 

200K 50K 200K 25K 200K V!V 

25K 15K V!V 
86 80 86 70 76 dB 

4 4 4 MHz 

±12 !10 .±.12 ~10 ±12 V 
.±.10 .±10 V 

±5 ±5 mA 

240 240 240 KHz 
-

60 60 60 nsec 
10 10 10 % 
15 15 15 V//1S 
2 2 2 J.1. sec 

3.5 5.6 3.5 5.6 3.5 5.6 mA 

86 80 86 70 76 dB 

7. VOUT = ± 10V 

8. R L = 2K; Full power bandwidth guaranteed based on 
SLEW RATE 

slew rate measurement using FPBW = 2 7TVPEAK . 

9. VIN = 50mV, CL = 100pF, RL = 2K n. 

10. VIN=10V,CL=100pF,RL= 2Kn. 

11. Settling time is measured to 0.1% of final value for a 
10 volt output step and AV =-1. 

12. No load, No signal. 

13. VSUPP = ±5V.D.C. to ±15 V.D.C. 
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;JJ 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 

TOP VIEW 

OUT 
1 

2 
INPUTS 

1 3 

V+ 
4 

5 
INPUTS 

2 6 

OUT 
2 

200pA 

15V/lls 

4MHz 

10 /-LV /oC 

1012,n 

7.2mA 

±5V TO ±20V 

Section 11 for Packaging 

14 OUT 
4 

V-

B OUT 
3 

HA-50B4 Series 
JFET Input 

Quad Operational Amplifiers 

DESCRIPTION 

The Harris HA-50B4 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 high 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 +1250 C while 
the HA-5084-5 operates from OOC to +750 C. 

SIMPLIFIED SCHEMATIC 

-IN OUT 

(ONE FOURTH ONLY) 

3258 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICATIONS 

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 HA-5084A-5 
-550C to +1250C OOC to +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX 

INPUT CHARACTERISTICS 
Offset Voltage +250C 5 5 

Full 8 7 
Offset Voltage Average Drift Full 8.3 8.3 
Bias Current +250C 200 200 

Full 50 8 
Offset Current +250C 100 100 

Full 20 4 
Input Resistance +250C 10 12 1012 

Common Mode Range Full ~10 ±10 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) +250C 25K 50K 
Full 15K 25K 

Commo'n Mode Rejection Ration (Note 6) Full 70 80 
Unity Gain Bandwidth +250C 4 4 
Channel Separation (Note 7) -120 -120 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note8) +250C 10 10 
Full 10 10 

Output Current (Note 9) Full ~5 :5 
Full Power Bandwidth (Note 10) +250 C 240 240 
Output Resistance (Note 11) +250 C 300 300 

TRANSIENT RESPONSE (Note 12) 

Rise Time +250C 60 60 
Slew Rate +250 C 15 15 
Settling Time (Note 13) +250 C 2 2 

POWER SUPPL Y CHARACTERISTICS 

Supply Current +250 C 7.2 11 7.2 11 
P. S. R. R. (N 0 te 14) Full 80 80 

© Ie MASTER 1983 

40V 

.:!:40V 

Full Short Circuit Protection 

500mW 

-650C to + 1500 C 

HA-5084B-5 HA-5D84-5 
OOC to +750C OOC to +750C 

MIN TYP MAX MIN TYP MAX 

2 15 

4 20 
8.3 8.3 

200 400 
4 10 

100 200 
2 5 

10 12 10 12 

~1O ::'10 

5DK 25K 
25K 15K 

80 7U 
4 4 

-120 -120 

10 10 

10 10 
~5 ±5 

240 240 

300 300 

60 60 
15 15 
2 :2 

7.2 11 7.2 12 
80 70 

UNITS 

mV 
mV 

JJV/oC 
pA 
nA 

pA 
nA 
n 
V 

VIV 
VIV 
dB 

MHz 

dB 

V 
V 

mA 
kHz 
n 

nsec 

V/#lsec 
#l sec 

mA 
dB 
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;JIHARRIS 

FEATURES 

• LOWINPUTOFFSETVOLTAGE ...... 0.5mV 

• LOW OFFSET DRIFT ............ 5J.1V/OC 

• LOWINPUTBIASCURRENT ......... 50pA 

• LARGE VOLTAGE GAIN ........ 150K V/V 

• WIDE BANDWIDTH .............. 18MHz 

• HIGH SLEW RATE ............. 8V/J.1sec 

• FAST LARGE SIGNAL SETTLING TIME: 1.7J.1sec 

APPllCA TIONS 

• PRECISION, HIGH SPEED, DATA ACQUISITION 
SYSTEMS 

• PRECISION SIGNAL GENERATION 

• PULSE AMPLIFICATION 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

COMPENSATION 

V-

CASE 
CONNECTED 

TO V-

HA-5100/5105 
Wideband, JFET Input 
Operational Amplifier 

GENERAL DESCRIPTION 

The HA-5100/5105 are monolithic wideband operational amplifiers 
manufactured with FET/Bipolar technologies and dielectric isolation. 
Precision laser trimming of the input stage complements the amplifier 
high frequency capabilities with excellent input characteristics. 

The HA-51 00/51 05 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 pre(Jictable 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 app lications.;' 

* -2 denotes a range of -550 C to +1250 C and -5 denotes a OoC to 
+75 0 C range. 

SCHEMATIC DIAGRAM 

BALANCE COMPENSATION 

3260 See Pages 3287-3291 for Package Information. @ Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V-

Differential Input Voltage 

Peak Output Current 

Internal Power Dissipation (Note 2) 

Storage Temperature Range 

E lECTR ICAl CHARACTE R ISTICS 

HA-5100-2 
-550 C to +125 0 C 

PARAMETER TEMP MIN TYP MAX 

INPUT CHARACTERISTICS 

Offset Voltage +25 0 C 0.5 1.0 
Full 0.50 2.0 

Offset Voltage Average Drift Full 5 

Bias Current +25 0 C 20 50 
Full 5 10 

Offset Current +250 C 2 10 
Full 2 5 

Input Resistance +25 0 C 10 12 

Common Mode Range Full .il0 .ill 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25 0 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) +25 0 C .i12 .i13 
Full ±12 ±13 

Short Circuit Output Current (Note 6) Full .ilO ±15 

Full Power Bandwidth (Note 7) +250 C 90 150 

Output Resistance (Note 8) +25 0 C 30 

TRANSIENT RESPONSE (Note 9) 

Rise Time +250 C 15 35 

Slew Rate +25 0 C 6 8 

Settling Time (Note 10) +25 0 C 1.7 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 5 7 

P.S.R.R. (Note 11) Full 80 86 

© Ie MASTER 1983 

40V 

±40V 

Full Short Circuit Protection 

510mW 

-650 C to +1500 C 

HA-5100-5 HA-5105-5 
DoC to +750 C DoC to +75 0 C 

MIN TYP MAX MIN TYP MAX 

0.5 1.0 0.5 1.5 
0.50 2.0 0.75 3.5 

10 15 

20 50 50 100 
10 10 20 

2 10 5 50 
2 5 5 10 

10 12 10 12 

.ilo .ill .i1O ±10.5 

75K 150K 50K lOOK 
60K lOOK 40K 80K 

80 86 80 86 

18 18 

.i12 .i13 ill ±12 
±12 ±13 .ill ±12 

±10 ±15 ±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 

J1V/OC 

pA 
nA 

pA 
nA 

n 
V 

V!V 
V!V 

dB 

MHz 

V 
V 

mA 

kHz 

n 

nsec 

V /J1sec 

J1sec 

mA 

dB 

3261 

:I... 

o ..... 
() 
:::J 

"0 
C 
o 
.2 
E 
Q) 

CI) 

en 
.~ 

:I... 

C1l 
:r: 



... 
o 
~ 

o 
::J 

"C 
c: 
o 
o 
E 
Q) 

en 
C/) 

"i: ... 
as :r: 

II HARRIS 

FEATURES 

• WIDE GAIN BANDWIDTH ......... 60MHz 

• HIGH SLEW RATE ............. 50V/J.1s 

• SETTLING TIME ............... 850ns 

• POWER BANDWIDTH .......... 800KHz 

• OFFSET VOLTAGE ............. 0.5mV 

• BIAS CURRENT ................ 50pA 

APPLICATIONS 

• VIDEO AND RF AMPLIFIERS 

• DATA ACQUISITION 

• PULSE AMPLIFIERS 

• PRECISION SIGNAL GENERATION 

PINOUT 

Section 11 for Packaging 

TOP VIEW 

COMPENSATION 

v-

CASE CONNECTED TO V-

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 / J.1 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 T~mperature 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 +75 0C OOC to +750 C 

PARAMETER TEMP MIN TYP 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 0.5 
Full 0.50 

Offset Voltage Average Drift Full 5 

Bias Current +250 C 20 
Full 5 

Offset Current +250C 2 
Full 2 

Input Resistance +250C 1012 

Common Mode Range Full ±10 ±11 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250C 75K 150K 
Full 60K lOOK 

Common Mode Rejection Ratio (Note 4) Full 80 86 

Gain Bandwidth Product (A V = 10) Full 60 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) +250C ±12 ±13 
Full ±12 ±13 

Output Current (Note 6) +250C ±1O ±15 

Full Power Bandwidth (Note 7) +250 C 550 625 

Output Resistance (Note 8) +250 C 30 

TRANSIENT RESPONSE (Note 9) 

Rise Time (AV = 10) +250C 20 

Slew Rate (AV = 10) +25 0C 35 50 

Settling Time (Note 10) +250C .85 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 5 

Power Supply Rejection Ratio (Note 11) +25 0C 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 ambient temperatures 
above + 750C. 

3. VOUT=±10V. RL=2K 

4. VCM = flO V.D.C. 

5. RL=10K 

© Ie MASTER 1983 

MAX MIN TYP MAX MIN TYP MAX UNITS 

1.0 0.5 1.0 0.5 1.5 mV 
2.0 0.50 2.0 0.75 3.5 mV 

10 15 JiV/oC 

50 20 50 50 100 pA 
10 10 10 20 nA 

10 2 10 5 50 pA 
5 2 5 5 10 nA 

1012 1012 n 
±10 ±11 ±1O ±10.5 V 

75K 150K 50K lOOK V/V 
60K lOOK 40K 80K V/V 

80 86 80 86 dB 

60 50 MHz 

±12 ±13 ±11 ±12 V 
.±12 .±13 ±11 ±12 V 

±1O ±15 .±a .±.15 rnA 

550 625 550 625 kHz 

30 40 n 

20 20 nsec 

35 50 35 40 V lJi sec 

.85 1.0 Jisec 

7 5 7 6 8 rnA 

ao 94 80 94 dB 

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 AV = -10. 

11. VSUPP =±10 V.D.C. to±20 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 

BALANCE 

IN-

IN+ 

v-

* Pins 5 and 8 are internally connected 

25J1V 

O.4j1V/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 produce 25 j.l V (Max.) input offset volt
age and 0.4 J.1 V 10C 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. E~cel

lent input characteristics in conjunction with 2.5M Hz bandwidth and 0.8V /11 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 pin compatible with many existing op amp configurations. 

HA-5130/5135-2 is specified for -550 C 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) 

T A = +25QC 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 
HA-5130/5135-5 

. Storage Temperature Range 

300mW 

-550C ~TA~ +1250C 
OOC~TA$.+750C 

-650 C ~ TA ~ +150oC 

ELECTRICAL CHARACTERISTICS V+ = 15V, V- = -15V 

HA-5130-2/-5 HA-5135-2/-5 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 
Offset Voltage +250C 10 25 10 75 pV 

Full 50 60 50 130 pV 
Average Offset Voltage Drift Full 0.4 0.6 0.4 1.3 pV/oC 
Bias Current +250C ± 1 .±2 ±.1 ±4 nA 

Full ±4 :!:s nA 
Bias Current Average Drift Full 0.02 0.04 0.02 0.04 nA!°C 
Offset Current +250C 2 4 nA 

Full 4 5.5 nA 
Offset Current Average Drift Full 0.02 0.04 0.02 0.04 nA/oC 
Common Mode Range Full :t12 ± 12 V 
Differential Input Resistance +250C 20 30 20 30 Mn 
Input Noise Voltage +250C 0.6 O.S pVp_p 
O.lHz to 10Hz (Note 3) 

nV/.J;z Input Noise Voltage Density (Note 3) +250C 
fO = 10Hz 13.0 18.0 13.0 18.0 
fO = 100Hz 10.0 13.0 10.0 13.0 
fO = 1000Hz 9.0 11.0 9.0 11.0 

Input Noise Current (Note 3) +250C 15 30 15 30 pAp_p 
O.lHz to 10Hz 

pA/jHz Input Noise Current Density (Note 3) +250C 
fO=10Hz 0.4 0.8 0.4 0.8 
fO = 100Hz 0.17 0.23 0.17 0.23 
fO = 1000Hz 0.14 0.17 0.14 0.17 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) +250C 120 140 120 140 dB 
Full 120 120 . dB 

Common Mode Rejection Ratio (Note 5) Full 110 120 106 120 dB 
Closed Loop'Bandwidth (AVCL = +1) +250C O.S 2.5 0.6 2.5 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) +250C ±. 10 ±12 ± 10 ±12 V 
Full :!:10 :!: 10 V 

Full Power Bandwidth (Note 7) +250C 8 10 8 10 kHz 
Output Current (Note 8) +250C :t 25 ±.30 :t 25 :!: 30 mA 
Output Resistance (Note 9) +250C 

TRANSIENT RESPONSE (Note 10) 

Rise Time +250C 
Slew Rate +250C 0.5 
Settling Time (Note 11) +250C 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 
Power Supply Rejection Ratio (Note 12)' Full 100 

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. Derate at 6.8mW/oC for operation at ambient temp:s above + 750C. 

3. Not tested. 90% of units, meet or exceed these specifications. 

4. VOUT=±10V; RL=2k. Gain dB = 20 10glO Average 
:. 120dB = 1000V/mV 

5. VCM =.± 10V DC 
140dB = 10,OOOV/mV 

6. RL = soon 

@ Ie MASTER 1983 

45 45 n 

340 340 ns 
0.8 0.5 0.8 Vips 
11 11 ps 

1.0 1.3 1.0 1.7 mA 
130 94 130 dB 

7. RL = 2k; Full power bandwidth guaranteed based on slew rate 

measurement using FPBW = SLEW RATE 
2TT VPEAK 

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 DCto:!:20V DC. 
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HARRIS 

FEATURES 

• LOW SUPPLY CURRENT 

• WIDE OPERATING VOLTAGE RANGE 

• SINGLE SUPPLY OPERATION 

• HIGH SLEW RATE 

• HIGH GAIN 
• AVAILABLE IN SINGLES, DUALS AND QUADS 

APPLICATIONS 

• PORTABLE INSTRUMENTS 

• METER AMPLIFIERS 

• TELEPHONE HEADSETS 

• MICROPHONE AMPLIFIERS 

• INSTRUMENTATION 

PINOUTS 

TOP VIEW· 

N C 

60fJA 

2V to 30V 

1.5V / fJs 

lOOK V/V 

HA-5141/42/44 
Ultra-low Power 

Operational Amplifier 

DESCRIPTION 

The HA-514l/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-5141/42/44 provides accurate signal processing by virtue 
of its low input offset voltage ( 0.5mV), low input bias current 
(50nA), high open loop gain (100KV/V) and low noise, for low 
power operational amplifiers (20nV.(jRZ). These characteristics 
coupled with 1.5V lfJ s slew rate and 400KHz bandwidth make 
the HA-5141/42/44 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
ful in low voltage battery powered equipment. 

These amplifiers are available in singles (HA-5141, can or minidip), 
duals (HA-5142, can or minidip) or quads (HA-5144, 14 pin dip) 
with industry standard pinouts which allow the HA-5141/42/44's 
to be interchangeable with most other operational amplifiers. 

TOP VIEW 

TOP VIEW 

"",',liS' { l 
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SCHEMATIC 

~ ""'" 
v- v- v-

L '" '" 

8S -IN +IN 

CD 

~ r 
SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Output Current 
Internal Power Dissipation 

v 

40V 
±7V 

SIC Protected 
500mW 

ELECTRICAL CHARACTERISTICS V+ = +5V 

j 
{) +v 

~ 

CJ'" '" v 

i'" 
"""L-

V J. 

~ r-.." 

k 
r 

~OUTPUT 

+v L2K 
~ 

v 

1 -v 

Operating Temperature Range OOC~T A~+750C 

-550CST A~+1250C 
Storage Temperature Range -650 ~T A~+1500C 

HA-5141/42/44A HA-5141/42/44 

PARAMETER TEMP. MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 
Offset Voltage +250C 0.5 6 0.7 7 mV 

Full 8 9 mV 
Bias Current +250C 45 75 45 100 nA 

Full 100 125 nA 
Offset Current +250C 0.3 

I 
10 0.3 10 nA 

Full 15 20 nA 
Common Mode Range Full o to 4 o to 3 V 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain +250C 50 100 20 100 KV/V 
(Note 1) Full 30 15 KV/V 
Common Mode Rejection Full 80 105 77 105 dB 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Full o to 4 o to 3 V 
(Note 1) 
TRANSIENT RESPONSE 
Slew Rate +250C 1 1.5 0.5 1 V/J.1s 
(Notes 1,2,3) 

POWER SUPPLY CHARACTERISTICS 
Supply Current (per Amplifier) +250C 45 65 50 80 J.1A 

Full 75 100 J.1A 
Power Supply Rejection Full 80 105 77 105 dB 
Ratio 

NOTES: 

1. RL ~ 50K 

2. CL ~ 50pf 

3.VIN ~ +3V Pulse 

© Ie MASTER 1983 3267 
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;JJHARRIS 

FEATURES 

• WIDE GAIN BANDWIDTH 100MHz 

• HIGH SLEW RATE 120V/Jis 

• SETTLING TIME (0.2%) 280ns 

• POWE R BAN DWI DTH 1000kHz 

• OFFSET VOLTAGE 1.0mV 

• BIAS CURRENT 20pA 

APPllCA TIONS 

• VIDEO AND RF AMPLIFIERS 

• DATA ACQUISITION 

• PULSE AMPLIFIERS 

• PRECISION SIGNAL GENERATION 

PINOUT 

Section 11 for Packaging 

COMPENSATION 

TOP VIEW 

v-

Case connected to V-

HA-5160/5162 
Wideband, JFET Input, 

High Slew Rate, Uncompensated, 
Ope'rational Alnplifier 

DESCRIPTION 

The HA-5160/5162 is a wideband, uncompensated, operational amplifier 
manufactured with FET/Bipolar technologies and dielectric isolation. This 
monolithic amplifier features superior high frequel'!cy 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 R IS 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 predictable and excellent dynamic 
characteristics are very low input offset voltage, very low input bias current, 
and extremely high input impedal1ce. 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 DoC to +750 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 

H A-5160-2 
-550C to + 1250C 

PARAMETER TEMP MIN TYP MAX 

INPUT CHARACTERISTICS 

Offset Voltage +250C 1.0 3.0 
Full 3.0 5.0 

Offset Voltage Average Drift Full 10 

Bias Current +250C 20 50 
Full 5 10 

Offset Current +25 0 C 2 10 
Full 2 5 

Input Resistance +250C 10 12 

Common Mode Range Full .±. 10 .±.11 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +25 0 C 75K 150K 
Full 60K lOOK 

Common Mode Rejection Ratio (Note 4) Full 74 80 

Gain Bandwidth Product (AV = 10) Full 100 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) +250C .±. 10 ..±.11 
Full .±. 10 .:t11 

Output Current (Note 6) +250C .±. 15 2:.20 

Full Power Bandwidth (Note 7) +250C 1000 

Output Resistance (Note 8) +250 C 50 

TRANSIENT RESPONSE (Note 9) 

Rise Time (AV = 10) +25 0 C 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) +250C 74 86 

@) Ie MASTER 1983 

40V 

'±'40V 

Full Short Circuit Protection 

HA-5160-5 

675mW 

-650 C to +150oC 

HA-5162-5 
00Cto+750C DoC to 750C 

MIN TYP MAX MIN MAX 

1.0 3.0 3 
3.0 5.0 5 

20 20 

20 50 20 
10 

2 10 2 
2 5 2 

1012 1012 

.±. 10 .±.11 ±. 10 ±.11 

75K 150K 25K lOOK 
60K lOOK 25K 75K 

74 80 70 80 

100 100 

.±. 10 .±.11 ±. 10 ± 11 

.±. 10 ..±.11 :!:.10 :!:. 11 

2:.15 ± 20 2:. 15 ±. 20 

1000 1000 

50 50 

20 20 

100 120 50 70 

280 400 

8.0 10 8.0 

74 86 70 86 

TYP 

15 

20 

35 

65 
10 

10 

5 

12 

UNITS 

mV 
mV 

J.1V 10C 

pA 
nA 

pA 
nA 

n 
V 

V/V 
V/V 

dB 

MHz 

V 
V 

mA 

kHz 

n 

ns 

VIps 

ns 

mA 

dB 
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;II HARRIS 

,Preliminary 

FEATURES 

• LOW OFFSET VOLTAGE 

• LOW OFFSET VOLTAGE DRIFT 

• LOW NOISE 

• OPEN LOOP GAIN 

• BANDWIDTH (UNITY GAIN) 

APPLICATIONS 

• HIGH GAIN INSTRUMENTATION 

• PRECISION DATA ACQUISITION 

• PRECISION INTEGRATORS , 

• PRECISION THRESHOLD DETECTORS 

PINOUT 

lOO/N 

3/J.V/OC 

l2nV/v'iiz' 

lOOK 

5MHz 

Section 11 for Packaging 

TOP VIEW 

N/C 

v-

BALANCE N/C 

IN- v+ 

IN+ OUT 

v- BALANCE 

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 F ET /Bipolar technology, the Harris Dielectric Isolation 
(OJ) 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 BV/p. 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 ampiifier designs. 

The superior input characteristics also make the HA-5170 ideally suited 
for transducer signal amplifiers, precision voltage followers and precision 
data acquisition systems. 

Packaged in an B-pin (TO-99) can or an B lead Minidip, the HA-5170 
is pin compatible with most existing op amp configurations. 

SCHEMATIC 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

TA = +250C 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 

-550CST A :<5+ 1250C 
OOC~TA~+750C 

-650C~TA ~ +150oC 

ELECTRICAL CHARACTERISTICS V+ = 15V, V- = -15V 

PARAMETER TEMP. 

INPUT CHARACTERISTICS 

Offset Voltage +250C 
Full 

Average Offset Voltage Drift Full 
Bias Current +250C 

Full 
Bias Current Average Drift Full 
Offset Current +250C 

Full 
Offset Current Average Drift Full 
Common Mode Range Full 
Differential Input Resistance +250C 
Input Noise Voltage (f= 1kHz) +250C 
Input Noise Current (f= 1kHz) +250C 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250C 
Full 

Common Mode Rejection Ratio (Note 4) Full 
Closed Loop Bandwidth (AVCL = +1) +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) +250C 
Full Power Bandwidth (Note 6) +250C 
Output Current (Note 7) +250C 
Output Resistance (Note S) +250C 

TRANSIENT RESPONSE 

Rise Time +250C 
Slew Rate +250C 
Settling Time (Note 9) +250C 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 
Power Supply Rejection Ratio (Note 10) Full 

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. Derate at 6.S mW/oC for operation at ambient temper
atures above + 750C. 

3. VOUT = ±10V; RL = 2k. 

4. VCM = :!:10V D. C. 

5. RL = 2kil. 

© Ie MASTER 1983 

MIN 

±10 

lOOK 
SOK 
100 

.:!:10 

±10 

5 

100 

HA-5170-2 HA-5170-5 
TYP 

0.1 

3 
20 
3 

6x 1010 
12 

0.01 

5 

110 

45 

45 
8 
1 

1.9 

MAX MIN TYP MAX UNITS 

0.5 0.1 0.5 mV 
1 0.75 mV 
5 3 5 JlV /oC 

30 20 60 pA 
10 0.04 0.1 nA 

3 pA/OC 
30 60 pA 
5 0.1 nA 

1 pA/oC 
±10 V 

6x 10 10 Mil 
12 nV/..;H; 

0.01 pA/$z 

SOK V/V 
50K V/V 
90 dB 

5 MHz 

.:!:10 V 
110 kHz 

±10 mA 
45 il 

100 45 100 ns 
5 8 Vips 

1 Jls 

2.1 1.9 2.1 mA 
90 dB 

6. RL = 2k; Full power bandwidth guaranteed based on 

slew rate measurement using FPBW = SLEW RATE 
2rrVPEAK 

7. VOUT = 10V. 

S. Output resistance measured under open loop conditions 
(f::o 100Hz). 

9. Settling time is measured to 0.1% of final value for a 10V 
output step and AV = -1. 

10. VSUPP = ±5V D. C. to ±20V D. C. 
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:II 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 

• LOW DRIFT SAMPLE & HOLD CIRCUITS 

• VERY HIGH IMPEDANCE BUFFERS 

250fA 

O.8mA 

0.5mV (max.) 

2 MHz 

7V/ I-LS 

• HIGH IMPEDANCE BIOLOGICAL MICRO PROBES 

PINOUT 

TOP VIEW 

CASE 

BALANCE N/C 

IN- V+ 

IN+ OUT 

v- BALANCE 

Copyright © Harris Corporation 1982 

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 /Bipolar 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 M Hz bandwidth and 7V / J.I. 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/Ion sensitive 
electrodes, low current oxygen sensors. long term precision in
tegrators and very high impedance buffer measurement designs. 

The HA-5180/5180A is pa'ckaged'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 tothe 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' 

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 

Offset Voltage 

+ 25°C 0.1 0.5 O. t 
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 Full ±1O ± 12 ±10 ± 12 
Differential Input Resis·tance + 25°C 10'2 10'2 
Input Noise Voltage (f 0: 1 kHz) + 25°C 70 70 
Input Noise Current (f = 1 kHz) + 25°C 001 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 CHARACTER;STICS 

Output Voltage Swing (Note 6) + 25°C ±10 ±12 ±10 ±12 
Full ± 10 ±1O 

Full Power Bandwidth (Note 7) + 25°C 110 i10 
Output Current (Note 8) + 25°C ±10 ± 15 ±10 ±15 
Output Resistance (Note 9) + 25°C 25 25 

TRANSIENT RESPONSE 

Rise Time + 25°C 75 75 
Slew Rate + 25°C 4 7 4 7 
Setlling 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 1983 

MAX 

0.5 
1 

1000 
30 

200 
5 

1 

300mW 

- 55°C9 A ~+ 125°C 
O°C~TA ~+ 75°C 

- 65°C9 A~+ 150°C 

UNITS 

mV 
mV 

J.1V/oC 
fA 
pA 

fA 
pA 

V 
n 

nV/~ 
pA/~ 

V/V 
V/V 
dB 

MHz 

V 
V 

kHz 
mA 
n 

ns 
V/J.1S 

J.1s 

mA 
dB 
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SPECIFICATIONS (Continued) 

ELECTRICAL RATINGS V+ = 15V, V- = -15V 

3274 

PARAMETER TEMP. MIN 

INPUT CHARACTERISTICS 

Offset Voltage + 25°C 
Full 

Average Offset Voltage Drilt Full 
Bias Current (Note 3) + 25°C 

Full 

Offset Current (Note 3) + 25°C 
Full 

Common Mode Range Full ±10 
Differential Input Resistance + 25°C 
Input Noise Vol:age (I = 1 kHz) + 25°C 
Input Noise Current (I = 1 kHz) + 25°C 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) + 25°C 200k 
Full 150k 

Common Mode Rejection Ratio (Note 5) Full 90 
Closed l.oop 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 01 the circuit may be impaired. Fun- _ 
ctional operability under any 01 these conditions is not necessarily 
implied. . 

2. Deraie at 6.9 ,T1W/oC lor operation at ambient temperatures above 
+ 75°C. 

3. This parameter is guaranteed by design and is not 100% tested 

4. VOUT= ± 10V; RL =2k. Gain dB = 20 log 10Av. 
5. VCM = ± 10V D.C. . 
6. RI = 2k 

5180A-2 5180A-5 

TYP MAX MIN TYP MAX UNITS 

1 3 1 3 mV 
4 4 mV 

mV 
mV 

5 5 J.1V/ oC 
250 1000 250 1000 IA 
100 500 6 30 pA 

30 200 30 200 fA 
6 30 1 5 pA 

± 12 ±10 ± 12 V 
10'2 10'1 n 
70 70 nV/VHZ 

001 0~01 pA/y'HZ 

1M 200k 1M V/V 
150 k 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 

27T VpE.<\K 
8. VOUT = ± 10V. 

9 Output resistance measured under open loop conditions (I = 100Hl_) 

10. Settling limp. is measured to 0.1 % 01 final value lor a 10V output 
·step and AV = -!. 

11. VSUpp= +5VDC.to±20VD.C. 

© Ie MASTER 1983 



FEATURES 

o FAST SETTLING TIME 

• VERY HIGH SLEW RATE 

• WIDE GAIN-BANDWIDTH 

• POWE R BAN DWIDTH 

• LOW OFFSET VOLTAGE 

o INPUTVOLTAGENOISE 

o MONOLITHIC BIPOLAR CONSTRUCTION 

APPllCA TIONS 

o FAST, PRECISE D/A CONVERTERS 

o HI GH SPEED SAMPLE-HO LD CI RCUITS 

• PULSE AND VIDEO AMPLIFIERS 

• WIDEBAND AMPLIFIERS 

• REPLACE COSTLY HYBRIDS 

SCHEMATIC 

70ns 

200V lJ1s 

150M Hz 

6.5MHz 

5mV 

15nV/v'HZ 

+v 

-v 

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 J1 s slew rate with a settling 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 1kHz). 

With 200V I J1 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 +750 C, a heat sink is required for HA-
5190. (See note 2). HA-5190 is specified over the -550 C to 
+1250 C range while HA-5195 is specified from DoC to +750 C. 

PINOUTS 

TOP VIEW 

Section 11 for Packaging 

TOP VIEW 

CASE TIED TO V

LH0032 PJr·j OUT 

© Ie MASTER 1983 See Pages 3287-3291 for Package Information. 3275, 
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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 

-550C< TA < +1250C 
00C~TA~+750C 

-650C~ TA~+150oC 

ELECTRICAL CHARACTERISTICS VSUPPl Y = ±.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 

INPUT CHARACTERISTICS 

Offset Voltage +250C 3.0 5.0 3.0 6 
FUll 10.0 10.0. 

Average Offset Voltage Drift FUll 20 20 
\ 

Bias Current +250C 5 15 5 15 
. FUll 20 20 

Offset Current +250C 1 4 1 4 
FUll 6 6 

Input Resistance +250C 10 10 

Input Capacitance +250C 1.0 1.0 

Common Mode Range FUll ±5 .i5 

Input Noise Voltage (f = 1kHz, Rg = On) +250C 15 15 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 3) +250C 15K 30K 10K 30K 
FUll 5K 5K 

Common-Mode Rejection Ratio (Note M FUll 74 74 

Gain-Bandwidth-Product (Notes 5 & 6) +250C 150 150 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) fUll ±5 ±8 ±S ±8 

Output Current (Note 3) +250C 25 30 25 30 

Output Resistance +250C 30 30 

Full Power Bandwidth (Note 3 & 7) +250C 5 6.5 5 6.5 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250C 13 18 13 18 

Overshoot +250C 8 8 

Slew Rate +250C 160 200 160 200 

Settling Time: 
5V Step to 0.1% +250C 70 70 

SV ~tep to 0.01% +250C 100 100 
2.SV Step to 0.1% +250C 50 SO 
2.5V Step to 0.01% +250C 80 80 

POWER REQUIREMENTS 

Supply Current FUll 19 28 19 28 

Power Supply Rejection Ratio (Note 9) FUll 70 90 70 90 

3276 

UNITS 

mV 
mV 

p.V/oC 

pA 
pA 

p.A 
p.A 

Kohms 

pF 

V 

nV/jHi 

V/V 
V/V 

dB 

MHz 

V 

rnA 

Ohms 

MHz 

ns 

% 

V/p.s 

os 
ns 
ns 
os 

rnA 

dB 
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JUL Y 1982 

FEATURES 

• GAIN, dc 2 x 106 V!V 

• ACQUISITION TIME 1.0 '.us (0.01%) 

• DROOP RATE 0.08 }.JV/us (25 0 C) 

17 uV Ius (FU LL TEMP) 

• APERTURE TIME 

• PEDESTAL E RRO R 

• INTERNAL HOLD CAPACITOR 

• FULLY DIFFERENTIAL INPUT 

• TTL COMPATIBLE 

APPLICATIONS 

• PRECISION DATA ACQUISITION SYSTEMS 

• D/A CONVERTER DEGLITCHING 

• AUTO-ZERO CIRCUITS 

• PEAK DETECTORS 

PINOUT 

TOP VIEW 

..----....r--
-INPUT [ 1 14 P S/H CONTROL 

+INPUT [ 2 13 P SUPPLY GNO 

OFFSET AOJ. [ 3 12 P N.C. 

OFFSET AOJ. r 4 11 .., EXTERNAL 
. L f.J HOLO CAPACITOR 

v- [ 5 10 P N.C. 

REF GND [ 6 9 P v+ 

OUTPUT r 1 8 h INTEGRATOR 
L f.J COMPENSATION 

Copyright © Harris Corporation 1982 

25ns 

1.0 mV 

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 SCA'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 

Q( 
13 4 

v+ 

-INPUT '-'()-14----If-

+INPUT()-~42 ___ ~_ 

HA_532R>1~ 

I... - '>--~ 1_--J--7_<1<;ouTPUT 
I + /. 
I 
I 

"'-+-----1..... ! StH CONTROL 0
14 

-I ~ 

g3 ~5 
SUPPLY v

GND 

11 (6 ( 8 

REF INTEGRATOR 
(~GND COMPENSATION 

EXTERNAL 
HOLD 

CAPACITOR 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage between V+ and V- terminals 

Differential I nput Voltage 

Digital Input Voltage (Pin 14) 

Output Current, continuous 

40V 

±24V 

+8V,-15V 

±20mA (Note 1) 

Internal Power Dissipation 

Operating Temperature Range 

HA-5320-218 

HA-5320-5 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS Test Conditions (unless otherwise specified) 
V Supply = ±15V; CH -Internal; Digital Input (Pin 14), VAL = +0.8V (sample), V AH = +2.0V (hold). 

HA-5320-218 HA-5320-5 

450mW (Note 2) 

-55°C ~ TA ~ +125 0 C 

OOC~ TA ~ +750 C 

-65°C S TA S. +150 0 C 

PARAMETER TEMP MIN I TYP I MAX MIN I TYP IMAX UNITS 

INPUT CHARACTERISTICS 

Input Voltage Range Full ±10 ±10 V 
, Input Resistance 25°C 1 5 1 5 MS1 

I nput Capacitance 25°C 3 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 
CM R R (Note 3) 25°C 80 90 72 90 dB 
Offset Voltage T;C. Full 5 15 5 20 JJV/oC 

TRANSFER CHARACTERISTICS 

Gain, dC 25°C 106 2xl06 3xl05 2xl06 VIV 
Gain Accuracy, Av = +1 25°C .5xl0·4 .5xl0-4 %FSR 
Gain Accuracy, T.C. Full ±.6 ±.6 ppm/oC 

Gain Bandwidth Prod·uct 25°C 
(Note 4,5) CH = 100pF 2.0 2.0 MHz 

CH = 1000pF .18 .18 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Full ±10 ±10 . V 
Output Current . 25°C ±10 ±10 mA 
Full Power Bandwidth 25°C 600 600 KHz 

(Note 4,6) 
Output Resistance 25°C 1.0 1.0 n 

(Hold mode) 
Total Output Noise, DC to 10 MHz 

Sample 25°C 125 200 125 200 JJV RMS 
Hold 25°C 125 200 125 200 JJV RMS 

3278 © Ie MASTER 1983 



. SPECIFICATIONS (continued) 

PARAMETER TEMP 

TRANSIENT RESPONSE 

Rise Time 25°C 
Overshoot 25°C 
Slew Rate (Note 7) 25°C 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), V AH Full 
Input Voltage (Low), VAL Full 
Input Current (VAL = OV) Full 
Input Current (V AW +5V) Full 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time (.1%) 25°C 
(Note 7) 

Acquisition Time (,01%) 25°C 
(Note 7) 

Aperture Time 25°C 
Aperture Delay Time 25°C 
Aperture Uncertainty 25°C 
Droop Rate 25°C 
Droop Rate Full 
Drift Current (Note 8) 25°C 
Drift Current (Note 8) Full 
Charge Transfer (Note 8) 25°C 
Hold Mode Settling Time ('01%) Full 
Hold Mode Feedthrough Full 

(10Vp-p, 100KHz) 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Voltage Full 
Negative Supply Voltage Full 
Positive Supply Current 25°C 
Negative Supply Current 25°C 
Power Supply Rejection V+ Full 

(Note 9) V- Full 

NOTES: 
1. I nternal Power Dissipation may limit Output Current 

below +20 mAo 

HA-5320-2/8 HA-5320-5 

MIN I TYP I MAX MIN I TYP I MAX UNITS 

100 100 nS 
15 15 % 
45 45 V/lJS 

2.0 2.0 V 
0.8 0.8 V 
'4 4 lJA 
0.1 0.1 lJA 

.8 .8 uS 

1.0 1.0. lJS 

25 25 nS 
30 30 nS 
1 1 nS 

.08 .08 )lV/us 
17 1.2 )lV Ius 
8 8 pA 

1.7 .12 nA 
0.1 0.1 pC 
185 185 nS 
2 2 mV 

+14.5 +15 +16 +14.5 +15 +16 V 
-14.5 -15 -16 -14.5 -15 -16 V 

11 13 ' 11 13 rnA 
-11 -13 -11 -13 rnA 

80 80 dB 
65 65 dB 

5. Vo = 100mVpp. 

6. V 0 = 20Vpp. 

2. Derate power dissipation by 4.3 mW/oC above 1 050 C ambient. 7. Vo = 10V step. 

3. Vcm = +5VDC 

4. Av = +1; RL = 1 Kn ; CL = 50pF 

© Ie MASTER 1983 

8. Vin = OV, V AH = +3.5V, tr < 50ns (VAL to V AHI. 

. 9. Based on a one volt delta in each supply, ie: 15V ± O.5VDC. 

WARNING: This device cannot tolerate even a momentary short 
circuit to ground or either supply. 
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APPLYING THE HA-5320 

The HA-5320 has the uncommitted differential inputs of an op 
amp, allowing the Sample/Hold function to be combined with 
many conventional op amp circuits. See Harris' Application Note 
#AN517 for a collection of circuit ideas. (Note, however, these apply 
to a different Sample/Hold amplifier. The HA-5320 is not necessarily 
plug-in compatible.) 

LAYOUT 

A printed circuit board with ground plane is recommended for 
best performance. Bypass capacitors (.01 to O.l}.lF, ceramic) should 
be provided from each power supply terminal to the Power Gnd 
terminal on pin 13. 

The ideal ground connections are pin 6 (Reference Ground) directly 
to the system Signal Ground, and pin 13 (Supply Ground) directly 
to the system Supply Common. 

HOLD CAPACITOR 

The HA-5320 includes a 100 pF MOS hold capacitor, sufficient for 
most high speed applications (the Electrical Characteristics section is 
based on this internal capacitor). Additional capacitance may be add-

APPLICATIONS 

Figure 6 shows the HA-5320 connected as a unity gain non inverting 
amplifier - its most widely used configuration. As an input device 
for a fast successive - approximation A/D converter, it offers the 
highest throughput rate available from a monolithic I C sample /hold 
amplifier. Also, the HA-5320's pedestal error is adjustable to zero 
using the Offset Adjust potentiometer, to deliver a 12 bit accurate 
output from the converter. 

The application may call for an external hold capacitor CH as shown. 
As mentioned earlier, O.lCH is then required at pin 8 to maintain 

-15V +15V 
10Kn ( 

ADJUST 

m 
ed between pins 7 and 11. This external hold capacitance will reduce 
droop rate at the expense of acquisition time, and provide other 
trade-offs as shown in the Performance Curves. 

If an external hold capacitor CH is used, then a noise bandwidth 
capacitor of value 0.1 CH should be connected from pin 8 to ground. 
Exact value and type are not critical. 

The hold capacitor CH should have high insulation resistance and 
low dielectric absorption, to minimize droop errors. Polystyrene 
dielectric is a good choice for operating temperatures up to +850 C. 
Teflon and glass dielectrics offer good performance to +1250 C and 
above. 

The hold capacitor terminal (pin 11) remains at virtual ground 
potential. Any PC connection to this terminal should be kept short 
and "guarded" by the ground plane, since nearby signal lines or 
power supply voltages will introduce errors due to drift current. 

POWER SUPPLI ES 

The HA-5320 is designed for operation with ± 15V supplies, and 
these levels should be maintained within ±0.5V. It will not function 
properly with ± 12V supplies. 

stability in the output buffer. The RC network on pin 14 introduces 
a delay to insure that the sample-to-hold transient has settled before 
a conversion begins. 

The HA-5320 output circuit does not include short circuit pro
tection, and consequently its output impedance remains low at 
high frequencies. Thus,' the step changes in load current which occur 
during an AID conversion are absorbed at the S/H output with 
minimum voltage error. However, the unprotected output cannot 
tolerate even a brief short circuit to ground or either supply. 

OFFSET -. 

,±15mV r----t--t-tLH--t~-t------C-H ----, 

r----1r-----' 

3280 

4 5 9 111 : 
H'1-5712 

~1+----i -~ -~~-L 1 
VIN 0----=-12 t----IVi' ~ / >--e--i~t--____ 6--1 INPUT 

StH CONJROL 14 _ oJ 

~ 

lKn 

HA-5320 

13 6 81 

"7 ¢ 
SYSTEM SYSTEM 
POWER SIGNAL 

GROUND GROUND 

I 
I 

Figure 6 

SIC 

~ 

TYPICAL HA-5320 CONNECTIONS; NONINVERTING UNITY GAIN MODE. 

DIGITAL 
OUTPUT 
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PERFORAfANCE CURVES 

VSUPPL Y = ±15VDC 

TYPICAL SAMPLE AND HOLD PERFORMANCE 
AS FUNCTION OF HOLDING CAPACITOR 

10 ~ 

r\. ~CaUISITION TIME 
5l)( - FOR 10V STEP TO +0.01% 

MICROSECONDS 
I I 

VOLTAGE DROOP 
10 f-- DURING HOLD MODE, 
. f\ MILLIVOL TS/100 

0.5 ~ ~ECONDS 

0.1 I---~-+---~"d---------I 

'\ '" .05 I-----------'k----+--~------j 

~
SAMP~E_TO-HOL~ 
OFFSET (PEDESTAL) 

.01 
100 

ERROR, MILLIVOLTS 

1000 10K 100K 

CH VALUE, PICOFARADS 

« c. 
.,:. 
u. 
a: 
c 

DRIFT CURRENT 
VS. TEMPERATURE 

1000. 
CH = 100pF, INTERNAL 

I-

100. -~ 

10. -I-

I I I I I I I 

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

TEMPERATURE, °c 

OPEN LOOP GAIN AND PHASE RESPONSE 

GAIN, 
dB 

120 

100 

80 

60 

40 

20 

0 

'" I'.. 'r--.. 

'" '" ',,- '~ 
~ '" '" ............ 

'- " .... " 

'" '" " -....... 
G ........ '~ (CH = 100pF) '\ 

(CH = 1100pF) '" ",G 

" "~ 

'" '" " '~ 
10 100 1K 10K 100K 1M 

TYPICAL SAMPLE-TO-HOLD OFFSET 
(PEDESTAL) ERROR 

\ 
\ 
\ 
\ 

0 

45 

I 90 PHASE, 
DEGREES 

135 

180 

10M 

PEDESTAL VS. LOGIC (VAH) VOLTAGE 

PEDESTAL VS. INPUT VOLTAGE 

TA = +250 C 

PEDESTAL 
VOLTAGE 

(MILLIVOLTS) 

1.0 CH = 100 pF 

0.1 CH = 1000 pF 

0.01 CH = .01uF 

-10 -8 -6 -4 -2 2 4 6 8 10 

DC INPUT ( VOLTS) 

> 
E 

3.0 

ui 2.5 
CJ 

~ 
..oJ 
o 
> 2.0 
..oJ 
« 
I-
en 
w 
C 
~ 1.5 

CH = 100 pF 

""------+750 C 

+250 C ----~ 

1.0 L....-__ -+-___ +_ I __ -I-__ --I~-

2 3 4 5 

VAH (VOLTS) 
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mHARRIS 

Preliminary 

FEATURES 

• LOW INPUT OFFSET VOLTAGE (MAX) 3mV 

• LOW INPUT BIAS CURRENT (MAX) 30nA 

• WIDE POWER SUPPLY RANGE ±2V TO ±18V 

• INTERNALLY COMPENSATED 

APPLICATIONS 

• BATTERY-POWERED EQUIPMENT 

• CURRENT CONTROLLED OSCILLATORS 

• ACTIVE FILTERS 

• VARIABLE ACTIVE FILTERS 

PINOUT 
Section 11 for Packaging 

QUIESCENT 
CURRENT SET A 

tJ) INVERTING 
.~ INPUTA 
~ 

ctS NON-INVERTING :c INPUT A 

+ DC 
SUPPLY B & C 

QUIESCENT 
CURRENT SET C 

INVERTING 
INPUT C 

NON-INVERTING 
INPUT C 

TOP VIEW 

NON-INVERTING 
INPUT B 

INVERTING 
INPUT B 

QUIESCENT 
CURRENT SET B 

HA-B023 
Triple Low Power 

Programmable 
Operational Amplifier 

DESCRIPTION 

The HA-8023 triple programmable amplifiers are internally 
compensated, monolithic devices which offer a wide range 
of performance characteristics that can be controlled by 
adjusting the circuits' "SET" current. Each amplifier on 
the chip can be adjusted independently, and by adjusting 
an external resistor or current source, the electrical char
acteristics can be programmed to the desired levels. This 
versatile adjustment capability enables the HA-8023 to 
provide optimum design solutions by delivering the required 
level of performance with minimum power dissipation. 

The HA-8023-2 performance specifications are guaranteed 
over the -55 0 C to +125 0 C temperature range and the 
HA-8023-5 over the OOC to +75 0 C temperature range. 

SCHEMATIC 

3282 See Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- ±22V 

Differential Input Voltage ± 15V 

Input Voltage (Note 2) ± 15V 

Peak Output Current Full Short Circuit Protection 

Internal Power Dissipation 300mW 

Storage Temperature Range -650 C to +1500 C 

ELECTRICAL CHARACTER ISTICS Vs = ±6V, IQ = 301lA, unless otherwise spe~ified IQ = Quiescent Supply Current 

HA-8023-2 HA-8023-5 
-550 C to + 1250 C OOC to +75 0 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 3) +25 0 C 2 3.0 2 6 mV 
Full 2 4 2 7.5 mV 

Offset Voltage Average Drift Full 5 5 IlV 10C 
Bias Cu rrent +25 0 C 3 30 3 30 nA 

Full 5 50 5 50 nA 
Offset Current +25 0 C 3 10 3 10 nA 

Full 1 15 1 15 nA 
Input Resistance +25 0 C 3 10 3 10 Mrl 
Input Voltage Range (Note 4) +25 0 C ±12 ±13 ±12 ±13 V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) Full 5K 10K 5K 10K VIV 
Channel Separation (Note 6) +25 0 C 105 105 dB 
Common Mode Rejection Ratio (Note 7) +25 0 C 70 100 70 100 dB 
Unity Gain Bandwidth (Note 8) +25 0 C 270 270 kHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 9) +25 0 C ±11 ±13 ±11 ±13 V 
Full ±10 ±13 ±10 ±13 V 

Output Voltage Swing (Note 10) +25 0 C ±12 ±14 ±12 ±14 V 
Output Voltage Swing (Note 11) +25 0 C ±4 ±5 ±4 ±5 V 

Full ±4 ±5 ±4 ±5 V 
Output Short Circuit Current +25 0 C ±4 ±4 rnA 
Full Power Bandwidth (Note 12) +25 0 C 3.5 3.5 kHz 
Output Resistance +25 0 C 2 2 Krl 

TRANSIENT RESPONSE (Note 13) 

Rise Time +25 0 C 700 700 ns 
Slew Rate +25 0 C .1 .1 V/J1s 
Overshoot +25 0 C 12 12 % 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25 0 C 30 40 30 50 IlA 
Power Consumption (Note 14) +25 0 C 360 480 360 600 IlW 
Power Supply Rejection Ratio (Note 15) +25 0 C 76 100 76 100 dB 

© Ie MASTER 1983 3283 
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mJ HARRIS 

FEATURES 

• FAST RESPONSE TIME 130ns 

• LOW OFFSET VOLTAGE 2.0mV 

• LOWOFFSETCURRENT 10nA 

• SINGLE OR DUAL-VOLTAGE SUPPLY 
OPERATION 

• SELECTABLE OUTPUT LOGIC LEVELS 

• ACTIVE PULL-UP/PULL-DOWN OUTPUT 
CIRCUIT - NO EXTERNAL RESISTORS 
REQUIRED 

APPllCA TIONS 

• THRESHOLD DETECTOR 

• ZERO-CROSSING DETECTOR 

• WINDOW DETECTOR 

• ANALOG INTERFACES FOR MICROPROCESSORS 

• HIGH STABILITY OSCILLATORS 

• LOGIC SYSTEM INTERFACES 

PINOUT 

Section 11 for Packaging 

Top View 

2 

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 volts. The HA-4900 series contains a unique current 
driven output stage which can be connected to logic system 
supplies (V Logic+ and V Logic-) to make the output levels 
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 -550 C to +125 0 C 
and the HA-4905-5 operates over a DoC to +75 0 C temp
erature range. 

SCHEMATIC 

ONE FOURTH ONLY (HA-4900 SERIES) 

3284 Se~ Pages 3287-3291 for Package Information. © Ie MASTER 1983 



SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V-

Voltage Between VLogic(+) and VLogic(-) 

Differential Input Voltage 

Peak Output Current 

Internal Power Dissipation (Note 7, 8) 

Storage Temperature Range 

33V 

18V 

±15V 

±50mA 

880mW 

-650 C ~ TA ~ 1500 C 

, ELECTRICAL CHARACTERISTICS V+ = +15.0V, V- = -15.0V, VLogid+) = 5.0V, VLogic(-) = GND. 

HA-4900-2 HA-4902-2 HA-4905-5 
-550C to +125 0C -550C to +1250 C OOC to +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX 

INPUT CHARACTERISTICS 

Offset Voltage (Note 2) 25 0C 2 3 2 5 4 7.5 
Full 4 8 10 

Offset Current 250C 10 25 10 35 25 50 
Full 35 35 70 

Bias Current (Note 3) 25 0C 50 75 50 150 ~ 100 150 
Full 150 200 300 

Input Sensitivity (Note 4) 250C Via +.3 Vio +.5 Vio +.5 
Full Via +.4 Vio +.6 Via +.7 

Common Mode Range Full V- V+ -2.4 V- V++2.4 V- V++2.4 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain 25 0C 400K 400K 400K I"-

Response Time (T pdO) (Note 5) 25 0C 130 200 130 200 130 200 

Response Time (T pd1) (Note 5) 250C 180 215 180 215 180 215 

OUTPUT CHARACTERISITICS 

Output Voltage Level 

Logic "Low State" (VOL) (Note 6) Full 0.2 0.4 0.2 0.4 0.2 0.4 

Logic "High State" (VOH) (Note 6) Full 3.5 4.2 3.5 4.2 3.5 4.2 

Output Current 

ISink Full 3.0 3.0 3.0 

ISource Full 3.0 3.0 3.0 

POWER SUPPLY CHARACTERISTICS 

Supply Current, Ips (+) 250 C 6.5 20 6.5 20 7 20 

Supply Current, Ips (-) 250 C 4 8 4 8 5 8 

Supply Current, Ips (Logic) 250 C 2.0 4 2.0 4 2.0 4 

Supply Voltage Range 

VLogic (+) (Note 7) Full 0 +15.0 0 +15.0 0 +15.0 

VLogic (-) (Note 7) Full -15.0 0 -15.0 0 -15.0 0 

© Ie MASTER 1983 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

mV 
mV 

V 

V/V 

ns 

ns 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

V 

V 
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Harris Selection Guide to 
Industry Standard 

Operational Amplifiers 

LM108/LM308* 
LM118/LM318* 
LM143/LM343* 
LM146/LM346 
LM148/LM348* 
LM1458/LM1558* . 
LM4250/LM4250C 
LF155 Series 
LF156 Series 
LF157 Series 
LF347 
OP 07 

*Harris also offers these product types with improv
ed electrical specifications. I mproved versions are 

identified by an "A" suffix, i.e. LM143A/LM343A. 
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Harris Analog Package Selection Guide 

PACKAGE CONFIGURATION (See Note) 

LEADLESS 
PART NO. CAN PLASTIC CERDIP SIDE BRAZE CHIP CARRIER 

HA-160B R G L 
HA-2400/04/05 B 
HA-2420125 H 0 X 
HA-2500/02/05 R G L 
HA-2510/12/15 R G L 

HA-2520/22125 R G L 
HA-2530/35 R 
HA-2539 H 0 X 
HA-2540 H 0 
HA-2600/02/05 R G L 

HA-2620122/25 R G L 
. HA-2630/35 V 

HA-2640/45 R L 
HA-2650/55 R G L 
HA-2720/25 R L 

HA-2730/35 0 
HA-2740 J E 
HA-4156 H 0 
HA-4600/02/05 H 0 
HA-4620122/25 H 0 

HA-4741 H 0 X 
HA-4900/02/05 E X 
HA-5062 R G L 
HA-5064 H 0 
HA-50B2 R G L 

HA-50B4 H 0 
HA-5100/05 R G L 
HA-5102/'511'2 G L 
HA-5104/.511.4 H 0 X 
HA-5107 E R G L 
HA-5110/1f? R G L 
HA-5130/35 R G L X 
HA-5160/62 -R 

HA-5170 R G L X 
HA-51BO R G L 
HA-5190/95 V 0 
HA-B023 J E 
HC-5502 M 
HC-5510 M 
HC-5511 * 
HC-5512/5512A E 

HC-55516 A 
HD-0165 M 
HI-200 T H 0 
HI-201 J E X 
HI-201 HS J E 
H 1-300/301 /304/305 T H 0 

NOTE: "Package Configuration" references drawings on the following pages. Package designations to be used 
in constructing the part number are explained in the Ordering Information in the Part number guide. 

© Ie MASTER 1983 

Plastic DIP packages are not available for military temperature range. 

Consult factory for inforr:nation on ordering and availability of products with package configurations other 
than those indicated in the chart. 

Solder-dipped parts add +0.003 inches to "dimension 8" in plastic DIP and "dimension Gil in metal cans. 

* Contact factory for packaging. 
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Harris Analog Package Selection Guide (continued) 

PACKAGE CONFIGURATION (See Note) 

LEADLESS 
PART NO. CAN PLASTIC CERDIP SIDE BRAZE CHIP CARRIER 

H 1-302/303/306/307 H D 
H 1-381 /384/387/390 

381/387 T J E 
384/390 J E 

HI-506/507 P N y 

H 1-506A/507 A P N y 
HI-508/509 J E X 
H 1-508A/509A J E X 
H 1-516 P N y 
HI-518 K F 

HI-524 K F 
HI-539 J E 
HI-562A C Y 
H 1-1818A/1828A J E 
H 1-5040 thru 5051 J E 
H 1-5043/5045 E X 

H 1-561 0 

I 
C 

H 1-5618A/18B K F 

H 1-5712/12A (MC) LCC's on Ceramic Substrate 
HI-5900 (MB) LCCs on Ceramic Substrate 
HI-5901 (MB) LCCs on Ceramic Substrate 

H 1-7541 K Z X 
HV-1 000/05/1 0 J 
LF353 R G L 
L F 155/155A/355/355A/355B R G L 
LF 156/156A/356/356A/356B R G L 
LF157 /157 A/357 /357 A/357B R G L 

LF347 D H 
LM108/308 R G L 
LM 1 08A/308A R G L 
LM118/318 R G L 
LM118A/318A R G L 

LM143/343 R G L 
LM 143A/343A R G L 
LM146/346 J E 
LM148/348 H D 
LM 148A/348A H D 

LM 1458/1558A R G L 
LM2908 H D 
LM4250/4250C R G L 
OP-07 R G L 

NOTE: "Package Configuration" references drawings on the following pages. Package designations to be used 
in constructing the part number are explained in the Ordering Information in the Part number guide. 

Plastic DIP packages are not available for military temperature range. 

Consult factory for information on ordering and availability of products with package configurations other 
than those indicated in the chart. 

Solder-dipped parts add +0.003 inches to "dimension B" in plastic DIP and "dimension G" in metal .cans. 

© Ie MASTER 1983 



Package Configuration 

~=n-==g D TYPE SIDE BRAZED CERA~IC 

1---------0-------

s 

D TYPE SIDE BRAZED CERAMIC 

I----------O------------l 

I I 
I 

" 

E " Ie 
F 

J TYPE CERDIP DUAL-IN-L1NE 

J-8 TYPE 8 PIN MINI-CERDIP 

~------O---------~ 
PKG. 

TYPE 

G,L 

D,H 

E,J 

F,K 

a 

© Ie MASTER 1983 

PKG. LEAD DIM. 

TYPE COUNT A 

-
A 14 -

.200 

-
B 16 -

.200 

-
Z 18 -

.200 

NOTE: ~ 
MAX. 

NOTE: MIN. 

LEAD DIM. 

COUNT A 

-
8 --

.200 

-
14 --

.200 

-
16 -

.200 

-
18 --

.200 

NOTE: ~ 
MAX. 

MAX. 

DIM. 

B 

.014 -

.023 

.014 

.023 

.014 

.023 

.014 

.023 

DIM. 

B 

.014 

.023 

.014 -

.023 

.014 

.023 

DIM. 

C 

.008 

.015 

.008 -

.015 

.008 -

.015 

.008 -

.015 

DIM. DIM. DIM. DIM. DIM. DIM. 

C D E F G H 

.008 - .220 .290 .030 .100 

:015 - -
.785 .310 .320 .070 sse 

.008 - .220 .290 .030 .100 - - - - - -

.015 .840 .310 .320 .070 sse 

.008 - .220 .290 .030 .100 - - - - -

.015 .950 .310 .320 .070 sse 

DIMENSIONS IN INCHES 

DIMENSIONS IN INCHES 

DIM. DIM. DIM. DIM. DIM. DIM. 

D E F G H L 

- .220 .290 .030 .100 .125 -
.395 .310 .320 .070 sse .200 

- .220 .290 .030 .100 .125 -
.790 .310 .320 .070 sse .200 

- .220 .290 .030 .100 .125 - - - - -
.790 ,310 .320 .070 sse .200 

- .220 .290 .030 .100 .125 -- - - - - -
.950 .310 .320 .070 sse .200 

DIMENSIONS IN INCHES 

DIM. DIM. 

L a 

.125 .015 -

.200 .060 

.125 .015 
-

.200 .060 

.125 .015 

.200 .060 

DIM. DIM. 

a S 

.015 -- -

.060 .060 

.015 -- -

.060 .098 

.015 --

.060 .060 

.015 --

.060 .060 

DIM. 

S 

-
.098 

---
.098 

---
.098 

DIM. 

a 

00 

150 

0 0 

150 

0 0 

150 

00 
-
150 
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Package Configuration 

J TYPE CERDIP DUAL-IN-LiNE 

N TYPE PLASTIC DUAL-IN-LiNE 

1--------0---------1 
PKG. LEAD 

TYPE COUNT 

M 24 

N,P 28 

NOTES: 

c 

DIM. 

A 

--
.225 

--
.225 

MIN. 

MAX. 

DIM. DIM. 

B C 

.014 .008 -

.023 .015 

.014 .008 -

.023 .015 

H TYPE METAL CAN, TO-99 (8 PIN) OR TO-100 (10 PIN) 

H TYPE METAL CAN, TO-8 

(HA-5190/95 AND HA-2630/35 ONLY) 

PKG. LEAD 

TYPE COUNT 

R 8 

T 10 

NOTE: 

PKG. LEAD 

TYPE COUNT 

v 12 

NOTES: 

DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

D E F G H L a s 

- .500 .590 .030 .100 .120 .015 --- - - - - -
.098' 1.290 .610 .620 .070 SSC .200 .075 

- .500 .590 .030 .100 .120 .015 -- - - - -
1.490 .610 .620 .070 SSC .200 .075 .098 

DIMENSIONS IN INCHES 

DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

A B C D E F G J 

.335 .165 - .010 .500 .200 .016 .027 - - - - - - - -

.370 .185 .040 .045 .550 SSC .021 .045 

.335 .165 - .010 .500 .230 .016 .027 - - - - - - -

.370 .185 .040 .045 .550 SSC .021 .045 

MIN. 

MAX . DIMENSIONS IN INCHES 

MIN. 

MAX. DIMENSIONS IN INCHES 

DIM. 

CJ. 

00 

150 

00 

150 

DIM. 

K 

.027 -

.034 

.027 -

.034 

DIM . 

K 

.027 

.034 

© Ie MASTER 1983 



Package Configuration 

LEADLESS CARRIER 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. 

TYPE COUNT A B C D E F 

.017 .Q20 .064 .342 .342 .060 
X 20 

.066 .034 .100 .358 .358 D.09o 

.017 .020 .064 .442 .442 .060 
Y 28 - - - - 0.090 .066 .034 .100 .458 .458 

F 
NOTE: MIN. 

MAX. DIMENSIONS IN INCHES 

HI-5712/12A MODULE 

HI-5900/5901 MODULE 

LEAD SPACING ON 
0.100 MIL CENTERS TYP. 

0.015 

t 
0 0.590 

0.610 

~ 

·1 ~ _______ 1.980 --------1 

2.020 
PIN ONE IDENTIFIER L 

0.180 

0.255 

---j r--- LEAD SPACING ON 
I I 0.100 MIL CENTERS TYP. 

0.008 000000 T o 0 . 0 0 0.610 

.~--~~. 
1.585 I 

~--- ---~ .. 
1.615 

PIN ONE IDENTIFIER i 
LLfl, 7 0 I I LZ:2J~ I I JUb ~lr1, 
t ~ 0.014 0.005 0.180 

0.120 ~I 0.030 0.023 0.050 0.255 

0.200 0.070 

© Ie MASTER 1983 

DIM. DIM. 

G H 

.050 .040 

BSC .055 

.050 .040 

BSC .055 
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A MICRO 
PO\NER 
SYSTEMS 

Op Amps & Volt References 
---------------------------------------------------------------------

Note: See other MPS 'parts in Interface and Military Sections. 

Precision Operational Amplifiers 
D Second source to PMI 
D Lowest noise in the industry 

D Improved long-term stability 
D High slew rate DAC follower 

Noise 
Vas IS (nV/yTiZ Gain CMRR Slew Rate 

Model Type (Max) (Max) at 10 Hz) (Min) (Min) (typ) 

MP4136 Quad (741 Type) 6mV 1.51lA 50 V/mV 70dB 1.5 V/llsec 

MP5501/0P01 DAC Follower, Hi-speed 1 mV 50nA 30V/mV 85dB 18 V/llsec 

MP5502/0P02 Low Noise, Gen. Purpose .5mV 30nA 25 100V/mV 85 dB .5 V/llsec 

MP5505/0P05 Low Noise, Instrumentation .24mV 4nA 10 (max) 200V/mV 110dB .1 V/llsec 

M P5507 lOP 07 Low Noise, Low Vas Instrumentation 60J.1V 4nA 10 (max) 200V/mV 106dB .1 V/J.1sec 

MP5508/0P08 Low Bias Current .35mV 3nA 22 300V/mV 104dB .12 V/llsec 

MP5509/0P09 Quad Matched 1mV 40nA 18 50 VlmV 100dB 0.7 V/llsec 

MP551010P10 Dual 5505/0P05 .3mV 6nA 10 (max) 200V/mV 110dB .1 V/llsec 

MP5511/0P11 Quad Matched 1 mV 40 nA 18 50V/mV 100dB 0.7 V/llsec 

MP5512/0P12 Low Bias Current .35mV 2nA 22 300V/mV 104dB .12V/llsec 

MP5524/0P24 Ultra Low Noise 170mV 85 nA 9.5 (max) 500V/mV 100dB 2.8 V/llsec 

MP552710P27 Ultra Low Noise 251lV 40 nA 4.5 (max) 1000VlmV 114dB 2.8 V/llsec 

M P5534/0P 34 Ultra Low Noise 170mV 85 nA 9.5 (max) 500V/mV 100dB 17 Villsec 

M P5537 lOP 37 Ultra Low Noise, High Speed 251lV 40 nA 4.5 (max) 1000VlmV 114dB 17 V/llsec 

Note: All specifications: -55°C to +125°C 

Precision Voltage References 
D Second source to PMI 
D Low temperature coefficient 
D Guaranteed long-term stability 
D Low noise 

Temp Reverse 
Output Regulating Coefficient Dynamic 

Model Packages Voltage Current (max, full temp) Impedance Noise 

MP5010 All 1.22V 50 J1.A - 500 J1.A 50 ppm/Co 2 ohm 5J1.V 

MP5532/REF 01 All 10V 1.4 rnA -10 rnA 8.5 ppm/Co 20 J1.V p.p 

MP5531/REF 02 All 5V 1.4 mA -10 rnA , 8.5 ppm/Co 20 J1.V p.p 

Replaces 

PM4136 

OP01 

OP02 

OP05 

OP07 

OP08 

OP09 

OP10 

OP11 

OP12 

OP24 

OP27 

OP34 

OP37 

Replaces 

ICL8069 
LM113 
ZN423 

REF 01 

REF 02 

All Micro Power Systems' Ie's are available with 883B 
processing, in dice form, or to customer's specifications. 

INA. MICRO 3100 Alfred Street 
.u\W:POWER Santa Clara, CA 95050 

SYSTEMS (408) 727-5350 
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® MOTOROL.A 

SEMICONDUCTORS 
OPERATIONAL 
AMPLIFIERS 

p.o. BOX 20912 • PHOENIX, ARIZONA 85036 

TRIMFET FAMILY OF JFET 
INPUT OPERATIONAL AMPLIFIERS 

This family of low-cost TRIMFET operational amplifiers 
combines two state-of-the-art linear technologies on a 
single monolithic integrated circuit. Each internally com
pensated operational amplifier has well matched high volt
age JFET input devices with a laser trimmed input offset 
voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset 
currents, and supply currents. The laser trimming tech
nology provides input offset voltage specification options 
which range from 2.0 to 10 millivolts maximum. 

The Motorola TRIMFET family offers single, dual and 
quad operational amplifiers which are pin-compatible with 
the industry standard MC1741, MC1458, and the MC34031 
LM324 bipolar devices. The MC35001 135002/35004 series 
arespecified overthe military operating temperature range 
of -55° C to +125° C and the MC34001/34002/34004 series 
are specified from O°C to +70°C. 

Features 

MC34001, MC35001 
MC34002, MC35002 
MC34004, MC35004 

• Laser Trimmed Input Offset Voltage Options of 2.0, 5.0, 
and 10 mV Maximum 

• Low Input Bias Current - 40 pA 
• Low Input Offset Current - 10 pA 
• Low Input Noise Voltage - 16 nV/vHz 
• Wide Gain Ba'ndwidth - 4 MHz 
o High Slew Rate - 13 V/Jl.s 
• Low Supply Current - 1.8 rnA per Amplifier 
o High Input Impedance - 1012 n 
• High Common-Mode and Supply Voltage Rejection Ratios 

-100 dB 
o Industry Standard Pinouts 

General Purpose Op-Amps 

GENERAL OP-AMP SELECTOR GUIDE 
Wide Bandwidth 

Single Dual Quad 

Compensated MC174l MC1458 MC4741 
LM107 MC1747 LM124 
LF155 MC34002 MC3403 
LF156 LM158 MC34004 
LF157 MC3458 

MC34001 MC4558 

Uncompensated MC1709 MC1537 
MC1748 
LM101A 

JFET (BIFEl) INPUT - High Impedance 

Single Dual Quad 

LF355 MC34002 MC34004 
LF356 MC34022 
LF357 

MC34001 

High Slew Rate 

Slew Rate (V/l1s) 

5.0 13 15-17 50 

LF355A MC34022 MC34001 LF357A 
LF356A MC34002 

MC34004 
MC1741S 
MC1558S 

OP-37 

Programmable 
Aqustable bias current varies noise bandwidth, power con
stimption, etc. 

SIngle 

MC1776 
MC3476 

TRNFET.is a trademark of Motorola Inc. 

Bold Pat ......... IndJcabt New Products 

© Ie MASTER 1983 

Quad 

TCA3002 
TCA3003 

Bandwidth (MHz) 

100 20 5.0 4.0 

NE592 LF357A MC3401 MC34022 
MC1733 MC34001 

MC34002 
MC34004 
LF356A 

Low Offset Voltage 

VIO Max (IlV) 

"",500 2000 

MC34Q22A MC34001A 
LM308A MC34002A 

LM11 MC34004A 
OP-27 
OP-37 

Low Drift Over Temperature (TCVlo) 

TCV10 "'" 5 I1V/oC Max· 

MC34022 LF357A 
LF355A LM308A 
LF356A LMll 

OP-27 
OP-37 

'Input offset voltage temperature coefficient 

Single-Supply 
Dual Quad 

LM358 LM324 
LM2904 LM2902 
MC3458 MC3301 
MC3405 MC3401 

MC3403 

Low Noise 

Input Noise Voltage"'" 0.25 ,.,.V pop 

OP~27 
OP-37 

3.0 

MC4558 

LM101A 
LF355A 
LF356A 
LF357A 
LM107 
LM108 

3293 
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® MOTOROLA 

SEMICONDUCTORS 
P.O. BOX 20912. PHOENIX, ARIZONA 85036 

VOLTAGE REGULATOR SELECTOR GUIDE 

VOLTAGE 
REGULATORS 

Fixed Voltage, 3-Terminal Regulators for, Positive or Negative Polarity Power Supplies' 

10 10 
VOU! Tott rnA Device Type Device Type VOU! Tott rnA Device Type Device Type 

Volts Volts Max Positive Output Negative Output Volts Volts Max Positive Output Negative Output 

3 ±0.15 MC79L03AC 12 ±1.2 100 MC78L12C MC79L12C 
100 - MC79L03C ±0.3 ±0.6 MC78L12AC MC79L12AC 

5 ±0.5 100 MC78L05C MC79L05C 500 MC78M12C -
±0.25 MC78L05AC MC79L05AC 1500 MC7812* -

500 MC78MOSC - MC7812C MC7912C 
I'-

±OA 1500 LM109* - ±0.5 MC7812A* -
LM209 - MC7812AC MC7912AC 

f---
±0.25 LM309 - ±0.6 LM140-12* -
±0.3S MC780S* - LM340-12 -

:!:0.2S MC7S05C MC790SC ±0.6 3000 MC78T12* -
I'-

±0.2 MC780SA* - MC7ST12C -
MC780SAC MC7905AC 

I'-
MC7ST12A* -

±0.25 LM140-5* - ±0.5 MC78T12AC -
LM340-5 - 15 ±1.S 100 MC78L15C MC79L15C -

:!:0.2S 3000 MC78T05* - ±0.75 MC7SL1SAC MC79L1SA 

MC78TOSC - 500 MC78M15C -

±0.2 MC78TOSA* - 1500 MC7815* -
MC78T05AC - MC7815C MC7915C -

±OA LM123,A - ±0.6 MC,(815A* -
LM223,A - MC781SAC MC7915AC 

-
±0.25 LM323,A - ±0.75 LM140-15* -

5.2 ±0.26 1S00 - MC7905.2C LM340-15 -

6 ±0.3 500 MC78M06C - ±0.75 3000 MC7ST15* -

±0.35 1S00 MC7806* - MC7ST15C -
-

±0.3 MC7S06C MC7906C :!:0.6 MC7ST15A* -

±0.24 MC7S06A* - MC7ST15AC -

MC7806AC - . 1S ±1.8 fOO MC78L18C MC79L18C 
I'-

±0.3 LM140-6* - ±0.9 MC78L18AC MC79L18AC 

LM340-6 - 500 MC78M18C -

±0.3 3000 MC78T06* - 1500 MC781S* -
MC78T06C - MC7818C MC7918C 

-
8 ±0.8 100 MC78L08C - ±0.7 MC7818A* -

MC78L08AC - MC7818AC -

±OA SOO MC78M08C - ±0.9 LM140-18* -

1500 MC780S* - LM340-18 -

MC780SC MC7908C ±0.9 3000 MC7ST1S* -

±0.3 MC7808A* - MC7ST1SC -

MC7808AC - 20 ±1.0 500 MC78M20C -
±0.4 LM140-S* - 24 ±2A 100 MC78L24C MC79L24C 

LM340-8 - ±1.2 MC7SL24AC MC79L24AC 

±0.4 3000 MC78T08* - 500 MC78M24C -

MC7STOSC - 1500 MC7824* -
MC7824C MC7924C 

*T J = - 55 to + 150°C 
tOutput Voltage Tolerance for Worst Case 

Bold Part Numbers Indicate New Products 

±1.0 MC7824A* -
MC7824AC -

-
±1.2 LM140-24* -

LM340-24 -
±1.2 3000 MC78T24* -

MC7m4C -
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® MOTOROLA 

Variable Output Voltage Regulators 

Positive Output Regulators 

S Vln - PD 
U Vout Watto 
F Vout Vln Differ- Max 

10 F Volto Volto ontlal 
rnA Device I Volta Tc= I Tc= 
Max Type X Min Max Min Max Min 25° C 25°C 

100 LM317L H,Z 1.2 37 5.0 40 3.0 

LM217L 
Internally 
Limited 

LM117L* 

150 MC1723 CP 2.0 37 9.5 40 3.0 0.65 --
CG 0.8 2.1 -
G -
CL 1.0 --
L -

250 MC1469 G 2.5 32 9.0 35 3.0 0.68 1.8 

MC1569* 37 8.5 40 2.7 

500 LM317M T 1.2 37 5.0 40 3.0 

LM317M R Internally 

LM217M Limited 

LM117M* 

600 MC1469 R 2.5 32 9.0 35 3.0 3.0 14.0 

MC1569* 37 8.5 40 2.7 

1500 LM317 T 1.2 37 5.0 40 3.0 

LM317 H,K 

LM217 
Internally 
Limited 

LM117* 

3000 LM350 T 1.2 33 5.0 36 3.0 

LM350 K Internally 
LM250 Limited 

LM150* 

Negative Output Regulators 

S Vln - Po 
U Vout Watts 
F Vout Vln Differ- Max 

10 F Volts Volts entlal 
rnA Device I Volts Tc = Tc = 
Max Type X Min Max Min Max Min 25° C 25°C 

250 MC1463 G -3.8 -32 -9.0 -35 3.0 0.68 1.8 

MC1563* -3.6 -33 -8.5 -40 2.7 

600 MC1463 R -3.8 -34 -9.0 -35 3.0 2.4 9.0 

MC1563* -3.6 -37 -8.5 -40 2.7 

1500 LM337 T -1.2 -37 -5.0 -40 3.0 

LM337 H,K Internally 

LM237 Limited 

LM137* 

© Ie MASTER 1983 

Regulation 
% Vout @ 

TA = 25°C 
Typ 

Line Load 

0.04 0.5 

0.02 0.3 

0.1 0.3 

0.1 

0.2 

0.1 

0.2 

0.03 0.13 
r----

0.015 

0.02 0.1 

0.03 0.05 

0.Q15 

0.07 1.5 

0.05 1.0 

0.02 0.1 

Regulation 
% Vout @ 

TA = 25°C 
Typ 

Line Load 

0.03 0.05 

0.015 0.13 

0.03 0.05 
-

0.015 

0.02 0.3 

TC Vout TJ = 
Typ °C 
%/oC Max 

0.006 125 

0.004 150 

0.003 

0.003 150 

0.003 

0.002 

0.003 175 

0.002 

0.002 150 

0.0056 125 

0.004 150 

0.0036 

0.002 150 

0.006 125 

0.004 150 

0.003 

0.008 125 

0.0057 150 

0.0051 

TC Vout TJ ::: 

Typ °C 
%/oC Max 

0.002 150 

0.002 150 

0.0048 125 

0.0034 150 

0.0031 

Caoo 

29,79 

646 

603C 

632 

603 

221A 

·080 

614 

221A 

79,1 

221A 

1 

Case 

603 

614 

221A 

79,1 
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® MOTOROLA 

SPECIAL REGULATORS 
Floating Voltage and Current Regulators 

Designed for laboratory type power supplies. Voltage is limited only by the breakdown voltage of associated, external, series
pass transistors. 

S 
U 

Vout 
F 

V1UX AVre,Nre, 10 F Po AIL/IL TCVout Volts mA Device I Volts Watts % % %fOC 
Min Max Max Type X Min Max Max Line Load Max Typ Case 

0 . . MC1466 L 21 30 0.75 0.015 0.015 0.2 0.01 632 

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 

Vout Vln 
F %/OC 

10 F Po (TIOW to Volts mA Volts Device I Watts Regllne Reglo1d Thigh) TA 
Min Max Max Min Max Type X Max mV mV Typ °C Case 

14.8 15.2 ±100 17 30 MC1468 G 0.8 10 10 3.0 o to +75 603C 

L 1.0 632 

R 2.4 614 

MC1568 G 0.8 -55 to + 125 603C 

L 1.0 632 

R 2.4 614 

3296 © IC MASTER 1983 



® MOTOROLA 

SWITCHING REGULATORS 
Used as the control circuit in PWM, push-pull, bridge and series type switch mode supplies. The devices include the reference, 

oscillator, pUlse-width modulator, phase splitter and output sections. Frequency and duty cycle are independently adjustable. 

10 Vee fo 
±mA Volts kHz Device TA 
Max Min Max Min Max Number Suffix °C Case 

40 10 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 

7.0 40 1.0 300 TL494 CN o to +70 648 
CJ 620 
IN 

-25 to +85 
648 

IJ 620 
MJ -55 to +125 620 

250 >40' 1.0 300 TL495 CN o to +70 701 
CJ 726 
IN -25 to +85 701 
IJ 726 

SG3525A N 0° to +70 648 
SG3525A J 620 

±400 8.0 40 0.1 400 SG2525A N 
-25 to +85 

648 
SG2525A J 620 
SG1525A J -55 to +125 620 

SG3527A N o to +70 
648 

SG3521A J 620 
8.0 40 0.1 400 SG2521A N 

-25 to +85 
648 

SG2521A J 620 
SG1521A J -55 to +125 620 

SG3526 N o to +70 
701 

SG3526 J 726 
±200 8.0 40 0.001 400 SG2526 N 

-25 to +85 
701 

SG2526 J 726 
SG1526 J -55 to +125 726 

1500 5.0 40 1.0 40 pA18S40 PC o to +70 
648 

pA18S40 DC 620 
pA18S40 OM -55 to +125 

*TL495 features a 39 V zener for high voltage operation. 

Bold Part Numbers Indicate New Products 

© Ie MASTER 1983 3297 
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® MOTOROLA 

SEMICONDUCTORS 
MOS 

Telecommunications 
Products 

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

MC14400/01/02/03/05 Monocircuit 

• On-Board Reference 
.• A-Law/Mu-Law Companding and D3/D4/CCITT Format 

• Synchronous and Asynchronous Operation 

• 16/18/22 Pin Packages 

MC14404/00/07 PCM Codec 

• 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 
• Programmable Time Bases for One-of-Four Multiple 

Output Rates 

• Buffered Outputs Compatible with Low~Power TTL 

MC14412 0-600 Baud Modem 

• Originate and Answer Mode 
• Simplex, Half-Duplex and Full-Duplex Operation 

MC14413/14/145414 PCM Low Pass/Bandpass Filter 

• Transmit Bandpass and Received Low Pass (MC14413) 

• Transmit and Receive Low Pass (MC14414/5414) 

• 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 Time Slots Per Frame 
• TTL and CMOS Level Compatibility 

3298 

Mono-Circuit 

MC14400 
MC14401 
MC14402 
MC14403 
MC14405 

Codec 

MC14404 
MC14406 
MC14407 

Filters 
MC14413 
MC14414 
MC145414 
MC145431 
MC145433 
MC145434 
MC145440 
MC145441 

TSAC 

MC14416 
MC14417 
MC14418 

MC14419 2-of-8 Tone Encoder 

• Suppressed Output for Illegal Input Codes 

• Codes for Numbers 0-9 Produce a Strobe Pulse 

MC142100/5100 Crosspoint Switch 

• Power-On Reset (MC1451oo Only) 

• Large Analog Range 

MC145431 Tuneable Low Pass/Bandpass Filter 

• Contains a 7-Pole Elliptic Low Pass Filter and a 4-Pole 
Bandpass Filter which can be Independently Tuned with 
the Externally-Applied Clock Frequency 

• TTL or CMOS Compatible Digital Inputs 

MC145433/34 Tuneable Notch/Bandpass Filter 
• Independently Tuneable Notch and Bandpass Filter 
e 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/CCITT) 

• Answer or Originate Mode 

• Low Band Bandpass Filter 

• High Band Bandpass Filter 

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 6172 Modulator 

• CCITT' and U. S. Phase Options 

• Compatible Functions for 201 B/ C Data Sets 

Crosspoint 
Switches 

MC142100 
MC145100 

Modems 
MC14411 
MC14412 
MC6860 
MC6862 
MC6172 
MC6173 

Dialers 

MC14408 
MC14409 
MC14410 
MC14419 
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(; 3-TERMINAL POSITIVE VOLTAGE REGULATORS 
3: 
l> 
~ 
m 
:D 
.... 
CD 
Q) 

'" 

Output Available 
Current Device VOUT 

(A) (V) 

10 LM196, LM396 1.25 to 15 (Adjustable) 

5 LM138, LM238 1.2 to 32 (Adjustable) 
LM338 1.2 to n (Adjustable) 

3 LM150, LM250 1.2 to 32 (Adjustable) 
LM350 1.2 to 32 (Adjustable) 

LM123K, LM223K 5 
LM323K 5 

1.5 LMl17, LM217 1.2 to 37 (Adjustable) 
LM317 1.2 to 37 (Adjustable) 

LMl17HV, LM217HV 1.2 to b7 (Adjustable) 
LM317HV 1.2 to 57 (Adjustable) 

LM109K, LM209K 5 
LM309K 5 

LM140K 5,12,15 

LM140AK 5,12,15 

LM340 5,12,15 

LM340A 5,12,15 

LM78XXC 5,12,15 

0.5 LMl17H, LM217H 1.2 to 37 (Adjustable) 
LM317H 1.2 to 37 (Adjustable) 

LM117HVH, LM217HVH 1.2 to 37 (Adjustable) 
LM317HVH 1.2 to 37 (Adjustable) 

LM317M 1.2 to 37 (Adjustable) 

LM341 5,12,15 

LM78MXX 5,12, 15 

0.25 LM342 5,12,15 

0.20 LM109H .. LM209H 5 
LM309H 5 

LM2930T 5,8 
LM330T 5 

0.15 LM2931 5 and Adjustable 

0.10 LM140L, LM240L 5,12,15 
LM317L 1.2 to 37 (Adjustable) 
LM340L 5,12,15 
LM78LXXA 5,12,15 

Note 1: Line regulation is the change in output voltage for a change in inpu.t voltage. 

VOUT 
Tol. Line (Note 1) 
(1%) % VOUTIVIN 

N/A 0.005 

N/A 0.005 
N/A 0.005 

N/A 0.005 
N/A 0.005 

6 0.01 
4 0.01 

N/A 0.01 
N/A 0.01 

N/A 0.01 
N/A 0.01 

6 0.004 
4 0.004 

4 0.02 

2 0.002 

4 0.02 

2 0.002 

4 0.03 

N/A 0.01 
N/A 0.01 

N/A 0.01 
N/A 0.01 

N/A 0.01 

4 0.02 

4 0.03 

4 0.03 

6 0.004 
4 0.004 

! 10 
16 

±5 0.008 

2 0.02 
N/A 0.01 

2 0.02 
4 0.03 

Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load. 

CI.) 
I\) 

~ JOIOnpUOOIWas leUOJ,:leN ~ 

National Semiconductor LI.NEA.R. 
- -~" .~.;,". "::::: ~ "'. 

Regulation VIN Ripple 
Load (Note 2) (V) Rejection 

% VOUTIVIN Max (dB) 

0.1 20 74 

0.1 35 86 
0.1 35 86 

0.1 35 86 
0.1 35 86 

0.5 20 75 
0.5 20 75 

0.1 40 80 
0.1 40 80 

0.1 60 80 
0.1 60 80 

1.0 35 80 
1.0 35 80 

0.5 35 66-80 

0.1 35 66-80 

0.5 35 66-80 

0.1 35 66-80 

0.5 35 66-80 

0.1 40 80 
0.1 40 80 

0.1 40 80 
0.1 40 80 

0.1 40 80 
I 

0.5 35 

0.5 35 

0.5 35 53-64 

0.4 35 80 
0.4 35 80 

26V 56 
26V 56 

0.02 26 80 

0.25 35 48-62 
0.1 40V 65 
0.25 35 48-62 
0.25 35 45-60 

ap!n~ JOleln6a~ a6eliOA 
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National Semiconductor LI NEAR 

10.0 { LM196/LM396K-STEEL 1.2V ---+--+--+---+ 

5.o{_~~ ___ _ 

{ 

LM123/LM223/LM323K·STE E L 
3.0 

I 
LMl17/LM217/LM317K·STEEL 

1.5 

LM317T 

1.2V .. I I () ADJUSTAB,',.;,.',;L,:. E, .•.•. ',.,.' ... ' .... ',j,';.' ..... ,r.' .•. ' .. ', ... ,., ..•.. ', .. l ... ' .. ' ....... ~ ... ', ... '.'; .. ' ......... ,., .. ,.,3 .•.. ~ .. , .... ~,' .•.. BLE .. '.' ...... , .. ".', ..... ' .. ' .......... ,.:, S7V 
.: ..• : ... ; ...... : .. :.:.:.; ... ;. ............................ :. ............ , ...... . 

ADJUSTABLE 37V 1.2V .. I 

. ~ 1.0 
a: 
a: 
::;, 
u 
I
::;, 
Q. 

I
::;, 
Q 

Q .... ..... 
I
Z 

~ 0.5 
< 
::;, 
c:I 
I 

E 

D.' { 

D.1S { 

II. 
0.1 

LM317MP 

LM340LAH 
LM78LXXCH 
LM78LXXACH 

.'. -', . "'-,.', .. , .. "" ... ,, .... ,",., .............. ' .... ,.,,.,' .. , ..... " ............ "... I ...................... , ........ ' .. ,.,.40 •• " .. v .. · .• ,. ,. "j , .. " .. , ..... ,.,. ···'1····· .. "'. ,.'.','.' 
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Vo - NOMINAL REGULATED OUTPUT VOLTAGE (V) 

PACKAGE PACKAGE "1 

DESIGNATOR TYPE 
I 

0 
K 

TO-3* KC 
K STEEL HERMETIC 

(J T 
-T0-220 
PLASTIC 

t9 P TO-202 
PLASTIC 

~ H TO-5, TO-39 
HERMETIC· 

"p Z 
TO-92 

PLASTIC 

* All devices with TO-3 package desig- . 
nators (K or K STEEL) are supplied 
in steel TO-3 packages unless otherwise 
designated as (All aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 

~ -~ 
D) 

CC 
CD 

'::D 
CD 

CO 
c::: -D) 
~ 

o 
~ 

C) 
C --C. 
CD 

~ 
:2 
Q) 
0: 
o 
:::J 
Q) -en 
CD 
3 
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:::J a. 
C 
(') 
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3-TERMINAL NEGATIVE VOLTAGE REGULATORS 

Output Available 
Curr.nt Device VOUT 

(A) (V) 

3 LM145K, LM245K -5.0, -5.2 
LM345K -5.0, -5.2 

1.5 LM137. LM237 -1.2 to -37 (Adjustable) 
LM337 -1.2 to -37 (Adjustable) 

LM137HV, LM237HV -1.2 to -47 (Adjustable) 
LM331HV -1.2 to "':"41 (Adjustable) 

LM120K -5 
-12, -15 

LM320K -5 
-12, -15 

LM320T -5 
-12, -15 

LM19XXC -5 
~ 

-12,-15 

0.5 LM137H. LM237H -1.2 to -31 (Adjustable) 
LM337H -1.2 to -37 (Adjustable) 

LM131HVH, LM231HVH -1.2 to -41 (Adjustable) 
LM337HVH -1.2 to -41 (Adjustable) 

LM331M --1.2 to -37 (Adjustable) 

LM120H -5.0 
LM320H -5.0 

LM320M -5 
-12, -15 

LM79MXX -5, -12, -15 

0.25 LM320ML -5 
-12, -15 

0.20 LM120H -12 
LM320H -15 

0.10 LM320L -5 
-12, -15 

LM337LZ -1.2 to -37 

LM79LXXA -5, -12, -15 

JQ10npuOOIWas leUO!.leN ~ '. 

-- ---

National Semiconductor 

VOUT Regulation VIN Ripple 
Tal. Line (Note 1) Load (Note 2) (V) ReJltCtlOn 
(.t%) % VOUTIVIN % VOUTIVIN Max (dB) 

2 0.008 0.6 20 68 
4 0.008 0.6 20 68 

N/A 0.006 0.3 40 77 
N/A 0.007 0.3 40 77 I 

N/A 0.006 0.3 50 77 
N/A 0.001 0.3 50 77 

2 0.02 0.3 25 64 
35 (12V) 80 
40 (15V) 75 

70 

4 0.02 0.3 25 64 
35 (12V) 80 
40 (15V) 75 

70 

4 0.02 0.3 25 64 
35 112V, 15V) 75·-80 

70 

4 0.03 0.4 35 66-70 

N/A 0.006 0.3 40 77 
N/A 0.007 0.3 40 77 

N/A 0.006 0.3 50 77 

N/A 0.007 0.3 50 77 

N/A 0.007 0.3 40 77 

2 0.02 0.6 25 64 

4 0.02 0.6 25 64 

4 0.02 0.6 25 60-64 

4 35 (12V, 15V) 70-80 

4 0.03 0.7 35 58-60 

4 0.01 0.5 35 50--60 

2 0.02 0.1 35 (12V) 70--80 

4 0.02 0.1 40 (15V) 

4 0.01 0.5 35 60-65 

N/A 0.01 0.1 40 65 

4 0.02 0.6 35 50-55 

ap!n~ JOleln6a~ a6ellO/\ 
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National Semiconductor LINEAR 

LM145K/LM245K/LM345K 00 

•• _- -31V = I I I I .~._ .•. ·.;.····.·.= ..•.•.•. ~.· .•. ;~~;~t ..•• ~.:.~ .. :: .••.. ~.: .•.•.•.•.• :.-... --+-""-""+:--'-JI: ...... ::';;1,2V::I 

il~jj1t -37V ~ - - - . ,T~.· ...... : ............•. :I.ADJ.U ... k.· .. · .. A .... B. i.E ...... · J'" ;;"l.ZVI ~I··\.I<:·····:···I 

0.25 { I~\J.~J~~~~~·.);}'C;·'.> ....,>\.i 

D.2{ 
0.1 (.-.--__ - ____ ---------+---+----+--1---+----+---+--+---+---+----1 

-24 -18 -15 -12 -10 -9 -8 -6 -5.2 -5 

VD - NOMINAL REGULATED OUTPUT VOLTAGE (V) 

PACKAGE PACKAGE 
DESIGNATDR TYPE 

0 
K 

TD-3* KC 
HERMETIC I K STEEL 

~ T 
TD-220 
PLASTIC 

t9 p TO-202 
PLASTIC 

# H TD-5, TD-39 
HERMETIC 

# Z 
TO-92 

PLASTIC 

* All devices with TO-3 package desig
nators (K or K STEEL ) are supplied 
in steel TO-3 packages unless otherwise 
designated as (AL~ aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 
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~National 
D Semiconductor 

Precision Regulator Guide 

Line Load lOUT 
Function Features Reg Reg (rnA) 

Positive Programmable Voltage 
Regulator Internal programming reSistors, 

adjustable current limit, 0.008% 0.055% 0.1-200 
Negative Programmable Voltage VOUT == 5, 6,8, 10. 12. 15. 18V 

Regulator 

• Refers to Hybrid Produ.cts Databook, 1982 edition 

@) Ie MASTER 1983 

VOUT Part Number 
Toler. 

(ft25°C Drift -55°C to -25°C to 
(Max) (Max) 125°C 85°C 

0.5% LH0075 I'-H0075C 1% 

0.5% LH0076 ~H0076C 1% 

* 
Page 

Number 

7·8 

7·13 

3303 
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Reverse 
Breakdown Voltage 

VR at IR 

1.22 
1.22 
1.22 
1.22 
1.235 
1.235 
1.235 
1.235 

2.49 
2.49 
2.49 
2.49 
2.49 
2.49 

2.5 
2.5 
2.5 
2.5 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

6.90 
6.90 
6.90 
6.90 
6.90 
6.90 

6.95 
6.95 
6.95 
6.95 
6.95 
6.95 
6.95 
6.95 
6.95 

10.00 
10.00 
10.00 
10.24 
10.24 
10.24 

Adjustable-
5V, 6V, 10V. 12V, 15V 

Adjustable-
5V, 6V, 10V, 12V, 15V 

Adjustable-
- 5V, - 6V, -10V, -12V, -15V 

Adjustable-
- 5V, - 6V, -10V, -12V, -15V 

3304 

Voltage 
Device Tolerance 

Max, T A = 25°C 

LM113 ±5% 
LM313 ±S% 
LM113·1 ±1% 
LM113·2 ±2% 
LM185 ±1% 
LM285 ±1% 
LM385B ±1% 
LM385 -2.5, +2 

LM136 ±2% 
LM136A ±1% 
LM236 ±2% 
LM236A ±1% 
LM336 ±4% 
LM336B ±2% 

LM185·2.5 ±1.5% 
LM285·2.5 ±1.5% 
LM385·2.5 ±3% 
LM385B·2.5 ±1.5% 

LM136·5.0 ±2% 
LM136A·5.0 ±1% 
LM236·5.0 ± 2oio 
LM236A·5.0 ±1% 
LM336·5.0 ±4% 
LM336B·5.0 ±2% 

LM129A +3%,-2% 
LM129B +3%,-2% 
LM12ge +3%,-2% 
LM329B ±5% 
LM32ge ±5% 
LM329D ±5% 

LM199A + 1%, -2% 
LM199A +1%, -2% 
LM199 +1%, -2% 
LM199 + 1%, -2% 
LM299A + 1%, -2% 
LM299 +1%, -2% 
LM399A ±5% 
LM399 :t:5% 
LM3999 ±5% 

LH0070·0 0.1% 
LH0070·1 0.1% 
LH0070·2 0.05% 
LH0071·0 0.1% 
LH0071·1 0.1% 
LH0071·2 0.05% 

LH0075 ±0.5% 

LH0075e ±1% 

LH0076 ±0.5% 

LH0076e ±1% 

Voltage Temperature 
Drift·ppm/oC Max or 

mV Max Change Over 
Temperature Range 

Drift Temperature 
(Max) Range 

100 ppm typ - 55°C to + 125°C 
100 ppm typ ooe to 70°C 
50 ppm typ - 55°C to + 125°C 
50 ppmtyp - 55°C to + 125°C 
20 ppm typ - 55°C to + 125°C 
20 ppm typ - 25°C to + 85°C 
20 ppm typ ooe to + 70°C 
20 ppm typ ooe to + 70°C 

18 rnV - 55°C to + 125°C 
18 rnV - 55°C to + 125°C 
9 rnV - 25°C to + 85°C 
9 rnV - 25°C to + 85°C 
6rnV ooe to + 70°C 
6rnV ooe to + 70°C 

20 ppm typ - 55°C to + 125°C 
20 ppm typ - 25°C to + 85°C 
20 ppm typ ooe to + 70°C 
20 ppm typ ooe to + 70°C 

36 rnV -'55°e to + 125°C 
36 mV - 55°C to + 125°C 
18 mV - 25°C to +85°e 
18 mV - 25°C to + 85°C 
12 mV ooe to + 70°C 
12 mV ooe to + 70°C 

10 ppm - 55°C to + 12Soe 
20 ppm - 55°C to + 125°C 
50 ppm - 55°C to + 125°C 
50 ppm ooe to + 70°C 
20 ppm ooe to + 70°C 
100 ppm ooe to + 70°C 

0.5 ppm - 55°C to + 125°C 
10 ppm 85°C to + 125°C 
1 ppm - 55°C to + 85°C 
15 ppm 85°C to + 125°C 
0.5 ppm - 25°C to + 85°C 
1 ppm - 25°C to + 85°C 
1 ppm ooe to + 70°C 
2 ppm ooe to + 70°C 
5 ppm ooe to + 70°C 

20 mV - 25°C to + 85°C 
10 mV - 25°C to + 85°C 
4mV - 25°C to + 85°C 
20 mV - 25°C to + 8Soe 
10 mV - 25°C to + 85°C 
4rnV - 25°C to + 85°C 

0.003%/oe typ - 55°C to"+ 125°C 

0.003%/ Oe typ ooe to + 70°C 

0.003%/oe typ - 55°C to + 125°C 

0.003%/ Oe typ ooe to + 70°C 

Output 
Dynamic 

Current Range, IR 
Impedance 

(Max) 

SOO IlA to 20 mA 0.8n 
SOO IlA to 20 mA 0.8n 
500 IlA to 20 mA 0.8n 
500 IlA to 20 mA 0.8n 
1 rnA to 20 mA 0.6n 
1 rnA to 20 mA 0.6n 
1 rnA to 20 mA 1n 
1 rnA to 20 mA 1n 

400 IlA to 10 mA 0.6n 
400 IlA to 10 mA 0.6n 
400 IlA to 10 mA 0.6n 
400 IlA to 10 mA 0.6n 
400 poA to 10 mA 1n 
400 p..A to 10 mA 1n 

20 poA to 20 mA 0.6n 
20 poA to 20 mA 0.6n 
20 poA to 20 mA 1n 
20 poA to 20 mA 1n 

400 IlA to 10 mA 0.6n 
400 poA to 10 mA 0.6n 
400 poA to 10 mA 0.6n 
400 p..A to 10 mA 0.6n 
400 poA to 10 mA 1n 
400 poA to 10 mA 1n 

0.6 mA to 15 mA 1n 
0.6 mA to 15 mA 1n 
0.6 mA to 15 mA 1n 
0.6 mA to 15 mA 2n 
0.6 rnA to 15 mA 2n 
0.6 mA to 15 mA 2n 

0.5 mA to 10 mA Hl 
0.5 mA to 10 mA 1n 
0.5 mA to 10 mA 1n 
0.5 mA to 10 mA 1n 
0.5 rnA to 10 mA 1n 
0.5 mA to 10 mA 1n 
0.5 mA to 10 mA 1.sn 
0.5 mA to 10 mA 1:51l 
0.6 rnA to 10 mA 2.21l 

o mA t020 mA 11l 
o mA t020 mA 11l 
o mA t020 mA 11l 
o mA t020 mA 11l 
o rnA t020 mA 11l 
o mA t020 mA 11l 

1 mA to 200 mA 11l 

1 rnA to 200 mA 11l 

1 rnA to 200 mA 11l 

1 rnA to 200 rnA 11l 
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~Natio·nal PRELIMINARY 

~ Semiconductor 

MF4 Monolithic 4th Order Switched Capacitor 
Butterworth LP Filter 

General Description Features 
• Low cost 
• Very easy to use 
• No external components required 

• a-pin mini DIP 

August 1982 

The MF4 consists of an extremely easy to use 4th order 
maximally flat lowpass filter packaged in.an a-pin miniDIP. 
Only an external clock (or an R and a C) is needed to tune 
the LP filter. The filter cutoff frequency is directly depend
ent on the clock frequency. The ratio of the clock fre
quency to the filter cutoff frequency is approximately 50:1 
(MF4-50) or 100:1 (MF4-100). A CMOS Schmitt trigger is 
also included in the MF4 package to be used in the self 
oscillating mode. The maximally flat response of the MF4 
allows cascading them for higher ordertilter applications. 

• Clock to cutoff frequency ratio accuracy 0.6% 

System Block Diagram 

CLK 

Connection Diagram 

CLK 

RC 

L Sh 

y-

1982 National Semiconductor Corp. TLiHt5064 

© Ie MASTER 1983 

3 

L Sh 

• Operation up to 20 kHz 

• Passband ripple less than 0.1 dB 

• Self oscillating 

Vour 

RC 

Dual·ln·Line Package 

8 YIN 

2 7 y+ 

MF4 

6 AGND 

5 Your 

TOP VIEW 

s: 
." 
~ 

s: 
0 
:::l 
0 ---,.... 
:::T --n 
~ ,.... 
:::T 

0 a 
(1) .., 
en 
~ --,.... 
n 
:::T 
(1) 
c-
o 
Q.) 

-C 
Q.) 
n --,.... 
0 .., 
to 
c ,.. ,.. 
(1) .., 
~ 
0 .., ,.. 

~ 

:::T 0 .. 
r- (.) 

:J 
-0 "'C 

c: 
." 0 -- (.) - E ,.. 
(1) Q) .., en 

(ij 
.c: 

0 .. 
as 
Z 

3305 



L-

a ...... 
(.) 
:J 
'U 
c: 
a 
(.) 

E 
Q) 
(J) 

cti 
c: 
a 

...... 
ctS 
Z 

~National 
~ Semiconductor 

PRELIMINARY 
August 1982 

MF5 Universal Monolithic Switched Capacitor Filter 

General Description 
The MFS consists of an extremely easy to use, general 
purpose CMOS active filter building block and an uncom
mitted op amp. The filter building block, together with an 
external clock and a few resistors, can produce various 
second order functions. The filter building block has 3 
output pins. One of the output pins can be configured to 
perform highpass, all pass or notch functions and the re
maining 2 output pins perform bandpass and lowpass 
functions. The center frequency of the filter can be directly 
dependent on the clock frequency or it can depend on both 
clock frequency and external resistor ratios. The uncom
mitted op amp can be used for cascading purposes, or for 
obtaining additional allpass and notch functions or for 
various other applications. Higher order filter functions 
can be obtained by cascading several MFSs or by using 
the MF5 in conjunction with the MF10 (dual switched 
capacitor filter building block). The MFS is functionally 
compatible with the MF10. Any of the classical filter con
figurations (such as Butterworth, Bessel, Cauer and 
Chebyshev) can be formed. 

System Block Diagram 

INVl 

AGND 

ClK 

50/100 

L Sh 

Connection Diagram 

Features 
• Low cost 
• 14-pin DIP 

• Easy to use 
• Clock to center frequency ratio accuracy 0.6% 

• Filter cutoff frequency stability directly dependent on 
external clock quality 

• Low sensitivity to external component variations 

• Separate highpass (or notch or allp~ss), bandpass, 
low pass outputs 

• fo x 0 range up to 200 kHz 
• Operation up to 30 kHz 
• Uncommited op amp available 

BP LP 

14 

INV2 - A2 V ~
2. 13 

AGND + 02 

Dual-In-Line Package 

BP 14 LP 

N/AP/HP 13 V02 

INVl 12 INV2 

Sl MF5 11 AGND 

S. 10 V-

V~ SO/lOll 

L Sh CLK 

TOP VIEW 
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~National PRELIMINARY 

D Semiconductor 
A~gust 1982 

MF6 Monolithic 6th Order Switched Capacitor 
Butterworth LP Filter . 

General Description Features 
• Low cost 
• Very easy to use 
• No external components 

• 14-pin DIP 

The MF6 consists of an extremely easy to use 6th order 
maximally flat lowpass filter and 2 uncommitted op amps. 
Only an external clock (or an R and a C) is needed to tune 
the LP filter. The filter cutoff frequency is directly depend
ent on the clock frequency. The ratio of the clock fre
quency to the filter cutoff frequency is approximately 50:1 
(MF6-50) or 100:1 (MF6-100). The 2 external op amps can be 
used for pre or post filtering, or for any additional filtering 
the user's application may require. A CMOS Schmitt trig
ger is also included in the MF6 package to be used in the 
self oscillating mode (where cutoff frequency accuracy is 
not required). The maximally flat response of the MF6 
allows cascading them for higher order filter applications. 

• Clock to cutoff frequency ratio accuracy 0.6% 

System Block Diagram 

ClK 

Connection Diagram 

1982 Nation!!i Semiconductor Corp. TUH'5065 

VOUT 

• Operation up to 20 kHz 
• Two uncommitted op amps available 

• Passband ripple less than 0.1 dB 

• Self oscillating 

14 

INV2 gj>-02. 
1 V02 

NONOVERLAP 
CLOCK 

N.INV2 + 

13 

INV1~4 
+ 

AGND 

0 6 0 5 

Y+ AGND 

Val 

Dual·ln·Line Package 

N.INV2 14 INY2 

V02 13 INY1 

YOUT 12 L Sh 

Vol MF6 11 RC 

AGNO 10 Y-

Y" 9 CLK 

Vos ADJ YIN 

TOP YIEW 

~ 

" 0) 

~ 
0 
::J 
0 -_ . ... :::r _. 
n 
0) 

st 
0 a. 
CD .., 
en 
~ _. ... 
n 
:::T 
CD 
C. 
0 m 

-C m 
n _ . ... 
0 
~ 

to 
C .... .... 
CD 
~ 

~ 
0 
~ .... 
:::T .... 
." 
." _. 
-.... 
CD 
~ 

@ Ie MASTER 1983 3307 

L. 

0 
+-' 
0 
::J 
"0 
C 
0 
0 

E 
Q) 

en 
CO 
c 
0 
+-' 
CO 
Z 



~ 

o 
+-' o 
::J 

"C 
c 
o 
o 
E 
Q) 

en 
cti 
c 
o 
+-' 
CCS 
Z 

~National 
~ Semiconductor 

April 1982 

MF10 Universal Monolithic Dual Switched Capacitor Filter 

General Description 
The MF10 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 
Each block, together with an external clock and 3 to 4 
resistors, can produce various 2nd order functions. Each 
building block has 3 output pins. One of the outputs can be 
configured to perform either an allpass, highpass or a 
notch function; the remaining 2 output pins perform low
pass and bandpass functions. The center frequency of the 
lowpass and bandpass 2nd order functions can be either 
directly dependent on the clock frequency, or they can de
pend on both clock frequency and external resistor ratios. 
The center frequency of the notch and all pass functions is 
directly dependent on the clock frequency, while the 
highpass center frequency depends on both resistor ratio 
and clock. Up to 4th order functions can be performed by 
cascading the two 2nd order building blocks of the MF10; 
higher than 4th order functions can be obtained by cas
cading MF10 packages. Any of the classical filter config
urations (such as Butterworth, Bessel, Cauer and 
Chebyshev) can be formed. 

System Block Diagram 

Features 
• Low cost 
• 20-pin 0.3". wide package 

• Easy to use 
• Clock to center frequency ratio accuracy = 0.6% 
• Filter cutoff frequency stability directly dependent on 

external clock quality 

• Low sensitivity to external component variation 
• Separate· high pass (or notch or allpass), bandpass, 

low pass outputs 

• fo x Q range up to 200 kHz 
• Operation up to 30 kHz 

vi N/AP/HPA S1A 

4 

?7 3 5 

15 
AGND 

ClKA 

501100/Cl 

l Sh 

ClKB 

TO AGND +-----.------0\ 

17 

INVB 

~'3 20 

Vo Vi N/AP/HPa S1B BPB lPB 

1982 Natlo'la! Sem!CO'lducto~ Corp X~:281 
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BI-FETTM/BI-FET IITM ~Nalional 
Op Amp Selection Guide 

Semiconductor 

COMPARISON OF ELECTRICAL CHARACTERISTICS 

DC Electrical Characteristics AC Electrical Characteristics 

Vos-Max Offset ~Vos/~T-TC of la-Max Bias 
AVOL Large en-Equiv. 

Part Number Voltage (mV) Vos{JLVlOC) Current (pA) 
Signal Voltage SR-Slew Input Noise 

(TA=25°C) Typ (TJ = 25°C) 
Gain (V/mV) Rate (VllLs) Voltage (nV/,,'Hi) 

Min (T A = 25°C) (Note 2) 

MILITARY BI·FET OP AMP (Note 1) 

LF155 5 5 100 50 5 20 

LF155A 2 5 (max) 50 50 5 20 

LF156 5 5 100 50 12 12 

LF156A 2 5 (max) 50 50 12 12 

LF157 5 5 100 50 50 12 

LF157A 2 5 (max) 50 50 50 12 

LF411A 0.5 10 (max) 200 50 10 (min) 25 

LF411 2 10 200 50 8 (min) 25 
LF441 A (low power) 0.5 10 (max) 50 50 1 40 

LF412A Dual 1 10 (max) 200 50 10 (min) 25 

LF412 3 10 200 50 8 (min) 25 

LF442A Dual (low power) 1 10 50 50 1 40 

LF444 Quad (low power) 5 10 50 50 1 40 

INDUSTRIAL BI·FET OP AMP (Note 1) 

LF255 5 5 100 50 5 20. 

LF256 5 5 100 50 12 12 

LF257 5 5 100 50 50 12 

COMMERCIAL BI·FET AND SI·FET " OP AMP. (Note 3) 

LF351 10 10 200 25 13 16 

LF355 10 5 200 25 5 25 

LF355A 2 5 (max) 50 25 5 25 

LF356 10 5 200 25 12 15 

LF356A 2 5 (max) 50 25 12 15 

LF357 10 5 200 25 50 15 

LF357A 2 5 (max) 50 25 50 15 

LF13741 15 10 200 25 0.5 37 

LF411A 0.5 10 (max) 200 50 10 25 

LF411 2.0 20 200 50 8 25 

LF441A (low power) 0.5 10 (max) 50 50 1 40 

LF441 (low power) 5 10 100 50 1 40 

BI·FET II DUAL OP AMPS (CHARACTERISTICS FOR EACH AMPLIFIER) (Note 3) 

LF353 10 10 200 25 13 16 

LF412A 1 10 (max) 200 50 10 (min) 25 

LF412 3 20 200 50 8 (min) 25 

LF442A (low power) 1 10 (max) 50 50 1 40 

LF442 (low power) 3 20 100 50 1 40 , .. 
BI·FET II QUAD OP AMPS (CHARACTERISTICS FOR EACH AMPLIFIER) (Note 3) 

LF347 10 10 200 25 13 16 

LF3478 5 10 200 25 13 16 

LF444A (low power) 5 10 50 50 1 40 

LF444 (low power) 10 10 100 25 1 40 

BI.FET™ and BI·FET IITM are trademarked terms by National Semiconductor who invented the technology in 1974. 

Note 1: DC electrical characteristics are - 55·C to + 125·C for Military and - 25·C to + 85·C for Industrial unless otherwise noted; AC electrical character· 
istics are TA = 25·C, typical specifications unless noted. 

Note 2: f = 1000 Hz. 

Note 3: DC electrical characteristics are O·C to + 70·C unless otherwise noted; AC electrical characteristics are TA = 25"C. typical specifications unless 
noted. 

. © Ie MASTER 1983 3309 
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~National Voltage Comparators 
D Semiconductor 

LF111/LF211/LF311 Voltage Comparators 
General Description 
The LF111, LF211 and LF311 are FEr input voltage 
comparators that virtually eliminate input current errors. 
Designed to operate over a 5.0V to ±15V range the 
LF111 can be used in the most critical applications. 

Further, the LF111 can be used in place of the LM111 
eliminating errors due to input currents. See the "appli
cation hints" of the LM311 for application help. 

Advantages 
• Eliminates input current errors 
• I nterchangeable with LM 111 

The extremely low input currents of the LF 111 allows 
the use of a simple comparator in applications usually 
requiring input current buffering. Leakage testing, long 
time delay circuits, charge measurements, and high 
source impedance voltage comparisons are easily done. • No need for input current buffering 

Connection Diagram 
Metal Can Package 

V· 

TOP VIEW 

Order Number LF111H, LF211H 
or LF311H 

See NS Package HOSC 

Schematic Diagram and Auxiliary Circuits 

BALANCE/STROBE BALANCE 
6 5 

R3 R4 
300 300 

+ 

3310 

RIg 
250 

RtB 
200 

Note. Do Not Ground Strobe Pm or Billance/Strobe Pin. See Note 1 

R14 
2k 

R16 
400 

R15 
450 

R9 
600 

Q11 

RIO 
4k 

4 
V-

OUTPUT 
1 

~-+---4 

Rll 
130 

R12 
600 

015 

GND 

R13 
4 

R2 
JOk 

V· 

Offset Balancing 

Strobing 

"Incleases tYPical common modo 
slow from 1.0V/1-oS to 18V/1-oS 

I ncreasing Input 
Stage Current· 
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~National 
D Semiconductor 

March 1982 

LF411A/LF411 Low Offset, Low Drift JFET 
Input Operational Amplifier 

BI.FET II ™ Technology 

General Description 
These devices are low cost, high speed, JFET input opera
tional amplifiers with very low input offset voltage and 
guaranteed input offset voltage drift. They require low 
supply current yet maintain a large gain bandwidth prod
uct and fast. slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. The LF411 is pin compatible with the 
standard LM741 allowing designers to immediately 
upgrade the overall performance of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped
ance, high slew rate and wide bandwidth. 

Features 
• Internally trimmed offset voltage 
• Input offset voltage drift 
• Low input bias current 
• Low input noise current 

• Wide gain bandwidth 

• High slew rate 
• Low supply current 

• High input impedance 
• Low total harmonic distortion Av = 10, 

0.5mV(max) 
10 IlVloC (max) 

50pA 
0.01 pAl$z 
3 MHz(min) 
10V/Ils (min) 

1.8mA 

RL = 10k, Va = 20 Vp-p, BW = 20 Hz-20 kHz 
• Low 1/t noise corner 
g FastsettiingtimetoO.01% 

Typical Connection Ordering Information 
LF411XYZ 

Connection Diagrams 

Vee 

Simplified Schematic 

X indicates electrical grade 
Y indicates temperature range 

"M" for military 
"e" for commercial 

Z indicates package type 
"H" or "N" 

VCCo-------~------------~----__ 

-VEEo-----------.---------.-----~ 

SI·FET "n .. IS a trademark of National Semiconductor Cor~. 
, 1982 NatIonal Semiconductor Corp. XHi273 

© Ie MASTER 1983 

LF411AMH/LF411MH, LF411ACH/LF411CH 
Metal Can Package 

NC 

INVE~~~~ 2 

TOP VIEW 

Note. Pin 4 connected to case. 

LF411ACN, LF411CN 
Dual-In-Llne Package 

TOP VIEW 
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~National 
~ Semiconductor 

March 1982 

LF412A/LF412 ,Low Offset, Low Drift 
Dual JFET Input Operational Amplifier 

BI-FET II ™ Technology 

General Description 
These devices are low cost, high speed, JFET input opera
tional amplifiers with very low input offset voltage and 
guaranteed input offset voltage drift. They require low 
supply current yet maintain a large gain bandwidth prod
uct and fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. LF412 dual is pin compatible with the 
LM1558, allowing designers to immediately upgrade the 
overall performance of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped
ance, high slew rate and wide bandwidth. 

Features 
• Internally trimmed offset voltage 
• Input offset voltage drift 
• Low input bias current 
• Low input noise current 

• Wide gain bandwidth 

• High slew rate 
• Low supply current 
• High input impedance 
• Low total harmonic distortion Av = 10, 

1 mV(max) 
10 p. V/oC (max) 

50pA 
0.01 pAl,\/Hz 
3MHz(min) 
1 o VIp. s (min) 

1.8 mAlAmplifier 
1012n 

<0.02% 
RL = 10k, Vo = 20 Vp-p, BW = 20 Hz-20 kHz 

• Low 1/f noise corner 
• Fast settling timetoO.01 % 

Typical Connection 
RI 

Ordering Information 
LF412XYZ 

Connection Diagrams . 

Simplified Schematic 
1/2 Dual 

X indicates electrical grade 
Y indicates temperature range 

"M" for military 
"C" for commercial 

Z indicates package type 
"H" or "N" 

vcco-------~------------~----~ 

-VEE 0----4"----+---------.... ---...... 
BI·FET hTM is 8 trademark of National Semiconductor Corp, 

, 1982 National SemiconduClor Corp XHi273 

vo 

LF412AMH/LF412MH, LF412ACH/LF412CH 
Metal Can Package 

V-

Note. Pin 4 connected to case. 

OUTPUT A 

INVERTING INPUT A 

TOP VIEW 

LF412ACN, LF412CN 
Dual·ln·Line Package 

NON.INVERTING _3-+-_ ... 
INPUT A 

V- --+-_ ... 

TOP VIEW 

INVERTING INPUT B 

IM·B20M32:Prlnled ,,,, U.S.A 
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~National 
~ Semiconductor February 1982 

LF441A/LF441 Low PowerJFET 
Input Operational Amplifier BI-FET IITM Technology 

General Description 
The LF441 low power operational amplifier provides many 
of the same AC characteristics as the industry standard 
LM741 while greatly improving the DC characteristics of 
the LM741. The amplifier has the same bandwidth, slew 
rate. and gain (10 kn load) as the LM741 and only draws one 
tenth the supply current of the LM741. In addition the well 
matched high voltage JFET input devices of the LF441 
reduce the input bias and offset curr.ents by a factor of 
10,000 over the LM741. A combination of careful layout 
design and internal trimming guarantees very low input 
offset voltage and voltage drift. The LF441 also has a very 
low equivalent input noise voltage for a low power 
amplifier. 

The LF441 is pin compatible with the LM741 allowing an 
immediate 10 times reduction in power drain in many ap· 
plications. The LF441 should be used where low power 
disSipation and good electrical characteristics are tile 
major considerations. 

Features 
• 1/10 supply current of a LM741 

• Low input bias current 
D Low input offset voltage 

• Low input offset voltage drift 
Ii High gain bandwidth 

81 High slew rate 

II Low noise voltage for low power 

II Low input noise current 

II High input impedance 

CI High gain Vo = ± 10V, RL = 10k 

200IlA(max) 
50pA(max) 

0.5mV(max) 

10 Il v/oe (max) 

1 MHz 

1VIIls 

35 nV/$z 

0.01 pA/v'Hz 
1012n 

50k(min) 

Typical Connection Ordering Information 
LF441XYZ 

Connection Diagrams 

Vee 

Simplified Schematic 

X indicates electrical grade 

Y indicates temperature range 

"M" for military, 

"C" for commercial 

Z indicates package type 
"HI' or "N" 

VCC 0----.... -------4.---..., 

-VEE 0--..... ---..... ----... --:----

BI·FET IITM IS a trademar~, of National Semlconducto' Corp 

1982 National Semiconductor Corp XH 1272 

© Ie MASTER 1983 

LF441AMH, LF441ACH/LF441CH 
Metal Can Package 

NC 

INVE~J~~¥ 2 6 OUTPUT 

V-

TOP VIEW 

Note. Pin 4 connected to case. 

BALANCE 

INPUT 

INPUT 

LF441ACN/LF441CN 
Dual·ln·Line Package 

TOP VIEW 

NC 

OUTPUT 

BALANCE 

1M B30M221P"nted In Int' USA 
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~National 
a Semiconductor 

March 1982 

LF442A/LF442 Dual Low Power 
JFET Input Operational Amplifier 

BI.FET II ™ Technology 

General Description 
The LF442 dual low power operational amplifiers provide 
many of the same AC characteristics as the industry 
standard LM1458 while greatly improving the DC charac· 
teristics of the LM1458. The amplifiers have the same 
bandwidth, slew rate, and gain (10 kP. load) as the LM1458 
and only draw one tenth the supply current of the LM1458. 
In addition the well matched high voltage JFET input de· 
vices of the LF442 reduce the input bias and offset cur· 
rents by a factor of 10,000 over the LM1458. A combination 
of careful layout design and internal trimming guarantees 
very low input offset voltage and voltage drift The LF442 
also has a very low equivalent input noise voltage for a low 
power amplifier. 

, The LF442 is pin cO'!1patible with the LM1458 allowing an 
immediate 10 times reduction in power drain in many ap
plications. The LF442 should be used where low power 
dissipation and good electrical characteristics' are the 
major considerations. 

Features 
• 1/10 supply current of a LM1458 

• Low input bias current 

• Low input offset voltage 

• Low input offset voltage drift 

• High gain bandwidth 

• High slew rate 
• Low noise voltage for low power 

• Low input noise current 

• High input impedance 

• HighgainVo = ±10V,RL =10k 

400p.A(max) 

50pA(max) 

1 mV(max) 
10 p.V/DC (max) 

1 MHz 

1 V//lS 
35 nV/.Jt-iz 

0.01 pA/.JHz 
1012n 

50k(min) 

Typical Connection Ordering Information Connection Diagrams 
LF442AMH, LF442ACH, LF442CH 

Metal Can Package 
RI LF442XYZ 

Simplified Schematic 
1/2 Dual 

X indicates electrical grade 

Y indicates temperature range 

"M" for military 

"e" for commercial 

Z indicates package type 
"H" or "N" 

VCCO-------__ -------------4~----_ 

Vo 

V" 

V-

TOP VIEW 

Note. Pin 4 connected to case. 

LF442ACN, LF442CN 
Dual·ln·Line Package 

OUTPUT A v+ 

INVERTING INPUT A ~""'-Jr-""""- OUTPUT B 

NON.INVERTING _3-+-_ .... 
INPUT A 

INVERTING INPUT B 

TOP VIEW 

-VEEo---~~----~--------~~----~ 

BI·FET IITM is a trademark 01 Natlonai Semiconductor Corp 

1982 National SerTilconductor Corp XHi273 IM·B20M32,Prlnted In U.S.A. 

r
." 
t 
~ ........ 
r
." 
t 
I\:) 

c 
~ 
r
o :e 
""tJ 
o :e 
CD 
~ 

c.. 
." 
m 
-I 
.::; 
-C 
C .... 
o 
-C 
CD 
; .... --o 
~ 
D) -
:J> 
3 

-C ---.... 
ar 
~ 

3314 © Ie MASTER 1983 



~"National 
~ Semiconductor 

March 1982 

BI.FET II ™ Technology 

LF444A/LF444 Quad Low Power JFET 
Input Operational Amplifier 

General Description 
The LF444 quad low power operational amplifier provides 
many of the same AC characteristics as the industry 
standard LM148 while greatly improving the DC character
istics of the LM148. The amplifier has the same band
width, slew rate, and gain (10 kn load) as the LM148 and 
only draws one fourth the supply current of the LM148. In 
addition the well matched high voltageJFET input devices 
of the LF444 reduce the input bias and offset currents by a 
factor of 10,000 over the LM148. The LF444 also has a very 
low equivalent input noise voltage for a low power 
amplifier. 

The LF444 is pin compatible with the LM148 allowing an 
immediate 4 times reduction in power drain in many 
applicati9ns. The LF444 should be used wherever low 
power dissipation and good electrical characteristics are 
the major considerations. 

Simplified Schematic 

1/4 Quad 

Vcco----o------..----, 

-VEE 0--.... --..... ----... --...... 

Ordering Information 
LF444XYZ 

X indicates electrical grade 

Y indicates temperature range 
"M" for military, "C" for commercial 

Z indicates package type "D" or "N" 

1982 National Semiconductor Corp X!-1,;.?73 

© Ie MASTER 1983 

Vo 

Features 
• 1/4 supply current of a LM148 

• Low input bias current 

• High gain bandwidth 
&I High slew rate 

EI Low noise voltage for low power 

• Low input noise current 
II High input impedance 

II HighgainVo= ±10V,RL =10k 

Connection Diagram 

200 ILA/Amplifier(max) 
50pA(max) 

1 MHz 

1 VIILs 
35nV/$z 

0.01 pA/vIHZ 
1012n 

50k(min) 

LF444AM D/LF444C D/LF444ACN/LF444CN 
Dual·ln·Line Package 

OUT 1 IN ,- IN ,+ IN 2- OUT 2 

TOP VIEW 

BI·FET II ™ IS a trademark ot National Semiconductor Corp 

tM·B20M321PrlnteC In USA 
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PRELIMINARY 
October 1982 ~National 

~ Semiconductor 
LP165/LP365 Micropower Programmable Quad Comparator 

General Description 
The LP165 series consists of four independent voltage 
comparators. The comparators can be programmed, four 
at the same time, for various supply currents, input cur
rents, response times and output current drives. This is ac
complished by connecting a single resistor between the 
Vee and ISET pins. 

These comparators can be operated from split power sup
plies or from a single power supply over a wide range of 
voltages. The input cansense signals at ground level even 
with single supply operation. The unique output NPN tran
sistor stages are uncommitted to either power supply. 
They can be connected directly to various logic system 
supplies so that they are highly flexible to interface with 
various logic families .. 

Application areas include battery power circuits, thresh
old detectors, zero crossing detectors, simple serial AID 
converters, VCO, multivibrator's, voltage converters, 
power sequencers, and high performance V/F converters, 
and RTD linearization. 

Typical Connection 

. V'"f 

Programming Equation 

, (V+)-(V-)-1.3V 
SET = 

RSET 

'SUPPLY"'" 22 X 'SET 

- 1982 National Semiconductor Corp. TlIH/5023 

3316 

Features 
• Single programming resistor to tailor power consump

tion, input current, speed and output current drive 
capability 

• Wide single supply voltage range or dual supplies 
(4 Voe to 36 \"iDe or ± 2.0 Voe to ± 18 Vod 

• Low supply current drain (10 Jl.A) and low power 
consumption (10 Jl.W/comparator)@IsET=0.5 Jl.A 
Vce=5 Voe 

• Uncommitted output stage - selectable output levels 
• ,Output directly compatible with DTL, TTL, CMOS, MOS 

or other special logic families 

• Input common-mode range includes ground 
• Differential input voltage equal to the power supply 

voltage 

Connection Diagram 

Dual-In-Line Package 

Ve OUT3 OUT4 v- +IN4 -IN4 -IN3 

16 15 

2 8 
ISET OUT2 OUTl V + -INl + INl -IN2 + IN2 

TOP VIEW 
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Device 

LM106 

LM206 

LM306 

LF111 

LF211 

LF311 

LMll1 

LH2111 Dual (Note 1) 

LM211 

LH2211 Dual (Note 1) 

LM311 

Temperature 
Range' 

Military 

Industrial 

Commercial 

¥ilitar.Y 

Industrial 

Commercial 

Military 

Military 

Industrial 

Industrial 

Commercial 

DTLITTL 
Fanout 

10 

10 

10 

Supply 
Voltage 

Typ 
(V) 

V+ = 12 

V-=-3 

To-12 

36 

36 

36 

±15 

±15 

T05 

To 5 

And GND 

Input Bias 
Current 
(25°C) 

Max 
(IJA) 

Input Offset 
Current 
(25°C) 

Max 
(IJA) 

Input Offset 
Voltage 
(25°C) 

Max 
(mV) 

Response 
Timet 
Typ 
(ns) 

W ~, 

Voltage 
Gain 
Typ 

.Package Type 

20 40 max 40k TO·5 

25 40 max 40k TO·5 

0.05 0.000025 200 200k TO·5 

0.05 0.000025 200 200k TO·5 

0.15 0.000075 10 200 200k TO·5 

0.1 0.04 0.7 200 200k TO·5 DIP 

0.1 0.04 0.7 200 200k TO·5DIPF.P. 

0.1 0.'04 0.7 200 200k To·5 DIP 

0.1 0.04 0.7 200 200k TO·5 DIP F.P. " 

0.25 0.06 200 200k TO·5 DIP 

LH2311Dual(Note1) Commercial AndGND 0.25 0.06 200 200k TO·5DIPF.P. 

LM119 Military 2 (Each Side) ±15 0.5 0.075 80 40k TO·5 DIP 

LM219 Industrial 2 (Each Side) To 5 0.5 0.075 80 40k TO·5 DIP 

LM319 Commercial 2 (Each Side) And GND 0.2 80 40k TO·5 DIP 

LM139 Quad Military ±1 0.1 0.025 1.3J.ls 200k DIP 

LM239 Quad Industrial 1 To ±18} 0.25 0.050 1.3J.lS 200k DIP 

LM339 Quad Commercial Or From 0.25 0.050 1.3J.ls 200k DIP 

LM139A Quad Military 0.1 0.025 1.3IJs 200k DIP 

LM239A Quad Industr;"al To 36 0.25 0.050 1.3J.ls 200k DIP 

LM339A Quad Commercial And GND 0.25 0.050 t.3lJs 200k DIP 

LMI60 

LM260 

LM360 

LM161 (LM529) 

LM261 

LM361 (LM529C) 

. LM193 

LM293 

LM393 

LM193A 

LM293A 

LM393A 

LM710 

LM710C 

LM711 Dual 

LM711C Dual 

LM1514 Dual 

LM1414 Dual 

LM2901 Quad 

LM2903 

Military 

Industrial 

Commercial 

Military 

Industrial 

Commercial 

Military 

Industrial 

Commercial 

Military 

Industrial 

Commercial 

Military 

Commercial 

Military 

Commercial 

Military 

Commercial 

Industrial 

Automotive 

2· 

±4.5 

To 

±6.5 

±5 

To ±15 

And 5 

±1 

10 16 3k TO·5 DIP 

10 16 3k TO·5 DIP 

15 16 3k TO·5 DIP 

10 12 3k TO·5 DIP 

10 12 3k TO·5 DIP 

15 12 3k TO·5 DIP 

0.1 0.025 1.31Js 200k TO·5 

{

To ±18} 0.25 0.050 1.31Js 200k TO·5 

Or From 0.25 0.050 1.31Js 200k TO·5, DIP 

0.1 0.D25 1.3IJS 20Dk TO·5 

To 36 ~.25 0.050 1.31Js 200k TO·5 

And Gnd 

V+ = 12 

V-=-6 

V'" = 12 

V- =-6 

V+ = 14 

V-=-7 

±1 (2V) to 
±18 (36) 

±1 (2V) to 

±18 (36) 

0.25 0.050 1.3IJS 200k TO·5, DIP 

20 40 1750 TO·5 

25 40 1500 TO·5 DIP 

75 10 3.5 40 1500 TO·5 

100 15 40 1500 TO·5 DIP 

20 30 1250 DIP 

25 30 1000 DIP 

0.25 0.05 1.3 200k. DIP 

0.25 0.050 1.3IJS 200k DIP 

Note 1: Dual version of device. tResponse time is specified for 100 mV step input with 5 mV overdrive. 

·Military: -55°C to +12So C; Industrial: -2So C to +8So C;Commercial: O°C to +70°C; Automotive: -40°C to +8SoC 

National Semiconductor LINEAR 

Comments 

Single comparator with strobe, high speed 

and sensitivity, large fanout 

FET front·end inputs 

Single, with strobe, will work from single 
supply, low bias current 

High speed dual comparator 

Quad comparator designed for single 
supply operation; input common mode 

range includes ground 

Low offset voltage Quad comparator 
with DTLlTTL logic levels 

Very high speed, outputs compatible 
with DTLfTTL logic level< 

Very high speed, with individual strobes, 
DTLlTTL compatible 

Dual comparator designed for single supply 
operation; input common·mode range 
includes ground 

Low offset voltage dual comparator with 

DTLlTTL logic levels 

Single, differential in, single output 

Dual differential, common output, 
individual strobes 

Dual LM710 with'separate strobes, 
individual outputs 

Quad comparator designed for single supply 
operation; input common·mode range includes 

ground 

Dual comparator designed for single supply 
operation; input common·mode range 
includes ground 
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~Nationai 
Semiconductor 

Analog Switch~s/Multiplexers Selection Guide 
RON VAil Part Logic 
(fl)* (V)t Number Input 

QUAD SPST 

100 15 rnA AH5011 J5V TTL. CMOS 
150 5 rnA AH5012 TTL,CMOS 
200 ±10 LF11201 TTL 
200 ±10 LF11202 TTL 
200 ±10 LF11331 TTL 
200 :t 10 LF11332 TTL 
200 ±10 LF11333 TTL 
250 ±10 LF13201 TTL 
250 ±10 LF13202 TTL 
250 ±10 LF13331 .TTL 
250 ±10 LF13332 TTL 
250 ±10 LF13333 . TTL' 

280 ±7.5 CD4066 CMOS 
850 ±7.5 CD4016 CMOS 

TRIPLE SPOT 

280 I ±7.5 I CD4053 I CMOS I 
4·CHANNEL 

100 15 rnA AH5009 15V TTL, CMOS 
150 5mA AH5010 TTL, CMOS 

4·CHANNEL DIFFERENTIAL 

280 ±7.5 CD4052 CMOS 
350 12, - 15 LF11509 TTL 
270 ±7.5 CD4529B . CMOS 

a·CHANNEL 

250-400 ±5 AM3705 TTL 
350 12,_-15 . LF11508 TTL 
270 ±7.5 CD4529B CMOS 
280 ±7.5 CD4501 CMOS 

"RON max @ TA=25°C 
tVA" = maximum voltage or current to be safely switched 

I 

3318 

Vs 
tON/tOFF (V) 

Typ Typ 

150/300 ns 
150/300 ns 

±15 90/500 ns 
±15 90/500 ns 
± 15 90/500 ns 
±15 90/500 ns , 
±15 90/500 ns 

±15 90/500 ns 
±15 90/500 ns 
±15 90/500 ns 
±15 90/500 ns 
±15 90/500 ns 

±7.5 50/50 ns 
±7.5 20/20 ns 

± 7.5 I 150/150 ns 

150/300 ns 

150/300 ns 

±7.5 150/150 ns 

±15 1/0.2 P.s 
±7.5 50/50 ns 

-15,5 300/600 ns 

±15 1't0.2Ils 
±7.5 50/50 ns 

±7.5 150/150 ns 

© Ie MASTER 1983 



A/D Converter/DVM Selection Guide ~ National Semiconductor 
P~rt Resolution 

Absolute 
Convorslon 

Input Output 
Supplies 

lTomperature 
Accuracy Voltage Logic Range· Package Comments 

No. (Bits) 
(Max) 

Time 
Range Levels 

(V) 
M I C 

AID CONVERTER 

ADC0800 8 ±2 LSB 50 J.Ls ±5V TTL, + 5, -12 • • 18-Pin DIP 
TRI·STATE(!J 

ADC0801 8 ± 1/4 LSB 110 J.LS 5V TTL, +5 • • • 20-Pin DIP Differential 
TRI-STATE Input 

ADC0802 8 ± 1/2 LSB 110 J.Ls 5V TTL, +5 • • • 20-Pin DIP Differential 

TRI-STATE Input 

ADC0803 8 ± 1/2 LSB 110 J.Ls 5V TTL, +5 • • 20-Pin DIP Differential 
TRI-STATE Input 

ADC0804 8 ±1 LSB 110 J.LS 5V, TTL, +5 • 20-Pin DIP Differential 

TRI-STATE Input 

ADC0805 8 ±1 LSB 110 J.LS 5V TTL, +5 • • 20-Pin DIP Works with 
TRI-STATE 5V Reference 

ADC0808 8 ± 1/2 LSB 100 J.LS 5V TTL, +5 • • • 28-Pin DIP 8-Channel MUX 
TRI-STATE 

ADC0809 8 ±1 LSB 100 J.Ls 5V TTL, +5 • • 28-Pin DIP 8-Channel MUX 
TRI-STATE 

ADC0816 8 ± 1/2 LSB 100 J.Ls 5V TTL, +5 • • • 40-Pin DIP 16-Channel MUX 

TRI-STATE 

ADC0817 8 ±1 LSB 100 J.Ls 5V TTL, +5 • • 40-Pin DIP 16-Channel MUX 

TRI-STATE 

tADC0831 B 8 ± 1/2 LSB 80 J.Ls 5V TTL + 5 to +9 • • 8-Pin DIP Serial 110 

tADC0831C 8 ±1 LSB 80J.Ls 5V TTL + 5 to +9 • • 8-Pin DIP Serial 110 

tADC0832B 8 ±1/2 LSB 80J.Ls 5V TTL +5 to +9 • • 8-Pin DIP 2-Channel MUX 
Serial 1/0 

tADC0832C 8 ±1 LSB 80 J.Ls 5V TTL + 5 to +9 • • 8-Pin DIP 2-Channel MUX 
Serial 110 

ADC0833B 8 ± 1/2 LSB 80J.Ls 5V TTL +5 to +9 • • 14-Pin DIP 4-Channel MUX 
Serial 110 

ADC0833C 8 ±1 LSB 80J.Ls 5V TTL + 5 to +9 • • 14-Pin DIP 4-Channel MUX 
Serial 110 

tADC0834B 8 ± 1/2 LSB 80J.Ls 5V TTL +5 to +9 • • 14-Pin DIP 4-Channel MUX 
Serial 110 

tADC0834C 8 ±1 LSB 80J.Ls 5V TTL +5 to +9 • • 14-Pin DIP 4-Channel MUX 
Serial 110 

tADC0838B 8 ± 1/2 LSB 80J.Ls 5V TTL' +5 to +9 • • 20-Pin DIP 8-Channel MUX 

Serial 110 

tADC0838C 8 ±1 LSB 80 J.LS 5V TTL +5 to +9 • • 20-Pin DIP 8-Channel MUX 
Serial 110 

tADC1001B 10 ± 1/2 LSB 200J.Ls 5V TTL, +5 • • 20-Pin DIP Differential 

TRI-STATE Input 

ADC1oo1C 10 ±1 LSB 2ooJ.Ls 5V TTL, +5 • • 20~Pin DIP Differential 

TRI-STATE Input 

tADC1021B 10 ±1/2 LSB 200 J.Ls 5V TTL, +5 • • 24-Pin DIP Differential 

TRI-STATE Input 

ADC1021C 10 ±1 LSB 200J.Ls 5V TTL, +5 • 24-Pin DIP Differential 

TRI-STATE Input 

tADC1080 10 ± 1/2 LSB 18 JLS ± 10V TTL + 5, ± 12 to ± 15 • 32-Pin DIP With Reference 
and Clock 

© Ie MASTER 1983 3319 
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~National 
~ Semiconductor 

Part 
. . I Linearity 

Internal 
Output Settling 

Resolution ~. 250C 
Op Time 

No. (Bits) ~MaX) Reference 
Amp (+.112 LSB) 

DACOBOO 8 0.19 100 ns 

DAC0801 8 0.39 100 ns 

DAC0802 B 0.10 100 ns 

DACOB06 8 0.78. 150 ns 

DAC0807 8 0.39 150 ns 

DACOB08 8 0.19 150 ns 

DACOB30 B 0.05 1 I"s 

DACOB31 8 0.10 1 Ils 

DACOB32 8 0.20 11ls 

DAC1000 10 0.05 500 ns 

I-,. 
DAC1001 10 0.1 500 ns 

~ 

DAC1002 10 0.2 500 ns 

DAC1006 10 ' 0.05 500 ns 

"-
0 ...... 
(.) 
::J DAC1007 10 0.1 500 ns 
"C 
c::: 
0 
(.) 

E 
DAC100B 10 0.2 500 ns 

Q) 

en 
(ij DAC1020 10 0.05 500 ns 
c::: 
0 = DAC1021 10 0.1 500 ns 
ctS 
Z 

DAC1022 10 0.2 500 ns 

DAC1200 12 0.012 . • 300 ns -lOUT 
2.5- IlS - VOUT 

DAC1201 12 0.049 • . 300 ns -lOUT 
2.51ls -VOUT 

DAC1208 12 0.012 11ls 

DAC1209 12 0.024 11ls 

3320 

Supplies 
Temperature 

Range· 
(V) 

M I C 

± 5 to ± 15 • • 

± 5 to ± 15 · · 
± 5 to ± 15 • • 

± 5 to ± 15 • 
± 5 to ± 15 • 
± 5 to ± 15 · · 
5 to 15 • · • 

5 to 15 • · 
5 to 15 • e 

5 to 15 · · · 
5 to 15 • • 

5 to 15 • · 
5 to 15 . • · • 

5 to 15 · • 

5 to 15· • • 

5 to 15 · • • 

5 to 15 • • • 

5 to 15 • · • 

± 15 • • 

± 15 • • 

5 to 15 · • 

5 to 15 • • 

Package 

16·Pin DIP 

16·Pin DIP 

16-Pin DIP 

16-Pin DIP 

16-Pin DIP 

16-Pin DIP 

20-Pin DIP 

20·Pin DIP 

20-Pin DIP 

24-Pin DIP 

24-Pin DIP 

24-Pin DIP 

20-Pin DIP 

20-Pin DIP 

20-Pin DIP 

16-Pin DIP 

16-Pin DIP 

16-Pin DIP 

24-Pin DIP 

24-Pm DIP 

24-Pin DIP 

24-Pin DIP 

Comments 

High Speed 
Multiplying 

High Speed 
Multiplying 

High Speed 
Multiplying 

Multiplying 

Multiplying 

Multiplying 

I"P Compatible 
4·Quadrant 
Multiplying 

IlP Compatible 
4-Quadrant 
Multiplying 

IlP Compatible 
4-Quadrant 
Multiplying 

IlP Compatible 
Double 
Buffered 

lAP Compatible 
Double 
Buffered' 

IlP Compatible 
Double 
Buffered 

IlP Compatible 
Double 
Buffered 

IlP Compatible 
Double 
Buffered 

IlP Compatible 
Double 
Buffered 

4-Quadrant 
Multiplying 

4-Quadrant 
Multiplying 

4-Quadrant 
Multiplying 

Current or 
Voltage Mode 

Current or 
Voltage Mode 

IlP Compatible 
4-Quadrant 
Multiplying 

IlP Compatible 
4-Quadrant 
Multiplying 
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~National 
~ Semiconductor 

June 1982 

ADC0820 8-Bit High Speed J-tP Compatible AID Converter 
with Track/Hold Function 

General Description 
The ADC0820 isa CMOS 8-bit AID converter which uses a 
half-flash technique consisting of 32 comparators, a most 
significant 4-bit ADC and a least significant 4-bit ADC. 

This converter's input acquisition time is much faster than 
its conversion time and is capable of measuring many 
analog signals without the aid of a sample-and-hold_ 

This AID is designed to appear as memory locations or I/O 
ports to the microprocessor and no interfacing logic is 
needed. 

Key Specifications 
II Resolution 8 Bits 

2.5/1s Max (RD Mode) 
1.2/1s Max(~R-RD Mode) 

m Input signals with slew rate of 100 mV//1s converted 
without external sample-and-hold to 8 bits 

III Conversion Time 

• Low Power 35 mW 

EJ Total Unadjusted Error ± 1/2 LSB and ± 1 LSB 

Features 
CI Built-in track-and-hold function 

• No missing codes 

• No external clocking 

• Easy interface to all microprocessors, or operates 
stand-alone 

• Logic inputs and outputs meet both MOS and T2L 
voltage level specifications 

II Operates ratiometrically or with any reference value 
equal toer less than Vee. 

II OV to 5V analog input voltage range with single 5V 
supply 

Ell No zero or full-scale adjust required 

g Overflow output available for cascading 

EI 0.3" standard width 20-pin DIP 

Connection Diagram Functional Diagram 

YIN YAH ( + )----4 

Dual-ln·Line Package 

YIN 20 Vee 

DBO 19 CREF BYPASS 

DBl 18 m: 
DB2 17 DB7 

DB3 16 DB6 

WA/RDY 15 DBS 

MODE 14 DB4 YREF (+) 
16 

1m 13 ~ 

IRT 12 VREF(+) 

GND 10 11 ~IIEF( -) VREF( -) 

TOP VIEW 

TAI·STATE' IS a registered trademark of Nationa! Semiconductor Corp 

c 1982 National Semiconductor Corp. WH 138 
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ADC0831, AO'C0832, ADC0834 and ADC0838 
(COP431, COP432, COP434 and COP438) 
8·Bit Serial 1/0 AID Converters with Multiplexer Options 

General Description 
~ .~·.t 

The ADC0831 series are 8-bit successive approximation 
A/D converters with a: serial 1/0 and configurable input 
multiplexers with up to 8 channels. The serial I/O is con
figured to comply with the NSC MICROWIRE™ serial data 
exchange standard for easy interface to the COPS~M fam
ily of processors,and can interface with standard shift 
registers or ILPS. . 

The 2-, 4- or 8-channel multiplexers are softwareconfig
ured for single-ended' or'differential inputs as well as 
channel assignment. ' 

The differential analog voltage input allows increasing the 
common-mode r'ejection and offsetting the analog zero in
put 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. 

Features 
• NSC MICRQWIRE compatible-direct interface to 

, COPS family processors 

• Easy interface to all microprocessors, or operates 
"stand-alone" 

Typical Application 

svoi: 

lM335 
TRANSOUCERS 

(ANALOG VOLTAGES) 

TRI,STATE' is a registered trademark of National Semiconductor Corp, 

COPS ™ and MICROWIRE ™ are trademarks of National Semiconductor Corp, 

'c 1982 National Semiconductor Corp XHI093 

3322 

• Operates ratiometrically or with 5 Voc voltage 
reference 

• No zero or full-scale adjust required 
• 2-, 4- or B-channel multiplexer options with address 

logic 

• Shunt regulator allows operation with high voltage 
supplies 

• OV to 5V input range with single 5V power supply 
• Remote operation with serial digital data link 
• T2UMOS input/output compatible 
• 0.3" standard width 8-, 14- or 20-pin DIP package 

Key Specifications 
• Resolution 
• Total Unadjusted Error 

• Single Supply 

• LowPower 
• Conversion Time 

5 Voe 

MICROWIRE 

AoeOB3B 
BIT STREAM 

8Bits 
± 1/2LSB and ± 1 LSB 

5Voc 
15mW 

32ILs 

COPS 
CPU 

IM,825M62/Prin:ea 1:1 u,!:"A 
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ADC0833 8·Bit Serial 1/0 AID Converter 
with 4·Channel Multiplexer 

General Description 
The ADC0833 series is an 8-bit successive approximation 
AID converter with a serial 1/0 and· configurable input 
multiplex.er with 4 channels. The serial 1/0 is configured 
to comply with the NSC MICROWIRE™ serial data 
exchange standard for easy interface to the COPS ™ fam
ily of processors, as well as with standard shift registers 
or JlPs. 

The 4-channel multiplexer is software configured for 
single-ended or differential inputs when channel assigned 
by a 4-bit serial word. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting theanalog zero in
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full.B bits of resolution. 

Key Specifications 
• Resolution 
• Total Unadjusted Error 

• SingleSupply 

• LowPower 
• Conversion Time 

8Bits 
± 1/2 LSB and ± 1 LSB 

5Voc 
25mW 

32Jls 

Features 
• NSC MICROWIRE compatible-direct interface to 

COPS family processors 

• Easy interface to all microprocessors, or operates 
"stand alone" 

• Works with 2.5V (LM336) voltage reference 
• No full-scale or zero adjust required 
• Differential analog voltage inputs 

• 4-channel analog multiplexer 
• Shunt regulator allows, operation with high voltage 

supplies 
• OV to 5V input range with single 5V power supply 
• Remote operation with serial digital data link 

• "f2L1MOSinputloutput compatible 
• 0.3" standard width 14-pin DIP package 

Connection Diagram Functional Diagram 

Dual-In-Line Package 

Y+ 14 Yee 

B 13 01 

CHO 12 ClK 
CHO 

CH1 11 SARS 

CH2 10 DO CH1 

CH3 9 YREF/2 CH2 

DGND 8 AGND 

CH3 

TOP YIEW 

COPSTM and MICROWIRETM are trademarks of National Semiconductor Co~p. 
TRI·STATe-' is a registered trademark of National Semiconductor Corp. 

i 1982 National SemIconductor Corp XH/217 
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ADC08448·Bit JLP Compatible AID Converter 
with 4·Channel Multiplexer 

General Description' 
The ADC0844 is a CMOS 8-bit successive approximation 
AID converter with configurable input multiplexers of 4 
channels. The 4-channel multiplexer is software config
ured .for single-ended, differential or pseudo-differential. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt
age span to the full 8 bits of resolution. 

Features 
• Compatible with 80BO JLP derivatives-no interface 

logic needed 
.• Easy interface to all microprocessors 
iii. Operates ratiometrically or with 5 V DC voltage reference 

Block Diagram 

! ! ! 
CONTROL LOGIC 

+ 
DB7 

DBS 
... ... 

DB5 .... 

DB4 TRI-STAT~ 
OUTPUT 

AD3/DB3 LATCHES 
~ 

AD2IDB2 
.... 

AD1/DBl 

ADO/DBO 

'-- l+-
I.....- MUX 

ADDRESS 
LATCHES 

TRI·STATE· IS a registered trademark of Natlona! Semiconductor Co'p 

~ No zero or full-scale adjust required 
• ~-channel multiplexer with address logic 

• Internal clock 
• OV to 5V input range with single 5V power supply 
• T2L/MOS input/output compatible 
• 0.3" standard width 20-pin DIP 

Key Specifications 
• Resolution 
• Total Unadjusted Error 

• Single Supply I 

• LowPower 
iii Conversion Time 

Vee 
DGND 

... INTERNAL ... CLOCK 

LADDER AND DECODER DA C 
OUT 

, ~ ~ A ~ ~ ~ , 

. BBits 

±1/2LSBand ±1 LSB 
5Voc 

10mW 

40JLs 

VREF 

4 SAR LATCHES K~ +~ 

.. +<f-ANALOG MUX 
AND 

_A .. DECODER . .. 

f f f t f 
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AM RF/IFIDETECTOR 

Application 
Package 

Voltage Input Overall Signal to 
Notes 

Portable Home Auto Range Sensitivity AMTHD Noise 

LM1866 • • • N20 3V-15V 9Jl.V 0.3% 50 dB Also FM 

LM1868 • • N20 4.5V-15V 12 Jl.V 1.1% 50 dB Also FM. audio 

LM3820 • • • N14 4.5V-16V 35Jl.V External detector 

AM STEREO DECODER 

Application 
Package 

Voltage 
Separation THO 

Signal to 
Notes 

Portable I Home Auto Range Noise 

LM1981 I • • N20 8V-18V 30 dB 1.0% 55 dB Decodes all systems 

Note: Availability of the LM1981 in production quantities is dependent upon FCC system selection. 

FM IF/DETECTOR 

Application 
Package 

Voltage Input Signal to 
THO 

Mute AGC 
AFC 

Meter 
Portable Home Auto Range Sensitivity Noise Control Outputs Drive 

LM1865 • • N20 7V-16V 6Jl.V 84 dB 0.15% • • • • 
LM1866 • • • N20 3V-15V 12 Jl.V 76 dB 0.5% • • • 
LM1868 • • N20 4.5V-15V 15 Jl.V 64 dB 1.1% 

LM3011 • • H10 6V-15V 300jJ.V 

LM3075 • • " • N14 8.5V-12.5V 250jJ.V 1.5% 

LM3089 • • N16 8V-16V 12 jJ.V 70 dB 0.5% • • • • 
LM3189 • • N16 8V-16V 12 jJ.V 80 dB 0.5% • • • • 
TBA120 • ." • N14 6V-18V 30jJ.V 0.5% 

FM STEREO DECODER 

Application Voltage Channel 'High Lamp Output 
ARI 

Package THO Blend Interface 
Portable Home Auto Range Separation Cut . Driver Buffer 

Rejection 

LM1310 • N14 10V-18V 0.3% 45 dB • 
LM1800 • N16 10V-18V 0.1% 45 dB • • 
LM1870 • • • N20 7V-15V 0.25% 45 dB • • • • 
LM4500A • '. • N16 8V-16V 0.1% 40 dB • • • • 

PREAMPLIFIERS 

Application 
Package 

Voltage Equivalent 
THO PSR 

Input Notes 
Portable Home Auto Range Input Noise Coupling 

LM381 • • N14 9V-40V 0.5jJ.V 0.1% 120 dB AC Stereo 

LM382 • • • N14 9V-40V 0.8jJ.V 0.1% 120 dB AC Stereo 

LM387 • • • N08 9V-30V 0.65jJ.V 0.1% 110 dB AC Stereo 

LM1303 • N14 10V-30V 0.8jJ.V AC Stereo 

LM1818 • • • N20 3.5V-18V 0.85p.V 0.05% 85dB AC Tape system 

LM1837 • • • N18 4V-18V 0.6p.Vt 0.03% 105 dB DC Autoreverse 

LM1897 • • -. N16 4V-18V 0.6p.Vt 0.03% 105 dB DC Few externals 

tCCIA/ARM in DIN circuit referred to gain at 1 kHz . 

• Note that all values shown are typical. Please refer to data sheets for test conditions. 
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Audio/Radio Selection Guide ~ National Semiconductor 
AUDIO CONTROLS 

Application 
Package 

Voltage Volume Signal to 
THO Separation Notes 

Portable Home Auto Range Control Range Noise 

LM1035 • • • N20 8V-18V 80 dB 80 dB 0.05% 70 dB Dual DC 
tone/volume/balance 

LM1037 • • • N18 ,5V .... 30V 100 dB 0.04% 100 dB DC audiC? switch 

LM1038 • • • N18 5V-30V 100 dB 0.04% 100dB BCD input 

LM13600 
0.5% 100 dB 

Transconductance • '. • N16 ±2V-±18V 
amplifiers LM13700 

NOISE REDUCTION 

Application 
Package 

Voltage NR NR Encoding Singlel Decode 
Notes 

Portable 'Home Auto Range Type Effect Required Dual SIN 

LM1111 • • • N16 6V-18V Dolby 10 dB Yes Single 83 dB Tightened spec 

LM1121 • • • N16 6V-18V Dolby 10 dB Yes Single 82 dB DC switched 

LM1131 • • • N18 6V-18V Dolby 10 dB Yes Dual 87 dB DC switched 

LM1894 • • • N14 4.5V-18V DNR 12 dB No Dual 76 dB NSC system 

LM13700 • N16 ±15V C·X 20 dB Yes * * Phono 

LF347 • N14 ±15V C·X 20 dB Yes ** Phono 

LF353 • N08 ±15V C·X 20 dB Yes, * * Phono 

""The C·X system requires one LM13700 and 8-10 op amps for stereo phono noise reduction, 

AUDIO POWER AMPLIFIERS 

Application 
Package 

Power @ 
Bridgeable THO 

Input Single/ 
Notes 

Portable Home Auto ao 40 20 Voltage Noise Dual 

LM378 • N14 5W 24V Yes 0.1% 3J.1.V Dual See AN·125 

LM379 • S14 6W 28V Yes 0.2% 3J.1.V Dual See AN-125 

LM380 • N14/N08 2.5W 18V 0.2% Single See AN·69 

LM383 • • TO·5 5.5W 8.6W 14.4V Yes 0.2% 2J.1.V Single Protected 

LM384 • N14 5.5W 22V 0.25% Single Fixed gain 

LM386 • • N08 0:33W 6V 0.2% Single 4V operation 

LM388 • N14 2.2W 12V Yes 0.1% Single Minimum 
externals 

LM389 • N18 0.33W 6V 0.2% Single Includes 
Transistor 
array 

LM390 • N14 1W / 6V Yes 0.2% Single Battery 
operation 

LM391 • N16 60V-100V 0.01% 3J.1.V Single Power driver 

LM1868 • • N20 0.7W 9V 0.2% Single With AM/FM 

LM1877 • • • N14 2W 20V 0.05% 25 p.V Dual 6V-24V 

LM2877 • • • P11 4.5W 20V 0.1% 2.5,N Dual Single-in-line 
package 

LM1895 • • • N08 1.1W 6V 0.2% 14 p.V Single Low AM 
radiation 

LM2895 • • • P11 4.3W 12V 0.15% 1.4 p.V Single 3V-15V 

LM1896 • • • N14 1.1W 6V Yes 0.1% 1.4 p.V Dual Low AM 
radiation 

LM2896 • • • P11 2.5W 9V Yes 0.1% 1.4 p.V Dual No pops 

LM2002 • • TO·5 5.2W 8W 14.4V Yes 0.1% 2 J.l.V Single Protected 

LM2878 • P11 5.5W 22V 0.15% 2.5 p.V Dual 6V-32V 

"Note that ail values shown are typical. Please refer to data sheets for test conditions. 
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lM1822 Video IF Amplifier/PLL Detector System 
General Descrip.tion 
The LM1822 is a complete video IF signal processing sys
tem on a chip. It contains a 5·stage gain·controlled IF am· 
plifier, a PLL synchronous detector with noise inversion, a 
flexible AFC detector, and gated AGC. This device is suit
able for all home receiver and cable IF applications requir
ing high quality video recovery, Including systems operat
ing at 38.9 MHz, 45.75 MHz, 58.75 MHz, and 61.25 MHz. 

• Excellent stability at high system gains 

Features 

• Noise·averaged gated AGC system 
• Superior small-signal detector linearity 
• AFC detector with adjustable output bias 

• System operation to 70 MHz 

• All NPN video amplifiers 
II White spot noise inversion 

• Adjustable output zero carrier level 

• Common·base IF inputs for SAW·filters • Reverse tuner AGC output 

• True synchronous video detector using PLL 

Test Circuit Measure parameters at indicated test points 
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LM1875 20 Watt Power Audio Amplifier 

General Description 
The LM1875 Is a monolithic power amplifier offering very 
low distortion and high quality performance for consumer 
audio applica~ions. 

The LM1875 delivers 20 watts into a 40 or 80 load on ± 22V 
supplies. Using an 80 load and ± 30V supplies, over 
30 watts of power may be delivered. The amplifier Is 
designed to operate with a minimum of external compo
nents. Device overload protection consists of both inter
nal current limit and thermal shutdown. 

The LM1875 design takes advantage of circuit techniques 
and processing to achieve extremely low levels of distor
tion even at high levels of output power. Other outstanding 
features include high gain, fast slew rate and a wide power 
bandwidth, large' output i voltage swing, high current 
capability, and a very wide supply range. The amplifier is 
also internally compensated and stable for gains of 10 or 
greater. 

Feat.ures 
• 30 watts of output power 

• Avo typically 90 dB 
• Low distortion 0.05%,1 kHz, 20W 
• Wide power bandwidth 70 kHz 
• Short circuit protection 
• Thermal protection with parole circuit 
• High current capability 3A 
• Wide supply range 20V-60V 
• Internal compensation 
• 94 dB ripple rejection 
• Plastic power package TO-220 

Applications 
• High performance audio systems 

• Bridge amplifiers 
• Stereo phonographs 
• Servo amplifiers 
• Instrument systems 

Typical Applications Physical Dimensions inches (mi"imeters) 

C3 

O. lPF r_ 
Cl 

1.0 pF 

VIN -1 ........ ...---11 

+ C2 

~22PF 

+Vcc 

40-80 

C5 

~0.22PF 

FIGURE 1_ Test Circuit and Typical 
Split Supply Operation 

Connection Diagram 
TO-22O Power Package (T) 

FRONT VIEW 

i.e'1982 National Semiconductor Corp. TLlHI5030 
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Technical Description 
The LM1893 is a bipolar transceiver 

IC for interfacing to the power lines (AC 
or DC) in a carrier current system. An 
external logic command to the TX/RX 
SELECT pin puts the chip in either the 
transmit or receive mode. In the transmit 
mode, a sinusoidal current at the carrier 
center frequency is modulated to produce 
an FSK signal to drive the power line via a 
small (lOmmx lOmm) inexpensive tuned 
transformer. Serial data fed into the DATA 
IN pin modulates the low TC current con
trolled oscillator (ICO). The triangle wave 
output of the oscillator is passed through a 
sine shaper circuit to the power current 
amplifier. AutoIIlatic level control (ALC) 
circuitry maintains output waveform pur
ity despite wide' changes in power line 
impedance. ' 

In the receive mode, a tuned trans
former attenuates 60 Hz and noise while 
stepping up signal voltage to the limiter 
amplifier. A PLL demodulates the signal 
which then passes through a 3-stage, low 
pass filter on its way to the offset cancel 
circuit. The comparator separates the ones 
from the zeroes and drives the time do
main filter, which is particularly effective 
against impulse noise. The output is avail
able at the DATA OUT pin in the form of 
the free collector of an NPN transistor. 

f+ 

Block diagram of the LM1893 showing the typical 
complement of external partS. 

(s) 1982 National Semiconductor Corp. 

@ Ie MASTER 1983 

LM1893,2·Wire Bidirectional 
Communication System 

Features 
• Self-contained transmitter and receiver 

in one I8-pin package. 

• Half-duplex (bidirectional) operation. 

• Handles serial digital data of virtually 
any coding. 

• Compatible with TTL or MaS logic 
and JJPs. 

• Handles arialog signals.' 

• Employs noise resistant FSK modulation. 

• Programmable carrier frequency. 

• Programmable impulse noise filtering. 

• Built-m transient protection. 

• Low distortion{low hannonic) trans- ' 
mitter output minimizes potential RFI. 

o Regulated voltage available to power 
logic. 

1YPical Performance 
General 

Supply Voltage ............................. 18V 
Programmable Carrier Freq., Fo ........ 50 to 300kHz 
Oscillator TC ofFo .. , ................ ±l00ppm/OC 

Transmitter 
FSKDeviation ........................... ±2.S% 
Output Current .................. , ... ; .. 60 mApp 
Output Voltage (Line Z= 100) ............. .4.0Vpp 
Output Voltage Distonon (Q= 10 tank) ......... 0.1% 
Power Output (Line Z = 100) ............... 200 mW 
RX to TX Switchover Time .................. 40 loIS 
Supply Current. .......................... 38 rnA 

Receiver 
Sensitivity ............................. 1 mV rms 
Data Rate .......................... 0 to 4 k Baud 
TX to RX Switchover Time ................. 2 Bits 
Supply Current. .......................... 13 rnA 

A typical application may use LM1893's 
and low cost ~'s in an energy management system. 

3331 
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TP3020/TP3021 Monolithic CODECs 

General Description 
The TP3020 and TP3021 are monolithic PCM CODECs im
plemented with double~poly CMOS technology. The 
TP3020 is intended for wlaw applications and contains 
logic for wlaw signaling insertion and extraction. The 
TP3021 is intended for A-law applications. 

Each device contains separate D/A and AID circuitry, all 
necessary sample and hold capacitors, a precision volt
age reference and internal auto-zero circuit. A serial con
trol port allows an external controller to individually 
assign the PCM input and output ports to one of up to 32 
time slots or to place the CODEC into a power-down 
mode. Alternately, the TP3020/TP3021 may be operated. 
in a fixed time slot mode. Both devices are intended to be 
used with the TP3040 monolithic PCM filter which pro
vides the input anti-aliasing function for the encoder and 
smoothes the output of the decoder and corrects for the 
sin xIx distortion introduced by the decoder sample and 
hold output. 

Simplified Block Diagram 

SC1 .... ----
SC2~-__ 

VFR +-+--------< 

GNDA 

·c 1982 National Semiconductor Corp. X1-!/238 

5V 

~vcc 

GNDD 

Features 
• Low operation power-45 mW typical 
• Low standby power-1 mW typical 

• ± 5V operation 
• TTL compatible digital interface 
• Time slot assignment or alternate fixed time slot modes 

• Internal precision reference 
• Internal sampfe and hold capacitors 

• Internal auto-zero circuit 
• TP3020-wlaw coding with signaling capabilities 

• TP3021-A-law coding 
• Synchronous or asynchronous operation 

1----+-. TSx 

~ __ ~Jr---~.DX 

tVBB 

-5V 

ClKX 

SIGR (TPJ020 DNl YI 
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TP3040/TP3040A PCM Monolithic Filter 

General Description Features 
The TP3040fTP3040A filter Is a monolithic circuit contain
ing boJh transmit and receive filters specifically designed 
for PCM COOEC filtering applications in 8 kHz sampled 
systems. 

• Exceeds all 03/04 and CCITI specifications 

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 

• + 5V, - 5V power supplies 
• Low poWer consumption: 

45 mW (0 dBmO into 6000) 
30 mW (power amps disabled) 

• Power down mode: 0.5 mW 
• 20 dB gain adjust range 
• No external anti-aliasing components 
• Sin xIx correction in receive filter 
• 50/60 Hz rejection in transmit filter 
• TTL and CMOS compatible logic 

The transmit filter is a fifth order elliptic low pass filter in 
series with a fourth order Chebyshev high pass filter. It 
provides a flat response in the passband and rejection of 
Signals below 200 Hz and above 3.4 kHz. 

• All inputs protected against static discharge due to 
handling . 

RECEIVE FILTER STAGE 

The receive filter is a fifth order elliptic low pass filter 
designed to reconstruct the voice signal from the 
decodedfdemultiplexed 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 compensate forthe 
degraded frequency response and restore the flat pass
band response. 

Block and Connection Diagrams 

GSa 

-------~----------I TRANSMIT FILTER I 
VFal- 2 

VFal+ 

PREFILTER HIGH PASS 
FILTER 

LOW PASS 
FILTER 

POST· 
FILTER 

I 16 

I I 
L ________ -- -- - -- - -- - - _' __ ...J 14 

. 7 

CLKO 

12 
PWRO- CLK 

r-------- -------, 
I I 
I I 10 
I FILTER FILTER I VFRI 

I' I L _ _ _ _ _ _ R::'EI~I~R _ _ _ _ _.......J 

PWRO+ 

13 

VCC Via GNDD GNDA 'DN 

FIGURE 1 

1952 National Se'TliconduClor Corp. XH'239 

Dual-In-Line Package 

TOP VIEW 
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TP3051, TP30'56 Monolithic Parallel Data Interface 
CMOS CODEC/Filter Family 

General Description 
The TP3051, TP3056 family consists of a wlaw and A-law 
monolithic PCM CODEC/filter set utilizing the AID and 
DIA conversion architecture shown in Figure 1, and a 
parallel 110 data bus interface. The devices are fabricated 
on National's advanced double-poly CMOS process 
(~CMO~., ' 

The transmit section consists of an input gain adjust 
amplifier, an active RC pre-filter, and a switched-capacitor 
bandpass filter that rejects signals below 200 Hz and 
above 3400 Hz. A' compressing coder samples the filtered 
signal and encodes it in the w255 law or A-law PCM format. 
Auto-zero circuitry is included on-chip. The receive section 
consists of an expanding decoder which reconstructs the 
analog signal from the compressed wlaw or A-law code, 
and a low pass filter which corrects for the sin xix 
response of the decoder output and rejects signals above 
3400 Hz. The receive output is a single-ended power ampli
fier capable of driving low impedance loads. The TP3051 , 
wlaw and TP3056 A-law devices are pin compatible paral
lel interface CODEC/filters for bus-oriented systems. They 
are ideally suited for use with the TP3100 family of digital 
line interface controllers (DLlC) in switching system ap
plications. The DLiC communicates with the main switch 
controller via integrated data, signaling and control chan
nels, and provides local time-slot and space switching 
capability for up to 32 TP3051 or TP3056 CODECs. 

Connection Diagram 

Features 
• Complete CODEC and filtering system including: 

-Transmit high pass and low pass filtering 
-Receive low pass filter with sin xix correction 
-:-Receive power amplifier 
-Active RC noise filters 
-w255 law COder and DECoder-TP3051 
-A-law COder and DECoder-TP3056 
-Internal precision voltage reference 
-Internal auto-zero circuitry . 

• Meets or exceeds all 03/04 and CCITI specifications 

• ± 5V operation 
• Low operating power-typically 60 mW 
• Power-down standby mode-typically 3 mW 
= High speed TRI-STATE~ data bus 

• 2 loopback test modes 

Dual·ln·Llne Package 

VBB VFxI+ 

GNDA VFxI-

VFRO GSx 

VCCA VCCD 

CS TP3051 PCM/CNTL 
OR 

DB7 TP3056 ClK 

DB6 DBD 

DB5 DBl 

DB4 DB2 

GNDD DB3 

TOP VIEW 
TRI-STATE- Is a registered trademark of National Semiconductor Corp. 

1· 1982 National Semiconductor Corp XH/255 lM·B25M52!Printed in U,S.A. 
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TP3052, TP3053, TP3054, TP3057 Monolithic Serial Interface 
CMOS CODEC/FILTER Family 

General Description 
The TP3052, TP3053, TP3054, TP3057 family consists of 
wlaw and A-law monolithic PCM CODEC/filters utiliz
ing the AID and D/A conversion architecture shown in 
Figure 1, and a serial PCM interface. The devices are 
fabricated using National's advanced double-poly CMOS 
process (P2CMOS TM). 

The encode portion of each device consists of an input 
gain adjust amplifier, an active RC pre-filter which 
eliminates very high frequency noise prior to entering a 
switched-capacitor band-pass filter that rejects signals 
below 200 Hz and above 3400 Hz. Also included are auto
zero circuitry and a companding coder which samples the 
filtered signal and encodes it in the companded wlaw or 
A-law PCM format The decode portion of each device con
sists of an expanding decoder, which reconstructs the 
analog signal from' the companded wlaw or A-law code, a 
low-pass filter which corrects for the sin xIx response of 
the decoder output and rejects signals above 3400 Hz and 
is followed by a single-ended power amplifier capable of 
driving low impedance loads. The devices require two 
1.536 MHz, 1.544 MHz or 2.048 MHz transmit and receive 
master clocks, which may be asynchronous, transmit and 
receive bit clocks, which are synchronous with the master 
clocks but may vary from 64 kHz to 2.048 MHz, and trans
mit and receive frame sync pulses. The timing of the frame 
sync pulses and PCM data is compatible with both in
dustry standard formats. 

Connection Diagrams 

Features 
• Complete CODEC and filtering system (COMBO) 

including: 
-Transmit high-pass and I,ow-pass filtering 
-Receive low-pass filter with sin xIx correction 
-Active RC noise filters 
-wlaw or A-law compatible COder and DECoder 
-Internal precision voltage reference 
-Serial 110 interface 
-Internal auto-zero Circuitry 

• wlaw with Signaling, TP3020 timing-TP3052 
• wlaw with signaling, TP5116A family timing-TP3053 

• wlaw without signaling, 16-pin-TP3054 
II A-law, 16-pin-TP3057 

.. Meets or exceeds all D31D4 and CCIIT specifications 
II ± 5V operation 

C Low operating power-typically 60 mW 

IiiI Power-down standby mode-typically 3 mW 

g TTL or CMOS compatible digital interfaces 
a Maximizes line interface card circuit density 

Dual·ln·Line Package Dual·ln·Llne Package Dual·ln·Llne Package 

VBB 

GNoA 

VFRO 

Vee TPJ054 

FSR 
TPJ057 

DR 
BCLKaI 7 
CLKSEl 

MCLKRI 9 
MCLKx 

PDN 

TOP VIEW 

p2CMOS ™ is a trademark of National Semiconductor Corp. 

<t'1982 National SemiCOl'\ductor Corp. XHf25.4 
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TP3110, TP3120 Digital Line Interface Controllers (DLIC) 
General Description 
The TP3110, TP3120 Digital line Interface Controllers 
(DUG) are general purpose switching components prima
rily intended to serve as controllers of subscriber line, 
service and trunk circuit cards of a digital switching 
system. They are also useful as genj3ral purpose data con
trollers for data switching and multiplexing applications. 

The DUC performs a three-way control function when 
used for digital switching applications. The block diagram 
(Figure 1) displays this tri-port arrangement. First, the 
DUC controls the space and time switching function be
tween subscriber line PCM CODECs and filters and the 
switching system time division multiplex (TDM) highways. 
Second, the DUC controls the flow of information be
tween the per line circuit devices and the line card's local 
processor. Last, it performs all protocol control functions, 
using the HDLC protocol format, for information passing 
between the local I ine card processor and the mai n switch
ing system processor (or any other system processor). 

The DUC is configured with a parallel interface for the per 
line and local processor circuits and with full duplex mul
tiple port serial highways for the system interface. All 
system related communications with the DUC controlled 
circuit card are handled via channel assignments on the 
serial TDM interface. In this way, all system data com
munications, subscriber PCM, data, signaling and system 
control information are transported and switched with a 
single network. This approach improves the overall flex
ibility and modularity of the total system design. 

Block Diagram 

SUBSCRIBER .
INTERFACE 

4sNs32 

ADDRESS 
DECODER 

MICROPROCESSOR 

ADDRESS ENABLE 

The DUC contains a time-slot memory map for up to 128 
duplex TDM channels, four high speed serial port trans
ceivers, interface logic to allow the local processor to 
communicate with the per line circuit devices (combina
tion CODEC/filter circuits and the SUG), a complete HDLC 
protocol controller for system control messages, a vec
tored interrupt controller for the HDLC protocol, signaling 
and timing control and finally, a buffer memory for per line 
signaling data. 

Features 
• A complete interface controller for up to 32 subscribers 

of a digital switching system 

• Performs all time division multiplex (TDM) channel 
aSSignments for the circuit card it controls 

• Provides two (TP3110) or four (TP3120) full duplex serial 
TDM highways for the system interface 

• Interfaces TP3051, TP3056 parallel CODEC/Filters 
• Performs the first stage space and time switching func

tion to minimize hardware requirements and switching 
delay 

• Assignable addreSSing plus a "broadcast" address 
allows up to 255 controllers per subsystem control 
group without address field overlap 

• System control uses the HDLC protocol with all zero in
sertion/deletion, checksum and flag control functions 
performed by the DUC . 

• Single 5V power supply operation 

TP3110. TP3120 DUC 

SERIAL 
PORT 
ACCESS 

--. SWITCHING 
NETWORK 

!SYSTEM 
CLOCKS 

FIGURE 1. DLie Signal Flows 
(0) 1982 National Semiconductor Corp. XZJ18S 
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TP5116A, TP5117A, TP5156A Monolithic CODECs 

General Description 
The TP5116A, TP5117A and TP5156A are monolithic PCM 
COOECs implemented with double-poly CMOS tech
nology. The TP5116A and TP5117A are intended for wlaw 
applications and the TP5156A is for A-law applications. 
The TP5117A has a 03 compatible format for line card 
compatibility with the TP5156A. 

Each device contains separate O/A and AID circuitry, all 
necessary sample and hold capacitors, and internal 
auto-zero circuits. Each device also contains a precision 
internal voltage reference, eliminating the need for an 
external reference. There are no internal connections to 
pins 15 or 16, making them directly interchangeable with 
COOECs using external reference components. 

All devices are intended to be used with the TP3040 
monolithic PCM filter which provides the input anti
aliasing function for the encoder and smooths the output 

Simplified Block Diagram 

ANALOG 
INPUT 

I SAMPLE AND I 
I HDLO AID I 

CDMPARATOR 

of the decoder and corrects for the sin xIx distortion in
troduced by the decoder sample and hold output. 

Features 
• Low operation power-40 mW typical 

• ± 5V operation 
• TTL compatible digital interface 
• Precision voltage reference on-chip 

• Internal' sample and hold capacitors 
• Internal auto-zero circuit 
• TP5116A-wlaw coding (sign plus magnitude format) 
g TP5117 A-wlaw, 03 compatible format 
m TP5156A-A-law coding 
II Synchronous or asynchronous operation 

I SAR LOGIC 
I 

r 
DIGITAL 
OUTPUT." 

I "'- I 

ANALOG 
OUTPUT ... 

Connection Diagram 

~ 1982 National Semiconductor Corp. XH/245 
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Dual·ln·Line Package 
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TOP VIEW 
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~National DIGITALKER™Speech Synthesis 
a Semiconductor 

OT1000 DIGITALKER™ Speech Synthesis Evaluation Board 

General Description 

The DIGITALKER™ (DT1000) speech synthesis evaluation 
board is an extremely easy to use device for understand
ing the operation and application of the DIGITALKER chip 
set in an end product. 

The DT1000 contains all components required to output 
spe~ch upon demand: a speech processor chip (SPC), 2 
MAXI-ROMsi!' containing 138 individual words, linear 
filter, audio amplifier, keyboard, and a COPS ™ microcon
troller complete with stored data programmed to provide 
the various functions on the board. The only external hard
ware required for complete operation are a single 7V-11V 
power supply, a speaker of your choice for size and quali
ty, and this instruct,ion sheet. 

The 2 speech MAXI-ROMs employed on the board contain 
a brief introductory phrase, 138 separate and individual 
words consisting of numbers and letters of the alphabet, 
assorted useful nouns, verbs and tones; and 5 different in
dividual silence' durations. (In constructing a phrase, dif
ferent silence durations between different words 
significantly affect the overall quality of the phrase.) 

OT1000 Conceptual Drawing 

MAXI.ROM"' Is a registered tracfemark of National Semiconductor Corp. 

DIGITALKERTM and COPSTM are trademarks of National Semiconductor Corp. 

A COPS program is provided which permits the user to: 1) 
sequentially output each word automatically; 2) repeat 
any desired word; 3) build and store several short phrases 
for outputting when desired; 4) output a "canned" phrase 
which permits insertions and changing of a word in the 
phrase; 5) playa simple game which requires some in
teraction between the keyboard and the user; and 6) out
put hex equivalent decimal number inputs. 

Features 
• Only a single 7V-11V power supply and inexpensive 

loudspeaker required for total operation 
ii 138 individually addressable words, applicable to many 

products 
• Programmed COPS processor permits 6 individual pro

gram modes 
• Demonstrates the extreme flexibility and ease of 

application of the DIGITALKER chip set 
Ii 1/2 watt audio amplifier on-board 
• Edge connector facilitates tying in to external proc

essor system (3M Company connector part number 
#3415) 

"The recipient of these products automatically receives a non·exclusive license 
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to 
use such products. to assemble or otherwise Incorporate them into further prod· 
ucts which may be covered by said patent appl,cation. or any patent or patents 
issuing thereon. and to use, sell. or otherwise dispose of such products': 

Protected by U.S. Pat. No. 4124125., F.M Mozer licenses available. 
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DT1000 Master Word List 
Keyboard 

8-BIt Binary 
Keyboard 

8-BIt Binary Keyboard 
8-Blt Binary 

Word Address Word Address Word Address 
Address 

SW8 SW1 
Address 

SW8 SW1 
Address 

SW8 SW1 

r t r t r t 
THiS IS DIGITALKER 000 00000000 W 054 00110110 MILLI 108 01101100 
ONE 001 00000001 X 055 00110111 MINUS 109 01101101 
TWO 002 00000010 Y 056 00111000 MINUTE 110 01101110 
THREE 003 00000011 Z 057 00111001 NEAR 111 01101111 
FOUR 004 00000100 AGAIN 058 00111010 NUMBER 112 01110000 
FIVE 005 00000101 AMPERE 059 00111011 OF 113 01110001 
SIX 006 00000110 AND 060 00111100 OFF 114 01110010 
SEVEN 007 00000111 AT 061 00111101 ON 115 01110011 
EIGHT 008 00001000 CANCEL 062 00111110 OUT 116 01110100 
NINE 009 00001001 CASE 063 00111111 OVER 117 01110101 

TEN 010 00001010 CENT 064 01000000 PARENTHESIS 118 01110110 

ELEVEN 011 00001011 400HERTZ TONE 065 01000001 PERCENT 119 01110111 

TWELVE 012 00001100 80HERTZ TONE 066 01000010 PLEASE 120 01111000 

THIRTEEN 013 00001101 20MS SILENCE 067 01000011 PLUS 121 01111001 

FOURTEEN 014 00001110 40MS SILENCE 068 01000100 POINT 122 01111010 

FIFTEEN 015 00001111 80MS SILENCE 069 01000101 POUND 123 01111011 

SIXTEEN 016 00010000 160MS SILENCE 070 010001-10 PULSES 124 01111100 

SEVENTEEN 017 00010001 ' 320MS SILENCE 071 01000111 RATE 125 01111101 

EIGHTEEN 018 00010010 CENTI 072 01001000 RE 126 01111110 

, NINETEEN 019 00010011 CHECK 073 01001001 READY 127 01111111 

TWENTY 020 00010100 COMMA 074 01001010 RIGHT 128 10000000 

THIRTY 021 00010101 CONTROL 075 01001011 SS (Note 1) 129 10000001 

FORTY 022 00010110 DANGER 076 01001100 SECOND 130 10000010 

FIFTY 023 00010111 DEGREE 077 01001101 SET 131 10000011 

SIXTY 024 00011000 DOLLAR 078 01001110 SPACE ' 132 10000100 

SEVENTY 025 00011001 DOWN 079 01001111 SPEED 133 10000101 

EIGHTY 026 00011010 EQUAL 080 01010000 
STAR 134 10000110 

NINETY 027 00011011 ERROR 081 01010001 
START 135 10000111 

HUNDRED 028 00011100 FEET 082 01010010 
STOP 136 10001000 

THOUSAND 029 00011101 FLOW 083 01010011 
THAN 137 10001001 

MILLION 030 00011110 FUEL 084 01010100 
THE 138 10001010 

ZERO 031 00011111 GALLON 085 01010101 
TIME 139 10001011 

A 032 00100000 GO 086 01010110 
TRY 140 10001100 

B 033 00100001 GRAM 087 01010111 
UP 141 10001101 

C 034 00100010 GREAT 088 01011000 
VOLT 142 10001110 

D 035 00100011 GREATER 089 01011001 
WEIGHT (Note 2) 143 10001111 

E 036 00100100 HAVE 090 01011010 
F 037 00100101 HIGH 091 01011011 
G 038 00100110 HIGHER 092 01011100 
H 039 00100111 HOUR 093 01011101 
I 040 00101000 IN 094 01011110 
J 041 00101001 INCHES 095 01011111 
K 042 00101010 IS 096 01100000 
L 043 00101011 IT 097 01100001 
M 044 00101100 KILO 098 01100010 
N 045 00101101 LEFT 099 01100011 
0 046 00101110 LESS 100 01100100' 
P 047 00101111 LESSER 101 0110"0101 
Q 048 00110000 LIMIT 102 01100110 

R 049 00110001 LOW 103 01100111 

S 050 00110010 LOWER 104 01101000 

T 051 00110011 MARK 105 01101001 

U 052 00110100 METER 106 01101010 
V 053 00110101 MILE 107 01101011 

Note 1: "SS" makes any singular word plural. 

Note 2: Address 143 is the last legal address in this particular word list. Exceeding address 143 in an external processor application will 
prOduce pieces of unintelligible invalid speech data. 

Not. 3: The above vocabulary can also be purchased In a discrete component kit, called the 0T1050 Standard Vocabulary KIt. 
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~National DIGITALKER™ Speech Synthesis 
D Semiconductor 
DT1056/DT1057 DIGITALKER™ Standard Vocabulary Kit 

General Description 
The DIGITALKER™ is a speech synthesis system con
sisting of several, N-channel MOS integrated circuits. It 
contains a speech processor chip (SPC) and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the 
original speech. Male, female, and children's voices can 
be synthesized. 

The SPC communicates with the speech ROM, which con
tains'the compressed speech data as well as the frequen
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the 'addition of an external resistor, on-chip de
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DT1056/DT1057 is a standard DIGITALKER kit en
coded with,131 separate and useful words (see the Master 
Word List Table I) and when used with the DT1050 
Standard Vocabulary Kit, provides a library of 274 useful 
words. The'words have been assigned discrete addresses, 
making it possible to output single words or words con
catenated into phrases or even sentences. 

Typical Appli~ations 

The "voice" output of the DT1056/DT1057 is a highly in
telligible male voice. The vocabulary is chosen so that it is 
applicable to many products and markets. 

Features 
• Easily adaptable to DT1050 Standard Vocabulary Kit 

• 131 useful words 
• COPSTM and MICROBUSTM compatible 
• Designed to be easily interfaced to other popular 

, microprocessors 

• Natural inflection and emphasis of original speech 
• Addresses 128k bits of ROM directly 

• TTL compatible 
• On~chip switch debounce for Interfacing to manual 

switches independent of a microprocessor 

• Interrupt capability for cascading words or phrases 
• Crystal controlled or externally driven oscillator 
&; Available in complete kit (DT1056) or speech ROMs only 

(DT1057) 

Applications 
• Telecommunications • Consumer products 
• Appliance • Clocks 
II Automotive • Language translatio'n 
• Teaching aids • Annunciators 

Minimum Configuration Using Switch Interface 

* Single pole 2 position 
momentary switch 

7V-ll V 

':" 

* * 4.0 MHz crystal Electro 
Dynamics Corp. HC18·20 pF 

sw 1-8 

---- -l 
Vss Vss Vcc I 
ADR 0-13 

ADDRESS BUS I 
SPC RDATA DATA BUS SPEECH I 1-8 ROM DIGITAlKER 

MM54104 KIT 

I 
DSC DSC I IN OUT 

___ ' ____ J 

20pF rSOPf 

~':" 

"The'recipient of these products automatically receives a non·exclusive license 
under U,S. Patent Application 432,859 and any patent or patents issuing thereon to 
use such products. to assemble or otherwise Incorporate them into further prod· 
ucts which may be covered by said patent application. or any patent or patents 
Issuing thereon, and to use, sell. or otherwise dispose of such products': 

Protected by U.S. Pat. No, 4124125, F.M. Mozer licenses available. 

SPEAKER 

OIGITAlKERTM. MICROBUS™ and COpsTM are trademarks of National Semiconductor Corp. 
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~ National Semiconductor 

DT1056/DT1057* Master Word list 
8-Bit Binary 8·Bit Binary 8-Blt Binary 

Word Address Word Address Word Address 
SW8 SW1 SW8 SW1 / SW8 SW1 
r- -. r- --. r- --, 

ABORT .0.0.0.0.0.0.0.0 FARAD .0.01.011.0.0 PER .01.011.0.0.0 
ADD .0.0.0.0.0.0.01 FAST .0.01.011.01 PIca .01.011.0.01 
ADJUST .0.0.0.0.0.01.0 FASTER .0.01.0111.0 PLACE .01.01101.0 
ALARM .0.0.0.0.0.011 FIFTH .0.01.01111 PRESS .01.011.011 
ALERT .0.0.0.0.01.0.0 FIRE .0.011.0.0.0.0 PRESSURE .01.0111.0.0 
ALL .0.0.0.0.01.01 FIRST .0.011.0.0.01 QUARTER .01.0111.01 
ASK .0.0.0.0.011.0 FLOOR .0.011.0.01.0 RANGE .01.01111.0 
ASSISTANCE .0.0.0.0.0111 FORWARD .0.011.0.011 REACH .01011111 
AnENTION .0.0.0.01.0.0.0 FROM .0.011.01.0.0 RECEIVE .011.0.0.0.0.0 
BRAKE .0.0.0.01.0.01 GAS .0.011.01.01 RECORD .011.0.0.0.01 
BUTTON .0.0.0.01.01.0 GET .0.011.011.0 REPLACE .011.0.0.01.0 
BUY .0.0.0.01.011 GOING .0.011.0111 REVERSE .011.0.0.011 
CALL .0.0.0.011.0.0 HALF .0.0111.0.0.0 ROOM .011.0.01.0.0 
CAUTION .0.0.0.011.01 HELLO .0.0111.0.01 SAFE .011.0.01.01 
CHANGE .0.0.0.0111.0 HELP .0.0111.01.0 SECURE .0110.011.0 
CIRCUIT .0.0.0.01111 HERTZ .0.0111.011 SELECT .011.0.0111 
CLEAR .0.0.01.0.0.0.0 HOLD .0.01111.0.0 SEND .011.01.0.0.0 
CLOSE .0.0.01.0.0.01 INCORRECT .0.01111.01 SERVICE .011.01.0.01 
COMPLETE .0.0.01.0.01.0 INCREASE .0.011111.0 SIDE .011.01.01.0 
CONNECT .0.0.01.0.011 INTRUDER .0.0111111 SLOW .011.01.011 
CONTINUE .0.0.01.01.0.0 JUST .01.0.0.0.0.0.0 SLOWER .011.011.0.0 
COPY .0.0.01.01.01 KEY .01.0.0.0.0.01 SMOKE .011.011.01 
CORRECT .0.0.01.011.0 LEVEL .01.0.0.0.01.0 SOUTH .011.0111.0 
DATE .0.0.01.0111 LOAD .01.0.0.0.011 STATION .011.01111 
DAY .0.0.011.0.0.0 LOCK .01.0.0.01.0.0 SWITCH .0111.0.0.0.0 
DECREASE .0.0.011.0.01 MEG .01.0.0.01.01 SYSTEM .0111.0.0.01 
DEPOSIT .0.0.011.01.0 MEGA .01.0.0.011.0 TEST .0111.0.01.0 
DIAL .0.0.011.011 MICRO .01.0.0.0111 TH (NOTE 2) .0111.0.011 
DIVIDE .0.0.0111.0.0 MORE .01.0.01.0.0.0 THANK .0111.01.0.0 
DOOR .0.0.0111.01 MOVE .01.0.01.0.01 THIRD .0111.01.01 
EAST .0001111.0 NANO .01.0.01.01.0 THIS .0111.011.0 
ED (NOTE 1) .0.0.011111 NEED .01.0.01.011 TOTAL .0111.0111 
ED (NOTE 1) .0.01.0.0.0.0.0 NEXT .01.0.011.0.0 TURN .01111.0.0.0 
ED (NOTE 1) .0.01.0.0.0.01 NO .01.0.011.01 USE .01111.0.01 
ED (NOTE 1) .0.01.0.0.01.0 NORMAL .01.0.0111.0 UTH (NOTE 3) .01111.01.0 
EMERGENCY .0.01.0.0.011 NORTH .01.0.01111 WAITING .01111.011 
END .0.01.0.01.0.0 NOT .01.01.0.0.0.0 WARNING .011111.0.0 
ENTER .0.01.0.01.01 NOTICE .01.01.0.0.01 WATER .0 1 11 1 1 .0 1 
ENTRY .0.01.0.011.0 OHMS .01.01.0.01.0 WEST .0111111.0 
ER .0.01.0.0111 ONWARD .01.01.0.011 SWITCH .0-1111111 
EVACUATE .0.01.01.0.0.0 OPEN .01.01.01.0.0 WINDOW 1.0.0.0.0.0.0.0 
EXIT .0.01.01.0.01 OPERATOR .01.01.01.01 YES 1.0.0.0.0.0.01 
FAIL .0.01.01.01.0 OR .01.01.011.0 ZONE 1.0.0.0.0.01.0 
FAILURE .0.01.01.011 PASS .01.01.0111 

* OT1056 is a complete kit including MM54104 SPC; OT1057 is SSR5 an.d SSR6 speech ROMs only. 

Note 1: "ED" is a suffix that can be used to make any present tense word become a past tense word. The way we say "ED," however, does vary from one word to 
the next. For that reason, we have offered 4 different "ED" sounds. It is suggested that each "ED" be tested with the desired word for best quality results. Ad· 
dress 31 "ED" or 32 "ED" should be used with words ending in "1" or "0," such as exit or load. Address 34 "ED" should be used with words ending with soft 
sounds such as ask. Address 33 "ED" should be used with all.other words. 

Note 2: "TH" is a suffiX that can be added to words like six, seven, eight to form adjective words like sixth, seventh, eighth. 

Note 3: "UTH" is a suffix that can be added to words like twenty, thirty, forty to form adjective words like thirtieth, fortieth. etc 

Note 4: Address 130 IS the last legal address in thiS particular word list Exceeding address 130 will produce pieces of unintelligible Invalid spee,h data. 
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~ National Semiconductor 

Operational Amplifiers 
Input 

Input Olb" Input Input Slew 

:r: 
'< 
C-
~ c: 
en 
CD 

Offset VoIt.ge Offset BI •• Voltage 
Voltage DrIft Curnnt Curnnt o.ln 

B.ndwldth R.t. 
Ay-1 Ay-1 Output 

Supply Volt~ Temperature R.nge CD 
n MIX. Typ. MIX. MIX. 

F •• tu .... (my) ~VI-C) (nA) (nA) 

Wldeband 3.0 4.0 200 2000 

High 1.0 4.0 20 100 
Voltage 1.5 4.0 45 120 

Wldeband 3.0 10 5.0 25 
10 20 20 50 
10 25 25 100 

High 2.5 10 50 250 
Gain 6.0 10 200 500 
Medium 
Power 

High 3.0 3.0 100 300 
Power 6.0 5.0 200 500 

3.0 3.0 100 300 
6.0 5.0 200 500 
4.0 5.0 100 300 
10 5.0 200 500 
10 10 0.25 1.0 
10 10 0.25 1.0 
3.0 5.0 0.075 0.3 
3.0 5.0 0.075 0.3 

General 4.0 5.0 0.002 0.01 
Purpose 6.0 5.0 0.005 0.025 
FET Input 20 5.0 0.005 0.025 

20 10 0.01 O.OS 
0.5 2.0 0.0005 0.0025 
1.0 5.0 0.001 0.005 

Wldeband 4.0 20 5000 30000 
High 8.0 25 15000 40000 
Slew 
Rate 

Wideband 5.0 25 0.025 0.1 
FET Input 15 25 O.OS 0.2 

Precision 0.05 0.2 5.0 JO 
FET Input 0.1 0.2 5.0 JO 

0.025 0.1 2.5 15 
0.025 0.1 2.5 15 
0.05 0.2 5.0 JO 

Medium 5.0 5.0 0.002 0.01 
Speed 15 10 0.005 0.065 
FET Input 

Dual 0.3 1.0 0.010 0.050 
Precision 0.6 2.0 0.010 0.100 

1.0 3.0 0.025 0.180 
2.0 15 10 75 
2.0 15 10 75 
7.5 JO 50 250 
0.5 5.0 0.2 2.0 
0.5 5.0 0.2 2.0 
0.5 5.0 1.0 7.0 
2.0 15 0.2 2.0 
2.0 15 0.2 2.0 
7.5 30 1.0 7.0 

Dual Low 3.0 - 5.0 15 
Power 6.0 - 10 30 

Note 1: Specified for AV - -10 

F.atu,," 

.Blpolar Input, medium speed 

FET Input, high speed 

FET Input; very high speed 

Bipolar Input, dual 

3342 

Min. Typ. Typ. Current Min. 
(VoitalmY) (MHz) (VI .... ) (mA) (V) 

15 JO JO %100 :t5.0 

JO 1.0 0.25 %15 %5.0 
1.0 0.25 :t15 %5.0 

4.0 30(1) 20(1) :t50 :t9.0 
2.0 30(1) 20(1) :t50 :t9.0 
2.0 30(1) 20(1) :t50 %9.0 

100 1.0 0.25 %40 :t5.0 
50 1.0 0.25 :t4O :t5.0 

100 1.0 3.0 %1000 :t5.0 
100 1.0 3.0 :tlooo :tj.O 
100 1.0 3.0 :t200 :t5.0 
100 1.0 3.0 :t200 :t5.0 
50 15 70 :t5OO :t5.0 
25 15 70 :t5OO :t5.0 
50 5.0 10 :t2ooo :t5.0 
50 5.0 10 :t2OOO :t5.0 
50 5.0 10 :t2ooo :t5.0 
50 5.0 10 :t2OOO :t5.0 

100 1.0 3.0 :tl0 :t5.0 
75 1.0 3.0 :tl0 :t5.0 
50 1.0 3.0 :tl0 :t5.0 
25 1.0 3.0 :tl0 :t5.0 
100 1.0 3.0 :tl0 :t5.0 
75 1.0 3.0 :tl0 :t5.0 

4.0 50 500 :tl0 :t9.0 
3.0 50 400 :tl0 :t9.0 

1.0 70 500 :tl0 :t5.0 
1.0 70 500 :tl0 :t5.0 

500 0.4 0.06 :tl.3 :t3.0 
500 0.4 0.06 :tl.3 :t3.0 
1000 0.4 0.06 :tl.3 :t3.0 
1000 0.4 0.06 :tl.3 :t3.0 
500 0.4 0.06 :tl.3 :t3.0 

50 15 70 :t6.0 :t5.0 
25 15 70 :t6.0 :t5.0 

250 0.8 0.3 :t15 :t2.5 
250 0.8 0.3 :t15 :t2.5 
90 0.8 0.3 :t15 :t2.5 
50 1.0 0.5 :t5.0 :t3.0 
50 1.0 0.5 :t5.0 :t3.0 
25 1.0 0.5 :t5.0 :t3.0 
80 1.0 0.3 :tl.0 :t2.0 
80 1.0 0.3 :tl.0 :t2.0 
80 1.0 0.3 :tl.0 :t2.0 
50 1.0 0.3 :tl.0 :t2.0 
50 1.0 0.3 :tl.0 :t2.0 
50 1.0 0.3 :tl.0 :t2.0 

100 0.25 0.16 :to.75 :1:1.0 
75 0.25 0.16 :1:0.75 :1:1.0 

Buffer Amplifiers 
Voltage 

oaln Output Slew Input 
(min.) Current Rat. Impedanee 

0.95 :I: 100 mA 2OOV/I4 180 kg 

0.97 :l:l00mA l000V/,.- 1010g 

0.95 :l:250mA 6OOOV/joiS 10'0 g 

Q.ggg :!:24mA JOV/,.- 1010g 

MIX. -55-C to 
(V) 12S-C 

%20 LH0003 

:t45 LHQ00.4 
:t45 

:t2O ~HOOO5A 
%20 LHOOO5 
:t2O 

%22 LH0020 
:t22 

:t18 LH0021 
:t18 
:t18 LH0041 
%18 
:t18 LH0061 
:t18 
:t22 LH0101 
:t22 
:t22 LH0101A 
:t22 

:t22 LH0022 
:t22 
:t22 LH0042 
:t22 
:t22 LH0052 
:t22 

:t18 LH0024 
:t18 

:t18 LH0032 
:t18 

:t2O LHoo44 
:i:2O 
:t2O LHOO44A 
:t2O 
:t2O 

:t2O LH0062 
:t2O 

:t2O LH2011 
:t2O LH2011B 
:t2O 
:t22 LH2101A 
:t22 
:t22 
:t2O LH2108A 

' :t2O 
:t2O 
:t2O LH2108 
:t2O 
:1:20 

:1:18 LH2250 
:1:18 LH24250 

Part Number 

-SS-C to -2S-C to 
12S-C 8S-C 

LH0002H LH0002CH 
LHooo2CN 

LHOO33G LHOO33CG 
LHOO33CJ 

LHOO63K LHOO63CK 

LH2110 LH2210 

-2S-C to 
a5"'C 

LHOOO3C 

LHQ00.4C 

LHOOO5C 

LH0020C 

LH0021C 

LH0041C 

LH0061C 

LH0101C 

LH0101AC 

LHoo22C 

LH0042C 

LH0052C 

LH0024C 

LH0032C 

LHOO44C 

LHoo44AC 
LHOO44B 

LH0062C 

LH2011C 

LH2201 A 

LH2208A 

LH2208 

LH2250C 
LH24250C 

O"'C to 
7O"'C 

LH2301 A 

LH2308A 

LH2308A 

.... --o 
::::s 
C) 
c --c. 
CD en 
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Instrumentation Amplifiers 
All of the amplifiers in this section are true differential input instrumentation amplifiers 
with very high common mode rejection and adjustable gain. 

Charactcri.tl~ Pllrt Num~ 

VIOl AVlos G.ln G.ln G.ln I -25"C to -S5"C to 
F •• tu .... I. Max. Max. AT Un. T.mpco Error 85"C 125"C 

9O"W 12SnA 2mV 1 o "VI"C 0.03% 3% max. LHOO36C 
dissipation, l00nA lmV 1 o "VI"C 0.03% 1% max. LHOO36 
wide supply 
range, one 
external gain 
set resistor 

Low cost, one 2mV 1 o "VI"C 0.03% 1% LHOO37C 
external gain SOOnA lmV 1 o "VI"C 0.03% 0.3% LH0037 
set resistor 

Ultra low drift, l00nA 1 so "V 1 "VI"C lppm 7ppml"C 0.1% I LHOO38C 
all gain set max. 
resistors l00"V 0.25 "VI"C lppm 7ppml"C 0.1% LHOO38 
internal, very max. 
low noise. very 
linear, guard 
drive amplifier 
Included 

Programmable SOOpA 10mV 10,.VrC 20 ppm lppml"C 0.3% max. LHOO84C 
gain fast SOOpA SmV 1 o "VI"C 20ppm lppml"C 0.3% max. LHOO84 
settling 

Digitally SOOpA 10mV 1 o "VI"C 20 ppm 1 ppmrC 0.3% max. LHOO86C 
programmable SOOpA SmV 1 o "VI"C 20ppm lppml"C 0.2% max. LHOO86 
gain amplifier 

'Dependent upon external resistors. 

Sample & Hold Amplifiers 
Each of these Circuits includes input and output buffer amplifiers and analog switches for a complete sample 
and hold function. 

Part Numb.r 

Accuracy Orift Rate Acquisition Aperture -55°C to -25°C to 
Features (Max) (T A = 25°C) Time Time 125°C 85°C 

Low Drift :0.01% 2mV/s SO,..s 150ns LHOO23G 
:0.02% (Note 2) (Note 2) LH0023CG 

Medium Speed :0.1% 2SmV/s 10,..s 20ns LH0043G 
:0.3% (Note 1) (Note 1) LH0043CG 

High Speed %0.2% 30mV/s 5,..s 25ns LH0053G 
%0.3% (Note 1) (Note 1) LH0053CG 

Note 1: Cs = 1000pF. Note 2: Cs = O.01IJF 

Non-Linear Functions 
Part Number 

Transfer -55°C to -25°C to 
Function Characteristics Characteristics 125°C 85°C 

·True RMS to DC Converter 0.05% accuracy. 100KHz 
EOUT = J f foT EIN2(t)dt 

LH0091D LHOO91CD 
bandwidth. crest factor 5 

minimum 

Multifunction Converter 0.05% accuracy. device LHOO94D LHOO94CD 
multiplies. divides. square eZf roots. raises to fractional EOUT = Vy VX 

powers 

Precision References and Regulators 
VOUT Part Number Toler. 

Une load lOUT @25"C Ort" -55"C to -2SOC to 
Function F •• tu .... Reg. Reg. (mA) (Max.) (Max.) 1250C 85"C 

Positive 
0.5% LHoo75 Programmable 
1.0% LH0075C Voltage Internal programming 

Regulator resistors, adustable 0.008% 0.055% 0.1-200 

Negative current limit 

Programmable VOUT = 5,6, 8, 10, 12, 15, 18V 
0.5% lHoo76 

Voltage 
1.0% LHoo76C 

Regulator 

10.000V 0.02% 0.01% 0.1% 2OmV· LHOO70-0 
Precision BCD 0.02% 0.02% 0-5 0.1% 10mV LHOO70-1 
Reference Three-terminal buffered 0.02% 0.02'/. 0.05% 4.0mV LHOO70-2 

10.024V 
zener reference, 0.1 g output 

0.01'/, 12.S to 40V Input, 0.02% 0.1% 2OmV· LHOO71-() 
Precision 2O,.V p - p noise 0.02% 0.02'10 0-5 0.1% 10mV LHOO71-1 
Binary 0.02 0/, 0.02'/, 0.05% 4.0mV LHOO71-2 
Reference 

Switching 
5A output at 7S% Regulator 

0.05 0;' 
SA 

100kHz Rate efficiency LHl605 

10-35V Input Vour=3.0 to 30V LH1605C 

'These speclficatlona apply for -2S-C to +85-C. 
Note: Refer to the Lin •• , D.,.book tOt Information on other regulators and references. 
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Analog Switches 

Orain·Source Orain·Gate Part Number 

Function "On" Leakage -55°C to -25°C to 
Type Styl. Reslstanc. Current tON tOFF 125°C 85°C 

PMOS OPOT 2000 200pA 350ns 600ns AH0014 AH0014C 

PMOS OPOT 2000 200pA 100ns 600ns AH0015 AH0015C 

PMOS Dual DPST 200Q 200pA 100ns 600ns AH0019 AH0019C 

NJFET Dual SPOT 100 10nA 1.0,,5 2.5,,5 AH0140 AH0140C 

NJFET Dual SPOT 150 10nA 1.0,,5 2.5,,5 AH0153 AH0153C 

NJFET Dual SPOT 30Q 1nA 0.8,,5 1.0,,5 AH0129 AH0129C 

NJFET Dual SPOT 50Q 1nA 0.8,,5 1.0"s AH0153 AH0153C 

NJFET Dual SPOT 80Q 1nA 0.8,,5 1.0,,5 AH0126 AH0126C 

NJFET Dual SPOT 100 10nA 1.0,,5 2.5,,5 AH0141 AH0141C 

NJFET Dual SPST 150 . 10nA 1.0,,5 2.51'5 AH0151 AH0151C 

NJFET Dual SPST 300 1nA 0.8,,5 1.0,,5 AH0133 AH0133C 

NJFET Dual SPST 500 1nA 08,,5 1.0"s AH0152 AH0152C 

NJFET Dual SPST 800 1nA 0.8"s 1.0"s AH0134 AH0134C 

NJFET DPDT 100 10nA 1.0"s 2.5,,5 AH0145 AH0145C 

NJFET DPOT 150 10nA 1.0"s 2.5"s AH0163 AH0163C 

NJFET OPDT 300 1nA 0.8"s 1.0"s AH0139 AH0139C 

NJFET DPOT 500 1nA 0.8"s 1.0,,5 AH0164 AH0164C 

NJFET OPOT 800 1nA 0.8"s 1.0"s AH0142 AH0142C 

NJFET SPOT 10Q 10nA 1.0jJs 2.5jJs AH0146 AH0146C 

NJFET SPOT 15Q 10nA 1.0jJs 2.5"s AH0161 AH0161C 

NJFET SPOT 300 lnA 0.8"s 1.0"s AH0144 .AH0144C 

NJFET SPOT 500 1nA 0.8"s 1.0"s AH0162 AH0162C 

NJFET SPOT 80Q 1nA 0.8jJs 1.0,.,s AH0143 AH0143C 

NJFET DualSPST 1000 1nA 1.5,,5 0.75jJs AH2114 AH2114C 

Digital Drivers 
The.se devices accept TIL or DTl input and provide extended output capability for actuators and displays 

P.rt Number 

-5SOC to -2SOC to 
Typical Application Function lOUT VSAT LVCEO tON tOFF 12SOC &SOC 

Motor, Relay, Current Sourcing 1.SA 1.5V 45V 0.40",5 7.0",s DHOOOSH o HOOOSCH 
OHOOOSCN 

Lamps, Relay, Current Sourcing 0.25A 0.4V 40V 0.1S",s 0.22",s DHOOOSH DHOOOSCH 
DHOOO8CN. 

Lamp Driver, Current Sinking 0.4A 1.0V 40V 0.2S",s 2.2",s DH0011H DH0011CH 
DH0011CN 

Lamp Driver, Current Sinking 0.5A O.SV SOV 0.1S",s 0.22",5 DH0011AH 

Relay, Display, Current Sinking 0.25A O.SV 70V SOns SOOns DH0016CN 

Display, Current Sinking O.50A O.SV sOy 50ns 1.5",s DH0017CN 

Display, Current Sinking 0.05 A O.SV 100V 50ns 1.5",s DH0018CN 

Hammer Driver 5.0A 2.0V 45V 0.4",s 7.0",5 DH0028H DH0028CH 

DH0028CN 

Level Translator 100mA 0.5V -25V 25ns 75ns DHOO34D DHOO34CD 
DHOO34H DHOO34CH 

PlnOiode ±0.5A 1.0V 30V 10ns 30ns DHOO35G DHOO35CG 

E1ectros~8tlc Prlnt-head Driver, 20mA 425 121lS ~.81lS DHOO69CJ 

Analog-to-Digital Converters 

Resolution Suppll •• Maximum Conversion Part Number 

(Bit.) (V) Non-Lln.arlty TIme -S5°C to +125°C -25°C to +85°C 

12 +5 to ±15 ±YaLSB 1001lS ADC1210 ADC1210C 

12 +5 to ±15 ±2LSB 100/4 ADC1211 AOC1211C 

12 +5, *12, *15 ±YzLSB 201&S - AOC1280 

12 +5,±15 ±2LSB 21/4 - ADC 1 080 
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Digital-to-Analog Converters 
Non· Temp. 

Reso- Altomate Unearity Intomal Output Range. 
lutlon NSC Source @ 25°C Refer· Op Supplle. Available 
(Bit.) Part No. Part No. (Mu.)(%) ence Amp (V) rC) Comment. 

12 DAC1200 - %0.0122 · · +5, %15 -2510 +85, 
-5510 +125 

12 DACl201 - %0.0488 · · +5, %15 

12 DAC1242 - %0.0244 · · +5, +12 4·20mA 
Current Sink 

12 DAC1243 - ±0.0244 · · +5, +12 4·20mA 
Current Source 

12 DAC1280 - %0.0244 · · +5, z15 01070 

12 DAC12BOA DAC8().CB,·V zO.0122 · · ±12 to ±15 01070 

12 DAC1285 DAC85-CBI·V ±0.0122 · · +5, ±15 -2510 +85, 
-5510+125 

12 DAC1285A DAC85LD-CBI-V, ±0.0122 · · %12 to ±15 -25 to +85 
DAC87·CBI-V -5510 +125 

Fiber-Optic Product 

Function Features 

Bandwidth Drive Current Coupled Power ~ - 55°C to + 125°C - 25°C to + 85°C 

Complete 
Transmitter DC to 20 Mbits 100mA (max.) 65",W 820nm FOTl80B 
with LED 

Monolithic 3O",W FOE380B·1 
Self Contained DC to 10 Mbits 140 mA (peak) 820nm 
Emitter 65",W FOE380B·2 

Function Features 

Coupled Power Required 
Bandwidth Sensitivity for Max. Bit Rate - 55°C to + 125°C - 25°C to + 85°C 

Receiver 5 Mbits -55 dBm LH0082D LH0082CD 

Complete 
Receiver 5 Mbits -45 dBm 2p.W FOR100B with 
Photodiode 

Monolithic 
15J'W FOR261F·1 

Receiver 
with Integral 

DC to 10 Mbits -18dBm 

Photodiode 20J'W FOR261F·2 

Monolithic 15",W FOR36 B-1 
Self Contained DC to 10 Mbits -18dBm-
Receiver 20J'W FOR361B·2 

Active Filters (Building Blocks) 

Part Number 

Frequency Q -55"C to -25"C to 
Function Features . Accuracy Accuracy QxFc 125"C 85" 

Universal Active Filter State Variable Building Block %2.5% ±7.5% SOk AF100-1 AF100-1C 
±1.0% ±7.5% SOk AF100-2 AF100-2C 

Universal Active Filter State Variable Building Block %2.5% ±7.5% 200k AF1SO-1C 
Wide Bandwidth %1.0% %7.5% 200k AFl50-2C 

Dual Universal Active State Variable Building Block %2.5% %7.5% 50k AF151-1C 
Filter Two AF100 in one package ±1.0% ±7.5% SOk AF151-2C 

Universal Wideband FET-Input Amplifier %2.5% %7.5% 200k AFl60-1 AFl60-1C 
Pin Compatible with AF100J %1.0% %7.5% 200k AFl60-2 AFl60-2C 

Dual Universal FET·lnput Amplifier %2.5% %7.5% 200k AF161-1C 
Wideband Pin Compatible with AF151J ±1.0% %7.5% 200k AF161-2C 

R •• lstor 
R •• I.tor R •• I.tor Tempco 
Accuracy Match (ppmrC) 

General Impedance Matched Resistors 7.5k and 1.01
/. ±0.2%1 ±110 AFl20H 

Converter (GIC) Controlled TC 0.1% %30 

2.0% %0.4%1 :t110 AF120CH 
0;2% :tOO 
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BIPOLAR 

MODEL 

9406 

9412 

9491.0. 

9697 

9804 

9808 

9826 

9906 

9909 

9912 

9914 

9916 

9918 

SLEW 
RATE 

• 

• 
• 
• 
• 

Operational Amplifier 

WI~~D~~ND I SE~~~iNG 
RANGE 

• 
• • 

• • 
• 
• 
• • 

HIGH 
VOLT 

• 
• 

Optical Electronics LINEAR 

Optical Electronics . . 
Incorpora'ed P.O. Box 11140·TuC5on,Az. 8.5734 

BIPOLAR OPERATIONAL AMPLIFIERS 
FET OPERATIONAL AMPLIFIERS 
VOLTAGE FOLLOWER/CURRENT BOOSTER 
LOW NOISE PRE·AMPLIFIER 

ABSOLUTE VALUE 
LOGARITHMIC AMPLIFIERS 
PHASE DETECTORS 

OPEN LOOP 
GAIN AT DC 

dB 
typ. 

60 

54 

63 

80 

52 

126 

64 

60 

70 . 

63 

75 

63 

. SLEW 
RATE 
V/,.1,8C 
min. 

± 300 

± 200 

± 1,000 

± 100 

± 250 

± 1,800 

±I,OOO 

± 250 

± 2,500 

± 600 

± 1,000 

± 300 

300 

SETTLING 
TIME 

@Cl.l,*, 
nsec 

105 

50 

12 

500 

60 

50 

12 

150 

200 

150 

100 

50 

40 

V-F 
II 1WX-91 0-952 ·1283 602-624·8358 ANALOG COMPARATOR SAMPLE AND HOLD 

GAIN 

BANDWIDTH IMAX. OUTPUT 
PRODUCT FREQ. 
@G=I00 MHz 

MHz min. 
min 

1,000 

300 

1,000 30 

100 0.3 

500 

200 28 

1,000 30 

300 

1,000 40 

800 10 

3,000 15 

200 10 

1000 10 

OUTPUT 
VOLTAGE 

V 
min. 

±10 

± 10 

± 5 

±50 

± 10 

±10 

± 5 

±10 

± 10 

±10 

±10 

± 5 

± 5 

OUTPUT 
CURRENT 

mA 
min. 

NOISE SPECTRAL DENSITY 
VOLTAGE CURRENT 

nVJHz pAlJHZ 
max, 

VOLTAGE 
OFFSET 

mV 

OFFSET 
DRIFT 
,.VI"C 
max. 

BIAS 
CURRENT 

,..0. 

POWER 
SUPPLY 

V 

SUPPLY 
CURRENT 

mA 

WORKING 
TEMPERATURE 

'C 

MTBF 
xl 000 
hours 

CASE STYLE 

± 3 25 10 ± 125 I ±10 ±15 ±20 1-55-+ 85: 664 MODULE 

±200_1 35 10 ± 7.5 

± 3 20 50 ± 20 

±20 45 20 ±20 400 I ±5 ±60 ±14 1-25-+75 I 412 MODULE 

±200 50 10 ± 5 ± 100 I ±20' ±15 ±33 1-55-+ 75 I 275 MODULE 

± 100 50 ± 1 2 I ±0.1 ± 15 ± 30 I - 55- + 85 I 171 MODULE 

± 50_~'~ ______ -+ ______ -+ ______ ~ ________ ~ ______ +-______ +-______ ~ ________ r-______ ~ 
± 4.t. 30 

± 50 DIP 

±m ~ 

± 50 10 10 ± 30 ± 100 I ±50 ±15 ±40 1-55-+ 85 I 316 DIP 

± 5 20 50 30 ± 150 I +30 ±15 ±15 I -65-+125 I 390 DIP 

± 50 20 10 ± 20 30 ±50 ± 15 ±30 I-55 to 85'C 270 DIP 

FET Operational Amplifier 

MODEL 

9725 

9740 

9908 

AH0605 

9932 

SLEW 
RATE 

• • • 

WIDE BAND 
WIDTH 
RANGE 

• 
• 

SETTLING 

• 

.. 

HIGH 
OUTPUT 

• 

Voltage Foliower/Current,Booster 

OPEN LOOP 

dB 
typo 

50 

120 

60 

£6 

52 

SLEW RATE 

VI"sec 
min 

± 300 

± 3,000 

± 200 

± 200 

± 600 

SETTLING 
TIME 

60 

100 

300 

300 

100 

GAIN BAND
WIDTH 

PRODUCT 
MHz min 

400 

300 

100 

400 

150 

MAX. OUTPUT 
FRED. 
MHz 

50 

10 

OUTPUT 
VOLTAGE 

V 

±10 

± 10 

± 10 

±10 

± 10 

MODEL 
GAIN 
Iyp. 

SLEW RATE 
VI,.sec 

min. 

SETTLING TIME 
@Cl.1" 
nsec 

MIN. FREQUENCY 
BAND 

MAX. OUTPUT 
FREQUENCY 

MHz 

OUTPUT VOLTAGE 
V 

OUTPUT 
CURRENT 

9910 0.97 

9911 0.97 

9963 0.96 

Low Noise Pre-Amplifier 

MODEL 
GAIN 

AHoo13 60 

± 2,000 

± 1,000 

± 3,000 

SLEW RATE 
VI,.sec 
min. 

±4oo 

80 

50 

50 

GAIN BANDWIDTH 
PRODUCT 

MHz 
min. 

100 

MHz 
min. 

60 

200 

200 

MAX. OUTPUT 
FREQUENCY 

MHz 
min. 

20 

, mil. 
min. 

min. 

30 ± 10 ± 100 

15 ±10 ± 500 

50 ±10 ±200 

OUTPU~~~LTAGE I OUTPUTm~URRENT 
min. 

±5 

OUTPUT 
CURRENT 

NOISE SPECTRAL DENSITY VOLTAGE 
OFFSET 

mV 
VOLT AGE CURRENT 

mA • nVl.,jHz tAJ.,jHz 
mix max 

±200 

± 50 

+ 2Q 
- 5 

±30 

45 

50 

10 

'20 

100 

50 

50 

± 10 20 200 

VOLTAGE OFFSET 
mV 

±20 

±20 

±50 

OFFSET DRIFT 
,.VI"C 
max. 

±100 

±100 

±400 

NOISE SPECTRAL DENSITY 
VOLTAGE 1 CURRENT 

nVIJHz IAlJHZ 
max max . 

1.5 TYP 10 

± 20 

± 10 

± 5 

BIAS CURRENT 

± 20llA 

± 5mA 

± 100pA 

BIAS CURRENT 
pI'. 

max. 

+50 

OFFSET 
DRIFT 
,.vrc 
mIX 

± 150 

± 20 

± 3,000 

50 

± 500 

BIAS 
CURRENT 

PA 

- 30 

- 30 

- 300 

- 100 

- 300 

POWER 
SUPPLY 

" 

± 15 

± 15 

± 15 

± 15 

± 15 

SUPPLY 
CURRENT 

mA 

±35 

±33 

± 12 

±19 

± 30 

POWER VSUPPL Y I SUPPL Y ,;~RRENT WORKING 
TEMPERATURE 

'C nom. 
nom. 

± 15 

± 15 

± 15 

POWER SUPPLY 
V 

+15 

max. 
max. 

± 5 

±35 

±35 

SUPPLY CURRENT 
mil. 

+10 

-65-+125 

-65-+125 

-55-+125 

WORKING 
TEMPERATURE 

'C 

-65 + 125 

WORKING 
TEMPERATURE 

'C 

- 55- + 75 

-55-+ 85 

-65-+125 

0-+70 

-65-+ 85 

MTBF 
xlooo 

hours 

858 

397 

370 

MTBF 
x 1000 
hours 

692 

MTBF 
>1000 
hours 

288 

109 

409 

314 

CASE STYLE 

MODULE 

MODULE 

DIP 

DIP 

DIP 

CASE STYLE 

DIP 

DIP 

DIP 

CASE STYLE 

DIP 
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Analog Comparator 

GAIN NOISE SPECTRAL DENSITY 
MODEL dB VOLTAGE CURRENT 

min. 

VOLTAGE 
OFFSET 

mV 

DRIFT 
,.VI"C 

BIAS CURRENT 
,.A MAX CURRENT 

mA 

MAX SINK 
CURRENT 

mA 

SLEW RATE 
VIIl5eC 

min. 

RESPONSE TIME 
@lV 
nsee 

WORKING 
TEMPERATURE 

·C 

POWER VSUPPLY ISUPPLY,;~RRENT MTBF 
xl 000 
hours 

CASE STYLE 

9050 -10 ±I,OOO. -55-+ 85 ±15 ±12 322 MODULE 

9915 -10 ±1,000 15 -55-+125 + 5 +20 1,015 DIP 

Absolute Value Voltage-to-Frequency Converter 

DRIFT BIAS I'~~~T I OUTPUT I O~TAp~T I FREO 
MODELl GAINIDYNAMICI +VI"C ICURRENT VOLTAGE CURRENT VOLTAGE RANGE 

mAN RANGE I ,.A V mA V MHz 
f.s t.s. 

SLEW 
RATE 

mA/llsec 

POWER I SUPPLY 
SUPPLY CURRENT I WORKING 

V mA TEMP 
·C 

MTBF 
xl000 
hours 

CASE STYLE NON- I INPUT I 
MODEL ILiNEARITY YO. LTAGE 

% RANGE 

INPUT 
DYNAMIC 

RANGE 
decade 

OUTPUT 
FREO. 

RANGE 
MHz 

MAX SINK 
CURRENT 

mA 

RESPONSE I FM FREO. CO- TEMP. 

I 
TEMP. I WORKING 

TIME BAND EFFICIENT .C 
cycle kHz %/0 C 

POWER I SUPPLY 
SUPPLY CURRENT I M T B F 

V mA .1000 
hours 

CASE 
STYLE 

9014 I 0.4 I 40dB I 200 25 

9934 I 1.0 I 40dB I BOO 25 

Bipolar Log Amplifier 

DYNAMIC I MAX LOG 
MODEL I RANGE ERROR 

dB .,. 

INPUT 
DYNAMIC 

RANGE 

± 10 
+10 

VOLTAGE 
OFFSET 

mV 

10 

DRIFT 
,.VI"C 

+ 10 
+10 

BIAS 
CURRENT 

,.A 

30 ± 20 ±15 ±8 1-55-+1001 302 

10 +20 +15 +1 I -55-+100 I 450 

BIAS VARIABLEI I~I WORKING IpOWER~~~~:Y 
DRIFT ·1<XlNSTANT POLARITY TER TEMP. SUPPLY RENT 
nAloe V/dec MHz °C V A max 

typo _,_ 

MODULE 

DIP 

MTBF 
xl000 
hours 

2531A I 70 ±3 I ±3mV-±10V I I I ±300 I ±5 I ± 100 I I non· .• nv I 10 1-25- + 151 ± IS I ± 65 I 116MODULE 

12540 L 60,100 I . ±3 1~1~mV:':'~10vt_±0.03 81MODULE 1 
r29IOl 80 I±3l ± ImV- ± lOY ADJ 423MODULE 

Phase Detector 

MODEL IACCUlACYI'NPUT VOLTAGE 
RANGE 

INPUT 
VOLTAGE 
OFFSET 

mV 

OUTPUT 
VOLTAGE 

V 
t.S. 

VOLTSI 
DEGREE 

3420 + 9.00 I _.!t! 
3421 + 9.00 r- .1/9 

Coordinate Converter (Polar-to-Carteslan) 

MODELl ACC~RACY I~ .,. INPUT 
ANGLE 

V 

MAX. 
FREO 
MHz 

3.0 

1M 

OUTPUT I I kUPPLYIM T B F TIME WORKING POWER CUR- 1000 
CONSTANT TEMP. SUPPLY R. ENT ~ours 

mS °C V A max 

CASE STYLE 

16 1-55-+1001 +15/ + 181300 MODULE' 
5.0 -55-+ 85 ± 15 :: T]g 134 MODULE 

SMALL 
SIGNAL 
BAND
WIDTH 

SLEW 
RATE 
VIJl5ec 

WORKING 
TEMP 

[.:01'."10(11) 

°C hours 
,-;;--r-~--+-___ ~~t!z __ '!!.~'! 

- 55- + 85 117 I MODULE 

min 

5090A ±3 ±0.5 ± 30 

Optical Electronics 

max. V I 

3930 I ± 3.0 I 0- + 10 I 1.5 0-1 

Sample & Hold Analog Memory 

NON- I'NPUT 
LINEARITY VOLTAGE 

.,. V MODEL 

min 

5021 2% - ± 10 

5025 2% ± 10 

APERTURE 
TIME AOUIS. 

TIME 

1.000 

30 

Peak Sense & Hold Analog Memory 

15 

MEMORY 
LEAKAGE, 
CURRENT 

nA 

100 

0-100 I ±0.2 1-55-+1251 ±15 

TRACKING 
MODE FREO. 

MHz 

0-10 

0-10 

SUPPLY 
WORKING I POWER I CUR- I MTBF 

TEMP. SUPPLY RENT xl000 
°C V rnA hours 

-55-+85 ± 15 ±30 133 
55-+85 + 15 ± 90 133 

+25 
- 8 

GAIN 

MODELl AC~~~;CY I ~c;.~~-
INPUT 
VOLT 

V 

D~~~~E I ACO~I'~~TlON I G~~ET;~~N GATE TURN 
OFF TIME 

WORKING 
TEMP. 

·C 

SUPPLY 
POWER I CUR- I MTBF 
SUPPLY RENT .1000 

min. 
V/msec .,. 

V rnA hours 

739 DIP 

CASE STYLE 

MODULE 

MOCULE 

CASE STYLE 

MUDULE 

MODULE 

DIP 
5905 I ±50mV 11±003 I +5 150 I 20 50 500 I -65-+125 I ±15 I 9 I 467 I DIP 

P.O. Box 11140-Tucson, Az. 85734 
TWX-910-952-1283 
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BiMOS. Operational Amplifiers 

CA080 CA081 CA082 CA083 CA084 Series I BiMOS Replacements f9r Industry 
TL080. Series BIFET Types 

R3 
300 

y+ 
,... 

y-

'2C,!!-32211 

Schematic diagram of the CA080. CA081. CA082. CA083. and CA084 

Type, No. of Frequency Offset 
Series Amplifiers Compensation Control 

CA080 Single External External 
CA081 Single Internal External 
CA082 Dual Internal -
CA083 Dual Internal External 
CA084 Quad Internal -

CA080 CAOSOA CA080B 
CA081 CAOS1A CA081B CA080 CAOSOA 

Charac- CA082 CAOS2A CAOS2B CA081 CA081A 
tertstlcs CAOS3 CAOS3A CA083B CA082 CAOS2A 
TA = 25°C CAOS4 CA084A CA084B Units 

TA Range 0-70 0-70 0-70 -55 to 125 °C 
VIO (max.) 15 6 3 6 3V V 
II (max.) 50 40 30 40 40 pA 
110 (max.) 30 20 10 20 20 pA 
I (max.) 2.8* 2.8* 2.8* 2.8* 2.8* mA 
VieR min.) ±10 ±12 ±12 ±12 ±·12 V 
AOL (min.) 25K 50K 50K 50K 50K V/V 
fT (typ.) 5 5 5 5 5 MHz 
SR (typ.) 13 13 13 13 13 V/p.s 

*Per ampl CA3082. CA3083. CA3084 

3348 

The CA080 series of operational amplifiers are more 
than just BiMOS versions of the industry BIFET TL080 
series. The CA080 series offer lower input bias and 
offset currents, higher input impedances, and wider 
bandwidth than their BI FET 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 
• Low 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/ JRZ 
• Direct replacement for industry type TL080 series in 

most applications 

Applications: 

• Inverters 
• High-Q notch filters 
• IC preamplifiers 
• Unity-gain absolute value amplifiers 
• Sample and hold amplifiers 
• Active filters 
• Low-current amplification circuits 
• Data acquisition equipment 
• AC voltmeters (front end) 

Package Selection Chart 

Package Type & Suffix 

8L 8L DIL- Mlnl- 14L 
Type No. TO-5 TO-5 CAN DIP DIP CHIP 

-55 to + 25°C o to + 70°C o to + 70°C 

CA080 T - S E - H 
CA080A T - S E - -
CA080B - - - E - -
CA080C - T - - - -
CA081 T - S E - H 
CA081 A T - S E - -
CA081B - - - E - -
CA081C "'-- T - - - -
CA082 T - S E - H 
CA082A T - S E - -
CA082B - - - E - -
CA082C - T - - - -
CA083 - - - - E H 
CA083A - - - - E -
CA083B - - - - E -
CA084 - - - - E H 
CA084A - - - - E -
CA084B - - - - E -

@ Ie MASTER 1983 
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BiMOS Operational Amplifiers 

CA3130, CA3130A, CA3130B I MOS/FET Input, CMOS Output 

CA3160, CA3160A, CA3160B I Frequency Compensated Version of CA3130 

CA3260, CA3260A, CA3260B I Dual Version of CA3160 

r----------------------, y+ 

I 200 ~A 1.35 mA 200 ~A 8 mA I 7 

I OmA I I BIAS CKT. . 

I 1 I I 
111 ~ +I~l ' 1"- I 0:+ 1 

............... ~ !OUTPUT 
INPUT I AyS::S5X Ay::::S6/~ AyRl30X 6 

~// / V I 
: ! ~ LI- ___________________ .J 

5 I ----..,{£- -.- 8 STROBE 

COMPENSATION 
OFFSET. (WHEN DESIREDl 

NULL 

Type No. Package 

CA3130S, AS, BS 
CA3160S, AS, BS a-Lead OIL-CAN 
CA~260S, AS, BS 

CA3130T, ,AT, BT 
CA3160T, AT, BT a-Lead TO-5 
CA3260T, AT, BT 

CA3130E, AE 
CA3160E, AE a-Lead Mini-DIP 
CA3260E, AE 

CA3130H 
CA3160H 
CA3260H 

Chip 

92CS- 28573 

Operating Temp. 
Range 

-55 to + 1250 C 

Gate-protected p-channel MOS/FET (PMOS) transis
tors in the input circuit provide very-high-input impe
dance, very-low-input current, exceptional speed per
formance, and common-mode input-voltage capability 
down to 0.5 volt below the negative-supply terminal, an 
important attribute in single-supply applications. 

Electrical Characterlltlcl: TA = 25°C, V+ = 7.5V, V- = -7.5V 

RI II 110 VIO SR 
Type (Typ) (Max) (Max) (Max) (Typ) 

TO pA pA mV VIps 

CA3130 1.5 50 30 15 10 
CA3130A 1.5 30 20 5 10 
CA3130B 1.5 20 10 2 10 

CA3160 1.5 50 30 15 10 
CA3160A 1.5 30 20 5 10 
CA3160B 1.5 20 10 2 10 

CA3260* 1.5 50 30 15 10 
CA3260A* 1.5 30 20 5 10 
CA3260B* 1.5 20 10 2 10 

*Characteristics are for each amplifier. 

@ IC MASTER 1983 

Features: 

• 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 

• COS/MOS output stage permits signal swing to either 
(or both) supply rails 

• Wide BW: 15 MHz typo (unity-gain bandwidth) - CA3130 
4 MHz typo (unity-gain bandwidth) - CA3160, CA3260 

• High SA: 10 Vips typo (unity-gain follower) 
• High output current (10): 20 rnA typo 
• High AOL: 320,000 (110 dB) typo 
• Compensation with single external capacitor - CA3130 
• Internal phase compensation for unity gain (With 

terminal access for supplementary external phase 
compensation network if desired) - CA3160 

• Low VIO: 2 mV max. (CA3160, CA3260) 

Applications: 

• Ground-referenced single-supply amplifiers 
• Fast sample-hold amplifiers 
• Long-duration timers/monostables 
• High-input-impedance comparators 
• High-input-impedance wideband amplifiers 
• Voltage followers 
• Voltage regulators 
• Peak detectors - CA3130 
• Single-supply full-wave precision rectifiers - CA3130 
• Photo-diode sensor amplifiers 
• Wi en-Bridge oscillators 
• Voltage-controlled oscillators 
• Ideal interface with digital COS/MOS 

A complementary-symmetry MOS (COS/MOS) 
transistor-pair, capable of swinging the output voltage 
to within 10 millivolts of either supply-voltage terminal 
(at very high values of load impedance), is employed as 
the output circuit. 

IT Output Swing Compen- AOL Supply 
(Typ) (Typ)-V satlon (min.) Voltage 
MHz VN ,dB Range V 

4 -0.002 to + 13 External SOK 94 4.5 to 16 
4 -0.002 to + 13 External 50K 94 4.5 to 16 
4 -0.002 to + 13 External lOOK 100 4.5 to 16 

4 -0.002 to + 13 Internal SOK 94 4.5 to 16 
4 -0.002 to + 13 Internal 50K 94 4.5 to.16 
4 -0.002 to + 13' Internal lOOK 100 4.5 to 16 

4 -0.002 to + 13 Internal 50K 94 4 to 16 
4 -0.002 to + 13 Internal 50K 94 4 to 16 
4 -0.002 to + 13 Internal lOOK 100 4 to 16 
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BiMOS Operational Amplifiers 

CA3140, CA3140A, CA3140B I 
CA3240, CA3240A I 

MOS/FET Input, Bipolar Output 

Dual Version of CA3140 

r--------------, 

I 2 mA 4 mA I 
v+ 

I 11 BIAS JIRCUIT ~ 1 

I 
CURRENT SOURCES I 

AND REGULATOR 

I ' 200fLA rl'6m~200fLA 2fLA 2mA I 
~ I ~ '",,-. I 
U-:

1 
~ """ I OUTPUT 

INPUT 'A:::SIO >----4.-A~IO.OOO ~ A~I 

0+ /' / I 
1"'/ V CI /' I 

II 

I 121~F I ' I v-
L f--f--- ___ -y_ - __ J • 

0" STROBE - - - .J 

OFFSET 
NULL 

92CS - 30071 

Operating Temp. 
Type No. Package Range 

CA3140S, AS, BS 8-Lead DI L-CAN -55 to + 125° C 
CA3140T, AT, BT 8-Lead TO-5 -55 to + 125° C 
CA3140E, AE 8-Lead Mini-DIP -55 to + 125° C 
CA3240E, AE -40 to + 85° C 
CA3240E1 AE1 14-Lead DIP -40 to + 85°C 
CA3140H -55 to + 125° C 

Chip 
CA3240H -40 to + 85° C 

The CA3140 and CA3240 Series of SiMOS op amps 
give you the big advantage of MOS/FET input ... plus 
bipolar speed and high supply voltage operating 
capability: 4 to 44V, dual or single supply. Wide 
common-mode input voltage range - can be swung O.S 
V below negative rail. Output swing complements input 
common-mode range, permitting full utilization of low 
supply voltages (down to 4V). And PMOS input devices 
are protected by rugged bipolar diodes. 

Electrical Characteristics: TA = 25°C, V+ = 15V, V- = -15V 

\ . RI II 110 VIO SR 
Type (Typ) (Max) (Max) (Max) (Typ) 

TO pA pA mV Vips 

CA3140 1.5 50 30 15 9 
CA3140A 1.5 40 20 5 9 
CA3140B 1.5 30 10 2 9 

CA3240 1.5 50 30 15 9 
CA3240A 1.5 40 20 5 9 
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Features: 

fr 

• MOS/FET Input Stage 
(a) Very high input impedance (ZIN) - 1.S T 0 typo 
(b) Very low input current (II) - 10 pA typo at ± 1SV 
(c) Low input-offset voltage (VIO) - to 2 mV max. 
(d) Wide common-mode input-voltage range (VieR) -

can be swung O.S volt below negative supply- ' 
voltage rail 

(e) Output swing complements input common
mode range 

• Rugged input stage - bipolar diode protected 

• Directly replaces industry type 741 (CA3140) or 747 
(CA3240) in most applications 

• Includes numerous industry operational amplifier 
categories such as general-purpose, FET input, 
wideband (high slew rate) 

• Operation from 4-to-44 .volts 
• Single or Dual supplies 
• Internally compensated 
• Characterized for ± 1S-volt operation and for TTL 

supply systems with operation down to 4 volts 
II Wide bandwidth - 4.S MHz unity gain at ± 15V or 

30V; 3.7 MHz at SV 
• High voltage-follower slew rate - 9 Vips 
• Fast settling time - 1.4ps typo to 10 mV with a 10-Vp - p 

signal 
• Output swings to within 0.2 volt of negative supply 
• Strobable output stage 

Applications 

• Ground-referenced single-supply amplifiers in auto
mobile and portable instrumentation 

• Sample-and-hold amplifiers 
• Long-duration timers/multivibrators (microseconds-

minutes-hours) 
• Photocurrent instrumentation 
• Peak detectors • Active filters 
• Comparators 
• Interface ~n S-V TTL systems & other low-supply 

voltage systems 
• All standard operational amplifier applications 
• Function generators • Tone controls 
• Power supplies • Portable instruments 
• Intrusion alarm systems 

Output Compen- AOL Supply 
(Typ) Swing sation (min.) Voltage 
MHz (Typ)-V V/V dB Range V 

4.5 -14 to + 13 Internal 20K 86 4 to 36 
4.5 -14 to + 13 Internal 20K 86 4 to 36 
4.5 -14 to + 13 Internal 50K 94 4 to 44 

4.5 -14 to + 13 Internal 20 86 4 to 36 
4.5 -14 to + 13 Internal 20 86 4 to 36 
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SiMOS Operational Amplifiers 

CA3193, CA3193A, CA31938 
CA3493, CA3493A, CA34938 

Ultra-Stable 
Precision, Instrumentation-Grade Types 

OFFSET 
NULL 

Package Type & Suffix LeUer 
Type No. 

CA3193/3493H 
CA3193S/3493S 
CA3193/3493S 
CA3193BS/3493BS 

CA3193T 13493T 
CA3193A T 13493A T 
CA3193BT 13493BT 

CA3193E/3493E 
CA3193A E/3493A E 
CA3193BE/3493AE 

E = Mini DIP 
S = OIL-CAN 

T = 8-Lead TO-5 
H = CHIP 

v-

92CS-32962 

TA 
Range °C 

-55 to +125 
o to +70 

-25 to +85 
-55 to +125 

o to +70 
-25 to +85 

-55 to +125 

o to +70 
-25 to +85 
-55 to +125 

CA3193- and CA3493-series op amps are ultra-stable, 
precision, instrumentation operational amplifiers that 
employ both PMOS and bipolar transistors on a single 
monolithic chip. The SE amplifiers are internally phase
compensated and provide a gain-bandwidth product of 
1.2 MHz. 
They are pin-compatible with the industry 741 series and 
many other IC op amps, and may be used as replace- . 
ments for 741-series types in most applications. 

Electrical Characteristics: TA = 25°C, V+ +15V, V- = -15V 

Max VIO lIB 110 
Type at Max. (Max.) (Max.) 

T(J.LV) nA nA 

CA3193, CA3493 725 40 10 
CA3193A, CA3493A 380 20 5 
CA31938, CA34938 275 15 3 

© Ie MASTER 1983 

Features: 

• Low VlO: 75J.LV max. (CA3193B, CA3493B) 
200J.LV max. (CA3193A, CA3493A) 
500J.LV max. (CA3193, CA3493) 

• Low /j. V101 /j.T: 2J.LV/oC max. (CA3193B, CA3493B) 
3J.LV;oC max. (CA3193A, CA3493A) 
5J.LV/oC max. (CA3193, CA3493) 

• Low 110 and liB 
• Low /j. 1101 /j. T: 50 pA/oC max. (CA3193B, CA3493B) 

150 pA/oC max. (CA3193, CA3493) 
• Low /j.1,j/j. T: 0.5 nA/oC max. (CA3193B, CA3493B) 

3.7 nA/oC max. (CA3193, CA3493) 
• Extremely high gain: 120 dB min. (CA3193B, CA3493B) 
• Low VlO vs. time 
a High CMRR and PSRR 
• Internally compensated: 1.2-MHz h 
• Low input noise voltage: 0.36J.LV p-p typo 
• Functional replacements for op-amp types 725, 108A, 

OP-5, OP-7, LM-11, LM714 

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 

Because of their low offset voltage and low offset voltage
versus-temperature coefficient, the CA3193- and CA3493-
series amplifiers have a wider range of applications than 
most op amps and are particularly well suited for use in 
the applications listed above. 

CMRR PSRR SR fr Supply 
(Min.) (Min.) (Typ) (Typ) Voltage 

db db VlJ.Ls MHz Range V 

100 100 0.25 1.2 ± 3.5 to ± 18 
110 100 0.25 1.2 ± 3.5 to ± 18 
120 110 0.25 .1.2 ± 3.5 to ± 22 

3351 

« 
o 
a: 



« 
() 
a: 

~--------------------------------------------------------I1lI:JJI ~~~ 
CA3420B, CA3420A, CA3420 Preliminary Data 

Low-Supply Voltage, Low-Input Current 
BiMOS OP-AMPS 
The RCA-CA3420B, CA3420A, and CA3420 are 
integrated-circuit operational amplifiers that combine 
PMOS transistors and BiPolar transistors on a 'single 
monolithic chip. The CA3420B, CA3420A, and CA3420 
BI MOS operational amplifiers feature gate-protected PMOS 
transistors 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 guard
banding technique for reducing the doubling of leakage 
current for every 10° C increase in temperature. The CA3420 
series operates at total supply voltages from 2 to 20 volts 
either single or dual supply. These operational amplifiers 
are internally phase compensated to achieve stable 
operation in the unity gain follower configuration. 
Additionally, they have access terminals for a 
supplementary external capacitor if additional frequency 
roll-off ·is desired. Terminals are also provided for use in 
applications requiring input offset voltage nulling. The use 
of PMOS in the input stage results in common-mode input 
voltage capability down to 0.45 volt below the negative 
supply terminal, an important attribute for single-supply 
application. The output stage uses a 'feedback OTA type 
amplifier that can swing essentially from rail-to-rail. The 
output driving current of 1.5 mA MIN is provided by USing 
non-linear current mirrors. 

The CA3420-series has the same 8-lead pin-out used for the 
industry standard 741. They are supplied in the standard 
8-lead TO-5style package (S suffix, and T suffix); in the 
standard 8-lead dual-in-line plastic package' (Minidip - E 
suffix), and are also available in chip form (H suffix). 

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V+ = 1V, V-'= -1V, TA = 25°C unless otherwise specified 

Characteristic CA3420B 

Min Typ Max Min 

I nput Offset Voltage IVIO I - 0.8 2 -

Input Offset Current 11101 - 0.13 0.7 -

Input Current\11I - 0.5 1 -
Large-Signal Voltage Gain 20K 100K - 20K 

AOL (RL = 10 KO) 86 100 - 86 

Common-Mode - 560 1800 -

Rejection Ratio CMRR 55 65 - 50 

Common-Mode Input VICR + +0.2 +0.5 - +0.2 

Voltage Range VICR, - -1 -1.3 - -1 

Power Supply Rejection - 20 180 -
Ratio PSRR !:l.VIO/!:l.V 75 94 - 70 

Max Output Voltage VOM + +0.90 +0.95 - +0.90 

RL = 00 VOM - -0.85 -0.91 - -0.85 

Supply Current 1+ - 350 550 -
Device Dissipation PD - 0.7 1.1 -
Input Offset Voltage 

Temp. Drift !:l. VIOI!:l. T - 4 - -

BUFFER AMPS; HIGH GAIN 
BOOTSTRAPPED (50 K) 

OTA BUFFER 
(X 2) 

INPUT PROTECTION 
NETWORK 92CS-34156 

Fig. 1 - Functional diagram for CA3420. 

Features: 
• 2 V Supply at 300 pA Supply Current 
• 1 pA (typ) Input Current 

(Essentially Constant to 85° C) 
• Rail-to-Rail Output Swing 

(Drive ±2 mA into 1 KO Load) 
• Pin Compatible with 741 Op-Amp 
• Low Cost 8-Lead Minidip, TO-5 

Applications: 
• pH Probe Amplifiers 
• Picoammeters 
• Electrometer (High Z) instruments 
• Portable Equipment 
• Inaccessible Field Equipment 
• Battery Dependent Equipment 

(Medical and Military) 

Limits 

CA3420A CA3420 

Typ Max Min Typ Max 

2 5 - 5 10 

0.13 2 - 0.25' 2 

0.5 3 - 1 3 

100K - 10K 100K -
100 - 80 100 -

560 3200 560 -
65 - 65 -

+0.5 - +0.5 -

-1.3 - -1.3 -
32 320 - 32 320 

90 - 70 90 -
+0.95 - +0.90 +0.95 -
-0.91 - -0.85 -0.91 -
350 550 - 350 550 

0.7 1.1 - 0.7 1.1 

4 - - 4 -

Units 

mV 

pA 

pA 

V/V 

dB 

JiV/V 

dB 

V 

V 

JiV/V 

dB 

V 

V 

JiA 

mW 

pV/oC 
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CA3440B, CA3440A, CA3440 
Nanopower BiMOS Op Amp \ 
The RCA-CA3440B, CA3440A, and CA3440 are integrated 
circuit operational amplifiers that combine the advantages of 
MOS and bipolar transistors on a single monolithic chip. 

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 pA). These 
devices operate at total supply voltages from 4 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 consumption (300 nW). These operational 
amplifiers are internally phase-compensated to achieve stable 
operation in the unity-gain follower configuration. Terminals 
are also provided for use in applications requiring input offset-
voltage nulling. The use of PMOS in the input stage results in 
common-mode input voltage capability down to 0.5 volts 
below the negative-supply terminal, an important attribute for 
single-supply applications. The output stage uses MOS 
complementary source-follower form which permits moderate 
load driving capability (10 Kfl) at very low total standby 
currents (50 nA). 

The CA3440-series has the same 8-lead terminal pin-out used 
for "741" and other industry-standard op amps with two 
exceptions: terminals one and five must be connected to the 
negative supply or to a potentiometer if nulling is required. 
Terminal 8 must be programmed through an external resistor 
returned to the negative supply. 

These devices are supplied in either the standard 8-lead TO-5 
style package (T suffix), 8~lead dual-in-line formed-lead TO-5 
style "DIL-CAN" package (S suffix), or in the 8-lead dual-in-
line plastic package "Mini-DIP" (E suffix). They are also 
available in chip form (H suffix). 

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

,...----------, 
I I 

I I 
I 

PROGRAMMING = 
RESISTOR 

92C5-34005 

Functional diagram for CA3440 series. 

Features: 
• 300-nW (typ.) standby power at V+ = 5 V 
• Supply current, aw, slew rate programmable 

using external resistor 
• 10-pA (typ.) input current 
• 4.0 to 15- V supply 
• Output drives typical bipolar-type loads 
• Low-cost 8-lead Mini-DIP, TO-5 

At v+ ~'5 V. V- -5 V. T A 25" C Unless Otherwise Specified. RSET 10 MO 

LIMITS 

CHARACTERISTIC CA3440B CA3440A CA3440 UNITS 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Input Offset Voltage, iVIOI - 0.8 2 -- 2 5 - 5 10 mV 

Input Offset Current, 11101 - 2.5 10 - 2.5 20 - 2.5 30 

Input Current, IIII 10 30 10 40 10 50 
pA 

- - -

Large-:Signal Voltage Gain, AOL 32K 100K - 10K 100K - 10K 100K - V/V 

(RL 10 KO) 90 100 - 80 100 - 80 100 - dB 

Common-Mode - 32 180 - 100 320 - 100 320 JiV/V 

Rejection Ratio, CMRR 75 90 - 70 80 - 70 80 . - dB 

Common-tv;1ode Input, VICR+ +3.5 +3.7 - +3.5 +3.7 - +3.5 -1-3.7 -
V 

Voltage Range, VICR- -5.0 --5.3 - -5.0 -5.3 - -5.0 -5.3 -
Power Supply Rejection Ratio, 

b.VIOlb.V - 20 180 - 32 320 - 32 320 JiV/V 

PSRR 75 94 - 70 90 - 70 90 - dB 

Maximum Output Voltage. 

VOM+ +3 +3.2 - +3 +3.2 - +3 +3.2 -
V 

VOM- --·3 -3.2 - -3 . --3.2 - -3 -3.2 -

Supply Current, 1+ - 10 17 - 10 17 - 10 17 JiA 

Device Dissipation, PD - 100 170 - 100 170 - 100 170 JiW 

Input Offset Voltage Temperature 
4 4 4 JiV/o C - - - -- - -

Drift, b. VIOl b. T 
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Variable Operational Amplifiers 

CA3078, CA3078A, CA6078A Micropower Op Amps Deliver milliamperes with 
microwatt standby operation . 

Type No. Package 

CA3078T 
CA3078AT 8-lead TO-5 
CA6078AT 
CA3078S 

.-~ __ ~--~----~--~--~~--~----------~_{7 
. )010 012~ 50n v+ ~~02 ~, 03 

06 ~l~ ~---4 I 018 

04 
07 

I 

Operating Temp. 
Range 

o to + 70° C 
-55 to + 125°C 
-55 to + 125°C 

o to + 70°C 

1 

~
OUTPUT 

016 ,. (';;\ 

Oil I ~ 
013 ~ 

08"~ JOl5 

017 
08 

09 

50n 

COMPENSATION 92CS-1755IRI 

Low standby power consumption is what makes these 
op amps particularly suited for operation from a single 
1.5 V battery. A programmable input terminal provides 
the designer with an opportunity to tailor the frequency 
response and improve the slew rate without sacrificing 
power. 

CA3078AS 8-lead TO-5 DI L-CAN 
CA6078AS -55 to + 125°C 

. CA3078E o to + 70° C 
CA3078AE 8-lead Mini-Dip 
CA6078AE -55 to + 125°C 
CA3078H o to + 70°C 
CA6078AH Chip -55 to + 125°C 

Limits 
CA3078 CA3078A 

CA6078A 
Units 

RSET = 1Mn, RSET = 5.1Mn,· 
Characteristics 10 = 100Jl A 10 = 20 Jl A 

at T A = 25°C, V ± = ± 6V Min Typ Max Min Typ Max 

Input Offset Voltage, VIO - 1.3 4.5 - 0.7 3.5 mV 
Input Offset Current, 110 - 6 32 - 0.5 2.5 nA 
Input Bias Current, liB - 60 170 - 7 12 nA 
Open-Loop Diff. 
Voltage Gain,AoL 88 92 - 92 100 - dB 
Total Quies~ent Current 10 - 100 130 - 20 25 uA 
Device Dissipation, Po - 1200 1560 - 240 300 uW 
Maximum Output 
Voltage, VOM ± 5.1 ±5.3 - ± 5.1 ± 5.3 - V 

Common-Mode Input + 5.8 + 5.8 
- to - - to - V 

Voltage Range, VieR 
-5.5 -5.5 

Common-Mode 
80 110 80 115 dB Rej. Ratio, CMRR 

- -

Maximum Output 
Current, lo~d - 12 - - 12 - mA 

"Popcor.n" (Burst) Noise CA6078A 
Device is rejected if total noise voltage 
(burst + 1/f), referred to input, exceeds 
20JlV peak during 30 sec. test period. 

3354 

CA3078, CA3078A Features: 
• Low standby power: as low as 

700 nW 
• Wide supply voltage range: 0.75 

to ± 15V 
• High peak output current: 6.5mA 

min. 
• Adjustable quiescent current 
• Output short-circuit protection 

CA6078A Features: 
• Low noise (burst +·I/f) 
• Open-loop voltage gain: 40,000 

(92 dB) min. 
• Input offset voltage: 3.5 hlV max. 
• Operates with low total supply 

voltage: 1.5 min. (± 0.75 V) 
• Low quiescent operating current: 

ajustable for application 
optimization 

• Input bias current: adjustable to 
below 1 nA 

Applications (All Types): 
• Portable electronics 
• Medical electronics 
• DC amplifier 
• Narrow-band or band-pass filter 
• Integrator or differentiator 
• Instrumentation 
• Telemetry 
• Summing amplifier 
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CA31 05 Objective Data 
Power Operational Amplifier 

The RCA CA310S Power Operational Amplifier has built-in Features 
drive capability which will help minimize PC boards parts • 2.5 A Continuous output current 
count. Applications include direct solenoid, relay, motor, • VERSA VI Package with provision for heat sink mounting 
lamp, driver, pulse width modulator, positive voltage r~~u- • Thermal shutdown 
lator, negative voltage regulator, audio power amplifier, • Peak output current up to 3.5 A 
servo controls, telephone amplifier, and windshield-wiper • 1 MHz Bandwidth 
motor control. 

Terminal Assignment 

TOP VIEW 
92CS -29223RI 

Characteristics @ ± 12 Volts 

VIO 

110 

II 
VieR 

CMRR 
PSRR 
AOL@ RL= ao 
VOUT, RL = 240 
lOUT SOURCE (Peak)* 
lOUT SINK (Peak)* 
Slew Rate, RL = ao, ACL = ·100X 
aw, ACL = 30X; ACL = 100X 
Supply Current 

*Thermal Shutdown Occurs 

© Ie MASTER 1983 

Type 

SmV 
SOOnA 
1JiA 

46 db 
7Sdb 

Max. 

20mV 
3000nA 
10 Ji A 

V- to V+ -3V 

6Sdb 
40db (min) 
70db (min) 

Output Compensation 

TOPin4~ . r~'~F 

V- + 1.S V to v+ -2.0 V 
2.SA Continuous 
2.SA Continuous 

O.S V/JiSEC 
1MHz 
aOmA 
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Data-Conversion Circuits 

CA3162 I 
AID Converter 

For 3-digit digital 

readout system 

V+ 

ZERO 
ADJ 

V+ 

1 
" BCD OUTPUTS 

I 

I CONTROL LOGlc~1 I ,DIGIT ~~DIGIT SELECTOUTP~ COUNTERS 6 DRIVE •.. ~ 
MULTIPLEX - ~ 0· MSD 

I ®'LSD 
/~ THR~SHOLD @. NSD 

HIGH INPUT®----jV/I ~_ 

cow '"'"' ®---\""""" 1 ~ ~"". ~ -;-" T I 

I
REFERENCE BAND-GAP I I HOLD/ LlJ;;\ CONVERSION 
~~~~~~iOR REFERENCE OSC l ~X~~~S j r~ CONTROL 

Type No. 

CA3162E 
CA3162H 

*" MSD-MOST SIGNIFICANT DIGIT 
NSD- NEXT SIGNIFICANT DIGIT 
LSD- LEAST SIGNIFICANT DIGIT 

Operating Temp. 
Package Range 

16-Lead DIP o to + 75°C 
Chip 

GAIN 
ADJ 

The CA3162E analog-to-digital converter is specially 
designed for use in low-cost digital readout systems. 
This integrated circuit and a companion type, the 
CA3161 E BCD-to-seven-segment decoder/driver (see 
page 41), can be used to implement a 2-chip 3-digit 
readout system that features simplicity of operation and 
a minimum of external parts. The CA3162E AID 
converter provides highly accurate conversions, excep-
tional temperature stability, and other features that 
make it particularly well suited for use in such 
appl ications. 

Features: 

• Dual-slope AID conversion 
• Ultra-stable internal band-gap voltage reference 
• Capable of reading 99 mV below ground with single 

supply 
• Internal timing - no external clock required 
• Choice of low-speed (4-Hz) or high-speed (96-Hz) 

conversion rate 
• "Hold" inhibits conversion but maintains display 
• Multiplexed operation for high efficiency 
• Overload indication "EEE" for reading greater than + 

999 mV, "---" for reading more negative than -99 mV 

3356 

~GND 
92CM-30414RI 

Characteristics 
TA = 25°C, V+ = 5V 

Operating Supply 
Voltage Range, v+ 
Supply Current, 1+ 

Input Impedance, ZI 

Input Bias Current, liB 

Unadjusted Zero Offset 

Unadjusted Gain 

Linearity 

Conversion Rate: 
Slow Mode 

Fast Mode 

Common-Mode Input 
Voltage Range, VICR 

BCD Sink Current at 
terms. 1, 2, 15, 16 

Digit Select Sink Cur-
rent at terms. 3, 4, 5 

Min. 

4.5 

-

-
-

-12 

846 

-1 

-

-

-0.2 

0.4 

1.6 

Limits 
Typ. 

5 

-

100 

-80 

-

-
-

4 

96 

-

1.6 

2.5 

Max. Units 

5.5 V 

17 rnA 

- Mel 

- nA 

+ 12 mV 

954 mV 

+ 1 Count 

- Hz 

-

+ 0.2 V 

- mA 

- mA 
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Data-Conversion Circuits 

CA3300 Video CMOS/SOS 6-Bit AID Flash Converter 

REF 
CENTER 

REF- IO~AA~~+-~X~--~~ 
RI2 

<#>1 @-VDD 

COMP 
64 

COMP 
63 

COMP 
33 

COMP 
2 

COMP 
I 

ClOC'~D 

PHASEeJ, ' 

r:c;::: ~, (AUTO BALANCE] 

<#>2 (SAMPLE UNKNOWN) 

6.4 V 
NOMINAL 

ZENERr.p~~~ __ ~ ________ __ 
DIODE ~ :JIll VSS 

o iii CMOS SWITCH 

Features: 

92CM-32246 

The CA3300 is a 6-bit, 50-mW parallel (FLASH) 
analog-to-digital converter capable of accurately dig
itizing high-speed video signals and transient events. It, 
is particularly useful in applications requiring sampling 
rates in excess of 15 mega samples/second (conversion 
time 66 ns.) 

• Parallel conversion technique 
• 15-MHz sampling rate 

(66 ns conversion time) 
• 6-:-bit latched output 
• ± 112 LSB accuracy 
• 50 mW operation (+ 5-V supply) 

OVER 
FLOW 

The CA3300 consists of 64 auto.,.balanced comparators, 
resistive ladder network, zener reference diode, de
coder, and seven buffer storage registers. Two or more, 
chips may be wired in series to increase the resolution 
of the conversion system. Also, two chips may be wired 
in parallel to increase the speed of conversion by a 
factor of two. 

• Overflow bit - allows cascading of units 

The CA3300 employs an optional diode reference 
circuit. An external resistor, however, is required to use 
this reference. 

© Ie MASTER 1983 

for greater resolution 
• Single supply voltage (4-12V) 
• Internal VREF with external VREF' option 
• CMOS/SOS process 
• 3-state outputs 
• TTL/CMOS compatible 
• 18-lead dual-in-line ceramic package 

'3357 
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Data-Conversion Circuits 

CA3300 Video CMOS/SOS 6-Bit A/D Flash Converter (cont'd) 

Application.: 

• Video AlO converters: 
Ii Radar signature analysis 

• digitize analog signal from TV Camera using 
flash AlO 

• 'Oistortion analyzers 
• Motion detectors 

• process digital data (delayed, compressed, 
stretched) 

• High-energy physics and nuclear physics research: 
Type No. • change and time digitizers for drift chambers 

• processing of photomultiplier signals CA3300 
• calorimeter experiments 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 

Resolution 

Linearity Error 
VOO=8 V, VREF=7.68 V 
CLK=15 MHz, gain adjusted 

Oifferential Linearity Error 
VOO=8, VREF=7.68 V 
CLK=15 MHz 

Quantizing Error 

Analog Input: VOO=8V 
Full Scale Range CLK=15 MHz 

Input Capacitance 
Input Current 

Gain Temperature Coefficient VOO=8 V, CLK=15 MHz 

Maximum Conversion Speed 
VOO=5V 

VOO=8V 
VOO=5 V (CLK=11 MHz) 

Oevice. Current VOO=8 V (CLK=15 MHz) 

(Excludes IREF, IZ) VOO=5 V (Auto Balance State) 

VOO=8 V (Auto Balance State) 
Ladder Impedance 

Oigital Inputs: 

Low Voltage VOO=5V 

VOO=8V 
High Voltage VOO=5V 

VOO=8V 
Input Current VOO=8V 

Oigital Outputs: 

Output Low VOO=5 V, Vo=O.4 V 
(Sink) Current VOO=8 V, Vo=0.5 

Output High VOO=5 V, Vo=4.6 V 

(Source) Current VOO=8 V, Vo=7.5 V 

Zener Voltage Iz=10 mA 

Zener Oynamic Impedance Iz=10 mA 

Zener Temperature Coefficient 

Oigital Output Oelay, td VOO=8V 
Aperture Time VOO=8V 

3358 

Package 

18-Lead DIC 

MIN. 

-

-

-

-1/2 

2.4 

-
-
-
-

15M 

-
-
-
-

1000 

-
-
3.5 
5.5 

-

1.6 
3.2 
-0.8 
-1.6, 

6.2 

-
-
-
-

Operating Temp. 
Range 

-40 to + 85° C 

LIMITS 
UNITS 

TYP. MAX. 

- 6 Bits 

±0.5 ±0.8 

±0.5 ±0.8 LSB 

- 112 

- VOO V 

+0.5 

50 - pF 

600 1000 IJA 
0.016 - LSB/oC 

12M -
SPS 

19M -
7 -

22 -
mA 

6.4 16 

24 40 
1400 1800 0 

- 1.5 V 

- 2.5 V 

- - V 

- - V 

±1 - IJA 

10 -
15 - mA 
6 -
9 -

6.8 7.4 V 

10 30 0 
0.5 - mV/oC 

20 -
ns 

25 -
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~--------------------------------------------------------I1lI:~~~~ 
CA3308 Preliminary 

Features: 
• CMOS low power with SOS speed 
• Parallel conversion technique 

CMOS Video Speed 8-Bit Flash 
Analog-to-Digital Converter 
For Use in Low-Power Consumption, High-Speed 
Digitization Applications 

• 15-MHz sampling rate (66-ns conversion time) 
a 8-bit latched 3-state output with overflow bit 
• ± 712 LSB accuracy 
• Single supply voltage (4 to 8 V) 
• 2 units in series allow 9-bit output The RCACA3308 is a CMOS 250 mV parallel (FLASH) 

analog-to-digital converter designed for applications de
manding both low-power consumption and high-speed 
digitization. 

• 2 units in parallel allow 3D-MHZ sampling rate 
• Internal VREF with ext VREF. option 

Applications 
• The CA 3308 is especially suited for high-speed conver

sion applications where low power is also important 

The CA3308 operates over a wide dynamic input-voltage 
range of 2.5 volts up to the dc supply voltage with maximum 
power consumptions as low as 250 mW, depending upon 
the clock frequency selected. When operated from a 5-volt 
supply at a clock frequency of 15 MHz, the powerconsump
tion of the CA3308 is less than 250 mW. When operated from • 
an 8-volt supply at a frequency of 18 MHz, the power con- • 
sumption is less than 750 mW. • 

• 
• 
• 
• 
• 
a 

• 

TV video digitizing (industrial/security/broadcast) 
High-speed A/D conversion 
Ultrasound signature analysis 
Transient signal analysis . 
High-energy physics research 
High-speed oscilloscope storage/display 
General-purpose hybrid ADCs 
Optical character recognition 
Radar pulse analysis 
Motion signature analysis 

The intrinsic high conversion rate makes the CA3308 
ideally suited for digitizing high-speed signals. The over
flow bit makes possible the connection of two or more 
CA3308s in series to increase the resolution of the conver
sion system. A series connection of two CA3308s may be 
used to produce a 9-bit high-speed converter. Operation of 
two CA3308s in para"el doubles the conversion speed (i.e., 
increases the sampling rate from 15 to 30 MHz). CA3308s in 
para"el may be combined with a high-speed 6-bit 01 A con
verter, a binary adder, control logic, and an op amp to form a 
very high-speed AID converter. 

256 para"eled auto-balanced voltage comparators measure 
the input voltage with respect to a known reference to 
produce the para"el-bit outputs in the CA3308. 

255 comparators are required to quantize a" input voltage 
levels in this 8-bit converter, and the additional comparator 
is required for the overflow bit. 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Resolution 

Linearity Error 

Differential Linearity Error 

Quantizing Error 

Analog Input: 
Fu" Scale Range 
Input Capacitance, 
Input Current 

Maximum Conversion Speed 

Device Current 
(Excludes IREF, Iz) 

© Ie MASTER 1983 

The CA3308 type is available in a 24-lead dual-in-line ce
ramic package (0 suffix) or in chip form (H suffix). 

LIMITS 
TEST CONDITIONS MIN. TYP. MAX. UNITS 

- - 8 Bits 

Voo = 5V, VREF = 7.68 V 
±0.5 ±0.8 

ClK = 15 MHz, gain.adjusted 
-

Voo = 8, VREF = 7.68 V 
±0.5 ±0.8 lSB -

ClK = 15 MHz 

-1/2 - 1/2 

Voo = 5 V 
ClK = 15 MHz 2.4 - 10 V 

- 50 - pF 
- 1000 2000 pA 

Voo = 5 V 15M 17M -
SPS 

Voo = 8 V IBM 20M -

Voo = 5 V (ClK=15 MHz) - 50 -
Voo = 8 V (ClK=18 MHz) - 22 - mA 
Voo = 5 V (Auto Zero State) - 2 100 
Voo = 8 V (Auto Zero State) - - 300 
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State 

3360 

ANALOG ~ 
SUPPLY ~VAA 

114 REF 

::s 50 K 

4>1 

i~256 
!~'I! I , 
I I 
I , 

I , CAB#193 

!~II , , 
I , 
, I 
I , 

I I CAB#,129 

~65 
~i 

* 

4>1 

./0+---+--+ 0 Q 

LATCH 
256 

CAB COMPARATOR #1 

CLOCK"", ~~ ¢I (AUTO BALANCEI 

PHASE~L/ y>-¢2(SAMPLE UNKNOWNI 

ANALOG 
GROUND~AGND 

* CASCADED AUTO BALANCE (CABI 

92CM-3452'3R 2 

Block diagram for the CA3308 

( TOP VIEW) 

(LSB) Bl 24 VAA (ANALOG SUPPLY) 

B2 2 23 3/4R 

B3 3 22 +R 
B4 4 21 VIN 

B5 5 20 1/2R 

B6 6 19 PHASE 

B7 7 18 CLK 

(MSBIB8 8 17 AGND (ANALOG GROUNDl 

OVERFLOW 9 16 VIN 
1/4 R 10 15 -R 

(DIGITAL GROUNDIVss 11 14 CEI 

(DIGITAL SUPPLY) VDD 12 13 CE2 

92CS-34789 

TERMINAL ASSIGNMENT 

-r.;;J DIGITAL 
VDD~SUPPLY 

OUTPUT 3-STATE 
REGISTOR DRIVERS 

OVERFLOW 

8 BIT 8(MSB) 

I BIT I(LSB) 

-r.71 DtGJTAL 
VSS-80ND 
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Solid 
State 

CA3161 BCD-to-Seven-Segment Decoder/Driver 

Type No. Package 

CA3161 E 16-Lead DIP 
CA3161H Chip 

Characteristics 

TA = 25°C 

CONSTANT 
CURRENT 
SEG MENT 
DRIVERS 

92CM-30346 

Operating Temp. 
Range 

o to + 75° C 

Supply Voltage Operating Range, V· 

Supply Current, 1+ (all inputs high) 

Output Low Current (Va = 2V) 

Input Voltage High, VIH 

Input Voltage Low, Vil 

Objective Data 

The CA3161 E decoder/driver decodes the multiplexed 
BCD signals from the AID converter into seven line 
outputs that represent a decimal number from 0 to 9 on 
a 7-segment digital readout device. The decoderldriver 
circuit includes seven constant-current segment drivers 
that eliminate the need for any current-limiting 
resistors. 

Features: 

a TTL-compatible input logic levels 
a 15-mA (typ.) constant-current segment outputs 
a Eliminates need for output current-limiting resistors 
a Pin compatible with other industry standard 

decoders 
a Low standby power dissipation: 18 mW (typ.) 

Limits 

Min. Typ. Max. Units 

4.75 5 5.25 V 

- 3.5 8 mA 

18 25 32 mA 
\ 

2 - - V 

- - 0.8 V 

CA3999 3 3/4-Digit ADC Display System 
Typical Circuit 

100PF'~ 
91K 

ED 

Features 

required 
III Direct-current drive for L 
III No external active parts 
Ii.1 60/50 HZ filtering of inp 
m Full BiPolar input ± 2V f 
III Single 5V supply operat 

ut Signal 
or ± 3999 display 
ion 

OR 

Applications iJ.P -----D Instrument readout DVM 
m Industrial monitoring 

TO PRINTER [ = 
IDMM/DPM 

.----

I ents I I 
'~ c Weight scales 

r::I Temperature measurem 

Package .-L .-L ~ r-'--

m 40L DIP 

(3) (9) (9) (9) 
'- L-- '- L--

LED DISPLAY 

© IC MASTER 1983 

+5V 
CA3999 t o. I iJ.F 

10SCI VDD 40 
II 
1\ 

~{IOiJ.F 2 OSC2 RS 39 

3 OSC 3 01 V REF IN 38 

4 Z MODE VREF IN 37 

5 HALT +IN 36 

- IN 35 6 BCD 1 
~/06iJ.F 

7 BCD 2 CINT OUT 34 
1\ 1/1.0iJ.F I 

8 BCD4 CAZ 33 1\ 1 f,2,.,°f 
9 BCD 8 C INT IN 32 vvv 

10 DO( LSD) VREF OUT 31 

II 01 RI, 30 .A6,..2,.,K 
vvv I 

12 02 RI2 29 
1/0.IiJ. F 

13 03 NEG PS OUT 28 1\ 

14 SEG a NEG PS C- 27 
OO.IiJ.F 

15 SEG b NEG PS C + 26 

16 SEG c VSS 25 

17 SEG d INTENSITY CTRL 24 yJ 
18 SEG e 

19 SEG f (-SIGN) 

20 SEG g 

TOP VIEW 

HOLD 23 

UNDERV 22 

OVER V 21 

* USE. POLYPROPYLENE 
CAPACITOR 

..1\"-,, v v v 

-A]vy 

~ 
92CM 

I IN PUT 
VOLTAGE 
(:t 2 V) 

- 35285 
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Special-Function Circuits 

CA3169 Solenoid and Motor Driver (112 H Driver) 

SINK 
OUT 

OUTPUT B 

-L
.& 01 
Tz ~A MAX. 
I SURGE 

V2CS-53S20 

Fig. - 112 H driver function diagram. 

The CA3169 solenoid and motor driver is capable of 
driving lamps and other devices that can be changed 
between two states (on and off). This device can 
control relays, solenoids (latching or non-latching), 
motors (dc forward and reverse, dc stepping motors, 
and solid state power devices such as transistors, 
SeR's, and triacs. 

The CA3169 operates with TTL logic levels on the 
input. The source and sink outputs are in the off 
condition (non-conducting) when their respective in
puts are in a high state or open-circuited. The outputs 
are in an on state (conducting) when their respective 
inputs are low. 

Operating Temp. 
Type No. Pacl<age Range 

5-Lead 
CA3169 TO-220 pkg. with 

vertical mount 
-40 to + 85° C 

5-Lead T.o-220 
CA3169M pkg. with horizontal 

mount 

3362 

Features: 

• Separate sink circuit and source circuit each individ-
ually controlled 

• Inputs can be driven by TTL logic levels 
• 600 mA (typ) output sink and source current 
• Output short-circuit protection 
• Thermal overload protection 
• Solenoid inductive "kick" protection with thermal

clamp diodes 
• Hermetic chip encapsulated in a 5-lead plastic 

TO-220-style package (Versa-VI) 
• Horizontal and vertical mounting packages available 

Applications: 

• Latching solenoid driver (single and multiple) 
• Non-latching solenoid driver 
• Relay driver 
• Lamp controller 
• Lamp driver 
• Motor controller (forward and reverse) 
• Stepping motor controller 
• On-off logic controllers (TTL logic) 
• Intermediate power driver 
• Triac, SCR, and transistor drivers 

Electrical Characteristics: TA = 25°C, V' = 10.5 to 18V 

Limits 
Characteristics Min Typ. Max Units 

Output Leakage Current 
-110 ±0.5 110 JlA (Pin 2 or Pin 3) 

Quiescent Current (Pin 1): - 60 90 
Input Terminals Shorted rnA 
Input Terminals Open - 17 40 

Overvoltage Shutdown 
Circuit (Pin 1): 

Upper Trip Point ·20 25 27 
V 

Lower Trip Point 18 21.4 23 

Input Logic Levels: 
Source Input (Pin 5) 
Sink Input (Pin 4): 

Threshold Voltage: 
Inputs Low (Vld - 0.4 0.85 V 
Inputs High (VIH) 2 2.3 -

Source Output: 
Short-Circuit Current 0.65 1.11 2.6 A 

(Pin 2-G) 

Sink Output: 
(ISINK = 600 rnA) - 0.3 0.85 V 

Output Saturation 
Voltage (V3 ) 
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-----------------------RCIi Solid State 

Special-Function Circuits 

CA3179 - 1.25-GHz Prescaler 

@ 0 
MULTI- ~2 

@ ~ PLEXER~ 1;] r® 
@ lS - 0 

.,.2 ~2 

@ (V -

.,.2 .,.2 .,.2 

@ G) 

BUF 

~ -8- -=- ® 
.;.2 

BUF 

~ ~ ~ 

92CS-31617 

I 

Features: 

• Broadband operation - DC to 1.25 GHz 
• High sensitivity - 5mV typo 
• Standard T2 l or ECl power supply 
• Dual mode operation - VHF/UHF (+ 64/ + 256) 
• Power DiSSipation - 325 mW typo 
• Requires only a single power supply. 
• Complementary ECl outputs 
• Independent VHF and UHF input terminals 

Applications: 

• Digital frequency synthesizers for: 
VHF/UHF receivers 
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 

© Ie MASTER 1983 

For Communications and 
Instrumentation Systems 

The RCA CA3179G performs division by 256 in the uhf 
mode and division by 64 in the vhf mode. 

The mode of operation is selected by means of the 
bandswitch and the separate uhf and vhf input 
terminals provided. Either single- or double-ended 
inputs can be applied. 

In the uhf mode, which is activated by applying a high 
level (logical 1) to the bandswitch input terminal, all 
eight divider stages are operative, resulting in division 
by 256. In the vhf mode, activated by a low level 
(logical 0) at the vhf input terminal, two divider stages 
are bypassed, resulting in division by 64. An internal 
amplifier/multiplexer provides this control while isolat-
ing both inputs, amplifying the input signal, and 
improving sensitivity. 

Operating Temp. 
Type No. Package Range 

CA3179G 
14-Lead DIP -55 to + 1250 C 

CA3179GH CHIP 

Characteristics Limits 
TA = 25°C, y+ = 5V, V- OV Min. Typ. Max. Units 

Supply Current, 1+ 30 65 100 rnA 

8andswitch: 
Voltage VBl 2.4 - -

V 
VBH - - 0.8 

Current IBl -1 - -
rnA 

IBH - - 0.5 

Sine Wave Sensitivity - 5 40 rnVRMS 
(fiN = 90 to 275 MHz) 

Output Voltage: 
VOL - 4.2 -
VOH - 3 - V 

Vop- p 0.65 1.1 1.6 

Output Rise or 40 70 100 ns 
Fall Ti me: tr • tf 
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Special-Function Circuits 

CA3199 1.25 GHz -;- 4 Prescaler 

Features: 

• Broadband operation - DC to 1.25 GHz 
• High sensitivity .... 

Standard T2 l or ECl power supply • 
lr ~ • Complementary ECl outputs 

Ne0- ~v+ Applications: 

';'2 -:-2 • Digital frequency synthesizers for: 
INPUT ®-

rt-1-T 
- f-00UTPUT VHF/UHF receivers 

Sateflite communications 

·INPUT :3 

~ ~0U'fPUi' 
I nstru mentati on 

• High-frequency divider for: 

BIAS @-r- ~.v-
UHF frequency counters 

B I AS :- UHF timers 
High-speed computers 

TOP VIEW Frequency standards 

92CS-32245 
SHF second IF local-oscillator injection 
PCM communications 
Satellite communications 
Radar ranging systems 

• High-frequency up-converters 

Operating Temp. 
Type No. Package Range 

CA3199 8-lead MINIDIP o to + 85° C 

The CA3199 is a bipolar integrated fixed-ratio counter 
(divide-by-four) circuit which operates over the VHF/ 
UHF frequency band (DC to 1000 MHz). The CA3199 
accepts either single or double-ended ac-coupled input 
signals and provides complementary emitter-follower 
outputs at standard ECl logic levels. 

Characteristics: Limits 
TA = 25°C, V + = 5V, V5 = Ground Conditions Min. Typ. Max. Units 

Output Voltage: 
High-Level ("1 ") VOH Outputs - 4.2 - V 
Low-Level ("0") VOL unloaded - 3.4 -

Internal Bias Voltage, VBrAs Pin 4,floating - 2.3 - V 

Power Supply Drain Current, 10 35 60 85 rnA 

Input Sensitivity (sinusoidal) Single-ended input - 400 - rnVp- p 

1000 MHz 
Output Voltage Swing, Vop - p Ve, V7 0.6 - - Vp - p 

Transition Time: 
High-level ("1 ") Outputs - 0.6 -
Low-level ("0") unloaded 0.6 

ns - -

Input Capacitance, C, - 2.5 - pF 

Input Resistance, R, - 400 - n 
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......... ----------------------Rcn Solid State 

CA3207E, .CA3208E 
Sequencer Driver and Segment latch
Driver for Vacuum Fluorescent Displays 
The RCA-CA3207E and CA3208E are sequence-driver 
and segment latch-driver used in .combination to drive 
vacuum fluorescent display devices of up to 14 segments 
with up to 14 characters of display. The CA3207E selects 
the digit or character to be displayed in sequence and the 
CA3208E turns on the required number of segments of the 
character selected. 

At anyone time, only 1 character is lit and 13 characters are 
"off", but to the eye, all characters appear lit at once. 

Each sequencer-driver will turn "on" 14 characters at one 
time. The sequencer-driver clock line may be used to drive 
the cross-coupled CE and CE inputs of 2 segment-latch 
drivers to provide for the display of up to 28 characters (see 
Fig. 12). The logic portion of both circuits use CMOS 
technology. They operate at 5 volts. The output drivers use 
bipolar technology and operate at supply voltages up to 55 
volts. The CA3207E will source 40-mA per character and the 
CA3208E will source 7.5-mA per segment. 

Both types are supplied in the 22-lead dual-in-line plastic 
package (E suffix), and they are also available in chip form 
(H suffix). 

Features: 
II Serial input, parallel output 
II Total of 14 outputs 
• CMOS and r2L compatible inputs 
• Low-power CMOS Logic

Bipolar high-voltage output 

Sequencer Driver (CA3207E) 
II Sequentially turns on 1 of 14 

characters (or 2 of 28 when used 
with 2 CA3208E's) 

II Signal dimming through 
Gates 1 or 2 

II Use with vacuum fluorescent 
display or any display that will 
work within its limits of 35 V to 55 V 

• Will operate in an output voltage 
range of 35 V to 55 V 

Latch Driver (CA3208E) 
• Choose which of 14 segments of 

alphanumeric display are to light 
• Two devices may be run in 

parallel to control a total of 
28 characters by means of the CE 
and CE pins 

G2 22 G3 

GI 2 21 G4 

VCC 3 20 G5 

VOD 4 19 G6 

GATE I 18 G7 

GATE 2 6 17 G8 

RD 7 16 G9 

SYNC 8 15 GIO 

ClK 9 14 Gil 

GND 10 13 GI2 

GI4 " 12 GI3 

TOP VIEW 

92CS-34428 

TERMINAL ASSIGNMENT 
CA3207E 

m 22 

2 21 

VCC 3 20 

VOD 4 19 I 

STROB E 5 18 

CE 6 17 

CE 7 16 

ClK 8 15 

OATA 9 14 

GND 10 13 

II 12 b 

TOP VI EW 

92CS-34430 

TERMINAL ASSIGNMENT 
CA3208E 

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Vee = +55 V, Voo = +5 V, CL = 50 pF 

LIMITS 

CHARACTERISTIC TEST CONDITIONS CA3207E CA3208E UNITS 

Min. Max. Min. Max. 

No inputs "On" - 10 - -
Vee Supply Current lee rnA 

Half inputs HIGH - - - 65 

Voo Supply Current 100 All inputs HIGH - 1 - - rnA 

All inputs LOW - - - 800 
JiA 

All inputs HIGH - - - 1 

Input Current, Low-Level IlL VIN = 0 V - 1 - 1 

Input Current, High-Level hH VIN = 5 V 1 1 
JiA 

- -
RL = 1.335K - 1 - -

Output Voltage, Low-Level VOL 
RL = 7.1 K 1 - - -

V 
. IOH = 40 rnA 53 - - -

Output Voltage, High-Level VOH 
IOH = 7.5 rnA 53 - - -

Input Low Voltage VIL - 1.5 - 1.5 
V 

Input High Voltage VIH 3.5 - 4.5 -
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State 

CA3211E Preliminary Data 

VHF/UHF Prescaler 
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. 

The mode of operation can be selected by means of the 
bandswitch and the separate UHF and VHF input terminals 
provided. The output is a complementary emitter-coupled 
stage with controlled slew rate for harmonic suppression. 

The CA3211 E is supplied in an 18-lead dual-in-line plastic 
package. 

CHARACTERISTIC 
T A =250 C, V+=5.0 V 

Supply Current, Terminal 7 

Band Change Voltage: 

Port 1 Select (VHF) 

Port 2 Select (UHF) 

Band Change Current, Terminal 2: 

At 0 Volts 

At 18 Volts 

Input Sensitivity, fiN: 

40 MHz 

80 MHz 

150-800 MHz 

900 MHz 

1000 MHz 

Output at Terminal 9 or 8: 

Mean Value 

Peak-Peak Swing 

Rise or Fall Time 

SIGNAL 
GENERATOR 
H.P.8660 

NOTES: 
1. TERMINATE UNUSED INPUT PORT WITH 50 OHMS. 
2. CONNECT ADAPTER TO DESIRED PORT. 

ADJUST SIGNAL GENERATOR LEVEL FOR 
PROPER COUNT. REMOVE ADAPTER AND 
CONNECT SENSOR TO 6·DB ATTENUATOR 
TO MEASURE POWER. 

3. FOR MAXIMUM DRIVE TEST REMOVE 6·DB 
ATTENUATOR 

4. TYPE N FEMALE CONNECTORS ON FIXTURE. 
5. TOTAL CAPACITANCE LOAD; 

PORT 2 
UHF INPUT 

\;1NF 

PORT I 
VHF INPUT 

Features 

• Divide by 256 
• Input frequency to 1 GHz 
• Dual input ports electrically selectable 
• Input sensitivity. 

< 10 pW typical 
(Generator available power into a 50-0 load) 

• 5-V power supply 
• {3alanced output ports 

Min. 

30 

-0.5 

3 

-
-

-
-
-
-
-

-
0.75 

-

MODE 
SWITCH' 

LIMITS 

Typ. 

65 

0 

5 

-
-

15 

10 

10 

10 

15 

3.5 

1 

70 

Max. 

110 

0.6 

18 

-1 

-2 

-
35 

20 

35 

45 

-
-
-

V+ 
I~F 

7 

UNITS 

rnA 

V 

rnA 

mVrms 

V dc 
Vp_p 

ns 

·~·_r~E51 
33pF 

PINS 10 THRU 18 
OPTIONAL GND 

92Cl.1-34951 

Block diagram and test circuit of the CA3211 E. 

3366 © IC MASTER 1983 



r----------------------.:....---------R~dlJ ~f~~~ 

CA3219E Preliminary Data 
Quad Power NAND Driver 
For Interfacing low level logic and 
High Current loads 

Features: The RCA-CA3219E quad power NAND driver contains four 
NAND gate switches for interfacing low-level logic to in
ductive and resistive loads such as: relays, solenoids, AC 
and DC motors, heaters, incandescent lamps, and segment 
drivers. 

a Driven outputs capable of switching 600-mA load 

Diodes in the outputs match the IC to inductive load.s. 

To allow for maximum heat transfer from the sub-chips, the 
two center leads are directly connected to the die substrate 
and to the ground bond pads. In free air, junction-to-air 
thermal coefficient (OJ-A) is 62°C/W* (typical). 

The CA3219E is supplied in the 16-lead dual-in-line (E suf
fix) plastic package. 

*This coefficient can be lowered to 45°C/W (typical) by 
suitable design of the PC board to which the CA3219E is 
soldered. 

currents 
a Inputs compatible with TTL or 5-V CMOS logic 
a Maximum amount of heat transfer from the sub-chips 
a Suitable for resistive or inductive loads 

ELECTRICAL CHARACTERISTICS at TA = 25°C; Vee = 5V 

LIMITS 

CHARACTERISTIC MIN. MAX. UNITS 

Output Leakage Current (Icex) 
VeE = 50 V V1N = 0.8V - 100 IJA 

Output Sustai ni ng Voltage V CE{sus) 
Ie = 100MA V1N = O.BV . 25 - V 

Coll.-Emitter Saturation Voltage VCE{sat) 
Ie = 100mA Vin 2.4V - 0.3 V 
Ie = 400mA Vin 2.4V - 0.5 V 
Ie = 600mA Vin 2.4V - 0.7 V 

Input Low Voltage V1L 

Inputs and enable - O.B V 

Input Low Current IlL 
V1N = 0.8V - +10 IJA 

Input High Threshold V1H 

Ie = 600mA 2 - V 

Input High Current 
Ie = 700mA V1N = 5.5V - 40 IJA 

Supply Current all Outputs on Icc (ON) 
Ie = 0.0 to 700mA, Vee = V1H = 5.5V - BO mA 

Supply Current all Outputs off 
Icc (OFF) - 5 mA 

Clamp Diode Leakage Current IR 
VR = 50V - 100 IJA 

Clamp Diode Forward Voltage UF 
IF=1A - 1.5 V 
IF=1.5A - 2 V 

© Ie MASTER 1983 3367 

« o 
a: 



« 
() 
a: 

Ron Solid 
State 

Power Control Circuits 

CA1524,CA2524, CA3524 
For Pulse-Width Modulated 
Switching Regulators 

® GND 

Type No. 

CA1524E 
CA2524E 
CA3524E 

CA3524H 

+5V TO ALL 
INT. CKTS 

Package 

16-Lead 
DIP 

Chip 

COMPENSATION 
AND 

COMPARATOR 

92CM·32665 

Operating Temp. 
Range 

-55to+125°C 

The CA1524 series (CA1524, CA2524, and 
CA3524) of pulse-width-modulated IC switching regu
lators offers designers of off-line switching power 
supplies exceptional design flexibility, high operating 
efficiency, low parts count, and regulation performance 
rivaling that of linear regulator supplies. 

Separate outputs for single-ended and push-pull opera
tion, an operating frequency greater than 100 kHz, and 
a variable-output dead time of from 0.5 to 511S make 
the CA 1524 series types highly versatile. The output 
transistors of this series of IC regulators are operated 
with low collector saturation voltage to assure higher 
operating efficiency and low on-chip temperature. 

Features: 

• Complete PWM power-control circuitry 
• Separate outputs for single-ended or push-pull 

operation 
• Line and load regulation of 0.2% typical 
• Internal reference supply with 1 % max. voltage 

variation over full temperature range 
• Standby current of less than 10 mA 
• Frequency of operation beyond 100 kHz 
• Variable output dead time of 0.5 to 5 I1s 
• Low Vce(sat) over temperature range 
• Alternate source for the industry standard 

SG1524 series 

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 
• Electronic scales 

The CA1524 Series, in addition to having all the 
necessary control circuits for switching regulator 
applications, employs two output n-p-n transistors. 
These transistors are internally current-limited and can 
be used in a variety of switching regulator configura
tions. Three of which are: 
1. Single-ended/single-stage configurations such as 

those used in forward and flyback converters. 
2. Single-ended/parallel-output stages for switching 

regulators. 
3. Dual or individual stage mode for push-pull, V2 

bridge, etc. 

Electrical characteristics: TA = -55 to + 125°C for CA1524'; 0 to + 70°C for CA2524, CA3524, y+ = 20Y, f = 20 kHz 

Load Ripple Temp. Total Short-Circuit 
y+ Range Yo Range Regulation Rejection Stability Standby Current VeE (sat) Current Limit 

Type Y Y % Yo (Typ) db (Typ) % (Max) Ma (Max) Y (Typ) mA (Typ) 

CA1524 8 to 40 4.8 to 5.2 0.2 66 10 0.8 100 

CA2524 8 to 40 4.8 to 5.2 0.2 66 10 0.8 100 

CA3524 8 to 40 4.6 to 5.4 0.2 66 10 0.8 100 
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CA3227E, CA3246E 
High-Frequency N-P-N 
Transistor Arrays 
For Low-Power Applications at 

Frequencies up to 1.5 GHz 

Preliminary Data 

Features: 
• Gain-Bandwidth Product (fr) > 3 GHz 
• Five transistors on a common substrate 

Applications 

• VHF amplifiers 
• VHF mixers 

The RCA-CA3227E and CA3246E* consist of five general
purpose silicon n-p-n transistors on a common monolithic 
substrate. Each of the transistors exhibits a value of h in 
excess of 3 GHz, making them useful from dc to 1.5 GHz. 
The monolithic construction of these devices provides 
close electrical and thermal matching of the five transistors .• 

• Multifunction combinations - RF/mixer/osci/lator 

The CA3227E is supplied in a 16-lead dual-in-line plastic 
package and the CA3264E is supplied in a 14-lead dual-in
line plastic package. 

SUBSTRATE 5 

• IF Converter 
• IF amplifiers 
• Sense amplifiers 
• Synthesizers 
• Synchronous detectors 
• Cascade amplifiers 

92CS-30424 

CA3227E Schematic Diagram (Top View) 

CA3246E Schematic Diagram 
(Top View) 

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C 

LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS Min. Typ. Max. 

For Each Transistor: 

Collector-to-Base 
Breakdown Voltage V(8RICBO Ic, = 10 pA, IE = a 12 20 -

Collector-to"'Emitter 
Breakdown Voltage V(8RICEO Ic = 1 mA, IB = a 8 10 -

Collector-to-Substrate * C1 = 10 pA, Is = 0, 
Breakdown Voltage V(~RICIO IE = a 20 - -

Emitter-Cutoff-Current* lEBo VES = 4.5 V, Ic = a - - 10 

Collector-Cutoff-Current ICEo VCE = 5 V, IB = a - - 1 

Collector-Cutoff-Current ICBO V CS = 8 V, IE = a - - 100 

DC Forward-Current Ic = 10 mA 110 -
Transfer Ratio hFE . VCE = 6 V Ic = 1 mA 40 150 -

Ic = 0.1 mA - 150 -

Base-to-Emitter Voltage VSE VCE = 6 V I c == 1 mA 0.62 0.71 0.82 

Collector-to-Em itter 
Saturation Voltage VCE(sat) Ic = 10 mA, Is = 1 mA - 0.13 0.50 

Base-to-Emitter 
Saturation Voltage VBE(satl Ie = 10mA, Is = 1 mA 0.74 - 0.94 

UNITS 

V 

V 

V 

pA 

pA 

nA 

V 

V 

V 

*On small geometry, high frequency transistors, it is very good practice never to take the Emitter Base Junction into 
reverse breakdown. To do so may permanently degrade the hFE . Hence the use of lEBO rather than V(SRIEBO. 
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Product Classification Chart 

Industrial Circuits 
OPERATIONAL AMPLIFIERS ARRAYS 

General Purpose DIFFERENTIAL Amplifierl 
General Purpose Wideband Variable AMPLIFIERS Diode Transistor 

Single Unit Dual Unit Single Unit High Current CA3000 Amplifier CA1724 CA3096 
CA101 CA082* CA080* CA3094. CA3001 CA3026 CA1725 CA3097 
CA201 CA083* CA081* Micropower CA3004 CA3035 CA3018 CA3118 
CA301A CA158 CA3008 CA3060 CA3005 CA3048 CA3036 CA3127 
CA307 CA25B CA3010 CA3078 CA3006 CA3049 CA3045 CA3128 
CA741 CA358 CA3015 CA3080 CA3007 CA3052 CA3046 CA3138 
CA748 CA747 CA3016 CA3440* CA3026 CA3054 CA3050 CA3146 
CA31 05 CA1458 CA3029 CA6078A- CA3028 CA3060 CA3051 CA3183 
CA3152* CA1558 CA3030 Dual Unit CA3040 CA31 02 CA3081 CA3227 
CA3193* CA2904 CA3037 CA3280 CA3049 CA3082 CA3246 
CA3420* Quad Unit CA3038 CA3050 Diode CA3083 .CA3600 
CA3493* CA084* CA3100* CA3051 CA3019 CA3084 
CA6741- CA124 CA3130* CA3053 CA3039 CA3086 

CA224 CA3140* CA3054 CA3141 CA3093 
CA324 CA3160* CA31 02 
CA3401 Dual Unit 

CA3240* 
CA3260* 

POWER CONTROL CIRCUITS DATA CONVERSION SPECIAL FUNCTION CIRCUITS 

Voltage Solenoid & AID Converters Timer Automotive Broadband 
Regulators Motor Drivers CA3162 CA3308 CA555 Circuits (Video) 

CA723 CA3169 CA3300 CA3999 CA3105 Amplifiers 
CA1524 CA3219 Four Quadrant CA3130* CA080* 
CA2524 Display Drivers Multiplier CA3160* CA081* 
CA3085 Power CA3161 CA3081 CA3091 CA3161 CA082* 
CA3524 Amplifiers CA3168 CA3082 CA3165 CA083* 

CA3020 CA3207 * Single-Chip CA3168 CA084* 
Zero-Voltage CA31 05 CA3208 * Detector Alarm CA3169 CA3001 
Switches VOLTAGE Systems CA3207* CA3002 

CA3058 . Automotive COMPARATORS CA3164* CA3208* CA3020 
« CA3059 Ignition Single Unit CA3219 CA3021 
() CA3079 Switch CA311 Prescalers CA3228 CA3022 a: CA3165 CA3098+ CA3179 CA3260* CA3023 

Programmable CA3099+ CA3199 CA3290* CA3040 
Schmitt Universal Dual Unit CA3211 CA3071 
Triggers Controller CA3290* CA31 00* 

CA3098 CA3228 Quad Unit CA3130* 
CA3099 CA139 CA3140* 

CA239 CA3160* 
CA339 CA3240* 

CA3260* 

MOS/FET's 

Single Gate Dual Gate Dual Gate Protected 
3N128 3N153 3N140 40600 3N187 40673 
3N138 3N154 3N141 40601 3N200 40819 
3N139 40467A 3N159 40602 3N204 40820 
3N142 40468A 40603 3N205 40821 
3N143 40559A 40604 3N206 40822 
3N152 3N211 40823 

3N212 40841 
3N213 

-Low-noise versions of CA741 and CA3078 *BiMOS types • CMOS types +Programmable 
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Product Classification Chart 

Consumer Circuits 
AUDIO RADIO 

TV/CATV CIRCUITS CIRCUITS CIRCUITS 

AFT Horizontal/ PIX IF Drivers AM/FM Com- FM IF 
CA3064 Vertical CA270 CA3094 munications Circuits 
CA3139 Systems CA1352 Circuits Gain Blocks 

CA920A CA3068 Power CA2111A CA3011 
Chroma CA1391 CA3136 Amplifiers CA2136A CA3012 
Systems CA1394 CA3153 CA2002 CA3011 CA3076 

CA1398 CA3154 CA3191 CA2004 CA3012 
CA3070 CA3159 CA3192 CA3013 Subsystems 
CA3071 CA3190*** CA7607 Preamplifiers CA3014 CA2111A 
CA3072 CA3202 CA7611 CA3036 CA3043 CA2136A 
CA3121 CA321 0 CA3048 CA3075 CA3013 
CA3126 CA3223*** Remote CA3052 CA3076 CA3014 
CA3128** Control CA3088 CA3075 
CA3137 Sync/AGC CA3035 CA3089 CA3089 
CA3145 Circuits CA3123 CA3189 
CA3151 CA3120 Sound IF CA3143 CA3209 

CA3158 CA3142 CA1190 CA3179 
CA3170 CA1191 CA3189 
CA3172 Luminance CA2111A CA3199 
CA3194** Processors CA2136A CA3209 
CA3201 CA3135 CA3011 
CA3217 CA3143 CA3012 MOS/FET's 
CA3221 CA3144 CA3013 Single Gate Dual Gate Dual Gate 

CA3156 CA3014 3N128 3N140 Protected 
CA3041 3N138 3N141 3N187 

Multiplex CA3042 3N139 3N15~ 3N200 
Decoders CA3065 3N142 40600 3N204 

CA758 CA3134 3N143 40601 3N205 
CA1310A 3N152 40602 3N206 
CA3090A Tuning 3N153 40603 3N211 
CA3195 CA3140 3N154 40604 3N212 

CA3152* 40467A 3N213 
CA3163 40468A 40673 
CA3166 40559A 40819 
CA3168 40820 
CA3199 40821 
CA3211 40822 

40823 
Videodisc 40841 
Circuits 

CA2111A 
CA3215 
CA3216 
CD3226 ... 

... CMOS types *BiMOS types **PAL ***625 Line 
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ANALOG DIVISION 

L VDT SIGNAL CONDITIONER 

':m1""Jiel.'ij 
DESCRIPTION 

The NE/SE5520 is a signal conditioning 
circuit for use with Linear Variable Differ
ential Transformers (LVDT). The chip in
cludes a low distortion amplitude stable 
sine wave oscillator with programmable 
frequency to drive the primary of the 
LVDT; a synchronous demodulator to con
vert the LVDT output amplitude and phase 
to position information; and an output 
amp to provide gain and filtering. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Split supply voltage 
Operating temperature range 

SE5520 
NE5520 

Storage temperature range 
Power Dissipation (Note 1) 

BLOCK DIAGRAM 

CT 13 

VREF 

12 

osc 

14 
+v BIASCKT 

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 

• LVDT signal conditioning 
• RVDT signal conditioning 

RATING UNIT 

+ 25 V 
± 12.5 V 

- 55 to + 125 °C, 
o to + 70 °C 

,- 65 to 150 °C 
840 mW 

+V 
10K 

SINE 
CONV. 

10K 

10K 

-=-
10K 

DEMODo-5~ ______________ ~-< 
OUT +V 

5K 
-IN 

+IN 

OUTo-+-----------~ 

NOTE: 
Pin numbers are for N package 

Signetics 
3372 

OCTOBER 1982 

NE/SE5520 

PIN; CONFIGURATION 

10K 

+V 

SYNC 
DEMOD 

F PACKAGE 

N PACKAGE 

TOP VIEWS 
ORDER NUMBERS 

NE5520F, SE5520F (16·Pin) 
NE5520N (14·Pin) 

11 
FEEDBACK 

9 osc 

10 
OSC 

8 
VREFt2 

4 
LVDTIN 

6 
SYNC 
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l VDT SIGNAL CONDITIONER NE/SE5520 

'm",,""·", 
DC ELECTRICAL CHARACTERISTICS TA = 2S0C, vR = V + = 10V unless otherwise specified. 

SE5520 NE5520 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Supply current Over temp. 7.0 10 7.0 10 mA 

Reference current Over temp. S.S 10 S.S 10 mA 

Reference voltage range Over temp. S V+ S V+ V 

Power Dissipation 120 220 120 220 mW 

Oscillator section 

Oscillator output 
VR VR Vrms 
8.7 8.7 

Sine wave distortion 4 4 0/0 

Initial amplitude error ±3 ±3 0/0 

Tempco of amplitude O.OS O.OS %/OC 

Voltage coef. of amplitude error 2.S 2.S %IV 

Initial accuracy of osc. frequency 20 20 0/0 

Tempco of frequency error O.OS O.OS %/OC 

Voltage coef. of frequency 2.S 2.S %IV(VR} 

1S 1S mA (rms) 
Oscillator output load current 

Over temp. S 8 mA (rms) 

Demodulator section 

Linearity error Over temp. O.OS 0.1 O.OS .1 % 

VR VR VR V 
Maximum demodulator input Over temp. range 2"-0.4 2"-0.4 2"-O.S 2+0.S V 

2 

Demodulator offset voltage Over temp. range 6S 6S mV 

Demodulator input current Over temp. -SOO -300 -SOO -300 nA 

Vr:/2 accuracy Over temp. -3 ±O.S +3 -3 ±O.S +3 % 

Output amplifier 

Input offset voltage Over temp. -7.S + 7.S -10 10 mV 

Input bias current Over temp. range -SOO -300 -SOO -300 nA 

Input offset current -100 100 -100 100 nA 

Gain RL = 10kD over temp. 30 2S0 100 V/mV 

Slew rate 1.S 1.S VIp-sec 

Gain bandwidth Av= 1 1 1 MHz 

Output voltage swing RL = 10K over temp. 1.8 V+ -1.S 1.S V+ -1.S V 

Output short circuit current SO SO mA 

NOTE 
Rating applies to ambient temperatures up to 70·C. Above 70·C derate linearly at 7.6 mW/·C for the plastic package and 7.3 mW/oC for the cerdip package. 

Signetics 
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ANALOG DIVISION 

l VDT SIGNAL CONDITIONER 

'WIi"J1".'fj 
TYPICAL PERFORMANCE CHARACTERISTICS 

3374 

IR AND 1+ vs TEMPERATURE 
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FO vs CT 

V+=VR=10V 

( 110 ) TVP: F = C I!,F) 

"'" i' 0.001 
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vs REFERENCE VOLTAGE 
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NE/SE5520 

IR AND 1+ vs VOLTAGE 

15~--+---~--_+--~ 

< 
§. 10r---+-----r--~--~ 
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§. 

0'------'-----'------'-------' 

40 

20 

10 15 

V+ =VR(VOLTS) 

DEMODULATOR OFFSET 
vs TEMPERATURE 

(NORMALIZED TO 25°C) 

I V+ =VR=10V 

20 

(TVP: + 250 /lV/oC) 
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V 
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> 

/ 
V 
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OSCILLATOR AMPLITUDE VARIATION 
WITH TEMPERATURE 
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L VDT SIGNAL CONDITIONER NE/SE5520 

INTRODUCTION 

An LVDT is an electromechanical trans
ducer which makes possible the measure
ment of very small motion in a structure or 
mechanical device. Mechanical motion is 
translated to an electrical signal which 
contains position information much as a 
radio frequency carrier contains sound in
formation. The position information from 
the LVDT is contained in the phase and 
amplitude of the output AC waveform. In 
order to remove the position information 
(demodulation). a system such as is 
shown in block form in Figure 1 must be 
used. Once signal demodulation is 
achieved the position data may be read 
out on a meter or digital display in addi
tion to being processed by microproces
sor or computer. The Signetics NE5520 is 
a new Monolithic L VDr Driver-Demodu
lator designed to interface with most 
LVDT's presently being used in the in
dustry. 

Uses will range over a large number of 
potential applications including the accu
rate measurement of position, pressure, 
load weight. angular position and even ac
celeration. Historically. LVDT's have been 
used in the following applications: 

• Load cell 
• linear motion 
• Torque cell 
• Vibration 
• Fluid pressure 
• Accelerometer 
• Inclinometer 
• Seismic load cell 

MOTION MAY·BE 

• linear 
• Rotary 

The NE5520 provides sinusoidal drive to 
the linear Variable Differential Trans
former (LVDT). the output of which is buf
fered. rectified and phase demodulated to 
obtain both direction and displacement in
formation in the form of a DC output 
signal (Figure 2). 

L VDT LOADING 

Due to the loosely coupled characteristics 
of the typical LVDT. loading effects versus 
frequency may be critical to a successful 
design. The graph (Figure 3A) shows this 
relationship in the form of a. family of 
CUives relative to LVDT core displacement 
for 400Hz and 2500Hz. From the curves it 
is obvious that the linearity and output 
level versus displacement is superior for 
an LVDT operated at 2000Hz with a very 
high impedance load (0.5 meg ohm). The 

© Ie MASTER 1983 

ALL PIN NUMBERS REFER TO. N PACKAGE 

THE LVDT WITH SINEWAVE EXCITATION AND SYNCHRONOUS DEMODULATION 

CORE POSITION 

rY'f"n+ t -0 

~ 
SIGNAL OUTPUT 

SECONDARY SECONDARY 
1 2 

~ r------'piv J DISPLACEMENT 

LVDT 

10 

Figure 1 

LVDT SYSTEM TRANSFER FUNCTION 

VOUT 

OUTPUT 

INTERNAL LVDT 

Figure 2 

NE/SE5520 demodulator presents a very 
high input impedance to the LVDT second
ary for maximum linearity. (Fig. 38) 

LVDT INTERFACING: SIGNAL 
CONDITIONING IS REQUIRED 

In order to obtain usable information from 
the LVDT a series of signal conditioning 
circuit operations are required. First, a 
stable source of constant frequency ex· 

'Signetics 

citation voltage must be applied to the 
primary of the LVDT. 

Next some form of demodulator is needed 
to extract position information from the 
LVDT secondary output signal. A full wave 
rectifier will provide usable amplitude in
formation when adequately filterec, how· 
ever, relative phase information is lacking. 
In order to obtain both phase and ampli· 
tude information synchronous demodula· 
tion is needed. This type of demodulator 
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ANALOG DIVISION OCTOBER 1982 

L VOT SIGNAL CONDITIONER NE/SE5520 

'W ii,,1iel.'lj 

OUTPUT CHARACTERISTICS OF A TYPICAL LVDT FOR VARIOUS LOADS 
AND EXCITATION FREQUENCIES 

(/) 

!:j 
o 
> 
I
::> 
~ 
I
::> 
o 

0.150 0.050 0 0.050 0.150 

CORE DISPLACEMENT INPUT 10 VOLTS 

BY PERMISSION SCHAEVITZ ENGINEERING 

NE5520 

DEMOD 

VR/2 0-:-(8,;...) ______ JI,/\,f\r-______ (.:.....1....:a2) VR 

NOTE: INTERNAL BUFFER AMP PROVIDES HIGH IMPEDANCE LOAD TO SECONDARY. 

Figure 3b 

"HANDBOOK OF MEASUREMENT AND CONTROL" BY HERCEG. 

Figure 3a 

exists in the Signetics NE5520. Once 
phase and amplitude information is ob
tained in the form of a polar full wave recti
fied signal (see Figure 3C) from the syn
chronous demodulator, the carrier compo
nent (actually 2nd harmonic of the carrier 
plus higher order spectral components) 
must be filtered out leaving only the true 
position information. This is accom
plisheJ by passing the demodulated sig
nal through a low-pass active filter. An 
auxiliary operational amplifier is provided 
for this purpose within the NE5520, in ad
dition to adjustable signal gain for proper 
full 'scale output (span adjustment). In ad
dition, DC offsets are nulled by a simple 
offset adjustment at the auxiliary ampli
fier. The resulting system is a complete 
LVDT signal conditioner. Figure 4 shows a 
block diagram of the NE5520. The device 

3376 

CORE .DISPLACEMENT 

o NULL i 
• 

Figure 3c 

DEMODULATOR 
OUTPUT 

WAVEFORM 

will operate in a single supply range from 
5 to 25 volts DC or with split supplies of 
± 5 to ± 12 volts DC. A device current, Icc. 
of 10 milliamperes at an operating voltage 
of 10 volts is typical. 

DESCRIPTION OF TH E N E5520 
(Figure 4) 

The NE5520 oscillator consists of a tri
angle wave gen-erator, a current source
sink circuit which switches when the 
capacitor voltage reaches discrete levels 
at 1/4 and 3i4 VREF . The total swing being 
V REF/2 volts pop. The triang Ie wave is fed 
into a non-linear load which generates a 
sinusoidal waveform with low distortion. 
The sine wave output is then buffered by 
two op amps, the output of which appear 
on pins 9 and 10 in phase opposition. This 

Signetics 

then is the excitation signal for the LVDT 
primary. 

The second major functional portion of 
the NE5520 is the synchronous demodu· 
lator and this section performs full wave 
rectification in phase synchronism (pin 6) 

with the above oscillator output. In order 
to extract true position information. the 
phase relationship of the LVDT secondary 
must be obtained. This means that as the 
LVDT core passes through null an abrupt 
180 0 phase change occurs. Once full wave 
rectification is accomplished. the result· 
ing signal carrier frequency must be reo 
moved by filtering. Demodulator output 
appears on pin 5. This is accomplished by 
an active filter incorporating the auxiliary 
op amp (pins 1. 2. 3). The original position 
information then appears ripple free on 
pin 1 of the auxiliary amplifier. 

© Ie MASTER 1983 
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L VDT SIGNAL CONDITIONER NE/SE5520 

BLOCK DIAGRAM 

12 
11 

r-------------------------------~FEEDBACK 

13 
CT osc 

14 
+V BIASCKT 

SINE 
CONY. 

DEMODo-5+-______________ ~_< 
OUT 

-IN 

+IN 

OUT~~--------~ 

NOTE 
Pin numbers for for N !)ackage. 

Other functions include buffer amplifier 
feedback in the oscillator circuit. The loop 
is closed with negative feedback around 
both amplifiers (pin 10 to 11) operating at 
unity gain. 

The oscillator timing capacitor controls 
the frequency as shown in the graph, Fig· 
ure 5. The frequency is related by the 
equation fosc = 110/C

1
,F Absolute output 

frequency will vary slightly with supply 
voltage. 

. BIASING THE REFERENCE 
V REF (PIN 12) 

3-... 
(,J 

10K 

10K 

10K 

-::" 

10K 

5K 

Figure 4 

OSCILLATOR FREQUENCY vs 
CAPACITANCE 

+V 

SYNC 
DEMOD 

o.lnnllll 
0.01 ~EJII!II~511 

0.001 1--1-L..J...U..JWJ..........I.........uw.u.I--J....I,..J...U..Jw.I 

O.OlK 1K 10K 100K 

10 (Hz) 

Figure 5 
The manner in which the VA pin is biased 
will effect the output voltage function of 
the NE5520 and consideration must be 
given to this in order to arrive at an opti· 
mum system deSign. There are two basic 
modes of operation involved as listed 
below: 

1) Ratiometric 
2) Fixed Reference 

With the ratiometric mode, pin 12 (V AEF) is 

Signetics 
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oscl 
~VOLTSRMS 

10 
OSC J 

8 
VR/2 

4 
LVDTlN 

SYNC 

connected to pin 14 (+ V). Since VA .con· 
trois the DC common mode voltage of the 
demodulator and the oscillator rms out· 
put, these magnitudes will now change 
with supply voltage. The DC output from 
pin 1, using a single ground referenced 
supply, will be ratiometric with the supply 
voltage and centered within the common 
mode range of the output amplifier when 
the LVDT transducer is at null. Single or 
dual supply operation will be ratiometric 
when + V is connected to VA' 

The alternate method of biasing is the 
fixed reference mode with pin 12 (VA) con· 
nected to a fixed reference voltage such 
as + 10 volts and pin 14 (+ V) allowed to 
vary with an incoming poorly regulated 
supply. This might occur in automotive 
applications where battery voltage may 
vary from 10 to 14 volts. However, with a 
fixed reference driving V AI DC voltage at 
the output will not vary with supply but 
will vary within the common mode limits 
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'm""lId·141 
of the amplifier as the LVDT core traverses 
its path. Output voltage of pin 1 at LvDT 
null will be VR/2. Thus, for the case men
tioned with VR= 10 volts, the null voltage 
will be + 5 volts. The maximum linear 
swing would be 1.5-8.5 volts around this 
value. The fixed reference mode may be 
used with single or dual supply operation. 

DUAL SUPPLY OPERATION 
When connected to a typical LVDT trans
ducer as shown in Figure 6, the NE5520 
will exhibit an extremely linear transfer 
function. Very important to precision posi· 
tion measurement is the inherent repeat
ability of the system. The graphs in Figure 
7A, B illustrate the highly linear transfer 
function and its repeatable accuracy with 
different supply voltages, in this case::!:: 6 
and::!:: 10 volts. The transducer motion was 
over a range of ::!:: 150 milli-inches each 
side of the LVDT null. Typical DC output 
signal is shown with an output amplifier 
gain of X10 in both cases. Note that line
arity remains constant, however, full scale 
output varies with supply voltage. This is 
due to the increased excitor drive to the 
LVDT with increased supply voltage. LVDT
output is a linear function of excitor ampli
tude on the primary winding. The addition 
of a single gain control may easily be 
added between pins 1and 3 to reduce gain 
in .order to retain constant output for dif
ferent supply voltages (see Figure 8) or VR 
may be connected to a fixed voltage. (See 
'Biasing.') 

+Vo---.----=--I 

NE 
5554 
DUAL 

TRANSFER FUNCTION::!:: 6V 
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+ 3.00 
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Figure 7b 

TYPICAL MEASURING SYSTEM 
(RATIOMETRIC MODE) 

+6V 

12 14 

13 VR 

12 
NE 

TRACKING 5520 

+f 
REGULATOR 2.8K 

4 11 
- V O-----<~-'-I 

OFFSET 
ADJ. 

OUTPUT SIGNAL 

Figure 6 
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NE/SE5520 

TYPICAL GAIN ADJUST CIRCUIT 

GAIN 

__ _..._---..J 

RI 

GAIN = 1 + B!. 
R1 

Figure 8 

NE5520 

SIGNAL 
OUT 

It is strongly recor:nmended that dual out· 
put tracking regulated supplies be used in 
this type of application in order to mini· 
mize system DC offset arId impaired mea· 
surement accuracy due to power supply 
unbalance. An optional circuit capable of 
automatically tracking and nulling power 
supply offset is shown in Figure 9. The 
bipolar output signal is referenced to 
ground. 

V" 

-= 

-bV 
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AUTO PSRR FOR USE WITH NON·TRACKING SUPPLIES 

10K!! 

OFFSET 
ADJUST 1K!! 

10K!! 

M 
CT 

0.033 .. 1 I 
epk + 
I'V'\ 

\Jt,J "-

12 

VR NE5520 

RI 

-6V 

13 

+6V 

TRACKING 

Figure 9 

VR . 

12 

TYPICAL SINGLE SUPPLY LVOT CIRCUIT 

Vcc 
+10V 

14 

OCTOBER ·1982 

NE/SE5520 

NULLING PROCEDURE 
(Ref Fig. 9) 
1. Null transducer position by observing 

pin 4 waveform. Set supply voltage for 
± 6.00 volts. 

2. Set offset adjust pot (feeds pin 3 of 
NE5520) for 0.00 volts and DC at pin 1 
of NE5520. 

3. Adjust offset null pot (NE5512) for zero 
output on Terminal A . 

. 4. Check for equal voltage ± deflection 
when transducer is displaced equal 
distances from physical null position. 

5. Adjust tracking control for minimum 
DC output change when either supply 
is varied over operating range at 'A'. 

SINGLE SUPPLY OPERATION 

Single ended supply operation requires a 
different circuit approach to obtain mea
surement system interface. Figure 10 
shows a typical circuit using a single 
10-volt supply. Note that the output (pin 1) 
of the NE5520 is now floating above 
ground at approximately VR/2. Simple 
measuring circuits may be realized (Fig
ures 11A, B, C) by placing a DC microam
meter between pin 1 and a resistive divider 

~ 
esc 

esf\J 
10 

11 

epk - '" 8 
VR/2 O--+6~-+--.L.....J 

LOW PASS 
FIL TER 
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\ L VDT SIGNAL CONDITIONER NE/SE5520 

'W""""-'N 
creating a bridge readout which is ratio· 
metnc with supply voltage variations. In 
case more precision is necessary, a buffer 
amplifier may be added between the volt· 
age divider or V R/2 and the readout circuit 
in order to minimize offset due to measur· 
Ing circuit loading. DC offset due to inter· 
nal tracking error in the NE5520 may be 
reduced by using the nulling circuit shown 
in Figure 12. Offset sensitivity and its ef· 
fect on system accuracy will be inversely 
proportional to full scale signal output of 
the NE5520 which is a function of the DC 
gain of the auxiliary amplifier and LVDT 
output. A typical full scale output with 
10·volt supply operation is VR/2 ± 3.5 volts 
with gain equal to 10. 

OUTPUT INTERFACING EXAMPLES 
+v 

+v 

VR/2 

VR/2 

NE5520 

3380 

1 SIGNAL 

HI 
RIN DVM 

8 VR/2 

Figure 11a + VCC 

R 

R 

Figure 11b 
-vcc 

10-100K!! 

LV DT 0------.. 

Figure 11c 

D.C. OFFSET ADJUST 

10K 

OFFSET > ... t-~~ 
ADJUST 500n 

10K 

VCM = +VCC/2 

SIGNAL 
OUT 

Figure 12 

NE5520 

+vcc 

MATCHING THE NE/SE5520 TO 
LOW IMPEDANCE LVDT's 

The NE5520 exciter output is capable of 
driving LVDT primary windings with a min
imum impedance of 1 K ohm. When a sig
nificantly lower impedance primary is 
driven by the device some form of step
down impedance matching or a power buf
fer is recommended. Figure 13 shows a 
step-down matching transformer ap
proach. A transformer with primary imped
ance of approximately 1 K ohm (audio type) 
with the proper secondary impedance to 
match the LVDT primary is used to couple 

osr.illator excitation. Depending on the 
output efficiency of the LVDT, output sig
nal losses may occur with a correspond
ing loss in measuring sensitivity. The aux
iliary amplifier gain may be increased to 
offset this loss. 

A second approach makes use of a power 
buffer amplifier constructed from discrete 
transistors (2N2222, 2N3644). This circuit. 
(Figure 14) results in less signal loss and 
is inexpensive. A DC decoupling capacitor 
must be used to prevent DC offset cur
rents from flowing in the LVDT primary 
winding. A 3dB signal reduction is noted 
when driving a 15-ohm load to 6 volts peak 
to peak (10-volt operation); and 12 volts 
peak to peak for 20-volt supply. 

NE5520 TEMPERATURE 
COMPENSATION 

Internal offset voltages originating in the 
NE5520 synchronous demodulator require 
external compensation to obtain best 
measurement accuracy when operating 
over the full temperature range. The cir
cuits shown (Figures 15A, B) give a simple 
approach using a thermistor inserted in 
series with the offset null resistors to 
reduce voltage drift to a reasonable level. 
These tolerances are based on ± 3.5 volts 
full scale output for LVDT displacements 

.each side of physical null. A thermistor 
having a positive coefficient of +O.7%/OC 
is used. Obviously, if the total divider 
resistance is changed a different ther
mistor resistance will be required. 

DRIVING LOW Z LVDT'S WITH THE NE/SE5520 

+V 

r--

LOW Z I 
T1 SEC. I '. 

r----+----, II c:p 
I . 
L ~D2- ..J 

Figure 13 
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LOW Z LVDT 

• POWER BUFFER FOR OSCILLATOR OUTPUTS. +V 

NE5520 

OSC 

10 
OSC 

+0.7''101 0 C 
THERMISTOR 
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LVDT DRIVER DEMODULATOR 
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xxx 
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• WITH TEMPERATURE COMPENSATION 0-70°C 

Figure 158 
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NE/SE5520 

DEMODULATOR DISTORTION 
(OVERDRIVE) 

When the demodulator input exceeds 2 
volts' peak to peak clipping distortion will 
increase and must be avoided by control· 
ling oscillator drive to the primary of the 
LVOT. Figure 16 shows an example of a 
circuit for attenuating primary excitation 
using a 1 K ohm potentiometer. 

The procedure for adjusting the level is 
simply to: 

1. Set LVOT core position for maximum 
output from the secondary. 

2. Monitor the waveform on (pin 5 demod
ulator output) and adjust, oscillator 
level for the amplitude just below clip
ping. Normally this should result in a 
maximum of 2 volts peak to peak at pin 
4 of the N E5520 (25°G). 

THERMISTOR TEMPERATURE 
COMPENSATION 

> +0.2 
~ ~~4-~~~~~-+~~ 

11+0.1 _-
v; I-+-+-~~--:::;#,,"f---+-f- _~. '" 
~ ~ ...... 

~ ~, ~~;'''·'G ~ ~~ 
a: -0.1 / CD"" '''' C j ,;;, 
u 
C _ 0.2 I-+-+-~+-+--t-~+- ~ 
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Figure 15b. 
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L VDT SIGNAL CONDITIONER 

LVDT SECONDARY PHASE 
ANGLE COMPENSATION BY 
EXCITATION FREQUENCY 

The LVDT has a frequency dependent 
ptlase shift associated with the particular 
characteristics of the device and its exci
tation frequency. This phase shift is in ad
dition to the 180 0 shift which occurs when 
passing through null position. 

By adjusting the frequency of the sine 
wave excitation a condition results which 
causes secondary voltage to be in phase 
with primary excitation. The adjustment of 
relative primary and secondary phase 
angles has several effects. First, if the 
primary excitation is referenced to the 
synchronous demodulator, as in the 
N E5520, optimum rectification occurs at 
zero pha~e differential between secondary 
AC phase and demodulator switching rela
tive to the waveform zero crossings. Sec
ond, "Exciting an LVDT at its zero phase 
angle frequency results in minimum sensi
tivity to frequency and temperature varia
tions" (Schaevitz Handbook of Measure
ment and Control, 1976). 

DEMODULATOR SYNC PHASE 

A second method of phase compensation 
of the NE5520 versus the LVDT is to use a 
variable phase shift network between the 
oscillator output and the sync input to the 
NE5520. This is shown in Figure 17. The 
oscillator frequency remains fixed and the 
pot is tuned for optimum demodulator 
phasing. 

It is emphasized that an external phaSing 
adjustment as outlined above is not al
ways necessary. Some LVDT's operating 
in the 1-5kHz range will be near zero 
phase and will need no phase compensa
tion. Experimental evaluation of the proto
type design combined with system speci
fications will be the best means of making 
this decision. 

Waveform photo in Figure 18A-B, shows 
the demodulator output signal when phas
ing of the synchronous demodulator is 
correct (A) and improperly adjusted (B). 

Proper pha~;ng of the sync signal to the 
demodulator results in optimum sensitiv
ity and linearity. 
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NE/SE5520 

EXTERNAL PHASE ADJUSTMENT 
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12-81T MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

':m1" .. lIeI·'i., 
DESCRIPTION 
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 ± V2 
LSB from the ideal), monotonicity to 12 
bits and integral nonlinearity to 0.05% at 
its differential current outputs. 

The dual complementary outputs of the 
Am6012 increase its versatility, and effec
tively double the peak-to-peak output 
swing. Digital inputs, in addition, can be 
configured to accept all popular logic 
families. 

While the device requires a reference in
put of 1 rnA for a 4mA full scale current, 
operation is nearly independent of power 
supply voltage shifts. The power supply 
rejection ratio is ± 0.001 % FS/% tl V. The 
devices will work from + 5, -12V to ± 18V 
rails, with as low as 230mW power con
sumption typical. 

BLOCK DIAGRAM 

FEATURES 
• 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 mA 

reference) 
• High output compliance voltage, 

- 5 to +10V 
• Low power consumption, 230mW 

APPLICATIONS 
• CRT displays, computer graphics 
• Robotics, and machine tools 
• Automatic test equipment 
• Programmable power supplies 
• CAD/CAM 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 Inputs V14' V15 

PIN CONFIGURATION 

F PACKAGE 

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+ 

Reference Input Differential Voltage (V 14 to V 15) ±18V 

Referen.ce Input Current (1 14) 1.25mA 

GNO/MSB LSB 
V( +) VLC 81 82 83 B4 85 86 B7 88 89 B10 B11 B12 

~ ______ ~ __ +* __ ~~~-+'--+'--r+--H~-H~~1~8_~-OIO 
r-____ ~~~~~-.++~rr~~~~~~~~~-19--~~ 

VREF( +) O--...... ---i---, 

VREF( -) 0-_
15
;;--1 

COMP V(-) 
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12-81T MULTIPLYING DIGITAL-TO-ANALOG CONVERTER 

IWIGi'ld·"i 
ELECTRICAL CHARACTERISTICS: V + = + 15V, V - = -15V, IREF= 1.0mA, O°C =::; TA =::; 70°C 

AmS012F 
Parameter Description Test Conditions 

Min. Typ. 

Resolution 12 

Monotonicity 12 

Differential - -
D.N.L. 

Nonlinearity 
Deviation from ideal step size 

12 -

N.L. Non linearity Deviation from ideal straight line - -
VREF = 10.000V 

IFS Full Scale Current R14 - R15 = 10.000kO 3.935 3.999 
TA= 25°C 

- ± 10 
TCI FS Full Scale Tempco 

± .001 

Output Voltage 
D.N.L. Specification guaranteed 

Voe over compliance range -5 -
Compliance 

ROUT > 10 megohms typo 

IFss Symmetry IFS - 1i=S - ±0.4 

Izs Zero Scale Current - -

ts Settling Time To ± 1/2 LSB, all bits ON or OFF, TA=25°C - 250 

t pLH Propagation 
50% to 50% - 25 

t pHL Delay - all bits 

COUT Output Capacitance - 20 

VIL 
Logic Logic "0" - -
Input 

VIH Levels Logic "1" 2.0 -

liN Logic Input Current VIN = - 5 to + 18V - -

VIS Logic Input Swing V- = -15V -5 -

IREF 
Reference Current 

0.2 1.0 
Range 

115 Reference Bias Current 0 -0.5 

dl/dt 
Reference Input R14(eq) = 8000 4.0 8.0 
Slew Rate CC=OpF 

PSSIFs + Power Supply V+ = + 13.5V to + 16.5V, V- = -15V - ± 0.0005 

PSSIFs _ Sensitivity V- = -13.5V to -16.5V, V+ = + 15V - ±.00025 

V+ Power Supply 4.5 -
Range VOUT= OV 

V- -18 -
1+ - 5.7 

1-
V+ = +5V, V- = -15V 

Power Supply - -13.7 

1+ Current - 5.7 

I-
V + = + 15V, V - = -15V 

-13.7 -

Power V+ = +5V, V- = -15V - 234 
Po Dissipation V + = + 15V, V - = - 15V - 291 

Signetics 
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Am6012 

Max. 
Units 

Bits 

Bits 

±.025 %FS 

- Bits 

±.05 %FS 

4.063 mA 

±40 ppm/oC 

±.004 - %FS/OC 

+ 10 Volts 

±2.0 J.!A 

0.10 J.!A 

500 nsec 

50 nsec 

- pF 

0.8 
Volts 

-

40 J.!A 

+ 18 Volts 

1.1 mA 

- 2.0 J.!A 

- mA/J.!s 

± .001 
%FS/% 

± .001 

18 
Volts 

-10.8 

8.5 

-18.0 
mA 

8.0 

-18.0 

312 
mW 

397 
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12-81T MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

Imtliitlll. i@ 
CIRCUIT DESCRIPTION 
The Am6012 is a 12-bit DAC which uses 
diffused resistors and requires no trim
ming to guarantee monotonicity over the 
temperature range. A segmented DAC 
design guarantees a more uniform step 
size over the temperature range than is 
normally available with trimmed '12-bit 
converters. The converter features differ
ential high compliance current outputs, 
wide supply range, and a multiplying ref
erence input. 

In many converter applications, uniform 
step size is more important than conform
ance to an ideal straight line. Many 12-bit 
converters are used for high resolution 

, rather than high linearity, since few trans
ducers are more linear than ±0.1%. All 
classic binarily weighted converters re
quire ± 1/2 LSB (± .012%) linearity in 
order to guarantee monotonicity, which re
quires very tight resistor matching and 
tracking. The Am6012 uses conventional 
bipolar processing to achieve high differ
ential linearity and monotonicity without 
requiring correspondingly high linearity, 
or conformance to an ideal straight line. 

One design approach which provides 
monotonicity without requiring high lin
earity is the MaS switch-resistor string. 
This circuit is actually a full complement 
to a current switched R-2R DAC since it is 
slower, has a voltage output, and if imple
mented at the 12-bit level would use 4096 
low tolerance resistors rather than a mini
mum number of high tolerance resistors 
as in the R-2R network. Its lack of speed 
and density for 12 bits are its drawbacks. 

With the segmented DAC approach, the 
4096 required output levels are composed 
of 8 groups of 512 steps each. Each step 
group is generated by a 9-bit DAC, and 
each of the segment slopes is determined 
by one of 8 equal current sources. The 
resistors which determine monotonicity 
are in the 9-bit DAC. The major carry of the 
9-bit DAC is repeated in each of the 8 seg
ments, and requires eight times lower ini
tial resistor accuracy and tracking to main
tain a given differential nonlinearity over 
temperature. 

The operation of th~ segmented DAC may 
be visualized by assuming an input code 
of all zeroes. The first segment current 10 
is divided into 512 levels by the 9-bit 
multiplying DAC and fed to the output, 
lOUT' As the input code increases, a new 
segment current is selected for each 512 
counts. The previous segment is fed to 
output lOUT where the new step group is 
added to it, thus ensuring monotonicity in-
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dependent of segment resistor values. All 
higher order segments feed lOUT' 

With the segmented DAC approach, the 
precision of the 8 main resistors deter
mines linearity only. The influence of each 
of these resistors on linearity is four times 
lower than that of the MSB resistor in an 
R-2R DAC. Hence, assuming the same 
resistor tolerances for both, the linearity 
of the segmented approach would actually 
be higher than that of an R-2R design. 

The step generator or 9-bit DAC is com
posed of a master and a slave ladder. The 
slave ladder generates the four least signi
ficant bits from the remainder of the 
master ladder by active current splitting 
utilizing scaled emitters. This saves ladder 
resistors and greatly reduces the range of 
emitter scaling required in the 9-bit DAC. 
All current switches in the step generator 
are high speed fully differential switches 
which are capable of switching low cur
rents at high speed. This allows the use of 
a binary scaled network all the way to the 
least significant bit which saves power 
and simplifies the circuitry. 

Diffused resistors have advantages over 
thin film resistors beyond simple econ
omy and bipolar process compatibility. 
The resistors are fabricated in single 
crystal rather than amorphous material 
which gives them better long term stabili
ty and tracking and much higher moisture 
resistance. They are diffused at 1000°C 
and so are resistant to changes in value 
due to thermal and chemical causes. Also, 
no burn-in is required for stability. The 
contact resistance between aluminum and 
silicon is more predictable than between 
aluminum and an amorphous thin film, 
and no sandwich metals are required to 
enhance or protect the contact or limit 
alloying. The initial match between two 
diffused resistors is similar to that of thin 
fillTl since both are defined by photomasks 
and chemical etc~ing. Since the resistors 
are not trimmed or altered after fabrica
tion, their tracking and long term char
acteristics are not degraded. 

DIFFERENTIAL vs INTEGRAL 
NONLINEARITY 
Integral nonlinearity, for the purposes of 
the discussion, refers to the "straight
ness" of the line drawn through the indi
vidual response points of a data converter. 
Differential nonlinearity, on the other 
hand, refers to the deviation of the spac
ing of the adjacent points from a 1 LSB 
ideal spacing. Both may be expressed as 
either a percentage of full scale output or 
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as fractional LSBs or both. The graphs in 
Figure 1 define the manner in which these 
parameters are specified. The left graph 
shows a portion of the transfer curve of a 
DAC with 1/2 LSB INL and the (implied) 
DNL spec of 1 LSB. Below this is a graphic 
representation of the way this would' ap
pear on a CRT screen where the Am6012 is 
used as a display driver. On the right is a 
portion of the transfer curve of a DAC 
specified for 2LSB INL with 1/2 LSB DNL 
specified and the graphic display below it. 

One of the characteristics of an R-2R DAC 
in standard form is that any transition 
which causes a zero LSB change (i.e. the 
same output for two different codes) will 
exhibit the same output each time that 
transition occurs. The same holds true for 
transitions causing a 2LSB change. These 
two problem transitions are allowable for 
the standard definition of monotonicity 
and also allow the device to be specified 
very tightly for INL. The major problem 
arising from this error type is in AID con
verter implementations. Inputs producing 
the 'same output are now represented by 
ambiguous output codes for an identical 
input. Also, 2LSB gaps can cause large er
rors at those input levels (assuming 1/2 
LSB quantizing levels). It can be seen from 
the two figures that the DNL specified D/A 
converter will yield much finer grained 
data than the INL specified' part, thus im
proving the ability of the AID to resolve 
changes in the analog input. 

ANALOG OUTPUT CURRENTS 
Both true and complemented output sink 
currents are provided where 10 + ~ = IFR. 

Current appears at the "true" output when 
a "1" is applied to each logic input. As the 
binary count increases, the sink current at 
pin 18 increases proportionally, in the 
fashion of a "positive logic" D/A con
verter. When a "0" is applied to any input 
bit, that current is turned off at pin 18 and 
turned on at pin 19. A decreasing logic 
count increases r; as in a negative or in
verted logic D/A converter.' Both outputs 
may be used simultaneously. If one of the 
outputs is not required it must still be con
nected to ground or to a point capable of 
sourcing IFR; do not leave an unused out
put pin open. 

Both outputs have an extremely wide volt
age compliance enabling fast' direct 
current-to-voltage conversion through a 
resistor tied to ground or other voltage' 
source. Positive compliance is 25V above 
V - and is independent of the positive 
supply. Negative compliance is + 10V 
above V -. 
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12-81T MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

DIFFERENTIAL LINEARITY COMPARISON 

D/A CONVERTER WITH D/A CONVERTER WITH 
:!:1/2 LSB INL,:!:1 LSB DNL :!: 2 LSB INL, :!:1/2 LSB DNL 

t 
too 
;:) 

o 
CJ 
o 
....I 
4: 
Z 
4: 

::... IDEAL OUTPUTS 
• ACTUAL OUTPUTS 
2 LSB CHANGE ON 
X011 - X100 
TRANSITION 

SEGMENT 
OF 12·BIT 

DAC TRANSFER 
CURVE FOR: 

INL = :!: 112 LSB 
DNL=:!:1 LSB 

NOCHANGEON 
XX01 - XX10 TRANSITION 

t ... 
;:) 

o 
CJ 
o 
....I 
4: 
Z 
4: 

0000 0010 0100 0110 1000 1010 1100 1110 
0001 0011 0101 0111 1001 1011 1101 1111 

0010 0100 0110 1000 1010 1100 1110 0000 
0011 0101 0111 1001 1011 1101 1111 0001 

DIGITAL INPUT DIGITAL INPUTS 

VIDEO DEFLECTION BY DACs 
VIDEO DEFLECTION BY DACs 

A ..... 
r-

~ ..... 

r--

-- ------- -- ----- -- ------ ------- --- --- -... ---'-
------

ENLARGED "POSITIONAL" OUTPUTS ENLARGED "POSITIONAL" OUTPUTS 

The dual outputs enable double the usual 
peak·to-peak load swing when driving 
loads in quasi-differential fashion. This 
feature IS especially useful in cable driv
ing, CRT'deflection and in other balanced 
applications such as driving center-tapped 
coils and transformers. 

POWER SUPPLIES 
The Am6012 operates over a wide range of 
power supply voltages from a total supply 
of 20V to 36V. When operating with V
supplies of - 10V or less, IREF s 1mA is 
recommended. Low reference current 
operation decreases power consumption 
and increases negative compliance, refer
ence amplifier negative common mode 
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Figure 1 

range, negative logic input range, and 
negative logic threshold range; consult 
the various figures for guidance. For ex
ample, operation at - 9V with IREF= 1mA 
is not recommended because negative 
output compliance would be reduced to 
near zero. Operation from lower supplies 
is pOSSible, however at'least 8V total must 
be applied to insure turn-on of the internal 
bias network. 

Symmetrical supplies are not required, as 
the Am6012 is quite insensitive to varia
tions in supply voltage. Battery operation 
is feasible as no ground connection is re
quired; however, an artificial ground may 
be used to insure logic swings, etc. remain 
between acceptable limits. 
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TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity 
specifications of the Am6012 are guaran
teed to apply over the entire, rated 
operating temperature range. Full scale 
output current drift is tight, typically 
± 1 Oppml °C, with zero scale output cur
rent and drift essentially negligible com
pared to 1/2 LSB. 

The temperature cO,efficient of the refer
ence resistor R14 should match and track 
that of the output resistor for minimum 
overall full scale drift. 

SETTLING TIME 
The Am6012 is capable of extremely fast 
settling times, typically 250ns at 
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UmuGj1'de1ij 
IREF = 1.0mA. JudiciOl,lS circuit design and 
careful board layout must be employed to 
obtain full performance potential during 
testing and application. The logic switch 
design enables propagation delays of only 
25ns for each of the 12 bits. Settling time 
to within 112 lSB of the lSB is therefore 
25ns, with each progressively larger bit 
taking successively longer. The MSB set
tles in 250ns, thus determining the overall 
settling time of 250ns. Settling to 10-bit 
accuracy requires about 90 to 130ns. The 
output capacitance of the Am6012 in
cluding the package is approximately 
20pF; therefore, the output RC time con
stant dominates settling time' if RL > 
5000. 

Settling time and propagation delay are 
relatively insensitive to logic input ampli
tude and rise and fall times, due to the 
high gain of the logic switches. Settling 
time also remains essentially constant for 
IREF values down to 0.5mA, with gradual 
increases for lower IREF values lies in the 
ability to attain a given output level with 
lower load resistors, thus reducing the 
output RC time constant. 

Measurement of settling time requires the 
ability to accurately resolve ± 2p.A, there
fore a 2.5kO load is needed to provide ade
quate drive for most oscilloscopes. At IREF 
values of less than 0.5mA, excessive RC 
damping of the output is difficult to pre
vent while maintaining adequate sensi
tivity. However, the major carry from 
011111111111 to 100000000000 provides 
an accurate indicator of settling time. This 
code change does not require the normal 
6.2 time constants to settle to within 
± 0.1 % of the final value, and thus settling 
times may be observed at lower values of 
IREF· 

Am6012 switching transients or "glitches" 
are very low and may be further reduced 
by small capacitive loads at the output at a 
minor sacrifice in settling time. 

Fastest operation can be obtained by us
ing short leads, minimizing output capaci
tance and load resistor values, and by ade
quate bypassing at the supply, reference, 
and VLC terminals. Supplies do not require 
large electrolytic bypass capacitors as the 
supply current drain is independent of in
put logic states; 0.1p.F capacitors at the 
supply pins provide full transient protec
tion. 

APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SETUP 
The Am6012 is a multiplying D/A converter 
in which the output current is the product 
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of a digital number and the input reference 
current. The reference current may be 
fixed or may vary from nearly zero to 
+ 1.0mA. The full range output current is a 
linear function of the reference current 
and is given by: 

4095 
I FR = 4096 x 4 x (I REF) = 3.999 I REF, 

where IREF = 114 

In positive reference applications, an ex
ternal positive reference voltage forces 
current through R14 into the VREF(+) ter
minal (pin 14) of the reference amplifier. 
Alternatively, a negative reference may be 
applied to V REF( _) at pin 15. Reference cur
rent flows from ground through R14 into 
V REF( +) as in the positive reference case. 
This negative reference connection has 
the advantage of a very high impedance 
presented at pin 15. The voltage at pin 14 
is equal to and tracks the voltage at pin 15 
due to the high gain of the internal refer
ence amplifier.' R15 (nomina"y equal to 
R14) is used to cancel bias current errors. 
(Figure 2a) 

Bipolar references may be accommodated 
by offsetting V REF or pin 15. The negative 
common-mode range of the reference 
amplifier is given by: V CM _ = V - plus 
(IREF x 3kO) plus 1.8V. The positive 
common-mode range is V + less 1.23V. 

When a DC reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logic supply is not recommended as a 
reference. If a regulated power supply is 
used' as a reference, R14 shou Id be split 
into two resistors with the junction by
passed to ground with a 0.1p.F capacitor. 

For most applications the tight relation
ship between IREF and IFS will eliminate 
the need for trimming IREF. If required, full 
scale trimming may be accomplished by 
adjusting the value of R14, or by using a 
potentiometer for R14. An improved 
method of full scale trimming which 
eliminates potentiometer T.C. effects in 
the Recommended Fu" Scale Adjustment 
circuit. 

MULTIPLYING OPERATION 
The Am6012 ·provides excellent multiply
ing performance with an extremely linear 
relationship between IFS and IREF over a 
range of 1mA to 1p.A. Monotonic operation 
is maintained over a typical range of IREF 
from 100p.A to 1.0mA. 
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REFERENCE AMPLIFIER 
COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications wi" require the 
reference amplifier to be compensated us
ing a capacitor fror:n pin 16 to V -. The 
value of this capacitor depends on the im
pedance presented to pin 14. For R14 
values of 1.0, 2.5 and 5.0kO; mir:'imum 
values of Cc are 5, 10, and 25pF. larger 
values of R14 require proportionately in
creased values of Cc for proper phase 
margin. (See Figure 2b). 

For fastest response to a pulse, low 
values of R14 enabling small Cc values 
should be used. If pin 14 is driven by a 
high impedance such as a transistor cur
rent source, none of the above values wi" 
suffice and the amplifier must be heavily 
compensated which wi" decrease overall 
bandwidth and slew rate. For R14 = 1 kO 
and Cc = 5pF, the reference amplifier 
slews at 4mA/ms enabling a transition 
from 'REF= 0 to IREF= 1mAin 250ns. 

Operation with pulse inputs to the refer
ence amplifier may be accommodated by 
an alternate compensation scheme. This 
technique provides lowest full scale tran
sition times. An internal clamp allows 
quick recovery of the reference amplifier 
from a cutoff (IREF = 0) condition. Fu" 
scale transition (0 to 1mA) occurs in 
62.5ns when the equivalent impedance at 
pin 14 is 8000 and Cc = O. This yields a 
reference slew rate of 8mA/p.s which is 
relatively independent of RIN and V1N 
values. 

LOGIC INPUTS 
The Am6012 design incorporates a unique 
logic input circuit which enables direct in
terface to a" popular logic families and 
provides maximum noise immunity. This 
feature is made possible by the large input 
swing capability, 40p.A logic input current, 
and completely adjustable logic threshold 
voltage. For V - = - 15V, the logic inputs 
may swing -between - 5 and + 10V. This 
enables direct interface with + 15V CMOS 
logic, even when the Am6012 is powered 
from a + 5V supply. Minimum input logic 
swing. and minimum logic threshold volt
age are given by: V - plus (IREF x 3kO) plus 
1.8V. The logic threshold may be adjusted 
over a wide range by placing an appropri
ate voltage at the logic threshold control 
pin (pin 13, VLd. For TTL interface, simply 
ground pin 13. When interfaCing ECl, an 
IREF ::s 1 rnA is recommended. 

3387 

en 
(.) 

...... 
Q) 
C 
0) 

en 



(/) 
() 

~ 
Q) 
c 
0> 

en 

ANALOG DIVISION OCTOBER 1982 

12-81T MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

'Wii"jlrle'fJ 

REFERENCE AMPLIFIER BIASING 

VR+ 

C) 

r ) 

: R14 Am6012 

RIN ~ 14 IREF-'" 
VIN J..A. 

L~RE~~ 18 
AMPLIFIER 

:) -
15 115-'" r--.. 10+lo=IFS 

R15= R14 II RIN . V 
FOR ALL INPUT CODES 

~ 10 
R15 :> ~ 19 

VIN---O 

r ) 

COMP 

_ ... CC ~0.1 ~0.1S: 22J"F TANTULUM 

Tv_ 
20 -=- -=- (NOTE 5) 

VR-
V+ v-

Reference Configuration R14 R 15 RIN C c IREF 

Positive Reference V RT OV N/C .01J.tF VR+/R14 

Negative Reference OV V
R

_ N/C .01J.tF - VR_/R14 

Lo Impedance Bipolar 
VR+ OV VIN (Note 1) 

(V R+/R 14)+ (V1N/R IN) 

Reference (Note 2) 

Hi Impedance Bipolar 
VR+ VIN N/C (Note 1) 

(VR+ - VIN)/R 14 
Reference (Note 3) 

Pulsed Reference (Note 4) VR+ OV VIN No Cap (VR+/R 14)+ (VIN/R IN) 

Notes: 
1. The compensation capacitor is a function of the impedance seen at the + VREF input and must be at least 5pF x R14(eq) in kll. For R14 < 80011 no capacitor is 

necessary. 
2. For negative values of VIN. VR + IR14 must be greater than - VIN Max/RIN so that the amplifier is not turned off. 
3. For positive values of VIN. VR + must be greater than VIN Max so the amplifier is not turned off. 
4. For pulsed operation. VR + provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 80011 or less. 
5. For optimum settling time. decouple V - with 20!! and bypass with 22J"F tantulum capacitor. 
6. Reference current and reference resistor - there is a 1 to 4 scale factor between the reference current (IREF) and the full scale output current (IFS)' If VREF = + 10V and 

IFS = 4mA. the value of the R14 is: 

R14 = 4 x 10 Volt 

4mA 
= 10k!! R14 = R15 

MINIMUM SIZE 

COMPENSATION CAPACITOR 

(I FS = 4mA, I REF = 1.0mA) 

R 14(EQ)(kO) Cc(pF) 

10 50 

5 25 

2 10 

1 5 

.5 0 

Figure 2a 

Note: A O.01J"F capacitor is recommended for fixed reference operation. 

Figure 2b 
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4 
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!...II ~ ... ~ 
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APPLICATION CIRCUITS 

R14 

+10V 
10kfl 

REF 
VREF(+) 

VREF(-) 
R15 

10kfl 
B1 1 

OPTIONAL + 
(SEE CODE TABLE) 

VREF 
R14= 1.0mA 

VREF 
ROFF= 2.0mA 

Code Format 

Straight binary; one 
polarity with true input 

Unipolar 
code, true zero output. 

Complementary binary; 
one polarity with 
complementary input 
code, true zero output. 

Straight offset binary; 
offset half scale, 
symmetrical about zero. 
no true zero output. 

Symmetrical 
Offset 1's complement; offset 

half scale, symmetrical 
about zero, no true zero 
output, MSB comple· 
mented (need inverter 
at B1). 

Offset binary; offset half 
scale, true zero output. 

Offset with 
True Zero 2's complement; offset 

half scale, true zero 
output, MSB com pie· 
men ted (need inverter 
at B1). 

ADDITIONAL CODE 
MODIFICATIONS 

MSB 

Connections 

a·c 
b·g 

R1 = R2= 2.5K 

a·g 
b·c 

R1 = R2= 2.5K 

a·c 
b·d 
f·g 

R1 = R3=2.5K 
R2= 1.25K 

a·c 
b·d 
f·g 

R1 = R3= 2.5K 
R2= 1.25K 

e·a·c 
b·g 

R1=R2=5K 

e·a·c 
b·g 

R1=R2=5K 

1. Any of the offset binary codes may be 
complemented by reversing the output 
terminal pair. 
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Am6012 LOGIC INPUTS 

5,000kfl 2.000mA -
ROFF 

e : -10 a 

Am6012 

io b -
B12 

9 

1 
LSB 

Output Scale 
MSB 
B1 B2 B3 B4 B5 B6 B7 B8 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
Zero scale 0 0 0 0 0 0 0 0 

Positive full scale a a a a 0 0 0 a 
Positive full scale - LSB 0 0 0 a a 0 0 0 
Zero scale 1 1 1 1 1 1 1 1 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
( + ) Zero scale 1 0 a 0 0 0 0 0 
(- ) Zero scale 0 1 1 1 1 1 1 1 
Negative full scale - LSB 0 0 0 0 0 0 0 0 
Negative full scale 0 0 0 0 0 0 0 0 

Positive full scale 0 1 1 1 1 1 1 1 
Positive full scale - LSB a 1 1 1 1 1 1 1 
(+ ) Zero scale 0 0 0 0 0 0 0 0 
(- ) Zero scale 1 1 1 1 1 1 1 1 
Negative full scale - LSB 1 a a a 0 0 a 0 
Negative full scale 1 0 0 a 0 0 0 0 

Positive full scale 1 1 1 1 1 1 1 1 
Positive full scale - LSB 1 1 1 1 1 1 1 1 
+ LSB 1 0 0 0 0 0 0 0 
Zero Scale 1 0 0 0 0 0 0 0 
- LSB 0 1 1 1 1 1 1 1 
Negative full scale + LSB 0 0 0 0 0 0 0 a 
Negative full scale 0 0 0 0 O· 0 0 0 

Positive full scale 0 1 1 1 1 1 1 1 
Positive full scale - LSB 0 1 1 1 1 1 1 1 
+ 1 LSB 0 0 O· 0 0 0 0 0 
Zero scale a 0 0 0 0 0 '0 0 
-1 LSB 1 1 1 1 1 1 1 1 
Negative full scale + LSB 1 0 0 0 0 0 0 0 
Negative full scale 1 0 0 0 0 0 0 0 

Figure 4 
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R3 ... . 
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d 

R2 
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~ 

B9 B10 

1 1 
1 1 
0 0 

0 0 
0 0 
1 1 

1 1 
1 1 
0 0 
1 1 
0 0 
0 0 

1 1 
1 1 
0 0 
1 1 
0 0 
0 0 

1 1 
1 1 
0 0 
0 a 
1 1 
0 0 
0 0 

1 1 
1 1 
0 0 
0 0 
1 1 
0 0 
0 0 
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Am6012 

R1 

&> VOUT 

LSB 10 10 
VOUT B11 B12 (mA) (mA) 

1 1 3.999 .000 9.9976 
1 0 3.998 .001 9.9951 
0 0 .000 3.999 .0000 

0 0 .000 3.999 9.9976 
0 1 .001 3.998 9.9951 
1 1 3.999 .000 .0000 

1 1 3.999 .000 9.9976 
1 0 3.998 .001 9.9927 
0 0 2.000 1.999 .0024 
1 1 1.999 2.000 - .0024 
0 1 .001 3.998 - 9.9927 
0 0 .000 3.999 - 9.9976 

1 1 3.999 .000 9.9976 
1 0 3.998 .001 9.9927 
0 0 2.000 1.999 .0024 
1 1 1.999 2.000 - .0024 
0 1 .001 3.998 - 9.9927 
a 0 .000 3.999 - 9.9976 

1 1 3.999 .000 9.9951 
1 0 3.998 .001 9.9902 
0 1 2.001 1.998 .0049 
0 0 2.000 1.999 .000 
1 1 1.999 2.000 - .0049 
0 1 .001 3.998 - 9.9951 
a 0 .000 3.999 - 10.000 

1 1 3.999 .006 9.9951 
1 0 3.998 .001 9.9902 
0 1 2.001 1.998 .0049 
a 0 2.000 1.999 .000 
1 1 1.999 2.000 - 0.049 
0 1 .001 3.998 - 9.9951 
0 0 .000 3.999 10.000 
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'm'tmid·'fJ 
APPLICATION CIRCUITS 

CRT DISPLAY DRIVER 

+ 120VDC 

60V COMMON ~---I----f~ 
MODE LEVEL 

NOTES: 1. FULL.DIFFERENTIAL DRIVE LOWERS POWER SUPPLY VOLTAGE. 
2. ELIMINATES INVERTING AMPLIFIERS AND TRANSFORMERS. 

CLOCK 

T 

3. INDEPENDENT BEAM CENTERING CONTROLS. 

Figure 5 

12·BIT HIGH·SPEED AID CONVERTER 

SERIAL , n r DATA OUT 

E S CC DO 
2504 SAR 01----------------., 

CP 011 (NAT'L, AMD) 00 

~LSB ... ~ 
~ 

VREF ANALOG IN 

- () () (O·10V) 

+ 10V 
REF 

3390 

") 5.000K 

5.000k MSB 
...... -"v ..... \1\ ....... ,......... 

( -:.!:" o. 
V(-) - v(+) 

Figure 6 
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CONVERSION TIME vs ACCURACY 

1.25 r----r--..-.--.,--......,.......----r--.,----, 

1.00 t---+---lH::-:=:-!=--=-='c~rl---t---I 

>= 0.75 I---+--~ 
o 
ct 
a: 
B 0.50 
o 
ct 

0.25 t---+-+---1r--~--t--+-"---I 

0.00 L----'-_.....L.._...I.-----L_-L..._...I.---I 

100 200 300 400 500 600 700 800 

CONVERSION TIME PER TRIAL, ns 

CONVERSION 
TYP 

WORST 
TIME (n5) CASE 

SAR 33 55 

NE529 100 150 

TOTAL 383ns 705ns 

x 13 5.01!s 9.1/IS 
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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 

1 IC 
• Temperature compensated 
• Greater than 110dB dynamic range 
• Operates down to 6Vdc 
o 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
aged on an external filter capacitor tied to 
the CRECT terminal, and the average value 
of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
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,1A. 

G 0. 

G 0.. 
I VIN I ave 

Rl 

or 

The speed with which gain changes to fol
low changes in input signal levels is deter
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will 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-
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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 

TA Operating temperature range 
NE 
SA 

PD Power dissipation 

BLOCK DIAGRAM 

1of 2 

R2 20K 

t.G IN O---'VV'I,---i 

R1 10K 
R ECT IN O-----'vv'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 - G final) e -t/ T 

+ Gfinal; T = 10K X C RECT 

The variable gain cell is a current in, current 
out device with the ratio lOUT II IN con
trolled by the rectifier. liN is the current 
which flows from the ~G input to an internal 
slimming 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. 

Signetics 
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PIN CONFIGURATION 

F, N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE570F,N NE571F,N 

SA571F,N 

RATING UNIT 

Vdc 
24 
18 

o to 70 °C 
-40 to +85 °C 

400 mW 

output 

VIN-VREF VIN 
IIN= R2 R;-

A compensation scheme built into the ~G 
cell compensates for temperature, and can
cels out odd harmonic distortion. The only 
distortion which remains is even 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 V REF, 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. 

3391 

(J) 
() 

....... 
Q) 
C 
0> 

US 



en 
(.) 

..... 
Q) 
C 
0> 

en 

ANALOG DIVISION 

COMPANDOR 

The output stage is capable of ±20mA out
put current. This allows a +13dBm (3.5V 
rms) output into a 300n load which, with a 
series resistor and proper transformer, can 
result in +13dBm with a 600n output imped
ance. 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

BASIC INPUT-OUTPUT 
TRANSFER CURVE 

~ ·20.....-------....,. 

A band gap reference provides the refer
ence voltage for all summing nodes, a regu
lated supply voltage for the rectifier and ~G 
cell, and a bias current for the ~G 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 

~ 
..... 

~ 
6 ·10 
a: 
o 
~ ·20 
ct 

~ 30 

a: 
~. 40 

~ 50 

~ 
~ 
a: 
5; 
t:1 
a: 
~ 
o 
u 

30 20 10 0 '10 
COMPRESSOR OUTPUT LEVEL 

OR 
EXPANDOR INPUT LEVEL (dBml 

DC ELECTRICAL CHARACTERISTICS T A = 25°e, Vee = 15V' 

PARAMETER TEST CONDITIONS 

Vee Supply voltage 

Ice Supply current No signal 

Output current capability 
Output slew rate 
Gain cell distortion2 Untrimmed 

Trimmed 

Resistor tolerance 
Internal reference voltage 
Output dc shifP Untrimmed 

Expandor output noise No Signal, 20Hz-20kHz 

Unity gain level 
Gain change2•4 -40oe < T < 100e 

ooe < T < 100e 
Reference drift4 -40°C < T < 100e 

ooe < T < 100e 
Resistor drift4 -40oe < T < 100e 

ooe < T < 100e 

Tracking error 5, input Rectifier input, V2 = 
V1 == OdBm 

+6dBm 
-10dBm 
-20dBm 
-30dBm 
-40dBm 

NOTES 

1. Except where indicated. the 571 specifications are identical to the 570 
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 over -40 to 

+85°C temperature range. 

Min 

6 

±20 

1.1 

-1 
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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 
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TYPICAL TEST CIRCUIT 

1: 
O·'I 

13 -::-

'.2K I2°OP
F 

NE/SA571 6 

Max Min Typ Max UNIT 

24 6 18 V 
4.0 3.2 4.8 rnA 

rnA 
V/us 

1.0 .5 2.0 % 
.1 

±15 % 
1.9 1.65 1.8 1.95 V 
±50 ±30 ±100 mV 

I1V 
dBRNe 

+1 -1.5 0 +1.5 dBm 
±.1 dB 

±.2 ±.1 'f.4 

-10, -40 +2, -25 +20, -50 mV 
±10 ±5 ±20 

% 

dB 

-.2,+.4 +.2 -.2,+.5 
-.3,+.6 +.2 -.4;+.7 

-.5,+1 +.2 -1,+1.5 
+.2,-.4 
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DUAL LOW-NOISE PREAMP_ NE542 

DESCRIPTION 
The NE542 is a dual preamplifier for the 
amplification of low level signals in appli
cations requiring optimum noise perfor
mance. Each of the two amplifiers is com
pletely independent, with individual inter
nal power supply decoupler-regulator, pro
viding 110dB supply rejection and 70dB 
channel separation. Other outstanding 
features include high gain (104dB), large 
output voltage swing (Vcc - 2Vp-p), and in
ternal compensation to 10dB. The NE542 
operates from a single supply across the 
wide range of 9 to 24V. 

The NE542 is ideal for use in stereo phono, 
tape, or microphone preamps and other 
applications requiring low noise amplifi
cation of small signals. 

© IC MASTER 1983 

FEATURES PIN CONFIGURATION 
• Low noise-. 7 IN total Input noise 
• High gain-104dB open loop 
• Single supply operation 
• Wide supply range 9 to 24V 

.• Power supply rejection 11 OdB 
• Large output voltage swing 

(V CC -2V p-p) 
• Wide bandwidth 15MHz unity gain 
• Power bandwidth 100kHz (15V p-p) 
• Internally compensated (stable at 10dB) 
• Short circuit protected 
• High slew rate 5V / J.Ls 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering, 60 sec) 

EaUIVALENT CIRCUIT 

Vee 

,-----
R3 

NPACKAGE 

+IN (1) , • +IN (2) 

-IN (1) 2 1 -IN (2) 

GND 3 6 vcc 

OUTPUT (1) 4 5 OUTPUT (2) 

TOP VIEW 

ORDER NUMBER 
NE542N 

RATING UNIT 

+24 V 
500 mW 

o to +70 °C 
-65 to +150 °C 

+300 °C 

--~-I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

(4,5) 

_____ J.. ____ ~ 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee= 14V 
unless otherwise specified. 

NE542 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply voltage 9 24 V 
Supply current Vcc= 9 to 18V. RL = 00 9 15 rnA 

Input resistance 
Positive input 100 kn 
Negative input 200 kn 

Output resistance Open loop 150 n 
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DUAL LOW-NOISE PREAMP NE542 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Voltage gain Open loop 

Input current 
Negative input 

Output current Source 
Sink (linear operation) 

Output voltage swing 

Small signal bandwidth 
Slew rate 

Power bandwidth 15V p-p 

Maximum input voltage Linear operation 

Supply rejection ratio f=60, 120Hz 
f = 1 kHz 

Channel separation f = 1 kHz 

Total harmonic distortion 75dB gain, f = 1 kHz 
Total equivalent input 

Noise RS = 600D, 100 - 10,000Hz 

Noise figure RS = 50kD, 10 - 10,000Hz 
AS =20kD, 10 10,000Hz 
AS = 10kD, 10 - 10,000Hz 
AS = 5kD, 10 -1 O,OOOHz 

TYPICAL PERFORMANCE CHARACTERISTICS 

LARGE SIGNAL FREQUENCY RESPONSE 

> 
I 

CI 
z 
~ 
en 
w 
CI 

"' ~ 
0 
> 
I-
::l 
IL 
I-
::l 
0 
:.:: 

"' W 
IL 

0 
I-
:.:: 
"' W 
IL 

22 

20 
\ Vcc=24V,Av=1OO0 

> 1% DISTORTION_ 

18 

16 

14 

12 

10 

1\ 
\ 
\ 
\ 

4 \ 
\ 

0 "-... 
1k 10k 100k 1M 10M 100M 

FREQUENCY - Hz 

p.p OUTPUT VOLTAGE SWING 
vs Vce 

25 

/ 
/v 

</ 

20 

15 

/ 
// 

10 

V 

o 
o , 10 15 20 25 

SUPPLY VOLTAGE - V 
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CD 115 
'C 
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z 
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100 
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I 0.7 
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0 
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is 

0.3 

0.2 
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o 
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TEMPERATURE - ·C 
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VCC=12V 
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"" L 
50dB/" V 

-::::::::t:::::-V 
40dB 
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100k 

Min 

8 
2 

Vee -2.5 

13 

12 

11 

"' 10 
E 

I 
o 
!:! 

6 

NE542 

Typ Max 

160,000 

.5 

14 
3 

Vee -2 

15 
5 

100 

300 

100 
110 
70 

.1 

.7 1.2 

1.2 
1.2 
1.5 
2.4 

Vee vs ICC 

---~ -

UNIT 

V/V 

,..,.A 

mA 
mA 

V 

MHz 
V/,..,.s 
kHz 

mVrms 

dB 
dB 
dB 

% 

,..,.Vrms 

dB 
dB 
dB 
dB 

~ ~ 

8 10 12 14 16 18 20 22 24 

CD 
'C 

I 
z 
0 
~ 

"' II: 

"' IL 
W 
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...J 
w 
z 
z 
"' :z: 
t) 

SUPPLY VOLTAGE - V 

CHANNEL SEPARATION 
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80 
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40 

30 
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/ 

Av=1oo0 
Vcc=12V 
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DUAL lOW-NOISE PREAMP NE542 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

PSRR vs FREQUENCY GAIN AND PHASE RESPONSE 
VOLTAGE GAIN vs 
SUPPLY VOLTAGE 

120 120 120 

110 ~ 15 110 --.....--. t\. i-"'" 
110 100 ."" 30 

/ 1\ \. '" 
100 

90 45 90 
100 r\. al 

/ 80 60 'C 

al \ '\. "'GAIN " I 80 
./ 70 w 

'C 

1\ 
al 

PHASE" 
75 c z 

I 51 
'C r--..... \. :;;: 70 

90 I 60 90 ~ 
a: ~151'F '" .....,~ " 60 z w a: 50 105 en w 
en 

~OO'Fd~ ~ 
:;;: ct " 50 Q. 

80 " \. 120 J: ct 
40 Q. I-

1\ ..J 
40 

30 135 0 
Av= 1000 

\. \ > 
70 r- 20 150 30 

7 10 '\\ 165 20 

60 I I I 
0 ~ 180 10 

10 100 1k 10k 100k 1M 10M 1 10 100 1k 10k 0.1M 1M 10M 10 15 20 25 

FREQUENCY -:- Hz FREQUENCY - Hz SUPPLY VOLTAGE - V 

NOISE VOLTAGE vs NOISE CURRENT 
FREQUENCY vs FREQUENCY PULSE RESPONSE 

16 9 

NOTE: Rs=O NOTE: Rs = 50k Av=10 
8 

14 
7 

> 6 12 0.8 

~ ~, ~ 

'" 
I 5 ~ 

I- IV '> '> ::I 
:; 10 < 0.6 Q. 4 l-e 
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6 0.2 
1 

0 
.... 
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-1 
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FREQUENCY - Hz FREQUENCY - Hz TIME -1'5 

TYPICAL APPLICATIONS 

TYPICAL TAPE PLAYBACK AMPLIFIER AUDIO MIXER 
12V 

12Y 

'_F 
Ao----1f---,!W-~_'_1 

>,-,(4'...;..5) .....,....-0 O.5Y,ml 

2.2M '_F 
Bo----1 

'_F SOOk 

Co----1 

2.4k 

TWO-POLE FAST TURN-ON NAB TAPE PREAMP RIAA MAGNETIC PHONO PREAMP 
12V Vee= + l6V 

(4,5) 

>-.---.....--0 OUT 

120pF 1800pF 46k 

II 220k 360k 6800pF 

91k 
2k 2k 

24k 

NOTE All reSistors values are tYPical and In ohms 
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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 17lts. 
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 

Vcc + Positive supply voltage 
Vcc - 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, 17lts 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 AID conversion systems 
requiring high speed 8·blt building 
blocks 

RATING UNIT 

o to +6 V 
o to -15 V 

1.5 rnA 
5.0 rnA 
6.0 V 
1.0 V 

-1 to Vcc + V 

1000 mW 
o to + 70 °C 

- 65 to + 150 °C 
TSOlO Lead soldering temperature (10 seconds) 300 °C 

BLOCK DIAGRAM 

3396 

IREF IN 

AN GND_-__ 

ClK 

INT 
CLOCK 

+ vee -vee 
Cj' 

()E DB7. • • • • • DBD 
(MSB) (lSB) 
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NE5034 

PIN CONFIGURATION 

DBO (lSB) 1 

F PACKAGE 

TOP VIEW 

17 DIGITAL GND 

16 ANALOG GND 

ORDER NUMBERS 
NE5034F, NE5034N 
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8-BIT GENERAL PURPOSE AID CONVERTER NE5034 

DC ELECTRICAL CHARACTERISTICS + Vee = 5.0V, - Vee= -12V, ooe.;;; TA ~ 70°C unless otherwise specified 

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Resolution 8 8 8 Bits 

Relative accuracy error1
• 2 ± 1/2 LSB 

Vee+ Positive supply range 4.75 5.0 5.25 V. 

Vee- Negative supply range -11:4 -12 -12.6 V 

EFS Full scale gain error IREF= 1.0mA, TA = 2SoC ±2 ±S LSB 

Ezs Zero scale offset error IREF= 1.0mA, T A = 2Soc ±O.S ±1 LSB 

Psr Power supply rejection3 IREF=1.0 rnA, Vee +4.75 to +5.2SV, Vee -11.4 
to - 12.6V ± 1/2 LSB 

VIH Logic 1 input voltage (STRT and DE) 2.0 V 

VIH Logic 1 input voltage ext. clock 2.4 V 

VIL Logic 0 input voltage (STRT and DE) 0.8 V 

VIL Logic 0 input voltage ext clock 0.7 V 

IIH Logic 1 input current (STRT and DE) VIN = 2.4V 20, p.A 

IIH Logic 1 input current ext clock VIN = 2.4V 100 p.A 

IlL Logic 0 input current (STRT and DE) VIN = O.4V -20 -100 p.A 

IlL Logic 0 input current ext. clock VIN =0.7V -100 p.A 

VOL Logic 0 output voltage 10L = 1.6mA, DE = 0.8V 0.4 V 

VOH Logic 1 output voltage 10H = 400p.A, DE = 0.8V 2.4 V 

loz Three-state leakage DE=2.0V, VOL=OVorSV ±10 p.A 

lec+ Positive supply current Vee+SV, Vee- 12V 18 36 rnA 

Icc Negative supply current Vee + 5V, Vee-12V -11 -22 rnA 

NOTES 
1. Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on a straight line drawn from zero scale to full scale of the 

device. 
2. Specifications given in'LSBs refer to the weight of the least significant bit at the a·bit level which is 0.39% of the full scale voltage. 
3. MAX change in full scale. 

AC ELECTRICAL CHARACTERISTICS v+ +5V, V-

SYMBOL & PARAMETER TO FROM TEST CONDITIONS MIN TYP MAX UNIT 

Internal clock frequency CL = 60pF (See Figure 1) SOO KHz 

External clock frequency 700 KHz 

Tw STRT pulse width Clock freq. = SOOKHz 400 ns 

External clock pulse width positive/negative 600 ns 

Set up time1 See Figure 3 300 ns 

tp (out data) propagation delay data out DE See Figure 2 50 200 ns 

tp (out DR) propagation delay data ready out 8th clock See Figure 3 700 ns 

tp (3-state) propagation delay 3-state high 
DE See Figure 2 60 200 ns 

impedance olp 

tp (OBO) propagation delay DBO DR See Figure 3 SOO ns 

tp (SOR) STAT low to DR high data ready high STRTlow See Figure 3 700 ns 

NOTE 
1. See description of "Set up time". 

Signetics 
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8-BIT GENERAL PURPOSE AID CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
~ 
> u 
z 
w 
;:) 

0 
w 
a:: 
u.. 

INTERNAL CLOCK FREQUENCY vs 
EXTERNAL CAPACITOR (CL) 

100,000 

10,000 

--- ... 
1000 , 

'''"' 100 

10 '" ~ "', 

so 

40 

'0 
CD 30 
~ 
w 
~ 20 

10 

o 

CONVERSION TIME vs 
CLOCK FREQUENCY 

"" ............... 

----i---
10 "100 1000 10,000 100,000 300 "400 SOO 600 700 800 

CAPACITOR (CL) IN pF FREQUENCY (KHz) 

FIGURE 1 

TEST LOAD CIRCUITS 

DATA OUTPUT HIGH 

tR == tF == 20n5 

DATA READY 
tp (DATA) 

OE 
DATA OUTPUT SKf! 

liN (10.SV) 
NES034 - Vee(-12V) 

IREF IN =1mA 
Vee + (+ SV) 

v CLKSOOKHz 
@ START PULSE 

(TTL LEVELS) DB (0 TO S) 
-= 

tp (DATA) 

DATA OUTPUT LOW 

Vee = +SV Vee tR == tF == 20n5 

DATA READY 4// SKf! 
DATA . I/,.-::. 

NES034 
liN (-0.1V) 

OUTPUT ,.f- - Vee (-12V) tF 

1SpF r \" IREF IN = lmA 
Vee+ (+SV) 

v CLK SOOKHz Vee 

OE (TTL LEVELS) v v START PULSE DB (0 TO S) 

"- (TTL LEVELS) 

J tp (DATA) 

FIGURE 2 
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8-BIT GENERAL PURPOSE AID CONVERTER 

CLOCK 

'''SDAl) 
50% 

8th CLOCK 
PULSE 

OBO ______________________________ _ 

FIGURE3 

FUNCTIONAL PIN DEFINITIONS 
DATA READY (DR) 

This is an output pin used to indicate that 
a conversion is in progress. DR goes to a 
logic. "1" when STRT is at a logic "0". At 
the completion of a conversion DR returns 
to a logic "0". There is a delay (MAX 0.5JLs) 
from the time DR goes to "0" to the time 
DBO data is valid. 

DBO-DB7 

Eight three-state data outputs each with a 
drive capability of one TIL load. DBO is the 
lSB and DB7 is the MSB. 

OE 

Output enable input. When OE is at a logic 
"1" the data outputs assume a high impe
dance state. With OE at a logic "0", data is 
placed on the outputs. Data appearing on 
the outputs is only valid if both OE and DR 
are at logic "0" (see note on DR timing). 

STRT 

This pin is used to reset the converter and 
start a new conversion. A logic "0" applied 
to this pin for a minimum of 400ns will 
reset the converter to a condition with 
DB7 at a logic "1" and all other Dat~ut
puts at logic "0". It will also cause DR to 
go to a logic "1" (see timing diagrams for 
delay times). Conversion will start with the 
1st clock pulse after STRT returns to a 

© IC MASTER 1983 

logic "1" (see notes on set up time re
quired). A STRT pulse while a conversion 
is taking place will cause the conversion 
to be aborted and the converter will reset. 
(See notes on short-cycle operation.) 

ClKIN 

An external capacitor between this pin 
and ground generates the internal clock 
pulses. (See diagram for clock frequency 
vs capacitor value). In order to synchro
nize the internal clock, to the start pulse a 
diode (small signal type e.g., 1N914) 
should be connected between STRT and 
ClK I N (see Figures 4 and 5). Without this 
diode the start pulse could occur at a time 
which could cause one of the conditions 
described in the Note on "set up" time. 
Applying an external TIL-or MOS-compat
ible clock to this pin slaves the NE5034 to 
external clock frequency. In this case, the 
diode is not required but the "set up" time 
requirements should be noted. 

BASIC CIRCUIT DESCRIPTION 
The NE5034 is an 8-bit AID converter which 
incorporates the successive-approxima
tion conversion method. Upon receipt of 
the STRT pulse, successive bits, begin
ning with the MSB (DB7), are applied to the 
input of the internal 8-bit current output 
DAC bOy the 12l successive-approximation 
register (SAR) (see Block Diagram). 

Signetics 

OCTOBER 1982 

NE5034 

The comparator determines whether the 
output current of the DAC is greater or 
less than the input current converted from 
the unknown analog input voltage through 
an external input resistor. If the DAC out
put current is greater, the data latch for 
the trial bit is reset to a '0'; if it is less, ·the 
trial data bit stays at '1'. After all the bits 
from DB7 to DBO have been tried, the SAR 
contains a valid 8-bit binary output code 
which accurately represents the unknown 
analog input to within ± 1/2 lSB (± 0.2%). 
This binary output will now remain in the 
SAR until another STRT pulse is applied. 

During the successive-approximation se
quence, the DATA READY signal remains 
at '1'. Upon completion of the conversion, 
the signal goes to a '0', indicating that 
data is valid and ready. If the OE input is 
left at a '0' during the conversion, the 
DATA OUTPUT shows the conversion se· 
quence (see short cycle section). When 
the OE line is made a logic '1', the output 
buffers will go to a high impedance state 
and will remain so until the OE is returned 
to a '0' state. 

TIMING DESCRIPTION 
The timing diagram shown in Figure 7 
shows the successive trial and decisions 
for each data bit. 

With STRT at a logic "0" the converter is 
reset to a condition with DB7 at a logic 
"1", DR at a logic "1" and DBO-DB6 at 
logic "0". 

Conversion starts after STRT returns to a 
logic "1". Starting with DB7 each bit is 
tried in turn, with the decision point being 
at the time of the positive going edge of 
the clock. Starting with the first positive 
edge after STRT returns to logic "1" (see 
note on "set up" time). The 8th positive 
going edge makes the decision on DBO 
(LSB) and also causes ~ to return to a 
logic "0" to indicate the conversion is 
complete. (See note on DR timing.) 

SHORT·CYCLE OPERATION 
In applications where less than 8 bits of 
resolution are required the NE5034 can be 
operated to achieve shorter conversion 
times. No hard wire changes are required 
to perform "short-cycling". 

Conversion to X number of bits is com
pleted at the end of X + 0.5 clock cycles 
(after a start pulse) DR will still be at a 
logic "1" state. 

OE can be used to 3-statethe outputs 
even during short-cycle operation. 
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8-BIT GENERAL PURPOSE AID CONVERTER 

BASIC SET·UP DIAGRAM 

UNIPOLAR INPUT VALUES (O-10V) 

EXTERNAL CLOCK STRf DATA Olffiiljf 
(IF USED) PULSE READY ENABLE 

UNKNOWN ANALOG 
VOLTAGE INPUT 

5.0KIl 

I REFIN 

R REF= 5.0KIl 

15 

ANALOG 
GROUND 

01 

10 

NE5034 

18 . 9 

14 

DG7MSB 

DBO LSB 

CL - SEE FIG 1 FOR VALUE 
01 - IN914 OR SIMILAR 
CL AND 01 NOT REQUIRED 
IF USING EXTERNAL CLOCK 

+Vee -Vee 

FIGURE 4. 

20KO 
+V~-V 

ANALOG 
INPUT 

RIN 

500KO 

15 

1000 RREF 13 
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BASIC SET·UP DIAGRAM 

BIPOLAR INPUT VALUES (± 10V RANGE) 

EXTERNAL CLOCK STRT DATA OUTPUT 
(IF USED) PULSE READY E'NAiiLE 

UNKNOWN ANALOG 
VOLTAGE INPUT 

NE5034 

ANALOG 
GROUND 

01 

18 

14 

+Vee -Vee 

FIGURE 5. 

DG7 MSB 

DBO LSB 

CL - SEE FIG 1 FOR VALUE 
01 - IN914 OR SIMILAR 
CL AND 01 NOT REQUIRED 
IF USING EXTERNAL CLOCK 

FIGURE 6. SUGGESTED ZERO/FULL SCALE ADJUST CIRCUIT 
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8-BIT GENERAL PURPOSE AID CONVERTER 

SET UP TIME 
When using an external clock, the positive 
going edge of the start pulse must be syn
chronized to the clock pulse. There is a 
"set up" time of 300ns required between 
the time of the start pulse returning to a 
logic "1" and the next positive going edge 
of the clock. 

If the positive edge of the start pulse 
occurs less than 300ns prior to the posi
tive clock edge, one of the following con
ditions will occur: 

a) The converter recognizes the clock 
pulse and converts as normal. 

b) The conversion starts one clock pulse 
later. 

c) The conversion never starts, this will be 
indicated by the fact that DR does not 
return to logic "0". In this case a new 
start pulse will be required. 

DATA READY (DR) TIMING 
After DR returns to a logic "0" indicating a 
conversion is complete there is a time 
delay of 500ns before the data at DBO out
put (the Least Significant Bit) is valid. 

ZERO OFFSET (NEGATIVE FULL 
SCALE) CALIBRATION 
PROCEDURES 
1. Apply continuous start pulses to the 

STRTinput. 

2. Apply 1/2 LSB in the case of unipolar 
operation, or 1/2 LSB above - FS in the 
case of bipolar operation to the analog 
input. 

CLOCK 

3. Observe all data outputs after each 
conversion is completed. 

4. Adjust the potentiometer connected to 
liN (see Figure 6) until the LSB flickers 
between '0' and '1', and all other data 
outputs remain '0' following each con
version. 

FULL SCALE (POSITIVE FULL 
SCALE) CALIBRATION: 
1. Apply continuous start pulses to the 

STRTinput. 

2. Apply full scale minus 1 1/2 LSB to the 
analog input. 

3. Observe all data outputs after each 
conversion is completed. 

4. Adjust the voltage applied to VREF IN 
(Figure 4) until the LSB varies between 
'0', and '1', and all other data outputs 
stay '1' after each conversion. 

NOTE: 
1. Where an input of 1/2 LSB is called for, the voltage is 

equalto~. 
256 

2. The sequence of calibration should be: 
a. Zero offset 
b. Full scale adjust 
c. Zero offset 
d. Full scale adjust 

OPERATING PRECAUTIONS: 
Analog and digital grounds should have 
separate returns. Noise and jitter on digi
tal ground will degrade accuracy unless 
the input is referenced to a 'clean' analog 
ground. 

OB7~ 

[====================== 
OB6~ .. -----------------,---

~ 1 ______ --------------

NOTE 
1. OE = logic "0" 

n ----------------
-----------------n--------

2. See "Short·Cycle" section 

FIGURE 7. NE5034 TIMING DIAGRAM 
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UNIPOLAR BINARY 
OPERATION: 
A standard connection for a 0 to 10V uni
polar binary operation, with VREF IN equal 
to + 5 volts, is shown in Figure 4. The 
NE5034 can quantize full scale ranges of 
1V to 10V. It should be noted, however, 
that for smaller full scale ranges, the ac
curacy and speed will degrade. 

The input voltage versus output code rela
tionship for unipolar operation is shown in 
Table 1. The full scale range is 2 times 
IREF IN' 

Table 1. Unipolar-Binary 

ANALOG INPUT 
DIGITAL 

OUTPUT CODE 

NOTES 1, 2, 3 MSB LSB 

FS-1 LSB 1 1111111 
FS-2 LSB 1 111 1 1 1 0 
3/4 FS 1 1 000 000 
1/2 FS+ 1 LSB 1 o 0 000 0 1 
1/2 FS 1 000 0 0 0 0 
1/2 FS-1 LSB o 1 1 1 1 1 1 1 
114 FS o 1 0 0 0 000 
1 LSB o 0 0 0 0 0 0 1 
0 o 0 0 0 0 0 0 0 

Table 2. Bipolar-Offset Binary 

ANALOG INPUT 
DIGITAL 

OUTPUT CODE 

NOTES 1, 3, 4 MSB LSB 

+ (FS-1 LSB) 1 1 1 1 1 1 1 1 
+ (FS- 2 LSB) 11111 110 
+ (112 FS) 1 1 0 0 0 0 0 0 
+ (1 LSB) 1 000 000 1 
0 1 0 0 0 0 0 0 
- (1 LSB) o 1 1 1 1 1 1 1 
- (1/2 FS) 01000000 
- (FS-1 LSB) o 0 0 0 0 0 0 1 
-FS o 0 0 0 0 000 

BIPOLAR (OFFSET BINARY) 
OPERATION: 

A standard connection for a - 5 to + 5V or 
-10 to + 10V bipolar operation is shown 
in Figure 5. 

NOTES: 
1. Analog inputs shown are nominal center values of 

code. 
2, "FS" is full scale; i.e., 21REF IN (Unipolar mode)., 
3. 1 LSB equals (2 - 8) (FS). 
4, "FS" is full scale; i.e., IREF IN (Bipolar mode). 
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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 
FEED 

FEATURES 

• Stabilized power supply 
• Temperature compensated reference 
. source 
• Sawtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limiting 
• Low supply voltage protection 
• Loop fault protection 
• Demagnetization/overvoltage 

protection 
• Maximum duty cycle adjustment 
• . Feed forward control 
• External synchronization 

RATING UNIT 

+18 V 
30 mA 

40 mA 
+18 V 
+5 V 

-55 to +125 °C 
o to 70 °C 

-65 to +150 °C 

FORWARD R C 
SYNC 
INPUT 

SEN~~~::~~ _1_1 +--....... -----f 

O.6V 

3402 

REMOTE 
ON/OFF 

Signetics 

PIN CONFIGURATION 

D,F,N PACKAGE 

POSITIVE 
SUPPLY (IN) 

ZENER 
VOLTAGE (Vz) 

fRROR SENSE 
INPUT 

DUTY 
CYCLE CONTROL 

TOP VIEW 

16 FEEDFORWARD 

13 g~~:~~C;~~~TlON/ 
NEGATlV~ 

12 SUPPLY (IN) 

CURRENT 
11 LIMITING 

10 REMOTE ON/OFF 

EXTERNAL 
SYNC INPUT 

ORDER NUMBERS 

NE5560N SE5560F 
NE5560D SE5560N 
NE5560F 

DEMAGNETIZATION· 
OVER·VOLTAGE PROTECTION 

13 

START 

STOP 

1--____ +-2_ Vz 

1 , 12 

Vs 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 

DC ELECTRICAL CHARACTERISTICS (TA = 25°C, Vee = 12V unless otherwise specified) 

SE5560 
PARAMETER TEST CONDITIONS Min. Typ. Max. Min. 

Reference Sections Over temp. 3.65 3.85 3.53 
Internal reference voltage (Vref) 25°C 3.69 376 3.81 3.57 
Internal Zener reference (Vv Il=7mA 7.8 8.4 9.0 7.8 

Oscillator Section 
Frequency range Over temp. 50 100k 50 

Modulator, 
Modulator input current Voltage at Pin 5 = 1V 0.2 20 

over temp. 

Housekeeping Function 
·Pin 6, input current Over temp. 0.2 20 
• Pin 6, duty cycle limit control (for 50% maximum 40 50 60 40 

duty cycle) 15kHz to 
50kHz141 % of Vz 

• Pin 1, low supply voltage Vz+ Vz+ Vz+ Vz+ 
protection thresholds 0.2 0.7V 1.7V 0.2 

• Pin 3, feedback loop protection 470 600 720 470 
trip threshold 

·Pin 3, pull up current Over temp. -15 -35 
• Pin 13, demagnetization/over 470 600 720 470 
voltage protection trip on 
threshold 

·Pin 13, input current 25 Q C 0.6 10 
Over temp. 20 

Pin 16, feed forward duty Voltage at Pin 16 = 2Vz 0.4 

cycle2 control 

·Pin 16, feed forward input 25 Q C 0.2 5 
current 'Over temp. 10 

External Synchronization 
Pin 9 off 0 0.8 0 

on 2 Vz 2 
sink current Voltage at Pin 9 = OV, 

25 Q C -65 -100 
Over te.mp. -125 

Remote 
·Pin 10 off 0 0.8 0 

on 2 Vz 2 
sink current 25 Q C -85 -100 

Over temp. -125 

Current limiting 
·Pin 11, liN Voltage at Pin 11 = 

250mV, 25°C -2 -10 
Over temp. -20 

Trip Levels: 
Shut down, slow start 0.560 0.600 0.700 0.560 
Current limit 0.400 0.48 0.500 0.400 

Error Amplifier 
Output voltage swing (maximum) 6.2 6.2 
Olltput voltage swing (minimum) 0.7 
Open loop gain 60 
Feedback resistor 10k 10k 
Small signal bandwidth 3 

Output Stage 
VeE (SAT) Ie = 40mA 0.5 

Output Current (Pin 15) 40 40 
Max emitter voltage (Pin 14) 5 6 5 

Signetics 
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Typ. 

3.76 
8.4 

0.2 

0.2 
50 

Vz+ 
0.7V 
600 

-15 
600 

0.6 

0.4 

0.2 

-65 

0.8 
Vz 
-85 

-2 

0.600 
0.48 

0.7 
60 

3 

0.5 

6 

OCTOBER 1982 

NE/SE5560 

Max. UNIT 

4.00 V 
3.95 V 
9.0 V 

100k Hz 

20 JAA 

20 JAA 
60 % of 

duty 
cycle 

Vz+ V 
1.7V 
720 mV 

-35 y,A 
720 rnA 

10 JAA 
20 JAA 

original 
duty 
cycle 

5 JAA 
10 JAA 

0.8 V 
Vz V 

-125 JAA 
-125 iJ,A 

V 
V 

-125 JAA 
-125 JAA 

-10 JAA 
-

0.700 V 
0.500 V 

V 
V 
dB 
n 

MHz 

V 

rnA 
V 
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. SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 

DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER TEST CON DITIONS Min. 

Supply Voltage/Current 
lee Iz = 0, voltage fed, 

Vee = 12V, 
25°C 

Over temp. 
Vee lee=10mA, 

current feed 20 
Vee lee=30mA, 

current feed 20 
Temperature coefficient of Vref 
Temperature coefficient of Vz 
Initial accuracy R= 5kU 
Duty cycle range' fo = 20kHl 0 
Single pulse inhibit delay Inhibit delay time for 

20% overdrive at 
40mA lOUT 

NOTES: 
1. See graph. 
2. See graph. 

TYPICAL PERFORMANCE CHARACTERISTICS 

ERROR AMPLIFIER 

iii' 
:s 
z 
<t 
C!J 

3404 

60 -r-

50 -
40 

30 

20 

10 

'--L.. o 
1K 

OPEN LOOP GAIN 

..... 1"-

~ 

~ 
\ 

L.- L.- L.-

10K 100K 1M 10M 

FREQUENCY (Hz) 
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SE5560 NE5560 

Typ. Max. Min. Typ. 

+75 
+150 

5 

0.7 

o 

-30 
8' w 
e. -60 
w 
-I 

~ -90 
« 
w 
~-120 
J: 
Q. -150 

.......... 

-

-180 
1K 

10 
15 

23 19 

30 20 
+75 
+150 

5 
98 0 
0.8 0.7 

OPEN LOOP PHASE 

-

'~ 
I--

~~ -, , 
\ 

-

10K 100K 1M 

FREQUENCY (Hz) 

Max. UNIT 

10 rnA 
15 rnA 

24 V 

30 V 
ppm/DC 
ppm/DC 

% 
98 % 
0.8 lAS 

10M 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 
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SWITCHED-MODE POWER SUPPL V CONTROL CIRCUIT NE/SE5560 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

TYPICAL FREQUENCY PLOT vs RT AND CT DUTY CYCLE SENSITIVITY TO FEED 
FORWARD VOLTAGE (PIN 16) 

l(kHz) 
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DESCRIPTION of the NE5560 
BLOCK DIAGRAM 

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 TTL-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 

3406 
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"' ........ 
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" 20 

4.5 C(nF) 10 
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limit circuit, therefore pin 11 has two 
trip-on levels; the lower one for cycle
bY-9ycle current limiting, the upper one 
for current protection by means of 
switch-off and slow-start. 

- A TTL-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: d"-' CIV16. 

- Loop fault protection circuits assure, 
that the duty-cycle is reduced to zero or 
a low value for open or short-circuited 
feedback loops. 
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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; 
typical23V for 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. 

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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SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 

The Sawtooth Generator 

Figure 2 shows the principal circuitry of 
the oscillator. A resistor between pin 7 and 
pin 12 (ground) determines the constant 
current that charges the timing capacitor 
C(8-12). 

This causes a linear increasing voltage on 
pin 8 until the upper level of 5.6V is reach
ed. Comparator H sets the RS bistable and 
01 discharges C(8-12) down to 1.1V, where 
comparator L resets the bistable. During 
this flyback time, 02 inhibits the output. 

Synchronization at a frequency lower than 
the free-running frequency is accomplish
ed via the TIL gate on pin 9. By activating 
this gate (V9< 2V), the setting of the saw
toothis prevented. This is indicated in 
Figure 3. 

Figure 4 shows a typical plot of the oscilla
tor frequency against the timing capacitor. 
The frequency range of the NE5560 goes 
from <50Hz up to >100kHz. 

Reference Voltage Source 

The interal reference voltage source is 
based on the bandgap voltage of silicon. 
Good design practice assures a tempera
ture dependency < ± 100ppml DC. The refer
ence voltage is connected to the positive 
input of the error amplifier and has a typi
cal value of 3.72V. 

Error Amp Compensation 
For closed loop gains less than 40 dB, it is 
necessary to add a simple compensation 
capaCitor as shown in Figures 4, 5. 

ERROR AMPLIFIER COMPENSATION 

OPEN LOOP GAIN 

60 dB 

SAWTOOTH GENERATOR 

r---------------~_--- loPWM 

.>-....--t SET 
10 OUTPUT LATCH 

">--+--1 RESET 

Figure 2 

SAWTOOTH OSCILLATOR SYNCHRONIZATION 

>2V 

Vg 
<O.SV _________________ ___ 

Vo 

C r-
c..L 

I 

I 
14 

Figure 3 

ERROR AMPLIFIER 

SLOPE ':' 
20 dB/DECADE 

1 kHz 10 kHz 1 MHz 

'max ..... -C>-----------------+-- START/STOP 

Figure 4 Figure 5 
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SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT 

Error Amplifier with Loop-Fault 
Protection Circuits 

This operational amplifier is of a generally 
used concept and has an open loop gain of 
typically 60dB. As can be seen in Figure 5, 
the inverting input is connected to pin 3 for 
a feedback information proportional to Va .. 

The output goes to the PWM circuit, but is 
also connected to pin 4, so that the re
quired gain can be set with Rs and R(3-4). 
This is indicated in Figure 5, showing the 
relative change of the feedback voltage as 
a function of the duty cycle. Additionally, 
pin 4 can be used for phase shift networks 
that improve the loop stability. 

When the SMPS feedback loop is interrupt
ed, the error amplifier would settle in the 
middle of its active region because of the 
feedback via R(3-4). This would result in a 
large duty cycle. A current source on pin 3 
prevents this by pushing the input voltage 
high via the voltage drop over R(3-4). As a 
result, the duty cycle will become zero, pro
vided that R(3-4»100k. When the feedback 
loop is shortcircuited, the duty cycle would 
jump to the adjusted maximum duty cycle. 
Therefore, an additional comparator is ac
tive for feedback voltages at pin 3 below 
O.6V. 

Now an internal resistor of typically 1k is 
shunted to the impedance on the dmax-
setting pin 6. Depending on this imped
ance, d will be reduced to a value do. This 
will be discussed further. 

DUTY CYCLE -d-% REGULATION 
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The Pulse·Width Modulator 

The function of the PWM circuit is to trans
late a feedback voltage into a periodical 
pulse of which the duty cycle depends on 
that feedback voltage. As can be seen in 
Figure 6, the PWM circuit in the NE5560 is 
a long-tailed pair in which the sawtooth on 
pin 8 is compared with the LOWEST volt
age on either pin 4 (error amplifier), pin 5, 
or pin 6 dmax and slow-start). The transfer 
graph is given in Figure 7. The output of the 
PWM causes the resetting of the output 
bistable. 

Limitation of the Maximum 
Duty Cycle 

With pins 5 and 6 not connected and with a 
rather low feedback voltage on pin 3, the 
NE5560 wi" deliver output pulses with a 
duty cycle of ::::95%. In many SMPS appli
cations, however, this high d wi" cause 
problems. Especially in forward convert
ers, where the transformer will saturate 
when d exceeds 50%, a limitation of the 
maximum duty-cycle is a must. 

A DC voltage applied to pin 6 (PWM input) 
will set dmax at a value in accordance with 
Figure 7. For low tolerances of dmax, this 
voltage on pin 6 should be set with a 
resistor divider from Vz (pin 2). The upper 
and lower sawtooth levels are also set by 
means of an internal resistor divider from 
Vz, so forming a bridge configuration with 
the dmax setting is low because tolerances 
in Vz are compensated and the sawtooth 
levels are determined by internal resistor 
matching rather than by absolute resistor 
tolerance. Figure 8 can be used for deter
mining the tap on the bleeder for a certain 
dmax setting. 

As already mentioned, Figure 9 gives a 
graphical representation of this. The value 
do is limited to the lower and the higher 
side; 
• It must be large enough to ensure that at 

maximum load and minimum input vol
tage the resulting feedback voltage on 
pin 3 exceeds 0.6V. 

• It must be small enough to limit the 
amount of energy in the SMPS wh'en a 
loop-fault occurs. In practice a value of 
10-15% will be a good compromise. 

Extra PWM Input (Pin 5) 

The PWM has an additional inverting in
put: pin 5. It allows for attacking the duty 
cycle via the PWM circuit, Independently 
from the feedback and the dmax informa
tion. This is necessary when the SMPS 
must have a real constant current behav
ior, possibly with a fold-back characteris-

© Ie MASTER 1983 
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tic. However, the realization of this feature 
must be done with additional external 
components. 

OUTPUT CHARACTERISTIC 

Dynamic Current Limit and 
Current Protection (Pin 11) 

VOUT 

In many applications, it is not necessary to 
have a real constant current output of the 
SMPS. 

CYCLE-BY-CYCLE 
LIMITING 

Protection of the power transistor wi" be 
the prime goal. This can be realized with 
the NE5560 in a simple and cheap way. A 
resistor (or a current transformer) in the 
emitter of the power transistor gives a 
replica of the collector current. This signal 
must be connected to pin 11. As can be 
seen in Figure 10, this input has two com
parators with different reference levels. 
The output of the comparator with the 
lower 0.48V reference is connected to the 
same gate as the output of the PWM. 
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SWITCHED MODE POWER SUPPL V CONTROL CIRCUIT NE/SE5560 

When activated, it will immediately reset 
the output bistable, so reducing the duty 
cycle. The effectiveness of this so-called 
cycle-by-cycle current limit diminishes at 
low duty cycle values. When d becomes 
very small, the storage time of the power 
transistor become dominant. The current 
will now increase again, until it surpasses 
the reference of the second comparator. 
The output of this comparator activates 
the start/stop circuit and causes an im
mediate inhibit of the output pulses. After 
a certain dead-time, the circuit starts again 
with very narrow output pulses. The effect 
of this two-level current protection circuit 
is visualized in Figure 11. 

The Start/Stop Circuit 

The function of this protection circuit is to 
stop the output pulses as soon as a fault 
occurs and to keep the output stopped for 
several periods. After this dead time, the 
output starts with a very small, gradually 
increasing duty cycle. When the fault is 
persistent, this will cause a cyclic switch
pff/switch'-on condition. This "hiccup" 
mode limits effectively the energy during 
fault conditions. The realization and the 
working of the circuit is' indicated in the 
Figures 12 and 13. The dead-time and the 
soft-start are determined by an external 
capacitor that is connected to pin 6 (dmax 
setting). 

A RS bistable can be set by three different 
functions: 
1. Remote on/off on pin 10. 

en 2. Overcurrent protection on pin 11. 
o 3. Low supply voltage protection (internal) . ..... 
~ As soon as one of these functions cause a 

.2> setting of the bistable, the output pulses 
en are blocked via the output gate. In the 

same time transistor 01 is forward-biased, 
resulting in a discharge of the capacitor on 
pin 6. 

The discharging current is limited by an in
ternal 150Q resistor in the emitter of 01. 
The voltage at pin 6 decreases to below the 
lower level of the sawtooth. When V6 has 
dropped to 0.6V, this will activate a com
parator and the bistable is reset. The out
put stage is no longer blocked and 01 is 
cut~off. No'.v Vz will charge the capaCitor 
via R1 to the normal dmax voltage. The out
put starts delivering very narrow pulses as 
soon as V6 exceeds the lower sawtooth 
level. The duty-cycle of the output pulse 
now gradually increases to a value deter
mined by the feedback on pin 3, or by the 
static dmax setting on pin 6. 
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SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 

Remote On/Off Circuit (Pin 10) 

In systems where two or more power sup
plies are used, it is often necessary to 
switch these supplies on and off in a se
quential way. Furthermore, there are many 
applications in which a supply must be 
switched by a logical signal. This can be 
done via the TTL-compatible remote on/off 
input on pin 10. The output pulse is in
hibited for levels below o.av. The output of 
the Ie is no longer blocked when the re
mote on/off input is left floating or when a 
voltage >2V is applied. Starting up occurs 
via the slow-start circuit. 

The Output Stage 

The output stage of the NE5560 contains a 
bistable, a push-pull driven output transis
tor, and a gate, as indicated in Figure 14. 
The bistable is set by the flyback of the 
sawtooth. Resetting occurs by a signal 
either from the PWM or the current limit 
circuit. With this configuration, it is as
sured that the output is switched only 
once per period, thus prohibiting double 
pulsing. The collector and emitter of the 
output transistor are connected to respec
tively pin 15 and pin 14, allowing for normal 
or inverted output pulses. An internally 
grounded emitter would cause untolerable 
voltage spikes over the bonding wire, 
especially at high output currents. 

This current capability of the output tran
sistor is 40mA peak for VeE 0' O.4V. An in
ternal clamping diode to the supply volt
age protects the collector against over
voltages. The maximum voltage at theemit
ter (pin 14) must not exceed +5V. A gate, 
activated by one of the set or reset pulses, 
or by a command from the start-stop cir
cuit will immediately switch-off the output 
transistor by short-circuiting its base. The 
external inhibitor (pin 13) operates also via 
this base. 

Demagnetization Sense 

As indicated in Figure 14, the output of this 
NPN comparator will block the output 
pulse, when a voltage above 0.6V is applied 
to pin 13. A specific application for this 
function is to prevent saturation of forward 
converter transformers. This is indicated 
in Figure 15. 

Feed-Forward (Pin 16) 

The basic formula for a forward converter is 
dV, 

VOUT = ~n = transformer ratiO) 

© Ie MASTER 1983 
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SWITCHED MODE POWER SUPPLY CONTROL CIRCUIT 

This means that in order to keep VOUT at a 
constant value, the duty cy~l,e d must be 
made inversely proportional to the input 
voltage. A preregulation (feed-forward) 
with the function d f\J 1 IVin can ease the 
feedback-loop design. 

This loop now only has to regulate for load 
variations, which require only a low feed
back gain in the normal operation area. The 
transformer of a forward converter must be 
designed in such a way that it does not 
saturate, even under transient conditions, 
where the maximum inductance is deter
mined by dmax x VIN max. A regulation 
of dmaxf\J 1/VIN will allow for aconsiderable 
red uct ion or s i m pI i f icat ion of the 
transformer. The function of df\J1IVIN can 
be realized by using pin 16 of the NE5560. 

Figure 16 shows the electrical realization. 
When the voltage at pin 16 exceeds the 
stabilized voltage Vz (pin 2), it will increase 
the charging current for the timing 
capacitor on pin 8. 

The operating frequency is not affected, 
because the upper trip level for sawtooth 
increases also. Note that the dmax voltage 
on pin 6 remains constant because it is set 
via Vz. Figure 17 visualizes the effect on 
dmax and the normal operating duty cycle d. 
For V16 = 2xVz these duty cycles have halv
ed. The graph for d = f(V16) isgiven in Figure 
18. 

NE/SE5560 Push·Pull Regulator 

This application describes the use of the 
Signetics NElSE5560 adapted to function 
as a push-pull switched mode regulator, as 
shown in Figures 19 and 20. 

Input voltage range is + 12 to + 18V for a 
nominal output of + 30 and - 30V at a 
maximum load current of 1A with an aver
age efficiency of 81 %. 

Features include feed forward input com
pensation, cycle-to-cycle drive current 
protection and other voltage sensing, line 
(to positive output) regulation < 1 % for an 
input range of + 13 to + 18V and load 
regulation to positive output of <3% for 
.1ld+) ~f 0.1 to 1 Amp. 

The main pulse width modulator operates 
to 48 kHz with power switching at 24 kHz. 
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER NE541 O/SE541 0 
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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 NElSE5410 provides complete 10-bit 
accuracy and differential nonlinearity over 
temperature, and a wide compliance volt
age range. Segmented current sources, in 
conjLinction 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 
• Hlgh·speed modems 
• Waveform generators 
• CRT displays 
• Strip CHART and X·Y plotters 
• Programmable power supplies 
• Programmable gain and attenuation 

BLOCK DIAGRAM 
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FEATURES 

• Pin-and-function compatible with 
MC3410 

• 10·bit resolution and accuracy 
(±O.OS%) 

• Guaranteed differential non· linearity 
over temperature 

• Wide compliance voltage range- - 2.S 
to +2.SV 

• Fast settling time-2S0ns typical 
• Digital inputs are TTL and CMOS 

compatible 
• High·speed multiplying input slew rate 

-20mA//Ls 
• Reference amplifier internally 

compensated 
• Standard supply voltages + SV and 

-1SV 

PIN CONFIGURATION 

N, F PACKAGES 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS TA = + 25°C unless otherwise noted 

SYMBOL AND PARAMETER 

Vcc 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 Operating Temperature Range 

SE5410 
NE5410 

TJ Junction Temperature 
Ceramic Package 
Plastic Package 

MSB LSB 

CURRENT SWITCHES 

LADDER TERMINATORS 

R·2R LADDER 

16~--------~~ ~----~ 
VREF( +) 0-+-....... --....., 

REFERENCE 
CURRENT 
AMPLIFIER 

BIAS 
CIRCUITRY 

VEE GND 
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14 
Vee 

RATING 

+7.0 
-18 
+ 15 

+4, -5.0 
2.5 

Vcc. VEE 
0.7 

-55 to + 125 
o to + 70 

+ 175 
+ 150 

UNIT 

Vdc 
Vdc 
Vdc 
Vdc 
mA 
Vdc 
Vdc 

°C 
°C 

°C 
°C 

3413 

·en 
(,) 

+== 
Q) 
c 

.2> en 



U) 
(.) 
:;:; 
Q) 
c: 
.2> 
(J) 

ANALOG DIVISION OCTOBER 1982 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER NE541 O/SE541 0 

'mil"lieI.'" 
. v 

DC ELECTRICAL CHARACTERISTICS vcc = + 5.0Vdc, VEE = - 15Vdc, R~E: = 2.0mA, all digital inputs at high logic level. 

SE5410: T A = - 55°C'to + 125°C, NE5410 Series: T A = O°C to + 70°C 

NElSE5410 
SYMBOL AND PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Er 
Relative accuracy (Error 

Over temperature ± 1/4 ± 1/2 LSB relative to full scale 10) 

Differential non-linearity' Over temperature ± 1/4 ± 1/2 LSB 

ts 
Settling time to within 

TA= 25°C 250 ns ± V2 LSB (all bits low to high) 

tpLH Propagation delay time 35 
t pHL 20 

ns 

TClo Output full scale current drift 20 40 ppm/DC 

Digital Input Logic Levels 

VIH 
(All bits) 

Vdc 
High Level, Logic "1" 2.0 
Low Level, Logic "0" 0.8 

Digital Input Current (All bits) 
IIH High Level, VIH = 5.5V 20 IlA 
IlL Low Level, VIL = 0.8V -20 

IREF(15) 
Reference Input Bias Current 

-1.0 -5.0 p.A (Pin 15) 

10H Output Current (All bits high) V REF = 2.000V, 3.937 3.996 4.054 mA 
R16 = 10000 

10L Output Current (All bits low) TA = 25°C 0 0.4 IlA 

TA = 25°C 
-2.5 

Vo Output Voltage Compliance Er < 0.05% 
+2.5 

Vdc 
relative to full scale 

SR IREF 
Reference Amplifier Slew 

20 mAIllS 
Rate 

ST IREF 
. Reference Amplifier Settling o to 4.0mA, ± 0.1 % 2.0 IlS Time 

PSRR(- ) 
Output Current Power Supply 

0.003 0.01 %1% 
Sensitivity 

Co Output Capacitance Vo=O 25 pF 

CI 
Digital Input Capacitance 4.0 pF 
(All bits high) 

Icc Power Supply Current +2 +4 mA 
lEE (All bits low) -12 -18 

Vce Power Supply Voltage Range TA = 25°C +4.75 +5.0 +5.25 Vdc 
VEE Vo=O -14.25 -15 -15.75 

Power Consumption 190 300 mW 

Signetics 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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CIRCUIT DESCRIPTION 

The NE5410 consists of four segment cur
rent sources which generate the 2 Most 
Significant Bits (MSBs), and an R/2R DAC 
implemented with ion implanted resistors 
for scaling the remaining 8 Least Signifi
cant Bits (LSBs). (See Figure 5.) This 
approach provides complete 10-bit accur
acy without trimming. 

The individual bit currents are switched 
ON or OFF by fully differential current 
switches. The switches use current steer
ing for speed. 

An on-chip high-slew reference current 
amplifier drives the R/2R ladder and seg
ment decoder. The currents are scaled in 
such a way that, with all bits on, the max
imum output current is two times 10231 
1024 of the reference amplifier current, or 
nominally 3.996mA for a 2.000mA refer-

(16) 

(4) 
MSB 
01 

+n--_---------. 

ence input current. The reference amplifier 
allows the user to provide a voltage input: 
Out-board resistor R16 (see Figure 6) con
verts this voltage to a usable current. A cur
rent mirror doubles this reference current 
and feeds it to the segment decoder and 
resistor ladder. Thus, for a reference 
voltage of 2.0 Volts and a 1 kG resistor tied 
to Pin 16, the full scale current is approx
imately 4.0mA. This relationship will remain 
regardless of the reference voltage polarity. 

Connections for a positive reference volt
age are shown in Figure 6a. For negative 
reference voltage inputs, or for bipolar 
reference voltage inputs in the multiplying 
mode, R15 can be tied to a negative volt
age corresponding to the minimum input 
level. For a negative reference input, R16 
should be grounded (Figure 6b). In addi
tion, the negative voltage reference must 
be at least 3V above the VEE supply volt-

R R 

(8) 
05 

R 

(9) 
Os 

R 

(10) 
07 

R 
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age for best operation. Bipolar input sig
nals may be handled by connecting R16 to 
a positive voltage equal to the peak posi
tive input level at Pin 15. 

When a dc reference voltage is used, 
capacitive bypass to ground is recom
mended. The 5V logic supply is not recom
mended as a reference voltage. If a well 
regulated 5.0V supply, which drives logic, 
is to be used as the reference, R16 should 
be decoupled by connecting it to the 
+ 5.0V logic supply through another 
resistor and bypassing the junction of the 
two resistors with a 0.1JLF capacitor to 
ground. 

The reference amplifier is internally com
pensated with a 10pF feed-forward capac
itor, which gives it its high slew rate and 
fast settling time. Proper phase margin is 
maintained with all possible values of R16 
and reference voltages which supply 

(11) 
De 

R 

(12) 
09 

(13) 
LSB 
010 

GND 
(2) 

VBIAS 
(INTERNAL) 

CODE SELECTED 0111110011 

(15) 

VEE (1) 

Figure 5. NE5410 Equivalent Circuit 
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01 THROUGH I 
010 

R16 + RT = R15 = RREF 

RT < < R16 
10 F.S. = 2 IR = VREF/RREF 

a) POSITIVE REFERENCE VOLTAGE 

Vee -= 
16 

01 THROUGH I 5410 
010 
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R15+ RT= R16 

RT < < R15 

VREF 2: VEE + 3V 

b) NEGATIVE REFERENCE VOLTAGE 

Figure 6. Basic Connections 
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2.0mA reference current into Pin 16. The 
reference current can also be supplied by 
a high impedance current source of 
2.0mA. As R16 increases, the bandwidth 
of the amplifier decreases slightly and 
settling time increases. For a current 
source with a dynamic output impedance 
of 1.0MO, the bandwidth of the reference 
amplifier is approximately half what it is in 
the case of R16 = 1.0kO, and settling time 
is <= 10JLs. The reference amplifier phase 
margin decreases as the current source 
value decreases in the case of a current 
source reference, so that the minimum ref
erence current supplied from a current 
source is O.5mA for stability. 

OUTPUT VOLTAGE 
COMPLIANCE 
The output voltage compliance ranges 
from -2.5 to+2.5V. As shown in Figure 1, 
this compliance range is nearly constant 
over temperature. At the temperature ex
tremes, however, the compliance voltage 
may be reduced if - VEE> - 15V. 

ACCURACY 
Absolute accuracy is a measure. of each 
output current level with respect to its 
intended value. It is dependent upon rela
tive accuracy and full scale current drift. 
Relative accuracy, or linearity, is the 
measure of each output current with re
spect to its intended fraction of the full 
scale current. The relative accuracy of the 
NE5410 is fairly constant over tempera
ture due to the excellent temperature 
tracking, of the implanted resistors. The 
full scale current from the reference 
amplifier may drift with temperature caus
ing a change in the absolute accuracy. 
However, the NE5410 has a low full scale 
current drift with temperature. 

The SE5410 and the NE5410 are accurate 
to within ± 1/2 LSB at 25°C with a refer
ence current of 2.0mA on Pin 16. 

MONOTONICITY 
The NE5410 and SE5410 are guaranteed 
monotonic over temperature. This means 
that for every increase in the input digital 
code, the output current either remains 
the same or increases but never 
decreases. In the multiplying mode, where 
reference input current will vary, mono· 
tonicity can be assured if the reference in
put current remains above O.5mA. 
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ANALOG DIVISION OCTOBER 1982 

i0-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER NE541 O/SE541 0 

'tml""lIeI·'tJ 
SETTLING TIME 
The worst case switching condition 
occurs when all bits are switched "on," 
which corresponds to a low-to-high transi
tion for all bits. This time is typically 250ns 
for the output to settle to within ± 1/2 LSB 
for 10-bit accuracy, and 200ns for S-bit, 
accuracy. The turn-off time is typically 
120ns. These times apply when the output 
swing is limited to a small «0.7 Volt) 
swing and the external output capacitance 
is under 25pF. 

vee 

0.11'F 

~ 
14 

4 16 

5 

6 15 

8 

9 NE5410 

10 . 

The-major carry (MSB off-to-on, all others 
on-to-off) settles in approximately the 
same time as when all bits are switched 
off-to-on. 

If a load resistor of 625 Ohms is con
nected to ground, allowing the output to 
swing to -2.5 Volts, the settling time in
creases to 1.5I's. 

Extra care must be taken in board layout 
as this is usually the dominant factor in 
satisfactory test results when measuring 

+2Vdc 

1k 

1k 

2.4V 

settling time. Short leads, 100l'F supply by
passing, and minimum scope lead length 
are all necessary. . 

A typical test set-up for measuring set
tling time is shown in Figure 7. The same 
set-up for the most part can be used to 
measure the slew rate of the reference 
amplifier (Figure 9) by tying all data bits 
high, pulsing the voltage reference input 
between 0 and 2V, and using a 200 load 
resistor RL• 

RISE AND FALL TIMES :s 10n5 

0.4v'----t----------

11 
~r_--+_--~_oVo 0.5V 

12 

13 

50 
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8 

9 

10 

11 

12 
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Figure 7_ Settling Time 

vee 

··'S 
14 

NE5410 
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15 

~>---~"""~Vo 

RL 
20 

Vo 

Vo 

0~-4-~-----------------t. - 250n5 TYPICAL 
TO j:112 LSB 

USE RL TO GND FOR TURN·OFF MEASUREMENT 

FOR SETTLING TIME 
MEASUREMENT. 

(ALL BIT SWITCHED 
LOW TO HIGH) 

RISE AND FALL TIMES :s 10n5 

-80mVL--+~------------~ 

tpLH tpHL 

FOR PROPAGATION 
DELAY TIME 

Figure 8. Propagation Delay Time 
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ANALOG DIVISION OCTOBER 1982 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER NE541 O/SE541 0 

'am"""d.!,, 

4 - 5 

6 

- 7 

B 

- 9 

10 - 11 

12 - 13 

2.5k 

Vee 

15 

2.5k 

Vee 
( 

0.1"F 

:~ 
( VREF(+ ) 

14 

16 1k 

~2V 
o 

I 15_ 
1k .... 

"'" u--1-
NE5410 RL 

500 
3 

Vo 

2 ~~ I''' ~~ 1 

pF 

0.1"F 

-1~ 
VEE 

2.
ov

o

l 
VREF(+) 

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

0.
5Vh 

Vo U SLEW RATE 

o V I, = 21's TYPICAL 
TO :0.1% 

USE RL = 200 TO GND FOR 
SLEW RATE MEASUREMENT 

Figure 9. Reference Amplifier Settling Time and Slew Rate 

F.S. ADJ 

Rr 

+15V 

-15V 

Ro= Rr+ RF=2.5kO 
Rr « RF 

Your 

Vee 

F.S. ADJ 

Rr 

+15V 

0.11'F 

~ 
-15V 

RO = Rr + RF = 2.5kO 
Rr « RF 

>--+--0 Your 

a) Bipolar Output (-10 to +10V) b) Unipolar Positive Output (0-10V) 

Figure 10. Voltage Output Circuits 
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

'W"""de1pj 

+5Vdc 

14 

2.5k 15 
NE5410 

-=-
-15Vdc 

ANALOG 
INPUT 
(0-10V) 

20k 
- V Q--J\/'I/'v--O + V 

500k 

+5Vdc 

14 

NE529 
2.5k 4 

t--------4-'VV'v--IIN B OUT A 

OCTOBER 1982 

NE541 O/SE541 0 

E 09 
00D~ __________ -_1_0_Vd_C ___ ~ 

3420 

-=-
. CLOCK CP 

2504 SAR 
(AMD, NATL.) 5 

010 EOC 

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

+5Vdc 

10·BIT CONVERSION TIME = 3.31'5 WITH 3MHz CLOCK. 

THIS CONVERTER USES A 2504 12·BIT SUCCESSIVE APPROXIMATION 
REGISTER IN THE SHORT CYCLE OPERATING MODE WHERE THE END OF 
CONVERSION SIGNAL IS TAKEN FROM THE FIRST UNUSED BIT OF THE 
SAR (010). 

Figure 11. Successive Approximation AID Converter 

I'P 
BUS 

6 

4 

3 

o 

CONTROL {E2 
SIGNALS 
FROM I'P E1 -

rJ 
19 OE 

16 

15 

12 

9 LS373 

6 

5 

2 

1 
I 

1 2 E2,3 02 
"- Do 00 ~ 

1/2 LS375 112 LS375 
7 6 ---- 01 01 - 03 

EO,l 

14 

TIMING SE~UENCE 

E1~ 
E2~ 
DATA~ 

DBo,l DB2-9 

NE5410 

-
-

11 -
13 -

WITH THIS DOUBLE LATCH TECHNIQUE, VALID DATA WILL BE LATCHED TO 
THE DAC UNTIL UPDATED WITH THE E2 PULSE. TIMING WILL DEPEND ON 
THE PROCESSOR USED. 

Figure 12. 8·Bit ItP Bus Interface 
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ANALOG DIVISION JUNE 1982 

10-81T HIGH-SPEED MULTIPLYING D/A CONVERTER NE541 O/SE541 0 

':m1ii"J1nl.lrJ 

2.5k 15 

RST 

NE5410 TERMINOLOGY 
RELATIVE ACCURACY - Maximum out· 

put deviation from the straight line con· 
necting zero and full scale, expressed 
as a percentage of full scale. 

DIFFERENTIAL NON·LlNEARITY - The 
deviation of a measured step from the 
ideal difference expressed in LSB. 

MONOTONICITY - For every increase in 
the input digital word, the output 
current either remains the same or 
increases. 

© Ie MASTER 1983 

3k 

10·BIT COUNTER 
-15 

Cp4---------~----------------~ 

VIN FULL SCALE ~ 4 mA (Rl + RT) C~~~) 

Figure 13. Staircase AID 

SETILING TIME - The elapsed time from 
the input transition until the output has 
settled within an error band about its 
final value (to 0.05% of its final value). 

OUTPUT FULL SCALE CURRENT DRIFT
The average change in full scale current 
between 25°C and either temperature 
extreme, expressed in parts per million 
of full scale per degree C. 

REFERENCE AMPLIFIER SLEW RATE -
The maximum rate of change of the full 

Signetics 

scale output current expressed in milli· 
amperes per microsecond. 

OUTPUT VOLTAGE COMPLIANCE - The 
maximum voltage that can be applied to 
the output pin so that the speci· 
fied change in output current is not 
exceed#3d. 

POWER SUPPLY SENSITIVITY - The 
change in full scale current caused by a 
change in VEE. expressed as a percent 
of full scale current per percent change 
in VEE. 
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BIFET Products 
from Texas Instruments 

3-pin JFET-input voltage follower 
Types TL068I, TL068C 

Features 

• 3-lead LP (TO~92) package 

TL0681, TL068C ... LP 
SILECTt PACKAGE 

• Maximum quiescent supply current ... 250 ILA 

• Wide input! output voltage range 

• Low input bias currents 

• Output short-circuit protection 

• High impedance JFET input stage 

• Internal frequency compensation 

• Latch-up free operation. 

Description 
The TL068 is a low power JFET-input unity gain amplifier 
featuring high input impedance (1012 ohms typical), wide 
bandwidth (1 MHz), and a low input bias current (30 pA 
typical). A current sourcing load, such as a pull up resistor 
(see fig. 1) is required for circuit operation. 

The TL068C is characterized for operation from O°C to 
70oe. The TL0681 is characterized for operation from - 25°e 
to 85°e. . 

Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 

TL068 

Voltage from output to - VEE 36V 

Voltage from input to - VEE 36V 

Voltage from input to output 30V 

Duration of short circuit (see Note 1) unlimited 

OUTPUT 

-VEE 

INPUT 

TL068 

V .. 

(FIG,l ) 

Continuous total dissipation at (or below) 25°C 
free-air temperature (see Note 2) 775mW Dissipation derating table above 25°C 
Operating free-air temperature range TL068C ooe to 70 0 e 

... TL0681 - 25°e to 85°e 
Storage temperature range - 65°e to 1500 e 

Lead temperature 1/16 inch (1.6 mm) from 
case for 10 seconds 2600 e 

Notes; 1. The output may be shorted to any point as long as the voltage from output to - VEE 
doesn't exceed 36V. Temperature and.or - VEE must be limited to insure that dissipation 
rating is not exceeded. 

2. For operation above 25°C free-air temperature. refer to Dissipation Derating Table. 

PACKAGE 

LP 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225612 • DALLAS, TEXAS 75265 

3422 

POWER 
RATING 

775 mW 

, 
0, V EE -, I 

Vee' 

DERATING 
FACTOR 

6.3 mW! c 
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BIFET Products 
from Texas Instruments 

JFET-input operational antplifiers 
Types' TL066I, TL066C, TL066AC, TL066BC 

'adjustable low-power 

Features 
4 Devices cover commercial and industrial 
temperature ranges 

• Very low, adjustable ("programmable") power consumption 

• Adjustable supply current ... 5 to 200 j..lA 

• Very low input bias and offset currents 

• Wide supply range ... ::!: 1.2 V to ::!: 18V 

• Wide common-mode and differential voltage ranges 

• Output short-circuit protection 

• High input impedance ... JFET-input stage 

• Typical unity-gain bandwidth ... 1 MHz (100 kHz at 25 j..lW) 

• High slew rate ... 3.5 V / j..ls typ 

• Internal frequency compensation 

• Latch-up-free operation 

Description 
The TL066, TL066A, and TL066B are JFET-input operational 
amplifiers similar to the TL061 with the additional feature of 
being power-adjustable. They feature very low input offset 
and bias currents, high input impedance, wide bandwidth, 
and high slew rate. The power-control feature permits the 
amplifiers to be adjusted to require as little as 25 microwatts 
of power. This type of amplifier, which provides for changing 
several characteristics by varying one external element, is 
sometimes referred to as being "programmable". The JFET 
input stage combined with the adjustable-low-power feature 
results in superior bandwidth and slew rate performance 
compared to low-power bipolar-input devices. 

The TL0661 is characterized for operation from - 25°C to 
85°C, and the TL066C, TL066AC, and TL066BC are 
characterized for operation from O°C to 70°C. 

TL066, TL066A, TL0668 
JG OR P DUAL-IN-L1NE 
PACKAGE (TOP VIEW) 

PWR 
CONT VeL' puT ,r-07 

{~~lSlf T ;~~l~ T ~~~' Vee_ 

.11.1, 

Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 

TlO66C 
TL0661 TlO66AC 

TL066BC 

Supply voltage. Vee + (see Note 1) 18V 18V 

Supply voltage, Vee - (see Note 1) -18V -18V 

Differential input voltage (see Note 2) :!:: 30V :!::30V 

Input voltage (see Notes 1 and 3) :!:: 15V ::': 15V 

Voltage between power-control 
terminal and Vee - :!::0.5V :!::0.5V 

Duration of output short Unlimited Unlimited circuit (see Note 4) 

Operating free-air - 25°C O°C 
temperature range to 85°C to 70°C 

Storage temperature - 65°C - 65° 
range to 150°C to 150°C 

Lead temperature 1/16 inch JG 
(1.6 mm) from case for 60 seconds Package 300°C 300°C 

Lead temperature 1/16 inch P 
(1,6 mm) from case for 10 seconds Package 260°C 260°C 

Notes: 1. All voltage values. except differential voltages. are with respect to the midpoint between 
Vee + and Vee -

2. Differential voltages are at the noninverting input terminal with respect to the inverting 
input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply 
voltage or 15 volts. whichever is less. . 

4. The output may be shorted to ground or to either supply Temperature and or supply 
voltages must be limited to ensure that the dissipation rating IS not exceeded 

Dissipation derating table above 25°C 

PACKAGE POWER DERATING 
RATING FACTOR 

JG (Glass-Mounted Chip) 825 mW 6.6 mW/oC 
P 1000 mW 8.0 mW;cC 

~o TEXAS INSTRUMENTS 
. INCORPORATED 

POST OFFICE BOX 225612 • DALLAS. TEXAS 75265 
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BIFET Products 
from Texas Instruments 

JFET-input operational amplifiers 
Types TL087, TL088, TL287, TL288 

Featurl ; 

• Low input offset voltage ... O.5mV max for TL087 & TL287 
... 3.0mV max for TL088 & TL288 

• Low power consumption 

• Wide common-mode and differential voltage ranges 

• Low input bias and offset currents 

• Output short-circuit protection 

• High input impedance ... JFET-input stage 

• Internal frequency compensation 

• Latch-up-free-operation 

• High slew rate . .. 13 V / I-lS typ 

Description 
These JFET~input operational amplifiers incorporate 
well-matched high-voltage JFET and bipolar transistors in a 
monolithic integrated circuit. They feature low input offset 
voltage, high slew rate, low input bias and offset current, and 
low temperature coefficient of input offset voltage. 
Offset-voltage adjustment is provided for the TL087 and 
TL088. 

Device types with an "M" suffix are characterized for 
operation over the full military temperature range of - 55°C 
to 125°C, those with an "I" suffix are characterized for 
operation from - 25°C to 85°C, and those with a "C" suffix 
are characterized for operation from O°C to 70°C. 

TL087, TL088 
JG OR P DUAL-IN-LiNE 
PACKAGE (TOP VIEW) 

UUT NUll 
COMP Vee> PUT IN]) 

UFFSET INV NON Vcc_ 
NUll INPUT INV 
COMP INPUT 

TL287, TL288 
JG OR P DUAL-IN-LiNE 
PACKAGE (TOP VIEW) 

NON 
OUT INV INV 

vee. P\JT INPuT INPuT 

OUT INV NON vee-
PUT INPUT INV 

INPUT 

TL088 
U FLAT PACKAGE 

(TOP VIEW) 

OFfSET 
OUT NUll 

Ne NC Vee. PUT IN1) 

@0000 

Ne OffSET INV NON Vcc_ 
NUll INPUT INV 
IN', INPUT 

TL288 
U·FLAT PACKAGE 

(TOP VIEW) 

NON 
JNV INV 

NC Vee. PUT INPUT INPUT 

@0000 

00000 
NC UUl IN" ~Oh GNO 

PUT INPUT INV 
INPUT 

Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 

Dissipation derating table above 25°C 
TL0871 TL087C 

TLOll8M TL0881 TL088C 
TL288M TL2871 TL287C 

TL2881 TL288C 

Supply voltage, Vcc + (see Note 1) 18V 18V 18V 

Supply voltage, Vcc - (see Note 1) -18V -18V -18V 

Differential input voltage (see Note 2) ::t 30V :::30V :::30V 

Input voltage (see Notes 1· and 3) ::t 15V ::t15V ::t15V 

Duration of output Unlimited Unlimited Unlimited short circuit (see Note 4) 

Operating free-air - 55°C - 25°C ooe 
temperature range to 125°C to 85°e to 70 0 e 

Storage temperature range - 65°C - 65°e -65°e 
to 150°C to 1500 e to 150°C 

Lead temperature 1/16 inch JG or U (1,6 mm) from case for package 300 0 e 300°C 300°C 60 seconds 

Lead temperature 1/16 inch (1,6 min) P 
from case for 10 seconds package 260°C 260°C 

Notes: 1. All voltage values, except differential voltages, are with respect to the midpoint between 
Vcc+ and Vcc-· 

2. Differential voltages are at the noninverting input terminal with respect to the inverting 
input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply 
voltage or 15 volts, whichever IS less. 

4. The output may be shorted to ground or to either supply. Temperature and/or supply 
voltages must be limited to ensure that the diSSipation rating is not exceeded. 

PACKAGE 

JG (Alloy- Mounted Chip) 
JG (Glass-Mounted Chip) 

p 
U 

)}Of'. TEXAS INSTRUMENTS 
~ INCORPORATED 

POST OFFICE BOX 225612 • DALLAS, TEXAS 75265 

3424 

POWER DERATING 
RATING FACTOR 

1050 mW 8.4 mWrC 
825 mW 6.6 mW/oC 

1000 mW 8.0 mWoC 
675 mW 5.4 mW/oe 

© Ie MASTER 1983 



BIFET Products 
from Texas Instruments 

Low-power JFET-input operational alTIplifiers 
Types TL060, TL060A, TL061, TL061A, 

TL061B, TL062, TL062A, TL062B, 
TL064, TL064A, TL064B 

Features 

19 Devices cover commercial, industrial, and military 
temperature ranges 

• Very low power consumption 

• Typical supply current ... 200 f..LA 

• Wide common-mode and differential voltage ranges 

• Low input bias and offset currents 

• Output short-circuit protection 

• High input impedance ... JFET-input stage 

• Internal frequency compensation 

• Latch-up-free operation 

• High slew rate ... 3.5V / f..Ls typ 

Description 

The JFET-input operational amplifiers of the TL061 series 
are designed as low-power versions of the TL081 series 
amplifiers. They feature high input impedance, wide 
bandwidth, high slew rate, and low input offset and bias 
currents. The TL061 series features the same terminal 
assignments as the TL071 and TL081 series. Each of these 
JFET-input operational amplifiers incorporates well-matched, 
high-voltage JFET and bipolar transistors in a monolithic 
integrated circuit. 

Device types with an "M" suffix are characterized for 
operation over the full military temperature range of - 55°C 
to 125°C. Devices with an "I" suffix are characterized for 
operation from - 25°C to 85°C, and those with a "C" suffix 
are characterized for operation from O°C to 70°C. 

TL060, TL060A 
JG OR P DUAL-IN-LiNE 
PACKAGE. (TOP VIEW) 

OUl NUll 
COMP vee. PUT (N21 

OffSET INV NON Vcc
NUll INPuT IN" 
COMP 

TL061, TL061A,TL0618 
JG OR P DUAL-IN-L1NE 
PACKAGE (TOP VIEW) 

aUl NUll 
NC vee. Pl'l IN]) 

O~ f SF T INV NOJ\l V(e_ 
NUl L NPU T INV 

.!'W1' INPuT 

TL062,TL062A,TL0628 
JG OR P DUAL-IN-LiNE 
PACKAGE (TOP VIEW) 

NON 
OUl IN" INV 

"ee. PUT INPUT INPUT 

auT INV NON VCC_ 
puT INPUT INV 

INPuT 

TL061 
U FLAT PACKAGE 

(TOP VIEW) 

OFFSET 
OUT NUll 

Ne Ne VCCt PUT (N21 

@0000 

00000 
Ne OFfSET INV NON "cc-

NUll INPUT IN" 
IN1) INPUT 

TL062 
U FLAT PACKAGE 

(TOP VIEW) 

NON 
OUl INV INV 

Ne VCCt PUT INPUT INPUT 

@00'00 

00000 
Ne OUT INV NON Vcc_ 

PUT INPUT INV 
INPUT 

TL064 ... J, N, OR W PACKAGE 
TL064A, TL0648 ... J OR N PACKAGE 

(TOP VIEW) 

INVERT NONIN 
ING VERTING V[Rllfl.lG ING 

OUTPuT INPUT INPUT Vee INPUT 

OUTPUT IN~~~T V~~~II~G Vcc' V~~i~~GIN::~T OUTPUT 

INPUT INPUT INPUT' INPUT 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225612 • DALLAS. TEXAS 75265 
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BIFET Products 
froID Texas InstruIDents 

JFET-input differential 
comparators with strobes 

Types TL311, TL311A 
Features' 
• Fast response times 

JG OR P DUAL-IN-LiNE 
PACKAGE (TOP VIEW) 

• Strobe capability 

• Designed to replace LM311 

• Common-mode input voltage range includes V cc-

• N-channel JFET high-impedance input 

• Can operate from single S-V supply 

Description 

IN Vee 

The TL311 , and TL311 A are high-speed voltage 
comparators. These devices use an N-channel JFET 
high-impedance input structure that extends the operating 
range of the common-mode input voltage to include the 
value of the Vee - supply. Designed for a wide variety of 
applications, the TL311, and TL311A can be operated over a 
wide range of supply voltage, including ±1S-volt supplies 
for operational amplifiers and single S-volt supplies for logic 
systems. The uncommitted output transistor can drive loads 
referenced to ground , Vee + , or Vee - . Additionally, it is 
capable of driving loads that require switching up to 50 volts. 
Outputs can be wire-OR connected. 

Dissipation derating table above 25°C 

Offset balancing and strobe capability are available. If the 
strobe input is low (more negative than VIC + 0.3 V), the 
output will be in the off state regardless of the differential 
input. . 

The TL 311 and TL311A are characterized for operation 
from O°C to 70°C. 

Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 

Tl311, TL311A 

Supply voltage, Vee + (see Note 1) 18V 

Supply voltage. Vee - (see Note 1) -18V 

Differential input voltage (see Note 2) ±30V 

Input voltage range (either input, see Notes 1 
and 3) Vec - to 15V 

Voltage from emitter output to Vee - 30V 

Voltage from collector output to Vee - 40V 

Duration of output short circuit (see Note 4) 10 s 
Operating free-air temperature range O°C to 70°C 

Storage temperature range - 65°C to 150°C 

Lead tem~erature 1/16 inch (1,6 mm) from JG 
case for 0 seconds package 300°C 

Lead temperature 1/16 inch (1,6 mm) from p 
case for 10 seconds package 260°C 

Notes: 1. These voltage values are With respect to the midpoint between Vee + and Vee - . 
2. Differential voltages are at the noninverting input terminal with respect to the inverting 

input terminal. 
3. The input voltage must never be more positive than Vee + or 15 volts, whichever is less, 

or more negative than Vee - . 
4. The output may be shorted to ground or either pow~r supply. 

PACKAGE 

JG (Glass-Mounted Chip) 
P 

TEX'AS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225612 • DALLAS. TEXAS 75265 

POWER 
RATING 

825 mW 
1000 mW 

DERATING 
FACTOR 

6.6 mWrC 
8.0 mW/oC 
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BIFET Products 
from Texas Instruments 

Low-noise JFET-input operational alTIplifiers 
Types TL070, TL070A, TL071, TL071A, TL071B, 

TL072, TL072A, TL072B, TL074, TL074A, 
TL074B, TL075 

Features 

20 Devices cover commercial, industrial, and military 
temperature ranges 

• Low noise ... Vn = 18 nV I VHz typ 

• Low harmonic distortion ... 0.002% typ 

.• Wide common-mode and differential voltage ranges 

• Low input bias and offset currents 

• Output short-circuit protection 

• High input impedance ... JFET-input stage 

• Internal frequency compensation 

• Latch-up-free operation 

• High slew rate ... 13 V I I-lS typ 

Description 

The JFET-input operational amplifiers of the TL071 series 
are designed as low-noise versions of the TL081 series 
amplifiers with low input bias and offset currents and fast 
slew rate. The low harmonic distortion and low noise make 
the TL071 series ideally suited as amplifiers for high-fidelity 
and audio preamplifier applications. Each amplifer features 
JFET inputs (for high input impedance) coupled with bipolar 
output stages, all integrated on a single monolithic chip. 

Device types with an "M" suffix are characterized for 
operation over the full military temperature range of - 55°C 
to 125°C. Devices with an "I" suffix are characterized for 
operation from - 25°C to 85°C, and those with a "C" suffix 
are characterized for operation from O°C to 70°C. 

TL070, TL070A 
JG OR P DUAL-IN-LiNE 
PACKAGE (TOP VIEW) 

UUT NUll 
COMP Vee. puT (N2J 

OFFSET IN" NON V((_ 
NUll INPUT INV 
COMP INPUT 

TL071, TL071 A, TL0718 
JG OR P DUAL-IN-LiNE 
PACKAGE (TOP VIEW) 

TL072,TL072A,TL0728 
JG OR P DUAL-IN-LiNE 
PACKAGE (TOP VIEW) 

OFFSET 
OUl NUll 

NC VCC+ PUT (N2J 
NON 

OUl IN" INV 
vee. PUT IN'UT IN'UT 

• 

OffSET (NV NON ,,((_ 
NUll INPuT INV OUI INV NON Vee 

(N,1) INPUT 
PUT INPUT IN" 

TL074,TL074A, TL0748 
J, N, OR W DUAL-IN-LiNE 

OR W PACKAGE (TOP VIEW) 

INVfRT .... O .... IN 
I .... G II'EFIlING VEFITING ING 

OUTPUT INPUT INPUT Vee INPUT 

OUTPUT IN~~~T V~~~:~G "ec' V~~~II~GIN:'~;T OUTPUT 

INPuT INPUT INPUT" INPUT 

TL075 
N DUAL-IN-LiNE 

PACKAGE (TOP VIEW) 

I!'ojV NON IN\I OUT 
INPUT INPUT PUT 

OUT NON INV INII 
PUT INPUT INPUT 

INPUT 
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Voltage Regulators 
from Texas Instruments 

Pulse-Width-Modulation Controller Type TL593 
Features 
• Complete PWM Power Control Circuitry 
• Uncommitted Outputs for 200 rnA Sink or 

Source Capability 

• Output Control Selects Single-Ended or Push
pull Operations 

• Internal Under-Voltage Lockout Circuitry 
• Internal Circuitry Prohibits Double Pulse at 

Either Output 

• Variable Dead Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable ( ± I(/{) 
Ref~rence Supply 

• Circuit Architecture Provides Easv 
Synchronization . 

Description 
The TL593 incorporates on a single monolithic 
chip all the functions required in the construction 
of a pulse-width-modulation control circuit. De
signed primarily for power supply control. the 
TL593 contains an on-chip 5V regulator, an error 
amplifier, a current-limit sense amplifier. adjusta
ble oscillator, dead-time control comparator. 
pulse-steering flip-flop, and output-control circui
try. The uncommitted output transistors provide 
either common-emitter or emitter-follower out
put capability. Push-pull or single-ended output 
operations may be selected through the output
control function. 

The architecture of the TL593 prohibits the 
possibility of either output being pulsed twice 
during push-pull operation. The internal error 
amplifier exhibits a common-mode voltage range 

RT (\2l6) __ -r----, 
CT (~5)-t--L_--=-..J 

NON\~~mTlNG( ;..;..1)_~ 

INrJ:J~NG :.;;,;(2)~_~_ ..... 
NONINVERTING :.:..;(16;.:....) ....,.--~ 

INPUT '" 80 mV 

INrJ:J~NG~ 
CURRENT·LlMIT 

FEEOBACK (3) AMPLIFIER 

N PACKAGE CONNECTION DIAGRAM TOP VIEW 

ERROR 
AMP 1 

NONINY INPUT 1 

INY INPUT 2 

DEAD· TIME CONTROL 4 

16 NONINY INPUT) 

15 INY INPUT 

CURRENT· 
LIMIT AMP 

from - 0.2 volt to VCC - 2 volts. The current
limit sense amp has an 80 millivolt offset in 
series with the inverting input, eliminating the 
need for external offset components. The dead
time control comparator has a fixed offset that . 
provides approximately 5% dead time unless ex
ternally altered. The on-chip oscillator may be 
by-passed by terminating RT (pin 6) to the refer
ence ~utput a~d providing a sawtooth input to 
CT (pm 5), or It may be used to drive the 
~ommon TL593 circuitry and provide a sa\vtooth 
mput for associated control circuitry in syn-
chronous mUltiple-rail power supplies. The 
TL593 is designed to replace the TL493. 

FUNCTION TABLE 

INPUT (OUTPUT-CONTROL) 

Grounded 

At Vref 

OUTPUT 
CONTROL 

(See Function Table) 
(13) 

PULSE·STEERING 
FLlp·FLOP 

OUTPUT FUNCTION 

Single-ended 
or parallel output 

Normal push-pull 
operation 

1......-_____ .:..:..;;(14) REF OUT 
L--_______ ..!.:.;(7) GNO 
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Voltage Regulators 
from Texas Instruments 

Pulse-Width-Modulation Controller Type TL594 

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 Pl.'ohibits Double Pulse at 

Either Output 
• Variable Dead-Time Provides Control Over 

Total Range 
• Internal Regulator Provides a Stable 5-V 

Reference Supply (± lO/C:.) 
• Circuit Architecture Provides Easy 

Synchronization 
• Two Error Amplifiers for Greater Design 

Flexibility 
• Internal Under-Voltage Lockout Circuitry 

Description 
The TL594 provides the identical functions found 
in the TL593, except for the current-limit ampli
fier. The TL594 contains two error amplifiers for 
design flexibility. Both of these internal ampli
fiers exhibit a common-mode voltage range from 
-0.2 volt to VCC -2 volts. The rest of the 
functions, the on-board 5V reference, the ad-

RT (1!J6) __ ..r----, 
CT( :.;;.:5)-,--L __ ....J 

'" 0.1 v 
~f:~ ~ 

CONTROL 

NONINVERTING ~(1) __ -4 
INPUT 
INVERTING :.;;,:(2):""'-:""'--47 

NONIN~~~~rNG (16) 
INPUT ~-----4 
INVERTING (:.:.:15!--) _~."", 

INPUT 

FEEDBACK (:.:.l3) ____ ---I 

N OR J PACKAGE CONNECTION DIAGRAM TOP VIEW 

ERROR 
AMPl 1 

NONINV INPUT 1 

INV INPUT 2 

DEAD· TIME CONTROL 4 

justable oscillator, the dead-time comparator, 
pUlse-steering flip-flop, output control circuitry, 
and the uncommitted output transistors are 
identical in both devices. The TL594 is de
signed to replace the TL494. 

FUNCTION TABLE 

INPUT (OUTPUT-CONTROL) OUTPUT FUNCTION 

Grounded 

At Vref 

OUTPUT 
CONTROL 

(SEE FUNCTION TABLE) 
(13) 

Single-ended 
or parallel output 

Normal push-pull 
operation 

....--____ +-'-(1-'-2) vee 

(14) 
io-----""""::':(7) REF OUT 

L--____ ----'~ GND 
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Voltage Regulators 
from Texas Instruments 

Pulse-Width-Modulation Controller 
Type TL595 

Features N PACKAGE CONNECTION DIAGRAM TOP VIEW 

• 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 5-V 

Reference Supply (± 1%) 

• Circuit Architecture Provides Easy 
Synchronization 

• Two On-Board Error Amplifiers for Greater 
Design Flexibility 

• Internal Under Voltage Lockout Circuitry 
• On Chip 39-V Zener 
• External Control of Output Steering 

Description 
The TL595 provides the identical functions 
found in the TL594. In addition the TL595 con
tains 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-steer
ing flip-flop. The TL595 is designed to replace 
the TL495. 

ERROR 
AMP 1 ! 

NONINV INPUT 1 

INV INPUT 2 

OEAo·m"ECONTROl 4 

INPUTS 
OUTPUT 

CONTROL 
Grounded 

At Vref 

At Vref 
At Vref 

ITL59S ONLY) 

RT (~6) __ -r--1 
CT( "-,S)-,---L-__ ..J 

~ 0.1 V 

~~~~ ~ 
CONTROL 

NONiNVERTING( '-'l) __ --i 
INPUT 
INVERTING ( :..:;;2)~ __ b .. 

rSTEERlNii--l OUTPUT 
I CONTROL I CONTROL 
I (13) I (See Function Table) 
I (14) 
l..-_ 

r------, 
I 
I 
I 
I 
I 

18 NONINV INPUT 1 
ERROR 
AMP 2 

17 INV INPUT 

FUNCTION TABLE 

STEERING OUTPUT 
INPUT FUNCTION 

Open Single-ended or 
parallel output 

Open Normal push-pull 
operation 

V1 <O.4V PWM Output at 01 
V1<2.4V PWM Output at 02 

(12) vce 

NONIN~~~¥iNG (18) 
INPUT ~-~ 
INVERTING ( ~17:.!..) _~ 

INPUT 

I 
I 
I 

L..-__ ---..:(:..:.:,16) REF OUT 

__ --'V\I'\,--+-......... --------!..:...!(7) GND 

FEEDBACK ( :..;..;3)'--___ _ 
I (15) 

I vz I L ______ J 

(TL595 ONLY) 
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Voltage Regulators 
from Texas Instruments 

High-voltage adjustable regulator 
Type TL 783C. 

Features 
• Output Adjustable From 1.25 Volt to 125 Volt 
• 700 rnA Output Current 
• Full Short-Circuit, Safe-Operating-Area, and 

Thermal Shutdown Protection 
• 0.001 % IV Typical Input Regulation 
• 76 dB Typical Ripple Rejection 
• 0.15% Typical Output Regulation 
• Standard TO-220AB Package 

Description 

KC PACKAGE 

(TOP VIEW) 

TO·220AB 

INPUT 
OUTPUT 
ADJUSTMENT 

The TL783 is an adjustable 3-terminal positive-voltage 
regulator with an output range of 1.25 volts to 125 volts 
and a DMOS output transistor capable of sourcing 
more than 700 milliamperes. It·is designed for use in 
high-voltage applications where standard bipolar 
regulators cannot be used. Excellent performance 
specifications ... superior to those of most bipolar 
regulators ... are achieved through circuit design and 
advanced layout techniques. 

FUNCTIONAL BLOCK DIAGRAM 

As a state-of-the-art regulator, the TL783 combines 
standard bipolar circuitry with high-voltage double
diffused MOS transistors on one chip to yield a device 
capable of withstanding voltages far higher than 
standard bipolar integrated circuits. Because of its 
lack of secondary breakdown and thermal runaway 
characteristics usually associated with bipolar outputs, 
the TL783 maintains full overload protection while 
operating at up to 125 volts from input to output. 
Other features of the device include current limiting, 
safe-operating-area (SOA) protection, and thermal 
shutdown. Even if the adjustment pin is inadvertently 
disconnected, the protection circuitry remains 
functional. 

Only two external resistors are required to program 
the output voltage. An input bypass capacitor is 
necessary only when the regulator is situated far from 
the input filter. An output capacitor, although not 
required, will improve transient response and 
protection from instantaneous output short-circuits. 
Excellent ripple rejection can be achieved without a 
bypass capacitor at the adjustment terminal. 

vo"=v..,( 1+~)' 

ADJUST 
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Voltage Regulators 
from Texas Instruments 

High-voltage adjustable regulator 
Type TL783C 

Absolute maximum ratings over operating 
temperature range (unless otherwise noted) 

Input-to-output differential voltage, VI - Vo 

Continuous total dissipation at (or below) 25°C 
free-air temperature (see Note 1) 

Continuous total dissipation at (or below) 25°C 
case temperature (see Note 1) 

Operating free-air, case, or virtual 
junction temperature range 

Lead temperature X6 inch (1,Smm) 
from case for 10 seconds 

125V 

2W 

20W 

O°C to 150°C 

2S0oC 

NOTE 1: For operation above 25°C free-air or case temperature, refer to the dissipation 
derating curves, Figures 1 and 2. 

Recommended operating conditions· 
r---------------------

MIN MAX UNIT 

2000 

~ 1800 
E 

I 1600 
c 
.2 
ro 1400 
Co 
.~ 

1200 
0 
Ul 

1000 :> 
0 
:> 
.~ 

800 c: 
0 
() 

E 600 
:> 
E 400 ·x 
<tl 
~ 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

'" " '" '" '" '" '" Derating factor = 16 mW/oC "-RBJA = 62.5°C/W ~ 
Input-to-output voltage differential, VI - Vo 125 V 

-- .. -----------
Output current, 10 15 700 mA 

200 

0 '" -
Operating virtual junction temperature, TJ 

3432 

a 125 °C 
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------~----
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Co 
.~ 14 
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T A - Free-Air Temperature _. °C 

FIGURE 1 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
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.\ 

\ 

\ 
\ 

\ 
1\ 

150 

Derating tactor = 250 mW/oC 
above 70°C \ RfJcJ = 4°C/W 

50 75 100 125 

Tc - Case Temperature - °C 
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Voltage Regulators 
from Texas Instruments 

© Ie MASTER 1983 

TL780 Series New Industry Heavyweight 
TI's new TL 780 series is a pin-for-pin replacement for the IJ-A 7800 series 
of voltage regulators with identical power handling capabilities. 

Greatly improved output voltage tolerance, line regulation, load reg
ulation and temperature coefficients are just a few of the key features. 
Features and enhancements accomplished by process techniques, rather 
than standard electrical screening. 

You'll find TL 780 series devices ideal for applications that require 
maximum output voltage tolerances tighter than the 4-5% generally 
available, or where ·multiple on-board regulators must maintain the 5% 
tolerance commonly required. 

The new series consists of: • TL 780-05: 5-volt regulator. TL 780-12: 
12 volt regulator. TL780-15: 15-volt regulator. 

The TL 780-05, TL780-12, and TL 780-15 fixed three-terminal series 
pass regulators are greatly improved versions of the popular IJ-A 78XX 
series. The TL 780 series offers significantly improved regulation perfor
mance, while maintaining the power handling capabilities of the 
IJ-A78XX series. Consider replacing the IJ-A 7805, IJ-A 7812, or IJ-A 7815 
with the TL780-'05, TL780-12, or TL780-15 for all your critical 
applications. 

TI780 VS. !-LA78 PERFORMANCE COMPARISON 

DESCRIPTION 

Improved Output Voltage Tolerance (cl 25°C 
Over Full Operating Range 

Improved Line Regulation VIN = 7V to 25V 
Improved Load Regulation VOUT =; 5 mA to 1.5 A 
Improved Temperature Coefficient 
Identical Pinouts 
Identical Output Currents 
Identical Drop Out Voltages 
Identical Bias Currents 

TL780-XX 
::,:1% 

, ::,:2% 
5mV 
25mV 
0.25 mvrc 

1.5A 
2V 
8 mA 

::,:4% 
::,:5% 
100mV 
100mV 
1.1mV/oC 

1.5A 
2V 
8mA 

TL780-05C ELECTRICAL CHARACTERISTICS (VI = 10V, Ig = 500 rnA UNLESS OTHERWISE NOTED) 

PARAMETER TEST CONDITIONS· TEMP MIN TYP MAX UNIT 

Output Voltage ~ =; 5 mA to 1 A, 25°C 4.95 5 5.05 V I =; 7V to 20'J, O°C to 125°C 4.9 5.1 
P ~ 15W 

Input Regulation VI = 7V to 25V 25°C 0.5 5 mV VI = 8V to 12V 25°C 0.5 5 

Ripple Rejection VI =; 8V to 18V O°C to 125°C 70 85 dB 
1 = 120 KHz 

Output Regulation 10 =; 5mAto1.5A 25°C 4 25' 
10 =; 250 mA to 750 

25°C 1.5 15 mV mA 

Output Resistance 1 ~ 1 KHz O°C to 125°C 0.0035 n 
Temperature Coefficient 
01 
Output Voltage IQ =; 5 mA O°C to 125°C 0.25 mV/oC 

Output Noise Voltage 1 =; 10Hz to 100 KHz 25°C 75 !-LV 
Dropout Voltage 10 = 1 A 25°C 2 V 

Bias Current 25°C 5 8 mA 

Bias Current Change VI =; 7V to 25'J, O°C to 125°C 0.7 1.3 mA 10 =; 5 mA to 1 A 0.03 0.5 

Short-Circuit VI = 35V 25°C 750 mA 
Output Current 

Peak Output Current 25°C 2.2 A 
'Note: All characteristics are measured with a capacitor across the input of 0.33 ~F and a .capacitor across the output of 0.22 ~F. All 

characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w '" 10 ms, duty cycles ~ 
5%). Output voltage changes due to changes In Internal temperature must be taken Into account separately. 
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Voltage Regulators 
from Texas Instruments 

TL 7.80 Series Voltage Regulators 

TL780-12C ELECTRICAL CHARACTERISTICS (VI = 19V, 10 = 500 rnA UNLESS OTHERWISE NOTED) 
PARAMETER TEST CONDITIONS· TEMP MIN TYP MAX UNIT 

Output Voltage 10 = 5 mA to 1 A. 25°C 11.88 12 12.12 V 
VI = 14.5Vt027V, O°C to 125°C 11.76 12.24 

p"", 15W 

Input Regulation VI = 14.5V to 30V '25°C 1.2 12 mV VI = 16V to 22V 25°C 1.2 12 
Ripple Rejection VI = 15V to 25V. O°C to 125°C 65 80 dB 

f = 120 Hz 

Output Regulation 10 = 5 mA to 1.5 A 25°C 6.5 60 mV 10 = 250 mA to 750 mA 25°C 2.5 36 
Output Resistance 1 = 1 KHz O°C to 125°C 0.0035 !l 

Temperature Coefficient 
01 Output Voltage 

10 = 5 mA O°C to 125°C 0.6 mV/oC 

Output Noise Voltage 1 = 10Hz to 100 KHz 25°C 180 fJ.V 
Dropout Voltage 10 = 1 A 25°C ? V 
Bias Current 25°C 5.5 mA 

Bias Current Change VI = 14.5V to 30V O°C to 125°C 0.4 1.3 mA 
10 = 5 mA to 1 A 0.03 0.5 

Short-Circuit VI = 35V 25°C 350 'mA 
Output Current 

Peak Output Current 25°C 2.2 A 

TL780-15C ELECTRICAL CHARACTERISTICS (VI = 23V, 10 = 500 rnA UNLESS OTHERWISE NOTED) 

PARAMETER TEST CONDITIONS· TEMP MIN TYP MAX UNIT 

Output Voltage 10 = 5 mA to 1 A. 25°C 14.85 15 15.15 V VI = 17.5V to 30V. O°C to 125°C 14.7 15.3 

Input Regulation VI = 17.5V to 30V 25°C 1.5 15 mV VI = 20V to 26V 25°C 1.5 15 
Ripple Rejection VI =' 18.5V to 28.5V. O°C to 125°C 60 75 dB 

f = 120 Hz 

Output Regulation 10 = 5 mA to 1.5 A 25°C 7 75 mV 10 = 250 mA to 750 mA 25°C 2.5 45 
Output Resistance 1 = 1 KHz O°C to 125°C 0.0035 n 
Temperature Coefficient 10 = 5 mA O°C to 125°C 0.62 mV/oC 

en 01 Output Voltage 
..... Output Noise Voltage f = 10Hz to 100 KHz 25°C 225 uV C 
Q) Dropout Voltage 10 = 1 A 25°C V 
E. Bias Current 25°C 5.5 8 mA :::s 

VI = 17.5V to 30V O°C to 125°C 0.4 1.3 :10.- Bias Current Change mA ..... 10 = 5 mA to 1 A .02 0.5 en 
C Short-Circuit VI = 35V 25°C 230 mA 

en Output Current 

ctS Peak Output Current 25°C 2.2 A 
>< 'Note: All characteristics are measured with a capacitor across the input of 0.33 fLF and a capacitor across the output of 022 fLF. Q) 

I- All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t rr ~ 10 ms. duty 
cycles ,,-; 5%). Output voltage changes due. to changes in Internal temperature must be taken into accoun separately. 

) 

0 
OUTPUT 
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KC Package (Top View) 
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Linear Integrated Circuits 
from Texas Instruments 

Differential video amplifier 
Type TL592 

Features P DUAL-IN-LiNE PACKAGE (Top view) 
o 8 Pin Version of NE592 
• Adjustable Gain to 400 
• No Frequency Compensation Required 
• Adjustable Passband 

Description 
This device is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 

Internal seri,es-shunt feedback provides wide 
bandwidth, low phase distortion, and excellent gain 
stability. Emitter-follower outputs enable the device to 
drive capacitive loads. All stages are current-source 
biased to obtain high common-mode and 
supply-voltage rejection ratios. 

Fixed differential amplification of 400 may be selected 
without external components, or amplification may be 
adjusted from a to 400 by the use of a single external 
resistor connected between GA and GB. No external 
frequency-compensating components are required for 
any gain option. 

The device is particularly useful in magnetic-tape or 
disc-file systems using phase or NRZ encoding and in 
high-speed thin-film or plated-wire memories. Other 
applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, and 
excellent gain stability are required. 

The TL592. is characterized for operation from 
O°C to 70°C. 

INPUT 
2 

INPUT 
1 
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GAIN 
SELECT 

GB 

GAIN 
SELECT 

GA 

Vcc+ 

Vcc-

OUTPUT 
2 

OUTPUT 
1 

ADVANCE INFORMATION 
This page contains information 
on a new product. Specifica
tions are subject to change 
without notice. 
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Interface Circuits 
from Thxas Instruments 

Single supply NFET sample and hold circuit 
Type TL195CN. 

Features 
• Single Supply or Split Supply Operation 
• Input and Output Common Mode Range Includes 

Vcc -
• N-Channel JFET Inputs for High Input Impedance 

(10 E12) Typical 
• True Differential Inputs 
• External Offset-Null Capabilities 
• Fast Acquisition Time 10 f.tSec. 
• Differential Strobe/Reference Inputs with Wide 

Common Mode Range 
• Short Circuit Protection 

Description 
The TL 195 is a sample 'and hold device utilizing 
N-Channel JFET (NFET) input transistors to achieve 
high input impedance (10 E12 ohms),' very low input 
bias (0.4 na), and input offset (0.2 na) currents. This 
unique configuration allows the input common mode 
range to include the Vcc- rail' for true single supply 
operations. Some additional features are: a full differ
ential input amplifier (allowing gain configurations to 
be achieved without external amplifiers), differential 
strobe and reference inputs, offset null capabilities, 
and proper signal phasing to alt'ow external hold step 
error compensation with a minimum of components. 

CIRCUIT SCHEMATIC 

BUF OUT 

N/C 

BUF -IN 

BUF +IN 

Vcc+ 

REF 

STROBE 
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Interface Circuits 
from Thxas Instruments 

Floppy disc write amplifier 
Type SN75251 

Features N DUAL-IN-LiNE PACKAGE (Top view) 
• Meets ANSI Standard X 379/846 for Floppy E 

Minifloppy Disc Systems 
• Two Heads Independently Selectable Drive 

Capability with Erase Tunnel 
• Chip Select with Write and Erase Enable 
• External RC Programmable Delay 
• Internal Warm Up Protection 
• 16 Pin Dual In Line Package 

Description 
The SN75251 C is an integrated circuit used for data 
byte recording on floppy or minifloppy disc. 

Input data and control signals are TTL compatible. 
The device drives two magnetic heads with erase's 

tunnel, each of which can be alternately'selected by 
means of side one select input. 

Two write level currents can be selected by means 
of head current switch input (SELCO). 
Additional features are: 
• An internal "Warm up" protection that disables· the 

erase-write function for VCCl < 4, 2V and/or VCC2 < 8V 
(typical values). During operations, VCC2 has to be 
never less than VCC1. 

• A built in circuit that provides a shorter delay 
between positive going write gate input and erase 
current (function of RELEL ERASE) in comparison to 
delay given by external timing components. 

The SN75251 is encapsulated in a 16 pin plastic dual 
in line package. 

CIRCUIT SCHEMATIC 

SELEU 

RELEL 

DATA 

ERD1 

ERD2 

ERS 

Vcc1 

WRITE CURR 
SELECT 

HEAD1 HEAD2 Vcc, GND 

12 

COMPOSITE 3 
WRITE DATA 

WRITE GATE 2 
SELEU 

SELECT SIDE ONE T7r--v~-=~--r-,.~;:;::=~~ 

(ERASE (ERASE 
DELAY 1) DELAY 2) 

ERASE HEAD 

TEXAS INSTRUMENTS 
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HEAD2 

HEAD1 

SELECT 

SEL1 

GND 

SEL2 

HEAD CURR 
SWITCH 

Vcc2 
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Converters ii~·-· 
A/D 
Converters . 

D/A 

All TRW AID converters, except the TOC100l and TOC1002, ,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 10 to 60 MSPS IMegaSamples Per Second I offer the best choice for most signal processing 
requirements. The parts are TTL or ECl compatible, as required by the speed and resolution of the device. 

Conversion Power Extended 
Resolution Rate* Dissipation* Temperature 

Product (bits) (MSPS) (watts) Package Range Available Available Notes 

TDC1DD1 8 2.5 0.6 J8 - 20°C to 85°C 7/77 Successive approximation 
TDC1DD2 8 1.0 0.6 J8 - 20°C to 85°C 7/77 Successive approximation 
TDC1DD7 8 20 2.6 Jl, Cl, Ll - 300C to 125°C 4178 

El, Pl no 4178 Evaluation boards 
TDC1D14 6 25 1.0 J7, C3 ~ 55°C to 125°C 8/78 . 

El, Pl no 8/78 Evaluation boards 
, TDC1D19 9 20 2.6 Jl, Cl, Ll 1083 1/81 

El no 1/81 Evaluation board 
TDC1D21 4 25 0.3 J9 - 55°C to 125°C 11/78 
TDC1D25 8 60 4.5 Cl, Ll 2083 3082 

El no 7/81 Evaluation board 
TDC1D27 7 20 1.6 J7 4082 3082 
TDC1D29 6 100 1.8 J7 1083 4082 

El no 4082 Evaluation board 

* Guaranteed, Worst Case, T A - DoC to 70D C. 

Converters 
These O/A converters offer 75-ohm, 1 V 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 Uess than 100 picovolt-seconds worst casel that no resample circuit or deglitcher is necessary. The 
TOC1016 has 10 inpLit data bits and is available in three integral linearity grades equivalent to ~ lSB error at 
8, 9, and 1 0 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 TOC1016 in the J5 or C2 package can operate in 
a fully differential ECl mode, as well as single-ended ECl or TTL. 

Integral Power. Extended 
linearity Conversion Dissipation* Temperature 

Product Bits Error (%) Rate* (MSPS) (watts) Package Range Available Available Notes 

TDC1D16 8** 0.20 20 0.7 J5, J7, C2 -55°C to 125°C 8/80 
9** 0.10 20 0.7 J5, J7, C2 2082 8/80 

10** 0.05 20 0.7 J5, J7, C2 2082 8/80 

* Guaranteed, Worst Case, T A ~ DoC to 70De. 
**The TOC1016 has 10 bit resolution, and is available in three linearity grades to meet 8, 9, and 10 bit system requirements. 

TRW reserves the right to change product and specifications without notice. This information does not convey any license umffir patent rights of TRW Inc. or others. 
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TDC1019 
Preliminary Information 

Monolithic Video AID Converter 
9 Bit, 20 MSPS 

The TRW TDC1019 is a 20 MegaSample Per Second 
(MSPS) full-parallel (flash) analog-to-digital converter, ca
pable of converting an analog signal with' full-power 
frequency compon-ents up to 7 MHz into 9-bit digital 
words. No sample-and-hold circuit is necessary. All digital 
inputs and outputs are ECl compatible. 

The TDC1019 consists of 511 latching comparators, combin
ing logic, and an output buffer register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give outputs in either binary or offset two's 
complement coding. 

Functional Block Diagram CONVERT 

CONVERT 

AIN 

RT_ Ilt 

Rrs flJ 

RM 
RT 

DGND 

AGND 

VEE 

R/2 DIFFERENTIAL 
COMPARATORS 

RBS 
R.t (5111 

RB 
R2 

ii~·-· 
Features 

.9 Bit Resolution 
• Yz lSB Linearity 
• No Sample-And-Hold Circuit Required 
• ECl Compatible 
.20 MSPS Conversion Rate 
• Selectable Output Format 
• Available In 64-Pin DIP And 68-Contact leadless and 

leaded Chip Carriers 
• Complete Evaluation Board (TDC1019E1C) Available 

Applications 

o Video Data Conversion 
3X or 4X NTSC Color 
3X or 4X PAL Color 

o Radar Data Conversion 
o High-Speed Multipl~xed 

Data Acquisition 

511 TO 9 
ENCOOER 

0.·9 

0.·9 
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TDC1025 
Advance Information 

Monolithic Video AID Converter 
8 Bit, 60 MSPS 

The TRW TDC1025 is a 60 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 25 MHz into 8-bit digital 
words. No sample-and-hold circuit is necessary. All digital 
inputs and outputs are ECl compatible. 

TheTDC1025 consists of 255 latching comparators, com
bining logic, and an output buffer register. A single convert 
signal controls the conversion operation. 

Functional Block Diagram 

CONVERT~----t 

CONVERT-.t---t 

AIN ---... ___ -, 

Rr ~---"Vv--RJ --. 
Rrs ...... ~Y'Y-R:J ... 

Rr 

Il(;ND 

A(;ND 

""EE 

DvEE 

f\:!s 
Il.4 

Rs 
R2 

ii~·-· 
Features 

.8 Bit Resolution 
• Yz lSB Linearity 
• No Sample-And-Hold Circuit Required 
• ECl Compatible 
• 60 MSPS Conversion Rate 
• Available in 68-Contact leadless 

And leaded Chip Carriers 
• Advanced l-micron (OMICRON-B TM) Technology 
• Fastest Monolithic 8-Bit AID Converter Available 
• Complete Evaluation Board (TDC1025E1C) Available 

Applications· 

• Medical Electronics • Radar ISonar 
• Fluid Flow Analysis • Transient Analysis 
•. Seismic Analysis • High-Speed Image Processing 

255 TO 9 '6 D,-Da 
ENCODER o,-Oa 
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TDC1027 
Preliminary Information 

Monolithic Video AID Converter 
7 Bit, 20 MSPS 

The TRW TDC1027 is a 20 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 6 MHz into 7-bit digital 
words. No sample-and-hold circuit is 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 via F1 and F2. 

Functional Block Diagram 

ii~·-· 
Features 

.7 Bit Resolution 
• Yz LSB Linearity 
• No Sample-And-Hold Circuit Required 
• TTL Compatible 
.20 MSPS Conversion Rate 
• Selectable Output Format 
• Available In 24-Pin DIP 

Applications 

• Low-Cost Video 
Digitizing 

• Medical Imaging 
• Data Acquisition 

• TV Special Effects 
• Video Simulators 
• Radar Data Conversion 

CONV-W-...--------___ -----_e_ T--I--!---J-----..., 
~:~...~~==,--r=T.-~-1--' 0 

*R1 4~ 1>->-I~-+---'" 
....-._+_-_+_~L ..... 

~ 
... 

4 2 ~I__-+---+t" 
~~-4-~I~ r ..... ~~ . 

,~ . . 
!-~~I__-+--.-+t 

.-~~_+_~n~~~~ r 

~ />-t----t---+t .. 

• • • 

....-._+_-_+_~n~:)- r 

• o 
. : ,~ 

'~ ~./ 
• • • • ...... ~_-+--+i1-t ~ 126 >--4--+---... : 

R.-~-_+__~~127>----+---~: 
R2 ' 

DIFFERENTIAL 
COMPARATORS 
11271 

127 TO 7 
ENCODER 

LATCH 
/ 

7/ .. ~.7 
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TDC1029 
Advance' Information 

Monolithic Video AID Converter 
6 Bit, 100 MSPS 

The TRW TDC1029 is a 100 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 50 MHz into 6-bit digital 
words. No sample-and-hold drcuit is necessary. All digital 
inputs and outputs are ECl compatible. 

The TDC1029 consists of 64 latching comparators, combin
ing logic, and an output buffer register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give outputs in either binary or offset two's 
complement coding. 

Functional Block Diagram 

ii~·-· 
Features 

• 6 Bit Resolution 
• Y2 lSB Linearity 
• No Sample-And-Hold Circuit Required 
• ECl Compatible 
.100 MSPS Conversion Rate 
• Selectable Output Format 
• Available In 24-Pin DIP 
• Fastest 6-Bit Monolithic AID Available 
• Complete Evaluation Board Available 

1st Quarter, 1983 

Applications 

• Telecommunications • High-Resolution Video 
• Radar Ultrasound Processing 

Processing • Optical Character Recognition 
• Medical Imaging 

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. 
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For Key Data On Every Ie On This 
Board, The Place To Look Is ... 

The Data System Design 7215 is a single-board controller 
with pipelined architecture that can simultaneously 

control Winchester, streaming tape, and floppy drives. 
Device No. 
AM25LS2569 
AM2910 
AM26S02 
AM27S35 
AM8085 
CA3130 
2732 
8237 
DM7438 
DM8334 
DS75107 
F74S132 
MC4024 
MK4802 
PAL16L8 
PAL16R6 
PAL16R8 
7407 
74123 
74368 
74LS02 
74LS04 
74LS125 
74LS138 
74LS151 
74LS161 
74LS166 

Description 
Up-Down Binary Counter with Synchronous Preset 
Dual Retriggerable Monostable Multivibrator 
Programmable Schottky Read-Only Memory 
12-Bit Microprogram Controller 
Complete 8-Bit Parallel Central Processing Unit 
5-to-16-Volt Single Stash Supply Op Amp 
4096 x 8 TTL PROM 
DMA Controller 
Quad 2-lnput TTL NAND Buffer 
8-Bit Addressable TTL Latch 
Differential Line Receiver 
Quad 2-lnput NAND Schmitt-Trigger 
Dual Voltage-Controlled TTL Multivibrator 
2048 x 8 Static NMOS RAM 
Field Programmable Logic Array 
Field Programmable Logic Array 
Field Programmable Logic Array 
Hex Buffer/Driver 
Dual Retriggerable Monostable Multivibrator 
Hex Inverter, 3-State 
Quad 2-lnput TTL NOR Gate 
Hex Inverter 
Quad Gated TTL Buffer, 3-State 
3 Line to 8 Line Decoder/Demultiplexer 
8-lnput Multiplexer 
Binary Counter 
8-Bit Parallel-In, Serial-Out Shift Register with Clear 

Device No. 
74LS174 
74LS240 
74LS244 
74LS257 
74LS273 
74LS299 
74LS365 
74LS373 
74LS374 
74LS393 
74LS533 
74LS670 

74S00 
74S03 
74S04 
74S112 
74S151 
74S153 
74S174 
74S175 
74S240 
74S32 
74S51 
74S64 
74S74 
75110 

Description 
Hex D-Type Edge-Triggered Flip-Flop with Clear 
Octal Bus Driver (Schmitt Trigger) 
Octal Bus Driver (Schmitt Trigger), Non-Inverting 
Quad 2-lnput Multiplexer, Non-Inverting 
Octal D-Type Edge-Triggered Flip-Flop, 3-State 
8-Bit Universal Shift Register 
Hex Buffer, 3-State 
8-Bit Latch 
Octal D-Type Edge-Triggered Flip-Flop, 3-State 
Dual 4-Bit Binary Counter 
D-Type 8-Bit Latch 
16-Bit (4x4) Register File with 

Simultaneous Read/Write 
Quad 2-lnput NAND Gate 
Quad 2-lnput NAND Gate, Open Collector 
Hex Inverter 
Dual "J-K" Negative Edge-Triggered Flip-Flop 
8-lnput Multiplexer 
Dual,4-lnput Multiplexer 
Hex D-Type Edge-Triggered Flip-Flop with Clear 
Quad D-Type Edge-Triggered Flip-Flop with Clear 
Line Driver, Single Ended, 3-State, Inverting 
Quad 2-lnput OR Gate 
Dual 2-Wide 2-lnput AND-OR-Invert Gate 
4-2-3-2-lnput AND-OR-Invert Gate 
Dual D-Type Positive Edge-Triggered Flip-Flop 
Line Driver, Differential, Twisted Pair Level Shifting 

Representative list of ICs on the Data Systems Design 7215 board. 
Key specifications for all of these ICs can be found in IC MASTER. 
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LINEAR INTEGRATED CIRCUITS 
Regulating Pulse Width Modulators 

UC493A/UC494A/UC495A 
UC493AC/UC494AC/UC495AC 
• Fully Interchangeable, Advanced Version of 494 

family. 
• Uncommitted Outputs for Single-ended or Push-

pull Applications 
• Supply Voltage, Vee .................. 7V to 40V 
• Reference Voltage, VREF •••••••••••••• 5V to ± 1 % 
• Dual Error Amplifiers 
• Wide Range, Variable Deadtime 
• Under-Voltage Lockout 
• Double-pulse Protection 
• Sawtooth Oscillator Operation to 300kHz 
• High Performance Current Limit on UC493A 
• Internal 39V Zener for Operation above 40V on 

UC495A 
• Buffered Output Steering Control on UC495A 

UC1524/UC2524/UC3524 
• Complete PWM Power Control Circuitry 
• Uncommitted Outputs for Single-ended or Push-

pull Applications ........ ' ............... lOOmA 
• Output Voltage ............................ 40V 
• Supply Voltage, Vee ........... " .. _ .. 8V to 40V 
• Low Standby Current .............. 8mA Typical 
• Reference Voltage, VREF •••••••••••••••• 5V ± 4% 
• Sawtooth Oscillator Operation to 300kHz 
• Analog External Shutdown 
• Analog Current Limiting 
• 16 Pin Dual-in-line Package 

UC1524A/UC2524A/UC3524A 
• Fully Interchangeable, Advanced Version of 

UC1524 family 
• Output Current ......................... 200mA 
• Output Voltage ............................ 60V 
• High-Performance Current Limit 
• Under-Voltage Lockout 
• Low Standby Current ............... 5mA Typical 
• Reference Voltage, VREF •••••••••••••••• 5V ± 1 % 
• Wide Common-Mode Input Range for Both Error 

and Current Limit Amplifiers 
• PWM Latch Insures Single Pulse per Period 
• lOOns Shutdown 
• Guaranteed Frequency Accuracy 
.·Sawtooth Oscillator Operation to 500kHz 
• 16 Pin Dual-in-line Package 

DEAD TIME CONTROL-; 

(~f~~5~~~I:.~) OUTPUT 
,STEERING, CONTROL i CONTROL : (See Function Table) 
L _______ ..J 

!, -r-----------i'~~~~~-;,--Vcc; 

: REFou. 

i t---____ -,O----4----GND 

(UC495A-O-N-L~) 

+5V to III 
interllIl circuitry 

V,N ~;}--------~ I------{JQ V .... 

OSCILLATOR 3}----, 

COMPENSATION 9l-----..I 

INV. INPUT 1 

NON·INV. INPUT 2 

.. 

~Jy.. _______ ---<I SHUTDOWN 

~GROUND 
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LINEAR INTEGRATED CIRCUITS 

UC1525A/UC2525A/UC3525A 
UC1527A/UC2527A/UC3527A 
• 8V to 35V Operation 
o Reference Voltage, VREF .............. 5.1 V ± 1 % 
• 100Hz to 500kHz Oscillator Range 
• Separate Oscillator Sync Terminal 
• Adjustable Deadtime Control 
• Internal Soft-Start 
• Under-Voltage Lockout 
• Latching PWM to Prevent Multiple Pulses 
• Dual Source/Sink Output Drivers ........ 500mA 
• 16 Pin Dual-in-line Package 

UC1840/UC2840/UC3840 
o All Control, Driving, Monitoring, and Protection 

Functions Included 
• Feed-Forward Sensing for Constant Volt-Second 

Operation over a 4 to 1 Input Range 
o Low Current, Off-Line Start 
• Hysteresis for Separating Start and Run Levels 
o Under-Voltage Lockout 
• Slow Turn-on 
• PWM Latch for Single-Pulse Operation 
• Pulse-by-Pulse Current Limiting plus Shutdown 

for Over-Current Fault 

RrlC, 9 

START/UV 2 )---_--t"'~---+---...., 

EXT. STOP 4 }------+-t.:-... 

OV SENSE 3 }------t 

+v.",QSI---+-I.'; 

GND (12)-------1 

SHUTDOWN Q~---'V\r-+-~ 

o Shutdown upon Over or Under-Voltage Sensing 
• Latch off or Continuous Retry Modes 
o Remote, Pulse-Commandable Start/Stop 
o Maximum PWM Limiting with External Divider 
o 200mA PWM Output Switch 
o Error Amp Reference Trimmed to ± 1 % 
• Operation to 500kHz 
• 18 Pin Dual-in-line Package 

11 ~'ENSE 
10 RAMP 

DRIVER 
BIAS 

PWM 
OUTPUT 

L...---------....---{B SLOW 

400mY 

START/ 
DUTY CYCLE 
CLAMP 

7 CURRENT SENSE 
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POWER HYBRID CIRCUITS 
Switching Regulator Power Output Circuits 

The PIC600 through PIC672 series of devices consist of a 
driver transistor, a fast switching output transistor, a 
suitably matched fast recovery catch diode and thick 
film resistors in a hybrid circuit, designed, constructed 
and specified for use in high current switching regulator 
applications. Specific ratings for each type is 
summarized in this table. 

Output Input/Output 
Type Current, Pk. Voltage Polarity 

PIC600-602 5A 60-S0-100 
PIC610-612 5A 60-S0-100 

PIC660-662 lOA 60-S0-100 
PIC670-672 lOA 60-S0-100 

PIC625-627 15A 60-S0·100 
PIC635-637 15A 60-80-100 

PIC645-647 20A 60-S0-100 
PIC655-657 20A 60-S0-100 

The PIC730 and 740 series offer a Schottky diode in 
place of the fast recovery PN catch diode, to permit 

Pos. 
Neg. 

Pos. 
Neg. 

Pos. 
Neg. 

Pos. 
Neg. 

higher operating efficiencies in switching regulator designs. 

PIC730 
PIC740 

30A 
30A 

30 
40 

The PICSOO through Sll series are high voltage (up to 
400V) versions of the PIC600 series. Applications include 
high voltage buck or flyback regulators, and, in 
combination, half bridge or. full bridges, as well as 
deflection circuits and DC motor drives. 

PICSOO-S01 8A 
PICSlO-S11 SA 

Motor Drive Circuits 

PJC900 

350-400 
350-400 

Pos. 
Pos. 

Pos. 
Neg. 

• Designed and characterized for inductive loads such as 
Stepper Motor Drivers 
DC Motor' Drivers 
Full Bridge DC Converters 

• Fast switching times with low (5mA) drive current 
.Electrjcally isolated lS pin dual-in-Iine package with 

integral heat spreader 
• Compatible with automatic insertion 
• Output Current - 5A DC, lOA Peak 
• Output Voltage - SOV 

Fail Time On-State 
Volt. 
(n5) 

75 
75 

150 
250 

175 
300 

150 
300 

200 
200 

Cur. 
(n5) 

150 
150 

250 
250 

300 
300 

300 
300 

200 
200 

Voltage 
(V) @ (A) 

1.5 @ 2 
1.5 @ 2 

1.5 @ 5 
1.5 @ 5 

1.5 @ 7 
1.5 @ 7 

1.5 @ 7 
1.5 @ 7 

1 @ 20 
1 @ 20 

1.5 @ 5 
1.5 @ 5 

Pkg. 

4 PIN 
TO-66 

(Isolated) 

4 PIN 
TO-66 

(Isolated) 

4 PIN 
TO-66 

(Isolated) 

3 PIN 
TO-3 

3 PIN 
TO-3 

4 PIN 
TO-66 

(Isolated) 

6 15 

13 

16<...)4-----1 

5 

10 ~----, 
9 0+-.-----, 

12 

4 

'------+-0 14 

r------+n 1 
.------.----.+--{l 18 

3 

8 11 2 17 
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For Key Data On Every Ie On This 
Board, The Place To look is ... 

Device No. 
74LS08 
74F244 
74LS240 
74LS136 
74F04 
74LS374 

74LS273 

74LS541 
74LS645 
74LS540 

This Rockwell RM65-5104(E) card is used to 
transfer data between memory and peripheral 
circuits. 

Description 
Quad 2-lnput AND Gate 
Octal Buffer/Line Driver 
Octal Bus Driver (Schmitt Trigger) 
Quad 2-lnput Exclusive-OR Gate 
Hex Inverter 
Octal D-Type Edge-Triggered 

Flip-Flop, 3-State 
Octal Edge-Triggered Flip-Flop 

with Clear 
Octal Bus Driver, Noninverting 
Octal Bus Transceiver . 
Octal Bus Driver, Inverting 

Device No. 
74LS682 
AM2940 
AM2942 
74LS155 
74LS148 
74LS74 
74LS32 
74LS112 
74LS126 
74LSOO 
PAL12H6 

Description 
8-Bit Magnitude Comparitor 
DMA Address Generator 
Programmable Timer 
Decoder / Demultiplexer 
Priority Encoder 
Dual D-Type Edge-Triggered Flip-Flop 
Quadruple 2-lnput OR Gate 
Dual J-K Flip-Flop 
Quadruple Bus Buffer Gate 
Quadruple 2-lnput NAND Gate 
Field Programmable Array 

Representative list of ICs on Rockwell Direct Memory Access Card. 
Key specifications for all' of these ICs can be found in IC MASTER. 
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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 all 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., 00 to 70°C for commercial 
units and -55°C to 125°C for military u'nits). The full tem
perature nanosecond value is marked "nsF." When this 
value isrn 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. 

3448 

CATEGORY 

Character Generators 3453 

Code Converters 3454 

EAROMs 3455 

FIFOs, UFOs 3456 

PLAs 3457 
PROMs 3459 

RAMs 
Bubble 3468 
CCD 3468 
Dynamic 3468 
Static 3470 

ROMS 
Static 3484 

Shift Registers 
Dynamic 3488 
Static 3488 

Detailed Product Information 
provided by: 
Advanced Micro Devices 3601 

. American Microsystems, Inc. 3608 
Fairchild 3615 
Fujitsu America 3668 
Fujitsu Microelectronics 3672 
General Instrument 3683 
Harris Semiconductor 3693 
Hitachi 3789 
Inmos 3790 
Integrated Device Technology 3793 
Intel . ' 3808 
Monolithic Memories, Inc. 3826 
Motorola Semiconductor 3839 
National Semiconductor 3850 
OKI Semiconductor 3872 
RCA 3874 
SEEG 3882 
Signetics 3897 
Synertek 3940 
Texas'lnstruments 3958 
VTI 3981 
Western Digital 3994 
Xicor 3998 
The manufacturers listed above have provided de
tailed information on their latest and most significant 
products. 
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EINFUHRUNG 
SPEICHER 
Der Master Selection Guide flir Speicher enthalt aIle 
Informationen, die Sie flir 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 liber 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 Moglichkeit in Nanosek
unden flir de vollen zugfelassenen Temperaturbe
reich (d.h. 0° bis 70°C flir kommerzielle Bauteile 
und -55° bis 125°C flir militarische Bauteile) ange
geben. Der nsec-Wert flir den vollen Temperatur
bereich ist mit "nsF" bezeichnet. Wenn dieser Wert 
nicht genannt ist, 50 ist der garantierte nsec-Wert bei 
Raumtemperatur mit "nsR" angegeben. In einigen 
Hillen wurde ein garantierter Wert nicht f~stgelegt. 
Dann wird der typische Wert mit einem nachfol
genden "ns*" markiert. "Typische" Werte sind durch
wegs schneller als garantierte, so da/3 soIche Ein
tragungen die Speicher weiter, oben in der Liste er
scheinen lassen als dies sonst der Fall ware. 
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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 Ies apareils enumeres dans 
cette section, tant dans Ie Premier Guide de Selection 
que dans les feuilles de donnees, sont inclus dans tous 
les index. Ces index vous procurent la possibilite de 
retrouver a quelle page et a quelle 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 rles 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 "ns". Les valeurs 
"typiques" sont invariablement beaucoup plus rapides 
que celles dites "garanties", de sorte que ces me
moires "typiques" apparaissent plus haut sur la liste 
qu' elles ne Ie seraient sur d' autres. 
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, 
INTRODUCCION 
A MEMORIA 
La Cuia 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 guia 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 aq u e II a p a gin ado n des e en cue n t r a cad a 
componente. 

La Seccion de Memoria provee informacion para ta 
selecci6n inicial y datos de PROMs, RAMs, and 
ROMs asi 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 
po sible, los valores aparecen en nanosegundos sobre 
el inh~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 intervalo completo de tempera
tura esta marcado "nsF". Cuando este valor no esta 
especificado, el valor de nanosegundon esta garan
tizado para temperatura ambiental y aparece seguido 
por "nsR". En algunos casas el valor no ha sido 
establecido; entonces el valor tipico aparece seguido 
por "ns*". Valores "tipocos" son sin falta mas rapido 
que los garantizados de tal manera que las listas 
ubica estas memorias antes que normalmente los 
mostrarfa. 
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MEMORY-Character, Generators 

Number 01 Supply Number 01 
Output Input Voltage, Output Input 

Format Lines Logic levels V Device Source Line Format Lines Logic levels 

Character Generators 16 Segments 
16 TTL 

5x7 1 TTL 5 DM76S128 t National 
DM76S64 t National 
qM8678 National 
DM86S128 National 
DM86S64 National 

5 MOS 5 MM52116FDW National 
TTL 5 R03·2513 GI 

5055 MMI 
5155 MMI 

, 6055 MMI 10 
6061 MMI 
6155 MMI 
6156 MMI 
6161 MMI 
6162 MMI 
MCM6670 Motorola (3840) 
MCM6674 Motorola (3840) 

-12,5 3258 Fairchild 
32581 Fairchild 
32582 Fairchild 20 

7 TTL 5 6056 MMI 
6062 MMI 

-12,5 3257 Fairchild 

35 TTL 5 MSL9650 OKI (3873) 
MSL9651 OKI 
MSL9653 OKI 
MSL966ZRS OKI (3873) 
MSL9663RS OKI (3873) 
MSL9664RS OKI (3873) 

6x10 7 MOS 5 MCH·01 Motorola 30 

7x9 1 TTL 5 DM76S128 t National 
DM76S64 t National 
DM8678 National 
DM86S128 National 
DM86S64 National 

7 MOS 5 MM52116FDX National 
TTL 5 5290 tMMI 

5291 tMMI 
6071 MMI 
6072 MMI 40 
6290 MMI 
6291 MMI 
MCM66700 Motorola (3840) 
MCM66710 Motorola (3840) 
MCM66714 Motorola (3840) 
MCM667Z0 Motorola (3840) 
MCM66730 Motorola (3840) 
MCM66734 Motorola (3840) 
MCM66740 Motorola (3840) 
MCM66750 Motorola (3840) 50 
MCM66751 Motorola 
MCM66760 Motorola (3840) 
MCM66770 Motorola (3840) 
MCM66780 Motorola (3840) 
MCM66790 Molorola (3840) 

-12,5 3260 Fairchild 

7x11 1 TTL 5 CRT7004 SMC 
CRT8002 SMC 

9x9 9 TTL 5 5292 t MMI 
5293 tMMI 60 
6292 MMI 
6293 MMI 

10x9 10 TTL 5 2670 Signetics 

14 Segments 
14 TTL 5 MSL9664 OKI (3873) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faca Indicates additional dala Is provided on Iha page nolad. 
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Supply 
Voltage, 
V Device Source Line 

5 MSL966Z OKI (3873) 
MSL9663 OKI (3873) 

,,' 
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MEMORY-Code Converters 

Code Conversion Bits Bits 
From To In Out Process 

Code Converters 

BINARY-BCD 6 Bipolar 

EBCDIC-ASCII 12 .8 Bipolar 

Multiple ASCII-SELECTRIC, EBCID, HOLLERITH 
NMOS 

BCD-BINARY 6 Bipolar 

t Military Temperature Range (- 55° to 125°C) 

3454 

Supply 
Voltage. 
V Device 

8N54185A 
8N74185A 

DM8576AAA 

±5 MCM6B316 
MCM68A316E-
91 

8N54184 
8N74184 

Source Line 

tTl (900) 
TI (900) 

National 

Motorola 

Molorola (3840) 

ttl (440.899) 
TI (899) 

• Typical Value 
80ld face Indlcales addlllonal dala Is provided on Ihe page noted. 
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MASTER SELECTION GUIDE 

MEMORY -EAROMs, FIFOs, UFOs 

Bits Access Supply Bits Access Supply 

Words Per Time Voltage, Words Per Time Voltage, 

Word (Max) Output V Device Source Line Word (Max) Output V Device Source Line 

Electrically Alterable ROMs 4096 
8 250 nsF TS 5ZZ3 SEEO (3890) 

16 16 Serial NMC9306 National (3867) 450 nsF TS NCR52832 NCR 
X2444 Xicor 

160 ILsF TS NCR52801 NCR 

21 16 10 ILsF TS -20,10 NCR7033 NCR 
TS Serial 

-20,10 NC7033 Nitron 

32 16 3 ILsF TS -28,5 ER2051 GI 
4 ILsF TS -29,5 NCR2051 NCR 

NC7051 Nitron 

50 14 10 msF TS 5,-30 ER1451 GI 

64 10 ILsF TS 
W6.5, - 10, - 33 MN1208 Panasonic 10 

300 nsF TS 5 NCR52210 NCR 
XZZ10 XI cor (3998) 
XZZ100'" t Xlcor (3998) 

4 ILsF TS -29,5 ER2055 GI 
NCR2055 NCR 
NC7055 Nitron 

82 100 ILsF TS 5,-30 ER0082 GI 

100 14 3.4 msF Serial -35 ER1400 GI 
NCR1400 NCR 

2100 nsF 
TS -35 NCR1400 NCR 20 

128 8 100 nsF TS ER5901 GI (3687) 
ER5901HR tGi (3687) 

300 nsF TS NCR52001 NCR 

256 4 300 nsF TS NCR52212 NCR 
XZZ1Z Xlcor (3998) 
XZZ1Z0M t XI cor (3998) 

300 nsF TS NCR52002 NCR 

512· 300 nsF TS NCR52004 NCR 
XZ804A Xi cor (3999) 

450 nsF TS 5,±22 NCR4485 NCR 30 

5000 nsF 
TS 5,-29 NCR2055 NCR Q) 

1024 "C 

1 300 nsF TS NCR52201 NCR ::l 

XZZ01A Xlcor (3998) (9 
XZZ01AOM t Xi cor (3998) C 

4 900 nsF TS -30,-12,5 ER3400 GI 0 
NCR3400 NCR -+-' 

() 
NC7451 Nitron Q) 

2048 Q) 

4 1.6 ILsF TS -24,-14,5 ER2810HR t GI en 
ER2810lR GI ~ 

1.65 ILsF TS -23,-14,+5 NC7810 Nitron 40 
Q) 

-+-' en 
2 ILsF TS -23,-14,5 NCR2811 NCR CO 
6 ILsF TS -29,-12,5 NCR2161 NCR ~ 

NCR2168 NCR 

250 nsF TS 5Z13-Z50 SEEO (388Z) 
5Z13H SEEO (388Z) 
E5Z13 SEEO (3889) 

300 nsF TS ER5716 GI (3683) 
ER5916 GI 
ER5916HR t GI 
HN48016 Hitachi (3789) 50 

21,5 ER5816 GI 
ER5816HR t GI 

350 nsF TS 5Z13-350 SEEO (388Z) 
M5Z13 SEEO (3889) 

2948 
8 450 nsF TS NCR52817 NCR 

t Military Temperature Range (-55° to 125°C) ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
OC-Open Collector TS-Three-State OE-Open Emitter 

© Ie MASTER 1983 3455 



Ie MASTER 

MEMORY -EAROMs, FIFOs, LlFOs (Cont'd) 

Supply Bitsl Data Rate Supply 
Bitsl Data Rate Voltage, Words Word MHz (max) Voltage Device Source line 

Words Word MHz (max) V Device Source line 
81 4 1.0 SR5018 SMC 

First-in First-out 1321128 

16 4 8.0 • 3-15 CD401058 tRCA (749) 9 1.0 WD1510-o2 Weslern (3994) 

CD401058E RCA (749) 133 4 1.0 SR5017 SMC 

12.0 SN54LS222 tTl (907) 
SN54LS224 tTl (907) 
SN74LS222 TI (907) 
SN74LS224 TI (907) 

20.0 SN54LS227 tTl (909) 
SN54LS228 tTl (909) 
SN74LS227 TI (909) 
SN74LS228 TI (909) 10 

10.0 SN75S225 TI 

24 4 2.5 5-16 MS618 t RTC 

32 8 0.5 -12,5 AM2812C AMD 
AM2812L AMD 
MJ2812 Plessey 
MJ2814 t Plessey 

1.0 -12,5 AM2812AC AMD 
AM2812AL AMD 

0.5 -12,5 AM2813C AMD 
AM2813L AMD 20 
MJ2813 Plessey 

1.0 -12,5 AM2813AC AMD 
AM2813AL AMD 

40 0.5 -12,5 FR1502-11 Western 
1.0 -12,5 33512 Fairchild 

3351M t Fairchild 
FR1502-10 Western 

1.5 -12,5 3351-3 Fairchild 

2.0 -12,5 33511 Fairchild 

64 0.7 -12,5 3341C AMD 30 
3341 Fairchild 
3341M t Fairchild 

1.0 -12,5 AM2841C AMD 
AM2841M tAMD 
3341A Fairchild 
MJ2841 Plessey 

Q) 1.2 -12,5 2841A AMD 
"0 
:J 

7.0 5 C57401 tMMI (722) 

CJ 8.0 9423C Fairchild 
9423M t Fairchild 40 

C 
0 10.0 C57401A tMMI (722) 

+oJ C67401 MMI (722) 
() C67401A MMI (722) 
Q) C67401B MMI (722) 
Q) 

20 12,5 DM77S401 tNallonal (3853) 'en 
DM87S401 Nallonal (3853) 

~ 

Q) 7.0 57402 tMMI 
+oJ C57402 MMI (722) en 
ctS 10.0 C57402A MMI (722) 
~ C67402 MMI (722) 50 

. C67402A MMI 
C67402B MMI (722) 

15.0 67401A tMMI 
C67402A MMI (722) 

20 12,5 DM77S402 tNallonal (3853) 
DM87S402 Nallonal (3853) 

15.0 TDC1030 TRW (813.816) 

1321128 
9 0.65 WD1510-00 Weslern (3994) 

1.0 WD1510·01 Weslern (3994) 

Last-in First-out 

16 4 10.5 9406C Fairchild 60 
9406M Fairchild 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold face Indlcales addlllonal dala Is provided on Ihe page noled. 
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MASTER SELECTION GUIDE 

MEMORY-PLAs 

Propa- Supply Propa- Supply 
Organi- gallon Voltage, Organi- gation Voltage, 
zation Time Output V Device Source Line zation Time Output V Device Source Line 

PLAs Field Programmable Array logic 
(Cont'd) 

Field Programmable Array logic 30 ns OC 82815D 81gnatlcs (3917) 
12 ns • TS FP54AlS16R4t TI TS 828151 81gnatlcs (3917) 70 

FP54AlS16R6t TI Field Programmable Gate Array, 16 Inputs, 9 AND! 
FP54AlS16R8t TI NAND Gates, 9 Outputs, Field Programmable 
FP74AlS16R4 TI 40 nsF OC 5 N82S102 Signetics 
FP74AlS16R6 TI TS 5 N82S103 Signetlcs 
FP74AlS16R8 TI 

S82S102 50 nsF OC t Signetics 
25 ns • TS PAL1DH8C MMI (4449) TS S82S103 t Signetics 

PAL 1DH8M tMMI (4449) 
Field Programmable Gate Array, 6 Inputs, 12 AND PAL10LBC MMI (4449) 
Gates, 12 Outputs 

PAL1DL8M tMMI (4449) 10 20 ns· OC S82S150 t Signetics 
PALl2H6C MMI (4449) TS S82S151 t Signetics 
PAL12H6M tMMI (4449) 
PALl2L6C MMI (4449) 25 nsF OC N8S150 Signetics 

PALl2L6M tMMI (4449) TS N82S151 Signetics 

PAL14H4C MMI (4449) Field Programmable logic Array, 8 Inputs, 32 AND 
PAL14H4M tMMI (4449) Gates, 10 OR Gates, 10 Outputs 

PALl4L4C MMI (4449) 30 nsF OC N82S152A Signetics 

PALl4L4M tMMI (4449) TS N82S153A Signetics 80 

PAL16A4C MMI (4449) 40 nsF OC N82S152 Signetics 
PALl6A4M tMMI (4449) 20 TS N82S153 Signetics 
PAL16C1C MMI (4449) 45 nsF OC S82S152A t Signetics 
PAL16Clr.! tr,u,!J (4449) TS S82S153A t Signetics 
PAL16H2C MMI (4449) 
PALl6H2M tMMI (4449) 60 nsF OC S82S152 t Signetics 

PAL16L2C MMI (4449) TS S82S153 t Signetics 

PALl6L2M tMMI (4449) Field Programmable logic Sequencer, 12 Inputs, 32 

PALl6L8C MMI (4449) Product Terms 

PAL16L8M tMMI (4449) 45 nsF· OC FP54lS335 tTl 

PALl6R4C MMI (4449) FP74lS335 TI 

PAL16R4M tMMI (4449) 30 TS FP54lS333 tTl 
PALl6R6C MMI (4449) FP73lS333 TI 90 
PAL16R6M tMMI (4449) Field Programmable logic Sequencer, 4 Inputs, 32 AND 
PAL16R8C MMI (4449) Gates, 21 OR Gate 
PALl6R8M tMMI (4449) 25 ns· OC S82S154 t Signetics 
PAL16X4C MMI (4449) S82S156 t Signetics 
PALl6X4M tMMI (4449) S82S158 t Signetics 
DMPAL 1 DH8C Nallonal (737) 

TS S82S155 t Signetlcs 
DMPAL 1 DH8M t Nallonal (737) 
DMPALlDL8C Nallonal (737) 

S82S157 t Signetics ()) 

DMPAL 1 DL8M t Nallonal (737) 40 
S82S159 t Signetics -C 

DMPAL 12H6C Nallonal (737) Field Programmable logic Sequencer, 4 Inputs, 32 AND :l 
DMPAL 12H6M t Nallonal (737) Gates, 21 OR Gates (9 
DMPAL 12L6C Nallonal (737) 30 nsF OC N82S154 Signetics 

C 
DMPAL 12L6M t Nallonal (737) N82S156 Signetics 0 
DMPAL 14H4C Nallonal (737) N82S158 Signetics 

+-' 

DMPAL 14H4M t Nallonal (737) TS 5 N82S155 Signetics 100 (,) 

DMPAL 14L4C Nallonal (737) N82S157 Signetics 
()) 

DMPAL 14L4M t Nallonal (737) N82S159 Signetics ()) 

DMPAl16A4C National en 
Field Programmable Logic Sequencer, 48 Transition 

'-DMPAl16A4Mt National 50 Terms, 16 Inputs, 8 Outputs ()) 
DMPAL 16C1 C Nallonal (737) 30 nsF OC N82S104A Signetics +-' 

DMPAL 16C1 M t National (737) S82S104 t Signetics 
en 
CO 

DMPAL 16H2C National (737) S82S104A t Signetics ~ 
DMPAL 16H2M t National (737) TS 5 N82S105A Signetics 
DMPAL 16L2C Nallonal (737) S82S105 t Signetics 
DMPAL 16L2M t National (737) S82S105A t Signetics 
DMPAL 16L8C Nallonal (737) 
DMPAL 16L8M t National (737) 90 nsF OC N82S104 Signetics 

DMPAL 16R4C Nallonal (737) N82S104A ' Signetics 110 

DMPAL 16R4M t National (737) 60 S82S104 t Signetics 

DMPAL 16R6C Nallonal (737) S82S104A t Signetics 

DMPAL 16R6M t National (737) TS N82S105 Signetics 

DMPAL 16R8C Nallonal (737) N82S105A Signetics 

DMPAL 16R8M t National (737) S82S105 t Signetics 

. DMPAl16X4C National Field Programmable Multiplexer, (10 inputs, four 10x8 
DMPAl16X4Mt National programmable arrays, four 8:1 addressable 
828152 81gnatlcs (3919) multiplexers, four outputs) 
828153 81gnatlcs (3919) 55 nsF TS 29693C Raytheon 

(Continued) 75 nsF TS 29693M t Raytheon 

t Military Temperature Range (- 55° to 125°C) ns·-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
OC-Open Collector TS-Three-State OE-Open Emitter 
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MEMORY-PLAs (Cont'd) 

Propa· Supply 
Organl· gallon Voltage, 
zatlon Time Output V 

PLAs 
Field Programmable ROM Patch, for Correcting or 
Changing the Program In Large ROMs 

- OC 5 
TS 5 

32 Product Terms, Six Sum Terms, 14 Inputs 
10 ns· OC 5 

TS 5 

32 Product Terms, 12 Inputs, Field Programmable 
100 ns· OC 5 

\ 

TS 5 

48 Product Terms, 14 Inputs, Field Programmable 
100 nsF OC 5 

48 Product Terms, 16 Inputs, Field Programmable 
50 nsF OC 5 

TS 5 

80 nsF OC 5 

TS 5 

OC 5 

50 Product Terms, 12 Inputs, 6 Outputs, Field 
Programmable 

35 ns· - 5 
TS 5 

72 Product Terms, 24 Inputs, 16 Outputs, Field 
Programmable 

200 nsF TS 5 

96 Product Terms, 14 Inputs, Factory Programmable 
150 nsF - 5 

t Military Temperature Range (-55' to 125'C) 

'3458 

Device Source Line 

(Cont'd) 

N82S106 Signetics 
N82S107 Signetics 

FP54AS840 tTl 
FP74AS840 TI 

FP54AS839 tTl 
FP74AS839 TI 

SN54LS335 tTl 
SN54LS336 tTl 
SN74LS335 TI 
SN74LS336 TI 10 

SN54LS333 tTl 
SN54LS334 tTl 
SN74LS333 TI 
SN74LS334 TI 

IM5200 Intersi! 

93458C Fairchild (3651) 
MC82S101C Motorola 
N82S101 Signetics 

93458M t Falrcblld (3661) 
93459C fllrchlld (3661) 20 
MC82S100C' Motorola 
N82S100 Signetics 

MC82S101M t Motorola 
S82S101 t Signetics 

MC82S100M t Motorola 
S82S100 t Signetics 

93459M t Fairchild (3661) 

SN74S331 TI 
SN74S330 TI 

"PB45O NEC·Mlcro 30 

DM7575 t National 
DM7576 t National 
DM8575 National 
DM8576 National 

• Typical Value 
Bold lacI Indicates addllloDal data Is provided on tbe PIUe noted. 
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MASTER SELECTION GUIDE 

MEMORY-PROMs 

Access Supply Access Supply 
Organi- 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 

PROMs 64x8 75 nsR TTL OC 24 5 SN74186 TI 
140 nsF TTL TS 24 5 JAN-0512 t Harris 

16x16 - Electrically Erasable JAN385101 
- 14 5 MCM2801 Motorola 201 t Harris 

(3839.3847) 
256x4 10 nsF ECl OE 16 -5.2 F10Z416A Fairchild (3619) 60 

32x32 15!L5 Electrically Erasable 11 ns * ECl OE 16 -5.2 Fl0416C Fairchild 
TS 14 5 MCM2802 Motorola (3839) 

12 ns * ECl OE 16 -5.2 GXB1049 Siemens 
32x8 15 nsF TTL OC 16 5 DM87S188 National 

15 nsF ECl OE 16 -5.2 Fl00Z416 Fairchild 
TS 16 5 DM87S288 National 

F10Z416 Fairchild (3619) 
20 nsF TTL OC 16 5 DM77S188 t National 20 nsF ECl OE 16 4.5 100149 Signetics 

TS 16 5 DM77S288 t National 5 100149 Signetics 

20nsR ECl OE 16 -5.2 SN10139 TI 20 nsR ECl OE 16 -5.2 10149 Signetics 

22 nsF ECl OE 16 -5.2 10139 Signetics 24 nsF ECl OE 16 -5.2 F100416C Fairchild (3626) 

25 nsF ECl OE 16 -5.2 MCM10139 Motorola 25 nsF ECl OE 16 -5.2 MCM10149 Motorola 
TTL OC 16 5 AM27S18AC AMD 10 30 nsF TTL OC 16 5 AM28S20AC AMD 70 

63S080 MMI (3826) TS 16 5 AM27S21AC AMD 

TS 16 5 AM27S19AC AMD 40 nsF TTL OC 16 5 AM27S20AM t AMD 
63S081 MMI (3826) HM7610A-5 Harris (3696) 

35 nsF TTL OC 16 5 AM27S18AM t AMD TS 16 5 AM27S21AM t AMD 
53S080 tr,'MI (3827) HM7611A-5 Harris (3696) 
DM74S188 National 45 nsF TTL OC 16 5 AM27S20C AMD 
DM74S288 National AM29760AC AMD 

TS 16 5 AM27S19AM t AMD 93417C Fairchild 

53S081 tMMI (3827) 638140 MMI (3826) 

40 nsF TIL OC 16 5 AM27S18C AMD 20 TS . 16 5 AM27S21C AMD 80 

AM29750AC AMD AM29761AC AMD 

HM7602-5 Harris (3693) 93427C Fairchild 

TBP18SA30 TI 638141 MMI (3826) 
29613A t Raytheon 

TS 16 5 AM27S19C AMD 29613A Raytheon 
AM29751AC AMD 
HM7603-5 Harris (3693) 50 nsF TTL OC 16 5 DM74S387 National 

TBP18S030 TI (440.3965) N82S126 Signetics 

45 nsF TIL OC 16 5 DM54S188 t National 
TS 16 5 DM74S287 National 

N82S129 Signetics 
TS 16 5 DM54S288 t National 

55 nsF TTL OC 16 5 53S140 tMMI 90 
50 nsF TIL OC 16 5 AM27lS18C AMD 30 

6300-1 MMI (3826) 
AM27S18M t AMD 63L8140 MMI (3826) Q) 
AM29750AM t AMD 

TS 16 5 53S141 t MMI 
"'C 

HM7602-2 t Harris (3693) --
6301-1 MMI (3826) ::J 

6330-1 MMI (3826) 
63L8141 MMI (3826) (9 

N82S23 Signetics 
TBP24S10 TI (440.3967) C T8P18SA030M t TI (440.3965) 0 60 nsF TIL OC 16 5 AM27S20M t AMD .-

TS 16 5 AM27lS19C AMD AM29760AM AMD 
.... 
() 

AM27S19M t AMD 93417M t Fairchild Q) 
AM29751AM t AMD HM7610-5 Harris (3696) 100 Q) 
HM7603-2 t Harris (3693) 40 HM7610A-2 t Harris (3696) en 
6331-1 MMI (3826) DM54S387 t National to... 
N82S123 Signetics 29613A t Raytheon Q) 

TBP188030M tTl (440.3965) 29613A Raytheon 
.... 
en 

50 nsR TIL OC 16 5 SN54188A tTl TS 16 5 AM27S21M tAMD ro 
SN74188A TI AM29761AM t AMD ~ 

60 nsF TIL OC 16 5 JAN385101 93427M t Fairchild 

207 t Harris HM7611-5 Harris (3696) 

5330-1 , t MMI HM7611A-2 t Harris (3696) 
DM54S287 t National 110 

TS 16 5 5331-1 t MMI 
TTL TBP24SA10 (440.3967) 65 nsF OC 16 5 TI 

65 nsF TIL - 16 5 IM5610C Intersil TBP248A10M ~. 
OC 16 5 IM5600C Intersil 50 tTl . (440.3967) r· S82S23 t Signetics TS 16 5 TBP24810M tTl (440.3967) (.~ 
TS 16 5 AM27lS19M t AMD ' 70 nsF TIL OC 16 5 IM5603C Intersil ~ 

S82S123 t Signetics S82S126 t Signetics 

75 nsF TTL - 16 5 IM5610M t Intersil TS 16 5 IM5623C Intersil 

64x4 450 nsF Electrically Erasable S82S129 t Signetics 

TS 16 5 8Y2801 Synartak . (3956) 75 nsF TTL OC 16 5 HM7610-2 t Harris (3696) 
SY2801A 8ynartak (3956) (Continued) 

t Military Temperature Range (- 55° to 125°C) ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
~C-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access Supply Access Supply 
Organl· Time No. Voltage, Organ I· Time No. Voltage, 
zatlon (Max) Type Output Pins V Device Source Line zatlon (Max) Type Output Pins V Device Source Line 

PROMs (Cont'd) 512x4 50 nsF TTL TS 16 5 (Cont'd) 
MCM7621A Motorola 

256x4 75 nsF TTL OC 16 5 (Cont'd) N82S131 Signetics 
JAN385101 24 5 MCM7641A Motorola 60 
301 t Harris 
5300·1 tMMI 55 nsF TTL OC 16 5 53S24O tMMI 

53LS140 tMMI DM74S570 National 

TBP247A10M TS 16 5 53S241 tMMI 
ttl DM74S571 National 

TS 16 5 HM7611·2 t Harris (3696) DM74S571A National 

JAN385101 DM74S571B National 
302 t Harris. 29611 t Raytheon 
5301·1 tMMI 29611 Raytheon 
53LS141 tMMI 60 nsF TTL OC 16 5 AM27S12M tAMD 
TBP14810M tTl (3964) AM29770M tAMD 70 

80 nsF TTL OC 16 5 IM5603M t Intersil 10 93436M t Fairchild 
IM5623M t Intersll HM7620A·2 t Harris (3699) 

450 nsF CMOS TS 16 5 HM6611·2 t Harris 6305·1 MMI (3826) 

HM6611·9 Harris 63L8240 MMI (3826) 

18 5 HM6661 Harris TS 16 5 AM27S13M tAMD 
AM29771M tAMD 

600 nsF CMOS TS 18 5 HM6661·5 Harris 93446M t Fairchild 
256x8 1 ",s· Erasable TS 24 5 CDP18042CD RCA HM7621A·2 .t Harris (3699) 

1 ",sF Erasable TS 24 -9,5 1702A AMD 6306·1 Milil (3826) 
1702AL AMD 63LS241 MMI (3826) 80 

1.3 ",sF Erasable TS 24 -9,5 8702A AMD 29613C Raytheon 

1.5 ",sF Erasable TS 24 -9,5 1702A·6 AMD 20 65 nsF TTL OC 16 5 DM54S570 t National 

1.7 ",sF Erasable TS 24 -10,5 4702A AMD TS 16 5 DM54S571 t National 

2.3 ",sF Erasable TS 24 -9,5 MM8702A-4 National 
DM54S571A t National 
DM54S571B t National 

60 nsF TTL TS 20 5 DM74LS471 Nallonal (3850) 70 nsF TTL OC 16 5 HM7620·5 Harris (3699) 
70 nsF TTL OC 20 5 6308·1 MMI (3826) S82S130 t Signetics 

TBP28LA22 TI (440,3969) 
TS 16 5 HM7621·5 Harris (3699) 

24 5 6335·1 tMMI (3826) MCM7621 Motorola 
TS 20 5 6309·1 MMI (3826) 29611 t Raytheon 90 

DM54LS471 t Nallonal (3850) 29611 Raytheon 
TBP28L22 TI (440,3969) S82S131 t Signetics 

24 5 6336·1 MMI (3826) 30 75 nsF TTL OC 16 5 5305·1 tMMI 

80 nsF TTL OC 20 5 5308·1 tMMI 53LS240 tMMI 
Q) TBP28LA22M TS 16 5 5306·1 tMMI 
"0 tTl (440,3969) 53LS241 tMMI 
::J TS 20 5 5309·1 tMMI 29613M t Raytheon 

C) TBP28L22M t TI (440,3969) 80 nsF TTL - 16 5 IM5624C Intersll 

C 110 nsF Electrically Erasable OC 16 5 IM5604C Intersil 
0 TS 18 5,21 SY2802 Synartak (3957) 85 nsF TTL OC 16 5 HM7620·2 t Harris (3699) 100 ...... 

550 nsF Erasable TS 24 -9,5 1702A·1 AMD JAN385101 () 
Q) 1702AL·1 AMD 401 t Harris 

Q) 650 nsF Erasable TS 24 -9,5 1702A·2 AMD TS 16 5 HM7621·2 t Harris (3699) 

en 1702AL·2 AMD JAN385101 

L. 750 nsF Erasable TS 24 -9,5 9702A·1 AMD 40 402 t Harris 
Q) 

TTL TS 16 5 HM76LS03·5 Harris 90 'nsF TTL - 16 5 IM5624M t Intersi! ...... 
CJ) 

512x4 30 nsF TTL OC 16 5 AM27S12AC AMD 
OC 16 5 IM5604M t Intersil 

ctS 
~ TS 16 5 AM27S13AC AMD 512xB - TTL TS 22 5 AM27S27C AMD 

AM27S27M tAMD 
40 nsF TTL OC 16 5 AM27S12AM t AMD 

TS 16 5 AM27S13AM t AMD 24 5 AM27S25AC AMD 

29611A Raytheon AM27S25AM t AMD 

45 nsF TTL OC 16 5 HM7620A·5 Harris (3699) 
AM27S25C AMD 110 
AM27S25M t AMD 

638240 MMI (3826) 

TS 16 5 HM7621A·5 Harris (3699) 
20 ns * TTL TS 24 5 TBP28R45 TI (3974) 

638241 MMI (3826) 50 35 ns· TTL TS 20 5 TBP2BP42 TI 

50 nsF TTL OC 16 5 AM27S12C AMD 
24 5 TBP28P45 TI (3973) 

(- AM29770C AMD 
TBP28S45 TI . (3976) 

:::::: 93436C Fairchild 35 nsF TTL OC 20 5 AM27S28AC AMD 

NB2S130 Signetics MB7123H Fuillsu (3679) 

TS 16 5 AM27S13C AMD 24 5 AM27S30AC AMD 

AM29771C AMD TS 20 5 . AM27S29AC AMD 
93446C Fairchild MB7124H Fuillsu (3679) 120 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold 'aca Indlcatas additional dati Is provldad on tba paga Dotad. 
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MASTER 'SELECTION GUIDE 

MEMORY-PROMs (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 

PROMs (Cont'd) 512x8 70 nsF TTL TS 20 5 (Cont'd) 
TBP28S42M ttl 

512x8 35 nsF TTL TS (Cont'd) TBP28S42M TI 
24 5 AM27S31AC AMD 

24 5 HM7641-5 Harris (3702) 
40 nsF TTL OC 24 5 93438C Fairchild HM7641A-2 t Harris (3702) 

TS 24 5 93448C Fairchild 5341-2 tMMI 
45 nsF TTL OC 20 5 AM27S28AM t AMD 6341-1 MMI (3826) 

M87123E Fuillsu (3679) MCM7641 Motorola 70 
DM74S473A National DM54S474 t National 

24 5 AM27S30AM t AMD T8P28S46M tTl (440.3976) 

DM74S475A National 80 nsF TTL OC 20 5 HM7648-2 Harris 

TS 20 5 AM27S29AM t AMD 5348-1 tMMI 
MB7124E Fuillsu (3679) 10 24 5 5340-1 tMMI 
HM7649A-5 Harris (3708) TS 20 5 HM7649-2 Harris (3708) 
DM74S472A National 5349-1 tMMI 
DM74S474B National 
N82S147A Signetics 24 5 HM7647R-2 t Harris 

AM27S31AM t AMD 
5341-1 tMMI 

24 5 
DM74S474A National 85 nsF TTL OC 20 5 TBP28SA42M t TI (440.3976) 80 

OC HM7640A-5 (3702) 
24 5 HM7640-2 t Harris (3702) 

50 nsF TTL 24 5 Harris TBP28SA46M t TI (440) 
TS 24 5 HM7641A-5 Harris (3702) 

TS 20 5 TBP28S42r.1 tTl (440.3975) 
55 nsF TTL OC 20 5 AM27S28C AMD TBP28S42M TI 

24 5 AM27S30C AMD 20 
93438M t Fairchild 24 5 HM7641-2 t Harris (3702) 

JAN385101 
TS 20 5 AM27S29C AMD 208 t Harris 

6349-2 MMI 
90 nsF TTL OC 24 5 5340-2 tMMI 

24 5 AM27S31C AMD TS 24 5 AM27S15M tAMD 
93448M t Fairchild S82S115 t Signetics 
HM7649A-2 Harris (3708) S82S141 t Signetics 90 
6341-2 MMI (3826) 

200 nsF CMOS TS 24 5 HM6641-2 t Harris 
60 ns • TTL TS 20 5 TBP28L42 TI (440.3970) (669.1333.3783) 

24 5 TBP28L45 TI (3971) HM6641-9 Harris 
60 nsF TTL OC 20 5 HM7648-5 Harris 30 (669.1333.3783) 

DM54S473A t National 300 nsF CMOS Erasable 
DM74S473 National TS 24 10 IM6654A Intersil -

24 5 DM54S475A t National TTL TS 5 X2804 Xlcor (3999) 

TS 20 5 HM7649-5 Harris (3708) 450 nsF CMOS Erasable 

DM54S472 t National TS 24 5 IM6654-1 Intersil OJ 
DM54S472A t National 550 nsF CMOS Erasable "0 
DM54S472B t National TS 24 5 IM6654 Intersil ~ 
DM54S474A t National 600 nsF CMOS Erasable (!) 
DM54S474B t National TS 24 5 IM6654M t Intersi! C DM74S472 National 40 650 nsF Electrically Erasable 0 
TBP28S42 TI (440.3975) TS 24 5 HNVM3004 Hughes ~ 

24 5 AM27S15C AMD 1024x4 30 ns· TTL OC 18 5 DM54S572A t National 
() 
OJ HM7647R-5 Harris DM54S573A t National 100 

N82S115 Signetics OJ 
N82S141 Signetics 35 nsF TTL OC 18 5 AM27S32AC AMD en 
TBP28S46 TI (440.3976) AM27S33AC AMD ~ 

MB7121H Fulltsu (3679) OJ 
65 nsF TTL OC 20 5 AM27S28M tAMD ~ 

DM54S473 t National TS 18 5 AM27S33AC AMD en 
CO 

TBP28SA42 TI (440.3976) MB7122H Fulltsu (3679) 
~ 63S441A MMI (3826.3830) 

24 5 DM54S475 t National 50 N82S137B Signetics 
DM74S475 National 
TBP28SA46 TI (440) 35 nsR TTL OC 18 5 TBP24SA41 TI (440.3968) 

TS 20 5 AM27S29M t AMD 
TBP24SA41 M t TI (440.3968) 

24 5 AM27S31M tAMD TS 18 5 TBP24S41 TI (440.3968) 110 

DM74S474 National TBP24S41M tTl (440.3968) 
~~ 

70 nsF TTL OC 20 5 6348-1 MMI (3826) 40 nsF TTL OC 18 5 93452C Fairchild 

24 5 AM27S30M t AMD TS 18 5 93453C Fairchild 

HM7640-5 Harris (3702) 45 nsF TTL OC 18 5 AM27S32AM t AMD ~..: 
HM7640A-2 t Harris (3702) MB7121E Fulltsu (3679) 
6340-1 MMI (3826) 60 DM74S572A National 

TS 20 5 6349-1 MMI (3826) TS 18 5 AM27S33AM t AMD 
MCM7649 Motorola MB7122E Fulltsu (3679) 
29623 Raytheon 63S441 MMI (3826.3830) 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) ns· - Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access Supply Access 
Organl· Time No. Voltage, Organl· Time 
zatlon (Max) Type Output Pins V Oevlce Source line zallon (Max) Type 

PROMs 

1024x4 45 nsF TTL TS 18 

50 nsF TTL OC 18 

TS 18 

55 nsF TTL OC 18 

TS 18 5 

(Cont'd) 

OM74S573A National 
N82HS137 Signetics 

HM7642A·5 Harris 
HM7642p·5 Harris 

HM7643A·5 Harris 
HM7643p·5 Harris 
63RA441 MMI 
MCM7643A Motorola 

AM27S32C AMO 

(Cont'd) 

(3705) 
(3705) 

(3705) 
(3705) 
(3826) 

93452M t Fairchild 10 

AM27S33C AMD 
93453M t Fairchild 
538441 t MMI (3830) 
6353·2 MMI 

1024x8 
20 ns· TTL 

35 ns • TTL 

35 nsF TTL 

40 nsF TTL 

Supply 
No. Voltage, 

Output Pins V Oevlce Source 

TS 24 

TS 24 

OC 24 

TS 24 

REG 24 

TBP28R85 TI 

TBP28P85 TI 
TBP28S85 TI 

AM27S180AC 

AM27S280AC 
AMO 

AMD 
AMO 

(Cont'd) 
(3974) 

(3973) 
(3977) 

AM27S37 
93Z450A Fairchild (3652) 

AM27S181AC 

AM27S281AC 

93Z451A 
MB7132Y 

AMO 

AMD 
Fairchild 
Fulltsu 

DM77SR181 t National 
DM878R181 National 

(3652) 
(3679) 

(3852) 
(3852) 

line 

60 

60 nsF TTL 
OC 

16 
18 

HM7644·5 Harris 
HM7642·5 Harris (3705) 

..... __________ T_S ___ 2_4 ______ 4-63_R_S_88_1 ____ M_M_I ________ .70 

1024x8 

TS 

65 nsF TTL OC 
TS 

70 nsF TTL OC 

TS 

75 nsF TTL OC 

TS 

80 nsF TTL TS 

85 nsF TTL 

OC 

TS 

550 nsF CMOS Erasable 
TS 

600 nsF CMOS Erasable 
TS 

TTL TS 

18 

18 
18 

18 

18 

18 

18 

18 

18 

18 

18 

24 

24 

24 

t Military Temperature Range (..:. 55° to 125°C) 

3462 

5 

5 

6350·1 MMI 
6352·1 MMI (3826) 
OM74S572 National 

HM7643·5 Harris (3705) 20 
53RA441 t MMI 
6351·1 MMI 
6353·1 MMI 
OM74S573 National 
N82S137 Signetics 

AM27S32M t AMO 
AM27S33M t AMO 

(3826) 

HM7642A·2 t Harris (3705) 
HM7642P-2 t Harris (3705) 

HM7643A·2 t Harris 
HM7643p·2 t Harris 

(3705) 30 
(3705) 

MCM7643 Motorola 
S82S137A t Signetlcs 

5350·1 t MMI 
5352-1 t MMI 
OM54S572 t National 

5351-1 t MMI 
5353-1 t MMI 
OM54S573 t National 

S82S137 t Signetics 

HM7644-2 t Harris 
JAN385101 
603 t Harris 

HM7642-2 t Harris (3705) 

HM7643·2 t Harris (3705) 
JAN385101 
602 

IM6653-1 

IM6653M 

AM27PS181 
AM27PS181A 

t Harris 

Intersil 

t Intersil 

AMO 

AMO 
AM27PS281 AMD 
AM27PS281A 

AMO 
AM27S35AC AMO 
AM27S35AM t AMO 
AM27S35C AMO 
AM27S35M t AMO 
AM27S37 A AMO 

(Continued) 

40 

50 

• Typical Value 

45 nsF TTL 

50 nsF TTL 

55 nsF TTL 

60 nsF TTL 

65 ns • TTL 

70 nsF TTL 

Bold faca Indlcatas addlllonal data Is provided on the paga noted. 

OC 24 93450C Fairchild 

TS 24 

OC 24 

TS 24 

OE 24 
TS 24 

OC 24 

TS 24 

TS 24 

OC· 24 

93Z450 Fairchild 
MB7131H Fulltsu 

93451C Fairchild 
93Z451 Fairchild 
MB7132H Fulltsu 
N82S181B Signetics 

AM27S180AMt AMO 
AM27S280AMt AMO 
HM7680A·5 Harris 

AM27S181AMt AMO 
AM27S281AMt AMD' 
HM7681A·5 Harris 
3628A-1 Intel 
82HS181 Intel 
MCM7681A Motorola 

MB7131E Fulltsu 
MB7132E Fulltsu 
53RS881 MMI 

(3652) 
(3679) 

(3652) 
(3679) 

(3711) 

(3679) 
(3679) 

80 

6381·2 MMI 
DM878280 
DM87S281 
N82S181A 

National 
National 
Signetics 

(3826) 90 
(3851) 
(3851) 

AM27S180C 
AM27S280C 
AM27S281C 
93450M 
934601.1 
93L450C 
N82HS180 
SN74S2708 
TBP28886· 
60 
TBP288A86· 
60 

AM27S181C 
93451M 
93L451C 
29631A 
29631A 
29633A 
29633A 
N82S183 

TBP28L85 

AMD 
AMO 
AMO 

t Fairchild 
t Fairchild 

Fairchild 
Signetics 
TI 

TI (440.3977) 

TI (3978) 

AMD 
t Fairchild 

Fairchild 
t Raytheon 

Raytheon 
t Raytheon 

Raytheon 
Signetics 

TI 

HM7680-5 Harris 
HM7680P-5 Harris 
HM7680R·5 Harris 
HM7680Rp·5 Harris 
6380·2 MMI (3826) 

(Continued) 

100 

110 
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MASTER SELECTION GUIDE 

MEMORY-PROMs (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 

PROMs 

1024x8 70 nsF TTL OC 24 

TS 24 

75 nsF TTL OC 24 

TS 24 

80 ns· TTL TS 24 

80 nsF TTL OC 24 

TS 24 

85 nsF TTL OC 24 

TS 24 

90nsF TTL OC 24 

TS 24 

t Military Temperature Range (- 55° to 125°C) 
~C-Open Collector 

© IC MASTER 1983 

5 

(Cont'd) 

MCM7680C Motorola 
MCM82707C Motorola 
DM87S180 National 
N82S180 Signetics 

HM7608-5 Harris 
HM7681-5 Harris 
HM7681A·2 Harris 
HM7681p·5 Harris 
HM7681R·5 Harris 
HM7681 Rp·5 Harris 
3628A-3 Intel 
82S181 Intel 

(Cent'd) 

(3711) 
(3711) 
(3711) 
(3711) 
(3711) 10 

1024x8 
95 nsF TTL TS 

120 nsF TTL TS 

125 nsF TTL OC 
TS 

175 nsF TTL TS 

300 nsF Erasable TS 

350 nsF Erasable TS 

450 nsF CMOS Erasable 

24 

24 

24 
24 

24 

24 

24 

29633C Raytheon 

N82LS181 Signetics 

5380-1 t MMI 
5381-1 t MMI 
29637M t Raytheon 

S82LS181 t Signetics 

HM6758-9 Harris 
± 5, 12 MCM27 A08 Motorola 

MCM68A708 Motorola 

± 5,12 2708·13 AMD 
F2708-1 Fairchild 
TMS2708·35 TI 

(Cont'd) 

70 

(442) 

5381-2 t MMI TS 24 , IM6658 Intel 
t Intel MCM7681C Motorola IM6658M 

MCM82708C Motorola Erasable TS 24 MM2758 National 
OKI DM87S181 National 

29633A t Raytheon 
29633A 
N82S181 

Raytheon 
Signetics 

93L450M t Fairchild 
TBP28SA86M tTl 

93L451M t Fairchild 
DM77S280 t National 
DM77S281 t lIational 
29637 Raytheon 
TBP24S86M t TI 
TBP28S2708 tTl 

(3978) 

(3851) 
(3851) 

(3980) 

20 

TBP28l86 TI 
TBP28l86M tTl 

(440.3972) 
(440.3972) 

AM27S180M t AMD 
AM27S280M t AMD 
S82HS180 t Signetics 

AM27S181M t AMD 
AM27S281M t AMD 
S82HS181 t Signetics 
S82S181A t Signetics 

MCM7680M t Motorola 
MCM82707M t Motorola 

MCM7681M t Motorola 

30 2048x4 

MCM82708M t Motorola 40 

HM7680·2 t Harris 
HM7680P-2 t Harris 
HM7680R-2 t Harris 
HM7680RP-2 t Harris 
5380-2 t MMI 
6380·1 MMI (3826) 
DM77S180 t National 
S82S180 t Signetics 

HM7608·2 t Harris 
HM7681·2 t Harris 
HM7681 P-2 t Harris 
HM7681 R·2 t Harris 
HM7681 Rp·2 t Harris 
3628A-4 Intel 
6381·1 MMI 
DM77S181 t National 
29635C Raytheon 
29637C Raytheon 
82PS181 Signetics 

(3711) 50 
(3711) 
(3711) 
(3711) 

(3826) 

S82S181 t Signetics 60 
S82S183 t Signetics 
S82S2708 t Signetics 

(Continued) 

650 nsF Electrically Erasable 

TTL 

35 nsF TTL 

45 ns· TTL 

45 nsF TTL 

50 nsF TTL 

55 nsF TTL 

60 nsF TTL 

TS 24 

OC 20 
TS 20 

OC 18 

TS 18 

OC 

TS 

OC 

TS 

OC 
TS 

OC 
TS 

OC 

18 

18 

18 

18 

18 
18 

18 
18 

18 

ns· -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

MSM2758 

±5.12 2708 
AM9708 
F2708 

AMD 
t AMD 

Fairchild 
F68708 Fairchild 
MCM2708 Motorola 
MCM68708 Motorola 
INS8708 National 
MSM2708 OKI (3873) 
MN2708 Panasonic 
TMS2708·45 TI (442) 
TMS27108· 
45 TI (442) 

HNVM3008 Hughes 
HNVM3708 Hughes 

MCM7688 Motorola 
MCM7689 Motorola 
TBP28R165 TI (3975) 

AM27S184AC 
AMD 

AM27S185AC 
AMD 

63S841A MMI (3826.3833) 

80 

90 

SN54S455 
SN74S455 
TBP24SA81 
TBP24SA81M 

tTl 
TI 
TI (440.3969) 100 

tTl 

TBP24S81 TI 
TBP24S81M tTl 

AM27S184AMt AMD 
MB71Z7H FuJitsu 

AM27S185AMt AMD 
MB7128H FuJitsu 

(440.3969) 

(440.3968) 
(440.3968) 

(3679) 

(3679) 
N82S185B Signetics 

AM27S184C AMD 
AM27S185C AMD 
HM7685A·5 Harris (3714) 
53S841A tMMI (3833) 
63S841 MMI (3826.3833) 
N82S185A Signetics 

AM27S184M t AMD 
AM27S185M t AMD 
MB7128E FuJitsu 
MB7128E·W FuJitsu 
53S841 tMMI 
6389·2 MMI 

AM27LS184C AMD 
DM87S184 National 

(3679) 
(3679) 
(3833) 
(3826) 120 

(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 

PROMs (Cont'd) 2048x8 45 nsF TIL TS 24 5 (Cont'd) 
93Z511C Fairchild (3655) 

2048x4 60 nsF TIL (Cont'd) MB7138H Fulltsu (3679) 
TS 18 5 AM27LS185C AMD 36368·2 Intel 

AM27PS185C AMD 50 nsF TIL OC 24 5 AM27S190C AMD 
DM87S185 National AM27S290AMt AMD 
29651A Raytheon AM27S290C AMD 
29653A Raytheon 

TS 18 5 MCM7685A Motorola 
24 5 N82S191A Signetics 24 5 AM27PS191C AMD 

'. . 65 nsF TIL OC 18 5 AM27LS184Mt AMD AM27PS291AC AMD 
TS. 18 5 AM27LS185Mt AMD AM27PS291C AMD 70 

AM27PS185Mt AMD AM27S191 AMD 

70 nsF TIL OC 18 5 HM7684·5 Harris 10 AM27S191AMt AMD 

HM7684P-5 Harris AM27S291 AMD 

6388-1 MMI (3826) AM27S291AMt AMD 

MCM7684C Motorola HM76161A-5 Harris (3717) 
HM7616A Harris (3720) 

TS 18 5 HM7685-5 Harris (3714) 82HS191 Intel 
HM7685P-5 Harris (3714) 53S1681A tMMI 
5389-2 tMMI 63S1681 MMI 
6389-1 MMI (3826) MCM76161A Motorola 80 
MCM7685C Motorola 29681A t Raytheon 
MCM7686 Motorola 29681A Raytheon 
MCM7687 Motorola 20 29683A t Raytheon 
29651C Raytheon 29683A Raytheon 

75 nsF TIL OC 18 5 DM77S184 t National 55 nsF TIL OC 24 5 932510M t Fairchild 
TS 18 5 DM77S185 t National 93510C Fairchild 

29653C Raytheon 93Z510M t Fairchild (3655) 
80 nsF TIL TS 18 5 S82HS185 t Signetics TS 24 5 93511C Fairchild 

S82S185A Signetics 93Z511M t Fairchild (3655) 
24 5 S82S191A t Signetics MB7138E Fulltsu (3679) 90 

85 nsF TIL OC 18 5 MCM7684M t Motorola 65 nsF TIL OC 24 5 AM27S190M t AMD 
TS 18 5 MCM7685M t Motorola TS 24 5 AM27PS191Mt AMD 

90 nsF TIL OC 18 5 HM7684-2 t Harris 30 AM27PS291AMt AMD 

HM7684P-2 t Harris AM27S291M t AMD 

HM7685-2 t Harris (3714) 
93511M t Fairchild 

TS 18 5 
53S1681 tMMI 

HM7685P-2 t Harris (3714) DM87S291 National 
29651M t Raytheon 

Q) 70 nsF TIL OC 24 5 DM87S190 National 
95 nsF TIL TS 18 5 29653M t Raytheon TS 24 5 82S191 Intel "0 

:J 
100 nsF TIL OC 18 5 5388-1 tMMI MCM76161 Motorola 100 

(!J TS 18 5 5389-1 tMMI DM87S191 National 
N82S185 Signetics 29681A t Raytheon 

C 115 nsF TIL TS 18 5 S82S185 t Signetics 29681A Raytheon 
0 29683A t Raytheon 

+oJ 450 nsF CMOS Erasable 
29683A Raytheon t) TS 24 5 IM6657 Intersil 40 

Q) 
IM6657M t Intersil 75 ns· TIL TS 24 5 TBP28L166 TI (440) -Q) 

2048x8 TIL TS 24 5 AM27S45 AMD 80 nsF TIL OC 24 5 HM76160-5 Harris en -
AM27S45A AMD DM77S190 . t National 

~ 

Q) AM27S47. AMD TS 24 5 HM7616-5 HarriS (3720) 
+oJ AM27S47A AMD HM76161-5 Harris (3717) 110 C/) 

CO 20 ns· TIL TS 24 5 TBP28R166 tTl (.440.3975) M3636 t Intel 

~ DM77S191 t National 
35 ns· TIL OC 24 5 TBP28SA166 TI (440.3979) DM77S291 t National 

TS 24 5 TBP28P166 tTl (3973) 29681 Raytheon 
TBP28S166 TI (440.3979) N82S191 Signetics 

35 nsF TIL ·OC 24 5 AM27S190AC AMD 50 85 nsF TIL TS 24 5 29683 Raytheon 
AM27S290AC AMD 

t Harris 100 ns~ TIL OC 24 5 HM76160-2 
TS 24 5 AM27S191A AMD TS 24 5 HM7616-2 t Harris (3720) 

AM27S291A 'AMD HM76161-2 t Harris (3717) r· 36368-1 Intel S82S191 t Signetics 120 
[. 63S1681A MMI 

175 nsF CMOS TS 24 5 HM6616-2 t Harris 
45 nsF TIL OC 24 5 932510C Fairchild (669.1333.3786) 

93510M t Fairchild HM6616-9 HarriS 
93Z510C Fairchild (3655) (669.1333.3786) 
MB7137H Fulltsu (3679) 250 nsF Electrically Erasable 

TS 24 5 932511C Fairchild 60 TS 24 5 2815 Intel 
(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold face Indicates additional dala Is provided on Ihe page noled. 
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MASTER SELECTION GUIDE 

MEMORY-PROMs (Cont'd) 

Access Supply Access Supply 
Organl- Time No. Voltage, Organi- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source line zatlon (Max) Type Output Pins V Device Source line 

PROMs (Cont'd) 2048x8 390 nsF Erasable TS 24 (Cont'd) 
HN462716·2 Hllacbl (3789) 

2048x8 250 nsF Electrically Erasable 2716·2 Inial (3818,3822) 
TS 24 (Cont'd) MK2716·7 Mostek 

2816 InIal (3824) MKB2716·87 t Mostek 
M2816 t Intel MM2716·2 National 
NMC2816·25 Nallonal NMC6716·2 National 50 

(3861.3863) SY2716·2 Synertek 
NMC2816E· 450 nsF Electrically Erasable 
25 Nallonal 

(3861,3863) 
TS 24 2815·4 Intel 

NMC2816·45 
NMC2816M· Nallonal 
25 Nallonal (3861,3863) 

(3861.3863) 
NMC2816E· 

NMC9716·25 Nallonal (3868) 45 Nallonal 
NMC9716E· (3861,3863) 
25 Nallonal (3868) NMC2816M· 
NMC9716H· 45 Nallonal 
25 Nallonal (3868) (3861,3863) 

5,21 SY2816 Synertek NMC9716 Nallonal (3868) 

28 5 2817 Inial (3825) 10 NMC9716·45 Nallonal (3868) 

MSM2816 OKI HMC9716E· 
45 Nallonal (3868) 

Erasable TS 24 MCM2716·25 NMC9716M· 
Motorola 45 Nallonal (3868) 

MCM27L 16· 
28 2816-4 InIal (3824) 60 

25 Motorola 
2817·4 InIal (3825) 

300 nsF Erasable TS 24 AM9716 AMD M2817 t Intel 
MK2716-5 Mostek Erasable TS 24 AM2716 AMD 

±5,12 TMS27A16 Motorola AM2716M t AMD 

NMOS TS 24 ±5,12 TMS2716-30 TI F2716 Fairchild 

TIL TS 5 X2816 Xlcor (3999) 
F68716 Fairchild 
MBM2716 Fujitsu 

350 nsF Electrically Erasable HN462716 Hllachl (3789) 
TS 24 2815-3 Intel 2716 InIal (3818,3822) 

2816-3 InIal (3824) 20 M2716 Intel 70 
NMC2816-35 M2716M t Intel 

Nallonal M5L2716 Mitsubishi 
(3861,3863) MK2716-8 Mostek 

NMC2816E- MKB2716 t Mostek 
35 Nallonal 

(3861,3863) 
MKB2716-88 t Mostek (]) 

NMC2816M-
MCM2716 Motorola "C 

35 Nallonal MCM27L16 Motorola ::J 
(3861,3863) . MM2716 National CJ 

NMC9716-35 Nallonal (3868) NMC2716E National 
C 

NMC9716E· NMC27C16· 
0 45 Nallonal (3864) 80 35 Nallonal (3868) ..... 

NMC9716H· NMC6716 National U 
35 Nallonal (3868) !,PD2716 NEC-Micro (]) 

M2716 SGS MSM2716 OKI (3873) (]) 
MN2716 Panasonic en 

28 2817-3 InIal (3825) SY2716 Synertek ~ 

29 2816 Intel ±5,12 TMS2716 Motorola 
(]) ..... 

Erasable TS 24 AM2716-1 AMD 30 TMS2716-45 TI en 
F2716-1 Fairchild CO 

490 nsF Erasable TS 24 2716·5 InIal (3818,3822) ~ MBM2716H Fujitsu 
HM6716-2 t Harris 

550 nsF Erasable TS 24 MKEl2716-90 t Mostek 
NMC27C16· 

HM6716-9 Harris 55 Nallonal (3864) 90 
2716-1 Inial (3818,3822) 
MK2716-6 Mostek 650 nsF Erasable TS 24 2716·6 InIal (3818.3822) 

MKB2716-86 t Mostek MK2716·12 Mostek 

MCM2716-35 NMC27C16· 

Motorola 65 Nallonal (3864) 

MCM27L16- 4096x4 35 nsF TIL OC 20 AM27S40A AMD 
35 Motorola TS 20 AM27S41A AMD 
MM2716-1 National 40 63S1641A MMI (3826.3836) 

NMC6716-1 National N82HS195 Signetics 

SY2716-1 Synertek 50 nsF TIL OC 20 AM27S40 AMD 
TMM323-1 Toshiba AM27S40AM t AMD 

390 nsF Erasable TS 24 AM2716-2 AMD TS 20 AM27PS41 AMD 100 
(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
OC-Open Collector TS-Three-State 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, 
zation (Max) Type Output Pins V Device Source line zation (Max) Type Output Pins V Device Source Line 

PROMs (Cont'd) 4096x8 350 nsF (Cont'd) 
NMOS TS 24 5 M58735 Mitsublshl 

4096x4 50 nsF TIL TS 20 5 (Cont'd) 
450 nsF Erasable TS 24 5 AM2732 AMD AM27S41 AMD 

AM2732M tAMD AM27S41AM t AMD 
F2732 Fairchild 53S1641A tMMI (3836) 
HN462532 HitachI (3789) 60 

6~S1641 MMI (3826.3836) 
S82HS195 t Signetics HN462732 Hltlchl (3789) 

2732A-4 Intel 
60 nsF TIL TS 20 5 HM76165-5 Harris M2732A t Intel 
65 nsF TIL OC 20 5 AM27S40M tAMD M5L2732 Mitsublshi 

TS 20 5 AM27S41M tAMD MCM2532 Motorola 
53S1641 tMMI (3836) MCM25L32 Motorola 

80 nsF TIL TS 20 5 HM76165-2 Harris 10 NMC2532 National 

200 nsF CMOS TS 20 5 HM6646 Harris NMC27C32-
45 Nallonal (3865) 

4096x8 - TIL TS 24 5 AM27PS43 AMD IlPD2732 NEC-Micro 
AM27S43 AMD MSM2732 OKI 70 
AM27S43A AMD TMM2732 Toshiba 

40 nsF TIL TS 24 5 3632-1 Intel 550 nsF Erasable TS 24 5 M2732/S8416 
82HS321 . Intel t Intel 

50 nsF TIL TS 24 5 3632 Intel NMC27C32-
82S321 Intel 55 Nallonal (3865) 

55 nsF TIL OC 24 5 MB7141H Fujitsu (3679) 650 nsF Erasable TS 24 5 NMC27C32-
TS 20 5 MB7142H Fujitsu (3679) 20 65 Nallonal (3865) 

65 nsF TIL OC 24 5 MB7141E Fujitsu (3679) 8192x8 45 nsF TIL OC 24 5 93Z564 FaIrchild (3658) 
TS 20 5 MB7142E Fujitsu (3679) TS 24 5 93Z565 Fairchild (3658) 

24 5 HM76321-5 ' Harris (3726) 
55 nsF TIL OC 24 5 MB7143H Fujitsu (3678) 

28 5 MB7142E-W t Fujitsu TS 24 5 MB7144H Fujitsu (3678) 
70 nsF TIL TS 24 5 29671A t Raytheon 85 nsF TIL TS 24 5 HM76641-5 HarrIs (3729) 

29671A Raytheon 
TS 24 5 HM76641-2 HarrIs (3729) 80 95 nsF TIL 

75 nsF TIL TS 24 5 HM76321-2 Harris (3726) 

29671 t Raytheon 
200 nsF Electrically Erasable 

80 nsF TIL TS 24 5 TS 28 5 TMM2764 Toshiba 
29671 Raytheon Erasable TS 28 5 AM2764-2 AMD 
29671A t Raytheon 30 

AM2764-20 AMD 
29671A Raytheon 

MBMZ764-
N82S321 Signetics 20 FuJilsu (3674) 

85 nsF TIL TS 24 5 29673 t Raytheon 2764-2 Inlel (3820.3822) 
29673 Raytheon TMM2764-2 Toshiba 

Q) 100 nsF TIL TS 24 5 29671 t Raytheon 250 nsF CMOS, Erasable 
"0 29671 Raylheon TS 28 5 MBMZ7C64-
::J 105 nsF TIL TS 24 5 29673 t Raytheon 25 Fujitsu (3674) 
(9 29673 Raytheon Erasable TS 28 5 AM2764 AMD 

C 200 nsF Erasable IS 24 5 MBM2732A- AM2764-25 AMD 
0 20 Fujitsu 2764 Fairchild 90 

....... 2732A-2 Intel 40 MBMZ764-
() 

2732A-20 Intel 25 Fujitsu (3674) Q) 
2764 Inlel (3820.3822) - 250 nsF Erasable TS 24 5 MBM2732A-Q) 
2764-25 Inlel (3820.3822) C/) 25 Fujitsu 

2732A InIal (3819.3822) M2764/S8460 
~ t Intel Q) 2732A-25 Intel 

....... MCM2532-25 M2764/S8462 en t Intel CO Motorola 

~ MCM25l32- 300 nsF CMOS, Erasable 
25 Motorola TS 28 5 MBMZ7C64-
TMM2732-2 Toshiba 30 Fujitsu (3674) 

300 nsF Erasable TS 24 5 MBM2732A- Erasable TS 28 5 AM2764-3 AMD 

30 Fujilsu AM2764-30 AMD 

MBM2732A- MBMZ764-
30X Fujitsu 30 Fujitsu (3674) 

r~ 
2732A-3 Intel 50 HN482764 HitachI (3789) 100 

2732A-30 Intel 2764-3 InIal (3820.3822) 

[: 350 nsF Erasable TS 24 5 AM2732-1C AMD 2764-30 Inlel (3820.3822) 

~ MBM2732A- 350 nsF Erasable TS 24 5 MCM6874-35 
::. 

35 Fujitsu Motorola 
MCM2532-35 MCM68766-

Motorola 35 Molorola (3839) 
NMCZ7C32- MCM68L764-
35 Nallonal (3865) 35 Motorola 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faca Indlcales addlllonal dala Is provided on Iha paga naIad. 
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MASTER SELECTION GUIDE 

MEMORY-PROMs (Cont'd) 

Access Supply 
Organl- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source I Line 

PROMs 

8192x8 350 nsF Erasable TS 
28 

450 nsF Erasable TS 24 

28 

500 nsF Erasable TS 28 

16384x8 200 nsF Erasable OE 28 
250 nsF Erasable OE 28 

TS 28 

300 nsF Erasable OE 28 

TS 28 

450 nsF Erasable OE 28 

t Military Temperature Range (- 55° to 125°C) 
OC-Open Collector 

(f,) IC MASTER 1983 

(Cont'd) 

(Cont'd) 
5133·350 SEEO (3891) 
TMS2564·35 TI (442) 

MCM68764 Molorola (3839) 
MCM68766 Molorola (3839) 

AM2764·4 AMD 
AM2764·45 AMD 
2764·4 Inial (3820.3822) 
2764·45 Inial (3820.3822) 
M2764/S8461t Intel 
M2764/S8463t Intel 10 
M5L2764 Mitsublshl 
MSM2764A OKI (3873) 
TMS2564-45 TI (442) 

TMS2564·50 TI . (442) 

M27128 t Intel 
27128 Intal (3821) 
27128·2 Inial (3821) 
27128·25 Inial (3821) 

MBM27128· 
25 FuJitsu (3674) 
5143 SEEO (3896) 20 

27128·3 Intal (3821) 
27128·30 Inial (3821) 

MBrAZ7128· 
3D FuJitsu (3674) 

27128·4 Inial (3821) 
27128·45 Inial (3821) 
M27128-45 t Intel 

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 

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 

Bubble 4096x1 (Cont'd) 
300 nsF NMOS TS 18 -5,12 90L50C AMD 

Note: Bubble Memory Support Circuits (controllers, 22 ±5,12 90L60C AMD 50 
function drivers, coil drivers, sense amplifiers), see /LPD411 NEC-Micro 
Digital-TTL (Volume I) 

/LPD411A NEC-Micro 
1 Megabit (4096x256x1) 

350 nsF NMOS TS 16 ±5,12 ITT4027-6 ITT 20 7110 Intel 
BPK70 Inial (3808) 8192x1 150 nsF NMOS TS 16 ±5,12 MM5298-2 National 

74032-Blts Serial 200 nsF NMOS TS 16 ±5,12 MM5298-3 National 

370 ms NMOS - 18 FBM31DB FuJllsu A (366B) 250 nsF NMOS TS 16 ±5,12 MM5298-4 National 

83354-Bits Serial 8192x8 100 nsF CMOS - 28 5 MBB464-10 FuJllsu (3672) 
4.5 ms NMOS - 18 FBM32DA FuJllsu A (3668) MB8464-10L FuJllsu (3672) 

273745-Bits Serial 150 nsF CMOS - 28 5 MB8464-15 FuJItsu (3672) 
6.0ms - 20 FBM43DA FuJllsu A (3671) MB8464-15L FuJItsu (3672) 60 

283026-Bits Serial 16384x1 55 nsF NMOS TS 20 5 M5M2167-55 Mitsubishi 
8.5 ms NMOS - 16 FBM42DA FuJllsu A (3671) 70 nsF NMOS TS 20 5 M5M2167-70 Mitsubishi 

296128-Bits Serial 
80 nsF NMOS TS 16 5 NMC5295-2 National 

370 ms FBC304M1A FuJItsu A (3668) 

324024-Bits Serial 100 nsF NMOS TS 16 5 MB8117-10 Fujitsu 

4.5 ms - - 5 F8C304D2A FuJllsu A (3668) MB8118-10 Fujitsu 
HM8416A-3 Hitachi 

CCD 2118-10 Intel 
MK4516-10 Mostek 

32768-Bits (4096x8x1) MCM4517-
TS 16 ±5,12 F232 Fairchild 10 10 Motorola 

65535-Bits (4096x16x1) (3839.3844) 

TS 16 ±5,12 F264 Fairchild NMC5295-10 National 70 
/LPD2118-3 NEC-Micro 

Dynamic 120 nsF· NMOS TS 16 5 MB8117-12 Fujitsu 

NMOS OC 24 /LPB409 NEC-Micro 
MB8118-12 Fujitsu 

2048x8 50 nsF 5 
HM8416A-4 Hitachi 

TS 24 5 /LPB429 NEC-Micro 
2118-4 Intel 

4096x1 120 nsF NMOS TS 16 ±5,12 IM7027-1 Intersil M2118-4 t Intel 
MK4027-1 Mostek MK4516-12 Mostek 
MCM4027A-1 Motorola MCM4517-

135 nsF NMOS TS 22 ±5,15 /LPD411-4 NEC-Micro 12 Motorola 

150 nsF NMOS TS 16 ±5,12 MK4027-2 Intersil (3839,3844) 

ITT4027-2 ITT NMC5295-4 National 

MK4027-2 Mostek 20 ±5,12 MB8216E Fujitsu 80 
Q) MCM4027A-2 Motorola HM4716A-l HlllGhl (3789) 
"0 M4027-2 SGS MM5290-1 Nltlonll (3866) 
::J 

22 ±5,12 /LPD411-3 NEC-Micro NMC5295-12 National 
(9 

200 nsF NMOS TS ·16 ±5,12 IM7027-3 Intersil /LPD-2118-2 NEC-Micro 
C MK4027-3 Intersil /LPD416-5 NEC-Micro 
0 ITT4027-3 ITT 150 nsF NMOS TS 16 5 HM4816A-7 Hitachi (3789) ....... 
() MK4027-3 Mostek 2118-15 Intel 
Q) MKB4027-83 Mostek M2118-7 t Intel 
Q) MCM4027A-3 Motorola MK4516-15 Mostek 

C/) M4027-3 SGS 30 MCM4517-
L.. 18 -5,12 90L50E AMD 15 Motorola 
Q) (3839,3844) 90 ....... 22 ±5,12 90L60E AMD en 

MM5280 National ±5,12 F4116-2 Fairchild CO 
~ /LPD411-2 NEC-Micro MB8116H Fujitsu 

/LPD411A-2 NEC-Micro HM4716A-2 Hllachl (3789) 

250 nsF NMOS TS 16 ±5,12 IM7027-4 Intersil ITT4116-2 ITT 

MK4027-4 Intersil M5K4116-2 Mitsubishi 

ITT4027-4 ITT MK4116-2 Mostek 

MK4027-4 Mostek MKB4116-82 t Mostek 

MKB4027-84 Mostek 40 MCM4116B-

MCM4027A-4 Motorola 15 Motorola (3839) 

iii M4027-4 SGS MM5290-2 National (3866) 

r: NMC5295-15 National 100 
18 ±5,12 90L50D AMD /LPD2118 NEC-Micro ~ , 22 ±5,12 90L60D AMD /LPD416-3 NEC-Micro 

/LPD411-1 NEC-Micro M4116 SGS 
~ /LPD411A-1 NEC-Micro HYB4116-P2 Siemens 

270 nsF NMOS TS 22 ±5,12 MM4280 National TMS4116-15 TI 
MM5280-5 National TMM416-2 Toshiba 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold faca Indlcales addlllonal dala Is provldad on the page nolad. 

3468 © Ie MASTER 1983 



MASTER SELECTION GUIDE 

MEMORVrRAMs (Cont'd) 

Access Supply Access Supply 
Organi- Time No. Voltage, Organi- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins V Devid' Source Line 

Dynamic (Cont'd) 32768x1 150 nsF NMOS TS 16 

16384x1 (Cont'd) 
200 nsF NMOS TS 16 ± 5 MCM4517-

20 Motorola 
(3839.3844) 

±5,12 9016E AMO 
F4116-3 Fairchild 
MB8116E Fujitsu 
HM4716A-3 Hitachi 
1n4116-3 In 
M5K4116-3 Mitsubishi 
MK4116-3 Mostek 
MKB4116-83 t Mostek 
MCM4116B-
20 Motorola 
MM5290-3 National 
NMC5295-20 National 
I'P0416-2 NEC-Micro 
MN4116 Panasonic 
HYB4116-3 Siemens 
HYB4116-P3 Siemens 
TMS4116-20 TI 
TMM416-3 Toshiba 

(3789) 

(3839) 10 
(3866) 

200 nsF NMOS TS 16 

18 

250 nsF NMOS TS 16 

18 ±5.12 MCM4117-20 

235 nsF NMOS TS 16 

250 nsF NMOS TS 16 

18 

270 nsF NMOS TS 16 

300 nsF NMOS TS 16 

320 nsF NMOS TS 16 

16384x4 100 nsF NMOS TS 18 

120 nsF NMOS TS 18 

150 nsF NMOS TS 18 

200 nsF NMOS TS 18 

250 nsF NMOS TS 18 

32768x1 120 nsF NMOS TS 16 

150 nsF NMOS 
TS 

16 
16 

t Military Temperature Range (- 55° to 125°C) 
OC-Open Collector 

~ Ie MASTER 1983 

Motorola 

MKB4516-80 t Mostek 

±5,12 90160 AMO 
F4116-4 Fairchild 
HM4716A-4 Hitachi (3789) 
In4116-4 In 
MK4116-4 Mostek 
MKB4116-84 t Mostek 
MCM4116B-
25 Motorola 
MM5290-4 National 
I'P0416-1 NEC-Micro 
HYB4116-4 Siemens 
TMS4116-25 TI 
TMM416-4 Toshiba 

±5,12 MCM4117-25 
Motorola 

MKB4516-81 t Mostek 

±5,12 9016C AMO 
MCM4116B-

(3839) 
(3866) 

30 Motorola (3839) 
I'P0416 NEC-Micro 

MKB4516-82 t Mostek 

MB81416-10 
FuJItsu (3672) 

MB81416-12 

20 

30 

FuJitsu (3672) 40 

MB81416-15 
FuJitsu (3672) 

TMS4416-15 
TI (442.3959) 

TMS4416-20 
TI (442.3959) 

TMS4416-25 
TI (442.3959) 

HM4864-1 Hltacbl (3789) 
MCM6632A-
12 Motorola 
NMC4132-1 National 

-2.5,7 MB8132H Fujitsu 

- 2.5,7 MB8132E Fujitsu 
5 MCM4132-15 

Motorola 50 
(Continued) 

18 

300 nsF NMOS TS 16 

65536xl 100 nsF NMOS TS 16 

120 nsF NMOS TS 16 

150 nsF NMOS TS 16 

ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

(Cont'd) 
MCM6632-15 

Motorola 
MCM6632A-
15 Motorola 
MCM6633-15 

Motorola 
NMC4132-2 National 

MCM4132-20 
Motorola 

MCM6632-20 
Motorola 

MCM6632A-
20 Motorola 
MCM6633-20 

Motorola 

. ± 5, 12 MK43320-3 Mostek 
MKM4332-83 

t Mostek 60 

MCM4132-25 
Motorola 

MCM6632-25 
Motorola 

MCM6633-25 
Motorola 

±5,12 MKM4332-84 
t Mostek 

MCM4132-30 
Motorola 

F4164 Fairchild (3666) 
MB8264A-10 

FuJitsu (3673) 
MB8265A-10 

FuJitsu (3673) 
MB8266A-10 

FuJitsu (3673) 
IMS2600 
MCM6664A-
12 

Inmos (3792) 70 

Motorola 
(3839.3842) 

I'PD4164-2 NEC-Micro 

F4164-12 Fairchild (3666) 
F64K-12 Fairchild 
MB8264A-12 FuJitsu 
MB8265A-12 FuJitsu 
MB8266A-12 FuJitsu 
MCM6665A-

(3673) 
(3673) 
(3673) 

12 Motorola 
(3839.3843) 

NMC4164-12 National 
MSM3764-
12 OKI (3873) 80 
TMS4164-12 

F4164-15 
F64K-15 
MB8264-15 
MB8265-15 
HM4864-2 
2164-15 

TI (3958) 

Fairchild 
Fairchild 
FuJitsu 
FuJitsu 
Hitachi 
Intel 

(3666) 

(3673) 
(3673) 
(3789) 

2164A-15 Intel 
M2164 t Intel 
M5K4164-15 Mitsubishi 
MK4564~15 Mostek 
MCM6664-
15 

MCM6664A-
15 

Motorola 
(3839.3842) 

Molorola 
(3839.3842) 
(Continued) 

90 

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. 
zallon (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins V Device Source Line 

Dynamic (Cont'd) Static 

65536x1 150 nsF NMOS TS 16 5 (Cont'd) 4x4 l/lsR CMOS - 24 4.5-15 MC14580BA t Motorola 
MCM6665· 1.5/lsR CMOS - 24 3-15 MC14580BC Motorola 
15 Molorola 40 nsR TTL OC 16 5 54170 t Fairchild 

(3839.3843) 54lS170 t Fairchild 
MCM6665A· 74170 Fairchild 
15 Motorola 74lS170 Fairchild 

(3839.3843) ZN54170 t Fairchild 
NMC4164·15 National ZN74170 Ferranti 
/lPD4164·3 NEC-Mlcro SN54lS170 t Motorola 50 
MSM3764· SN74lS170 Motorola 
15 OKI (3873) DM54170 t National 
MSM3764·2 OKI (3873) DM54lS170 t National 
TMS4164·15 DM74170 National 

TI (3958) DM74lS170 National 
TMM4164-3 Toshiba 54lS170 t Signetics 

74lS170 Signetics 
200 nsF NMOS TS 16 5 F4164·20 Fairchild (3666) 

SN54170 tTl (893) 
F64K·20 Fairchild 10 SN54LS170 tTl (893) 
M88264·20 Fujitsu (3673) SN74170 TI (893) 60 
MB8265·20 Fujitsu (3673) SN74LS170 TI (893) 
HM4864·3 Hitachi (3789) TS 16 5 54lS670 t Fairchild 
2164A-20 Intel 74lS670 Fairchild 
M5K4164-20 Mitsubishi SN54lS670 t Molorola 
MK4564-20 Mostek SN74lS670 Motorola 
MCM6664· DM54lS670 t National 
20 Motorola DM74lS670 National 

(3839.3842) 54lS670 t Signetlcs 
MCM6664A· 74lS670 Signetics 
20 Motorola SN54LS670 t TI (990) 70 

(3839.3842) SN74LS670 TI (990) 
MCM6665· - 4x8 l/lsR CMOS - 24 3-15 CD4039A t RCA (3875) 
20 Motorola CM4036A t Solitron 

(3839.3843) 
CM4039A t Solitron 

MCM6665A· 
20 Molorola 5 CD4D36A t RCA (3875) 

(3839.3843) 20 8x2 12 nsF ECl OE 18 -5.2 10155 Signetlcs 
NMC4164-20 National 15 nsF ECl - 24 -5.2 MCM10143 Motorola (3839) 

/lPD4164-0 NEC·Micro 50 nsR TTL TS 24 5 74S172 Signetics 

Q) MSM3764· SN74172 TI (894) 

"'0 20 OKI (3873) 16x1 20 nsR TTL OC 14 5 SN7481A TI (860) 80 

::J MSM3764·3 OKI (3873) 16 5 SN7484A TI (861) 

(!J TMS4164·20 35 nsR TTL OC 14 5 MC4004 Motorola 
TI (3958) MC4005 Motorola C TMM4164-4 Toshiba MC4304 t Motorola 0 - 250 nsF NMOS TS 16 5 2164-25 Intel MC4305 t Motorola 

() MK4564-25 Mostek 16x12 40 ns * TTL OC 20 5 SN54lS313 tTl Q) 
MCM6664· 16 -4.5 F100402 Fairchild (658) 16x4 5 nsF ECl OE Q) 25 Motorola 7 nsF ECl OE 24 -4.5 F100145 Fairchild (658) ,ff) 

(3839,3842) 
9 nsF ECl OE 16 -5.2 Fl0145A Fairchild '- /lPD4164-1 NEC-Micro 30 Q) Fl0545A t Fairchild 90 - TMS4164-25 TI (3958) 

HD10145 Hitachi (J) 10 ns * ECl OE 16 -5.2 
CU 65546x1 150 nsF NMOS TS 16 5 MKB4564-82 t Mostek 15 nsF ECl OE 16 -5.2 MCM10145 Motorola (3839) 
~ 200 nsF NMOS TS 16 5 MKB4564·83 t Mostek 

15 nsR ECl OE 16 -5.2 10145 Signetlcs 
250 nsF NMOS TS 16 5 MKB4564-84 t Mostek 18 nsF ECl OE 16 -5.2 MCM10545 t Motorola 

131072xl 20 nsF TTL TS 18 5 9410C Fairchild 
150 nsF NMOS TS 18 5 MK4528-15 Mostek 25 nsF TTL OC 16 5 AM27S02AC AMD 
200 nsF NMOS TS 18 5 MK4528·20 Mostek AM27S06AC AMD 

MKM4528D- AM27S06C AMD 
83 t Mostek AM29700C AMD 

250 nsF NMOS TS 18 5 MK4528-25 Mostek AM29702C AMD 100 
(- MKM4528D- TS 16 5 AM27S03AC AMD 

84 t Mostek AM27S07AC AMD 

262144xl AM27S07C AMD 

100 nsF NMOS TS 16 5 MCM6256· AM29701C AMD 

10 Motorola (3841) 40 AM29703C AMD 

120 nsF NMOS TS 16 5 MCM6256· 30 nsF TTL OC 16 5 AM27S02AM t AMD 
20 Motorola (3841) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold faca Indlcatas additional data Is provided on the page noted. 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organi- Time No. Voltage, Organ i- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source line zation (Max) Type Output Pins V Device Source line 

Static 

16x4 30 nsF TTL OC 16 5 

TS 16 5 

35 nsF TTL OC 16 5 

TS 16 5 

40 nsF TTL TS 18 5 

45 ns * TTL OC 16 5 

TS 16 

45 nsF TTL OC 16 
TS 16 

50 nsF TTL OC 16 

28 

TS 16 

28 

53 nsF TTL TS 28 

55 ns * TTL OC 16 

t Military Temperature Range (- 55° to 125°C) 
OC-Open Collector 

© Ie MASTER 1983 

AM27S06AM t AMD 
AM27S06M t AMD 
AM29700M t AMD 
AM29702M t AMD 

AM27S03AM t AMD 
AM27S07AM t AMD 
AM27S07M t AMD 
AM29701M t AMD 
AM29703M t AMD 

(Cont'd) 

(Cont'd) 

AM27S02C AMD 10 
AM3101-1C AMD 
AM3101AC AMD 
AM7489-1 AMD 
AM74S289 AMD 
SN74S289 AMD 
74S289 Fairchild 
HD74S289 Hitachi 
DM74S289 National 
IlPB2289 NEC-Micro 
N3101A Signetics 20 
SN74S289A TI (924) 

AM27S03C AMD 
AM74S189 AMD 
SN74S189 AMD 
74S189 Fairchild 
HD74S189 Hitachi 
DM74S189 National 
SN74S189A TI (900) 

DM85S68 National 

74LS289 Fairchild 30 
SN74LS289 
SN74LS89 

74LS189 

Motorola 
Motorola 

Fairchild 
SN74LS189 Motorola 

AM27S02M t AMD 
AM27S03M t AMD 

AM3101-1M t AMD 
AM3101AM t AMD 
AM5489-1 t AMD 
AM54S289 t AMD 
AM7489 AMD 
SN54S289 t AMD 
54S289 t Fairchild 
DM54S289 t National 
N82S25 Signetics 
S3101A t Signetics 
SN54S289A tTl (924) 

IDM29705C National 

AM54S189 AMD 
SN54S189 t AMD 
54S189 t Fairchild 
DM54S189 t National 
DM8599 National 
54S189 t Signetics 
SN54S189A ttl (900) 

IDM2970C National 

40 

50 

16x4 

16x9 

55 ns * TTL 
1S 16 5 

55 nsF TTL OC 16 5 

28 5 

1S 16 5 

58 nsF TTL 1S 28 5 

60 nsF TTL OC 16 5 

18 5 

28 5 

1S 16 5 

60 nsR TTL OC 16 5 

68 nsF TTL OC 28 5 

70 nsF . TTL OC 16 5 
1S 16 

75 nsF TTL OC 16 

80 nsF TTL OC 16 

85 nsF TTL OC 16 
. 1S 16 

110 nsR TTL OC 16 

120 nsR CMOS 1S 18 

500 nsR CMOS 1S 18 

650 nsR CMOS 1S 16 

40 ns * TTL OC 20 

1S 20 

4.5-
12.5 

3-5.5 

16x12 40 ns * TTL 1S 20 
AM29705C AMD (1225) 
F29705C 
F29705M 
IDM29705 

54LS289 
54LS89 
SN54LS289 
SN54LS89 

Fairchild 
t National 
t National 

t Fairchild 
t Fairchild 
t Motorola 
t Motorola 

(Continued) 

32x2 

60 32x8 

50 nsF TTL 

40 ns * TTL 

300 ns * CMOS 

OC 

OC 

1S 

1S 

16 

20 

20 

18 

ns* -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

5 

5 

10 

54LS189 t Fairchild 
SN54LS189 t Motorola 

AM27LS02AC AMD 
AM27LS06C AMD 

IDM29704M t National 

(Cont'd) 

AM27LS03AC AMD 70 
AM27LS07C AMD 

AM29705M tAMD (1225) 

AM27LS06M t AMD 
AM3101 AMD 
AM5489 t AMD 
DM8589 National 
IlPB2089 NEC-Electron 
S82S25 t Signetics 
SN54lS289A tTl (440.924) 
SN54lS319A tTl (440.929) 80 
SN74lS289A TI (924) 
SN74lS319A TI (929) 

AM29704C AMD 

F29704C Fairchild 
F29704M t Fairchild 

AM27LS07M t AMD 
SN541S189A tTl 
SN54lS219A tTl 
SN74lS189A TI 
SN74lS219A TI 

HD7489 Hitachi 
MC4064 Motorola 

(440.900) 
(440.906) 

(900) 
(906) 90 

SN7489 TI (440.863) 

AM29704M t AMD 

AM27LS02C AMD 
AM27lS03C 
DM7599 

31013 

AMD 
t National 

t AMD 

DM7589 t National 

AM27LS02M t AMD 
AM27LS03M t AMD 

31L01C AMD 
31L01M t AMD 

F4710BC Fairchild 
F4710BM t Fairchild 

MM54C989 t National 
MM74C989 National 

MM54C89 t National 
MM74C89 National 
CD40t14B t RCA 
CD4011 BE RCA 

SN54LS311 tTl 
SN54LS312 t TI 
SN74LS311 TI 
SN74LS312 TI 

SN54LS211 t TI 
SN54LS212 tTl 
SN74LS211 TI 
SN74LS212 TI 

100 

(3874) 110 
(748) 

c 
o 
+-' 
() 
Q) 

Q) 

en 

SN54LS213 tTl 120 ~: 

SN74LS213 TI r. 
N82S21 Signetics ~ 

SN54LS318 t TI ~ 

SN74LS318 . TI ft 
SN54LS218 t TI ~ 

SN74LS218 TI I.~ 
HCMP1824 Hughes 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organi- Time No. Voltage. Organ i- Time No. Voltage. 
zallon (Max) Type Output Pins V Device Source Line zallon (Max) Type Output Pins V Device Source Line 

Static (Cont'd) 128x8 (Cont'd) 
450 nsF CMOS TS 24 5 CDP1823C RCA (3874) 

32x8 300 ns· CMOS TS 18 10 (Cont'd) NMOS TS 24 5 S6810 AMI 
HMMP1824 t Hughes F6810 Fllrchlld (1278) 60 

.. CDP1824 tRCA (3874) HM46810 Hitachi 

600 ns· CMOS TS 18 10 HCMP1824C Hughes MCM6810 Motorola 

HMMP1824C t Hughes (1351.3839) 

CDP1824C tRCA (3874) 256xl l/LsR PMOS TS 16 -g,5 1101Al AMD 

64x1 1.05/LsR CMOS TS 24 5-15 MCM 14552A t Motorola 1.4/LsR CMOS - 16 3-15 MCM 14537 A t Motorola 

2.1/LsR CMOS TS 24 5-15 MCM14552C Motorola 1.5/LsF PMOS TS 16 -9,5 1101A AMD 

10 nsR ECl OE 16 -5.2 SN10142 TI 1101AM tAMD 

12 nsF ECl OE 16 -5.2 /LPB10142 NEC-Electron 2/LsR CMOS - 16 3-15 MCM 14537C t Motorola 

15 nsF ECl OE 16 -5.2 MCMI0148 Motorola (3839) 10 8 nsF ECl OE 16 -5.2 10414-1 Hitachi 

/LPB10148 NEC-Electron 10 nsF ECl OE 16 -5.2 F100414C Fairchild 

15 nsR ECl OE 16 -5.2 SN10140 TI (3615,3624) 

SN10148 TI F10414C Fairchild (3615) 70 

MCM 14505A t Motorola 
10414 Hitachi 

270 nsR CMOS - 14 3-18 
15 nsF ECl OE 16 -5.2 F10414M t fllrchlld (3615) 

350 nsR CMOS - 14 4.5-16 MCM14505C Motorola MCM10152 Motorola (3839) 
500 nsF CMOS TS 18 5 MM54C910 t National 25 nsF ECl OE 16 -5.2 /LPB10144 NEC-Electron 

MM74C910 National 
26 nsF ECl OE 16 -5.2 MCM10144 Motorola (3839) 

64x4 6 ns· ECl OE 24 -5.2 GXB100473 Siemens MCM10544 t Motorola 
40 ns· TIL DC 16 5 SN54lS316 tTl DM10414 National 

SN54lS317 tTl 20 
SN74lS316 TI 30 nsF ECl OE 16 -5.2 F10410C Fllrchlld (3615) 

SN74lS317 TI 35 nsF TIL OC 16 5 AM27LS01-

TS 16 5 SN54lS216 tTl 
lAC AMD 

SN54lS217 tTl 
AM27lS01-

SN74lS216 TI 
lAM tAMD 80 

SN74lS217 TI TS 16 5 AM27lS00-

2000 ns· 
lAC AMD 
AM27lSooAC 

CMOS TS 16 5 MN1203 Panasonic 
AMD 

64x8 l/LsF CMOS TS 22 5 CDP1826C RCA 35 nsR ECl OE 16 -5.2 SN10144 TI 
64x9 35 nsF TIL OC 16 5 N82S09A Signetics 40 nsF TIL DC 16 5 N74lS301 Signetics 

28 5 93419A Fairchild N82LS17 Signetics 
(3615.3631) 30 

N82S19 SlgnetiCs TS 16 5 93421AC Fairchild 

Fllrcblld 
N82LS16 Signetics 

45 nsF TIL OC 28 5 93419C 
Q) (3615.3631) 45 nsF TIL OC 16 5 AM27LS01-

"'C MBM93419 Fujitsu lC AMD . 

:J AM27LS01AC 

(9 60 nsF TIL OC 16 5 S82S19 t Signetics AMD 
28 5 93419M tFalrchlld AM27LS01AMt AMD 90 

C (3615.3631) AM29720C AMD 
0 80 nsF TIL OC 28 5 S82S09 t Signetlcs AM93411AC AMD 
+-' 

93410AC Fairchild t) 64x12 150 nsF CMOS TS 18 3-11 IM6512AI Intersil 
Q) IM6512AM t Intersi! 93411AC . Fairchild 
Q) 400 nsF CMOS TS 18 3-7 HM6512C-9 Harris TS 16 5 AM27LSOO-

(f) 
5 HM6512-2 t Harris 40 lAM tAMD 

"- HM6512-9 Harris AM27LSoo-
Q) lC AMD 
+-' 460 nsF CMOS TS 18 3-7 IM65121 Intersll en AM27LSOOAMt AMD 
CO IM6512M t Intersi! AM27LSooC AMD 

:?! 600 nsF CMOS TS 18 3-7 IM6512C Intersil AM29721C AMD 

128x1 12 nsR ECL OE 16 -5.2 MCM10147 Motorola (3839) AM93421AC AMD 100 

GXB10147A Siemens 93L420C Fairchild 

15nsR ECL OE 16 -5.2 SN10147 TI 50 nsF TIL OC 16 5 ItPB2206 NEC-Electron 

128x8 CMOS 8 5 PCD8571 Signetics 
N82S17 Signetlcs 

- -
250 ns· NMOS TS 24 5 S68Bl0 AMI TS 16 5 93421C Fairchild 

~ 
F68Bl0 Fairchild 50 DM74S200 National 

MCM68B10 Motorola (3839) /LPB2200 NEC-Electron 

l~ N82S16 Signetlcs 
250 nsF CMOS TS 24 10 CDP1823 RCA (3874) 

~ 55 nsF TIL OC 16 5 AM27LS01-
350 nsF NMOS TS 24 5 S6810-1 AMI 1M tAMD 
360 nsF NMOS TS 24 5 S68Al0 AMI AM27LS01M t AMD 

F68Al0 Fairchild AM29720M tAMD 110 
HM468Al0 Hitachi AM93411C AMD 
MCM68A10 Motoroll (3839) 93411C Fairchild 

(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
Bold face Indicates addlllonil data Is provided on lhe page no led. 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organi- 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) 256x4 15 nsF ECl OE 24 (Cont'd) 
-8 100422 Signetics 

256xl 55 nsF TTL (Cont'd) 
20 nsF ECl OE 24 -7 10422 Signetics 

TS 16 5 AM27lS00-
1M t AMO 25 nsF NMOS TS 24 5 AM9122-25 AMO 60 

AM27lS00M t AMO 30 nsF ECl OE 24 -7 93422AM t Fairchild 
AM29721M t AMO (3615.3634) 
AM93421C. AMO 93L422AC Fairchild 
93l420M t Fairchild (3615.3637) 

60 nsF TTL OC 16 5 93410C Fairchild 35 nsF NMOS TS 24 5 AM9122-35 AMO 
OM74S206 National AM91l22-35 AMO 
S82lS17 t Signetics TTL OC 22 5 AM93412AC AMO 

TS 16 5 93421M t Fairchild TS 22 5 AM93422AC AMO 
S82lS16 t Signetics 10 40 nsF TTL OC 22 5 AM93412 AMO 

65 nsF TTL OC 16 5 93411M t Fairchild MCM93412C Motorola 
811748301 tTl (927) T§ 16 5 SN74S207 TI 

TS ·16 5 I'PB2202 NEC-Electron 20 5 SN74S208 TI 70 
811748201 TI (440,905) 22 5 AM93422 AMO 

70 nsF TTL OC 16 5 93410M t Fairchild 93422C Fairchild 
54S301 t Signetics (3615.3634) 
S54lS301 t Signetics MCM93422C Motorola (3839) 
S82S17 t Signetics 45 nsF NMOS TS 24 5 AM91l22-45 AMO 

TS 16 5 S82S16 t Signetics TTL OC 22 5 AM93412AM t AMO 
80 nsF TTL OC 16 5 AM27lS01lC AM93l412AC AMO 

AMO 20 TS 22 5 AM93422AM t AMO 
TS 16 5 AM27lS00lC AM93l422AC AMO 

AMO 
55 nsF TTL OC 22 5 AM93l412AM t AMO , 

90 nsF TTL TS 16 5 93l421C Fairchild TS 22 5 AM93l422AM t AMO 80 
95 nsF TTL . OC 16 5 AM27lS01lMt AMO 60 nsF NMOS TS 24 5 AM91l22-60 AMO 

TS 16 5 AM27lS00lMt AMO TTL OC 22 5 AM93412M t AMO 
100 nsF TTL TS 16 5 93l421M t Fairchild AM93l412 AMO 
150 ns * CMOS TS 16 10 MCM10422 Motorola (3839) MCM93412M t Motorola 

200 ns * CMOS TS 16 3-15 F4720AC Fairchild TS 22 5 AM93422M tAMO 
4.5- AM93l422 AMO 
12.5 F4720C Fairchild 93422M t Fairchild 

F4720M t Fairchild (3615.3634) 

345 nsF CMOS TS 16 10 CD40061A t RCA (3874) 30 93L422C Fairchild 

TS 3-15 MM54C200 t National 
(3615.3637) 

400 nsR CMOS 16 MBM100422 Fujitsu (3681) 
MM74C200 National MCM93422M t Motorola (3839) 90 

Q) 

"0 850 nsF CMOS TS 16 5 C040061 RCA 75 nsF TTL OC 22 5 AM93l412M t AMO 
::J 900 nsF PMOS - 16 -12.5 MK4007 Mostek TS 22 5 AM93l422M t AMO (9 MK4007-4 Mostek 93L422AM Fairchild 

256x4 11'sF NMOS TS 16 5 AM2101 AMO (3615.3637) C 

AM2111 AMO 93L422M t Fairchild 0 
AM2112 AMO (3615.3637) +-' 

0 
31'sF CMOS TS 22 3 ITT5101S ITT 150 nsF CMOS TS 18 5 NMC6552B-9 National Q) 

10 nsF ECl OE 24 -4.5 F100422C Fairchild (3615) 40 
22 5 NMC6551B-9 National Q) 

F10422C Fairchild 175 nsF .NMOS TS 16 5 SY21H12 Synertek CJ) 

(3615.3620) 18 5 SY21Hll Synertek '-
Q) 

-5.2 El00422 Fairchild 22 5 SY21HOl Synertek +-' 

F10422 Fairchild 180 nsF CMOS TS 18 5 NMC6552B-2 t National 100 
(J) 

CO 
(3615.3620) 22 5 NMC6551B-2 t National ~ MBM100422 Fujitsu 200 nsF CMOS TS 18 5 NMC6552-9 National 

MBM10422H FuJitsu (3681) 22 5 NMC6551-9 National 
-7 100422B Signetics NMOS TS 16 5 SY21H12-2 Synertek 

10422B Signetics 18 5 SY21Hll-2 Synertek 
12 nsF ECl OE 22 -5.2 MB7072E Fujitsu (3681) 22 5 SY21HOl-2 Synertek 

HM100422 Hitachi (3789) 
220 nsF CMOS TS 5 HM6562B-2 t Harris HM10422 Hitachi (3789) 50 16. ~. 

HM6562B-9 Harris r· 24 -5.2 MBM10422E Fujitsu (3681) 
18 5 HM6561B-2 t Harris [e: 15 nsF ECl I OE 22 -5.2 MB7072N Fujitsu (3681) (669.1333.3760) 

24 -5.2 MBM10422N Fujitsu (3681) HM6561B-9 HarriS ~ 

OM 100422 National (669.1333.3760) 110 
DM10422 National (3854) IM65X61-1 Intel ~ 

-7 100422A Signetics IM65X61-1 Intersil 
10422A Signetics IM65X61-1M t Intersil 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organl- Time No. Voltage, Organl- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source line zallon (Max) Type Output Pins V Device Source Line 

Static (Cont'd) 256x4 350 nsF CMOS TS (Cont'd) 
22 5 HM6551·5 Hurls 

256x4 220 nsF CMOS TS (Cont'd) (669,1333,3758) 
22 HM6551B·2 t Harris IM65X51C Intersl! 

(669.1333.3758) MWS5101Dl3t RCA 60 
HM6551B·9 Harris MWS5101El3 RCA 

(669.1333.3758) SCM5101·1A SSS 
IM65X51-1 Intersi! 

NMOS TS 16 SY2112A Synertek 
IM65X51-1M t Intersil 

18 5 SY2111A Synertek 
235 nsF CMOS TS 18 10 IM65X61A Intersil 

22 5 SY2101A Synertek 
IM65X61AM t Intersl! 

22 10 IM65X51A Intersi! 
400 nsF CMOS TS 22 HMMP1822C t Hughes 

IM65X51AM t Intersl! 
CDP1822C tRCA (3874) 

240 nsF CMOS TS 22 5 HS6551RH t Harris 
NMOS TS 16 AM9101B AMD 

AM9101BM tAMD 
250 nsF CMOS TS 18 MM74C921 National 10 AM9111B AMD 70 

NMC6552·2 t National AM9111BM tAMD 
22 5 MM74C920 National AM9112B AMD 

NMC6551-2 t National AM9112BM tAMD 
MWS5101El2 RCA AM91l01B AMD 

10 CDP1822 RCA (3874) AM91l01BM t AMD 

TCC-244 RCA AM91l11B AMD 

NMOS TS 16 AM9101D AMD AM91l11BM t AMD 

AM9111D AMD AM91l12B AMD 

AM9112D AMD AM91l12BM t AMD 

SY2112A-2 Synertek 20 450 nsF CMOS TS 22 S510lL·l AMI (3614) 80 

18 /LPD2111Al· S6501l1 AMI 

Al-2 NEC-Micro HM435101-1 Hitachi 

SY2111A·2 Synertek M5l5101l·1 Mitsublshl 

22 SY2101A-2 Synertek MCM51l01-
45 Motorola 

275 nsF CMOS TS 18 MM54C921 t National /LPD5101l·1 NEC-Mlcro 
22 5 MM54C920 t National SCM5101-1 SSS 

300 nsF CMOS TS 16 5 HM6562-2 t Harris TC5501 Toshiba 
HM6562-9 Harris NMOS TS 16 SY2112A-4 Synertek 

18 5 HM6561·2 t Harris 18 SY2111A-4 Synertek 
(669.1333.3760) 22 SY2101A-4 Synertek 90 

HM6561·9 Harris 
(669.1333.3760) SOOnsF NMOS TS 16 5 AM2112-1 AMD 

IM65X61 Intersi! 30 AM9112A AMD 

OJ IM65X61M t Intersi! AM9112AM tAMD 

"0 NMC6552-5 National AM91l12A AMD 

::J 22 HM6551·2 t Harris AM91l12AM t AMD 

CJ (669.1333.3758) SY2112·1 Synertek 

C HM6551·9 Harris 18 5 AM2101-1 AMD 

0 (669.1333.3758) AM2111-1 AMD 

..... IM65X51 Intersi! AM9101A AMD 
() IM65X51M t Intersi! AM9101AM AMD 100 
OJ NMC6551-5 National AM9111A AMD 
OJ lH-5101S Sharp AM9111AM AMD 

(J) 
NMOS TS 16 AM9101C AMD AM91l01A AMD 

'- AM9101CM tAMD 40 AM91l01AM AMD 
OJ ..... AM9111C AMD AM91l111AM AMD 
C/) 

AM9111CM tAMD AM91l11A AMD 
CO 
~ AM9112C AMD SY2111·1 Synertek 

AM9112CM tAMD 22 SY2101·1 Synertek 
AM91l01C AMD 650 nsF CMOS TS 22 S5101L AMI (3614) 
AM91l01CM t AMD S5101L·3 AMI (3614) 110 
AM91l111C AMD S6501l AMI 
AM91l11CM t AMD S6501l·3 AMI 
AM91l12C AMD MCM5101-65 Motorola 
AM91l12CM t AMD 50 MCM51l01-

325 nsF CMOS TS 18 5 MM74921-3 National 65 Motorola 
22 5 MM74920-3 National /LPD5101l NEC·Micro 

MM74C920-3 National MSM573A OKI 
MM74C921·3 National SCM5101-3 SSS 

350 nsF CMOS TS 16 5 HM6562·5 Harris TC5501-1 Toshiba 

18 5 HM6561·5 Harris NMOS TS 16 AM2101·2 AMD 
(669.1333.3760) AM2111·2 AMD 120 

IM65X61C Intersil AM2112-2 AMD 
(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold faC8 ladlcates addlllonal data Is provided aD tbe pagl aolld. 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organl- Time No. Voltage, Organl- Time No. Voltage, 
zallon (Max) Type Output Pins V Device Source Line zallon (Max) Type Output Pins V Device Source Line 

Static (Cont'd) 1024x1 30 nsF TIL OC 16 5 (Cont'd) 
AM93425AC AMD 

256x4 (Cont'd) 93415AC Falrcblld (3615) 
800 nsF CMOS TS 22 5 85101·8 AMI (3614) 

93425AC S6501·8 AMI TS 16 5 Falrcblld 

S6501l·8 AMI (3615,3640) 

MCM5101-80 Motorola 35 nsF ECl OE 16 -5.2 AM10415 AMD 60 
MN5101 Panasonic MBMI0415A Fujitsu (3681) 
lH-5101W Sharp HM2110 Hitachi (3789) 
883/5101-4 tsss DM10415A National 
SCM5101-8 SSS NMOS OC 16 5 2115H-4 Intel 
SCM8831 TS 16 5 2125H-4 Intel 
5101-4 t SSS 

950 nsF NMOS TS 18 5 M120 SGS 10 TIL OC 16 5 HM2510·2 Hitachi (3789) 

256x8 40 nsF TIL TS 22 5 N8X350 81gnetlcs 40 nsF ECl OE 16 -5.2 AM10415M tAMD 

(1501,1509) MCM10546 t Motorola 

S8X350 t Signetlcs TIL OC 16 5 AM93415AM t AMD 
256x9 35 nsF TIL TS 22 5 N82S212A Signetics TS 16 5 AM93425AM t AMD 70 

45 nsF TIL TS 22 5 93479DC. Falrcblld 45 nsF NMOS OC 16 5 2115A Intel 
(3615,3649) 2115Al Intel 

60 nsF TIL TS 24 5 N82S210 Signetics MCM2115A· 
70 nsF TIL TS 22 5 S82S212 t Signetics 45 Motorola 

90 nsF TIL TS 24 5 S82S210 t Signetics MCM21l15A· 
45 Motorola 

512x4 1.2~sF CMOS TS 24 5 lH-5102 Sharp 
300 nsF CMOS TS 18 5 HM6513-9 Harris TS 16 5 2125A Intel 

NMC6513-9 t National 20 2125Al Intel 

Harris 
MCM2125A· 

350 nsF CMOS TS 18 5 HM6513-5 45 Motorola 
NMC6513-5 National 

MCM21l25A· 
512x8 300 nsF NMOS TS 24 5 ER5304 GI 45 Motorola 

1024x1 1 ~sF NMOS TS 16 5 AM2102 AMD TIL OC 16 5 AM93415C AMD 
7 nsF ECl OE 16 -5.2 HM2112·1 Hitachi (3789) 93415C Fairchild (3615) 80 
10 ns· ECl OE 16 -5.2 AM 100415 AMD HM2510-1 Hilachl (3789) 

AM10415 AMD MCM93415C Motorola (3839) 

10 nsF ECl OE 16 -5.2 FI0415C Fairchild TS 16 5 AM9¥25C AMD 
(3615.3618) 93425C Fairchild 

HM2112 Hitachi (3789) (3615,3640) 
-7 10041BB Signetics 30 HM2511·1 Hitachi (3789) 

10415B Signetics MCM93425C Motorola (3839) 
Q) 

24 -4.5 FI00415C Fairchild 50 nsF TIL OC 16 5 ~PB2205 NEC-Electron "0 
(3615.3625) SN74S314A TI ::J 

MCMI0146A Motorola (3839) TS 16 5 SN74S214A TI CD 
15 nsF ECl OE 16 -5.2 AM100415A AMD 

55 nsF NMOS OC 16 5 MCM2115A· C AM10415SA t AMD 55 Motorola 90 0 
-7 100415A Signetics TS 16 5 MCM2125A- +-' 

20 nsF ECl OE 16 -5.2 AM100415 AMD 0 55 Motorola () 
Q) 

AM10415A tAMD 60 nsF TIL OC 16 5 AM93l415C AMD Q) 
AM10415SA t AMD 93415M t Fairchild (3615) (f) 
FI0415AC Fairchild 931415 Fairchild "'-(3615,3618) 40 

MCM9~415M Q) 
MBMI0415AH Fujitsu (3681) t Motorola (3839) +-' 

(J) 
HM211 0·2 Hitachi (3789) ro 

Signetics 
TS 16 5 93425M t Fairchild 

2 -7 100415 (3615.3640) 
10415A Signetics 93L425C Fairchild (3615) 

24 -5.2 DM10415 National MCM93425M t Motorola (3839) 
NMOS TS 16 5 2125H-1 Intel 65 nsF TIL OC 16 5 AM93415M tAMD 
TIL TS 16 5 93F425 Fairchild " TS 16 5 AM93425M tAMD 100 

25 nsF ECl OE 16 -5.2 AM10415A tAMD 70 ns· TIL OC 16 5 SN74lS315 TI 
HM2110-1 Hllachl (3789) TS 16 5 SN74lS215 TI ~. 

GXB10415 Siemens 50 
2115A-2 70 nsF NMOS OC 16 5 Intel 

NMOS OC 16 5 2115H-2 Intel 2115Al-2 Intel (e: 
TS 16 5 2125H-2 Intel MCM2115A-

29 nsF ECl OE 16 -5.2 MCMI0146 Motorola (3839) 70 Motorola 
30 nsF NMOS OC 16 5 2115H-3 Intel MCM21l15A-

TS 16 5 2125H-3 Intel 70 \ Motorola 

TIL OC 16 5 AM93415AC AMD TS 16 5 2125A-2 Intel 
(Continued) (Continued) 

t Military Temperature Range (-550 to 125°C) ns· -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organl- Time No. Voltage, Organl- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source line zation (Max) Type Output Pins V Device Source line 

Static 

1024x1 70 nsF NMOS TS 16 

18 

TTL OC 16 

TS 16 

95 nsF TTL OC 16 
TS 16 

125 nsF CMOS TS 16 4.5-
10.5 

18 4.5-
10.5 

130 nsF CMOS TS 16 

18 

150 nsF CMOS TS 16 
18 

180 nsF CMOS TS 16 

18 

200 nsF CMOS TS 16 4.5-
10.5 

18 4.5-
10.5 

220 nsF CMOS TS 16 5 
18 5 

240 nsF CMOS TS 16 
18 

250 nsF . CMOS TS 16 

18 

t Military Temperature Range (- 55° to 125°C) 

3476 

(Cont'd) 

(Cont'd) 
2125AL-2 Intel 
MCM2125A-
70 Motorola 
MCM21L25A-
70 Motorola 

HM2148 Hitachi 

AM93L415M t AMD 
HM2510 Hitachi (3789) 
SN74S314 TI 

AM93L425M t AMD 
93L425M t Fairchild 
HM2511 Hitachi 

(3615) 
(3789) 10 

SN74S214 TI 

SN74LS314 TI 
SN74LS214 TI 

IM65X08A-1 t Intersil 
IM65X08A-11 Intersil 

CDP1821 t RCA 

IM65X 18A-1 Intersil 
IM65X18A-
1M t Intersil 

NMC85008B-
9. National 
NMC6518B-9 National 

NMC6508B-2 t National 
NMC6518B-2 t National 

(3874) 

HM6508B-2 t Harris 
(669.1333.3754) 

HM6508B-9 Harris 

20 

1024x1 250 nsF CMOS TS 18 

NMOS TS 16 

260 nsF CMOS TS 16 

265 nsF CMOS TS 16 
18 

300 nsF CMOS TS 16 

18 

NMOS TS 16 

315 nsF CMOS TS 16 
18 (669.1333.3754) 

IM5X08-1 Intersil 
IM65X08-1M t Intersil 

350 nsF CMOS TS 16 4-11 

NMC6508-9 National 

HM6518B-2 t Harris 
(669.1333.3756) 

HM6518B-9 Harris 
(669.1333.3756) 

IM65X18-1 Intersil 30 
IM65X18-1M t Intersil 
NMC6518-9 National 

IM65X08A Intersil 
IM65X08AM t Intersil 

IM65X18A Intersil 
IM65X18AM t Intersil 

NMC6508-2 t National 
NMC6518-2 t National 

MM74C929 National 
MM74C930 National 40 

HM6508-2 t Harris 
(669.1333.3754) 

HM6508-9 Harris 
(669.1333.3754) 

IM65X08 Intersil 
IM65X08M t Intersil 
MCM6508-25 Motorola 
NMC6508-5 National 
CDP1821C RCA (3874) 

HM6518-2 t Harris 
(669.1333.3756) 

(Continued) 

• Typical Value 

NMOS TS 16 

370 nsF CMOS TS 16 

400 nsF NMOS TS 16 

450 nsF CMOS TS 16 

NMOS TS 16 

Bold face Indicates addlllonal data Is provided on the page noted_ 

5 

(Cont'd) 
HM6518-9 Harris 

(669.1333.3756) 
IM65X18C Intersil 
IM65X18M t Intersil 
MCM6518-25 Motorola 
NMC6518-5 National 

AM9102D AMD 
2102H Fairchild 
2102HM t Fairchild 
2102LH Fairchild 
2102LHM t Fairchild 
21L02H Fairchild 
MM2102A-2 National 
MM2102A-2L National 
IlPD2102AL-
AL-2 NEC-Micro 
M2102A-2 SGS 
M2102AL-2 SGS 

HS6508RH t Harris 

MM54C929 t National 
MM54C930 t National 

S6508-1 AMI 
HM6508-5 Harris 

(669.1333.3754) 

50 

60 

IM65X08C Intersil 70 
MCM6508-30 Motorola 

HM6518-5 Harris 
(669.1333.3756) 

MCM6518-30 Motorola 

AM9102C AMD 
AM9102CM t AMD 
AM91L02C AMD 
AM91L02CM t AMD 

MM74C929-3 National 
MM74C930-3 National 

S6508A 
SCM21C02-
1A 

2102F 
2102FM 
2102LF 
2102LFM 
21L02F 
MM2102A 
MM2102A-L 
M2102A 
M2102AL 

TC5508 

AMI 

SSS 

Fairchild 
t Fairchild 

Fairchild 
t Fairchild 

Fairchild 
National 
National 
SGS 
SGS 

Toshiba 

AM9102B AMD 
AM9102BM t AMD 
AM91L02B AMD 
AM91L02BM t AMD 
MCM6508-40 

Motorola 

SCM21C02-1 SSS 
TC5508-4 Toshiba 

21021 Fairchild 

80 

90 

21021M t Fairchild 100 
2102L 1 Fairchild 
2102L 1M t Fairchild 
21L021 Fairchild 
MM2102A-4 National 
MM2102A-4L 

National 
IlPD2102AL-
AL-4 NEC-Micro 

(Continued) 
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MEMORY-RAMs (Cont'd) 

Access Supply 
Organl- Time No. Voltage, 
nllon (Max) Type Output Pins V Device Source 

Static 

1024x1 450 nsF NMOS TS 16 

1024x4 

460 nsF CMOS 

500 nsF NMOS 

550 nsF CMOS 

650 nsF CMOS 
NMOS 

800 nsF CMOS 

15 nsF ECl 

TTL 

20 nsF ECl 
TTL 

25 nsF ECl 

30 nsF ECl 

NMOS 

45 nsF NMOS 

TTL 

55 nsF MNOS 
NMOS 

TS 

TS 

TS 

TS 
TS 

TS 

OE 

TS 

DE 
TS 

OE 

DE 

TS 

TS 

TS 

TS 
TS 

16 
18 

16 

16 

16 
16 

16 
22 

24 

24 

24 
24 

24 
24 

24 

18 

18 

18 

18 
18 

5 
5 

5 
5 

5 
5 

-5.2 
5 

-5.2 

-4.5 

-5.2 

5' 

5 

(Cont'd) 

M2102A-4 SGS 
M2102Al-4 SGS 

S6508 AMI 
MCM651B-46 Motorola 

AM2102-1 AMD 
AM9102A AMD 
AM9102AM t AMD 
AM91l02A AMD 
AM91l02AM t AMD 

TC5508-1 Toshiba 

SCM21C02-3 SSS 
AM2102-2 AMD 
AM9102 AMD 
AM9102M t AMD 
AM91l02 AMD 
AM91L02M t AMD 
21022 Fairchild 
21022M t Fairchild 
210212 Fairchild 
2102L2M t Fairchild 
211022 Fairchild 
MM2102A-6 National 
MM2102A-6L National 
M2102A-6 SGS 

SCM21C02-8 SSS 
8B3/21C02 t SSS 

AM100474A AMD 
AM10474AC AMD 

MBM100474-
15 Fujitsu 

AM10474AM t AMD 
MBM100474-
20 Fujitsu 

MBM10474 Fujitsu 
AM 100474 AMD 
AM10474C AMD 

GXB100474 Siemens 

AM10474M t AMD 
Fl00474 Fairchild 

(Cont'd) 

(3681) 

(3681) 

(3681) 

(3615,3629) 

F10474C Fairchild 
(3615,3622) 

CM2114 Supertex 

MBM2148-45 Fujitsu 
MBM2149-45 Fujitsu 
2148H-2 Intel 

Intel 2149H-2 
SY2148H-2 
SY2149H-2 

Synertek (3942) 
Syoertak (3942) 

93475 Falrcblld 
(3615,3646) 

HM2148-3 Hitachi 
AM9148-55 AMD 
AM9149-55 AMD 
MBM2148-55 Fujitsu 
MBM2148-
55l Fujitsu 
MBM2149-
55l Fujitsu 
MBM2149L-
55 Fujitsu, 
2148H-3 Intel 
214BHL-3 Intel 
2149H-3 Intel 
2149Hl-3 Intel 

(Continued) 

MASTER SELECTION GUIDE 

Access Supply 
Drganl- Time No. Voltage, 

Line zallon (Max) Type Output Pins V Device Source Line 

1024x4 55 nsF NMOS TS 18 

10 70 nsF CMOS TS 18 5 

NMOS TS 18 

20 

85 nsF CMOS TS 18 

30 
NMOS TS 18 

100 nsF NMOS TS 18 

120 nsF NMOS TS 18 

40 

20 5 

150 nsF NMOS TS 18 

50 

170 nsF CMOS TS 18 

, (Cont'd) 
MCM2149-55 

Motorola 
NMC2148-3 National 
I'PD2149 
SY2148H-3 
SY2148HL-3 
SY2t49H-3 
SY2149HL-3 
SYM2148H-3 

NEC-Micro 
Syoartak 
Synarlak 
Syoarlak 
Syoerllk 

t Syonlak 
SYM2149H-3 

HM6t48 
HM6t48L 

AM914B-70 
AM9149-70 
MBM2149-70 

214BH 
214BHl 
2149H 
2149HL 
M214BH 
NMC2148 
NMC2148H 
NMC2148l 
SY2148H 
SY2148HL 
SY2149H 
SY2149Hl 
SYM2148H 
SYM2149H 

HM6148-6 
HM6148L-6 

MCM2149-B5 

SYM2148H-6 

t Syoerlek 

Hitachi 
Hitachi 

AMD 
AMD 

Fujitsu 
Intel 
Intel 
Intel 
Intel 

t Intel 
National 
National 
National 
Syoarlak 
Syoarlak 
Synertek 
Synerlak 

t Synerlak 
t Syoertek 

Hitachi 
Hitachi 

Motorola 

t Syoertek 
SYM2149H-6 

t Syoertak 

2114Al-1 Intel 
NMC2114A-
1L NalloRal 
SY2114AL-1 Synerlek 

2114Al-2 Intel 
2114l-2 Intel 
NMC2114A-2 

Na1loR11 
NMC2114A-
2L Nallonll 
SY2114AL-2 Synlrlak 

NMC2114A Nallonal 

HM472114A-
1 Hitachi 
2114AL-3 Intel 
M2114Al-3 t Intel 
MM2114-15 National 
NMC2114A-3 

Nillonil 
NMC2114A-

(3942) 
(3942) 
(3942) 
(3942) 

(426) 

(426) 

(3789) 
(3789) 

60 

70 

(3942) 80 
(3942) 
(3942) 
(3942) 
(426) 
(426) 

(3789) 
(3789) 

(426) 

(426) 90 

(385B) 
(3941) 

(3858) 

(3858) 
(3941) 

(3858) 

(3789) 100 

(3858) 

3L Nillonil (3858) 
SY2t14AL-3 Synarlak (3941) 
SYM2114A-3 

t Synarlak (424) 
TMS2114-15 TI 
TMS2114L-' 
15 TI 

IM6514C Intersil 110 
IM6514M t Intersil 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 
~C-Open Collector 

ns· -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

nsR-Nanoseconds at Room Temperature 
DE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Access 
Organl· Time No. Supply Organi· Time No. Supply 
zation (Max) Type Output Pins Voltage, Oevice Source Line zation (Max) Type Output Pins Voltage, Device Source line 

Static (Cont'd) 1024x4 250 nsF NMOS TS 18 (Cont'd) 
M2114A-5 t Intel 

1024x4 (Cont'd) MCM2114· 
200 nsF CMOS TS 18 HM6514B·2 t Harris 25 Molorola (3839) 

(1333,3767) MCM21L14· 
HM6514B·9 Harris 25 Molorola (3839) 

(1333.3767) NMC214A·5 National 
HS6514RH t Harris SY2114A·5 Synarlak (3941) 
"PD444-3 NEC-Micro SYM2114A·5 
"PD4441 t Synarlek (424) 
44/6514-3 NEC-Micro TMS2114-25 TI 60 
MSM5114·2 OKI (3873) TMS2114L· 
MSM5115·2 OKI (3873) 25 TI 
MWS5114·3 t RCA (3874) 

22 AM9130DC AMD 
SCM5114-1 SSS AM91L30DC AMD 
SCM6514-1 SSS 10 
TC5514A-2 Toshiba 300 nsF CMOS TS 18 S6514 AMI 

TC5514AL-2 Toshiba MB8414E Fujitsu 
HM6514·2 t Harris 

NMOS TS 18 AM9114E AMD (1333.3767) 
AM9124E AMD HM6514·9 Harris 
AM91L 14E AMD (1333.3767) 
AM91L24E AMD HM6514C·9 Harris 
2114-2 Fairchild (1333.3767) 
2114L·2 Fairchild HM4434-3 Hitachi 
M2114·2 t GTE Micro NMC6514-2 t National 70 
HM472114A· NMC6514-9 National 
2 Hllachl (3789) 20 "PD4441 
2114A·4 Intel 44/6514-1 NEC·Micro 
2114AL·4 Intel MSM5514-3 OKI 
M2114A~4 t Intel MSM5515-3 OKi 
M2114AL·4 t Intel MWS5114·1 t RCA (3874) 
M5L2114L·2 Mitsubishi SCM5514-3 SSS 
MCM2114· SCM5514-5 SSS 
20 Molorola (3839) SCM6514-3 SSS 
MCM21L14· TC5514A-3 Toshiba 
20 Molorola (3839) TC5514AL·3 Toshiba 80 
MM2114-2 National 

NMOS TS AM9114C AMD MM2114-2L National 18 

NMC2114A-4 AM9114CM tAMD 

Nallonal (3858) 30 AM9124C AMD 

<D NMC2114A· AM9124CM t AMD 

"0 4L Nallonal (3858) AM91L14C AMD 

:l MSM2114·2 OKI (3873) AM91L 14CM t AMD 
.(9 MSM2114L· AM91L24C AMD 

2 OKI (3873) AM91L24CM t AMD 
C 

SY2114·2 Synarlak (3941) 2114-3 Fairchild 0 
SY2114A·4 Synerlak (3941) 2114-3M t Fairchild 90 ...... 

() SY2114AL·4 Synarlak (3941) 2114L-3 Fairchild 
<D SY2114L·2 Synarlak (3941) M2114-3M t GTE Micro 
<D SY2114LV·2 Synarlak (3941) HM472114·3 

(f) 
SYM2114A·4 Hllachl (3789) 

~ t Synarlak (424) 2114A·6 Intel 
<D TMS2114-20 TI 40 M5L2114L-3 Mitsubishi ...... 
(J) 

TMS2114L· MCM2114· 
CO 20 TI 30 Motorola (3839) 
~ TMM314A-1 Toshiba MCM21L14· 

TMM314AL-l 30 Molorola (3839) 

Toshiba MM2114·3 National 
MM2114-3L National 

20 2142·2 Intel MSM2114·3 OKI (3873) 100 
2142L·2 Intel MSM2114L· 
SY2142-2 Synertek 3 OKI (3873) 
SY2142L-2 Synertek SY2114·3 Synarlak (3941) 

22 AM9130EC AMD SY2114L·3 Synarlak (3941) 

250 nsF CMOS TS 18 SRM2114 Epson SYM2114·3 t Synarlak (424) 

SRM6514 Epson 50 20 2142·3 Intel 

"PD4441 2142L-3 Intel 
44/6514-2 NEC-Micro SY2142-3 Synertek 
MWS5114·2 t RCA (3874) SY2142L-3 Synertek 

NMOS TS 18 2114A·5 Intel 22 AM9130CC AMD 
(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faca Indica las additional dala Is provided on Ibe paga naiad. 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Access 
Organl· Time No. Supply Organl· Time No. Supply 
zaUon (Max) Type Output Pins Voltage, Oevice Source Line zation (Max) Type Output Pins Voltage, Device Source Line 

Static 

1024x4 300 nsF NMOS TS 22 

350 nsF CMOS TS 18 

400 nsF NMOS TS 22 

450 nsF CMOS TS 18 

20 

NMOS TS 18 

.20 

500 nsF NMOS TS 22 

550 nsF CMOS TS 20 

650 nsF CMOS TS 18 10 

t Mililary Temperature Range (- 55° to 125°C) 
OC-Open Collector 

@ IC MASTER 1983 

(Cont'd) 

AM9130CM t AMD 
AM91L30CC AMD 
AM91L30CM t AMD 

HM6514·5 Harris 

(Cont'd) 

(1333,3767) 
NMC6514-5 National 
SCM6514-5 SSS 

AM9130BC AMD 
AM9130BM t AMD 
AM91L30BC AMD 
AM91L30BM t AMD 

HM4334-4 Hitachi (3789) 
M58981·45 Mitsubishi 
ILPD444/6514 NEC-Micro 
MWS5114A tRCA (3874) 
MWS5114A-
5 t RCA (3874) 
SCM5114-8 SSS 

/LPD445L NEC-Micro 
TC5514 Toshiba 

AM9114B AMD 
AM9114BM t AMD 
AM9124B AMD 
AM9124BM t AMD 
AM91L 14B AMD 
AM91L 14BM t AMD 
AM91L24B AMD 
AM91L24BM t AMD 
2114 Fairchild 
2114L Fairchild 
2114M t Fairchild 
L2114UM t GTE Micro 
HM472114-4 

Hitachi 
M5L2114L Mitsubishi 
MCM2114-
45 Molorola 
MCM21L14-
45 Molorola 
MM2114 National 
MM2114L National 
EA2114L NEC-EA 
ILPD2114L NEC-Micro 

(3789) 

(3839) 

(3839) 

10 

20 

30 

MSM2114 OKI 
MSM2114L OKI 

(3873) 
(3873) 40 

MN2114 Panasonic 
SY2114 Synerlak 
SY2114L Synerlak 
SYM2114 t Synerlak 
TMS2114·45 TI 
TMS2114L-
45 TI 
TMM314A Toshiba 
TMM314AL Toshiba 

(3941) 
(3941) 
(424) 

1024x4 650 nsF CMOS 

800 nsF CMOS 

1024x8 55 nsF NMOS 
70 nsF NMOS 

90 nsF NMOS 

100 nsF NMOS 

120 nsF NMOS 

TS 

TS 

TS 
TS 

TS 

TS 

TS 

20 

20 

24 
24 

24 

48 

24 

150 nsF NMOS TS 22 

200 nsF NMOS 

250 nsF CMOS 
NMOS 

300 nsF NMOS 

TS 

TS 
TS 

TS 

24 

22 

24 

24 
22 
24 

22 

(Cont'd) 
/LPD445L-1 
TC5514-1 

NEC·Micro 60 

TC5047A-2 
TC5514·2 

Toshiba 

Toshiba 
Toshiba 

MK4801A-55 Mostek 
MK4801A-70 Mostek 
MKB4801A-
870 t Mostek 

MK4801A·90 Mostek 
MKB4801A· 
890 
SY2158A-1 
SY2158B-1 
SY2158L-1 
SY2159A·1 
SY2159B·1 
SY2159L·1 

t Mostek 
Synarlak 
Synarlak 
Synarlak 
Synarlak 
Synarlak 
Synarlak 

(3943) 
(3943) 70 
(3943) 
(3943) 
(3943) 
(3943) 

SY21D1 Synarlak (3947) 

MK4118A·1 Mostek 
MKB4801A-
81 
SY2158A·2 
SY2158B-2 
SY2158L·2 
SY2159A·2 
SY2159B-2 
SY2159L-2 

t Mostek 
Synarlak 
Synarlak 
Synarlat 
Synarlak 
Synarlak 
Synarlak 

/LPD421-5 NEC-Micro 
MK4118A-2 Mostek 
MKB4118A-
82 
SY2158A-3 
SY2158B-3 
SY2158B-4 
SY2158L-3 
SY2159A-3 
SY2159B-3 
SY2159L-3 

M8104-2M 
/LPD421-3 

MK4118A-3 
MKB4118A-
83 
SY2158A-4 
SY2158L-4 
SY2159A-4 
SY2159B-4 
SY2159L-4 

HM6515-9 
/LPD421-2 
MK4118A·4 
MKB4118A-
84 

/LPD421-1 
R8104-3 

t Mostek 
Synarlok 
Synarlak 
Synarlok 
Synarlak 
Synorlek 
Synarlat 
Synartak 

t GTE Micro 
NEC-Micro 

Mostek 

t Mostek 
Synartak 
Synarlak 
Synarlak 
Synarlak 
Synarlak 

Harris 
NEC-Micro 
Mostek 

t Moslek 

NEC-Micro 
Rockwell 

(3943) 
(3943) 
(3943) 80 
(3943) 
(3943) 
(3943) 

(3943) 
(3943) 
(3943) 
(3943) 90 
(3943) 
(3943) 
(3943) 

(3943) 
(3943) 
(3943) 100 
(3943) 
(3943) 

400 nsF NMOS TS 22 R8114-3 Rockwell 
2142 
2142L 
SY2142 
SY2142L 

Intel 
Intel 
Synertek 
Synertek 

501-----~4~50~n~s~F~N=M~OS~-T~S~~2=2--~--~/L=P~D4=2~1----N=E=C~-M=ic~ro~ __ _ 

AM9130AC AMD 
AM9130AM t AMD 
AM91L30AC AMD 
AM91L30AM t AMD 

TC5047A-1 Toshiba 

CDP1825 t RCA 
CDP1825C t RCA 

ns·-Nanoseconds Typical 

2048x1 300 nsF CMOS TS 18 HM6503-9 Harris 
NMC6503-9 t National 

350 nsF CMOS TS 18 

2048x8 55 nsF CMOS TS 24 

70 nsF CMOS TS 24 

(Continued) 

nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

HM6503-5 Harris 
NMC6503-5 National 

HM65161B-5 
Harris 

(669.1333.3774) 
HM65161-5 Harris 

(669.1333.3774) 
1016116S70 101 (3793) 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Access 
Organl- Time No. Supply Organl- Time No. Supply 
zation (Max) Type Output Pins Voltage. Device Source Line zation (Max) Type Output Pins Voltage. Device Source Line 

Static (Cont'd) 2048x8 150 nsF NMOS TS 24 (Cont'd) 
SY2128·3 Synarlek (3944) 

2048x8 70 nsF (Conl'd) SY2128L·3 Synarlak (3944) 60 
NMOS TS 24 AM9218-70 AMO SY2129·3 Synarlak (3944) 

90 nsF CMOS TS 24 IOT6116L90 t lOT (3793) SY2129L·3 Synerlak (3944) 
IOT6116l90 lOT SYM2128·3 t Synarlek (427) 
IOT6116S90 t lOT (3793) SYM2129·3 t Synariek (427) 
IOT6116S90 lOT TM54016·15 TI 

NMOS TS 24 SY2128·1 Synerlak (3944) TMM2016 Toshiba 

SY2128L·1 Synarlak (3944) 200 nsF CMOS TS 24 SRM2016C20 
SY2129·1 Synarlak (3944) Epson 

SY2129L·1 Synarlak (3944) SRM2017C20 

100 nsF NMOS TS 24 AM9218-10 AMO 10 
Epson 

F3528·10 Fairchild (3664) 
SRM2018C20 

Epson 
F3528L·10 Fairchild (3664) 

MB8418 ' Fujitsu 70 
MB8128-10 Fujitsu 

MB8416 Fujitsu (3676) 
120 nsF CMOS TS 24 HM6116·2 t Harris MB8417 FuJllsu (3676) 

(669.1333.3777) MB8418 Fujitsu (3676) 
HM6116·2 Hitachi (3789) HM6116·4 Hitachi (3789) 
HM6116L·2 Hitachi (3789) HM6116L·4 Hitachi (3789) 
IOT6116L120tlOT (3793) MP6116-20 Micro Pwr 
IOT6116l120 lOT MP6117-20 Micro Pwr 
IOT6116S120t1OT (3793) MP6118·20 Micro Pwr 
IOT6116S120 lOT 20 MP8416-20 Micro Pwr 
M5M5116·12 Mitsubishi MP8417-20 Micro Pwr 80 
M5M5117·12 Mitsubishi MP8418-20 Micro Pwr 
M5M5118-12 Mitsubishi M5M5116 Mitsubishi 
SCM6116-2 SSS M5M5117 Mitsubishi 
TMS4016·12 TI (3968) M5M5118 Mitsubishi 

NMOS TS 24 F3528·12 Fairchild (3664) MSM5128 OKI (3873) 
F3528L-12 Fairchild (3664) SCM6116-4 SSS 
HM6516B-2 t Harris NMOS TS 24 AM9218-20 AMO 

(669.1333.3772) F3528·20 Fairchild (3664) 
HM6516B·9 Harris F3528L·20 Fairchild (3664) 

(669.1333.3772) 2128-20 Intel 90 
2128-12 Intel 30 M58725 Mitsubishi 
MKB4802-81 t Mostek MCM2016· 
SY2128·2 Synarlak (3944) 20 Molorola 
SY2128L·2 Synarlak (3944) (3839.3846) 

OJ 
SY2129·2 Synarlak (3944) HMC2116· 

"0 SY2129L·2 Synarlak (3944) 20L Hallonal (3859) 

:J 150 nsF CMOS TS 24 S6516 AMI HMC2116· 

CJ HM6116·3 Hitachi (3789) 25L Hallonal (3859) 

HM6116L·3 Hitachi (3789) MSM2128 OKI (3873) 
C IOT6116L 150 tlOT (3793) MSM2128·1 OKI (3873) 
0 IOT6116l150 lOT 40 SY2128·4 Synerlak (3944) 
+-' IOT6116S150t1OT (3793) SY2128L·4 Synarlak (3944) 0 
OJ IOT6116S150 lOT SY2129·4 Synarlak (3944) 

OJ M5M5116-15 Mitsubishi SY2129L·4 Synartak (3944) 100 
Cf) M5M5117-15 Mitsubishi SYM2128·4 t Synarlak (427) 

~ M5M5118·15 Mitsubishi SYM2129·4 t Synarlek (427) 

OJ MCM65116· TMS4016·20 
+-' 15 Molorola (3839) TI (3968) (J) 

CO SCM6116-3 SSS TMM2016-2 Toshiba 

~ NMOS TS 24 AM9218-15 AMO 250 nsF CMOS TS 24 SRM2016C25 

F3528·15 Fairchild (3664) Epson 

F3528L·15 Fairchild (3664) 50 SRM2017C25 

MB8128-15 Fujitsu Epson 

2128-15 Intel SRM2018C25 

M2128 t Intel Epson 

M58275·15 Mitsubishi MP6116-25 Micro Pwr 

MCM2016· MP6117-25 Micro Pwr 

15 Molorola MP6118-25 Micro Pwr 110 

(3839.3846) MP8416-25 Micro Pwr 

MCM65116· MP8417·25 Micro Pwr 

12 Motorola (3839) MP8418-25 Micro Pwr 

HMC2116·15 TC5516 Toshiba 
Hallonal (3859) TC5516A Toshiba 

HMC2116· TC5516A-2 Toshiba 
15L Hallonal (3859) TC5516Al Toshiba 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold faca Indica las additional dala Is provldad on Iha paga notad. 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Access 
Organ i- Time No. Supply Organi- Time No. Supply 

zation (Max) Type Output Pins Voltage, Device Source line zation (Max) Type Output Pins Voltage, Device Source line 

Static 

2048x8 250 nsF CMOS TS 24 

NMOS TS 24 

300 nsF NMOS TS 24 

350 nsF NMOS 

4096x1 7 nsF ECl 

15nsF ECl 

20 nsF 

25 nsF 

30 nsF 

35 nsF 

40 nsF 

45 nsF 

55 nsF 

ECl 

ECl 

ECl' 

CMOS 

ECl 

NMOS 

ECl 
NMOS 

CMOS 

NMOS 

TTL 

CMOS 

TS 

OE 

OE 

OE 

OE 

OE 

TS 

OE 

TS 

OE 
TS 

TS 

TS 

TS 

TS 

24 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 
18 

18 

18 

18 

18 

t Military Temperature Range (- 55° to 125°C) 
OC-Open Collector 

~ IC MASTER 1983 

-5.2 

-5.2 

-5.2 

-5.2 

-4.5 

5 

-4.5 

-5 

(Cont'd) 

(Cont'd) 
TC5516Al-2 Toshiba 
TC5517A Toshiba 
TC5517Al Toshiba 
TC5517Al-2 Toshiba 
TC5518A-2 Toshiba 
TC5518B Toshiba 
TC5518Bl Toshiba 

HMC2116-25 Halional (3859) 
TMS4016-25 TI (3968) 

MPS2316A CSG 
MPS2316B CSG 

F3528-35 Fairchild 

HM2140 Hitachi 
HM2142 Hitachi 

HM10470-1 Hllachl 
DM10470A Halional 

AM100470SA AMD 
AM 10470SAC AMD 

MBM10470A-
15 Fujllsu 

AM10470SAMt AMD 
MBM100470 Fujllsu 

MBM10470A-
20 

AM100470A 

Fujllsu 

AMD 
AM10470AC AMD 

HM100470 Hilichl 
HM10470 Hilichl 
DM10470 Halional 
DM10470L Halional 
100470A Signetics 
10470A Signetics 

AM 10470AM t AMD 

MBM2147H-
35 
HM6147H-35 

Fujitsu 

(3664) 

(3789) 
(3855) 

(3681) 

(3681) 

(3681) 

(3789) 
(3789) 
(3855) 
(3855) 

Hllachl (3789) 
HM6147HL-
35 

AM 100470 
AM10470C 

100470 
10470 

Hllachl (3789) 

AMD 
AMD 

Signetics 
Signetics 

F100470 

Fl0470C 

Falrcblld 
(3615.3628) 

Fairchild 

10 

20 

30 

(3615.3621) 40 
MBM10470 Fujllsu (3681) 

AM2147-35 AMD 
2147H-l Intel 

AM 10470M t AMD 
MBM2147H-
45 Fujitsu 

HM6147HL-
45 Hilichl (3789) 
AM2147-45 AMD 
AM21l47-45 AMD 
HM4847-2 Hitachi 
2147H-2 Intel 
MM2148H-2 National 

93471C Fairchild 
(3615.3643) 

HM6147-3 Hilichl (3789) 
(Continued) 

50 

4096x1 55 nsF CMOS TS 18 

60 nsF 

70 nsF 

85 nsF 

4096Xl 85 nsF 

NMOS TS 18 

TTL 

CMOS 

NMOS 

CMOS 
NMOS 

NMOS 

TS 

TS 

TS 

TS 
TS 

TS 

20 

18 

18 

18 

18 
18 

18 

ns * - Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

(Cont'd) 
HM6147L-3 Hllachl (3789) 
MCM65147-
55 Motorola 

(3839.3845) 

9147-55 AMD 
AM2147-55 AMD 
AM21l47-55 AMD 
AM9147-55 AMD 
MBM2147H Fujitsu 
HM4847-3 
2147-3 
2147A-3 

Hitachi 
Intel 
Intel 

2147Al-3 Intel 
2147H-3 Intel 
2147Hl-3 Intel 
M2147H-3 t Intel 
1TI2147-55 ITT 
MCM2147-55 Motorola 
MM2147-3 National 
MM2148H-3 National 
MM2148H-3l National 
NMC2147H-3 National 
NMC2147H-4 National 
ILPD2147-3 NEC-Micro 
SY2147-3 Synartak (3941) 
SYM2147-3 t Synartak (425) 
SYM2147-6 tSynartak (425) 
TMM315-1 Toshiba 
UM2147-1 Universal 

MB8168-55 Fujllsu (3675) 

93471M tFalrcblld 
(3615.3643) 

HM6147 
HM6147L 
MCM65147-
70 

MCM65147-

Hllachl (3789) 
Hllachl (3789) 

Motorola 
(3839.3845) 

85 Motorola 
(3839.3845) 

AM2147-70 AMD 
AM21l47-70 AMD 
AM9147-70 AMD 
AM9147-70M t AMD 
AM91l47 AMD 
MBM2147E Fujitsu 
HM4847 Hitachi 
2147A Intel 
2147Al 
2147H 
2147Hl 
M2147H 
2147 
ITT2147-70 

Intel 
Intel 
Intel 

t Intel 
Intersil 
ITT 

MCM2147-70 Motorola 
MM2147 National 
MM2147l 
MM2148H 
MM2148H-L 
ILPD2147-2 
SY2147 
SY2147L , 
SYM2147 

National 
National 
National 
NEC-Micro 
Synartak 
Synartak 

t Synartak 

TMM315 Toshiba 
AM9147-85M t AMD 
HM6147-6 Hilichl 
MCM2147-85 Motorola 
MM2147M t National 

SY2147-6' Synartak 

(3941) 
(3941) 
(425) 

(3789) 

(3941) 

60 

70 

80 

90 

100 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Access 
Organl- Time No. Supply Organi- Time No. Supply 

I-z_at_ion __ (M_a_xl __ Ty_p_e __ Ou_tp_ut_P_in_s Voltage, ...:D~ev..:.::ic.:...e ___ S:.,:.o_urc:.,:.e ____ L_in_e I-z_at_ion_---:.(M_a....;,xl_--:.Ty_pe __ o_u_tPu_t_p_in_s _V_olt_ag_e,_D_ev_ice ___ S_ou_rc_e ___ --:-L_ln,e 

Static 

4096x1 90 nsF NMOS 
100 nsF NMOS 

120 nsF NMOS 

150 nsF NMOS 

1BO nsF CMOS 

200 nsF CMOS 

NMOS 

250 nsF CMOS 
NMOS 

300 nsF CMOS 

TS 
TS 

TS 

TS 

1B 
1B 

1B 

1B 

TS 1B 

TS 1B 

TS 1B 

TS 
TS 

TS 

22 

1B 
1B 

22 

1B 

t Military Temperature Range (- 55° to 125°C) 

3482 

5 

5 

(Cont'd) 

ITT2147-90- ITT 
MCM2147-
100 Motorola 
/LPD2147 NEC-Micro 

2141-2 Intel 
NMC2141-2 National 

AM4044-15 AMD 
AM4244-15 AMD 
2141-3 Intel 
2141L-3 Intel 
NMC2141-3 National 

HS6504RH t Harris 

HM6504B-2 t Hlrrls 
(669.1333,3762) 

HM6504B-9 Hlrrls 
(669.1333.3762) 

HM6505B-2 t Harris 
HMS505B-9 Harris 
IM6504C Intersil 
IM6504M t Intersil 
MSM5104-2 OKI (3873) 
SCMS504-1 SSS 

10 

TC5504A-2 Toshiba 20 

AM4044-20 AMD 
AM4244-20 AMD 
2141-4 Intel 
2141L-4 Intel 
IM7141-2 Intersil 
IM7141-2M t Intersil 
IM7141L-2 Intersil 
M5T4044-20 Mitsubishi 
MK4104-3 Mostek 
MK4104-33 Mostek 
MCM6641-20 Motorola 
MCM66L41-
20 Motorola 
/LPD4104-2 NEC-Micro 
TMS4044-20 TI 
TMS40L44-
20 TI 

AM9140EC AMD 

SRM6504 Epson 
AM4044-25 AMD 
AM4244-25 AMD 
2141-5 Intel 
2141L-5 Intel 
MK4104-34 Mostek 
MK4104-4 Mostek 
MKB4104-84 t Mostek 
MCM6641-25 

Motorola 
MCM66L41-
25 Motorola 
MM5257-25 National 
MM5257-25L National 
/LPD4104-1 NEC-Micro 
TMS4044-25 TI 
TMS40L44-
25 TI 

9140DC AMD 
91L40DC AMD 

HM6504-2 t Harris 
(669.1333.3762) 

HM6504-9 Harris 
(669.1333.3762) 

HM6504C-9 Harris 
(669.1333.3762) 

HM6505-2 t Harris 
(Continued) 

30 

40 

50 

4096x1 

4096x4 

* Typical Value 

300 nsF CMOS TS 1B 

NMOS TS 1B 

22 

320 nsF CMOS TS 1B 

350 nsF CMOS TS 18 

NMOS 

400 nsF NMOS 

450 nsF CMOS 
NMOS 

500 nsF NMOS 

550 nsF CMOS 

BOO nsF CMOS 

30 nsF MNOS 
45 nsF CMOS 

TS 

TS 

TS 
TS 

TS 

TS 

TS 

TS 
TS 

18 

22 

18 
18 

22 

18 

1B 

20 
20 

24 

Bold face Indlcales addillonal dala Is provided on Ihl page nOled. 

5 

. (Cont'd) 
HM6505-9 Harris 
NMC6404-9 National 
NMC6504-2 t National 
NMC6504-9 National 
MSM5104-3 OKI 
SCM6504-3 SSS 
TC5504A-3 Toshiba 

4044-30 AMD 
4244-30 AMD 
IM7141-3 Intersil 
IM7141-3M t Intersil 
IM7141L-3 Intersil 
M5T4044-30 Mitsubishi 
MK4104-35 Mostek 
MK4104-5 Mostek 
MKB4104-B5 t Mostek 
MCM6641-30 Motorola 
MCM66L41-
30 
MM5257-3 
MM5257-3L 
/LPD4104 

9140CC 
9140CM 
91L40CC 
91L40CM 

S6504 
MB8404E 

Motorola 
National 
National 
NEC-Micro 

AMD 
tAMD 

AMD 
tAMD 

AMI 
Fujitsu 

(3873) 

HM6504-5 Harris 
(669.1333,3762) 

HM6505-5 Harris 
NMC6504-5 National 
SCM6504-5 SSS 

MK4104-S Mostek 
MKB4104-86 t Mostek 

9140BC AMD 
9140BM t AMD 
91L40BC AMD 
91L40BM t AMD 

HM4315 Hllachl 
4044-45 AMD 
4244-45 AMD 
IM7141 Intersil 
IM7141L Intersil 
IM7141M t Intersil 
MCMS641-45 Motorola 
MCMS6L41-
45 Motorola 
MM5257 National 
MM5257L National 
TMS4044-45 TI 
TMS40L44-
45 TI 

9140AC AMD 
9140AM t AMD 
91L40AC AMD 
91L40AM t AMD 

TC5504-1 Toshiba 

TC5504-2 Toshiba 

IMS1421 Inmos 
IOT6168L45 t lOT 
IOT6168L45 lOT 
IOT6168S45 t lOT 
IOT6168S45 lOT 

(37B9) 

(3790) 
(3804) 
(3804) 
(3804) 
(3804) 

I0T71681L45 t lOT (3805) 
(Continued) 

60 

70 

80 

90 

100 

110 

© IC MASTER 1983 



MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi· Time No. Supply Organi· Time No. Supply 
zation (Max) Type Output Pins Voltage. Device Source Line zation (Max) Type Output Pins Voltage, Device Source Line 

Static (Cont'd) 16384x1 25 nsF ECL OE 20 -4.5 M8Ml00480 Fujitsu (3680) 
(3680) 

4096x4 45 nsF CMOS TS 24 

NMOS TS 20 

55 nsF CMOS TS 20 

24 

70 nsF CMOS TS 20 

24 

NMOS TS 20 

24 

85 nsF CMOS TS 20 

24 

100 nsF CMOS TS 20 

24 

4096x8 200 nsF NMOS 28 

8192x8 100 nsF CMOS TS 28 

120 nsF CMOS TS 28 

150 nsF CMOS TS 28 

NMOS TS 28 

200 nsF NMOS TS 28 

250 nsF NMOS TS 28 

260 nsF* 
CMOS TS 40 

300 nsF NMOS TS 28 

350 nsF CMOS TS 40 

450 nsF CMOS TS 40 

t Military Temperature Range (-55° to 125°C) 
OC-Open Collector 

~ IC MASTER 1983 

1OT71681 L45 lOT 
10T71681845 t lOT 
1OT71681845 lOT 

IM81420 lomos 

IOT6168L55 t lOT 
IOT6168L55 lOT 
IOT6168855 t lOT 
IOT6168855 lOT 

1OT71681L55 t lOT 
1OT71681L55 lOT 
1OT71681855 t lOT 
10T716~1855 lOT 

IOT6168L70 t lOT 
IOT6168L70 lOT 
IOT6168870 tlOT 
IOT6168870 lOT 

1OT71681L70 lOT 
1OT71681 L70 lOT 
10T71681870 t lOT 
1OT71681870 lOT 

MB8168·70 Fujitsu 
IM81420L lomos 
8Y2169 Syoerlek 

SY2168 Syoerlek 
SYM2168 tSyoerlak 
SYM2169 t Syoarlak 

IOT6168L85 t lOT 
IOT6168L85 lOT 
IOT6168S85 t lOT 
IOT6168S85 lOT 

1OT71681L85 t lOT 
10T71681L85 lOT 
1OT71681S85 t lOT 
1OT71681S85 lOT 

IOT6168LlOO t lOT 
IOT6168L100 lOT 
IOT6168S100 lOT 

1OT71681L100 t lOT 
1DT71681L100 lOT 
IOT716818100 t lOT 
1OT716818100 lOT 

8148 Intel 

HM6264·10 Hitachi 
TC5564 Toshiba 
TC5564L TOShiba 
TC5565 Toshiba 
TC5565L TOShiba 

HM6264·12 Hitachi 

HM6264·15 Hitachi 
TC5564·1 Toshiba 
TC5564L·1 Toshiba 
TC5565·1 Toshiba 

NMC4864 National 

218617 lolal 

2186-25 lolel 

HS6564RH t HarriS 

2186-30 lolal 

HM5-6564·2 t Harris 
HM5·6564-8 Harris 
HM5·6564·9 Harris 

HM5-6564·5 Harris 

ns*-Nanoseconds Typical 

- 5.2 MBM 1 0480 Fujitsu 
(Conl'd) 

(3805) 
(3805) 
(3805) 

35 nsF ECl OE 20 -4.5 Fl00480 Fairchild (3630) 
-5.2 F10480 Fairchild 

40 nsF NMOS TS 20 IMS1400 lomos (3790) 

(3790) 

(3804) 
(3804) 
(3804) 
(3804) 

(3805) 
(3805) 10 
(3805) 
(3805) 

(3804) 
(3804) 
(3804) 
(3804) 

(3805) 
(3805) 
(3805) 
(3805) 20 

(3675) 
(3790) 
(3946) 

(3946) 
(429) 
(429) 

(3804) 
(3804) 
(3804) 
(3804) 30 

(3805) 
(3805) 
(3805) 
(3805) 

(3804) 
(3804) 
(3804) 

(3805) 
(3805) 
(3805) 40 
(3805) 

50 

(3810) 

(3810) 

(3810) 

(3779) 
(3779) 
(3779) 60 

(3779) 

45 nsF CMOS 

NMOS 

55 nsF CMOS 

NMOS 

70 nsF CMOS 

NMOS 

85 nsF CMOS 

100 nsF CMOS 

NMOS 

16384x4 350 nsF CMOS 

450 nsF CMOS 

TS 

TS 

TS 

TS 

TS 

TS 

TS 

TS 

TS 

TS 

TS 

20 

20 

20 
24 

20 

20 

20 

24 

20 

20 

24 

20 

40 

40 

65536x1 150 nsF NMOS TS 16 
200 nsF NMOS TS 16 

nsF-Nanoseconds over Full Temperature Range 
TS-Three·State 

IOT6167L45 lOT 
IOT6167S45 lOT 

MB8167A-45 Fujllsu 
IIT2167·45 lIT 

IOT6167L55 lOT 
IOT6167S55 t lOT 
IOT6167855 lOT 

MB8167A·55 Fujitsu 
2167·55 Intel 
IIT2167·55 lIT 
jLPD2167 NEC·Micro 

HM6167 Hitachi 
IOT6167L70 lOT 
IOT6167S70 lOT 

MB8167A-70 Fujitsu 
IMS1400L lomos 
2167·70 Intel 
2167l·70 
1IT2167·70 
MKB4167· 
870 
SY2167 

SYM2167 

HM6167-6 

Intel 
lIT 

t Mostek 
SYDerlek 

t Syoerlek 

Hitachi 
HM6167L-6 Hitachi-
IOT6167L85 t lOT 
IOT6167L85 lOT 
IOT6167S85 t lOT 
IOT6167S85 lOT 
MKB4167· 
885 t Mostek 

HM6167-8 Hitachi 
HM6167L-8 Hitachi 
IOT6167S100 lOT 

IOT6167LlOO tlOT 
IDT6167LlOO lOT 

2167·10 Intel 
M2167·10 t Intel 
MKB4167·80 t Mostek 

HM5·6564·2 t HarriS 
HM5·6564·8 HarriS 
HM5·6564·9 HarriS 

HM5·6564·5 Harris 

1TT4164·15 lIT 
IIT4164·20 lIT 

(3799) 
(3799) 

(3675) 

(3799) 
(3799) 
(3799) 

(3675) 

70 

(3789) 
(3799) 
(3799) 80 

(3675) 
(3790) 

(3945) 

(428) 

(3789) 
(3789) 90 
(3799) 
(3799) 
(3799) 
(3799) 

(3789) 
(3789) 
(3799) 

(3799) 
(3799) 100 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-ROMs 

Access Supply Access Supply 
Organl- Time No. Voltage, Organl- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source. Line zation (Max) Type Output Pins V Device Source Line 

Static 1024x8 275 nsF' TTL TS 24 5 (Cont'd) 
AM27S83M t AMD 

32x8 45 nsR TTL OC 16 5 8N7488A TI (863) AM29883M tAMD 
256x4 1.8/lsR CMOS - 16 3-15 MCM14524A t Molorola (3840) 300 nsF NMOS TS 24 5,12 9208CC AMD 

MCM14524C Molorola (3840) 
350 ns * CMOS TS 24 10 HCMP1833 Hughes 

60 nsF TTL OC 16 5 8N74187 TI (900) HCMP1834 Hughes 
256x8 70 nsF TTL OC 20 5 8N748271 TI (919) HMMP1833 t Hughes 

TS 20 5 8N748371 TI (937) HMMP1834 t Hughes 

512x4 70 nsF TTL OC 16 5 8N748270 TI (919) COP1833 tHCA (3876) 

~ TS 16 5 8N748370 TI (936) COP1834 tHCA (3877) 70 

512x8 70 nsF NMOS TS 24 5 82HM141C Intersil 350 nsF NMOS TS 24 5 MCM68A30A Motorola 

90 nsF NMOS TS 24 5 82HM141M t Intersil 10 /lPD8308A-5 NEC-EA 

500 nsF CMOS TS 24 10 HCMP1831 Hughes ±5,12 MCM68A308 Molorola (3840) 

HCMP1832 Hughes MCM68A308P7 Motorola 

HMMP1831 t Hughes 400 nsF NMOS TS 24 5,12 9208BC AMD 
HMMP1832 t Hughes 9208BM t AMD 
COP1831 tHCA (3876) 450 nsF NMOS TS 24 5 /lPD8308A NEC-EA 
CDP1832 t RCA ±5,12 8308 AMD 

NMOS TS 24 5 9214C AMD /lPD2308A NEC-EA 
9214M t AMD 500 nsF NMOS TS 24 5 HN46830 Hitachi 80 

700 nsF PMOS TS 24 5 3514 AMD 550 nsF NMOS TS 24 5 /lPD8308AL NEC-EA 
-12,5 3514 Fairchild 20 

850 ns * NMOS TS 24 5 HCMP1833C Hughes 
1000 nsF HCMP1834C Hughes 

CMOS TS 24 5 HCMP1831C Hughes HMMP1833C t Hughes 
HCMP1832C Hughes HMMP1834C t Hughes 
HMMP1831C t Hughes COP1833C tHCA (3876) 
HMMP1832C t Hughes COP1834C tHCA (3877) 
COP1831C tHCA (3876) 

1024x9 100 nsF TTL OC 24 5 6260-1 MMI 
CDP1832C t RCA TS 24 5 6261-1 MMI 

512x10 500 nsF NMOS TS 24 5 R03-5120 GI 150 nsF TTL OC 24 5 5260-1 tMMI 90 
1024x4 60 nsF HMOS TS 24 5 82HM137C Intersil TS 24 5 5261-1 t MMI 

80 nsF HMOS TS 24 5 82HM137M t Intersil 1024x10 100 nsF TTL OC 24 5 6255-1 MMI 
1024xa 45 nsF TTL TS 22 5 MB7130E Fujitsu 30 TS 24 5 6256-1 MMI 

MB7130H Fujitsu 150 nsF TTL OC 24 5 5255-1 tMMI 
55 nsF TTL OC 24 5 6280-2 MMI TS 24 5 5256-1 tMMI 

TS 24 5 6281-2 MMI 1024x12 200 nsR CMOS TS 18 10 IM6312AI Intersil 

Q) 70 nsF HMOS TS 24 5 82HM181C Intersil 220 nsR CMOS TS 18 5 IM6312AM t Intersil 
"'0 NMOS TS 24 5 8Y3308 8ynarlek (3954) 350 nsF CMOS TS 18 5 HM6322-9 Harris 
::J 75 nsF TTL OC 24 5 5280-2 t MMI 400 nsF CMOS TS 18 5 HM6322-2 t Harris 

<.9 TS 24 5 5281-2 tMMI 
500 nsF CMOS TS 18 5 HM6322C-9 Harris 100 

C 90 nsF HMOS TS 24 5 82HM181M t Intersil 
510 nsF CMOS TS 18 5 IM6312-11 Intersil 0 TTL OC 24 5 DM75S29 t National 

+-I TS 24 5 DM75S28 t National 40 560 nsF CMOS TS 18 5 IM6312-1M t Intersil 
() 

100 nsF TTL OC 24 5 6280-1 MMI 640 nsF CMOS TS 18 5 IM63121 Intersil Q) 
6282-1 MMI IM6312M t Intersil 

Q) 
(/) TS 24 5 6281-1 MMI 2048x4 60 nsF NMOS TS 24 5 72HM185C Intersil 

~ 6283-1 MMI 82HM185M t Intersil 
Q) 175 nsF TTL OC 24 5 AM27S80C AMD 2048x8 - NMOS - 16 5 SPR-16 GI 

+-I 
CJ) AM29882C AMD 45 nsF TTL TS 22 5 MB7136H Fujitsu 
ctS 5280-1 tMMI 55 nsF TTL TS 22 5 MB7136E Fujitsu 
~ 5282-1 t MMI 24 5 MB7138E-W Fujitsu (3679) 110 

TS 24 5 AM27S81C AMD 80 nsF NMOS TS 24 5 82HM191C Intersil 
AM27S83C AMD 50 8Y2316A 8ynarlek (3949) 
AM29883C AMD 8Y3316 8ynerlak (3954) 
5281-1 tMMI 100 nsF NMOS TS 24 5 82HM191M t Intersil 
5283-1 t MMI 8YM3316 t8ynerlak (432) 

250 nsF NMOS TS 24 5 F68B308 Fairchild 8YM3316A t 8ynerlak (432) 
r· MCM68B308 Molorola (3840) 110 nsF TTL OC 24 5 6275-1 MMI 
[4 MCM68B30A Motorola TS 24 5 6276-1 MMI 

5,12 9208D AMD 120 nsF TTL OC 24 5 5275-1 tMMI 
275 nsF TTL OC 24 5 AM27S80M t AMD TS 24 5 5276-1 tMMI 120 

AM27S82M t AMD 150 ns * I'L OCmL 
AM29882M tAMD 60 24 5 SBP9818C TI 

TS 24 5 AM27S81M tAMD SBP9818M tTl 
(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold face Indlcales addlllonal dala Is provided on Iha paga noled. 
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MASTER SELECTION GUIDE 

MEMORY-ROMs (Cont'd) 

Access Supply Access 
Organi- Time No. Voltage. Organi- Time No. 
zation (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins 

Static (Cont'd) 2048x8 
850 nsF NMOS TS 24 

2048x8 (Cont'd) 
1000 nsF 

150 nsF CMOS TS 24 10 CDP1835 tHCA (3876) CMOS TS 24 
200 nsF NMOS TS 24 5 SY23168·2 Synarlak (3949) 

250 nsF NMOS TS 24 5 2616A·25 Signetics 2048xl0 500 nsF NMOS TS 40 

300 nsF CMOS TS 24 5 G5316 GTE Micro 4096x4 45 nsF TTL TS 20 
CDP1835C tHCA (3876) 55 nsF TTL TS 20 

HMOS TS 24 5 IM7332C Intersil 4096x8 - NMOS TS 16 

NMOS TS 24 5 2316-3 GTE Micro 65 nsF TTL TS 24 

2616-30 Signetics 200 nsF NMOS TS 24 
SY2316B·3 Synarlak (3949) 

350 ns * CMOS TS 24 5 IM63161 Intersil 10 
IM6316M t Intersil 

I'L OC/TTL 
24 5 SBP8316C TI TTL TS 24 

SBP8316M tTl 250 nsF NMOS TS 24 

350 nsF NMOS TS 24 5 9218C AMD 
AM8316EC AMD TTL TS 24 
MPS23316A CSG 300 nsF CMOS TS 24 
F3516-35 Fairchild 
F68316 Fairchild (1281) NMOS TS 24 
R03-9316C GI 
MK34000-3 Mostek 20 
MCM68A316A Molorola (3840) 
MCM68A316E Molorola (3840) 
MCM68A316EP91 

Motorola 
/LPD2316E-5 NEC-EA 
/LPD8316E-5 NEC-EA 
2616-35 Signetics 

430 nsF CMOS - 18 5 MCM65516-
43 Molorola (3840) 

450 nsF CMOS TS 24 5 CM1600cl Supertex 
NMOS TS 24 5 9217BC AMD TTL TS 24 

9217BM tAMD 30 
9218BC AMD 

350 nsF NMOS TS 24 

9218BM t AMD 
AM8316EB AMD 
S6831B AMI 
S68A316 AMI (3611) 
S68B316 AMI 
MPS2316 CSG 
F3516-45 Fairchild 
R03-9316B GI 
2316-4 GTE Micro 40 
MK34000-84 t Moslek 
MM52116 National 
/LPD2316E NEC-EA 
/LPD8316E NEC-EA 
MSM2916 OKI (3873) 
R2316B Rockwell 
R2316E Rockwell 
M2316 SGS 
2616-45 Signetics 450 nsF CMOS TS 24 

SY2316B SYDarlak (3949) 50 
TMM331A Toshiba 
TMM334 Toshiba 
TSU2316E Toshiba NMOS TS 24 

550 nsF CMOS - 18 5 MCM65516· 
55 Molorola (3840) 

TS 24 5 CM1600 Supertex 

NMOS TS 24 5 9217AC AMD 
9217AM tAMD 

600 nsF CMOS TS 24 5 SCM23C16 SSS 
SCM23C17 SSS 

800 nsF CMOS TS 24 5 CM1600-2 Supertex 60 
MM1600 t Superlex 

(Continued) 

t Mililary Temperature Range (- 55° 10 125°C) 
OC-Open Colleclor 

ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

~ IC MASTER 1983 

Supply 
Voltage. 
V 

5 

5 

5 

5 
5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Device Source line 

(Cont'd) 
R03-9316A GI 

883/23C16 t SSS 
883/23C17 t SSS 

R03·9502 GI 

MB7134H Fujitsu (3679) 
MB7134E Fujitsu (3679) 

SPR-32 GI 
MB7142E-W t Fujitsu (3679) 

R03-9332D GI 70 
2064-20 Signetics 
2632A·20 Signalics (3905) 
SY2332·2 SYDarlak (3950) 
SY2333·2 SYDarlak (3950) 

2332·20 SlgDalics (3897) 

2632A·25 SlgDalics (3905) 
UM2333-25 Universal 

2332·25 SlgDalics (3897) 

SCM23C32 SSS 
SCM23C33 SSS 80 

9232C AMD 
9233C AMD 
MP52332A CSG 
F3532-30 Fairchild (1282) 
F3533·30 Fairchild (1282) 
IM7332 Intersil 
R2332-3 Rockwell 
2632A-30 SlgDalics (3905) 
2632AE·30 t SlgDalics (3905) 
SY2332·3 SYDarlak (3950) 90 
SY2333-3 SYDarlak (3950) 
VT2332A VTI 
VT2333A VTI 

2332·30 SlgDalics (3897) 

S2333 AMI (3608) 
S68A332 AMI 
MPS2332A CSG 
F3532-35 Fairchild (1282) 
F3533·35 Fairchild (1282) 
F68A332 Fairchild 100 
R03-9333C GI 
2332-3 GTE Micro 
MCM68A332 Molorola (3840) 
MCM68A332P2 Molorola (3840) 
/LPD2332A-l NEC-EA 
/LPD2332B-l NEC-EA 
/LPD8332A-l NEC-EA 
/LPD8332B-l NEC-EA 
/LPD2332-1 NEC-Micro 
2632A·35 SlgDalics (3905) 110 
2632AM·35 tSlgDalics (3905) 
TMM2332 Toshiba 

TC5332 Toshiba 
TC5333 Toshiba 
TC5334 Toshiba 
TC5335 Toshiba 

9232BC AMD 
9232BM t AMD 
9233BC AMD 
9233BM t AMD 120 
S68332 AMI (3612) 
MPS2332 CSG 
MPS2333 CSG 
F3532·45 Fairchild (1282) 
F3533·45 Fairchild (1282) 
R03-9332B GI 
R03-9333B GI 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-ROMs (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 

4096x8 450 nsF NMOS TS 24 

TIL TS 24 

500 nsF NMOS TS 24 

800 nsF CMOS TS 24 

850 nsF NMOS TS 24 

1200 nsF 
CMOS TS 24 

1500 nsF 
CMOS TS 24 

4096x10 300 nsF NMOS TS 24 

8192x8 200 nsF TS 28 
NMOS TS 24 

C 28 
o 
+-' 
() 
(J) 

(J) 
en TIL TS 28 

~ 250 nsF NMOS TS 24 
(J) 
+-' 
CJ) 

CU 
~ 

t Military Temperature Range (- 55° to 125°C) 

3486 

2332·4 
MM52132 
EA8332A 
EA8332B 
!,PD2332 
MN2332 
R2332 
2632A-45 
2632AM-45 
ROM4732 
SY2332 
SY2333 
SYM2332 
SYM2333 
TMS4732 
TMM333 
TSU333·2 
VT2332 
VT2333 

(Cont'd) 

(Cont'd) 
GTE Micro 
National 
NEC·EA 
NEC·EA 
NEC·Micro 
Panasonic 
Rockwell 
Slgnltlcs (3905) 

t Signatlcs (3905) 
SMC 
Synlrtak (3950) 
Synlrtak (3950) 

t Synlrtak (430) 
t Synertek 

TI 
Toshiba 
Toshiba 
VTI 
VTI 

10 

2332-45 

F68332 

Signatlcs (3897) 20 

Falrcblld (1282) 

CM3200-2 Supertex 
MM3200 t Supertex 

R03-9332A GI 

888/23C32 t SSS 
888/23C34 t SSS 

CM3200·3 Supertex 

R03·9505 GI 

SY23128 
MCM68364 
!'PD2364·20 
!'PD8364·20 
R2364A2 
2664A-20 
SY2364·2 
SY2364A-2 
SY2365-2 
SY2365A-2 

Synlrtak 
Motorola 
NEC-EA 
NEC-EA 
Rockwell 
Signatlcs 
Synertek 
Synertek 
Synlrtak 
Synartak 

(3952) 
(3840) 30 

!,PD2364E 
!,PD8364E 
R2364B2 
VT2365B 

NEC·EA 
NEC-EA 
Rockwell 
VTI 

(3907) 

(3951) 
(3951) 

VT2366B VTI 

2364-20 

AM9264D 
S2364 
S68B364 
F3564-25 
MK36000-4 
MKB36000-
83 
MKB37000-

Signatlcs 

AMD 
AMI 
AMI 
Fairchild 
Mostek 

t Mostek 

(3899) 

(3609) 

(1282) 

84 t Mostek 
MCM68364-
25 
MCM68365-
25 
MCM68366-
25 

Motorola 

Motorola 

Motorola 

(3840) 

(3840) 

(3840) 
MCM68B364 Motorola 
R2364A25 
M36000 
2664-25 
2664A-25 

Rockwell 
SGS 
Signatlcs (3907) 
Signatlcs (3907) 

(Continued) 

40 

50 

8192x8 250 nsF NMOS TS 24 

300 ns' NMOS 

300 nsF CMOS 

NMOS 

TS 

TS 

TS 

26 

28 

24 

28 

24 

28 

24 

28 

350 nsF NMOS TS 24 

28 

450 nsF CMOS TS 24 
28 

NMOS TS 24 

28 

• Typical Value 
Bold faca Indlcatas additional data Is provldld on tha paga notad, 

ROM36000 SMC 
SY2364A 

MK37000-4 
MK37000-5 

AM9265D 
F3565-25 
R2364B25 
2364-25 

R03-9365C 
TMM2364 

Synertek 

Mostek 
Mostek 

AMD 
Fairchild 
Rockwell 
Signatlcs 

GI 
Toshiba 

(Cont'd) 
60 

(1282) 

(3899) 

2364-30 

SCM23C64 
SCM23C65 

Signatlcs 

SSS 

(3899) 70 

G5364-3 
G5365-3 

AM9264C 

SSS 

GTE Micro 
GTE Micro 

AMD 
S4264 AMI 
MPS2364B CSG 
R03-9364C GI 
2364-3 GTE Micro 
MK36000·5 Mostek 80 
MKB36000-
84 t Mostek 
MKB37000-
85 t Mostek 
MCM68364-
30 . Motorola (3840) 
R2364A3 Rockwell 
2664A-30 Slgn8t1cs 
2664AE-30 t Signetlcs 
SY2364-3 Synertek 
SY2364A-3 Synertek 
SY2365-3 Synartak 
SY2365A-3 Synartak 

AM9265C AMD 
R2364B3 
VT2365A 
VT2366A 

Rockwell 
VTI 
VTI 

(3907) 
(3907) 

(3951) 
(3951) 90 

AMI (3613) 
CSG 
Fairchild (1282) 
Fairchild (1282) 
GTE Micro 

S68A364 
MPS2364A 
F3564-35 
F3565-35 
2364-4 
IM7364C 
MCM68365-
35 
MCM68366-
35 

Intersil 100 

Motorola (3840) 

Motorola (3840) 
MCM68A364 Motorola 
MCM68A364P3 Motorola 
!,PD8364-35 NEC-EA 

!,PD2364-35 NEC-EA 
2364-35 Signetics 
2664AM-35 t Signatlcs (3907) 

MP2364C 
G5364-4 
G5365-4 

AM9264B 
MPS2364 
MM52164 
2664A-45 
2664AM-45 
SY2364 
SYM2364 
SYM2364A 
TMS4764 

Micro Pwr 
GTE Micro 
GTE Micro 

AMD -
CSG 
National 
Signatlcs 

tSlgnatlcs 
Synertek 

tSynartak 
tSynlrtak 

TI 

AM9265B AMD 

(3907) 
(3907) 

(431) 
(431) 

(Continued) 

110 

120 

© IC MASTER 1983 



MASTER SELECTION GUIDE 

MEMORY-ROMs (Cont'd) 

Access Supply 
Organi- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source line 

Static (Cont'd) 

8192x8 450 nsF NMOS TS 28 (Cont'd) 
R03-9364B GI 
R03-9365B GI 
ItPD2364-45 NEC-EA 
ItPD8364-45 NEC-EA 
2364-45 SlgDalics (3899) 
SY2365 Synartak (3951) 
SY2365A Synartak (3951) 
SYM2365 t Synartak (431) 
SYM2365A t Synartak (431) 
VT2365 VTI 10 
VT2366 VTI 

1500 nsF 
CMOS TS 28 CM6400-2 Supertex 

MM6400 t Supertex 

2000 nsF 
CMOS TS 28 CM6400-3 Supertex 

16384x8 NMOS TS 28 SPR-128 GI 
6 itS NMOS TS 24 S3630B AMI (3150) 

10 itS NMOS TS 24 S3630B-l AMI (3150) 

200 nsF NMOS TS 5 VT23128A VTI 
VT23129A VTI 

250 nsF CMOS TS 28 SCM23C128 SSS 20 
NMOS TS 5 VT23129 VTI 

28 AM92128D AMD 
S23128 AMI (3610) 
ItPD23128 NEC-EA 
23128-25 SlgDalics (3901) 
VT23128 VTI 

300 nsF NMOS TS 28 AM92128C AMD 
23128-30 SlgDalics (3901) 
SYM23128-3 t Synertek 
SYM23128A-
3 t Synertek 30 

350 nsF NMOS TS 28 S3630A AMI (3150) 
S3630A-l AMI (3150) 

450 nsF NMOS TS VT23128B VTI 
VT23129B VTI Q) 

28 AM92128B AMD "'C 
32128-45 Signetics ::l 
SYM23128 t Synertek (9 
SYM23128A t Synertek C 

1500 nsF 0 
CMOS TS 28 CM1310 Supertex ...... 

U 
5000 nsF Q) 

CMOS TS 28 ItPD23C128 NEC-EA 40 Q) 
52 ItPD73128 NEC-EA (J) 

32768x8 150 nsF CMOS TS 28 TMM23256 Toshiba "'-
200 nsF NMOS TS 28 23256A Signalics (3903) Q) ..... 

SY23256 SYDartak (3953) en 
250 nsF CMOS TS 28 SCM23C256 SSS CO 

NMOS TS VT23256 VTI ~ 
VT23257 VTI 

28 MK38000-25 Mostek 
MKB38000-
84 t Mostek 
MCM65256 Motorola (3840) 50 
ItPD23256 NEC-EA 
ItPD83256 NEC-EA 

300 nsF NMOS TS 28 MKB38000-
85 t Mostek 

450 nsF CMOS TS 28 MP2325-45 Micro Pwr 

850 nsF CMOS TS 28 MP2325-85 Micro Pwr 

1500 nsF 
CMOS TS 28 CM2560 Supertex 

t Militaryl"emperature Range (-55° to 125°C) ns· - Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 
OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-Shift Registers 

Bits No. 
Per 
Register 

of Oper-
Reg. alion 

Dynamic 

100 SS 

256 SS 

455 SS 

512 SS 

2 SS 

1024 SS 

SS 

2048 SS 

4096 4 PP 

65536 SS 

Static 

1-134 4 SS 

4 PP 

Frequency Supply 
(Hz - Voltage, 

Process Spec) V Device 

PMOS 2.0 M 

PMOS 5.0 M 

10.0 M 

CCD 20.0M 

PMOS 2.0 M 
3.0 M 

4.0M 

PMOS 5.0 M 

10.0M 

PMOS 3.0 M 

4.0M 

5.0 M 

1O.0M 

NMOS 1.0 M 
2.0 M 

PMOS 2.0 M 

5.0 M 

6.0 M 

PMOS 2.0 M 
4.0 M 

6.0 M 

CCD 5.0 M 

CCD 25 M 

NMOS 1 M 

Bipolar 3 M 

6M 

15M 

20 M 

±5 

±5 

±5 

17 

1406 
1407 
1506 
1507 

1402AC 
1402AM 

AM2802C 
AM2802M 

CCD321 

±5 1405A 
±5 AM2805M 

AM2807M 

±5 AM2805C 
AM2807C 

±5 1403AC 
1403AM 

±5 AM2803C 
AM2803M 

±5 AM2806M 
AM2808M 

±5 AM2806C 
AM2808C 

±5 1404AC 
1404AM 

±5 AM2804C 
AM2804M 

AM2401 
9401C 
9401M 

-12,5 MM4025 
MM4026 

-10.5,5 AM2825M 
AM2826M 

-10.5,5 AM2825C 
AM2826C 

-12,5 MM4027 
-10.5,5 AM2827M 

-10.5,5 AM2827C 

± 5,12 CCD460 

±5,12 F464 

SR5015 

SN74L95 
SN74L99 

12 375A1C 

15 375B/M 

DM54L95 
DM74L95 

93LOOC 
93LOOM 
MC8300 
MC9300 
N8271 
S8270 
S8271 

MC7270 
MC7271 
MC8270 
MC8271 
RC8270 
RC8271 

t Military Temperature Range (-55° to 125°C) 

Bits 
Per 

Source Line Register 

t AMD 
t AMD 

AMD 
AMD 

AMD 
t AMD 

AMD 
t AMD 

Fairchild 

AMD 10 
t AMD 
t AMD 

AMD 
AMD 

AMD 
t AMD 

AMD 
t AMD 

t AMD 
t AMD 20 

AMD 
AMD 

AMD 
t AMD 

AMD 
tAMD 

AMD 
AMD 

tAMD 

t AMD 30 
t AMD 

tAMD 
t AMD 

AMD 
AMD 

t AMD 
tAMD 

AMD 

Fairchild 

Fairchild 40 

SMC 

TI 
TI 

Teledyne S 

Teledyne S 

t National 
National 

Fairchild 
t Fairchild 

Motorola 50 
t Motorola 

Signetics 
t Signetics 
t Signetics 

Motorola 
Motorola 
Motorola 
Motorola 
Raytheon 
Raytheon 60 

(Continued) 

• Typical Value 

No. 
01 Oper' 
Reg. ation 

PP 

Process 

Frequency 
(Hz
Spec) 

Bipolar 20 M 

25 M 

Supply 
Voltage, 
V Device Source Line 

(Cont'd) 
RM8270 t Raytheon 
RM8271 t Raytheon 

SN74LS194A AMD 
54178 t Fairchild 
54179 t Fairchild 
54194 t Fairchild 
5495 t Fairchild 
74178 Fairchild 
74179 Fairchild 
74194 Fairchild 70 
7495 Fairchild 
ZN5495A t Ferranti 
ZN7495A Ferranti 
HD74194 Hitachi 
HD74LS194A Hitachi 
MC54194 t Motorola 
MC74194 Motorola 
DM54194 t National 
DM5495 t National 
DM74194 National 80 
DM7495 National 
54194 t Signetics 
5495A t Signetics 
74194 Signetics 
7495A Signetics 
74LS95B Signetics 
SN54178 tTl (896) 
SN54179 tTl (897) 
SN54194 TI (902) 
SN5495A tTl (866) 90 
SN54L95 TI (866) 
SN54L99 tTl (867) 
SN54LS194A tTl (902) 
SN54LS958 tTl (866) 
SN74178 TI (896) 
SN74179 TI (897) 
SN74194 TI (902) 
SN7495A TI (866) 
SN74LS194A TI (902) 

__________ ~SN~7~4L~S~95~B--~TI------~(8~66) 100 

30 M SN54LS195A t AMD 
54195 t Fairchild 
54LS194A Fairchild 
54LS195A t Fairchild 
54LS295A t Fairchild 
54LS395 t Fairchild 
54LS95B t Fairchild 
74195 Fairchild 
74LS194A 
74LS195A 
74LS295A 
74LS395 

Fairchild 
Fairchild 
Fairchild 
Fairchild 

74LS95B Fairchild 
9300C Fairchild 
9300M t Fairchild 
9LS194C Fairchild 
9LS194M t Fairchild 
9LS195C Fairchild 
9LS195M t Fairchild 

110 

9LS295C Fairchild 120 
9LS295M t Fairchild 
9LS395C Fairchild 
9LS395M t Fairchild 
9LS95C Fairchild 
9LS95M t Fairchild 
HD74195 Hitachi 
HD74LS195A Hitachi 
MC54195 t Motorola 
MC74195 Motorola 
SN54LS194A t Motorola 130 

(Continued) 

Bold faca Indica las addlllonal dala Is provided on Iha paga noled. 
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MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency 
Per of Oper- (Hz-
Register Reg. ation Process Spec) 

Static 

4 1 PP Bipolar 30 M 

31 M 

35 M 

70M 

140M 

150M 

250 M 

CMOS 2M 

3M 

t Military Temperature Range (- 55° to 125°C) 
• Typical Values 

© IC MASTER 1983 

Supply 
Voltage, 
V 

5 

5 

5 

5 

-5.2 

-5.2 

-5.2 

3-15 

3-15 

Bits No. 
Per of 

Device Source line Register Reg. 

(Cont'd) 4 1 

(Cont'd) 
SN54LS195A t Motorola 
SN54LS295A t Motorola 
SN54LS395 t Motorola 
SN54LS95B t Motorola 
SN74LS194A Motorola 
SN74LS195A Motorola 
SN74LS295A Motorola 
SN74LS395 Motorola 
SN74LS95B Motorola 
DM54195 t National 10 
DM74195 National 
DM8300 National 
DM9300 t National 
T54LS395 tSGS 
T74LS395 SGS 
54LS195A t Signetics 
74195 Signetics 
74LS195A Signetics 
SN54195 tTl (903) 
SN54LS195A tTl (903) 20 
SN54LS2958 tTl (925) 
SN54LS395A tTl (943) 
SN74195 TI (903) 2 

SN74LS195A TI (903) 
SN74LS2958 TI (925) 
SN74LS395A TI (943) 

MC5495A t Motorola 
MC7495A Motorola 

AM25LS194AC AMD 
AM25LS194AMt AMD 30 
MC4012 Motorola 
MC4312 . t Motorola 

SN54S194 t AMD 
SN54S195 t AMD 
SN74S194 AMD 5 1 
SN74S195 AMD 
54S194 t Fairchild 
74S194 Fairchild 
93S00C Fairchild 
93S00M t Fairchild 40 
74S194 Signetics 
74S195 Signetics 
SN54S194 tTl (902) 
SN54S195 ·tTI (903) 
SN74S194 TI (902) 
SN74S195 TI (903) 

95HOOC Fairchild 

Fl0000C Fairchild 
F95000 Fairchild 
MC10141 Motorola 50 
MC10541 t Motorola 
10141 Signetics 4 
Fl0141 Fairchild 

F40194BM' t Fairchild 
F40195BM t Fairchild 
F4035BM t Fairchild 
HD14035B Hitachi 
MC14035BC Motorola 
CD4035BC National 
MM54C195 t National 60 
C040358E RCA (748) 
883/4035B t SSS 
884/4035B t SSS 
SCL4035B SSS 8 1 
CM4035AE Solitron 

F40194BC Fairchild 
(Continued) 

SS = Serial In, Serial Out 

Oper-
ation 

pp 

PS 

SP 

SS 

SP 

PP 

SS 

PP 

MASTER SELECTION GUIDE 

Frequency Supply 
(Hz- Voltage, 

Process Spec) V Device Source Line 

CMOS 3M 3-15 (Cont'd) 
F40195BC Fairchild 
F4035BC Fairchild 
MC14035BA t Motorola 
CD4035BM t National 70 
MM74C195 National 
C040358 tRCA (748) 
CM4035A t Solitron 

4.5M 3-15 MC14194BA t Motorola 

6.5 M 3-15 MM54C95 t National 
MM74C95 National 

Bipolar 10M 5 5494 t Fairchild 
7494 Fairchild 
ZN5494 t Ferranti 
ZN7494 Ferranti 80 
MC5494 t Motorola 
MC7494 Motorola 
5494 Signetics 
7494 Signetics 
SN5494 tTl (865) 
SN7494 TI (865) 

325 M -5.2 MC1694 t Motorola 

0.5 M 15 MC686 Motorola 

CMOS 1M 5 CM4015AE Solitron 
1.5M 5 CM4015A t Solitron 90 

2.5M 3-15 F4015BC Fairchild 
HD14015B Hitachi 
MC14015BC Motorola 
CD4015A National 
C040158E RCA (748) 

3M 3-15 F4015BM t Fairchild 
C040158 tRCA (748) 
883/4015B t SSS 
SCL4015B SSS 

3-18 MC14015BA t Motorola 100 

Bipolar 10M 5 5496 t Fairchild 
7496 Fairchild 
ZN5496 t Ferranti 
ZN7496 Ferranti 
HD7496 Hitachi 
MC5496 t Motorola 
MC7496 Motorola 
DM5496 t National 
DM7496 National 
5496 t Signetics 110 
54LS96 Signetics 
7496 Signetics 
74LS96 Signetics 
SN5496 tTl (866) 
SN7496 TI (866) 

25 5 SN54LS96 tTl (866) 
SN74LS96 TI (866) 

CMOS 1.5 M 5 CM4006AD t Solitron 
'2 M 3-15 F4006BC Fairchild 

CD40068E RCA (748) 120 
CM4006A t Solitron 
CM4006AE Solitron 

2.5 M 3-15 F4006M t Fairchild 
CD4006A National 

3M 3-15 883/4006B t SSS 
SCL4006B SSS 

4M 5-15 MC14006BC Motorola 

7M 5-15 MC14006BA t Motorola 

Bipolar 15M 5 DM7546 t National 
DM8546 National 130 

25M 5 SN54LS299 tAMD (1227) 
(Continued) 

PP '" Parallel In, Parallel Out 
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Ie MASTER 

MEMORY -Shift Registers (Cont'd) 

Bits No. Frequency Supply Bits No. Frequency Supply 
Per of Oper· (Hz· Voltage, Per of ~. Oper· (Hz· Voltage, 
Register Reg. atlon Process Spec) V Device Source Line Register Reg. allan Process Spec) V Device Source line 

Static (Cont'd) PS Bipolar 25 M (Cont'd) 
8N54166 tTl (891) 

PP Bipolar 25M (Cont'd) 8N54L8165 tTl (891) 
8N74L8299 AMD (1227) 8N54L8166 tTl (891) 
54198 t Fairchild 8N74166 TI (891) 70 
54199 t Fairchild 8N74L8165 TI (891) 
74198 Fairchild 8N74L8166 TI (891) 
74199 Fairchild 

CMOS 1M 3·15 F4014BC Fairchild 
HD74198 Hitachi 
HD74199 Hitachi 

F4021BC Fairchild 

DM54198 t National 2.5M 3·15 HD14021B Hitachi 

DM54199 t National MC14021BC Motorola 

DM74198 National 10 CD4014A National 

DM74199 National CD4021A National 

74199 Signetics CD4014BE RCA (748) 

8N54198 tTl (904) C04021BE RCA (748) 80 

8N54199 tTl (905) SCL4014B SSS 
8N74198 TI (904) SCL4021B SSS 
8N74199 tTl (905) CM4018AE Solitron 

30M AM24LS299C AMD CM4021AE Solitron· 

AM25L8299M t AMO (1227) 3M 3·15 F4014BM t Fairchild 

35M AM24LS23M t AMD F4021BM t Fairchild 

AM25L823C AMO (1227) 20 MC14014BA t Motorola 

SN54LS323 t AMD MC14021BA t Motorola 

SN74LS323 AMD C04014B tHCA (748) 

54LS299 t Fairchild C04021B tRCA (748) 90 

54LS323 t Fairchild 883/4014B t SSS 

74LS299 Fairchild 883/4021B t SSS 

74LS323 Fairchild CM4014A t Solitron 

8N54L8299 tTl (927) CM4021A t Solitron 

8N54L8323 tTl (930) 5M 3·15 MM54C165 t National 
SN64LS299 TI MM74C165 National 
8N74L8323 TI (930) 30 SP Bipolar 6M DM54L 164A t National 

50M 8N548299 tTl (927) DM74L164A National 
8N748299 TI (927) 

12M 5 8N54L164 tTl (891) 
CMOS 2.5M 3·15 SCL4034B SSS SN74L 164 TI 100 

3·18 MC14034BC Motorola 
25 M SN54LS164 tAMD 

5 CM4034AE Solitron 54164 t Fairchild 
3M 3·15 CD4034BC National 54LS164 t Fairchild 

CD4034BM National 74164 Fairchild 
Q) C04034B tRCA (748) 74LS164 Fairchild 
"0 883/4034B t SSS ZN54164 t Ferranti 
::J TC4034 Toshiba 40 ZN74164 Ferranti 
CJ 3·18 HD14034B Hitachi HD74164 Hitachi 

C MC14034BA Motorola HD74LS164 Hitachi 
0 CM4034A t Solitron 

SN54LS164 t Motorola 110 
+-- SN74LS164 Motorola 
U PS Bipolar 14M DM7590 t National DM54164 t National Q) DM8590 National DM54LS164 t National 
Q) 

20M 54165 t Fairchild DM74164 National C/) 
74165 Fairchild DM74LS164 National 

~ MC54165 t Motorola DM7570 t National Q) 
+-- MC74165 Motorola DM8570 National 
(J) 

DM54165 t National 50 54164 t Signetics ro 
~ DM74165 National 54LS164 t Signetics 

54165 t Signetics 74164 Signetics 120 
74165 Signetics 74LS164 Signetics 
8N54165 tTl (891) 8N54164 tTl (891) 
8N74165 TI (891) 8N54LS164 tTl (891) 

25M 5 54166 t Fairchild 8N74t64 TI (891) 

54LS165 t Fairchild 8N74L8164 TI (891) 

74166 Fairchild T03503 Toshiba 

74LS165 Fairchild 35M 5 AM25LS164C AMD 
HD74166 Hitachi 60 AM25LS164Mt AMD 
SN54LS165 t Motorola 350 M -5.2 F10041 Fairchild 
SN74LS165 Motorola 
DM54166 t National CMOS 5.5M ' 3·15 MM54C164 t National 130 

DM74166 National MM74C164 National 

54166 t Signetics SS Bipolar 3M 5 8N54L91 tTl (864) 
74166 Signetics SN74L91 TI 

(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
Bold flCI ladlcilis Iddllloaal dill Is provided aD Ibe pagl aoled. 
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MEMORY-Shift Registers (Cont'd) 

Bits No. ~requehcy 

Per of Oper- (Hz -
Register Reg. ation Process Spec) 

Static 

8 1 SS Bipolar 
4M 

10 M 

CMOS 2.5 M 

2 SS Bipolar 10M 

15 M 

20 M 

10 1 PP Bipolar 25M 

SP Bipolar 25 M 

16 1 SP NMOS 3.0M 

16-128 1 SS CMOS 105M 
3M 

30 1 SS CMOS 1M 

32 6 SS PMOS 1M 

64 1 SS CMOS 1M 

2M 

2.7 M 

4M 

5M 

10M 

2 SS CMOS 4M 

5M 

TTL 30 M 

t Military Temperature Range (- 55° to 125°C) 
• Typical Values 

Supply 
Voltage, 
V 

5 

5 

3-15 

5 

5 

5 

5 

5 

5 

3-15 
3-15 

3-15 

-12,5 

3-15 

3-15 

3-15 
3-16 

3-15 

3-15 
3-18 

3-16 

3-15 

3-15 

5 

Bits No. 
Per of 

Device Source Line Register Reg. 

(Cont'd) 64 
4 

(Cont'd) 
DM54l91 t National 
DM74l91 National 

80 4 
5491 t Fairchild 
7491 Fairchild 
ZN5491A t Ferranti 
ZN7491 Ferranti 
MC5491A t Motorola 
MC7491A Motorola 
SN5491A t National 
SN7491A National 10 
5491 t Signetics 
7491 Signetics 
SN5491A tTl (864) 
SN54LS91 tTl (864) 
SN7491A TI (864) 
SN74LS91 TI (864) 

MC14094BA t Motorola 81 4 
MC14094BC Motorola 
CD4094B tRCA (748) 

96 4 
CD4094BE RCA (748) 20 
883/4094B t SSS 
SCl4094B SSS 128 1 

TC4094B Toshiba 2 

93l28C Fairchild 
93l28M t Fairchild 
MC8328 Motorola 
MC9328 t Motorola 

RC8277 Raytheon 
RM8277 t Raytheon 
N8277 Signetics 30 

4 
9328C Fairchild 
9328M t Fairchild 

RC8274 Raytheon 133 4 
RM8274 t Raytheon 
S8274 t Signetics 

256 1 
RC8273 Raytheon 
RM8273 t Raytheon 

2 
N8273 Signetics 

TSC9403 Teledyne S (2854) 
TSC9404 Teledyne S (2854) 40 512 1 
MC14562BC Motorola 
MC14562BA t Motorola 

MD4330B Mitel 1024 1 
3348 Fairchild 
3349 Fairchild 

F4031BC Fairchild 92304 1 
CD4031BE RCA (748) 290560 1 
F4031BM t Fairchild 
CD4031B tRCA (748) 

F4557BM t Fairchild 50 
MC1455BC Motorola 

CD4031BC National 
CD4031BM t National 

F4557BC Fairchild 
MC 14557BA t Motorola 

MS612 RTC 

MC14517BC Motorola 
CD4517BE tRCA (749) 
SCl4517B SSS 

MC14517BA t Motorola 60 
CD4517BE • t RCA 
883/4517B t SSS 

TDC1005 tTRW (813) 
TDC1005 TRW 

(Continued) 

SS = Serial In, Serial Out-

MASTER SELECTION GUIDE 

Frequency Supply 
Oper- (Hz- Voltage, 
ation Process Spec) V Device Source Line 

(Cont'd) 
SS CMOS 4M 4.5-12.5 F4731BC Fairchild 

F4731BM t Fairchild 

PMOS 1.5 M -12,5 3342 Fairchild 

SS NMOS 1M 5 SR5015-80 SMC 
3M 5 M142 SGS 

M142A SGS 70 

PMOS 1.5 M -12,5 3347 AMD 
3347 Fairchild 

2M -12,5 3357-2 Fairchild 

2.5 M -12,5 AM2847M t AMD 
F2847lM t Fairchild 
F2847M t Fairchild 

3M -12,5 AM2847C AMD 
F2847 Fairchild 
F2847l Fairchild 

4M -12,5 3357-1 Fairchild 80 
F3357M t Fairchild 

SS NMOS 1M 5 SR5015-81 SMC 
SR5018 SMC 

SS . PMOS 2.5 M -12,5 AM2896M t AMD 
3M -12,5 AM2896C AMD 

SS CMOS 5M 12 MS625 RTC 
SS PMOS 1M -12,5 MK1002 AMD 

2M -12,5 AM2809M t AMD 
AM2810C AMD 
AM2810M t AMD 90 
TMS3114 AMD 

2.5 M -12,5 AM2809C AMD 
AM2814C AMD 
AM2814M t AMD 

SS PMOS 2.5M -12,5 AM2855 AMD 
AM4055 t AMD 
AM5055 AMD 

SS NMOS 1M 5 SR5015-133 SMC 
1M 5 SR5017 SMC 

SS TTL 30M 5 TDC1006 tTRW (813) 100 
TDC1006 TRW 

SS PMOS 2.5 M -12,5 AM2856 AMD 
AM4056 t AMD 
AM5056 AMD 

SS PMOS 2.5 M -12,5 AM2857C AMD 
AM4057 tAMD 
AM5057 AMD 

SS PMOS 105M -12,5 AM2533 AMD 
2M -12,5 AM2833C AMD 

AM2833M t AMD 110 

SS Bubble 0.1 M - TIB0203S TI 

SS Bubble - H4701B Hitachi 

PP = Parallel In, Parallel Out 

© IC MASTER 1983 Last Page This Section. Next Page 3601. 3491 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
OEI Optical Electronics Inc. 
Ohio Sci Ohio Scientific 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Oscar I. S. Oscar Assoc. 

COMPANY 
Panasonic Panasonic 
PC/M Pacific / Cyber Metrix 
Percom Percom Data Co. 
Phoenix Phoenix Digital Corp. 
Pico Design Pico Design 

NAMES Polycore Polycore Electronics 
Plessey Plessy Semiconductors 
PMI Precision Monolithics, Inc. 
PragDes Pragmatic Design Inc. 
PREMA PREMA GmbH 
Pro·Log Pro-Log Corp. 

Action Ins Action Instruments GI General Instrument Quay Quay Corp. 
AD Analog Devices . GMS General Microsystems 
ADT Advanced Digital Technology GTE Micro GTE Microcircuits 

Raytheon Raytheon Semiconductor· Adapt Sci Adaptive Science COfp. 
Harris Semiconductor RCA RCA Solid State Division Advent Advent Products, Inc. Harris RCI Data RCI Data Alphatron Alphatron Heurikon Heurikon Corp. RELMS Relational Memory Systems AMA American Automation Hilevel Hilevel Technology, Inc. Reticon Reticon AMD Advanced Micro Devices Hitachi Hitachi America, Ltd. RIFA RFIA AMI American Microsystems, Inc. Holt Holt Inc. Rockwell Rockwell, Microelectronic Devices Amperex Amperex Electronic Corp. HP Hewlett-Packard RTC Riehl Time Corporation Analogic Analogic Hughes Hughes Aircraft, Solid State 

Analog Sys Analog Systems Products 
Sanken Sanken Electric APC Applied Micro Circuits Hybrid Sys Hybrid Systems 

Apex Apex Microtechnology Hycom Hycom Incorporated Sanyo Sanyo 
SEEQ SEEQ Technology, Inc. APM Applied Microsystems Corp. 
Semi Proc Semi Processes ApplSys Applied Systems Corp. IDT Integrated Device Technology 
Siemens Siemens APT Applied Microtechnology IMI International Microcircuits, Inc. 
Signetics Signetics Aptek Aptek Microsystems IMP International Array Tech Array Technology Microelectronic Products SGS SGS-ATES Semiconductor 

AWl Analog West IMS Industrial Micro-systems Inc. Sharp Sharp 
Silicon G Silicon General Inconix Inconix Corporation 
Siliconix Siliconix Bedford' Bedford Computer Systems Inc. Ind Tech Inductive Technology 
Silicon Sys Silicon SYstems Inc. Burr-Brown Burr-Brown Research Inmos Inmos 
Siltronics Siltronics IntCirEng Integrated Circuit Engineering 
SMC Standard Microsystems Corp. IntCirSys Integrated Circuit Systems 
Sola rise Solarise Enterprises CAE Computer Aided Engineering IntCompSys Integrated Computer Systems 
Solitron Solitron Devices Cal Devices California Devices IntCyber International Cybernetics 
Sprague Sprague Electric Company Cent Data Central Data Corp. Int Micro International Microsystems 
SSM Solid State Micro Technology Cermetek Cermetek Int Tech Integrated Technology Corp. 

for Music CGRS CGRS Microtech Inc. Intech/FMI Intech/Function Modules Inc. 
SSS Solid State Scientific Cherry Cherry Semiconductor Intel Intel 
Stag Stag Microsystems CIC Custom Integrated Circuits I nterdesign Interdesign 
Struc. Des. Structured Design inc. Citel Citel, Inc. Intersil Intersil 
Stynetic Stynetic Systems Comlinear Comlinear Corporation Intronics Intronics 
Sunrise Sunrise Electronics CMA Custom MOS Arrays IPI Integrated Photomatrix Inc. 
Sunshine Sunshine Semiconductor Comark Comark Corp. ITT ITT Semiconductors 
Supertex Supertex Inc. Comdial Comdial Semiconductor 
Symtek Symtek Corp. Comp Auto Computer Automation Kinetic Sys Kinetic Systems Synapse Synapse Corp. Compas Com pas Microsystems Kontron Kontron Electronics Synertek Synertek Cont Logic Control Logic Inc. 
Sys Innov Systems Innovations Control Sys Control Systems Microsystems Div. 

Lambda Lambda Semiconductor CreMicro Creative Micro Systems 
Laserdyne Laserdyne Tau Zero Tau Zero Inc. Cromemco Cromemco, Inc. 

CSG Commodore Semiconductor Group LSI Comp LSI Computer Systems Tektronix Tektronix 
Cubit Cubit Inc. LSI Logic LSI Logic Corporation Telaris (See Laserdyne) 
Curtis Curtis Electro Devices, Inc. 

Master Logic Corporation 
Teledyne C Teledyne Crystalonics 

Cybernetic Cybernetic Micro Systems Master Logic Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

MCC Microcomputer Control Telephonics Telephonics LSI 
Micrel Micrel Telmos Telmos Data General Data General Micro Eng Micro Circuit Engineering Teltone Teltone Corporation Data I/O Data I/O Micro Innov Micro Innovators TI Texas Instruments Data Trans Data Translation Micropac. M;cropac Industries Thomson-CSF Thompson-CSF Components Corp. Datel Datel-Intersil Micro Net Micro Networks TMX TMX Datricon Datricon Corporation Micro Pwr Micro Power Systems Topanga Topanga Data Systems DDC Data Devices Corporation Micro Sci Micro Sciences Corp. Toshiba Toshiba America DEC Digital Equipment Corporation Micro Tech Microcircuits Technology Trans-Data Trans-Data Delco Delco Electronics Micro-Link Micro-Link Corporation TRW TRW-LSI Products DGM Digital Microsystems Micron Micron Technology 

Digelec Digelec Corp. MilerTron MilerTronics 
Unitrode Unitrode Digitek Digitek, Inc. Miller Miller Technology 
Universal Universal Semiconductor, Inc. Dionics Dionics Inc. Mitel Mitel Semiconductor 

Dist Comp Distributed Computer Systems Mitsubishi Mitsubishi Electronics 
Divers Tech Diversified Technology MMI Monolithic Memories, Inc. vantage Vantage Data Products 

Monosil Monosil VTI VLSI Technology, Inc. 
E·HI E-H International, Inc. MonSys Monolithic Systems Corp. Votrax Votrax 

Mostek Mostek Elind Elind Elettronica Industriale Motorola Motorola Semiconductor EL Instr E & L Instruments MRC MRC Systems Weitek Weitek Corporation EMM EMM Murray Murray Consulting Western Western Digital Emulogic Emulogic Inc. Wintek Wintek Corp. Epson Epson America, Inc. 
National National Semiconductor ETI Micro Ell Micro 
NCR NCR Corp., Microelectronics Xicor Xi cor, Inc. Exar Exar Integrated Systems 

Division Xycom Xycom 
NEC·EA NEC / Electronic Arrays Division 

Fairchild Fairchild NEC Electron NEC / Electron Division 
Zendex Zendex Corp. Ferranti Ferranti Electric NEC Micro NEC/ Microcomputer Division 
Zilog Zilog Fujitsu A Fujitsu America Nitron Nitron 

Fujitsu Fujitsu Microelectronics, Inc. Nortek Nortek Zymos Zymos Corporation 
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Advanced Micro Devices 
MOSMEMORV 

Am9128 

~·.··.1111.-......... -' .... . 
. ~~ .. -

Am9128 
2048 x 8 Static R/W Random Access Memory 

• 2,048 x 8-bit organization 
• Standard 24-pin, 0.6" wide DIP package 
• Logic voltage levels compatible with TTL 
o Three-state output buffers-common I/O 
• Fully static; no clocks or refresh required 
• Single +5V power supply ±10% tolerance 
• MIL-STD-883 reliability assurance testing 
• Icc max down to 100mA 
• T AAfT ACS down to 70ns 
• Power down mode (Icc standby max down to 15mA) 
• Commercial and full military temperature ranges 
• Guaranteed 0.1 % AQL 

BLOCK DIAGRAM 

ROW 
DECODER 

CE---:---.!.--r--., 
OE-----t 
WE-------t __ ~ 

Vcc -

GND-

MEMORY 
MATRIX 

COi.UMN 
SELECT 

COLUMN 
VO CIRCUITS 

DATA I/O 

RAM-025 

GENERAL DESCRIPTION 

The Am9128 is a 16,384-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 a single +5V supply simplify system designs. Common 
data I/O pins using three-state outputs are provided. The 
Am9128 is available in an industry-standard 24-pin DIP 
package with 0.6-inch pin row spacing. The Am9128 uses 
the JEDEC standard pinout for byte-Wide memories (com
patible to 16K EPROM's). 

A7 

As 

As 

A4 

Aa 

A2 

Aj 

Ao 

CONNECTION DIAGRAM 
Top View 

Vcc(+SV) 

Aa 

Ag 

WE 

OE 

AjD 

CE 

lOa 

10j' 107 

102 106 

lOa 105 

GND 104 

Note: Pin 1 is marked for orientation. 

RAM-026 

PRODUCT SELECTIONS 

Part Number Am9128-70 Am9128-10 Am9128-15 Am9128-20 

Maximum Access Time (ns) 70 100 150 200 

Maximum Operating Current (rnA) 
0° to 70°C 140 120 100 140 

-55° to 125°C N/A N/A 150 150 

Maximum Standby Current (rnA) 
0° to 70°C 30 15 15 30 

- 55° to 125°C N/A N/A 30 30 

© Ie MASTER 1983 3601 
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Advanced Micro Devices 
MOSMEMORY 

Am9128 

MAXIMUM RATINGS beyond which useful life may be impaired 

Storage Temperature 

Ambient Temperature Under Bias 

Vcc with Respect to VSS 

All Signal Voltages with Respect to VSS 

Power Dissipation (Package Limitation) 

DC Output Current 

- O.5V to + 7.0V 

-3.0Vto +7.0V 

1.0W 

10mA 

The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 

OPERATING RANGE 

Part Number Ambient Temperature Vss Vee 
Am9128·10DC/PC 
Am9128·15DC/PC 

O°C ~ TA';:; +70°C OV +5.0V::!:: 10% 
Am9128·20DC/PC 
Am9128· 70DC/PC 

Am9128·15DM 
-55°C.;:; TA';:; +125°C OV +5V::!:: 10% 

Am9128·20DM 

ELECTRICAL CHARACTERISTICS over operating range (Note 3) 

Parameter Description Test Conditions 

IOH Output HIGH Current VOH = 2.4V 

IOL Output LOW Current VOL = O.4V 
Vee = 4.5V 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIX Input Load Current Vss.;:; VI ~Vee 

IOZ 
Output Leakage GND.;:;Vo~Vee 
Current Output Disabled 

CI Input Capacitance 
Test Frequency = 1.0MHz 

Vee = 5.0V 
CliO 

Input/Output T A = 25°C, All pins at OV 
Capacitance 

Am9128-70 
Am9128-10 Am9128-15 Am9128-20 
Min Max Min Max Min Max 

-2 -2 -2 

4 4 4 

2.0 Vee 2.0 Vee 2.0 Vee 
+ 1.0 + 1.0 + 1.0 

-0.5 0.8 -0.5 0.8 -0.5 0.8 

10 10 10 

10 10 10 

6 6 6 

7 7 7 

Units 

rnA 

rnA 

Volts 

Volts 

/LA 

/LA 

pF 

Max Vee, CE .;:; VIL TA = -55°C to +125°C N/A 150 
150 

Vee Operating (Note 11) rnA Icc Supply Current Outputs Open 
TA = O°Cto +70°C 120 100 140 

Automatic CE Power TA = -55°C to + 125°C N/A 30 
30 

IS8 Max Vee, CE ~ VIH (Note 11) rnA 
Down Current 

TA = O°Cto 70°C 15 15 30 

TA = -55°C to +125°C N/A 30 
30 

Ipo 
Peak Power On '!s..e = GND to Vee Max (Note 11) rnA 
Current CE ~ VIH (Note 2) 

TA = O°Cto 70°C 15 15 30 

Notes: 1. The internal write time of the memory is defined by the 5. WE is High for read cycle. 
overlap of CE Low and WE Low. Both signals must be Low 
to initiate a write and either signal can terminate a write by 
going High. The data input setup and hold timing should be 
referenced to the rising edge of the signal that terminates 
the write. 

2. A pull up resistor to Vee on the CE input is required during 
power up to keep .the device deselected, otherwise IS8 will 
exceed values given. 

3. The operati1g ambient temperature range is guaranteed 
with transverse air flow of 400 linear feet per minute. 

4. At any given temperature and voltage condition, tHZ is less 
than tLZ for all devices. 

6. Device is continuously selected, CE = VIL· 
7. Address valid prior to or coincident with 'cE transition Low. 
8. OE = VIL. 
9. CL = 100pFfor Am9128-10/-15/-20. CL = 30pF 

for Am9128-70. 
10. Transition is measured at VOH - 500mV and VOL + 

500mV. Levels on the output from 1.5V level on the input 
with load shown in Figure 1 using CL = 5pF 

11. Am9128-20 only. 
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Advanced Micro Devices 
MOSMEMORY 

Am9128 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am9128-70 Am9128-10 Am9128-15 Am9128-20 
Parameter Description Min Max Min Max Min Max Min Max Units 

READ CYCLE 

tRC Read Cycle Time 70 

tACC Address Access Time Note 9 70 

tACS Chip Select Access Time Note 9 .70 

10°C to + 70°C 40 
tOE Output Enable Time 

I -55°C to +125°C 
Note 9 

N/A 

tOH Output Hold Time from Address Change 10 

tClZ Output in LOW-Z from CE Notes 4, 10 10 

tCHZ Output in HIGH-Z from CE Notes 4, 10 35 

tOlZ Output in LOW-Z from OE Notes 4, 10 5 

tOHZ Output in HIGH-Z from OE Notes 4, 10 30 

tpu Chip Selection to Power Up Time 0 

tpo Chip Deselection to Power Down Time 40 

WRITE CYCLE 

twc Write Cycle Time 70 

10°C to + 70°C 60 
tcw Chip Selection to End of Write Note 1 

I -55°C to + 125°C N/A 

tAS Address Setup Time 5 

twp Write Pulse Width Note 1 60 

tWR Write Recovery Time 5 

tos Data Setup Time 30 

tOH Data Hold Time 5 

tWlZ Output in LOW-Z from WE Notes 4, 10 5 

tWHZ Output in HIGH-Zfrom WE Notes 4, 10 30 

tAW 65 

AC TEST CONDITIONS 

Input Pulse Levels Ot03.0V 

Input Rise and Fall Times 10ns 

InputTiming Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

TIMING WAVEFORMS 
READ CYCLE 1 (Notes 5, 6) 

°WT------------------~ 

READ CYCLE 2 (Notes 5: 7, 8) 

© Ie MASTER 1983 

100 150 200 ns 

100 150 200 ns 

100 150 200 ns 

50 60 70 
ns 

N/A 70 80 

10 10 10 ns 

10 10 10 ns 

40 55 55 ns 

5 5 5 ns 

35 50 50 ns 

0 0 0 ns 

50 60 60 ns 

100 150 200 ns 

90 120 150 
ns 

N/A 130 160 

10 20 20 ns 

70 100 100 ns 

5 5 5 ns 

40 50 60 ns 

5 5 5 ns 

5 5 5 ns. 

35 50 50 ns 

80 120 120 ns 

~
cc 

06011 

DOUT 

510H CL (INCLUDING 
SCOfIEANOJIGI 

RAM-032 

Figure 1. Output Load (Notes 9, 10) 

RAM·027 

RAM·028 
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Advanced Micro Devices 

ADDRESS 

DOUT 

MOSMEMORY 
Am9128 

TIMING WAVEFORMS (Cont.) 

WRITE CYCLE 1 

-_J.=='~ '~t-
o.N ~TA IN STABLE *--

WRITE CYCLE 2 (Notes 7, 8) 

--------- ~'" '~,t-------
o.N * DATA IN STABLE *-

BIT MAP 

Address Designators 

External Internal 

A3 AXo 

A4 AXl 

As AX2 

As AX3 
A7 AX4 

As AXs 

Al0 AXo 

Ao AYo 

Al AYl 

A2 AY2 

Ag AY3 

Figure 2. Bit Mapping Information 

RAM 029 

HAM-030 
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Advanced Micro Devices 
MOSMEMORY 

Am9128 

TYPICAL DC AND AC CHARACTERISTICS 

"' 

Supply Current 
Versus Ambient Temperature 

175 

100 r--. ......... 1 

'" lee 

r--E 75 

r-- r-
I 
III 

J!l 
() 50 - I--~ 

.2 

"' E 

.... 
.9 

Vee = 5V 

25 I I 
IS8 

o I I I 
-55 -35 -15 5 25 45 65 85 105125 

T - °c 

Normalized Access Time 
Versus Ambient Temperature 

1.1 

// 
TAes/ 

V 
/ 

1/ 

./ 
./ 

V 
./ TAA 

./ 

V -"" i--' 
-"" 

Vef =1 5V 

-"" 
V 

.6 
-55 -35 -15 5 25 45 65 85 105125 

Output Sink Current 
Versus Output Voltage 

100 

80 

60 

40 

20 

VOUT - V 
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Supply Current 
Versus Supply Voltage 

lee -------~ TA = 2SoC 

IS8 

4.5 4.75 5.25 5.5 

Vee - V 

Access Time Change 
Versus Output Loading 

Vee = 4.5V 
TA = 70"C V 

/ 
V 

/ 
V 

/ 
o 100 200 300 400 500 

cl - pF 

Typical Power-On Current 
Versus Power Supply 

T~ =2501 I 
lKO CE PULL-UP -
RESISTOR TO Vee 

('-- - ~ IS8 
~ 

o 

Vee - V 

1.1 
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~ 1.0 

-4: 
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Output Source Current 
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'" ............. 
VOUT - V 

Access Time Change 
Versus Input Voltage 

TA =1 700C 

Vee = 5V 

RAM·031 
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Advanced Micro Devices 

Am9128-70 Am9128-10 
Order Code Order Code 

AM9128-70PC AM9128-10PC 

AM9128-70DC AM9128-10DC 

MOSMEMORY 
Am9128 

ORDERING INFORMATION 

Am9128-15 Am9128-20 Package 
Order Code Order Code Type 

AM9128-15PC AM9128-20PC P-24-1 

AM9128-15DC AM9128-20DC D-24-1 

AM9128-15DM AM9128-20DM D-24-1 

AM9128-15DMB AM9128-20DMB D-24-1 

Notes: 1. P = Molded DIP, D = Hermetic DIP. Number following letter is number of leads. 

Screening 
Level 

C-1 

C-1 

C-3 

B-3 

2. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
3. See operating range table. 

PHYSICAL DIMENSIONS 

Cerdip Molded 

Inches 

Reference 
Cerdip Molded 

Symbol Min Max Min Max 

A .150 .225 .170 .215 

.016 .020 .015 .020 

b1 .045 .065 .. 055 .065 

.009 .011 .009 .011 

0 1.230 1.285 1.240 1.270 

E .510 .545 .515 .540 

E1 or E2 .600 .620 .585 .700 

.090· .110 .090 .110 

.12 .150 .125 .160 

Q .015 .060 .015 .060 

51 .010 .035 .065 

3' 13' 

Operating 
Range 

C 

C 

M 

M 
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Advanced Micro Devices 
BIPOLAR MEMORY 

The following table shows the various programmers and personality cards which may be used with any of Advanced 
Micro Devices' series of bipolar PROMs. 

PROM Programming Equipment Guide 
Source and Data I/O Pro-log Corporation International Kontron Electronic. Inc. oigelec, Inc. Stag Systems, Inc. 
Location 10525 Willows Rd. N.E. 2411 Garden Road Microsystems, Inc. 630 Price Avenue 7335 E. Acoma Dr. 528-5 Weddell Dr. 

Redmond. WA 98052 Monterey, CA 93940 11554 C. Avenue Redwood City. CA Scottsdale, AZ. Sunnyvale, CA 
Auburn. CA 93940 94063 85260 94086 

Programmer Model 5, 7 and 9 M900, M900B. M910, IM10l0 MPP-80 UPP-801 UPP-803 PPX 
Model(s) Systems 17,19.29 M920 and M980 

and 100 

AMDGeneric 909-1286-1 Unipak PM 9058 IMAMoGENl MOD 14 PM 102 FAM-12 PM 2000 
Bipolar PROM 919-1286-1 Rev 003 Code 90 
Personality RevH (Family and 
Module Pin Code) 

Socket Adapters and Conflgurators 

Am27S18/19 
715-1407-1 1602 PA 16-6 and 32 x 8(l) 1M 32 x 8-16-AMo SA3-1 B32x8!16 oIS-l56AM oA22 AM 110-2 

Am27lS18/19 

Am27S20/21 715-1408-1 1601 PA 16-5 and 256 x 4(l) 1M 256 x 4-16-AMo SA 4-2 B 256 x 4/16 oIS-l33AM oA21 AM 130-2 

Am27S12113 715-1408-2 1603 PA 16-5and512x4(l) 1M 512 x 4-16-AMo SA4-1 B512x4/16 oIS-l34AM oA21 ' AM 130-3 

Am27S15 715-1411-1 - PA24-14 and 1M 512 x 8-24- SA 17-3 B 512 x 8/24 01S-165AM oA33 -
512x8(l) 27S15-AMo 

Am27S25 715-1617 6265 
PA 24-16 and 1M 512 x 8-24-

SA 31-2 B 512 x 8/24 01S-213AM oA31 AM 190-2 
512x8(l) 27S25-AMo 

Am27S27 715-1412-2 - PA 22-4 and 512 x 8(l) 
1M 512 x 8-22-

SA 18 B 512 x 8/22 oIS-l68AM oA28 -
27S27-AMo 

Am27S28129 715-1413 1609 PA 20-4 and 512 x 8(l) 1M 512 x 8-20-AMo SA 6 B 512 x 8/20 oIS-l58AM oA34 AM 120-3 

Am27S30/31 715-1545 1636 PA 24-13 and 512 x8(l) 1M 512 x 8-24-AMo SA 22-6 B 512 x 8/24 01S-135AM oA29 -

Am27S32133 715-1414 1638 PA 18-6 and 1024 x 4(l) 1M 1024x4-18-AMD SA 24 B 1024 x 4/18 OIS-136AM oA38 AM 170-2 

Am27S35 
715-1723 6266 

PA 24-18 and 1M 1024 x 8-27S351 SA31-1 B 
01S-218AM oA65 AM 190-3 

Am27S37 1025 x 8(l) 37-AMO 1024 x 8/24 

Am27S180/181 
715-1545-2 1637 PA 24-13 and 1M 1024 x 8-24-AMO SA22-7B 

01S-137AM oA29 AM 100-6 
Am27PS181 1024x8(l) 1024 x 8/24 

Am27S280/281 
1637 - 1M 1024 x 8-24- - 01S-214AM oA60 -

Am27PS281 27S280/281-AMo 

Am27S 184/185 
PA 18-8 and SA4-4B 

Am27lS184/185 715-1616 1606 
2048x4(l) 

1M 2048 x 4-18-AMo 
2048x4/18 

01S-211 AM oA23 AM 140-3 
Am27PS185 

Am27S190/191 
715-1688-1 1668 

PA24-17 and 
1M 2048 x 8-24-AMO' SA22-10B 

01S-151 AM oA61 AM 100-5 
Am27PS191 2048x8(l) 2048 x 8124 

Am27S2901291 
715-1688-2 1668 

PA24-28 and 1M 2048 x 8-24-
SA 29 B 2048 x 8/24 01S-215AM oA62 AM 190-7 

Am27PS291 2048x8(l) 27S290/291·AMo 

Am27S40/41 
715-1282 - PA20-9and 1M 4096 x 4-20-AMo SA 30 B 4096 x 4/20 01S-216AM oA63 AM 120-6 

Am27PS41 4096x4(l) 

Am27S45 
715-1660 - - 1M 2048 x 8-24- SA31 B - oA64 AM 170-3 

Am27S47 27S45147-AMo 2048 x 8/24 

Am27S43 715-1698-002 - - 1M 4096 x 8-24-AMo - - - -
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Features 

o Fast Access Time: 
350ns Maximum 

o Fully Static Operation 

o Single +5V ±5% Power Supply 

o Directly TTL Compatible Inputs 

o Three-State TTL Compatible Outputs 

o Two Programmable Chip Selects 

o EPROM Pin Compatible (2732) 

Block Diagram 

CS, 

CS2 

3608 

ADDRESS 
DECODER 
DRIVER 

ADDRESS 
DECODER 
DRIVER 

CHIP 
SelECT 

DECODER· 

User Defined As Active High (CS). Active 
Low (ts) Dr NC (No Connection) 

32.7611 BIT 
ARRAY 

COLUMN 
LlO 

CIRCUITS 

OUTPUT 
BUFFERS 

52333 

32,768 BIT (4096x8) 

STATIC NMOS ROM 

General Description 

The AMI S2333 is a 32,768 bit static mask programmable 
NMOS ROM organized as 4096 words by 8 bits. The 
device is fully TIL compatible on all inputs and outputs 
and has a single + 5V power supply. The three state out-' 
puts facilitate 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 effective. 
I t is fully static, requiring no clocks for operation. The two 
chip selects are mask programmable, 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 

Ao 

A, 

Az 

A3 

A4 

As 

AI 

A7 

A. 

Ag 

AlO 

A" 

Pin Names 

Ao-All 

0 0-07 

CS1-CS2 

Vee 

00 

0, 

02 

03 

04 

05 

0, 

07 

Pin Configuration 

A7 

A, 

As 

A4 

A3 

Az 

A, 

AD 

00 

0, 

Oz 

GND 

Address Inputs 

Data Outputs 

Vee 

A. 

At 
ALL 

Cs, 

A,o 

CSz 

07 

0, 

05 

04 

03 

Chip Select Inputs 

+ 5 V Power Supply 
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Features 

o Fast Access Time: S2364 450ns Maximum 
S2364A 350ns Maximum 

o Low Standby Power 
55m W 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 Three Programmable Chip Enables 

o EPROM Pin Compatible (2764) 

Block Diagram 

·CEl 

ADDRESS 
DECODER 
DRIVER 

ADDRESS 
DECODER 
DRIVER 

CHIP 
SELECT 

DECODER· 

OE------.I 

65,536 
BIT ARRAY 

COLUMN 
110 

CIRCUITS 

OUTPUT 
BUFFERS 

·USER DEFINED MASK PROGRAMMABLE CHIP ENABLE-MAY 
BE DEFINED AS ACTIVE HIGH, ACTIVE lOW, DR NO CONNECT. 
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S2364/S2364A 

65,536 BIT (8192x8) 
STATIC NMOS ROM 

General Description 

The AMI S2364 family are 65,536 bit static mask 
programmable NMOS ROMs organized as 8192 words by 
8 bits. The devices are fully TIL compatible on all inputs 
and outputs and operate from 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/S2364A are pin compatible with the 2764 UV 
EPROM making system development much easier and 
more cost effective. They are fully static, requiring no 
clocks for operation. The three chip enables are mask pro
grammabl.e; the active level for each being specified by the 
user. When the device is not enabled, the power supply 
current is reduced to alOmA maximum. 

The S2364 family is fabricated using AM I' s N -Channel 
NMOS ROM technology. This permits the manufacture 
of very high density, high performance mask program
mable ROMs. 

Logic Symbol 

·CE, ·CEz ·CE3 

AD 

A, 

Az 00 

A3 01 

A4 02 

A5 03 

Ai 04 

A1 05 

A. 06 

Ag 07 

A'D 

A11 

Au 

Pin Names 

Ao-A12 
QO-Q7 
CE ltCE2,CE3 

OE 

Pin Configuration 

NC 

Au 

A1 

A. 

A5 

A4 

A3 

Az 

A, 

AD 

00 

0, 

Oz 

GND 

Address Inputs 

Data Outputs 

Vee 

CEz· 

CE3· 

A. 

AI 

A11 

DE 

A,o 

CE,· 

01 

o. 
05 

04 

03 

Chip Enables (User Defined) 
Output Enable 

Vcc;GND;NC 5V;Ground;No Connect 
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Features 

[l Fast Access Time: 250ns Max. 
D Low Standby Power: 66m W Max. 
D Fully Static Operation 
D Single +5V ± 10% Power Supply 
D Directly TTL Compatible Outputs 
D Three-State TTL Compatible Outputs 
D Two Programmable Chip Enables/Selectu 
D EPROM Pin Compatible (27128) 
D Late Mask Programmable 
D Proqrammable Output/Chip Enable 

General Description 

The AMI S23128 is a 131,072 bit static mask program
mable NM08 ROM organized as 16,384 words by 8 bits. 
The device is fully TTL compatible on all inputs and out-

Block Diagram 

As 

As 

A7 

Aa 

Ag 

Al0 

All 

Au 

A13 

Ao 

A, 

Az 

A3 

A. 

'CS/CEl 

·CS/CEz 

ROW 
AODRESS 

' DECODER 
DRIVERS 

----1 

COLUMN 
ADDRESS 
DECODER 
DRIVERS 

CHIP 
ENABLE 
DECODER 

I 
I 
I 
I 

·OElCE ----4------' 

MEMORY 
MATRIX 

131,072 BIT 
ARRAY 

COLUMN 
110 

CIRCUITS 

OUT' JT 
BUFI iRS 

, THE USER DECIDES BETWEEN A CS OR CE FUNCTlON AND 
THEN DEFINES THE ACTIVE LEVEL FOR Cs/CE AND OEiCE. 
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S23128 

131 ,072 BIT (16384x8) 
STATIC NMOS ROM 

puts and has a single +5V power supply. The three state 
outputs facilitate memory expansion by allowing the out
puts to 'be OR-tied to other devices. 

The 823128 is pin compatible with the 27128 EPROM 
making system development easier and more cost effec
tive. The fully static 823128 requires no clocks for opera
tion. The three control pins are mask programmable 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 823128 is fabricated using AMI's NM08 tech
nology. This permits the manufacture of high density, 
high performance ROMs. 

Logic Symbol Pin Configuration 

'CS/CE, 'CSICEz 

NC Vee 

Ao Au CS/CEz' 
A, 

A7 A13 
Az 00 

A. 
A3 0, 

A. 
As At 

Oz 

As 03 
A. All 

A. o. A3 DE' 
Al Os Az A,a 

A. O. A, OElCE* 

At 01 Aa 07 

Au Oa O. 

Au 
0, Os 

Au 
Oz O. 

Au 
GND 03 

• DEICE 

Pin Names 

Ao-A13 Address Inputs 
QO-Q7 Data Outputs 
CS/CE l-CS/CE2 Chip SelectslEnables 
OE/CE Output Enable/Chip Enable 
Vcc;GND;NC 5V;Ground; No Connect 
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Features 

o Fast Address Access Time: 
S68A316 - 350ns Max. 
S68B316 - 250ns Max. 

o EPROM Pin Compatible 

o Fully Static Operation 

o Three Programmable Chip Selects 

o TTL Compatible Inputs , 

o Three-State TTL Compatible Outputs 

o Late Mask Programmable 

Block Diagram 

A. 

As 

A6 ADOIIESS 16,384 BIT 
A1 DECODER ARRAY 

AI 
DlllVEi 128X128 

Ag 

A'D 

AD 

A,_ ADORESS 

A2 
DECODEII 
DIIIYEII 

AJ 

'CSl C ... 
'CS2 SElECT 
'CS3 DECODEII' 

00 0, O2 OJ O. Os 06 01 

'USER DEFINED CHIP SElECTS 

MA Y BE DEFINED AS ACTIVE HIGH (CS) DR ACTIVE lOW (CS) 
DR NO CONNECTION (NC) 
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General Description 

S68A316/S68B316 

16,384 BIT (2048x8) 
STATIC NMOS ROM 

The AMI S68316 family of 16,384 bit mask program
mable Read-Only-Memories organized as 2048 words by 
8 bits offers fully static operation with a single +5V 
power supply. The· device is fully TIL compatible on all 
inputs and three-state outputs. The three chip selects are 
mask programmable, the active level is specified by the 
user. The three-state outputs facilitate memory expan
sion by allowing the outputs to be OR-tied to other 
devices~ 

The devices are fabricated using AMI's N-Channel MOS 
technology. This permits the manufacture of very high 
density, high performance mask programmable ROMs. 

Logic Symbol Pin Configuration 

CS1- cSz- CS3-

A7 Vce 
Ao 

AI AI 
Al 

As Ag 
A2 00 

A. CS2-
A3 01 

A3 CS1-
A. 02 

Az Al0 
As 03 

Al CS3-
A6 a. 

Ao 07 
A7 as 00 06 
AI 06 

01 as 
Ag 07 

02 a. 
. A10 

GND 03 

Pin Names 

Ao-AlO Address Inputs 

QO-Q7 Data Outputs 

CSI-C~ Chip Select Inputs 

Vee + 5V Power Supply 
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Features 

o Fast Access Time: 
S68332: 450ns Maximum 
S68A332: 350ns Maximum 

o Fully Static Operation 

o Single +5V ±50/0 Power Supply 

o Directly TTL Compatible Inputs 

o Three-State.TTL Compatible Outputs 

o Two Programmable Chip Selects 

o EPROM Pin Compatible 

Block Diagram 

A4 

A5 

A6 ADD RESS 32,76S BIT 
A7 DECODER ARRAY 

DRIVER 
AS 

Ag 

AlO 

AO 

Al ADDRESS 
A2 DECODER 

ORIVER 
A3 

All 

CS I CHIP 
SELECT 

CS2 
DECODER' 

01 02 03 04 05 06 07 

'PROGRAMMABLE CHIP SELECTS 

817273 

3612 

Os 

General Description 

S68332/S68A332 

32,768 BIT (4096x8) 
STATIC NMOS ROM 

The AMI 868332 is a 32,768 bit static mask program
mable NM08 ROM organized as 4096 words by 8 bits. 
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 out
puts to be OR-tied to other devices. 

The 868332 is pin compatible with UV EPROMs making 
system development much easier and more cost effective. 
I t is fully static, requiring no clocks for operation. The two 
chip selects are mask programmable, the active level for 
each being specified by the user. 

The 868332 is fabricated using AMI's N-Channel M08 
technology. This permits the manufacture of very high 
density, high performance mask programmable ROMs. 

Logic Symbol Pin Configuration 

AS 

A9 

Al0 

A11 

877299 

Pin Names 

AO - All 
01 - Os 

CS1 - CS2 

Vee 

01 

02 

03 

08 

877300 

Address Inputs 
Data Outputs 
Chip Select Inputs 
+5V Power Supply 
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Features 

o Fast Access Time: 
350ns Maximum 

o Low Standby Power 
55mW Maximum 

o Fully Static Operation 

o Single +5V ±10% Power Supply 

o Directly TTL Compatible Inputs 

o Three-State TTL Compatible Outputs 

o Programmable Chip Enable 

Block Diagram 

c 

-
-
- ADDRESS 
- DECODER 
- DRIVER 

-
-
-

-
- ADDRESS 
- DECODER 
- DRIVER 
-

ClIP 
E/eE SELECT 

DECODER· 

USER DEFINED AS ACTIVE HIGH (CE) 
OR ACTIVE LOW (CE) 
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65536 
BIT ARRAY 

t 
COLUMN 

~o 
CIRCUITS 

t 
OUTPUT 
BUFFERS 

I I I I I I I I 

S68A364/S68B364 

65,536 BIT (8192x8) 

STATIC NMOS ROM 

General Description 

The AMI S68A364 is a 65,536 bit static mask program
mable NMOS ROM organized as 8192 words by 8 bits. 
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 out
puts to be OR-tied to other devices. 

The S68A364 is fully static, requiring no clocks for opera
tion. The chip enable is mask programmable, the active 
level being specified by the user. When not enabled I power 
supply current is reduced to a maximum of 10mA. 

The S68A364 is fabricated using AMI's N-Channel MOS 
technology. This permits the manufacture of very high 
density, high performance mask programmable ROMs. 

Logic Symbol 

CE/CE 

AD . 

A, 

Az 

A3 

A. 

As 

A. 

A7 

A. 

AI 

A'D 

A" 

Au 

Pin Names 

Ao-Au 
0 0-07 

CEfCE 

Vee 

Pin Configuration 

A7 Vee 
Do 

A, AI 
0, 

As At 
Oz 

A. A,z 
03 

A3 CE/CE 
O. 

Az A'D 
05 A, Au 
O. 

AD 07 
07 00 0, 

0, 05 

O2 O. 

GND 03 

Address Inputs 

Data Outputs 

Programmable Chip Enable 

+ 5V Power Supply 
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Features 

o Ultra Low Standby Power 

o Data Retention at 2V (L Version) 

o Single +5 Volt Power Supply 

o Completely Static Operation 

o Completely TIL Compatible Inputs 

o Three-State TIL Compatible Outputs 

Block Diagram 

Ao 

A, 

() A2 

r:::: 
32 x 32 
ARRAY 

AJ 

en A. 

E 
Q) 
+-' en .>. 

0" en AI 

0 As 
:10.. 

AI () 

110 CONTROL 
012 
OIJ 

01. 

~ WE 

CE2 
r:::: 
«' m () 

00, 

.~ 

Q) 
002 

E DO J 

~ RIW 
00. 

00 

77678 

Truth Table 

CEl CE2 OD R/W DIN Output Mode 

H X X X X High Z Not selected 
X L X X X HighZ Not Selected 
X X H H X HighZ Output Disabled 
L H H L X High Z Write 
L H L L- X High Z Write 
L H L H X Dout Read 

3614 

S5101 

1024 BIT (256 X 4) 
STATIC CMOS RAM 

General Description 

The AMI S5101 family of 256 x 4-bit ultra low power 
CMOS RAMs offers fully static operation with a single 
+ 5 volt power supply. All inputs and outputs are 
directly TTL compatible. With data inputs and out
puts on adjacent pins, either separate or common data 
I/O operations can easily be implemented for max
imum design flexibility. The three-state outputs will 
drive one full TTL load and are disabled (high imped
ance state) by output di~ble (OD), either chip enable 
(CE1 or CE2), or in a write cycle (RjW = LOW). This 
facilitates the control of common data I/O systems. 

Logic Symbol Pin Configuration 

Ao 

A, 

A2 

A3 

21 A. Ao 

A5 

A6 

A7 

01, 00, 10 

11 01 2 00 2 12 

13 01 3 oOJ 14 

15 01. DO. 16 

18 00 
R/W eE2 en 

20 17 19 

877302 877301 

Pin Names 

AO-A7 Address Inputs CEl Chip Enable 

DIl - DI4 Data Inputs CE2 Chip Enable 

DOl-D04 Data Outputs R/W Read/Write Input 

OD Output Disable VCC +6 Volt Power Supply 
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I=AIRCHIL.O 

A SChiumberger Company 

Commercial 2 

Access 
Time 

Part No. Organization Outputs (Max) ns 

ECl F10410 256 X 1 - 30 
F10414 256X1 - 10 
F100414 256X 1 - 10 

F10422 256X4 - 10 
F100422 245X4 - .10 
F10415 1024X 1 - 35 
F10415A 1024X 1 - 20 
F100415 1024X 1 - 20 

F10470 4096X 1 - 35 
F10470A 4096 X 1 - 25 
F100470 4096 X 1 - 35 
F100470A 4096 X 1 - 25 
F10474 1024X 1 - 25 
F100474 1024 X 1 - 25 

TTL 93419 64X9 DC 45 
93419A 64X9 DC 35 
93422 256X4 3S 45 
93422A 256X4 3S 35 
93L422 256X4 3S 60 
93L422A 256X4 3S 45 

93479 256X9 3S 45 
93415 1024X 1 DC 45 
93415A 1024X 1 DC 30 
93L415 1024X 1 DC 60 
93425 1024X 1 3S 45 

93425A 1024X 1 3S 30 
93L425 1024X 1 3S 60 
93471 4096 X 1 3S 45 

t93471A 4096 X 1 3S -
t93475 1024X4 3S 45 

Bipolar RAM 
Availability Guide 

4th Quarter 1982 
Military 2 Typical 
Access Power Available2 
Time Dissipation Available1 Temperature 

(Max) ns mW Packages Ranges 

- 475 D,F,P C 
- 520 D,F,P C 
- 450 D,F,P C 

- 935 D,F C 
- 810 D,F C 
- .550 D,F,P C 
- 550 D,F,P C 
- 475 D,F,P C 

- 830 D,F C 
- 830 D,F C 
- 720 D,F C 
- 720 D,F C 
- 830 D,F C 
- 720 D,F C 

60 500 D,P C,M 
- 500 D,P C 
60 475 D,F,P C,M 
45 475 D,F,P C,M 
75 275 D,F,P C,M 
55 275 D,F,P C,M 

.- 675 ° C 
60 475 D,F,P C,M 
- 475 D,F,P C 
70 225 D,F,P C,M 
60 475 D,F,P C,M 

50 475 D,F,P C,M 
70 225 D,F,P C,M 
60 650 D,F,P C,M 
45 650 D,F,P C,M 
60 700 D,F,P C,M 

Note 1. D = Ceramic DIP, F = Flatpak, P = Plastic DIP (commercial only). 
Note 2: M = Mil Temp Range -55°C to +125°C, C = Commercial Temp Range 0° to 70°C . 

• 24-Pin in Flatpak 
t Available Soon 

© Ie MASTER 1983 

No. of 
Pins 

16 
16 
16 

24 
24 
16 
16 
16 

18 
18 
18 
18 
24 
24 

28 
28 
22* 
22* 
22* 
22* 

22 
16 
16 
16 
16 

16 
16 
18 
18 
18 
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FAIRCHILD 

A Schlumberger Company 

Cross Reference 
Fairchild 
Part No. AMD 

Eel F10410 

F10414· 

F100414 

F10422 

F100422 

F10415 Am10415 

F100415 Am100415 

F10470 Am10470 

F100470 Am100470 

F10474 

F100474 

TTL 93419 

93422 Am93422 

93L422 Am93L422 

93479 

93415 

93L415 

93425 Am93425 

93L425 

93471 . 

93475 

Fujitsu 

MBM10422 

MBM10415 

MBM10470 

MBM10474 

MBM93419 

Hitachi 

HM2105 

' HM10414 

HM10422 

HM100422 

HM2110 

HM100415 

HM10470 

HM100470 

HM10474 

HM100474 

HM2510 

HM2511-1 

Bipolar RAM 
Availability Guide 

\ 

Intel Motorola National Signetics 

MCM10144 

MCM10152 DM10414A 

DM10422 10422 

100422 

MCM10146 DM10415 10415 

100415 

MCM10470 DM10470 10470 

100470 

MCM10474 10474 

100474 

82819 

MCM93422 

MCM93479 828212 

2115H MCM93415 

2115 

2125 MCM93425 

2125 

2149H-2 

TI 

54/748314 

54174L8314 

54/748214 

2149H 

LL All cross references listed above are for general replacement. Refer to device data sheets for specific parameter equivalence. 
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F=AIRCHILO . . , ------_-..._-_ ........ _-
A Schlumberger Company 

Description 
The F1 0414 is a 256-bit read/write Random Access 
Memory (RAM), organized 256 words by one bit. It is 
designed for high-speed scratchpad, control and buffer 
storage applications. The device includes full on-chip 
address decoding, separate Data input and non-inverting 
Data output lines, as well as three active-LOW Chip 
Select lines. 

• Address Access Time-10 ns Max 
• Chip Select Access Time-S.O ns Max 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-1.8 mW/Bit Typ 
o Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
CSO-CS2 
Ao-A7 

Write Enable Input (Active LOW) 
Chip Select Inputs (Active LOW) 
Address Inputs 

D Data Input 
o Data Output 

logic Symbol 

2 

3 

4 

9 

10 

11 As 

12 

vee = Pin 16 
VEE = Pin 8 

56 7 13 14 

o 

15 
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logic Diagram 

Ao 

ADDRESS 
DECODER 

F10414 
256 X 1-Bit Static 
Random Access Memory 
F10K ECl Product 

Connection Diagram 

1S-Pin DIP (Top View) 

Ao vec 

CS1 A6 

CS2 As 

Note 

The 16-pin Flatpak version has the same pinouts (Connection Diagram) as 
the Dual In-line Package. 

WORD 
DRIVER 

0 

CSo 

CSl 

CS2 

WE 

D 
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I=AIRCHILD 

A Schlumberger Company 

Description 
The F10415 is a 1024-bit read/write Random Access 
Memory (RAM), organized as 1024 words by one bit per 
word and designed for high-speed scratchpad, control 
and buffer storage applications. It is available in two 
speed versions, the, F1 0415 and F1 0415A. The device 
includes full on-chip address decoding, separate Data 
input and non-inverting Data output lines, as well as an 
active-LOW Chip Select line. 

• Address Access Time 
F10415-35 ns Max 
F10415A-20 ns Max 

• Chip Select Access Time 
F10415-10 ns Max 
F10415A-8.0 ns Max 

• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-O.5 mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
CS-

Ao-Ag 
D 
0 

Write Enable Input (Active LOW) 
Chip Select Input (Active LOW) 
Address Inputs 
Data Input 
Data Output 

F10415 
1024 X 1-Bit Static 
Random Access Memory 
F10KECL Product 

Connection Diagram 

16-Pin DIP (Top View) 

o Vcc 

AO 0 

A2 WE 

A3 A9 

A4 AS 

AS 

A6 

Note 
The 16-pin Flatpak version has the same pinouts (Connection Diagram) as 

the D~al In-line Package. 

Logic Symbol Logic Diagram 

2 Ao 

3 Al 
4 A2 

5 A3 

6 A4 

7 As 

9 As 

10 A7 

11 As 

12 Ag 

vee = Pin 16 
VEE = Pin 8 

3618 

14 

cs 

15 13 

o WE 

F10415 

o 

ADDRESS 
DECODER 

WORD 
DRIVER 

32 x 32 ARRAY 

SENSE AMPS 
& 

WRITE DRIVERS 

ADORESS 
DECODER 

AS A6 A7 AS Ag 
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I=AIRCHIL.O 

A Schlumberger Company 

Description 
The F10Z416 is a fully decoded 1024-bit Programmable Read 
Only Memory (PROM), organized 256 words by four bits 
per word. The F10Z416 is designed for high speed control 
store, mapping, code conversion and logic replacement. The 
device is available in two speed versions, standard speed 
and 'A' grade. 

The F10Z416 uses open base transistor (junction) fuse cells. 
Initially the unprogrammed cell is in the logic '0' state. The cell 

F10Z416 
256 X 4-Bit Programmable 
Read Only Memory 
F10K Junction Fuse Eel Memory 

Connection Diagram 

16-Pln DIP (Top View) 

can be programmed to a logic '1' state by following the ~;; 
specified programming procedure which fuses aluminum ~~\~\~5 
through the emitter base junction of the cell transistor .... " '\'\~'" 

~v'\ A7 

• Address Access Time ' 'f!~ 
F10Z416 -15ns Max 
F10Z416A-10ns Max 

• Highly Reliable Junction Fuses 
• Power DisSipation - O.53mW/Bit Typ 
• Power Dissipation Decreases with Increasing Temperature 

Pin Names 
CS 
Ao-A7 
01-04 

Chip Select Input (Active LOW) 
Address Inputs 
Data Outputs 

Logic Symbol Logic Diagram 

13 

cs 
4 AO 

2 A1 

3 A2 

9 A3 

10 
AO 

A4 
A1 

6 A5 A2 10F 32 

5 A6 
DECODER 

A5 

7 A7 A6 
0, 020304 

15141211 A3 

A4 10F a 
DECODER 

Vcp = Pin 1 A7 

Vcc = Pin 16 
CS 

VEE = Pin 8 

@ Ie MASTER 1983 

SENSE 
AMP 

1 

Notes 
Vcp (Pin 1) is connected to the Programmer (+10,5 V) during programming 
only; otherwise, it should be grounded, 
The Flatpak version has the same pinout (Connection Diagram) as the 
Dual In-line Package. 

SENSE SENSE SENSE 
AMP AMP AMP 

2 3 

1024· alT CelL 
32 X 32 

MEMORY MATRIX 

COLUMN a COLUMN a COLUMN 
SelECT SELECT SELECT 

01 

02 

03 

04 
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I=AIRCHILD 

A Schlumberger Company 

Description 
The F10422 is a 1024-bit read/write Random Access 
Memory (RAM), organized 256 words by four bits per 
word. It is designed for high-speed scratchpad, control 
and buffer storage applications. The device includes full 
on-chip address decoding, separate Data input and 
non-inverting Data output line$, as well as four 
active-LOW Bit Select lines. 

• Address Access Time-10 ns Max 
• Bit Select Access Time-S.O ns Max 
• Four Bits Can be Independently Selected 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-O.92 mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
BSo- BS3 
Ao-A? 
00-03 
00-03 

logic Symbol 

Write Enable Input (Active LOW) 
Bit Select Inputs (Active LOW) 
Address Inputs 
Data Inputs 
Data Outputs 

3 5 20 22 8 6 7 18 19 

13 Ao 

14 A1 

15 A2 

16 A3 
F10422 

17 A4 

9 A5 

10 A6 

11 A7 

00 

2 4 21 23 

Vcc = Pin 24 

VCCA = Pin 1 
VEE = Pin 12 

3620 

F10422 
256 X 4-Bit Static 
Random Access Memory 
F10K ECl Product 

Connection Diagrams 

24-Pin DIP (Top View) 

VeeA Vee 

00 03 

BSo BS3 

01 02 

BS1 BS2 

Do 03 

01 02 

WE A4 

As A3 

A6 A2 

A7 A1 

VEE Ao 

Note 
The 24-pin flatpak version has the same pinout connections as the 
Dual In-Line package. 

logic Diagram 

Ao 

A1 

A2 
ROW 

SELECT 
A3 

A4 

256 
BITS 

256 256 
BITS BITS 

COLUMN 
SELECT 

256 
BITS 
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I=AIRCHILO 
...... .. -~ ... ~,.... .~ ... 

A Schlumberger Company 

Description 
The F10470 is a 4096-bit read/write Ran'dom Access 
Memory (RAM), organized 4096 words by one bit per 
word and designed for high-speed scratchpad, control 
and buffer storage applications. It is available in two 
speed versions, the F10470 and F10470A. The device 
includes full on-chip address decoding, separate Data 
input and non-inverting Data output lines, as well as 
an active-LOW Chip Select line. 

• Address Access Time 
F10470-35 ns Max 
F10470A-25 ns Max 

• Chip Select Access Time 
F10470-15 ns Max 
F10470A-10 ns Max 

o Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-O.20'mW/Bit Typ 
o Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
CS 
Ao-A11 
D 
o 

logic Symbol 

2 Ao 
3 Al 

4 A2 

5 A3 

6 A4 

7 As 

8 A6 

10 A7 

11 As 

12 A9 

13 AlO 

14 An 

. Vee = Pin 18 

VEE = Pin 9 

Write Enable Input (Active LOW) 
Chip Select Input (Active LOW) 
Addre.ss Inputs 
Data Input 
Data Output 

16 17 15 

6 b 
cs 0 WE 

F10470 

o 

© Ie MASTER 1983 

F10470 
4096 X 1-Bit Static 
Random Access Memory 
F10K ECl Product 

Connection Diagram 

18-Pin DIP (Top View) 

0 Vee 

Ao 0 

Al cs 

A2 WE 

A3 All 

A4 Al0 

As Ag 

A6 As 

.VEE A7 

Note 

The 18-pin Flatpak version has the same pinouts (Connection Diagram) as 
the Dual In-line Package. 

logic Diagram 

WORD 64 x 64 
DRIVER ARRAY 

0 

cs 

WE 

ADDRESS ADDRESS 
DECODER DECODER 

As A, A8 Ag A. As Ao A, A2 A3 A,o A" 
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F=AIRCHIL.O 

A Schlumberger Company 

Description 
The F10474 is a 4096-bit read/write Random Access 
Memory (RAM), organized 1024 words by four bits per 
word. It is designed for high-speed scratchpad, control 
and buffer'storage applications. The device includes full 
on-chip address decoding, separate Data input and 
non-inverting Data output lines, as well as an 
active-LOW Chip Select line. 

• Address Access Time-25 ns Max 
• Chip Select Access Time-15 ns Max 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-O.20 mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
CS 
Ao-A9, 
00-03 
00-03 

logic Symbol 

4 Ao 

5 A1 

6 A2 

7 A3 

8 A4 

9 As 

11 As 

13 A7 

14 As 

15 Ag 

Vee = Pin 24 
VeeA = Pin 1 
VEE = Pin 12 
NC = Pin 10 

3622 

Write Enable Input (Active LOW) 
Chip Select Input (Active LOW) 
Address Inputs 
Data Inputs 
Data Outputs 

17 18 19 20 21 16 

F10474 

00 01 02 03 

22 23 2 3 

F10474 
1024 X 4-Bit Static 
Random Access Memory 
F10K ECl Product 

Connection Diagram 

24-Pin DIP (Top View) 

VeeA vee 

02 01 

03 00 

Ao 03 

A1 02 

A2 01 

A3 DO 

A4 CS 

As WE 

NC Ag 

A6 As 

VEE A7 

Note 
The 24-pin flatpak version has the same pinout connections·as the 

Dual In-Line package, 

logic Diagram 

A4 
As 
As 
A7 
As 
A9 

WE 

CS 

ROW 
SELECT 

1K 
BITS 

1K 1K 
BITS BITS 

COLUMN 
SELECT 

1K 
BITS 
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I=AIRCHILO 

A Schlumberger Company 

Description 
The F10480 is a 16,384-bit read/write Random Access 
Memory (RAM), organized 16,384 words by one bit per word. 
It is designed for high-speed scratch pad, control and buffer 
storage and main memory applications. The device includes 
full on-chip address decoding, separate Data input and 
non-inverting Data output lines, as well as an active LOW 
Chip Select line. 

• Address Access Time-25ns Max 
• Chip Select Access Time-10ns Max 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation - O.055mW /Bit Typ 
• Power Dissipation Decreases with Increasing Temperature. 

Pin Names 
WE 
CS 
Ao-A13 

Write Enable Input (Active-LOW) 
Chip Select Input (Active-LOW) 
Address Inputs 

D Data Input 
a Data Output 

Table 1 Truth Table 

Inputs Output 

CS WE DIN Open Emitter 

H X X L 
L L L L 
L L H L 
L H X DOUT 
L = LOW Voltage Levels:; -1.7 V 

H = HIGH Voltage Levels = -0.9 V 

(Nominal values) 

X = Don't Care 

© Ie MASTER 1983 

Mode 

Not Selected 
Write "0" 
Write" 1" 
Read 

F10480 
16,364 X 1-Bit Static 
Random Access Memory 

Logic Symbol 

Ao 

Al 

A, 

AJ 

A4 

A'; 

A6 

A, 

11 

12 

Vec = Pin 20 
GND = Pin 10 

18 

es 

Connection Diagram 
2o-Pln DIP 

0 

Ao 

AI 

A, 

AJ 

A4 

A., 

A6 

A, 

VEE 

(Top View) 

Note 

19 17 

0 WE 

o 

1. 

Vee 

0 

CS 

WE 

AI] 

A12 

All 

A10 

Ag 

AH 

The Flatpak version has the same pinouts (Connection Diagram) a8 the Dual 

In-Line Package. 
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I=AIRCHIL.D 

A Schlumberger Company 

Description 
The F100414 is a 256-bit read/write Random Access 
Memory (RAM), organized 256 words by one bit. It is 
designed for high-speed scratchpad, control and buffer 
storage applications. The device includes full on-chip 
address decoding, separate Data input and non-inverting 
Data output lines, as well as three active-LOW Chip 
Select lines. 

• Address Access Time -1 0 ns Max 
• Chip Select Access Time-6.0 ns Max 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-1.8 mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
CSO-CS2 
Ao-A? 
D 
a 

Write Enable Input (Active LOW) 
Chip Select Inputs (Active LOW) 
Address Inputs 
Data Input 
Data Output 

logic Symbol logic Diagram 

Ao 

Al 
ADDRESS 
DECODER 

Ao CS 0 WE A2 

2 A1 

3 A2 

4 A3 
F100414 

9 A4 

10 As 

11 As 

12 A7 o 

15 

Vee = Pin 16 

VEE = Pin 8 

3624 

F100414 
256 X 1-Bit Static 
Random Access Memory 
F100K ECl Product 

Connection Diagram 

16-Pin DIP (Top View) 

Ao 16 Vec 

A1 2 15 0 

A2 3 14 WE 

A3 4 13 0 

CSo 5 12 A7 

CS1 6 11 As 

CS2 7 10 As 

VEE 8 9 A4 

Note 
The 16-pin Flatpak version has the same pinouts (Connection Diagram) as 

the Dual In-line Package. 

0 

WORD CSO 
DRIVER 

CSl 

CS2 
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A Schlumberger Company 

Description 
The F100415 is a 1024-bit read/write Random Access 
Memory (RAM), organized as 1024 words by one bit per 
word and designed for high-speed scratchpad, control 
and buffer storage applications. The device includes full 
on-Chip address decoding, separate Data input and 
non-inverting Data output lines, as well as three 
active-LOW Chip Select line. 

• Address Access Time - 20 ns Max 
• Chip Select Access Time - 8.0 ns Max 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-O.S mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
CS 
Ao-Ag 
D 
a 

Write Enable Inputs (Active LOW) 
Chip Select Input (Active LOW) 
Address Inputs 
Data Input 
Data Output 

F100415 
1024 X 1-Bit Static 
Random Access Memory 
F100K ECl Product 

Connection Diagram 

16-Pin DIP (Top Vie'w) 

o Vcc 

AO 0 

A1 CS 

A9 

AS 

AS A7 

VEE AS 

Note 
The 16-pin Flatpak version has the same pinouts (Connection Diagram) as 
the Dual In-line Package. 

logic Symbol logic Diagram 

2 Ao 

3 A1 

4 A2 

5 A3 

6 A4 

7 As 

9 A6 

10 A7 

11 As 

12 Ag 

vee = Pin 16 
VEE = Pin 8 

14 

CS 
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15 13 

o WE 

F100415 

o 

AO 

AI 

ADDRESS 
DECODER 

WORD 
DRIVER 

32 x 32 ARRAY 

SENSE AMPS 

• WRITE DRIVERS 

ADDRESS 
DECODER 

o 
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F=AIRCHILO 

A Schlumberger Company 

Description 
The F100416 is a 1024-bit field Programmable Read 
Only Memory (PROM), organized 256 words by four bits 
per word. It is designed for high-speed control, mapping, 
code conversion, and logic replacement. The device 
includes full on-chip address decoding, non-inverting 
Data output lines, and an active-LOW Chip Select line 
for easy memory expansion. The device is manufa,ctured 
with all bits in the logic-HIGH state. Programmed bits 
will furnish LOW levels at corresponding outputs. 

• Address Access Time - 20 ns Max 
• Chip Select Access Time-S.O ns Max 
• Chip Select Input and Open-emitter Outputs 'for 

Easy Memory Expansion 
• Power Dissipation-0.46 mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
CS 
Ao-A? 
01-04 

Chip Select Input (Active LOW) 
Address Inputs 
Data Outputs 

F100416 
256 X 4-Bit Programmable 
Read Only Memory 
F100K ECl Product 

Connection Diagram 

16-Pin DIP (Top View) 

VCP Vcc 

A1 01 

A2 02 

AO CS 

A6 03 

AS 04 

A7 A4 

VEE A3 

Notes 

VCP (Pin 1) is connected to the Programmer (+10,5 V) during programming 
only; otherwise, it should be grounded, 
The Flatpak version has the same pinout (Connection Diagram) as the 
Dual In-line Package, 

logic Symbol logic Diagram 

13 

CS 
4 AO 

2 A1 

3 A2 

9 A3 AO 0, 

10 
F100416 A, 

A4 A2 °2 

6 AS A5 

S A6 
A6 03 

7 A7 04 
01020304 A3 

A4 

A7 

1S141211 
cs 

Vcp = Pin 1 

Vcc = Pin 16 

VEE = Pin 8 
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F=AIRCHILO 

A Schlumberger Company 

Description 
The F100Z416 is a fully decoded 1024-bit Programmable Read 
Only Memory (PROM), organized 256 words by four bits 
perword. The F100Z416 is designed for high speed control 
store, mapping, code conversion and logic replacement. The 
device is available in two speed versions, standard speed 

. and 'A' grade. 

'The F100Z416 uses open base transistor (junction) fuse cells. 
Initially the unprogrammed cell is in the logic '0' state. The cell 
can be programmed to a logic '1' state by following the 
specified programming procedure which fuses aluminum 
through the emitter base junction of the cell transistor. 

o Address Access Time 
F100Z416-15ns Max 
F1 00Z416A -1 Ons Max 

• Highly Reliable Junction Fuses 
• Power Dissipation - 0.46mW IBit Typ 
• Power Dissipation Decreases with Increasing Temperature 

Pin Names 
CS 
Ao-A? 
01-04 

Chip Select Input (Active lOW) 
Address Inputs 
Data Outputs 

F100Z416 
256 X 4-Bit Programmable 
Read Only Memory 
F100K Junction Fuse ECl Memory 

Connection Diagram 

16-Pin DIP (Top View) 

VCP Vcc 

A, 0, 

A2 02 

AO fS 

AS 03 

AS 04 

A7 A4 

VEE A3 

Notes 

VCP (Pin 1) is connected to the Programmer (+10.5 V) during programming 
only; otherwise, it should be grounded. 
The Flatpak version has the same pinout (Connection Diagram) as the 
Dual In-line Package. 

Logic Symbol Logic Diagram 

'3 

CS 
4 AO 

2 A1 

3 A2 

9 A3 

10 '~4 

S As 

5 As 

7 A7 

VCP = Pin 1 

Vec = Pin 16 
VEE = Pin 8 

01 020304 

15 1412 11· 
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0, 

02 

03 

04 

cs--------------------------------------------~ 
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FAIRCHILD 

A Schlumberger Company 

Description 
The F100470 is a 4096-bit read/write Random Access 
Memory (RAM), organized 4096 words by one bit per 
word and designed for high-speed scratchpad, control 
and buffer storage applications. It is available in two 
speed versions, the F100470 and F100470A. The device 
includes full on-chip address decoding, separate Data 
input and non-inverting Data output lines, as well as 
an active-LOW Chip Select line, 

• Address Access Time 
F100470-35 ns Max 
F100470A-25 ns Max 

• Chip Select Access Time 
F1 00470 -15 ns Max 
F100470A-10 ns Max 

• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipatipn-0.70 mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

. Temperature 

Pin Names 
WE 
CS 
Ao-A11 
D 
a 

logic Symbol 

2 Ao 
3 A1 

4 A2 
5 A3 

6 A4 
7 As 

8 A6 

10 A7 
11 As 
12 Ag 

13 A10 

14 A11 

Vee = Pin 18 
VEE = Pin 9 

3628 

Write Enable Input (Active LOW) 
Chip Select Input (Active LOW) 
Address Inputs 
Data Input 
Data Output 

16 17 15 

'b 
CS 0 WE 

F100470 

0 

F100470 
4096 X 1-Bit Static 
Random Access Memory 
F100K ECl Product 

Connection Diagram 

18-Pin DIP (Top View) 

0 vee 

Ao 0 

A1 CS 

A2 WE 

A3 A11 

A4 A10 

As Ag 

A6 As 

VEE A7 

Note 
The 18-pin Flatpak version has the same pinouts (Connection Diagram) as 
the Dual In-line Package. 

logic Diagram 

WORD 64.64 
DRIVER ARRAY 

0 

cs 

We 

ADDRESS ADDRESS 
DECODER DECODER 

A6 A7 As A9 A4 As Ao A, A2 A3 A,o Al1 
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FAIRCHIL.D 

A Schlumberger Company 

Description 
The F100474 is a 4096-bit read/write Random Access 
Memory (RAM), organized 1024 words by four bits per 
word. It is designed for high-speed scratchpad, control 
and buffer storage applications. The device includes full 
on-Chip address decoding, separate Data input and 
non-inverting Data output lines, as well as an 
active-LOW Chip Select line. 

• Address Access Time-25 ns Max 
• Chip Select Access Time-15 ns Max 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation-O.70 mW/Bit Typ 
• Power Dissipation Decreases with Increasing 

Temperature 

Pin Names 
WE 
CS 
Ao-Ag 
00-03 
00-03 

logic Symbol 

(13) 10 Ao 

(14) 11 A1 

(15) 12 A2 

(16) 13 A3 

(17)14 A4 

(18) 15 As 

(20)17 A6 

(22) 19 A7 

(23) 20 As 

(24) 21 Ag 

vee = Pin 6 (9) 

VeeA = Pin 7 (10) 
VEE = Pin 18 (21) 

( ) = Flatpak 

Write Enable Input (Active LOW) 
Chip'Select Input (Active LOW) 
Address Inputs 
Data Inputs 
Data Outputs 

(2) (3) (4) (5) (6) (1) 
23 24 1 2 3 22 

CS Do 01 02 03 WE 

F100474 

00 01 02 03 

4 5 8 9 
(7) (8) (11 )(12) 

© Ie MASTER 1983 

F100474 
1024 X 4-Bit Static 
Random Access Memory 
F100K ECl Product 

Connection Diagrams 

24-Pin DIP (Top View) 

01 Do 

02 23 CS 

03 22 WE 

00 21 Ag 

01 20 

VCC 19 A7 

VCCA 18 VEE 

02 17 A6 

03 16 NC 

Ao 15 As 

A1 14 A4 

A2 13 A3 

24-Pin Flatpak (Top View) 

Ag As A7 VEE A6 NC 

WE As 

CS A4 

Do A3 

01 A2 

02 A1 

03 Ao 
B 

00 01 Vec VCCA 02 03 
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FAIRCHIL.O 

A Schlumberger Company 

Description 
The F100480 is a 16,384-bit read/write Random Access 
Memory (RAM), organized 16,384 words by one bit per word. 
It is designed for high-speed scratchpad, control and buffer 
storage and main memory applications. The device includes 
full on-chip address decoding, separate Data input and 
non-inverting Data output lines, as well as an active lOW 
Chip Select line. 

• Address Access Time - 25ns Max 
• Chip Select Access Time -1 Ons Max 
• Open-emitter Outputs for Easy Memory Expansion 
• Power Dissipation - O.044mW /Bit Typ 
• Power Dissipation Decreases with Increasing Temperature. 

Pin Names 
WE 
CS 
Ao-A13 

Write Enable Input (Active-LOW) 
Chip Select Input (Active-LOW) 
Address Inputs 

D Data Input 
a Data Output 

Table 1 Truth Table 

Inputs Output 

CS WE DIN Open Emitter 

H X X l 
L L L l 
L L H L 
L H X DOUT 
L = LOW Voltage Levels = -1.7 V 

H = HIGH Voltage Levels = -0.9 V 
(Nominal values) 

X = Don't Care 

Guaranteed Operating Ranges 

Mode 

Not Selected 
Write "0" 
Write "1" 
Read 

_S_U_p_pl_y_V--r0_lt_a_g_e_(_V-rE~E) __ -i Ambient Temperature 
Min 1 Typ 1 Max Note 4 

-5.7 V 1-4.5 V '1-4.2 V O°C to 85°C 

3630 

F100480 
16,384 X 1·Bit Static 
Random Access Memory 

F100K ECl Memory 

Logic Symbol 
18 19 17 

cs o WE 
Arr 

A, 

A; 

A, 

A.l 

A;, 

Ah 
Fl00480 

A: 

11 

A,:! 
o 

VCC" Pin 20 
GND = Pin 10 

Connection Diagram 
20-Pin DIP (Top View) 

0 Vee 

Aa 19 0 

A, 18 CS 

Al 17 WE 

A" 16 Au 

A~ 15 AI<' 

A'o 14 A" 

Ab 13 A,a 

A: 12 Ag 

VEE 10 11 AH 

(Top View) 

Not. 
The Flatpak version has the ,arne pinouts (Connection Diagram) 88 the Dual 

In· Line Package. 
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F=AIRCHILD 
, . ---------... ~ ....... --
A Schlumberger Company 

Description 
The 93419/93419A is a 575-Bit Read/Write Random 
Access Memory organized 54 words by nine bits per 
word with open collector outputs. It is ideally suited for 
scratchpad, small buffer and other applications where 
the number of required words is small and where the 
number of required bits per word is relatively large. The 
ninth bit can provide parity for 8-bit word systems. 

• Open Collector Outputs 
• TTL Inputs and Outputs 
• Isoplanar Technology 
• Organization - 64 Words by Nine Bits 
• Standard 28·Pin Dual in·Line Package 
• Data Output is the Complement of Data Input 
• Power Dissipation - 0.9 mW/Bit 
• Maximum Address Access Time 

93419 45 ns 
93419A 35 ns 

• Maximum Chip Select Access Time 
93419 40 ns 
93419A 30 ns 

Pin Names 
Ao-A5 
Do-Os 
Oo-Os 
WE 
CS 

Address Inputs 
Data Inputs 
Outputs 
Write Enable Input 
Chip Select Input 

Logic Symbol 

15 13 4 5 6 7 8 9 10 11 12 

25 Ao 

26 A, 

27 A2 
934191 
93419A 

A3 

A4 

As 

24 23 22 21 20 19 18 17 16 

Vee = Pin 28 
GND = Pin 14 

Fairchild Camera and Instrument Corporation 
441 Whisman Road, Mountain View, California 94042 
l'NX 910 3796435 

© Ie MASTER 1983 

93419J93419A 
64 X 9·Bit Fully Decoded 
Random Access Memory 

TTL Isoplanar Memory 

Connection Diagram 
28·Pin DIP 

A3 

A4 

A5 

Do 

0, 

02 

03 

'04 

05 

06 

07 

Os 

WE 

GNO 

Truth Table 

Inputs 

CS WE 0 0-08 

H X 
L L 
L L 
L H 

H = HIGH Voltage Level 
L = LOW Voltage ,Level 

X 
L 
H 
X 

X = Don't Cary (HIGH or LOW) 

10 

11 

12 

13 

14 

(Top View) 

Outputs 

Open 
Collector 

H 
H 
H 

DOUT * 

• Memory inverts from Data In to Data Output 

Vcc 

27 A2 

26 A, 

25 Ao 

24 00 

23 0, 

22 02 

21 03 

20 04 

19 05 

18 06 

17 07 

16 OS 

15 cs 

Mode 

Not Selected 
Write "0"* 
Write "1"* 
Read 

@ 1982 Fairchild Printed in U.S.A. 4790-002-A·23·022 15M 305122 
March 1982 Fairchild reserves the right to make changes in the circuitry 
or specifications at any time without notice. 
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I=AIRCHILO 

A Schlumberger Company 

Logic Diagram 

AI 

A2 

A3 

A4 

As 

Functional Description 

ROW 
SELECT 

INPUT DATA 
CONTROL 

32 x 18 
MEMORY ARRAY 

COLUMN 
SELECT 

AO 

The 93419/93419A is a fully decoded 576-bit Random 
Access Memory organized 64 words by nine bits. Word 
selection is achieved by means of a 6-bit address, Ao 
to A5. 

The Chip Select input provides for memory array 
expansion. For large memories, the fast chip select 
access time permits the decoding of chip select (CS) 
from the address without affecting system performance. 

The read and write operations are controlled by the state 
of the active LOW Write Enable (WE). With WE held LOW 
and the chip selected, the data at 0 0-08 is written into 
the addressed location. To read, WE is held HIGH and 
the chip selected. Data in the specified location is 
presented at 0 0-08 and is inverted from Data In to 
Data Out. 

Open collector outputs are provided to allow maximum 
flexibility in output connectio'n. In many applications 
such as memory expansion, the outputs of many 93419s 

3632 

93419/93419A 

00 
0, 

02 
OUTPUT 03 

DATA .04 
CONTROL Os 

66 
07 
08 

can be tied together. In other applications the wired-OR 
is not used. In either case an external pull-up resistor of 
RL value must be used to provide a HIGH at the output 
when it is off. Any RL value within the range specified 
below may be used. 

Vcc (MAX) Vcc (MIN)- VOH ----- s RL S --'-----..=...:...;... 

IOL - FO (1.6) n (ICEX) + FO (0.04) 

RL is in kO 
n = number of wired-OR outputs tied together 
FO = number of TTL Unit Loads (UL) driven 
ICEX = Memory Output Leakage Current 
VOH = Required Output HIGH Level at Output Node 
IOL = Output LOW Current 

The minimum RL value is limited by output current 
sinking ability. The maximum RL value is determined by 
the output and input leakage current which must be 
supplied to hold the output at VOH. One Unit Load = 
40 JlA HIGH/1.6 mA LOW. FOMAX = 5 Ul. 
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FAIRCHIL.D 
93419/93419A 

A Schlumberger Company 

DC Characteristics Over Operating Temperature Ranges (Notes 1, 2, and 4) 

Typ 
Symbol Characteristic Min (Note 3) Max Unit Conditions 

VOL Output LOW Voltage 0.3 0.50 V VCC= Min, 10L= 12 mA 

VIH Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

IlL Input LOW Current -200 - 400 p.A Vcc= Max, VIN = 0.4 V 

IIH Input HIGH Current 1.0 40 p.A Vcc= Max, VIN = 4.5 V 
1.0 mA V cc = Max, VIN = 5.25 V 

ICEX Output Leakage Current 1.0 100 p.A Vcc= Max, VOUT= 4.5 V 

VCD Input Clamp Diode Voltage -1.0 -1.5 V Vcc = Max, liN = - 10 mA 

110 mA TA= 125°C 

120 mA TA=75°C Vcc= Max 
Icc Power Supply Current 

100 130 mA TA=O°C 
All Outputs Grounded 
Outputs LOW 

150 mA TA= -55°C 

AC Characteristics Over Guaranteed Operating Ranges (Notes 1, 2, 4, 5, 6) 

93419AXC 93419XC 93419XM 

Symbol Characteristic Min Max Min Max Min Max Unit Conditions 

Read Mode Delay Times 
tACS Chip Select Access Time 30 40 40 ns See Test Circuit 

t RCS Chip Select Recovery Time 30 40 40 ns and Waveforms 

tAA Address Access Time 35 45 60 ns 

Write Mode Delay Times 
tws Write Disable Time 30 40 45 ns See Test Circuit 

. tWR Write Recovery Time 35 45 55 ns and Waveforms 

Input Timing Requirements 
tw Write Pulse Width (to guarantee write) 25 35 45 ns 

tWSD Data Setup Time Prior to Write 5 5 5 ns 

tWHD Data Hold Time After Write 5 5 5 ns 

tWSA Address Setup Time 5 5 10 ns 

tWHA Address Hold Time 5 5 5 ns 

twscs Chip Select Setup Time 5 5 5 ns 

twHCS Chip Select Hold Time 5 5 5 ns 

CIN Input Pin Capacitance 5 5 5 pF 

COUT Output Pin Capacitance 8 8 8 pF 

Notes 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified LIMITS represent the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and supply 

voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical values are at Vcc=5.0 V, TA = +25·C, and Max loading. 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm-up. Temperature range of 

operation refers to case temperature for Flatpaks and ambient temperature for all other packages. Typical thermal resistance values of the package at 
maximum temperature are: 

(JJA (Junction to Ambient) (at 400 fpm air flow)= 30·C/Watt Ceramic DIP, 60·C/Watt Plastic DIP. 
(lJA (Junction to Ambient) (still air)= 75·C/Watt Ceramic DIP, 110·C/Watt Plastic DIP 
0JC (Junction to Case) = 25·C/Watt Ceramic DIP, 40·C/Watt Plastic Dip 

5. The Max address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. T w measured at tW5A = Min, tW5A measured at tw = Min. 
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F=AIRCHILO 

A Schlumberger Company 

Description 
The 93422193422A is a 1024·bit ReadlWrite Access 
Memory organized 256 words by four bits per word. The 
93422193422A has 3·state outputs, and is designed 
primarily for buffer control storage and high·performance 
main memory applications. The device has a typical 
address access time of 30 ns. 

• Isoplanar Technology 
• Organization - 256 Words )( 4 Bits 
• 3·State Outputs 
• Available In 22·Pln DIP or 24·Pln Flatpak Packages 
• Inverting and Non·lnvertlng Select Inputs Provide 

Easy Memory Expansion 
• Power Dissipation - 0.475 mW/Blt Typical 
• Typical Read Access Time - 30 ns 

Pin Names 
Ao-A7 Address Inputs 
0 1-04 Data Inputs 
CS1, CS2 Chip Select Inputs 
WE Write Enable Input 
0 1-04 Data Outputs . 
OE Output Enable 

Absolute Maximum Ratings 
(above which the useful life may be Impaired) 

Storage Temperature - 65°C, + 150°C 
Temperature (Ambient) Under elas - 55°C, + 125°C· 
Vcc Pin Potential to Ground Pin - 0.5 V, + 7.0 V 

*Input Voltage (dc) - 0.5 V, + 5.5 V 
*Input Current (dc) -12 rnA, + 5.0 rnA 

**Voltage Applied to Outputs - 0.5 V, + 5.50 V 
(output HIGH) 

Output Current (dc) + 20 mA 
*Elther Input Voltage limit or Input Current limit Is sufficient to protect 
the Inputs. 

* *Output Current Limit Required. 
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93422/93422A 
256 X 4·Bit Fully Decoded 
Random Access Memory 

TIL Isoplanar Memory 

Logic Symbol 

(4) 4 

(3) 3 

(2) 2 

(1) 1 

(23) 27 

(5) 5 

(6) 6 

(7) 7 

Vcc= Pin 20 
GND= Pin 10 

cs 
Ao 
A1 

A2 

Aa 

A4 
As 

A& 
A7 

Connection Diagram 
22·Pln DIP 

Note 

(22) (9) (11)(15)(17) 
20 9 11 13 15 

WE 00 01 02 03 

OE 00 01 02 03 

10 16 12 14 15 
(20) (10) (14) (16) (15) 

The Flatpak version has the same pinouts (Connection Diagram) as the Dual· 
In·Llne Package. 
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FAIRCHILD 

A Schlumberger Company 

Logic Diagram 

ROW 
SELECT 

Functional Description 

32" 32 
MEMORY 
ARRAY 

COLUMN 
SELECT 

OUTPUT 
DATA 

CONTROL 

Oo@ 
01@ 
°d!9 
od!~ 

Vee = Pin 22 
GND= Pin 8 

93422193422A 

o = Pin Number 

The 93422/92422A is a fully decoded 1024-bit Random Access Memory organized 256 words by four bits. Word 
selection is achieved by means of an 8-bit address, Ao through A7. 

Two chip select inputs, inverting and non-inverting, are provided for logic flexibility. For larger memories, the fast chip 
select access time permits the decoding of chip select, CS, from the address without increasing address access time. 

The read and write operations are controlled by the state of the active-LOW write enable, WE (pin 20). With WE held LOW 
and the chip selected, the data at DO- 3 is written into the addressed location. To read, WE is held HIGH and the chip 
selected. Non·inverted data from the specified location is then presented at the output (00- 3). 

Truth Table 

Inputs 

OE eso eS1 WE 
Pin 18 Pin 19 Pin 17 Pin20 

X H X X 
X X L X 
L L H H 
X L H L 
X L H L 

H L H H 
H L H L 
H L H L 

Notes 
Pin number specified for DIP only 

Guaranteed Operating Ranges 

Part Number Min 

93422XC, 93422AXC 4.75 V 

93422XM 4.50 V 

Do-D3 
Pins 9, 11, 13, 15 

X 
X 
X 
L 
H 

X 
L 
H 

H = HIGH Voltage 
L = LOW Voltage 

Supply Voltage 
(Vee> 

Typ 

5.0 V 

5.0 V 

Outputs 

3-State 

High Z 
High Z 
0 0-03 
High Z 
High Z 

High Z 
.High Z 
High Z 

Max 

5.25 V 
. 5.50 V 

Mode 

Not Selected 
Not Selected 
Read Stored Data 
Write "0" 
Write "1" 

Output Disabled 
Write "0" (Output Disabled) 
Writ~ "1" (Output Disabled) 

x = Don't Care (HIGH or LOW) 
High Z= High·lmpedance. 

Ambient 
Temperature 

Note 4 

O°C, + 75°C 

- 55°C, + 125°C 

x= package type; F for Flatpak, D for Ceramic DIP, P for Plastic DIP. See Packaging Information Section for packages available on this product. 
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93'422/93422A 
FAIRCHILD 

A Schlumberger Company 

DC Characteristics Vee = 5.0 V ± 5%, T A = O°C to + 75°C, unless otherwise noted. 

Typ 
Symbol Characteristic Min (Note 3) Max Unit Conditions 

VOL Output LOW Voltage 0.3 0.45 V Vce= Min, IOL=8 mA 

VIH Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

IlL Input LOW Current '.-150 -300 p.A Vcc= Max, VIN=0.4 V 

IIH Input HIGH Current 1.0 40 p.A Vec= Max, VIN =4.5 V 
1.0 mA Vcc= Max, VIN = 5.25 V 

VCD Input Diode Clamp Voltage -1.0 -1.5 V Vcc= Max, IIN= -10 mA 

!OFF Output Current (High Z) 50 p.A Vcc= Max, VOUT= 2.4 V 
-50 Vcc= Max, VOUT= 0.5 V 

VOH Output HIGH Voltage 2.4 V Vcc=Min, 10H= -5.2 mA 

los Output Current Short Circuit to Ground -70 mA V cc = M~x, Note 7 

Icc Power Suply Current 
93422XC 95 . 130 mA TA= + 75°C Vcc= Max, 
93422XC 155 TA=O°C All Inputs and Outputs Open 
93422XM 120 TA= + 125°C 
93422XM 170 TA= -55°C 

AC Characteristics Over Guaranteed Operating Ranges (Notes 1, 2, 4, 5, 6) 

93422AXC 93422XC 93422AXM 93422XM 

Symbol Characteristic Min Max Min Max Min Max Min Max Unit Conditions 

Read Mode Delay Times 

tACS Chip Select Time 30 30 35 45 ns See Test Circuit 

tZACS Chip Select to High Z 30 30 35 45 ns and Waveforms 

tAOS Output Enable Time 30 30 35 45 ns 

tZAOS Output Enable to High Z 30 30 35 45 ns 

tAA Address Access Time 35 45 45 60 ns 

Write Mode Delay Times 

tzws Write Disable to High Z 35 35 40 45 ns See Test Circuit 

tWA Write Recovery Time 35 40 40 50 ns and Waveforms 

Write Mode Input Timing Requirements 

tw Write Pulse Width 25 30 35 40 ns 
(to guarantee write) 

tWSD Data Set-up Time Prior to Write 5 5 5 5 ns 

tWHD Data Hold Time After Write 5 5 5 5 ns 

tWSA Address Set-up Time 5 10 5 10 ns 

tWHA Address Hold Time .5 5 5 10 ns 

twscs Chip Select Set-up Time 5 5 5 5 ns 

twHCS Chip Select Hold Time 5 5 5 10 ns 

CI . Input Pin Capacitance 5 5 5 5 pF Measure with 

Co Output Pin Capacitance 8 8 8 8 pF Pulse Technique 

Notes 
1. Conditions for tesing, not shown in the Table, are chosen to guarantee operation under worst case conditions. 
2. The specified limits represent the worst case value for the parameters. Since these worst case values normally occur at the temperature and supply 

voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical values area at V cc = 5.0 V, T AO= + 25 ·C, and Max loading. 
4. The temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. For military range there is an additional requirement 

of a two mihute warm-up. Temperature range of operation refers to case temperature for flatpaks and ambient temperature for all other packages. Typical 
thermal resistance values of the package at maximum temperature are: 

()JA (Junction to Ambient) (at 400 fpm air flow)= 50·ClWatt, Ceramic DIP; 65·ClWatt, Plastic DIP; NA, Flatpak. 
()JA (Junction to Ambient) (still air)= 90·ClWatt, Ceramic DIP; 110·ClWatt, Plastic 'DIP; NA, Flatpak. . 
()JC (Junction to Case) = 25·ClWatt, Ceramic DIP; 25·ClWatt, Plastic DIP; 15·ClWatt, Flatpak. 

5. The Max address access time is guaranteed to be the worst case bit in the memory using a pseudo random testing pattern. 
6. tw measured at tW5A = Min, tW5A measured at tw = Min. 
7. Duration of short circuit should not exceed one second .. 
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I=AIRCHILD 

A Sehlumberger Company 

Description 
The 93L422193L422A is a 1024·bit ReadlWrite Random Ac· 
cess Memory organized 256 words by four bits per word. 
The 93L422193L422A has 3·state outputs, and is designed 
primarily for buffer control storage and high·performance 
main memory applications. The device has a typical 
address access time of 45 ns. 

o Isoplanar Technology 
• Organization - 256 Words x 4 Bits 
• 3·State Outputs 
• Available In 22·Pin DIP or 24·Pin Flatpak Packages 
• Inverting and Non·lnverting Chip Select Inputs Pro· 

vide Easy Memory Expansion 
• Low Power Dissipation - 0.27 mW/Blt Typical 
• Typical Read Access Time - 45 ns 

Pin Names 
Ao-A7 
00- 0 3 

CSo, CS1 
WE 
00-0 3 
OE 

Address Inputs 
Data Inputs 
Chip Select Inputs 
Write Enable Input 
Data Outputs 
Output Enable 

Absolute Maximum Ratings 
(above which the useful life may be impaired) 
Storage Temperature - 65°C, + 150°C 
Temperature (Ambient) Under Bias - 55°C, + 125°C 
Vcc Lead Potential to Ground Lead - 0.5 V, + 7.0 V 
Input Voltage (dc)· - 0.5 V, + 5.5 V 
Input Current (dc)· -12 mA, + 5.0 mA 
Voltage Applied to Outputs - 0.5 V, + 5.50 V 

(output HIGH)·· 
Output Current (dc) + 20 mA 

"Either Input Voltage limit or Input Current limit is sufficient to protect 
the inputs, 

""Output Current Limit Required, 

© Ie MASTER 1983 

93L422/93L422A 
256 X 4·Bit Fully Decoded 
Random Access Memory 

TTL Isoplanar Memory 

Logic Symbol 

(4) 4 A{J 

(3) 3 A1 

(2) 2 A2 

(1) 1 A3 

(23) 27 A4 
(5) 5 As 

(6) 6 As 
(7) 7 A7 

Vec= Pin 20 
GND= Pin 10 

cs 

(22) (9) (11) (15) (17) 
20 9 11 13 '15 

WE 00 01 02 03 

OE 00 01 02 03 

10 16 12 14 15 
(20) (10) (14) (16) (15) 

Connection Diagram 
22·Pln DIP 

A3 Vcc 

A2 A.t 

A1 WE 

A{J eso 

As OE 

As eS1 

A7 03 

GNO 03 

00 02 

00 02 

01 01 

Note 
The Flatpak version has the same pinouts (Connection Diagram) as the Dual
in-Line Package. 
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FAIRCHILD 

A S~hlumberger Company 

Logic Diagram 

ROW 
SELECT 

Functional Description 

32)( 32 
MEMORY 
ARRAY 

COLUMN 
SELECT 

OUTPUT 
DATA 

CONTROL 

Vee = Pin 22 
GND=Pin8 
o = Pin Number 

93L422/93L422A 

The 93L422/92L422A is a fully decoded 1024-bit Random Access Memory organized 256 words by four bits. Word 
selection is achieved by means of an 8-bit address, Ao through A7. 

Two chip select inputs, inverting and non-inverting, are provided for logic flexibility. For larg,er memories, the fast chip 
select access time permits the decoding of chip select, CS, from the address without increasing address access time: 

The read and write operations are controlled by the state of the active-LOW write' enable, WE (pin 20). With WE held LOW 
and the chip selected, the data at DO- 3 is written into the addressed location. To read, WE is held HIGH and the Cilip 
selected. Non-inverted data fron-:' the specified location is then presented at the output (00-3)' 

Truth Table 

Inputs 

OE eso eS1 
Pin 18 Pln19 Pin 17 

X H X 
X X L 
L L H 
X L H 
X L H 

H L H 
H L H 
H L H 

Notes 
Pin number specified for DIP only 

Guaranteed Operating Ranges 

Part Number 

93L422XC, 93L422AXC 

93L422XM 

WE 00-0 3 
Pin20 Pins 9,11,13,15 

X X 
X X 
H X 
L L 
L H 

H X 
L L 
L H 

H = HIGH Voltage 
L = LOW Voltage 

Supply Voltage 
(Ved 

Min Typ 

4.75 V 5.0 V 

4.50 V 5.0 V 

Outputs 

3-State 

High Z 
High Z 
0 0-03 
High Z 
High Z 

High Z 
High Z 
High Z 

Max 

5.25 V 

5.50 V 

Mode 

Not Selected 
Not Selected 
Read Stored Data 
Write "0" 
Write "1" 

Output Disabled 
Write "0" (Output Disabled) 
Write "1" (Output Disabled) 

x = Don't Care (HIGH or LOW) 
High Z= High-Impedance. 

Ambient 
Temperature 

Note 4 

O°C, + 75°C 

- 55°C, + 125°C 

'X= package type; F for Flatpak, D for Ceramic DIP, P for Plastic'DIP. See Packaging Information Section for packages available on this product. 
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93 L422/93 L422A 
FAIRCHILD 

A Schlumberger Company 

DC Characteristics Vee= 5.0 V ± 5%, TA= O°C to + 75°C, unless otherwise noted. 

Typ 
Symbol Characteris tic Min (Note 3) Max Unit Conditions 

VOL Output LOW Voltage 0.3 0.45 V Vee= Min, 10L= 8 mA 

VIH Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

IlL Input LOW Current -150 -300 p.A Vee=Max, VIN=O.4 V 

IIH Input HIGH Curre",~ 1.0 40 p.A Vee= Max, VIN = 4.5 V 
1.0 mA Vee = Max, VIN = 5.25 V 

VeD Input Diode Clamp Voltage -1.0 -1.5 V Vee = Max, liN = - 10 mA 

10FF Output Current (High Z) 50 p.A Vee=Max, Vour=2.4 V 
-50 Vee= Max, Vour= 0.5 V 

VOH Output HIGH Voltage 2.4 V Vee=Min,loH=5.2 mA 

los Output Current Short Circuit to Ground -70 mA Vee= Max, Note 7 

lee Power Suply Current 
93L422XC, 93L422AXC 55 75 mA TA=+75°C Vee= Max, 
93L422XC, 93L922AXC 60 80 TA=O°C All Inputs and Outputs Open 
93L422XM 50 70 TA= + 125°C 
93L422XM 65 90 TA= -55°C 

AC Characteristics Over Guaranteed Operating Ranges (Notes 1, 2, 4, 5, 6) 

93L422AXC 93L422XC 93L422AXM 93L422XM 

Symbol Characteristic Min Max Min Max Min Max Min Max Unit 

Read Mode Delay Times 

tAes Chip Select Time 30 35 40 45 ns 

tZRCS Chip Select to High Z 30 35 40 45 ns 

tAOS Output Enable Time 30 35 40 45 ns 

tZROS Output Enable to High Z 30 35 40 45 ns 

tAA Address Access Time 45 60 55 75 ns 

Write Mode Delay Times 

tzws Write Disable to High Z 35 -40 45 45 ns 

tWR Write Recovery Time 40 45 50 50 ns 

Write Mode Input Timing Requirements 

tw Write Pulse Width 30 45 40 55 ns 
(to guarantee write) 

tWSD Data Set-up Time Prior to Write 5 5 10 5 ns 

tWHD Data Hold Time After Write 5 5 5 5 ns 

tWSA Address Set-up Time 10 10 10 10 ns 

tWHA Address Hold Time 5 5 5 10 ns 

twscs Chip Select Set-up Time 5 5 10 5 ns 

tWHCS Chip Select Hold Time 5 5 5 10 ns 

CI Input Pin Capacitance 5 5 5 5 pF 

Co Output Pin Capacitance 8 8 8 8 pF 
Notes: 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified Limits represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and 

supply voltage extremes, additional noise immunity and guard banding can be achieved by decrea,sing the allowable system operating ranges. 
3. Typical values are at Vcc == 5.0 V, TA == 25°C, and Max loading. 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Temperature range of operation refers to 

case temperature for Flatpaks and ambient temperature for all other packages. Typical thermal resistance values of the package at 
maximum temperature are: 

IJJA (Junction to Ambient) (at 400 fpm air flow) == 50°C/Watt, Ceramic DIP; 65°C/Watt, Plastic DIP. 
IJJA (Junction to Ambient) (still air) == 90°C/Watt, Ceramic DIP; 110°C/Watt, Plastic DIP. 
IJJC (Junction to Case) == 25°C/Watt, Ceramic DIP; 25°C/Watt, Plastic DIP; 15°C/Watt, Flatpak. 

5. The Max address access time is guaranteed to be the "worst case" bit in the memory usi'ng a pseudo random testing pattern. 
6. tw measured at tWSA == Min, tWSA measured at tw == Min. 
7. Duration of short circuit should not exceed one second. 

© IC MASTER 1983 

Conditions 

See Test Circuit 
and Waveforms 

See Test Circuit 
and Waveforms 

Measure with 
Pulse Technique 
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I=AIRCHILO 

A Schlumberger Company 

Description 
The 93415 and 93425 are 1024-bit read/write Random Access 
Memories I RAMs I, organized 1024 words by one bit. The 
devices are identical except the 93415 has open collector 
outputs while the 93425 has three state outputs. They are 
designed for high speed scratch pad, control and buffer 
storage applications. Both devices are available in two speed 
versions, standard speed and 'A' grade. The devices include 
full on-chip address decoding, separate Data input and 
non-inverting Data output lines, as well as an Active-LOW 
Chip Select line. 

• Address Access Time 
93415/93425 - 45ns Max 
93415A/934245A-30ns Max 

• Chip Select Access Time 
93415/93425 - 35ns Max 
93415A/93425A - 20ns Max 

• Fully TTL Compatible 
• Available with Open Collector (93415) or 

Three State (93425) Outputs 
• Power Dissipation - 0.5mW I Bit Typ 
• Power Dissipation Decreases with Increasing Temperature 

Pin Names 
CS 
Ao-Ag 
WE 
D 
o 

Logic Symbol 

CS 
2 AO 

.3 A, 

4 

5 A3 

6 A4 

9 AS 

10 A6 

" A7 

12 AS 

13 Ag 

3640 

15 

Active-LOW Chip Select 
Address Inputs 
Active-LOW Write Enable 
Data Input 
Data Output 

14 

Dour 

93415/93425 
1024 X 1-Bit Static 
Random Access Memory 

TTL Bipolar Memory 

Connection Diagrams 
DIP (Top View) 

cs Vee 

AO DIN 

A, WE 

A'] Ag 

A3 AS 

A4 A7 

DOUT A6 

GND AS 

Note: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. . 

Truth Table 

Inputs 

CS WE DIN 

H X X 
L L L 
L L H 
L H X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care (HIGH or LOW) 

Outputs 

93415 93425 
O.C~ 3-State 

H HIGHZ 
H HIGHZ 
H HIGHZ 

Dour Dour 

Mode 

Not Selected 
Write "0" 
Write "1" 
Read 
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FAIRCHIL.D 

A Schlumberger Company 

Logic Diagram 

32 X 32 
WORD ARRAY 

DRIVER 

ADDRESS 
DECODER 

AC Test Loads and Waveforms 

Vee 

. 
600 n 

DOUT DOUT 

93415/93425 

Vee = Pin 16 
GND = Pin 8 

ALL INPUT PULSES 

_-If = = = == = = = Y\ = ~::: 
GND ~I 1..- 10 ns -..1 1 ___ 10 ns 

: 1200 n:::r: 15 pF 11[Jl:::~ 15 pF 

=~ = = = == = = =4 =:::: -:= -"-

Load A Load B 

Loading Conditions 

Functional Description 
The 93415 and 93425 are fully decoded 1024-bit Random 
Access Memories organized 1024 words by one bit. 
Word selection is achieved by means of a 10-bit address, 
Ao through Ag. 

One Chip Select input is provided for logic flexibility or for 
memory array expansion up to 2048 words without the need 
for external decoding. For larger memories, the fast chip 
select time permits the decoding of Chip Select, (CS) from the 
address without affecting system performance. 

© Ie MASTER 1983 

GND -..1 1--- 10 ns 

Input Pulses 

The read and write operations are controlled by the state of 
the active-LOW Write Enable (WE) input. With WE held LOW 
and the chip selected, the data at 0 is written into the 
addres~ed location. Since the write function is level triggered, 
data must be held stable for at least tWSD(min) plus tW(min) 
to insure a valid write. To read, WE is held HIGH and the 
chip selected. Non-inverted data is then presented at the 
output (0). 

The output of the 93415 is an open collector and is designed 
for use in wired-OR applicatoins. Th~ 93425 has a three state 
output for use in bus organized systems. 
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93415/93425 
FAIRCHILD 

A Schlumberger Company 

3642 

DC Characteristics: Over Operating Temperature Ranges (Notes 1-4) 

Limits 

Typ 
Symbol Characteristic Min (Note 3) Max Units Conditions 

VOL Output LOW Voltage 0.3 0.45 V VCC = Min, iOL = 16 mA 

VIH Input HIGH Voltage 2.1 1.6 V 
Guaranteed Input HIGH Voltage 
for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V 
Guaranteed Input LOW Voltage 
for all Inputs 

IlL Input LOW Current -250 -400 p.A Vec = Max, VIN = 0.4 V 

liH Input HIGH Current 
1.0 40 p.A Vcc = Max, Vin = 4.5 V 

1.0 mA Vcc = Max, VIN = 5.25 V 

iOFF Output Current (HIGH Z) 93425 
50 

p.A 
Vcc = Max, VOUT = 2.4 V 

-50 Vcc = Max, VOUT = 0.5 V 

los 
Output Current Short -100 mA Vcc = Max, Note 7 
Circuit to Ground 93425 

VOH 
93424XC 

2.4 V 
10H = -10.3 mA, Vcc = 5.0 V ±5% 

Output HIGH Voltage 93425XM 10H =-5.2 mA 

ICEX Output Leakage Current 93415 1.0 100 p.A Vcc = Max, VOUT = 4.5 V 

VCD Input Diode Clamp Voltage -1.0 -1.5 V Vcc = Max, liN = -10 mA 

130 TA = 75°C 
Vcc = Max, All 

Icc Power Supply Current 95 155 mA TA=O°C 
170 TA = -55°C 

Inputs Grounded 

AC Characteristics: Over Guaranteed Operating Ranges (Notes 1,2,4,5,6) 

93415/425AXC 93415/425XC 93415/425XM 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Units Conditions 

Read Mode Delay Times 
tACS Chip Select Access Time 20 35 45 

tRCS Chip Select Recovery Time 93415 20 35 50 See Test Circuit 

tZRCS Chip Select to HIGH Z 93425 20 35 50 
ns 

and Waveforms 

tAA Address Access Time 30 45 60 

Write Mode Delay Times 
tzws Write Disable to HIGH Z 20 35 45 See Test Circuit 
tWR Write Recovery Time 25 40 50 

ns 
and Waveforms 

Write Mode Timing Requirements 

tw 
Write Pulse Width 

30 35 40 
(to guarantee write) 

tWSD Data Setup Time Prior to Write 5 5 5 
tWHD Data Hold Time After Write 5 5 5 See Test Circuit 
tWSA Address Setup Time 5 5 15 

ns 
and Waveforms 

tWHA Address Hold Time 5 5 5 
twscs Chip Select Setup Time 5 5 5 
tWHCS Chip Select Hold Time 5 5 5 

CI Input Pin Capacitance 4 5 4 5 4 5 
pF 

Measure with 
Co Output Pin Capacitance 7 8 7 8 7 8 Pulse Technique 

Notes: 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified Limits represents the "worst case" value for the parameters. Since t'hese "worst case" values normally occur at the temperature and 

supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical values are at Vcc = 5.0 V, TA = 25°C, and Max loading. 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical thermal resistance values of the 

package at maximum temperature are: 

eJA (Junction to Ambient) (at 400 fpm air flow) = 50·C/Watt, Ceramic DIP; 65°C/Watt, Plastic DIP .. 
eJA (Junction to Ambient) (still air) = 90°ClWatt, Ceramic DIP; 110°C/Watt, Plastic DIP. 
eJC (Junction to Case) = 25°C/Watt, Ceramic DIP; 25°C/Watt, Plastic DIP; 15°C/Watt, Flatpak. 

5. The Max address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. tw measured at tWSA = Min, tWSA measured at tw = Min. 
7. Duration of short circuit should not exceed one second. 
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FAIRCHILD 

A Schlumberger Company 

Description 
The 93471 is a 4096-bit read/write Random Access 
Memory (RAM), organized 4096 words by one bit. It is de
signed for high speed scratch pad, control and buffer 
storage applications. The 93471 is available in two speed 
versions, standard speed and 'A' grade. The device includes 
full on-chip address decoding, separate Data inputs and 
non-inverting Data outputs, as well as an Active-LOW Chip 
Select line. 

• Address Access Time - 45ns Max 
• Chip Select Access Time - 30ns Max 
• Fully TTL Compatible 
• Features Three State Outputs 
• Power Dissipation - 0.15mW/Bit Typ 
• Power Dissipation Decreases with Increasing Temperature 

Pin Names· 
CS 
Ao-A11 
WE 
D 
a 

Logic Symbol 

16 

CS 
AO 
A1 

A2 

A3 

A4 

AS 

A6 

10 A7 

" As 

12 Ag 

13 A10 

14 A" 

vee = Pin 18 
GND = Pin 9 

17 

Chip Select 
Address Inputs 
Write Enable 
Data Input 
Data Output 

1S 

Dour 

© Ie MASTER 1983 

93471 
4096 X 1-Bit Static 
Random Access Memory 

TTL Bipolar Memory 

Connection Diagram 
DIP (Top View) 

Dour 

AO 2 17 

A1 3 16 

A2 4 1S 

A3 5 14 

A4 6 13 

AS 7 12 

A6 S 11 

GND 9 10 

Truth Table 

Inputs 

CS WE DIN 

Vee 

DIN 

cs 
WE 

A11 

A10 

Ag 

AS 

A7 

Outputs 

Dour Mode 

H X X HIGHZ Not Selected 
L L L 
L L H 
L H X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't' Care (HIGH or LOW) 

HIGHZ Write "0" 
HIGHZ Write "1" 

DOUT Read 
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93471 
FAIRCHIL.D 

A Schlumberger Company 

Logic Diagram 

r---._-- Dour CD 
WORD 

DRIVER 

ADDRESS 
DECODER 

Vee = Pin 18 
GND = Pin 9 

AC Test Loads and Waveforms 

Dour 

~ GOO!! 

Load A 

Loading Conditions 

Vee 

< 
< 300 n 

::::: 30 pF 

-...::-

Functional Description 

DOUT 

~1 k ;:::::: 

.--

Load B 

The 93471 is a fully decoded 4096-bit Random Access 
Memory organized 4096 words 'by one bit. Word selection 
is achieved by means of a 12-bit address, Ao through A11. 

One Chip Select input is provided for logic flexibility and 
for memory array expansion up to 8192 bits without the 
need for external decoding. For larger memories, the fast 
chip select time permits the decoding of Chip Select, (CS) 
from the address without affecting system performance. 

3644 

30 pF 

Input Pulses 

All INPUT PULSES 

---fl--------~--900" 

-/- ~ - - - - - - - - ~ \ - 10"" 
---~ 
GND __ I 1--- 10 ns __ I 1--- 10 ns 

-~ ------- -If -10", 

- I - - - - - - - - I" - 90°" 

GND --I 1--- 10 ns --I 1--- 10 ns 

The read and write operations are controlled by the state 
of the active-LOW Write Enable (WE) input. With WE held 
LOW and the chip selected, the data at 0 is written into 
the addressed location. Since the write function is level 
triggered, data must be held stable for at least tWSD(min) 
plus tW(min) to insure a valid write. To read, WE is held 
HIGH and the chip selected. Non-inverted data is then 
presented at the output (0). 

The 93471 has a three state output for use in bus organized 
systems. 
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93471 
I=AIRCHILC 

A Schlumberger Company 

DC Characteristics: Over Operating Temperature Ranges (Notes 1-4) 

Limits 

Typ 
Symbol Characteristic Min (Note 3) Max Units Conditions 

VOL Output LOW Voltage 0.3 0.50 V VCC = Min, 10L = 16 mA 

VIH Input HIGH Voltage 2.1 1.6 V 
Guaranteed Input HIGH Voltage 
for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V 
Guaranteed Input LOW Voltage 
for all Inputs 

ilL Input LOW Current -250 -400 J.lA Vcc = Max, VIN = 0.4 V 

IIH Input HIGH Current 
1.0 40 J.lA Vcc = Max, Vin = 4.5 V 

1.0 mA Vcc = Max, VIN = 5.25 V 

VCD Input Diode Clamp Voltage -1.0 -1.5 V Vcc = Max, liN = -10 mA 

10FF Output Current (HIGH Z) 
50 

J.lA 
Vcc = Max, VOUT = 2.4 V 

-50 Vcc = Max, VOUT = 0.5 V 

VOH Output HIGH Voltage 2.4 V Vcc = Min, 10H = -5.2 mA 

los 
Output Current Short 

-100 mA Vcc = Max, Note 7 
Circuit to Ground 

110 TA = 75°C 
Vcc = Max, 

Icc Power Supply Current 
130 170 

mA 
TA = O°C 

All Inputs and 
100 TA = 125°C 
140 180 TA = -55°C 

Outputs Open 

AC Characteristics: Over Guaranteed Operating Ranges (Notes 1-6') 

93471XC 93471XM 

Typ Typ 
Symbol Characteristic Min (Note 3) Max Min (Note 3) Max Units Conditions 

Read Mode Delay Times 
tACS Chip Select Access Time 30 35 
tzws Write Disable to HIGH Z 35 45 See Test Circuit 
tWR Write Recovery Time 35 45 

ns 
and Waveforms 

tAA Address Access Time 45 60 

Write Mode Timing Requirements 
tw Write Pulse Width (to guarantee write) 30 45 
tWSD Data Setup Time Prior to Write 10 15 
tWHD Data Hold Time After Write 5 10 

See Test Circuit 
tWSA Address Setup Time 10 15 ns 

and Waveforms 
tWHA Address Hold Time 5 10 
twscs Chip Select Setup Time 5 10 
tWHCS Chip Select Hold Time 5 10 

CI Input Pin Capacitance 4 5 4 5 
pF 

Measure with 
Co Output Pin Capacitance 7 8 7 8 Pulse Technique 

Noles: 
1. Conditions for testing. not shown in the Table. are chosen to guarantee operation under "worst case" conditions. 
2. The specified Limits represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and 

supply voltage extremes. additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical values are at Vcc = 5.0 V. TA = 25°C. and Max loading. 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Temperature range of operation refers to 

case temperature for Flatpaks and ambient temperature for all other packages. Typical thermal resistance values of the package at 
maximum temperature are: 

/!JA IJunction to Ambientllat 400 fpmair fiowl = 50°C/Watt, Ceramic DIP: 65°C/Watt, Plastic DIP. 
/!JA IJunction to Ambientl Istill air) = 90°C/Watt, Ceramic DIP: 110°C/Watt, Plastic DIP. 
()JC IJunction to Casel = 25°C/Watt, Ceramic DIP: 25°C/Watt, Plastic DIP: 15°C/Watt, Flatpak. 

5. The Max address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. tw measured at tWSA = Min, tWSA measured at tw = Min. 
7. Duration of short circuit should not exceed one second. 
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FAIRCHIL.D 

A Schlumberger Company 

Description 
The 93475 is a 4096-bit readlwrite Random Access 
Memory (RAM), organized 1024 words by four bits per word. 
It is designed for high speed scratchpad, control and buffer 
storage applications. The device includes full on-chip address 
decoding, common Data input/outputs, as well as an 
Active-LOW Chip Select line. 

• Address Access Time-45ns Max 
• Chip Select Access Time - 35ns Max 
• Features Three State Outputs 
• Common Data 110's 
• Industry standard 2114 Pinout 
• Power Dissipation -O.16mW IBit Typ 
• Power Dissipation Decreases with Increasing Temperature 

Pin Names 
Ao-A9 
CS 
WE 
1/01-1/04 

Logic Symbol 

5 Ao 
6 Al 
7 A2 
4 AJ 
3 A4 
2 As 

A6 
17 A7 
16 As 
15 Ag 

Vee = Pin 18 
GND=Pin9 

3646 

10 

WE 

93475 

Address Inputs 
Active-LOW Chip Select 
Active-LOW Write Enable 
Data Input/Outputs 

8 

cs 

1/01 14 

1/02 13 

IIOJ 12 

1/04 11 

93475 
1024 X 4-Bit Static 
Random Access Memory 

TTL Bipolar Memory 

Connection Diagram 
DIP (Top View) 

A6 Vee 

As A7 

A4 As 

A3 Ag 

Ao 1/01 

Al 1/°2 

A2 IIOJ 

1/04 

GND WE 

Note 
Flatpak version has the same pinouts 
(Connection Diagram) as the Dual. 

Truth Table 

Inputs 

CS WE 1/01-1/04 

H X HIGHZ 
L H DOUT 
L L DIN HIGH Z 

Mode 

Not Selected 
Read 
Write 
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FAIRCHILD 

A Schlumberger Company 

Block Diagram 

A9 ~ ~ 
A4 ~ 

~ 

As 2 ROW · SELECT · As ~ LOGIC · 
A7 ~ 

As ~ 
64 -

1/01 -..-----I-c = 
1/02 -~---I1o("" INPUT -

11 2 

4096-BIT 
MEMORY ARRAY 

64 ROWS 
64 COLUMNS (16 x 4) 

• •• 64J 

COLUMN 
1/0 CIRCUITS 

·93475 

. L-.... DATA I--

--+-+-1~-I "-+ __ -1 CONTROL --------,.-----r 
1/03 a.c... LOGIC 1\ 2\ ••• 16\ ,,7,,1, ,I, ,I, 

COLUMN SELECT r I [ 1 [ 1 r 1 
110

4 -+-+~ft-l~,--+---, LOGIC 

~---~-------~-~~~r_~r_--~ 

CS ----+---()t'-r--, 
1.J }-
I 

WE 

AC Test Loads and Waveforms 

vcc 

;: 
< 6000 

Dour DOUT 

93475 1200 o:::~ 15 pF 93475 < 1 kll;:::: 

-.= --
Load A Load B 

Loading Conditions 

Functional Description 

The 93475 is a fully decoded 4096-bit Random Access 
Memory organized 1024 words by four bits per word. 
Word selection is achieved by means of a 10-bit address, 
Ao through Ag. 

15 pF 

One Chip Select input is provided for logic flexibility or for 
memory array expansion up to 8192 words without the need 
for external decoding. For larger memories, the fast chip 
select time permits the decoding of Chip Select, (CS) from 
the address without affecting system performance. 

© Ie MASTER 1983 

All INPUT PULSES 

- ~/I - - - - - - - -~ - - 90°10 

- j ~ - - - - - - - - ~ \ - 10°0 ___ oJ 

GND __ I 1..- 10 ns --I 1.-- 10 ns 

-~--------A -10', 

- I - - - - - - - - I" - 90°0 

,GND --I 1..- 10 n5 --I l--l0n5 

Input Pulses 

The read and write operations are controlled by the state of 
the active-LOW Write Enable (WE) input. With WE held 
LOW and the chip selected, the data at 1/01 through 1/04 is 
written into the addressed locations. Since the write 
function is level triggered, data must be held stable for at 
least tWSD(min) plus tW(min) to insure a valid write. To read, 
WE is held HIGH and the chip selected. Non-inverted data 
is then presented at the outputs (1/01 through 1104). 

The 93475 has three state outputs for use in bus organized 
systems. 
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93475 
I=AIRCHILC 

A Schlumberger Company 

3648 

DC Characteristics: Over Operating Temperature Ranges (Notes 1-4) 

Limits 

Typ 
Symbol Characteristic Min (Note 3) Max Units Conditions 

VOL Output LOW Voltage 0.35 0.45 V VCC = Min, 10L = 8 mA 

VIH Input HIGH Voltage 2.1 1.6 V 
Guaranteed Input HIGH Voltage 
for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V 
Guaranteed Input LOW Voltage 
for all Inputs 

ilL Input LOW Current -250 -400 pA VCC = Max, VIN = 0.4 V 

Input HIGH Current 
1.0 40 pA Vcc = Max, Vin = 4.5 V 

hH 1.0 mA Vcc = Max, VIN = 5.25 V 

VCD Input Diode Clamp Voltage -1.0 -1.5 V Vcc = Max, liN = -10 mA 

10FF Output Current (HIGH Z) 
50 

pA 
Vcc = Max, VOUT = 2.4 V 

-400 Vcc = Max, VOUT = 0.5 V 

VOH Output HIGH Voltage 2.4 V Vcc = Min, 10H = -5.2 mA 

los 
Output Current Short 

-100 mA Vcc = Max, Note 7 
Circuit to Ground 

140 170 TA = O°C 
Vcc = Max, 

Icc Power Supply Current 
140 185 

mA 
TA = -55°C 

All Inputs and 
Outputs Open 

AC Characteristics: Over Guaranteed Operating Ranges (Notes 1-6) 

93475XC 93475XM 

Typ Typ 
Symbol Characteristic Min (Note 3) Max Min (Note 3) Max Units Conditions 

Read Mode Delay Times 
tACS Chip Select Access Time 20 20' 
tZRCS Chip Select to HIGH Z 20 20 ns See Test Circuit 
tAA Address Access Time 45 60 

Write Mode Delay Times 
Write Setup Time Prior to 5 5 See Test Circuit 

tsw 
Chip Select Write 

ns 
and Waveforms 

tzws Write Disable to HIGH Z 20 25 

Write Mode Timing Requirements 

tWH 
Write Enable Hold Time 

0 0 
After Chip Deselect 

tw Write Pulse Width (to guarantee write) 20 35 

tcsw 
Chip Select Write Pulse Width 

15 25 
See Test Circuit 

(Optional Write Mode) 
ns 

and Waveforms 
tWSD Data Setup Time Prior to Write 20 25 
tWHD Data Hold Time After Write 0 0 
tWSA Address Setup Time 0 0 
tWHA Address Hold Time 0 0 

CI Input Pin Capacitance 4 5 4 5 
pF 

Measure with 
Co Output Pin Capacitance 7 8 7 8 Pulse Technique 

Notes: 
1. Conditions for testing. not shown in the Table. are chosen to guarantee operation under "worst case" conditions. 
2. The specified Limits represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and 

supply voltage extremes. additional noise immunity and guard banding can be achi'eved by decreasing the allowable system operating ranges. 
3. Typical values are at Vcc = S.O V. TA = 2SoC. and Max loading. 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Temperature range of operation 

refers to case temperature for Flatpaks and ambient temperature for all other packages. Typical thermal resistance values of 
the package at maximum temperature are: 

/)JA IJunction to Ambient) lat 400 fpm air fiowl = SO°C/Watt. Ceramic DIP; 6SoC/Watt. Plastic DIP. 
/)JA IJunction to Ambient) (still air) = 90°C/Watt. Ceramic DIP; 110°C/Watt. Plastic DIP. 
/)JC IJunction to Case) = 2SoC/Watt. Ceramic DIP; 2SoC/Watt. Plastic DIP; 1SoC/Watt. Flatpak. 

S. The Max address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. tw measured at tWSA = Min. tWSA measured at tw = Min. 
7. Duration of short circuit should not exceed one second. 
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FAIRCHILD 

A Schlumberger Company 

Description 
The 93479 is a 2304·Bit Read/Write Random Access 
Memory organized as 256 words by nine bits per word. It 
is ideally suited for scratchpad, small buffer and other 
applications where the number of required words is 
small and where the number of required bits per word is 
relatively large. The ninth bit can be used to provide 
parity for 8·bit word systems. 

• Isoplanar Technology 
• Organization-256 Words by Nine Bits 
• 3·State Outputs 
• Standard 22·Pin Dual In·Line Package 
• TTL Inputs and Outputs 
• Common Data Input/Output 
• Power Dissipation-O.29 mW/Bit 
• Maximum Address Access Time-45 ns 
• Maximum Chip Select Access Time-25 ns 

Pin Names 
Address Inputs 
Data Inputs/Outputs 
Output Enable 
Write Enable Input 
Chip Select Input 

Logic Symbol 

10 13 12 

OE CS WE 
14 Ao 

15 Al 

16 A2 

17 A3 93479 
18 A4 

19 As 

20 A6 

21 A7 

987654321 

VCC =Pin22 
GND=Pin11 

© Ie MASTER 1983 

93479 
256 X 9·Bit Fully Decoded 
Random Access Memory 

TTL Isoplanar Memory 

Connection Diagram 

22·Pin DIP 

08 

07 

06 

Os 

04 

03 

02 

01 

Do 

Of 10 

GND 11 

(Top View) 

Truth Table 

Inputs Oataln/Out 
CS OE 

H X 
L H 
L H 
L L 
L L 

H = HIGH State 
L = LOW State 

WE 

X 
H 
L 
H 
L 

X = Don't Care (HIGH or LOW) 
High Z= High-Impedance State 

0 0-08 

High Z 
High Z 
Data In 

Data 
Data In 

Data = Previously Stored Output Data 

vee 

21 A7 

20 A6 

19 As 

18 A4 

17 A3 

16 A2 

15 A, 

14 Ao 

13 CS 

12 WE 

Mode 

Not Selected 
Read, olp Disabled 
Write, o/p Disabled 

Read 
Write 
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93479 
FAIRCHILD 

A Schlumberger Company 

Logic Diagram 

I I I I I I I I 
~~72 Ao __ 

• I I I I I I I I 
x • I I I I I I I A1 

DECODE • 32 I 
• I ME~~R8Y)(C9E:'L ~~!RIX I A2 1 OF 32 • 

A3 
A.A 

• I I I I I I I I ADDRESS 
BUFFER • I I I I I I I I A4 • 

I I I I I I I I 
As 

As 

A7 
A.A Y 

DECODE COLUMN SELECT (1 OF 8) 
1 OF 8 

WE-CS 
READIWRITE CIRCUITS 

CS CONTROL DIN. Dour BUFFERS 
LOGIC OE-'CS-WE 

OE 

AC Test Loads and Waveforms 

Loading Condition Input Pulses 

Vee ALL INPUT PULSES 

~ 

> 

00- 0 8 

450n 

00-0 8 '+'-4--J\-~:: 
GNDl ~ ~10ns ~ ~10ns 

93479 . 900ll ;::r:; 30 pF 

(CAPACITANCE 
INCLUDING SCOPE 
AND JIG) 

. 
93479 1 kfl ;:::::; 30 pF 

-:..::-

LOADA LOADS 

Functional Description 
The 93479 is a fully decoded 2304-bit Random Access 
Memory organized 256 words by nine bits. Word selec
tion is achieved by means of an 8-bit address, Ao to Al . 

The chip select input provides for memory array expan
sion. For large memories, the fast chip select access 
time permits the decoding of chip select (CS) from the 
address without affecting system performance. 

The read and write operations are controlled by the state 
of the active-LOW write enable (WE) input. With WE held 
LOW, the chip selected, and the output disabled, the 
data at 0 0-08 is written into the addressed location. 

3650 

_L-

Since the write f~nction is level-triggered, data must be 
held stable for at least tWSD (min) plus tw (min) to insure 
a valid write. To read, WE is held HIGH, the chip 
selected, and the output enabled. Non-inverted data is 
then presented at the outputs (00-08), 

The 3-state output provides high-speed drive capability 
for high capacitive load systems. The third state (high
impedance) allows bus-organized systems where multiple 
outputs are connected to a common bus. 
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93479 
F=AIRCHILD 

A Schlumberger Company 

AC Characteristics Over Guaranteed Operating Ranges (Notes 1,2, 4, 5, 6) 

93479XC 

Symbol Characteristic Min Max Unit Conditions 

Read Mode Delay Times 
tACS Chip Select Time 25 ns See Test Circuit and Waveforms 

tZRCS Chip Select to High Z 25 ns 

tAOS Output Enable Time 25 ns 

tZROS Output Enable to High Z 25 ns 

tAA Address Access Time 45 ns 

Write Mode Delay Times 
tzws Write Disable to High Z 25 ns See Test Circuit and Waveforms 

Input Timing Requirements 
tw Write Pulse Width (to guarantee write) 25 ns 

tso Output Enable Set-up Time 5 ns 

tHO Output Enable Hold Time 5 ns 

tWSD Data Set-up Time Prior to Write 25 ns 

tWHD Data Hold Time After Write 5 ns 

tWSA Address Set-up Time 5 ns 

tWHA Address Hold Time 5 ns 

twscs Chip Select Set-up Time 5 ns 

tWHCS Chip Select Hold Time 5 ns 

CIN Input Pin Capacitance 5 pF 

COUT Output Pin Capacitance 8 pF 

DC Characteristics Over Guaranteed Operating Ranges (Notes 1, 2, 4) 

Typ 
Symbol Characteristic Min (Note 3) Max Unit Conditions 

VOL Output LOW Voltage 0.3 0.50 V Vcc= Min, IOL=9.6 mA 

VOH Output HIGH Voltage 2.4 V Vcc= Min, 10H= -5.2mA 

VIH Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

IlL Input LOW Current - 250 -400 p.A Vcc = Max, VIN = 0.4 V 

IIH Input HIGH Current 1.0 40 p.A Vcc= Max, VIN =4.5 V 
1.0 mA Vcc = Max, VIN = 5.25 V 

loff Output Current (High Z) 50 p.A VCC= Max, VOUT= 2.4 V 
-400 Vcc= Max, VouT =0.5 V 

VCD Input Diode Clamp Voltage -1.0 -1.5 V Vcc= Max, IIN= -10 mA 

165 mA TA~75°C Vcc= Max 
Icc Power Supply Current 

135 185 mA TA = O°C 
All Inputs Grounded 
Outputs LOW 

---- .. -.---.-

los Output Current Short Circuit to Ground -70 mA V cc = Max, Note 7 
----'---Notes 
1. Conditions for testing not shown in the Table are chosen to guarantee operation under worst case conditions. 
2. The specified limits represent the worst case value for the parameters. Since these worst case values normally occur at the temperature and supply 

voltage extremes. additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical values are at Vcc = 5.0 V. T A = + 25°C. and Max loading. 
4. The temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm-up_ Temperature range of 

operation refers to case temperature forflatpaks'and ambient temperature for all other packages. Typical thermal resistance values of the package at 
maximum temperature are: 

"JA (Junction to Ambient) (at 400 fpm air flow)= 30°ClWatt, Ceramic DIP 
"JA (Junction to Ambient) (still air)= 60°ClWatt, Ceramic DIP 
IiJC (Junction to Case)= 12°C/Watt, Ceramic DIP 

5. The Max address access time is guaranteed to be the worst case bit in the memory using a pseudo random testing pattern. 
6. tw measured at tWSA = Min, tWSA measured at tw = Min. 
7. Duration of short circuit should not exceed one second. 
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FAIRCHILD 
A Schlumberger Company 

Description 
The 93Z450 and 93Z451 are fully decoded 8,192-bit 
Programmable Read Only Memories (PROMs), organized 
1024 words by eight bits per word. The two devices are 
identical except the 93Z450 has open collector outputs while 
the 93Z451 has three state outputs. Both devices are available 
in two speed versions, standard speed and 'A' grade. 

The 93Z450 and 93Z451 use open base transistor (junction) 
fuse cells. Initially the unprogrammed cell is in the logic 
'0' state. The cell can be programmed to a logic '1' state 
by following the specified programming procedure which 
fuses aluminum through the emitter base junction of the 
cell transistor. 

• Address Access Time 
93Z450/93Z451 - 45ns Max 
93Z450Al93Z451A-35ns Max 

• Chip Select Access Time 
93Z450/93Z451 - 30ns Max 
93Z450Al93Z451 A - 25ns Max 

• Fully TTL Compatible 
• Highly Reliable Vertical Fuses 
• Available with Open Collector (93Z450) or 

Three State (93Z451) Outputs 
• Low Current PNP Inputs 
• Power Dissipation-58#-,W/Bit Typ 

Pin Names 
AD-As 
CS1. CS2. CS3, CS4 
01-08 

Address Inputs 
Chip Select Inputs 
Data Outputs 

Absolute Maximum Ratings 

Storage Temperature 
Temperature (Ambient) under Bias 
Vcc 
Input Voltage 
Current into Output Terminal 
Output Voltages 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 
100 mA 
-0.5 V to +5.5 V 

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 rating conditions for extended 
periods may affect device reliability. 

3652 

93Z450/93Z451 
1024 X8-Bit Programmable 
Read Only Memory 

Isoplanar-Z Junction Fuse TTL Memory 

Logic Symbol 

CSI CS2 CS3 CS. 
21 20 11 11 

93Z450/93Z451 

23 

22 

~~ 
9 10 11 13 14 15 16 ·17 

~ vee = Pin24 
GND = Pin 12 

Connection Diagram 
24-Pin DIP 

AT 

As 

As 

A. 

A3 

A2 

A1 

Ao 

0, 

02 

03 

GND 

(Top View) 

Note 

Vee 

As 

A9 

CS, 

~2 

CS3 

CS. 

Os 

OT 

06 

Os 

O. 

The Flatpak version has the same pinouts (Connection Diagram) as 
Dual In-line Package. 
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FAIRCHILD 

A Schlumberger Company 

Logic Diagram 

A9 

As 

A7 

A6 
1·0F·128 

DECODER 
As 

A4 

A3 

A2 

A, 1·0F·8 1·0F·8 1·0F·8 
DECODER DECODER DECODER 

Ao 

~, 

CS2 

CS3 

CS4 

0, 02 03 

Functional Description 
The 93Z450 and 93Z451 are TTL Bipolar field Programmable 
Read Only Memories (PROMs) organized 1024 words by 
eight bits per word. Open-collector outputs are provided'on 
the 93Z450 for use in wired-OR systems. The 93Z451 has 
3-state outputs which provide active pull ups when enabled 
and high output impedance when disabled. This allows 
optimization of word expansion in bus organized systems. 

Four chip select inputs are provided to allow memory 
expansion of up to 128K without the need for external 
decoding. Either device is enabled only when CS, and C S2 
are LOW and CS3 and CS4 are HIGH. 

Programming, which is accomplished by selectively shorting 
fuse junctions, is outlined in the following section. 

The read function is identical to that of a conventional Read 
Only Memory (ROM). A binary address is applied to the 
address pins Ao through Ag, the chip is selected and data is 
available at the outputs after tAA. 
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93Z450/93Z451 

8192·BIT CELL 
128 x 64 

MEMORY MATRIX 

1·0F·8 1·0F·8 
DECODER DECODER 

04 05 

1·0F·8 
OECODER 

06 

AC Test Output Load 

s.ov 

RLl 300 n 

600 II 

Test Conditions 
Input pulse: 0 V to 3,0 V 

1·0F·8 
DECODER 

07 

Input pulse rise and fall times: 5 ns between 1 V and 2 V 
Measurements made at 1.5 V level 

1·0F·8 
DECODER 

Os 
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FAIRCHIL.D 
93Z450/93Z451 

A Schlumberger Company 

Guaranteed Operating Ranges 

Supply Voltage (Vee) 

Part Number Min Typ Max Ambient Temperature 

93Z450XC, 93Z451 XC 4.75 V 5.0 V 5.25 V O°C to +75°C 

93Z450XM, 93Z451 XM 4.50 V 5.0 V 5.50 V -55°C to + 125°C 

x = Package Type; F lor Flatpak, D lor Ceramic DIP, P lor Plastic DIP, L lor Leadless. 

DC Characteristics Over guaranteed operating ranges unless otherwise noted 

Symbol Characteristic Min Typ(1) Max Unit Condition 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for All Inputs 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for All Inputs 

Vie Input Clamp Diode Voltage -1.2 V Vee = Min, liN = -18 rnA 

VOL Output LOW Voltage 0.30 0.45 V Vee = Min, 10L = 16 mA 

VOH 
Output HIGH Voltage 

2.4 V 
Vee = Min, 10H = -2.0 mA 

(93Z451 only) Address Any '1' 

hL Input LOW Current -10 -100 #LA Vee = Max, VIL = 0.45 V 

IIH Input HIGH Current 40 #lA Vee = Max, VIH = 2.4 V 

Output Leakage Current for 
50 #lA VOH=2.4V 

10HZ .High Impedance State 
-100 #lA VOL = 0.4 V 

O°C to +75°C 
(93Z451 only) 

Output Leakage Current for 
100 #lA VOH = 2.4 V 

10HZ High Impedance State -100 #lA VOL = 0.4 V 
-55°C to + 125°C 

(93Z451 only) 

leEx 
Output Leakage Current 

50 #lA 
Vee = 5.25 V, VeEx = 4.95 V, O°C to +75°C 

(93Z450 only) Chip Deselected 

leEx 
Output Leakage Current 

100 #lA 
Vee = 5.5 V, VeE X = 5.2 V, -55°C to + 125°C 

(93Z450 only) Chip Deselected 

.105 
Output Short·Circuit 

-15 -35 -90 mA 
Vee = Max, Vo = 0 V, Note 2 

Current (93Z451 only)' Address Any '1' 

lee Power Supply Current 95 155 mA Vee = Max 

CIN Input Pin Capacitance 4.0 pF Vee = 5.0 V, VIN = 4.0 V, f = 1.0 MHz 

Co Output Pin Capacitance 7.0 pF Vee = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

e AC Characteristics 
"as 
LL 93Z450AXC 93Z450XC 93Z450AXM 93Z450XM 

93Z451AXM 93Z451XC 93Z451AXM 93Z451XM 

Symbol Characteristic Min Max Min Max Min Max Min Max 

tAA 
Address to Output 

35 45 45 60 
Access Time 

tACS 
Chip Select to Output 

25 30 35 35 
Access Time 

Not •• 
1. Typical values are at Vce '" 5.0 V. T A = +25°C and maximum loading. 
2. Not more than one output to be shorted at a time. Duration 01 the short circuit should not exceed one second. 
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Unit Condition 

ns 
See AC Output 
Test Loading 

ns 
See At Output 
Test Loading 
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FAIRCHILD 

A Schlumberger Company 

Description 
The 93Z51 0 and 93Z511 are fully decoded 16,384-bit field 
Programmable Read Only Memories (PROMs) organized 
2048 words by eight bits per word. The devices are identical 
except for the output stage. The 93Z51 0 has open-collector 
outputs; the 93Z511 has 3-state outputs. Either device is 
enabled only when CS 1 is LOW and CS2 and CS3 are HIGH. 
The 93Z510 and 93Z511 are supplied with all bits stored as 
logic "Os" and can be programmed to logic "1 s" by following 
the programming procedure. 

• FAST ADDRESS ACCESS TIME-3S ns TYP 
• POWER DISSIPATION-SaO mW TYP 
• FULL MILITARY AND COMMERCIAL RANGES 
• FIELD PROGRAMMABLE 
• ORGANIZATION-2048 WORDS x 8 BITS 
• OPEN-COLLECTOR OUTPUTS-93ZS10 
• 3-STATE OUTPUTS-93ZS11 
• LOW CURRENT PNP INPUTS 
• FULLY DECODED-ON-CHIP ADDRESS DECODER 

AND BUFFER 
• CHIP SELECT INPUTS PROVIDE EASY 

MEMORY EXPANSION 
• WIRED-OR CAPABILlTY-93ZS10 
• STANDARD 24-PIN DUAL IN-LINE PACKAGE 
• HIGH RELIABILITY VERTICAL FUSES 

Pin Names 
Ao-AlO 
CS 1, CS2. CS3 
01- 0 8 

Address Inputs 
Chip Select Inputs 
Data Outputs 

Absolute Maximum Ratings 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vcc 
Input Voltage 
Current into Output Terminal 
Output Voltages 

-65°C to + 150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 
100 rnA 
-0.5 V to +5.5 V 

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 rating conditions for extended periods may affect device reliability. 

Fairchild Camera and Instrument Corporation 
464 Ellis Street, Mountain View, California 94042 
415/962-5011 TWX 910 379 6435 
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93Z510/93Z511 
2048 X 8-Bit PROM 

Isoplanar Schottky TTL Memory 

Logic Symbol 

CSl CS2 CS3 
20 19 18 

Ao 

Al 

A2 

A3 

A4 

As 

As 

A7 

As 

Ag 

Al0 

93Z510/93Z511 

01 02 03 04 Os 06 07 08 

9 10 11 13 14 1S 

Vcc = Pin 24 
GND = Pin 12 

Connection Diagram 
24-Pin DIP 

A7 

A6 

As 

A4 

A3 

A2 

Al 

Ao 

01 

02 

03 

GND 

(Top View) 

Note 

Vcc 

As 

A9 

AlO 

CSl 

CS2 

CS3 

Os 
07 

06 

05 

04 

The Flatpak version has the same pinouts (Connection Diagram) as the 
Dual In-line Package. 

"'1981 Fairchild Printed in U.S.A. 2029-247-A-23-071 15M 306100 
November, 1981 Fairchild reserves the right to make changes in the circuitry or 
specifications at any time without notice. 
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A Schlumberger Company 

Logic Diagram 

Ao 

A, 

A2 

A:, 1-0F-128 
DECODER 

A4 

A~ 

A6 

A7 

A8 
1-0F-16 1-0F-16 1-0F-16 

DECODER DECODER DECODER 

Ag 

A'D 

CS, 

CS2 

CS3 

Vee 

GND 

1 
0, 02 03 

Functional Description 
The 93Z510 and 93Z511 are bipolar field Programmable 
Read Only Memories (PROMs) organized 2048 words by 
eight bits per word. Open-collector outputs are provided on 
the 93Z51 0 for use in wired-OR systems. The 93Z511 has 
3-state outputs which provide active pull-ups when enabled 
and high output impedance when disabled. Either device is 
enabled only when CS1 is LOW and CS2 and CS3 are HIGH. 

The read function is identical to that of a conventional bipolar 
ROM. That is, a binary address is applied to the Ao through 
A 10 inputs, the chip is selected, and data is valid at the 
outputs after tAA. 

Programming (shorting selected junctions) is accomplished 
by following the procedure outlined in the following section. 

3656 

93Z510/93Z511 

16.384-8IT CELL 
128 x 128 

MEMORY MATRIX 

1-0F-128 1-0F-16 
DECODER DECODER 

04 05 

1-0F-16 
DECODER 

06 

AC Test Output Load 

5.0 V 

300 n 

600 n 

Test Conditions 
Input pulse: 0 V to 3.0 V 

1-0F-16 1-0F-16 
DECODER DECODER 

07 08 

Input pulse rise and fall times: 5 ns between 1 V and 2 V 
Measurements made at 1.5 V level 
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I=AIRCHILD 
93Z510/93Z511 

A Schlumberger Company 

Guaranteed Operating Ranges 

Supply Voltage (Vee) 

Part Number Min Typ Max Ambient Temperature 

93Z510XC,93Z511XC 4.75 V 5.0 V 5.25 V O°C to +75°C 

93Z510XM,93Z511XM 4.50 V 5.0 V 5.50 V -55°C to + 125°C 
x = Package Type; F for Flatpak, D for Ceramic DIP, P for Plastic DIP, L for Leadless. 

DC Characteristics Over guaranteed operating ranges unless otherwise noted. 

Symbol Characteristic Min Typ(1) Max Unit Condition 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for All Inputs 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for All Inputs 

VIC Input Clamp Diode Voltage -1.2 V Vcc = Min, liN = -18 mA 

VOL Output LOW Voltage 0.30 0.45 V Vcc = Min, 10L = 16 rnA 

VOH 
Output HIGH Voltage 

2.4 V Vcc = Min, 10H = -2.0 rnA 
(93Z511 only) 

IlL Input LOW Current -10 -100 /-LA Vcc = Max, VIL = 0.45 V 

IIH Input HIGH Current 40 /-LA Vcc = Max, VIH = 2.4 V 

Output Leakage Current for 
50 /-LA VOH = 2.4 V 

10HZ High Impedance State -100 /-LA VOL = 0.4 V 
O°C to +75°C 

(93Z511 only) 

Output Leakage Current for 
100 /-LA VOH= 2.4 V 

10HZ High Impedance State 
-100 /-LA VOL = 0.4 V 

-55°C to + 125°C 
(93Z511 only) 

ICEX 
Output Leakage Current 

50 /-LA 
Vcc = 5.25 V, VCEX = 4.95 V, O°C to +75°C 

(93Z510 only) Chip Deselected 

ICEX 
Output Leakage Current 

100 /-LA 
Vcc = 5.5 V, VCEX = 5.2 V, -55°C to +125°C 

(93Z510 only) Chip Deselected 

los 
Output Short-Circuit 

-15 -35 -90 rnA Vcc = Max, Va = 0 V, Note 2 
Current (93Z511 only) 

Icc Power Supply Current 120 175 rnA Vcc = Max 

CIN Input Capacitance 4.0 pF Vcc = 5.0 V, VIN = 4.0 V, f = 1.0 MHz 

Co Output Capacitance 7.0 pF Vcc = 5.0 V, Va = 4.0 V, f = 1.0 MHz 

AC Characteristics 

Vee = 5 V ± 5% Vee = 5 V ± 10% 
TA = O°C to +75°C TA = -55°C to +125°C 

Symbol Characteristic Min Typ(1) Max Min Typ(1) Max Unit Condition 

tAA 
Address to Output 

35 45 35 55 ns See AC Test Output Load 
Access Time 

tACS Chip Select Access Time 15 25 15 25 ns See AC Test Output Load 

Notes 
1. Typical values are at Vee = 5.0 V, T A = +25°e and maximum loading. 
2. Not more than one output to be shorted at a time. Duration of the short circuit should not exceed one second. 
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F=AIRCHILD 

A Schlumberger Company 

Description 
The 93Z564 and 93Z565 are fully decoded 65,536-bit field 
Programmable Read Only Memories (PROMs) organized 
8192 words by eight bits per word. The two devices are 
identical except the 93Z564 has open collector outputs while 
the 93Z565 has 3-state outputs. 

The 93Z564 and 93Z565 use open base vertical fuse 
(transistor) cells. Initially the unprogrammed cell is in the 
logic 'a' state. The cell can be programmed to a logic '1' state 
by following the specified programming procedure which 
fuses aluminum through the emitter base junction of the cell 
transistor. 

• Fully TTL Compatible 
• Maximum Address Access Time - 45nl 
• Maximum Chip Select Access Time - 25nl 
• Available In Full Military and Commercial Temp. Ranges 
• Fully Field Programmable 
• Organized 8192 Words x 8 Bits 
• Open-Collector Outputs on 93Z564 
• 3-State Outputs on 93Z565 

93Z564/93Z565 
8192 X 8-Bit PROM 

Isoplanar-Z Vertical Fuse TTL Memory 

Logic Symbol 

20 

• 
7 

• 
5 

.. 
3 

2 93Z564/93Z565 

23 

22 

21 

19 

1. 

9 10 11 13 14 15 16 17 

• Low Current PNP Inputs 
• High Reliability Vertical Fuses 
• Chip Select for Easy Memory Expansion 

~~ 
~~ 

_,~O~ Vee " Pin 2' 
~,.... GND = Pin 12 

Pin Names 
AiJ-A12 
cs 
01-08· 

~'\ 
Address Inputs ~~(j 
Chip Select Input ~~ r 
Data Outputs ~v 

Absolute Maximum Ratings 

Storage Temperature 
Temperature (Ambient) under Bias 
Vcc 
Input Voltage 
Current into Output Terminal 
Output Voltages 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 
100 rnA 
-0.5 V to +5.5 V 

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 rating conditions for extended 
periods may affect device reliability. 

Fairchild Camera and Instrument Corporation, Advanced Bipolar Division 
464 Ellis Street, Mountain View, California 94042 

3658 

Connection Diagram 
24-Pin DIP 

Ar 

Ae 2 23 

As 3 22 

.. 21 

20 

I 19 

l' 
17 

1. 

02 10 15 

03 11 14 

GND 12 13 

(Top View) 

Note 

Vee 

Ae 

A9 

A10 

C! 

All 

A12 

Oe 

Or 

Oe . 

Os 

04 

The Flatpak version has the same pinouts (Connection Diagram) as the 
Dual In-line Package. 

© 1982 Fairchild Printed in U.S.A. 4790-007-A-23-082 15M 306160 
August. 1982 Fairchild reserves the right to make changes in the circuitl -
specifications at any time without notice. 
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A Schlumberger Company 

Logic Diagram 

kJ 

A1 

A2 

AJ 1-0F-256 
DECODER 

AI 

As 

At; 

A7 

A10 -------~ 

A11 --------4 
A12 --------L __ .....J 

Functional Description 
The 932564 and 932565 are TTL Bipolar field Programmable 
Read Only Memories (PROMs) organized 8192 words by 
eight bits per word. Open-collector outputs are provided on 
the 932564 for use in wired-OR systems. The 932565 has 
3-state outputs which provide active pull ups when enabled 
and high output impedance when disabled. This allows 
optimization of word expansion in bus organized systems. 

One chip select input is provided to allow memory expansion 
of up to 128K without the need for external decoding. Either 
device is enabled only when CS is LOW. 

Programming, which is accomplished by selectively shorting 
fuse junctions, is outlined in the following section. 

The read function is identical to that of a conventional Read 
Only Memory (ROM). A binary address is applied to the 
address pins Ao through A12, the chip is selected and data 
is available at the outputs after fAA. 

© Ie MASTER 1983 

93Z564/93Z565 

65,536 BIT CELL 
25611256 

MEMORY MATRIX 

AC Test Output Load 

5.0 V 

300 II 

OUTPUT 

600 II 

. I 

Test Conditions 
Input pulse: 0 V to 3.0 V 
Input pulse rise and fall times: 5 ns between 1 V and 2 V 

Measurements made at 1.5 V level 
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I=AIRCHILD 

A Schlumberger Company 

Guaranteed Operating Ranges 

Supply Voltage (Vee) 

Part Number Min Typ Max Ambient Temperature 

93Z564XC, 93Z565XC 4.75 V 5.0 V 5.25 V O°C to +75°C 

93Z564XM,93Z565XM 4.50 V 5.0 V 5.50 V -55°C to +125°C 
x = Package Type; F for Flatpak, D lor Ceramic DIP. P lor Plastic DIP. L lor Leadless. 

DC Characteristics Over guaranteed operating ranges unless otherwise noted 

Symbol Characteristic Min Typ(1) Max Unit Condition 

Vil Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for All Inputs 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for All Inputs 

VIC Input Clamp Diode Voltage -1.2 V Vee = Min, liN = -18 mA 

Val Output LOW Voltage 0.30 0.45 V Vee = Min, 10l = 16 mA 

VOH 
Output HIGH Voltage 

2.4 V Vee = Min, 10H = -2.0 mA 
(93Z565 only) Address Any '1' 

III Input LOW Current· -10 -100 p.A Vee = Max, Vil = 0.45 V 

IIH Input HIGH Current 40 p.A Vee = Max, VIH = 2.4 V 

Output Leakage Current for 
50 p.A VOH = 2.4V 

10HZ High Impedance State O°C to +75°C 
(93Z565 only) -100 p.A Val = 0.4 V 

Output Leakage Current for 
100 p.A VOH= 2.4V 

10HZ High Impedance State -100 p.A Val = 0.4 V 
-55°C to +125°C 

(93Z565 only) 

ICE X 
Output Leakage Current 

50 p.A Vee = 5.25 V, VeEx = 4.95 V, O°C to +75°C 
(93Z564 only) Chip Deselected 

leEx 
Output Leakage Current 

100 p.A 
Vee'= 5.5 V, VeE X = 5.2 V, -55°C to + 125°C 

(93Z564 only) Chip Deselected 

los 
Output Short-Circuit 

-15 -35 -90 mA 
Vee = Max, Va = 0 V, Note 2 

Current (93Z565 only) Address Any '1' 

Icc Power Supply Current 120 175 mA Vee = Max 

CIN Input Capacitance 4.0 pF Vee = 5.0 V, VIN = 4.0 V, f = 1.0 MHz 

Co Output Capacitance 7.0 pF Vee = 5.0 V, Va = 4.0 V, f = 1.0 MHz 

"@ 
U. AC Characteristics 

Vee = 5 V ± 5% Vee = 5 V ± 10% 
TA = OOC to +75°C TA = -55°C to +125°C 

Symbol Characteristic Min Typ(1) Max Min Typ(1) Max 'Unit Condition 

tAA 
Address to Output 

35 45 35 55 ns See AC Test Output Load 
Access Time 

tAes Chip Select Access Time 15 25 15 25 ns See AC Test Output Load 
Notes 
1. Typical values are at Vcc = 5.0 V, T A = +25°C and maximum loading. 
2. Not more than one output to be shorted at a iime. Duration of the short circuit should not exceed one second. 
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FAIRCHIL.O 

A Schlumberger Company 

Description 
The 93458 and 93459 are bipolar Field Programmable Logic 
Arrays (FPLA) organized with 16 inputs, 48 product terms 
and eight outputs. The 16 inputs and their complements are 
fuse linked to the inputs of 48 AND gates (48 product terms). 
Each of the 48 AND gates are fuse linked to eight 48-input 
OR gates (eight summing terms). Each output may be 
programmed active HIGH or active LOW. The devices are 
identical except for the output stage. The 93458 has open
collector outputs; the 93459 has 3-state outputs. In either 
case, the outputs are enabled when CS is LOW. 

• FAST CYCLE TIME-25 ns TYP 
• FULL MILITARY AND COMMERCIAL RANGES 
• FIELD PROGRAMMABLE 
• ORGANIZATION-16 INPUTS x 48 PRODUCT 

TERMS x 8 OUTPUTS 
• OPEN-COLLECTOR OUTPUTS---93458 
• 3-STATE OUTPUTS-93459 
• CHIP SELECT INPUT PROVIDES EASY 

FUNCTIONAL EXPANSION 
• STANDARD 28-PIN PACKAGE 
• NICHROME FUSE LINKS FOR HIGH RELIABILITY 

Pin Names 
Ao-AI5 
CS 
0 1-08 
Vp 

Connection Diagram 
28-Pin DIP 

(Top View) 

Note 

Address inputs 
Chip Select Input 
Data Outputs 
Programming Pin 

The Flatpak version has the same pinouts (Connection Diagram) as the 

Dual In· line Package. 
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93458/93459 
16 X 48 X 8 FPLA 

Isoplanar Schottky TTL Logic Array 

Logic Symbol 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

27 A8 

26 A9 

25 Al0 

24 All 

23 A12 

22 A13 

21 A14 

20 A15 

Vee = Pm 28 
GND = Pm 14 

Vp = Pin 1 

19 

CS 

Logic Diagram 

:1 
I 16 INPUTS 

I J 
A15 ~ 

93458/93459 

18171615131211 10 

PRODUCT 
MATRIX 

48 
32-INPUT 

AND GATES 

PROGRAMMABLE 

\L1NK 

PROGRAMMABLE LINK ---~-----====F==L~ 
SUMMING 

MATRIX 

"0 

.c 
(.) 
~ 

"cu 
0 1 IJ.. 

I 

08 

3661 



'0 

.c: 
o 
~ 

93458/93459 
F=AIRCHILD 

A Schlumberger Company 

Functional Description 
The 93458 and 93459 are bipolar Field Programmable Logic 
Arrays (FPLA) organized 16 inputs by 48 product terms by 
eight outputs. Open-collector outputs are provided on the 
93458 for use in wired-OR systems. The 93459 has 3-state 
outputs which provide active pull-ups when enabled and high 
output impedance when disabled. Chip Select for both 
devices is active LOW; i.e., a HIGH (logic" 1 ") on the CS pin 
will disable all outputs. 

By programming, the eight outputs of an FPLA can be made 
to relate to the 16 inputs as given by the following example: 

The read function is identical to that of a conventional bipolar 
ROM. That is, a binary address is applied to the Ao through 
A15 inputs, the chip is selected, and data is valid at the 
outputs after tAA. 

Programming (selectively opening nichrome fuse links) is 
accomplished by following the sequence outlined in the 
Programming Specifications table. 

Logie Relationships 
Input Term 
An 

Product Term 

n = 0, ... , 15, one of 16 inputs 

8 outputs 
total 

Pm = 7rJ5 (inAn + inAn) m =0, ... ,47, one of 48 product terms
where: 

a) in = in = ° for unprogrammed input 
b) in = in for programmed input 
c) in = in = 1 for immaterial input 

..... 

Fr = ~ ~7 Pm 

Summing Term 
Sr = ~~7 km Pm 

r = 1, ... , 8, the OR function of the 48 product terms 

Mode CS Fr 

L H 
Read L H 

L L 

Disable 
H X 
H X 

H = HIGH Voltage Level 

L = LOW Voltage Level 
X = Immaterial 

3662 

Sr 

L 
H 
X 

X 
X 

where km = ° for product term inactive 
(programmed) 

km = 1 for product term active 
(unprogrammed) 

Output 

Active HIGH Active LOW 

L H 
H L 
L H 

H (93458) H (93458) 
High-Z (93459) High-Z (93459) 

0 1 = Ao A6 A14 + A2 A15 + Ao Al ... A15 + As AlO A13 
~ 
16 input terms max 

v 

48 product terms max 

02 = Ao A6 A14 + A2 A15 
(Output polarity programmed, active HIGH.) 

Os = (As AlO A13 + A4 A7 Ag All A12) 
(Output polarity not programmed, active LOW.) 
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FAIRCHILD 93458/93459 

A Schlumberger Company 

Guaranteed Operating Ranges 

Supply Voltage (Vee) 

Part Number Min Typ Max Ambient Temperature 

93458XC,93459XC 4.75 V 5.0 V 5.25 V O°C to +75°C 

93458XM, 93459XM 4.50 V 5.0 V 5.50 V -55°C to +125°C 

x = Package Type; F for Flatpak. 0 for Ceramic DIP. P for Plastic DIP. L for Leadless. 

DC Characteristics Over guaranteed operating ranges unless otherwise noted 

Symbol Characteristic Min Typ(l) Max Unit Condition 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for All Inputs 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for All Inputs 

Vie Input Clamp Diode Voltage -1.2 V Vee = Min, liN = -18 rnA 

VOL Output LOW Voltage 0.30 0.45 V Vee = Min, 10l = 16 rnA 

VOH 
Output HIGH Voltage 

2.4 V Vee = Min, 10H = -2.0 rnA 
(93459 only) 

III Input LOW Current -160 -250 p.A Vee = Max, Vil = 0.45 V 

IIH Input HIGH Current 40 p.A Vee = Max, VIH = 2.4 V 

Output Leakage Current for 
50 p.A VOH =2.4 V 

10HZ High Impedance State O°C to +75°C 
(93459 only) 

-50 p.A VOL = 0.4 V 

Output Leakage Current for 
100 VOH = 2.4 V 

10HZ High Impedance State p.A -55°C to +125°C 
(93459 only) 

-100 VOL = 0.4 V 

leEx 
Output Leakage Current 

50 p.A 
Vee = 5.25 V, VeEx = 4.95 V, -O°C to +75°C 

(93458 only) Chip Deselected 

leEx 
Output Leakage Current 

100 p.A 
Vee = 5.5 V, VeEx = 5.2 V, -55°C to + 125°C 

(93458 only) Chip Deselected 

los 
Output Short-Circuit 

-15 -35 -90 rnA Vee = Max, Vo = 0 V, Note 2 
Current (93459 only) 

Ice Power Supply Current 105 170 rnA Vee = Max, Chip Selected, Note 3 

CIN Input Pin Capacitance 4.0 pF Vee = 5.0 V, VIN = 4.0 V, f = 1.0 MHz 

Co Output Pin Capacitance 7.0 pF Vee = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

AC Characteristics 

Vee = 5 V ± 5% Vee = 5 V ± 10% 
TA = O°C to +75°C TA = -55°C to +125°C 

Symbol Characteristic Min Typ(1) Max Min Typ(1) Max Unit Condition 

tAA 
Address to Output 

25 45 25 65 ns See AC Test Output Load 
Access Time 

tAes Chip Select Access Time 15 25 15 30 ns See AC Test Output Load 

Notes 
1. Typical values are at Vcc = 5.0 V. T A = +25°C and maximum loading. 
2. Not more than one output to be shorted at a time. Duration of the short circuit should not exceed one second. 
3. For programmed part. add 0.45 mA typical. 0.60 mA maximum per selected programmed product terms and add 

2.9 mA typical. 3.9 mA maximum per enabled low output or 33 mA typical. 44 mA maximum for disabled states. 
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I=AIRCHILD 

A Sohlumberger Company 

Preliminary Data Sheet 

Oescription 
The F3528 is a 16,384-bitstatic Random Access Memory 
(RAM) organized as 2048 words of eight bits each. Since the 
operation of the F3528 is entirely static, no clocks or refresh are 
required. This device operates from a single + 5V supply and is 
directly TTL compatible at all inputs and outputs, including the 
eight bidirectional data DQ pins. The F3528 has an automatic 
power down feature controlled by the Chip Enable function (E = 

active LOW). When not enabled, the F3528 is in standby mode; 
this reduces powerdissipation by as much as 75% with no deg
radation of access time. 

The F3528 is designed for memory applications where static 
operation, low cost, large bit-capacity and simple interfacing 
are important design considerations. It is manufactured using 
Fairchild's high performance, scaled NMOS technology, 
Isoplanar-H ™ • State-of-the-art desig'n and process techniques 
ensure high density, lower power dissipation and excellent 
speed performance. 

The F3528 is available in a standard 24-pin dual in-line package 
in a configuration that is pin and function compatible with indus
try standard EPROMS. 

• 2048 x 8-BIT ORGANIZATION 
• COMPLETELY STATIC-NO CLOCKS OR REFRESH 
• SINGLE + 5V SUPPLY 
• AUTOMATIC POWER DOWN WHEN CHIP NOT 

ENABLED (E) 
• ACCESS TIME-100ns, 120ns, 150ns, 200ns 
• LOW POWER DISSIPATION 550 mW ACTIVE (MAX) 

82.5 mW STANDBY (MAX) 
• TOTALLY TTL COMPATIBLE WITH SIMPLE BUS 

CONTROL 
• COMMON DATA 1/0 BUS WITH 3-STATE CAPABILITY 
• JEDEC STANDARD PINOUT 
• STANDARD 24-PIN DIP 
• EPROM COMPATIBLE PINOUT 

Pin Names 
AO-A10 
W 
G 
E 
DOO-D07 
VCC 
GND 

Address Inputs 
Write Enable Input 
Output Enable Input 
Chip Enable Input 
Data Inputs/Outputs 
Power (+5V) 

. Ground (OV) 

Fairchild Camera and Instrument Corporation 
101 Bernal Road, San Jose, California 95119-1399 
(408)224-7000 TWX 910 3796435 
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F3528 
2048 x 8 Static RAM 

MOS Memory Products 

Logic Symbol 

21 20 18 

W G E 
AO 

A1 
DOO 9 

A2 
D01 10 

A3 
D02 11 

A4 
D03 13 

AS F3528 D04 14 
AS 

DOS 15 
A7 

DOS 16 
23 AS 

D07 17 
22 A9 

19 A10 

VCC = Pin 24 
GND = Pin 12 

Connection Diagram 
24-Pin DIP 

A7 vee 

AS 23 AS 

AS 22 A9 

A4 21 Vi 

A3 20 G 

A2 6 19 A10 
F3528 

A1 7 18 E 

AO 17 007 

000 16 OOS 

001 10 15 OOS 

002 11 14 004 

GND 12 1'3 D03 

(Top View) 

Package Outline Order Code 

Ceramic DIP IT D 

Plastic DIP IU P 

<l'I1982 Fairchild 
Faircnild reserves the right to make changes in the circuitry or specifications at 
any time without notice. 
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FAIRCHILD 

A Schlumberger Company 

Preliminary Data Sheet 

Description 
The F3528L is a 16,384-bit static Random Access Memory 
(RAM) organized as 2048 words of eight bits each. Since the 
operation of the F3528L is entirely static, no clocks or refresh 
are required. This device operates from a single + 5V supply 
and is directly TTL compatible at all inputs and outputs, includ
ing the eight bidirectional data DQ pins. The F3528L has an 
automatic power down feature controlled by the Chip Enable 
function (E = active LOW). When not enabled, the F3528L is 
in standby mode; this reduces power dissipation by as much 
as 75% with no degradation of access time. 

The F3528L is designed for memory applications where static 
operation, low cost, large bit-capacity and simple interfacing 
are important design considerations. It is manufactured using 
Fairchild's high performance, scaled NMOS technology, 
Isoplanar-H ™ • State-of-the-art design and process techniques 
ensure high density, lower power dissipation and excellent 
speed performance. 

The F3528L is available in a standard 24-pin dual in-line pack
age in a configuration that is pin and function compatible with 
industry standard EPROMS. 

• 2048 x 8-BIT ORGANIZATION 
• COMPLETELY STATIC-NO CLOCKS OR REFRESH 
• SINGLE +5V SUPPLY 
• AUTOMATIC POWER DOWN WHEN CHIP NOT 

ENABLED {E) 
• ACCESS TIME-100ns, 120ns, 150ns, 200ns 
• LOW POWER DISSIPATION 330 mW ACTIVE (MAX) 

66 mW STANDBY (MAX) 
• TOTALLY TTL COMPATIBLE WITH SIMPLE BUS 

CONTROL 
• COMMON DATA I/O BUS WITH 3-STATE CAPABILITY 
• JEDEC STANDARD PINOUT 
• STANDARD 24-PIN DIP 
• EPROM COMPATIBLE PINOUT 

Pin Names 
AO-A10 
W 
G 
E 
DOO-D07 
vee 
GND 

Address Inputs 
Writ~ Enable Input 
Output Enable Input 
Chip Enable Input 
Data Inputs/Outputs 
Power ( +5V) 
Ground (OV) 

Fairchild Camera and Instrument Corporation 
101 Bernal Road, San Jose, California 95119-1399 
(408)224-7000 TWX 910 379 6435 

© Ie MASTER 1983 

F3528L 
2048 X 8 Static RAM 

MOS Memory Products 

Logic Symbol 

21 20 18 

W G E 
AO 

A1 
DOO 

A2 
D01 10 

A3 
D02 11 

A4 
D03 13 

AS F3S28L 
D04 14 

A6 
DOS 15 

A7 
D06 16 

23 AS 
D07 17 

22 A9 

19 A10 

VCC = Pin 24 
GND = Pin 12 

Connection Diagram 
24-Pin DIP 

A7 vee 

A6 AS 

AS 22 A9 

A4 21 Vi 

A3 20 G 

A2 19 A10 

F3S28L 
A1 18 E 

AO 17 D07 

DOO 16 D06 

D01 10 15 DOS 

D02 11 14 D04 

GND 12 13 D03 

(Top View) 

Package Outline Order Code 

Ceramic DIP IT D 

Plastic DIP IU P 

©1982 Fairchild Printed in U.S.A. 
Fairchild reserves the right to make changes in the circuitry or specifications at 
any time without notice. 
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I=AIRCHIL.C 

A Schlumberger Company 

Preliminary Data'sheet 

Description 
The F4164 is a dynamic Random Access Memory (RAM) 
circuit organized as 65,536 single-bit words. This memory 
uses the Fairchild advanced double poly NMOS, 
Isoplanar-H™ process which allows volume manufacture of 
reliable, high density memory products. 

Innovative architecture and circuit design provide significant 
user benefits including wide operating margins, low power 
dissipation and excellent noise characteristics. Double 
cruciform architecture minimizes signal path lengths to 
improve noise margin and reduce propagation delays. A 
multiplexed sense amplifier scheme halves the number of 
sense amplifiers and the bit-line to cell capacitance ratio; 
this simultaneously reduces power consumption and 
improves signal sensing margins. Full-sized reference cells 
provide good margins and control. Low capacitance TTL
compatible inputs with overshoot and anti-static protection 
insure data and address input integrity. 

• INDUSTRY STANDARD 16-PIN DIP WITH PIN 1 NOT 
CONNECTED (NC) 

• LOW CAPACITANCE TTL-COMPATIBLE INPUTS WITH 
OVERSHOOT AND ANTI-STATIC PROTECTION 

• COMMON I/O CAPABILITY 
• STANDARD 5 V ± 10% SINGLE POWER 

SUPPLY REQUIREMENT 
• LOW POWER 

209 mW ACTIVE (MAX) 
19.3 mW STANDBY (MAX) 

• FAST ACCESS TIME-120 ns, 150 ns or 200 ns 
• READ-MODIFY-WRITE, RAS-ONL Y REFRESH AND PAGE 

MODE CAPABILITY 
• OUTPUT UNLATCHED AT CYCLE END ALLOWS FOR 

PAGE BOUNDARY EXTENSION AND TWO
DIMENSIONAL CHIP SELECTION 

Pin Names 
. Ao-A7 
RAS 
CAS 
WE 
D 
Q 

Address Inputs 
Row Address Strobe 
Column Address Strobe 
Write Enable 
Data Input 
Data Output 

Fairchild Camera and Instrument Corporation 
464 Ellis Street, Mountain View, California 94042 
415/962-5011 TWX 910 379 6435 

3666 

F4164 
65,536 X 1 Dynamic RAM 

vss = Pin 16 
Voo = Pin 8 

15 14 

Connection Diagram 
16-Pln DIP 

NC Vss 

0 CAS 

WE a 

RAS A6 

Ao A3 

A2 A4 

A, As 

Voo A7 

(Top View) 

@1981 Fairchild Printed in U.S.A. 2020-785·A·23·09Q 15M 300540 
September, 1981 Fairchild reserves the right to make changes in the circuitry 
or speCifications at any time without notice. 
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For Key Data On Every Ie On This 
Board, The Place To Look Is ... 

tass 1 1 :t 

This Signetics Memory Module provides 256K bytes of dynamic random 
access memory, plus parity protection. 

Equipment and system design often require the use 
of a wide variety of integrated circuits in order to 
obtain optimum performance. One way for an engi
neer to be certain that he hasn't overlooked the 
best device for his application is to refer to the pages 
of Ie MASTER. 

Surveys conducted by Ie MASTER, integrated cir
cuit manufacturers, and independent research 
agencies confirm that four out of five Ie MASTER 
users have specified one or more products as the 
result of using Ie MASTER. 

Device No. 
74LSOO 
74LS08 
74LS04 
74LS20 
74LS32 
74LS37 
74LS24 
74LS74 
74LS132 
74LS112 
74LS10 
74LS244 
74LS645 
AM25LS2521 
74S38 
N7411 
N74S40 
TMS4164 
7641 
7642 

Description 
Quadruple 2-lnput NAND Gate 
Quadruple 2-lnput AND Gate 
Hex Inverter 
Dual 4-lnput NAND Gate 
Quadruple 2-lnput OR Gate 
Quadruple 2-lnput NAND Buffer 
Schmitt Trigger 
Dual D-Type Edge-Triggered Flip-Flop 
Quadruple 2-lnput Schmitt Trigger 
Dual J-K Edge-Triggered Flip-Flop 
Triple-3-lnput NAND Gate 
Octal Buffer lLine Driver 
Octal Bus Transceiver 
8-Bit Equal-to Comparator 
AND/NAND Gate 
Triple-3-lnput AND Gate 
Dual 4-lnput NAND Buffer 
64K Dynamic RAM 
512 x 8 PROM 
1K x 4 PROM 

Representative list of ICs on Signetics SMVME3100 Memory 
Card. Key specifications for al/ of these ICs can be found in 
IC MASTER. 

pHIC MASTER 
BE SURE. BEGIN WITH THE Ie MASTER 
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FUJITSU 
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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-volati Ie Storage 

Card Dimension 

There are two kinds of Fujitsu bubble memory 

FBC304M1A 

FBM31DB 
4 
Serial loop 
296,128 bits 
370 ms 

100KHz 
lOOK bits/sec. 
TTL Compatible 

9W 
6W 
+ 12 V (± 5 %) 0.3A Max. 
-12 V (± 5 %) 0.2A Max. 
+ 5 V (± 5 %) 1.6A Max. 

O°C to + 50°C 
-40°C to + 85°C 

230 x 160 mm2 

one for high-speed file memory and one 
for low-speed file memory. 

Both can be connected to the 
8-bit micro-processor buss and 

the capacity is easily increased de
pending on a system. 

FBC30402A 

FBM32DA 
4 
Major/Minor loop 
324,024 bits 
4.5 ms 
100KHz 
200K bits/sec .. 
TTL Compatible 

11 W 
2.5W 
+ 12 V (± 5 %) 1.OA Max. 
-12 V (± 5 %) O.2A Max. 
+ 5 V (± 5 %) 0.7 A Max. 

O°C to + 50°C 
-40°C to + 85°C 

230 x 160 mm2 

• Sequencial power-on and power-off are unnecessary. 

Fijutsu 32K byte Bubble Memory Card 

FBC304M1A is a 32K byte bubble memory card 
containing four 74K bit serial loop organized 
Bubble Memory Devices FBM31 DB. 

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. The timing and control circuits, in addition to 

( 

J.l - Bus Control Memory FBC304M1A 

Coil Driver 

Function Driver 

Coil Driver 

Function Driver 

Coil Driver 

Function Driver 

Coil Driver 

Function Driver 

-12V 
Converter +17V 

+5V 
Converter -6V 

~--------------------------~ +5V 

Fujitsu America, Inc., 918 Sherwood Drive, Lake Bluff, Illinois 60044 

3668 © IC. MASTER 1983 
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FUJITSU 
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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 BC304C2A and 
the number of cards can be increased up to 256K 
bytes (8 cards), according to a system scale. 

IJ - Bus FBC304C2A Control Card FBC304D2A Memory Card 

#8 
~------------~+-----__ --__ +5V 

~------------------------~#2 
#1 

EXPECTED BUBBLE MEMORY APPLICATIONS 

System Memory 10K lOOK 1M 10M 
Capacity (Byte) 

Chip Capacity (bit) 64K'" lOOK 256K'" 1M >lM 

Program Memory Mini-File Memory File Memory 

Bubble Memory 
Micro-

~ IIIIIIID Products + Bubble 
pro- Memory 
cessor 

E~ 
Floppy Disc O'ueMini~ Competing 

. ~ &~assette Technology 
(Application Area) 

Applications 
• Fi Ie 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 

© Ie MASTER 1983 3669 
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64K bit Bubble Memory Device 111111111111111111111111111111111111111111111111111111II~IIIIIII 
FUJITSU 

FBM31 DB and FBM32DA are 1a-pin DIP packages 
that cdntain 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) 

(74032) 
Replicator (-) 14 o------.f'--, 

Detector 1 (-) 2 
Detector 1 (+) 3 

Detector 2 (-) 4 
Detector 2 (+) 5 
Detector 3 (-) 6 
Detector 3 (+) 7 
Detector 4 (-) 8 
Detector 4 (+) 9 

Replicator (+) 10 
Annihilatorl-) 11 o---~ 
Common (+) 12o------'""t' 
Common (+) 12 
Genera t or ( - ) 13 r.--_(-,O")---'-' 

PIN ASSIGNMENT 

• FBM31 DB (Serial loop) 

GND 

Detector 1 (-) 

Detector 1 (+) 

Detector 2 (-) 

Detector 2 (+) 

Detector 3 (-) 

Detector 3 (+) 

Detector 4 (-) 

Detector 4 (+) 

Y Coil 

Y Coil 

X Coil 

X Coil 

FBM31DB FBM32DA 

74,032 bits 83,354 bits (total) 
81,006 bits (effective) 

Seri.al 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 30 g 

• FBM32DA (Major/Minor loop) 

18 Y Coil (+) 

17 Y Coil (-) 

16 X Coil (+) 

15 X Coil (-) 

1 GND 

(0) (1) 
Transfer (-) 3 <;>-------, I I $00 
Replicator (-) 4 -----.... 

Detector 1 (-) 6 

Detector 1 (+) 7 
Detector 2 (-) 8 
Detector 2 (+) 9 
Replicator (+) 10 O----J 

Annihilator (-) 11 ~---..~ 
Annihilator (+) 12 Q-----I7T 

Generator (+) 13 
Generator (_) 14 O--J,'-__ --\. 

Transfer (+) 15 cr--:-.;",;,,;;;;.:...-----' 

1 Y Coil (-) 

2 Y Coil (+) 

17 X Coil (-I 

18 X Coil (+) 

5GND 

* Loop numbers ( 00 through 80) are designated by 

hexadecimal code. 

• FBM32DA (Major/Minor loop) 

(+) Y Coil (-) X Coil (+) 

(-) Y Coil (+) X Coil (-) 

(+) Transfer (-) N. C. 

(-) Replicator (-) Transfer (+) 

Replicator (-) GND Generator (-) 

Generator (-) 

Common (+) 

Annihilator (-) 

Replicator (+) 

Detector 1 (-) 

Detector 1 (+) 

Detector 2 (-) 

Detector:2 (+) 

Generator (+) 

Annihilator (+) 

Annihilator (-) 

Replicator (+) 

Fujitsu America, Inc., 918 Sherwood Drive, Lake Bluff, Illinois 60044 

3670 © Ie MASTER 1983 
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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 (-) 

Replicator (-) 2 0-----.. 

Detector 1 (-) 4 

Detector 1 ,( + ) 

Detector 2 (-) 6 
Detector 2 (+) 

Common (+ I 9 Q-_~ 

Annihilator (-) 10 0------. 

Common (t) 9 Q---.lfl 

Common (+) 9 

Generator (-) 11 Q-Jr'-_ ..... 

Transfer (+) 12 0-(;,.:..3_17...;..1 __ ...... 

PIN ASSIGNMENT 
• FBM420A (Major/minor loop) 

Transfer 

Replicator (-I 2 

GND 

Detector 1 (-) 4 

Detector 1 (+ I 5 

Detector 2 (-I 6 

Detector 2 (+ I 7 

GND 

11 

9 

FBM42DA FBM43DA 

283,026 bits (effective) 273,745 bits (effective) 
1,097 bits X 258 loops 1,033 bits X 265 loops 

Major/minor loop Major/minor loop 
(Block replicator transfer system) 

100KHz 100KHz 

50K bits/sec lOOK bits/sec 

8.5 ms 6.0 ms 

670mW 670mW 

O°C to +55°C O°C to +55°C 
-40° C to +85° C -4(t C to +85° 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 

30 g 30 g 

• FBM43DA (Block replicator transfer) 

15 Y Coil (-) 

16 Y Coil (+) 

13 X Coil (-) 

14 X Coil (+) 

J GND 

8 GND 

Y Coil (+1 

Y Coil (-I 

X Coil (+1 

X Coil (-I 

Transfer (+'1 

Generator (-I 

Annihilator (-I 

Common (+1 

Generator (-) 3 
Transfer in (-) 4 
Replicator/Transfer out (-) 5 

Detector 1 (+) 7 
Detector 1 (-I 8 
Detector 2 (+) 9 
Detector 2 (-) 10 

Detector 3 (+ I 11 
Detector J (-I 12 

Detector 4 (+ I 13 

Detector 4 (-I 14 

Replicator/Transfer out (+) 16 

Transfer in (+ I 
Generator (+ I 

1 Y Coil (-) 

2 Y COli (+) 

19 X Coil (-) 

20 X Coil (+) 

6GND 

l5 GND 

• FBM43DA (Blocl< replicator transfer) 

Y Coil 

Y Coil 

Generator 
Transfer in 
Replicatorl 5 
Transfer out (-I 
GND 6 

Detector 1 

Detector 1 

Detector 2 

Detector 2 

X Coil, 1+1 
I-I 
1+1 

r--v ..... 'v""-...... 17 Transfer in (+ I 
r--~('\J",--,1 Replicatorl ( I 

Transfer out + 
GND 

14 Detector 4 I_I 
13 Detector 4 I + I 
12 Detector 3 I_I 
11 Detector 3 I + I 

* The $ mark prefixed hexadecimal codes in the circuit diagrams indicate minor loop numbers. 

Fujitsu America, Inc., 918 Sherwood Drive, Lake Bluff, Illinois 60044 
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FUJITSU 
MICROELECTRONICS 

NEW PRODUCTS FOR 1983 
:MB8464 64K CMOS STATIC RAM 

Organized as 8192 words by 
8-blts 

• Static operation: no clocks or 
refresh required 

• Fast Access Times: 
MB8464-10 100 ns max. 
MB8464·10L 100 ns max. 
MB8464-15 150 ns max. 
MB8464·15L 150 ns max. 

• Low Power Consumption: 
M B8464-1 0/-15 

11 mW max. (Standby) 
500 mW max. (Op. Power) 

MB8464-10U-15L 
1.1 mW max. (Standby) 

'330 mW max. (Op. Power) 
• Single +5V supply voltage 

(±10% tolerance) 
• Common data inputs· and 

output 
• TTL compatible inputs and 

output 
• Low data retention voltage: 

2.0V min. 
• Standard 28-pin DIP 

MB81416 64K (16K X 4) DYNAMIC RAM 

• Organized as 16,384 words by 
4-bits 

• Fast Access Times: 
MB81416-10 100 ns max. 
MB81416-12 120 ns max. 
MB81416-15 150 ns max. 

• Cycle Times: 
MB81416-10 200 ns min. 
MB81416-12 230 ns min. 
MB81416-15 270 ns min. 

• Low Power Consumption: 
MB81416-10: 

330 mW (Active) 
MB81416-12: 

303 mW (Active) 
MB81416-15: 

275 mW (Active) 
All devices: 

25 mW max. (Standby) 
• Single +5V supply voltage 

(±10% tolerance) 

• O~-chip substrate bias gener
ator for high performance 

• All inputs TTL compatible, low 
capacitive load 

• Three-state TTL compatible 
output 

• 128 refresh cycles (Ao - A6), 
2ms' 

• Output unlatched at cycle end 
• Early Write or OE to Control 

Output buffer impedance 
• CAS-before-RAS refresh 

capability 
• Read-Modify-Write, page-mode 

operation and RAS-only 
refresh capability 

• On-chip latches for addresses 
and data-in 

• Standard 18-pin DIP 

MB8464 
MB81416 

MB8464·10 
MB8464·10L 
:MB8464·15 
:MB8464·15L 

PIN ASSIGNMENT 

NC 1 28 Vee 

A'2 2 27 WE 

A7 3 26 CE2 

A6 4 25 As 

A5 5 24 Ag 

A4 6 23 A11 

A3 7 ~ 
1XI 

22 OE 

A2 8 co 
~ 

A, 9 ~ CE, 

Ao 10 

I/0, 11 18 1/°7 

1/°2 12 

1/03 13 

GND 14 

MB81416·10 
MB81416·12 
MB81416·15 

PIN ASSIGNMENT 

OE 18 VSS 

DQ1 2 17 DQ4 

DQ2 3 16 CAS 

WE 4 ~ 15 DQ3 
1XI 

RAS 5 ~ 
~ 

14 AO 
""" 

AS 
G) 

A1 6 13 

AS 7 12 A2 

A4 8 11 A3 

Vee 9 10 A7 

Ao-A7 Address Inputs 
CAS Column Address Strobe 
DQ1-DQ4 Data 
OE Output Enable 
RAS Row Address Strobe 
WE Write Enable 

VCC +5 V Supply 

VSS Ground 

For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727-1700· Telex 1/11: 910-338-0190 
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FUJITSU 
MICROELECTRONICS 

NMOS 65,536-BIT DYMAMIC 
RANDOM ACCESS MEMORIES 
MB8264/MB8265 GENERAL DESCRIPTION 
• Organized as 65,536 x 1 
• Address Access Times: 

MB8264-151MB8265-15 150 ns max. 
MB8264-2O/MB8265-2O 200 ns max. 

• Cycle Times: 
MB8264-151MB8265-15 270 ns min. 
MB8264-2O/MB8265-2O 270 ns min. 

Low Power Dissipation: 
MB8264-15: 303 mW Max. (Active) 
MB8264-2O: 248 mW Max. (Active) 
Both: 28 mW Max.~Standb~ 
MB8265: 253 mW~FRES 

cycling, RAS, CAS high) 
• ±5V supply voltage, ±10% tolerance 
• 128 refresh cycles (2 ms intervaQ 

MB8264 SPECIAL FEATURES 
• Hidden Refresh capability 
• "Gated" CAS feature 
• Available tested to Fujitsu Mil-Std 883 

Class B In extended temp. range of 
-55°C to 110°C as part numbers 
MB8264-15-SB/MB8264-20-SB 

• On·chlp substrate bias generator 
• TTL compatible inputs, low capacitive 

load 
• Three-state compatible output 
• Common 1/0 capability using "Early 

Write" operation 
• Output unlatched at cycle end allows 

extended rage boundary and two-di· 
mensiona chip select 
Read·Modlfy·Write, RAS-only Refresh 
and Page-mode capability 
On·chip latches for Addresses and 
Data·ln 

• Industry standard 16-pin package 

MB8265 SPECIAL FEATURES 
• Pin 1 controls Refresh Function 
• Refresh eliminates need to generate 

refresh addresses externally 
• Hidden RFSH Refresh Cycle 
Ou~ Data can be held indefinitely 
by CAS -

• On-chlp refresh control generator and 
refresh address counter 

:MB8264A/MB8265A/:MB8266A GENERAL DESCRIPTION 
• Organized as 65,536 x 1 
• Sillcon-gate, Double Poly NMOS, 

single transistor cell 
• Row Access Time: 

MB8264A·1 0I65A·1 0I66A·10: 
100 ns max. 

MB8264A·12165A·12166A·12: 
120 ns max. 

• Cycle Time: 
MB8264A·1 0I65A·1 0I66A·10: 

200 ns min. 
MB8264A·12165A·12166A·12: 

230 ns min. 

MB8264A SPECIAL FEATURES 
• Low power: 

275 mW active (MB8264A·10) 
250 mW active (MB8264A·12) 

22 mW Standby (max.) 
• "Gated" CAS 
• Read·Modlfy·Wrlte, RA5-only refresh, 

Hidden refresh and Page-mode 
capability 

• Available tested to Fujitsu Mil-Std 883 
Class B In extended temp. range of 
-55°C to 110°C as part numbers 
MB8264A·15-SB/MB8264A·20-SB 

:MB8265A SPECIAL FEATURES 
• Low power: 

330 mW active (MB8265A·10) 
300 mW active (MB8265A·12) 
25 mW Standby (max.) 

• Pin 1 Refresh capability 
• Offers two variations of hidden refresh 
.Read·Modlfy~Wrlte, RAS-only refresh, 
and Page-mode capability 

• Single +5V supply voltage, ±10% 
tolerance 

• On·chip substrate bias generator 
All Inputs TTL compatible, low 
capacitive load 

• Three-state compatible output 
• Common 1/0 capability using "Early 

Write" operation 
Output unlatched at cycle end allow: 
extended rage boundary and twCHii· 
mensiona chip select 
On-chlp latches for Addresses and 
Data·in 

• 128 refresh cycles 

MB8266A SPECIAL FEATURES 
• Nibble Mode capability (A3 & Aa) 
• Low power: 

275 mW active (MB8266A·10) 
250 mW active (MB8266A·12) 

25 mW Standby (max.) 
• Nibble Access Time: 

MB8266A·10 25 ns max. 
MB8266A·12 30 ns max. 

• Nibble Cycle Time: 
MB8266A·10 60 ns min. 
MB8266A·12 70 ns min. 

• CASObefore-RAS refreshR'lrtability 
Read·Modlfy·Write and only 
refresh capability 

MB8264 
MB8265 
MB8264A 
MB8265A 
MB8266A 

PIN ASSIGNMENTS 

N.C. 

WE 

RAS 

N.C. 

RFSH 

DIN 

WE 

RAS 

Ao 

A2 

A1 

Vee 

2 

3 

4 3: 
m 
co 

5 ~ 
en 
UI 

6 J:Io 

7 

8 

Vss 

DOUT 

Vss 

15 CAS 

14 Dour 

13 A6 

12 A3 

11 A4 

A5 

A7 

For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727-1700· Telex 1/11: 910-338-0190 
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FUJITSU MBM2764 
MICROELECTRONICS MBM27C64 

MBM27128 
64K AND 128K UV EPROMS 

PIN ASSIGNMENTS 
:MBM2764 FEATURES All packages meet Jedee standards 
• Organized as 8192 x 8 • Two level chip control 
• Address Access Times: • Output Enable (OE) controls Vpp vee 

MBM2764-20 200 ns max. output buffers and A12 2 27 PGM 

MBM2764-25 250 ns max. eliminates bus contention A7 3 26 NC 
MBM2764-30 300 ns max. problems 

A6 4 25 As 
MBM2764-30X 300 ns max. • Chip Enable (CE) controls 

As 24 Ag 
• Low Power Dissipation: standby operation 5 

ICC (Active) = 150 mA max. • Compatible with high speed 8 A4 6 ,23 A11 
3: OE ICC (Standby) = 35 rnA max. MHz 8086-2 MPU; zero walt A3 7 til 22 
3: 

• Available in extended temp. state A2 8 I\) 21 A10 ..... 
ranges, -40°C to +85°C and • Three·state output with OR·tie A1 9 ~ 20 CE 

-55°C to +125°C capability Ao 10 19 07 

• Single +5V supply voltage • Single location programming 00 11 18 06 
• Static operation, no clocks • Programs with one 50 ms 01 12 17 05 

required pulse 02 13 16 04 
• TTL compatible inputs and Vss 14 15 03 

outputs 

1tmM27C64 FEATURES 
Vpp Vee 
A12 27 PGM 

• CMOS Power Consumption: • TTL compatible inputs/outputs A7 26 NC 
SOOI'W max. (Standby) • Three·state output with OR·tie As 25 As 

51'W typo (Standby) capability As 24 Ag 
4OmW/MHz (Active) 

• Organized as 8192 x 8 
• Available in extended temp. A4 3: 23 A11 

ranges, -40°C to +85°C and A3 til 22 OE 
• Utilizes same simple program· -55°C to +125°C 3: 

A2 
I\) 

21 A10 mlng requirements as NMOS ..... 
• Fast Access Time: ~ CE MBM2764 MBM27C64-25 250 ns max. A1 20 

• Single location programming MBM27C64-30 300 ns max. Ao 19 07 

• Programming pulse may be • Single +5Voperatlon 00 18 08 
en reduced to 25 ns to cut pro- • Pin and function compatible 01 17 05 0 
c gramming time in half with 2764-type devices 02 16 04 
0 • No clock required, fully static Vss 15 03 :... .- operation 0 
~ 

MBM27128 FEATURES (PRELIMINARy) vPP vee Q) 
0 A12 PGM :... • Organized as 16,384 x 8 • No clocks required, fully static 0 A7 A13 
~ • Fast Access Times: operation 

As As 
MBM27128·25 250 ns max. • TTL compatible inputs and 

::I MBM27128·30 300 ns max. outputs As A9 en 
== • Simple programming re· • Three·state output with 0 R·tie A4 A11 .3' 

qulrements capability A3 OE 
LL 

• Single location programming • Output Enable (OE) pin for A2 A10 

• Programs with one 50 ms easy memory expansion A1 CE 

pulse • Single +5V supply voltage Ao Os 

• Low power requirements: • Pin compatible with 01 07 
525 mW (Active) Intel 27128 02 Os 
184 mW (Standby) 03 Os 

Vss 04 

For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727·1700 • Telex 1/11: 910·338·0190 
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FUJITSU 
MICROELECTRONICS 

NMOS 16,384·BIT STATIC 
RANDOM ACCESS MEMORIES 
MBS167A FEA.TURFS 
• Organized as 16,384 words 

by 1-bit 
• Static operation: no clocks or 

refresh required 
• Fast Access Times: 

MB8167A-45 45 ns max. 
MB8167A-55 55 ns max. 
MB8167A·70 70 ns max. 

• Separate data input and 
output 

• TTL compatible inputs and 
output 

• Single +5V supply voltage 
• Three·state output with OR·tie 

capability 
• Chip enable for easy memory 

expansion and automatic 
power down 

MBSl68 FEA.TURFS 

• Organized as 4096 words 
by 4-bits 

• Static operation: no clock or 
refresh required 

• Fast Access Times: 
MB8168·55 55 ns max. 
MB8168·70 70 ns max. 

• Common data input and 
output 

• TTL compatible inputs and 
output 

• Single +5V supply voltage 
• Three·state output with OR·tie 

capability 
• Chip select for easy memory 

expansion and automatic 
power down 

• All inputs and output have 
protection against static 
charge 

• Available in extended temper· 
ature range from -55°C to 
+125°C as part numbers 
MB8167A-70-Wand 
MB8167A·85·W (Standard man· 
ufacturing and testing flow) 

• Available in extended temper· 
ature range from -55°C to 
+125°C as part numbers 
MB8167A·70·SB and 
MB8167A·85·SB (Fujitsu's Mil· 
Std 883 Class B manufac· 
turing and testing flow) 

• . Standard 20·pin DIP 

• All inputs and output have 
protection against static 
charge 

• Available in extended temper· 
ature range from - 55°C to 
+125°C as part numbers 
MB8168·70·W and MB8168-85-W 
(Standard manufacturing and 
testing flow) 

• Available in extended temper· . 
ature range from -55°C to 
+125°C as part numbers 
MB8168-70·SB and 
MB8168-85-SB (Fujitsu MiI·Std 
883 Class B manufacturing 
and testing flow) 

• Standard 20-pin DIP 

MB8167A 
MB8168 

MBS167A-45 
M:B8167 A·55 
MBS167A·70 

PIN ASSIGNMENT 

AO Vee 

A1 A13 

A2 A12 

A3 ~~ A11 
~ tv 

A4 ~~ A10 ~O) 

A5 
)C ..... 

Ag .=:J> 
As As 

DOlJT A7 

WE D,N 

Vss CE 

• Pin compatible with 
Inmos IMS1400 

M:B8168·55 
M:B8168·70 

PIN ASSIGNMENT 

A7 Vee 

As As 

A5 Ag 

A4 A10 
-:;;;:~ 

A3 ",tv A11 
)C~ 

A2 
~O) -co 1/01 

A1 1/02 

Ao 1/03 

CS 1/04 

VSS WE 

• Pin compatible with 
Inmos IMS1420 

. For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727·1700. Telex 1111: 910·338·0190 
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FUJITSU 
MICROELECTRONICS 

CMOS 16384·BIT STATIC RAMS 
GENERAL DESCRIPTION 

• Organized as 2048 x 8 
• Address Access Times: 

MB8416A18417A18418A-12(-12L) 120 ns max. 
MB8416A18417A18418A-15(15-L) 150 ns max. 

• Low Power Dissipation: 
ICC (Active) = 60 mA max. 

'ISB (Standby) = ICCDR (Data Retention) 
MB8416A117A118A-12L & MB8416A117A118A-15L = 50pA 
MB8416A117A118A-12 & MB8416A117A118A-15 = 2 mA 

• Data Retention 2.0V min. 
• Single +5V supply voltage, ± 10% tolerance 
• Completely static operation, no clocks required 
• Equal Access and Cycle Times 
• Two Level chip control 

• Chip Select 
• Output Enable 

• Fast OE Access Times: 
MB8416A117A118A-12(-12L) = 50 ns 
MB8416A117 Al18A-15(-15L) = 60 ns 

• Output timing reference levels: 0.8V-2.2V 
• m compatible inputs and outputs 
• Plug-in compatible with 16K EPROMS 
• Industry standard 24-pin DIP package 

SPECIAL FEA.TUlnS 

A7 

At 
As 
A. 
A3 
~ 
A1 
Ao 

1/°1 
11°2 
11°3 

OND 

MB8416A/AL 
MB8417A/AL 
MB8418A/AL 

PIN ASSIGNMENTS 
1 24 Vee A7 1 24 Vee 

At At 2 Aa 

~ AS ~ 
A4 WE 

OE A3 CS 
A10 A2 A10 
fE" A1 ~ 
lIoa Ao IIOa 
11°7 1/°1 1/°7 
I/Oe 1/°2 I/Oe 
1/°5 1/°3 1/°5 

12 "0. OND 12 1/°4 

A7 1 24 Vcc 
As 2 23 Ae 
As 3 s: 22 ~ 
A4 4 OJ 21 WE 
A3 5 CD 20 Ce1 
A2 6 ~ 19 A10 
A1 7 CD l' CE2 
Ao I ~11 I/Oe 

11°1 9 .16 1/°7 
1/°2 10 "'15 I/Oe 
11°3 11 14 1/°5 

OND 12 13 1'0. 

MB8416 AlAL. CE (Pin 18) control for Simple memory expansion, standby power and data retention 
• OE (Pin 20) control for fast memory access, output buffer control and elimination of bus 

contention problems 
• OE Access Time - 100 ns Max. 
• Pin and function compatible with 2716 EPROM 
• Pin compatibl~ with HM6116, T~5517, "PD446 

MB8417 AlAL • CE (Pin 18) control for simple memory expansion, standby power and data retention 
• CS (Pin 20) control for simple memory expansion 
• CS Access Time - 100 ns Max. 
• Pin compatible with TC5516, "PD447 

MB8418 AlAL • Both CE2 (Pin 18) and CE1 (Pin 20) provide power down capability 
• CE2 and CE 1 provide simple memory expansion 
• CE2 and CE 1 Access Time - 200 ns Max. 
• Pin compatible with TC5518 

, DEVICE NUMBER MIU16A/AL MBU17A/AL MBUl/SA/AL 

9-11 9-11 9-11 
PIN NUMBER 18 20 21 24 13-17 18 20 21 24 13-17 18 20 21 24 13-17 

~ 
- - - - - - - - -
CE OE WE SUPPLY 110 CE CS WE SUPPLY 110 CE2 CE1 WE SUPPLY 110 

MODE CURRENT CURRENT CURRENT 

WRITE l X L Icc DIN L L L Icc DIN L L L Icc DIN 
READ l L H Icc DOUT ' L L H Icc DOUT L L H I Dour 
OUTPUT DISABLE l H H Icc HIGH Z - - - - - - - - -
CHIP DESELECT - - - - - L H X Icc HIGH Z - - - - -
STANDBY 1 - - - - - - - - - - X H X ISS1 HIGHZ 

STANDBY 2 H X X 158 HIGH Z H X X Iss HIGH Z H X X 1582 HlGHZ 

For complete data she-ets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727-1700 • Telex 1111: 910-338-0190 
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FUJITSU 
MICROELECTRONICS 

CMOS 16384·BIT STATIC RAMS 
GENERAL DESCRIPTION 
• Organized as 2048 x 8 
• Address Access Time - 200 ns Max. 
• Low Power Dissipation - ICC (Active) = 60 mA Max. 

ISB (Standby) = 10pA Max. at 85°C 
ICCDR (Data Retention) = 10 pA Max. at 85°C 

• Operating Temperature Range: -40°C to +85°C 
• Available in extended temperature range (Standard 

manufacturing and testing flow) of -55°C to + 125°C as part 
numbers MB8416-25-W, MB8417-25-W and MB8418-25-W 

• Available in extended temperature range (MIL-Std 883 
Class B manufacturing and testing flow) of -55°C to + 125°C 
as part numbers MB8416-25-SB, MB8417-25-SB and MB8418-25-SB 

• Data Retention 2.0V Min. 
• Single +5V DC supply, ±10% tolerance 
• Completely static operation, no clocks required 
• Equal Access and Cycle Times 
• Two Level chip control • Chip Select • Output Enable 
• Fast OE Access Time: 100 ns Max. 
• Output timing reference levels - 0.8V - 2.2V 
• TTL compatible inputs and outputs 
• Plug-in compatible with 16K EPROMS 
• Industry standard 24-pin DIP package ' 

SPECIAL FEATURFS 

A7 

As 
As 
A4 
A3 
A2 
A1 

Ao 
11°1 
1/°2 
1/°3 
GND 

MB8416 
MB8417 
MB8418 

PIN ASSIGNMENTS 
1 Vcc A7 1 Vcc 
2 23 AS As 2 AS 
3 22 Ag As 3 22 ~ 
4 21 WE A4 4 21 WE 
5 ~ 20 OE A3 5 ~ 20 cs 
6 CD 19 A10 A2 6 CD 19 A10 
7 : 18 CE A1 7: 18 CE 
8 - 17 I/OS Ao 8 - 17 110s 
9 0. 16 1/°7 11°1 9 ...... 16 1/°7 
10 15 l10a 1/°2 10 15 1/°6 
11 14 1/°5 1/°3 11 14 1/°5 
12 13 1/°4 GND 12 13 1/°4 

A7 1 24 Vcc 
As 23 A8 

As 22 Ag 

A4 4 21 WE 

A3 5 ~ 20 Ce1 
A2 6 CD 19 A10 
A1 : 18 CE2 

Ao 8 
- 17 I/OS 

1/01 9 (II) 16 1/°7 
11°2 10 15 1/°6 
1/°3 11 14 1/°5 

GND 12 13 1/°4 

MB8416 • CE (Pin 18) control for simple memory expansion, standby power and data retention 
• OE (Pin 20) control for fast memory access, output buffer control and elimination of bus 

contention problems 
., OE Access Time - 100 ns Max. 
• Pin and function compatible with 2716 EPROM 
• Pin compatible with HM6116, TC5517, /LPD446 

MB8417 • CE (Pin 18) control for simple memory expansion, standby power and data retention 
• CS (Pin 20) control for simple memory expansion 
• CS Access Time - 100 ns Max. 
• Pin compatible with TC5516, /LPD447 

MB8418 • Both CE2 (Pin 18) and CE1 (Pin 20) provide power down capability 
• CE2 and CE 1 provide Simple memory expansion 
• CE2 and CE 1 Access Time - 200 ns Max. 
• Pin compatible with TC5518 

TRUTH TABLE 
DEVICE NUMBER MB8416 MB8417 MB8418 

9-11 9-11 9-11 
PIN NUMBER 18 20 21 24 13-17 18 20 21 24 13-17 18 20 21 24 13-17 

~ 
- - - - - - - - -
CE OE WE SUPPLY 1/0 CE CS WE SUPPLY I/O CE2 CE1 WE SUPPLY 1/0 

MODE CURRENT CURRENT CURRENT 

WRITE L X L Icc DIN L L L Icc DIN L L L Icc DIN 
READ L L H Icc DOUT L L H Icc DOUT L L H I DOUT 
OUTPUT DISABLE L H H Icc HIGH Z - - - - - - - - -
CHIP DESELECT - - - - - L H X Icc HIGHZ - - - - -
STANDBY 1 - - - - - - - - - - X H X ISB1 HIGHZ 

STANDBY 2 H X X ISB HIGH Z H X X ISB HIGHZ H X X ISB2 HIGH Z 

For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727·1700· Telex 1/11: 910-338-0190 
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FUJITSU 
MICROELECTRONICS 

HIGH SPEED SCHOTTKY 
TTL64K PROMS 
GENERAL DFSCRIPTION 
The Fujitsu MB7143 and MB7144 
are high speed Schottky TTL elec
trically field programmable read 
only memories. With uncommit
ted collector outputs on the 
MB7143 and three-state outputs 
on the M B7144, memory expan
sion is simple. 

The memory is fabricated with all 
logic "zeros." (positive logic). 
Logic level "ones" can be pro
grammed by the highly reliable 
DEAPTM (Diffused Eutectic Alumi
num Process) according to simple 
programming procedures. 

FEATURES 
• Organized as 8192 x 8 
• Fast Access Times: 

40 ns Typ. 
MB7143E1MB7144E: 

65 ns max. 
MB7143H/MB7144H: 

55 ns max. 
• Single +5V supply voltage 
• Simplified and lower power 

programming 
• Low current PN P inputs 

Ao 
A1 

A2 

A3 

A4 

As 

A6 

A7 

As 
Ag 

A10 

A11 

A12 

CE 

The sophisticated passive isola-
tion, ~ermed lOP (Isolation by Ox-
ide and Polysilicon), with thin 
epitaxial layer and Schottky TTL 
process permits minimal chip 
size and fast access time. 

The extra test cells and unique 
testing methods provide enhanc-
ed correlation between program-
med and unprogrammed circuits 
in order to perform AC, DC and 
programming test prior to ship-
ment. This results in extremely 
high programmability. 

• AC characteristics guaranteed 
over full operating voltage and 
temperature range via unique 
testing techniques 

• TTL compatible inputs and 
outputs 

• Proven high programmability 
and reliability 

• Standard 24-pin DIP package 
• Jedec approved pin-out 

:M:B7143/:M:B7144 BLOCK DIAGRAM 

~ 
~ 

~ 

~ 

~ ~ 65536 (256 x 256) 
~ -v MEMORY CELLS 
~ 

ADDRESS 
BUFFERS -

..., {> 
M -v 32 x MULTIPLEXERS 

1 I 11 I I I I 
CHIP ~ OUTPUT BUFFERS ENABLE ----v 

b b b b b b b b 
08 07 06 Os 04 03 02 01 

MB7143E 
MB7144E 

NI~"T 1)llf»I)(Jf~rl' 
I~f»ll 11)11:1 

A7 
As 
As 
A4 

A3 
A2 
A1 

Ao 
0 1 

O2 

PIN ASSIGNMENT 

~ 
OJ 

5 ~ 
6 

olio 
~ 

7 
~ 
OJ 
~ 

8 olio 
olio 

9 

10 

11 

12 

'Vcc(PVcc) 

As 
22 Ag 

21 A10 

20 CE(PVCE) 

A11 
A12 

17 Os 

16 07 

06 

Os 

04 

For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727·1700 • Telex 1111: 910·338·0190 
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FUJITSU 
MICROELECTRONICS 

MB71XX SERIES 

HIGH SPEED SCHOTTKY TTL PROMS 
FEATURES 
• Many organizations In 4K to 64K 

densities 
• Choice of three-state or open collector 

output on all devices 
• Proven high programmability and 

reliability of DEAP ™ 
(Diffused Eutectic Aluminum Process) 
PROMS 

• Single +5V supply voltage 
• TTL compatible input/output 
• Simplified and lower power program

ming 
• Commercial and Extended 

Temperature Ranges 
(-55°C to +125°C) available 

• Low current PNP Inputs 
• Chip enable leads for easy memory 

expansion 
• Most PROMS are multiply sourced 
• Industry standard pin assignments 

and packages 

COMMERCIAL TEMPERATURE RANGE PROMS 

Max. Typ. Power 
Device Density Organization Access Access Max. Output Package 

Number Time (ns) Time (ns) (mW) Type 

MB7121E 4K 1024 x 4 45 25 787 OC 
MB7121H 4K 1024 x 4 35 25 787 OC 

18-pin DIP 
MB7122E 4K 1024 x 4 45 25 787 38 
MB7122H 4K 1024 x 4 35 25 787 38 
MB7123E 4K 512 x 8 45 25 850 OC 
MB7123H 4K 512 x 8 35 25 850 OC 300 mil wide 
MB7124E 4K 512 x 8 45 25 850 38 20-pin DIP 
MB7124H. 4K 512 x 8 35 25 850 38 
MB7127E 8K 2048 x 4 55 30 820 OC 
MB7127H 8K 2048 x 4 45 30 820 OC 
MB7127Y 8K 2048 x 4 35 25 820 OC 

18-pin DIP 
MB7128E 8K 2048 x 4 55 30 820 38 
MB7128H 8K 2048 x 4 45 30 820 38 

. MB7128Y 8K 2048 x 4 35 25 820 38 
MB7131E 8K 1024 x 8 55 35 920 OC 
MB7131H 8K 1024 x 8 45 35 920 OC 
MB7131Y 8K 1024 x 8 35 25 920 OC 

24-pin DIP 
MB7132E 8K 1024 x 8 55 35 920 38 
MB7132H . 8K 1024 x 8 45 35 920 38 
MB7132Y 8K 1024 x 8 . 35 25 920 38 
MB7134E 16K 4096 x 4 55 35 850 38 400 mil wide 
MB7134H 16K 4096 x 4 45 35 850 38 20-pin DIP 
MB7137E 16K 2048 x 8 55 30 950 OC 
MB7137H 16K 2048 x 8 45 30 950 OC 
MB7138E 16K 2048 x 8 55 30 950 38 
MB7138H 16K 2048 x 8 45 30 950 38 
MB7141E 32K 4096 x8 65 45 975 OC 

24-pin DIP 
MB7141H 32K 4096 x 8 55 45 975 OC 
MB7142E 32K 4096 x 8 65 45 975 38 
MB7142H 32K 4096 x 8 55 45 975 38 
MB7143H 64K 8192 x 8 55 45 975 OC 
MB7144H 64K 8192 x 8 55 45 975 38 

EXTENDED TEMPERATURE ~GE PROMS (-55°C to +125°C) 

18-pin DIP 
MB7128-W· 8K 2048 x 8 55 30 820 38 18-pin FLATPACK 

28-pad LCC 
MB7132E-W· 8K 1024 x 8 55 35 920 38 24-pin DIP 
MB7138E-W· 16K 2048 x 8 55 30 . 950 38 24-pin FLA TPACK 

MB7142E-W· 32K 4096 x 8 65 45 975 38 28-pad LCC 

~ Also available with open collector output 

~ Ie MASTER 1983 3679 
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FUJITSU 
MICROELECTRONICS 

10K/lOOK ECL RANDOM 
ACCESS MEMORIES 
GENERAL DESCRIPTION 
The Fujitsu MBM10480 and 
MBM100480 are fully decoded 
16,384-bit ECl read/write random 
access memories designed for 
high speed scratch pad, micro
processor and buffer storage ap
plications. These devices are 
organized as 16,384 words by one
bit and they feature on-chip 
voltage compensation for improv
ed noise margin. 

The MBM10480 and MBM100480 
offer extremely small cell and 
chip sizes, achieved through the 
use of Fujitsu's patented DOPOS 

FEATURES 
• Organized as 16,384 words by 

one· bit 
• On·chip voltage compensation 

for improved noise margin 
• Address Access Time: 

25 ns max. 
• Chip Select Access Time: 

15 ns max. 
• Open emitter output for easy 

memory expansion 

(Doped Polysilicon) as well as lOP 
(Isolation by Oxide and Polysili
con) processing. As a result, very 
fast access times with high yields 
and outstanding device reliability 
are achieved in volume produc
tion. 

Operation for the MBM10480 and 
MBM100480 is specified over a 
temperature range from O°C to 
75°C (ambient). They are packag
ed in industry standard 20-pin DIP 
packages and are fully compati
ble with industry standard 10K 
and 100K ECl families. 

• Supply Voltage 
MBM10480: -5.2V 
MBM100480: -4.5V 

• low Power Dissipation: 
MBM10480:. 0.05 mW/bit 
MBM100480: 0.04 mW/bit 

• DOPOS and lOP processing 
• Fully compatible with industry 

standard 10K and 100K ECl 
families 

• Pin compatible with F10480 
and F100480 . 

MBMl0480/MBMl00480 BLOCK DiAGRAM 

WORD 
DRIVER 

ADDRESS 
DECODER 

128 x 128 
ARRAY 

SENSE AMPS 
AND 

WRITE DRIVERS 

ADDRESS 
DECODER 

DOUT 

CS 

WE 

MBMI048 0 
MBMI00480 

PIN ASSIGNMENT 

DOUT Vee 

Ao DIN 

A1 3: CS 
m 

A2 3: WE --. 
-0 

A3 --.~ A13 0)0) 
Wo 
0)-

A12 A4 ~3: 
>em 

A5 --.3: A11 ---. 
0 

A6 
0 

A10 ~ 
0) 
0 

A7 Ag 

VEE As 

TRUTH TABLE 

CS 

H 
L 
L 
L 

Input 

Output Mode 
WE DIN 

X 
L 
L 
H 

X L DISABLED 
H L WRITE"H" 
L L WRITE "L" 
X DOUT READ 

H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care 

For complete data sheets contact: Fujitsu Microelectronics ~ 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727-1700 • Telex 1111: 910·338·0190 
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FUJITSU 
MICROELECTRONICS 

10K/lOOK EeL RAM SERIES 
FEATURES 
• On-chip voltage compensation 

for improved noise margin 
• Fully compatible with industry 

standard 10K and 100K Eel 
families 

• Open emitter output for easy 
memory expansion 

• low power diSSipation (see 
chart below) 

• DOPOS (Doped Polysilicon) 
and lOP (Isolation by Oxide 
and Polysilicon) processing 

Access 

10K EeL RAMS 
lOOK EeL RAMS 

Access 
Device Number Density Organization Time Max. Time Typ. Power Package 

(ns) (ns) (mW) 

MB7072E 1K 256 x 4 12 9 1040 22-pin DIP 

MBM10415AH 1K 1K x 1 20 13 780 16-pin DIP 

MBM10422 1K 256 x 4 10 8 1040 24-pin DIP 

MBM10422A-7 1K 256 x 4 7 5.5 1040 24-pin DIP 

MBM10470A-20 4K 4K x 1 20 13 900 18-pin DIP 

MBM10470A-10 4K 4K x 1 10 8 1040 18-pin DIP 

MBM10474A-15 4K 1K x 4 15 12 700 24-pin DIP 

MBM10480 16K 16K x 1 25 20 900 20-pin DIP 

MBM100422A-7 1K 256 x4 7 5.5 900 24-pin DIP 

MBM 1 00470A-1 0 4K 4K x 1 10 8 900 18-pin DIP 

MBM100474A-15 4K 1K x 4 15 12 900 24-pin DIP 

MBM100480 16K 16K x 1 25 20 700 20-pin DIP 

16K X 1 lKx4 4Kxl 256x4 
(25 ns) (15 DS) (10 ns) (7 ns) 

Dour VCC VCCA VCC· VCCA VCC· 

Ao DIN 003 0°2 0, 04 
004 DO, 85, BS4 

A, CS 
Ao 014 °2 03 

WE A, 013 852 853 
A'3 A2 012 0, 04 

A4 A'2 
A3 01, 02 03 
A4 cs WE A4 

As A" As WE As A3 
As A,o NC Ag As A2 

A7 Ag (As As A, A7 A, 
VEE A7 VEE Ao VEE As ·V cc grounded 

·Vce Grounded ·Vee Grounded 

For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727-1700 • Telex 1111: 910-338-0190 
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For Key Data On Every Ie On This 
Board, The Place To' Look Is ... 

Equipment and system design often require the use 
of a wide variety of integrated circuits in order to 
obtain optimum performance. One way for an engi
neer to be certain that he hasn't overlooked the 
best device for his application is to refer to the pages 
of Ie MASTER. 

Surveys conducted by Ie MASTER, integrated cir
cuit manufacturers, and independent research 
agencies confirm that four out of five Ie MASTER 
users have specified one or more products as the 
result of using Ie MASTER. 

\ This Codata Systems 
Corp. board is an intelli

gent, 8-channel serial inputl 
output board for Multibus systems. 

Device No. 
AM25LS2521 
AM26LS29 
AM26LS32 
74LS02 
74LS08 
74LS32 
74LS74 

74LS138 
74LS164 
74LS244 

74LS273 
MBM2716 
SN74LS04 
SN74LS133 
SN74S240 

Z80A 
Z8530 

Description 
8-Bit, Equal-to Comparator 
Line Driver, Single-Ended 
line Receiver, Differential 
Quad 2-lnput NOR Gate 
Quad 2-lnput AND Gate 
Quad 2-lnput OR Gate 
Dual D-Type Positive Edge Triggered 

Flip-Flop with Preset and Clear 
3 line to 8 Line Decoder/Demultiplexer 
8-Bit Gated Serial-In, Parallel-Out Shift Register 
Octal Bus Driver (Schmitt trigger) Non-Inverting, 

3-State, Complementary Control 
Octal D-Type Edge-Triggered Flip-Flop 
Fujitsu 248 by 8 PROM 
Hex Inverter 
13-lnput NAND Gate 
Octal Buffer/line.Driver/line Receiver Inverted 

3-State Outputs 
Zilog 8-Bit Microprocessor 
Zilog Serial Communications Controller 

Representative list of ICs on Codata Systems Corp. board for 
data communications equipment. 

~ICMA5iTeR 
BE SURE. BEGIN WITH THE Ie MASTER 



ER5716 
ER57161R 
ER5716HR 

PRELIMINARY INFORMATION 

16K N-Channel Electrically Erasable and Programable ROM 

FEATURES 

• 2048 Word x 8 Bit Organization, Fully Decoded 
• Electrically Block Erasable with 1 sec, +25V Pulse 
• Electrically Programable - 1 ms per Byte 
• Single +5V Power Supply in Read Mode 
• 300ns Access Time 
• 10 year Non-Volatile Data Retention 
• Static Operation - No Clocks 
• N-Channel, Silicon Gate SNOS Technology 
• Low Active Power Dissipation: 300mW max 
• Pin for Pin Compatible with Hitachi HN48016 
• Interchangeable with Intel 2716 EPROM 

DESCRIPTION 
The ER5716 is an Electrically Erasable and Programable Read 
Only Memory fabricated in N-Channel, Silicon Gate SNOS 
technology. Address decoding circuitry is provided on the chip 
and its operation is fully static, requiring no clocks. +5 volts only 
is required to perform a Read operation. An additional + 25 V 
supply is necessary in the Erase and Write modes. 

This device is pin for pin compatible with the Hitachi HN48016 and 
is also interchangeable with the 2716 family of ultraviolet erasable 
EPROMs. 

Being electrically erasable and programable, the ER5716 need 
never be removed from the system for reprograming since it 
may be performed, in the circuit, under system or end-user 
control. Also eliminated is the danger of accidental erasure of 
data by ultraviolet irradiation. 

ER5716 VERSUS 2716 
All pins of the two devices are functionally identical with the 
exception of pins 18 and 20. In order to make the ER5716 
electrically alterable, the independent functions of Chip Enable 

BLOCK DIAGRAM 

A6 
I 
I 
I 2K x 8 

X EEPROM 
DECODER MATRIX 

I 

I 
I 

AO 

A10 
I 

y 
Y GATING 

DECODER 
I 

A7 
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PIN CONFIGURATION 
24 pin dual in line 

A7 

A4 

A3 

A2 

Al 

AO 

DO 

01 

02 

Vss(GNO) 

(+5V)V cc 
AS 

A9 

Vp 

cs 
Al0 

PGM 

07 

06 
05 

04 

03 

and Output Enable for the 2716 have been combined in the Chip 
Select (CS) function of the ER5716, pin 20. Pin 18 retains the 
Program or Write function, but no longer serves as Chip Enable. 

DEVICE OPERATION 
Vp (pin 21) requires a d.c. supply of +25V in the Erase and Write 
modes, but remains at +5V for all other operations. Reading may 
occur with V p at either level, however continuous operation of the 
device with V pat 25V is not recommended. 

Writing of data into the memory need not be sequential, it may be 
performed at any randomly selected byte location. However, 
writing is possible only after an Erase operation which removes 
all previously programed data from the entire memory: individual 
word erasures are not possible. 

CS Vp PGM 

07 
I 

SENSE I 
AMPLIFIERS I 

AND I 
OUTPUT I 
BUFFERS I' 

DO 
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ER5716 • ER57161R • ER5716HR 

MODES OF OPERATION 

PGM CS Vp OPERATING MODE 

0 0 +5 READ-Data presented at the output pins a time, tA after an address change. 

Don't care 1 +5 STANDBY-Chip deselected, data outputs in the high impedance state. -

Pulsed 0 to 1 1 +25 SINGLE WORD WRITE-Data at the data inputs is written to the selected address location. 
NOTE that correct writing can occur only if the chip has been previously erased. 

0 0 +25 PROGRAM VERIFY-Same as Read mode. 

Pulsed 0 to 1 0 +25 ERASE-All 16,384 bits simultaneously erased to a logic '1' state. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
All inputs and outputs except Vp (with respect to Vss) ; ••• -0.3V to +7V 
Vp (with respect to Vss) • • • • • • • . • • • • • • • • • • • • • • • • .. -0.3V to +28V 
Storage temperature (with Data Retention) ............. -40° C to +850 C 
Storage temperature (without Data Retention) .••••• -65° C to +150° C 
Soldering temperature of leads (10 seconds) •.•••...••.•••• +300°C 

Standard Conditions (unless otherwise noted): 
Vss= GND 
Vee =-+5 ± 5% volts 
Programming Voltage, Vp = +25V ± 1V 
Operating Temperature range (TA) = 0° C to +70° C 

-40° C to +85° C 

DC CHARACTERISTICS 
-55°C to +125°C 

Characteristic Sym 

Input Logie "1" V1H 
Input Logie "0" V1L 
Input Logic "1" (Vp only) VPH 
Output Logic "1" VOH 
Output Logic "0" VOL 
Input Leakage (Except Data) IL 
Input Leakage (Data Pins) ILD 
Output Leakage (Data Pins) lao 
Power Supply Current 
VpSupply: 

Read Mode Ip 

Write Mode Ip 

Erase Mode Ip 

Vee Supply: 
Read Mode lee 
Write Mode lee 
Erase Mode lee 

Power Dissipation 
PRO Read Mode 

Write Mode PWR 
Erase Mode PER 

Min Typ 

2 -
-0.3 -

Vec-0.6 -
2.4 -
Vss -
- -
- -
- -

- 4 
- 5 
- 5 

- 32 
- 32 
- 32 

- 200 
- 306 
- 306 

Max 

* Exceeding these ratings could cause permanent dam
age to the device. This is a stress rating only and func
tional operation.of this device at these conditions is not 
implied-operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 

Unit Conditions 

Vee+0.3 V 
0.8 V 

Vee+0.6 V See Note 1 

Vec V IOH = 100pA 
0.4 V IOL = 1.6mA 
2 pA V1N = 5.8V 
10 pA V1N = 5.8V 
10 pA VOUT = Vee max 

7 mA Vp= 6.1V 
10 mA Vp = 26V 
10 mA Vp = 26V 

50 'mA CS = V1H or V1L 
50 mA CS = V1H or V1L 
50 mA CS = V1H or V1L 

318 mW Vee= 5.5V, Vp = 6.1V 
535 mW Vee = 5.5V, Vp = 26V 
535 mW Vee = 5.5V, Vp = 26V 

NOTE: Characteristic data for ER57161R/HR not available for inclusion at this time. Data available from General Instrument 
Distributors upon request. 
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ER5716. ER57161R • ER5716HR 

AC CHARACTERISTICS 

Characteristic Sym Min Typ Max Unit Conditions 

Input Capacitance - Control Inputs C1 - - 7.5 pf f = 1MHz 
Input Capacitance - Data Inputs Co - - 15 pf f = 1MHz 
Read Mode Characteristics 
Read Access Time tA - - 300 ns 
Chip Select to Data Out Delay t01 - - 120 ns ! Ou'pu"oad: 'TTL 
Data Hold Time t02 - - 100 ns gate +C L = 100pf 
Address to Output Float Time tOJ 10 - - ns 

Write Mode Characteristics 
Chip Deselect to Start of Write t011 200 - - ns 
Address and Data Setup Time t012 2 - - ps 
Data and CS Hold Time t 01J 2 - - ps 
Chip Select to Output Delay t014 - - 120 ns See Note 2 
Address Hold Time t 015 2 - - ps 
PGM Pulse Width tpw 800 - - ps 
PGM Pulse Rise and Fall Times t r. t, 5 - - ns 
Written State (data 1/0) Vw - V1L. VOL - V 
Erase Mode Characteristics 
CS Setup Time t021 2 - - ps 
PGM to Output Delay t022 2 - - ps 
PGM Pulse Width t pE 1 - - sec 
PGM Pulse Rise and Fall Times t r• t, 5 - - ns 
Erased State (data 1/0) VE - VIH VOH - V 

NOTES: 
1. The wide tolerance of this parameter allows the use of a driver circuit for switching Vp between +5V for reading and +25V in the 

Erase and Write modes. Although all operations may be performed with +25V applied to the chip, continuo'us operation is not 
recommended under these conditions. 

2. A Read immediately following a Write is not a required operation. 

NOTE: Characteristic data for ER57161R/HR not available for inclusion at this time. Data available from General Instrument 
Distributors upon request. 

TIMING DIAGRAM 

V1H 

AO-A10 STABLE 

V1L 
tOJ 

V1H 

CS 
V1L 

VOH 

00-07 HIGHZ 

VOL 

Fig. 1 READ MODE TIMING 
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TIMING DIAGRAMS 

V1H 

AO-A10 

V1L 

V1H 

CS 

V1L 

VOH 

00-07 

VOL 

V1H 

PGM 

V1L 

1-4----'WRITE------1~ ..... I • .---READI---I~ ... 

~----------(l:~T-A-B-L-E----------~J>(~-----
t 015=1 

Vp= + 25V 

Fig. 2 WRITE MODE TIMING 

DOUT 
VALID 

~READ~~ ERASE ...J~ READ ~ 

:: DON'T CARE X VALID X 

\ / 
FtD" 

H 

HIG~Z ~ 'C HIGHZ 

~ tD~ 

Vp= + 25V 

Fig. 3 ERASE MODE TIMING 

(!l Microelectronics Division/Worldwide Sales Offices 

NORTH AMERICA 
UNITED STATES: 
MICROELECTRONICS DIVISION 
NORTHEAST -600 West John Streel 
HICksville. New York 11802 
Tel: 516-733-3107. TWX: 510-221-t866 
20lh Century Plaza 
Daniel Webster Highway 
Merrimack. New Hampshire 03054 
Tel: 603-424-3303. TWX: 710-366-0676 
858 Welsh Road 
Maple Glen. Pennsylvania 19002 
Tel: 215-643-5326 

SOUTHEAST -7901 4th Street N .. Suite 208 
SI. Petersburg. Florida 33702 
Tei: 813-577-4024. TWX: 810-863-0398 
1616 Forest Drive 
Annapolis. Maryland 21403 
Tel: 301-269-6250. TWX: 710-867-8566 
4921 C Professional Court 
Raleigh. North Carolina 27609 
Tel: 919-876-7380 

SOUTH CENTRAL-5520 LBJ Frwy .. Suite 330 
Dallas. Texas 75240 
Tel: 214-934-1654. TWX: 910-860-9259 

CENTRAL-4524 S. Michigan Street 
South Bend. Indiana 46614 
Tel: 219-291-0585. TWX: 810-299-2518 
5820 West 85th Street. Suite 102 
Indianapolis. Indiana 46278 
Tel: 317-872-7740. TWX: 810-341-3145 
2355 S. Arlington Hts. Road. Suite 408 
Arlington Heights. Illinois 60005 
Tel: 312-981-0040. TWX: 910-687-0254 
32969 Hamilton Court. Suite 210 
Farmington Hills. MiChigan 48018 
Tel: 313-391-4070 

SOUTHWEST-201 Standard Street 
EI Segundo. California 90245 
Tel: 213-322-7745. TWX: 910-348-6296 

NORTHWEST -3080 Olcott Street. Suite 230C 
Santa Clara. California 95051 
Tel: 408-496-0844. TWX: 910-379-0010 

EUROPE 
EUROPEAN SALES HEADQUARTERS: 
GENERAL INSTRUMENT MICROELECTRONICS LTD. 
Times House. Ruislip. Middlesex. HA4 8lE 
Tel: Ruislip 35700. Telex: 23272 

NORTHERN EUROPEAN SALES OFFICE: 
Times House. Ruislip. Middlesex. HA4 8lE 
Tel: Ruislip 35700. Telex: 23272 . 
Sandhamnsgatan 67. S-115 28. Stockholm 
Tel: (08) 67 99 25. Telex: 17779 
SOUTHERN EUROPEAN SALES OFFICE: 
5-7 Rue De l'Amiral Courbet. 94160 Saint Mande. Paris 
Tel: (1) 365 72 50. Telex: 213073 
Piazza Novelli. 8. 20129 Milano 
Tel: (02) 720914. Telex: 843-320348 

CENTRAL EUROPEAN SALES OFFICE: 
GENERAL INSTRUMENT DEUTSCHLAND GmbH 
Nordendstrasse 3. 8000 Munchen 40 
Tel: (089) 27 24049. Telex: 528054 
6070 Langen Bei Frankfurt A Main 
Wilhelm-Leuschner Plaza 8. Post!. 1167 

. Tel: (6103) 23051. Telex: 415000 

ASIA 
HONG KONG: 
GENERAL INSTRUMENT HONG KONG LTD. 
139 Connaught Road Central. 3/F. San-Tol Building 
Tel: (5) 434360. Telex: 84606 

JAPAN: 
GENERAL INSTRUMENT tNTERNATIONAL CORP. 
Fukide Bldg. 8th Floor. 1-13 Toranomon 4-Chome 
Minato-ku. Tokyo 105 
Tel: (03) 437-0281. Telex: 2423413 

TAIWAN: 
GENERAL INSTRUMENT 
MICROELECTRONICS TAIWAN 
77 Pao Chiao Road. Hsin Tien 
Taipei, Taiwan 
Tel: (02) 914-6234. Telex: 785-3111 

"The information in this publication. including schematics. is suggestive only. General Instrument Corporalion does not warrant. nor will it be 
responsible or liable for. (a) the accuracy of such information. (b) its use or (c) any infringement of patents or other rights of third parties." 

GENERAL 
INSfRUMENT 
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ER5901 

: _____ E_R_59_01_IR ___ ---' 
PRELIMINARY INFORMATION 

, ER5901HR 

Word Alterable 1 K Bit Electrically Erasable and Programable ROM 

FEATURES 
• 1024 Bits, Organized 128 x 8 
• N-Channel Si-Gate SNOS Technology 
• +5V Operation in All Modes; No High Voltages 
• Fully TTL Compatible Inputs and Outputs 
• On-Chip latching of Addresses and Data 
• Self-Timing, Processor Transparent Programing Mode with 

ROY/BUSY Signal 
• Address and Data Buses may be used Separately or 

Multiplexed 
• CE and OE Inputs to Avoid Bus Contention 
• Word Alterable 
• Read Access time of less Than 200ns 
• 10 Years' Data Retention over Temperature Range of 

-400 to +850 C 
• Unlimited Read Accesses 

DESCRIPTION 
The ER5901 is a high speed electrically word erasable memory 
manufactured in the General Instrument proven SNOS technol
ogy. The key features of this device are its +5Vonly operation and 
microprocessor compatible architecture which allows the ER5901 
to be accessed from the system bus in the same way as a static RAM. 

Internal memory management has been incorporated in this 
device. On-board latching of address and data lines in the repro
graming mode, and busy signal (ROY/BUSY) output make this 
mode transparent to the host processor. 

BLOCK DIAGRAM 
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A6 

PIN CONFIGURATION 
24 lEAD DUAL IN LINE 

Top View 

ALE 

A6 

AS 
A4 

A3 

A2 

A1 

AO 
DO 
01 

02 

Vss (GNO) 

NC = No Internal Connection 

ERASE! 
WRITE 
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ClK 

WE 
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An ADDRESS LATCH ENABLE (ALE) input is prc;>vided so that 
memory may be used with a multiplexed address and data bus. 
When this feature is not required, ALE may be tied to WE. 

The user may select one of fiv~ operating modes: 

Bus contention problems are minimized by twin line control pro
vided by CHIP ENABLE (CE) and OUTPUT ENABLE (OE). 

By virtue of the on-chip reprograming control and timing of the 
ER5901, a minimum amount of servicing is required from a host 
microprocessor or microcomputer. 

PIN FUNCTIONS 

Symbol Function 

1. READ with separate address and data lines. 
2. READ with multiplexed address and data lines. 
3. PROGRAM with separate address and data lines. 
4. PROGRAM with multiplexed address and data lines. 
5. STANDBY - power consumption is reduced by 66%. 

Comments 

ALE Address latch Enable Address inputs latched on negative edge. May be tied to WE when separate 
address and data lines are used. 

AO-A6 7 bit address 

00-07 S bit data 1/0 

Vss Chip Ground connection 

CE Chip Enable input Used for chip selection. 

OE Output Enable input Gates data to output pins during read cycle. 

WE 

ClK 

Write Enable input 

Timing inputs 

Enables reprograming cycle; input data latched on positive edge. 

Defines clock frequency for reprograming. May be RC or external clock. 

RDYIBUSY Status output Low when chip is in reprograming mode and cannot be accessed. High when in 
read mode. 

Vee +5 Volt power connection 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
All inputs and outputs with respect to Ground ........... +6V to -0.3V 
Storage temperature (unpowered and 

without data retention) ......................... -65°C to +150°C 
Soldering temperature of leads (10 sees.) .................... +300° C 

Standard Conditions (unless otherwise noted) 
Vss= GND 
Vcc = +5V ±100/0 Volts 
Operating Temperature Ranges TA: 0° C to + 70° C (Commercial) 

-40°C to +S5°C (Industrial) 
-55° C to +125° C (Military) 

DC CHARACTERISTICS 

Characteristics Sym Min 

Input logiC "1" VIH 2 
Input logic "0" Vil -0.1 
Output logiC "1" VOH 2.4 
Output logiC "0" VOL -
Input leakage Current III -
Output leakage Current IOl -
Power Supply Requirements 
Vcc Supply: 

Chip Selected Icc -
Chip Deselected (Standby Mode) Icc -

Power Dissipation: 
Chip Selected Po -
Chip Deselected (Standby Mode) Po -

AC CHARACTERISTICS 

Characteristics Sym Min 

Input Capacitance CI -

Output Capacitance Co -

3688 

Typ 

-
-
-
-
-
-

35 
12 

195 
66 

Typ 

-
-

'It Exceeding these ratings could cause permanent dam
age to the device. This is a stress rating only and func
tional operation of this device at these conditions is not 
implied-operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 

Max Units Conditions 

Vce+0.3 V 
+O.S V 

Vee V 10H= 400pA 
0.4 V 10l = 1.6mA 
10 /lA VIN = 5.25V 
10 /lA VOUT = 5.25V 

SO rnA Vee = +5.5V 
35 rnA Vee= +5.5V 

300 mW Vee = +5.5V 
100 mW Vee = +5.5V 

Max Units Conditions 

6 pf VIN = OV 

10 pf VOUT= OV 
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MEMORY CHARACTERISTICS 

Characteristics Sym Min 

Erased State VE -

Written State Vw -

Data Retention Time (Powered 
or Unpowered) ts 10 

Number of Reprograming Cycles per Byte N p 104 

Number of Read Accesses 

Typ 

V1H, VOH 
V1L,VOL 

-

-

ER5901 • ER59011R • ER5901 HR 

Max Units Conditions 

- V 

- V 

- Years 

- - See Note 

GENERAL 
INSTRUMENT 

Between Refresh NRA Unlimited 

NOTE: 
There is a tradeoff to be made between the data retention time (ts) and the number of reprograming cycles (N p) performed per 
address. A gradual logarithmic reduction in retention time is experienced as the number of reprograming cycles increases. The 
specified limit is merely one point on this curve and does not imply a sudden cutoff or end of life. After 104 cycles a typical 
retention time is 10 years. 

MODE SELECTION: Multiplexed Address and Data Lines 

~ MODE CE OE WE(1) ALE(2) ROY/BUSY 

Standby V1H Don't Care Don't Care Don't Care VOH 
Read V1L V (3) IL V1H SL VOH 
Program V1L V1H '--1 ~ VOL 

MODE SELECTION: Separate Address and Data Lines 

~ MODE CE OE WEI ALE(1, 2, 4) ROY/BUSY 

Standby V1H Don't Care Don't Care VOH 
Read V1L V1L V1H VOH 
Program V1L V1H LS VOL 

NOTES: 
1. Data inputs latched on rising edge of WE. 
2. Address inputs latched on falling edge of ALE. 
3. To avoid bus contention OE must be strobed when the device is used in the multiplexed mode. 
4. WE and ALE inputs may be tied together when the device is used in the non-multiplexed mode. 

READ OPERATION (With Separate Address and Data Lines) 
To initiate a read cycle a valid address must appear on the Ao to A6 
inputs and remain there for the duration of the cycle because the 
address is not latched in this mode. CE may then be brought low 
to select the device. The desired memory byte will be in internal 
registers a short time later and will appear on data lines Do to 0 7 

READ MODE (Separate Address and Data Lines) 

Characteristics Sym Min 

Access Time - Address to Output Delay tA -

CE to Output Delay tCE -

OE to Output Delay tOE 10 

Address - CE or OE to Output Tri-State t TS 10 
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Typ 

-

-

-

-

after a time delay (tOE) measured from the falling edge of OE. 
Alternatively, if bus contention is not a problem, OE may be tied 
low. The maximum read access time (tA) is 200ns, and data will 
remain valid until a logic level change occurs on CE, OE, or an 
address line. In this mode of operation ALE and WEare held high 
and may be tied together. (See Figure 1.) 

Max Units Conditions 

200 ns Load = 1 TTL gate + CL = 100pf 
CE = OE = V1L 

200 ns OE = V1L 
150 ns CE = V1L 
75 ns 
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GENERAL 
INSTRUMENT ER5901 • ER59011R • ER5901 HR 

READ OPERATION (With Multiplexed Address 
and Data Lines) 
The ALE line is pulsed high, while a valid address is presented to 
the Aoto A6inputs of a selected device. The address is latched into 

READ MODE (Multiplexed Address and Data Lines) 

Characteristics Sym Min 

Address Setup Time t AS 10 

Chip Enable to Address Latch Enable tCA 100 

ALE Pulse Width tALE 100 

AddressHold Time tAH 40 

Address Float to Output Enable tAO 20 

OE to Output Delay tOE 10 

Address - CE or OE to Output Tri-State t TS 10 

PROGRAM MODE (With Separate Address and Data Lines) 
In this mode the ALE and WE inputs may be tied together. With a 

. stable address and data word presented to the respective inputs 
of a selected device, the WE/ALE line is pulsed low to initiate a 
program cycle. The falling edge of WE/ALE latches the address 

PROGRAM MODE (Separate Address and Data Lines) 

Characteristics Sym 

Address Setup Time t AS 
Chip Enable to Write Enable Delay tcw 
Data Setup Time tos 
Address Hold Time tAH 
Write Enable Pulse Width tWE 
Data Hold Time tOH 
WE to CE Delay tCH 
Status Delay tos 
Status Low Time (Programing Time) t pR 

Program Clock Frequency FpR 

PROGRAM MODE (With Multiplexed Address 
and Data Lines) 

Min 

50 

100 

0 

40 

0.1 

40 

0 

10 

20 

10 

The ALE lirw is pulsed high while the address to be altered is 
presented to lines Ao to A6 of the selected device. The fall of ALE 
latches the address into the ER5901, and the information on the 

PROGRAM MODE (Multiplexed Address and Data Lines) 

Characteristics Sym Min 

Address Setup Time t AS 10 

Chip Enable to Address Latch Enable tCA 100 

ALE Pulse Width tALE 100 

Address Hold Time tAH 40 

Data Setup Time tos 10 

WE Pulse Width tWE 0.1 

Data Hold Time tOH 40 

WE to CE Delay tCH 0 

Status Delay tSTA 10 

Status Low Time (Programing Time) t pR 20 

Program Clock Frequency FpR 10 
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Typ 

-
-
-

-

-

-
-

Typ 

-

-
-

-
-

-

-

-

-

-

Typ 

-
-

-
-
-
-

-

-

-

-

-

the ER5901 on the falling edge of ALE and, in order to avoid bus 
contention, these lines should be tri-stated prior to pulsing OE 
low. After a delay (tOE). the selected byte will appear ~n lines Doto 
0 7 until either OE or CE goes high. (See Figure 2.) 

Max Units Conditions 

- ns 

- ns 

- ns 

- ns 

- ns 

150 ns CE= V1L \ 

75 ns 

inputs and the rising edge latches the data inputs. After a delay 
(tos). the ROY/BUSY output will go low and remain low for the 
duration of the programing cycle. All inputs to the ER5901 are 
disabled during a programing cycle. (See Figure 3.) 

Max Units Conditions 

- ns 

- ns 

- ns 

- ns 

10 JiS 

- ns 
I 

- ns 

150 ns 

100 ms With min clock freq 
as defined by TI input 

50 KHz 

bus line is then changed to the data to be written into the 
EEPROM. WE is pulsed low and the data is latched on its rising 
edge. After a delay (tos), the ROY/BUSY output wi'll go low forthe 
duration of the programing cycle. (See Figure 4.) 

Max Units Conditions 

- ns 

- ns 

- ns 

- ns 

- ns 

10 -ps 

- ns 

- ns 

150 ns 

100 ms With min clock freq 
I as defined by TI input 

50 KHz 
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ER5901 • ER59011R • ER5901 HB 

V1H 

AO-A10 VALID 

V1L 

V1H 

CE 

V1L 

14---- teE ----t~ 
V1H 

OE 

V1L 

~----------tA--------~ 
VOH 

00-07 HIGH Z VALID 

VOL 

Fig. 1 READ MODE WITH SEPARATE ADDRESS AND DATA LINES 

V1H 
AO-A6 
00-07 AO-A6 VALID . DATA OUT VALID 

V1L 

V1H 

V1L 

V1H 

ALE 

V1L 

tOE 

V1H 

V1L 

Fig. 2 READ MODE WITH MULTIPLEXED ADDRESS AND DATA LINES 

AD-A6 v," X VALID :f 
V1L ,- --------------------

j4--tAS .. I,. tAH 

V1H 

00-07 

V1L 

V1H 

WE/ALE 

V1L 

VOH 

ROY/BUSY 

VOL 

Fig. 3 PROGRAM MODE WITH SEPARATE ADDRESS AND DATA LINES 
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~ENERAl 
INST UMENT ER5901 • ER59011R • ER5901HR 

V IH 

AO-A6 
AD-A6 VAllO 

0D-07 

V IL 

tAH 

V IH 

CE 

V IL 

t AS 

V IH 

ALE 

V IL 

V IH 

WE 
V IL 

V OH 

ROY/ 

BUSY 

VOL 

Fig. 4 PROGRAM MODE WITH MULTIPLEXED ADDRESS AND DATA LINE 
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HM-7602/03 mHARRIS 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION 

32 x 8 PROM 
HM-7602 - Open Collector Outputs 
HM-7603 - IIThree Statell Outputs 

Features 

• 50ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

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.LP. (ceramic or epoxy) and a 16 pin flatpack. 

All bits are manufactured 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.C. 
performance. The fuses in these test roWs are blown prior to shipment. 

There is one chip enable input on the HM-7602/03. CE low enables. 
the chip. 

Functional Diagram 

AO(10) 

A1(11) 

A2(12) 

A3(13) 

A4(14) 

CE(1S) 

(16) = Vee 
(S) = GND 
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32xS 
MEMORY ARRAY 

(9) (7) (6) (5) (4) (3) 

Os 07 06 05 04 03 

01 
02 

03 
04 
05 
06 
07 

GND 

Pinouts 

TOP VIEW - DIP 

01 VCC 

02 CE 

03 A4 

04 A3 

05 A2 

06 A1 

07 AO 

GND 08 

TOP VIEW - FLATPACK 

1 16 VCC 
2 15 CE 
3 14 A4 
4 13 A3 
5 12 A2 
6 11 A1 
7 10 AO 
8 9 08 

PIN NAMES 

AO-A4 Address Inputs 
01 -08 Data Outputs 

CE Chip Enable Inputs 

logic Symbol 
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Specifications HM-7602/03 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Addr.ess/Enable Input Current -20m A 
Output Sink Current 100mA 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7602/03-5 (VCC = 5.0V ±5%, TA = ooC to +750 C) 

SYMBOL 

IIH 
ilL 

VIH 
VIL 

VOH 
VOL 

10HE 
10LE 

VCL 

lOS 

ICC 

PARAMETER MIN TYP 

Address/Enable "1" - -
Input Current "a" - -50.0 

Input Threshold "1" 2.0 1.5 
Voltage "a" - 1.5 

Output Voltage "1" 2.4* 3.2* 
"0" - 0.35 

Output Disable "1" - -
Current "a" - -

Input Clamp Voltage - -

Output Short Circuit -15* -
Current 

Power Supply Current - 90 

H M-7602/03-2 (V CC = 5.0V ±10%, T A = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

MAX UNITS TEST CONDITIONS 

+40 J.1A VI H = Vec Max. 
-250 J.1A VI L = 0.45V 

- V VCC = VCC Min 
0.8 V VCC = VCC Max. 

- V 10H = -2.0mA, VCC = VCC Min. 
0.45 V 10L = +16mA, VCC = VCC Min. 

+100 J.IA VOH, VCC = VCC Max. 
-100 IJ.A VOL = 0.3V, VCC = VCC Max. 

-1.2 V liN = -18mA 

-100* mA VCC = VCC Max., VOUT = O.OV 
One Output Only for a Max. 
of 1 Second. 

130 mA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Positive current defined as into device terminals 

* "Three State" only 

.(,) 
:J A.C. ELECTRICAL CHARACTERISTICS (Operating) 
"C 
c 
o 
(,) 

E 
(]) 

en 
U) 

"i: 
"-as 
:c 
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HM-7602/03-S HM-7602/03-2 
SV±S% sv ±10% 

ooc to +7SoC -SSoC to + 12SoC 

SYMBOL PARAMETER MIN TYP MAX* MIN TYP MAX* . UNITS 

TAA Address Access Time - 30 50 - - 60 ns 

TEA Chip Enable Access Time - 20 35 - - 50 ns 

*A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 12 pF VCC = 5V, VIN = 2.0V, f = lMHz 

COUT Output Capacitance 12 pF VCC = 5V, VOUT = 2.0V, f = lMHz 
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SWITCHING TIME DEFINITIONS 

3.0V 

O.OV 

VOH 

VOL 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEAl 

TEA2 

TOAl 

TOA2 

3.0V 

CE O.OV 

TDAl TEAl 

OUTPUTS 
VOHAC· 

TDA2 TEA2 

OUTPUTS 1.SV 
VOLAC· 

tr. tf < Sns 

·VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

Ox O---~-_-() TEST POINT 

GOOn 

* Includes jig & probe 

total capacitance 

PARAMETER Sl 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Oisable Access Time from Open 

VOH to "Three State" 

Chip Oisable Access Time from Closed 

VOL to "Three State" 
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HM-7610/11 
m·HARRIS 

HIGH SPEED 256 x 4 PROM 
HM-7610 - Open Collector Outputs 

HM-7611 - IIThree Statell Output~ 

Features 

• FAST ADDRESS ACCESS TIME 
HM-7610/11. • • • • • • • • . • • • • • • • . • 60 ns MAXIMUM 
HM·7610A/11A. • • • . . • • • • • . • • • •. 45 ns MAXIMUM 
HM-7610B/11B .•. '. • • • • • • • • . • • •• 35 ns MAXIMUM 

• 

• 

• 

"THREE STATE" OR OPEN COLLECTOR OUTPUTS AND TWO CHIP 
ENABLE INPUTS 

SIMPLE HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

INPUTS AND OUTPUTS TTL COMPATIBLE 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENCING 
OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE 
RANGES. 

• PIN COMPATIBLEWITH INDUSTRY STANDARD 1K PROMs. 

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 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. 

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 CE1 and CE2 

low enables the chip. 

Functional Diagram 

1171 4 
1 OF 16 

ROW 
111 

fr+ ROW ~ 
ADDRESS I 

121 BUFFERS 8 DECODER 16 

131 

1 '6 

141 

I7l 
4 

~ 

COLUMN 
161 ADDRESS 

151 BUFFERS 

(141 
~ 

CHIP 
(131 ENABLE 

LOGIC 
eEl 
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~ 
1 OF 16 

COLUMN 

* DECODER 

-
( I = PIN NUMBERS 

(181 =Vcc 

(91 = GND 

16 

TRANS-

MISSION 

GATES 

! 

T 
(121 

0, 

f-

Pinouts 
TOP VIEW-DIP 

PIN NAMES 

Vcc 
A7. 

CE2 

CE1 

°1 

°2 

03 

AO - A7 Address Inputs 

01 - 04 Data Outputs 

CE1, CE2 Chip Enable Inputs 

logic Symbol 

CE1 

CE2 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 

16 x 64 

MEMORY 

ARRAY 

l'6 l'6 

16 16 
TRANS- TRANS-

MISSION 
..... 

MISSION 

GATES GATES 

+ ~ 
4 OUTPUT BUFFERS 

+ 
(111 

02 

+ (101 

03 

~ 
(91 

04 

°1 
°2 
03 

°4 

{'6 

16 

TRANS-

MISSION 

GATES 

J 
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Specifications HM-761D/ll 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current -20mA Maximum Junction Temperature +1750 C 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7610/11-5 (VCC = 5.0V ±5%, TA = ooC to +750 C) 
HM-7610/11-2/-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 IlA VIH = VCC Max. 
III Input Current "a" - - -250 IlA VI l = 0,45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
VIL Voltage "a" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V IOH = -2.0mA, VCC = VCC Min. 
VOL Voltage "a" - 0.35 0.50 V IOl = +16mA, VCC = VCC Min. 

10HE 
10lE 

VCl 

lOS 

ICC 

Output Disable "1" - - +100 IlA VOH, VCC = VCC Max. 
Current "a" - - -100* IlA VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 V liN = -18mA 

Output Short Circuit -15* - -100· rnA VOUT = O.OV 
Current • One Output Only for a Max. 

of 1 Second 

Power Supply Current - 90 130 rnA VCC = VCC Max. AI/Inputs 
Grounded 

NOTE: Positive current defined as into device terminals. 
* " Three State" OnlY 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7610/11-5 HM-7610/11-2 
5V±5% 5V 110% 

ooC to +750C -550C to + 1250 C 

"B" "A" STD "B" "A" STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX 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 

TDA Chip Disable Access Time - 25 - 25 - 25 - 30 - 30 - 30 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

CAPACITANCE: T A = 250 C (NOTE: Sampled and guaranteed - but not 100% tested,) 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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SWITCHING TIME DEFINITIONS 

I 

~ 3.0V 
ADDRESSES ~I _'_.S_V _____ _ 

OUTPUTS_O __ -+ ___ ...,¥ '.SV 
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I 

---l 
I 
I 

I 

f--
I 
I 

O.OV 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1 

TEA2 

TDA1 

TDA2 

3.0V 

.CE1, CE 2 
O.OV 

TDA, TEA, 

OUTPUTS VOHAC* 

TDA2 TEA2 

OUTPUTS 
VOLAC* +O.SV VOLAC* 

tr, tf < Sns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

b 

Ox O---..... - ___ ....() TEST POINT 

6oo~2 30pF* 

* Includes jig & probe 

total capacitance 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Disable Access Time from Open 

VOH to "Three State" 

Chip Disable Access Time from Closed 

VOL to "Three State" 
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(II HARRIS HM-7620/21 
HIGH SPEED 512 x 4 PROM 
HM-7620 - Open Collector Outputs 

HM-7621 - IIThree State" Outputs 

Features 
• FAST ADDRESS ACCESS TIME 

HM-7620/21. • . • • . • • . • • • • • . • • • • • • 70 ns MAXIMUM 
HM-7620A/21A. • • • . . . . • • . • • • • . • • • 50 ns MAXIMUM 
HM-7620B/21B . • • • . . • • . • • • • • • • . . • 40 ns MAXIMUM 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND A SINGLE 
CHIP ENABLE INPUT 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• INPUTS AND OUTPUTS TTL COMPATIBLE 

• FAST ACCESS TIME-GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT
AGE RANGES. 

• PIN COMPATIBLE WITH INDUSTRY STANDARD 2K PROMs. 

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) and 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. 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 is a single chip enable input on the HM-7620/21 where CE low 
enables the chip. 
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;II Specifications HM-7620/HM-7621 

ABSOLUTE MAXIMUM RATING<) 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20mA 
Output Sink Current 100mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7620/21-5 (VCC = 5.0V ±.5%, TA = ooC to +750 C) 
HM-7620/21-2/-8 (VCC = 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 "1" - - +40 J.lA VIH = VCC Max. 
IlL Input Current "0" - - -250 J.lA VIL = 0.45V 

VIH Input Threshold "1" 2.0 - - V VCC = VCC Min. 
VIL Voltage "0" - - 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "0" - 0.35 0.50 V IOL = +16rnA, VCC = VCC Min. 

10HE Output Disable "1" - - +100 J.lA VOH, VCC = VCC Max. 
10LE Current "0" - - -100* J.lA VOL = 0.3V, VCC = VCC Max. 

VGl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15 • - -100 • mA VOUT = O.OV 
Current One Output Only for a Max. 

of 1 Second 

ICC Power Supply Current - 90 130 mA VCC = VCC Max. All Inputs 
Grounded 

*"Three State" only 
NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7620/21 - 5 HM-7620/21-2/8 
5V:t;5% 5V ±10% 

ooc to +750C -550C to + 1250C 

"B" "A" STD "B" "A" STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 30 40 40 50 50 70 - 55 - 70 - 85 ns 
TEA Chip Enable Access Time - 25 - 25 - 25 - 30 - 30 - 30 ns 

TDA 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. 

CAPACITANCE: TA = 250 C (NOTE: Sampled and guaranteed - but not 100% tested.) 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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SWITCHING TIME DEFINITIONS 
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HM-7640/41 
HIGH SPEED 512 x 8 PROM 

HM-7640 - Open Collector Outputs 
HM-7641- IIThree State II Outputs 

Features 
• FAST ADDRESS ACCESS TIME 

HM-7640/41. . . • • • . • • • . • • . • • • • • 70 ns MAXIMUM 
HM-7640A/41A· •..••.•.••...••.• 45 ns MAXIMUM 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND FOUR CHIP 

ENABLE INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T
AGE RANGES. 

• PIN COMPATIBLE WITH INDUSTRY STANDARD 4K PROMs. 

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 and 
are available in a 24 pin DI 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 HM-7640/41 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. 

There are four chip enable inputs on the HM-7640/41 where CE1 and 
CE2 low and CE3 and CE4 high enables the chip. 

Functional Diagram 
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Specifications HM-7640141 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable I nput Current 
Output Sink Current 

-20mA 
100mA 

Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7640/41-5 (Vee = 5.0V ±5%, TA = ooe to +750 e) 
HM-7640/41-2/-8 (Vee· 5.0V ±10%, TA = -550 e to +1250 e) 
Typical measurements are at T A = 250 e, V CC = +5V 

SYMBOL 

IIH 
ilL 

VIH 
Vil 

VOH 
VOL 

10HE 
10lE 

VCl 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 IlA VIH = VCC Max. 
Input Current "0" - - -250 IlA VIL = 0.45V 

I nput Threshold "1" 2.0 - - V VCC = VCC Min. 
Voltage "0" - - 0.8 V VCC = VCC Max. 

Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
Voltage "0" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

Output Disable "1" - - +100 Il A VOH, VCC = VCC Max. 
Current "0" - - -100* IlA VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 V IIN=-18mA 

Output Short Circuit -15* - -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - 125 170 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7640/41-5 HM-7640/41-2/-8 
5V +5% 5V:!:10% 

OOC to "+750C -550C to + 1250C 

"A" STD "A" STO 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX UNITS 

TAA Address AccesslTime 35 45 50 70 - 60 - 85 ns 
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. 

CAPACITANCE: T A = 250 C (NOTE: Sampled and guaranteed - but not 100% tested.) 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 

© Ie MASTER 1983 3703 

~ 

o 
of-' 
o 
::J 

"'C 
C 
o 
o 
E 
(J) 

en 
en 
.~ 

~ 

al 
:c 



'-o ..... 
(.) 
:::s 

-C 
c:: 
o 
.2 
E 
Q) 

C/) 

en 
";:: 
'-
«S 
:c 

SWITCHING TIME DEFINITIONS 
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-----l TAA ~ 
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VOH 

VOL 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEAl 

TEA2 

TDAl 

TDA2 

CE3,CE4 ---.... 

CE1,CE2 ---", 

OUTPUTS 

OUTPUTS 

_---3.0V 

'-___ O.OV 

.,..--- VOHAC* 

VOLAC* 

tr, tf < 5ns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

Vee 

b 

Ox o---~-...... -o TEST POI NT 

GOOn 30pF* 

* I ncludes jig & probe 

total capacitance 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to Vo L 

Chip Disable Access Time from Open 

VOH to' "Three State" 

Chip Disable Access Time from Closed 

VOL to "Three State" 

© Ie MASTER 1983 



HM-7642/43 
mHARRIS HIGH SPEED 1K x 4 PROM 

HM-7642 - Open Collector Outputs 
HM-7643 - IIThree Statell Outputs 

Features 

• FAST ADDRESS ACCESS TIME 
HM·7642/43. . . • • • • • • • • . • . • • • • • 60 ns MAXIMUM 
HM·7642A/43A. . • • • . • • • • • • • • • . . 50 ns MAXJMUM 
HM·7642B/43B • • • • • • • . • • • • • • • • • 45 ns MAXIMUM 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND TWO CHIP 

• 
• 

ENABLE INPUTS 

SIMP~E HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T
AGE RANGES. 

• PIN COMPATIBLE WITH INDUSTRY STANDARD 4K PROM'S, 

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 all 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 ane 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. CE1 and CE2 low 
enables the chip. 
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Specifications HM-7642143 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable I nput Voltage 5.5V 
Address/Enable Input Current 
Output Sink Current 

-20mA 
100mA 

Storage Temperature -650C to +150oC 
Operating Temperature (Ambient) -550C to +1250C 
Maximum Junction Temperature. +175?C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7642/43-5 (VCC = 5.0V 15%, T A = ooC to +750C) 
HM-7642/4:~-2 (VCC = 5.0V ±10%, TA = -550C to +1250C) 

Typical Measurements are at T A = 250C, VCC = +5V 

SYMBOL 

IIH 
III 

VIH 
Vil 

VOH 
VOL 

10HE 
10LE 

VCl 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - -" +40 JiA VIH = VCC Max. 
I nput Current "0" - - -250 JiA Vil = 0.45V 

Input Threshold "1" 2.0 - - V VCC = VCC Min. 
Voltage "0" - - 0.8 V VCC = Vee Max. 

Output "1" 2.4 * 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
Voltage "0" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

Output Disable· "1" - - +100 JiA VOH, VCC = VCC Max. 
Current "0" - - -100* JiA 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 1 Second 

Power Supply Current - 100 140 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM·7642/43·5 HM·7642/43·2/·8 

5V±5% 5V.±10% 
OoC to +750C -550C to +1250C 

"B'~ "A" STD "B" "A" STD 

SYMBOL PARAMETER TVP MAX TVP MAX TVP MAX TVP 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 

TDA 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. 

CAPACITANCE: T A = 250 C (NOTE: Sampled and guaranteed - but not 100% tested,) 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V. VIN = 2.0V. f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V. VOUT = 2.0V. f = 1MHz 
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SWITCHING TIME DEFINITIONS 

3.0V 
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PROM 

OUTPUT 
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TDA2 
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tr, tf < Sns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

b 

Ox 0---..... ----4.---0 TEST POI NT 

30pF* 

* Includes jig & probe 

total capacitance 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Th ree State" to VOL 

Chip Oisable Access Time from Open 

VOH to "Three State" 

Chip Oisable Access Time from Closed 

VOL to "Three State" 
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mJ HARRIS 
HM-7649 

HIGH SPEED 512 x 8 PROM 

Features 

• FAST ADDRESS ACCESS TIME 
HM~7649. • . • . . • . • . . 60 ns MAXIMUM 
HM·7649A. • • •• ••..••.•..• .4S ns MAXIMUM 

• "THREE STATE" OUTPUTS AND A SINGLE CHIP ENABLE INPUT 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENCING 
OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE 
RANGES. 

• PIN COMPATIBLE WITH THE 74S473 

• LOW INPUT LOADING 

Description 

The HM-7649 is a fully decoded high speed Schottky TTL 4096 
bit Field Programmable ROM in a 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 74S473 PROM. 

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 shipment. 

There is a chip enable input on the HM-7649 where CE low enables 
the device. 
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Specifications HM-7649 
ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20mA 
Output Sink Current 100mA 

Storage Temperature -650C to +150oC 
Operating Temperature (Ambient) -550C to +1250C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7649-5 (VCC = 5.0V ±5%, T A = ooC to +750C) 
HM-7649-2/8 (VCC - 5.0V ±10%, T A = -550C to +1250C) 

Typical measurements are at T A = 250C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +25 J.1A VIH = VCC Max. 
III Input Current "a" - - -250 JiA Vil = 0.45V 

VIH Input Threshold "1" 2.0 - - V VCC = VCC Min. 
Vil Voltage "a" - - 0.80 V VCC = VCC Max. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "a" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 
10lE Current "a" - - -40 J.1A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -20 - -100 mA VOUT = O.OV 
Current I One Output Only for a Max. 

of 1 Second 

ICC Power Supply Current - 120 170 mA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7649-5 HM-7649-2/-8 
5V:!:5% 5V ±10% 

ooc to· + 750C -550C to + 1250C 

"Au STD "A" STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 35 45 40 60 - 60 - 80 ns 

TEA Clip Enable Access Time - 35 - 40 - 45 - 50 ns 

TDA Clip Disable Access Time - 35 - 40 - 45 - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

CAPACITANCE: T A = 250 C (NOTE: Sampled and guaranteed - but not 100% tested.! 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF Vce = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF Vce = 5V, VOUT = 2.0V, f = 1MHz 
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SWITCHING TIME DEFINITIONS 

I 

~ 3.0V 
ADDRESSES ~_1_.5_V _____ _ 

I O.OV 

------~----~ r----- VOH 
OUTPUTS ____ .f-___ -J~ 1.5V VOL 

I I 

--l TAA ~ 
I I 

3710 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1 

TEA2 

TOA1 

TOA2 

3.0V 
CE 

O.OV 

TDA1 TEA1 

OUTPUTS 
VOHAC* 

TDA2 TEA2 

OUTPUTS 

VOLAC* 

tr, tf < 5ns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

g 

Ox o----~-_-() TEST POINT 

600n 30pP 

"I ncludes jig & probe 

total capacitance 

PARAMETER Sl 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State"to VOL 

Chip Oisable Access Time from Open 

VOH to "Three State" 

Chip Oisable Access Time from Closed 

VOL to "Three State" 
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HARRIS HM-7681 
HIGH SPEED 1K x 8 PROM 

Features 
• FAST ADDRESS ACCESS TIME 

HM·7681. . . • . • . • • . . • • . • . • • 70 ns MAXIMUM 
HM·7681A • • . • • • . . • • • • • . • • .50 ns MAXIMUM 

• "THREE STATE" OUTPUTS AND FOUR CHIP ENABLE INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT
AGE RANGES 

• PIN COMPATIBLE WITH INDUSTRY STANDARD 8K PROMs 

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.LP. (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 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. 

There are four chip enable inputs on the HM-7681. 
and CE3, CE4 high enables the chip. 

Functional Diagram 
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TOP VIEW - DIP 

Vcc 
AS 
Ag 
GEl 
GE2 

CE3 
CE4 

Os 
07 
06 
05 

04 

PIN NAMES 

Ao - Ag Address Inputs 

0, - 08 Data Outputs 

CEl. CE2. CE3. CE4 Chip Enable InputS 

logic Symbol' 
CEI 
CE2 
CE3 
CE4 01 

AO °2 

Al 03 

A2 °4 

A3 °5 

A4 06 

A5 °7 

A6 Os 
A7 
AS 

Ag 

l16 l16 {16 

(6) 4 16 TRANS- 16 TRANS- 16 TRANS-.. 1 OF 16 16 TRANS- 16 TRANS- 16 TRANS- 16 TRANS- 16 TRANS-

AO 

~ 
COLUMN 

(7) ADDRESS .. 
IS) 

BUFFERS 

(21) • (20) .. CHIP 
(19) ENABLE 

(IS) 
LOGIC 

I ) = PIN NUMBER 
(24) = VCC 

112! = GND 

COLUMN 
DECODE 
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Specifications HM-7681 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V Storage Temperature -650C to +1500C 

Address/Enable Input Voltage 5.5V Operating Temperature (Ambient) ooe to + 750e 

Address/Enable Input Current -20m A Maximum Junction Temperature +1750e 

Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
. stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 

sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7681-5 (Vee = 5.0V 2:5%, T A = ooe to +750e) 
HM-7681-2/8 (Vee = 5.0V ±10%, TA = -550e to +1250e) 
Typical measurements are at T A = 250e, Vee = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/enable "1" - - +40 J1A VIH = VCC Max. 
ilL Input Current "a" - - -250 J1A VIL = 0.45V 

VIH Input Threshold "1" 2.0 - - V VCC = VCC Min. 
Vil Voltage "a" - - 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "a" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J1A VOH, VCC = VCC Max. 
10lE Current "a" - - -40 J1A VOL = 0.3V. VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15 - -100 mA VCC = VCC Max .• VOUT = O.OV 
Current One Output Only for a Max. 

of 1 Second 

ICC Power Supply Current - 130 170 mA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7681-5 HM-7681-2/8 

5V±5% 5V ±10% 
ooc to +750C -550C to +1250C 

"A" STD "A" STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 40 50 50 70 - 60 - 90 ns 
TEA Chip Enable AccessTime - 35 - 40 - 40 - 50 ns 
TDA Chip Disable Access Time - 35 - 40 - 40 - 50 ns 

A.C. Limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

CAPACITANCE: T A = 250C (NOTE: Sampled and guaranteed - but not 100% tested.) 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA. CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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SWITCHING TIME DEFINITIONS 
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----:sL 3.0V 
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O.OV 
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PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1 

TEA2 

TDA1 

TDA2 

CE3,CE4 ----
1.5V 

eEl,CE2 ---" 

OUTPUTS 

OUTPUTS 
VOlAC* +O.5V 

_---3.0V 

'-___ O.OV 

VOHAC* 

tr. tf < 5ns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

g 

Ox O---...... - __ -Cl TEST POINT 

GOOn 

* I ncludes jig & probe 

total capacitance 

PARAMETER Sl 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Disable Access Time from Open 

VOH to "Three State" 

Chip Disable Access Time from Closed 

V a L to "Three State" . 
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mHARRIS HM-7685 
HIGH SPEED 2K x 4 PROM 

Features 
• FAST ADDRESS ACCESS TIME 

HM-7685 .....••..••.•••... 70 ns MAXIMUM 
HM-7685A . . . . . • • . • • • • . . • . • 50 ns MAXIMUM 

• "THREE STATE" OUTPUTS AND A SINGLE CHIP ENABLE INPUT 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T
AGE RANGES 

• PIN COMPATIBLE WITH INDUSTRY STANDARD 8K PROMS 

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. 
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Specifications HM-7685 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20m A 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

Output Sink Current 100mA 

CAUTION: Stresses above' those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These' 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7685-5 (V CC = 5.0V ± 5%, T A = ooC to + 750 C) 

HM-7685-2/-8 (VCC = 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 "1" - - +40 pA VIH = VCC Max. 

III Input Current "a" - - -250 pA VIL = 0.45V 

VIH I nput Threshold "1" 2.0 - - V VCC = VCC Min. 
Vil Voltage "a" - - 0.8 V VCC = VCC Max. 

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 pA VOH, VCC = VCC Max. 
10lE Current "a" - - -40 pA VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 120 170 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HIVI-7685-5 HM-7685-2/-8 
5V±5% 5V +10% 

ooC to +750 C -550 Cto +1250 C 

"A" STD "A" STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 40 50 50 70 - 60 1- 90 ns 

TEA Chip Enable AccessTime - 30 - 40 - 35 - 50 ns 

TDA Chip Disable Access Time - 30 - 40 - 35 - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz_ 

CAPACITANCE: T A = 250 C (NOTE: Sampled and guaranteed - but not 100% tested.! 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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SWITCHING TIME DEFINITIONS 

I 

ADDRESSES~_'_.S_V __________ __ 
3.0V 

O.OV 
I 
I 
I 
I 

OUTPUTS ______ ~!------J ¥,.SV 

3716 

I 

----l TAA 
I 
I 

I 

~ 
I 
I 

VOH 

VOL 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1 

TEA2 

TDA1 

TDA2 

CE 

TDA, 

OUTPUTS 

TDA2 

OUTPUTS 

3.0V 

'-___ O.OV 

.,---- VOHAC* 

TEA2 

'.SV 
'---- VOLAC* 

tr, tf < 5ns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

g 

Ox 0--_.--...... -0 TEST POINT 

600n 30pF* 

*1 ncludes jig & probe 

total capacitance 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Disable Access Time from Open 

VOH to "Three State" 

Chip Disable Access Time from Closed 

VOL to "Three State" 
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mHARRIS HM-76161 
HIGH SPEED 2K x 8 PROM 

Features 
• FAST ADDRESS ACCESS TIME 

• 
• 

• 

• 

HM·76161 
HM·76161A •••.•.• 

60 ns MAXIMUM 
50 ns MAXIMUM 

"THREE STATE" OUTPUTS AND THREE CHIP ENABLE INPUTS 

SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT
AGE RANGES 

PIN COMPATIBLE WITH INDUSTRY STANDARD 16K PROMs 

Description 

The HM-76161 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 is available in a 24 pin 0 IP (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 aI/other Harris 
Bipolar PROMs and the JAN approved MIL-M-38510 PROMs. 

The HM-76161 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 three chip enable inputs on the HM-76161. CE1 low, CE2 
high, and CE3 high enables the device . 

.( 

Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) 
Address/Enable I nput Voltage 
Address/Enable Input Current 
Output Sink Current 

Specifications HM-76161 

-0.3 to +7 .OV 
5.5V 

-20m A 
100mA 

Storage Temperature -650C to +150oC 
Operating Temperature (Ambient) -550C to +1250C 
Maximum Junction Temperature +1750C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76161-5 (VCC = 5.0V 15%, TA = ooC to +750C) 
HM-76161-2/-8 (VCC = 5.0V ±10%, TA = -550C to +1250C) 
Typical Measurements are at T A = 250e, Vee = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 pA VIH = VCC Max. 

III Input Current "a" - - -100 pA Vil = 0.45V 

VIH Input Threshold "1" 2.0 - - V VCC = VCC Min. 
Vil Voltage "a" - - 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "a" - 0.35 0.50 V 10l= +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 pA VOH, VCC = VCC Max. 
10lE Current "a" - - -40 pA VOL = 0.3V, Vce = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a 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. 

"0 A.C. ELECTRICAL CHARACTERISTICS (Operating) 
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HM-76161-5 HM-76161-2/-8 

5V.:!:5% 5V.:!:10% 
Ooc to +750C -550C to +1250 C 

"Au STD STD 

SYMBOL PARAMETER TYP 'MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 40 50 45 60 - 80 ns 

TEA Chip Enable Access Time - 40 - 40 - 50 ns 

TOA Chip Disable Access Time - 40 - 40 - 50 ns 

A.C. limits guaranteed for worst case N~ sequenCing with maximum test frequency of 5MHz 

CAPACITANCE: T A = 250 e (NOTE: Sampled and guaranteed - but not 100% tested.) 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1 MHz 
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PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1 

TEA2 

TDA1 

TDA2 

CE2. CE3 --- _---3.0V 

CEl '-___ O.OV 

OUTPUTS 
----VOHAC* 

OUTPUTS 

tr. tf < Sns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

Ox o---...... -~_--<) TEST POINT 

soon 30pP 

* Includes jig & probe 

total capacitance 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Disable Access Time from Open 

VOH to "Three State" 

Chip Disable Access Time from Closed 

VOL to "Three State" 
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Features 
• . FAST ADDRESS ACCESS TIME 

HM-7616 .. 60 ns MAXIMUM 
50 ns MAXIMUM HM-7616A ....•... 

• "THREE STATE" OUTPUTS AND A SINGLE CHIP ENABLE INPUT 

• 

• 

• 

SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT
AGE RANGES 

PIN COMPATIBLE WITH THE 2716 

Description 

HM-7616 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 is 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-7616 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 input on the HM-7616. CE low enables the device. 

Functional Diagram 
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Specifications HM-7616 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable I nput Voltage 5.5V 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current 
Output Sink Current 

-20mA 
100mA 

Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in .the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7616-5 (VCC = 5.0V 15%, T A = ooC to +750 C) 
HM-7616-2/-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 "'" - - +40 IJA VIH = VCC Max. 
III Input Current "0" - - -100 pA VIL = 0.45V 

VIH Input Threshold "'" 2.0 - - V Vce = VCC Min. 
VIL Voltage "0" - - O.S V Vce = VCC Max. 

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. 

IOHE Output Disable "1" - - +40 UA VOH, VCC = VCC Max. 
10LE Current "0" - - -40 pA VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -lSmA 

lOS Output Short Circuit -15 - -'00 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 130 lS0 mA Vce = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM·7616·5 HM·7616·2/-8 
5V±5% 5V ±10% 

ooe to +750e -550C to +1250e 

"A" STD STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 40 50 45 60 - SO ns 
TEA Chip Enable Access Time - 40 - 40 - 50 ns 
TDA Chip Disable Access Time - 40 - 40 - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

CAPACITANCE: T A = 250 C (NOTE: Sampled and guaranteed - but not 100% tested.) 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance S pF VCC = 5V, VIN = 2.0V, f = lMHz 

COUT Output Capacitance '0 pF VCC = 5V, VOUT = 2.0V, f = 1 MHz 

© Ie MASTER 1983 3721 
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SWITCHING TIME DEFINITIONS 

3.0V 

O.OV 

VOH 

VOL 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1. 

TEA2 

TOA1 

TOA2 

3.0V 
CE '-___ O.OV 

TDA1 

OUTPUTS 
----VOHAC* 

TDA2 

OUTPUTS 
'----VOLAC* 

tr, tf < 5ns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

b 

Ox 0-----4 ..... -_-0 TEST POINT 

GOOn 30pP 

* I neludes jig & probe 

total eapaeita~ee 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to Va L 

Chip Oisable Access Time from Open 

VOH to "Three State" 

Chip Oisable Access Time from Closed 

VOL to "Three State" 
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Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OUTPUTS WITH TWO ACTIVE LOW CHIP ENABLES 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC

ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT

AGE RANGES 

• INDUSTRY STANDARD 0.300 INCH 20 PIN PACKAGE 

• PRODUCED ON MIL-M-38510 QUALIFIED WAFER FAB LINE 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 

,TYPICALLY ASSURES FAST PROGRAMMING AND SUPERIOR RELIA

BILITY 

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 0 IP. 

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. 

Functional Diagram 
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Specifications HM-76165 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to + 7 .OV 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current 
Output Sink Current 

-20mA 
100mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76165-5 

HM-76165-2/-8 

(VCC = 5.0V 15%, TA = ooC to +750 C) 
(VCC = 5.0V ±10%, TA = -550 e to +1250 e) 

SYMBOL 

IIH 
IlL 

VIH 
VIL 

VOH 
VOL 

10HE{1l 

10LE 

VCl 

lOS 

ICC 

Typical Measurements are at T A = 250 e, Vee = +5V 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 J.1A VIH = VCC Max. 
Input Current "0" - -50.0 -100 J.1A VIL = 0.45V 

Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Voltage "0" - 1.5 O.SO V VCC = VCC Max. 

Output "1" 2.4 3.2 - V 10H = -2.0mA. VCC = VCC Min. 
Voltage "0" - 0.35 0.50 V 10L = +16mA, VCC = VCC Min. 

Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 
Current "0" - - -40 J.1A VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 V liN = -1SmA 

Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - 120 170 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
(1l 10HE = +60J.1A for -2 and -S. 

t5 A.C. ELECTRICAL CHARACTERISTICS (Operating) 
::J 
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HM-76165-5 HM-76165-2/-8 
5V±5% 5V ±10% 

ooc to +75OC -550 C to +1250 C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - 50 80 ns 

TEA Chip Enable Access Time - 25 35 - 30 40 ns 

TDA Chip Disable Access Time - 25 35 - 30 40 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

CAPACITANCE: T A = 250 e {NOTE: Sampled and guaranteed - but not 100% tested,} 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA. CINCE I nput Capacitance S pF VCC = 5V, VIN = 2.0V. f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V. f = 1 MHz 
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SWITCHING TIME DEFINITIONS 

3.0V 

O.OV 

VOH 

VOL 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEAl 

TEA2 

TOAl 

TOA2 

3.0V 

CE1,CE2 '-___ O.OV 

TDAl 

OUTPUTS 
~---VOHAC* 

TDA2 

OUTPUTS 

VOLAC* 

tr, tf < 5ns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

b 

Ox 0---...... -__;11__-<) TEST POINT 

* I ncludes jig & probe 

total capacitance 

PARAMETER 51 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Oisable Access Time from Open 

VOH to "Three State" 

Chip Oisable Access Time from Closed 

VOL to "Three State" 
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Features 

• 65n5 MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OUTPUTS AND TWO CHIP ENABLE CONTROLS 

• SIMPLE HIGH SPEED PROGRAMMING - ONE PULSE/BIT TYPICAL 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENCING 

OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE 

• PRODUCED ON MIL-M-38510 QUALIFIED WAFER FAB LINE 

• INDUSTRY STANDARD 24 PIN PACKAGE 

Description 

The HM-76321 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 "0" in any bit position. 

MIL-M-38510 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-76321 utilizes two chip enable controls, where CE1 low and 
CE2 high enables the device. 

Functional Diagram 131 121 111 1231 1221 1211 1111 

1241- Vce 

1121 - GND 

Copyright © Harris Corporation 19S2 
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Specifications HM-76321 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to + 7 .OV 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current 
Output Sink Current 

-20mA 

100mA 

Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification.is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76321-5 

HM-76321-2/-8 
(V CC = 5.0V 15%, T A = ooC to + 750 C) 
(VCC = 5.0V ±10%, TA = -550 C to +1250 C) 

SYMBOL 

IIH 

ilL 

VIH 

VIL 

VOH 
VOL 

10HE(1) 

10LE 

VCL 

lOS 

ICC 

Typical Measurements are at T A = 250 C, VCC = +5V 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 J.1A VIH = VCC Max. 
I nput Current "0" - -50.0 -100 J.1A VIL = 0.45V 

Input Threshold ''1'' 2.0 1.5 - V VCC = VCC Min. 

Vol~age "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 10L = +16mA, VCC = VCC Min. 

Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 
Current "0" - - -40 J.1A 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 1 Second 

Power Supply Current - - 190 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
(1) 10HE = +100,uA for -2 and -8. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-76321-5 HM-76321-2/-8 
5V:t5% 5V:t10% 

OOC to +750C -550C to + 1250C 

SYMBOL PARAMETEn MIN TYP MAX MIN TYP MAX 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 of 5MHz. 

CAPACITANCE: T A = 250 C (NOTE: Sampled and guaranteed - but not 100% tested'! 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VQUT = 2.0V, f;' 1MHz 

© Ie MASTER 1983 3727 

J... 
a 

ojoJ 

(.) 
::l 
"0 
C 
a 
.~ 
E 
Q) 

en 
en 
.~ 

J... 
tU 
:c 



'-
o 
+'" 
() 
:J 

"C 
c: 
o 
() 

E 
Q) 

en 
(J) 
'i: 
'-
«1 
:c 

SWITCHING TIME DEFINITIONS 

I 

ADDRESSES~_'_.5_V __________ _ 
3.0V 

O.OV 
I 
I 

I 
I 
I 

OUTPUTS ______ ~!------J ¥,.5V 

I I 

~ TAA ~ 
I 
I 
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VOH 

VOL 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1 

TEA2 

TOA1 

TOA2 

CE2 3.0V 

CE1 O.OV 

TDA, 

OUTPUTS 
VOHAC· 

TDA2 TEA2 

OUTPUTS 

VOLAC· 

tr. tf < 6n.1 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

Vce 

g 

Ox o--~.....--....... --n TEST POINT 

600n 30pF* 

* Includes jig & probe 

total capacitance 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Oisable Access Time from Open 

VOH to "Three State" 

Chip Oisable Access Time from Closed 

VOL to "Three State" 
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Features 
• 85ns MAXIMUM ADDRESS ACCESS TIME 

• '7HREESTATE"OUTPUTS 

• ACTIVE LOW CHIP ENABLE CONTROL 

• HIGHEST DENSITY AVAILABLE IN THE INDUSTRY 

• FOUR FOLD INCREASE IN DENSITY OVER CURRENTLY AVAILABLE 
16K PROMs WITH 1/4 POWER DISSIPATION PER BIT 

• INDUSTRY STANDARD 24 PIN PACKAGE 

• SIMPLE HIGH SPEED PROGRAMMING - ONE PULSE/BIT TYPICAL 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND 
VOLTAGE 

• PRODUCED ON MIL-M-38510 QUALIFIED WAFER FAB LINE 

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 HAR R IS bipolar PROMs. 

The HM-76641 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-76641 utilizes a single chip enable, CE, which when low enables 

the device. 

Functional Diagram 

Copy right ©Harris Corporation 1982 
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Specifications HM-76641 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to + 7 .OV 

Address/Enable Input Voltage 5.5V 
Address/Enable Input Current 

Output Sink Current 

-20mA 

100mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions abo~e those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76641-5 (VCC = 5.0V 15%, TA = ooC to +750 C) 

SYMBOL 

IIH 

ilL 

VIH 
Vil 

VOH 
VOL 

IOHE(1) 

10lE 

VCl 

lOS 

ICC 

PARAMETER MIN TYP 

Address/Enable "1" - -
I nput Current "0" - -50.0 

Input Threshold "1" 2.0 1.5 

Voltage "0" - 1.5 

Output "1" 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 pA VIH = VCC Max. 
-100 pA VI L =O.45V 

- V VCC = VCC Min. 

0.8 V VCC = VCC Max. 

- V 10H = -2.0mA, VCC = VCC Min. 
0.50 V 10l = +16mA, VCC = VCC Min. 

+40 pA VOH, VCC = VCC Max. 

-40 pA VOL = 0.3,<, VCC = VCC Max. 

-1.2 V IIN=-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 = +100pA for -2 and -8. 

g A.C. ELECTRICAL CHARACTERISTICS (Operating) 
'U 
c 
o 
(,) 

E 
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HM-76641-5 HM-76641-2/-8 
5V±5% 5V ±10% 

ooc to +750 C -550C to + 1250 C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 50 85 - - 100 ns 

TEA Chip Enable Access Time - 30 40 - - 45 ns 

TDA Chip Disable Access Time 30 40 45 ns 

A.C. limits guaranteed for worst case N2 sequencing with a maximum 

test frequency of 5MHz. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 

© Ie MASTER 1983 
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SWITCHING TIME DEFINITIONS 

3.0V 

O.OV 

VOH 

VOL 

PROM 

OUTPUT 

SYMBOL 

TAA 

TEA1 

TEA2 

TDA1 

TDA2 

3.0V 

CE '-___ O.OV 

TDA1 

OUTPUTS 
.---- VOHAC* 

TDA2 

OUTPUTS 

'---- VOLAC* 

tr. tf < 5ns 

*VOLAC AND VOHAC ARE THE MEASURED OUTPUT VOLTAGE LEVELS 

WHILE ENABLED. 

A.C. TEST LOAD 

VCC 

g 

Ox 0---..--........ ...--0 TEST POINT 

GOOn 30pF* 

* I ncludes jig & probe 

total capacitance 

PARAMETER S1 

Address Access Time Closed 

Chip Enable Access Time from Open 

"Three State" to VOH 

Chip Enable Access Time from Closed 

"Three State" to VOL 

Chip Disable Access Time from Open 

VOH to "Three State" 

Chip Disable Access Time from Closed 

VOL to "Three State" . 
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Generic PROM Programming 

All 76xxx series devices utilize the same programming method which is one of the charac
teristics that lends to the term "Generic" PROM. 

Harris Generic PROMs have the industry's highest programming yield and exhibit an ex
tremely high level of reliability in the field, however, this level of device quality can only 
be obtained if the PROM has been properly programmed to the data sheet specifications. 
Outlined below are the key points which deserve attention to assure that programming has 
been optimumly performed. 

• Be certain that you are following the latest revision status of programming specifications. 

• If you are utilizing a commercial programmer, be sure that the card set for Harris Generic 
PROMs is certified for the most recent revision level. 

• Have the Programmer calibrated at routine intervals to assure that the electrical and 
mechanical characteristics are acceptable. This would include such things as: 

~ Making certain that the socket which the device is placed into is clean, free of corrosion 
and is mechanically sound. 

~ Check ribbon cable connectors for good continuity. 

~ Making sure that all voltage levels conform to the programming specifications. 

~ Assuring that all pulses are clean of distortion and exhibit the correct timing char
acteristics. 

If there is any problem in determin'ing how to follow any of these guidelines, contact a local 
Harris office for assistance. 

PROGRAMMING PROCEDURE 

The following is the generic programming procedure which is used for all Harris Generic 
76xxx PROMs. Please note that the PO input(s) on power down devices can be considered 
equivalent to chip enable input(s) during the programming procedure in that they both dis
able the device. Also, the logic levels required to place the strobe input into the "trans
parent read" mode (essential during programming) will vary among the various device types. 

The HM-76xxx PROMs are manufactured with all bits storing a logical "1" (output high). 
Any desired bit can be programmed to a logical "0" (output low) by following the simple 
procedure shown below. One may build their own programmer to satisfy the specifications 
described in the table, or use any of the commercially available programmers which meet 
these specifications. This PROM can be programmed automatically or by the manual pro-

. cedure shown on the next page. 
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Programming 

The HM-76XXX PROMs are manufactured with all bits storing a logical "1" (output high). Any desired bit can be program
med 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 SPECI FICATIONS 

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 Vce 4.5 4.5 5.5 V 

"LP Programming Input - -300 -600 J1A 
Low Current at VPH 

tr Programming (VCC ) 1.0 1.0 10.0 J.1s 
tf Voltage Rise and Fall Time 1.0 1.0 10.0 J1s 

td Programming Delay . 
10 10 100 J1s 

tp Programming Pulse Width (4) 90 100 110 US 

P.D.C. Programming Duty Cycle - 50 90 % 

VOPE Output Voltage Enable 10.5 10.5 11.0 V 

VOPD (5) Disable 4.5 5.0 5.5 V 

lOPE Output Voltage Enable Current - - 10.0 mA 

Ta Ambient Temperature - 25 75 oC 

During programming the chip must be disabled for proper operation. 

NOTES: 1. No inputs should be left open for V I H. 
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. Disable condition will be met with output open circuited. 

PROGRAMMING PROCEDURE 

1. Address the PROM with the binary address of the word 
to be programmed. Address inputs are TTL compatible. 
An 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 Harris PROMs. The chip enables are TTL 
compatible. An open circuit should not be 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 tr. 

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 1983 

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 PROM for verification by applying VI L to 
eEx and VIH to CEx . 

9. Repeat verification (step 8) at V ce = 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 1 ms of 
programming time. Bits which do not program within 
1 ms are programming rejects. No further attempt 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 

Vp 

. 
AO 

VCC 
Ox 

DEVICE 
BEING 
PRO-

GRAMMED 

Ax 
02 

[)o 
CE X 
CEX 

GND 
01 

-

. . 

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. 

390n 

DATA-X 

DATA-2 

DATA-1 

,/ 
HIGH VOL TAGEI 
CURRENT 
TTL GATE 

01 

"-
Ox 

SENSE GATE 

FIGURE 1 

CEx ---------------, VIH 

VIL 

VIH 

vil 

--------Vll 

FIGURE 2 

Waveforms Applied to the Device Pins During Programming 
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mHARRIS JAN-0512 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION 512 BIT, BIPOLAR PROM 

MIL/M38510/20101 

Features 

• FI ELD PROGRAMMABLE 

• 64 WORDS/S BITS PER WORD 

• FULLY DECODED 

• DTL/TTL COMPATIBLE 

• 55ns ACCESS TIME 

Description' 

The JAN-0512 is a field programmable 64 word by 8 bit PROM. In an 

unprogrammed memory, all "Memory Elements" are short circuits so that 
logical "zeros" appear at each output bit position for any address input. 

"Electronic Programming" involves the alteration of specific "Memory 

Elements" to create logical '~ones" in selected bit positions. This altera

tion is irreversible and cannot be accomplished under normal operating 

conditions. 

Block Diagram 

AS 

ENABLE 

© Ie MASTER 1983 

OUTPUT BUFFERS r=-.----------

MEMORY 
ELEMENTS 

& 
DECODING 

MATRIX 

IC* NC 

Pinout 

TOP VI EW - D.I.P. 

N.C. VCC 

N.C. G2' 

AO BO 

~1 B1 

A2 B2 

E1 B3 

E2 B4 

A3 B5 

A4 B6 

AS B7 

G1 N.C. 

IC* G2 

*Must be left open circuit 

Bo 

*IC - Internal Connection must be left open 

NOTE:' For operational condition, return pins 
11,13, and 23 to system ground. 
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Specifications JAN-0512 

,ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Range 
Input Voltage Range 
Storage Temperature Range 
Lead Temperature, (Soldering 10 Seconds) 
Thermal Resistance, Junction-to-Case 
Output Supply Voltage 
Output Sink Current 
Maximum Power Dissipation, Po 
Maximum Junction Temperature, T J 

-0.5 VOC to 7.0 VOC 
-1.5 VOC at -12mA to 5.5VOC 

-650 C to' +1500 C 
3000 C 

, JC' Case J = 300 C/w 

-0.5VOC to 7.0VOC 
+30mA 

575mWdc 
1750 C 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage 
Minimum High Level Input Voltage 
Maximum Low Level Input Voltage 
Normalized Fanout (Each Output) 
Ambient Operating Temperature Range 

4.75 VOC Min. to 5.25VOC Maximum 
2.0VOC 
0.8V OC 

6 Maximum (10mA) 
-550 C to +1250 C 

ELECTRICAL CHARACTERISTICS 

3736 

The electrical characteristics are as specified in the table and apply over the full recom
mended ambient operating temperature range, unless otherwise specified. 

SYMBOL 

VOL 

VIC 

ICEXl 

ICEX2 

IIHl 

IIH2 

ilL 

ICC 

tPHL 

tPLH 

LIMITS 

TEST MIN MAX UNITS 

Low Level Output Voltage 0.45 Volts 

Input Clamp Voltage -1.5 Volts 

100 J1A 

Maximum Collector Cut-Off 
Current 

200 J1A 

60 J1A 

High Level Input Current 
100 J1A 

Low Level I nput Current -0.2 -1.6 mA 

Supply Current 100 mA 

Propagation Delay Time 25 140 ns 
High-to-Low Level Logic 

Propagation Delay Time 
Low-to-High Level Logic 

25 140 ns 

NOTES: 1. When testing one E input, apply 5.25V to the other. 
2. When testing one E input, apply GND to the other. 

TEST CONDITIONS 

VCC = 4.75V 
VIN = 2.0V 
IOL = 10mA 

VCC = 4.75V 
liN = -12mA 
TA = 250 C 

VCC = 5.25V 
VOH = 2.8V 
VIN = 0.8V 

VCC = 5.25V 
VOH = 5.25V 
VIN = 0.8V 

VCC = 5.25V 
VIN = 2.4V; 

VCC = 5.25V 
VIN = 5.25;G) 
VCC;= 5.25V 
VIN = O.4V;@ 

VCC = 5.25V 
VIN = 0 

Vee = 5.0V 
CL = 30pF Min. 
Rl = 470 n ±5% 
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Switching Time Test Circuits 

INPUT +5.0V 

AO Vee BO 

A1 B1 

A2 B2 

PULSE SEE A3 B3 

GENERATOR 
D.U.T. 

B4 NOTE 2 A4 

As BS 

PRR = 1MHz = 20% R1 
E1 B6 

INPUT 

OUTPUT 

© Ie MASTER 1983 

E2 G1 
B7 

G2' G2 

1--10"' 
2.7V 

I'\,.,,;;...;..;...;; ______ OV 

-----VOH 

--------+-~- - ---- VOH 

1.SV 

tPLH~ ----VOL 

NOTES: 

1. Pins 12 and 14 shall be left open. 

2. The applicable test table should be selected from the altered item drawing. 

3. C1 = O.5J.1F ±10%; R1 = 50rl. ±5%; R2 = 470D. ±5%; R3 = 1 krl. ±5%; 
CL = 30pF including jig and probe capacitance. 
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Characteristic Curves 

OUTPUT CHARACTERISTICS 

I 

VCC· 5V 

v 
/ 

ov/ / 
v 

~! V 
v #' ~ov 

;("V ?').: ~ov/ 
~~ ?'\').: 

/ / ~ 

V/ ~ / 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 

OUTPUT VOL TAGE IVOL TSI 

POWER SUPPLY CURRENT vs. TEMPERATURE 

VA eVE =OV 
VCC = 5.25V 

\ - ----- j ------- / -r--
VCC" 5.0V \ 

VCC = 4.75V 

o 25 70 125 

TEMPERATURE lOCI 

~ 
.§ 
... z 
w 
a: 
a: 
::> 
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::> 
a. ... 
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OUTPUT CURRENT vs. TEMPERATURE 

VCC· 5V 

---- VOL "0.4V - ........... 

'---- ........... r------. ....... 

o 25 70 125 

CASE TEMPERATURE lOCI 

PROPAGATION DELAY vs. TEMPERATURE 

100r-----------,-----r---------~-----------, 

IOL -10mA 

CL" 30pF 

VCC" 5V 

E 75~~--------4_----r_--------+_----~~~~ 
> 
ct 
-' w 
o 

~ 50~ __ ------~~----~--~~--+_--------~~ 
i= 
ct 
(!) 
ct' 
a. o 
~ 25~----------1_----+_--------~----------~ 

~5~5----------~,O-----2~5--------~70-------------'125 

TEMPERATURE lOCI 
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JAN-0512 Programming Procedure 

PROGRAMMING SPECI FICATIONS 

PARAMETER VALUE 

Address Input Voltage 

High Logic Level Open Circuit <D 
Low Logic Level -5.0V 

Power Supply Voltage +5.0V +5%, -0% 

G1 Voltage@ -5.0V 

G2 Voltage OV 

G2' Voltage 

For Device Type 01 Circuit A Open 

Maximum Programming Voltage -7.0V 

Maximum Programming Current 100mA 

Maximum Number or Attempts 
2 to Program a Given Bit 

Maximum Case Temperature 
75°C During Programming 

1. Open collector TTL gates meet this requirement. 
2. G1 must be connected to -5.0V prior to applying Vcc or pro

gramming voltage. 

PROGRAMMING PROCEDURES 

Using the test conditions of the table, the following pro
cedures shall be used for programming the device: 

(a) Connect the device as shown in Figure 1, using the 
fusing generator of Figure 1 or the alternate circuit of 
Figure 2. The circuit shown in Figure 2 can be used in 
more automated programming systems. This circuit 

-5.0V 

+5.0V CD 

NOTES: 
1. Connect -5.0V to G 1 before applying VCC or programming voltage. 

2. For device type 01. G2' shall be open. 

3. Generator characterisitics are defined'in Programming Procedures. 

FIGURE 1 
PROGRAMMING CONNECTIONS 

© Ie MASTER 1983 

generates a current pulse which is at the proper voltage 
and current levels for fast reliable programming. The 
input programming pulse width shall be 750ms ±50ms. 
The number of attempts to program a given bit shall be 
as specified in the table. 

(b) To address a particular word in the memory, set the 
input switches to the binary equivalent of that word, 
where a logical low level is -5.0V and a logical high 
level is an open circuit. (Do not return to supply). 
All output bits (BO, B 1. ... 87) of this word are now 
available for programming. 

(c) With the output current limited (as specified in the 
table), apply a negative going current pulse to the pin 
associated with the first bit to be changed from a log
ical low level to a logical high level. This is most easily 
accomplished by connecting the negative terminal of 
a variable power supply to the proper output pin and 
manually increasing the voltage to approximately 6.0V. 

(d) Skipping any bit which is to remain a logical low level, 
repeat step (c) for each 'Iogical low level in the word 
being addressed. Not more than one bit shall be 
programmed at a time. 

(e) Set the next input address and repeat steps (c) and (d). 
This procedure is repeated for each input address for 
which a specific output word pattern is desired. Note 
that all addresses do not have to be programmed at the 
same time, nor do all output bits for a given address. 
A logical low level can always be changed to a logical 
high level, simply by repeating steps' (b) and (c). A 
logical low level, once programmed to a logical high 
level, cannot be reprogrammed .. 

+5.0V 

200 < PW < BOOms 

-15.0V 

FIGURE 2 
PROGRAMMING CIRCUIT 
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HARRIS JAN BIPOLAR PROMS 

38510/ PRODUCT NUMBER ORGANIZATION OUTPUTS NUMBER . OPL STATUS 
OF BITS OF PINS 

20101BJB HPROM-0512 512 64X8 Open Collector 24 Approved OPL 1 

20701 BEB HMI-7602 256 32X8 Open Collector 16 Approved OP L 1 

20702BEB HMI-7603 256 32X8 Three State 16 Approved OPL 1 

20301BEB HMI-7610 1024 256X4 Open Collector 16 Approved OP L 1 

20302BEB HMI-7611 1024 256X4 Three State 16 Approved OP L 1 

20401 BEB HMI-7620 2048 512X4 Open Collector 16 Approved OP L 1 

20402BEB HMI-7621 2048 512X4 Three State 16 Approved OP L 1 

20801BJB HMI-7640 4096 512X8 Open Collector 24- Approved OPL 1 

20802BJB HMI-7641 4096 512X8 Three State 24 Approved OPL 1 

20601BVB HMI-7642 4096 1024X4 Open Collector 18 Approved OPL 1 

20602BVB HMI-7643 4096 1024X4 Three State 18· Approved OP L 1 

20904BJB ·HMI-7681 8192 1024X8 Three State 24 OP L 1 Projected 1 st Otr. 1983 

20902BVB HMI-7685 8192 2048X4 Three State 18 OP L 1 Projected 1 st Otr. 1983 

21002BJB HMI-76161 16384 2048X8 Three State 24 OPL 1 Projected lstOtr.1983 

21004BRB HMI-76165 16384 4096X4 Three State 20 * 
21101BJB HMI-76321 32768 4096X8 Three State 24 * 

21201BJB HMI-76641 65536 8192X8 Three State 24 * 

* Oualification will be scheduled when the finalized issue of the applicable 38510 slash sheet is released. 
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mHARRIS 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION 

MONOLITHIC DIODE 

MATRICES 

Features 

• FIELD PROGRAMMABLE 

• CMOS COMPATIBLE 

• ZERO POWER DISSIPATION 

• FAST SWITCHING 

• FIVE POPULAR ORGANIZATIONS 

DIELECTRIC 
LAYER 

POL YCRYSTALLINE 
SILICON 

DISCONN ECTE D 
DIODE 

© Ie MASTER 1983 

FUSED 
LINK 

Description 

Designed with the CMOS circuit engineer in mind, these 
versatile diode matrices allow the application of logically 
pow£::rful programmable solutions to low power CMOS 
system applications. 

These devices incorporate an advanced dielectric isolation 
process to eliminate the need for power supply pins and 
allow parasitic free operation. 

Programming is accomplished by cleanly vaporizing a fus
ible link by application of a brief high voltage pulse to 
a selected array element. This operation open circuits 
a row to column orring diode eliminating their former 
interaction. 

Monolithic Structure 

Fusible Link System 

SILICON 
DIOXIDE 

"P" TYPE 
SILICON 

METALIZED 
P INTERCONNECT 

LINE 

~ _____ ~~~~~____ INTACT 
LINK 

CONNECTED 
DIODE 
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Monolithic Diode Matrices 

HM-0168 6 x 8 DIODE MATRICES 

HM-0186 8 x 6 DIODE MATRICES 

HM-0410 4 x 10 DIODE MATRICES 

HM-0104 10 x 4 DIODE MATRICES 

HM-0198 9 x 8 DIODE MATRICES 

2 3 

14 

7 

8 

HM-0104 

COLUMN CONNECTION PIN NO. 

1 14 7 8 

FUSIBLE 
LINKS 

.3~~~-.Qo~~~ 

4~-t--4i-4~~-4-

9~~----+~~~~ 

10~-t--4i~+-'~~ 

13~-I--4-f~~"'--

HM~0410 

COLUMN CONNECTION PIN NO. 

4 5 6 9 10 11 12 13 

CUSTOM PATTERNS 

FUSIBLE 
LINKS 

HM-0198 

COLUMN CONNECTION PIN NO. 

2 8 9 17 16 11 10 

5~~~~~~~~~~~~ 

6~-r~~~~~~~~~~ 

7~~~-4~~~~~~~~ 

12~-+~~~~~~~~~~~ 

13~-+~~~~~~~~~~~ 

14~-r~~~~~~~~~~ 

15~~~~~~~~~4+~~~ 

HM-0168 

COLUMN CONNECTION PIN NO. 

J 1 7 14 8 13 9 12 10 

HM-0186 

COLUMN CONNECTION PIN NO. 

1 7 14 8 13 9 

When ordering a matrix with a custom pattern: Send a paper tape, or copy a matrix pattern and circle out those diodes 
to be removed from the matrix. Another method to clearly identify a pattern is to call out respective anode and 
cathode for each diode to be removed, by package pin number. 
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Specifications Diode Matrices 

ABSOLUTE MAXIMUM RATINGS 

Forward Current 

Surge Current (100 J.Ls Max.) 

Total Ckt. Dissipation (Still Air) 

Storage Temperature (Ambient) 

100mA 

200mA 

450mW 

-650 C to + 1500 C 

Maximum Ratings are limiting values above which permanent damage may occur. 

ELECTR ICALCHARACTER ISTICS 

I TA 

SYMBOL PARAMETER 

VF Forward Voltage 

BVR Reverse Breakdown Voltage 

trr Reverse Recovery Time 

Cc Crosspoint Capacitance (1) 

(1) Guaranteed but not 100% tested. 

(2) Cc <X _1_ 
VBIAS 

TYPICAL PERFORMANCE CURVES 

CURRENT-rnA 

© Ie MASTER 1983 

10 

1 

0.5 

0.3 

0.2 

0.1 

0.2 

HM-OXXX-2 

HM-OXXX-5 HM-OXXX-B 

OoC to + 75°C -550C to + 1250C 

MIN MAX MIN MAX UNITS CONDITIONS 

1.5 1.5 V IF = 20mA 

0.9 .9 V IF = lmA 

20 30 V IBV =100J.LA 

25°C 25°C , 

50 100 ns IF = 10mA to IR = 10mA 

Recovery to 1 mA 

8 pF VR = 5V; f = lMHz (2) 

VOLTAGE Vf 

// ~ 
DIODE @ 250C--WORST f r( 

II " WORST 
DIODE @l -550C 

If I 

/ l 
I ~ 
I I 
l I 

,J I 
250cL A50 C 

0.4 0.6 0.8 1.0 1.2 1.4 

VOLTS 
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Programming 

Use a simple supply capable of driving a 27 ohm resistor (carbon) with a clean transition from 0 to 24-30 volts in less 
than 500}ls, for at least 10ms. The diode to be disconnected is selected by setting the ~ow and column switches S2 
and S3 respectively as required. When switch S1 is depressed, programming current is provided to column contacts 
in the matrix. This current opens the fusible link, in series with the selected diode. The peak fusing current required 
to open a fusible link is approximately 750 milliamperes. As the temperature of the fuse is raised, the aluminum 
begins to melt. This melting continues until the fuse link separates. The cohesive forces of the melting aluminum 
retracts the remaining portions of the metal, thereby preventing formation of loose aluminum residues. The melting 
temperature of aluminum (approximately 6500 C) will not affect the passivating layer of silicon dioxide, whose melting 
temperature is about 13500 C. Test verification is obtained by an indicator lamp or LED placed in series with the 
column and row switches through the verify contacts of S1 to give electrical indication of the condition of each diode 
in the matrix before and after fusing. 

Caution: Programming is lirrited to one fuse at a time. 

SIMPLE PROGRAMMER 

S1 DPDT MOMENTARY 
S2 17 POS, 1 POLE 
S3 ROTARY 
01 02 - 2N1613 
INDICATOR LIGHT, LED 

3744 

. MATRIX UNDER TEST 

PROGRAMMER TEST CONFIGURATION 

27 

VOLTS ~~ ~ 
S1 Closes It to ~ ":" 

O~~--~----------~----~~~---
25 50 100 200 ~1Om. 

MICROSECONDS· 

* Max TRISE = 500 }lsec 

Typ TRISE = 200 p.sec to 10V Reference 

NOTE: The 27 ohm resistor is only used for oscilloscope 
measurements of the Power Supply Characteristics 
becaues it represents a typical unprogrammed 
fuse/diode . 

© Ie MASTER 1983 



mI HARRIS 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION HO-6600 

QUAD POVVER STROBE 

Features 

• HIGH DRIVE CURRENT-200mA 
logic Diagram 

• HIGH SPEED 50ns TYPICAL 

• TTL COMPATIBLE INPUTS 

• DIELECTRIC ISOLATION 

• QUAD MONOLITHIC CONSTRUCTION 

• POWER SUPPLY FLEXIBILITY 

• LOW POWER: 

STAN DBY -30mW/CI RCUI T 

ACTIVE-95mW/CI RCUIT 

Description 

The HD-6600 Quad Power Strobe is constructed with Harris Dielectric 
Isolation Bipolar Monolithic Process. The design incorporates power 
supply flexibility with TTL compatible inputs and high current outputs. 
This circuit is intended for use in power switched PROM arrays. 

Circuit Diagram 

NC 

2 

4 

51-----..., 

6 

GND 

(ONE OF FOUR IDENTICAL STROBES) 
~----... -----o VCC2 

.---~OVCC3 

~~ .. ---------~-------e---oOUTPUT 

INPUT 0---"'''' 

-----------~--------------------~._--~GND 

© Ie MASTER 1983 

VCC3 14 

13 

'------112 

VCC1 11 

r------I10 

9 

NC 8 
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Specifications ND-6600 
ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage VCC1 
VCC2 
VCC3 

Input Voltage VIN 
Storage Temperature TSTG 
Output Current I L 
Power Dissipation at 250C 

RECOMIVIEND~P O_PERATING CONDITIONS 

Power Supplies: VCC1 
VCC2 
VCC3 

+8 VDC 
+18 VDC 
+18 VDG 

-0.5 VDC to +5.5 VDC 
-650C to +150oC 

-200mA 
1000mW 

(Derate 9mW/oC Above 600C) 

5 VDC ± 10% 
12 VDC ± 15% 
5 VDC±20% 

ELECTRICAL CHARACTERISTICS T A = -550C to + 1250C H D 1-6600-2 
T A = OOC to + 750C H D 1-6600-5 

VCC2 = 12.0 VDC 
VCC3 = 5.0 VDC 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS 

IIR 60 J.1A VIN:: 2.4 VDC 

IIF 
Input Current 

-1.6 mA VIN = 0.4 VDC 
VCC1 = 5.5 VDC 

VIH Input Threshold 2.0 V 

VIL Voltage 0.8 V 
VCC1 = 4.5 VDC 

VOH 4.75 4.85 V VCC1 = 5.0 VDC 

D.C. Output Voltage VIN = 0.4 VDC IL = -150mA DC 

VOL 
(Note 1) 

1.0 V VCC1 :: 5.0 VDC IL:: 500J.1A DC 

ICC1 4 6.0 mA VCC1 = 5.5 VDC VIN = 2.4 VDC 

ICC2 40 70 mA VCCl = 5.5 VDC 
Supply Current VIN = 0.4 VDC IL = -150mA DC 

(Note 2) 
ICC2 8 15 mA VCC1 = 5.~ VDC 

VIN = 2.4 VDC IL = 0 

SYMBOL PARAMETER TYP. MAX. UNITS CONDITIONS TA = 250 C 

tON Turn On Delay 50 75 ns VCC1 = 5.0 VDC 

.2 
E 
Q) en A.C. tOFF Turn Off Delay 50 75 ns VCC2 = 12 VDC 

t/) 
.~ 

~ 

ctS 
J: 

3746 

tR 

tF 

VCC3 = 5.0 VDC 

Rise Time 40 65 ns RL = 33n 

Fall Time 40 65 ns CL = 620 pF 

NOTES (1) One strobe enabled. (2) All strobes enabled. 

Switching Time Definitions 

INPUT 1~---,,-----3VDC 

tR·~ • 

~toFF 
"»--+_......,. TO TEST 

SCOPE ----OVDC 

OUTPUT 

VOL 
tF 

© le'MASTER 1983 



Typical Characteristics 

"0 
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.: 
J: 
0 . > 
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.: 
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"ai 
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TYPICAL OUTPUT VOLTAGE vs. 

LOAD CURRENT AND NUMBER OF STROBES ENABLED 

tl 
"0 
> 

NUMBER OF STROBES -----+ 

TA = 250 C 

VCC1'" 5 VDC 
VCC2- 12VDC 
VCeJ- 5VDC 

.E 4.85~+_------+---=""'...:::::~;;;PO"""=:::--~"",,, 
J: 
o 
> 

4.8~+_------+------+-----""";;::" 

4.75~+_------+------+-------I 

40 

5.0 

---4.9 

4.8 

4.7 

60 80 100 120 140 

IL inmA 

160 180 200 

TYPICAL OUTPUT VOLTAGE vs. 

AMBIENT TEMPERATURE 

TA = 250 C 
VCC1 =5VDC 
VCC2=12 VDC 
VCeJ =5 VDC 
RL =33n 

--..... 

I 

-55 -40 -20 o +25 +40 +60 +75 +100 +125 

TA in oC 

TYPICAL DELAY vs. 

AMBIENT TEMPERATURE 
120 

·VCC1 '" 5 VDC 

100 
VCC2-12VDC 
VCCl" 5VDC 
RL =33n 

80 CL = 620pF ,11 
,,-

60 ." tOFF 

--. 
40 

20 

~ 
., ..... .-- -.,til' 

~--- ;;.::::.-~ . ,. . .".. - tF 

--- .".....-
~--- -.-.- --

0 

-55 -40 -20 o +25 +40 +60 +75 

TA in oC 

+100 +125 
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tl 

TYPICAL OUTPUT VOL TAGE vs. 

VCC3 SUPPLY VOLTAGE 
6.0 ,.....-----r------r------oyo-----..... 

5.75 

5.5 

5.25 

TA" 250 C 
VCC1 =5 VDC 
VCC2"' 12VDC 
ONE STROBE 

~ 5.0..-----+_ 

.: a 4.75 
> 
4.5t------w-:~~--+_----+_----_f 

4.25 

4.01&....-. ____ "'--_--'-__ "'"-_--'-__ "'--_--'-__ -' 
4.25 4.5 4.75 5.0 5.25 5.5 5.75 

VCC3 in Volts 

TYPICAL DELAY tOFF AND tF vs. 
LOAD CAPACITANCE 

120~------_+------+_----

TA= 250 C 
VCC1 = 5 VDC 
VCC2 = 12VDC 
VCeJ" 5 VDC 

100 ..-___ -+-___ ~f----RL = 33n 

6.0 

g 80~---~_+-----+_------;-----~~FF~ 
.: 
~ 
~ 60..------_+------~~~~~------

.. ..s 
.: 
> co 

"ai 
C 

2O~----_+------+_----~-----~ 

~~-4~00---6~00-~800~-1~~---12~00--1~4-00--16~00--1~800· 

CL in pF 

TYPICAL DELAY tON AND tR vs. 

LOAD CAPACITANCE 

TA = 250 C 

120 
VCC1 =5 VDC 
VCC2= 12 VDC 
VCeJ= 5VDC 

100 RL=33n -

80 
tON ----60 tR -

40 

20 

o 
200 400 600 800 1000 1200 1400 1600 1800 

CL in pF 

3747 

'-o 
+-' o 
:l 
"0 

s::::: 
o 
o 
E 
Q) 

CIJ 
en 
"i: 
'-
«S 
:r: 



~ 

o ...... 
(.) 
::J 

"'0 
c: 
o 
.2 
E 
Q) 

(JJ 
(/) 
.i: 
~ 

«S ::c 

II HARRIS 

III THE LOGICAL SOLUTION 

INTRODUCTION TO HARRIS PROGRAMMABLE LOGIC. 

Introduction 
Harris Programmable Logic (HPL) is a family of user configur
able logic elements designed to be space and power saving 
replacements for random logic deSigns implemented in TIL or 
LSTTL. HPL products are a natural progression for Harris 
Semiconductor, already a major PROM supplier with over ten 
years experience in the field of nichrome fuse programmable 
devices. The HPL family contains devices which are functional 
and pinout replacements for existing industry standard 
devices, and also includes new devices with enhanced 
architectural features designed for applications which are not 
served by existing devices. 

Family 
The HPL family is divided into three architecturally distinct 
groups, each with its own advantages and areas of applica
tion. The three HPL groups are: IFLTM, PALTM and PROM, and 
are all similar in that they contain two logic arrays. The first 
array is an AND array which is used to form PRODUCT terms 
from combinations of feedback and/or input variables. The 
second array is an OR array which is used to form SUM terms 
from combinations of product terms generated by the first 
array. The difference between the three architectural groups 
results from various combinations of user configurable and 
fixed arrays. 

The PAL type devices have a programmable first array (AND) 
and a fixed second array (OR). The PROM type devices have 
this configuration reversed; they have a fixed first array (AND) 
and a programmable second array (OR). 

The IFL architectural group is different again, with both its first 
(AND) and second (OR) logic arrays being programmable. 
The various combinations of fixed and programmable arrays 
are shown graphically in FIG 2 on the following page. No one 
architectural group is the optimum solution for all designs, and 
for this reason Harris offers a wide range of devices to suit 
almost any design requirement. 

Programming 
All HPL devices, with the exception of the high speed PROM 
group, program generically on any conventional programmer 
fitted with the appropriate adaptor. The HPL generic prog
ramming method employs a simple programming algorithm 
which does not require stress-inducing high voltages for 
individual fuse addressing; instead, program mode fuse 
addressing is done using TTL logic level signals. By using low 
voltages during programming, functional yield and in-circuit 
device reliability are maximized. Another advantage of family 
wide generic programming is a reduction in the number of 
proQrammer adaptors required to program a wide range of 
deVices, and therefore a reduction in the time required for 
familiarization by the o'perator. The HPL generic programming 
philosophy will be used on all future products, helping to 
ensure non-obsolescence of programming equipment. 

Quality 
One of the fundamental requirements for high quality is the 
ability to perform testing on unprogrammed devices as they 
are manufactured. It was only after the appearance on the 

IFL is a trade mark of Signetics Corporation. 

PAL is a trade mark of MMI. 
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market of early Programmable Array Logic devices that both 
manufacturers and users became aware of the inherent 
non-testability of those devices. The reasons for this difficulty 
in testing blank devices stemmed from architectural differ
ences between programmable logic and programmable 
memory. 

In a programmable memory device, 'such as a PROM, the 
same circuitry that is used at manufacture to verify the 
existence of fuses is used during the normal operation of the 
device. Therefore, if a PROM passes a fuse array verification 
test, then the logic paths from input to output are automatically 
tested for functionality. This simplicity of testing is not, 
however, present in programmable logic devices because the 
fuse array is verified using totally separate circuitry to that 
which is used to carry logic signals during normal device 
operation. Consequently, verification of the fuse array at 
manufacture does not guarantee correct operation of the logic 
paths, and because of this, fuse pattern verification by the 
user does not guarantee correct device functionality. It is 
apparent that, unlike a PROM, there are two components of 
FUNCTIONAL YIELD in a Programmable Logic device: 
FUSING YIELD and LOGIC PATH YIELD. The FUSING 
YIELD of a programmable logic device is similar to a PROM 
and is close to 100%. However, the LOGIC PATH YIELD is an 
unknown quantity and varies from device to device. The 
components of FUNCTIONAL YIELD for a programmable 
logic and programmable memory device are shown in FIG 1. 

FUNCTIONAL YIELD (PROM) = FUSING YIELD 

FUNCTIONAL YIELD (PROGRAMMABLE LOGIC) 
= FUSING YIELD X LOGIC PATH YIELD 

FIG. 1 

Responding to customer requirements for high quality de
vices, Harris developed unique on-chip test circuitry, which is 
enabled at the time of manufacture to allow complete testing 
of all logic paths, eliminating the uncertain factor of LOGIC 
PATH YIELD. One of the benefits of this test circuitry is that the 
user receives a completely tested device which, providing the 
fuse array programs correctly, is guaranteed to be functional, 
eliminating the problem of devices that verify on the prog
rammer but fail in the circuit board. A second benefit of on-chip 
test circuitry is the ability to perform AC/DC parametric testing 
at the time of manufacture. This allows Harris to ship devices 
which are TESTED AND GUARANTEED, and not simply 
GUARANTEED. 

Family Features and Characteristics 
• Broad range of device types 

• Generic "Low Voltage" programming 

• Industry stanqard and proprietary devices 

• Quality "TESTED AND GUARANTEED" devices 

• MIL-M-38510 approved NiCr fuse technology 

• Slimline packages including "Power Plastic" and LCC 

© Ie MASTER 1983 



m HARRIS 

THE LOGICAL SOLUTION 

HPL PRODUCT LINE 

The HPL product range includes devices from all three of the 
possible programmable logic architectures, in recognition of 
the fact that no one architecture is the optimum solution for all 
designs. 

PART NUMBER 
HPL-77153/82S153 

*HPL-77161 

*HPL-77171 

HPL-77209/16L8 

*HPL-77210/16R4 

*HPL-77211/16R6 

*HPL-77212/16R8 

HPL-77215/16H8 

HPL-77216/16P8 

HPL-77317/16LD8 

HPL-77318/16HD8 

*HPL-77800 

*HPL-77801 

Second 
Array 

GENRE 
IFL 

IFL 

IFL 

PAL 

PAL 

PAL 

PAL 

PAL 

PAL 

PAL 

PAL 

PAL 

PAL 

FIRST ARRAY 

Programmable Fixed 
"AND" "AND" 

PALTM 

PINS 
20 

24 

20 

20 

20 

20 

20 

20 

20 

20 

20 

24 

24 

FIG 2 

FUNCTIONALITY 

Programmable 
"OR" 

Fixed "OR" 

Asynchronous Field Programmable Logic Array with Programmable 
Output Polarity 

Asynchronous Field Programmable Gate Array with Programmable 
Output Polarity 

Asynchronous Field Programmable Gate Array with Programmable 
Output Polarity 

Asynchronous Programmable Array Logic with Active Low Outputs 

Sync/Asynchronous Programmable Array Logic with Active Low 
Outputs 

Sync/Asynchronous Programmable Array Logic with Active Low 
Outputs 

Synchronous Programmable Array Logic with Active Low Outputs 

Asynchronous Programmable Array Logic with Active High Outputs 

Asynchronous Programmable Array Logic with Programmable 
Output Polarity 

8 Product Terms per Output Version of HPL-77209/16L8 

8 Product Terms per Output Version of HPL-77215/16H8 

8192 Product Terms Per Output PLA with Active High Outputs 

4096 Product Terms Per Output PLA with Active High Outputs 

*HPL-77903 PROM 16 High Speed 32 x 8 PROM designed for Logic Replacement 

* CONTACT FACTORY OR SALES OFFICE FOR AVAILABILITY. 

© IC MASTER 1983 

IFL is a trademark of Signetics 
PAL is a trademark of MMI 
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mHARRIS ail THE LOGICAL SOLUTION 

CHOOSING AND USING PROGRAMMABLE LOGIC 

Because of the wide range of HPL products available, some 
method of selecting the right device for a given application is 
necessary. The method offered below is one way of selecting a 
device based on input, output and product term usage. This is 
only one method; other selection criteria, such as speed or 

power, may require a different selection procedure and will be 
different from user to user. However, the method shown is a good 
first approach. Decisions based on other criteria can be made 
after a device is initially selected. 
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FOUR CRITERIA ARE IMPORTANT 

-------------------, 
I I A 

B~~t-.,j 

c--lL-.~-~ 

>-~1__---01 
...---L..-" 

o-L--====r~ 
E--II---....I 

F-I-----I 

G-I-------I 

;----11__---02 

I 
I L __________________ ~ 

1. DRAW BOX AROUND SECTION OF CIRCUIT TO BE REPLACED, 
COUNT NUMBER OF INPUTS = I 

2. COUNT NUMBER OF OUTPUTS = ¢ 
3. DERIVE LOGIC EQUATIONS FOR EACH OUTPUT e.g.: 

r-Product Term---, 

A. B. C.. + 0.0. E. F. 

~\nput~ 
01 

COUNT NUMBER OF PRODUCT TERMS FOR ALL OUTPUTS = PT 

4. HOW MANY PRODUCT TERMS ARE USED ON THE OUTPUT 
WITH MOST PRODUCT TERMS = PM 

HPL 77208I11L1 HPL 7721C1t'11R4 HPL 7715318ZS153 HPL 7715318ZS153 USE APPROPRIATE GATE 
HPL 7721111 .... +REQISTER CHIP PROM HM71XX ARRAY 
HPL 7721211 .... 

CUSTOM 
DESKIN 

T~ ____ ~ ____ ~1T~~T 
l i 

SEMICONDUCTOR IIPOLAR DIGITAL PRODUCTS DIVISION CUSTOM INTEGRATED 
CIRCUITS DIVISION 

© Ie MASTER 1983 



m HARRIS 
THE LOGICAL SOLUTION 

H.E.L.P. SUPPORT SOFTWARE 

No microprocessor, regardless of how fast or powerful, would be 
very useful without a complete package of support software to 
assist the designer during program development. For the same 
reason, Harris recognized that a complete software package 
would be an essential aid to a designer using programmable 
logic. The Harris Enhanced Language for Programmable Logic 
(HELP) is a large and sophisticated software package, running 
on a mainframe at the Harris computer facility in Melbourne, FL. 
The HELP software package has many unique and useful 
features, and is often updated to include new features as they 
become available. Access to HELP is via the public telephone 
network and requires that the user has only a simple terminal 
(glass or paper) and a suitable modem. HELP allows a user to 

HELP FEATURES· 

• HELP ~UNS ON A HARRIS MAINFRAME IN MELBOURNE. 

• ACCESS VIA PUBLIC TELEPHONE NETWORK. 

FIG3 

• CUSTOMER NEEDS ONLY LOW COST TERMINAL PLUS MODEM (APPROX. $500). 

• COMPUTER "PROMPTING" GIVES FRIENDLY SERVICE. 

• MENU DRIVEN TO MINIMIZE FAMILIARIZATION TIME. 

• COMPUTER SELECTS "BEST FIT" HPL DEVICE IF NOT SPECIFIED. 

• TEST VECTOR GENERATION. 

• OUTPUT TO MASK GENERATOR FOR "HARD" PRODUCTS. 

• DIRECT INTERFACE WITH PROGRAMMING EQUIPMENT OR VIA FIRM MEDIA. 

© Ie MASTER 1983 

enter logic expressions for his design (initially, only Boolean 
expressions will be supported, but later truth table and net-list 
entry formats will be added). HELP also allows a user to edit 
those expressions, store away expressions using file manage
ment utilities, recover expressions, manipulate expressions using 
a logic minimizer ("single pass" or "run to minimum form"), 
generate a fuse table from the reduced expressions and generate 
test vectors for final device testing. In addition, a logic emulator is 
available for exercising the final equations before programming 
the actual devices. A flow chart showing a typical sequence of 
events during the development of an HPL program is shown in 
FIG 3. 
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Functional Diagram 

HPL-77153/82S153 
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Description 

The HPL-77153/82S153 is a programmable logic device de
signed 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 linked to 8 inputs (I) and 10 bidirectional 
I/O lines (B) allowing variable I/O configurations using the 10 
direction control gates (C), 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 (I, 
B) 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 polarity of the sum terms is individually programmable by 
means of a fuse-link controlled EX-OR gate to allow implementa-
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D.C. ELECTRICAL CHARACTERISTICS 
(Operating) 

L-77215/216/209 -5 (Vcc = 5.0V±5%, TA = O°C to +75°C) . 
L-77215/216/209 -2/-8 (Vcc = 5.0V±10%, TA = -55°C to +125°C) 

II 

II 

.. 
IS 

12 

II 

10 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

"H '"puteurr'"t .. '" .. 0 A V,H -VceMAX 

"L Oldic.ted Input "0" -'00 A V'l - 0.4V Vee - Vee MAX 

'aZH Input Current .. , .. - VaH -Vee MAX 
Bidirectional Pin Curr,n, Vec- Vee MAX 

'aZl HI-lSt.t. ·0" -100 VaL -0.4V 

V'H ", .. 2.0 Vee-Vee MAX 
Input Threlhold 

V'L Voltage "0" 0.8 Vee- VeeM'N 

VOH High-Lewl Output Volt. 2.4 Vee-VeeM'N 1 'OH - -2.OmA 
V'L-O.8V 

I VOL Low-Level Output Voltage 0.5 V'H - 2.0V 'OL. +t6mA 

VCl Input CrImp Volt.ge -'.2 "N - -'SmA. Vee -OV 

c -20 -70 mA Vee - 5.0V. VOUT - OV 
lOS Output Short Circuit Current· 

M -15 -85 mA One output for MAX of One Sec. 

155 mA 

ICC Power SupplV Current Vee- Vee MAX 
M '65 mA 

C· Commercial (·5) M· Militlry 1-2/-8) 

A. C. SWITCHING CHARACTERIST!CS (Operating) 

HPL-77153/ HPl-771631 
1251&3-6 1251&3-21'-
l5V+a" 15V+,~ 

ooc10 +75OC -65OC to +125OC 

SYMBOL 
JEOEC OLD 

STANDARD SYMBOL PARAMETER MIN MAX MIN UN'TS 

TOVOH, TpO Propegation Oeley -I nput or 
I/O to Active High Output 40 55 

TO Vall TpO Prop8gltion Deily-Input or 
I/O to Active Low Output 40 55 

TOVOH2 TOE Enable Ace". Time 
to Active High Output 35 45 

TOVOL2 TOE Enlble Acces. Time 
to Active Low Output 35 45 

TOVez, TOO Oiseble Accn, Time 
from Active High.Output 30 45 

TOVaZ2 TOO Disable Acc"s Time 
from Active Low Output 30 45 

NOTE: Maximum test frequency is 5MHz with I 50% duty cyc't. 

tion of Sum Of Products (SOP) or inverted Sum Of Products 
(ISOP) expressions. 

The HPL-77153/82S153 is field programmable, enabling the user 
to quickly generate custom patterns using standard program
ming 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 a 20 pin slimline ceramic DIP with a 
pinout identical to the 82S153. NOTE: The HPL-77152/82S152 
(open collector outputs) can also be made available. 

The HPL-77153/82S153 contains unique test circuitry developed 
by HARRIS which is enabled at the time of manufacture to allow 
complete AC and DC testing. 
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m HARRIS 

Functional Diagrams 

HPL-n209 
/16LB 

Description 

HPL-n215 HPL-n216 
/16HB /16PB 

The HPL-7721S/216/209 are programmable logic devices 
designed to be cost effective and space saving replacements 
for discrete logic designs. These devices are two-level logic 
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 (80-8S) 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-7721S 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. 

© Ie MASTER 1983 

• THE LOGICAL SOLUTION 

D.C. ELECTRICAL CHARACTERISTICS 
(Operating) 

HPL-7721S/216/209 -S (Vee = S.OV±S%, TA = O°C to +7S°C) 
HPL-7721S/216/209 -2/-8 (Vee = S.OV±10%, TA = -SsoC to +12S°C) 

SYMBOL Po\RAMETEA MIN UNITS TEST CONDITIONS 

I," InpulCurrent 'I- -25 ~A v'" Vee MAX 

I" Oe(hcaledlnpul 0 100 ~A V" 0." V 

~A v," Vee MAX 
OulpulCurrenl 
HI·ZSlale ~A Vn 0.4\1 

~A 
BidirectIonal Pm Current YccMAX 
H,-ZStale ~A 

Input Threshold (11 

V" Voltage V Vee Vee MIN 

I:"" 2.OmAIM) 
H19h-LeveIOutputVollagl(2) V Vee VccMIN IOH 32mA(C) 

V" OBV 1:0< .'6mA(MJ 
low-level Oulpul Vot1age (21 V," 2.0V lOt • 24mA fC) (3) 

Input Clamp VOilage f 1) h. IBmA. Vee OV 

Vee 5.0V, YOUT OV 
los Output ShOrt CirCUit CYrrenl (2) -30 

One Output lor MAX of One Sec. 

155 lei 
Power Supply Current Vcc' VccMAX 

165(M) 

c eomm...CS4I11 51 M ...... '.'yl 2. 8) (2)Tt1euspec'''c:a .. onsapplyIObothOuIPUIIFland8od1~loonalCeJp.ns 

III These speohcatlOl'ls appCy loboU, lopul 'II and Bodlfel:llonal IBjpons (3) One oulPI.I1 a'.'lme. olhefwise 1&rnA 

A. C. SWITCHING CHARACTERISTICS (Operating) 

HPL-n215-5 
HPl·n21I-S 
HPL-77209 - 5 

5V~5'" 
O'Cto +7S'C 

SYMBOL 

JEDEC OLD 
STANDARD SYMBOL PARAMETER MIN MAX 

Propagation Delay-Input or 
I{O to ActlYe HIgh Output 

TDVOlI Tpo PropagatIon Delay - Input or 
110 10 Active low Output 

TDVOH2 TpzI Enable Access Time 
to ActIve HIgh Output f 1) TDVOZI 

TOVOL2 Tpzx Enable Access Tune 
10 Active low Output (1) TOVaZ2 35 

TOVaZI Tpxz Dlsabk! Access Time 
from Active Htgh Oulpul 

TOVOZ2 Tplz Oisat)6eAccessTlme 
'rom Active low Output 

f 11 Enable Access Tme IS guaranleecJ grealet !han Otwbl. ACCHS Twne 10 aVOId deY.ce conlenhon 
NOTE AM ... unuM lesl "equency IS 5MHI with. so· ... duly cycll. 

HPL-n2l5-2i-1 
HPL-7721I-2i-1 
HPL-n2Ol-2i-1 

5V~10'I<0 
-S5"Cto +12S"C 

MIN MAX UNITS 

TDvaZI 45 

TOVaZ2 

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-n21S/216/209 arefield 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-7721S/216/209 are available in 20 pin slimline DIP 
packages with pinouts identical to the 16L8. 

The HPL-7721S/216/209 contain unique test circuitry de
veloped by HARRIS which is enabled at the time of manufac
ture to allow complete AC and DC testing. 
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m HARRIS 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION 

Features 

• LOW STANDBY POWER 

• LOW OPERATING POWER 

• FAST ACCESS TIME 

• DATA RETENTION VOLTAGE 

• TTL COMPATIBLE IN/OUT 

• HIGH OUTPUT DRIVE - 2 TTL LOADS 

• HIGH NOISE IMMUNITY 

• ON CHIP ADDRESS REGISTER 

• MILITARY TEMPERATURE RANGE 

• INDUSTRIAL TEMPERATURE RANGE 

• THREE-STATE OUTPUTS 

• 16 PIN PACKAGE FOR HIGH DENSITY 

Description 

50pWMAX 
20mW/MHz MAX 

1BOnsec MAX 
2.0 VOLTS MIN 

The HM-6508 is a 1024 by 1 static CMOS RAM fabricated using 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 address 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 HM-6508 is afullv static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

Functional Diagram 

AS 
A6 
A7 
AS 
A9 

D o-----------~ 

G 

G 

L 

32x 32 
MATRIX 

GATED 
COLUMN 
DECODER 

AND DATA 1/0 

5 5 

A A 
LATCHED 
ADDRESS 
REGISTER 

AO A1 A2 A3 A4 

HM-6508 
1024 x 1 CMOS RAM 

. Pinout 

TOP VIEW 

A - Address Input 
E - Chip Enable 
W - Write Enable 

D - Data Input 
Q - Data Output 

logic Symbol 

E +VccW 

Q 

AO 
Al 
A2 
A3 
A4 
AS 
AS 
A7 
AS 
A9 

-= GND 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGH--OUTPUT ACTIVE 

ADDRESS REGISTER AND DECODERS: 
LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

o 

a 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-650BB-2IHM-650BB-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - (vee -GND) -O.3V to +B.OV 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650 e to +1500 e 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +1250 e 
-400 e to +B50 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & VCC = 
TEMP. = 250 C G) OPERATING 

RANGE VCC = 5.0V TEST 
SYMBOL PARAMETER MIN MAX TYPICAL UNITS CONDITIONS 

ICCSS 'Standby Supply Current 10 0.1 JlA 10 = 0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 5 0.01 JlA VCC = 2.0, 10 = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 1.4 V 

" Input Leakage Current -1.0 +1.0 0.0 JlA GND ~ VI ~ VCC 

10Z Output Leakage Current -1.0 +1.0 0.0 JlA GND~VO~VCC 

VIL Input Low Voltage -0.3 0.8 2.0 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.0 V 

VOL Output Low Voltage OA 0.2 V 10 = 3.2mA 

VOH Output High Voltage 2.4 4.5 V 10 = -OAmA 

CI I nput Capacitance @ 6 4 pF VI = VCC or GND 
f = lMHz 

CO Output Capacitance @ 10 6 pF VO = VCC or GND 
f = 1 MHz 

TELQV Chip Enable Access Time 180 100 ns @ 
TAVQV Address Access Time 180 90 ns @ 
TELQX Chip Enable Output Enable Time 20 120 40 ns ® 
TWLQZ Write Enable Output Disable Time 120 40 ns ® ~ 

TEHQZ Chip Enable Output Disable Time 120 40 ns . @ 
TELEH Chip Enable Pulse Negative Width 180 100 ns @ 
TEHEL Chip Enable Pulse Positive Width 100 50 ns @ 
TAVEL Address Setup Time 0 -10 ns @ 
TELAX Address Hold Time 40 20 ns @ 
TDVWH Data Setup Time 80 40, ns @ 
TWHDX Data Hold Time 0 0 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 100 50 ns @ 
TELWH Chip Enable Write Pulse Hold Time 100 50 ns @ 
TWLWH Write Enable Pulse Width 100 50 ns @ 
TELEL Read or Write Cycle Time 280 150 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - 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 - CLOAD = 50pF. All timing 
measurements at 1.5V reference level. 

© Ie MASTER 1983 3755 
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m HARRIS 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION 

Features 
• HM-6100 COMPATIBLE 

• LOW STANDBY POWER 

• LOW OPERATING POWER 

• FAST ACCESS TIME 

• DATA RETENTION VOLTAGE 

• TTL COMPATIBLE IN/OUT 

• HIGH OUTPUT DRIVE - 2 TTL LOADS 

• HIGH NOISE IMMUNITY 

• ON CHIP ADDRESS REGISTER 

50PWMAX 

20mW/MHz MAX 

180nsec MAX 

2.0 VOLTS MIN 

• TWO CHIP SELECTS FOR EASY ARRAY EXPANSION 

• THREE STATE OUTPUTS 

• MILITARY TEMPERATURE RANGE 

• INDUSTRIAL TEMPERATURE RANGE 

Description 

The HM-6518 is a 1024 by 1 static CMOS RAM fabricated using 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 address and data outputs allowing ef
ficient interfacing with microprocessor systems. The data output buffers 
can be forced to a high impedance state for use in expanded memory 

, arrays. 

The HM-6518 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage ~nd supply 
current are guaranteed over temperature. 

Functional Diagram 

ASD------t 

A6D----t 
LATCHED' 

A7 o----t ADDRESS 
AS REGISTER 

A90----t 
L-......,~L-... 

D {)--------4 

Vi 

GATED 
ROW 

DECODER 

G 

32x32 
32 MATRnt 

A 

5 

L LATCHED 
ADDRESS 
REGISTER 

51 ~--.., 

52 o---~ AO A1 A2 A3 A4 

HM-6518 
1024 x 1 CMOS RAM 

51 

E 

AO 

Al 

A2 

A3 

A4 

a 

GND 

Pinout 
TOP VIEW 

vcc 

52 

D 

Vi 

A9 

AS 

A7 

A6 

AS 

A - ADDRESS INPUT 
E - CH IP ENABLE 

Vi -WRITE ENABLE 
D -,DATA INPUT 

S - CHIP SELECT Q -DATA OUTPUT 

logic Symbol 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

GND 

D 

a 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 

A HIGH - OUTPUT ACTIVE 

DATA LATCH: 
LHIGH-Q=D 
Q LATCHES ON RISING EDGE OF L 

ADDRESS REGISTERS AND DECODERS: 
LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6518B-2IHM-65188-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - (Vee -GND) -O.3V to +8.0V 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650 e to +150oe 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +1250 e 
-40oe to +850 e 

ELECTRICAL CHARACTERISTICS 

SYMBOL 

ICCSS 

ICCOP 

ICCDR 

VCCDR 

II 

D.C. 10Z 

VIL 

VIH 

VOL 

VOH 

CI 

CO 

TELOV 

TAVOV 

TSLOX 

TWLOX 

TSHOX 

TELEH 

TEHEL 

A.C. 
TAVEL 

TELAX 

TDVWH 

TWHDX 

TWLSH 

TWLEH 

TSLWH 

TELWH 

TWLWH 

TELEL 

NOTES ~ 

-~ 

© Ie MASTER 1983 

TEMP. & VCC = 
TEMP. = 250 C <D OPERATING 

RANGE VCC = 5.0V 
TEST 

PARAMETER MIN MAX TYPICAL UNITS CONDITIONS 

Standby Supply Current 10 0.1 J.1A 10 = 0 
VI = VCC or GND 

Operating Supply Current ® 4 1.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

Data Retention Supply Current 5 0.01 J.1A VCC =2.0,10 = 0 
VI = VCC or GND 

Data Retention Supply Voltage 2.0 1.4 V 

Input Leakage Current -1.0 +1.0 0.0 J.1A GND ~ VI ~ VCC 

Output Leakage Current -1.0 +1.0 0.0 J.1A GND ~VO~ VCC 

Input Low Voltage -0.3 0.8 2.0 V 

Input High Voltage VCC -2.0 VCC +0.3 2.0 V 

Output Low Voltage 0.4 0.2 V 10 = 3.2mA 

Output High Voltage 2.4 4.5 V 10 = -0.4mA 

Input Capacitance ® 6 4 pF VI = VCC or GND 
f = 1 MHz 

. Output Capacitance ® 10 6 pF VO= VCC or GND 
f = 1MHz 

Chip Enable Access Time 180 100 ns @ 
Address Access Time 180 90 ns @ 
Chip Select Output Enable Time 20 120 40 ns @ 
Write Enable Output Disable Time 120 40 ns @ 
Chip Select Output Disable Time 120 40 ns @ 
Chip Enable Pulse Negative Width 180 100 ns @ 
Chip Enable Pulse Positive Width 100 50 ns @ 
Address Setup Time 0 -10 ns @ 
Address Hold Time 40 20 ns @ 
Data Setup Time 80 30 ns @ 
Data Hold Time 0 0 ns @ 
Chip Select Write Pulse Setup Time 100 50 ns @ 
Chip Enable Write Pulse Setup Time 100 50 ns @ 
Chip Select Write Pulse Hold Time 100 50 ns @ 
Chip Enable Write Pulse Hold Time 100 50 ns @ 
Write Enable Pulse Width 100 50 ns @ 
Read or Write Cycle Time 280 150 ns @ 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 

AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - CLOAD = 50pF. All timing 
measurements at 1 .5V reference level. 
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m HARRIS 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION 

Features 

• LOW STANDBY POWER 50J.LWMAX 

• LOW OPERATING POWER 20mW/MHz MAX 

• FAST ACCESS TIME 220nsec MAX 

• DATA RETENTION VOLTAGE 2.0 VOL.TS MIN 

• TTL COMPATIBLE IN/OUT 

• HIGH OUTPUT DRVIE -1 TTL LOAD 

• INTERNAL LATCHED CHIP SELECT 

• HIGH NOISE IMMUNITY 

• ON CHIP ADDRESS REGISTERS 

• LATCHED OUTPUTS 

• THREE STATE OUTPUTS 

• MILITARY AND INDUSTRIAL TEMPERATURE RANGES 

Description 

The HM-6551 is a 256 by 4 static CMOS RAM fabricated using 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 and data outputs 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 HM-6551 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

Functional Diagram 

AO A 
A1 LATCHED 

A5 ADDRESS 

AS REGISTER A 

A7 

DO 

01 

D2 

D3 

GATED 

ROW 

DECODER 32 

G 

G 

32x32 

MATRIX 

GATED 

COLUMN 

DECODER 

AND DATA 

INPUT/OUTPUT 

A2 A3 A4 

HM-6551 
256 x 4 CMOS. RAM 

Pinout 

TOP VIEW 

vee 
A4 

iN 

51 
E 
52 
03 

03 

02 

aD 02 

01-... ___ ,-01 

A - Address Input 
E - Chip Enable 
S - Ch ip Select 

IN - Write Enable 
D - Data Input 
Q - Data Output 

logic Symbol 

E vee iN 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGH _OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH_a-D 
a LATCHES ON FALLING EDGE OF L 

DO 

00 
01 
01 
02 
02 
03 
03 

Dr-----~a------~ QO 

DATA 
0 OUTPUT 

0 
01 

LATCHES 

0 
D 

02 

a3 

SELECT LATCH: 
L Low-a-D 
a LATCHES ON RISING EDGE OF L 

ADDR ESS LATCHES AND GATED DECODE RS : 

LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6551B-2IHM-6551B-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -(Vee -GND) -O.3V to +8.0V 

Applied Input or Output Voltage (GND -O.3V) 
to (GND +O.3V) 

Storage Temperature -650 e to +150oe 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to + 1250 e 
-40oe to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

SYMBOL 

ICCSB 

ICCOP 

ICCDR 

VCCDR 

II 

10Z 

VIL 

VIH 

VOL 

VOH 

CI 

CO 

TELOV 

TAVOV 

TS1LOX 

TWLOZ 

TS1HOZ 

TELEH 

TEHEL 

TAVEL 

TS2LEL 

TELAX 

TELS2X 

TDVWH 

TWHDX 

TWLS1H 

TWLEH 

TS1LWH 

TELWH 

TWLWH 

TELEL 

NOTES: <D 
® 
@ 
@) 

© Ie MASTER 1983 

TEMP. & VCC = 
TEMP. = 250 C <D OPERATING 

RANGE VCC = 5.0V TEST 
PARAMETER MIN MAX TYPICAL UNITS CONDITIONS 

Standby Supply Current 10 0.1 J.l.A 10 = 0 
VI = VCC or GND 

Operating Supply Current @ 4 1.5 mA f = 1 MHz. 10 = 0 
VI = VCC or GND 

Data Retention Supply Current 10 0.01 J.l.A VCC = 2.0, 10 = 0 
VI = VCC or GND 

Data Retention Supply Voltage 2.0 1.4 V 

Input Leakage Current -1.0 +1.0 0.0 J.l.A GND~ VI ~VCC 

Output Leakage Current -1.0 +1.0 0.0 J.l.A GND~ VO~VCC 

Input Low Voltage -0.3 0.8 2.0 V 

Input High Voltage VCC -2.0 VCC +0.3 2.0 V 

Output Low Voltage 0.4 0.2 V 10 = 1.6mA 

Output High Voltage 2.4 4.5 V 10 = -O.4mA 

Input Capacitance@ 6 4 pF VI = VCC or GND 
f = lMHz 

Output Capacitance @ 10 6 pF VO= VCC or GND 
f = lMHz 

Chip Enable Access Time 220 120 ns @ 
Address Access Time 220 110 ns @ 
Chip Select 1 Output Enable Time 20 130 50 ns @ 
Write Enable Output Disable Time 130 50 ns @ 
Chip Select 1 Output Disable Time 130 50 r1s @ 
Chip Enable Pulse Negative Width 220 120 ns @ 
Chip Enable Pulse Positive Width 100 50 ns @ 
Address Setup Time 0 -10 ns @ 
Chip Select 2 Setup Time 0 -10 ns @ 
Address Hold Time 40 20 ns @ 
Chip Select 2 Hold Time 40 20 ns @ 
Data Setup Time 100 50 ns @ 
Data Hold Time 0 0 ns @ 
Chip Select 1 Write Pulse Setup Time 120 60 ns @ 
Chip Enable Write Pulse Setup Time 120 60 ns @ 
Chip Select 1 Write Pulse Hold Time 120 60 ns @ 
Chip Enable Write Pulse Hold Time 120 60 ns @ 
Write Enable Pulse Width 120 60 ns @) 
Read or Write Cycle Time 320 170 ns @ 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

Capacitance sampled and guaranteed - not 100% tested. 

AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - CLOAD = 50pF. All timing 
measurements at 1.5V reference level. 
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m HARRIS 
SEMICONDUCTOR DIGITAL PRODUCTS DIVISION 

Features 
• HM-6100 COMPATIBLE 

• lOW STANDBY POWER 

• lOW OPERATING POWER 

• FAST ACCESS TIME 

• DATA RETENTION VOLTAGE 

• TTL COMPATIBLE IN/OUT 

• HIGH OUTPUT DRIVE - 1 TTL lOAD 

• ON CHIP ADDRESS REGISTERS 

• COMMON DATA IN/OUT 

• THREE STATE OUTPUTS 

• EASY MICROPROCESSOR INTERFACING 

• MILITARY TEMPERATURE RANGE .. INDUSTRIAL TEMPERATURE RANGE 

Description 

50fJ.WMAX 
20 mW/MHz MAX 

220nsecMAX 
2.0 VOLTS MIN 

The HM-6561 is a 256 by 4 static CMOS RAM fabricated using 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 address and data outputs allowing ef
ficient interfacing with microprocessor systems. The data output buffers 
can be forced to a high impedance state for use in expanded memory 
arrays. The data inputs and outputs are multiplexed internally for com
mon I/O bus compatibility. 

The HM-6561 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

,Functional Diagram 
AO 

A1 LATCHED 

AS 

AS 

A7 

DOO 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

rHREE STATE BUFFERS: DOl 

A HIGH ~OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH~Q'D 

a LATCHES ON FALLING EDGE OF L .DQ2 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

003 

51 r..---r.-..... 

GATED 

~~----------------~ 
i2v-""""' __ --' 

HM-6561 
256 x 4 CMOS RAM 

Pinout 
TOP VIEW 

A - Address Input 
E - Chip E;nable 
S - Ch ip Select 

w- Write Enable 
DQ - Data In/Out 

32 

logic Symbol 

E Vi vee 51 52 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 

32 X 32 
MATRIX 

GATED 
COLUMN 

DECODER 
AND 

DATA IN/OUT 

-= GNo 

000 

DOl 
002 
D03 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6561B-2IHM-6561B-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - (vee - GND) -O.3V to +8.0V 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650 e to +150oe 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +1250 e 
-40oe to +850 e 

ELECTRICAL CHARACTERISTICS 

SYMBOL 

leCSB 

ICCOP 

leCDR 

VCCDR 
D.C. 

" IIOZ 

VIL 

VIH 

VOL 

VOH 

CI 

CIO 

TELOV 

TAVOV 

TSLOX 

TWLOZ 

TSHOZ 

TELEH 

TEHEL 

TAVEL 

TELAX 

TDVWH 
A.C. TWHDX 

TWLDV 

TWLSH 

TWLEH 

TSLWH 

TELWH 

TWLWH 

TWLSL 

TSHWH 

TELEL 

NOTES, ~ 

@) 

© Ie MASTER 1983 

TEMP. & vec = 
TEMP. = 250 C <D OPERATING 

RANGE vee = 5.0V 
TEST 

PARAMETER MIN MAX TYPICAL UNITS CONDITIONS 

Standby Supply Current 10 0.1 jJ.A 10 = 0 
VI = vce or GND 

Operating Supply Current @ 4 1.5 mA f = 1MHz, 10 = 0 
VI = vce or GND 

Data Retention Supply Current 10 0.01 jJ.A VCC = 2.0, 10 = 0 
VI = VCC or GND 

Data Retention Supply Voltage 2.0 1.4 V 

Input Leakage Current -1.0 +1.0 0.0 jJ.A GND ~ VI ~ VCC 

Input/Output Leakage Current -1.0 +1.0 0.0 jJ.A GND ~VIO~ VCC 

Input Low Voltage -0.3 0.8 2.0 V 

Input High Voltage VCC -2.0 VCC +0.3 2.0 V 

Output Low Voltage 0.4 0.2 V 10 = 1.6mA 

Output High Voltage 2.4 4.5 V 10 = -O.4mA 

Input Capacitance @ 6 4 pF VI = vce or GND 
f = 1 MHz 

Input/Output Capacitance@ 10 6 pF VIO = VCC or GND 
f = 1 MHz 

Chip Enable Access Time 220 120 ns @ 
Address Access Time 220 110 ns @ 
Chip Select Output Enable Time 20 120 50 ns @ 
Write Enable Output Disable Time 120 50 ns @ 
Chip Select Output Disable Time 120 50 ns @ 
Chip Enable Pulse Negative Width 220 120 ns @ 
ehip Enable Pulse Positive Width 100 50 ns @) 
Address Setup Time 0 -10 ns @ 
Address Hold Time 40 20 ns @ 
Data Setup Time 100 50 ns @) 
Data Hold Time 0 0 ns @ 
Write Data Delay Time 120 50 ns @ 
Chip Select Write Pulse Setup Time 120 60 ns @ 
Chip Enable Write Pulse Setup Time 120 60 ns @) 
Chip Select Write Pulse Hold Time 120 60 ns @) 
Chip Enable Write Pulse Hold Time 120 60 ns @ 
Write Enable Pulse Width 120 60 ns @ 
Early Output High Z Time 0 -10 ns @ 
Late Output High Z Time 0 -10 ns @ 
Read or Write Cycle Time 320 170 ns @) 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 

AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - CLOAD = 50pF. All timing 
measurements at 1.5V reference level. 
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m HARRIS HM-6504 
4096 x1 CMOS RAM 

Features 
• LOW POWER STANDBY 

• LOW POWER OPERATION 

• EXTREMELY LOW SPEED POWER PRODUCT 

• DATA RETENTION 

• TTL COMPATIBLE INPUT/OUTPUT 

• THREE-STATE OUTPUT 

• STANDARD JEDC PINOUT 

• FAST ACCESS TIME 

1?5/1W MAX. 

35mW/MHz MAX. 

@ 2.0V MIN. 

• MILITARY TEMPERATURE RANGE 

INDUSTRIAL TEMPERATURE RANGE 

120/200nsec MAX. 

• 
.. 18 PIN PACKAGE FOR HIGH DENSITY 

• ON CHIP ADDRESS REGISTER 

• GATE INPUTS-NO PULL UP OR PULL DOWN RESISTORS 
REQUIRED 

Description 

The HM-6504 is a 4096 x 1 static CMOS RAM fabricated using 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 with microprocessor systems. The data 
output can be forced to a high impedance for use in expanded memory 
arrays. 

The HM-6504 is a fully static RAM and may be maintained in any state 
for an indefinite period of time_ 

Data retention supply voltage and supply current are guaranteed over 
temperature. 

Functional Diagram 

LSB ~~ 0----1 A 

A6 LATCHED 

AO ADDRESS 

Al REGISTER ~A~"'7'-_-I 
A20----I 

D 

64 

64x84 
MATRIX 

LSB P,;flA5 A4 A3 A9A10 

Pinout 

TOP VIEW 

AO vee 
A1 A6 

A2 A7 

A3 AS 

A4 A9 

A5 A10 

Q A11 

iN 0 

GND E 

logic Symbol 

VCC W 

AO 
Al 
A2 
AJ 
A4 
A5 
A6 
A7 
A8 
A9 

AlO 
All 

A - Address Input 
E - Chip Enable 
Vi . Write Enable 
0- Data Input 
Q - Data Output 

>----00 

GND 

ALL LINES ACTIVE HIGH - POSITIVE LOGIC 

THREE STATE BUFFERS: 
A HIGH-OUTPUT ACTIVE 

CONTROL AND DATA LATCHES: 
LLOW-O- D 
o LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES: 
LATCH ON RISING EDGE OF L 

GATED DECODERS.: 
GATE ON RISING EDGE OF G 

D 

Q 

These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 

Copyright © Harris Corporation 1982 
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Specifications HM-6504S-2 

ABSOLUTE MAXIMUM RATINGS * OPERATING RANGE 

Supply Voltage - (Vee -GND) -O.3V to +8.0V 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650e to +1500e 

Operating Supply Voltage 
Military (-2) 

Operating Temperature 
Military (-2) 

4.5V to 5.5V 

-550 e to +1250 e 

• CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specific[Jtion is not implied. 

ELECTRICAL CHARACTERISTICS PRELIMINARY 

D.C. 

A.C. 

NOTES, ~ 

® 

TEMP. & vcc = TEMP = 250 CG) 
OPERATING vee - 5.0V 

RANGE 

MAX@) 
TEST 

SYMBOL PARAMETER MIN MAX TYP UNITS CONDITIONS 

ICCSS Standby Supply Current 25 3.0 ~A 
10 = 0 
E = vee -O.3V 

ICCOP Operating Supply Current@ 7 5 mA E = lMHz, 10 
VI = GND 

0 

ICCDR Data Retention Supply Current 15 2.0 pA vee = 2 OV .10 . 0 
~ = vee 

VCCDR Data Retention Supply Voltage 2.0 14 V 

II Input Leakage Current -1.0 +1.0 0.0 ~A GND~VI~VCC 
10Z Output Leakage Current -1.0 +1.0 0.0 pA GND~VO~VCC 

VIL Input Low Voltage -0.3 O.B I.B V 

VIH Input High Voltage VCC VCC 2.2 V -2.0 +0.3 
VOL Output Low Voltage 0.4 0.25 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4.0 V 10 = -1.0mA 

CI Input Capacitance® B.O 5.0 pF f = lMHz 
VI = VCC or GND 

CO Output Capacitance@ 10.0 6.0 pF f = lMHz 
VO = VCC or GND 

TELOV Chip Enable Access Time 120 ns CD 
TAVOV Address Access Time 120 ns CD 
TELOX Chip Enable Output Enable 10 ns CD Time 

TEHOZ Chip Enable Output Disable 50 ns CD Time 

TELEH Chip Enable Pulse Negative 120 ns CD Width 

TEHEL Chip Enable Pulse Positive 50 ns ® Width 

TAVEL Address Setup Time 0 ns ® 
TELAX Address Hold Time 40 ns CD 
TWLWH Write Enable Pulse Width 20 ns CD 
TWLEH Write Enable Pulse Setup Time 70 ns CD 
TWLEL Early Write Pulse Setup Time 0 ns CD 
TWHEL Write Enable Read Mode 0 ns CD Setup Time 

TELWH Early Write Pulse Hold Time 40 ns CD 
TDVWL Data Setup Time 0 ns CD 
TDVEL Early Write Data Setup Time 0 ns ® 
TWLDX Data Hold Time 25 ns CD 
TELDX Early Write Dlltil Hold Time 25 ns CD 
TOVWL Data Valid to Write Time 0 ns 0 
TELEL Read or Write Cycle Time 170 ns CD 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed unless specified. 
Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: TypicaliCCOP = 5mA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 

AC Test Conditions: Inputs - TRISE = TFALL = 5 nsec; Outputs - CLOAD = 50pF. All timing 
measurements at 1.5V reference level. 

This value is guaranteed and tested at 250 C. 

© Ie MASTER 1983 3763 
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m Specifications HM-6504B-2 

ABSOLUTE MAXIMUM RATINGS * OPERATING RANGE 

Supply Voltage - (vee -GND) -O.3V to +8.0V 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650 C to +1500 C 

Operating Supply Voltage 
Military (-2) 

Operating Temperature 
Military (-2) 

4.5V to 5.5V 

-550 e to +1250 e 

* CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the de.vice. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in . the operational sections of this specificqtion is not implied. 

ELECTRICAL CHARACTE RISTICS 

TEMP. lie vee" TEMP s 250CG) 
OPERATING vee., 5.0V 

RANGE 

MAX@ 
TEST 

SYMBOL PARAMETER MIN MAX TYP UNITS CONDITIONS 

ICCSS Standby Supply Current 50 5.0 IJ.A 
10= 0 
~ = vee -O.3V 

ICCOP Operating Supply Current® 7 5 rnA E = lMHz, 10: 0 
VI = GND 

ICCDR Data Retention Supply Current 25 3.0 IJ.A vee = 2.0V.10 0 

E= vee 
D.C. VCCDR Data Retention Supply Voltage 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 0.0 IJ.A GND~VI~VCC 

10Z Output Leakage Current -1.0 +1.0 0.0 IJ.A GND~VO~VCC 

VIL Input Low Voltage -0.3 0.8 1.8 V 

VIH Input High Voltage VCC VCC 2.2 V 
-2.0 +0.3 

VOL Output Low Voltage 0.4 0.25 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4.0 V 10 = -LOrnA 

. CI Input Capacitance® 8.0 5.0 pF f = lMHz 
VI = vec or GND 

CO Output CapacitanceG) 10.0 6.0 pF f = lMHz 
VO= VCC or GND 

TELOV Chip Enable Access Time 200 ns CD 
TAVOV Address Access Time 220 ns CD 
TELOX Chip Enable Output Enable 20 ns CD 

Time 

TEHOZ Chip Enable Output Disable 
Time 

80 ns CD 
TELEH Chip Enable Pulse Negative 200 ns CD 

Width 

TEHEL Chip Enable Pulse Positive 90 ns CD 
Width 

TAVEL Address Setup Time 20 ns CD 
E A.C. 

TELAX Address Hold Time 50 ns CD 
TWLWH Write Enable Pulse Width 60 ns CD Q) 

en 
UJ .;:: 
10-
ctS 
:c 

3764 

NOTES: G) 

ffi 
® 
® 

TWLEH Write Enable Pulse Setup Time 150 ns CD 
TWLEL Early Write Pulse Setup Time 0 ns CD 
TWHEL Write Enable Read Mode 0 ns CD 

Setup Time 

TELWH Early Write Pulse Hold Time 60 ns CD 
TDVWL Data Setup Time 0 ns CD 
TDVEL Early Write Data Setup Time 0 ns CD 
TWLDX Data Hold Time 60 ns CD 
TELDX Early Write Data Hold Time 60 ns CD 
TOVWL Data Valid to Write Time 0 ns 8) 
TELEL Read or Write Cycle Time 290 ns CD 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed unless specified. 
Operating Supply Current (ICCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 5mA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 

AC Test Conditions: Inputs - TR ISE = T·FALL= 10ns; Outputs - CLOAD = 50pF . All timing 
measurements at 1 .5V reference level. 

This value is guaranteed and· tested at 250 C. 

© Ie MASTER 1983 



Specifications HM-6504 S-9 

ABSOLUTE MAXIMUM RATINGS· OPERATING RANGE 

Supply Voltage - (Vee -GND) ~O.3V to +8.0V Operating Supply Voltage 

Industrial (-9) Input or Output Voltage Applied (GND -O.3V) 4.5V to 5.5V 
to (Vee -:K>.3V) 

Storage Temperature -650 e to +1500 e Operating Temperature 

Industrial (-9) -40oe to +850 e 

* CAUTION: Stresses above those /is'ted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a .stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS PRELIMINARY 

D.C. 

A.C. 

NOTES ~ 

® 

© Ie MASTER 1983 

TEMP. & vee .. TEMP = 250 cG) 
OPERATING vee .. 5.0V 

RANGE 

MAX@ 
TEST 

SYMBOL PARAMETER MIN MAX TYP UNITS CONDITIONS 

ICCSB Standby Supply Current 25 3.0 ~A 
10=0 
E = vee -0.3V 

ICCOP Operating Supply Current® 7 5 rnA E = 1 MHz, 10 = 0 
VI = GNO 

ICCOR Data Retention Supply Current 15 2.0 ~A vee = 2.0V.10 '0 

E= vee 
VCCOR Data Retention Supply Voltage 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 0.0 IJA GND~VI~VCC 

10Z Output Leakage Current -1.0 +1.0 0.0 p.A GND~VO~VCC 

VIL Input Low Voltage -0.3 0.8 1.8 V 

VIH Input High Voltage VCC VCC 2.2 V 
-2.0 +0.3 

VOL Output Low Voltage 0.4 0.25 V 10 = 2.0rnA 

VOH Output High Voltage 2.4 4.0 V 10 = -1.0mA 

CI Input Capacitance® 8.0 5.0 pF f = 1MHz 
VI = VCC or GND 

CO Output CapacitanceG) 10.0 6.0 pF f = 1MHz 
VO = VCC or GND 

TELOV Chip Enable Access Time 120 ns 0 
TAVOV Addiess Access Time 120 ns 0 
TELOX Chip Enable Output Enable 10 ns 0 

Time 

TEHOZ Chip Enable Output Disable 
Time 

50 ns 0 
TELEH Chip Enable Pulse Negative 120 ns 0 

Width 

TEHEL Chip Enable Pulse Positive 50 ns 0 
Width 

TAVEL Address Setup Time 0 ns ® 
TELAX Address Hold Time 40 ns 0 
TWLWH Write Enable Pulse Width 20 ns CD 
TWLEH Write Enable Pulse Setup Time 70 ns CD 
TWLEL Early Write Pulse Setup Time 0 ns 0 
TWHEL Write Enable Read Mode 0 ns 0 

Setup Time 

TELWH Early Write Pulse Hold Time 40 ns 0 
TDVWL Data Setup Time 0 ns 0 
TDVEL Early Write Data Setup Time 0 ns ® 
TWLDX Data Hold Time 25 ns CD 
TELDX Early Write Dillil Hold Time 25 ns CD 
TOVWL Data Valid to Write Time 0 ns 0 
TELEL Read or Write Cycle Time 170 ns CD 

All devices tested at worst case limits. Room temp., S volt data provided for information - not guaranteed unless specified. 
Operating Supply Current (lCCOP) is proportional to Operating Frequency. !txample: Typical ICCOP = SmA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 

AC Test Conditions: Inputs - TRISE = TFALL = 5 nsec; Outputs - CLOAD = SOpF. All timing 
measurements at 1.SV reference level. 

This value is guaranteed and tested at 250 C. 
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Specifications HM-65048-9 

ABSOLUTE MAXIMUM RATINGS * 

Supply Voltage - (Vee -GND) 

Input or Output Voltage Applied 

Storage Temperature 

-O.3V to +8.0V 

(GND -O.3V) 
to (Vee +O.3V) 

-650 e to +1500 e 

OPERATING RANGE 

Operating Supply Voltage 
Industrial (-9) 

Operating Temperature 

4.5V to 5.5V 

. Industrial (-9) -4ooe to +850 e 

• CAUTION: Stresses above· those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

TEMP. 8r vee = TEMP = 250e G) 
OPERATING vee'" 5.0V 

RANGE 

MAX@ 
TEST 

SYMBOL PARAMETER MIN MAX TYP UNITS CONDITIONS 

ICCSB Standby Supply Current 25 3.0 p.A 10=0 
E= VCe-0.3V 

ICCOP Operating Supply Current ® 7 5 rnA E = lMHz, 10 ~ 0 
VI = GND 

ICCDR Data Retention Supply Current 15 2.0 p.A vee = 2.0V-IO 0 
E= vee 

VCCDR Data Retention Supply Voltage 2.0 1.4 V 

D.C. II Input Leakage Curren! -1.0 +1.0 0.0 p.A GND~VI ~VCC 
10Z Output Leakage Current ·1.0 +1.0 0.0 p.A GND~VO~VCC 

VIL Input Low Voltage -0.3 0.8 1.8 V 

VIH Input High Voltage VCC vec 2.2 V 
-2.0 +0.3 

VOL Output Low Voltage 0.4 0.25 V 10 = 1.6mA 

VOH Output High Voltage 2.4 4.0 V 10 = -0.4mA 

CI Input Capacitance® 8.0 5.0 pF f = 1MHz 
VI = VCC or GND 

CO Output Capacitance® 10.0 6.0 pF f = 1MHz 
VO = VCC or GND 

TELOV Chip Enable Access Time 200 ns CD 
TAVOV Address Access Time 220 ns CD 
TELOX Chip Enable Output EnalJle 20 ns CD Time 

TEHOZ Chip Enable Output Disable 80 ns CD Time 

TELEH Chip Enable Pulse Negative 200 ns CD Width 

TEHEL Chip Enable Pulse Positive 90 ns CD Width 

TAVEL Address Setup Time 20 ns CD 
TELAX Address Hold Time 50 ns 

~ A.C. 
CD 

TWLWH Write Enable Pulse Width 60 ns CD 
TWLEH Write Enable Pulse Setup Time 150 CD UJ .i: 

r.. 
as 
J: 

3766 

ns 

TWLEL Early Write Pulse Setup Time 0 ns CD 
TWHEL Write Enable Read 0 ns CD Setup Time 

TELWH Early Write Pulse Hold Time 60 ns CD 
TDVWL Data Setup Time 0 ns CD 
TDVEL Early Write Data Setup Time 0 ns CD 
TWLDX Data Hold Time 60 ns CD 
TELDX Early Write Data Hold Time 60 ns CD 
TOVWL Data Valid to Write Time 0 ns CD 
TELEL Read or Write Cycle Time 290 ns CD 

NOTES: i31 All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed unless specified. 
Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = SmA/MHz. 

·Capacitance sampled and guaranteed - not 100% tested. 

@ AC Test Conditions: Inputs - TRISE = TFALL = 10nsec; Outputs - CLOAD = SOpF. All timing 
measurements at 1.SV reference level. 

® This value is guaranteed and tested at 2SoC. 

@ Ie MASTER 1983 
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Features 

• LOW POWER STANDBY 

• LOW POWER OPERATION 

• DATA RETENTION 

• TTL COMPATIBLE INPUT/OUTPUT 

• COMMON DATA IN/OUT 

• THREE-STATE OUTPUTS 

• STANDARD JEDEC PINOUT 

• FAST ACCESS TIME 

• MILITARY TEMPERATURE RANGE 

• INDUSTRIAL TEMPERATURE RANGE 

• 18 PIN PACKAG~ FOR HIGH DENSITY 

• ON-CHIP ADDRESS REGISTER 

125J.lW MAX. 

35mW/MHz MAX. 

@ 2.0V MIN. 

120 /200nsec MAX. 

• GATED INPUTS-NO PULL UP OR PULL DOWN RESISTORS REOUI RED 

Description 

The HM-6514 is a 1024 x 4 static CMOS RAM fabricated using 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 inter
facing with microprocessor systems. The data output can be forced to 
a high impedance state for use in expanded memory systems. 

The HM-6514 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

Functional Diagram 
LSB A9 

AS 

A7 

A6 

AS 

A4 

DOOo-----+---~< 

DOl o----<~__+_,< 

D02o-----+---~< 

003 o----<~__+_,< 

GATED 
ROW 

DECODER 
64 

HM-6514 
1024 x 4 CMOS RAM 

64.64 
MATRIX 

GATED COLUMN 

DECODER 
AND 

DATA 

INPUT/OUTPUT 

LSB 

Pinout 
TOPVIEW 

A6 vee 

A5 A7 

A4 AS 

A3 A9 

AD DOD 

Al DOl 

A2 002 

E 003 

IN 

logic Symbol 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

A ... Address Input 
~ - Chip Enable 
W Write Enable 

DO - Data In/Out 

VCC W 

GNo 

ALL LINES ACTIVE HIGH -

POSITIVE LOGIC 

THREE STATE SUFFERS: 

000 

DOl 

002 

003 

A HIGH- OUTPUT ACTIVE 

ADDRESS REGISTERS: 
LATCH ON RISING EDGE OF L 

. GATED DECODERS: 
GATE ON RISING EDGE OF G 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1982. 
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m Specifications HM-6514S-2 

ABSOLUTE MAXIMUM RATINGS * OPERATING RANGE 

Supply Voltage - (vee - GND) -O.3V to +8.0V 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650 e to +150oe 

Operating Supply Voltage 
Military (-2) 

Operating Temperature 
Military (-2) 

4.5V to 5.5V 

-550 e to +1250 e 

* CAUTION: Stresses above those listed under "Absolute Maximum Ratings" mllY cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS PRELIMINARY 

TEMP. & vee = TEMP • 25oeG) 
OPERATING vee- S.OV 

RANGE 

MAX@ 
TEST 

SYMBOL PARAMETER MIN MAX TYP UNITS eONDITI<?NS 

Icess Standby Supply Current 50 5.0 p.A 10=0 
E= VCC-0.3V 

Iceop Operating Supply Current ® 7 5 rnA E = lMHz, 10 = 0 
VI = GND 

ICCDR Data Retention Supply Current 25 3.0 p.A VCC = 2.0V.IO: 0 
. ~ '" VCC 

VCeDR Data Retention Supply Voltage 2.0 1.4 V 

D.C. II Input Leakage Current -1.0 +1.0 0.0 I1A GND ~ VI ~ VCC 

IIOZ Input/Output Leakage Current -1.0 +1.0 0.0 I1A GND~VIO~VCC 

VIL Input Low Voltage -0.3 0.8 1.8 V 

VIH Input High Voltage VCC VCC 2.2 V 
-2.0 +0.3 

VOL Output Low Voltage 0.4 0.25 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4.0 V 10 = -1.0mA 

CI Input Capacitance@) 8.0 5.0 pF VI = VCC or GND 
f = 1MHz 

CIO Input/Output Capacitance@) 10.0 6.0 pF VIO = VCC or GND 
f = 1MHz 

TELaV Chip Enable Access Time 120 ns 0 
TAvav Address Access Time 120 ns 0 
TELax Chip Enable Output Enable 10 ns 0 

Time 

TWLaZ Write Enable Output Disable 50 ns 0 
Time 

TEHaZ Chip Enable Output Disable 50 ns 0 
Time 

TELEH Chip Enable Pulse Negative 120 ns 0 
Width 

TEHE~ Chip Enable Pulse Positive 50 ns 0 
o A.C. 

Width 

TAVEL Address Setup Time 0 ns 0 E 
Q) 

en 
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TELAX Address Hold Time 40 ns 0 
TWLWH Write Enable Pulse Width 120 ns 0 
TWLEH Write Enable Pulse Setup Time 120 ns 0 
TELWH Write Enable Pulse Hold Time 120 ns 0 
TDVWH Data Setup Time 50 ns 0 
TWHDZ Data Hold Time 0 ns ffi TWLDV Write Data Delay Time 70 ns 

TWLEL Early Output High-Z Time 0 ns 0 
TEHWH Late Output High-Z Time 0 ns 0 
TELEL Read or Write Cycle Time 170 ns 0 

NOTES'~ All devices tested at worst case limits. Room Temp., SV data provided for information - not guaranteed unless specified. 

Operating Supply Current (ICCOP) is proportional to Operating Frequency. Ex: Typical ICCOP = SmA/MHz. 

Capacitance sampled and guaranteed - not 100% tested. 

AC test conditions: Inputs - TRISE = TFALL = 5ns; Output - CLOAD = SOpF. All timing measured at 

1.5 V reference level. 

® This typical value is guaranteed and tested at 2SoC. 
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Specifications HM-6514S-9 

ABSOLUTE MAXIMUM RATINGS* OPERATING RANGE 

Supply Voltage - (vee - GND) -O.3V to +8.0V 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650 e to +1500 e 

Operating Supply Voltage 
Industrial (-9) 

Operating Temperature 
Industrial (-9) 

4.5V to 5.5V 

-400 e to +850 e 

• CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS PRELIMINARY 

D.C. 

A.C. 

TEMP. & vee= TEMP" 250 eG) 
OPERATING vee .. 5.0V 

RANGE 

MAX@ 
TEST 

SYMBOL PARAMETER MIN MAX TYP UNITS CONDITIONS 

ICCSB Standby Supply Current 25 3.0 IJA 10 = 0 
E = VCC-0.3V 

ICCOP Operating Supply Current CD 7 5 mA E= lMHz, 10 ~ 0 
VI = GND 

ICCDR Data Retention Supply Current 15 2.0 IJA VCC = 2.0V.10 0 
E= VCC 

VCCDR Data Retention Supply Voltage 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 0.0 IlA GND ~ VI ~ VCC 

IIOZ Input/Output Leakage Current -1.0 +1.0 0.0 IJA GND~VIO~VCC 

VIL Input Low Voltage -0.3 0.8 1.8 V 

VIH Input High Voltage VCC VCC 2.2 ;l 
-2.0 +0.3 

VOL Output Low Voltage 0.4 0.25 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4.0 V 10 = -1.0mA 

CI Input Capacitance@) 8.0 5.0 pF VI = VCC or GND 
f = lMHz 

CIO Input/Output Capacitance® 10.0 6.0 pF VIO = VCC or GND 
f = lMHz 

TELOV Chip Enable Access Time 120 ns 0 
TAVOV' Address Access Time 120 ns 0 
TELOX Chip Enable Output Enable iO ns 0 

Time 

TWLOZ Write Enable Output Disable 50 ns 0 
Time 

TEHOZ Chip Enable Output Disable 50 ns 0 
Time 

TELEH Chip Enable Pulse Negative 120 ns 0 
Width 

TEHEL Chip Enable Pulse Positive 50 ns 0 
Width 

TAVEL Address Setup Time 0 ns 0 
TELAX Address Hold Time 40 ns 0 
TWLWH Write Enable Pulse Width 120 ns 0 
TWLEH Write Enable Pulse Setup Time 120 ns 0 
TELWH Write Enable Pulse Hold Time 120 ns ® 
TDVWH Data Setup Time 50 ns 0 
TWHDZ Data Hold Time 0 ns 

ffi TWLDV Write Data Delay Time 70 ns 

TWLEL Early Output High-Z Time 0 ns 0 
TEHWH Late Output High-Z Time 0 ns 0 
TELEL Read or Write Cycle Time 170 ns 0 

NOTES, ~ 

. ~ 

All del/ices tested at worst case limits. Room Temp., 5V data provided for info.rmation - not guaranteed unless specified. 
Operating Supply Current (ICCOP) is proportional to Operating Frequency. Ex: Typical ICCOP = 5mA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 
AC test conditions: Inputs - TRISE = TFALL =5r·s; Output - CLOAD = 50pF. All timing measured at 
1.5V reference lel/el. 

® This value is guaranteed and tested at 250 C. 
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II Specifications HM-6514B-2 

ABSOLUTE MAXIMUM RATINGS * OPERATING RANGE 

Supply Voltage - (Vee -GND) -O:3V to +8.0V Operating Supply Voltage 

Input or Output Voltage Applied (GND -O.3V) 
to (Vee +O.3V) 

Storage Temperature -650 C to +150oC 

Military (-2) . 

Operating Temperature 
Military (-2) 

4.5V to 5.5V 

-550 C to +1250 C 

* CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional 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 

TEMP. & vee .. TEMP = 250 eCD 
OPERATING vee- 5.0V 

RANGE 

MAX@ 
TEST 

SYMBOL PARAMETER MIN MAX TYP UNITS CONDITIONS 

ICCSS Standby Supply Current 50 5.0 J.l.A 10 = 0 
~ = VCC -0.3V 

ICCOP Operating Supply Current CD 7 5 mA E = 1 MHz, 10 ~ 0 
VI = GND 

ICCDR Data Retention Supply Current 25 3.0 J.l.A VCC = 2.0V.IO 0 
E=VCC 

D.C. VCCDR Data Retention Supply Voltage 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 0.0 p.A GND :S VI :S VCC 

1102 Input/Output Leakage Current -1.0 +1.0 0.0 p.A GND:S VIO:S VCC 

VIL Input Low Voltage -Q.3 0.8 1'.8 V 

VIH Input High Voltage VCC VCC 2.2 V 
-2.0 +0.3 

VOL Output Low Voltage 0.4 0.25 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4.0 V 10 = -1.0mA 

CI Input Capacitance® 8.0 5.0 pF VI = vce or GND 
f = 1MHz 

CIO Input/Output Capacitance® 10.0 6.0 pF VIO = VCC or GND 
f = 1MHz 

TELOV Chip Enable Access Time 200 ns 0 
TAVOV Address Access Time 220 ns @) 
TELOX Chip Enable Output Enable 20 ns 0 

Time 

TWLOZ Write Enable Output Disable 80 ns 0 
Time 

TEHOZ Chip Enable Output Disable 80 ns 0 
Time 

TELEH Chip Enable Pulse Negative 200 ns 0 
Width 

TEHEL 90 
E A.C. 

Chip Enable Pulse Positive ns 0 
Width 

0) 
U) 
en 
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TAVEL Address Setup Time 20 ns 0 
TELAX Address Hold Time 50 ns ® 
TWLWH Write Enable Pulse Width 200 ns ® 
TWLEH Write Enable Pulse Setup Time 200 ns @) 
TELWH Write Enable Pulse Hold Time 200 ns ® 
TDVWH Data Setup Time 120 ns ® 
TWHDZ Data Hold Time 0 ns ffi TWLDV Write Data Delay Time 80 ns 

TWLEL Early Output High-Z Time 0 ns ® 
TEHWH Late Output High-Z Time 0 ns ® 
TELEL Read or Write Cycle Time 290 ns ® 

All devices tested at worst case limits. Room Temp., 5V data provided for information - not guaranteed unless specified. 
Operating Supply Current (ICCOP) is proportional to Operating Frequency. Ex: TypicaliCCOP = SmA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 
AC test conditions: Inputs - TRISE = TFALL = 10ns; Output - CLOAD = 50pF. All timing measured at 
1.SV reference level. 
This value is guaranteed and tested at 2SoC. 
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Specifications HM-6514B-9 

ABSOLUTE MAXIMUM RATINGS* OPERATING RANGE 

Supply' Voltage - (vee -GND) .;.O.3V to +8.0V Operating Supply Voltage 

Industrial (-9) Input or Output Voltage Applied (GND -O.3V) 4.5V to 5.5V 
to (Vee +O.3V) 

Storage Temperature -650 e to + 1500 e' Operating Temperature. 

Industrial (-9) -400 e to +850 e 

* CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & vee = TEMP = 250 e CD 
OPERATING vee·5.0V 

RANGE . 

MAX@ 
TEST 

SYMBOL PARAMETER MIN MAX TVP UNITS CONDITIONS 

JCCSB Standby Supply Current 25 3.0 !J.A 10=0 
E'" vce -0.3V 

ICCOP Operating Supply Current 0 7 5 mA E'" 1MHz, 10 . 0 
VI'" GND 

ICCDR Data Retention Supply Current 15 2.0 IJA VCC'" 2.0VIO 0 
E=VCC 

VCCDR Data Retention Supply Voltage 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 0.0 !J.A GND ~ VI ~ VCC 

IIOZ Input/Output Leakage Current -1.0 +1.0 0.0 JJ.A GND~VIO~VCC 

VIL Input Low V9ltage -0.3 0.8 1.8 V 

VIH Input High Voltage VCC VCC 2,2 V 
-2.0 +0,3 

VOL Output Low Voltage 0.4 0.25 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4,0 V 10 = -1.0mA 

CI Input Capacitance@ 8.0 5.0 pF VI = VCC or GND 
f = 1MHz 

CIO Input/Output Capacitance@) 10.0 6,0 pF VIO = VCC or GND 
f = 1MHz 

TELOV Chip Enable Access 'Time 200 . ns 0 
TAVOV Address Access Time no ns 0 
TELOX Chip Enable Output Enable 20 ns 0 

Time 

TWLOZ Write Enable Output Disable 80 ns 0 
Time 

TEHOZ Chip Enable Output Disable 80 ns 0 
Time 

TELEH Chip Enable Pulse Negative 200 ns 0 
Width 

TEHEL Chip Enable Pulse Positive 90 ns 0 
Width 

TAVEL Address Setup Time 20 ns 0 
TELAX Address Hold Time 50 ns 0 
TWLWH Write Enable Pulse Width 200 ns 0 
TWLEH Write Enable Pulse Setup Time 200 ns 0 
TELWH Write Enable Pulse Hold Time 200 ns 0 
TDVWH Data Setup Time 120 ns 0 
TWHDZ Data Hold Time 0 ns 

ffi TWLDV Write Data Delay Time 80 ns 

TWLEL Early Output High-Z Time 0 ns 0 
TEHWH Late Output High-Z Time 0 ns 0 
TELEL Read or Write Cycle Time 290 ns 0 

All devices tested at worst case limits. Room Temp., 5V data provided for information - not guaranteed unless specified. 
Operating Supply Current (lCCOP) is proportional to Operating Frequency. Ex: Typical ICCOP = 5mA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 
AC test conditions: Inputs - TRISE TFALL = 1005; Output - CLOAD = 50pF. All timing measured at 
1.5V reference level. 

® This value is guaranteed and tested at 250 C. 
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mHARRIS HM-6516 

Advance Information 2K x 8 CMOS RAM 

Features 
• LOW POWER STANDBY 

• LOW POWER OPERATION 

• FAST ACCESS 

• INDUSTRY STANDARD PINOUT 

• SINGLE SUPPLY 

• TTL COMPATIBLE 

• STATIC MEMORY CELLS 

• HIGH OUTPUT DRIVE 

• ON CHIP ADDRESS LATCHES 

• EASY MICROPROCESSOR INTERFACING 

• WIDE TEMPERATURE RANGE 

Description 

275 J1W MAX 

55mW/MHz MAX 

120/200 ns MAX 

5 VOLT VCC 

The HM-6516 is a CMOS 2048 x 8 Static Random Access Memory. Ex
tremely low power operation is achieved by the use of complementary MOS 
design techniques. This low power is further enhanced by the use of synch
ronous circuit techniques that keep the active (operating) power low, and 
also give fast access times. The pinout of the HM-6516 is the popular 24 pin, 
8 bit wide JEDEC standard which allows easy memory board layouts, flexible 
enough to accomodate a variety of PROMs, RAMs, EPROMs, and ROMs. 

The HM-6516 is ideally suited for use in microprocessor based systems. 
The byte wide organization simplifies the memory array design,and keeps 
operating power down to a minimum because only one device is enabled at 
a time. The address latches allow very simple interfacing to recent genera
tion microprocessors which employ a multiplexed address/data bus. The con
venient output enable control also simplifies mUltiplexed bus interfacing by 
allowing .the data outputs to be controlled independent of the chip enable. 

Functional Diagram 

Al0 

A9 

AS 

A7 

A6 

A5 

M 

128.128 

MATRIX 

A3 A2 AI 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1982 
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Pinout 
TOPVIEW 

A7 vee 
AS AS 

A9 

Vi 
G 
A10 

Al r 
AO 

000 OOS 

005 
004 

GNO 003 

PIN NAMES 
A Address Input 

DO Data Input/Output 
E Chip Enable 
G Output Enable 
Vi Write Enable 

Logic Symbol 

r 
w 
G 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

A10 

+vee 

-= 

000 

THRU 

007 

000 

001 
002 
D03 
004 
005 
006 
007 

ALL LINES POSITIVE LOGIC -
ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGH - OUTPUT ACTIVE 

ADDRESS LATCHES AND GATED 
DECODERS: 

LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 
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Specifications HM-65168-2/ HM-65168-9 

ABSOLUTE MAXIMUM RATINGS* OPERATING RANGE 
Operating Supply Voltage Supply Voltage (Vee - GND) 

Input or Output Voltage Applied 
-0.3 to B.OV 

(GND -0.3V) 

to (Vee +0.3V) 

-650 e to 1500 e 

Military (-2) 
Industrial (-9) 

Operating Temperature 

4.5V to 5.5V 
4.5V to 5.5V 

Storage Temperature Militarv (-2) -550 e to +1250 e 
Industrial (-9) -40oe to +850 e 

• CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functiona.l operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

NOTES: 

~ 
@ 
@ 
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TEMP.&VCC = 

OPERATING 

RANGE <D 
TEST 

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS 

ICCSS Standby Supply Current 50 J,lA 10 =0 

ICCOP Operating Supply Current @ 10 
VI = VCC or GND 

mA f = 1MHz, 10 =0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 25 J,lA 10 = 0, VCC = 2.0, 

VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 V 

II Input Leakage Current -1.0 +1.0 J,lA GND ~ VI 5: VCC 
1I0Z Input/Output Leakage Current -1.0 +1.0 J,lA GND ~ VIO 5: VCC 
VIL Input Low Voltage -0.3 0.8 V 

VIH Input High Voltage 2.4 VCC V 

+0.3 
VOL Output Low Voltage 0.4 V 10 = 3.2mA 

VOH Output High Voltage 2.4 V 10 = -1.0mA 

CI Input Capacitance @ 8.0 pF VI = VCC or GND, 

f = 1MHz 

CIO Input/Output Capacitance @ 10.0 pF VIO = VCC or GND, 

f = 1MHz 

TELQV Chip Enable Access Time 120 ns @ 
TAVQV Address Access Time 120 ns @ 
TELQX Chip Enable Output Enable Time 10 ns @ 
TWLQZ Write Enable Output Disable Time 50 ns @ 
TEHQZ Chip Enable Output Disable Time \ 50 ns @ 
TGLQX Output Enable Output EnableTime 10 ns @ 
TGHQZ Output Enable Output Disable Time 50 ns @ 
TELEH Chip Enable Pulse Negative Width 120 ns @ 
TEHEL Chip Enable Pulse Positive Width 50 ns @ 
TAVEL Address Setup Time 0 ns , @ 
TELAX Address Hold Time 30 ns @ 
TWLWH Write Enable Pulse Width 120 ns @ 
TWLEH Write Enable Pulse Setup Time 120 ns @ 
TELWH Write Enable Pulse Hold Time 120 ns @ 
TDVWH Data Setup Time 50 ns @ 
TWHDX Data Hold Time 0 ns ® 
TWLDV Write Data Delay Time 50 ns @ 
TELEL Read or Write Cycle Time 170 ns @ 

All devices tested at worst case limits. Room temp., 5 volt data provided for information· not guaranteed. 
Operating Supply Current (I CCOP) is proportional to Operating Frequency. 
Example: Typical ICCOP = 5mA/MHz. 
Capacitance sampled and guaranteed· not 100% tested. 

AC test conditions: Inputs - TRISE .. TFALL = 5ns; Output - CLOAD = 50pF. All timing 
measured at 1.5V reference level. 
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m HARRIS HM-65161 

Advance Information 
2048 x 8 Asynchronous 

CMOS Static RAM 

Features 

• FAST ACCESS TIME 

• LOW STANDBY CURRENT 

• LOW OPERATING CURRENT 

• DATA RETENTION @2.0VOLTS 

• TTL COMPATIBLE INPUTS AND OUTPUTS 

• JEDEC APPROVED PINOUT (2716,6116 TYPE) 

• NO CLOCKS OR STROBES REQUIRED 

• WIDE TEMPERATURE RANGE 

• EQUAL CYCLE AND ACCESS TIME 

• SINGLE 5 VOLT SUPPLY 

55/70nsMAX 

100llA MAX 

60mA MAX 

4OIJ.A MAX 

-55OC to +125OC 

Al 

AO 

000 

DOl 

GNO 

A 
DQ 
E 
G 
W 

Pinout 
TOPVIEW 

AIO 

E 

006 

DOS 

004 

OQ3 

PIN NAMES 
Address Input 
Data Input/Output 
Chip Enable 
Output Enable 
Write Enable 

Description logic Symbol 

The HM-65161 is a CMOS 2048 x 8 Static Random Access Memory. 
It is manufactured using the HARRIS'advanced SAJI IV process. The device 
utilizes asynchronous circuit design for fast cycle time and ease of use. 
The pinout is the JEDEC 24 pin, 8 bit wide staniJard which allows easy 
memory board layouts flexible to accomodate a variety of industry standard 
PROM's"RAM's, ROM's and EPROM's. The HM-65161 is ideally suited 
for use in microprocessor based systems with its 8 bit word length organiza
tion. The convenient output enable also simplifies the bus interface by 
allowing the data outputs to be controlled independent of the chip enable. 

Functional Diagram Al0 

A9 

A8 

A7 

A6 

AS 

A4 

128 

128 x 128 

MATRIX 

A3 A2 Al AO 

~ 

W 
~ 

AO 
Al 

A2 

A3 

A4 
AS 

AG 
A7 
AS 

A9 
A10 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-651618-5 

ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage (VCC . GND) -0.3 to B.OV 

Input or Output Voltage Applied (GND -0.3V) 
to (VCC +O.3V) 

OPERATING RANGE 
Operating Supply yoltage 

Commercial (:""5) 

Operating Temperature 

4.5V to 5.5V 

Storage Temperature -650 C to 1500 C Commercial (-5) OOC to +750 C 

.. CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

D.C. 

READ 
CYCLE 

A.C. 

WRITE 
CYCLE 

NOTES: 

©'IC MASTER 1983 

TEMP.&VCC= 
OPERATING 

RANGEG) 

SYMBOL PARAMETER MIN MAX UNITS 

ICCSS1 Standby Supply Current 500 JiA 

ICCSS Standby Supply Current 15 rnA 

ICC Enabled Supply Current 70 rnA 

ICCOP Operating Supply Current @ 70 rnA 

ICCDR Data Retention Supply Current 200 JiA 

VCCDR Data Retention Supply Voltage 2.0 V 
II Input Leakage Current -1.0 +1.0 JiA 

1I0Z Input/Output Leakage CUrrf>nt -1.0 +1.0 IJ.A 
VIL I nput Low Voltage -0.3 0.8 V 

VIH Input High Voltage 2.4 VCC V 

+0.3V 
VOL Output Low Voltage 0.4 V 
VOH Output High Voltage 2.4 V 

CI I nput Capacitance @ 8 pF 

CIO Input/Output Capacitance ® 10 pF 

TAVAV Read Cycle Time 55 ns 
TAVOV Address Access Time 55 ns 
TELOV Chip Enable Access Time 55 ns 
TELOX Chip Enable Output Enable Time 10 ns 
TGLOV Output Enable Output Enable Time 35 ns 

TGLOX Output Enable Output Enable Time 0 ns 

TEHQZ Chip Enable Output Disable Time 25 ns 

TGHOZ Output Enable Output Disable Time 25 ns 

TAVOX Output Hold from Address Change 10 ns 

TAVAV Write Cycle Time 55 ns 

TELWH Chip Selection to End of Write 50 ns 

TAVWL Address Setup Time 0 ns 
TWLWH Write Enable Pulse Width 50 ns 

TWHAV Write Enable Read Setup Time 5 ns 

TGHOZ Output Enable Output Disable Time 25 ns 
TWLOZ Write Enable Output Disable Time 25 ns 

TDVWH Data Setup Time 25 ns 

TWHDX Data Hold Time 5 ns 

TWHOX Write Enable Output Enable Time 5 ns 

TWLEH Write Enable Pulse Setup Time 50 ns 

TDVEH Chip Enable Data Setup Time 25 ns 

All devices tested at worst case limits. 
Typical derating = 5mA/MHz increase in ICCOP; VI = VCC or GND. 

Capacitance sampled and guarante~d • not 100% tested. 

TEST 

CONDITIONS 

10 = 0, E, = VCC-0.3V 

E = VIH, 10 =0 

E=OV 

E=OV 

10 =0, VCC = 2.0 

E = VCC-0.3V 

GND~ VI< VCC 
GND~ VIO~VCC 

10 =4.0mA 
10 = -1.0mA 

VI = VCC or GND, 

f = 1MHz 

VIO = VCC or GND, 

f = 1MHz 

@ 
@ 
@) 
@) 
@) 
@) 
@) 
@ 
@) 
@ 
@ 
@) 
@ 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
@ 

AC test conditions: Inputs - TRISE = TFALL = 5ns; Output - CLOAD = 30pF. All timing 
measured at 1.5V reference level. 
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m Specifications HM-65161-5 
ABSOLUTE MAXIMUM RATINGS* OPERATING RANGE 

Supply Voltage (VCC - GND) -0.3 to 8;OV 

Input or Output Voltage Applied (GND -0.3V) 
to (VCC +0.3V) 

Storage Temperature -650C to 1500C 

Operating Supply Voltage 

Commercial (-5) 

Operating Temperature 
Commercial (-5) 

4.5V to 5.5V 

OOC to +750C 

• CAUTION: Stte$ses above those listed under IIAbsolute Maximum Rlltings" mllY clluse permanent 
damagtJ to the device. This is a stress only rating end functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

D.C. 

READ 
CYCLE 

A.C. 

WRITE 
CYCLE 

NOTES: 
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TEMP.&VCC= 
OPERATING 

RANGEG) 

SYMBOL PARAMETER MIN MAX UNITS 

ICCSB1 Standby Supply Current 100 IJA 

ICCSB Standby Supply Current 10 mA 

ICC Enabled Supply Current 60 mA 

ICCOP Operating Supply Current @ 60 mA 

ICCDR Data Retention Supply Current 40 IJ.A 

VCCDR Data Retention Supply Voltage 2.0 V 

II Input Leakage Current -1.0 +1.0 J.1A 
1I0Z Input/Output Leakage Current -1.0 +1.0 J.1A 
VIL Input Low Voltage -0.3 0.8 V 

VIH Input High Voltage 2.4 VCC V 
+0.3 

VOL Output Low Voltage 0.4 V 

VOH Output High Voltage 2.4 V 

CI Input Capacitance @ 8 pF 

CIO Input/Output Capacitance ® 10 pF 

TAVAV Read Cycle Time 70 ns 

TAVOV Address Access Time 70 ns 

TELOV Chip Enable Access Time 70 ns 

TELOX Chip Enable Output Enable Time 10 ns 

TGLOV Output Enable Output Enable Time 40 ns 

TGLOX Output Enable Output Enable Time 0 ns 

TEHQZ Chip Enable Output Disable Time 35 ns 

TGHOZ Output Enable Output Disable Time 35 ns 

TAVOX Output Hold from Address Change 10 ns 

TAVAV Write Cycle Time 70 ns 

TELWH Chip Selection to End of Write 65 ns 

TAVWL Address Setup Time 0 ns 

TWLWH Write Enable Pulse Width 65 ns 

TWHAV Write Enable Read Setup Time 5 ns 

TGHOZ Output Enable Output Disable Time 35 ns 

TWLOZ Write Enable Output Disable Time 35 ns 

TDVWH Data Setup Time 30 ns 

TWHDX Data Hold Time 5 ns 

TWHOX Write Enable Output Enable Time 5 ns 

TWLEH Write Enable Pulse Setup Time 65 ns 

TDVEH Chip Enable Data Setup Time 30 ns 

All devices tested at worst case limits. <D 
® 
@ 

Typical derating· 5 mA/MHz increase in ICCOP; VI = VCC or GND. 

Capacitance sampled and guaranteed - not 100% tested. 

TEST 

CONDITIONS 

10 = 0, E = VCC-O.3V 

E = VIH, 10 =0 

E=OV 

E=OV 

10 = 0, VCC = 2.0 

E = VCC-0.3V 

GND< VI< VCC 
GND~ VIO~VCC 

10 = 4.0mA 
10 = -1.0mA 

VI = VCC or GND, 

f = 1 MHz 

VIO = VCC or GND, 

f = 1MHz 

® 
® 
® 
® 
® 
@) 
® 
® 
® 
® 
® 
@) 
® 
@) 
® 
® 
® 
® 
@) 
® 
® 

@ AC test conditions: Inputs - TRISE = TFALL = 5ns; Output - CLOAD = 30pF. All timing 

measured at 1 .5V reference level. 
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mHARRIS HM-6116 

Advance Information 
2048 x 8 Asynchronous 

CMOS Static RAM 

Features 

• FAST ACCESS TIME 

• LOW STANDBY CURRENT 

• LOW OPERATING CURRENT 

• DATA RETENTION @2.0VOLTS 

• TTL COMPATIBLE INPUTS AND OUTPUTS 

• JEDEC APPROVED PINOUT (2716,6116 TYPE) 

• NO CLOCKS OR STROBES REQUIRED 

• WIDE TEMPERATURE RANGE 

• EQUAL CYCLE AND ACCESS TIME 

• SINGLE 5 VOLT SUPPL Y 

120 nsMAX 

100JlA MAX 

70mA MAX 

50J.l.A MAX 

-55OC to +125OC 

A7 

A4 

A3 

A2 

AI 

AO 

000 

001 

GNO 

A 
DQ 
E 
'IT 
W 

Pinout 
TOP VIEW 

vee 
AS 

A9 

W 
G 

005 

003 

PIN NAMES 
Address Input 
Data Input/Output 
Chip Enable 
Output Enable 
Write Enable 

Description logic Symbol 

The . HM-6116 is a CMOS 2048 x 8 Static Random Access Memory. 
It is manufactured using the HAR R IS' advanced SAJI IV process. The device 
utilizes asynchronous circuit design for fast cycle time and ease of use. 
The pinout is the JEDEC 24 pin, 8 bit wide standard which allows easy 
memory board layouts flexible to accomodate a variety of industry standard 
PROM's, RAM's, ROM's and EPROM's. The HM-6116 is ideally suited 
for use in microprocessor based systems with its 8 bit word length organiza
tion. The convenient output enable also simplifies the bus interface by 
allowing the data outputs to be controlled independent of the chip enable. 

Functional Diagram Al0 

A9 

AS 

A7 

A6 

AS 

A4 

ADDRESS 

BUFFER 128 

128.128 

MATRIX 

A3 A2 Al AO 

"E' 
'Vi 
G 

AO 
Al 

A'/. 
A3 
A4 

AS 

A6 
A7 

AS 
A9 

AIO 

CAUTI.ON: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 

Copyright © Harris Corporation 1982 
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m Specifications HM-6116-2 

ABSOLUTE MAXIMUM RATINGS* OPERATING RANGE 
Supply Voltage (vee· GND) -0.3 to8.0V 

Input or Output Voltage Applied (GND -0.3V) 
to (Vee+O.3V) 

Operating Supply Voltage 

Military (-2) 

Operating Temperature 

4.5V to 5.5V 

Storage Temperature -650 e to 1500 e Military (-2) :-550 e to +1250 e 

• CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions aboVtl those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

D.C. 

READ 
CYCLE 

A.C. 

WRITE 
CYCLE 

NOTES: 

3778 

TEMP.&VCC· 
OPERATING 

RANGEG) 

SYMBOL PARAMETER MIN MAX UNITS 

ICCSB1 Standby Supply Current 3 mA 

ICCSB Standby Supply Current 20 mA 

ICC Enabled Supply Current 85 mA 

ICCOP Operating Supply Current ® 85 mA 

ICCDR Data Retention Supply Current 1.2 mA 

VCCDR Data Retention Supply Voltage 2.0 V 

\I Input Leakage Current -10.0 +10.0 pA 
IIOZ Input/Output Leakage Current -10.0 +10.0 pA 

VIL Input Low Voltage -0.3 0.8 V 

VIH Input High Voltage VCC VCC V 
-2.0 +0.3 

VOL Output Low Voltage 0.4 V 

VOH Output High Voltage 2.4 V 

CI I nput Capacitance @ 8 pF 

CIO Input/Output Capacitance ® 10 pF 

TAVAV Read Cycle Time 120 ns 

TAVOV Address Access Time 120 ns 

TELOV Chip Enable Access Time 120 ns 

TELOX Chip Enable Output Enable Time 10 ns 

TGLQV Output Enable Output Enable Time 80 ns 

TGLOX Output Enable Output Enable Time 10 ns 

TEHQZ Chip Enable Output Disable Time 40 ns 

TGHOZ Output Enable Output Disable Time 40 ns 

TAVOX Output Hold from Address Change 10 ns 

TAVAV Write Cycle Time 120 ns 

TELWH Chip Selection to End of Write 70 ns 

TAVWH Address Valid to End of Write 105 ns 
TAVWL Address Setup Time 20 ns 

TWLWH Write Enable Pulse Width 70 ns 
TWHAV Write Enable Read Setup Time 5 ns 

'TGHOZ Output Enable Output Disable Time 40 ns 
TWLOZ Write Enable Output Disable Time 50 ns 
TDVWH Data Setup Time 35 ns 

TWHDX Data Hold Time 5 ns 

TWHOX Write Enable Output Enable Time 5 ns 

TWLEH Write Enable Pulse Setup Time 70 ns 

TDVEH Chip Enable Data Setup Time 35 ns 

All devices tested at worst case limits. 

Typical derating = 5mA/MHz increase in ICCOP; VI = VCC or GND. 
Capacitance sampled and guaranteed· not 100% tested. 

. 

TEST 

CONDITIONS 

10 = 0, E = VCC-0.3V 

E=VIH,IO=O 

E=OV 

E=OV 

10 = 0, VCC = 2.0 
E = VCC-0.3V 

GND< VI< VCC 
GND~ VIO~VCC 

10 = 4.0mA 
10 = -1.0mA 

VI = VCC or GND, 

f = 1MHz 

VIO = VCC or GND, 
f = 1MHz 

@) 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
_® 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
@) 

.~ 

AC test conditions: Inputs - TRISE = TFALL = 5ns; Output - CLOAD = 100pF 

(including scope and jig) All timing measured at 1.5V reference level. 
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m HARRIS 
SEMICONDUCTOR CMOS DIGITAL PRODUCTS DIVISION HM5-6564 

8K X 8, 16K X 4 CMOS RAM 

Features 

• LOW POWER STANDBY 

• LOW POWER OPERATION 

• DATA RETENTION 

• TTL COMPATIBLE IN/OUT 

• THREE STATE OUTPUTS 

• FAST ACCESS TIME 

• FULL MILITARY TEMPERATURE AVAILABLE 

• INDUSTRIAL TEMPERATURE STANDARD 

• COMMERCIAL TEMPERATURE AVAILABLE 

• ON CHIP ADDRESS REGISTERS 

• ORGANIZABLE 8K x 8 or 16K x 4 

• 40 PIN DIP PINOUT - 2.000" x 0.900" 

Description 

4mWMAX 
280mW/MHz MAX 

2.0V MIN 

350nsMAX 
-550C to 1250C 

-400C to 850C 
OOC to 750C 

The HM-6564 is a 64K bit CMOS RAM. It consists of 16 HM4-6504 4K x 1 
CMOS RAMs, in 'Ieadless carriers, mounted on a ceramic substrate. The HM-
6564 is configured as an extra wide, standard length 40 pin DIP. The memory 
appears to the system as an array of 16 4K x 1 static RAMs. The array is or
ganizedas 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 HM-6564 RAM as either 
an 8K by 8 or a 16t< by 4 array. The HM-6564 also contains decoupling 
capacitors to reduce noise and to minimize the need for additional external 
decoupling. 

This 64K memory provides a unique blend of low power CMOS semiconductor 
technology and advanced packaging techniques. The HM-6564 is intended for 
use in any application where a large amount of RAM is needed, and where 
power consumption and board space are prime concerns. The guaranteed low 
voltage data retention characteristics allow easy implementation of non
volatile read/write memory by using very small batteries mounted directly on 
the memory circuit board. Example applications include digital avionic in
strumentation, remote data acquisition, and portable or hand held digital com
munications devices. 

Functional Diagram 
A 12 

*GNO 
04 
04 
05 
05 
AO 
A1 
A2 
E3 

*W2 
W2 
E4 
A6 
A7 
AS 
06 
06 
07 
07 

*VCC 

*NOTES: 

Pinout 
TOP VIEW 

VCC 
00 
DO 
01 
01 
A11 
A10 
A9 
E1 
W1 
W1 * 
E2 
A5 
A4 
A3 
02 
02 
03 
03 
GNOlt 

Pins 20 and 40 (Vee) are internally connected. 
Si milarly pins 1 and 21 (Ground) are connected. 
The user is advised to connect all four vee 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. 

W1~--~~~------~~------_,+_------_, 
E1----~~~------~~------~+_----_, 

E2----+_~H_----++~~----~~+_--~Hh 

0000 0101 0202 

W2----~~~------~~------_.+_------_, 
E3----+1~~------~~------~+_----__, 

0404 0505 06 06 

03 03 

0707 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 

© Ie MASTER 1983 3779 

J.-
o 

+oJ o 
:J 
"'0 
c:: 
o 
o 
E 
Q) 

en 
en 

0i: 
J.
etS 
J: 



.... 
o ...... 
o 
::s 
"0 
c: 
o 
.2 
E 
Q) 

en 
en 
.i:: .... 

t'CS 
J: 

Specifications HM5-6564-2IHM5-6564-9 

ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage - (vee - GND) 

Input or Output Voltage Applied 

-O.3V to +8.0V 

(GND -O.3V) 
to (Vee +O.3V) 

OPERATING RANGE 
Operating Supply Voltage 

Military (-2)/lndustrial (-9) 
Operating Temperature 

+4.5V to +5.5V 

Military (-2) -550C to + 1250C 
Storage Temperature -650 e to +150oe Industrial (-9) -40oe to +850C 

* CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

TEMP. & vee = 
OPERATING TEMP. = 25°C <D 

RANGE vee = 5.0V TEST 
SYMBOL PARAMETER MIN I MAX TYP MAX ® UNITS CONDITIONS 

ICCSS Standby Supply Current 800 150/48 JiA 10 = 0 
VI = VCC or GND 

ICCOP1 Operating Supply 56 40 mA f = 1 MHz, 10 = 0 ' 
Current (8K x 8) @ VI = VCC or GND 

ICCOP2 Operating Supply 28 20 mA f=1MHz,10=0 
Current (16K x 4) @ VI = VCC or GND 

ICCDR Data Retention 400 48/32 JiA- 10 = 0, VCC = 2.0, 
Supply Current VI = VCC or GND 

VCCDR Data Retention 2.0 1.4 V 
Supply Voltage 

IIA Address Input Leakage -20 +20 1 JiA GND~VI~VCC 
1101 Data Input Leakage -3 +3 0.1 JiA GND~VI~VCC 

(8K x 8) 

1102 Data Input Leakage -5 +5 0.5 JiA GND~VI~VCC 
(16Kx4) 

II E1 Enable I nput Leakage -10 +10 0.2 JiA GND~VI~VCC 
(8K x 8) 

IIE2 Enable Input Leakage -5 +5 0.2 JiA GND~VI~VCC 
(16Kx4) 

D.C. IIW Write Enable Input -10 +10 0.5 JiA GND~VI~VCC 
Leakage (Each) 

IOZ1 Output Leakage (8K x 8) -5 +5 0.4 JiA GND~VO~VCC 
IOZ2 Output Leakage (16K x 4) -10 +10 1 JiA GND~VO~VCC 

VIL Input Low Voltage -0.3 0.8 2.0 V 

VIH Input High Voltage VCC-2.0 VCC+0.3 2.0 V 

VOL Output Low Voltage 0.4 

VOH Output High Voltage 2.4 

CIA Address Input 200 
Capacitance @ 

CID1 Data Input 50 
Capacitance (8K x 8) @ 

CID2 Data Input , 100 
Capacitance (16K x 4) @ 

CIE1 Enable Input 160 
Capacitance (8K x 8) @ 

CIE2 Enable Input 
Capacitarice (16K x 4) @ 

80 

CIW Write Enable Input , 100 
Capacitance (Each) @ 

C01 Output Capacitance 50 
(8K x 8) @ 

CO2 Output Capacitance 100 
(16Kx4) @ 

CVCC Decoupling Capacitance .25 

NOTES: 

<D Each individual RAM in the lead less carrier is fully tested at 
worst case limits of temperature and voltage. The complete 
assembled HM-6564 array is tested at room temperature 
only. The worst case parameters are guaranteed over the 
specified temperature and voltage ranges. Room temperature, 
5 volt data is provided for information purposes and is not 
guaranteed. 

3780 

0,.25 V 10 = 2.0mA 
4.0 V 10 = -1.0mA 

170 pF f= 1MHz, 
VI = VCC or GND 

30 pF f = 1MHz, 
VI = VCC or GND 

60 pF f = 1MHz, 
VI = VCC or GND 

100 pF f= 1MHz, 
VI = VCC or GND 

50 pF f = 1MHz, 
VI = VCC or GND 

80 pF f = 1MHz, 
VI = VCC or GND 

30 pF f == 1MHz, 
VO = VCC or GND 

60 pF f = 1MHz, 
VO = VCC or GND 

0.33 j1.F f = 1MHz 

@ Operating supply current is proportional to operating fre
quency. ICCOP is specified at an operating frequency of 
1 MHz, indicating repetive accessing at a 1 Jis rate. Operation 
at slower rates will decrease I CCOP proportionally. 

@ Capacitance sampled and guaranteed - not 100% tested. 

@ This value is guaranteed and tested at 250 C. 

© Ie MASTER 1983 



Specifications HM5-6564-2IHM5-6564-9 

ELECTRICAL CHARACTERISTICS 

SYMBOL 

TELQV 

TAVQV 

TELQX 

TEHQZ 

TELEL 

TELEH 

TEHEL 

TAVEL 

A.C. TELAX 

TWLWH 

TWLEH 

TWLEL 

TWHEL 

TELWX 

TDVWL 

TDVEL 

TWLDX 

TELDX 

TQVWL 

© Ie MASTER 1983 

TEMP Be vee = 
OPERATING TEMP = 250 C <D 

RANGE vee = 5.0V 

PARAMETER MIN MAX MIN TYP MAX UNITS 

Chip Enable Access 350 250 300 ns 

Address Access 400 270 350 ns 
(TAVQV=TELQV+TAVEL) 

Output Enable 20 120 50 100 ns 

Output Disable 120 50 100 ns 

Read or Write Cycle 480 410 320 ns 

Chip Enable Low 350 300 250 ns 

Chip Enable High 130 110 70 ns 

Address Setup 50 50 20 ns 

Address Hold 50 50 20 ns 

Write Enable Low 150 130 100 ns 

Write Enable Setup 250 220 170 ns 

Early Write Setup 10 10 0 ns 
(Write Mode) 

Write Enable Read Setup 10 10 0 ns 

Early Write Hold 100 100 70 ns 
(Write Mode) 

Data Setup 10 10 0 ns 

Early Write Data Setup .10 10 0 ns 

Data Hold 100 100 70 ns 

Early Write Data Hold 100 100 70 ns 

Data Valid to Write 0 0 0 ns 
(Read-Modify-Write) 

NOTES: 

® AC Test Conditions: 
Inputs - Trise = Tfall S 20ns. 
Outputs - CLOAD - 100pF. 
Timing measured at 1.5V reference level. 

TEST 
CONDITIONS 

® 
® 

® 
® 
® 
® 
® 
® 
® 
® 
® 
® 

® 
® 

® 
® 
® 
® 
® 

3781 

"-o ..... 
o 
:J 

"'0 
c: 
o 
.2 
E 
Q) 
en 
en 
.~ 

"-as 
:I: 



.... 
0 ..... 
0 
:::s 

"C 
c 
0 
.2 
E 
Q) 

(JJ 

en 
.~ .... 
cu 
J: 

mI HARRIS 

PREVIEW 

Features 
• LOW STANDBY CURRENT 

• FAST ACCESS TIME 
• DATA RETENTION 
• THREE STATE OUTPUTS 
• ORGANIZABLE AS 32Kx8 or 16Kx16 ARRAY 
• ON CHIP ADDRESS REGISTERS 
.48 PIN DIP PINOUT-2.53" x 1.30" x 0.25" 

• SYNCHRONOUS OPERATION YIELDS 
LOW OPERATING POWER 

• WIDE TEMPERATURE RANGE 

Description 

1mAl8 mA 
250 ns 

2.0Vmln VCC 

30mA/MHz 

-55°C to +125°C 

The HM-92560 is a high density 256K bit CMOS RAM module. Sixteen synchronous 
HM-6516 2K x 8 CMOS RAMs in leadless chip carriers are mounted on a multilayer 
ceramic substrate. The HM-92560 RAM module is organized as two 16K by 8 CMOS 
RAM arrays sharing a common address bus. Separate data inputloutput buseS and 
chip enables allow the user to format the HM-92S60 as either a 16Kx 16 or 32Kx8 
array. Ceramic capacitors are included on the substrate to reduce noise and to 
minimize the need for additional external decoupling. 

The synchronous design of the HM-92560 provides low operating power along with 
address latches for ease of interface to multiplexed address/data bus microproces
sors. 

The HM-92560 is physically constructed as an extra wide 48 pin dual-in-line 
package with standard 0.1" centers between pins. This packaging technique 
combines the high packing density of CMOS and lead less chip carriers with the 
ease of use of DIP packaging. 

Functional Diagram 

w 

AO-A10 

AO-10 _ 

E 
w 
G 000-7 

• 
• • • 
• • • 
• • 
• • ES 

AO-10 W 

G 

000-7 GA GB 

HM-92560 
256K SYNCHRONOUS 
CMOS RAM MODULE 

Pinout 

GNO 4B vee 
A7 AO 

AS 46 Al 

A9 45 A2 
Al0 44 A3 
r; 43 A4 
E2 42 A5 

fj 41 AG 

f4 40 ITs 
E5 10 39 m 
Es 11 36 rr4 

E7 12 37 Vii 
CiA 13 36 as 
EB 14 35 rn 
E9 15 34 m 
000' 16 ~3 DOS 
DOl 11 32 009 

002 18 31 0010 

003 19 30 DO" 
004 20 29 0012 
005 21 ~6 0013 

DOG 22 27 0014 

007 23 26 0015 

E10 24 25 51 

AO-10 
W 

E 
G 000-7 

• 
• • • 

• • • 
• • 

• • E16 

W 
AO-10 

E 

HM-6516 

00S-15 

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be fOllowed. 

Copyright © Harris Corporation 1982. 

3782 © Ie MASTER 1983 



mlHARRIS 

Preliminary 

Features 

• LOW POWER STANDBY 

• LOW POWER OPERATION 

• FAST ACCESS TIME 

• FIELD PROGRAMMABLE 

• POLYSILICON FUSE LINKS 

• TTL COMPATIBLE IN/OUT 

• POPULAR PINOUT LIKE BIPOLAR 7641 

• THREE STATE OUTPUTS 

• ADDRESS LATCHES INCLUDED ON CHIP 

• EASY MICROP'ROCESSOR INTERFACING 

• WIDE TEMPERATURE RANGES 

Description 

500J.l.W MAX. 

50mW/MHz MAX. 

250ns MAX. 

The HM-6641 is a 512 x 8 CMOS polysilicon fuse link Programmable Read 
Only Memory in the popular 24 pin, byte wide pinout. Synchronous circuit 
design techniques combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 

On chip address latches are provided, allowing easy interfacing with recent 
generation microprocessors that use multiplexed address/data bus structures, 
such as the 8085. The output enable controls, both active low and active 
high, further simplify microprocessor system interfacing by allowing output 
data bus control independent of the chip enable control. The data output 
latches allow the use of the HM-6641 in high speed pipelined architecture 
systems, afld also in synchronous logic replacemant functions. 

Applications for the HM-6641 CMOS PROM include low power handheld 
microprocessor based instrumentation and communications systems, remote 
data acquisition and processing systems, processor control store, and synch
ronous logic replacement. 

Functional Diagram 

AS 
A7 
AS 
AS 
A4 
A3 

A2 
A1 
AD 

G3 

CAUTION: These devices are sensitive to electrostatic discharge. 

Copyright © Harris Corporation 1980 
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64x64 

MATRIX 

HM-6641 
512 x 8 CMOS PROM 

Pinout 
TOP VIEW 

vee 
AS 

Gl 
A4 ~ 

A3 G3 

r 
Al p 

AO O~ 
00 06 

05 

04 

GND 03 

A Address Input 
Q Data Output 

E Chip Enable 

G Output Enable 

P Program Enable 

(P = Gnd. except when 

programming) 

logic Symbol 

AI 
A2 
AJ 
A4 
AS 
A6 
A7 
AS 

ALL lIN(SPOSITIVE LOGIC. 
ACTIvE HIGH 

THREE nATE aUFF''', 
A HIGH - OUTPUT ACTIVE 

DATA LATCHES 
!..HIGH -Q. 0 
Q LATCHES 0 ... 'ALLaNG EOGE 

AOOII($$ LATCHES ",,.0 GAllo 
DECODERS 

LATCH ON RISING EDGE OF L 
CATE ON 'USING EDGE OJ G 

<vee 

00 
01 
02 
OJ 
04 
05 
06 
07 
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Specifications HM-6641-2IHM-6641-9 

ABSOLUTE MAXIMUM RATINGS * 

. Supply Voltage -vee +8.0V 

Input or Output Voltage Applied GND -O.3Vto 
vee +O.3V 

OPERATING RANGE 

Operating Supply 
. Military (-2) 

Industrial (-9) 
4.5V to 5.5V 
4.5V to 5.5V 

Storage Temperature -650 e to +150oe 
Operating Temperature 

Military (-2) 
Industrial (-9) 

-550 e to +1250 C 
-40oe to +850 e 

* CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

SYMBOL 

ICCSS 

ICCOP 

" lOZ 

VIL 

VIH 

VOL 

VOH 

CI 

CO 

TELQV 

TAVQV 

TELQX 

TGVQX 

TGXQZ 

TELEH 

TELEL 

TEHEL 

TAVEL 

TELAX 

NOTES: 

3784 

TEMP & vcc = 

OPERATING TEMP=25OC 

RANGE VCC=5.0 CD 
TEST 

PARAMETER MIN MAX TYPICAL UNITS CONDITIONS· 

Standby Supply Current 100 10 IlA 10 =0 
VI = GND OR VCC 

Operating Supply Current ® 10 5 rnA f = 1MHz, 10:-: 0 

VI = VCC or GND 

Input Leakage Current -1.0 +1.0 0.0 JJ.A GNDSVI~VCC 
Output Leakage Current -1.0 +1.0 :!:0.5 IlA GND~VO~VCC 
Input Low Voltage -0.3 ·0.8 2.0 V 

Input High Voltage VCC-2.0 VCC+0.3 2.0 V 

Output Low Voltage 0.4 0.1 V lOL = 3.2mA 

Output High Voltage 2.4 4.25 V lOH = -1.0mA 

Input Capacitance ® 8.0 5.0 pF VI = VCC or GND 
f = 1MHz 

Output Capacitance® 10.0 8.0 pF VO = VCC OR GND 
f.= 1MHz 

Chip Enable Access Time 250 150 ns @) 
(TAVQV = TELQV + TAVEL) 

Address Access Time 270 150 ns @) 
Chip Enable Output Enable Time 20 150 70 ns @) 
Output Enable Output Enable Time 20 150 70 ns @ 
Output Enable Output Disable Time 20 150 70 ns ® 
Chip Enable Pulse Negative Width 250 150 ns @ 
Read Cycle Time 400 230 ns @ 
Chip Enable Pu.lse Positive Width 150 80 ns @) 
Address Set-up Time 20 0 ns @ 
Address Hold Time 60 40 ns @ 

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 = 5mA/MHz. 

Capacitance sampled and guaranteed - not 100% tested. 

AC Test Conditions: Inputs-TRISE = TFALL = 20nsec; Outputs -CLOAD = 50pF. All timing measurements 

at 1.5V. 

© Ie MASTER 1983 



Read Cycle 

TIME _____ -+--+-___ --+-__ --+-__ ~~---+_+_+_--
REFERENCE 

-1 0 456 

'G HAS SAME TIMING AS G EXCEPT SIGNAL IS INVERTED 

TRUTH TABLE 

TIME INPUTS OUTPUTS 

REFERENCE E G A 0 

-1 H H X Z 
0 """- H V Z 
1 L L X X 

2 L L X V 

3 ...r L x V 

4 H H X Z 
5 H H X Z 
6 ""\.. H X Z 

In the HM-6641 read cycle, the address information is 
latched into the on chip registers on the falling edge of 
E(T = 0). Minimum address setup and hold time require
ments must be met. After the required hold time,the 
addresses may change state without affecting device opera
tion. To read data Gland G2 must be low, and G3 must 
be high. After access time, E may be taken high to latch 

© Ie MASTER 1983 

FUNCTION 

MEMORY DISABLED 

CYCLE BEGINS-ADDRESSES ARE LATCHED 

OUTPUT ENABLED 

OUTPUT VALID 

'OUTPUT LATCHED 

READ ACCOMPLISHED AND OUTPUT DISABLED 

PREPARE FOR NEXT CYCLE (SAME AS -1) 

CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

the data outputs and begin TEHEL. Taking either or 
both G 1 or G2 high or G3 low will force the output buffers 
to a high impedance state. The output data may be re
enabled at any time taking Gland G2 low and G3 high. 
On the falling edge of E the data will be unlatched. P 
should be grounded except when in the programming mode. 
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mHARRIS 

PRELIMINARY 

Features 
• LOW STANDBY AND OPERATING POWER 

• ICCSS - 100J..lA 
• ICCOP - 13mA/MHz 

• FAST ACCESS TIME 

• INDUSTRY STANDARD PINOUT 

• SINGLE 5.0 VOLT SUPPLY 

• TTL COMPATIBLE INPUTS 

• HIGH OUTPUT DRIVE 

• SYNCHRONOUS OPERATION 

• ON-CHIP ADDRESS LATCHES 

• . SEPARATE OUTPUT ENABLE 

175n5 

12 LSTTLLOADS 

• FULL INDUSTRIAL AND MILITARY TEMPERATURE RANGES 

Description 
The HM-6616 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/word 
format with "Three State" outputs. This PROM is available in the standard 0.600 
inch wide DIP. 

The HM-6616 utilizes a synchronous design technique. This includes on-chip 
address latches and a separate output enable control which makes this device 
ideal for applications utilizing recent generation microprocessors. This design 
technique, combined with the Harris advanced self-aligned silicon gate CMOS 
process technology offers ultra-low standby current. Low ICCSB is ideal for 
battery applications or other systems with low power requirements. 

The Harris polysilicon fuse link technology is utilized on this and all other Harris 
CMOS PROMS. This gives the user a PROM with permanent, stable storage 
characteristics over the full industrial and military temperature and voltage 
ranges. Polysilicon fuse technology combined with the low power characteristics 
of CMOS provides an excellent alternative to standard Bipolar PROMS or NMOS 
EPROMS. 

All bits are manufactured storing a logical "0" and can be selectively 
programmed for a logical "1" at any bit location. 

Functional Diagram 
Al0 

A9 

AS 

A7 
AS 

AS 
A4 

L 

Go-------!u 

7 A 

7 A 

GATED 128 x 128 
ROW MATRIX 

DECODER 128 

G 

G 

AJ A2 Al 

HM-6616 
2K x 8 CMOS PROM 

Pinout 
TOP VIEW 

A7 VCC 

AS AS 

AS 3 A9 

A4 P 
A3 S G 
A2 6 Al0 

Al E 
AD S Q7 

00 9 06 

01 10 OS 

02 11 04 

GND 12 03 

PIN NAMES 
A Address Input IT Output Enable 
0 Data Output P Program Enable 
E Chip Enable 

Logic Symbol 
p +vcc 

E 
IT 

00 
AO 01 
Al 02 
A2 03 
A3 04 
A4 OS· 
AS 06 
A6 Q7 

A7 
AS 
A9 

Al0 

-

00 

01 

02 
ALL LINES POSITIVE LOGIC: 

ACTIVE HIGH 
OJ 

THREE STATE BUFFERS: 

04 A HIGH -- OUTPUT ACTIVE 

ADDRESS LATCHES AND GATED DECODERS: 

OS LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

OS 

07 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 

© Harris Corporation 1982 
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Specifications HM-6616-9/-2/-8 

ABSOLUTE MAXIMUM RATINGS * 

Supply Voltage 
Input/Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range 

Military - HM-6616-21-8 
Industrial- HM-6616-9 

Operating Voltage Range 

+8.0 VOLTS 
GNO-0.3V to VCC+0.3V 
- 65°C to + 150°C 

- 55°C to + 125°C 
- 40°C to + 85°C 
+4V to +7V 

* CAUTION: Stresses above those listed under the "ABSOLUTE MAXIMUM RATINGS" may cause 
permanent damage to the device. This is a stress only rating and operation of the device at these or any 
other conditions above those indicated in the operational sections of this speCification is not implied. 

D.C. ELECTRICAL CHARACTERISTICS vce = 5.0V ± 10%; TA = Industrial -40°C to +85°C (HM-6616-9) 
= Military -55°C to +125°C (HM-6616-2/-8) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH LOGICAL ONE 2.4 V 
INPUT VOLTAGE 

VIL LOGICAL ZERO 0.8 V 
INPUT VOLTAGE 

VOH LOGICAL ONE 2.4 V 10H = - 2.0 rnA 
OUTPUT VOLTAGE 

VOL LOGICAL ZERO 0.4 V 10L = +4.8 rnA 
OUTPUT VOLTAGE 

II INPUT LEAKAGE -1.0 1.0 p.A OV:::;VIN:::;VCC 
10Z OUTPUT LEAKAGE -1.0 1.0 p.A OV:::;VO:::;VCC 

G = HIGH 
ICCSB STANDBY POWER 

SUPPLY CURRENT 100 p.A VIN=VCC or GND 
VCC = 5.5V 
10= 0 

ICCOP OPERATING POWER 
SUPPLY CURRENT 13 rnA f = 1 MHz 

VCC = 5.5V 
10= 0 
VIN=VCC or GND 

CIN INPUT 6 pf f = 1 MHz 
CAPACITANCE· VIN=VCC or GND 

COUT OUTPUT 10 pf f = 1 MHz 
CAPACITANCE· VIN=VCC or GND 

"Guaranteed and sampled, but not 100% tested. 

@ Ie MASTER 1983 3787 
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Spe~ifications HM-6616-9/-2/-8 

A.C. ELECTRICAL CHARACTERISTICS vee = 5.0V ± 10%; TA = Industrial -40oe to -+S5°e (HM-6616-9) 
= Military -55°e to +125°e (HM-6616-2/-S) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONOmONS 

TAVQV ADDRESS ACCESS TIME 175 ns see notes 1, 2 
TELOV CHIP ENABLE ACCESS TIME 150 ns 
TELOX CHIP ENABLE TIME 5 ns 
TAVEL ADDRESS SETUP TIME 25 ns 
TELAX ADDRESS HOLD TIME 30 ns 
TELEH CHIP ENABLE LOW WIDTH 150 ns 
TEHEL CHIP ENABLE HIGH WIDTH 50 ns 
TELEL CYCLE TIME 200 ns 
TGLOV OUTPUT ACCESS TIME 75 ns 
TGLQX OUTPUT ENABLE TIME 5 ns 
TGHQZ OUTPUT DISABLE TIME 75 ns 
TEHQZ CHIP ENABLE DISABLE TIME 75 ns 

NOTE 1: All A.C. parameters tested at worst case limits and per test circuits and definitions in Figures 1 and 2. 

NOTE 2: Input test signals must switch between OV and 3.0V. Input rise and fall times must be ..;;20 ns. 

ADDRESSES 

Switching Waveforms 

:~------------TAVQV------------~~~I 

VALID 
ADDRESS 

I 

~""JI I"~~~"--~~~~~~'-~~~~~ 

I ~14~~1~--------- I 
I J.TAVEL~ TELAX I-+- I 

,If 

VALID 
ADDRESSES 

~ 1 
I 

~1.5V ..!t ~ TELEH ---'--4~"1I' ,.----~ 
E --'i 1.5V -~\.1_.5_V __________ IJ..--___ ...J1f 1.5V 

I-+--TEHEL-.... ~lfooIII .. !------TELOV----..... ~1 ~TEHQZJ..-

I I 1 
G -------+-1 ----....oI\rTGLQV~ ,.----11-. ------

I 1.5V ~",-_. _ ....... _-+1 __ .--1. I 1.5V. 1 
I 1-· I . I 
I ~TGLOXt+- I I . I 
1 I I --+-I TGHOZ '~ 

3.0V 

OV 

3.0 V 

OV 

3.0V 

OV 

DATA _______________ ~I_ .. ::::::_T_E_LQ_X_-_-~_-_~~.~~I )~I~-----------OUTPUT ~ VALID -::I T.S. ao - 07 ____ D_Alj_'A __ -, 
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FIGURE 1 
READ CYCLE 

VCC 

OUTPUTS o--.. - .... ~-o() TEST POINT 

I 
50pr . 

'including jig and probe capacitance 

510n 

FIGURE 2 
OUTPUT TEST CIRCUIT 
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HITACHI Memory Products Quick Reference Chart 
TYPICAl CHARACTERISTICS 

MOS RAM Access Cycle Supply Typ. Power Package· 
Number Organi- Time Time Voltage Dissipation 

Type No. Process of bits zation Mode Cns) max. Cns) min _M' (mW) Pin No C G P Replacement 
HM472114A-l 150 150 

+5 200 18 
0 0 Intel 2114 

HM472114A-2 NMOS 1- 200 200 0 0 Intel 2114 
HM472114-3 300 300 +5 200 18 0 0 Intel 2114 
HM472114-4 450 450 0 0 Intel 2114 
HM4334-3 1024x4 300 460 

+5 20 18 0 Harris HM-6514 
HM4334-4 450 640 0 

HM6148 70 70 +5 200 18 0 Intel 2148 
HM6148-6 85 85 0 Intel 2148 
HM6148L 70 70 +5 200 18 0 Intel 2148 
HM6148L-6 4K 85 85 0 Intel 2148 
HM4315 450 640 +5 20 18 0 

HM6147 70 70 0 0 Intel 2147 
HM6147-3 55 55 0 0 Intel 2147 
HM6147H-45 45 45 0 0 Intel 2147 
HM6147H-35 4096xl 35 35 +5 75 18 0 0 Intel 2147 
HM6147L Static 70 70 0 0 Intel 2147 
HM6147L-3 CMOS 55 55 0 0 Intel 2147 
HM6147HL -35 45 45 0 0 Intel 2147 
HM6147HL-45 35 35 0 0 Intel 2147 
HM6167-8 100 100 0 0 Intel 2167 
HM6167-6 85 85 0 0 Intel 2167 
HM6167 16384 xl 70 70 +5 150 20 0 0 Intel 2167 
HM6167L-8 100 100 0 0 Intel 2167 
HM6167L-6 85 85 0 0 Intel 2167 
HM6167l 16K 70 70 0 0 Intel 2167 
HM6116-4 200 200 0 0 

HM6116-3 150 150 0 0 

HM6116-2 2048x8 120 120 +5 160 24 0 0 

HM6116L-2 120 120 0 0 
HM6116L-3 150 150 0 0 

HM6116L-2 200 200 0 0 

HM4716A-l 120 320 0 0 

HM4716A-2 150 320 + 12, 0 0 Mostek MK4116-2 
HM4716A-3 16K 16384 xl 200 375 +5, 350 16 0 0 Mostek MK4116-3 
HM4716A-4 NMOS Dynamic 250 410 -5 0 0 Mostek MK4116-4 
HM4816 100 200 +5 250 16 0 Industry Std. 
HM4864-2 150 270 +5 0 

HM4864-3 
64K 65536 xl 

200 335 
170 16 Jedec Pinout 

0 

Bipolar RAM Access Supply Typ. Power Package * 
Number Organi- Time Voltage Dissipation 

Tvoe No. Process of bits zation Output ens) max. M' (mW/bit) Pin No. C G P Replacement 
HM10414t 

256 256xl 
10 2.8 16 0 Fairchild F10414 

HM10414-lt 8 - 5.2 2.8 16 0 

HM10422t 
256x4 

10 0.8 24 0 Fairchild Fl0422 
HM100422t 10 -4.5 0.8 24 0 Fairchild F100422 
HM2110 35 0.5 16 0 Fairchild F10415A 
HM2110-1 1K 25 0.5 16 0 

HM2110-2 1024 xl 20 0.5 16 0 

HM2112 Open 10 0.8 16 0 

HM2112-1 ECl 8 0.8 16 0 

HM10470t 
Emitter 

25 0.2 18 Fairci1ild F10470 0 

HM10470-1t 15 -5.2 0.2 18 0 

HM100470 4096 xl 25 0.2 18 0 100470 
HM100470-1 4K 15 0.2 18 0 100470A 
HM10474 25 0.2 18 0 10474 
HM10474-1 

1024x4 
15 0.2 18 0 104/4A 

HM100474 25 0.2 18 0 '100474 
HM100474-1 15 0.2 18 0 100474A 
HM2510 70 0.5 16 0 

HM2510-1 Open 45 0.5 16 0 Fairchild 93415 
HM2510-2 TIL 1K 1024x1 Collector 35 +5.0 0.5 16 0 Fairchild 93415A 
HM2511 3-state 70 0.5 16 0 

HM2511-1 45 0.5 16 0 Fairchild 93425 

MOSROM TYPICAl CHARACTERISTICS OF READ ONLY MEMORIES Access Supply Typ. Power Package 
Number Organiza- Time Voltage Dissipation 

Type No. Proqram of bits tion Process (ns) max. M' (mW) Pin No. C G P Replacement 
HN462716 UV Erasable 16K 2048x8 450 310 24 0 0 Intel 2716 
HN462532 and Electrically 

32K 4096x8 450 450 24 0 0 TI TMS2532 
HN462732 Programmable 24 0 0 Intel 2732 

HN482764-4 UV Erasable and 
64K 8182 x8 NMOS 450 +5 500 28 0 Intel 2764 

Elect. Programmable ---
Electrically Erasable 

HN48016 and Programmable 16K 2048x8 350 160 24 0 

-The package codes of C,G, and P are applied to the package materials as follows: C-Ceramic with Lid, G-Glass-Sealed Ceramic, P-Plastic. t-Preliminary. 
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Features 
• Si~ 5V ±10% supply 
• 'E'(CE) power down function 
• TTL compatible inputs and output 
• Fully static- no clocks for timing 
• Three-state output 
• 20-pin, 300 mil DIP, and 20-pin chip carrier 

(high system packing densities) 

IMS1400 • 45 and 55ns Chip Enable access 
• Maximum active power 660mW 
• Low power standby mode 11 OmW Max 

IMS1400L • 70 and 1 OOns Chip Enable access 
• Maximum active power 495mW 
• Maximum standby power 83mW 

Pin Names Logic Symbol 
Ao-A13 Address Inputs Vee Power (+5V) 
w WrIte Enable 
E ChIp Enable 
0 Data Input 

a Data Output 

Pin Configuration 

DIP 

Chip 
Carner 

Vss Ground 

Row 

Column 

Block Diagram 

MemoryArrwy 
128 Rows 
128CoUnns 

D W l 

Q 

Features 
• 4K x 4 bit Organization 
• Fully TTL compatible 
• Common data inputs and outputs 
• Single +5V ±10% Operation 
IMS1420 • 45 and 55ns Chip Enable access 

• Power down function 
• 40 and 50ns address access 
• 605mW Maximum active power 
• 165mW Maximum standby power 

IMS1420L •. 70 and 100ns Chip Enable access 
• Maximum active power 495mW 
• Maximum standby power 83mW 

IMS1421 • High speed Chip Select function 
• 30 and 40ns Chip Select access 
• 40 and 50ns address access 
• 605mW Maximum active power 

• Three-state outputs 
• Fully static, no clocks for timing 
• 20-pin 300-mil DIP, and 20-pin chip carrier (high 

system packing densities) 

Pin Names 
Address Inputs 
Wr:1e Enable 
ChIp Enable 

Chip Select 
110 Oaleln/Oul 

Pin Configuration 

A, 
A2 

1 A, 

DIP 

Chip 
Carrier 

Ao 
110, 
1102 
liel, 
110. 
'II 

Logic Symbol 

Block Diagram 

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 specilications 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 

• Specifications guaranteed over full military 
temperature range (-55°C to 125°C) 

• MIL-STD 883BProcessing 
• 55 and 70ns Chip Enable Access 
• Maximum Active Power 660mW 
• Maximum Standby Power 165mW 
• Single +5V ± 10% Supply 
• E Power Down Function 
• TTL Compatible Inputs and Output 
• Fully Static-No Clocks for Timing 
• Three-State Output· 

Pin Names 'Logic Symbol 
_Ao-A]J Address Inputs 
W Write Enable 

£ Chip Enable 

D Data Input 

a Data Output 

Pin Configuration 

DIP 

Chip 
Carner 

Vee Power (+5V) 
V~ Ground 

Row 

Column 

Block Diagram 

Memory Array 
128 Rows 
128 COlumns 

o Vi f 

_Vee 

o 

Features 

• Specifications guaranteed over full military 
temperature range (-55°C to 125°C) 

• MIL-STD 883B Processing 
• 4K x 4 Bit Organization 
• 55 and 70ns Address Access 
• 660mW Maximum Power Dissipation 
• Fully TTL Compatible 
• Common Data Inputs & Outputs 
• Single +5V ± 10% Operation 
• 55 and 70ns Chip Enable Access 
• Power Down Function 
• 165mW Maximum Standby Power 

Pin Names Logic Symbol 
Ao·Au ADDRESS INPUTS Vee POWER (+5V) 
W WRITE ENABLE " GROUND 
E CHIP ENABLE 
I/O OATA IN/OUT 

Pin Configuration 

~< 
A3 
A2 

1 A, Block Diagram 
Ao 
110, 
1102 
110, 
110. 

11 Vi 

DIP 

Chip 
Carrier 

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 
• High Speed, RAS Access of 10Q and 120ns 
• Cycle Times of 160 and 190ns 
• Low Power: 

22mW Standby 
303mW Active (350ns Cycle Time) 
413mW Active (190ns Cycle Time) 

• Single +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 and Read-Modify-Write Capability on 

Single Bit and in Nibble Mode 
• "iiAS-Only Refresh Capability 
• Common I/O Capability using "Early-Write" 

Pin Names Logic Symbol 
A,.·A ADDRESS INPUTS 

CAS COLUMN ADDRESS STROBE 
RAS ROW ADDRESS STROBE 
0101 DATA IN 
Cou, DATA out 

WRITE ENABLE 
Vee +5 VOLT SUPPLY INPUT 

V.. GROUND 

WI: RASffi 

Pin Configuration Block Diagram 

R 
0 
w 

MEMORY ARRAY 
64K bits 

DIP 
D ... N/CY,,'fi! 

IU !iU Un 
WI :::3 U"":::: Dou! 
m :~4 1 15:::: A. 

Nle :~ I TOP '4t: Nle 

A. :JI 13:::: AI 

a. ::::7 11012::: A. 
'il f1 n [111 

Chip Carrier 

v" 
v" 

*No Page Mode Operation 
Features 
• 16K x 4 Organization 
• 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) 

• Common I/O 
• Single +5V ± 10% Power SupQ!L __ 
• On-Chip Refresh Assist using CAS-before-RAS 
• Multiplexed Addresses 8 Row, 6 Column 
• 18 Pin Package-JEDEC Std. 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 
I A.-A ADDRESS INPUTS 
!~ COLUMN ADDRESS STROBE 
I "An ROW ADDRESS STROBE 

OE V .. 

DO, DO, 

DO, CD DO -DO DATA IN/DATA OUT 
W DO, ~ OUTPUT ENABLE 

lin W WRITE ENABLE 
v~ +5V SUPPLY 

A, A, V •• GROUND 
A, A, 

A, A, 

V'" 
Block Diagram 

lin 

CD 

Logic Symbol 
A, 
A, 
A, 

A, 
DO, 

A, 
A. A, 
A. 

A. A, 

A. 
DO, A, 

A, 
DO, 

A, 

A, 
DO, 

A, 

WIIXICDOE 

Inmos Corporation • PO. Box 16000 • Colorado Springs, Colorado 80935 • (303) 630-4000 • TWX 910 920 4904 
Whitefriars· Lewins Mead· Bristol BSl2NP • 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 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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MILITARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGES 

FEATURES: 
• High-speed (equal access and cycle time) 

-MILITARY IINDUSTRIAL 
IDT6116S 90/120/150 ns (max.) 
IDT6116L 90/120/150 ns (max.) 

-COMMERCIAL 
IDT6116S 70/90/120 ns (max.) , 
IDT6116L 90/120/150 ns (max.) 

• Low power consumption 
IDT6116SIDT6116L 

Active: 180 mW (Typ.) Active: 160 mW (Typ.) 
Standby: 100 ",W (Typ.) Standby: 20 IJW (Typ.) 

• Battery oacKup operation - 2 V data retention voltage 
• Produced with advanced CEMOSTM I high-performance 

technology 
• CEMOSTM I process virtually eliminates alpha particle 

soft-error rates (wi~h 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 24-pin dual-in-line 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 

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-reliability technology-CEMOSTM L 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 1 ILW to 4 ILW operating off of a 2V 
battery. 

All inputs and outputs of the IDT6116 are TTL 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 in either a 24-pin, 600 mil-DIP or 
32-pin and 28-pin lead less chip carriers, providing high 
board-level packing densities. 

The IDT6116 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. 
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PIN CONFIGURATION 

TOP VIEW 

PIN NAMES 

Ao-A1o ADDRESS 

1/01-1/08 DATA INPUT/OUTPUT 

CS CHIP SELECT 

Vee POWER 

LOGIC SYMBOL 

AO 1/01 
Al 1/02 
A2 1/03 
A3 1/04 
A4 1/0 5 

AS I/0s 

AS 1/07 
AT I/0a 

Aa 
Ag 
Al0 ___ 

CS WE OE 

WE WRITE ENABLE 

OE OUTPUT ENABLE 

GND GROUND 

CEMOS Is a trademark of Integrated Device Technology. Inc, 
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FUNCTIONAL BLOCK DIAGRAM 

Row 
Decoder 

128 X 128 
Memory Array 

....... 
Column 110, 
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IDT6116SIIDT6116LCMOSSTATIC RAMS 16K(2K x6 Bin MILITARY /INDUSTRIAL/COMMERCIAL TEMPERATURE RANGE 

ABSOLUTE M~XIMUM RATINGS(1) 
TEMPERATURE' RANGE -55°Cto +125°C -40°C to +85° OOC to +70°C 
SYMBOL PARAMETER RATING UNIT 

VTERM Voltage on any Pin with -0.5to +7.0 -0.5 to +7.0 -0.5 to +7.0 V 
Respect to GND 

TA Operating Temperature -55 to +125 -40 to +85 o to +70 °C 
TBIAs Temperature Under Bias -65 to +135 -55 to +125 -55 to +125 °C 
TSTG Storage Temperature -65 to +150 -65 to +150 -10 to +85 °C 
PT 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 

VIL Input Low Voltage -1.0* - +0.8 V 

CL Output Load - - 100 pF 

TIL Output Load - - 1 -
'Pulse Width: SOns. DC: VIL min. = - O.3V. 

MILITARY (TA = -55°C to +125°C) 

INDUSTRIAL (T A = -40°C to +85°C) 

COMMERCIAL (TA = O°C to +70°C) 

IDT61168 DC ELECTRICAL CHARACTERISTICS (Vcc=5V ±10%, TA= -55°C to +125°C) 

SYMBOL PARAMETER TEST CONDITIONS 
I DT6116S90/120 IDT6116S15O 

MIN. TypJ1) MAX. MIN. TypJ1) MAX. 

IILlI Input Leakage Current Vcc = 5.5 V, VIN = GND to VCC - - 10 - - 10 

IILol Output Leakage Current 
CS=VIH or OE = VIH 
VI/O = GND to Vcc - - 10 - - 10 

Icc CS=VIL,IIIO=OmA - 40 100 - 35 90 

Icc1 
Operating Power Supply Current VIH = 3.5V, VIL = 0.6V - 35 - - 30 -

IlIo=OmA 

Icc2 Dynamic Operating Current Min. Duty Cycle = 100% - 40 100 - 35 90 

ISB CS=VIH - 5 25 - 5 25 

ISB1 
Standby Power Current CS~Vcc-0.2V, 

0.02 10 0.02 10 
VIN ~ Vcc - 0.2V or VIN <; 0.2V - -

VOL Output Low Voltage IOL = 3.5 mA (2) - - 0.4 - -', 0.4 

VOH Output High Voltage 10H= -1.0mA 2.4 - - 2.4 - -
1. vcc=SV. TA=2S'C 
2. IOL = 2.1 mA for IDT6116S1SO 

IDT6116L DC ELECTRICAL CHARACTERISTICS (Vcc=5V ±10%, TA=-55°C to +125°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IDT6116L90/120 IDT6116L150 

MIN. TYP.(1) MAX. MIN. TypJ1) MAX. 

IILlI Input Leakage Current Vcc = 5.5V, VIN = GND to VCC - - 5 - - 5 

IILol Output Leakage Current 
CS=VIH or OE=VIH 
VIIO = GND to Vcc - - 5 - - 5 

Icc CS=VIL,IIIO=OmA - 40/35 100/90 - 30 80 

Icc1 
Operating Power Supply Current VIH = 3.5 V, VIL = 0.6 V - 35/30 - - 30 

IlIo=OmA -
Icc2 Dynamic Operating Current Min. Duty Cycle = 100% - 40/35 100/90 - 30 80 

ISB CS=VIH - 5 20 - 5 15 

ISB1 
Standby Power Current CS~Vcc - 0.2V, 4 900 4 900 

VIN~Vcc-0.2Vor VIN <;0.2V - -
VOL Output Low Voltage 10L = 3.5 mA (2) - - 0.4 - - 0.4 

VOH Output High Voltage 10H= -1.0mA 2.4 - - 2.4 - -
1. vcc=SV. TA=2SoC 
2. 10L =2.1 mA for IDT6116L150 

Integrated Device lechnology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338·2070 
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IDT6116S/IDT6116L CMOS STATIC RAMS 16K(2K x 8 BIT) MILITARY /INDUSTRIAL/COMMERCIAL TEMPERATURE RANGE 

IDT6116S DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, TA=-40°C to +85°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IDT6116S90/120 IDT6116S150 

MIN. Typ.(l) MAX. MIN. TYP.(1) MAX. 

Ilul Input Leakage Current Vcc=5.5V, V'N=GNDto Vcc - - 10 - - 10 

IILol Output Leakage Current CS =V'H or OE = V'H - - 10 - - 10 VIIO = GND to Vcc 

Icc CS=V,L,IIIO=OmA - 40 90 - 35 80 

ICCl 
Operating Power Supply Current V'H = 3.5 V, V'L = 0.6 V 35 30 

IlIo=OmA 
- - - -

Icc2 Dynamic Operating Current Min. Duty Cycle = 100% - 40 90 - 35 80 

ISB CS=V'H - 5 20 - 5 20 

18Bl 
Standby Power Current CS~ Vcc - 0.2V, 

20 2000 20 2000 
V'N~ Vcc - 0.2V or V'N~ 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 = 5 V, T A = 25°C 
2. 'OL = 2.1 rnA for 'DT6116S150 

IDT6116L DC ELECTRICAL CHARACTERISTICS (Vcc=5V ±10%, TA=-40°C to +85°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IDT6116L90/120 IDT6116L150 

MIN. TYP.(1) MAX. MIN. Typ.<l) MAX. 

Ilul Input Leakage Current Vcc =5.5V, V'N=GNDto Vcc - - 2 - - 2 

IILol Output Leakage Current CS= V'H or OE = V'H 
VIIO = GND to Vcc - - 2 - - 2 

Icc CS=V,L,IIIO=OmA - 40/35 90/80 - 30 70 

ICCl 
Operating Power Supply Current V'H = 3.5 V, V'L = 0.6 V - 35/30 - - 30 -

IlIo=OmA 

Icc2 Dynamic Operating Current Min. Duty Cycle = 100% - 40/35 90/80 - 30 70 

ISB CS=V'H - 5 20/15 - 4 12 

ISBl 
Standby Power Current CS~Vcc - 0.2V, - 4 200 - 4 200 

V'N~ Vcc - 0.2V or V'N~0.2V 

VOL Output Low Voltage 10L= 4rnA(2) - - 0.4 - - 0.4 

VOH Output High Voltage 10H = -1.0mA 2.4 - - 2.4 - -
1. VCC=5V, TA = 25°C 
2. 'OL =2.1 rnA for IDT6116L150 

IDT6116S DC CHARACTERISTICS (Vee = 5V +10%
, Gnd = OV, TA = O°C to +70°C) 

SYMBOL ITEM TEST CONDITIONS IDT6116S 70 IDT6116S 90/120 
MIN. TYP.(1) MAX. MIN. TYP.* MAX. 

Ilul Input Leakage Current Vee == 5.5V, VIN == GND to Vee - - 10 - - 10 

IILol Output Leakage Current CS == VIH or OE == VIH - - 10 - - 10 
Vl/o == GND to Vee 

Icc CS == VIL, 11/ 0 == OmA - 50 100 - 40 80 

ICCl 
Operating Power Supply Current VIH == 3.5V, VIL ==0.6V -11/ 0 == OrnA 40 - - 35 -

ICC2 Average Operating Current Min. Cycle Duty == 100% - 50 100 - 40 80 

ISB CS == VIH - 5 15 - 5 15 

ISBl 
Standby Power Current CS~Vce -0.2V, - . 20 2000 - 20 2000 

VIN~Vee -0.2VorVIN<:;0.2V 

VOL IOL == 4mA - - 0.4 - - 0.4 

VOH 
Output Voltage 

10H == -1.0rnA 2.4 - - 2.4 - -
1. Vee = SV. TA == 25°C 

Integrated Device Technology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT6116S/IDT6116L CMOS STATIC RAMS 16K (2K x 8 BIT) MILITARY /INDUSTRIAL/COMMERCIAL T.EJIJIP~RATURE_. RANGE 

IDT6116L DC CHARACTERISTICS (Vee = 5V -+-10%, GND= OV, TA = O°C to +70°C) 

SYMBOL ITEM TEST CONDITIONS IDT6116L 90 IDT6116L 120/150 UNIT MIN. TYP.III MAX. MIN. TYP.III MAX. 

IILlI Input Leakqge Current Vcc = 5.5V, VIN = GND to Vcc - - 2 - - 2 ,PA 

IILaI Output Leakage Current ' Cs= VIH orOE = VIH - - 2 - - 2 p.A Via = GND to Vcc 

Icc CS = VIL, 11/0 = OmA - 40 80 - 35/30 70/60 rnA 

icC! Operating Power Supply Current VIH = 3.5V, VIL =0.6V - 35 
h/o = OmA - - 30 - rnA 

Icc2 Average Operating Current Min. Cycle Duty = 100% - 40 80 - 35/30 70/60 rnA 

IS8 CS = VIH - 5 15 - 4 12 rnA 

1581 Standby Power Current CS~Vcc -0.2V, - 4 100 - 4 100 p.A 
VIN~VCC -0.2VorVIN~0.2V 

VOL 10l = 4mA(2) - - 0.4 - - 0.4 V 

VOH 
Output Voltage 

10H = -1.0mA 2.4 2.4 V - - - -
2. 10l = 2.1mA for IDT6116L 150 

AC ELECTRICAL CHARACTERISTICS 
(VCC = 5V ±10%, TA = -55°C to +125°CI-40°C to +85°C/O°C to +70°C)11l 

121 IDT6116S90 IDT6116S120 IDT6116S150 
IDT616S70 IDT6116L90 IDT6116L120 IDS6116L150 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. UNIT 

READ CYCLE 
tRC Read Access Time 70 - 90 - 120 - 150 - ns 

tAA Address Access Time - 70 - 90 - 120 - 150 . ns 

lAcs Chip Select Access Time - 70 - 90 - 120 - 150 ns 

tCLZ Chip Selection to Output in Low Z 5 - 0/0/5 - 5/5/10 - 10/15131 - ns 

tOE Output Enable to Output Valid - 50 - 65 - 80 - 100 ns 

tOLZ Output Enable to Output in Low Z 5 - 0/0/5 - 5/5/10 - 10/15(3) - ns 

tCHZ Chip Deselection to Output in High Z 0 35 0 40 0 40 0 50 ns 

tOHZ Output Disable to Output in High Z 0 35 0 40 0 40 0 50 ns 

tOH Output Hold from Address Change 5 - 0/0/5 - 5/5/10 - 10/15(3) - na 

WRITE CYCLE 
twc Write Cycle Time 70 - 90 - 120 - 150 - ns 

tew Chip Selection to End of Write 40 - 55 - 70 - 90 - ns 

tAW Address Valid to End of Write 65 - 80 - 105 - 120 - ns 

tAS 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 

tOHZ 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 

tDW Data to Write Time Overlap 30 - 30 - 35 - 40 - ns 

tDH Data Hold from Write Time 5 - 10/10/5 - 10/10/5 - 10 - ns 

tow Output Active from End of Write 0 - 0 - 0/5/5 - 5/10(4) - ns 

1. Parameters listing three limits apply in this Temp. Range order: MilitaryllndustriallCommercial. All other limits apply to all three Temp. Ranges. 
2. IDT6116S70 available in Commercial ooC to 70°C only. . , 
3. 10ns applies over -55°C to +125°e and -40°C to +85°C; 15ns applies over ooC to +70oe. 
4. tow = 5ns over -55°e to + 125°e; tow = 10ns over -40oe to +85°e and ooe to + 70o e. 

AC TEST CONDITIONS 

Input Pulse Levels 

Input Rise and Fall Times 

Input Timing Reference Levels 

Output Reference Levels 

Output Load 

*Includlng scope and jig. 

GNDt03.0V 

10ns 

1.5V 

1.5V 

1 TTL Gate and CL = 100pF 
(including scope and jig) 

Integrated Device lechnology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727·6116 • TWX 910·338·2070 
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IDT6116SIIDT6116L CMOS STATIC RAMS 16K (2K x 8 BIT) MILITARYIINDUSTRIAL/COMMERCIAL TEMPERATURE RANGE 

TRUTH TABLE CAPACITANCE{I) (TA = 25°C, f = 1.0MHz) 

MODE CS OE WE 110 OPERATION SYMBOL PARAMETER CONDITIONS MAX. UNIT 

Standby H X X HighZ CIN Input Capacitance VIN = OV 6 pF 

Read L L H DOUT 

Read L H H High Z 
CliO 

Input/Output 
VIIO=OV 8 pF 

Capacitance 

Write L X L DIN 
1. This parameter is sampled and not 100% tested. 

TIMING WAVEFORMS OF READ CYCLE NO. 1(1) 

DOUT __________ -{ 

READ CYCLE 211 ,2,4) READ CYCLE 3(1,3,4) 

~II-I-;---'AA_'~-'-xxJ=~=f_""=:=1 
_D .. _, ______ ·'C_"~---------------'C-"'~ 

NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = VIL. 
3. Address valid prior to or coincident with CS transition low. 
4. OE=VIL. 
5. Transition is measured ± SOOmV from steady state, This parameter is sampled and not 100% tested. 

TIMING WAVEFORMS OF WRITE CYCLE 1(1) 

1_-____ lwc ______ 1 

Address 

I_--ICW--_I 

I------IAW------I 

0 •• 
, ~-+-t-t-+_+_~..._+----------+_-----

NOTE: See footnotes on next page. 

Integrated Device Technology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT6116S/IDT6116L CMOS STATIC RAMS 16K (2K x 8 BIT) MILITARY /INDUSTRIAL/COMMERCIAL TEMPERATURE RANGE 

TIMING WAVEFORM OF WRITE CYCLE 2(1,6) 

1_----__ ·wc ________ 1 

Address 

i----.cw----i 

'D"-1 '9) 
Din -----------"""""1 

NOTES: 1. WE must be high during all address transitions. 
2. A write occurs during the overlap (twe) 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. DurinqJ!lis period, 110 pins are in the output state so th~he input signals of opposite..Q!!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 
~edance state. _ 

6. DE is continuously low (DE = Vld. 
7. Dour is the same phase of write data of this write cycle. 
8. DQllJ is the read data of next address. 
9. If CS is low during this period, 110 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°CI -40°C to +85°C/O°C to 70°C) 

IDT6116L IOT6116S SYMBOL PARAMETER TEST CONDITIONS MIN. TYP.111 MAX. MIN. TYP.111 MAX. 

VOR Vee for Retention Data 2.0 - - 2.0 - -
COM'L - 0.5 20 - 2 400 

leeoR Data Retention Current Vee = 2.0V, CS~Vee-0.2V IND - 0.5 40 - 2 600 

V1N ';9Vec -0.2VorVIN~0.2V MIL - 0.5 .300 - 2 1000 

!cOR Chip Deselect to Data Retention Time 0 - - 0 - -
tR Operation Recovery Time he l21 - - tRe l21 - -

1. Vee = 2V, Til = +25°C 
2. tRe = Read Cycle Time 

LOW Vee DATA RETENTION WAVEFORM 
Data Retention Mode_ 

Vcc 
VDR~2V 

r tcDR 

Integrated Device Technology, Inc. 
3236 Scott Blvd., Santa Clara, CA 95051 • Telephone: (408) 727·6116 • TWX 9103382070 

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 COMMERCIAL TEMPERATURE RANGES 

FEATURES: 
• High-speed (equal access and cycle time) 

-MILITARY 
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.) 
Standqy: 100",W (typ.) 

Active: 125mW (typ.) 
Standby: 10",W (typ.) 

• Battery backup operation -2V data retention voltage 
(IDT6167L only) 

• High-density 20-pin dual-in-Iine 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 16 K x 1 static RAMs 

• Standard product 100% screened to MIL-STD-883 
Class C 

• Military product available 100% screened to Class B 

PIN CONFIGURATIONS 
Al AO Vec A13 

A2 A12 

A3 
-, 
_..14 All 

A4 -, 16 r - Al0 _..1 5 L._ 

As 
-, lS r - A9 _..1 6 L._ 

AS -, 14 r - A8 _..17 L._ 

Dour -, 13 r - A7 _..1 8 L_ 
9 10 11 12 

rl rl n n 
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 

Vcc POWER 

CEMOS is a trademark of Integrated Device Technology, Inc. 

© Ie MASTER 1983 

DESCRIPTION: 
The IDT6167 is a 16,384-bit high-speed static RAM organ

ized as 16K x 1.lt is fabricated using IDT'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 5 V 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 or 20-pin leadless chip carrier,providing high 
board-level packing densities. 

The IDT6117 Military RAM is 100% processed in compli
ance to the test methods of Mll-STD-883, Method 5004, 
making it ideally suited to military temperature applica
tions demanding the highest level of performance and relia
bility. 

LOGIC SYMBOL 

Dour 

FUNCTIONAL BLOCK DIAGRAM 
AO 

Al 

A2 

A3 

A4 

A12 

A13 

CS 
DIN 

Row 
Select 

128 x 128 
Memory Array 

Vee 

_GND 

DOUT 
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IDT6167S/IDT6167L CMOS STATIC RAMS .16K (16K x 1 BIT) 

ABSOLUTE MAXIMUM RATINGS 111 

TEMPERATURE RANGE -55°C to +125°C OOCto +70oC 
SYMBOL RATING VALUE UNIT 

VTERM . Terminal Voltage with -0.5 to +7.0 -0.5 to +7.0 V 
Respect to GND 

TA Operating Temperature -55 to +125 o to +70 °c 
TBIAs Temperature Under Bias -65 to +135 -55 to +125 °c 
TSTG Storage Temperature -65 to +150 -65 to +150 °c 
PT Power Dissipation 1.0 1.0 W 

louT DC Output Current 20 20 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 rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
eTA = -55°C to +125°C/0°C to +70°C) 
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 - 6.0 V 

VIL Input Low Voltage -0.5 - 0.8 V 

MILITARY ICOMMERCIAL TEMPERATURE' RANGE 

DC ELECTRICAL CHARACTERISTICS (VCC = 5 V ± 10%, TA = -55°C to +125°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IDT6167S IOT6167L 

UNIT 
MIN. Typ.(l) MAX. MIN. TypJl) MAX. 

IILlI Input Leakage Current Vcc =5.5V, VIN=OVtOVcc - - 10 - - 5 IlA 

IILol Output Leakage Current CS = VIH' VOUT = OV to Vcc - - 10 - - 5 ~A 
ICCl Operating Power Supply Current CS = VIL, Output Open - 30 60 - 25 50 rnA 

Icc2 Dynamic Operating Current Min. Duty Cycle =100% - 30 60 - 25 50 rnA 

ISB Standby Power Supply Current CS~VIH - 5 20 - 5 20 rnA 

ISBl Full Standby Power Supply CS~Vcc -0.2V 
0.02 10 - 0.002 0.9 rnA Current. VIN ~ Vcc -0.2V or~ 0.2V -

VOL Output Low Voltage IOL=8mA - - 0.4 - - 0.4 V 

VOH Output High Voltage 10H =-4mA 2.4 - - 2.4 - - V ~ 
C) o 1. Vcc=5V, TA =25°C 

o 
c: DC ELECTRICAL CHARACTERISTICS (VCC = 5 V ± 10%, TA = 0 to + 70°C) .c: 
o 
a> 
f
a> 
o 

-S; 
a> 
C 
-0 
a> ..... 
ttS ... 
C) 
a> ..... 
c: 

SYMBOL PARAMETER TEST CONDITIONS 
IOT6167S IDT6167L 

UNIT 
MIN. Typ.(l) MAX. MIN. TypJl) MAX. 

Ilul Input Leakage Current Vcc =5.5V, VIN =OV to Vcc - - 2 - - 2 IlA 

IILol Output Leakage Current CS = VIH, VOUT = OV to Vcc - - 2 - - 2 IlA 

. ICCl Operating Power Supply Current CS = VIL' Output Open - 30 60 - 25 50 rnA 

Icc2 Dynamic Operating Current Min. Duty Cycle = 100% - 30 60 - 25 50 rnA 

ISB Standby Power Supply Current CS~VIH - 5 20 - 5 20 rnA 

ISBl Full Standby Power Supply CS~Vcc-0.2V - 20 2000 - 2 50 IlA 
Current VIN~Vcc-0.2Vor~0.2V 

VOL Output Low Voltage IOL=8mA - - 0.4 - - 0.4 V 

VOH Output High Voltage IOH=-4mA 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 High Z Standby CIN Input Capacitance VIN=OV 5 pF 

Read L H DOut Active COUT Output Capacitance VOUT=OV 6 pF 

Write L L HighZ Active NOTE: This parameter is sampled and not 100% tested. 

Integrat~d Device Technology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT6167SIIDT6161L CMOS STATIC RAMS 16K (16K x 1 BIT) MILITARY ICOMMERCIAL TEMPERATURE RANGE 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, TA = -55°C to +125°C unless otherwise noted.) 

IDT6167S55 IDT6167S70 IDT6167S85 IDT6167S100 
SYMBOL PARAMETER IDT6167L55 IDT6167L70 IDT6167L85 IDT6167L 100 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

READ CYCLE 

t AC (TAVAV) Read Cycle Time 55 - 70 - 85 - 100 -
tAA (TAVQV) Address Access Time - 55 - 70 - 85 - 100 

tACS (TELQV) Chip Select Access Time - 55 - 70 - 85 - 100 

tOH (TAXQX) Output Hold from Address Change 5 - 5 - 5 - 5 -
tLZ (TELQX) Chip Selection to Output in Low Z 5 - 5 - 5 - 5 -
tHZ (TEHQZ) Chip Deselection to Output in High Z 0 40 0 40 0 50 0 50 

tpu (TELICCH) Chip Selection to Power Up Time 0 - 0 - 0 - 0 -
tpD (TEHICCL) Chip Deselection to Power Down Time - 55 - 70 - 85 - 100 

WRITE CYCLE 

twc (TAVAV) Write Cycle Time 55 - 70 - 85 - 100 -
tcw (TELWH) Chip Selection to End of Write 45 - 55 - 65 - 80 -
tAW (TAVWH) Address Valid to End of Write 45 - 55 - 65 - 80 -
tAs (TAVWL) Address Setup Time 0 - 0 - 0 - 0 -
twp (TWLWH) Write Pulse Width 35 - 40 - 45 - 55 -
tWA (TWHAX) Write Recovery Time 0 - 0 - 0 - 0 -
tow (TDVWH) Data Valid to End of Write , 25 - 30 - 35 - 40 -
tOH (TWHDX) Data Hold Time 0 - 0 - 0 - 0 -
twz (TWLQZ) Write Enable to Output in High Z 0 40 0 40 0 50 0 50 

tow (TWHQX) Output Active from End of Write 0 - 0 - 0 - 0 -

AC CHARACTERISTICS (VCC = 5 V ± 10%, TA = 0 to + 700 e) unless otherwise noted.) 

SYMBOL PARAMETER 

READ CYCLE 

tRc (TAVAV) Read Cycle Time 

tAA (TAVQV) Address Access Time 

tAcs (TELQV) Chip Select Access Time 

tOH (TAXQX) Output Hold from Address Change 

tLZ (TELQX) Chip Selection to Output in Low Z 

tHZ (TEHQZ) Chip Deselection to Output in High Z 

tpu (TELICCH) Chip Selection to Power Up Time 

tpo (TEHICCL) Chip Deselection to Power Down Time 

WRITE CYCLE 

twc (TAVAV) Write Cycle Time 

tcw (TELWH) Chip Selection to End of Write 

tAW (TAVWH) Address Valid to End of Write 

tAs (TAVWL) Address Setup Time 

twp (TWLWH) Write Pulse Width 

tWA (TWHAX) Write Recovery Time 

tow (TDVWH) Data Valid to End of Write 

tOH (TWHDX) Data Hold Time 

twz (TWLQZ) Write Enable to Output in High Z 

tow (TWHQX) Output Active from End of Write 

Integrated Device Technology, Inc. 

© Ie MASTER 1983 

IDTQ167S45 IDT6167S55 I DT61f)7S70 IDT6167S85 
IDT6167L45 IDT6167L55 IDT6167L70 IDT6167L85 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

45 - 55 - 70 - 85 -
- 45 - 55 - 70 - 85 

- 45 - 55 - 70 - 85 

5 - 5 - 5 - 5 -
5 - 5 - 5 - 5 -
0 30 0 30 0 30 0 40 

0 - 0 - 0 - 0 -
- 35 - 35 - 35 - 40 

45 - 55 - 70 - 85 -
40 - 45 - 55 - 65 -
40 - 45 - 55 - 65 -
0 - 0 - 0 - 0 -

30 - 35 - 40 - 45 -
0 - 0 - 0 - 0 -

25 - 25 - 30 - 35 -
0 - 0 - 0 - 0 -
0 30 0 30 0 30 0 40 

0 - 0 - 0 - 0 -

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT6167SIIDT6167L CMOS STATIC RAMS 16K (16K x 1 BIT) MILITARY /COMMERCIAL TEMPERATURE RANGE 

AC TEST CONDITIONS +sv +sv 

Input Pulse Levels 
480Q 

Input Rise and Fall Times 

Input Timing Reference Levels 

Output Reference Levels 
Output Load 

GNDto3.0V 

5ns 

1.5V 

1.5V 

OOUT-~---t OOUT-~---+ 

2SSQ :~5pF" 

See Figures 1 and 2 
,,7 ,,7 

Figure 1. Output Load Figure 2. Output Load 
(for t HZ' tLZ' twz• and tow) 

*Includlng scope and jig. 

TIMING WAVEFORM OF READ CYCLE NO. 1(1,2) 

~ 
,~. ~-

Addrns ~ 

--~'O"~'.. ~: ___ _ 
Osts Out Previous OltS Vilid =t X X )K Oltl Vilid 

TIMING WAVEFORM OF READ CYCLE NO. 2(1,3) 

~g:~~t-,u-;;~''''-l-t_v~'~'~»---_ 
~)K =>I Hlghlmpedlnce 

!se_ .l:::j !-tpo-t 
VccSupply , 

Current 158 """-__ _ 

NOTES: 1. WE is high for READ cycle. 
2. CS Is low for READ cycle. 
3. Add'ress valid prior toor 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. Ali READ cycle timings are referenced from the last valid address to the first transltionlng address. 

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED)(1) 
~--------------------iwc------------------~ 

Address 

'--------------tAw-------------... --

--~------~_r_~+--------twp--------~~I'----------------

__ ~- r-'ow- '0"---+1_ 
O.t.ln r o.ts InV.lld I ~ 

r- twz4-1 r-tow~4-i _ 
o.t. Out __________ O._t._U_nd_.f_ln_ed ________ .... ~ High Impedlnce' :-{======= 

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 tilTlings are referenced from the last valid address to the first transitioning address. 
4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled an,d not 100% tested. 

Integrated Device Technology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727·6116 • TWX 910·338·2070 
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IDT6167S/IDT6167L CMOS STATIC RAMS 16K (16K x 1 BIT) MILITARY ICOMMERCIAL TEMPERATURE RANGE 

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED)(1) 
\ ...... I--------twc3-------I •• \ 

Address 

1~-----lAw -------l., 

f; tow .. f"" Data In Data In Valid 

'-'~'l Data Out Data Undefined 
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 specified 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/O°C to 70°C) 

SYMBOL PARAMETER TEST CONDITION MIN. Typ.1 MAX. 

VDR Vcc for Data Retention 2.0 - -
ICCDR Data Retention Current - 0.5(2) 300/20 (2 ) 

CS~VCC -0.2V - 1.0(3) 450/30(3 ) 

tCDR Chip Deselect to Data Retention Time Y'N ~ VCC -0.2V or~ 0.2V 0 - -
tR Operation Recovery Time tRC(4) - -

NOTES: 1. TA = 25°C 3. at Vcc=3V 
2. atVcc =2V 4. tRC = Read Cycle Time 

LOW Vee DATA RETENTION WAVEFORM 
Data Retention Mode_ 

Vee VOR;o2V 

..ttCOR tR--'1 

'~Z"""'II-""'Z""-I"""""~-VIH --\\--__ VO_R _--JI-VIH'.r-\-----r-\--\--.\\~' 

Integrated Device Technology, Inc. 
3236 Scott 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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FEATURES: 
• Separate data inputs and outputs 

• High-speed (equal access and cycle time) 
IDT71681S 45/55/70/85ns (max.) 
IDT71681 L 45/55/70/85ns (max.) 

• Low power consumption 
-IDT71681S 

Active: 225mW (typ.) 
Standby: 100p.W (typ.) 

-IDT71681L 
Active: 225mW (typ.) 
Standby: 10p.W (typ.) 

• Battery backup operation - 2V data retention voltage 
(IDT71681 L only) 

• 24-pin 300-mil dual-in-line package 

• 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 directlx TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• 100% screened to MIL-STD-883 Class C 

PIN CONFIGURATION LOGIC SYMBOL 

A4 

Ao-All 

DIP 
TOP VIEW 

O2 

ADDRESS INPUTS 

Ao 
Al 
Az 
A3 
A4 

_As 
A, 
A7 
Aa 
A9 
Alo 
An 

Di 

Yo 

YI 

Yz 

Y3 

CS WE 

DATA IN 
CS CHIP SELECT Yi DATA OUT 
WE WRITE ENABLE GND GROUND 
Vcc POWER 

CEMOS is a trademark of Integrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE 

DESCRIPTION: 
The IDT71681 is a 16,384-bit high-speed static RAM or

ganized as 4K x 4 with separate data inputs and outputs. 
-The separate input and output feature allows for im
proved 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 enhancing 
system speeds. Also, the IDT71681 fits readily into a 
pipeline structure. It is fabricated using IDT's high-perform
ance, high-reliability technology - CEMOS™ 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 495mW. 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 100ftW, typically. This 
capability provides significant system-level power and 
cooling savings. The low power, (L), version also offers a 
battery backup data retention capability where the circuit 
typically consumes only 1ftW operating off of a 2V battery. 

All inputs and outputs of the IDT71681 are TTL- compat
ible 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 IDT71681 is packaged in a space-saving 24-pin, 
300 mil DIP providing high board-level packing densities. 

FUNCTIONAL BLOCK DIAGRAM 

Do 

A7 

MEMORY 
ARRAY 
128 ROWS 
128 COLUMNS 

COLUMN 1/0 

COLUMN SELECT 

Aa A9 Alo An 

Yo 
YI 

Yz 
Y3 

-Vec 

-GND 

DECEMBER 1982 
Planned availability - samples 01 1983, production 02 1983-
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FEATURES: 
• High-speed (equal access and cycle time) 

IDT6168S 45/55/70/85ns (max.) 
IDT6168L 45/55/70/85ns (max.) 

• Low power consumption 
-IDT6168S 

Active: 225mW (typ.) 
Standby: 100JLW (typ.) 

-IDT6168L 
Active: 225mW (typ.) 
Standby: 10JLW (typ.) 

• Battery backup operation -2V data retention voltage 
(IDT6168L only) 

DESCRIPTION: 
The IDT6168is a 16,384·blt high-speed static RAM organ

Ized as 4K x 4. It Is fabricated using IDT's high-performance, 
hlgh·rellability 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 495mW. The circuit also 
offers a reduced power standby mode. When CS goes high, 
the circuit wi" 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/JW, typically. This 
capability provides significant system-level power and 

• High-density 20-pin dual-in-line package and 20-pln COOling savings. Theflow power, (L), version also offers a 
leadless chip carriers battery backu~<,g~t~;J~tention capability where the circuit 

• Produced with advanced CEMOSTM I high-performance typically con~tim~s onl}! 1/JW operating off of a 2V battery. 
technology All inpuis\;;,,~nd~>puiputs of the IDT6168 are TTL-

• CEMOSTM I process virtually eliminates alpha particle coml?~ti~fe::;:~~~j. operate from a single 5V supply, thus 
soft-error rates (with no organic die coatings) s!tnP1i{Y,irtQ/system designs. Fu"y static asynchronous 

"': ,~J(9UitEY~},S)used, which requires no clocks or refreshing for 
• Bidirectional data input and output \)::iR~~r~~iOri', and provides equal access and cycle times for 
• Single 5V (±10%) power supply ~('>, \;,ease'of use. 
• Input and output directly TTL-compatible \\;:'~';~:~;~~~ ''the IDT6168 is packaged in either a space-saving 20-pin, 

,,;))P<~::" ',~~::~~'~ 300 mil DIP or 20-pin leadless chip carrier, providing high 
(t'/i' \:::\.;,~;;:tfo~ board-level packing densities. 

• Static operation: no clocks or refres~"Jequtred /c;v/ 

• Three-state output 

if,.~/./fF . )~ '. .~~<:\ .,<;,.:.;;,;.~iJ 

• Pin-compatible with standard 4~;iX>:':'7:tati<t"RAMS 
• 100% screened to MIL-STD-88li9i~~~'\~ ~<. 

PIN CONFIGURATIONS 

DIP 
Top View 

PIN NAMES 

As 

\,:~ .. ~:* 

AI Ao Vee All 

17L A, 

16L A. 

15[: 1/01 

CS GND WE 1/04 

LCC 
Top View 

DATA 
Ao-An ADDRESS INPUTS 1/01-1/04 INPUT/OUTPUT 
CS CHIP SELECT VCC POWER 
WE WRITE ENABLE GND GROUND 

CEMOS Is a trademark of Integrated Device Technology, Inc. 

LOGIC SYMBOL »»>»»)>)»)>)>>)> 
=; ............. WN_O 

1/04 1103 1/02 1/01 

FUNCTIONAL BLOCK DIAG'RAM 

1101 ---r>-f---
1/02 -...++I)-l 
1/03' -..t-HU-l 

1/04 '-++++1';>-1 

MEMORY 
ARRAY 
128 ROWS 
128 COLUMNS 

-Vee 
-GND 

COMMERCIAL TEMPERATURE RANGE DECEMBER 1982 
Planned availability - samples Q1 1983, production Q2 1983 
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IDT6116S/IDT6116L-IDT6167S/IDT6167L 
CMOS STATIC RAMS SCREENED TO 
MIL-STD-883 CRITERIA 
lOT MILITARY PROCESSING TO 
M I L·STD·883 

Maintaining the highest standards of quality in our mem
ory products is the basis of lOT's standard manufacturing 
systems and procedures. lOT products begin with stringent 
design rules derived for use in high reliability programs. 
This is followed by a dedicated commitment to reliable 
wor'kmanship as well as rigid controls throughout wafer 
fab, device assembly and electr'ical test, all of which are de
signed to produce products that are inherently reliable. 

All products, including commercial, are manufac~ured 
and screened to the criteria of MIL-STD-883. Documenta
tion, design, processing and" assembly workmanship 
guidelines are patterned after MIL-M-38S10 specifications. 

For customer applications requiring higher levels of reli
ability screening, we supply full military range products 
completely screened to the Class B criteria of Method S004 
with inspectipn lots tested to the Quality Conformance 

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 I 1008, Condition C 100% 
Temp~rature Cycle 1010, Condition C 100% 
Constant Acceleration 2001 100% 
Hermeticity, Fine 1014 100% 

and 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% 

Functional a. At 25°C and Power 
Supply Extremes 100% 

b. At Temperature and 
Power Supply 
Extremes 100% 

Switching (AC) or At 25°C, Nominal Power 
Dynamic Supply 100% 

External Visual 2009 100% 

Requirements of Method SOOS as shown in the next column. 
This includes 100% 160-hour burn-in at TA = +12SoC' (or 
equivalent) per Method 101S Cond 0 followed by 100% tem
perature testing of all DC, AC, and functional characteris
tics over the full -SsoC to +12SoC temperature range. 

Samples of product which have been processed to Method 
S004 100% screening requirements are submitted to the 
Quality Conformance inspection requirements of MIL-STD-
883. These Quality Conformance inspections are performed 
to the criteria of Method SOOS Group A (electrical), Group B 
(mechanical), Group C (chip integrity), and Group 0 (pack
age environmental integrity). 

Specification of our IDT6116 Class B screened product 
will ensure the user not only of a high performance memory, 
but also a component tested to meet stringent reliability re
quirements. 

QUALITY CONFORMANCE TESTING 
PER MIL·STD·883, METHOD 5005, CLASS B 

SCREEN TEST METHOD 

Quality Conformance 
Sample Tests Group A 

(Electrical Tests) 
Group B' 

(Mechanical Tests) 
Group C 

(Chip Integrity Tests) 
Group D 

(Package Integrity 
Tests) 

LEVEL 

Sample 

Sample 

Sample 

Sample 

For special customer specifications or quality require
ments beyond Class B levels of MIL-STD-883, such as SEM 
analysis, X-ray, or other screening flows to meet specific 
needs, contact your local lOT sales office. 
Individual die, which have been manufactur,ed to the same 
rigid controls in wafer fabrication and visually inspected 
to MIL-STD-883 Method 2010 Condition B, are available for 
shipment. 

Integrated Device Technology, Inc. 
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IOT6116SIIOT6116L 

24·LEAD SIDEBRAZE , 

[[]J 1.'.590 •. 020 

~~n:~~~ . , 
- ~ 

'OO8/,oU-~ mmmm !,035/,070 

'. I -.---. ,1301.170 
,005 I, ! 

.S9OI.62O -t MIN-- I 

-, .- - - -1-
050:!" .04S:!" .018:!: .100TYP 
030 ,015,003 

28 PIN Lee 

01 
f-------~ -I r 

.. X. Eqdl SpKq@..QSOb. .070:1:.001 

32 PIN Lee 

IIOJ 11 
I I -I r 
2X.EquIISplic •• @.050E.. .010:1:.001 

..L.o25%.ool Till:: .. , 
(32'llc.,) 

1 OT6167S/1 OT6167L/I OT6168S/1 OT6168L 

20-LEAO SIDEBRAZE 

I ---.!.-:t~'.= -...l.. H O"2oM'" 

I --0,010 r 0,210;0,:120-1--1 dOO3 

0.150 
:to.025 

20-PIN LEADLESS CHIP CARRIER _I -0.Q.45Typ. 

I 
1
_1_3 Equal Spac •• 

I~Oci~- _,11=:::::::::: _1MUr ........... :..---:ato.o50EaCh --t 0.0875 T~p. 

D 1 
200pl:.~'-..... -t 

5 Equal Spaci. 
at 0.050 Each 

0.42]...... ..=t=5 =1~I"-InLJ.-.I...Jto"--"-"-0-'01-j2 • ,.,.. 
:!: 0.008 4 Plac •• 

- -0.070 Typ. 

© Ie MASTER 1983 

PINOUT CONFIGURATION 
16K CMOS SRAM IOT6116 (2K x 8) 

LOGIC PIN NUMBER 
FUNCTION 

SYMBOL 24 DIP 28LCC 32LCC 

Address Line A7 1 1 4 
Address Line A6 2 2 5 
Address Line As 3 3 6 
Address Line A4 4 4 7 
Address Line A3 5 5 8 
Address Line A2 6 6 9 
Address Line Al 7 9 10 
Address Line Ao 8 10 11 
Input/Output I/O 1 9 11 13 
Input/Output I/O 2 10 12 14 
Input/Output I/O 3 ' 11 13 15 
Power Ground GND 12 14 16 
Input/Output I/O 4 13 15 18 
Input/Output I/O 5 14 16 19 
Input/Output I/O 6 15 17 20 
Input/Output I/O 7 16 18 21 
Input/Output I/O 8 17 19 22 
Chip Select! 

CS 18 20 23 
Data Retention 
Address Line AlO 19 23 24 
Output Enable OE 20 24 25 
Write Enable WE 21 25 26 
Address Line Ag 22 26 28 
Address Line As 23 27 29 
Power Supply Vce 24 28 32 

20-LEAD FLATPACK (lDT6167S/L ONLY) 

P N NO MARK I, I .1 

1 20 

I 
--.L 
~ 

.017 ±.002 

.470/.49 

10 11 

.050 TYP 
I 

--'---1 
i 

.045 MAX 
+.002 I r----. 350 ±.010-r-.285 ±.015l 

.005 - 001 --'- I 
: . , ~~~I~l====~ 

, iT 1.-.030 MIN. ---C.025 ±.015 
.080 ±.010 

IOT71681 
24-LEAD 
THINDIP 
SIOEBRAZE 

""C,005 MIN ,120 MAX 

~
=~.' ~ .... ~0=,030 BLI 

l : : : .lZ:.~~:·010 .010 
--L :::.003 

. ..JIIL .050 =.010 -I 1--.100 TYP ~ ,2901 -I 
-..I~.018=.OO3 ,320 

I 

3807 

~ 
0> 
o 
o 
c 
.c 
(,) 
Q) 

I
Q) 
(,) 

"> 
Q) 

o 
"'0 
Q) ...... as 
L. 

0> 
Q) ...... 
C 



Q) -c 

BPK70 
1 MBIT BUBBLE MEMORY SUBSYSTEMS 

BPK 70-1 

BPK 70-4 

BPK 70-S 

• 1 MBit, .Non-Volatile, Read-Write, High
Density Bubble Memory. Subsystems 

• Average Access Time of 48 ms 

0-7SoC 

10-SSoC 

-20-8SoC 

• Operates from +5Vand +12V Power 
Supplies 

• Maximum Data Rate of 100 KBit/Sec 

A Bubble Storage Subsystem contains components,for production of 1 MBit Bubble Storage System. The kit 
consists of one 1 MBit Magnetic Bubble Memory and five support circuits (shown in the figure below). The BPK 
70 Subsystem is controlled by an additional 7220 Bubble Memory Controller. One 7220-1 is capable of 
controlling up to eight BPK 70-1 s or BPK 70-4s and one 7220-5 is capable of controlling up to four BPK 70-5s. 
Larger systems may be built using multiple 7220's with additional Bubble Storage Subsystems. The user 
interface of the 7220 is compatible with microprocessor bus systems for 8080, 8085, 8086 and 8088 and other 
standard microprocessors. 

For applications in 0-75°C and 1 0-55°C temperature range, the Bubble Memory (7110-1/7110-4) and the other 
support circuits (7230, 7242, 7250, 7254) are available as separate, interchangeable components. Each of the 
.components in the Subsystem are described in detail on the respective component data sheets. 

TO 7220.1 
8080 BUBBLE 
8085 MEMORY 
8088 CONTROLLER 
8086 (BMC) 

TO 
ADDITIONAL 

BPK70's 

CONFIGURATION OF ONE BPK 70 BUBBLE STORAGE SUBSYSTEM WITH THE 7220 CONTROLLER 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Ci~cuitry Embodied in an Intel Product. No Other Circuit Patent Licenses afeJmplied. 

© Intel Corporation 1982 ORDER NUMBER: 210356·001 
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BPK72 
1 MBIT BUBBLE MEMORY PROTOTYPE KIT 

BPK 72-1 

BPK 72-4 

BPK 72-5 

• 1 Mbit, Non-Volatile, Read-Write, High
Density, Bubble Storage Units 

• Operates from + 5V and + 12V Power 
Supplies 

., Average Access Time of 48 ms 

• Built-in Error Correction/Detection 

0-75°C 

10-55°C 

-20-85°C 

... Complete with Components, Blank 
Board, Accessories and Documentation 
for Prototyping 

• Powerfail Data Protection 
II Maximum Data Rate of 100K bit/sec 

• Compatible with 8080/85/86/88 and 
other Standard Microprocessors 

The BPK 72 prototype kit contains all the necessary items and documentation required to build a 1 Megabit 
bubble storage prototype system with a minimum of design effort. Thus this unit gives the design engineer the 
opportunity to learn the characteristics of a Bubble Memory System and to actually test the bubble in a 
prototype product. Application information on microprocessor interfacing is included in the kit. -

Each of the components in the kit, i.e., 7110, 7220, 7230, 7242, 7250, 7254 are described in detail on the 
respective component data sheet. 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circ,uit Patent Licenses are Implied. 

©INTEL CORPORATION. 1982 
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2186 
8192 x 8 BIT INTEGRATED RAM 

• Low-cost, high-volume HMOS • Simple asynchronous refresh operationl 
technology static RAM compatible 

• High density one transistor cell • 2764 EPROM compatible pin-out 

• Single + 5V ± 100/0 supply • Two-line bus control 

• Proven HMOS reliability • J EDEC standard 2S-pin site 

• Low active current (70 mAl • Low standby current (20 mAl 

The Intel 2186 is a 8192 word by 8-bit integrated random access memory (iRAM) fabricated on Intel's proven 
HMOS dynamic RAM technology. Integrated refresh control provides static RAM characteristics at a sig
nificantly lower cost. Packaged in the industry standard 28-pin DIP, the 2186 conforms to the industry stand
ard JEDEC 28-pin site. Designs based on 2186 timings can be made fully compatible with EPROMs and 
static RAMs. ' 

The 2186 is particularly suited for microprocessor applications and incorporates many requisite system 
features including low power dissipation, automatic initialization, extended cycle operation and two-line 
bus control to eliminate bus contention. 

BLOCK DIAGRAM 

REFRESH 
TIMER 

CE 
OE 

WE 

ROY 

ARBITER 

Ao 
Al 

A2 

A3 

A4 

As 

~ 

PIN NAMES 

~Al~ ADDRESS INPUTS 
CHIP ENABLE 

OE OUTPUT ENABLE 
WE WRITE ENABLE 
1/00.1/0 7 DATA INPUTIOUTPUT 
ROY READY 
Vcc +5V POWER 
Vss GROUND 

ROW 
ADDRESS 

MULTIPLEXER 

ROW 

COLUMN 
ADDRESS 
BUFFERS 

DECODER 
MEMORY 

ARRAY 

I/O 
BUFFERS 

PIN CONFIGURATION 

ROY Vcc 

A12 WE 

A7 NC 

As Ag 

As A8 

A4 All 

A3 OE 

A2 A 10 

Al CE 

Ao 1/07 

1/00 I/Os 

1/0 1 1/05 

1/02 1/04 

Vss 1/03 

2B·LEAD 
81164 

The following are trademarks of Intel Corporation and may be used only to describe Intel products: Intel, CREDIT, Index, Insite, Intellec, Library Manager: Megachassis, 
Micromap, MUL TIBUS, PROMPT, UPI, "Scope, Promware, MCS, ICE, iRMX, iSBC, iSBX, MUL TlMODULE and iCS. 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. 

"! INTELCORPOR,ATION, 1982 September 1982 

Order Number: 210460·001 
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inter 2186 FAMILY 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias. . . . .. - 10°C to + ao°c 

Storage Temperature ....... - 65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground .......... - 1.0 V to + 7 V 

D.C. Continuous Current per Output ...... 10 mA 

D.C. Maximum Data Out Current. . . . . . . .. 50 mA 

D.C. Power Dissipation ................. 1.0 W 

D.C. AND OPERATING CHARACTERISTICS(1] 

* COMMENT: Stresses above those listed under 
"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 indi
cated in the operational sections of this specifica
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect 
device reliability. 

TA = O°C to + 70°C, VCC = + 5V ± 10% unless otherwise noted. 

Limits 

Symbol Parameter Min. Max. Unit Test Conditions Notes 

III Input Load Current (All Input Pins) 10 /LA VIH = VSS to VCC 

IILOI Output Leakage Current 10 /LA OE=VIH 

ICC Operating Current 70 rnA Minimum Cycle Time 2 

IS8 Standby Current 20 rnA CE=VIH 

VIL Input Low Voltage -1.0 0.8 V 3 

VIH Input High Voltage 2.4 7.0 V 

VOL Output Low Voltage 0.45 V IOL=2.1 rnA 4 

VOH Output High Voltage 2.4 V 10H= -1.0 rnA 

NOTES: 
1. Typical limits are VGC= +5V, TA=25°C. 
2. ICC is dependent on output loading when the device output is selected~ Specified ICC max. is measured with the output open. 
3. Specified VIL min. is for steady state operation. During transitions the inputs may overshoot to - 2.0V for periods not to exceed 

20 nsec. 
4. IOL for ROY is 10 rnA. 

A.C.TEST CONDITIONS + SV 

Input Pulse and Timing 
, Reference Levels. . . . . . . . . . . . . .. o.av to 2.4V 1.BK 

DOUT' ---..----t +5V 
Q) 
~ 

Input Rise and Fall Times. . . . . . . . . . . . .. 10 nsec 

Output Timing Reference Levels.. 0.45V and 2.4V 

Output Load .................... See Figure 1 
1K 

100pF 
(INCLUDING 
SCOPE AND 
JIG) 

c: 
1.BK 

CAPACITANCE(S] 
TA= 25°C, f= 1.0 MHz 

Symbol Parameter 

CADD Address Capacitance 
CliO I/O Capacitance 
CIN Control Capacitance 

Max. Unit 

8 pF 
14 pF 
14 pF 

NOTE: 5. This parameter is characterized and not 100% tested. 

© Ie MASTER 1983 

Figure 1. 

Conditions 

VADD = OV 
VIIO=OV 
VIN=OV 

DOUT -----.--.... 

1K 

Figure 2. 
(FOR HIGH IMPEDANCE 
MEASUREMENTS ONLy) 

5pF 
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4 

A.C. CHARACTERISTICS 
TA = O°C to + 70°C, vee = + 5V ± 10 % unless otherwise noted. 

READ CYCLE (WE=VIH) 

2186·25 2186·30 2186·35 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

TELEL Cycle Time 425 500 600 ns 1 

TELOV Access Time from CE 250 300 350 ns 1 

TELELR Cycle Time with Refresh 850 1000 1200 ns 2 

TELOVR Access Time from CE w/Refresh 675 800 950 ns 2 

TGLOV Access Time from OE 65 70 75 ns 

TELEH CE Pulse Width 40 40 40 ns 

TEHEL CE High Time 40 40 40 ns 

TAVEL Address Set-Up Time 0 0 0 ns 

TELAX Address Hold Time 30 30 30 ns 

TGLEL OE low to next CE low 250 275 300 ns 

TGLGH OE Pulse Width 65 70 75 ns 

TGHEL OE high to next CE low 40 40 40 ns 

TGHOX OE high to Data Float 10 60 10 60 10 60 ns 3 

TELGL CE low to OE low - Pulse Mode 0 90' 0 90 0 90 ns 4,5 

TGLEH OE low to CE high - Long Mode 40 40 40 ns 4 

TELRL CE low to ROY low 50 60 70 ns 6 

TRLRH ROY Pulse Width 100 100 100 ns 6 

TRHOV ROY high to Data Valid 60 70 95 ns 

TRHEL ROY high to next CE low 250 275 350 ns 

WAVEFORMS 

READ CYCLE 
CE(E) 

OE(G) 

Q) ADDR 
+-' 
C 

DATA 
OUT 

READ CYCLE WITH REFRESH CE(E) TELELR 

OE(G) 

TELRL TRHEL 
ROY 

DATA 
OUT 

TELQVR 

3812 © Ie MASTER 1983 



2186 FAMILY 

A.C. CHARACTERISTICS 
TA = ooe to + 70 oe, vee = + 5V ± 10% unless otherwise noted. 

WRITE CYCLE (OE = VIH) 

2186·25 2186·30 2186·35 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

TELEL Cycle Time 425 500 600 

TELELR Cycle Time with Refresh 850 1000· 1200 

TELEH CE Pulse Width 40 40 40 

TEHEL CE High Time 40 40 40 

TAVEL Address Set-Up Time 0 0 0 

TELAX Address Hold Time 30 30 30 

TWLEL WE low to next CE low 250 300 350 

TWLWH WE Pulse Width 40 40 40 

TWHEL WE high to next CE low 40 40 40 

TDVWL Data Set-Up to WE low 0 0 0 

TWLDX Data Hold from WE low 40 45 50 

TELWL CE low to WE low - Pulse Mode 0 90 0 90 0 90 

TWLEH WE low to CE high - Long Mode 40 40 40 

TELRL CE low to RDY low 50 60 70 

TRLRH RDY Pulse Width 100 100 100 

TRHEL RDY high to next CE low 250 275 350 

WAVEFORMS 

WRITE CYCLE 
~-----TELEL------+I 

WE (E) ---t-------, 

DATA IN ---+---.......( 
\-_.__----J 

WRITE CYCLE WITH REFRESH ~-----TELELR-;:::;========~ 

RDY---t-~ 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

DATA IN --------({ DATA VALID ))..------

© Ie MASTER 1983 

Notes 

1 

2 

4,5 

4 

6 

6 

Q) ...... 
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A.C. CHARACTERISTICS 
T A = ooe to + 70 oe, vee = + 5V ± 10% unless otherwise noted. 

FALSE MEMORY CYCLE (OE and WE = VIH) 

2186·25 2186·30 2186·35 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Notes 

TELEL Cycle Time 425 500 600 ns 1 

TELELR Cycle Time with Refresh 850 1000 1200 ns 2 

TELEH CE Pulse Width 40 10000 40 10000 40 10000 ns 7 

TEHELF CE High Time for F.M.C. 200 250 275 ns 8 

TAVEL Address Set-Up Time 0 0 0 ns 

TELAX Address Hold Time 30 30 30 ns 

TELRL CE low to ROY low 50 60 70 ns 6 

TRLRH ROY Pulse Width 100 100 100 ns 6 

TRHEL ROY high to next CE low 250 275 350 ns 

WAVEFORMS 

FALSE MEMORY CYCLE 

CE(E)---
~---TELEH---""'I--TEHELF 

..-..... ~TELAX 

_..I'---____ 'C:. 
Al 112 

FALSE MEMORY CYCLE WITH REFRESH 14------ TELELR -------.t 
CE(E)---.. 

TELRL ~~-TRLRH-~f----TRHEL--""" 
RDY---+-

AUl5 

NOTES: 

1. TELEL<TELELR and TELOV<TELOVR. 

2. For reference only. 

3. Transition is measured ± 500 mV from steady state logic level with specified loading in Figure 2. 

4. For Pulse Mode TELEH :sTELGLmax + TGLEHmin or TELEH :sTELWLmax + TVvLEH min • For Long Mode TELEH > TELGLmax 

+ TGLEH min or TELEH> TELWLmax + TWLEH min • 

5. For Long Mode TELGLmax and TELWLmax = 10 p.sec. 

6." CRDY < 100 pF and RexT = 5100. 
7. False Memory Cycles Only. 

8. Note TEHELF> TEHEL. 
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2186 FAMILY 

FUNCTIONAL DESCRIPTION 

The 2186 has three control pins: CE (Chip Enable), 
OE (Output Enable), and WE (Write Enable). An 
open-drain output pin called ROY indicates if re
fresh is occurring during an access request. ROY 
will only respond when the 2186 has been selected 
by CE going active low during a refresh cycle. 

Cycles are initiated by latching address"esinto the 
2186 with the leading (falling) edge of CEo When 
CE goes active during internal refreSh, the ROY pin 
is pulled low signaling a delay. ROY remains low 
until shortly before both refresh and access (Read/
Write) cycles are complete. 

On-chip control circuitry tracks all operations for 
nearly transparent refresh. A high-speed on-chip 
arbitration circuit prevents conflicts from occur
ring between refresh and access cycles. 

Access Cycles 

READ CYCLE 

A read cycle is initiated'by CE and OE both gOing 
active low during the same cycle. CE may be either 
pulsed to initiate a cycle or held active low 
throughout the cycle. DE is a logic level; OE con
trols the 2186 data output bus. Access times are 
specified from both OE and CEo Data remains on 
the data bus until OE returns inactive (high) in
dependent of CEo WE may not go active during a 
Read cycle. 

WRITE CYCLE 

A Write cycle is initiated by CE and WE going ac
tive low during the same cycle. CE may be a pulse 
or a logic level. WE leading edge latches data from 
the data bus into the 2186. OE may not go active 
during a Write cycle. 

FALSE MEMORY CYCLE (FMC) 

A False Memory cycle is initiated by CE going ac
tive without either OE or WE going active. No 
memory cycle will be performed. Note that ad
dress set-up and hold times must be observed for 
False Memory cycle operation. 

Operating Modes 

REFRESH OPERATION 

Refresh is totally automatic and requires no exter
naJ stimulas. All refresh functions are controlled 
internally. 

A high-speed arbitration circuit will resolve any po
tential conflict arising between simultaneous exter-

© Ie MASTER 1983 

nal access and internal refresh cycle requests. The 
internal timer period is specified as 24 p.sec,. ± 500/0. 

The 2186 may also be refreshed by performing 
Read, Write, or False Memory cycles on all 128 
rows (AO through A6) within a two millisecond 
period. 

EXTENDED CYCLE OPERATION 

Extended cycle operation is defined as holding OE 
or WE valid (low) for indefinite periods. (CE is al
lowed to return high.) Data will remain valid on the 
bus as long as OE is valid. WE latches data on the' 
leading (falling) edge. Automatic refreshes will 
continue to be performed as needed, even while 
OE or WE is held low; ROY will not respond during 
these extended cycle refreshes. 

INITIALIZATION 

To guarantee initialization, all control inputs must 
be inactive (high) for a 100 microsecond period after 
Vcc is within specification. No extra cycles are re
quired b~fore normal operation may begin. 

Interfacing Considerations 

The 2186 is an edge enabled RAM. Below is an il
lustration of a simple interface for connecting mi
croprocessors with edge enable memories. A 
stable CE clock is necessary to avoid accidentally 
selecting the RAM. Generally, stable select sig
nals are desirable in all types of microsystem ap
plications. Most common decoding circuits allow 
addresses to flow directly through the decoder 
(Le. decoder permanently "enabled"). This tech
nique may allow false decoder outputs to occur 
when addresses are in transition. This may result 
in false CE signals and potentially, invalid memory 
requests. A simple gating circuit will inhibit enab
ling the decoder until addresses are valid at the 
decoder inputs. 

Another interfacing consideration is the relation
ship between WE and valid data. The 2186 per
forms a write operation on the leading edge of WE. 
In a minimum mode 8088 or 8086 system, WE oc
curs before data is valid. The cross-coupled NAND 
gate configuration shown below on the WR signal 
will prevent this from occurring. This implementa
tion also guarantees valid data on the rising (trail
ing) edge of WE to maintain compatibility with fully 
static RAMs. (For maximum mode 8088 or 8086 
operation, the control signal MWTC directly from 
the 8288 bus controller serves the same function.) 
For a more detailed description of designing iRAM 

3815 
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systems, refer to Intel App. Note #132 on "Design
ing Memory Systems with the BK x BiRAM". ' 

Layout Considerations 
To ensure compatibility with other 28-pin memory 
devices such as EPROMs, several pins require 
close examination; specifically, pins number 1,26 
and 27. Following is a discussion of the system 
level operation and the design considerations for 
these pins. 

PIN #1 

Pin 1 on all EPROMs is reserved for the high volt
age programming bias, Vpp. EPROMs are usually 
programmed external to the system. Therefore, in 
normal system operation, pin 1 is connected to Vee. 

Pin 1 on the 2186 is the microprocessor handshake 
signal, ROY. The ROY signal may be bussed to the 
ROY input of either the microprocessor or clock 
generator. Because ROY is an open drain output, 
all 2186 ROY signals may be "wire OR'd" with any 
other ROY signals in the system. A 510 ohm pull
up resistor is required between ROY and Vee. For 

3816 

the 2186 application, a trace should be run from 
pin 1 of each socket location to the ROY input of 
either the microprocessor or clock generator. 
Also, a provision for a pull-up resistor to Vee is 
needed. 

PIN #26 

While pin 26 is a No Connect for both the 2186 or 
the 2764 EPROM, a trace to pin 26 from Vee will 
guarantee compatibility between 24 pin and 28 pin 
EPROMs. Pin 26 will carry the additional address 
bit required to future higher density memories. For 
flexibility, provide a jumper for an address bit 
and/or Vee on pin 26. ' 

PIN #27 

Pin 27 is labelled WE on the RAM and PGM on the 
EPROM. While WE is a system level control signal, 
PGM is only used when programming the EPROM 
(Vpp at + 21 V). PGM may be allowed to toggle dur
ing normal EPROM operation (Vpp at + 5V). There
fore, WE may be bussed to every socket location 
with no jeopardy of illegal operation. 

© Ie MASTER 1983 
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iRAM INTERFACE r-----------, 
I I 

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

8088 

I 
I 

ALE I---r-......... ~h.-~_ 

ClK 101M 

ROY 
ADo·A015 

Vee 

510!! 

10--.--+-+-----01 E 

~-"""E 

8205 
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2716 

16K (2K x 8) UV ERASABLE PROM 

• Fast Access Time 
- 2716-1: 350 ns Max. 
- 2716-2: 390 ns Max. 
- 2716: 450 ns Max. 
- 2716-5: 490 ns Max. 
- 2716-6: 650 ns Max. 

• Single +5V Power Supply 

• Low Power Dissipation 
- Active Power: 525 mW Max. 
- Standby Power: 132 mW Max. 

• Pin Compatible to Intel 2732A EPROM 

• Simple Programming Requirements 
- Single Location Programming 
- Programs with One 50 ms Pulse 

• Inputs and Outputs TTL Compatible 
During Read and Program 

• . Completely Static 

The Intel 2716 is a 16,384-bit ~Itraviolet erasable and electrically programmable read-only memory (EPROM). 
The 2716 operates from a single 5-volt power supply, has a static standby mode, and features fast single
address programming. It makes designing with EPROMs fast, easy and economical. 

The 2716, with its Single 5-volt supply and with an access time up to 350 ns, is ideal for use the high
performance + 5V microprocessors such as Intel's 8085 and 8086. Selected 2716-5s and a 2716-6s are also 
available for slower speed applications. The 2716 also has a static standby mode which reduces power con
sumption without increasing access time. The maximum active power dissipation is 525 mW while the max
imum standby power dissipation is only 132 mW, a 750/0 savings. 

The 2716 uses a simple and fast method for programming a single TTL-level pulse. No need for high voltage 
pulsing because all programming controls are handled by TTL signals. Program any location at any 
time-either individually, sequentially or at random with the 2716's single-address programming. Total pro
gramming time for all 16,384 bits is only 100 seconds. 

DATA OUTPUTS 
A10 
~ 

Vcc~ 0 0-07 

GND~ 

CE OUTPUT BUFFERS 

YGATING 

Ao-A10 
ADDRESS 

INPUTS X 16,384·BIT 
PIN NAMES DECODER CELL MATRIX 

AO-A10 ADDRESSES 

CE CHIP ENABLE 

OE OUTPUT ENABLE 

0 0-07 OUTPUTS 

Figure 1. Pin Configuration . Figure 2. Block Diaqram 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses ale Implied. 
,c INTEL CORPORATION, INC. 1982 OCTOBER 1982 

ORDER NUMBER: 210310·002 

·3818 © Ie MASTER 1983 



2732A 
32K (4K x 8) UV ERASABLE PROM 

• 200 ns (2732A-2) Maximum Access 
Time ... HMOS*-E Technology 

• Compatible with High·Speed 8mHz 
iAPX 186 ... Zero WAIT State 

~ Two Line Control 

• Pin Compatible to 2764 EPROM 

• Industry Standard Pinout ... JEDEC 
Approved 

• Low Standby Current ... 35 mA 
Maximum 

• ±10% Vee Tolerance Available 

• inteligent Identifier™ Mode 

The Intel 2732A is a 5V only, 32,768 bit ultraviolet erasable and electrically programmable read-only-memory 
(EPROM). The standard 2732A access time is 250 ns with speed selection (2732A-2) available at 200 ns. The 
access time is compatible with high performance microprocessors such as the 8 MHz iAPX 186. In these 
systems, the 2732A allows the microprocessor to operate without the addition of WAIT states. 

An important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable con
trol (CE). The OE control eliminates bus contention in microprocessor systems. Intel's Application Note 
AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel's 
EPROMs. AP-72 is available from Intel's Literature Department. 

The 2732A has a standby mode which reduces power consumption without increasing access time. The 
maximum active current is 125 mA, while the maximum standby current is only 35 mA, a 70% saving. The 
standby mode is selected by applying the TTL-high signal to the CE input. 

The 2732A is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon GateTechnology. 

*HMOS is a patented process of Intel Corporation. 

PIN NAMES 

Ao-AI1 ADDRESSES 

CE CHIP ENABLE 

OEIVpp OUTPUT ENABlEI Vpp 

00 -07 OUTPUTS 

DATA OUTPUTS 
VCco 00-07 

GNDo 

PROGRAM 
OE/vpp _ OEAND 

ce- CE LOGIC OUTPUT BUFFERS 

Y 
DECODER Y·GATING 

A2 AO-All 
ADDRESS 

INPUTS - X 32,768·BIT - DECODER CELL MATRIX -

Figure 1. Block Diagram Figure 2. Pin Configurations 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent licenses ale Implied. 

©INTEl CORPORATION, INC. 1982 OCTOBER 1982 
AFN-0154SB 
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inter 2764 
64K (8K x 8) UV ERASABLE PROM 

• 200 ns (2764-2) Maximum Access • inteligent Programming ™ Algorithm 
Time ..• HMOS*-E Technology 

• Industry Standard Pinout .•• JEDEC 
• Compatible with High·Speed 8mHz Approved 

iAPX 186 ... Zero WAIT State 

Two Line Control • Low Active Current. .. 100mA Max. • 
• Pin Compatible to 27128 EPROM • ±100/o Vcc Tolerance Available 

·The Intel 2764 is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 
standard 2764 access time is 250 ns with speed selection available at 200 ns. The access time is compatible with high
performance microprocessors such as Intel's 8 mHz iAPX 186. In these systems, the 2764 allows the microprocessor to 
operate without the addition of WAIT states. 

An Important 2764 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The OE 
control eliminates bus contention in microprocessor systems. Intel's Application Note AP~72 describes the 
microprocessor system' implementation of the OE and CE controls on Intel's EPROMs. AP-72 is available from Intel's 
Literature Department. 

The 2764 has a standby mode which reduces power consumption without increasing access time. The maximum active 
current is 100 rnA, while the maximum standby current is only 40 rnA. The standby mode is selected by applying a TIL
high signal to' the CE input. 

± 1 0% VCC tOlerance is available as an alternative to the standard ±5% VCC tolerance for the 2764. This can allow the system 
designer more leeway with regard to his power supply requirements and other system parameters. 

The 2764 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology. 

Vee -
GND_ 

Vp
p

_ 

Ao_
AI2! ADDRESS 

INPUTS 

DATA OUTPUTS 
0 0-0, 

Y.QAnNG 

85,53&-BIT 
CELL MATRIX 

Figure 1. Block Diagram 

MODE SELECTION 

~ 1100£ 

Read 

Oulpul Olaabl. 

Standby 

Program 

Veri.lY 

Program Inhibit 

inteligent Identifier 

inteligent 
Programming 

I. X can be VIH or VOL 
2. VH -12.0V ~O.5V 

Ci 
(20) 

Vil 

Vil 

VIH 

Vil 

Vil 

ViH 

Vil 

Vil 

~ I5GiI . As! 
(22) (27) (24) 

Vil VIH X 

VIH VIH X 

X X X 

VIH V'l X 

Vil VIH X 

X X X 

Vil VIH VH 

VIH Vil X 

*HMOS is a patented process of Intel Corporation 

Vpp 
(1) 

Vee 

Vee 

Vee 

Vpp 

Vpp 

Vpp 

Vee 

Vpp 

:g co < 
N PI ~ N f;i {;j {;j 

2764 
~ 

~ ~ 

VPP -VPP 

A'2 A'2 
A7 A7 A7 A7 VCC Vec 

As As As As As As 
As As As As Ag Ag 

~ ~ ~ ~ VPP A11 

A3 A3 A3 A3 OE OENpp 

A2 A2 A2 A2 AID AID 

AI AI AI AI CE CE 
~ ~ ~ ~ ~ 07 

00 00 00 00 06 06 
0, 0, 0, 0, as as 
02 02 02 02 04 a" 
Gnd Gnd Gnd Gnd 03 03 

NOTE: INTEL "UNIVERSAL SITE"·COMPATIBLE EPROM PIN CONFIGURATIONS ARE SHOWN IN THE 
BLOCKS ADJACENT TO THE 2764 PINS 

Figure 2. Pin Configurations 

Vee 
output. 

(H) (11-13,15-
-11) 

Vee Dour PIN NAMES 
Vee HlghZ 

Ao-A12 ADDRESSES 
CE CHIP ENABLE 
OE OUTPUT ENABLE 

Vee HighZ 

Vee DJN 
Vee DouT 

Vee HighZ 0 0-07 OUTPUTS 
Vee Code PGM PROGRAM 

N.C. NO CONNECT 
Vee DIN 

co 

~ ~ ~ 

Vcc VCC 
PGM A'4 
AI3 Au 

As As 
Ag Ag 
A11 All 
OE OE 
AID AID 
CE CE 
~ 07 

06 06 
as as 
a" a" 
03 03 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel PrOduct. No Other Circuit Patent Licenses are Implied. 
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27128 
128K (16K x 8) UV ERASABLE PROM 

• 250 ns Maximum Access Time ... 
HMOS*-E Technology 

• Compatible with High-Speed 8 MHz 
iAPX 186 ... Zero WAIT State 

• Two-Line Control 
• Pin Compatible· to 2764 EPROM 

• Industry Standard Pinout ... JEDEC 
Approved 

• ± 100/0 Vee Tolerance Available 

• Low Active Current ... 100 mA Max .. 

• inteligent Programming ™ Algorithm 

The Intel 27128 is a 5V only, 131 ,072-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The standard 27128 access time is 250 ns which is compatible with high-performance 
microprocessors such as Intel's 8 MHz iAPX 186. In these systems the 27128 allows the microprocessor to 
operate without the addition of WAIT states: 

An important 27128 feature is the separate output control, Output Enable (OE) from the Chip Enable control 
(CE). The OE control eliminates bus contention in microprocessor systems. Intel's Application Note AP-72 
describes the microprocessor system implementation of the OE and CE controls on Intel's EPROMs. AP-72 is 
available from Intel's Literature Department: 

The 27128 has standby mode which reduces the power consumption without increasing access time. The 
maximum active current is 100 mA, while the maximum standby current is only 40 mAo The standby mode is 
selected by applying a TIL-high signal to the CE input. 

±10% Vee tolerance is available as an alternative to the standard ±5% Vee tolerance for the 27128. This can 
allow the system designer more leeway with regard to his power supply requirements and other system 
parameters. 

The 27128 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology. 

VCCo--
GNOo--
vppo---

AO-A13 
ADDRESS 
INPUTS 

X 
DECODER 

DATA OUTPUTS 
00-07 

OUTPUT BUFFERS 

y·GATING 

131,072 BIT 
CELL MATRIX 

Figure 1. Block Diagram 

MODE SELECTION 

~ CE OE PGM Aq Vpp Vee. Oulpull 
Mode (20) (22) (27) (24) (1) (28) (11-13,15-19) 

Read VIL VIL VIH X Vee Vee Dour 
Output Disable VIL VIH VIH X Vee Vpp HighZ 

Standby VIH X X X Vee Vee High Z 

Program VIL VIH VIL X Vpp Vee DIN 
Verify VIL VIL VIH X Vpp Vee Dour 
Program Inhibit VIH X X X Vpp Vee High Z 

Intellgent Identifier VIL VIL VIH VH Vee Vee Code 

Intellgent Programming VIL VIH VIL X Vpp Vee DIN 

NOTES: 
1. X can be VIH or VIL 
2. VH = 12.0V :!: O.SV 

*HMOS is a patented process of Intel Corporation. 

co < II) :z N co 
N M ... ,.. ,.. ,.. ,.. 
N N N N 

27128 
< 

~ 
co 

~ N I/) 
M co N ,.. ,.. ,.. ,.. 

N N N N 

Vpp Vpp Vpp Vee Vee Vee 

A'2 A'2 
A12 PGM PGM A'4 

A7 A7 A7 A7 A7 A '3 Vee Vee N.C. A 13 

As As As As A6 As As As As As 

As As As As AS Ag Ag Ag Ag Ag 

A4 A4 A4 A4 A4 A11 Vpp A" A" A" 
A3 A3 A3 A3 A3 OE OE OE/Vpp OE OE 

A2 A2 A2 A2 A2 A10 A lo A lo A lo AlO 

A, A, A, A, Al CE CE CE CEo CE 
Ao Ao Ao Ao AO 07 0 7 0 7 0 7 0 7 
0 0 0 0 0 0 0 0 00 06 Os Os Os Os 

0, 0, 0, 0, 01 05 Os 05 05 05 

O2 O2 O2 O2 02 04 0 4 0 4 0 4 0 4 
Gnd Gnd Gnd Gnd GND 03 0 3 0 3 0 3 0 3 

NOTE: INTEL "UNIVERSAL SITE"' COMPATIBLE EPROM PIN CONFIGURATIONS ARE SHOWN IN THE 
BLOCKS ADJACENT TO THE 27128 PINS 

Figure 2. Pin Configurations 

PIN NAMES 

AO-A13 ADDRESSES 

CE CHIP ENABLE 

OE OUTPUT ENABLE 

O~O, OUTPUTS 

PGM PROGRAM 

N.C. NO CONNECT 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses a.,e Implied. 
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UV ERASABLE PROM FAMILY 

• 0-70°C Temperature Range 
Standard 

• Extended Temperature Range 
-40°C - +85°C Available 

• Two Line Control 

EXPRESS 

• 168±8 Hour Burn-in Available 

• Industry Standard Pinout ..• JEDEC 
Approved 

• Inspected To 0.1% AQL 

The Intel EXPRESS EPROM family is a series of ultraviolet erasable and electrically programmable read only 
memories which have received additional processing to enhance product characteristics. EXPRESS process
ing is available for several densities of EPROM, all,owing the choice of appropriate memory size to match system 
applications. Intel's JEDEC approved 28 pin Universal Memory Socket provides the industry standard upgrade 
path to higher density EPROMs. 

EXPRESS EPROM products are available with 168±8 hour, 125°C dynamic burn-in using Intel's standard bias 
configuration (equivalent to MIL-STD-8838). This process exceeds or meets most industry specifications of 
burn-in. 

The standard EXPRESS EPROM operating temperature range is O°C to 70°C. Extended operating temperature 
range (-40°C to 85°C) EXPRESS products are available. EXPRESS products plus military grade EPROMs 
(-55°C to 125°C) provide the most complete choice of standard and extended temperature range EPROMs 
available. 

Like all Intel EPROMs, the EXPRESS EPROM family is inspected to 0.1 % electrical AQL. This may allow the user 
to reduce or eliminate ir:lcoming inspection testing. 

2764 27128 

2716 2732A 
Vcc Vpp Vcc 

A12 PGii A12 PGii 
A7 Vcc Vcc A7 N.C. A7 A13 
As As As As 4 As As As 
As Ag Ag As Ag As Ag 

A4 Vpp A4 A11 A4 A11 

Aa OE Aa 7 OE Aa OE 
~ 6 A10 ~ A10 ~ A10 
A1 Ce CE A1 Ce A1 CE 
Ao 07 07 Ao 07 Ao 07 
00 9 Os Os 00 Os 00 Os 
~ Os Os ~ Os ~ Os 
O:z 04 04 O:z ~4 O:z 04 

GND Oa GND Oa GND Oa GND Oa 

PIN CONFIGURATION 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
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Type Organization 

002716-1 2048x8 

002716-2 2048x8 
002716 2048x8 

L02716 2048x8. 

T02716 2048x8 

002732A-2 4096x8 
Q02732A 4096x8 
002732A-3 4096x8 
002732A-4 4096x8 

002732A-20 4096x8 
002732A-25 4096x8 
002732A-30 4096x8 

L02732A 4096x8 
L02732t\-4 4096x8 

L02732A-25 4096x8 
L02732A-45 4096x8 ' 

T02732A 4096x8 
T02732A-4 4096x8 

T02732A-25 4096x8 
T02732A-45 4096x8 

002764-2 8192x8 
002764 8192x8 
002764-3 8192x8 
002764-4 8192x8 

002764-25 8192x8 
002764-30 8192x8 
002764-45 8192x8 

L02764* 8192x8 
L02764-4* 8192x8 

L02764-25* 8192x8 
L02764-45* 8192x8 

T02764* 8192x8 
T02764-4* 8192x8 

T02764-25* 8192x8 
T02764-45* 8192x8 

Q027128* 16384x8 
Q027128-4* 16384x8 

*Preliminary 

© Ie MASTER 1983 

EXPRESS 
EPROM Product Family 

. Maximum 
Access Power 

(ns) $upply 

350 5V ± 10% 

390 5V ± 5% 
450 5V ± 5% 

450 5V ± 5% 

'450 5V ± 5% 

200 5V ± 5% 
250 5V ± 5% 
300 5V ± 5% 
450 5V ± 5% 

200 5V ± 10% 
250 5V ± 10% 
300 5V ± 10% 

250 5V ± 5% 
450 5V ± 5% 

250 5V ± 10% 
450 5V ± 10% 

250 5V ± 5% 
450 5V ± 5% 

250 5V ± 10% 
450 5V ± 10% 

200 5V ± 5% 
250 5V ± 5% 
300 5V ± 5% 
450 5V ± 5% 

250 5V ± 10% 
300 5V ± 10% 
450 5V ± 10% 

250 5V ± 5% 
450 5V ± 5% 

250 5V ± 10% 
450 5V ± 10% 

250 5V ± 5% 
450 5V ± 5% 

250 5V± 10% 
450 5V ± 10% 

250 5V ± 5% 
450 5V ± 5% 

Operating Burn-in 
Temperature 125°C 

(OC) (hr) 

o to 70 168±8 

o to 70 168±8 
o to 70 168±8 

-40 to 85 168±8 

-40 to 85 NONE 

o to 70 168±8 
o to 70 168±8 
o to 70 168±8 
o to 70 168±8 

o to 70 168±8 
o to 70 168±8 
o to 70 168±8 

-40 to 85 168±8 
-40 to 85 168±8 

-40 to 85 168±8 
-40 to 85 168±8 

-40 to 85 NONE 
-40 to 85 NONE 

-40 to 85 NONE 
-40 to 85 NONE 

o to 70 168±8 
o to 70 168±8 
o to 70 168±8 
o to 70 168±8 

o to 70 168±8 
' 0 to 70 168±8 

o to 70 168±8 

-40 to 85 168±8 
-40 to 85 168±8 

-40 to 85 168±8 
-40 to 85 168±8 

-40 to 85 NONE 
-40 to 85 NONE 

-40 to 85 NONE 
-40 to 85 NONE 

o to 70 168±8 
o to 70 168±8 

AFN-02139A 
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2816 
16K (2K x 8) ELECTRICALLY ERASABLE PROM 

• HMOS*-E FLOTOX Cell Design • Conforms to JEDEC Byte-Wide Family 
Standard 

• Reliable Floating Gate Technology 

• Microprocessor Compatible 
• Very Fast Access Time: Architecture 

-2816,250 ns Max. 
-2816-3, 350 ns Max. • Low Power Dissipation: 
-2816-4,450 ns Max. -Active Current, 110 mA Max. 

• Single Byte Erase/Write Capability 
-Standby Current, 50 mA Max. 

• 10 ms Byte Erase/Write Time • Erase/Write Specifications 
Guaranteed 0-70°C 

• Chip: Erase Time of 10 ms 

The Intel 2816 is a 16,384 bit electrically erasable programmable read-only memory (E2PROM). The 2816 
can be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device 
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a 
single 21-volt pulse . 

. The 2816, with its very fast read access speed, is compatible with high performance microprocessors such as 
the 8086-2. Using the fast access speed allows zero wait operation in large system configurations. 

The electricalerase/write capability of the 2816 makes it ideal for a wide variety of applications requiring in
system, non-volatile erase and write. Never before has in-system alterability been possible with this combi
nation of density, performance and flexibility. Any byte can be erased or written in 10 ms without affecting the 
data in any other byte. Alternatively, the entire memory can be erased in 10 ms allowing the total time to rewrite 
all2K bytes to be cut by 50%. The 2816 provides a significant increase in flexibility allowing new applications 
(dynamic reconfiguration, continuous calibration) never before possible. 

The 2816 E2PROM possesses Intel's 2-line control architecture to eliminate bus contention in a system 
environment. A power down mode is also featured; in the standby mode power consumption is reduced by 
over 55% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the 
CE input. . 

Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and 
OE. For byte write a selected chip (CE = TTL low) senses the 21V Vpp pulse and automatically goes into write 
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with such simple control. 
'HMOS-E is a patented process of Intel Corporation. 

Vcc 0----. 

GND C>---+
Vpp 0--

Ao-A,O I ADDRESS 
INPUTS 

Y 
DECODER 

X 
DECODER 

DATAINPUT~OUTPUTS 

1010 0-17107 

INPUTI 
OUTPUT 
BUFFERS 

y·GATING 

16.384·BIT 
CElL MATRIX 

Figure 1. 2816 Functional Block Diagram 

A, 

Ao 

1010 0 

PIN NAMES 

Ao·A,o ADDRESSES 

CE CHIP ENABLE . 
I 

OE OUTPUT ENABLE 

00.0 7 DATA OUTPUTS 

10.17 DATA INPUTS 

Vpp PROGRAM VOLTAGE· 

Figure 2. 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. 
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inter 2817 

16K (2K X 8) ELECTRICALLY ERASABLE PROM 

• Self Timed Byte Write with Automatic 
Erase 

'. Direct Microprocessor Interface 
Capability 

.. Static 21 Volt Vpp 

• Reduces Support Component 
Requirement by 700/0 to 900/0 
Over 2816 and 2815 

• Fast Byte Write Time: 
-Write Typical, 5 mS 
-Cycle Typical, 10 mS 

• Very Fast Read Access Time: 
-2817,250 nS 
-2817-3,350 nS 
-2817-4,450 nS 

• Reliable Intel FLOTOX E2 PROM 
Technology 

The Intel 2817 is a 16,384 bit Electrically Erasable Programmable Read Only Memory. Like the Intel 2816 and 
2815, it has completely Non-Volatile Data Storage. However, in addition, it offers a high degree of integrated 
functionality which enables in-circuit byte writes to be performed with minimal hardwar~ and software 
overhead. The Intel 2817 is a product of Intel's advanced E2PROM technology and uses the powerful HMOS*-E' 
process for reliable, non-volatile, data storage. 

The Intel 2817 eliminates all the interfacing hardware logic and firmware required to perform data writes. The 
device has complete seJf-timing which leaves the processor free to perform other tasks until the 2817 signals 
'Ready.' With a transparent erase before write, the user benefits by saving an erase command contributing to 
efficient usage of system processing time. On chip latching further enhances system performance. 

The Intel 2817's very fast read access time makes it compatible with high performance microprocessor 
applications. It uses Intel's proven 2-line control architecture which eliminates bus contention in a system 
environment. Combining these features with the 2817's 'Ready' signal maKes the device an extremely powerful, 
yet simple to use, E2 memory-available to the designer today. 

The density, and level of integrated control, makes the' Intel 2817 suitable for users requiring low hardware 
overhead, high system performance, minimal board space and design ease. Designing with, and using the 2817, 
is extremely cost effective as 70% of the required voltage and interfacing hardvyare required for other E2PROM 
devices has been eliminated. See Figures 1, 2, and 3 for the Intel 2817's block diagram, pinouJ, and simple 
interface requirements. -

*HMOS-E is a patented process of Intel Corporation. 

Vcc--' 

GND--. 

STATICVpp 

'CE 

OE 

WE 

RDYIBUSY 

Ao·A,o 
ADDRESS 

INPUTS 

Vpp SHAPING FOR CELL DATA INPUTS/OUTPUTS 
PROGRAMMING '0/00-'7/07 

CHIP ENABLE/OUTPUt 
ENABLE LOGIC 

AUTOMATIC WRITE TIMING 

,Y 
DECODER 

OUTPUTIINPUT 
BUFFERS 

YGATING 

16,384-BIT 
CELL MATRIX 

Figure 1. 2817 Functional Block Diagram 

AO-A1O 

CE 

OE 

00-0 7 

10-17 

Vpp 

RDYIBUSY 

TC 

N.C. 

Vpp vee 

~ 

PIN NAMES A7 TC 

As A~ 
ADDRESSES 

As Ag 
CHIP ENABLE 

OUTPUT ENABLE A. 

DATA OUTPUTS A3 OE 
DATA INPUTS 

A2 
STATIC PROGRAMMING VOLTAGE 

A,o 

DEVICE READY/BUSY A, Cl 

TIMING CAPACITOR 17/07 

NO CONNECT 
161O, 

1,10, IsiOs 

1.10. 

13/03 

Figure 2. 2817 Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circ'Jit Patent licenses aye Implied. 
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MEMORY Monolithic Memories 

Bipolar PROM Cross-Reference Guide 
Memory Description m AMD 

5ize Organization Pins Output 

OC 6330-1 27S18 635080 
256 32x8 16 

TS 6331-1 27S19 635081 

6300-1 
OC 635140 27S20 

63L5140 
1024 256x4 16 

6301-1 
TS 635141 27S21 

63L5141 

IC 6308-1 -
20 

TS 6309-1 -
2048 256x8 

OC 6335-1 -
24 

TS 6336-1 -
6305-1 

OC 635240 27S12 
63L5240 

2048 512 x4 16 
6306-1 

TS 635241 27S13 
63L5241 

OC 6348-1, -2 27S28 
4096 512x8 20 

TS 6349-1,-2 27S29 

OC 6340-1, -2 27S30 
4096 512x8 24 

TS 6341-1, -2 27S31 

OC 6352-1 27S32 

6353-1 
4096 1024x4 18 TS 635441 27S33 

635441 A 

TS 63RA441 -
OC 6380-1, -2 27S180 

8192 1024x8 24 
TS 6381-1, -2 27S181 

OC 6388-1 27S184 

8192 2048x4 18 6389-1, -2 
TS 635841 27S185 

635841A 

16384 4096x4 20 TS 6351641 27S41 6351641A 

NOTE: Only Commercial Specification part numbersare listed. 

Fair-
Fujitsu Harris Intel Motorola 

child 
--

- - 7602 - -

- - 7603 - -

- - 7610 - -

- - 7611 - -

- - - - -
- - - - -

- - - - -
- - - - -

- - 7620 - -

- - 7621 - -

- 7120 7648 - -
- 7124 7649 - -

93438 - 7640 - 7640 
93448 - 7641 - 7641 
93452 - 7642 - 7642 

93453 7122 7643 - 7643 

- - - - -

93450 - 7680 - 7680 
93451 7132 7681 3628 7681 

93514 7127 7684 - 7684 

93515 7128 7685 - 7685 

93513 7134 76165 - -

National 

74S188 

74S288 

74S387 

74S287 

-

-
-

-

74S570 

74S571 

74S473 
74S472 

74S475 
74S474 

74S572 

74S573 

-
87S180 
87S181 

87S184 

87S185 

-

Monolithic l!T!n 
Melllories U1.IlW 

Raytheon 5ignetics TI 

- 82S23 18SA030 

- 82S123 18S030 

- 82S126 24SA10 

- 82S129 24S10 

- - 18SA22 
- - 18S22 

- - -
- - -

- 82S130 -

29613 82S131 -

- - 28SA42 
29623 82S147 28S42 

- - 28SA46 

- 82S141 28S46 

29640 - 24SA41 

29641 82S137 24S41 

- - -
- 82S180 28SA86 

29631 82S181 28S86 

- 82S184 24SA81 

29653 82S185 24S81 

29653 82S195 -



High Performance 
32x8 Ti-W PROM 
53/635080 53/635081 

Features/ Benefits 
• 9ns typical access time 

• Reliable Titanium-Tungsten fuses (Ti-W) 

• Low voltage generic programming 

• Pin compatible with· standard Schottky PROMs 

• PNP inputs for low input current 

Applications 
• Programmable logic element 

• Address decoder 

• Priority encoder 

• Random logic replacement 

Selection Guide 
MEMORY 

SIZE ORGANIZATION 

1/4 K 32x8 

Pin Configuration 
53/63S080 
53/63S081 

O.C. 

T.S. 

PINS 

16 

PACKAGE 

Description 
The 53/635080 and 53/635081 features 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 
programmed to the high state. Special on chip circuitry and 
extra fuses provide preprogramming testing which assure high 
programming yields and high reliablity. 

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

Programming 
The 53/63S080 and 53/63S081 are programmed with the 
same programming algorithm as a" other Monolithic Memories' 
generic Ti-W PROMs. For details refer to Monolithic Memories' 
LSI Data Book. 

DEVICE TYPE 

TYPE O°C to +75°C -55° C to +125° C 

63S080 53S080 
N, J 

63S081 53S081 

Part Numbering System 

635081 
TEMPERATURE ----' 

6 = COMMERCIAL 
5 = MILITARY 

PRODUCT---------~ 

3 = PROGRAMMABLE 
READ ONLY MEMORY 
(PROM) 

FAMILY _______ ...J 

S = SCHOTTKY 
LS = LOW POWER 

SCHOTTKY 
RX = REGISTERED 

I L OUTpUT DESIGNATOR 
o = OPEN COLLECTOR 
1 = THREE STATE 

NUMBER OF OUTPUTS 
4 = 4 BIT 
8 = 8 BIT 

MEMORY SIZE 
0=256 BIT 
1 = 1024 BIT 
2 = 2048 BIT 
4 = 4096 BIT 
8 = 8192 BIT 

16 = 16384 BIT 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 
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53/635080 53/635081 

Absolute Maximum Ratings 
S~pply Voltage, Vee ................................................................................................ 7V 
Input Voltage ................. ' ....................................................................................... 7V 
Off-state output voltage .................................... , ........................................................ 5.5V 
Storage temperature ..................................................................................... -65° to +150°C 

Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

TYP MAX 
UNIT 

MIN MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

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

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage O.B V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -1BmA -1.5 V 

IlL Low-level input current Vee = MAX VI = O.4V -0.25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40 p.A 

Vee = MIN MIL 0.5 
VOL Low-level output voltage VIL = O.BV 10L = 16mA V 

VIH = 2V . COM 0.45 

Vee = MIN MIL 10H = -2mA 

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

VIH = 2V COM 10H = -3.2mA 

10ZL 
. Off-state output current * Vee = Va = 0.4V -40 p.A 

MAX 
10ZH Va = 2.4V 40 p.A 

Va = 2.4V 40 
leEX Open collector output current Vee = MAX p.A 

Va = 5.5V , 100 

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

ICC Supply current Vee = MAX All inputs grounded. All outputs open. 90 125 mA 

* Three-state only 

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

tTypicals at 5.0V Vee and 25°e TAA 

Switching Characteristics 
Over Operating Conditions 

tAA (ns) 
DEVICE TYPE ADDRESS ACCESS TIME 

TYPt MAX 

63S0BO/1 9 25 

53S0BO/1 9 35 

tTypicals at 5.0 Vee and 25°e TA. 

tEA AND tER (ns) 
ENABLE ACCESS AND 

RECOVERY TIME 

TYPt MAX 

9 20 

9 30 

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

R1(O) R2(O) 

300 600 

Monolithic ~1!n 
Melllories U1JlW 
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53/635080 53/635081 

53/635081 

Typical ICC vs Temperature Typical T AA vs Temperature 
130 

I 
30 

I 
I I 
I I 

I I 
120 25 

I I 

I I 

90 

I VCC = 5.5V 

t .-- -, '---
I ---~ I ~ ...-. r--...... 
I ~~ 

.....,~ 

I VCC = 5.25V 

I 
I 

I 
-- ---- --

I 

I 
I 
I / ... 
~cc ± 10% V I V I 1'--__ --I 

I ........... --

110 20 

ICC-mA 100 TAA - ns 15 

10 

I I VCC ± 5% 
I I 

80 I 5 
I 

I I 
I 

-55
1 

I 
-55

1 70 o 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-oC TA -AMBIENT TEMPERATURE-oC 

Switching Test Load Definition of Timing Diagram 
WAVEFORM INPUTS OUTPUTS 

- DON'T CARE; CHANGING; 
CHANGE PERMITTED STATE UNKNOWN 

NOT CENTER LINE IS 1B «t APPLICABLE HIGH IMPEDANCE STATE 
OUTPUTo-~~-----, 

MUST BE STEADY WILL BE STEADY 

Definition of Waveforms 

O_I~ __ ~ 
NOTES: 1. Input pulse amplitude OV to 3.0V. 

2. Input rise and fall times Sns from 1.0V to 2.0V. 

3. Input access measured at the 1.SV level. 

4. t AA is tested with switch S 1 closed, C L = 30pF and measured at 1.SV output level. 

S. For open collector devices. TEA and TER are measured at the 1.SVoutput level with S1 closed and C L = 3OpF. 

6. For three-state devices, TEA is measured at the 1.SV output level with C L = 30pF. S1 is open for high impedance to "1" test and 
closed for high impedance to "0" test. 

TER is tested with CL = S pF. S1 is open for "1" to high impedance test, measu~ed at VOH - O.S outPblt level; S1 is closed for "0" to 
high impedance test measured at VOL + O.SV output level. 
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High Performance 
1024x4 PROM 
Ti-W PROM Family 

Features/Benefits 
• 23ns typical access time 

• Reliable Titanium-Tungsten fuses (Ti-W) 

• low voltage· generic programming 

• Pin compatible with standard Schottky PROMs 

• PNP inputs for low input current 

• Three state outputs 

Appl ications 
• Microprogram control stores 

• Microprocessor program store 

• look up table 

• Character generator 

• Code converter 

Selection Guide 
MEMORY 

ORGANIZATION OUTPUT 
PACKAGE 

SIZE 

4K 1Kx4 TS J 

Pin Configuration 

53/635441 
53/635441 A 

Description 
The 5/63S441 features low input current PNP inputs, full 
Schottky clamping and three-state outputs. The titanium
tungsten fuses store a logical low and are programmed to the 
high state. Special on chip circuitry and extra fuses provide pre
programming testing which assure high programming yields 
and high reliability. 

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

Programming 
The 5/63S441 PROM is programmed with the same program
ming alogrithm as all other Monolithic Memories' generic:; Ti-W 
PROMs. For details refer to Monolithic Memories' LSI Data 
Book. 

PERFORMANCE 
PART NUMBER 

O°C to +75°C -55° C to +125°C 

STANDARD 638441 53S441 

ENHANCED 63S441A 53S441A 

Part Numbering System 

63S441A -------
TEMPERATURE .-J 

6 = COMMERCIAL 
5 = MILITARY 

PRODUCT-----' 
3 = PROGRAMMABLE 
READ ONLY MEMORY 
(PROM) 

FAMILY _____ -J 

S = SCHOTTKY 
LS = LOW POWER 

SCHOTTKY 
RX = REGISTERED 

LPERFORMANCE 
NONE = STANDARD 
A = ENHANCED 

OUTPUT DESIGNATOR 
o = OPEN COLLECTOR 
1 = THREE STATE 

L--__ NUMBER OF OUTPUTS 
4 = 4 BIT 
8 = 8 BIT 

'------ MEMORY SIZE 
0= 256 BIT 
1 = 1024 BIT 
2 = 2048 BIT 
4 = 4096 BIT 
8 = 8192 BIT 

16 = 16384 BIT 
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53/635441 53/635441A 

Abaolute Maximum Ratings 
Supply Voltage, Vee ................................................................................................ 7V 
Input Voltage ....................................................................................................... 7V 
Off-state output voltage ............................................................................................ 5.5V 
Storage temperature ..................................................................................... -65° to +1500 e 

Operating Conditions 
MILITARY COMMERCIAL 

SYMBOL PARAMETER UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

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

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

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

IlL Low-level input current Vee = MAX VI = O.4V -0.25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40 J.1A 

Vee = MIN MIL 0.5 

VOL Low-level output voltage VIL = 0.8V 10L = 16mA V 

VIH = 2V eOM 0.45 

Vee = MIN MIL 10H = -2mA 

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

VIH = 2V eOMIOH = -3.2mA 

IOZL Vo = O.4V I -40 I Off-state output current Vee = MAX I1A 
10ZH Vo = 2.4V 40 

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

lec Supply current Vee = MAX A" inputs grounded. A" outputs open. 95 140 mA 

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

tTypicals at 5.0V Vee and 25° eTA' 

Switching Characteristics Over Operating Conditions 

tAA (ns) 
tEA AND tER (ns) 

DEVICE TYPE 
ADDRESS ACCESS TIME 

ENABLE ACCESS TIME 
RECOVERY TIME 

TYPt MAX TYPt MAX 

63S441 23 45 12 25 

53S441 23 55 12 30 

63S441A 23 35 12 25 

53S441A 23 50 12 30 
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53/635441 53/63S441A 

Typical ICC vs Temperature Typical T AA vs Temperature 
130 60 

I I 
I I 
I I 

1 120 50 I 

I I 
I I 
I I 

I 

V I 
I ~ r--- '--. Vcc =5.5V 

110 40 

I ./ 
Vcc ±10% 

~ 
I-""" 

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

ICC - rnA 100 T AA - ns 30 
t-I-. 
I -
I 

,...-
Vcc ±5% 

I 
I 

I ~ I I"-...... '" 1 r-..... "-Vcc =5.25V ......, 
~ I 

I 

" 

~ 10 I 
I I 
I I 

70 
, 

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

T A - AMBIENT TEMPERATURE - 0 C T A - AMBIENT TEMPERATURE - 0 C 

Switching Test Load Definition of Timing Diagram 
5.0V WAVEFORM INPUTS OUTPUTS 

)., - DONT CARE; CHANGING; 
CHANGE PERMITTED STATE UNKNOWN 

om ill: NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 

OUTPUTo--4~-----4 

MUST BE STEADY WILL BE STEADY 

Definition of Waveforms 

O __ I_'~ ______ ~~ __ 
NOTES: 1. Input pulse amplitude OV to 3.0V. 

2. Input rise and fall tirnes Sns from 1.0V to 2.0V. 

3. Input access measured at the 1.SV level. 

4. t AA is tested with switch S 1 closed, C L = 30pF and measured at 1.SV output level. 

S. TEA is measured at the 1.SV output level with CL = 30 pF. ~ is open for high impedance to "1" test and closed for high impedanceto "1" 
test and closed for high impednace to "0" test. 

TER is tested with C L = S·pF. S1 is open for "1" to high impedance test, measured at VOH - O.S output level; S1 is closed for "0" to 
high impedance test measured at VOL + O.SVoutput level. 
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High Performance 
2048x4 PROM 
Ti-W PROM Family 

Features/Benefits 
• 28ns typical access time 

• Reliable Titanium-Tungsten fuses (Ti-W) 

• Low voltage generic programming 

• Pin compatible with standard Schottky PROMs 

• PNP inputs for low input current 

• Three state outputs 

Applications 
• Microprogram control stores 

• Microprocessor program store 

• Look up table 

• Character generator 

• Code converter 

Selection Guide 
MEMORY 

SIZE ORGANIZATION OUTPUT 
PACKAGE 

8K 2Kx4 TS J 

Pin Configuration 

·53/635841 
53/63S841A 

Description 
The 5/63S841 features low input current PNP inputs. full 
Schottky clamping and three-state outputs. The titanium
tungsten fuses store a logical low and are programmed to the 
high state. Special on chip circuitry and extra fuses provide pre
programming testing which assure high programming yields 
and high reliability. 

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

Programming 
The 5/63S841 PROM is programmed with the same program
ming algorithm as all other Monolithic Memories' generic Ti-W 
PROMs. For details refer to Monolithic Memories' LSI Data 
Book. 

PERFORMANCE 
PART NUMBER 

O°C to +75°C -55° C to +125°C 

STANDARD 63S841 53S841 

ENHANCED 63S841A 53S841A 

Part Numbering System 

TEMPERATURE ---.J 
6 = COMMERCIAL 
5 = MILITARY 

PRODUCT-----' 
3 = PROGRAMMABLE 
READ ONLY MEMORY 
(PROM) 

FAMILY -------' 
S = SCHOTTKY 

LS = LOW POWER 
SCHOTTKY 

RX = REGISTERED 

L PERFORMANCE 
NONE = STANDARD 
A= ENHANCED 

OUTPUT DESIGNATOR 
o = OPEN COLLECTOR 
1 = THREE STATE 

'----- NUMBER OF OUTPUTS 
4 = 4 BIT 
8 = 8 BIT 

'-----MEMORy SIZE 
0=256 BIT 
1 = 1024 BIT 
2 = 2048 BIT 
4 = 4096 BIT 
8 = 8192 BIT 

16 = 16384 BIT 
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53/635841 53/63S841A 

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

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

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 

IlL Low-level input current Vee = MAX VI = O.4V -0.25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40 /-lA 

Vee = ~IN MIL 0.5 

VOL Low-level output voltage VIL = 0.8V IOL = 16mA V 

VIH = 2V eOM 0.45 

Vee = MIN MIL IOH = -2mA 

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

VIH = 2V eOMIOH = -3.2mA 

10ZL Va = 0.4V -40 
Off-state output current Vee = MAX 

10ZH Va = 2.4V 40 
/JA 

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

lee Supply current Vee = MAX All inputs grounded. All outputs open. 110 150 mA 

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

tTypicals at S.OV Vee and 25° eTA' 

Switching Characteristics Over Operating Conditions 

tAA (ns) 
tEA AND tER (ns) 

DEVICE TYPE 
ADDRESS ACCESS TIME 

ENABLE ACCESS TIME 
RECOVERY TIME 

TYPt MAX TYPt MAX 

63S841 28 50 12 25 

53S841 28 55 12 30 

63S841A 28 35 12 25 

53S841A 28 50 12 30 
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53/635841 53/63S841A 

Typical ICC vs Temperature Typical T AA vs Temperature' 
150 70 I I 

I I 
I I 
I 140 60 I 

I I 
I I 
I I 

130 50 I I 

I I 
I I 

110 30 

1 

I ---. 
~.5V 

I 
I 
I I~ 

~ I 
Vcc =5.25V 

~~ 1 
I ,~ 

I 

I 
I 
I VCC ±10% ~ .. 

-----I .... 
I VCC ±5% 

I 

ICC -mA 120 TAA - ns 40 

100 20 

I I 

90 I 10 I 
-75 -50 -25 o 25 50 75 100 125 -75 -50 -25 ' 0 25 50 75 100 125 

T A - AMBIENT TEMPERATURE - 0 C T A - AMBIENT TEMPERATURE - °c 

Switching Test Load Definition of Timing Diagram 
5.0V WAVEFORM INPUTS OUTPUTS 

- DON'T CARE; CHANGING; 
CHANGE PERMITTED STATE UNKNOWN )., 
NOT CENTER LINE IS 1] Gt APPLICABLE HIGH IMPEDANCE STATE 

OUTPUTo-~~-----, 

MUST BE STEADY WILL BE STEADY 

Definition of Waveforms 

AX* ____ _ 
I 

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. t AA is tested with switch 5 1 closed, C L = 30pF and measured at 1.SV output level. 

S. TEA is measured at the 1.SV output level with CL = 30 pF. S, is open for high impedance to "1" test and closed for high impedance to "1" 
test and closed for high impednace to "0" test. 

TEA is tested with C L = S·pF. 51 is open for "1" to high impedance test, measured at VOH - O.S output level; 5; is closed for "0" to 
high impedance test measured at VOL + O.SV output level. 
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High Performance 
4096x4 PROM 
Ti-W PROM Family 

Features/Benefits 
• 28ns typical access time 

• Reliable Titanium-Tungsten fuses (Ti-W) 

• Low voltage generic programming 

• Pin compatible with standard Schottky PROMs 

• PNP inputs for low input current 

Appl ications 
• Microprogram control stores 

• Microprocessor program store 

• Look up table 

• Character generator 

• Code converter 

Selection Gu ide 

i MEMORY 

I 
PACKAGE 

SIZE ORGANIZATION OUTPUT 

I 

I 
16K 4Kx4 TS J 

Pin Configuration 

53/6351641 
53/6351641A 

Description 
The 5/63S1641 features low input current PNP inputs. full 
Schottky clamping and three-state outputs. The titanium
tungsten fuses store a logical low and are programmed to the 
high state. Special on chip circuitry and extra fuses provide pre
programming testing which assure high programming yields 
and high reliability. ' 

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

Programming 
The 5/63S1641 PROM is programmed with the same program
ming algorithm as all other Monolithic Memories' generic Ti-W 
PROMs. For details refer to Monolithic Memories' LSI Data 
Book. 

PART NUMBER 
PERFORMANCE 

O°C to +75°C -55° C to +125°C 

STANDARD 6381641 53S1641 

ENHANCED 63S1641A 53S1641A 

Part Numbering System 

63S1641A --------
TEMPERATURE ~ 

6 = COMMERCIAL 
5 = MILITARY 

PRODUCT-----I 
3 = PROGRAMMABLE 
READ ONLY MEMORY 
(PROM) 

FAMILY ------' 
S= SCHOTTKY 

LS = LOW POWER 
SCHOTTKY 

RX = REGISTERED 

L PERFORMANCE 
NONE = STANDARD 
A = ENHANCED 

OUTPUT DESIGNATOR 
o = OPEN COLLECTOR 
1 = THREE STATE 

~-- NUMBER OF OUTPUTS 
4 = 4 BIT 
8 = 8 BIT 

L...----·MEMORY SIZE 
0= 256 BIT 
1 = 1024 BIT 
2 = 2048 BIT 
4 = 4096 BIT 
8 = 8192 BIT 

16 = 16384 BIT 
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53/6351641 53/63S1641A 

Absolute Maximum Ratings 
Supply Voltage, Vee ......... ' ....................................................................................... 7V 
Input Voltage ....................................................................................................... 7V 
Off-state output voltage ............................................................................................ 5.5V 
Storage temperature ..................................................................................... -65° to +150° e 

Operating Conditions 
MILITARY COMMERCIAL 

SYMBOL PARAMETER 
MIN NOM MAX MIN NOM MAX 

UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

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

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

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

IlL Low-level input current Vee = MAX VI =' 0.4V -0.25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40 J.lA 

Vee = MIN MIL 0.5 

VOL Low-level output voltage VIL = 0.8V IOL = 16mA 
V 

VIH = 2V eOM 0.45 

Vee = MIN MIL IOH = -2mA 

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

VIH = 2V eOMIOH = -3.2mA 

IOZL 
Vee = MAX 

Va = O.4V -40 I 
IOZH 

Off-state output current 
Va = 2.4V 

J.lA 
40 

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

lee Supply current Vee = MAX All inputs grounded. All outputs open. 130 175 mA 

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

tTypicals at 5.0V Vee and 25° eTA' 

Switching Characteristics Over Operating Conditions 

tAA (ns) 
tEA AND tER (ns) 

DEVICE TYPE 
ADDRESS ACCESS TIME 

ENABLE ACCESS TIME 
RECOVERY TIME 

TYPt MAX TYPt MAX 

63S1641 28 50 12 25 

53S1641 28 65 12 30 

63S1641 A 28 35 12 25 

53S1641 A 28 50 12 30 

tTypicals at 5.0V V CC and 25° eTA' 
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53/6351641 53/63S1641A 

Typical ICC vs Temperature Typical T AA vs Temperature 

I I 
I I 
I I 
I 170 60 I 

I I 
I I 
I I 

I 

I 
I 
I 

I 
I 
I Vcc ±10% ~ t r--- -----I 

.... 

-' Vcc ±5% 

-r: rVCC = 5.5V 
,....- -........, 

I 
~ "'~ I 

I "" I VCC=5~ "-I 
I 

'\ 

\. I 
I 

160 50 

ICC - mA 150 T AA - ns 40 

130 20 
I I 
I I 

120 1 10 I 
-75 -50 -25 o 25 50 75 100 125 -75 -50 -25 o 25 50 75 100 125 

T A - AMBIENT TEMPERATURE - 0 C T A - AMBIENT TEMPERATURE - °c 

Switching Test Load Definition of Timing Diagram 
5.0V WAVEFORM 

)51 -
OUTPUTo-~~-----, 

INPUTS 

DON'T CARE; 
CHANGE PERMITTED 

NOT 
APPLICABLE 

MUST BE STEADY 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

Definition of Waveforms 

0K 
~----~----------~==========~------

I 

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. 

4. t AA is tested with switch S 1 closed, C L = 30pF and measured at 1.5Voutput level. 

5. TEA is measured at the 1.5V output level with CL = 30pF. S1 is open for high impedance to "1" test and closed for high impedance to "1" 
test and closed for high impedance to "0" test. . . 

TER is tested with C L = 5 pF. S1 is open for "1" to high impedance test, measured at VOH - 0.5 output level; S1 is closed for "0" to 
high impedance test measured at VOL + 0.5V output level. . . 
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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 re
quirements go beyond individual components, Motorola also 
supplies Memory Systems and Micromodules. 

RAMs 
MOS DYNAMIC RAMs 

Access Time Power No. of 
Organization Part Number (ns Max) Supplies Pins 

16384 xl MCM4116BP15 150 +12.±5V 16 
16384 xl MCM4116BP20 200 + 12. ±5 V 16 
16384 xl MCM4116BP25 250 +12.±5V 16 
16384 xl MCM4517Pl0 100 +5V 16 
16384 x 1 MCM4517P12 120 +5V 16 
1~384 xl MCM4517P15 150 +5V 16 
16384 x 1 MCM4517P20 200 +5V 16 

65536 x 1 MCM6664AP151 150 +5V 16 
65536 xl MCM6664AP201 200 +5V 16 
65536 x 1 MCM6665AP12 120 +5V 16 
65536 x 1 MCM6665AP15 150 +5V 16 
65536 xl MCM6665AP20 200 +5V 16 

MOS STATIC RAMs (+ 5 Volts) 
Access Time No. of 

Organization Part Number (ns max) Pins 

128x8 MCM6810 450 24 
128x8 MCM68Al0 360 24 
128x8 MCM68Bl0 250 24 

1024x4 MCM2114P20 200 18 
1024x4 MCM2114P25 250 18 
1024 x 4 MCM2114P30 300 18 
1024x4 MCM2114P45 450 18 
1024x 4 MCM21 l14P20 200 18 
1024x4 MCM21 l14P25 250 18 
1024 x 4 MCM21l14P30 300 18 
1024x4 MCM21 l14P45 450 18 

2048 x 8 MCM2016HP45* 45 24 
2048 x 8 MCM2016HP55* 55 24 
2048x8 MCM2016HP70* 70 24 

CMOS STATIC RAMs ( + 5 Volts) 
Access Time No. of 

Organization Part Number (ns max) Pins 

2048 x 8 MCM65116P12* 120 24 
2048 x 8 MCM65116P15* 150 24 
2048 x 8 MCM65116P20* 200 24 

4096 x 1 MCM65147P55 55 18 
4096 x 1 MCM65147P70 70 18 

*To be introduced. 
(Not all speed selections shown) 

1 Motorola's Innovative pin #1 refresh 

Operating temperature ranges: 
MOS - O°C to 70°C 
ECl - Consult individual data sheets 
TTL - Military - 55°C to + 125°C. Commercial O°C to 70°C 

© Ie MASTER 1983 

New Motorola memories are being introduced continually. 
This selector guide lists all those available as of December 
1982. For later releases, additional technical information or 
pricing, contact your nearest authorized Motorola distributor 
or Motorola sales office. 

TTL RAMs 
Access Time No. of 

Organization Part Number (ns max) Output Pins 

256x4 MCM93422 45 3-State 22 
256x4 MCM93l422 60 3-State 22 

1024x 1 MCM93415 45 Open 16 
Collector 

1024x 4 MCM93425 45 3-State 16 

ECl RAMs 
Access Time No. of 

Organization Part Number (ns max) Pins 

8x2 MCM10143 15 24 

16x 4 MCM10145A 6 16 

64x 1 MCM10148 15 16 

128x 1 MCM10147 15 16 

256 x 1 MCM10144 26 16 
256x 1 MCM10152 15 16 

256x4 MCM10422 15 24 

1024 x 1 MCM10146 29 16 
1024x 1 MCM10415 20 16 
1024 x 1 MCM10415A 15 16 

1024 x 4 MCM10474* 25 24 

4096 x 1 MCM10470A* 15 18 

EPROMs 
MOS EPROMs 

Access Time Power No. of 
Organization Part Number (ns max) Supplies Pins 

8192x8 MCM68764C 450 +5V 24 
8192x 8 MCM68766C 450 +5V 24 
8192x 8 MCM68766C35 350 +.5 V 24 

EEPROMs 
MOS EEPROMs 

Access Time Power No. of 
Organization Part Number (ns max) Supplies Pins 

16x 16 MCM2801P 10 /ls +5V 14 

32x 32 MCM2802P* 15/ls +5V l4 

4096 x 8 MCM2832P* 150 ns -t5V 28 
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MEMORY SELECTOR GUIDE (Continued) 

ROMs 
MaS STATIC ROMs ( + 5 Volts) 
Character Generators2 

Access Time No. of 
Organization Part Number (ns max) Pins 

128x (7x 5) MCM6670P 350 18 
128x (7 x 5) MCM6674P 350 18 

128x (9x 7) MCM66700P 350 24 
128x(9x7) MCM66710P 350 24 
128x (9x 7) MCM66714P 350 24 
128x (9x 7) MCM66720P 350 24 
128x(9x7) MCM66730P 350 24 
128x (9x 7) MCM66734P 350 24 
128x(9x7) MCM66740P 350 24 
128x (9x 7) MCM66750P 350 24 
128x (9x 7) MCM66760P 350 24 
128x (9x 7) MCM66770P 350 24 
128x (9x 7) MCM66780P 350 24 
128x (9x 7) MCM66790P 350 24 

Binary ROMs ( + 5 Volts) 
Access Time No. of 

Organization Part Number (ns max) Pins 

1024x8 MCM68A308P 350 24 
1024 x 8 MCM68A308P73 350 24 
1024x 8 MCM68B308P 250 24 

2048 x 8 MCM68A316EP 350 24 
2048 x 8 MCM68A316EP91 3 350 24 

4096 x 8 MCM68A332P 350 24 
4096 x 8 MCM68A332P23 350 24 

8192x 8 MCM68364P35 350 24 
8192x 8 MCM68364P35-33 350 24 
8192x 8 MCM68364P25 250 24 
8192x 8 MCM68364P20 200 24 
8192x 8 MCM68365P25 250 24 
8192x 8 MCM68365P35 350 24 
8192x 8 MCM68366P25 250 24 
8192x 8 MCM68366P35 350 24 

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 MCM65516P43M3 430 18 
2048.x 8 MCM65516P55 550 18 

2Character generators include shifted and unshifted characters, 
A5CII alphanumeric control, math, Japanese, British, German, 
European and French symbols. 

35tandard Patterns for M05 ROMs: 
MCM68A308P7 - MC6800 MIKbug/MINlbug ROM 
MCM68A316EP91 - Universal Code Converter and Character 

Generator 
MCM68A332P2 - 5ine/Cosine Look-Up Table 
MCM68364P35-3 - Log/Antilog Look-Up Table 
MCM65516P43M - MC146805 Monitor Program 

PROMs 
ECl PROMs 

Access Time No. of 
Organization Part Number (ns max) Pins 

32x8 MCM10139 20 16 

256x4 MCM10149 25 16 

TTL PROMs 
Access Time No. of 

Organization Part Number (ns max) Output Pins 

512x4 MCM7621A 60 3-5tate 16 

512x8 MCM7641 70 3-5tate 24 
512x8 MCM7641A 60 3-5tate 24 
512x8 MCM7649" 70 3-State 20 
512x8 MCM7649A" 50 3-5tate 20 

1024x 4 MCM7643 70 3-State 18 
1024x 4 MCM7643A 50 3-5tate 18 

1024x 8 MCM7681 70 3-State 24 
1024x 8 MCM7681A 50 3-5tate 24 

2048 x 4 MCM7685 70 3-5tate 18 
2048 x 4 MCM7685A 55 3-5tate 18 

2048 x 8 MCM76161 70 3-State 24 
2048 x 8 MCM76161A 50 3-5tate 24 

4096 x 4 MCM76165" 35 3-5tate 20 

'---------® MOTOROLA Semiconductor Products Inc. 
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Product Previevv 

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
vanced 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 (0) is controlled by 
CAS allowing greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6256 incorporates a one transistor cell design and dynamic 
storage techniques. In addition to the ~-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 (AS row and AS column). 

• Organized as 262,144 Words ot 1 Bit 

• Single + 5 Volt Operation (± 10%) 
o Maximum Access Time: 

MCM6256-10= 100 ns 
MCM6256-12= 120 ns 
MCM6256-15= 150 ns 

• Low Power Dissipation: 
70 mA maximum (Active) MCM6256-1O 
4 mA maximum (Standby) 

• Three-State Data Output 
• Early-Write Common I/O Capability 

• 256 Cycle, 4 ms Refresh 

• RAS-Only Refresh Mode 
• Automatic (CAS before RAS) Refresh Mode 

• Fast Nibble Mode on Read and Write Cycles 
20 ns Access Time 
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This document contains information on a product under development. Motorola reserves the 
right to change or discontinue tt:lis product withollt 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 

W 0 

RAS A6 

AO A3 

A2 A4 

Al A5 

VCC A7 

PIN NAMES 

AO-AS ... 
D. 
O. 

. Address Input 
...... Data In 
. .. Data Out 

W. . Read/Write Input 
RAS. . . . Row Address Strobe 
CAS. . . ... Column Address Strobe 
V CC ................... Power (+ 5 V) 
VSS. . . ................ 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 application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

©MOTOROLA INC., 1982 
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Advance InforIllation 

64K-BIT DYNAMIC RAM 

The MCM6664A is a 65,536 bit, high-speed, dynamic Random
Access Memory. Organized as 65,536 one-bit words and fabricated us
ing 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 MCM6664A re
quires 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 flexibiiity. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6664A incorporates a one-transistor cell design and dynamic 
storaQe techniques. In addition to the RAS-onlv refresh mode. the 
refresh control function available on pin 1 provides two additional 
modes of refresh. automatic and self refresh. 

• Organized as 65,536 Words of 1 Bit 

• Single 5 Volt Operation (± 10%) 
• Maximum Access Time: MCM6664A-12= 120 ns 

MCM6664A-15= 150 ns 
MCM6664A-20= 200 ns 

• Low Power Dissipatioh 
302.5 mW Maximum (Active) (MCM6664A-15) 
22. mW Maximum (Standby) 

• Three-State Data Output 
• Early-Write Common I/O Capability 

• 16K Compatible 128-Cycle. 2 ms Refresh 

• Control on Pin 1 for Automatic or Self Refresh 

• RAS-only Refresh Mode 

• CAS Controlled Output 

• Fast Page Mode Cycle Time 

• Low Soft Error Rate < 0.1 % per 1000 Hours 
(See Soft Error Testing) 
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This document contains information on a new product. Specifications and information herein are subject 
to change without notice. 

3842 

MCM6664A 

MOS 
(N-CHANNEL. SILICON-GATE) 

65,536-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

PIN ASSIGNMENT 

* REFRESH VSS 

D CAS 

W 0 

RAS A6 

AO A3 

A2 A4 

Al A5 

VCC A7 

* If pin is not used. it sHould be connected to 
'/ CC through a 10k resistor. 

PIN NAMES 

REFRESH. 
AO-A7. 
D. 
O. 

. .............. Refresh 
. Address Input 

. .......... Data In 
. ........... Data Out 

W .................. Read/Write Input 
RAS. . Row t..ddress Strobe 
CAS ........... Column Address Strobe 
VCC' ................. Power (+ 5 V) 
VSS " ...... " ............... Ground 

This device contains circuitry to pro
tect 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 voltage higher than max
imum rated voltages to this high
impedance circuit. 

©MOTOROLA INC .• 1982 ADI-875 R1 
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64K BIT DYNAMIC RAM 

The MCM6665A is a 65,536 bit, high-speed, dynamic Random
Access Memory. Organized as 65,536 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 MCM6665A 
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 MCM6665A incorPQrc:.tes a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 65,536 Words of 1 Bit 

• Single + 5 V Operation (± 10%) 
o Full Power Supply Range Capabilities 

e Maximum Access Time 
MCM6665A-12= 120 ns 
MCM6665A-15= 150 ns 
MCM6665A-20= 200 ns 

• Low Power Dissipation 
302.5 mW Maximum (Active) (MCM6665A-15) 
22 mWMaximum (Standby) 

• 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 Output 
• Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517) 

• Fast Page Mode Cycle Time 
• Low Soft Error Rate <0.1 % per 1000 Hours (See Soft Error Testing) 
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MCM6665A 

MOS 
(N-CHANNEL, SILICON-GA TEl 

65,536-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

PIN ASSIGNMENT 

N/C VSS 

D CAS 

W Q 

HAs A6 

AD A3 

A2 A4 

Al A5 

VCC A7 

PIN NAMES 

AD-A7. ... Address Input 
D .. .... Data In 
Q. .... .... Data Out 
W . . Read/Write Input 
RAS. .. Row Address Strobe 
CAS. . . Column Address Strobe 

VCC· . ... Power ( + 5 VI 

VSS ....... Grounq 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electri<l 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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Advance Infor:rnation 

16,384-BIT DYNAMIC RAM 

The MCM4517 is a 16,384-bit, 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 (Active) 
14 mW Maximum (Standby) 

• 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 1/0 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 

AO 

Al 

+-VDD 

+-vss 

" A2 '" 
A3 i 
A4 1 of 128 Row <{ 

Decoder 

64x 128 Cell 

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 

RAS A6 

AO A3 

A2 A4 

A1 A5 

VCC N/C 

PIN NAMES 

AO-A6 ........................... Address Input 
O .......................................... Oata In 
O ........................................ Oata Out 
W ............................ Read/Write Input 
RAS ..................... Row Address Strobe 
CAS ................ Column Address Strobe 
VCC.·· .......................... Power (+5 V) 

VSS······· .. ···· .. ················· .. ·· .. Ground 

This device contains circuitry to protect 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 ADI-836-R2 
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Advance InforIllation 

4096-BIT STATIC RANDOM ACCESS MEMORY 
The MCM65147 is a 4096-bit static Random Access Memory organiz

ed as 4096 words by l-bit, fabricated using Motorola's high perfor
mance CMOS silicon gate technology (HCMOS). It uses a design ap
proach which provides the simple timing features associated with fully 
static memories and the reduced power associated with CMOS 
memories. This means low power without the need for clocks, nor 
reduced data rates due to cycle times that exceed access times. 

Chip enc.ble (E) controls the power-down feature. It is not a clock, 
but rather a chip control that affects power consumption. After E goes 
high, initiating deselect mode, the part automatically reduces its power 
requirements and remains in this low-power standby mode as long as E 
remains high. 

The MCM65147 is in an l8-pin dual in-line package with 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. 

o Single + 5 V Supply 

• Fully Static Memory - No Clock or Timing Strobe Required 
o Maximum Access Time 

MCM65147-55= 55 ns 
MCM65147-70= 70 ns 

o Automatic Power Down 
o Low Power Dissipation 

75 mW Typical (Active) 
125 p,W Typical (Standby) 

G Low Standby Power Version Available 

• Directly TTL Compatible - All Inputs and Output 
• Separate Data Input and Three-State Output 

• Equal Access and Cycle Time 

• High Density 18-Pin Package 

BLOCK DIAGRAM 
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• • • 
Column I/O Circuits 
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VCC = Pin 18 

Vss = Pin 9 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM65147 

HCMOS 
(COMPLEMENTARY MOS) 

4,096 X 1 BIT 
STATIC RANDOM 
ACCESS MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

CSUFFIX ~~ 
FRIT-SEAL CERAMIC PACKAGE ~I, -. ! : I I 

CASE 726 . I 

PIN ASSIGNMENTS 

AO Vee 

A1 A6 

A2 A7 

A3 A8 

A4 A9 

A5 A10 

0 

W 0 

VSS 

PIN NAMES 

AO-A 11 '" .............................. Address 
E. .................................... ehip Enable 
D .......................................... Oata In 
O ........................................ Oata Out 
W ........................................... Write 
Vee ........................ , .... Power(+5V) 

VSS·· .. ··································Ground 

Motorola reserves the right to make changes to any product 
herein to improve reliability, function or design. Motorola 
doe; not assume any liability arising out of the application or 
use of any product or circuit described herein; neither does 
it convey any license under its patent rights nor the rights of 
others. 

©MOTOROLA INC., 1982 ADI-880R1 
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Advance Information 

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 silicon-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 tim·es. Perfect for 
cache and sub-1()() ns buffer memory systems, this high speed static 
RAM is intended for applications that demand superior performance 
and reliability. 

Chip Enable tE) 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. The automatic power-down 
feature causes no performance degradation. 

The MCM2016H is in a 24-pin dual-in-line 600 mil wide package with 
the industry standard JEDEC 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 (max) 
MCM2016H-70 - 70 ns (max) 

• Power Dissipation: 100 mA Maximum (Active) 
70 mA Maximum (Selected, D.C.) 
25 mA Maximum (Standby) 

• Three-State Output 

BLOCK DIAGRAM 

A4 4 
3 I---

A5 2 I--- - • A6 1 I--- Row • Memory MatriX 
A7 23 >-- Decoder • 128x 128 
A8 22 >-- ~ A9 19 I---

A10 ~ 

I I 
.1 9 

DOG 10 I .-::::I I---• Column 1/0 DOl 11 ~9 ~ D02 13 ~9 Input 
D03 14 ~:;:J Data 
D04 15 I ~;::J Control 

Column Decoder gg~ 16 I ~;::J 

DQ7 1 ~;::J 

~ 

8 ~AO 7 ~A16 t 5 

~A3 
1 

E 18 I 
G 20 1 Control 

W 21 I Logic 
I 

Pin 24= VCC 
Pin 12= Vss 

• 
• 

~ 
• I 

I 
I I 

• I I • 
• I I 
.... I : 

1-

This document contains information on a new product. Specifications and information herein 
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 

A7 

A6 

A5 

000 

'001 

002 

VSS 

P SUFFIX 
PLASTIC PACKAGE 

CASE 700 

L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

PIN ASSIGNMENTS 

PIN NAMES 

VCC 

AS 

A9 

Al0 

E 
007 

006 

005 

004 

AO-A 10 .......................... Address Input 
000-007 ................ Data Input/Output 
W .................................. Write Enable 
G ................................. Output Enable 
E. .................................... Chip Enable 
V CC ............................. Power ( + 5 V) 

VSS···················· .. · .. ·············Ground 

© Ie MASTER 1983 



@ MOTOROLA 

SEMICONDUCTORS 
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

Advance InforIDation 

16 x 16-BIT SERIAL ELECTRICALLY ERASABLE PROM 

The MCM2801 is a 256-bit serial Electrically Erasable PROM designed 
for handling small amounts of data in applications requiring both non
volatile memory and in-system information updates. 

The MCM2801 offers in-system erase and reprogram capability. It has 
external control of tiilling functions and serial format for data and ad
dress. The MCM2801 is fabricated in floating gate technology for high 
reliability and producibility. 

• Single + 5 V Power Supply 
•. Organized as 16.Words of 16 Bits 

• M PU Bus Compatible 
• Single + 25 V Power Supply for Erase a~d Program 

• In-System Program/Erase Capability 

• Both Word and Whole Array Erasable 

Block Erase 

Test 
Inputs 

BLOCK DIAGRAM 

FIGURE 1 - Vpp CONTROL 

.-----.. Vpp 

VCC 

Vss 

This is advance information and specifications are subject to change without notice. 

@) Ie MASTER 1983 

Memory 
Array 
16x 16 

E 

MCM2801 

MOS 
(N-CHANNEL, SILICON GATE) 

16x 16 BIT 
ELECTRICALLY ERASABLE 
PROGRAMMABLE READ 

ONLY MEMORY 

PLASTIC PACKAGE 
CASE 648-05 

PIN ASSIGNMENT 

VPP VCC 

*T2 CTRl 

N/C 

BE CTR3 

*Tl PVC 

S C 

VSS ADO 

* For normal operation, theSE> inputs should 
be hardwired to Vss. 

PIN NAMES 

ADO ........................ Multiplexed Address/ 
Data-In/ Data-Out 

C ................................................. Clock 
PVC .................... Program Voltage Control 
CTR1, 2, 3 ................................... Control 
BE ....................................... Block Erase 
S ......................................... Chip Select 
Tl, T2 ...................................... Test Pins 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high
impedance circuit. 

@MOJOROLA INC., 1981 
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® MOTOROLA 

SEMICONDUCTORS 
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

Product Preview 

32K-BIT ELECTRICALLY ERASABLE PROM 

The MCM2832 is a 32,768-bit Electrically' Erasable Programmable 
Read Only Memory (E2PROM) designed for handling data in applica
tions requiring both nonvolatile memory and in-system reprogramming. 

The MCM2832 saves time and money because of the in-system erase 
and reprogram capability. The device operates from a single + 5 V 
power supply in the read mode, while writing and erasing are accom
plished by providing an additional + 21 V supply. Word erase and write 
can be' controlled entirely by TTL signal levels. 

To ease system design, Vpp does not need to be pulsed for each pro
gram or erase cycle. However, Vpp can also be pulsed. The rise and fall 
times of Vpp are noncritical because they are internally controlled. 
Another ease-of-use feature is the choice of erase modes (bulk, byte, 
row, or column) to optimize system erase/write time. For micropro
cessor compatibility, on-chip latches are provided for addresses, data, 
and controls, allowing the microprocessor to perform other tasks while 
the MCM2832 is erasing or programming itself. 

The MCM2832 is fabricated using Motorola's FETMOS technology, 
(Floating-gate Electron Tunneling MOS), which has the advantages of 
good data retention, good endurance and conventional processing. The 
FETMOS device uses the same active channel area as the tunneling area 
(instead of a separate thin oxide area) for high density, r :3liability, and 
producibility. 

The device pino\.Jt is part of Motorola's industry standard byte wide 
Non-Volatile Memory family, providin~ cost-effective denf,ity upgrades. 

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 

Single + 5 V Power Supply 

+ 21 V Power Supply for Erase and Program 
Organized as 4096 Bytes of 8. Bits 

In-System Program/ Erase Capability 

Fast Maximum Access Time = 150 ns MCM2832-15 

Low Power Dissipation 
125 mA Maximum (Active) 
30 mA Maximum (Standb~/) 

200 ns MO.~?832-20 

10 ms for Byte Erase or Program 

Latched Address, Data, and Controls for Program and Erase 

Both Chip Enable and Outout Enable for Bus Control 

28-Pin JEDEC Standard Pinout 

Field 
Oxide 

. 

FETMOS 
(Floating-Gate Electron Tunneling MOS) 

Poly Oxide Ihin Oxide 

P - Substrate 

Field 
Oxide 

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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MCM2832 

HMOS 
(N-CHANNEL, SILICON GATE) 

4096 X a-BIT 
ELECTRICALLY ERASABLE 

PROGRAMMABLE READ 
ONLY MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 710 

L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 719 

PIN ASSIGNMENT 

VCC 

N/C W 

A7 CTR· 

A6 A8 

A5 A9 

A4 A11 

A3 G 

A2 A10 

A1 E 

AO D07 

DOO D06 

D01 D05 

D02 D04 

VSS D03 

• For normal operation, Pin 26 should be 
tied to VSS. 

PIN NAMES 

A. 
DO 
E. 
G. 
W ....... . 
CTR . 

©MOTOROLA INC., 1982 

.... Address 
.... Data Input/Output 

. Chip Enable 
. ... Output Enable 

. ..... Write Enab:e 
. ............. Control 

NP-342R1 

© Ie MASTER 1983 



@ MOTOROLA 

SEMICONDUCTORS 
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

Product Preview 

256K BIT READ ONLY MEMORY 

The MCM63256 isa MOS mask programmable byte-organized Read 
Only Memory (ROM). The MCM63256 is organized as 32,768 bytes of 8 
bits and is fabricated using Motorola's high performance N-channel 
silicon gate technology (HMOS). Th'is device is designed to provide 
maximum circuit density ar.d reliability with highest possible perfor
mance while maintaining low power. dissipation and wide operating 
margins and remaining fully compatible with TTL inputs and outputs. 

The active level of the Chip Enable and the Output Enable, along with 
the memory contents, are defined by the user. The Chip Enable input 
deselects the output and puts the chip in a power-down mode. 

• Single ± 10% + 5 Volt Power Supply 
• Fully Static Periphery - No Clocking Required on Chip Enable 
o Automatic Power Down 

• Power Dissipation 
100 mA Active (Maximum) (Unloaded) 
15 mA Standby (Maximum) 

• Current Surge Suppression When Powering Up Device 
• Program Layer Late in Process for Quick Turnaround' Time 

• 150 ns Maximum Access from Address and Chip Enable 

• 28-Pin JEDEC Standard Package and Pinout 

ADDITIONAL FEATURE 

• Address (A 14) is User Selectable for Either Pin 27 or Pin 1 

BLOCK DIAGRAM 

AO 10 
Al 9 Memory 
A2 8 Matrix 
A3 7 Address 

(32.768 x 8) 
A4 6 Decode 

A5 5 
A6 4 
A7 3 
A8 25 
A9 24 
Al021 
All 23 
A122 
A1326 
A1427 

11 
12 
13 
15 
16 
17 
18 
19 

00 
01 
02 
03 
04 
05 
06 
07 

E 20------~----~ 

*G 22------------~ VCC = Pin 28 
VSS = Pin 14 

* Active level defined by the user. 

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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MCM63256 

HMOS 
(N-CHANNEL, SILICON GATE) 

32,768 x 8 BIT 
READ ONLY MEMORY 

PLASTIC PACKAGE 
CASE 710 
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~National 
~ Semiconductor 
DM54n4LS471 
(256 x 8) 2048-Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
256 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
"OFF" or high. impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Military Commercial 

DM74LS471 X 

DM54LS471 X 

PRELIMINARY 

Features 

• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed. 
Address access-45ns typ 
Enable access-15ns typ 

. Enable recovery-15ns·typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

, 
• Low voltage TRI-SAF~M programming 

Open-
Collector TRI-STATE Package 

X N,J 

I X J 

~ 
I 

til _. ... 

Block and Connection Diagram 

A7 
A6 
A5 
AO 
Al 

A2 ------I 
A3 ------I 
A4 ------I 

3850 

ENABLE 
BUFFER 08 07 06 

2Q48.BIT ARRAY 
32 x 64 

MEMORY MATRIX 

Q5 04 

Order Number; 
DM74LS471 J, 
DM54LS471 J, 
See NS Package J20B 

Q3 02 01 

brder Number; 
DM74LS471 N 
See NS Package N20A 

AO 

Al 

A2 

A3 

A4 

01 
02 
03 

© Ie MASTER 1983 



~ National Semiconductor 

DM77/87S180, DM77/87S181 
OMIT 1875280, DMn 1875281 
(1024 x 8) 8192-Bit TTL PROMs 
General Description 

These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the' 
"OFF" or high impedance state. The memories are avail
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

Open-
Military Commercial Collector 

DM87S180 'X X 
DM87S181 X 

DMnS180 X X 
DM77S181 X 
DM87S280 X X 
DM87S281 X 
DM77S280 X X 
DMnS281 X 

Features 

• Advanced titanium-tungsten (Ti-W) fuses 

• Schottky-clamped for high speed 
Address access-40ns typ 
Enable access-15ns typ 
Enable recovery-15ns typ 

• PNP inputs for reduced input loading 

• All DC and AC parameters guaranteed over 
temperature 

• Low voltage TRI-SAFf?M programming 

24-Pin 24-Pin 
TRI-STATE Package Standard Narrow-Dip 

N,J X 

X N,J X 
J X 

X J X 
N,J ,X 

X N,J X 
J X 

X J X 

Block and Connection Diagram 

A5 
A4 
A3 
A2 
Al 
AO 

A6 
A7 
A8 
A9 

n 
E2 
E3 
E4 

DECODER 

ENABLE 
GATE 08 07 

Order Number; 
DM87S180 .J, DM87S181 J, 
DM77S180 J. DM77S181 J 
See NS Package J24A 

© Ie MASTER 1983 

06 

8192·BIT ARRAY 
64 x 128 

MEMORY MATRIX 

05 04 

Order Number: 
DM87S280 J, DM87S281J, 
DM77S280 J, DM77S281 J 
See NS Package J24C 

Q3 02 01 

A7 

A6 

A5 

A4 

A3 

A2 

Order Number; Order Number: 
OM87S180 N or DM87S181 N DM87S280 N, or DM87S281 N 
See NS Package N24A See NS Package N24C 
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~National 
~ S,emiconductor 

PRELIMINARY 

DM77/87SR181 
(1024 X 8)8k-Bit Registered TTL PROM 

General Description 
The DM77/87SR181 is an electrically programmable 
Schottky TTL read-only memory with D-type, master
slave registers on chip. This devices is organized as 
1024-words by 8-bits and is available in the tri-state out
put version. Designed to optimize system performance, 
this device also substantially reduces the cost and size 
of pip~lined microprogrammed systems and other 
designs wherein accessed PROM data is temporarily 
stored in a register. The DM77/87SR181 also offers maxi
mal flexibility for memory expansion and data bus con
trol by providing both synchronous and asynchronous 
output enables. All outputs will go into the "OFF" state if 
the synchronous chip enable (GS) is high before the 
rising edge of the clock, or if the asynchronous chip 
enable (G) is held high. The outputs are enabled when GS 
is brought low before the rising edge of the clock and Gis 
held low. The GS flip-flop is designed to power up to the 
"OFF" state with the application of Vee. 

Data is read from the PROM by first applying an address 
to inputs AO-A9. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip
flop and will appear on the output if the output is en
abled. Following the rising edge clock transition the ad
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 
TRI·STATE is a registered trademark of National Semiconductor Corp. 
TRI·SAFE is a trademark of National Semiconductor Corp . 

The DM77SR181 also features an initialize function INIT. 
The initialize function provides the user with an extra 
word of programmable memory which is accessed with 
single pin control by applying a low on INIT. The initialize 
function is synchronous and is loaded into the output 
register on the next rising edge of the clock. The 
unprogrammed state of the INIT is all lows. 

PROMs are shipped from the factory with lows in ailloca
tions. A high may be programmed into any selected loca
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 
• On-chip,edge-triggered registers 

• Synchronous and asynchronous enables for word 
expansion 

• Programmable register INITIALIZE 

• 24-pin, 300 mil package 

• 40ns address setup and 20ns clock to output for 
maximum system speed 

• Highly reliable, titanium tungsten fuses 

• TRI-STATE® outputs 

• Low voltage TRI-SAFETM programming 

• All parameters guaranteed over temperature 

Block and Connection Diagram 

AD 

Al 

64 WORD )( 128·BIT A2 1 OF 64 
WORO 

A3 DECODER PROGRAMMABLE FUSE ARRAY • 
A4 A7 1 24 Vcc 
AS A6 2 23 A8 

A5 3 22 A9 

A4 4 21 if 
A6 

A3 20 INIT 

A2 6 DM77SR181 19 Gs 
A1 7 18 CK 

AO 8 17 07 

00 16 06 

01 10 15 05 

8·BIT EDGE·TRIGGERED REGISTER 02 11 14 04 

GND 12 13 03 

01 02 03 04 05 06 07 

~ 
o 
1\)' 
~ 

X 
S 
co 
=" • 
til --... 
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~National 
~ Semiconductor 

PRELIMINARY 
October 1982 

DM77S401 IDM87S401, DM77S402lDM87S402 
First-In, First-Out (FiFo) 
64 x 4, 64 x 5 Serial Memories 
General Description 

The DM77S401 is an expandable ''fall-through'' type 
high-speed First-in, First-out (FiFo) memory organized 
in 64-word by 4-bit, and 64-word by 5-bit structures 
respectively. A 20 MHz data rate allows usage in high
speed disc or tape controllers as well as PCM and 
communications buffer applications. 

Features 

• 20 MHz shift in, shift out 

• TIL inputs and outputs 
• Inputs and outputs are symmetrically placed on 

package 

• Easily expandable word and bit dimensions 

• Either synchronous or asynchronous operation 

• Fairchild F3341 MOS FiFo pin compatible but 20 
times faster! 

Block Diagrams 

INPUT 
READY 
SHIFT 3 

IN 

INPUT 2 
. READY 

SHIFT 3 
IN 

FIFO 
INPUT 
STAGE 

INPUT 
CDNTROl 

lOGIC 

FIFO 
INPUT 
STAGE 

INPUT 
CONTROL 

lOGIC 

© 1962 National Semiconductor Corp. J/U1000 

© Ie MASTER 1983 

• Twice as fast as MMI's 57/67401 
• Choice of 4-bit or 5-bit data width 

DMn/DM87S401 
64x 4 

62 x 4·81T 
REGISTER 

REGISTER 
CONTROL 

lOGIC 

9 

MASTER RESET 

DMn IDM87S402 
64x5 

62 x 5·81T 
REGISTER 

REGISTER 
CONTROL 

lOGIC 

10 

MASTER RESET 

FIFO 
OUTPUT 
STAGE 

OUTPUT 
CONTROL 

lOGIC 

FIFO 
OUTPUT 
STAGE 

OUTPUT 
CONTROL 

lOGIC 

15 SHIFT 
OUT 
OUTPUT 
READY 

SHIFT 
17 OUT 

OUTPUT 
16 READY 

JL 100(}-1 

JL1000-2 

In-H/825M1021Printed In U.SA 
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~National 
~ Semiconductor 

DM104221024·Bit (256 x 4) Eel RAM 

General Description Features 

Bipolar RAMs 
.PREVIEW 

The DM10422 is normally a 256·word by 4-bit random ac
cess memory. However the memory has four Block Select 
(BSO·BS3) inputs which allow "WIRE OR" of any of the 
four blocks for a maximum 1024-word by 1·bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 
voltage compensated and is compatible with all 10K 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 

• 4 separate Block Select inputs for from 256 x 4 to 
1024 x 1 configuration 

• Typical address access time-12 ns 

• Block Select access time-4 ns 

• 10k logic compatible 

Block and Connection Diagrams 
Dual·ln·Line Package 

A4 

A3 

A2 

At 

AD 

WED-----t 

A5 

t5 

A6 A7 Veeo 

t6 17 

000 DID BSD DOt Olt BSt 002 Dl2 BS2 003 013 BS3 

Logic Symbol Pin Names 

BSO·BS3 Block Selects 

AO·A? Address Inputs 
AD WE Write Enable 

010·013 Oata Inputs 

000·003 Oata Outputs 

Al 

A2 
DOD 

A3 

A4 DOt 
A5 Truth Table (Positive Logic) 
A6 

A7 002 Input 

DID 85 WE 01 

Dll 
003 H X X 

012 L L L 
013 

WE BSO BSl BS2 BS3 L L H 

L H X 

3854 

24 
Vee 

013 

012 

A7 

A6 

A5 

A4 

A3 

TOPVIEW 

Output Mode 

L Disable 

L Write "0" 

L Write "1" 

DO Read 
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~National 
D Semiconductor 

Bipolar RAMs 
PREVIEW 

DM10470 4096·Bit (4096 x 1) Eel'RAM 

General Description 
The DM100470 is a 4096·bit random access memory 
organized 4096·words by 1·bit. It is designed for high 
speed scratch pad and buffer storage applications. It is 
voltage and temperature compensated and compatible 
with all100k logic. It has separate Data In and Data Out 
pins. The active low Chip Select CS and open emitter out· 
puts allow easy expansion. 

Logic Diagram 

WORD 
DRIVER 

ADDRESS 
DECODER 

A6 A7 A8 A9 A1D All 

64 X 64 
ARRAY 

SENSE AMPS 
AND 

WRITE 
DRIVERS 

ADDRESS 
DECODER 

AD Al A2 A3 A4 AS 

Features 
• Typical address access time-18 ns 
• Typical Chip Select access time-10 ns 

• 100K logic compatible 
• Open emitter outputs 
• Power dissipation-O.25 mW/bit 

Connection Diagram Logic Symbol Truth Table 
Dual·ln·Line Package 

TOP VIEW 

© Ie MASTER 1983 

18 
VCC 

AD 

Al 

A2 

A3 

A4 

AS 

A6 DOUT 

A7 

A8 

A9 

A1D 

Inputs Output 

CS WE 

H X 

L L 

L L 

L H 

Pin Names 

CS 
AO-A11 

WE 

DIN 

Dour 

DIN Open Emitter 

X L 

L L 

H L 

X DOUT 

Chip Select Inputs 

Address Inr..,c; 

Write Enable 

Data Input 

Data Output 

DOUT 

CS 

WE 

DIN 

Mode 

Not Selected 

Write "0" 

Write "1" 

Read 
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~National 
~ Semiconductor 
IDM2901A·2 4·Bit Bipolar Microprocessor 

General Description 
The IDM2901A-2 4-bit bipolar microprocessor slice is a 
cascadable qevice designed for use in Central Processing 
Units, programmable microprocessors. peripheral con
trollers, and other "high-speed" applications where 
economy, hardware/software flexibility. and easy expan
sion are system prerequisites. The building-block 
architecture and microinstruction format of the 
IDM2901A-2 permits -efficient emulation of most digital
based systems. 

As shown in the simplified block diagram, the 
IDM2901A-2 device consists of a 16·word by 4-bit 
2-port RAM, a high-speed ALU, and the required 
shifting, decoding, and multiplexing circuits. The 9-bit 
microinstruction word is organized into three groups of 
three bits each - the first group (bits 0 - 2) selects ALU 
source operands, the second group (bits 3 - 5) selects the 
ALU function, and the last group (bits 6 - 8) selects the 
destination register within the ALU. The slice micro
processor is cascadable with full look-ahead or ripple 
carry; all outputs are TR I-STATE® and four status-flag 
outputs are available. To minimize power consumption 
and to maximize speed and reliability, the 40-pin LSI 

chip is fabricated using a National state-of-the-art, Low
Power Schottky technology called "SCL". 

Block Diagram 

CLOCK -------::I:~---_, 

A (READ) 
ADDRESS 

B (READIWRITE) 
ADDRESS 

Features and Benefits 

• Multiple-address architecture improves system 
speed by providing simultaneous yet independent 
access to two working .registers. 

• Multifunction ALU - performs addition, two sub
traction operations, and five logic functions on two 
source operands. 

• Flexible data-source 'selection - for every ALU 
function, data is selected from five source ports for a 
total of 203 source operand pairs. 

• Left/right shift independent of A LU - an arithmetic 
operation and a left or right shift can be obtained on 
the same machine cycle. 

• Four status flags - carry, overflow, zero, and func
tional sign are available as outputs. 

• Expandable - Connect any number of IDM2901 A-2s 
together for longer word lengths. 

• Microprogrammable - three groups of 3 bits each for 
source operand, ALU function, and destination 
control. 

ALU DATA SOURCE 
SELECTOR 

CARRY IN - _ tiN 8-fUNCTION ALU 

OUTPUT DATA SElECTOR 

DATA OUT 

3856 

C.+4 
fJ (SIGN) 

OVERflOW 

F· 0000 
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~National 
D Semiconductor 

IDM2910A Microprogram Controller 

General Description 
The IDM2910A Microprogram Controller is a 12-bit 
wide address controller packaged in a standard 
40-pin dual-in-line package. The IDM2910A features 
TRI-STATE~ outputs and is fabricated using SCl 
(Schottky ECl) technology. The IDM2910A is a micro
program memory address controller that controls the 
execution sequence of microinstructions. In addition 
to being able to sequentially access memory, the 
IDM2910A is also able to conditionally branch to any 
microinstruction within the 4096 microinstruction 
range. A five-level last-in, first-out (LIFO) stack 
provides microsubroutine return linkage. An internal 
loop counter is included to provide the repeating 
instructions or perform up to 4096 loop iterations. 

As each microinstruction is executed, the IDM2910A 
selects a 12-bit address from one of four sources: 

1. The Microprogram Address Register which usually 
contains the increment address of the previous 
microinstruction. 

2. The external Direct Input lines. 

3. The Register/Counter which contains an address 
or data loaded during a previous microinstruction. 

4. The LIFO Stack. 

IDM2910A Block Diagram 

12 

RLD----------------~~ 

Features and Benefits 
• Twelve-bit wide address - controls up to 4096 

words of microcode with one device 

• Internal register/counter - a 12-bit down-counter 
that may be used to count loop iterations 

• Four address sources - the next microprogram 
address selected from the microprogram addressl 
register data input lines, LIFO stack, or register 
counter 

• Sixteen powerful microinstructions - executes 
16 sequence control instructions 

• Output enables for three branch address sources 
- replaces either external decoder or additional 
bit of microcode 

r:J Positive-edge triggering for all internal registers 

CI Fast condition-code control - typically a 19 ns 
delay from a condition-code input to an address 
output 

a SCl technology - provides ECl speeds while 
maintaining low-power Schottky power consump
tion 

• 100% reliability testing in compliance with Mil
STD-883. 

~_.--__ ----------_.-.~------~~------CP 

CC 
CCEN 

INSTRUCTION 
PlA 

Pl~------~ 
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~ National . August 1982 

~ Semiconductor 
NMC2114A 1024 x 4 Static RAM 
Maximum AccessfCurrent NMC2114A·1 L NMC2114A·2L 

Access (tAA-ns) 100 120 

Active Current (ICC-rnA) 40 40 

General Description 
The NMC2114A family of 1024·word by 4-bit static random 
access memories is fabricated using the XMaS IITM 
N·channel silicon·gate technology, incorporating poly· 
load resistors and two poly·silicon layers. All internal cir· 
c,uits are fully static and therefore require no clocks or 
refreshing for operation. The data is read out nondestruc· 
tively and has the same polarity as the input data. Com· 
mon input/output pins are provided. The separate chip 
select input (CS) allows easy memory expansion by OR· 
tying individual devices to a data bus. 

The NMC2114A is designed for memory applications where 
the high performance and high reliability of XMaS II, 
low cost and simple inte~facing are important design 
objectives. 

Block Diagram* 

A3O":""--~ 

A4~----1 

A5~--~ 

A6O-----1 

1/0 , ~1_4 -t--~ 
(001) 

1/04 0
' 
.... 
' 
.-+++-+---4 

(004) 

Truth Table * 

CS WE 
(5) (W) 

H X 

L L 

L L 

L H 
x = don't care 

I/O 
(OQ) 

Hi·Z 

H 

L 

DOUT 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN lID CIRCUITS 

COLUMN SELECT 

Mode 

Not selected 
Write 1 

Write 0 

Read 

* Symbols in parentheses are proposed industry standard 

'r 1982 National Semiconductor Corp lL!DI5047 

3858 

NMC2114A·3L NMC2114A-4L NMC2114A·4 NMC2114A·5 

150 200 200 250 

40 40 70 70 

Features 
• High performance replacement for industry standard 

MM2114 

• All inputs and outputs directly TTL compatible 

• Static operation-no clocks or refreshing required 

• Low power-220 mW maximum 

• High speed-down to.1oo ns access time 

• TRI·STATE@ output for bus interface 

• Common data in and data out pins 

• Single 5V ± 10% supply 
• Standard 18-pin dual·in·line package 

XMOS IITM Is a trademark of National Semiconductor Corp. 
TRI·STATEI is a registered trademark of National Semiconductor Corp. 

....!!-oVCC 

.....!ovss 

Connection Diagram* 
Oual·ln·Llne Package 

A6 

AS 

GNO (VSS) 

TOP VIEW 

Logic Symbol* 

Pin Names· 

AO-A9 
WE(W) 

cs(s) 
110,-1104 (001-004) 
VCC 

GND (VSS\ 

18 
VCC 

141/01 
(001) 

131/02 
(002) 

12 IIOJ 
(003) 

1'1/04 
(004) 

10 WE(w) 

Address Inputs 

Write Enable 

Chip Select 

Data Input/Output 

Power (5V) 

Ground 

IM·B25M82'Pr.nted In U.S.A 
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~National 
~ Semiconductor 
NMC2116 2048 x 8 Static RAM 

Max Access/Current NMC2116-15l NMC2116-20l 

Access (TAVQV - ns) 150 200 

Active Current (ICC - rnA) 70 70 

Standby Current (158 - rnA) 10 10 

General Description 
This 2048 x 8 static random access memory is fabricated 
using N-channel Silicon-gate technology incorporating 
poly-load resistors and two poly-silicon layers. All internal 
.circuits are fully static and therefore require no clocks or 
refreshing for operation. The data is read out nondestruc
tively and has the same polarity as the input data. Com
mon input/output pins are provided. 

The separate chip select input allows easy memory ex
pansion by OR-tying individual devices to a data bus and 
automatically powers down the NMC2116. 

Block Diagram * 

AD 0----0000I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
A60-----t 

1/00 
(DOD) 0----.--1 

I 
I 
I 
I 
I 
I 

1107 
(007) o-._--+--+--t 

Truth Table * 
CS (5) WE(W) 

H X 
L L 

L L 

L H 

L H 

ROW 
DECODER 
1 OF 128 

INPUT 
DATA 

CONTROL 

OE(G) 

X 
X 
X 
L 

H 

MEMORY MATRIX 
128 ROWS 

128 COLUMNS 

COLUMN 110 

A7-----Al0 

Pin Names· 
CS(S) 
OE(G) 

WE CifJ 
1/00-1/07 (000-007) 

AO-A1O 

VCC 
GNO(VSS) 

1/0 Mode 

Hi-Z Standby 

1 Write 1 

0 Write 0 

DOUT Read 

Hi-Z Read 

*The symbols in parentheses are proposed industry standard. 
TRI·STATE~ is a registered trademark of National Semiconductor Corp. 

i'!-'1962 National Semiconductor Corp. XDi222 

© Ie MASTER 1983 

June 1982 

NMC2116-25l NMC2116-15 NMC2116-20 NMC2116-25 

250 150 200 250 

70 100 100 100 

10 15 15 15 

Features 
• All inputs and outputs directly TTL compatible 

II Static operation-no clocks or refreshing required 

• Low power-385 mW max 
• 150 ns, 200 ns and 250 ns max access time 

• TRI-STATE® output for bus interface 

• 24-pin EPROM/ROM compatibility 

• Single 5V supply 

• Automatic power down 

• Common data I/O pins 

• Separate OE pin 

Connection Diagram* 
Dual·ln·Line Package 

.-..aVCC 

GNO 
+--0 (VSS) 

Chip Select 
Output Enable 

Write Enable 
Data In/Out 

Address Inputs 

Power5V 
Ground 

A7 

TOP VIEW 

Logic Symbol* 

1100 
(~OD) 

1101 
(001) 

1102 
(D02) 

1103 
(003) 

1/04 
(~) 

24 
vce 

23 
A8 

22 
A9 

21 
WE(W) 

20 
OE(G) 

19 
Al0 

18 CS (S) 

17 
1/07(007) 

16 1/06(006) 

15 1/05(005) 

14 1/04(004) 

13 
1103(003) 

tM·B25M62/Punted tn U S.A 
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~National . a Semiconductor 

MM271616,384-Bit (2048 X 8) UV Erasable PROM 

General Description 

The MM2716 is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex
perimentation are important requirements_ 

The MM2716 is packaged in a 24-pin dual-in-Iine pack
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology . 

. Block and Connection Diagrams * 

Features 

• 2048 x 8 organization 
• 525 mW max active power, 132 mW max standby 

power 

• Low power during programming 
• Access time-MM2716, 450 ns; MM2716-1, 350 ns; 

MM2716-2, 390 ns 

• Single 5V power supply 
• Static-no clocks required 
• Inputs and outputs TTL compatible during both 

read and program modes 

• TRI-STATE® output 

Dual-In-Line Package 

A7 24 vee 
..-- vpp+sv 
+-- vee + sv A6 

+-- vss GND 

AS 

DATA OUTPUTS (PROGRAM INPUTS) 
00-07 (OD-QlI A4 

ADDRESS{ 
INPUT 

MODE 

Read 

Program -

Y GATING 

16.384 
BIT MATRIX 

Pin Connection During Read or Program 

PIN NAME/NUMBER 

CE/PGM OE 
(E/P) (G) VPP VCC OUTPUTS 

18 20 21 24 9-11,13-17 

VIL VIL 5 5 DOUT 

Pulsed VIL VIH 25 5 DIN 
to VIH 

*Symbols in par~ntheses are proposed industry standard 

3860 

A3 

A2 

Al 

AD 

00 (00) 

01 jQl) 10 

02 (02) 11 

TOP VIEW 

Order Number MM27160, MM2716Q-1 
or MM2716Q-2 

See NS Package J24CQ 

Pin Names 

AO-Al0 
00-07 (QO-07) 
CE/PGM (E/P) 
OE (G) 

VPP 
VCC 
VSS 

Address Inputs 
Data Outputs 
Chip Enable/Program 
Output Enable 
Read 5V, Program 25V 
Power (5V) 
Ground 

© Ie. MASTER 1983 



~National PRELIMINARY 

a Semiconductor 
April 1982 

NMC281616k (2k x 8) Electrically Erasable PROM 

Max Access/Current NMC2816·25 NMC2816·35 NMC2816-45 

Max Access Time (n5) 250 

Max Active Current (rnA) 110 

Max Standby Current (rnA) 50 

General Description 
The NMC2816 is a 16,384-bit electrically erasable and pro
grammable read-only memory (E 2PROM) fabricated using 
National's high speed, low power, N-channel double sili
con gate technology. The electrical erase/write capability 
of the NMC2816 makes it ideal for a wide variety of applica
tions requiring in-system, non-volatile erase and write. 

The device operates from a 5V power supply in the read 
mode and, with its very fast read access speed, is 
compatible with high performance microprocessors. 

350 

110 

50 

Features 
• 2048 x 8 organization 

• Fully static 
• Reliable floating gate technology 

• Very fast access time 
250 ns max (NMC2816-25) 
350 ns max (NMC2816-35) 
450 ns max (NMC2816-45) 

II Single byte erase/write capability' 

• 10 ms byte erase/write time 
1II Chip erase time of 10 ms 

450 

110 

50 

The NMC2816 is deselected when pin 18 is high and is 
automatically placed in the standby mode. This mode pro
vides a 52% reduction in power with no increase in access 
time. The NMC2816 also has an output enable control to 
eliminate bus contention in a system environment. 

II Conforms to JEDEC byte-wide family standard 

II Microprocessor compatible architecture 

• Low power dissipation 

The NMC2816 can be easily erased and reprogrammed in a 
byte-by-byte mode and the entire memory array erased in a 
chip erase mode. Byte erase mode is identical to byte 
write mode, with all data inputs at logic ones (TTL high). 

610 mW max (active power ICC + IPP) 
295 mW max (standby power ICC + IPP) 

Block and Connection Diagrams 

VCC 0---+ 
GND D---+ 
VPP 0---+ 

fiE OUTPUT ENABLE 

CE 
CHIP ENABLE 

AND E/W LOGIC 

y 
DECODER 

AD-A1D 
ADDRESS 

INPUTS 
X 

DECODER 

Pin Names 

AO-Al0 

CE 
(jE 

Addresses 

Chip Enable 

Output Enable 

DATA INPUTS/OUTPUTS 
10/00-17/07 ,.. 

!!!!!1 
INPUT/ 
OUTPUT 
BUFFERS 

Y GATING 

16,384-BIT 
CELL MATRIX 

FIGURE 1 

Data Outputs 

Data Inputs 

Program Voltage 

A7 

1 A6 

A5 

A4 

A3 

A2 

Al 

AD 

10/00 

Dual·ln·Line Package 

NMC2816 
E2PROM 

TOP VIEW 

FIGURE 2 

24 
VCC 

VPP 

/7/07 

Is/Os 

'r 1982 National Semiconductor Corp. XD/224 IM·B25M42/Pnnted In U.S,A. 
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~National PRELIMINARY 

~ Semiconductor 
April 1982 

NMC2816E 16k (2k x 8) Electrically Erasable PROM 
Max Access/Current NMC2816E·25 NMC2816E·35 NMC2816E-45 

Max Access Time (ns) 250 

Max Active Current (rnA) 125 

Max Standby Current (rnA) 55 

General Description 
The NMC2816E is a 16,384-bit electrically erasable and 
programmable read-only memory (E2PROM) fabricated 
using National's high speed, low power, N-channel double 
silicon gate technology. The electrical erase/write capa
bilityof the NMC2816E makes it ideal for a wide variety of 
applications requiring in·system, non·volatileerase and 
write. 

The device operates from a 5V power supply in the read 
mode and, with its very fast read access speed, is 
compatible with high performance microprocessors. 

350 

125 

55 

Features 
• 2048 x 8 organization 

• Fully static 
• Reliable floating gate technology 

• Very fast access time 
250 ns max (NMC2816E-25) 
350 ns max (NMC2816E-35) 
450 ns max (NMC2816E-45) 

• Single byte erase/write capability 

• 10 ms byte erase/write time 

• Chip erase time of 10 ms 

450 

125 

55 

The NMC2816E is deselected when pin 18 is high and is 
automatically placed in the standby mode: This mode pro
vides a 54% reduction in power with no increase in access 
time. The NMC2816E also has an output enable control to 
eliminate bus contention in a system environment. 

• Conforms to JEDEC byte-wide family standard 

• Microprocessor compatible architecture 

• Low power dissipation 

The NMC2816E can beeasilyerased and reprogrammed in 
a byte·by-byte mode and the entire memory array erased in 
a chip erase mode. Byte erase mode is identical to byte 
write mode, with all data inputs at logic onf1s (TTL high). 

720 mW max (active power ICC + IPP) 
335 mW max (standby power ICC + IPP) 

Block and Connection Diagrams 

vce 0--+ 
GND~ 

VPP~ 

AO.;.AlO 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
CHIP ENABLE 

AND E/W LOGIC 

y 

DECODER 

X 
DECODER 

DATA INPUTSIOUTPUTS 
10/00-17/07 

A 

ttt!!!l! 
INPUTI 
OUTPUT 
BUFFERS 

Y GATING 

16,384-BIT 
CELL MATRIX 

FIGURE 1 
Pin Names 

AO-A10 

CE 

DE 

Addresses 0 0-07 

Chip Enable 10-17 
Output Enable VPP 

Data Outputs 
Data Inputs 
Program Voltage 

Dual-In-Line Package 

NMC2816E 
e2PROM 

TOP VIEW 

FIGURE 2 

24 vce 

VPP 

1s/06 

15/05 

- 1982 Nat,onal Semiconductor Corp WD'fI' IM.B25M42JPw.teO in U.S.A 
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~National PRELIMINARY 

a Semiconductor 
April 1982 

NMC2816M 16k (2k x 8) Electrically Erasable PROM 
Max Access/Current NMC2816M·25 NMC2816M·35 NMC2816M·45 

Ma) Access Time (ns) 250 
Max Active Current (rnA) 140 

Max Standby Current (rnA) 60 

General Description 
The NMC2816M is a 16,384-bit electrically erasable and 
programmable read-only memory (E 2PROM) fabricated 
using National's high speed, low power, N-channel double 
silicon gate technology. The electrical erase/write capa
bility of the NMC2816M makes it ideal for a wide variety,of 
applications requiring in-system, non-volatile erase and 
write. . 

The device operates from a 5V power supply in the read 
mode and, with its very fast read access speed, is 
compatible with high performance microprocessors. 

350 
140 

60 

Features 
• 2048 x 8 organization 

• Fully static 
• Reliable floating gate technology 

• Very fast access time 
250 ns max (NMC2816M-25) 
350 ns max (NMC2816M-35) 
450 ns max (NMC2816M-45) 

• Single byte erase/write capability 

• 10 ms byte erase/write time 
II Chip erase time of 10 ms 

450 
140 

60 

The NMC2816M is deselected when pin 18 is high and is 
automatically placed in the standby mode. This mode pro
vides a 55% reduction in power with no increase in access 
time. The NMC2816M also has an output enable control to 
eliminate bus contention in a system environment. 

II Conforms to JEDEC byte-wide family standard 

B Microprocessor compatible architecture 

.. Low power diSSipation 
800 mW max (active power ICC + IPP) 
360 mW max (standby power ICC + IPP) 

The NMC2816M can be easily erased and reprogrammed 
in a byte-by-byte mode and the entire memory array erased 
In a chip erase mode. Byte erase mode is identical to byte 
write mode, with all data inputs at logic ones (TTL high). 

Block and Connection Diagrams 

VCC~ 

GND 0---+ 
Vpp~ 

DE OUTPUT ENABLE 
CHIP ENABLE 

CE AND E/W LOGIC 

y 
DECODER 

AO-A1D 
ADDRESS 

INPUTS 
X 

DECODER 

Pin Names 

AO-A10 

CE 

DE 

Addresses 

Chip Enable 

Output Enable 

DATA INPUTS/OUTPUTS 
10/00-17/07 

... 

tttt11ll 
INPUT/ 
OUTPUT 

BUFFERS 

Y GATING 

16,384·81T 
CEll MATRIX 

FIGURE 1 

0 0-07 

10-17 

VPP 

Data Outputs 
Data Inputs' 

Program Voltage 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

10/00 

Dual-ln·Line Package 

NMC2816M 
E2PROM 

TOP VIEW 

FIGURE 2 

24 
VCC 

VPP 

17/07 

Is/Os 

, 1982 National Semiconductor Core:, WD/BO tM·625M42/Prlrttec 'r U S.A 
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~National 
~ Semiconductor 

PRELIMINARY 
May 1982 

NMC27C16 16,384-Bit(2048 X 8) UV Erasable CMOS PROM 
Parameter/Part Number NMC27C16Q·45 NMC27C16Q·55 NMC27C16Q·65 

Access Time (ns) 450 

Active Current (rnA) 5 

Standby Current (rnA) 0.1 

General Description 
The NMC27C16 is a high speed 16k' UV erasable and 
electrically reprogrammable CMOS, EPROM ideally suited 
for applications where fast turn-around, pattern ex
perimentation and low power consumption are important 
requirements. 

The NMC27C16 is packaged in a 24-pin 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. A new pattern can then be written into the 
device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, P2CMOSTM silicon gate technology. 

plCMOS ™ and NSC800 ™ are trademarks of National Semiconductor Corp. 

TRI·STATElI is a registered trademark 01 National Semiconductor Corp. 

Block and Connection Diagrams * 

550 650 

5 5 

0.1 0.1 

Features 
• CMOS power consumption 

53 mW max active 
5.3 mW max standby 

• Performance compatible to NSC800 ™ CMOS micro-
processor and NMC6716 synchronous CMOS EPROM 

• 2048 x 8 organization 

• Pin compatible to 2716 
• Access time down to 450 ns 

• Single 5V power supply 
• Static-no clocks required 
• Inputs and outputs TTL compatible during both read 

and program modes 

• TRI-STATE!> output 

...- VPP+5V 

+- VCC+5V 

+- VSS GND 

, A7 

A6 

A5 

Dual-ln·Line Package 

DATA OUTPUTS (PROGRAM INPUTS) 
00-01 (QO-Ol1 . 

OUTPUT BUFFERS 
(INPUT BUFFERS) 

Y GATING 

16.384 
BIT MATRIX 

Pin Connection During Read or Program 

Pin Name/Number 

Mode CE/PGM OE 
VPP vec Outputs (E/P) (G) 

18 20 21 24 9-11,13-17 

Read VIL VIL 5 5 DOUr 
Program Pulsed VIL VIH 25 5 DIN 

to VIH 

* Symbols in parentheses are proposed industry standard. 

1982 National Semiconductor Corp WD/147 

A3 

A2 

Al 

AD 

Pin Names 

AO-A10 

°0-07(00-Q7) 
CE/PGM (E/P) 
OE(G) 

VPP 

VCC 

VSS 

13 

TOP VIEW 

Address Inputs 

Data Outputs 

CE/PGM(EiP) 

°6(Q6) 

°3 (03 ) 

Chip Enable/Program 
Output Enable 

Read 5V Program 25V 

5V 
Ground 

IM·B25M52IP""ted In u.s A. 
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~National 
D Semiconductor 

PRELIMINARY 
May 1982 

NMC27C32 32,768·Bit (4096 X 8) UV Erasable CMOS PROM 
Parameter/Part Number NMC27C320·35 NMC27C320·45 NMC27C32Q·55 NMC27C32Q·65 

Access Time (ns) 350 

Active Current (mA) 5 
Standby Current (rnA) 0.1 

General Description 

450 550 

5 5 

0.1 0.1 

Features 
• CMOS power consumption 

53 mW max active 
5.3 mW max standby 

650 

5 

0.1 

The NMC27C32 is a high speed 32k UV erasable and 
electrically reprogram mabie CMOS EPROM ideally suited 
for applications where fast turn-around, pattern ex
perimentation and low power consumption are important 
requirements. 

• Performance compatible to NSC800 ™ CMOS micro-
processor and NMC6732 synchronous CMOS EPROM 

The NMC27C32 is packaged in a 24'pin 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. A new pattern can then be written into the 
device by following the programming procedure. 

• 4096 x 8 organization 
• Pin compatible to 2732 
• Access time down to 350 ns 
• Single 5V power supply 
• Static-no clocks required 

This EPROM is fabricated with the reliable, high volume, 
time proven. P2CMOS ™ silicon gate technology. 

• Inputs and outputs TTL compatible during both read 
and program modes 

p2CMOS ™ and NSC800 ™ are trademarks of National Semiconductor Corp. 
TRI·STATE' is a registered trademark of National Semiconductor Corp. 

Block and Connection Diagrams * 

AD-All 
ADDRESS 

INPUTS 

.. 

X 
DECODER 

Modes· 

• 
• 

• 
• 
• 
• 
• 

.... 

Pin Name/Number 

CE OEIVPP 
VCC 

• TRI-STATE® output 

DATA OUTPUTS 
°0-°7 (01-08) 

V·GATING 

32,768·8IT 
MATRIX 

Outputs 

A7....!. 

A62 

AS .2. 
4 

A4-

A3..! 

A2...! 

Al...!. 

AD ....!. 

00(01) ...!. 
10 

01(02)-

°2(03) ..!! 

GND(VSS) ..!! 

Dual·ln·Line Package 

u 24 
-- vee 

~A8 

~A9 

.!!. All 

l!!.. OENPP(GNPP) 

.!!. Alo 

.!!. mE) 

.!!.. °7(08) 

!!. 0&(07) 

~ °S(Q6) 

~ 04(05) 

~ °3(04) 

TOPVIEW 

Mode (E) (GIVPP) 
18 20 24 9-11,13-17 

Pin Names· 

CE(E) 
OE(G) 
AO-A11 

Chip Enable 
Output Enable 
Address Inputs 

Data Outputs 
Program Power 25V 
Power5V 

Read VIL VIL 

Standby VIH Don't Care 

Program VIL 25V 
Program Verify VIL VIL 

Program Inhibit VIH 25V 

·Symbols in parentheses are proposed industry standard, 

(, 1982 Naltonal Semiconductor Corp. WD/76 

© Ie MASTER 1983 

5V DOUT 

5V Hi·Z 
5V DIN 

5V DOUT 
5V Hi-Z 

0 0-07 (Q1-08) 
VPP 
VCC, 
GND (VSS) Ground 

IM·B25M52/Pr,nted In U.S.A. 
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~National a Semiconductor 

MM5290*16,384-Bit (16,384 x 1) Dynamic RAM 

General Description 

The MM5290 is a 16,384 x 1 bit dynamic RAM. It 
features a multiplexed address input with separate row 
and column strobes. This added flexibility allows the 
MM5290 to be used in page mode operation. 

by the use of a 16-pin dual-in-line package for the 
MM5290. 

Features 

The MM5290 must be refreshed every 2 ms. This can be 
accomplished by performing any cycle which brings the 
Row Address Strobe active including a RAS-only cycle 
at each of the 128 row addresses. 

• Access times: 150 ns, 200 ns, 250 ns 

• Low power: 528 mW max 
• TTL compatible: all inputs and output 
• Gated CAS-noncritical timing 

N·channel double-poly silicon gate technology, developed 
by National, is used in the manufacture of the MM5290. 
This process combines high density and performance 
with reliability. Greater system densities are achievable 

• Read, Write, Read-Modify-Write and RAS-only 
Refresh cycles 

• Page mode operation 
• Industry standard 16-pin configuration 

Block Diagram 
AO

Al

A2-

A3-

A4-

A5-

A6-

wr -l. -'L __ -....I 

Voo 

~ 
12V 

vcc 

ROW 
CLOCKS 

~ 
5V 

COLUMN 
CLOCKS 

WRITE 
CLOCKS 

Connection Diagram 

Dual-In-Line Package 

TOP VIEW 

vss vBB 

l ~ 
GNO -5V 

COLUMN 
CLOCKS 

ROW 
CLOCKS 

MEMORY ARRAY 
64 X 128 

SENSE AMPLIFIERS (128) 

MEMORY ARRAY 
• 64 X 128 

COLUMN DECODER (1:128) 

Pin Names 

RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
AO-A6 Address Inputs 
01 Data Input 
DO Data Output 

VDD Power (12VI 

VCC Power (5V) 

VSS Ground 

VBB Power (-5VI 

01 

Logic Diagram 

AD 

Al 

A2 

A3 

A4 

AS 

A6 

RAS 

CAS 

WE 

00 

• See the MSTTM Program page 3 of the 1980 Memory Databook. MSTTM i, a trademark of National Semiconductor Corp. 
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PRELIMINARY 
August 1982 ~National 

~ Semiconductor 
NMC9306/COP494 256·Bit Serial Electrically Erasable 
Programmable Memory 

General Description 
The NMC9306/COP494 is 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 word 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 data 
retention and can be updated by an erase·write cycle. The 
NMC9306/COP494 has been designed to meet applica
tions requiring up to 1 X 104 erase/write cycles per 
register. A power down mode reduces power consumption 
by 70 percent. 

Block and Connection Diagrams 

VPP ~VCC 

GENERATOR 
..... 

VPP 

I 
~ 32 b.. e2PROM 

DECODER 256 BITS 

r+ 1/16 r (16x16) 

AI ~ AI ~ 
8 16 

"l1li 
,... 

ADDRESS ~ 
LATCHES 

R/W AMPS 

.4~ ~ ~ 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 VCC 

SK NC 

01 3 NC 

DO 4 GND 

TOP VIEW 

--+ REGISTER 
(17 BITS) ClK I...L- " 

DO 
FIGURE 2 

DI 

-+ INSTRUCTION 
REGISTER ClK 

-+ (9 BITS) 

~ ~ 
-

INSTRUCTION 
DECODE. 

CONTROL 
AND 

CLOCK .. 
GENERATORS --.. 

CS 
.. 

SK .. 

FIGURE 1 

~. 1982 NatIonal SemIconductor Corp 'TlID'SO:'9 

© Ie MASTER 1983 

I.L 

~ 

Pin Names 

CS Chip Select 
SK Serial Data Clock 
01 Serial Data Input 
DO Serial Data Output 
vec Power Supply 
GND Ground 

~ 

T COPS TM and MICROWIRE M are trademarks 01 Natlonal-Semiconcluctor Corp. 

TRI-S'TATE'· IS a regIstered trademark of Nallonal SemIconductor Corp 

IM·B25M&2:Prlnted In U.S.A 
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~National PRELIMINARY 

a Semiconductor 
April 1982 

NMC971616k (2k x 8) Electrically Erasable PROM 
Max Access/Current NMC9716·25 NMC9716·35 NMC9716·45 

Max Access Time Insl 250 350 450 

Max Active Current (mAl 110 110 110 

Max Standby Current (mAl 50 50 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 for a wide variety of appli
cations requiring in-system, non-volatile erase and write. 

The N MC9716 can be easi Iy 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 pulse or a 21V pulse 

The NMC9716 is pin and functionally compatible with the 
NMC2816 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 21V. The erase/write cycle is very similar 
to the industry standard 2716 EPROM programming cycle. 

• Pin and functionally compatible with the NMC2816 

• No rise time restriction on erase/write pulse 

• 2048 x 8 organization 

The device operates from a 5V power supply in the read 
mode and, with its very fast read access speed, is com
patible with high performance microprocessors. 

• Conforms to JEDEC byte-wide family standard 

• Microprocessor compatible architecture 

• Single byte erase/write capability 

The NMC9716 is deselected when CE input is high and is 
automatically placed in the standby mode. This mode pro
vides a 52% reduction in power with no increase in access 
time. The NMC9716 also has an output enable control to 
eliminate bus conlention in a system environment. 

• 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) 

Block and Connection Diagrams 

VCC 0--+ 
GND 0--+ 
VPP 0--+ 

AO-A1D 
ADDRESS 

INPUTS 

Pin Names 

OUTPUT ENABLE 
CHIP ENABLE 

AND E/W LOGIC 

y 
DECODER 

X 
DECODER 

FIGURE 1 

AO-A10 

CE 
Addresses 00-07 

Chip Enable 10-17 

DE Output Enable VPP 

DATA INPUTS/OUTPUTS 
10/00-17/0i .. 

tttttttt 
INPUT / 
OUTPUT 
BUFFERS 

Y GATING 

16,384-BIT 
CELL MATRIX 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AD 

10/00 

~ ________ ... 12/02 

Data Outputs 

Data Inputs 
Program Voltage 

GND 

Dual-In-Line Package 

NMC9716 
E2PROM 

TOP VIEW 

FIGURE 2 

24 
VCC 

A9 

VPP 

A1D 

15/05 

{O 1982 National Semlconducto' Corp WD162 IM·B25M421Prlnted If! ~I.S A 
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~National 
~ Semiconductor 

PRELIMINARY 
April 1982 

NMC9716E 16k (2k x 8) Electrically Erasable PROM 
Max Access/Current NMC9716E·25 

Max Access TIme (ns) 250 

Max Active Current (mA) 125 

Max Standby Current (mA) 55 

General Description 
The NM.C9716E is a 16,384-bit electrically erasable and 
programmable read·only memory (E 2PROM) fabricated 
using National's high speed, low power, N·channel double 
silicon gate technology. The electrical erase/write capa· 
bility of the NMC9716E makes it ideal for a wide variety of 
applications requiring in-system, non-volatile erase and 
write. 

The NMC9716E is pin and functionally compatible with the 
NMC2816E E2PROM, with the added system feature of 
erasing/writing with a 5V TTL pulse on chip enable (CE), 
while the VPP is held at 21V. The erase/write cycle is very 
similar to the industry standard 2716 EPROM program
ming cycle. 

The device operates from a 5V power supply in the read 
mode and, with its very fast read access speed, is com
patible with high performance microprocessors. 

The NMC9716E is deselected when CE input is high and is 
automatically placed in the standby mode. This mode pro
vides a 54% reduction in power with no increase in access 
time. The NMC9716E also has an output enable control to 
eliminate bus contention in a system environment. 

Block and Connection Diagrams 

NMC9716E·35 NMC9716E·45 

350 450 

125 125 

55 55 

The NMC9716E 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 identicql to byte write, with all inputs 
at logic one (TTL high). 

Features 
• Erase/write with a 5V TTL pulse or a 21V pulse 
a Pin and functionally compatible with the NMC2816E 

• No rise time restriction on erase/write pulse 
II 2048 x 8 organization 

EJ Conforms to JEDEC byte-wide family standard 

III Microprocessor compatible architecture 

II Single byte erase/write capability 

GI 10 ms byte erase/write time 

• 10 ms chip erase mode 
II Low power disSipation 

720 mW max (active power ICC + IPP) 
335 mW max (standby power ICC + IPP) 

Dual-ln·Line Package 
DATA INPUTSIOUTPUTS 

24 10/00-17/07 VCC VCC~ A7 
6 

GND D---+ 

ttt!!!!! AS' 
VPP 0--+ 

OE OUTPUT ENABLE A5 

CHIP ENABLE INPUT! 
CE AND E/W LOGIC OUTPUT A4 VPP 

BUFFERS 

A3 

Y NMC9716E Y GATING A2 
DECODER E2PROM 

Al 

AO-A1O 
ADORESS AO 17/07 

INPUTS 
X 16.384-BIT 10/00 Is/06 

DECODER CELL MATRIX 

hiD, Islas 

12/02 14104 

Pin Names FIGURE 1 
GND 13/03 

AO-A10 Addresses 0 0-07 Data Outputs 

CE Chip Enable 10-17 Data Inputs TOP VIEW 

OE Output Enable VPP Program Voltage FIGURE 2 

" 1982 NatIonal SemIconductor Corp WDt83 IM.B25M42/Prlnted In U,S.A. 
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~National' PRELIMINARY 

D Semiconductor 
April 1982 

NMC9716M 16k (2k x 8) Electrically Erasable PROM 
Max Access/Current NMC9716M·25 NMC9716M·35 N MC9716M·45 

Max Access Time InS) 250 350 450 

Max Active Current (mA) 140 . 140 140 

Max Standby Current (mA) 60 60 60 

General Description 
The NMC9716M is a 16,384-bit electrically erasable and 
programmable read-only memory (E2PROM) fabricated 
using National's high speed, low power, N-channel double 
silicon gate technology. The electrical erase/write capa
bility of the NMC9716M makes it ideal for a wide variety of 
applications requiring in-system, non-volatile erase and 
write. 

The NMC9716M 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 pulse or a 21V pulse 

The NMC9716M is pin and functionally compatible with the 
NMC2816M E2PROM, with the added system feature of 
erasing/writing with. a 5V TTL pulse on chip enable (CE), 
while the VPP is held at 21 V. The erase/write cycle is very 
similar to the industry standard 2716 EPROM program
ming cycle. 

• Pin and functionally compatible with the NMC2816M 

• No rise time restriction on erase/write pulse 

• 2048 x 8 organization 

The device operates from a 5V power supply in the read 
mode and, with its very fast read access speed, is com
patible with high performance microprocessors. 

• Conforms to JEDEC 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 

The NMC9716M is deselectedwhen CE input is high and is 
automatically placed in the standby mode. This mode pro
vides a 55% reduction in power with no increase in access 
time. The NMC9716M also has an output enable control to 
eliminate bus contention in a system environment. 

800 mW max (active power ICC + IPP) 
360 mW max (standby power ICC + IPP) 

Block and Connection Diagrams 

vec 0---+ 
GND 0----+ 
VPP 0---+ 

AO-A10 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
CHIP ENABLE 

AND E/W LOGIC 

y 
DECODER 

X 
DECODER 

Pin Names FIGURE 1 

AO-A10 Addresses 0 0-07 

CE Chip Enable 10-17 

OE Output Enable VPP 

DATA INPUTS/OUTPUTS 
10/00-17/07 

ttt!!!!! 
INPUT/ 
OUTPUT 

BUFFERS 

Y GATING 

16.384-BIT 
CELL MATRIX 

Data Outputs 

Data Inputs 

Program Voltage 

Dual·ln·Line Package 

NMC9716M 
E2PROM 

TOP VIEW 

FIGURE 2 

24 
VCC 

A9 

VPP 

OE 

A10 

17/07 

16/06 

15/05 

14/04 

13/03 
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~National . 
~ Semiconductor 

PRELIMINARY 
June 1982 

MA201616,384 x 8-Bit CMOS Static RAM Module 
General Description 
The MA2016 consists of eight 2k x 8-bit CMOS RAMs 
along with an address decoder capable of decoding up to 
a 128k x 8-bit low power CMOS RAM. It operates on a 
single 5V power supply and is able to retain data down to 
2V. The MA2016 does not require a refresh and all inputs 
and outputs are TTL compatible. Multiple MA2016 mod
ules may be stacked in a piggyback fashion or laid out in 
any manner desired. The low power requirements and ver
satile layout make the MA2016 very useful for low power 
hand-held battery powered applications. 

Applications 
• Portable terminals 

• Hand-held devices 

• Pos terminals 
• Remote instrumentation 

• Process controllers 
II Microcomputer memory 

Connection Diagram 

DE 1 • Vee 
WE 2 A14 

A13 3 A1S 

A12 4 cs 
All S 

Al0 6 E9 

A9 7 E8 

A8 8 E7 

A7 9 E6 

AS 10 ES 

AS 11 E4 

A4 12 E3 

A3 13 E2 

A2 14 El 

Al lS 

AO 16 1/07 

1/00 17 1/06 
lID, 18 110s 

1/02 19 1/0. 

GND 20 1/03 

TOP VIEW 

Features 
• 16k x 8-bits fully decoded 

• Outputs directly TTL compatible 

• Low power-typical 400 mW 

• 250 ns access time 
• Static operation-no clpcks or refreshing required 

• Single 5V supply ± 10% 

• 2V minimum for data retention 

• TRI-STATE@ outputs for bus operation 

• Common data I/O pins 

• Separate OE pin 
• Internal power supply decoupling 

Ordering Information 
MA2016 

Logic Symbol 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

A10 
All 

A12 

A13 
A14* 

A1S* 

* active state user selectable 

1/00 
110, 

1/02 

1/03 

1104 

liDs 
110s 

1/07 

Pin Names Truth Table 
~ Chip Select Input (user programmable) 

DE" Output Enable Input 

WE" Write Enable Input 

1/°0-1/°7 
AO-A15 

Vee 
GND 

Data InputslOutputs 

Address Inputs 
(A 14, A 15 Block Select, user programmable) 

Power (typical 5V) 

Ground 
TRI·STATE' IS a registered trademari<. Of National Semiconductor Corp 

'f. 1982 /ljational SE'mlconductor Corr JW/,012 

© Ie MASTER 1983 

cs· WE OE 1/0 Mode 

H X X Hi-Z Standby 

L H L DOUT Read 

L H H Hi-Z Read 

L L X DIN Write 

.~ state is user selectable. Table shown with Jumper E7 to E8 and E4 to 
E5 installed. 
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n OK! Semiconductor 
Your high-performance source 

for high-technology products 
in high-volume supply. 
Easy to get. Easy to use. OK! product lines set new standards 
in availability and design ease. 

Outstanding CMOS performance: single-chip 8-bit and 4-bit 
CMOS microcomputers. Fully supported by complete develop
ment software and system -surround devices for faster, easier 
design in. 

Advanced memory product strength: including our bench
mark 64K NMOS Dynamic RAM, with a million-bit ROM on 
the way. 

Strong capabilities. Backed by American-based design, 
marketing and technical field support. Supplied by Japanese 
quality and volume production capacities with a IOO-year 
track record for reliability. 

OKI SEMICONDUCTOR 
1333 Lawrence Expressway, Suite 401, Santa Clara, California 95051, USA 
Tel: (408) 984-4842 Twx: 910-338-0508 Cable: OKI SNTA 

DISTRIBUTORS: ALABAMA: Contact Electronics, (205) 881-9321, TWX/810-726-21520RM Electronics, (205) 852-15500 ARIZONA: Kachina Electronics, 
(602) 269-6201, (602) 792-2223 0 CALIFORNIA: Pacesetter Electronics, (408) 734-5470, (213) 299-7760, TWX/91 0-595-1704 0 Ryno Electronics, (714) 292-6022, 
TWX/91 0-335-1528, (714) 557-50210 Pyramid Electronics, (714) 773-07810 Eric Electronics, (408) 262-11110 COLORADO: A.C.T. Rocky Mountain, (303) 422-9229, 
TWX/91 0-931-2664 0 CONNECTICUT: Future Electronics, (203) 272-1851 0 J. V. Electronics, (203) 469-2321 0 Milgray Electronics, (203) 795-0711 0 FLORIDA: Milgray 
Electronics, (305) 647-57470 GEORGIA: Milgray Electronics, (404) 393-96660 ILLINOIS: OHM Electronics, (312) 359-5500, TWX/91 0-693-4802 0 Reptron Electronics, 
(312) 593-7070 0 RM Electronics, (312) 932-5150, TWX/91 0-651-3245 0 INDIANA: RM Electronics, (317) 247-9701 u KANSAS: Milgray Electronics, (913) 236-8800 0 
MARYLAND: Milgray Electronics, (800) 257-7111 a MASSACHUSETIS: Future Electronics, (617) 366-2400, (617) 879-0860 a Milgray Electronics, (617) 272-6800 0 
MICHIGAN: Reptron Electronics, (313) 525-2700 0 RM Electronics, (616) 531-93000 MINNESOTA: Gopher Electronics, (612) 483-3322 a NEW HAMPSHIRE: C & H 
Electronics, (603) 882-11330 NEW JERSEY: Milgray Electronics, (609) 983-5010 0 NEW YORK: Future Electronics, (315) 272-1851 a Milgray Electronics, (516) 
546-5600, TWX/51 0-225-3673 a OHIO: Milgray Electronics, (216) 447-1520 0 Reptron Electronics, (614) 436-6675 a TEXAS: A.C.T., (214) 980-1888, (512) 452-5254, 
(713) 496-4000 0 RM Electronics, (214) 263-8361 a WASHINGTON: Shannon Ltd., (206) 763-0545, TWX/15-25-75 a WISCONSIN: RM Electronics, (414) 784-4420 a 
CANADA: Repco Engineering, (514) 694-1877, TWX/05-822790 a Future Electronics, (514) 694-7710, TWX/610-421-3251. 

REPRESENT A TIVES: ALABAMA: Electronic Sales, (205) 533-1735 a ALASKA: Quest Marketing, Inc., (206) 223-1541 a ARIZONA: Semi-Systems AZ, 
(602) 991-1151 0 ARKANSAS: EMA, (817) 481-7502, TWX/91 0-890-8659, a CALIFORNIA: Pro Associates, Inc., (408) 358-3861 a Littlefield & Smith, (714) 445-0055 a 
Centaur Corporation, (714) 556-5420 a COLORADO: Electrodyne, (303) 695-8903 a CONNECTICUT: John E. Boeing Co., Inc., (617) 862-2500, TWX/71 0-326-1774 a 
DELAWARE: Campbell Associates, (215) 322-6630, TWX/510-660-8085 0 FLORIDA: Perrott Associates, (305) 275-1132, TWX/81 0-850-01 02; (813) 443-5214, 
TWX/81 0-866-0328; (305) 792-2211, TWX/510-955-9831 a GEORGIA: OKI Semiconductor, (215) 674-9511, TWX/51 0-665-6550 a IDAHO: Quest Marketing, (206) 
223-1541 a ILLINOIS:J. G. Twist Co., (312) 593-0200, TWX/91 0-222-0433 a INDIANA: Valentine & Associates, (317) 888-2260, TWX/81 0-260-2231; (219) 288-7070 a 
IOWA: J. G. Twist Co., (319) 393-8703, TWX/91 0-525-1331 0 KANSAS: J. G. Twist Co., (913) 236-4646; (316) 686-6685, TWX/91 0-741-6874 a KENTUCKY: Luebbe 
Sales, (513) 871-4211, TWX/810-461-2800; (412) 931-0414, TWX/710-664-4434; (614) 431-0474, TWX/614-89..t-,7181; (313) 477-3131, TWX/810-242-1452; (216) 
333-0425, TWX/810-421-8590; (513) 294-0426, TWX/810-459-1779a LOUISIANA: EMA, (817) 481-7502, TWX/91 0-890-8659 0 MAINE:John E. Boeing Co., Inc., (617) 
862-2500, TWX/710-326-1774 0 MARYLANDOKI Semiconductor, (215) 674-9511, TWX/510-665-6550 0 MASSACHUSETIS: John E. Boeing Co., Inc., (617) 
862-2500, TWX/71 0-326-1774 a MICHIGAN: Luebbe Sales, (313)477-3131, TWX/810-242-1452a MINNESOTA:J. G. Twist Co., (612) 835-2120, TWX/91 0-576-2786 0 
MISSISSIPPI: OKI Semiconductor, (215) 674-9511, TWX/51 0-665-6550 0 MISSOURI: J. G. Twist Co., (314) 432-2830, TWX/910-764-0823 a MONTANA: Quest 
Marketing, Inc., (206) 223-1541 a NEBRASKA: J. G. Twist Co., (316) 686-6685, TWX/91 0-741-6874 a NEVADA: Pro Associates, (408) 358-3861 aNEW HAMPSHIRE: 
John E. Boeing Co., Inc., (617) 862-2500, TWX/71 0-326-1774 0 NEW JERSEY: Campbell Associates, (215) 322-6630, TWX/51 0-660-8085 0 PAF Associates, (201) 
335-06800 NEW MEXICO: Semi-Systems, (602) 991-1151 0 NEW YORK: Reagan/Compar Albany Inc., (518)489-4777, TWX/71 0-441-8224 a PAF Associates, (516) 
360-0940, TWX/51 0-227-7918 a NORTH CAROLINA: OKI Semiconductor, (215) 674-9511, TWX/51 0-665-65500 NORTH DAKOTA: J. G. Twist Co., (414) 782-2670, 
TWX/910-262-1185; (319) 393-8703, TWX/910-525-1331 a OHIO: Luebbe Sales, (513) 871-4211, TWX/81 0-461-2800; (614) 431-0474, TWX/614-891-7181; (216) 
333-0425, TWX/810-421-8590; (513) 294-0426, TWX/810-459-1779 0 OKLAHOMA: EMA, (817) 481-7502, TWX/91 0-890-8659 a OREGON: Quest Marketing, Inc., 
(503) 644-8077 a PENNSYLVANIA: Campbell Associates, (215) 322-6630, TWX/510-660:8085 0 Luebbe Sales, (412) 931-0414, TWX/710-664-4434 a RHODE 
ISLAND: John E. Boeing Co., Inc., (617) 862-2500, TWX/71 0-326-1774 a SOUTH CAROLINA: OKI Semiconductor, (215) 674-9511, TWX/51 0-665-6550 a SOUTH 
DAKOTA: J. G. Twist Co., (612) 835-2120, TWX/91 0-576-2786; (319) 393-8703, TWX/91 0-525-1331 0 TENNESSEE: OKI Semiconductor, (215) 674-9511, TWXI 
510-665-6550 ci TEXAS: EMA, (512) 837-0893, TWX/91 0-890-8659; (817) 481-7502, (713) 498-8120 a UTAH: Electrodyne, (810) 486-3801 a VIRGINIA: OKI 
Semiconductor, (215) 674-9511, TWX/51 0-665-6550 a VERMONT: John E. Boeing Co., Inc., (617) 862-2500, TWX/71 0-326-1774 a WASHINGTON: Quest Marketing, 
Inc., (206) 223-1541 oWESTVIRGINIA: Luebbe Sales, (513) 871-4211, TWX/810-461-2800; (412) 931-0414, TWX/71 0-664-4434; (614) 431-0474, TWX/614-891-7181; 
(313) 477-3131, TWX/81 0-242-1452; (216) 333-0425, TWX/810-421-8590; (513) 294-0426, TWX/810-459-1779 0 WISCONSIN: J. G. Twist Co., (414) 782-2670, 
TWX/91 0-262-11850 WYOMING: Electrodyne, (303) 695-8903, TWX/91 0-931-0428; (801) 486-3801 0 CANADA: RPS Electronics, (514) 341-3663, TWX/05-825684; 
(416) 474-0113, TWX/06-986231; (613) 828-1715 a Quest Marketing, Inc., (206) 223-1541. 
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to op 
PART NUMBER DESCRIPTION 

MOS DYNAMIC RAM 
MSM3764-12RS 65536-Word x 1-Bit RAM (NMOS) 
MSM3764-15RS 65536-Word x 1-Bit RAM (NMOS) 
MSM3764-20RS 65536-Word x f-Bit RAM (NMOS) 
MSM37256AS 256K Word x 1-Bit RAM (NMOS)* 
MOS STATIC RAM 
MSM2114L 2RS 1024-Word x 4-Bit RAM (NMOS) 
MSM2128-12RS 2048-Word x 8-Bit RAM (NMOS) w/power down 
MSM2128-15RS 2048-Word x 8 Bit RAM (NMOS) w/power down 
MSM2128-20RS 2048-Word x 8-Bit RAM (NMOS) w/power down 
MSM5104-2RS 4096-Word x 1-Bit RAM (CMOS) 
MSM5114-2RS 1024-Word x 4-Bit RAM (CMOS) 
MSM5115-2RS 1024-Word x 4-Bit RAM (CMOS) 
MSM5128-12RS 2048-Word x 8-Bit RAM (CMOS) 
MSM5128-15RS 2048-Word x 8-Bit RAM (CMOS) 
MSM5128-20RS 2048-Word x 8-Bit RAM (CMOS) 
MSM5188RS 8192-Word x 8-Bit RAM (CMOS)t 
CMOS ROM 
MSM53256 32K x 8 ROMt 
MASK ROM 
MSM2916RS 2048-Word x 8-Bit Mask ROM (NMOS) 
MSM2932RS 4096-Word x 8-Bit Mask ROM (NMOS) 
MSM2964RS 8192-Word x 8-Bit Mask ROM (NMOS) 
MSM38128RS 16384-Word x 8-Bit Mask ROM (NMOS) 
MSM28101AS 1083880 Bit Mask ROM (NMOS) 
EPROM .' 

MSM2708AS 1024-Word x 8-Bit EPROM (NMOS) 
MSM2716AS 2048-Word x 8-Bit EPROM (NMOS) 
MSM2764AS 8192-Word x 8-Bit EPROM (NMOS) 
CMOS MICROCOMPUTERS 
MSM5840 RS 4 Bit Micro w/2K x 8 ROM, 128 x 4 RAM 
MSM5842 RS 4 Bit Micro w/768 x 8 ROM, 32 x 4 RAM 
MSM5845 RS 4 Bit Micro w/1280 x 8 ROM, 64 x 4 RAM 
MSM58421 GSK 4 Bit Micro w/1536 x 8 ROM 

40 x 4 RAM & LCD Direct Drive Output 
MSM58422 RS 4 Bit Micro w/1536 x 8 ROM 

40 x 4 RAM & VF Display Direct Drive 
MSM5846 GSK 4 Bit Micro w/1728 x 8 ROM 

64 x 4 RAM & 62 Segment MUX LCD Outputs 
MSM80C48 RS 8 Bit Micro w/1K x 8 ROM, 64 x 8 RAM 
MSM80C49 RS 8 Bit Micro w/2K x 8 ROM, 128 x 8 RAM 
MSM80C35 RS 8 Bit Micro, 64 x 8 RAM, External ROM 
MSM80C39 RS 8 BiLMicro, 128 x 8 RAM, External ROM 
CMOS MICROPROCESSOR 
MSM80C85A RS 8 Bit CMOS Version of MSM80C85A 
NMOS MICROPROCESSOR 
MSM8085A RS 8 Bit Microprocessor 
MICROCOMPUTER DEVELOPMENT PACKAGES 
EASE-40-I/C Emulator Board System For Series 40 CMOS 

4 Bit Microcomputer Family. Hardware, 
Software, Documentation Compatible with ISIS® 
or CP/M.® 

EASE-49-I/C Board System For Series 80 CMOS 8 Bit 
Microcomputer Family (80C48/80C49). 
Hardware, Software Documentation ISIS® or 
CP/M® Compatible. 

*3083 tTBA 
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PART NUMBER DESCRIPTION 

PERIPHERAL CIRCUITS 
MSM3914ARS Keyboard Encoder 
MSM5832/ Microprocessor Real-Time Clock/Calendar 
58321RS (CMOS) 
MSM81C55 256 Word x 8 Bit CMOS Static RAM With 1/0 
MSM83C55 2K x 8 CMOS ROM With I/O 
MSM82C12 CMOS 8 Bit I/O Port 
MSM82C53-5 CMOS Programmable Interval Timer 
MSM82C55A-5 CMOS Programmable Peripheral Interface 
CHARACTER GENERATORS AND DISPLAY DRIVERS 
MSL912RS Octal + 30V Display Driver 
MSL915RS Octal - 60V Display Driver 
MSL917RS Octal - 60V Display Driver 
MSL9510RS 80 Multiplex ControllDecoder 
MSL9511RS 80 Multiplex Control/Decoder 
MSL9650-01 AS 64 ch. 35 Output Character Generator 
MSL9662-01 RS 64 ch. 16 Seg. Character Generator 
MSL9663-01RS 64 ch. 16 Seg. Character Generator 
MSL9664-01 RS 64 ch. 14 Seg. Character Generator 
MSL9665-01 RS 64 ch. 14 Seg. Character Generator 
MSL966RS LED Digit Driver 
MSM5219GSK 48 Segment CMOS Shift Register 

Type Static LCD Driver 
MSM58282RS 4 Digit LED Driver 
MSM58283RS 4 Digit VF Driver 
MSM58292RS 5 Digit LCD Driver 
MSM58293GS 5 Digit VF Driver 
MSM58371RS Serial input 12 Bit LED Driver 
MSM5838RS LCD Dot Matrix Display Driver 

(for Row Scanning) 
MSM5839GS LCD Dot Matrix Display Driver 

(for Column Sources) 
TELECOMMUNICATIONS CIRCUITS 
MSM6910AS CMOS Single Chip Codec'with Filters 
MSM6917AS w255 Law Companding Codes 
MSM6912AS PCM Channel Filter ) 

MOS VOICE SYNTHESIS 
MSM5218RS ADPCM Speech Analyzer/Synthesizer 
MSM5205RS ADPCM Speech Synthesizer (External 

ROM) 
MSM6202GSK ADPCM Speech Synthesizer with ROM 
MSM5204RS 8 Bit CMOS AnaloQ to DiQital Converter 
PHASE-LOCKED LOOP (PLL) 
AND MOTOR CONTROLLERS 
MSM5816RS VTRlTurntable Motor Control (PLL) 
MSM5819 Turntable Motor Control (PLL) 
AUDIO AND RC DEVICES 
MSL2312RS ...;- 10/ ...;- 100 Prescaler 
MSM5524RS VF AM/FM/SW Frequency Counter w/Clock 
MSM5525RS VF AM/FM Frequency Counter 
MSM5803GS LCD AM/FM/SW/LW Frequency 

Counter w/ALARM Clock 
MSL9362RS 4 Channel RIC Transmitter 
MSL9363RS 4 Channel RIC Receiver 
DIGITAL CLOCKS 
MSM5509RS MUX LED Clock 
MSM5528RS Static VF Clock 
MSM5550RS VF Alarm Radio Clock 
MSM5557RS MUX LCD Alarm Clock 
MSM5558/ Static VF Auto Clock 
55581RS 

OKI 
SEMICONDUCTOR 

OK138·982 
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----------------------------Rcn Solid 
State -

Random Access Memories (RAM's) 
COP, COM, MWS, CD S'eries 

RCA offers a full line of CMOS 
RAM's for use with the CDP1800 line 
of microprocessors or for general
pu rpose applications. I ndustry stand
ard pinout devices are represented by 
the MWS and CD series. RAM sizes 
range from 32 bits to 4K bits. 

All types are available in both plastic 
and ceramic packages, except for the 
CDP1821, CD4036, CD4039, and 
CD4061 A, which are available in 
ceramic packages only. 

CDP1823 
128 x 8 

BUS 0 I 24 voo 
BUS I 2 23 AO 
BUS 2 3 22 AI 
BUS 3 4 21 A2 
BUS 4 5 20 A3 
BUS 5 6 19 A4 
BUS 6 7 18 A5 
BUS 7 8 17 A6 
CSI 9 16 MWR 
rn 10 15 llJrn 
"ffi II 14 ~ 
Vss 12 13 CS4 

TOP VIEW 

92C5-28703RI 

MWS5101, MWS5101A 
256 x 4 

A3 I 22 Voo 
A2 2 21 A4 
AI 3 20 Riw 
AO 4 19 ffi 
A5 5 18 0.0. 
A6 6 17 CS2 
A1 7 16 004 

Vss 8 15 OI4 
OI I 9 14 003 
001 10 13 OI3 
OI2 II 12 002 

TOP VIEW 

92CS-29976 RI 

3874 

CDP1821 
1024 x 1 

cs Voo. 
AO 01 
AI RO/WR 
A2 A9 
A3 A8 
A4 A7 

DO 7 A6 

VSS 8 A5 

TOP VIEW 
~zcs· Z7~'38R2 

CDP1824 
32 x 8 

A4 I 18 
~ A3 2 17 

A2 3 16 lmD 
AI 4 15 ~ 
AO 5 14 DO 
07 6 13 01 
06 7 12 02 
05 8 II 03 

VSS 9 10 04 

TOP VIEW 
92C5- 275B8RI 

MWS5114 
1024 x 4 

A6 I 18 Voo 
A5 2 17 A7 
A4 3 16 A8 
A3 4 15 A9 
AO 5 14 1/01 
AI 6 13 1/02 
A2 7 12 1/03 
cs 8 II 1/04 

Vss 9 10 WE 

92CS-30982RI 

CDP1822 
256 x 4 

A3 I 22 Voo 
A2 2 21 MA4 
AI 3 20 R/W 
AO 4 19 CSi 
A5 5 18 00 
A6 6 17 CS2 
A7 7 16 004 

VSS 8 15 014 
011 9 14 003 
001 10 13 013 
012 II 12 002 

TOP VIEW 

92CS-27592 RI 

CDM6116 
2048 x 8 

A7 24 Voo 

A6 23 A8 

A5 22 A9 

A4 4 21 WE 
A3 20 OE 
A2 19 AIO 

A1 7 18 cs 
AO 8 17 II08 

I/O I 16 II07 

II02 10 15 1.106 

I/03 II 14 1105 

Vss 12 13 II04 

TOP VIEW 
92C5-35043 

CD4061A, CD40061A 
256 x 1 

AO cs 
AI R/W 
A2 °OUT 

Vss 4 °OUT 
Voo 5 DIN 

A3 6 II A7 
A4 1 10 A6 
NC 8 9 A5 

TOP VIEW 
92CS-21526R2 
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Comparison of RAM Features 

F ....... 
COP COM MWS 

1821 1822 1823 1824 6116 5101 5101A 5114 

Organization 1Kx1 256x4 128x8 32x8 2Kx8 256x4 256x4 1Kx4 

Package Size 

(Pins) 16 22 24 18 24 22 22 18 

Soparate Data 

110's Yes Yes - - - Yes Yes -

3-State Data Out Yes Yes Yes Yes Yes Yes Yes Yes 

Multiple Chjp 

Select - Yes Yes - - Yes Yes -

Common RlW Yes Yes - - - Yes Yes Yes 

Byte Wide - - Yes Yes Yes - - -

TIL Input - - - - Yes - Yes Yes 

Max. Access Time Over temp. range of -40° C to + 70° C Over temp. rangeofO°C to+70° C 

300(-1) 

At5V 250 4SO 450 710 250 2SO(L2) 250(L2) 250(-2) 

350(L3) 350(L3) 200(-3) 

At 10 V 125 2SO 250 320 - - - -

Max. Quiescent Over temp. range of -40°C to +85°C Over temp. range of 0° C to + 70° C 

Current 500 500 SOO 100 100(1) SO(L2) SO(L2) 250(-1) 

At5V - - - 500(C) 30(2) 200(L3) 200(L3) 100(-2) 

- - - - - - - 100(-3\ 

At 10V 1000 1000 1000 500 - - - -
Min. Data Reten. 

Voltage 2.5 2 t 2.5 2 2 2 2 

Data Retention 100 100 50 50 50(1) 10(L2) 10(L2) 125(-1) 

Current - - . - 250(C) 15(2) 5O(L3) 50(L3) 25(-2) 

25(-3) 

COP COP COP COP COP COP 
Suggested 1859 1858 1859 1858 1858 1866 

Latch/Decoder 1866 1866 1868 

1868 1867 

1868 

CD401148 CD4036 
16 X 4 4x8 

AO 16 cs AI I 24 VDD 
AI 2 15 ~/W WRITE 2 23 Ao 

A2 3 14 DOUT I 3 22 CHIP INHIBIT 

VSS 4 13 DOUT 2 4 21 READ INHIBIT 

VDD 5 12 DIN 3 5 20 I 

A3 6 II A7 BITS 4 6 19 2 

A4 7 10 A6 IN 5 7 18 3 

NC 8 9 A5 6 8 17 4 BITS 

TOP VIEW 7 9 16 5 OUT 

'2C8- 271151t2 8 10 15 6 
MEMORY II 14 7 
BYPASS 

12 13 8 GND 

TOP VrEw 92C5-19937RI 
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4038/3i 

4x8 

24 

Yes 

-

-
-

Yes 

-

1000 

400 

300 

-

600 

3 

-

-

-

WORD I 

WRITE 

I 

2 

3 

BITS 4 

IN 5 
6 

7 

8 
MEMORY 
BYPASS 

GND 

Hen Solid 
State 

CD 

4061 A 40081 A 401148 Units 

256x1 256x1 16x4 Bits 

16 16 16 Pins 

Yes Yes Yes 

Yes Yes Yes 

- - -
Yes Yes -
- - -
- - -

At +25°C 

750 700 650 ns 

-
380 265 280 

At +125°C 

1SO 10 150 

- - - JJA 

-
300 20 300 

3 3 3 V 

- - -
- - - JJA 

- - -

CD4039 
4 X 8 

I 24 VDD 

2 23 WORD 3 

3 22 WORD 4 
4 21 WORD 2 

5 20 I 

6 19 2 
7 18 3 
8 17 4 BITS 
9 16 5 OUT 

10 15 6 
II 14 7 
12 13 8 

TOP VIEW 92C5 -19936RI 
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Read-Only Memories (ROM's) 
CDP1831, CDP1833, CDP1835, CDP1837 
Mask-Programmable ROM's 

RCA offers a line of byte-wide read..: 
only memories that are ideal for low
power nonvolatile data storage for 8-
bit microprocessor systems. ROM 
sizes range from 512 to 4096 bytes. 

ROM program patterns can be sub
mitted to RCA by using a master de
vice (PROM or EPROM), floppy 
diskette generated on an RCA devel
opment system, or computer punch 
cards. Complete details for ordering 
custom ROMs are contained in RCA 
publication RPP-610. 

CDP18·31 CDP1833, CDP1837 

• Self-Contained High-Order Ad
dress Latch 

• Interfaces Directly to CDP1800-
Series Microprocessors 

• Chip-Enable Output for RAM 
Disable 

• Mask - Programmable Address 
Location 

• Polarity Option on Chip Select 
• Compatible Pinouts on all Types 

CDP1835 
Terminal-Assignment Diagram Terminal-Assignment Diagram Terminal-Assignment Diagram 

MA7 VDD MA7 I 24 VDD 

MA6 TPA MA6 2 23 TPA 

MA5 3 22 NC MA5 3 22 CEI 

MA4 4 21 CSI MA4 4 21 CSI 

MA3 5 20 CS2 MA3 5 20 CS2 
MA2 6 19 MRD MA2 6 19 MRD 

MAl 7 18 CEO MAl 7 18 CEO . 

MAO 8 17 BUS7 MAO 8 17 BUS7 
BUSO 9 16 BUS6 BUS 0 9 16 BUS6 

BUSI 10 15 BUS5 BUSI 10 15 BUS5 
BUS2 II 14 BUS4 BUS2 II 14 BUS4 

VSS 12 13 BUS3 VSS 12 13 BUS3 

TOP VIEW TOP VIEW 

NC = NO CONNECTION 92CS- 2BBB9R2 

92CS-275B4R2 

"Daisy Chaining" with CEI inputs Daisy Chaining CDP1833 ROM's. 
I and CEO outputs is used to avoid 

memory conflicts between ROM and 
RAM in a user system. In the configu

« ration shown, if ROM #1 is masked-
() programmed for memory locations 
a: 0000-03FF16 and ROM #2 is masked

programmed for memory locations 
040016-07FF16, for addresses from 
0000-07FF16 the RAM is disabled and 
the ROM enabled. For locations 
above 07FF16 the ROM's are disabled 
and the RAM enabled. 

3876 

~ 
.... 

ADDR BUS 
-v 

~~ m:..-
Q-IP SELECT 
SIGNAL 

8-BIT BIDIRECTIONAL DATA BUS 

U U 
TPA ---- --. 

... ---- ----
ADDR BUS ---- -v ----

ROM ROM 
No.1 No.2 

CDPI833 CDPl833 

MRD ---- ---
CEO ~ CEI CEO 

CS CS 

1 J 

MA7 VDD 

MA6 TPA 
MA5 22 CEI 
MA4 ~ 21 CSI 
MA3 5 20 CS2 
MA2 6 19 MRD 
MAl 7 18 CEO 

MAO 8 17 BUS7 
BUS 0 9 16 BUS6 

BUSI 10 15 BUS5 
BUS2 II 14 BUS4 

VSS 12 13 BUS3 

TOP VIEW 

92CS -32376 

t 
... 

ADDR BUS ./ 

~ 
RAM 

MRb ~ 

:-.. CS 

92CS- 1973 
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~-------------------------Rcn 
CDP1832, CDP1834 Mask-Programmable ROM's 

The CDP1832 and the CDP1834 DO 
NOT have on-board address latches, 
but are designed primarily as pin-tor
pin replacements tor industry types 
2704 and 2708 respectively. 

A typical system with an external 
address latch that is common with 
most large systems is shown here. 

• Pin-Compatible with industry types 
2704 and 2708 

• Accepts standard memory address 
decoding 

• Polarity options on chip selects 

Solid 
State 

MAO 

MAl 

MA2 

MA3 

MA4 

MA5 

MA6 

17 

16 
BUS7 

BUS6 

CDP1832 
Terminal-Assignment Diagra·m 

BUFFERS 
AND 

DECODERS 

512 X 8 
STORAGE 

CELL 
ARRAY 

OUTPUT 
BUFFERS 

15 

14 

13 

II 

10 

9 

BUS5 

BUS4 

BUS3· 

BUS2 

BUSI 

BUSO 

~~2~0 __________________________ ~ 
VDD = 24 

MAO 
MAl 

MA2 

MA3 

MA4 

MA5 

MA6 

CSI 

CS2 

VSS = 12 
FUNCTIONAL DIAGRAM 

92CS- 27581RI 

CDP1832 Functional diagram. 

17 BUS7 
16 

BUS6 
1024 X 8 15 BUS5 OUTPUT STORAGE BUFFERS 14 BUS4 CELL 

ARRAY 13 
BUS3 

II 
BUS2 

10 
BUSI 

9 
BUS 0 

E 
VDD = 24 
VSS = 12 

92CS-28914R3 

CDP1834 Functional diagram. 

RAM 

MRD 
M-~~---+------~--~~~ 

CPU 
CDPI802 

Typical CDP1802 microprocessor system. 

© Ie MASTER 1983 

A7 I 24 VDD 
A6 2 23 ~8 
A5 3 22 NC 
A4 4 21 NC 
A3 5 20 ts 
A2 6 19 NC 
AI 7 18 NC 
AO 8 17 BUS 7 

BUS 0 9 16 BUS 6 
BUS I 10 15 BUS 5 
BUS 2 II 14 BUS 4 

VSS 12 13 BUS 3 
TOP VIEW 

NC = NO CONNECTION 
92CS - 275 79R2 

CDP1834 
Terminal-Assignment Diagram 

A7 VDD 

A6 23 A8 
A5 3 22 A9 
A4 4 21 NC 
A3 5 20 CSI 
A2 6 19 Ne 
AI 7 18 C52 

AO 8 17 BUS7 
BUS 0 9 16 BUS6 

BUSI 10 15 BUS5 
BUS2 " 14 BUS4 

VSS 12 13 BUS3 

TOP VIEW 

NC = NO CONNECTION 

92CS - 28727RI 

I/O 

92CM-32226 

3877 
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CDM5332, CDM5333 Preliminary Data 
CMOS 4096-Word x 8-Bit Static Read-Only Memory 
The RCA CDM5332 and CDM5333 are 32,768-bit mask
programmable CMOS Read Only Memories organized as 
4096-word x 8-bits and are designed for use in general 
purpose microprocessor systems, such as the CDP1800-
series system. Two chip-select inputs (CS1, CS2) are pro
vided for memory expansion. Chip selects CS1 and CS2 
directly gate the output buffers. Chip select CS2 gates the 
address decoder for the standby mode. The polarity for 
each chip select is user mask-programmable. 

A7 
• Low power replacement for NMOS ROMS A6 
• Choice of two industry standard pin outs: A5 

CDM5332 is pin compatible with INTEL 2732 
and 2332A A4 

CDM5333 is pin compatible with Supertex A3 

CM3200, TI TMS 4732, Motorola MCM 68732 A2 

and MCM 68A332 AI 

• Fast access time: 450 ns at 5 V AO 
• TTL input and output compatible 
• Three state outputs 

DO 

• Two programmable chip selects 01 

02 

VSS 

The CDM5332 and CDM5333 differ only in terminal as
signments and are pin-compatible with standard industry 
types. CDM5332 is pin compatible with Intel 2732 and 
2332A. CDM5333 is pin compatible with Supertex 
CM3200, T.!. TMS4732, and Motorola MCM68732 and 
MCM68A332. The CDM5332 and CDM5333 are supplied 
in 24-lead dual-in-line ceramic packages (D suffix) and 
24-lead dual-in-line plastic packages (E suffix). 

I 24 Voo A7 Vee 24 
2 23 A8 

A9 
A6 2 23 A8 

3 22 
A5 3 22 A9 

4 21 All 
A4 4 21 CS2 

5 20 CSI/OE 
A3 5 20 CSI/OE 

6 19 AIO 
A2 6 19 AIO. 

7 18 CS2 
A1 7 18 A II 

8 17 07 
AO 8 17 07 

9 16 06 DO 9 16 06 
10 15 05 01 10 15 05 
II 14 04 02 II 14 04 
12 13 03 Vss 12 13 03 

TOP VIEW 92CS- 34993 TOP VIEW 

92CS-34995 

CDM5332 CDM5333 
TERMINAL ASSIGNMENT TERMINAL ASSIGNMENT 

CDP65516 Objective Data 

CMOS 2048-Word x 8-Bit Static Read-Only Memory 
The CDP65516 is a complementary MOS mask program
mable byte organized read-only memory (ROM). The 
CDP65516 is organized as 2048 bytes of 8 bits, designed for 
use in multiplex bus systems. It is fabricated·using silicon 
gate CMOS technology, which offers low-power operation 
from a single 5-volt supply. 

The memory is compatible with CMOS microprocessors 
that share address and data lines. Compatibility is enhanced 
by pins 13, 14, 16, and 17 which give the user the versatility 

AQO 18 VCC • 2Kx 8 CMOS ROM 
AQ1 17 G • 3 to 6 volt supply 
AQ2 16 E • Access time 

of selecting the active levels of each. Pin 17 allows the user 
to choose active high, active low or a third option of 
programming which is termed the "MOTEL" mode. If this 
mode is selected by the user, it provides direct compatibility 
with the CDP6805E2 type microprocessor series. In the 
MOTEL operation the ROM can accept either polarity 
Signal on the data strobe input as long as the signal toggles 
during the cycle. This unique operational feature makes the 
ROM an extremely versatile part. 

• Pins 13, 14, 16, and 17 are mask programmable 
• MOTEL mask option also insures direct 

compatibility with many NMOS 
AQ3 4 IS 

AQ4 14 

M 

S 

430 ns (5 V) CDP65516-43 
550 ns (5 V) CDP65516-55 

microprocessors 
• Standard 18-pin package 

AQS 6 13 E 
AQ6 12 AIO 

AQ 7 II A9 

VSS 9 10 A8 

TOP VIEW 
92CS-3~1I3 

TERMINAL ASSIGNMENT 

3878 

• Low power dissipation 
15 mA maximum(active) 
30llA maximum (standby) 

• Directly compatible with muxed bus 
CMOS microprocessors 
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------------------------RCIi Solid State 

Objective Data 
CDP1881, C 
CDP1882, C 

CMOS 6-Bit Latch and Decoder 
Memory Interfaces 

The RCA-CDP1881 and CDP1882 are CMOS 6-bit memory 
latch and decoder circuits intended for use in CDP1800 
series microprocessor systems. They can interface directly 
with the multiplexed address bus of this system at maximum 
clock frequency, and up to four 4K x 8-bit random-access 
memories to provide a 16K-byte RAM system. With four 2K 
x 8-bit RAMs, an 8K-byte RAM system can be decoded. 

The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock 
input to VDD, the latches are in the data-following mode 
and the decoded outputs can be used in general-purpose 
memory-system applications. 

CLOCK VDD 

M55 19 A8 CLOCK 

MA4 18 A9 MA5 

MA3 17 AIO MA4 

MA2 16 All MA3 4 

MAl 15 CSO MA2 

MAO 14 CSI MAl 

MRD 13 CS2 MAO 

MWR 12 CS3 CE 

VSS 10 II CE VSS ' 9 

The CDP1881 and CDP1882 are intended for use with 2K or 
4K-byte RAMs and are identical except that in the CDP1882 
MWR and MRD are excluded. 

The CDP1881 and CDP1882 are functionally identical to 
the CDP1881 C and the CDP1882C. They differ in that the 
CDP1881 and CDP1882 have a recommended operating 
voltage range of 4 to 10.5 volts and thei reversions have a 
recommended operating voltage range of 4 to 6.5 volts. 

The CDP1881 and CDP1882 are supplied in 20-lead and 
18-lead packages, respectively. Both the CDP1881 and 
CDP1882 are available in hermetic, dual-in-line side-brazed 
ceramic (D suffix) and plastic (E suffix) packages. 

18 VDD 

17 A8 

16 A9 Features 
15 A 10 • Performs memory address latch and 
14 All decoder functions multiplexed or 
13 cso non-multiplexed 
12 CST • Interfaces directly with the CDP1800-
II CS2 series microprocessors 
10 CS3 • Can replace existing CDP1866 and 

TOP VIEW TOP VIEW CDP1867 (upward speed and function' 
92CS- 34998 

CDP1881 
Terminal Assignment 

CLOCK I 

Voo = @ 

vss = @) 

92C5- 35000 

Fig. 1 - Functional diagram for the CDP1881. 

© IC MASTER 1983 

92CS- 34999 

CDP1882 
Terminal Assignment 

capability) 
• Allows decoding for systems larger 

than 16K 

Voo=@ 

Vss= 0 
92CS-35001 

Fig. 2 - Functional diagram for the CDP1882. 
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RCA RAM Cross Reference Guide 
16K RAMS 

RCA 2048 x 8 CMOS Static R~14S (a) 

Operating Electrical Address Max Chip Standby 
RCA Type (b) Supply Charact. Access Select Current Max 

Max. Data Operating 
Retention Supply 

Voltage Temperature Time Max. Access IDDS IDDSI Current,2V Current, Max. 
Range Range (ns) Time (ns) 

CDM6116-1 4.S-5.5V 0° to +70 0 c 250 250 
CDM6116-2 4.S-5.5V 0° to +700c 200 200 

NOTES: 
a. Specifications at Voo = 5 V, unless otherwise noted. 
b. 0 suffix added for ceramic package, E suffix for plastic package. 
c. Outputs open-circuited. 
d. Standby current test conditions. 

1.) IOOSl at CMOS level inputs. 
2.) loos at TTL level inputs. 

e. These devices can be directly replaced by the RCA equivalent. 

RCA 2048 x 8 CMOS Static RAM Comparison Chart (a) 

Access Max. Standby 

Manufacturer Type Time Current (d) 

Max. IDDS IDDSI 
(ns) (mA) (UA) 

Fujitsu (e) MB8416 200 2 10 

Hitachi HM6116P2 120 15 2000 
HM6116P3 150 15 2000 

(e) HM6116P4 200 15 2000 
HM6116LP2 120 12 100 
HM6116LP3 150 12 100 

(e) HM6116LP4 200 12 100 

Harris HM6516-2 250 N.A. 1000 
HM6516-9 250 N.A. 1000 
HM65161 55/70/90 N.A. 100 

IDT IDT6116S-70 70 15 2000 
IDT6116S-90 90 15 2000 
IDT6116S-120 120 15 2000 
IDT6116LS-90 90 12 100 
IDT6116LS-120 120 12 100 
IDT6116LS-150 150 12 100 

NEC uPD446 450 N. A. 10 
uPD446-1 250 N. A. 10 

(e) uPD446-2 200 N. A. 10 
uPD446-3 150 N. A. 10 

OKI MSM5128-12 120 7 50 
MSM5128-15 150 7 50 

(e) MSM5128-20 200 7 50 

Toshiba (e) TC5517AP 250 3 30 
TC5517APL 250 3 1 @ 60°C 

3880 

(mA) (pA) (pA) (rnA) (C) 

2 100 50 35 
2 30 15 35 

Operating Electrical 
Current Charact. Nearest 

Max. Temperature RCA 
(rnA) Range Equivalent 

60 0° to + 70°C CDM6116-2 

80 OU to + 70uC CDM6116-2 
70 0° to + 70°C CDM6116-2 
70 0° to + 70°C CDM6116-2 
70 0° to + 70°C CDM6116-2 
60 0° to + 70°C CmI6116-2 
60 0° to + 70°C CDM6116-2 

10 -55 to +125 0 C CDM6116-1 
10 -40 to + 85°C CDM6116-1 
65 N.A. CDM6116-2 

100 0° to + 70°C CDM6116-2 
80 0° to + 70°C CDM6116-2 
80 0° to + 70°C CDM6116-2 
80 0° to + 70°C CDM6116-2 
70 0° to + 70°C CDM6116-2 
60 0° to + 70°C CDM6116-2 

18 -40° to + 85°C CDM6116-1/2 
26 -40° to + 85°C CDM6116-1/2 
30 -40° to + 85°C CDM6116-2 
38 -40° to + 85°C CDM6116-2 

60 -30 to + 85°C CDM6116-2 
55 - 30 to + 85°C CDM6116-2 
50 -30 to + 85°C CDM6116-2 

70 -30 to + 85°C CDM6116-1/2 
70 -30 to + 85°C CDM6116-2 
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Type Nomenclature 
COP Series (COP1800-
Series Parts) 

In general, the COP series has pin
outs with functions specifically de
signed to interface directly with an 
1800-series CPU. These parts have an 
operating temperature range of 
-40°C to +85°C. 

Suffix Description 
CD 4-6.5V, ceramic package 
CE· 4-6.5V .. pla·stic package 
o 4-10.5V, ceramic package 
E 4-10.5V, plastic package 
CH* 4-6.5V, chips 
CWo 4-6.5V, chips in wafer form 

MWS-Series 
(Industry standard parts) 

The MWS-series generally has 
standard pinouts with functions equi
valent to other CMOS or NMOS devi
ces. These parts have an operating 
temperature range of 0° C to 70° C. 

Suffix Description 
O,OL 4-6.5V, ceramic package 
E,EL 4-6.5V, plastic package 
H* 4-6.5V, chips 
W* 4-6.5V, chips in wafer form 

CD Series 
(General-Purpose Memories) 
Suffix Description 
o Ceramic package 
E Plastic package 
F Ceramic(frit) package 
H* Chips 
W* Chips in wafer form 

*In the U.S., designated distributors 
handle chip orders. Contact your 
nearest RCA sales office for name 
and location. 

Cross-Reference Guide 
RCA Pin-
Nearest for-Pin 

Manufact- Equiv. Com- Manufact-
urer/Type Description Type patible urer/Type 

AMI INTERSIL 
S5614 1Kx4RAM MWS5114 Yes IM6402 
S5101 256 x 4 RAM CDP18221 Yes IM6551 

MWS5101 
S6508 1K x 1 RAM CDP1821 Yes IM6514C 

FUJITSU IM6316 

MB8414E 1Kx4RAM MWS5114 Yes MITEL 

HARRIS 
6402 UART CDP6402 Yes 

MD74SC138A 
MD74SC373A 

HM6551 256 x 4 RAM CDP18221 Yes 
MWS5101 MOTOROLA 

HM6508 1K x 1 RAM CDP1821 Yes MCM6508 
HM6514 1K x 4 RAM MWS5114 Yes MCM5101 

HITACHI 
HM435101 256 x 4 RAM CDP18221 Yes MCM65114 

MWS5101 NATIONAL 
HM4334 1K x 4 RAM MWS5114 Yes MM74C920 

HUGHES 
HCMP1802 CPU CDP1802 Yes MM74C929 

HCMP1822 256 x 4 RAM CDP18221 Yes NEC 
MWS5101 PD5101 

HCMP1824 32 x 8 RAM CDP1824 Yes 
HCMP1831 512x8ROM CDP1831 Yes PD444/6514 
HCMP1832 512x8ROM CDP1832 Yes 
HCMP1833 1K x 8 ROM CDP1833 Yes 
HCMP1834 1K x 8 ROM CDP1834 Yes 

OKI 
MS'M5114 

HCMP1835 2K x 8 ROM CDP1835 Yes SSS 
HCMP1851 1/0 Interface CDP1851 Yes SCM5101 
HCMP1852 I/0/Port CDP1852 Yes 
HCMP1853 N-Bit Decoder CDP1853 Yes SCM5114 
HCMP1854 UART CDP1854 Yes SCM5316 
HCMP1855 8-Bit MDU CDP1855 Yes 
HCMP18561 Bus Buffer CDP18561 Yes 

SUPERTEX 
CM1600 

1857 CDP1857 
HCMP18581 Latch/Decoder CDP1858/ Yes TOSHIBA 

1859 CDP1859 TC5514P 

HCMP1861 VDC CDP1861 Yes TC5501P 

HCMP1871 Keyboard Encoder CDP1871 Yes 
TC5508P 
TC5507AP 

© Ie MASTER 1983 

Hen 
Mask-Programmable ROM's 

Solid 
State 

All RCA mask-programmable 
ROM's are custom ordered devices. 
ROM program patterns should be 
submitted to RCA in accordance with 
the procedure for ordering custom 
ROM's. Contact your nearest RCA 
sales office for details. 

• A nonrecurring mask change is in
cluded to cover the expense of fab
ricating the tooling that is specific 
to each ROM pattern. 

• All custom ROM's are sL.pplied in 
either plastic or ceramic packages 
with the package suffix designa
tions as specified earlier in the dis
cussion of COP-series nomen
clature. 

RCA Pin-
Nearest for-Pin 
Equiv. Com-

Description Type patlble 

UART CDP6402 Yes 
256 x 4 RAM CDP18221 Yes 

MWS5101 
1K x 4 RAM MWS5114 Yes 
2K x 8 ROM CDP1835 No 

Decoder CDP1873C Yes 
1/0 Port CDP1872CI No 

CDP1874C 

1K x 1 RAM CDP1821 Yes 
256 x 4 RAM CDP18221 Yes 

MWS5101 
1Kx4RAM MWS5114 Yes 

256 x 4 RAM CDP18221 No 
MWS5101 

1K x 1 RAM CDP1821 Yes 

256 x 4 RAM CDP18221 Yes 
MWS5101 

1Kx4RAM MWS5114 Yes 

1K x 4 RAM MWS5114 Yes 

256 x 4 RAM CDP18221 Yes 
MWS5101 

1K x 4 RAM MWS5114 Yes 
2K x 8 ROM CDP1835 No 

2K x 8 ROM CDP1835 No 

1K x 4 RAM MWS5114 Yes 
256 x 4 RAM CDP18221 Yes 

MWS5101 
1K x 1 RAM CDP1821 No 
1K x 4 RAM MWS5114 No 

3881 
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seeQ 521315213H 
E2 

16K Electrically Erasable ROM 
PRELIMINARY DATA SHEET September 1982 

Features ~escription 

• 5V ±10% 2K x 8 E2ROM 

• 2816 E2ROM Compatibility 

• TTL Byte El3se/Byte Write 

• 1 ms (5213H) or 9 ms Byte Erase/Byte Write 

SEEQ's 5213 is a 2048 x 8 bit 5 volt electrically erasable 
read only memory (E2ROM). Data is electrically written 
by either a TTL pulse or a voltage between 15V and 22V 
on the Write Enable pin. Once written, which requires 
under 10 ms, there is no limit to the number of times data 
may be read. Both byte and chip erase modes are avail
able. The erasure time in either mode is under 10 ms, 
and each byte may be erased and written 10,000 times. 
The 5213H has all the features of the 5213 but is 
enhanced with a fast 1 ms TTL byte erase/byte write 
time and 5 V-only operation. 

• 10,000 Erase/Write Cycles per Byte 

• Chip Erase 

• Silicon Signature ™ and DiTrace ™ 

• . Fast Read Access Time -250 ns 

• Infinite Number of Read Cycles 

• JEDEC Approved 24 Pin Dual-In-Line Pinout 

The 5213 and 5213H are ideal for applications that 
require a non-volatile memory with in-system write and 
erase capability. Dynamic reconfiguration (the altera
tion of operating software in real-time) is made possible 
by these devices. Applications for them will be found in 
military avionics systems, programmable character 
generators, self-calibrating instruments/machines, pro
grammable industrial controllers, and an assortment of 
other systems. Designing the 5213 into eight and six
teen bit microprocessor systems is also simplified by 
utilizing the fast access time with zero wait states. 
Extended temperature and military grade versions are 
available. 

Block Diagram 

WE---.l 

DUAL VOLTAGE 
DETECTION 

CIRCUIT 

ROW 
DECODERS 

COLUMN 
DECODERS 

~----.----. ~~FFERS 
Al0 

· · · · ROW · DECODERS · · · · · 
A4 

A3 · · · COLUMN 
DECODERS · · · Ao --. 

OE 
CONTROL 

CE LOGIC 

. SeeQ Technology, Incorporated' 

3882 

MEMORY 
ARRAY 

COLUMN 
GATING 

1/0 BUFFERS 

t . · · · · t 
1/01 I/0s 

Pin Configuration 
5213/5213H 

Vee 

As 

A9 

WE 

OE 
Al0 

Al GE 

I/Os 

1/01 1/07 

1/02 1/06 

1/0 3 I/Os 

GND 1/04 

Pin Names 
Ao-A1D ADDRESSES 

CE CHIP ENABLE 

OE OUTPUT ENABLE 

WE IVPPI WRITE ENABLE 

1/0 DATA INPUT IWRITE OR 
ERASEI 

DATA OUTPUT IREADI 

1849 Fortune Drive, San Jose, California 95131 • (408) 942-1990 
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Device Operation 
SEEQ's 5213 has six modes of operation (see Table 1) 
and except for the chip erase mode it requires only TTL 
inputs to operate these modes. The device is 100% 
backward compatible to the 2816 except for the VOE (OE 
Chip Erase Voltage) minimum specification. 

To write a particular location of the 5213, that byte must 
first be erased. A memory locatIon is erased by enabling 
the 5213 with Chip Enable at a TTL low, bringing Write 
Enable to a TTL low while Output Enable is a TTL high, 
and TTL highs (logical 1 's) are being presented to all the 
I/O lines. The erase operation requires 9 ms for the 5213 
and only 1 ms for the 5213H. A write operation is the 
same as an erase except true data is presented to the I/O 
lines. 

The 5213 is compatible to prior generation E2ROMs 
which required a high voltage V pp for writing and eras
ing. In the 5213 there is an internal dual level detection 
circuit which allows either a TTL low or 21 V V pp to be 
applied to WE to execute an erase or write operation. 
The 5213 specifies no restriction on the rising edge of 
V pp The 5213H may only be written or erased with a TTL 
low applied to Write Enable. 

For certain applications, the user may wish to erase the 
entire memory. A chip erase is performed in the same 
manner as a byte erase except that Output Enable is 
between 14V and 22V. AII2K bytes are erased in 9 ms 
using either the 5213 or the 5213H. 

Table 1. Mode Selection (Vee = 5V ± 10%) 

CEo OE 
Mode . (18) (20) 

Read l11 VIL VIL 

Standby l11 VIH Don't Care 

Byte Erase l21 VIL VIH 

Byte Write l21 VIL VIH 

Chip Erase 121 VIL VOE 

Write/Erase Inhibit VIH Don't Care 

Notes: 
1. WE may be from VIH to 6V in the read and standby mode. 

5213, 5213H 
PRELIMINARY DATA SHEET 

A characteristic of all E2ROMs is that the total number of 
write and erase cycles is not unlimited. The 5213 has 
been designed for applications requiring up to 10,000 
write and erase cycles per byte. The write and erase 
cycling characteristic is completely byte independent. 
Adjacent bytes are not affected during write/erase 
cycling. 

A fter the device is written, data is read by applying a TTL 
high to WE, enabling the chip, and enabling the outputs. 
Data is available t CE time after Chip Enable is applied or 
tACC time from the addresses. System power may be 
reduced by placing the 5213/5213H into a standby 
mode. Raising Chip Enable tq a TTL high will reduce the 
active power by over 60%. 

SEEQ's 5213 and 5213H are the industry's first devices to 
incorporate Silicon Signature™ and DiT(ace™ fields .. The 
Silicon Signature™ feature is a JEDEC committee
approved method for storing device and programming 
information on-chip in an extra row of ROM cells. 
Included in the user-accessible Silicon Signature™ field 
are the major mask revision of the chip as well as its 
wafer fabrication location. The DiTrace™ feature is a 
method for storing production flow information to the 
wafer level in an extra column of E2ROM cells. As each 
major manufacturing operation is performed the 
DiTrace ™ field is automatically updated to reflect that 
process step. These features ensure that shipped pro
duct conforms to specifications. Contact SEEQ for 
additional information on these features. 

WE (Vpp) I/O 
(21) (9-11,13-17) 

VIH Dour 

VIH High Z 

VIL DIN = VIH 

VIL . DIN 

VIL DIN = VIH 

Don't Care High Z 

2. WE m'ay be at VIL (TTL W/E Mode) orfrom 15V to 22V (High Voltage W/E Mode) in the byte erase, byte write, orchip erase mode of the 
5213. . 

seeQ~~~~~~~-----------------------------~ 
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5213, 5213H 
PRELIMINARY DATA SHEET 

5213/5213H Specification Differences 

Except for the functional differences noted here. the 5213 and 5213H operate to the same specifications. 
including the TTL W/E mode. 

Symbol Function/Parameter 

twp Write Enable Pulse Width 
Byte Write/Erase 

Chip Erase 

VWE WE Write/Erase Voltage 
High Voltage Mode 

Power Up/Down Considerations 

Care must be taken to prevent an unintentional write (or 
erase) cycle during power-up or power-down. These 
cycles can be prevented by applying a signal level of V'H 
to WE (pin 21) whenever Vee is greater than 2.75 volts. 
When Vee is 2.75 volts or less, the device cannot perform 
a write (or erase) cycle. 

Figure 1 shows a suggested circuit which can be used 
for power-up or power-down conditions. The power 
supply used for the 470 ohm pull-up resistor should be 
the same supply used for the 5213 Vee. When this Vee is 
outside the normal operating range (4.5 to 5.5 volts), the 
system power status signal (shown in Figure 1) should 
be low. Under these conditions, the open collector 
NAND gate and the 470 ohm resistor protect against an 
unintentional write (or erase). 

5213 

Min. Max. 

9 70 

9 70 

15 22 

7403 

5213H 

Min. Max. Units 

1 10 ms 

9 20 ms 

Not Applicable V 

Vee 

24 
470 OHM 

Vee (::5%) 

21 -
WE 

5213/ 
5213H 

Figure 1. 

~~~~ ~~oo~~~ro~orn~d-----------------------------~ 
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Absolute Maximum Stress Rat/ngs* 
Temperature 

Storage .................. -65 0 C to + 1000 C 
Under Bias ............... _100 C to +800 C 

All Inputs or Outputs with 
Respect to Ground .......... +6V to -0.3V 

WE During Writing/Erasing 
with Respect to Ground ...... +22.5V to -0.3V 

. Duration of WE Supply at 
22V During W/E Inhibit ............... 24 Hours 

Recommended Operating Conditions 

Read Mode 

I Vee Supply Voltage 5V ± 10% 

I Temperature Range o to 70°C 

5213, 5213H 
PRELIMINARY DATA SHEET 

·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. 

Write or Erase Mode 

5V ± 10% 

o to 70°C 

5213/5213H D.C. Operating Characteristics During Read or Write/Erase 

Symbol Parameter Min. Typ.1 11 Max. Unit Test Conditions 

liN Input Leakage Current 10 IlA VIN = Vcc Max. 

10 Output Leakage Current 10 IlA Your = Vce Max. 

IWE Write Enable Leakage 
Read Mode 1.0 1.5 rnA WE = VIH 

TTL W/E Mode -1.0 rnA WE=:::;VIL 

High Voltage W/E Model21 1.5 rnA WE = 22V, CE = VIL 

High Voltage W/E Inhibit Model21 1.5 rnA WE = 22V, CE = VIH 

Chip Erase - TTL Mode -1.0 rnA WE=VIL 

Chip Erase - High Voltage 
Model21 1.5 rnA WE = 22V 

Ice1 Vec Standby. Current 15 30 rnA CE = VIH 

ICC2 Vee Active Current 50 80 rnA CE = OE= VIL 

VIL (D.C.) Input Low Voltage (D.C.) -0.1 0.8 V ---
VIL (A.C.) Input Low Voltage (A.C.) -0.4 V Time = 10 ns 

VIH Input High Voltage 2 Vee + 1 V 

VWE WE Read Voltage 2 Vee + 1 V 

WE Write/Erase Voltage 
TTL Mode -0.1 0.8 V 

High Voltage Model21 15 21 22 V 

VOL Output Low Voltage 0.45 V IOL = 2.1 rnA 

VOH Output High Voltage· 2.4 V IOH = -400 IlA 

VOE OE Chip Erase Voltage 14 22 V .IOE = 1q IlA 

Notes: 
1. Typical values are for T A = 25° C and nominal supply voltages. 
2. Not applicable to 5213H . 

. seeQ Technology, Incorporated _____________________________ ....1 
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5213, 5213H 
PRELIMINARY DATA SHEET 

A.C. Operating Characteristics During Read 
, 

.. 
5213-350 Limits 5213H-350 Limits 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Unit Test Conditions 

tACC Address to Data Valid 300 350 300 350 ns CE = OE = VIL 

teE Chip Enable to Data Valid 300 350 300 350 ns OE = VIL 

tOEI11 Output Enable to Data Valid 10 50 100 10 50 100 ns CE = VIL 

tDFI21 Output Enable to High Impedance 0 50 80 0 50 80 ns CE = VIL 

tOH Output Hold from Address, Chip 0 0 ns CE = OE = VIL 
Enable, or Output Enable, which-
ever Transition Occurred First 

Capacitance [3] TA = 25°C, f = 1MHz A.C. Test Conditions 

Symbol Parameter Typ. Max. Unit Conditions 
Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: :::; 20ns 

CIN Input Capacitance 5 10 pF VIN = OV. Input Pulse Levels: 0.45V to 2.4V 
COUT Output Capacitance 10 pF VOUT = OV Timing Measurement Reference Level: 

CVcc Vcc Capacitance 500 pF OE = CE = VIH Inputs 1Vand 2V 

CVWE VWE Capacitance 10 pF OE = CE=VIH 
Outputs' O.BV and 2V 

Read Timing 

'X~ 
---~ 

K ADDRESSES ADDRESSES 
VALID 

-'I.- __ _ -----J 

CE ! 
---~ 

I 
I tCE 

OE I ___ -----J 

!--IoE[11 - _tD~21_ 

IIIIII --
..J~ \ \)~ 

OUTPUT 
HIGH Z HIGH Z 

\\\\\\ 
VALID OUTPUT 

·if-II·if----
tAcc toH - f+--

Notes: 
1. OE may be delayed up to tACC - tOE after the falling edge of CE without impact on tACC. 
2. tOF is specified from OE or CE, whichever occurs first. . 
3. This parameter .is periodically sampled. 

- seeQ Technology, Incorporated 
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5213, 5213H 
PRELIMINARY DATA SHEET 

5213/5213H A.C. Operating Characteristics During Write/Erase 

Limits 

Symbol Parameter Min. Typ. Max. Units 

Q Maximum W/E Cycles per Byte 10,000 cycles 

tAS Address to WE Set-Up Time 150 ns 

tcs CE to WE Set-Up Time 150 ns 

tDS Data to WE Set-Up Time 0 ns 

tDH Data Hold Time 50 ns 

twplll Write Enable Pulse Width 9 70 ms 

twRI21 Write Recovery Time 50 ns 

tos OE Set-Up Time (Chip Erase) 0 ns 

tOH DE Hold Time (Chip Erase) 0 ns 

taos Byte Write/Erase Set-Up Time 0 ns 

taoH Byte Write/Erase Hold Time 0 ns 

tpFTI 31 VWE Fall Time 5 J.LS 

Notes: 

1.1 twp (min) = 1 msand twp (max) = 10 ms forthe5213H in the byte erase and byte write mode. twp (min) = 9 ms and twp (max) = 20 ms for 
the 5213H inthe chip erase mode. 

2. tWA (min) = 50 ns when in the High Voltage W/E Mode only. When in the TTL W/E Mode, tWA (min) = 700 ns. 
3. tPFT applies only when in the High Voltage W/E Mode. tPAC (VWE RC Rise Time Constant) is not applicable to the 5213 or 5213H. 

BYTE ERASE OR BYTE WRITE TIMING 

ADDRESSES =><" ADDRESSES VALID C 
1 - IpFT 
I 'es -r:'" - - - - - ..., 

I/O 
(WRITE) 

1/0 
(ERASE) 

OE 

I 
I 

I 
• 
\r 

'AS 

f--'os 
HIGHZ J~ 

,~ 

~ 
HIGHZ 

'805_ 

DD~~", iT 
---" 

\ 

" 
-'WR-

~ 

,I 'WR 

'WP 
-'OH-

.JIr\. 
DATA VALID 

.,1( 

V1H 

.. \ 
i--- '80H 

~ DDNT~", 
~-

seeQ Technology, Incorporated -----------------------------' 

@ Ie MASTER 1983 3887 

>. 
0) 
o 
o 
c:: 

.c:: 
o 
Q) 

J0-
e w 
w 
en 



~ 
0> 
o 
o 
c 
.c 
o 
Q) 

I-
o 
W 
w 
en 

5213, 5213H 
PRELIMINARY DATA SHEET 

CHIP ERASE TIMING 

ADDR,.§. ~~ _______________________________ D_O_N_'T_C_A_R_E ________________________________ ~ 

\ 
~Ics 

I/O 
HIGHZ 

Ordering and Packaging Information 

PART NUMBERS 

005213 -350 

005213H-350 11 T· ACC,SSTI.E(N' 

1 ms WRITE TIME 
AND5V ONLY 

. ' PRODUCT: 2K x 8 E2ROM 

L-______ TEMPERATURE RANGE: O°C 10 70°C 

'--------- PACKAGE: CERDIP 

!4-----lwp-------I 

24-LEAD HERMETIC CERDIP 
PACKAGE TYPE 0 

I 
0,557 ± 0.042 . I 

I. 1.260 ± 0:025 I 0.160 ± 0.02 L 0.610 ± 0.01 ! 

i~=t'lr(""'''''-

T ~I 
' ~ 

, . 0.010 ± 0,002 ~ =c ,,~"'" 
"'-:'-1 1- -- rll- 0.125 MIN. 

0.04 ± 0.02 0.100 ± 0.010 0.018 ± 0.002 (3.17) 0660 + 0 04 
(1,01 ± 0.50) (2.54 ± 0.25) (0.45 ± 0.05) 1-(1iu6 ± 1:01)-1 

0.055 ± 0.008 
(1.39 ± 0.20) 

DIMENSIONS IN INCHES AND (MILLIMETERS). 

~~~~ h~oo~~~ro~om~d----------~---------------------------------------~ 
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seeQ M5213/E5213 
E2 

16K Electrically Erasable ROM 
PRELIMINARY DATA SHEET 

Features 

• Full Military and Industrial Temperature 
Ranges ' 

- M5213 _550 C to +1250 C, MIL-STD-883 
Level B 

- E5213 -400 C to +850 C 

• 5V ±10% 2K x 8 E2ROM 

• 2816 E2ROM Compatibility 

• 9 ms TTL Byte Erase/Byte Write 

• 10,000 Erase/Write Cycles per Byte 

• Low Power and High System Noise Immunity 
Vee Standby Current 35 mA Max. 

- Vee Active Current 90 mA Max. 
- V,H Range 2.0 to Vee +1 Volts 

• Chip Erase 

• Silicon Signature ™ and DITrace ™ 

• Infinite Number of Read Cycles 

Block Diagram 

WE---.J 

DUAL VOLTAGE 
DETECTION 

CIRCUIT 

ROW 
DECODERS 

COLUMN 
DECODERS 

"--------. ~~FFERS 

· · · · ROW · DECODERS · · · · · 

· · · COLUMN · DECODERS · · AO 

MEMORY 
ARRAY 

COLUMN 
GATING 

September 1982 

Description 

SEEQ's M5213 and E5213 are 2048 x 8 bit 5 volt electri
cally erasable read only memories (E2ROM). The M5213 
is specified over the full military operating range of -550 C 
to +1250 C with MIL-STD-883 Level B screening. The 
E5213 is specified from -400 C to +850 C. Data is electri
cally written into both parts by either a TTL pulse or a 
voltage between 15V and 22V on the Write Enable pin. 
Once written, which requires 9 ms, there is no limit to the 
number of times data may be read. Both byte and chip 
erase modes are available. The erasure time in either 

.- mode is 9 ms, and each byte may be erased and written 
10,000 times. 

The 5213 family of devices is ideal for applications that 
require a non-volatile memory with in-system write and 
erase capability. Dynamic reconfiguration (the alteration 
of operating software in real-time) is made possible by 
this family of devices. Applications for the M5213 and 
E5213 will be found in military avionics systems, indus
trial robots, self-calibrating instruments/machines, 
programmable industrial controllers, and an assortment 
of other systems. 

Pin Configuration 
M5213/E5213 

A1 

1/0 1 

1/02 

1/03 

GND 

Pin Names 

Vee 

A8 

Ag 

WE 

Of 
A,o 

CE 
II0a 

1/07 

1/0& 

II0s 

1/04 

Ao-AlO ADDRESSES 

CE CHIP ENABLE 
CONTROL 1/0 BUFFERS 

LOGIC OE OUTPUT ENABLE 

WE ,Vpp WRITE ENABLE 

t · · · · · t I/O DATA INPUT WRITE OR 
ERASE 

1/0, 1/0. OAT A OUTPUT READ 

seeQ Technology, Incorpotaled 1849 Fortune Drive, San Jose, California 95131 • (408) 942-1990 
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seeQ 5223 
E2 

32K Electrically Erasable ROM 
PRODUCT BRIEF 

Features 
• TTL Byte Erase/Byte Write 

• 10,000 Erase/Write Cycles per Byte 

• 5 Volt ± 10% Power Supply 

• Chip Erase 

• Silicon Signature 

• Easy Upgrade from 5213 16K E2ROM 

• Fast Read Access Time < 250 ns 

• Infinite Number of Read Cycles 

• JEDEC Approved 28 Pin Dua/-In-Llne 
Pinout 

Block Diagram 

. 

· · · · ROW MEMORY · DECODERS · ARRAY 

· · · · 
As 

-'4 · · · COLUMN · COLUMN 
DECODERS GATING · · Ao 

WE 

OE 

Ce 
CONTROL 1/0 BUFFERS 

LOGIC 

t · · · . · t 
1/01 I/Oe 

June 1982 

Description 
Seeq's 5223 is a 4096x 8 bit 5 volt electrically erasable 
read only memory (E2ROM). As pioneered by Seeq's 
5213 2K x 8 bit E2ROM, data is electrically written into 
the 5223 by a TTL-compatible Write Enaqle pulse. 
Once datais written, which requires only 5 ms, it may 
be read an unlimited number of times; Both byte and 
chip erase modes are available, and each byte may be 
erased and written up to 10,000 times . .The erasure 
time in either mode is less than 10 ms. 

The 5223 is ideal for applications that require a non
volatile memory with in-system write and erase 
capability. Its features make possible dynamic recon
figuration, that is the alteration of operating software 
in real time. Some uses for the 5223 are in program
mable character generators, instrument/machine 
self-calibrators, and programmable industrial con
trollers. Designing the 5223 into eight and sixteen bit 
microprocessor systems is also simplified since the 
access time is iess than 250 ns, allowing zero wait state 
operation. Extended temperature and military grade 
devices also will be offered. 

Pin Configurations XI Vee 

NIC WE 

A7 Vee A7 NIC 

As Ae 

Ag Ag 

A4 WE A4 A11 

OE OE 

A2 A10 A2 A10 

A1 CE A1 CE 

1/0 8 Ao I/Oe 

1/01 1/0 7 1/01 1/07 

1/02 1/0 6 1/02 1/06 

1/0 3 I/Os 1/0 3 I/Os 

GND 1/0 4 GND 1/0 4 

-,Pin Names 
Ao-A11 ADDRESSES 

CE CHIP ENABLE 

·OE . OUTPUT ENABL,E 

WE WRITE ENABLE 

1/0 DATA INPUT (WRITE OR 
ERASEI 

DATA OUTPUT (READI 

NIC NO CONNECT 

X TTL DON'T CARE OR OPEN 

seeQ Technology, Incorporated 1849 Fortune Drive, San Jose, California 95131 • (408) 942-1990 
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seeQ 
PRELIMINARY DATA SHEET 

Features 

5133 
64K UVEPROM 

October 1982 

Description 

• JEDEC Approved 8K x 8 EPROM Pinout Seeq's 5133 is a 5V only, BK x B (65,536 bits) ultravi
olet light erasable EPROM. It is manufactured using 
Seeq's n-channel floating gate EPROM technology 
which allows access times under 250 ns. This access 
time is performance compatible to popular eight and 
sixteen bit microprocessors. Its performance is 
achieved without sacrificing power since the 5133's 
active and standby currents are the lowest of the 
available 64K EPROMs. 

• Enhanced 2764 EPROM 
- 10 ms Typical Programming Time 

• Fast Access Time: 350 ns 

• Low Power 
- 70 mA typo Active 
- 15 mA typo Standby 

• Standard 28 Pin Dual-In-Line Package 

• Silicon Slgnature™ 

Block Diagram 

· · · · ROW · DECODERS · · · · · 
As ~ 

· · · COLUMN · DECODER · · Ao 

CONTROL 
LOGIC -

Mode Selection 

~ 
CE OE PGM Vpp VCC 

MODE (20) (22) (27) (1) (28) 

Read VIL VIL VIH Vee Vee 
Standby VIH X X Vee Vee 
Program VIL X VIL Vpp Vee 
Program Verify VIL VIL VIH Vpp Vee 
Program Inhibit VIH X X Vpp Vee 

X can be either VIL or VIH 

The 5133, being a 64K bit memory, allows 32K 
EPROM users to double their memory size require
ment at half the power. An upgrade to the 5133 is 
simplified because the 5133's lower 24 pins are 
compatible to 32K (and 16K) EPROMs. Performance, 
reduced power/bit, and board density are features 
which the 5133 gives over lower density EPROMs. 

Initially, and after erasure, all bits are in the "1" state. 
Data is programmed by applying 21 V to V pp and a TTL 
"0" level to PGM. The programming time, at typically 
10 ms, is 4 to 5 times faster than other 64K EPROMs. 

MEMORY 
ARRAY 

Pin Configuration 
5133 

Vee 

PGM 

N.C!'I 

Al0 

COLUMN ADDRESS 
GATING 

OUTPUT 
BUFFERS 

~ . . . . . ~ 
01 08 

Outputs Pin Names 
(11-13, 15-19) Ao-A12 ADDRESSES 

Dour CE CHIP ENABLE 

High Z OE OUTPUT ENABLE 

DIN 00-07 OUTPUTS 

Dour PGM PROGRAM 

High Z N.C. NO CONNECT 

seeQ Technology, Incorporated 1849 Fortune Drive, San Jose, California 95131 • (408) 942-1990 

© Ie MASTER 1983 3891 

~ 
0) 
o 
'0 
c 

.r::. 
(.) 

~ 
o 
w 
w en 



~ 
0) 
o 
o 
c::: 
.c 
o 
'0) 

I-
o w 
w 
en 

A~solute Maximum Stress Ratlngs* 

Temperature 
Storage .................. -650 C to + 1250 C 
Under Bias ............... -10 0 C to +800 C 

All Inputs or Outputs with 
Respect to Ground .......... +6V to -0.6V 

V pp During Programming with 
Respect to Ground ........... +22V to -0.6V 

Recommended Operating Conditions 

Read Mode 

Vee Supply Voltage 5V±5% 

Temperature Range o to 70°C 

Vpp 5V±5% 

5133 
PRELIMINARY DATA SHEET 

'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. 

Programming Mode 

5V± 5% 

25 ±5°C 

21V ± 0.5V 

DC Operating Characteristics During Read or Programming 

Limits Test 

Symbol Parameter Min. TypJ1] Max. Unit Conditions 

liN Input Leakage Current 10 J.l.A VIN = Vee Max. 

10 Output Leakage Current 10 J.l.A VOUT = Vee Max. 

Ipp[2] Vpp Current Read Mode 0.8 2 mA Vpp = Vee Max. 

Prog. Mode 25 30 mA Vpp = 21.5V 

lee1[2] Vee Standby Current 15 30 mA CE = VIH 

lee2[2] Vee Active Current 70 100 mA CE = OE = Yll 

Vil Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2 Vee + 1 V 

VOL Output Low Voltage 0.45 V IOl = 2.,1 mA 

VOH Output High Voltage 2.4 V- IOH = -400 J.l.A 

NOTES: 
1. Typical values are for T A = 25° C and nominal supply voltage. 
2. This parametric limit is now being characterized. 

seeQ Technology, Incorporated -------------------------------' 
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A.C. Operating Characteristics During Read 

Symbol Parameter 

tAcc l11 Address to Data Valid 

tCEI 11 Chip Enable to Data Valid 

tOEI 11 Output Enable to Data Valid 

tOFI1,41 Output Enable to High Impedance 

tOHI 11 Output Hold from Addresses, Chip 
Enable, or Output Enable, which-
ever transition occurred first 

Capacltanc~ [2J T A = 25° C, f = 1MHz 

Symbol Parameter Typ. Max. 

CIN Input Capacitance 4 6 

COUT Output Capacitance 8 12 

A. C. Waveforms 

ADDRESSES 

5133-350 Limits 

Min. 

0 

Unit 

pF 

pF 

Typ. Max. 

250 350 

250 350 

90 120 

80 100 

Conditions 

VIN = OV 

VOUT = OV 

ADDRESSES 
VALID 

HIGH Z 
OUTPUT------------------~------------~~~~~~ 

·5133 
PRELIMINARY DATA SHEET 

5133-450 Limits 

Min. 

0 

Typ. Max. Unit Test Conditions 

350 450 ns CE= OE =VIL 

350 450 ns OE =VIL 

90 150 ns CE = VIL 

80 130 ns CE = VIL 

0 ns 

A.C. Test Conditions 

Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: ::; 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 

HIGHZ 

..... -----IACC-----+f 

NOTES: 
1. This parametric limit is now being characterized. The 5133 family will have maximum access times of 200ns to 450ns. 
2. This parameter is only sampled and is not 100% tested. 
3. OE may be delayed up to tACC - tOE after the falling edge of CE without impact on tACC. 
4. tOF is specified from OE or CE, whichever occurs first. 

seeQ Technology, Incorporated -----------------------------------' 
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5133 
PRELIMINARY DATA SHEET 

AC Programming Characteristics 

Limits 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tAS Address Setup Time 2 J-Ls 

tOES OE Setup Time 2 J-Ls 

tos Data Setup Time 2 J-Ls 

tAH Address Hold Time From Output Enable 0 J-Ls 

tOH Data Hold Time 2 J-LS 

tOF Output Enable to High Impedance 0 100 ns CE = VIL 

tvs Vpp Setup Time 2 J-Ls 

tpw PGM Pulse Width During Programming TBDI11 10 55 ms 

teEs CE Setup Time 2 J-Ls 

tOEI 11 Output Enable to Data Valid 100 120 ns CE = VIL.PGM = VIH 

NOTE 1: This parametric limit is now being characterized. 

Programming Waveforms, 

PROGRAM I .. PROGRAM -" VERIFY 

ADDRESSES* ~~ :~ ADDRESS N 
"'t.-

\-4--TAS- -1 TAH - I 

DATA* 
}"- ~'" HIZ },.. I 

.J~ DATA IN STABLE DATA OUT VALID 

~~ ADD.N -,l )~~ 
ADD.N -,1( 

~Tos- - TOH - - TOF -
Vpp 

-'f-
Vpp 

~ 
Vee C) 

I 
0 
0 

-,Tvs-

s:::: V1H 
.s:::. 

CE* 0 
Q) 

V1L .... 
~\ 

II , 
0 -·TCES-

W VIH W 
II 

-+. -,'f.. 
(JJ PGM* 

V1L 
-'k- ...,,.. 

V1H 

OE* 

VIL 

I-Tpw- _To"i(TOE~ 
-,,... 

I 

* THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V1L AND 2V FOR A V1H. 

seeQ Technology, Incorporated 
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5133 
PRELIMINARY DATA SHEET 

Ordering and Packaging Information 

seeQ 

© Ie MASTER 1983 

PART 
NUMBER o 

QllJ5133 -t ::CE:~:~:3,:~O 
L PRODUCT: 8K x 8 EPROM 

TEMPERATURE RANGE: 0 10 70°C 

1--_______ PACKAGE: CERDIP 

28-LEAD HERMETIC CERDIP 
PACKAGE TYPE 0 

T 
0.SS7 :t 0.042 
(14.15:t 1.07) 

~"T"T"'T'"'r'~~~ 

DIMENSIONS IN INCHES AND (MILLIMETERS). 

Technology, Incorporated 
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seeQ 
PRODUCT BRIEF 

Features 

• JEDEC Approved 16K x 8 EPROM Pinout 
- Easy Upgrade from BK x B EPROM 

• Fast Access Time: ::; 250 ns 

• 10 ms Maximum Programming Time 

• Low Power 
- 70 mA typo Active 
- 15 mA typo Standby 

.5 Volt ±10% Supply Operation 

• Silicon Signature 

• On-Chip Redundancy 

• Standard 28 Pin Dual-in-Line Package 

Block Diagram 

· · · · ROW · DECODERS · · · · · 

· · · COLUMN 
DECODER · · · Ao 

CONTROL 
LOGIC 

Mode Select/on 

~ CE OE PGM Vpp VCC 
MODE (20) (22) (27) (1) (28) 

Read VIL VIL VIH Vee Vee 
Standby VIH X X Vee Vee 
Program VIL X VIL Vpp Vee 

Program Verify VIL VIL VIH Vpp Vee 
Program Inhibit VIH X X Vpp Vee 

X can be either VIL or VIH 

5143 
128K UV EPROM 

June 1982 

Description 
Seeq's5143 is a5 volt only, 16,384 x 8 bit "ultraviolet light 
erasable EPROM. It is manufactured using Seeq's n
channel floating gate EPROM technology which allows 
access times under 250 ns. This access time is perfor
mance compatible to popular eight and sixteen bit 
microprocessors, and it is achieved without sacrificing 
power. The 5143's active and standby currents are the 
lowest of the available 128K EPROMs. 

The 5143, being a 128K bit memory, allows64K EPROM 
users to double their memory capacity with half the 
power per bit. Upgrading from Seeq's5133 orother64K 
EPROMs is accomplished by merely adding the 5143's 
extra address input A 13 to unused pin 26. Greater board 
density and lower power per bit make the 5143 advan
tageous over lower density EPROMs. 

Initially, and after erasure, all bits of the 5143 are in the 
"1" state. Data is programmed by applying 21 V to V pp 
and a TTL "0" level to PGM,. The 5143's fast program
ming time, at less than 10 ms per byte, minimizes the 
user's manufacturing cycle time. 

Pin Configuration 

5143 

Vpp Vee 

A12 PGM 

MEMORY 
ARRAY 

A7 A13 

As As 

As Ag 

A4 An 

A3 6E 

A2 A10 

COLUMN ADDRESS A1 CE 
GATING 

Ao 0 7 

00 Os 

, 01 05 
OUTPUT 
BUFFERS 02 0 4 

GND 0 3 

~ . . . . . + 
Os 

Outputs 
(11-13, 15-19) Pin Names 

DOUT AO-A,3 ADDRESSES 

High Z CE CHIP ENABLE 

DIN OE OUTPUT ENABLE 

DouT 00-07 OUTPUTS 

High Z PGM PROGRAM 

seeQ Technology, Incorporated 1849 Fortune Drive, San Jose, California 95131 • (408) 942-1990 
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MOS MEMORY DIVISION 

32,768-8IT STATIC MOS ROM (4096 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 two chip select inputs are program
mable. Any combination of active high or 
low level chip select inputs can be defined 
by the designer and the desired chip select 
logic level is fixed during the masking pro
cessing. These two programmable chip se
lect inputs, as well as OR-tie compatibility 
on the outputs, facilitates easy memory 
expansion. 

The 2332 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 

-200ns max_ 2332-20 
-250ns max_ 2332-25 
-300ns max. 2332-30 
-450ns max. 2332-45 

• Industry standard pinout-JEDEC 
approved 

• Low power dissipation 
-357mW max. for 2332·30/45 
-412mW max. for 2332·20/25 

• Completely TTL compatible 
• Single + 5V ± 10% power supply 
• 3·state output-OR·tie capability 
• Fully decoded-on chip address 

decode 
• Inputs protected - all inputs have 

protection against static charge 
• Two programmable chip select inputs 

for easy memory expansion or no 
connection option. 

• 2732 EPROM compatible 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

PARAMETER RATING UNIT 

Temperature range °C 
TA Operating o to + 70 
TSTG Storage -65to + 150 

Applied voltage V 
VI Input - 2.0 to + 7 
Vo Output - 2.0 to + 7 

Vcc Supply voltage to ground potential - 2.0 to + 7 V 

NOTE 
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. 

BLOCK DIAGRAM 

Sl/51 INC 

© Ie MASTER 1983 

Al 

A2 

~ A4 

~ AS 

~ A7 

AS 

Al0 

DATA OUTPUTS 
00- 0 7 

~ ~ ~ c C 
ADDRESS 

INPUTS 

Signetics 

OCTOBER 1982 

2332-20/25/30/45 

PIN CONFIGURATION 

F,I,N PACKAGE 

Vcc 

AS 

Ag 

A11 

51/S1'/NC 

A10 

52/52 

07 

06 

01 05 

04 

GND 03 

(TOP VIEW) 

PACKAGE AVAILABILITY 
F= Cerdip I = Ceramic N = Plastic 
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MOS MEMORY DIVISION OCTOBER 1982 

32,768-BIT STATIC MOS ROM (4096x8) 2332-20/25/30/45 

DC ELECTRICAL CHARACTERISTICS TA=O°C to + 70°C, Vee =5.0V ± 10%, unless otherwise specified 

PARAMETER TEST CONDITIONS 
2332·20 2332·25 ·2332·30 2332·45 

UNIT 
Min Max Min Max Min Max Min Max 

Input voltage V 
VIL Low (See Note 2) -2.0 0.8 -2.0 0.8 -:-2.0 0.8 -2.0 0.8 
VIH High 2.0 Vcc 2.0 Vcc 2.0 Vcc 2.0 Vee 

Output voltage V 

VOL Low IOL=3.2mA .4 .4 .4 .4 
WOH High IOH= - 400ILA 2.4 Vec 2.4 Vce 2.4 Vee 2.4 Vce 

III Input load current OV s VIN S 5.5V 1 1 1 1 ILA 

ILO Output leakage Chip deselected VOUT= +O.4V to Vcc 5 5 5 5 ILA 

Icc Supply current Chip deselected Vec= 5.5V, VIN = Vee 75 75 65 65 rnA 

Capacitance (See Note 3) pF 
CIN Input T A = 25°C, f = 1 MHz all pins except 7 7 7 7 
COUT Output pin under test tied to ground 10 10 10 10 

NOTES 
2. Input levels that swing more negative than - 2.0V may alter Ae electrical characteristics. 
3. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS TA= O°C to + 70°C, Vce= 5.0V ± 10%, Output load = 2 TTL loads and 100pF, Input 
, transition time s 10ns, Timing reference levels: Input = 1.5V, Output = 0.6V and 2.2V, 

0.11LF ceramic capacitor between Vee and GND pins, VIL ~ - 2.0V. 

2332·20 2332·25 2332·30 2332·45 
PARAMETER UNIT 

Min Max Min Max Min Max 'Min Max 

TAVQV Address access time 200 250 

TsvQV Chip select delay 100 120 (See Note 4) 

TsxQZ Chip deselect delay 100 100 
JSee Note 5) 

TAXQX 
Previous data valid after 

0 0 0 
address change delay 

NOTES 
4. TSVQV is at value indicated, provided the valid address leads the chip select by (TAVQV- TSVQV) nsec or more. 
5. T SXQZ Is measured at VOL = O.BV on the "0" to high Z state transition, with i! TTL loads connected to the output. 

TIMING DIAGRAM 

~.",~;~SS ~i%~ ",UD ~%»ffi_ 

~B~;; "¥i~-' ---EN-AB-LE-D ----I Wlf%ffim 
. I Tsvav 

~~~~UTS INVALID 
HIGH I 

IMPEDANCE 1-000----

Signetics 
3898 

300 450 

120 150 

. 100 100 

0 

TIMING PARAMETER 
ABBREVIATIONS 

ns 

ns 

ns 

ns 

T X X X X 

Signal name Irom which Interval IS dell ned --1 I I I 
transition d"ectlon Il)r Illst Signal -----1 . 

Signal name to which '"terval IS defined -----' 

transition direction for second SIC;;Jnal -----....1 
The .raAs/han definitions used 11"1 thIS Clata 

sheet are 
H = tranSllton to hil;.Jh 

l ::;: transition to low 

V ;;;; tranSlhon to valid 

X = transition to invalid or don't care 
Z = translhon 10 oft (high Impedence) 

A = Address 
S = ChIp Select 
Q = Outpul 

Nomenclalure IS adopted Irom JEDEC JC·42 
Commlt1ee on Semiconductor Memones 
Siandard 
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MOS MEMORY DIVISION 

65,536-8IT STATIC MOS ROM (8192 x 8) 

DESCRIPTION 

This ROM is designed for memory appli
cations where high performance, large bit 
storage, and simple interfacing are im· 
portant design objectives. 

The 4 chip select inputs are program· 
mabie. Active high or active low level chip 
select input can be defined by the design· 
er 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 outputs, 
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 

-200ns max. 2364·20 
-250ns max. 2634·25 
-·300ns max. 2364·30 
-450ns max. 2364·45 

• Industry standard pinout-JEDEC 
approved 

• Low power dissipation 
- 440mW max. for 2364·30/45 
- 495mW max. for 2364·20/25 

• Completely TTL compatible 
• Onl) + 5V ± 10% power supply 
• 3·state output- OR·tie capability 
• Fu~ly decoded-on chip address 

decode 
• Inputs protected-all inputs have 

protection against static charge 
• Four programmable chip select inputs 

for easy memory expansion or no 
connection option 

• 2764 EPROM compatible 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

PARAMETER RATING UNIT 

Temperature range °e 
TA Operating o to +70 
TSTG Storage -65 to + 150 

Applied voltage V 
VI Input -2.0 to +7 
Vo Output -2.0 to +7 

Vee Supply voltage to 
-2.0 to +7 V ground potential 

NOTE 
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. 
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MOS MEMORY DIVISION OCTOBER 1982 

65,536-8IT STATIC MOS ROM (8192 x 8) 2364-20/25/30/45 

DC ELECTRICAL CHARACTERISTICS TA= O°C to + 70°C, Vee = 5.0V ± 10%, unless otherwise specified 

2364·20 2364·25 2364·30 2364·45 
PARAMETER TEST CONDITIONS UNIT 

Min Max Min Max Min Max Min Max 

Input voltage V 
VIL Low (See Note 2) -2.0 0.8 -2.0 0.8 -2.0 0.8 -2.0 0.8 
VIH High 2.0 Vee 2.0 Vee 2.0 Vee 2.0 Vcc 

Output voltage V 

VOL Low 'oL=3.2mA .4 .4 .4 .4 
VOH High 10H= - 400llA 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee 

III Input load current OV ~ VIN ~ 5.5V 1 1 1 1 IlA 

ILO Output leakage Chip deselected. VOUT= +0.4V to Vee 5 5 5 5 IlA 

Icc Supply current Chip deselected. Vee =5.5V, VIN=Vee 90 90 80 80 rnA 

Capacitance (See Note 3) pF 
CIN Input TA = 25°C, f = 1 MHz all pins except 7 7 7 7 
COUT Output pin under test tied to ground 10 10 10 10 

NOTES 
2. Input levels that swing more negative than - 2.0V may alter Ae electrical characteristics. 
3. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS T A = O°C to + 70°C, Vee = 5.0V ± 10%, Output load = 2 TTL loads and 100pF, Input 
transition time :5 10ns, Timing reference levels: Input= 1.5V, Output= 0.6V and 
2.2V, 0.1/.tF ceramic capacitor between Vee and GND pins, VIL 2: - 2.0V. 

2364·20 2364·25 2364·30 2364·45 
PARAMETER UNIT 

Min Max Min Max Min Max Min Max 

TAvav Address access time 200 250 

Tsvav Chip select delay 100 120 
(See Note 4) 

Tsxaz Chip deselect delay 100 100 
(See Note 5) 

TAxax 
Previous data valid after 

0 0 0 
address change delay 

NOTES 
4. T svav is at value indicated, provided the valid address leads the chip select by (T Avav - T svav) nsec or more. 
5. Tsxaz is measured at VOL::: O.BV on1he "0" to high Z state transition, with 2 TTL loads connected to the output. 

TIMING DIAGRAM 
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TIMING PARAMETER 
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signal name Irom which interval is delined --1 I t I 
transItIon dIrectIon lor Ilrst SIgnal --l _ 

signal name til which interval is defined -----' 
transition dIrection lor second signal -----..... 

The tran$ition delinitions used in ,this data 
sheet are 

H - transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to oil (high impedence) 
A & Address 
S = Chip Select 
a = Output 

Nomenclature is adopted Irom JEOEC JC-42 
Committee on Semiconductor Memories 
Standard 
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MOS MEMORY DIVISION 

131,072-8IT STATIC MOS ROM (16384x8) 

DESCRIPTION 
This ROM is designed for memory applica
tions where high performance. large bit stor
age. and simple interfacing 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 programmable 
chip select input. as well as OR-tie compati
bility on the outputs. facilitates easy mem
ory 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 cir
cuits. 

FEATURES 
• Fast access time 

-250ns max. 23128·25 
-300ns max. 23128·30 
-450ns max. 23128·45 

• Industry standard pinout-JEDEC 
approved 

• Low power dissipation 
- 495mW max for 23128·30/45 
- 550mW max for 23128·25 

• Completely TTL compatible 
• One + 5V ± 10% power supply 
• 3·state output- OR·tie capability 
• Fully decoded-on chip address 

decode . 
• Inputs protected-all inputs have 

protection against static charge 
• Three programmable chip select inputs 

for easy memory expansion or no 
connection option 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

PARAMETER RATING 

Temperature range 
TA Operating o to +70 

TSTG Storage -65 to + 150 

Applied voltage 

VI Input -2.0 to +7 
Vo Output -2.0 to +7 

Vee Supply voltage to 
-2.0 to +7 

ground potential 

NOTE 

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. 
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MOS MEMORY DIVISION OCTOBER 1982 

131,072-8IT STATIC MOS ROM (16384x8) 23128-25/30/45 

DC ELECTRICAL CHARACTERISTICS TA= O°C to + 70°C, Vcc= 5.0V ± 10%, unless otherwise specified 

TEST CONDITIONS 
23128·25 23128·30 23128·45 

PARAMETER UNIT 
Min Max Min Max Min Max 

Input voltage V 
VIL Low (See Note 2) -2.0 0.8 -2.0 0.8 -2.0 0.8 
VIH High 2.0 Vcc 2.0 Vcc 2.0 Vcc 

Output voltage V 
VOL Low IOL=3.2mA .4 .4 .4 
VOH High 10H = - 400jtA 2.4 Vcc 2.4 Vcc 2.4 Vcc 

III Input load current OV :5 V IN :5 5.5V 1 1 1 jtA 

ILO Output leakage Chip deselected VOUT = + O.4V to V cc 5 5 5 jtA 

Icc Supply current Chip deselected Vcc = 5.5V VIN = Vcc 100 90 90 rnA 

Capacitance (See Note 3) pF 
CIN Input TA = 25°C, f = 1 MHz all pins except 7 7 7 
COUT Output pin under test tied to ground 10 10 10 

NOTES 
2. Input levels that swing more negative than - 2.0V may alter AC electrical characteristics. 
3. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS TA = O°C to + 70°C, Vcc= 5.0V ± 10%, Output load = 2 TIL loads and 100pF, Input 
transition time :5 10ns, Timing reference levels: Input = 1.5V, Output = 0.6V and 2.2V, 
0.1jtF ceramic capacitor between Vcc and GND pins, VIL ~ - 2.0V. 

23128·25 23128·30 23128·45 
PARAMETER UNIT 

Min Max Min 'Max Min Max 

TAvav Address access time 250 300 450 ns 

Tsvav . Chip select delay 120 120 150 ns (See Note 4) 

Tsxaz Chip deselect delay 100 100 100 ns (See Note 5) 

TAxax 
Previous data valid after 

0 0 0 address change delay ns 

NOTES 
4. Tsvav is at value indicated, provided the valid address leads the chip select by (TAvav- Tsvav) nsec or more. 
5. T sxaz is measured at VOL = O.BV on the "0" to high Z state transition, with 2 TIL loads connected to the output. 

TIMING DIAGRAM 
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TIMING PARAMETER 
ABBREVIATIONS 

T X X X X 

signal name'from which inlerval is defined ---.J I I I 
Iransltlon direction for I"st signal -----1 

signal name 1o which interval is delined ------' 
transillon direction lor second signal -----~ 

The transition definitions used in this data 
sheet are 

H = transition to high 
l = transition 10 low 
V = Iransition to valid 
X = transition 10 invalid or don't care 
Z = transition 10 oil (high impedence) 
A - Address 
S = Chip Select 
a = Output 

Nomenclature IS adopted Irom JEOEC JC-42 
Committee on Semiconductor Memories 
Standard 
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MOS MEMORY DIVISION 

262, 144-Bit Static MOS ROM (32,768 x 8) 

DESCRIPTION FEATURES 
The 23256A is 262,144-Bit Read-Only
Mem'ory organized 32,768 by 8 bits. The 
pinout conforms to JEDEC standards for 
byte-wide memories. It is a fully static 
device with reduced power consumption 
when the device is deselected. 

• Completely TTL compatible, 2 TTL loads 
• Single 5 volt ± 10% power supply 
• Tri·state ou'tputs 
• Fast access time - 200ns 
• Fully static 
• Low standby power 
• JEDEC approved byte wide pinout 
• Inputs and outputs protected against 

static charge 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

'PARAMETER RATING 

Temperature range 

TA Operating o to +70 

TSTG Storage -65 to +150 

Applied voltage 

VI Input -2,0 to +7 

Vo Output ~2,0 to +7 

Vee Supply voltage to 
ground potential -2,0 to +7 

NOTE 

1 Stresses above those listed under "Absolute MaXimum Ratings" may cause permanent 

damage to the deVice These are stress ratings only ~unctlonal operat,on' of this 

deVice at these or any other conditions above those indicated In the operational 

secllons of this speclflcallon IS not Implied and exposure to absolute maximum rating 

conditions for extended periods may affect deVice reliability 
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MOS MEMORY DIVISION OCTOBER 1982 

262, 144-Bit Static MOS ROM (32,768 x 8) 23256A 

'4'4*#) 
DC ELECTRICAL CHARACTERISTICS TA=O°C to 70°C, Vee=5.0V± 10%, unless otherwise specified 

PARAMETER TEST CONDITIONS Min Max UNIT 

Input Voltage 
VIL Low -2.0 0.8 V 
VIH High 2.0 Vec ·V 

Output Voltage 
VOL Low IOL=3.2mA .4 V 
VOH High 10H= -400J.tA 2.4 Vee V 

Input Load Current 
III OV S VIN S 5.5V 1 j.tA 

Output Leakage 
ILO 5 j.tA 

Supply Current 
lec (Active) Output unloaded 100 rnA 
leez (Standby) E=VIH 15 rnA 

Capacitance TA=25°C, F=1MHz 
CIN Input A" pins e.xcept pin under 7 pF 
COUT Output test tied to ground 12 pF 

AC ELECTRICAL CHARACTERISTICS TA = O°C to 70°C, Vee= 5.0V ± 10%, Output = 2 TTL Loads and 100pF, Input transition 
time=10ns. Timing reference levels: Input=1.5V, Output=0.6V and 1.1V, 0.1J.tf 
capacitor between Vcc and GND 

SYMBOL PARAMETER Min Max UNIT 

TAvav Address access time 200 ns 

TEvav Chip 'enable to output delay 200 ns 

TGvav Output enable to output valid delay 100 ns 

TExaz Chip disable delay (VOL = 0.8V on the "0" to 100 ns 
high Z transition with 2 TIL loads) 

TAxax Previous data valid after address change delay 0 ns 

AC WAVEFORMS 

ADDRESS ADDRESS VALID 

CHIP ENABLE 

I+---TEVQV ---I 

OUTPUT ENABLE 

TEXQZ~ 
rTAXQX »») HIGHZ OUTPUT _______ H_IG_H_Z ______ +(~(I-« 

VALID OUTPUT 

Signetics 
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MOS MEMORY DIVISION 

32,768-811 STATIC MOS ROM (4096 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 two chip select inputs are program
mable. Any combination of active high or 
low level chip select inputs can be defined 
by the designer and the desired chip select 
logic level is fixed during the masking pro
cessing. These two programmable chip se
lect inputs, as well as OR-tie compatibility 
on the outputs, facilitates easy memory 
expansion. 

The 2632A Read Only Memory is fabri
cated with n-channel silicon gate technol, 
ogy. This technology provides the design
er with high performance easy-to-use MOS 
circuits. 

FEATURES 
• Fast access time 

-200ns max. 2632A-20 
-250ns max. 2632A-25 
- 300ns max. 2632A·30 
-450ns max. 2632A·45 

• Industry standard pinout-JEDEC 
approved 

• Low power dissioation 
- 357mW max. for 2632A·30/45 
- 412mW max. for 2632A·20/25 

• Completely TTL compatible 
• Single + 5V ± 10% power supply 
• 3·state output-OR·tie capability 
• Fully decoded-on chip address 

decode 
• . Inputs protected-all inputs have 

protection against static charge 
• Two programmable chip select inputs 

for easy memory expansion or no 
connection option. 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

PARAMETER RATING UNIT 

Temperature range °C 
TA Operating o to + 70 
TSTG Storage - 65 to + 150 

Applied voltage V 
VI Input - 2.0 to + 7 
Vo Output - 2.0 to + 7 

Vcc Supply voltage to ground potential - 2.0 to + 7 V 

NOTE 
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. 
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MOS MEMORY DIVISION OCTOBER 1982 

32,768-811 STATIC MOS ROM (4096x8) 2~32A-20/25/30/45 

DC ELECTRICAL CHARACTERISTICS TA=O°C to + 70°C, Vee =5.0V ± 10%, unless otherwise specified 

2632A·20 2632A·25 2632A·30 2632A·45 
PARAMETER TEST CONDITIONS UNIT 

Min Max Min Max Min Max Min Max 

Input voltage V 
VIL Low (See Note 2) -2.0 0.8 -2.0 0.8 -2.0 0.8 -2.0 0.8 
VIH High 2.0 Vee 2.0 Vee 2.0 Vee 2.0 Vee 

Output voltage V 
VOL Low IOL=3.2mA .4 .4 .4 .4 
VOH High IOH= - 400/LA 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee 

III Input load current OV s VIN S 5.5V 1 1 1 1 /LA 

ILO Output leakage Chip deselected. VOUT= +0.4Vto Vee 5 5 5 5 /LA 

Icc Supply current Chip deselected Vee = 5.5V, VIN = Vee 75 75 65 65 rnA 

Capacitance (See Note 3) pF 
CIN Input TA = 25°C, f = 1 MHz all pins except 7 7 7 7 
COUT Output pin under test tied to ground 10 10 10 10 

NOTES 
2. Input levels that swing more negative than - 2.0V may alter Ae electrical characteristics. 
3. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS TA = O°C to + 70°C, Vee= 5.0V ± 10%, Output load = 2 TTL loads and 100pF, Input 
transition time s 10ns, Timing reference levels: Input = 1.5V, Output = 0.6V and 2.2V, 
0.11LF ceramic capacitor between Vee and GND pins, VIL ~ ~ 2.0V. 

2632A·20 2632A·25 2632A·30 2632A·45 
PARAMETER 

Min Max Min Max Min 

TAvav Address access time 200 250 

Tsvav Chip select delay 100 120 (See Note 4) 

Tsxaz Chip deselect delay 100 100 
(See Note 5) 

TAxax 
Previous data valid after 

0 0 0 address change delay 

NOTES 
4. Tsvav is at value Indicated, provided the valid address leads the chip select by (TAvav- Tsvav) nsec or more. 
5. T sxaz is measured at VOL = O.BV on the "0" to high Z state transition, with 2 TIL loads co.:mected to the output. 

TIMING DIAGRAM 
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The transitIon de',nit,ons used in this data 
sheet are 

H = transition to high 
L = transilton to low 
V = transition to valid 
X = transition to onvalid or don·t care 
Z ;, transition to oil (high impedence) 
A = Address 
S = Chip Select 
o = Output 

Nomenclature is adopted 'rom JEDEC JC·42 
Committee on Semiconductor Memones 
Standard . 
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MOS MEMORY DIVISION 

65,536-8IT STATIC MOS ROM (8192 x 8) 

DESCRIPTION 

This ROM is designed for memory appli
cations where high performance, large bit 
storage, and simple interfacing are im
portant design objectives. 

The chip select input is 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 2664A 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 

-200ns max. 2664A·20 
-250ns max. 2664A·25 
-300ns max. 2664A·30 
-450ns max. 2664A·45 

• Industry standard pinout-JEDEC 
approved 

• Low power disSipation 
- 440mW max. for 2664A·30/45 
- 495mW max. for 2664A·20/25 

• Completely TTL compatible 
• Single + 5V ± 10% power supply 
• 3·state output-OR·tie capability 
• Fully decoded-on chip address 

decode 
• Inputs protected-all inputs have 

protection against static charge 
• One programmable chip select input 

for easy memory expansion or no 
connection option. 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

PARAMETER RATING UNIT 

Temperature range °C 
TA Operating o to +70 

TsrG Storage -65 to +150 

Applied voltage V 
VI Input -2.0 to +7 
Va Output -2.0 to +7 

Vee Supply voltage to -2.0 to +7 V 
ground potential 

NOTE 
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. 
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MOS MEMORY DIVISION OCTOBER 1982 

65,536-8IT STATIC MOS ROM (8192 X 8) 2664A-20/25/30/45 

DC ELECTRICAL CHARACTERISTICS TA=O°C to + 70°C, Vee =5.0V ± 10%, unless otherwise speelfJed 

2664A·20 2664A·25 2664A·30 2664A·45 
PARAMETER TEST CONDITIONS UNIT 

Min Max Min Max Min Max Min Max 

Input voltage V 
VIL Low (See Note 2) -2.0 0.8 -2.0 0.8 -2.0 0.8 -2.0 0.8 
VIH High 2.0 Vee 2.0 Vee 2.0 Vee 2.0 Vee 

Output voltage V 
VOL Low IOL=3.2mA .4 .4 .4 .4 
VOH High IOH= - 4OOI'A 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee 

III Input load current OV s VIN S 5.5V 1 1 1 1 I'A 

ILO Output leakage Chip deselected VOUT= +0.4V to Vee 5 5 5 5 I'A 

Icc Supply current Chip deselected Vee = 5.5V, VIN = Vee 90 90 80 80 mA 

Capacitance (See Note 3) pF 
CIN Input T A = 25°C, f = 1 MHz all pins except 7 7 7 7 
COUT Output pin under test tied to ground 10 10 10 10 

NOTES 
2. Input levels that swing more negative than - 2.0V may alterAe electrical characteristics. 
3. This parameter Is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS TA= O°C to + 70°C, Vee= 5.0V ± 10%, Output load = 2 TTL loads and 100pF, Input 
transition time= :s 10ns, Timing reference levels: Input= 1.5V, Output=0.6Vand 
2.2V, 0.11'F ceramic capacitor between Vee and GND pins, VIL ~ - 2.0V. 

2664A·20 2664A·25 2664A·30 2664A·45 
PARAMETER 

Min Max Min Max . Min 

TAvav Address access time 200 250 

Tsvav Chip select delay 100 120 (See Note 4) 

Tsxaz Chip deselect delay 100 100 (See Note 5) 

TAxax 
Previous data valid after 

0 0 0 address change delay 
NOTES 
4. T svav is at value indicated, provided the valid address leads the chip select by (T Avav - T svav) nsec or more. 
5. T sxaz Is measured at VOL = O.BV on the "0" to high Z state transition, with 2 TIL loads connected to the output. 
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The Iransition definitions used in this data 
sheet are 

H m transition to high 

L - transilion to low 
V = Iransition to yalid 
X = transition to inyalid or don't care 
Z = transition to ott (high impedence) 
A = Address 
S - Chip Select 
a = Output 

Nomenclature is adopted Irom JEDEC JC·42 
Committee on Semiconductor Memolles 
Standard 
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BIPOLAR MEMORY DIVISION 

SELECTION GUIDE 

DEVICE ORGANIZATION OUTPUT 
CIRCUIT1 

CAMs 
10155 8x2 OE 
RAMs 
3101A 16x 4 oe 
54/74S189 16x 4 TS 
82S21 32x 2 oe 
82S16 256x 1 TS 
82S17 256x 1 oe 
74S301 256x 1 oe 
82LS16 256x 1 TS 
82LS17 256 x 1 oe 
74LS301 256x 1 oe 
82S09 64x 9 oe 
82S09A 64x9 oe 
82S19 64x9 oe 
82S210 256x9 TS 
82S212 256x9 TS 
82S212A 256x 9 TS 
8X350 256x 8 TS 
ECl 
10415 1024 x 1 OE 
10415A 1024 x 1 OE 
104158 1024 x1 OE 
100415 1024 x 1 OE 
100415A 1024 X 1 OE 
100415B 1024 X 1 OE 
100422 256x 4 OE 
10422A 256x4 OE 
10422B 256x4 OE 
10470 4096 X 1 OE 
10470A 4096 X 1 OE 
100470 4096 X 1 OE 
100470A 4096 X 1 OE 
10474 1024 X 4 OE 
10474A 1024 X 4 OE 
100474 1024 X 4 OE 
100474A 1024 X 4 OE 
FPlAs 
82S100 16 X 48 X 8 TS 
82S101 16x 48x 8 oe 
82S152 18 X 32 X 10 oe 
82S152A 18 X 32 X 10 oe 
82S153 18 X 32 X 10 TS 
82S153A 18 X 32 X 10 oe 
FPGAs 
82S150 18 X 12 oe 
82S151 18 X 12 TS 
82S102 16 X 9 oe 
82S103 16x 9 TS 
FPLSs 
82S104 16 X 48 X 8 oe 

·82S104A 16 X 48 X 8 oe 
82S105 16 X 48 X 8 TS 
82S105A 16x 48~ 8 TS 
82S154 16 X 32 X 12 oe 
82S155 16 X 32 X 12 TS 
82S156 16 X 32 X 12 oe 
82S157 16 X 32 X 12 TS 
82S158 16 X 32 X 12 oe 
82S159 16 X 32 X 12 TS 

NOTES on following page 

© Ie MASTER 1983 

OUTPUT ACCESS TEMPERATURE3 

lOGIC2 TIME4 

- 13 e 

B 35 e 
B 35 M,e 
T 50 e 
T 50 M,e 
T 50 M,e 
B 50 M,e 
T 40 M,e 
T 40 M,e 
B 40 M,e 
T 45 M,e 
T 35 e 
B 35 M,e 
B 60 M,e 
B 45 M,e 
B 35 e 
B N/A M,e 

B 20 e 
B 15 e 
B 10 e 
B 20 e' 
B 15 e 
B 10 e 
B 20 e 
B 15 e 
B 10 e 
B 25 e 
B 15 e 
B 25 C 
B 15 e 
B 30 e 
B 20 e 
B 30 e 
B 20 e 

- 50 M,e 
- 50 M,e 
1/0 40 M,e 
1/0 30 M,e 
1/0 40 M,e 
110 30 M,e 

1/0 20 M,e 
1/0 20 M,e 
- 35 M,e 
- 35 M,e 

R 60 M,e 
R 50 M,e 
R 60 M,e 
R 50 M,e 

1/0, R 65 M,e 
1/0, R 65 M,e 
1I0,R 65 M,e 
110, R 65 M,e 
1/0, R 65 M,G 
1/0, R 65 M,e 

Signetics 

PACKAGEs 

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 
F 
F 
F 
F 
F 
F 
F 

.F 
F 
F 
F 
F 
F 
F 
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, N 

OCTOBER 1982 

PINS 
MAX 
Icc 

18 140 

16 105 
16 110 
16 130 
16 115 
16 115 
16 115 
16 70 
16 70 
16 70 
28 190 
28 190 
28 190 
24 185 
22 185 
22 185 
22 185 

16 150 
16 150 
16 150 
16 150 
16 150 
16 150 
24 210 
24 210 
24 210 
18 150 
18 150 
18 150 
18 150 
24 195 
24 195 
24 195 
24 195 

28 170 
28 170 
20 155 
20 155 
20 155 
20 155 

20 155 
20 155 
28 170 
28 170 

28 180 
28 180 
28 180 
28 180 
20 155 
20 155 
20 155 
20 155 
20 155 
20 155 
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BIPOLAR MEMORY DIVISION 

SELECTION GUIDE 

DEVICE ORGANIZATION 

PROMs 
82S23 
82S23A 
82S123 
82S123A 
82S126 
82S126A 
82S129 
82S129A 
10149 
100149 

- 82S130 
82S130A 
82S131 
82S131A 
82S115 
82S140 
82S141 
82S137 
82S137A 
82S1378 
82S147 
82S147A 
82LS181 
82S180 
82S181 
82S181A 
82S1818 
82S183 
82S2708 
82S185 
82S185A 
82S1858 
82S191 
82S191A 
82HS195 
82S321 
82HS321 
82HS641 

NOTES: 
1. Output circuit: 

OE = Open emitter 
OC = Open collector . 
TS=3·State 

2. Output logic: 

32x 8 
32x 8 
32x8 
32x 8 
256x4 
256x4 
256x4 
256x 4-
256x 4 
256x 4 
512x 4 
512x 4 
512x 4 
512x 4 
512x 8 
512x 8 
512x 8 
1024 x 4 
1024 x 4 
1024 x 4 
512x 8 
512x 8 
1024 x 8 
1024 x 8 
1024 x 8 
1024 x 8 
1024 x 8 
1024 x 8 
1024 x 8 
2048 x 4 
2048 x 4 
2048 x 4 
2048 x 8 
2048 x 8 
4096 x 4 
4096 x 8 
4096 x 8 
4096 x 8 

OUTPUT 
CIRCUIT1 

OG 
OG 
TS 
TS 
OG 
OG 
TS 
TS 
OE 
OE 
OG 
OG 
TS 
TS 
TS 
OG 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
OG 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 

T=Transparent-input data appears on output during Write 
B = Blanked-output is blanked during Write 
R = Output logic 
110 = Input/output option 

3. Temperature range: 
C = Commercial (O°C to + 75°C) 
M = Military (- 55°C to + 125°C) 

4. Commercial (O°C to + 75°C) 
5. Packages: 

F = Hermetic Cerdip Dual In Line 
N = Plastic Dual In Line 
R = Ceramic Flat Pack 
G = Ceramic Square Leadless Chip Carrier 

3910 

OCTOBER 1982 

OUTPUT ACCESS TEMPERATURE3 PACKAGEs PINS 
MAX 

LOGIC2 TIME4 Icc 

- 50 M,G F, N 16 77 
- 25 M,G F, N 16 100 
- 50 M,G F, N 16 77 

- 25 M,G F, N 16 100 
- 50 M,G F, N 16 120 
- 35 M,G F, N 16 120 
- 50 M,G F, N 16 120 
- 35 M,G F, N 16 120 
- 20 G F 16 150 
- 20 G F 16 150 
- 50 M,G F, N 16 140 
- 35 M,G F, N 16 140 
- 50 M,G F, N 16 140 
- 35 M,G F, N 16 140 
- 60 M,G F, N 24 175 
- 60 M,G F, N 24 175 
- 60 M,G F, N 24 175 
- 60 M,G F, N 18 140 
- 45 M,G F, N 18 140 
- 35 G F, N 18 140 
- 60 M,G F, N 16 155 
- 45 M,G F, N 20 155 
- 150 M,G F, N 24 80 
- 70 M,G F, N 24 175 
- 70 M,G F, N 24 175 
- 50 M,G F, N 24 175 
- 45 G F, N 24 175 
- 60 M,G F, N 24 175 
- 90 M F, R,-G 24 185 
- 100 M,G F, N 18 120 
- 50 M,G F, N 18 155 
- 45 G F, N 18 155 
- 80 M,G F, N 24 175 
- 60 M,G F, N 24 175 
- 35 M,G F, N 20 155 
- 80 M,G F, N 24 175 
- 40 M, G- F, N 24 175 
- 45 M,G F, N 24 175 

Signetics 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE LOGIC ARRAY (16x48x8) 

DESCRIPTION 
The 825100 (tri-state) and 825101 (open 
collector) are Bipolar, Fuse-Link Program
mable Logic Arrays (FPLA). Each device 
utilizes the standard ANO/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 ANOed 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-low(L). 

The 825100 and 825101 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 temperature ranges. For the 
commercial temperature range (O°C to 
+ 75°C) specify N825100/101, For N, and 
for the military ~emperature range (-55°C 
to +125°C) specify 5825100/101, F or G, 
I, R. 

LOGIC DIAGRAM 

FEATURES 
• Field programmable (Ni-Cr link) 
• Input variables: 16 
• Output functions: 8 
• Product terms: 48 
• Address access time: 

5825100/101 - 80ns max 
N825100/101 - SOns max 

• Power dissipation: 600mW typ 
• Input loading: 

5825100/101: -150ftA max 
N825100/101: -100ftA max 

• Chip enable input 
• Output option: 

825100: Tri-state 
825101: Open collector 

• Output disable function: 
Tri-state - Hi-Z 
Open collector - Hi 

• Separate 1/0 architecture 

APPLICATIONS 
• CRT display systems 
• Random logic 
• Code conversion 
• Peripheral controllers 
• Function generators 
• Look-up and decision tables 
• Microprogramming 
o Address mapping 
• Character generators 
• Data security encoders 
• Fault detectors 
• Frequency synthesizers 
• 16 bit-to·8 bit bus interface 
• Random logic replacement 

'----t--+-------~+_;~ Typlc.1 Connoollon 

Typical Connection 

Fusible Ni·Cr links are initially intact at all ·array cross·points. 

Signetics 

OCTOBER 1982 

825100 (T.5.)/825101 (O.C.) 

INTEGRATED FU5E LOGIC 
5ERIES 28 

PIN CONFIGURATION 

F,I,N,R PACKAGE· 

Vcc 

IS 

19 

110 

111 

112 

113 

'14 

115 

F7 CE 

F6 FO 

F5 F1 

F4 F2 

GND F3 

• F = Cerdlp I = Ceramic N = Plastic 
tOpen or grounded during normal operation. 

G PACKAGE 
F6 F7 10 11 '2 13 '4 

CE 115 114 '13 112 111 110 

G = Leadless TOP VIEW 

© IC MASTER 1983 See Pages 3909-~910 for Product Selector Guides. 3911 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

FIELD PROGRAMMABLE LOGIC ARRAY (16x48x8) 825100 (T.5.)/825101 (O.C.) 

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 rang'e 
TA Operating 

N82S100/101 0 + 75 
S82S100/101 -55 + 125 

TSTG Storage -65 + 150 

THERMAL RATINGS 
TEMPERATURE 

UNIT 
Maximum junction 

Vdc Maximum ambient 
Vdc 
Vde 

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 :s TA:s + 75°C,4.75V :s Vee :s 5.25V 
S82S100/101: - 55°C :s TA :s + 125°C, 4.5V :s Vee :s 5.5V 

N82S1 00/1 01 5825100/101 
PARAMETER TEST CONDITIONS 

Typ2 Typ2 Min Max Min Max 

Input voltage3 

VIH High Vee= Max 2 2 
Vil Low Vee= Min 0.85 0.8 
Vie Clamp3,4 Vee= Min, liN = - 18mA -0.8 -1.2 -0.8 -1.2 

Output voltage Vee= Min 
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 

Inp~t current 
IIH High VIN = 5.5V <1 25 <1 50 
III Low VIN = 0.45V -10. -100 -10 -150 

Output current CE = High, Vee= Max 
10lK Leakage7 VOUT= 5.5V 1 40 1 60 
10(OFF) Hi·Z state (82S100)7 VOUT= 5.5V 1 40 1 60 

VOUT= 0.45V -1 -40 -1 -60 
los Short circuit (82S100)4,8 CE= Low, VOUT= OV -20 .. 70 -15 -85 

lee Vee supply current9 Vee= Max 120 ' 170 120 180 

Capacitance7 CE= High, Vee= 5.0V 
CIN Input VIN = 2.0V 8 8 
COUT Output VOUT= 2.0V 17 17 ' \ 

AC ELECTRICAL CHARACTERISTICS R1 = 4700, R2 = 1 kO, Cl = 30pF 

PARAMETER TO 

Propagation delay 
TIA Input Output 
TeE Chip enable Output 

Disable time 
Teo Chip disable Output 

NOTES: 

N82S100/101: O°C :s TA :s + 75°C, 4.75V :s Vee :s 5.25V 
S82S100/101: - 55°C :s TA :s + 125°C, 4.5V :s Vee :s 5.5V 

N82S100/101 5825100/101 
FROM 

Typ2 Typ2 Min Max Min Max 

Input 35 50 35 80 
Chip enable 15 30 15 50 

Chip enable 15 30 15 50 

UNIT 

V 

V 

IlA 

IlA 
IlA 

rnA 

rnA 

pF 

UNIT 

ns 

ns 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the devics. 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 at Vee = 5V, T A = 25 ·e. 
3. All 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 Vee. 
7. Measured with VIH applied to CE. 
8. Duration of short circuit should not exceed 1 second. 
9. lee is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 

Signetics 
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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 10-1 15 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 complementin/g 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 bus
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 
S82S102/103, F, G, I, and R. 

LOGIC DIAGRAM 

o 8 

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: -100IlA max 
S82S102/103: -150IlA max 

• Output options: 
82S102: Open collector 
82S103: Trl-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. 

Signetics 

OCTOBER 1982 

825102 (O.C.)/825103 (T.5.) 

INTEGRATED FUSE LOGIC 
SERIES 28 

PIN CONFIGURATION 

F,I,N,R PACKAGE* 

Vcc 

18 

19 

110 

111 

112 

113 

114 

115 

CE 

F6 FO 

FS Fl 

F4 F2 

GND F3 

OF = Cerdip N = Plastic 
I = Ceramic R = Flat Pack 

G PACKAGE 
F6 F7 Fa 10 11 12 13 

CE 115 114 113 112 111 110 

G = Leadless TOP VIEW 

lID Ie MASTER 1983 See Pages 3909-3910 for Product Selector Guides. 3913 
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BIPOLAR MEMORY DMSION OCTOBER 1982 

FIELD PROGRAMMABLE GATE ARRAY (16x9x9) 825102 (O.C.)/825103 (l5.) 

ABSOLUTE MAXIMUM RATINGS THERMAL RATINGS 
. PARAMETER RATING UNIT TEMPERATURE 

Vee Supply voltage +7 Vdc Maximum junction 
VIN Input voltage +5.5 Vdc 

Maximum ambient Output voltage Vdc 
VOH High (82S102) +5.5 Allowable thermal rise ambient 
Vo Off-state (82S 103) +5.5 to junction 
liN Input current ±30 rnA 
lOUT Output current +100 rnA 

Temperature range DC 
TA Operating 

N82S1 02/1 03 o to +75 
S82S 102/103 -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 N82S102/103: ODC S TA S +75°C. 4.75V S Vee S 5.25V 

S82S102/103: -55DC S TA S +125°C. 4.5V S Vee S 5.5V 

PARAMETER1 TEST CONDITIONS 
N82S102/103 S82S 102/103 

Min Typ2 Max Min Typ2 Max 

Input voltage 
VIL Low1 Vee = Min 0.85 0.8 
VIH High1 Vee = Max 2.0 2.0 
VIC Clamp1,3 Vee = Min. liN = -18mA -0.8 -1.2 -0.8· -1.2 

Output voltage Vee = Min 
VOL Low1,4 10L = 9.6mA 0.35 0.45 0.35 0.50 
VOH High (82S103)1,5 10H = -2mA 2.4 2.4 

Input current 
IlL Low VIN = 0.45V -10 -100 -10 -150 
IIH High VIN = 5.5V <1 25 <1 50 

Output current Vee = Max 
10LK Leakage (82S102)6 VOUT = 5.5V 1 40 1 60 
10(OFF) Hi-Z state (82S103)6 VOUT = 5.5V 1 40 1 60 

VOUT = 0.45V - -1 -40 -1 -60 
los Short circuit (82S103)3,7 VOUT = OV -20 -70 -15 -85 

Icc Vee supply current8 Vee = Max 120 170 120 180 

Capacitance Vec = 5.0V 
CIN Input VIN = 2.0V 8 8 
COUT Output6 VOUT = 2.0V 15 15 

AC ELECTRICAL CHARACTERISTICS R1 = 470n. R2 = 1kn. CL = 30pF 

N82S102/103: O°C S TA,S +75°C. 4.75V S Vce S 5.25V 

S82S102/103: -55°C S TA S+125°C. 4.5V S Vee S 5.5V 

N82S102/103 S82S10211 03 
PARAMETER TO FROM 

Min Typ2 Max Min Typ2 Max 

Progagation delay 
TIA Input Output Input 20 35 20 55 
TCE Chip enable Output Chip enable 15 30 15 45 

Disable time 
Teo Chip disable Output Chip enable 15 30 15 45 

NOTES 
1. All voltage values are with respect to network ground terminal 
2. All typical values are at Vee = SV, TA = 2soe. 
3. Test each output one at a time. 
4. Measured with a programmed logic condition for which the output under test is at a low logic level 

Output sink current is supplied through a resistor to Vee. 
S. Measured with VIL applied to CE and a logic high at the output. 
6. Measured with VIH applied to CEo 
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.SV and the outputs open 

Signetics 

UNIT 

V 

V 

/-lA 

/-lA 
/-lA 

rnA 

mA 

pF 

UNIT 

ns 

ns 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

FIELD PROGRAMMABLE LOGIC SEQUENCER (16x48x8) 823M121~~c1iM~~fag~ 1f:~J 

DESCRIPTION 
The 82S 1 04 (open collector outputs) and 
the 82S 105 (tri-state outputs) are bipolar, 
programmable state machines of the Mealy 
type. They contain logic AND-OR gate ar
rays with user programmable connections 
which control the inputs of on-chip State and 
Output registers. These consist respective
ly of 6 Op, and 8 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 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. 

Both devices are available in commercial 
and military temperature ranges. For the 
commercial temperature range (O°C to 
+75°C) specify N82S104/105, For N, and 
for the military temperature range (-55°C 
to +125°C) specify S82S1041 105, F, I, G 
or R. 

LOGIC DIAGRAM 

FEATURES 
• Field programmable (Ni·Cr link) 
• 16 Input variables 
• 8 output functions 
• 48 transition terms 
• 6-bit state register 
• 8-blt output register 
• Transition complement array 
• Positive edge trigger clock 
• Programmable asynchronous preset 

or output enable 
• Power-on preset to all "1" of internal 

registers 
• f(max) = 20MHz 
• 650mW power dissipation (typical) 
• TTL compatible 
• Single + 5V supply 
• Open collector and tri-state versions 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 

.• Security locking systems 

• Counters 
• Shift registers 

"OR" ARRAY 

PR 
S op 

6·BIT 
STATE 

REGISTER 

R CK 

Tn 

280RGATES 
48 

R CK 

a·BIT 

48 AND GATES OUTPUT 
REGISTER 

"AND" ARRAY 
S _OF 

PR 8 

. Signetics 

INTEGRATED FUSE LOGIC 
SERIES 28 

PIN CONFIGURATION 

R,I,F,N PACKAGE* 

*F=Cerdip R= Flat Pack 
N = Plastic 1 = Ceramic 

G PACKAGE 

Fa F7 10 '1 '2 '3 '4 

PRICE '15 '14 '13 '12 '11 '10 

G= Leadless 

© Ie MASTER 1983 . See Pages 3909-3910 for Product Selector Guides. 3915 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

FIELD PROGRAMMABLE LOGIC SEQUENCER (16x48x8) 82:f5l216~c1iY~~f~glH:~:J 
DC ELECTRICAL CHARACTERISTICS N82S104/105, N82S104A/105A: ODC $ TA $ + 75 DC, 4.75V $ vcc $5.25V 

S82S104/105, S82S104A/105A: - 55 DC $ TA $ + 125DC, 4.5V $ vcc $ 5.5V 

N82S104Al105A S82S 1 04A11 05A 

PARAMETER TEST CONDITIONS 
N82S1041105 S82S104/105 

Min Typ2 Max Min Typ2 Max 

Input voltage3 

VIH High VCC = Max 2 2 

VIL Low Vee = Min 0.85 0.8 
VIC Clamp3.4 VCC = Min, liN = -18mA -0.8 -1.2 -0.8 -1.2 

Output voltage VCC = Min 
VOH High (82S105)3.5. IOH = -2mA 2.4 2.4 

VOL LOW3.6 10L = 9.6mA 0.35 0.45 0.35 0.50 

Input current 

IIH High VIN = 5.5V <1 25 <1 50 
IlL Low VIN = 0.45V -10 -100 -10 -150 

IfL Low (CK input) VIN = 0.45V -50 -250 -50 -350 

Output current VCC = Max 
10LK Leakage? VOUT = 5.5V 1 40 1 60 
10(OFF) Hi-Z state (82S105)1 VOUT = 5.5V 1 40 1 60 

VOUT = 0.45V -1 -40 -1 -60 
lOS Short circuit (82S 105)4.8 VOUT = OV -20 -70 -15 -85 

ICC V CC supply current9 VCC = Max 120 180 120 185 

Capacitance? VCC = 5.0V 
CIN Input VIN = 2.0V 8 8 
COUT Output VOUT = 2.0V 10 10 

NOTES 

UNIT 

V 

V 

IJ.A 

IJ.A 
IJ.A 

rnA 

rnA 

pF 

1. Stresses sbove those listed under "Absolute Maximum Ratinga" may cause permanent 
damago to the device. This is a stre88 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. 

5. Measured with VIL applied to ~ and a logic high stored. or with VIH applied to PRo 

2. All typical values are at VCC ··SV. TA - 2SoC. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 

6. Meesured with a programmed logic condition for which the output is at a low logic level. 
and VIL applied to PR/O.E. Output sink current is supplied thru a resiatC?r to Vec. 

? Measured with VIH applied to PR/O.E.. 
8. Duration of short circuit should not exceed 1 second. 
9,. lec is measured with the PR I O.E. input grounded. all other inputs at 4.5V and the 

outputs open. 

AC ELECTRICAL CHARACTERISTICS R1 = 4700, R2 = 1k!2, CL = 30pF 
N82S104/105: ODC $ TA $ + 75°C, 4.75V $ Vcc $ 5.25V -

N82S1 0411 05 N82S1041105A 
PARAMETER TO FROM 

Typ1 Typ1 
UNIT 

Min Max Min Max 

Pulse width ns 
TCKH Clock3 high CK- CK+ 30 15 25 15 

TCKL Clock low CK+ CK- 30 15 25 15 
TCKP1 Period (w/o c-array) CK+ CK+ 90 40 60 40 
TCKP2 Period (w/c-array) CK+ CK+ 120 60 80 50 
TpRH Preset pulse PR+ PR- 25 15 25 15 

Set-up time ns 
TIS1 Input CK+ Input± 60 40 
TIS2 Input (through Complement array) CK+ Input ± 90 60 
Tvs Power-on preset CK- Vcc + 0 - 10 0 - 10 
TpRS Preset CK- PR- O - 10 0 -10 

Hold time ns 
TiH Input Input ± CK+ 5 - 10 5 -10 

Propagation delay ns 
TCKO Clock Output ± CK+ 15 30 15 20 
TOE Output enable Output - O.E.- 20 30 20 30 
Too Output disable Output + O.E.+ 20 30 20 30 
TpR Preset Output + PR+ 18 30 18 30 
TpPR Power-on preset Output + Vcc + 0 10 0 10 

Frequency of operation MHz 
fMAX w/o c-array 11.11 16.66 
fMAX w/c-array 8.33 12.5 

Signetics 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE GATE ARRAY (18X12) 

'4149t#\' 
DESCRIPTION 
The 82S 150 and the 82S 151 are single level 
logiC elements, consisting of 12 AND gates 
with fusible link connections for program
ming 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 I/O gate configurations via 3 direction 
control gates (D), ranging from 18 inputs to 
12 outputs. 

On chip TIC buffers couple eitherTrue (I, B) 
or Complement (i, 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 I 
NAND logic functions. Alternately, if de
sired, OR / NOR logic functions can also be 
realized by programming for each gate the 
complement of its inputs and output 
(DeMorgan's Theorem). 

The 82S 150 and the 82S 151 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 
N82S 150 1151 N or F. For the military tem
perature range (-55 ° C to + 125 ° C) specify 
S82S150/151 F only. 

FUNCTIONAL DIAGRAM 

'0 

FEATURES 
• Field Programmable (NI·Cr link) 
• 6 Inputs 
• 15 Product Terms: 

12 Logic Terms 
3 Control Terms 

• 12 bidirectional 110 lines 
• Active high or low outputs 
• Programmable output enable 
• Power dissipation: 650mW (typ) 
• 110 propagation delay: 25ns (max) 
• Input loading 

N82S150/151: -100~ (max) 
S82S150/151: -150JLA (max) 

• Output options 
82S150: open collector 
82S151: three·state 

• TTL compatible 

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

°0_2 

---------, ,~ 
's ~4_--------------------------------------------~----------------++1 , ~" 

All Ni-Cr links are initially intact. 

Signetics 

OCTOBER 1982 

825150 (O.C.)/825151 (1.5.) 

INTEGRATED FUSE LOGIC 
SERIES 20 

PIN CONFIGURATION 

F=Cerdip 
N= Plastic 

F,N PACKAGES 

LOGIC FUNCTIONS 

Typical Output Functions: 
Active-High 

X=A.8·C ...... 

Active·Low 
X=A.8.C ..... . 
X=A+ 8+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, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 

© IC MASTER· 1983 See Pages 3909-3910 for Product Selector Guides. 3917 
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BIPOlAR MEMORY DIVISION 

FIELD PROGRAMMABLE GATE ARRAY (18X12) 

'4IW)[4'4 
ABSOLUTE MAXIMUM RATINGS 

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 

N82S150/151 0 +75 
S82S150/151 -55 +125 

TSTG Storage -65 +150 

UNIT 

Vdc 
Vdc 
Vdc 
rnA 
rnA 
Co 

OCTOBER 1982 

825150 (O.C.)/825151 (T.5.) 

INTEGRATED FUSE LOGIC 
SERIES 20 

THERMAL RATINGS 

MIII- Commer-
TEMPERATURE tary clal 

Maximum junction 175°C 150°C 
Maximum ambient 125°C 75°C 
Allowable thermal rise 
ambient to junction 50°C 75°C 

DC ELECTRICAL CHACTERISTICS N82S150/151: O°C ~ TA ~ + 75°C, 4.75V ~ Vee ~ 5.25V 
S82S150/151: - 55°C ~ T A ~ + 125°C, 4.5V ~ Vee ~ 5.5V 

N82S150/151 S82150/151 
PARAMETER TEST CONDITION i 

Min Typ2 Max Min Typ2 Max 
UNIT 

Input voltage3 V 
VIL Low Vce = Min .85 .80 
VIH High VCC = Max 2.0 2.0 

VIC Clamp3.4 Vce = Min, I in = - 18mA -.8 -1.2 -.8 -1.2 

Output voltage3 VCC = Min V 
VOL Low 10L = lOrnA .5 
VOL Low 10L = 8mA .5 
VOH High 10H = -2mA 2.4 2.4 

Input Current ILA 
IlL Low VIN = 0.45V -100 -150 
IIH High VIN = 5.5V 40 SO 

Output Current Vce = max 
10LK Leakage (82S 150) VOUT = 5.SV 40 60 ILA 
10(OFF) Hi-Z state (82S {S1) VOUT = 5.SV 40 60 ILA 

VOUT = .4SV -40 -60 

lOS Sho(t circuit (82S151)4,5 VOUT = OV -20 -70 -15 -85 rnA 

ICC V CC supply current VCC = max 1.30 155 130 155 rnA 

Capacitance Vce = 5V pF 
CIN Input VIN = 2.0V 8 8 
CB I/O VB = 2.0V 15 15 

en AC ELECTRICAL CHACTERISTICS R1 = 4700, R2 = 1 KO 
o N82S150/151: ooe ~ TA ~ + 7Soe, 4.75V ~ Vee ~ 5.25V :;:: 
Q) S82S150/151: - 55°C ~ TA ~ + 125°C, 4.5V _~ Vee ~ 5.5V 
c::: 
.2> 
C/) TEST N82S150/151 S82S150/151 

PARAMETER TO FROM 
CONDITIONS Min Typ2 Max Min Typ2 

TpD Progagation delay Output± Input± CL = 30pF 20 25 20 

TOE Output enable Output- Input± 20 25 20 

TOO Output disable7 
Output+ Input± CL - 5pF 20 25 20 

NOTES 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 

damege to the device. This II e stresl rating only, and functional operation of the 
device of these or eny other condition ebove those indicated in the operation of the 
device speclflcetlons II not Implied. 

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

2. All typical valuel are at VCC • !iV, TA = 25"C. 
3. All voltage valuel are with relpect to network ground terminal. 
... Telt one at a time. 

6. Measured at VT = VOL + O.5V. 

.Signefics 

Max 
UNIT 

ns 

ns 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10) 

DESCRIPTION 
The 82S152 and 82S153 are two-level logic 
elements, consisting of 32 AND gates and 
10 OR gates with fusible link connections for 
programming I I 0 polarity and direction. 

All AND gates are linked to 8 inputs (I) and 
10 bidirectional 1/0 lines (B). These yield 
variable I I 0 gate configurations via 10 di
rection 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 
AND 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 inplementing AND
OR or AND-NOR logic functions. 

The 82S 152 and the 82S 153 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 temper
ature range (O°C to + 75°C) specify 
N82S152/153 N or F and N82S152A1153A N 
or F. For the military temperature range 
(-55°C to +125°C) specify S82S1521153 F 
only and S82S152A/153A F only. 

FUNCTIONAL DIAGRAM 

10 

FEATURES 
• Field programmable (Ni·Cr links) 
• 8 Inputs 
• 32 AN 0 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: 
N82S1521153: 40ns (max) 
N82S152A1153A: 30ns (max) 
S82S1521153: 60ns (max) 
S82S152A1153A: 45ns (max) 

• Input loading 
N82S1521153: -100ItA (max) 
S82S152/153: -150jlA (max) 

• Power dissipation: 
650mW (typ) 

• Output options: 
82S152: open collector 
82S153: tri·state 

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

Og 

------~ ,~ 
7o-~~~----r_----------------------------r_----------------_t--------~\t~tfl 

~----I >------..-----+----o Bo 

>-------------------------~----~Bg 

Signetics 
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825152 (O.C.)/82S153 (T.S.) 
82S152A (O.C.)/82S153A (T.S.) 

INTEGRATED FUSE LOGIC 
SERIES 20 

PIN CONFIGURATION 

F = Cerdip 
N = Plastic 

LOGIC FUNCTION 

Typical product term: 
Pn = A • B • C • 0 • ..... 

Typical logic function: 
At Output Polarity = H 

X = PO + P1 + P2 ..... 

At Output Polarity = L 
X=PO+P1+P2+ .... . 
X = PO • P1 • P2 .... . 

NOTES: 
1. For each of the 10 outputs, either function X 

(active·high) or)( (active·low) is available, but not 
both. The desired output polarity is programmed 
via link (L). 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

FIELD PROGRAMMABLE LOGIC ARRAY (18 x 32 x 10) . 82:~~~i~6~c1iU~~f~~i H:~J 
INTEGRATED FUSE LOGIC 
SERIES 20 

ABSOLUTE MAXIMUM RATINGS1 THERMAL RATINGS 

RATING MIII- Commer-
PARAMETER 

Min Max 
UNIT TEMPERATURE tary clal 

VCC Supply voltage +7 Vdc 
VIN Input voltage +5.5 Vdc 
VOUT Output voltage +5.5 Vdc 
liN Input clJrrents -30 +30 rnA 

Maximum junction 175°C 150°C 
Maximum ambient 125°C 75°C 
Allowabl~ thermal rise 
ambient to junction 50°C 75°C 

lOUT Output currents +100 rnA 
Temperature range Co 

TA Operating 
N82S 152J153/152A/153A 0 +75 
S82S 152J153J152AJ153A -55 +125 

TSTG Storage -65 .. +150 

DC ELECTRICAL CHARACTERISTICS N82S152/153, N82S152A/153A: O°C ~ TA ~ + 75°C, 4.75 ~ Vee ~ 5.25V 
S82S152/153, S82S152A/153A: - 55°C ~ T A ~ + 125°C, 4.5V ~ Vee ~ 5.5V 

N82S152/153 S82S152/153 
PARAMETER TEST CONDITION 

Min Typ Max Min Typ Max 
UNIT 

Input voltage V 
VIL Low VCC = 'min .85 ,80 

VIH High VCC = max 2.0 2.0 

VIC Clamp VCC = min, lin = -18mA -.8 -1.2 -.8 -1.2 

Output voltage VCC = min V 
VOL low 10l = 15mA .5 

VOL ~ low 10l = 12mA .5 
VOH High 10H = -2mA 2.4 2.4 

Input current p.A 

III low VIN = 0.45V -100 -150 

IIH High VIN = 5.5V 40 50 

Output current VCC = max 
10lK leakage (82S152) VOUT = 5.5V 40 60 p.A 

10(OFF) -Hi-Z state (82S 153) VOUT = 5.5V 40 60 p.A 
VOUT = .45V -40 -60 

lOS Short circuit (82S 153) VOUT = OV -20 -70 -15 -85 mA 

~c VCC supply current8 VCC = max 130 155 130 165 mA 

Capacitance VCC = 5V pF 
CIN Input VIN = 2.0V 8 8 

i Cs 1/0 VB = 2.0V 15 15 

AC ELECTRICAL CHACTERISTICS RA = 470n, R2 = 1 Kn 

PARAMETER 

TpD Progagation delay 
TOE Output enable 

TOO Output disable 

PARAMETER 

TpO Progagation delay 
TOE Output enable 

TOO Output disable 

3920 

TO 

Output ± 
Output-

OutpuH 

TO 

Output± 
Output-

OutpuH 

N82S152/153, N82S152A/153A: O°C ~ TA ~ + 75°C, 4.75 ~ Vee ~ 5.25V 
S82S152/153, S82S152A/153A: - 55°C ~ TA ~ +125°C, 4.5V ~ Vee ~ 5.5V 

TEST N82S152/153 S82S152/153 
FROM 

CONDITIONS Min Typ Max Min Typ Max 

Input± 
CL = 30pF 

'30 . 40 30 55 
Input± 25 35 25 45 

Input± CL = 5pF 25 35 25 45 

TEST N82S152AJ153A S82S152A1153A 
FROM 

CONDITIONS Min Typ Max Min Typ Max 

Input ± 
CL = 30pF 

20 30 20 45 
Input± 20 30 20 40 

Input ± CL = 5pF 20 30 20 40 

Signetics 

UNIT 

ns 

ns 

UNIT 

ns 

ns 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

FIELD PROGRAMMABLE LOGIC SEQUENCER 
(16X32X12) 825154/618 (O.C.)/825155/7/9 (T.5.) 

'At41t41 
DESCRIPTION 
The 82S154/155/156/157/158/159 are Open Col
lector and Tri-state registered logic elements 
combining ANDIOR gate arrays with clocked J/K 
flip-flops, dynamically convertible to D-type via a 
"foldback" inverting buffer and control gate Fc. 
They all have similar organization, featuring 
respectively 4, 6, or 8 registered 1/0 outputs (F), 
in conjunction with 8, 6, or 4 bidirectional 1/0 
lines (8). These yield variable 1/0 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 
1/0 polarity and direction. All AND gates are 
linked to 4 inputs (I), bidirectional 1/0 lines (8), 
internal flip-flo.£ outputs (0), 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 IIG bu!fe!.s ~u£le either True (I, 8, 0) or 
Complement (I, 8, 0, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. One group of OR gates 
drives bidirectional 1/0 lines (8), 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 82S158/159, where AND functions 
are provided). 

All flip-flops are positive edge trigger and can be 
used as input, output, or 1/0 (for interfacing with 
a bidirectional data bus) in conjunction with load 
control gates (L), steering inputs (I), (8), (0) and 
programmable output select lines (E). 

The 82SXXX are field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

FLIP-FLOP TRUTH TABLE 

+5 

NOTES 

L X X H L X X 
L X X L H X X 

L L 
L L 
L L 
L L 

H H 
H H 

+10V ~ 

L L L L 
L L L H 
L L H L 
L L H H 

L L L H 
L L H L 

X X L H 
X X H L 

1. Positive logic: 

J/K = TO + T 1 +T2 ··· .. T47 

H L 
L H 

a Q 
L H 
H L 
Q a 
L H* 
H L * . 

L H** 
H L** 

Tn = C • (10 .1 1 .12 , .. ) • (00· 0 1 ... ) • (80· 8 1 • ... ) 
2. t denotes transition from low to High level. 
3. X = Don't Care 
4. • = Forced at Fn pin for loading J/K flip-flop in 1/0 

mode. l must be enabled, and other active Tn disabled 
via steering input(s) I, 8, or O. 

5. At P = R = H, 0 = H. The final state of 0 depends on 
which is released first. 

6. • • = Forced at Fn pin to load J/K flip-flop independent 
of program code (Diagnostic mode). 

INTEGRATED FUSE LOGIC 
SERIES 20 

All devices are available in a 20-pin, slim line 
package. For the commercial temperature 
range (O°C to +75°C) specify N82SXXX N or F. 
For the military temperature range (-55°C to 
+ 125°C) specify S82SXXX F only. 

FEATURES 
• Field programmable (Ni-Cr link) 

• 4 Inputs 
• 13 control gates 

• 32 AND gates 
• 21 OR gates 
• 45 product terms: 

32 logic terms 
13 control terms 

• Bidirectional 110 lines: 82S1541155-8 
825156/157-6 
82S1581159-4 

• Bidirectional Registers: 82S1541155-4 
825156/157 -6 
825158/159-8 

• JIK, T, or O·type f1ip·flops 
• Asynchronous Preset/Reset 
• Complement Array 
• Active high or low outputs 
• Programmable O.E. control 
• Positive edge trigger clock 
• Power-on reset of all f1ip·flopw (Fn = "1") 
• Clock frequency: N825XXX: 15 MHz (max) 

5825XXX: MHz (max) 

• Input loading: N825XXX: -100pA (max) 
5825XXX: --150pA (max) 

• Power dissipation: 650mW (typ) 
• TTL Compatible 

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

FUNCTIONAL DIAGRAM 
(lOGIC TERMS) 

PIN CONFIGURATION 

F,N PACKAGES 

82S154/155 

82S156/157 

82S158/159 

F = Cerdip 
N = Plastic 

(CONTROL TERMS) 

P R l D 

b 

~~----~--+----------------+--~--+---~a 

~~~----~--+----------------+--~--+---~i 

.-__ ~S~----~--+----------------+--~--+---~b 
~~----+---r---------------+--4--~--~b 
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BIPOLAR MEMORY DIVISION 

. FIELD PROGRAMMABLE LOGIC SEQUENCER 
(16X32X12) 

i$tiU4ki 
ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

Vee Supply voltage 
VIN Input voltage 
VOUT Output voltage 
liN Input currents 
10u'T Output currents 

Temperature range 
TA Operating 

N82S154/5/6/7/8/9 
S82S154/5/6/7/8/9 

TSTG Storage 

RATING 

Min Max 

+7 
+5.5 
+5.5 

-30 +30 
+100 

0 +75 
-55 +125 
-65 +150 

OCTOBER 1982 

82S154/6/8 (O.C.)/82S155/7/9 (T.S.) 

UNIT 

Vdc 
Vdc 
Vdc 
mA 
mA 
°e 

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 N82S154/5/6/7/8/9: 0° :.:; TA:':; +75°e, 4.75V:':; vee:':; 5.25V 
S82S154/5/6/7/8/9: -55°C:.:; TA:':; +125°e, 4.5V:':; Vee:':; 5.5V 

PARAMETER 

Input voltage3 

VIH High 
VIL Low 
VIC Clamp 

Output voltage3 

VOH High (82S155/7 /9) 

VOL Low 
VOL Low 

Input current 
IIH High 
IlL Low 
IlL Low (eK input) 

Output current 

10LK Leakage5 

10(OFF) Hi·Z state (82S155/7 /9)1 

lOS Short circuit (82S 155/7/9)4.6 

ICC Vee supply currentl 

Capacitance 
elN Input 

eOUT Output 

NOTES 
1. 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 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. T A - 25°C. 
3. All voltage values are with respect to network ground 

terminal. 
4: Test one at a time. 
5. Measured with VIH applied to 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. 

N82S154/5/6/7/8/9 
TEST CONDITIONS 

Min Typ2 Max 

Vee = Max 2 
Vee = Min 0.85 

Vee = Min, liN = -18mA -0.8 -1.2 

Vee = Min 
10H = -2mA 2.4 
10L = 10mA 0.35 .0.5 
10L = 10mA 

VIN = 5.5V <1 40 
VIN = 0.45V -10 -100 
VIN = 0,45V -50 -250 

Vee = Max 
VOUT = 5.5V 1 40 
VOUT = 5.5V 1 40 
VOUT = 0.45V -1 -40 

VOUT = OV -20 -70 

Vee = Max 130 155 

Vee = 5.0V 
VIN =2.0V 8 

VOUT = 2.0V 15 

Signetics 
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S82S154/5/6/7/8/9 

Min Typ2 Max 
UNIT 

V 
2 

0.8 
-0.8 -1.2 

V 
2.4 

0.35 0.5 

IlA 
<1 50 
-10 -150 
-50 -350 

1 60 IlA 
1 60 IlA 

-1 -60 
-15 -85 mA 

130 155 mA 

pF 
8 
15 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE LOGIC SEQUENCER 
(16X32X12) 

I ;J '4% tAWI 

OCTOBER 1982 

825154/618 (O.C.)/825155/7/9 (T.5.) 

INTEGRATED FUSE LOGIC 
SERIES 20 

AC ELECTRICAL/CHARACTERISTICS R1 = 470Q, R2 = 1kQ 

PARAMETER TO 

Pulse width 

TCKH Clock2 high CK-

TCKL Clock low CK+ 

TCKP Period CK+ 

TpRH Preset/Reset pulse (I,B)+ 

Set up time 

T'S1 Input CK+ 

T'S2 Input (through Fn) CK+ 

T'S3 Input (through 
Complement array)4 CK+ 

Hold time 

T'H1 Input CK+ 

T'H2 CK+ 

Propagation delay 

TCKO Clock F± 

TOE1 Output enable F-

TOD1 Output disable3 F+ 
TpD Output B± 

TOE2 Output enable B± 

TOD2 Output disable3 B+ 

TPRO Preset 1 Reset F± 

TpPR Power-on preset F-

NOTE 
1. All typical values are at V CC = 5V. T A = 25 0 C. 

N82S154/5/61718/9: O°C,:::; TA':::; +75°C, 4.75V .:::; vcc':::; 5.25V 
S82S154/5/6/7/8/9: -55°C.:::; TA .:::; +125°C, 4.5V .:::; VCC':::; 5.5V 

TEST N82S154/5/6/7/8/91 S82S154/5/6/7/8/9 
FROM 

CONDITIONS Min Typ1 Max Min Typ1 Max 

CK+ 25 20 20 
CK- 25 20 20 
CK+ 65 50 50 

(I,B)- 25 20 20 

(I,B)± 35 30 30 
F± CL = 30pF 10 5 5 

(I,B)± 45 40 40 

(I,B)± -10 0 -10 
F± -5 0 -5 

CK+ 25 30 25 
O.E.- 20 25 20 
O.E.+ CL = 5pF 20 25 20 
(I,B) ± 

CL = 30pF 
35 40 35 

(I,B)+ 35 40 35 
(I,B)- CL = 5pF 35 40 35. 
(I,B)+ 

CL = 30pF 
50 65 50 

VCC+ 0 10 0 

UNIT 

ns 

ns 

ns 

ns 

2. To prevent spurious clocking. clock rise time (10%-90%) S IOns. 

3. Measured.at VT = VOL + 0.5 V. 
4. When using the Complement Array T CKP = 75ns (min). 

TEST LOAD CIRCUIT 

VCC 

10 c::r--. 
I 
I 

13 c::r--. 

Bw'~ OUT 

I 
BX o--!.. 
CK c::r--. 

-

© Ie MASTER 1983 

+5V 

By 

BZ 

FO 

FN 

O.E. 

CL 

I (INCLUDES 
- SCOPE AND JIG 

CAPACITANCE) 

Signetics 

VOLTAGE WAVEFORM 

INPUT PULSES 

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

See Pages 3909-3910 for Product Selector Guides. 3923 
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BIPOLAR MEMORY DIVISION 

2304-BIT BIPOLAR RAM (256 x 9) 

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, 
pushdown 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 110) with separate out
put disable (00) line that allows ease of 
read/write operations using a common 
bus. 

TRUTH TABLE 

MODE 

Disable output 
Disable R/W 
Write 
Read 

x = Don't care 

BLOCK DIAGRAM 

Ao 

A1 

A2 

A3 

A7_ 

WE_ 

X 
DEC. 

10F 
32 

YDEC. 
1OF8 

WE 

X 
X 
0 
1 

32 

The 82S212A is available in the commer
cial temperature range. For the commer
cial temperature range (OOe 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 ON 
IN/OUT 

X 
1 
0 
0 

1 
X 
1 
0 

MEMORY CELL MATRIX 
32X72 = 2304 

1 OF 8 (X9) 

High Z 
High Z 
Data in 

Data out 

00_ 

CONTROL 
LOGIC 

t t t t t 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vec Supply voltage +7 Vdc 

VIN Input voltage +5.5 Vdc 

Vo Off-state output voltage +5.5 Vdc 
Temperature range °c 

TA Operating o to + 75 

TSTG Storage -65 to +150 

Signetics 

OCTOBER 1982 

825212A (T .5.) 

PIN CONFIGURATION 

°F= Cerdip 
N= Plastic 

N, F PACKAGE· 

TOP VIEW 

TYPICAL 1/0 STRUCTURE 

-=- +V 

3924 See Pages 3909-3910 for Product Selector Guides. © IC MASTER 1983 



BIPOLAR MEMORY DIVISION OCTOBER 1982 

2304-81T BIPOLAR RAM (256 x 9) 825212A (T.5.) 

DC ELECTRICAL CHARACTERISTICS1 N82S212A: O°C :5 T A :5 + 75°C, 4.75V :5 Vcc :5 5.25V 

N82S212A 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Input voltage V 
VIL Low Vcc= Min .85 
VIH High Vcc= Max 2.0 
VIC Clamp2 Vcc = Min, liN = - 12mA -1.5 

Output voltage V 

VOL Low3 Vcc= Min, IOL=8.0mA 0.5 

Input current flA 
IlL Low VIN = 0.45V -100 
IIH High VIN = 5.5V 25 

Output current 

10 (OFF) Hi·Z state CE= High or 00= High, VOUT= 5.5V 40 flA 
CE= High or 00= High, VouT =0.5V -100 

los Short circuit 4, 5 CE= 00= Low, VOUT= OV -20 -70 rnA 

Ice Vec supply current5 Vec= Max 135 185 rnA 

Capacitance Vcc= 5.0V pF 
CIN Input VIN=2.0V 5 
COUT Output VOUT= 2.0V 8 

AC ELECTRICAL CHARACTERISTICS1 R1 = 4700, R2= 1kO, CL = 30pF 
N82S212A: O°C :5 TA :5 + 75°C, 4.75V :5 Vec :5 5.25V 

N82S212A 
PARAMETER TO FROM 

Typ3 
UNIT 

Min Max 

Access time ns 

TAA Address Output Address 35 

Enable time ns 
TOE . Output Output 00 5 25 
TCE Output Output Chip enable 25 

Disable time ns 
TOD Output Output 00 25 
TCD Output Output Chip enable 25 

Pulse width ns 
Twp Write 25 

Twsc Setup time Write Chip enable 5 
TWHD Hold time Chip enable Write 5 

TWSD Setup time Write Data 25 
TWHD 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 5 
THO Hold time 00 Chip enable 15 

--
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 Vce= 5V, TA = 25°C. 
4. Measured on one pin at a time. 
5. Duration of lOS test should not exceed one second. 

Signetics 
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BIPOLAR MEMORY DIVISION 

4096·B11 BIPOLAR PROM (1024x4) 

DESCRIPTION 
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. 

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. 

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 

FEATURES 
• Address access time: 

N82S137A: 45ns max 
N82S137B: 35ns max 
S82S137A: 70ns max 

• Power dissipation: 13mW/bit typ 
• Input loading: 

N82S137: -100I'A max 
S82S137: -150~ max 

• On-chip address decoding 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

AOo-------------------------~~--_r------r_----_r----~ 
A1O---------------~ 
A2o---------------~ 

A3O-------------------------~i-~-L~----L-~-L~~ 

OUTPUT LINES 

~ ABSOLUTE MAXIMUM RATINGS 
..... 
Q) 

PARAMETER RATING UNIT 
c:: 
C> VCC Supply voltage +7 Vdc 

en VIN Input voltage +5.5 Vdc 
Output voltage Vdc 

Vo Off-state +5.5 
Temperature range °c 

TA Operating 
N82S137 o to +75 
S82S137 -55 to +125 

TSTG Storage -65 to +150 

Signetics 

OCTOBER 1982 

825137 A/825137B (1.5.) 

PIN CONFIGURATION 

'F = Cerdip 
N = Plastic 
R = Flat Pak 

F,N,R PACKAGE 

TOP VIEW 

3926 See Pages 3909-3910 for Product Selector Guides. © IC MASTER 1983 



BIPOLAR MEMORY DIVISION OCTOBER 1982 

4096-BIT BIPOLAR PROM (1024x4) 825137 A/825137B(T.5.) 

DC ELECTRICAL CHARACTERISTICS N82S137A/N82S137B: O°C :5 T A :52 s75°C, 4.75V :5 Vcc :5 5.25V 
S82S137A: - 55°C :5 TA :5 + 125°C, 4.5V :5 Vcc :5 5.5V 

N82S137AJN82S137B S82S137A 
PARAMETER TEST CONDITIONS" 2 

Min Typ5 Max Min Typ 

Input voltage 
VIL Low .85 
VIH High 2.0 2.0 
VIC Clamp liN = -18mA -0.8 -1.2 

Output voltage CE1,2 = Low 
VOL Low lOUT = 16mA 0.45 
VOH High lOUT = -2mA , 2.~ 2.4' 

Input current 
IlL Low VIN = 0.45V -100 

IIH High VIN = 5.5V 40 

Output current 
10(OFF) Hi·Z state CE1,2 = High, VOUT = 0.5V 40 

CE1,2 = High, VOUT = 5.5V -40 
lOS Short circuit3 CE1,2 = Low, VOUT = OV, 40 

Stored High -20 -70 -15 

ICC , V CC supply current 85 140 

Capacitance CE1,2 = High, VCC = 5.0V 
CIN Input VIN = 2.0V 5 5 
COUT Output ' VOUT = 2.0V 8 8 

AC ELECTRICAL CHARACTERISTICS R1 = 270n, R2 = 600n, CL = 30pF 
N82S137A/N82S137B: O°C :5 TA S + 75°C, 4.75V S Vcc S 5.25V 
S82S137A: - 55°C :5 TA :5 + 125°C, 4.5V :5 Vcc :5 5.5V 

PARAMETER TO FROM 

TAA 4 Output Address 
,TCE 

Access time 
Output Chip enable 

TCD Disable time Output Chip disable 

NOTES 
" 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' second. 
4. Tested at an address cycle time of 1"sec. 
S. Typical values are at VCC = SV, TA = 2SoC. 

TEST LOAD CIRCUIT 

Vee 

0---- Ao vec 

N82S137A N82S137B S82S137A 

Min Typs Max Min Typ Max Min Typ 

35 45 30 35 
15 30 25 

15 30 25 

VOLTAGE WAVEFORM 

Max 
UNIT 

V 
.80 

-1.2 

V 
0.5 

JlA 
-150 

50 

60 JlA 
-60 JlA 
60 

-85 mA 

150 mA 

pF 

UNIT 
Max 

70 
40 

ns 

40 ns 

,.-----------------30V 
0---- A, 

~-------------------------OV 
0, 

R, ,.-----3,OV 
0, 

0, --0 

O. 

I 
Cl (INCLLiDES SCOPE & 

R, JIG CAPACITANCE) 

All inpuls: Ir = If = 5 hrs (10% 10 90%) 

-=-

Signetics 
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BIPOLAR MEMORY DIVISION 

4096-BIT BIPOLAR PROM (512x8) 

DESCRIPTION 
The 82S147A 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 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, F, N. 

BLOCK DIAGRAM 

A, O--:-------l~1 

ADDRESS 
LINES 

1:64 
DECODER 

AoO---------____ ~1 

CE 

en ABSOLUTE MAXIMUM RATINGS o 
:;:: 
Q) 
C 
.~ 
en Vcc 

VIN 

Va 

TA 
TSTG 

PARAMETER 

Power supply voltage 
Input voltage 
Output voltage 

Off-state 
Temperature range 

Operating 
Storage 

FEATURES 
• Address access time: 45ns max 
• Power dissipation: 853mW max 
• Input loading: -100j.LA max 
• One chip enable Input 
• On chip address decoding 
• No separate fusing pins 
• Fully TTL compatible 

APPLICATIONS 
• PrototypJng/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control store 
• Random logic 
• Code conversion 

64X64 MATRIX 

8 TRI·STATE DRIVERS 

0, 0, 0, 0, 0, 0, 0, 0, 

OUTPUT LINES 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 

+5.5 Vdc 
°C 

Oto+75 
-65 to +150 

Signetics 

OCTOBER 1982 

825147 A (T .5.) 

PIN CONFIGURATION 

F=Cerdip 

N = Plastic 

F,N PACKAGE 

TOP VIEW 

3928 See Pages 3909-3910 for Product Selector Guides. @ Ie MASTER 1983 



BIPOLAR MEMORY DIVISION OCTOBER 1982 

4096-BIT BIPOLAR PROM (512 X 8) 825147 A (T .5.) 

DC ELECTRICAL CHARACTERISTICS O°C:S TA:S +75°C, 4.75V:S Vcc:S 5.25V. 

TEST CONDITIONS1,2 
LIMITS 

PARAMETER UNIT 
Min Typs Max 

I nput voltage 2 V 
Vil Low .85 
VIH High 2.0 
VIC Clamp liN = -18mA -1.2 

Output voltage V 
VOL Low lOUT = 9.6mA 0.45 

VOH High CE = Low, lOUT = -2mA, High stored 2.4 

Input current J.1.A 
III Low VIN = 0.45V -100 
IIH High VIN = 5.5V 40 

Output current 
10lK Leakage CE = High, VOUT = 5.5V 40 J.1.A 
10(OFF) Hi-Z state CE = High, VOUT = 0.5V -40 J.1.A 

CE = High, VOUT = 5.5V 40 
los Short circuit 3 VOUT = OV -20 -70 mA 

Icc Vcc supply current 155 mA 

Capacitance Vcc = 5.0V CE = High pF 
CIN Input VIN = 2.0V 5 
COUT Output VOUT = 2.0V 8 

AC ELECTRICAL CHARACTERISTICS R1 = 4700, R2 = 1kO, Cl = 30pF, O°C:S TA:S +75°C, 4.75V:S Vcc :S5.25V 

PARAMETER 

Access time 
TAA4 
TCE 

TCD Disable time 

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 

VCC 

R, 

TO 

Output 
Output 

Output 

(INCLUDES SCOPE & 
JIG CAPACITANCE) 

LIMITS 
FROM UNIT 

Min Typs Max 

ns 
Address 45 

Chip enable 30 

Chip disable 30 ns 

4. Tested at an address cycle time of 1!,sec. 
5. Typical values are at V CC = 5V, T A = 25 ·C. 

VOLTAGE WAVEFORM 

,_----------------+J.ov 
~ _____________________ ov 

,_---+J.ov 

ov 

0, -0. 

Signetics 
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BIPOLAR MEMORY DIVISION 

8192-BIT BIPOLAR PROM (1024x8) 

DESCRIPTION 

The 82S181 is field-programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
82S181 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 featu'res 2 tri-state outputs 
for optimization of word expansion in bus
ed organizations. 

The 82S181 is available in both the com
mercial and military temperature ranges. 
For the commercial temperature range 
(O°C to + 75°C) specify N82S181AF or N 
or N82S181 BF or N, and for the military 
temperature range (- 55°C to + 125°C) 
specify S82S181, R, F, G, I. 

BLOCK DIAGRAM 

ADDRESS 
LINES 

A.o-..L-__ ~ 

FEATURES 
• Address access time: 

N825181A: 55ns max 
N825181 B: 45ns max 
5825181A: 80ns max 

• Power dissipation: 85JLW/bit typ 
• Input loading: 

N825181: -100JLA max 
5825181: -150~ max 

• On-chip address decoding 
• Output: 

825181: 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 

~o----------~~~~~~~----r-~~ 
A,o----------____ ~ 
A,o-------__ oIM 

Alo---------~~~~~~~~~~~ 

CE,o-__ _ 

CE, 
CEl 
CE.o--~~ 

0, 0, '0, O. 0, O. 0 7 0, 

OUTPUT LINES 

~ ABSOLUTE MAXIMUM RATINGS 
0> en PARAMETER RATING UNIT 

Vee Supply voltage +7 Vdc 

VIN Input voltage +5.5 Vdc 

Output voltage Vdc 
Va Off-state +5.5 

Temperature range °c 
TA Operating 

N82S181 o to +75 
S82S181 -55 to +125 

TSTG Storage -65 to +150 

Signetics 

OCTOBER 1982 

825181 A/825181 B (T .5.) 

PIN CONFIGURATION 

I,F,N,R, PACKAGE* 

GND 12 

1= Ceramic 
of = Cerdip TOP VIEW 
N = Plastic 
R = Flat Pak 

G PACKAGE 

07 0 8 NC CE4 CE3 CE2 CEl 
G " Leadless 

3930 See Pages 3909-3910 for Product Selector Guides. @ Ie MASTER 1983 



BIPOLAR MEMORY DIVISION OCTOBER 1982 

8192·B11 BIPOLAR PROM (1024x8) 825181 A/825181 B (1.5.) 

DC ELECTRICAL CHARACTERISTICS N82S181A/N82S181 B: DOC :5 TA :5 + 75°C, 4.75V :5 Vee :5 5.25V 
S82S181A: - 55°C :5 TA :5 + 125°C, 4.5V :5 Vee :5 5.5V 

N82S181AJN82S1818 S82S181A 
PARAMETER TEST CONDITIONS1,2 

Min Typ5 Max Min Typ Max 

Input voltage 
VIL Low .85 .80 
VIH High 2.0 2.0 
Vie Clamp liN = -18mA -0.8 -1.2 -1.2 

Output voltage CE1.2 = Low, CE3,4 = High 
VOL Low lOUT = 9.6rnA 0.45 0.5 
VOH High lOUT = -2mA 2.4 2.4 

Input current 
IlL Low VIN =:: 0.45V -100 -150 
IIH High VIN = 5.SV 40 50 

Output current 

10LK 
10(oFF) Hi-Z state CE1.2 = High, CE3,4 = Low, VOUT = 5.5V 40 -60 

CE1.2 = High, CE3,4 = Low, VOUT = 0.5V -40 60 
los Short circuit3 CE1.2 = Low, CE3,4 = High, VOUT = OV -20 -70 -15 -85 

High Stored 

lee Vee supply current CE1.2 = Low, CE3,4 = High 125 175 185 

Capacitance CE1.2 =:: High, Vee = 5.0V 
CIN Input VIN = 2.0V 5 5 
COUT Output VOUT =:: 2.0V 8 8 

AC ELECTRICAL CHARACTERISTICS R1 = 4700, R2= 1kO, CL = 30pF 
N82S181A/N82S181B: DoC :5 TA :5 + 75°C, 4.75V :5 Vee :5 5.25V 

S82S181A: - 55°C :5 TA :5 + 125°C, 4.5V :5 Vee :5 5.5V 

PARAMETER TO FROM 
N82S181A N82S1818 S82S181A 

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 

Teo Disable time Output Chip disable 20 35 30 , 45 

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 Vee = 5V, T A = 25 ·e. 

Signetics 
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BIPOLAR MEMORY DIVISION 

8192-B11 BIPOLAR PROM (2048x8) 

DESCRIPTION 
The 828185 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 828185 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 828185 device is available in the com-
mercial and military temperature ranges. 
For the commercial temperature range 
(O°C to + 75°C) specify N828185A, I, F, N 

FEATURES 
• Low power dissipation: 70ILW/bit typ 
• Address access time: 

N82S185A: 50ns max 
N82S185B: 45ns max 
S82S185A: 80ns max 

• Input loading: 
N82S185: -100ILA max 
S82S185: -150~ max 

• On-chip address decoding 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

or N828185B, I, F, or N, and for the military ABSOLUTE MAXIMUM RATINGS 
temperature range (- 55°C to + 125°C) 
specify 8828185, I, F, or R. PARAMETER 

Vce 8upply voltage 
VIN Input voltage 

Output voltage 

Va Off-state 
Temperature range 

TA Operating 
N828185 
8828185 

TSTG Storage 

BLOCK DIAGRAM 

ADDRESS 
LINES 

Signetics 

OCTOBER 1982 

825185A/82S185B (1.5.) 

I,F,N,R PACKAGE 

I=Ceramic 
F = Cerdip TOP VIEW 
N = Plasllc R = Flat Pak 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 
+5.5 

°C 

o to +75 
-55 to +125 
-65 to +150 

0, 

OUTPUT LINES 

3932 See Pages 3909-3910 for Product Selector Guides. @ IC MASTER 1983 



BIPOLAR MEMORY DIVISION OCTOBER 1982 

8192-BIT BIPOLAR PROM (2048 x 8) 825185A/825185B (T.5.) 

DC ELECTRICAL CHARACTERISTICS N82S185A/N82S185B: O°C s TA S + 75°C, 4.75V S Vce S 5.25V 
S82S185A: - 55°C S TA S + 125°C, 4.5V S Vcc S 5.5V 

PARAMETER TEST CONDITIONS1,2 
N82S185AJB 882S185A 

Min Typ5 Max Min Typ Max 

Input voltage 1 

VIL Low .85 .80 
VIH High 2.0 2.0 
VIC Clamp liN = -18mA -0.8 -1.2 -1.2 

Output voltage 1 
/ 

CE = Low 
VOL Low lOUT = 16mA 0.45 0.5 
VOH High lOUT = -2mA 2.4 2.4 

Input current 
ilL Low VIN= 0.45V -100 -150 
IIH High Y,N = 5.5V 40 50 

Output current 
10 (OFF) Hi-Z state CE = High, VOUT = 0.5V -40 -60 

CE = High, VOUT = 5.5V 40 60 
los Short circuit 3 CE = Low, VOUT = OV High Stored -20 -70 -15 -85 
Icc Vcc supply current 110 155 160 

I Capacitance CE = High, Vcc = 5.0V 
CIN Input VIN = 2.0V 5 5 

, COUT Output VOUT = 2.0V 8 8 

AC ELECTRICAL CHARACTERISTICS R1 = 270n, R2 = 600n, CL = 30pF 
N82S185A/N82S185B: O°C S TA S + 75°C, 4.75V S Vee S 5.25V 
S82S185A: - 55°C S TA S + 125°C, 4.5V S Vee S 5.5V 

N82S185A N82S185B 882S185A 
PARAMETER TO FROM 

Min Typ5 Max Min Typ Max Min Typ Max 

Access time 
TAA 4 Output Address 40 50 45 80 
TeE Output Chip enable 20 30 25 40 

Disable time 
TCD Output Chip disable 20 30 25 40 

NOTES 
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 Vee = 5V, T A = 25°e 
3. Duration of short circuit should not exceed 1 second. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

Vee 

UNIT 

V 

V 

IJA 

IJA 

mA 

mA 

pF 

UNIT 

ns 

ns 

_---------------+3,OV 
Vee 

~-------------------OV 

0, R, _---+3,OV 
OV 

o. 

All inputs: t, = tf = 5ns (10% to 90%) 

Signetics 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

16,384-BIT BIPOLAR PROM (2048 x 8) 825191 A (T .5.) 

DESCRIPTION 
The 82S191 is field programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
82S191 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 82S191 device is available in the com
mercial and military temperature ranges.' 
For the commercial temperature range 
(O°C to + 75°C) specify N82S191A, I or N, 
and for the military temperature range 
(- 55°C to + 125°C) specify S82S191A, I, R 
or G. 

FEATURES 
• Address access time: 

N82S191A: 60ns max 
S82S191A: 80ns max 

• Power dissipation: 20j.1W Iblt typ 
• Input loading: 

N82S191A: -100~ max 
S82S191A: -150~ max 

• 3 Chip enable Inputs 
• On-chip address decoding 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

APPLICATIONS 
• Prototyplng/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control store 
• Random logic 
• Code conversion 

PIN CONFIGURATIONS 

G PACKAGE 

TOP VIEW 

G = Leadless 

BLOCK DIAGRAM 

A,D-----_t 

ADDRESS 
LINES 

1:128 DE· 
CODER 

AIO U---------L ____ ..J 

I, ~,R PACKAGE 

I = Ceramic TOP VIEW 
R= Flat Pak 
N = Power Plastic 

128X256 
MATRIX 

A.~--------------------~--'---r--'---r--~-'r--r~, 
, A, 0---------------------+1 1:32 1:32 1:32 1:32 1:32 1:32 1:32 1:32 

A. MUX MUX MUX MUX MUX MUX MUX MUX 
A,U---------------------+I 
~o-------------------~~~~~~~~~~-L~ 

CE, D---01-"""" 
CE, Lr-----. 8 TRI-STATE DRIVERS 

C~ U-----iL...---' 

0, 0, 0, 0, 0, O. 0, O. 

OUTPUT LINES 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Supply voltage +7 Vdc 
VIN Input voltage +5.5 Vdc 

Output voltage Vdc 
Vo Off-state +5.5 

Temperature range °C 
TA Operating 

N82S191 o to +75 
S82S191 -55 to +125 

TSTG Storage -65 to +150 

Signetics 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

16,384-BIT BIPOLAR PROM (2048 X 8) 825191 A (T .5.) 

DC ELECTRICAL CHARACTERISTICS N82S191A: O°C :5 TA :5 + 75°C, 4.75V :5 Vee :5 5.25V 

S82S191A: - 55°C :5 TA :5 + 125°C, 4.5V :5 Vee :5 5.5V 

TEST CONDITIONS1,2 
N82S191A S82S191A 

PARAMETER 
Typ5 Min Max Min 

I nput voltage 
VIL Low .85 
VIH High 2.0 2.0 
Vie Clamp liN = -18mA -0.8 -1.2 

Output voltage CEl = Low. CE2.3 = High 
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 

Output current 

10(OFF) Hi-Z state CEl = High. CE2.3 = Low. -40 
VOUT = 0.5 

CEl = High. CE2.3 = Low. 40 
VOUT = 5.5 

los Short eircuit3 CEl = Low. CE2.3 = High. -20 -70 -15 
VOUT = OV 

lee Vee supply current 130 175 

Capacitance CEl = High. CE2.3 = Low. 

Vee = 5.0V 
CIN Input VIN = 2.0V 5 

COUT Output VOUT = 2.0V 8 

AC ELECTRICAL CHARACTERISTICS Rl = 4700, R2= 1kO, CL= 30pF 

N82S191A: OO_C :5 TA :5 + 75°C, 4.75V :5 Vee :5 5.25V 
S82S191A: - 55°C :5 TA :5 + 125°C, 4.5V :5 Vee :5 5.5V 

Typ 

5 
8 

N82S191A S82S191A 
PARAMETER TO FROM 

Typ5 Min Max Min Typ 

Access time 

TAA 4 Output Address 50 60 
TeE Output Chip enable 20 35 

Disable time 
TeD Output Chip disable 20 35 

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

5. Typical values are at vee = 5V. T A = 25°e. 

Signetics 
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Max 
UNIT 

V 
.80 

-1.2 

V 
0.5 

J.l.A 
-150 

50 

J.l.A 

-60 

60 

-85 rnA 

185 rnA 

pF 

Max 
UNIT 

ns 
80 
45 

ns 
45 
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BIPOLAR MEMORY DIVISION 

16,384-BIT BIPOLAR PROM (4096 x 4) 

Advance Information 

DESCRIPTION 
The 82HS195 is field programmable, which 
means that custom patterns are immediate
ly available by following the focusing pro
cedure given in this data manual. The 

. standard 82HS195 is supplied with all out
puts at logical low. OutpiJts are pro-

. grammed to a logic high level at any speci
fied address by fusing a programmable 
matrix. 

This device includes on-chip decoding and 
2 chip enable inputs for memory expansion. 
It features tri-state outputs for optimization 
of word expansion in bused organizations. 

The 82HS195 device is available in the com
mercial and military temperature ranges. 
For the commercial temperature range (O°C 
to + 75°C) specify 82HS195, I or N, and for 
the military temperature range (- 55°C to 
+ 125°C) specify S82HS195, I. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
VIN Input voltage 

Output voltage 
Va Off-state 

Temperature range 
TA Operating 

N82HS195 
S82HS195 

TSTG Storage 

BLOCK DIAGRAM 

ADDRESS 
LINES 

FEATURES 
• Low power dissipation: 35",W/blt typ 
• Address access time: 

N82HS195: 35ns max 
S82HS195: 50ns max 

• Input loading: 
N82HS195: -100",A max 
S82HS195: -150",A max 

• On·chlp address decoding 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 
+5.5 

DC 

a to +75 
-55 to +125 
-65 to +150 

A7o-------------~~ __ _r--~r_--_r--~ 

CE1 
CEz LI""""-U1 .J 

02 

OUTPUT LINES 

Signetics 

1= Ceramic 
N = Plastic 

3936 See Pages 3909-3910 for Product Selector Guides. 

OCTOBER 1982 

82HS195 (T .5.) 

I,N PACKA~E 

TOP VIEW 
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BIPOLAR MEMORY DIVISION 

16,384-BIT BIPOLAR PROM (4096x4) 

Advance Information 

DC ELECTRICAL CHARACTERISTICS N82HS195: O°C STA s + 75°C, 4.75V sVcc s5.25V 
S82HS195: - 55°C STA s +125°C, 4.5V sVcc s5.5V 

PARAMETER TEST CONDITIONS,,2 
N82HS195 

Min Typs Max 

Input voltage' 
V,L Low .85 
V,H High 2.0 
V'c Clamp liN = -18rnA -0.8 -1.2 

Output voltage' CE1 & CE2 = Low 
VOL Low lour= 16rnA 0.45 
VOH High lour= -2mA 2.4 

Input current 
IlL Low V'N= 0.45V -100 
IIH High Y,N = 5.5V 40 

Output current 
10 (OFF) Hi-Z state CE, & CE2= High, Vour =0.5V -40 

CE, & CE2= High, Vour =5.5V 40 
los Short circuit 3 CE, & CE2=Low, Vour=OV High Stored -20 -70 

Icc Vcc supply current 110 155 

Capacitance CE, & CE2= High, Vcc= 5.0V 
C,N Input V'N=2.0V 5 
COUT Output Vour=2.0V 8 

AC ELECTRICAL CHARACTERISTICS R1 = 270n, R2= 600n, CL = 30pF 

PARAMETER 

N82HS195: O°C STA s + 75°C, 4.75V sVcc s5.25V 
S82HS195: - 55°C sTA s +125°C, 4.5V sVcc s5.5V 

N82HS195 
TO - FROM 

OCTOBER 1982 

82H5195 (1.5.) 

S82HS195 
UNIT 

Min Typ Max 

V 
.80 

2.0 
-1.2 

V 
0.5 

2.4 

p.A 
-150 

50 

-60 p.A 
60 

-15 -85 mA 

165 rnA 

pF 
5. 
8 

S82HS19g 
UNIT 

Min Typs Max Min Typ Max 

Access time ns 
TAA4 Output Address 35 50 
TCE Output Chip enable 25 ·30 

Disable time ns 
rCD Output Chip disable 25 30 

NorEs 
1. All voltage values are with respect to network ground terminal. 4. Tested at an address cycle time of '",sec. 
2. Positive current is defined as into the terminal referenced. S. All typical values are at vCC = SV, T A = 25°C. 
3. Duration of the short circuit should not exceed 1.second. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

,..-----------------·3.0V 
0, 

0, 

© Ie MASTER 1983 

Vee 

~-------------------OV 
R, 

C L (INCLUDES SCOPE & 

-=-"'I "G eme'TANC<, 

All inputs: tf = tf = Sns 110% to 90%) 

Signetics 
See Pages 3909~391 0 for Product Selector Guides. 
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BIPOLAR MEMORY DIVISION OCTOBER 1982 

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. 

Both 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 

Vcc Supply voltage 

VIN Input voltage 
Output voltage 

VOUT High (open collector) 

Temperature Range 
TA Operating 

N grade 
S grade 

TSTG Storage 

BLOCK DIAGRAM 

a: w 
UI c 
~g8 

w 
c 

An, An 

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 
B or Level C; specify either 883B 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 
S82LS16/17: 65ns max· 

• Power dissipation: 0.98mW/bit typ 

• Input loading: 
N82LS16/17: -100IlA max 
S82LS16/17: - 2501lA max 

RATING 

+7 

+5.5 

+5.5 

o to + 70 
- 55 to + 125 
-65to+150 

UNIT 

Vdc 

Vdc 
_ Vdc 

°C 

°C 

CE1 

D----OCE2 

CE3 

Signetics 

• Output follows complement of data 
input during Write 

• On·chlp addres~ 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=Cerdip 
N = Plastic 
R= Flat Pak 

GND 

NC 

A5 

A6 

G= Leadless 

F, N, W PACKAGE 

TOP VIEW 

Order Numbers: 
N82LS16F or N82LS16N 
N82LS17F or N82LS17N 
S82LS16F or S82LS16W 
S82LS17F or S82LS17W 

G PACKAGE 

A7 WE DIN A3 

TOP VIEW 

Order Numbers: 
S82LS16G or S82LS17G 

Vee 

A2 

3938 See Pages 3909-3910 for Product Selector Guides. © IC MASTER 1983 



BIPOLAR MEMORY DIVISION OCTOBER 1982 

256·BIT BIPOLAR RAM (256 x 1) 82LS16 (T.S.)/82LS17 (O.C.) 

DC ELECTRICAL CHARACTERISTICS N82LS16J17: 0 °C:s TA:s + 75°C, 4.75V:s Vcc:s 5.25V 
S82LS16J17: -55°C:sTA:S +125°C, 4.5V:sVcc:s5.5V 

PARAMETER TEST CONDITIONS 
N82LS16/17 

Min Typ1 Max Min 

Input voltage2 

VIH High Vcc = max 2.0 2.0 
Vil Low Vcc = min 0.85 
VIC Clamp3 Vcc = min, liN = -12mA -1.0 -1.5 

Output voltage2 Vcc = min. 
VOH High (82LS16)4 IOH = -3.2mA 2.6 2.4 
VOL Low5 10l = 16mA 0.35 0.45 

Input current3 Vcc = max 
IIH High VIN =5.5V 1 25 
III Low VIN =0.45V -10 -100 

Output current 
IOlK Leakage (82lS17)5 VOUT = 5.5V 1 40 
10(OFF) Hi·Z state (82LS16)6 VOUT = 5.5V 1 40 

VOUT = 0.45V -1 -40 
los Short circuit (82LS16)7 Vcc = max, Vo = OV -20 -70 -20 

Icc Vcc supply current8 Vcc= max 50 70 

Capacitance Vcc=5.0V 
CIN Input VIN =2.0V 5 
COUT Output VOUT = 2.0V 8 

AC ELECTRICAL CHARACTERISTICS R1 = 270n, R2 = 600n, Cl = 30pF 
N82LS16/17: 0 °C:s TA:s + 75°C, 4.75V:s Vcc:S 5.25V 
S82LS16/17: - 55 °C:s TA:s + 125°C, 4.5V:s Vec:S 5.5V 

S82LS16/17 

Typ1 Max 

0.8 
-1.0 -1.5 

0.35 0.5 

1 25 
-10 -250 

1 40 
1 50 

-1 -50 
-70 

50 100 

5 
8 

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 
Write enable Data in 

TWHD Hold time 

Twsc Setup time 
Write enable CE 

TWHC Hold time 

Pulse width 
Twp Write enable9 

NOTES 
1. All typical val ues are at Vcc = 5V, T A + 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. ~Inimum required to guarantee a Write into the slowest bit. 

Signetics 

Min Typ1 Max 

30 40 
15 25 

15 25 
30 40 

0 -5 
0 -5 

25 15 
0 -5 

0 -5 
0 -5 

25 15 

© Ie M~STER 1983 See Pages 3909-3910 for Product Selector Guides. 

Min Typ1 Max 

30 ·70 
15 40 

15 40 
30 55 

10 -5 
10 -5 

40 15 
10 -5 

10 -5 
10 -5 

40 15 

UNIT 

V 

V 

",A 

",A 

rnA 

pF 

UNIT 

ns 

ns 
ns 

ns 

ns 
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STATIC RANDOM ACCESS MEMORIES [RAMs) Co e' lIT O°C to 70°C) mm rCia A - Svnertek. ---
Access Power Package 
Time Maximum Current ImAI Supply Number Type 

Part Number Organization Insl Operating ~andby IVoltsl of Pins INote 11 . 

SY2101-1 256 x 4 500 70 -- +5 22 C, P 
SY2101A 256 x 4 350 55 -- +5 22 C, P 
SY2101A-2 256 x 4 250 55 -- +5 22 C, P 
SY2101A-4 256 x 4 450 55 -- +5 22 C, P 
SY2111-1 256 x 4 500 70 -- +5 18 C,O, P 
SY2111A 256 x 4 350 55 -- +5 18 C,O, P 
SY2111A-2 256 x 4 250 55 -- +5 18 C, 0, P 
SY2111A-4 256 x 4 450 55 -- +5 18 C, 0, P 
SY2112-1 256 x 4 500 70 -- +5 16 C, 0, P 
SY2112A 256 x 4 350 55 -- +5 16 C, 0, P 
SY2112A-2 256 x 4 250 55 -- +5 16 C, 0, P 
SY2112A-4 256 x 4 450 55 -- +5 16 C,D, P 
SY2114AL-1 1024 x 4 100 40 -- +5 18 C, 0, P 
SY2114AL-2 1024 x 4 120 40 -- +5 18 C,D, P 
SY2114AL-3 1024 x 4 150 40 -- +5 18 C, 0, P 
SY2114AL-4 1024 x 4 200 40 -- +5 18 C, 0, P 
SY2114A-4 1024 x 4 200 70 -- +5 18 C, 0, P 
SY2114A-5 1024 x 4 250 70 -- +5 18 C, 0, P 
SY2142 1024 x 4 450 100 -- +5 20 C,D, P 
SY2142-2 1024 x 4 200 100 -- +5 20 C, 0, P 
SY2142-3 1024 x 4 300 100 -- +5 20 C, 0, P 
SY2142L 1024 x 4 450 70 -- +5 20 C, 0, P 
SY2142L-2 1024 x 4 200 70 -- +5 20 C, 0, P 
SY2142L-3 1024 x 4 300 70 -- ,5 20 C, 0, P 
SY2148H 1024 x 4 70 150 30 +5 18 C, ° 
SY2148H-2 1024 x 4 45 150 30 +5 18 C, ° 
SY2148H-3 1024 x 4 55 150 30 +5 18 C, ° 
SY2148HL 1024 x 4 70 125 20 +5 18 C, ° 
SY2148HL-3 1024 x 4 55 125 20 +5 18 C, ° 
SY2149H 1024 x 4 70 150 -- +5 18 C, ° 
SY2149H-2 1024 x 4 45 150 -- +5 18 C, ° 
SY2149H-3 1024 x 4 55 150 -- +5 18 C, ° 
SY2149HL 1024 x 4 70 125 -- +5 18 C, ° 
SY2149HL-3 1024 x 4 55 125 -- +5 18 C, ° 
SY2147 4096 x 1 70 160 20 +5 18 C, ° 
SY2147-3 4096 x 1 55 180 30 +5 18 C, ° 
SY2147-6 4096 x 1 85 160 20 +5 18 C, ° 
SY2147L 4096 x 1 70 140 10 +5 18 C, ° 
SY2158-1 1024 x 8 90 100 30 +5 24 P 
SY2158-2 1024 x 8 120 100 30 +5 24 P 
SY2158-3 1024 x 8 150 100 30 +5 24 P 

I SY2158-4 1024 x 8 200 100 30 +5 24 P 
SY2158L-1 1024 x 8 90 70 20 +5 24 P 
SY2158L-2 1024 x 8 120 70 20 +5 24 P 
SY2158L-3 1024 x 8 150 70 20 +5 24 P 
SY2158L-4 1024 x·8 200 70 20 +5 24 P 
SY2159-1 1024 x 8 90 100 -- +5 24 P 
SY2159-2 1024 x 8 120 100 -- +5 24 P 
SY2159-3 1024 x 8 150 100 -- +5 24 P 
SY2159-4 1024 x 8 200 100 -- +5 24 P 
SY2159L-1 1024 x 8 90 70 -- +5 24 P 
SY2159L-2 1024 x 8 120 70 -- +5 24 P 
SY2159L-3 1024 x 8 150 70 -- +5 24 P 
SY2159L-4 1024 x 8 200 70 -- +5 24 P 
SY2128-1 2048 x 8 90 100 30 +5 24 K,C,O,P 
SY2128-2 2048 x 8 120 100 30 +5 24 K,C,D, P 
SY2128-3 2048 x 8 150 100 30 +5 24 K,C,D, P 
SY2128-4 2048 x 8 200 100 30 +5 24 

K,C,D,P 
K,C,D,P 

SY2128L-1 2048 x 8 90 70 20 +5 24 K,C,D, P 
SY2128L-2 2048 x 8 120 70 20 +5 24 K,C,D, P 
SY2128L-3 2048 x 8 150 70 20 ·+5 24 K,C,D, P 
SY2128L-4 2048 x 8 200 70 20 +5 24 K,C,D,P 
SY212!H 2048 x 8 90 100 -- +5 24 K,C,O,P 
SY212g.,2 2048 x 8 120 100 -- +5 24 K,C,D, P 
SY2129-3 2048 x 8 150 100 -- +5 24 K,C, D, P 
SY2129-4 2048 x 8 200 100 -- +5 24 K,C,D,P 
SY2129L-1 2048 x 8 90 70 . -- +5 24 K,C,D, P 

K,C,D, P 
SY2129L-2 2048 x 8 120 70 -- +5 24 K,C, D,P 
SY2129L-3 2048 ( 8 150 70 -- +5 24 K,C, D,P 
SY2129L-4 2048 x 8 200 70 -- +5 24 K,C,D, P 
SY2168[2j 4096 x 4 45-70 125 30 +5 20 K, C, D, 
SY2169[2j .4096 x 4 ·45-70 125 -- +5 20 K, C, D, 
SY2167[2j 16384 x 1 . 45-70 125 30 +5 20 K, C, D, 

NOTES: 
1. C = Ceramic, D = Cerdip, F = Flatpack, K = Leadless Chip Carrier. 
2. Preliminary Information. 
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Svnertek. 
~ 

Features 

• lOOns Maximum Access 
• Low Operating Power Dissipation 

0.1 mW/Bit 
• No Clocks or Strobes Required 
• Identical Cycle and Access Times 
• Single +5V Supply 

Description 
The SY2114A is a 4096-Bit static Random Access 
Memory organized 1024 words by 4-bits and is fabri
catedusing Synertek's N-channel Silicon-Gate MOS 
technology. It is designed using fully DC stable (static) 
circuitry in both the memory array and the decoding 
and therefore requires no clock or refreshing to 
operate. Address setup times are not required and 
the data is read out nondestructively with the same 
polarity as the input data. Common Input/Output 
pins are provided to simplify design of the bus oriented 
systems, and can drive 1 TTL load. 

Features 
• 35-70 ns Maximum Access Time 
• No Clocks or Strobes Required 

• Automatic CE Power Down 
• Identical Cycle and I:\ccess Times 
• Single +5V Supply (±10%J 
• Pinout and Function Compatible to SY2147 

Description 

The Synertek SY2147H is a 4096-Bit Static Random 
Access Memory organized 4096 words by 1-bit and is 
fabricated using Synertek's new scaled n-channel sili
con gate technology. It is designed using fully static 
circuitry, therefore requiring no clock or refreshing to 
operate. Address set-up times are not required and the 
data is read out non-destructively with the same polar
ity as the' input data. Separate data input and output 
pins provide maximum design flexibility. The three
state output facilitates memory expansion by allowing 
the outpu'ts to be OR-tied to other devices. 

© Ie MASTER 1983 

SY2114A 
1 024 x 4 Static 

Random Access Memory 

• Totally TTL Compatible: 
All Inputs, Outputs, and Power Supply 

• Common Data I/O 
• 400 mv Noise Immunity 
• High Density 18 Pin Package 

The SY2114A is designed for memory applications 
where high performance, low cost, large bit storage, 
and simple interfacing are important design objectives. 
It is totally TTL compatible in all respects: inputs, 
outputs, and the single +5V supply. A separate Chip 
Select (CS) input allows easy selection of an individ
ual device when outputs are or-tied. 

The SY2114A is packaged in an 18-pin DIP for the 
highest possible density and is fabricated with N

channel, Ion Implanted, Silicon-Gate technology - a 
technology providing excellent performance charac

teristics as well as improved protection against con
tamination. 

SY2147H 
4096 X 1 Static 

Random Access Memory 

• Direct Performance Upgrade For SY2l47 
• Totally TTL Compatible 

All Inputs and Outputs 

• Separate Data Input and Output 
• High Density l8-Pin Package 

• . Three-State Output 

The SY2l47H offers an automatic power down feature. 
Power down is control/ed by the Chip Enable input. 
When Chip Enable (CE) goes high, thus deselecting the 
SY2l47H, the device will automatically power down 
and remain in a standby power mode as long as CE 
remains high. This unique feature provides system level 
power savings a much as 80%. 

The SY2l47H is packaged in an l8-pin DIP for the 

highest possible density. The device is fully TTL com
patible and has a single +5V power supply. 
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Features 
• 45 - 70 ns Maximum Access Time 
• No Clocks or Strobes Required 
• Automatic CE Power Down (SY2148H) 
• Identical Cycle and Access Times 
• Single +5V Supply (±1 0%) 
• Pinout and Function Compatible to SY2148/SY2149 

Description 
The Synertek SY2148H/SY2149H are 4096-Bit Static Ran
dom Access Memories organized 1024 words by 4 bits and 
are fabricated using Synertek's new scaled n-channel silicon 
gate technology. It is designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate. Address 
set-up times are not required and the data is read out non
destructively with the same polarity as the input data. 
Common data input'and output pins provide maximum design 
flexibility. The three-state output facilitates memory expan
sion by allowing the outputs to be OR-tied to other devices. 

Pin Configurations 

SY2148H/SY2149H-
1024 x 4 Static 

Random Access,Memory 

• Performance Upgrade for SY2148/SY2149 
• Industry Standard 2114 Pinout 
• Totally TTL Compatible All Inputs and Outputs 
• Common Data Input and Output 
• High Density 18-Pin Package. 
• Three-State Output 

The SY2148H offers an automatic power down feature. 
Power down is controlled by the Chip Enable input. When 
Chip Enable (CE) goes high, thus de-selecting the SY2148H, 
the device will automatically power down and remain in a 
standby power mode as long as CS remains high. This unique 
feature provides system level power savings as much as 85%. 

The SY2149H offers a Chip Select (CS) access that is faster 
than its address access. This feature offers high speed access 
when the address preceeds the CS decode sent to the part. 

Both parts are packaged in an 18-pin DIP for the highest 
possible density. Both devices are TTL compatible and have a 
single +5V power supply. 

SY2148H/ST2149H Block Diagram 
A6 Vee 

As A7 

A4 As 

A3 Ag 

Ao I/O, 

A, 1/02 

A2 1/03 

eVcs 1/04 

GND WE 

Ordering Information 
Access Operating 

Order Time Current 
Number (Max) (Max) 

SY2148H 70n5 150mA 
SY2148H-2 45n5 150mA 
SY2148H-3 55n5 150mA 
SY2149H 70n5 150mA 
SY2149H-2 45n5 150mA 
SY2149H-3 55n5 150mA 
SY2148HL 70n5 125mA 
SY2148HL-3 55n5 125mA 
SY2149HL 70n5 125mA 
SY2149HL-3 55n5 125mA 
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Standby 
Current 
(Max) 
30mA 
30mA 
30mA 
-
-
-

20mA 
20mA 

-
-

I/O, 

ROW 
SELECT 

INPUT 
DATA 

CONTROL 

CE/CS --....... ..-..ct-, 

WE - ___ ---I 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN I/O CIRCUITS 

COLUMN SELECT 

-Vee 

-GND 
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Synertek. 

Features 
• 120nsec Maximum Access Time 
• Fully Static Operation: 

No Clocks or Strobes Required 
• Fast Chip Select Access: 50 ns Max. 
• Automatic CE Power Down 
• Identical Cycle and Access Times 
• Single +5V Supply ( ± 10%) 

Description 
The Synertek SY2158/SY2159 are 8192 bit static Random 
Access Memories organized 1024 words by eight bits and are 
fabricated using Synertek's new scaled n-channel silicon gate 
technology. They are designed using fully static circuitry, 
therefore requiring no clocks or refreshing to operate. The 
common data input and three-state output pins optimize com
patibilty with systems utilizing a bidirectional data bus. 

The SY2158 offers an automatic power down feature under 
the control of the chip enable (CE) input. When CE goes high, 
deselecting the chip, the device will automatically power 
down and remain in a standby power mode as long as CE 
remains high. This feature provides significant system level 
power savings. 

The SY2159 offers a chip select access that is faster than its 
address access. In a typical application, the address access 

Pin Configuration 

A] Vee 

A6 As 

As Ag 

A4 WE 

A3 DE 

A2 AR 

A, CE 

Ao I/Os 

I/O, 1/07 

1/02 1/06 

1/03 1/05 

GND 1/04 
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SY2158/SY2159 
1024 x 8 Static 

Random Access Memory 

• Pin Compatible with 2716 16K EPROM 
• Totally TTL Compatible: 

All Inputs and Outputs 
• Common Data Input and Output 
• Three-State Output 
• Output Enable Function (OE) 

begins as soon as the address is valid. At this time, the high 
order addresses are decoded and the desired memory is then 
selected. With the faster chip select access, this decode time 
will not add to the overall access time thus sig~ificantly 
improving system performance. 

The SY2158/SY2159 are .available in two versions. For the 
"A" version, the select reference input (AR) must be at V1L and 
for the "8" version AR must be at V1H. 

The SY2158/SY2159 are pin compatible with 16K ROMs, 
EPROMs and E2PROMs thus offering the user the flexibility of 
switching between RAM, ROM, EPROM, and E2PROM with a 
minimum of board layout changes. 

Block Diagram 

ROW 
ADDRESS 
DECODER 
DRIVER 

COLUMN 
ADDRESS 
DECODER 
DRIVER 

WE--........ ct" 

CE -....--+--<01 __ J 

6E----~~ 

8192 BIT ARRAY 

~--:--+t+++t-t+-- 110, 

'----+--41 ~o++-t+++-t--- 1/02 

>t---:----t+t-+t-t+-- 1/03 

......... ----+--t ~__+_++-++-1__-1/04 

>+---+-++-++- 1105. 

"----+-t ~-+--~~- 1/06 

~---t >+---+--~- 1/07 

"-----+-t ~~--~- liDs 

OUTPUT ENABLE 
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Features 
• 100 nsec Maximum Access Time 
• Fully Static Operation: 

No Clocks or Strobes Required 
• Fast Chip Select Access Time: 50 ns Max. (SY2129) 
• Automatic CE Power Down (SY2128) 
• Identical Cycle and Access Times 

Description 
The Synertek SY2128/SY2129 are 16,384 bit static Random 
Access Memories organized 2048 words by eight bits and are 
fabricated using Synertek's new scaled n-channel silicon 
gate technology. They are designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate. The 
common data input and three-state output pins optimize com
patibility with systems utilizing a bidirectional data bus. 

The SY2128 offers an automatic power down feature under 
the control of the chip enable (CE) input. When (CE) goes high, 
thus deselecting the chip, the device will automatically power 
down and remain in a standby power mode as long as CE 
remains high. This feature provides significant system level 
power savings. 

Pin Configuration 

SY2128/SY2129 

A7 Vcc 

A6 As 

As Ag 

A4 WE 

A3 OE 

A2 A 10 

Al CE 

Ao I/0s 

1/01 1/0 7 

1/02 1/0 6 

1/03 1/0 5 

GND 1/04 
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SY2128/SY2129 
2048 x 8 Static 

Random Access Memory 

• Single +5V Supply (±1 0%) 
• Pin Compatible with 16K ROMs, EPROMs, and EEPROMs 
• Totally TIL Compatible: 

All Inputs and Outputs· 
• Common D~ta Input and Output 
• Three-State Output 
• JEDEC Approved Pinout 

The SY2129 offers achip select access that is faster than its 
address access. In a typical application, the address access 
begins as soon as the address is valid. At this time, the high 
order addresses are decoded and the desired memory is 
then selected. With the faster chip select access, this decode 
time will not add to the overall access time thus significantly 
improving system performance. 

The SY2128/SY2129 are configured in the JEDEC approved 
pinout for 24 pin byte organized memories and are pin com
patible with 16K ROMs, EPROMs and EEPROMs. This offers 
the user the flexibility of being able to swtich between RAM, 
ROM, EPROM, or EEPROM as his needs dictate with a min
imum of board changes. 

Block Diagram 

ROW 
ADDRESS 
DECODER 

DRIVER 

COLUMN 
ADDRESS 
DECODER 
DRIVER 

W"E--........ ct 
CE-........ -+-~~ 

OE----OI......~ 

16.384 BIT ARRAY 
(128 x 128) 

>--....... +++++-+-- 1/01 
L...,.;...-4--t ~~++++-I--- 1/02 

>+--++++++-+--1/03 
'-----+-1 ...JH--..+-t+++_- 1/04 

>+-~-++++- 1/05 

L....----+--1 ~H--++-+-- 1/06 

L....-_--11 >+-~--++-- 1/07 
L....-___ -+-I ~*_---~- I/Os 

OUTPUT ENABLE 
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ADVANCED INFORMATION 

OCTOBER 1982 

Features 

• 55 ns Maximum Access 
• No Clocks or Strobes Required 
• Automatic CE Power Down 
• Identical Cycle and Access Times 
• Single +5V Supply 

Description 
The Synertek SY2167 is a 16,384-Bit Static Ran90m Access 
Memory organized 16,384 words by 1-bit and is fabricated 
using Synertek's new N-Channel Double Polysilicon Gate 
HMOS technology. It is designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate. Address 
set-up times are not required and the data is read out non
destructively with the same polarity as the input data. 
Separate data input and output pins provide maximum design 
flexibility. The three-state output facilitates memory expan-· 
sion by allowing the outputs to be OR-tied to other devices. 

5Y2167 
16,384 x 1 Static 

Random Access Memory 

• Totally TTL Compatible 
All Inputs and Outputs 

• Separate Data Input and Output 
• High Density 20 Pin Package 
• Three· State Output 

The SY2167 offers an automatic power down feature. Power 
down is controlled by the Chip Enable input. When Chip 
Enable (CE) goes high, thus de-selecting. the SY2167, the 
device will automatically power down and remain in a standby 
power mode as long as cr remains high. This unique feature 
provides system level power savings as much as 80%. 

The SY2167 is packaged in a 20-pin DIP for the highest 
possible density. The device is fully TIL compatible and has a 
single +5V power supply. 

Block Diagram 

Pin Configuration 

Ao 

A1 2 

A2 3 

A3 4 

A4 5 

A5 6 

A6 7 

DO 8 

WE 9 

GND 10 

© Ie MASTER 1983 

Vee 

A13 

A12 

A11 

A10 

Ag 

As 

A7 

DIN 

CE 

Ag 

DIN --------I 

MEMORY ARRAY 
128 ROWS 

128 COLUMNS 

-- Vee 

-GND 
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Advanced Information 

October 1982 

Features 
• 55-70 ns Maximum Access Time 
• No Clocks or Strobes Required 
• Fast Chip Select Access Time: 40 ns Max. (SY2169) 
• Automatic. CE Power Down (SY2168) 
• Identical Cycle and Access Times 

Description 
The Synertek SY2168/SY2169 is a 16,384-Bit Static 
Random Access Memories organized 4096 words by 4 bits 
and are fabricated using Synertek's scaled n-channel double 
poly silicon gate technology. They are designed using fully 
static circuitry, therefore requiring no clock or refreshing to 
operate. Address set-up times are not required and the data is 
read out non-destructively with the same polarity as the input 
data. Common data input and output pins provide maximum 
design flexibility. The three-state output facilitates memory 
expansion by allowing the outputs to be OR-tied to other 
devices. 

The SY2168 offers an automatic power down feature. Power 
down is controlled by the Chip Enable input. When Chip 
Enable (CE) goes high, thus de-selecting the SY2168, the 
device will automatically power down and remain in a standby 
power mode as long as CE remains high. This unique feature 
provides system level power savings as much as 85%. 

Pin Configurat,ion 

SYM2168/SYM2169 

A7 Vcc 

A6 Aa 
As A9 

A4 A,o 

A3 A" 
A{) I/O, 

A, 1/0 2 

A2 1/0 3 

CE/CS 1/04 

GND WE 
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SY2168/SY2169 
4096 X 4 Static 

Random Access Memory 

• Single +5V Supply (±1 0%) 
• JEDEC Standard Pinout 
• Totally TIL Compatible All Inputs and Outputs 
• Common Data Input and Output 
• High Density 20-Pin Package 
• Three-State Output 

The SY2169 offers a chip select access that is faster than its 
address access. In a typical application. the address access 
begins as soon as the address is valid. At this time, the high 
order addresses are decoded and the desired memory is then 
selected. With the faster chip select access, this decode time 
will not add to the" overall access time thus significantly 
improving system performance. 

Both parts are packaged in a 20-pin DIP for the highest 
possible density. Both devices are fully TIL compatible and 
have a single +5V power supply. 

Block Diagram 

AS-_-I 

A6 

A11---I 

1/01 

WE -~--I 

ROW 
SELECT 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN 1/0 CIRCUITS 

- Vee 

-GND 
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Features 

• 100 ns Address Access Time 

• Fully Static Operation 
• Full TIL Compatibility 

• Interrupt Function (lNT) 

Description 
The Synertek SY21 D1 is an 8192 Bit Dual Port Random 
Access Memory organized 1024 words by 8 bits and is fabri
cated using Synertek's n-channel double poly silicon gate 
technology. It is designed using fully static circuitry, requiring 
no clock or refreshing to operate. 

The SY21 D1 is a true dual port allowing each side independ
ent access for read or write. The only disallowed state is one 
where the addresses are identical. In the disallowed state the 
BUSY goes low. The dual port function is enhanced by the use 
of onboard control circuitry including BUSY, Interrupt, Output 
Enable and Chip Enable. The BUSY (BUSY) goes low when 
that side tries to access an address that the other side is 

Pin Configuration Block Diagram 

WEL_ ...... __ -<::I ....... 

SY21D1 

1024 x 8 Dual Port 
Random Access Memory 

• Easy Microprocessor Interface 

• Transparent Power Down 
• Output Enable Function (OE) 

• Total Left and Right Separation 

accessing. The interrupt function (INT) acts like a writable flag. 
When the flag's location is written to from one side, the other 
side's INT pin goes low. This pin stays low until the interrupted 
side reads the flag location. The transparent power down 
feature is under the control of chip e~able (CE). When CE goes 
high, deselecting the chip, the device automatically powers 
down. This feature !"Jrovides significant system level power 
savings. 

The SY21 D1 is packaged in a 48-pin DIP for the highest 
possible density. This device is fully TIL compatible and has a 
single +5V power supply. 

_.:>----._WER eEL Vee 

RIWL 2 CER 
CEL ~-----~ ~----------~ CER 

RtWR OEL __ ---<: .... ' _..:>----OER 

BUSYR 

INTR 

OER 

Ao I/O OL I/O OR 

A1 

A2 I/O 7L 1/07R 

A4 A3 
(BUSVLI (iffiSV'RI 

A5 A4 

A6 A5 
A9L A9R 

A7 A6 AOL AOR 

As A7 

A9 As 

1/00 A9 

1/01 1/00 CONTENSION 

1/02 1/01 
INTERRUPT 

CEL LOGIC CER 
1/03 1/02 

1/04 1/03 

1/05 1/04 RiWL R/WR 

1/06 1/05 

1/07 1/06 

GND 1/07 

BUSVL BmVR 

INTt IN'fR 
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READ ONLY MEMORIES (ROMs) Commercial ITA = o°c to 70°C) 

Access Power Pin Package 
. Time Maximum Current (mAl Supply Number Compatible Type 

Part Number Organization (nsl Max. Operating Standby (Voltsl of Pins EPROM/PROM (Note 11 
SY3308 1024 x 8 70 120 -- +5 24 82S181 C. D. P 

SY23168 2048 x 8 450 98 -- +5 24 2716 C. D. P 
SY23168-2 2048 x 8 200 98 -- +5 24 2716 C. D. P 
SY23168-3 2048 x 8 300 98 -- +5 24 2716 C. D. P 
SY3316 2048 x 8 80 120 -- +5 24 82S191 C. D. P 
SY3316A 2048 x 8 80 120 20 +5 24 82S191 C.D. P 

SY2332 4096 x 8 450 100 -- +5 24 TMS2532 C.D. P 
SY2332-2 4096 x 8 200 100 -- +5 24 TMS2532 C. D. P 
SY2332-3 4096 x 8 300 100 -- +5 24 TMS2532 C.D. P 
SY2333 4096 x 8 450 100 -- +5 24 2732/A C.D. P 
SY2333-2 4096 x 8 200 100 -- +5 24 27321 A C. D. P 
SY2333-3 4096 x 8 300 100 -- +5 24 2732/A C. D. P 

SY2364 8192 x 8 450 100 -- +5 24 TMS2564 C, D, P, K 
SY2364-2 8192 x 8 200 100 -- +5 24 TMS2564 C,D,P, K 
SY2364-3 8192 x 8 300 100 -- +5 24 TMS2564 C,D, P, K 
SY2364A 8192 x 8 450 100 12 +5 24 TMS2564 C., D, P, K 
SY2364A-2 8192 x 8 200 100 12 +5 24 TMS2564 C,D, P, K 
SY2364A-3 8192 x 8 300 100 12 +5 24 . TMS2564 C,D, P, K 
SY2365 8192 x 8 450 100 -- +5 28 2764 C, D, P, K 
SY2365-2 8192 x 8 200 100 -- +5 28 2764 C,D, P, K 
SY2365-3 8192 x 8 300 100 -- +5 28 2764 C, D, P, K 

SY2365A 8192 x 8 450 100 12 +5 28 2764 
C, D,P, K 
C,D,P, K 

SY2365A-2 8192 x 8 200 100 12 +5 28 2764 C, D,P, K 
SY2365A-3 8192 x 8 300 100 12 +5 28 2764 C;D,P, K 
SY23128 16.384 x 8 200 100 10 +5 28 -- C, D,P, K 

SY23256 [2] 32.768 x 8 200 100 10 +5 28 -- C,D, P, K 

SY3308R[2] 1024 x 8 35[3] 130 - +5 24 82S181 C,D, P, K 
SY3316R[2] 2048 x 8 35[3] 130 - +5 24 82S191 C,D,P, K 

ELECTRICALLY ERASABLE PROMs Commercial ITA = O°C to 70°C) 

Access Power Package 
Time Maximum Current (mAl Supply Number Type 

Part Number Organization (ns) Max Operating Standby (Volts) of Pins (Note 1) 

SY2801 64x 4 450 20 - +5, +21 16 C, D, P 

SY2801A 64 x 4 450 20 - +5 16 C,D,P 

SY2802 256 x 8 - 70 - +5 18 C, D,P 

NOTES: 
1. C = Ceramic, D = Cerdip, F = Flatpack, K = Leadless Chip Carrier. 
2. Preliminary Information. 
3. Effective Access Time (tePA). 
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Features 
• Access Time 200/300/450 ns (max) 
• 2048 x 8 Bit Organization 
• Single +5 Volt Supply 
• Totally Static Operation 
• JEDEC Approved Pinout 

Description 
The SY2316B high performance Read Only Memories are 
organized 2048 words by 8 bits with access times from 200 to 
450 ns. The ROMs are designed to be compatible with all 
microprocessor and similar applications where high perfor
mance, large bit storage and simple interfacing are important 
design considerations. This device offers TTL input and output 
levels with a minimum of 0.4 Volt noise immunity in conjunc
tion with a +5 Volt power supply. 

Pin Configuration 

A7 Vee 

A6 As 

A5 Ag 

A4 CSJ 

A3 CS, 

A2 A10 
A, CS2 

Ao Os 
0, 07 

02 06 

OJ 05 

GND 04 

Ordering Information 

Access Operating 
Order Time Current Package 

Number (Max) (Max) Type 

SYD2316B 450 ns 98 rnA Cerdip 
SYP2316B 450 ns 98 rnA Plastic 

SYD2316B-2 200 ns 98 rnA Cerdip 
SYP2316B-2 200 ns 98 rnA Plastic 
SYD2316B-3 300 ns 98 rnA Cerdip 
SYP23168-3 300 ns 98 rnA Plastic 
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SY2316B 
2048 x 8 Static 

Read Only Memory 

• Completely TTL Compatible 
• Three-State Outputs for Wire-OR Expansion 
• Three Programmable Chip Selects 
• Pin Compatible with 2716 EPROM 
• Replacement for Two 2708s 

The SY23168 operates totally asynchronously. No clock input 
is required. The three programmable Chip Select inputs allow 
eight 16K ROMs to be OR-tied without external decoding. The 
device offers three-state output buffers for memory 
expansion. 

Designed to replace the 2716 EPROM, the SY23168 can 
eliminate the need to redesign printed circuit boards for 
volume mask programmed ROMs after prototyping with 
EPROMs. 

Block Diagram 

Vee 

r 
AO 

A, 

A6 

16,384 BIT 
ROM 

CELL ARRAY 

AS Ag 

GND 

r 
0, 
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Features 
• SY2332-2532 EPROM Pin Compatible 
• 4096 x 8 Bit Organization 
• . Single +5 Volt Supply (±10%) 

• Access Time 200/310/450 ns (max.) 
• Totally Static Operation 
• Completely TTL Compatible 

Description 
The SY2332 and SY2333 high performance read only memo
ries are organized 4096 words by 8 bits with access times 
from 200 ns to 450 ns. They are designed to be compatible 
with all microprocessor and similar applications where high 
performance, large bit storage and simple interfacing are 

. important design considerations. These devices offer TTL 
input and output levels with a minimum of 0.4 Volt noise 
immunity in conjunction with a +5 Volt power supply. 

Pin Configurations 
SV2332 SV2333 

A7 Vee A7 Vee 
As As As As 

As Ag As Ag 

A4 A4 

A3 cs, A3 

A2 A10 A2 A,o 

A, A" A, CS2 
Ao Os Ao 

0, 07 0, 0 7 

02 Os O2 Os 

03 05 0 3 AS 

GND 04 GND °4 

Ordering Information 
Order Access Operating Package 

Number Time Current Type 

SY92332 450ns 100mA Cerdip 
SYP2332 450ns 100mA Plastic 

SYD2332-2 200ns 100mA Cerdip 
SYP2332-2 200ns 100mA Plastic 
SYD2332-3 300ns 100mA Cerdip 
SYP2332-3 300ns 100mA Plastic 
SYD2333 450ns 100mA Cerdip 
SYP2333 450ns 100mA Plastic 

SYD2333-2 200ns 100mA Cerdip 
SYP2333-2 200ns 100mA Plastic 
SYD2333-3 300ns 100mA Cerdip 
SYP2333-3 300ns 100mA Plastic 

A custom number will be assigned by Synertek. 
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SY2332/SY2333 
4096 x 8 Static 

Read Only Memory 

• SY2333-2732 EPROM Pin Compatible 
• Three-State Outputs for Wire-OR Expansion 
• Two Programmable Chip Selects 

• EPROMS Accepted as Program Data Inputs 
• JEDEC Approved Pinouts 

The SY2332 and SY2333 operate totally asynchronously. No 
clock input is required. The two programmable. Chip Select 
inputs allow four 32K ROMs to be OR-tied without external 
decoding. Both devices offer three-state output buffers for 
memory expansion . 

Designed to replace 32K EPROMs, the SY2332 and 
SY2333 can eliminate the need to redesign printed. 

circuit boards for volume mask programmed ROMs after 
prototyping with EPROMs. 

Block Diagram 

T T 
32.768 BIT 

ROM 

CEll ARRAY 
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Features 
• 2764 EPROM Pin Compatible 
• 8192 x 8 Bit Organization 
• Single +5 Volt Supply 
• Access Time - 200/300/450 ns (max) 
• Totally Static Operation 
• Completely TTL Compatible 
• 28 Pin JEDEC Approved Pinout 

Description 
The SY2365 and SY2365A high performance Read Only 
Memories are organized 8192 words by 8 bits with access 
times/from 200 ns to 450 ns. The ROMs are designed to be 
compatible with all microprocessor and similar applications 
where high performance. large bit storage and simple inter
facing are important design considerations. Both ROMs 
conform to the JEDEC approved pinout for 28 pin 64K ROMs. 

The SY 2365 offers the simplest operation (no power 
down.) Its four programmable chip selects allow up to sixteen 
64K ROMs to be OR-tied without external decoding. 

The SY 2365A offers an automatic power down feature. 
Power down is 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 lon'g as CE 
remains high. This unique feature provides system level 
power savings as much as 90%. An additional feature of the 
SY 2365A is the ~utput Enable (DE) function. This 

Pin Configurations 

SY2365 SY2365A 

NC Vee NC Vee 

A12 CS1 A12 CS1 

A7 CS2 A7 CS2 

A6 As A6 As 

As Ag As Ag 

A4 All A4 All 

A3 CS3 A3 DE 
A2 Al0 A2 Al0 

Al CS. Al EE 
Ao Os Ao Os 

01 07 01 07 

02 06 02 06 

03 Os 03 Os 

GND 04 GND 04 
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SY2365/SY2365A 
8192 x 8 Static 

Read Only Memory 

• SY2365A - Automatic Power Down (CE) 
- Output Enable Function (OE) 
- Two Programmable Chip Selects 

• SY 2365 - Non Power Down Version 
- Four Programmable Chip Selects 

• Three State Outputs for Wire-OR Expansion 
• EPROMs Accepted as Program Data Input 

eliminates bus contention in multiple bus microprocessor 
systems. The two programmable chip selects allow up to four 
64K ROMs to be OR-tied without external decoding. 

Both the SY 2365 and SY 2365A are pin compatible with 
the 2764 EPROM thus eliminating the need to redesign 
printed circuit boards for volume mask programmed ROMs 
after prototyping with EPROMs. 

Block Diagram 

• 

65.536 BIT 
ROM ARRAY 
(256 x 256) 

• • • • • 

COLUMN SELECT 
CIRCUITRY 
(8 OF 256) 

POWER DOWN 

OUTPUT ENABLE 

• 

01 

O2 

03 

D. 
05 

De 
01 

O. 

'CHIP SELECTS (CSI ARE PROGRAMMABLE LOW ACTIVE. HIGH ACTIVE OR 
DON'T CARE. 
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Synertek 

Features 

• EPROM Pin Compatible 
• 16,384 x 8 Bit Organization 
• Single +5 Volt Supply 
• Access Time - 200/300/450 ns (max) 
• Totally Static Operation 
• Completely TIL Compatible 
• 28 Pin JEDEC Approved Pinout 

Description 

The SY23128 and SY23128A high performance Read Only 
Memories are organized 16,384 words by 8 bits with 
access, times from 200 ns to 450 ns. The ROMs are 
designed to be compatible with all microprocessor and 
similar applications where high performance, large bit 
storage and simple interfacing are important design 
considerations. Both ROMs conform to the JEDEC approved 
pinout for 28 pin 128K ROMs. 

The SY23128 offers the simplest operation (no power 
down.) Its three programmable chip selects allow up to 
eight 128K ROMs to be OR-tied without external decoding, 

The SY23128A offers an automatic power down feature. 
Power down is 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 as much as 90%, An additional feature of 
the SY23128A is the Output Enable (OE) function. This 

Pin Configurations 

SY23128 SY23128A 
NC Vee NC Vee 

A'2 cs, A'2 cs, 

A7 All A7 All 

A6 As A6 As 

A5 Ag A5 Ag 

A4 All A4 All 

A3 CS2 A3 DE 
A2 AlO A2 A,a 

A, CS3 A, CE 

Aa Os Aa Os 

0, 07 0, 07 

02 06 02 06 

03 05 03 05 

GND 04 GND 04 
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SY23128/SY23128A 
16,384 x 8 Static 

Read Only Memory , 

• SY23128A- Automatic Power Down (CE) 
Output Enable Function (OE) 

- One Programmable Chip Select 
• SY231 28 - Non Power Down Version 

- Three Programmable Chip Selects 
• Three State Outputs for Wire-OR Expansion 
• EPROMS Accepted as Program Data Input 

eliminates bus contention in mUltiple bus microprocessor 
systems. The programmable chip select allows two 128K 
ROMs to be OR-tied without external decoding. 

Both the SY23128 and'SY23128A are pin compatible with 
EPROMs thus eliminating the need to' redesign printed 
circuit boards for volume mask programmed ROMs after 
prototyping with EPROMs. 

Block ~iagram 

AJ--' 

A4 ----. 

A5 ----. 

A6--' 
A/--. 

As--' 
Ag--' 

141 
liE----.-

CSI........ CHIp· 
SElECT 

CSz ----. CIRCUITRY 

CS3--' 

131.D72 BIT 
RDM ARRAY 
(512x2561 

• • • • • • • 

COLUMN SELECT 
CIRCUITRY 
(8 OF 2561 

O. 

~-"";""-02 

OJ 
L..--....:....t >--....;....- 04 

05 
L..-___ ~ >--"";""-0

6 

0/ 

'------~~ >--"";""-08 

POWER DOWN 

OUTPUT ENABLE 

'CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE HIGH ACTIVE. OR 

DON'T CARE 
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Svnertek 
~ 

Features 

• EPROM Pin Compatible 
• 32,768 x 8 Bit Organization 
• Single t 5 Volt Supply 
• Access Time - 200/300/450 ns (max) 
• Totally Static Operation 
• Completely TTL Compatible 
• 28 Pin JEDEC Approved Pinout 

Description 

The SY23256 and SY23256A high performance Read Only 
Memories are organized 32,768 words by 8 bits with 
access times from 200 ns to 450 ns. The ROMs are 
designed to be compatible with all microprocessor and 
similar applications where high performance, large bit 
storage and simple interfacing are important design 
considerations. Both ROMs conform to the JEDEC approved 
pinout for 28 pin 256K ROMs. 

The SY23256 offers the simplest operation (no power 
down.) Its two programmable chip selects allow up to four 
256K ROMs to be OR-tied without external decoding. 

The SY23256A offers an automatic power down feature. 
Power down is 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 as much as 90%. An additional feature of 

Pin Configurations 

SY23256 SY23256A 

NC Vee Vee 

A12 A14 A14 

A7 All A13 

A6 As As 

A5 Ag Ag 

A4 All All 

A3 CSl DE 
A2 AlO AlO 

Al CS2 CE 

Ao Os Os 

01 07 07 

02 06 06 

03 05 05 

GND 04 04 
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SY23256/SY23256A 
32,768 x 8 Static 

Read Only Memory 

• SY23256A- Automatic Power Down (CE) 
Output Enable Function (OE) 

• SY23256 - Non Power Down Version 
Two Programmable Chip Selects 

• Three State Outputs for Wire-OR Expansion 
• EPROMs Accepted as Program Data Input 

the SY23256A is the Output Enable (OE) function. This 
eliminates bus contention in mUltiple bus microprocessor 
systems. 

Both the SY23256 and SY23256A are pin compatible with 
EPROMs thus eliminating the need to redesign printed 
circuit boards for volume mask programmed ROMs after 
prototyping with EPROMs. 

Block Diagram 

AJ --. 

A4 ---.. 

A5~ 

A6~ DE~~~ER 
AI DRIVER 
A8 --. II OF 5121 

A9~ 

A"--",, 

A'J--"" 

_141 

OE ----. CHIP' 
CSI ---.. SElECT 
CSz ---.. CIRCUITRY 

262.144 BIT 
ROM ARRAY 
1512 x 5121 

••••••• 
COLUMN SELECT 

CIRCUITRY 
18 OF 5121 

POWER DOWN 

OUTPUT ENABLE 

0, 

°l 
OJ 

04 

05 

06 

01 

08 

'CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE, 
OR DON'T CARE. 
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Svnertek. 
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Features 
• Access Time- 70 ns.(max) 

• Single +5,Volt Supply 
• Contact Programming 
• Four Week Prototype Turnaround 

• Completely TTL Compatible 
• Totally Static Operation 

Description 

The Synertek SY3308 is a high speed 16,384-bit static mask 
programmable Read Only Memory organized 1024 words by 
8 bits. Designed to be compatible with industry standard 8K 
bipolar PROMs, it eliminates the need to redesign printed 
circuit boards for volume production after prototyping with 
PROM's. The device offers full TTL compatibility on all inputs 
and outputs and operates on a single +5V power supply. The 
three-state output buffers facilitate system expansion by 
allowing outputs to be wire-ORed together. These features, 
combined with a maximum access timeof 70 nsec, make the 
SY3308 suitable for application where high performance, 
large bit storage and simple interface are important design 
considerations. 

Features 
• Access Time - 80ns (max) 
• Single +5 Volt Supply (± 10%) 
• Contact Programming 
• Four Week Prototype Turnaround 
• Completely TTL Compatible 
• Totally Static Operation 

Description 
The SY3316 and SY3316A are high speed 16,384 bit static 
mask programmable Read Only Memories organized 2048 
words by 8 bits. Designed to be pin compatible with 16K 
bipolar PROMs, they eliminate the need to redesign printed 
circuit boards for volume' production after prototyping with 
PROMs. 

The SY3316A offers an automatic power down feature. 
Power down is controlled by the Chip Enable (.cE) input. 
When CE goes high, the device will automatically power 
down and remain in a standby power mode as long as CE 
remains high. This unique feature provides system level 
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5Y3308 
1024 x 8 High Speed 
Read Only Memory 

• Pin Compatible with 8K Bipolar PROMs -
Replaces 7681 or 82S181 

• Three-State Outputs for Wire-OR Expansion 

• Four Programmable Chip Selects 

• 8K Bipolar PROMs Accepted as Program 
Data Inputs 

The SY3308 utilizes fully static circuitry and operates asynch
ronously so no clocks are required. The four chip select buffers 
are mask programmable to be any combination of high active, 
low active or don't care that is desired. This allows up to 
sixteen ROM's to be OR-tied without external decoding. 

The SY3308 is fabricated using Synertek's scaled, high per
formance N-channel MOS technology. This, combined with 
inovative design techniques, provides the high performance 
and ease-of-use features associated with non-clocked static 
memories. 

5Y3316/5Y3316A 
2048 X 8 High Speed 
Reqd Only Memory 

• SY3316A - Automatic Power Down (CE) 
• Pin Compatible with 16K Bipolar PROMs -

Replaces 3636 or 82S191 
• Three-State Outputs for Wire-OR Expansion 
• Three Programmable Chip Selects (two on SY3316A) 
• 16K Bipolar PROMs Accepted as Program Data Inputs 

power savings of as much as 80%. The two programmable 
chip selects (CS) allow as many as four ROMs to be OR-tied 
without external decoding. 

The SY3316 offers somewhat simpler operation than the 
SY3316A. It's three programmable chip selects allow up to 
eight ROMs to be OR-tied without external decoding. 

Both devices are fabricated using Synertek's scaled high 
performance N-channel MOS technology. This, combined 
with innovative design techniques, provides the high per
formance and ease-of-use features associated with static 
memories. 
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Synertek 

Features 
• Effective Access time (tCPA) = 35 ns (max) 

• Single 5 Volt Supply 
• Contact Programming 
• Four Week Prototype Turnaround 
• Completely TIL Compatible 

Description 
The Synertek SY3308R is a high speed 8192-bit static mask 
programmable Read Only Memory organized 1024 words by 
8 bits. Designed to be compatible with industry standard 8K 
bipolar PROMs, it eliminates the need to redesign printed 
circuit boards for volume production after prototyping with 
PROMs. The device offers full TIL compatibility on all inputs 
and outputs and operates on a single +5V power supply. The 
SY3308R has a registered output that allows pipelining. 
These features, combined with an effective access time of 35 
nsec, make the SY3308R suitable for application where high 

Features 

• Effective Access time (tCPA) = 35 ns (max) 
• Single +5V Supply (±1 0%) 
• Contact Programming 
• Four Week Prototype Turnaround 
• Completely TIL Compatible 
• Totally Static Memory 

Description 
The S3316R is a high speed 16,384 bit static mask program
mable Read Only Memory organized 2048 words. by 8 bits. 
Designed to be pin compatible with 16K bipolar PROMs, they 
eliminate the need to redesign printed circuit boards for 
volume production after prototyping with PROMs. 

The device offers full TIL compatibility on all inputs and out
puts and operates on a single +5V power supply. 

The SY3316R has a registered output that allows pipelining. 
These features, combines with an effective access time of 35 
ns, makes the SY3316R suitable for applications where high 

© Ie MASTER 1983 

SY3308R 
1024 x 8 High Speed 
Read Only Memory 

• Totally Static Operation 
• Pin Compatible with 8K Bipolar PROMs -

Replaces 7681 or 82S181 

• Registered Outputs 
• 8K Bipolar PROMs Accepted as Program Data Inputs 

performance, large bit storage and simple interface are 
important design considerations. . 

The SY3308R has a latch in the output that allows the 
memory to stack data so that the effective access time (time 
from data out to data out) is 35 ns. 

The SY3308R is fabricated using Synertek's scaled, high 
performance N-channel MOS technology. This, combined 
with innovative design techniques, provides the high 
performance and ease-of-use features associated with non
clocked static memories. 

SY3316R 
2048 X 8 High Speed 
Read Only Memory 

• Pin Compatible with 16K Bipolar PROMs -
Replaces 3636 or 82S 191 

.• Three-State Outputs for Wire-OR Expansion 

• 16K Bipolar PROMs Accepted as Program Data 
Inputs 

performance, large bit storage, and simple interface are 
important design considerations. 

The SY3316 has a latch in the output that allows the memory 
to stack data so that the effective access time (time from data 
out to data out) is 40 ns. 

The device is fabricated using Synertek's scaled high perfor
mance N-channel MOS technology. This, combined with 
innovatove design techniques, provides the high performance 
and ease-of-use features associated with static memories. 
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§Wertek 

Features 
• 450 ns Address Access Time 
• Fully Static Operation 
• Low Power Dissipation 110 mW Max. 
• Full TTL Compatibility: All Inputs and Outputs 
• Three State Outputs 

Description 
The Synertek SY2801 A is a 256 bit electrically erasable 
programmable read only memory (E2PROM) organized 64 
words by four bits and'is fabricated using Synertek's double 
poly silicon gate n-channel technology. The devi.ce can be 
easily erased and reprogrammed on a word basis. A chip 
erase function is also provided. The SY2801 A utilizes an 

, on-board high voltage generator to provide all the internal 
voltages necessary to program and erase the chip. The single 
+5V power supply is the only power supply required. 

The in-system erase/write capability of the SY2801 A makes it 
suitable for a wid~ variety of applications requiring a small 

Pin Configuration 

TEST Vce 

A5 CLR 

A4 PGM 

A3 OE 

A2 1/03 

Al 1/02 

Ao 1/01 

GND 1/00 
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SY2801A 
64 x 4 Electrically Erasable 

Programmable ROM 

• Single +5V Operation: Both Read and Program Modes 
• Single Word Erase/Write Capability 
• 10 ms Word Erase/Write Time 
• Chip Erase Time of 10 ins 
• Erase/Write Specifications Guaranteed 0-70°C 

amount of alterable, non-volatile storage. Any word can be 
erased or programmed in 10 ms without affecting the rest of 
the memory. Alternatively, the entire memory can be erased 
in 10 ms. Both the erase and' write operations are 
accomplished with the applications of a single TTL level pulse. 

The SY2801 A utilizes fully static circuitry and is completely 
TTL compatible. The common data input/outputs with three
state output drivers greatly simplifies interface with systems 
utilizing a bidirectional data bus. The device is packaged in a 
16-pin DIP for optimum density. 

Block Diagram 

Az 

A3 

A4 

As 

01 

ROW 
SELECT 
(1 OF 16) 

COLUMN 
SELECT 
(10F4) 

CONTROL 
LOGIC 

256 BIT ARRAY 

>-~++---1/00 

>---+--4--++---1/0 1 

~--+I ~f--++---I/Oz 

OUTPUT ENABLE 
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Sypertek. 

Features 
• Reliable Floating Gate Technology 
• Microprocessor Compatible Architecture 
• On-Chip Address/Data Latches 
• Single Byte Erase/Write Capability 
• Fully TTL Compatible 

Description 
The SY2802E is a 2048 bit electrically erasable programmable 
read-only memory (E2PROM) organized as 256 words by 
eight bits. Fabricated using Synertek's double poly silicon 
gate n-channel technology, the device utilizes a novel 
memory architecture that results in the memory operating as 
a non-volatile register file. A single bidirectional eight bit data 
port is used for transmitting the address, data and status 
information. Both address and input data are latched into 
onboard registers eliminating the need to hold them valid 
during the long erase/write operation. In addition, all the 
erase/write control logic is incorporated on chip completely 
freeing the microprocessor once the erase/write cycle has 
been initiated. Both a BUSY signal and status register are 

Pin Configuration 

07 vee 

06 TC 

05 Rm 
Dot RS 

03 imSY 

Dz STRB 

01 CS 

Do ern 
GNO TEST 

Ordering Information 

Select Cycle Supply 
Order Access Time Current Package 

Number Time (Min) (Max) Type 
SYD2802E 110ns 240 70mA Cerdip 
SYP2802E 110ns 240 70mA Plastic 

© Ie MASTER 1983 

SY2802E 

256x8 
Electrically Erasable 

Programmable ROM 

• Single +5V Operation 
• Erase/Write Specifications Guaranteed 0-70D C 
• Low Power Dissipation: 385 mW Max. 
• On-Chip ERASE/WRITE Control 
• Both BUSY Signal and Status Register 

available to facilitate easy interface in a wide variety of 
microprocessor based systems. 

The in-system erase/write capability of the SY2802E make it 
suitable for a wide variety of applications requiring a small 
amount of alterable, non-volatile storage. Any byte can be 
erased and written without affecting the rest of memory. 
Alternatively, the entire memory can be erased. 

The SY2802E utilizes fully static circuitry and is completely 
TTL compatible in the read and erase/write modes. The 
device has an on-chip high voltage generator eliminating the 
need for any high voltage pulses or power supplies. The sirigle 
+5V power supply is all that is required for any operation. 

Block Diagram 

smv------.. 

TC>----t 

cs >----t 

ern ~--f 
RiW>---t 

STRB>---t 

RS >----t 

GNO(OV)>-

vec(+5V)r-

TIMING 
AND 

CONTROL 
LOGIC 

en 
w 
Z 
::::i 

.... 
o 
a: 
Iz 
8 

E2PROM 
REGISTER 

FILE 
(256 x 8) 

DATA BUS 
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MOS 
LSI 

TMS 4164 JoL, NL, FPL 
65,536-8IT DYNAMIC RANoOM~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 TMS 411 6 
(16K Dynamic RAM) 

• Performance Ranges: 

ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 
(MAX) (MAX) (MIN) 

TMS 4164-12 120 ns 75 ns 230 ns 
TMS 4164-15 150 ns 100 ns 260 ns 
TMS 4164-20 200 ns 135 ns 330 ns 
TMS 4164-25 250 ns 165 ns 410 ns 

• Long Refresh Period . . . 4 milliseconds 

• Low Refresh Overhead Time . . . As Low As 
1.8% of Total Refresh Period 

• All Inputs, Outputs, Clocks Fully 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 (typ.) 

,Standby ... 17.5 mW (typ.) 

• New SMOS (Scaled-MOS) N-Channel 
Technology 

READ, 
MODIFY, 

WRITE 
CYCLE 
(MIN) 

260 ns 
285 ns 
345 ns 
455 ns 

JULY 1980 - REVISED MAY 1982 

1 6-PIN CERAMIC AND PLASTIC 

DUAL-IN-LiNE PACKAGES 

(TOP VIEW) 

NC VSS 
D CAS 

W Q 

RAS A6 

AD A3 

A2 A4 

A1 A5 

VDD A7 

18-PIN PLASTIC 

CHIP CARRIER PACKAGE 

(TOP VIEW) 

u ~I~ , 
c z > u 

W 16 Q 

RAS 15 A6 

NC 14 NC 
AD 13 A3 
A2 12 A4 

8' 9 10' 11 

.- c,... It) 

ex: c ex: ex: 
> 

PIN NOMENCLATURE 
AO-A7 Address Inputs 

CAS Column Address Strobe 

D Data In 

NC No-Connect 
Q Data Out 

RAS Row Address Strobe 

W Write Enable 

VDD +5VSupply 

description 
VSS ' Ground 

3958 

The TMS 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. 

The TMS 4164 features RAS access times of 120 ns, 150 ns, 200 ns, or 250 ns maximum. Power dissipation is 125 
mW typical operating, 1 7.5 mW typical standby. 

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 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. Pin 1 has no internal connec
tion to allow compatibility with other 64K RAMs that use this pin for an additional function. 

TEXAS INSTRUMENTS 
I NCOR PORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

© IC MASTER 1983 



MDS 
LSI 

• 16,384 X 4 Or.ganization 

o Single +5 V Supply (10% Tolerance) 

• Performance Ranges: 

ACCESS ACCESS 

TIME TIME 

ROW COLUMN 
ADDRESS ADDRESS 

(MAX) (MAX) 

TMS 4416-15 150 ns 80 ns 
TMS 4416-20 200 ns 120 ns 
TMS 4416-25 250 ns 150 ns 

READ 

OR 

WRITE 
CYCLE 
(MIN) 

260 ns 

330 ns 
410 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 (typ) 
- Standby ... 17.5 mW (typ) 

• New SMOS (Scaled-MOS) N-Channel 
Technology 

description 

TMS 4416 NL 
16,384-WDRD BY 4-BIT DYNAMIC RAM 

READ, 

MODIFY, 

WRITE 
CYCLE 
(MIN) 

360 ns 

440 ns 
560 ns 

AUGUST 1980 - REVISED JUNE 1982 

la-PIN PLASTIC 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

G VSS 

D01 D04 

D02 CAS 

W D03 

RAS AD 

A6 A1 

A5 A2 

A4 A3 

VDD A7 

PIN NOMENCLATURE 

AO-A7 

CAS 
D01-D04 

G 
RAS 

W 

VDD 
VSS 

Address Inputs 

Column Address Strobe 

Data I n/Data Out 

Output Enable 

Row Address Strobe 

Write Enable 
+5 V Supply 

Ground 

The TMS 4416 N L 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 

performance combined with low cost and improved reliability. 

The TMS 4416 NL features RAS access times to 150 ns maximum. Power dissipation is 130 mW typical operating, 

17.5 mW typical standby. 

NewSMOS technology permits operation from a single +5 V supply, reducing system power supply and decoupling re

quirements, and easing board layout. I DD peaks have been reduced to 60 mA typical, and a -1 V input voltage under

shoot 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 74 TTL. All address lines and dat~-in are latched on 

chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

The TMS 4416 N L is offered in an 18-pin dual-in-line plastic package and is guaranteed for operation from O°C to 

70°C. Packages are designed for insertion in mounting-hole rows on 300 mil (7.62mm) centers. 

ADVANCE INFORMATION 
This document contains information on 

a new product. Specifications are subject 

to change without notice. 
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Copyright © 1982 by Texas I nstruments Incorporated 

TEXAS INSTRUMENTS 
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MEMORY SUPPORT 
LSI 

• Controls Operation of 8K/16K/321(/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 I nternally or Externally 
Initiated 

• Versatile 

- Strap-Selected Refresh Rate 
- Synchronous, Predictable Refresh 
- Selection of Distributed, Transparent, and 

Cycle-Steal Refresh Modes 
- I nterfaces Easily to Popular Micropro

cessors 

• Strap-Selected Wait State Generation for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or I nterleave Con
troller with the Microprocessor System 
(I ncluding Multiple Controllers) 

• Three-State Outputs Allow Multiport 
Memory Configuration 

description 

TMS 4500A NL 
DYNAMIC RAM CONTROLLER 

TMS 4500A 
40-PI N GOO-MI L PLASTIC 
DUAL-I N-LI NE PACKAGE 

(TOP VIEW) 

ClK VCC 

RDY REFREQ 

REN1 TWST 

CS FSO 

ALE FS1 

RASO RA7 

RAS1 CA7 

ACR MA7 

ACW MAG 

CAS CAG 

RAO RAG 

CAO RA5 

MAO CA5 

MA1 MA5 

CA1 RA4 

RA1 CA4 

RA2 MA4 

CA2 RA3 

MA2 CA3 

GND MA3 

JANUARY 1982 

The TMS 4500A is a monolithic 0 RAM 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 ti~er is provided that generates the necessary timingto refresh the dynamic memories and assure data retention. 

The TMS 4500A also contains refresh/access arbitration circuitry to resolve conflicts between memory access requests 
and memory refresh cycles. The TMS 4500A is offered in a 40-pin, 600-mil dual-in-line plastic package and i's guaranteed 
for operation from oOe to 70

o e. 

PRODUCT PREVIEW 
This document contains information on 

a product under development. Texas 

I nstruments reserves the right to change 

or discontinue this product without 

notice. 
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ADVANCED MEMORY 
DEVELOPMENT 

• Fast Address to Match Valid Delay - Four 
Speed Ranges: 45 ns, 55 ns, 70 ns, 90 ns 

• 512 X 9 Internal RAM 

• 300-Mil 24-Pin Ceramic DIP 

• Max Power Dissipation: 660 mW 

• On-Chip Parity Generation and Checking 

• Parity ErrQr Output/Force Parity Error Input 

• On-Chip Address/Data Comparator 

• Asynchronous, Single-Cycle Reset 

• Easi Iy Expandable 

• Fully Static, TTL Compatible 

• Reliable SMOS (Scaled NMOS) Technology 

description 

TMS 2150 JL 
CACHE ADDRESS COMPARATOR 

MARCH 1982 

JPACKAGE 

(TOP VIEW) 

RESET VCC 
A5 A1 

A4 AO 

A3 AS 

A2 A7 

03 A6 

DO 05 

01 04 

02 07 

W 06 

PE MATCH 

VSS S 

The S-bit-slice cache address comparator consists of a high-speed 51 2 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 00-07 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-AS. 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 51 2 X 9 RAM locations will be cleared and the 
MATCH 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 CERPAK. The 
device is fully TTL compatible and js guaranteed to operate from OOC to 70°C. 

MATCH OUTPUT DESCRIPTION FUNCTION TABLE 

MATCH = VOH if: [AO-AS] = 00-07 + parity, OUTPUT FUNCTION 

,or: RESET = VIL, MATCH 

or: S = VIH, L 

or: W = VIL L 

MATCH = VOL if: [AO-AS] 4= DO~07+parity, 

with RESET = VIH, 

H 

H 

S = VIL, andW = 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. 

© IC MASTER 1983 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 752G5 

PE DESCRIPTION 

L Parity Error 

H Not Equal 

L Undefined Error 

H Equal 
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MOS 
LSI 

• 2K X 8 Organization, Common I/O 

• Single +5 V Supply 

• Fully Static Operation (No Clocks, No 
Refresh) 

• JEDEC Standard Pinout 

• 24-Pin 600 Mil (15.2 mm) Package Config
uration 

• Plug-in Compatible with 16K 5 V EPROMs 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• ,3-State Outputs with S for 0 R-ties 

• G Eliminates Need for External Bus Buffers 

• Alii nputs and Outputs Fully TTL Compatible 

• Fanout to Series 74, Series 74S or Series 74LS 
TTL Loads 

• N-Channel Silicon-Gate Technology 

• Power Dissipation Under 385 mW Max 

• Guaranteed dc Noise'lmmunity of 400 mV 
,with Standard TTL Loads 

• 4 Performance Ranges: 

TMS 4016-12 
TMS 4016·15 
TMS 4016-20 
TMS 4016-25 

description 

ACCESS TIME (MAX) 

120 ns 
150 ns 
200 ns 
250 ns 

TMS 4016 NL 
2048-WORD BY 8-BIT STATIC RAM 

FEBRUARY 1981 - REVISED DECEMBER 1981 

TMS 4016 
24·PIN PLASTIC 

DUAL·IN·LlNE PACKAGE 
(TOP VIEW) 

A7 Vee' 
A6 A8 
A5 A9 
A4 W 

A3 G 
A2 A10 
Al S-
AO D08 

DOl D07 
D02 D06 
D03 D05 

Vss D04 

PIN NOMENCLATURE 

AO·A10 Addresses 

D01·D08 Data In/Data Out 

S Chip Select 

G Output Enable 

W Write Enable 

VSS Ground 

Vee +5 V Supply 

The TMS 4016 static random-access memory is organized as 2048 words of 8 bits each. Fabricated using proven 
N-channel, silicon-gate MOS technology, the TMS 4016 operates at high speeds and draws less power per bit than 4K 
static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clocking 
circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select. control is 
provided for controlling the flow of data-in and data-out and an output enable function is included in order to eliminate 
the need for external bus buffers. 

3962 

Of special importance is that the TMS 4016 static RAM has the same standardized pinout as Tl's compatible EPROM 
family. This, along with other compatible features, makes the TMS 4016 plug-in compatible with the TMS 2516 (or 
other 16K 5 V EPROMs). Minimal, if any modifications are needed. This allows the microprocessor system designer 
complete flexibility in partitioning his memory board between read/write and non-volatile storage. 

The TMS 4016 is offered in the plastic (N L suffix) 24-pin dual-in-line package designed for insertion in mounting hole 
rows on 600-mil (15.2 mm) centers. It is guaranteed for operation from O°C to 70°C. 

TEXAS)NSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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TEXAS INSTRUMENTS 
INCORPORATED 

Bipolar Programmable 

Read-Only Memories 

Series 24 and Series 28 

e High-Performance Schottky PROMs 

e . Low-Power PROMs 

e Power-Down PROMs 

e Registered-Output PROMs 

e Ceramic DIP or Chip Carrier for Military of 
Industrial Applications 

• Plastic DIP or Chip Carrier for Commercial 
Applications 

© Ie MASTER 1983 3963 
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PRODUCT GUIDE 

TBP14S10 (,S287) logicsymbol t 

PROGRAMMABLE READ-ONLY PROM 256 X 4 

MEMORIES AO 
(5) 

0 

256 X 4 A1 
(6) 

• 
A2 

(7) 
A'V 

(12) 
00 • Three-state outputs' 

A3 
(4) A'V 

(11) 
01 • Typical address access time 0 

(3) >A 255 (10) 
... 42 ns A4 A'V 02 

(2) 
A'V 

(9) 03 A5 
• Typical power ... 500 mW (1) 

A6 
A7 

(15) 7 
02 (14) '" & 

lEN 01 
(13) r--...... 

TBP14SA10 (,S387) logic symbol t , 

PROGRAMMABLE READ-ONLY PROM 256 X 4 

MEMORIES AO 
(5) 0 

A1 
(6) 

• 256 X 4 
A2 

(7) 
AQ 

(12) 
00 

Open-collector outputs • (4) AQ (11 ) 
A3 0 01 

• Typical address access time (3) >A 255 AQ (10) 
A4 02 

... 42 ns A5 
(2) 

AQ (9) 03 

• Typical power ... 500 mW A6 
(1) 

A7 
(15) 7 

G2 
(14) f'.... & 

lEN (13) f'.... 
G1 

TBP18S22 (,S471) logic symbolt 

PROGRAMMABLE READ-ONLY PROM 256 X 8 

AO 
(1) 0 ... MEMORIES (6) 
(2) A'V 00 

A1 (7) • 256 X 8 (3) A'V 01 
A2 (8) • Three-state outputs A3 

(4) A'V 02 
0 (9) 

• Typical address access time (5) > A'25s A'V 03 
A4 (11) 

... 50 ns '(17) A'V -04 
A5 (12) 

Typical power ... 1550 mW (18) A'V 05 • A6 
(19) A'V 

(13) 06 
A7 7'" (14) 

(16) f"..... I EN 
A'V 07 

02 & 
(15) f'.... 

01 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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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 

J 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 GN~ 16 Vee 

For chip carrier options and information, 
contact the factory. 

pin assignments 

J,N PACKAGES 
1 AO 11 04 
2 A1 12 05 
3 A2 13 06 
4 A3 14 07 

5 A4 15 G1 
6 00 16 G2 
7 01 17 A5 
8 02 18 A6 
9 03 19 A7 

10 GND 20 VCC 

. For chip carrier options and information, 
contact the factory. 

© Ie MASTER 1983 



TBP18SA22 (,S470) logic symbol t 

PROGRAMMABLE READ-ONLY PROM 256 X 8 

MEMORIES AO 
(1 ) 0 
(2) AQ (6) 

00 
• 256 X 8 Al (7) 

(3) A,Q Q1 

• Open-collector outputs A2 :d) 
(4) AQ 02 

A3 0 • Typical address access time (5) :> A 255 AQ 
(9) 

03 
A4 

... 50 ns (17) AQ 
(11 ) 

04 
A5 

• Typical power ... 550 mW (18) AQ 
(12) 

05 A6 
(19) AQ 

(13) 
06 

A7 7'" (14) 

02 
(16) ,.......... 

& 
lEN 

AQ Q7 

(;1 
(15) f"...... 

TBP18S030 (,S288) logic symbolt 

PROGRAMMABLE READ-ONLY PROM 32 X 8 

MEMORIES 
A\l 

(1 ) 
00 

• 32 X 8 A\l· (2) 
(10) 01 

• Thre<;-c;tate outputs AO 

:}AJ, 
A\l 

(3) 
02 (11) • Typical address access time Al 

A\l 
(4) 

03 (12) 
... 25 ns 

A2 (5) 
(13) A\l 04 

Typical power ... 400 mW 
A3 

A\l 
(6) 

• (14) 05 
A4 (7) 

G (15) f'...... A\l 06 
EN 

A\l 
(9) 

Q7 

TBP18SA030 (,S188) logic symbol t 

PROGRAMMABLE READ-ONLY PROM 32 X 8 

MEMORIES 
AQ 

(1) 
00 

32 X 8 • AQ (2) 
(10) Q1 

• Open-collector outputs AO 

:}AJ, 
(3) 

(11) AQ 02 

• Typical address access time Al 
AQ 

(4) 
03 (12) 

... 25 ns A2 
AQ (5) 

(13) 04 

• Typical power ... 400 mW 
A3 

AQ (6) 
05 (14) 

A4 
AQ 

(7) 
(15) ,.......". 06 

G EN (9) AQ Q7 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection. 

TEXAS INSTRUMENTS 
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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 07 

5 A4 15 n1 

6 00 16 G2 

7 01 17 A5 

8 02 18 A6 

9 03 19 A7 

10 GND 20 Vee 
For chip carrier options and information, 
contact the factory. 

pin assignments 

J, N PACKAGES 

1 00 9 07 
, 2 01 10 AO 

.3 92 11 A1 

4 03 12 A2 

5 04 13 A3 

6 05 14 A4 

7 06 15 G 

8 GND 16 Vee 
For chip carrier options and information, 
contact the factory. 

pin assignments 

J, N PACKAGES 

1 00 9 07 

2 01 10 AO 

3 02 11 A1 

4 03 12 A2 

5 04 13 A3 

6 05 14 A4 

7 06 15 G 

8 GND 16 Vee 

For chip carrier options and information, 
contact the factory. 
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PRODUCT GUIDE 

TBP18S42 (,S472) logic symbol t 

PROGRAMMABLE READ-ONLY PROM 512 X S 

MEMORIES (1 ) 
AO O. 

• 512 X 8 (2) A'V 
A1 

• Three-state outputs A2 
(3) A'V 

• Typical address access time A3 
(4) A'V 

(5) 0 A'V 
· .. 55 ns A4 > A511 (16) A'V 

• Typical power ... 600 mW AS 
A'V 

A6 
(17) 

(1S) A'V 
A7 

(19) A'V 
AS S 
G (15) r--.... EN 

TBP18SA42 (,S473) logic symbol t 

PROM 512 X S 
PROGRAMMABLEREA~ONLY 

(1) 
MEMORIES AO 0 

AQ (2) 
A1 

AQ • 512 X 8 (3) 
A2 

AQ • Open-collector outputs (4) 
A3 

(5) 0 AQ • Typical address, access time A4 >A511 (16) AQ 
· .. 55 ns AS AQ (17) • Typical power ... 600 mW A6 

AQ (1S) 
A7 

AQ (19) 
AS S 
G (15) r--.... EN 

-

TBP18S46 (,S474) logic symbol t 

PROGRA~MABLEREA~ONLY 
PROM 512 X S 

(S) O. AO 
MEMORIES 

A1 
(7) 

A'V 

• 512 X 8 A2 
(6) 

A'V 

• Three-state outputs A3 
(5) 

A'V 
(4) 0 

• Typical address access time A4 >A511 A'V 
(3) 

· .. 55 ns AS A'V 
(2) 

• Typical power ... 600 mW AS A'V 
(1) 

A7 A'V 
(23) 

AS s'" A'V 
(21) f'..... G4 & (19) 

G3 
G2 

(1S) EN 

G1 (20)f"'-..". 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

(6) 
00 

(7) 
01 

(S) 
02 

(9) 
03 

(11) 
04 

(12) 
05 

(13) 
06 

(14) 07 

(6) 00 
(7) 

01 
(S) 

02 
(9) 

03 
(11 ) 

04 
(12) as 
(13) 

06 
(14) 

Q1 

(9) 
00 

(10) 
01 

(11) 
02 

(13) 03 
(14) 

04 
(15) 

05 
(16) 

06 
(17) 

Q1 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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pin assignments 

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 Vce 

For chip carrier options and information, 

contact the factory. 

pin assignments 

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 Vee 
For chip carrier options and information, 

contact the factory. 

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 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. 

© Ie MASTER 1983 



TBP18SA46 (,S475) logic symbol t 

PROM 512 X S 
PROGRAMMABLE READ-ONLY (S) 0 AO 
MEMORIES (7) (9) 

AQ Al 00 
• 512 X 8 A2 

(6) 
A0. 

(10) 
01 

• Open-collector outputs A3 
(5) 

AQ 
(11) 

02 

• TYPical address access time (4) 0 (13) 
A4 >A511 AQ 03 

_ .. 55ns A5 
(3) 

A0. 
(14) 

04 

A6 
(2) 

A0. 
(15) • Typical power _ . _ 600 mW 05 

A7 
(1) 

AQ 
(16) 

06 
AS 

(23) 
A0. 

(17) 
S' Q7 

G4 
(21) r--..... 
(19) & 

G3 

G2 
(lS) EN 

Gl (20) r--..... 

TBP24S10 logic symbol t 

PROGRAMMABLE READ-ONLY PROM 256 X 4 

MEMORIES AO 
(5) 

0 
(6) 

• 256 X 4 Al 
(7) (12) 

• Three-state outputs A2 A\l 00 

A3 
(4) 

A\l 
(11) 

01 • Typical address access time 0 

A4 
(3) >A 255 A\l 

(10) 
02 

___ 35 ns (2) 
A\l 

(9) 03 AS 

• Typical select time __ . 20 ns (1) 
A6 

• Typical power ___ 375 mW A7 
(15) 

7 

G2 
(14) ............ 

& 
(13) ............. EN 

G1 

TBP24SA10 logic symbol t 

PROM 256 X4 PROGRAMMABLE READ-ONLY 
(5) 

MEMORIES AO 0 

Al 
(6) 

• 256 X 4 A2 
(7) 

A0. 
(12) 

00 

• Open-collector outputs A3 
(4) 

AQ 
(11 ) 

01 0 

• Typical address access time A4 
(3) >A 255 AQ 

(10) 
02 

___ 35 ns AS 
(2) 

AQ 
(9) 

03 

Typical select time __ . 20 ns A6 
(1) 

• 
A7 

(15) 
7 • Typical power ___ 375 mW (14) ......... 

(;2 & 
(13) ............ EN 

(;1 

t Pin numbers shown on logic symbols are f~r J and N packages only. 

nc - no internal connection_ 

TEXAS INSTRUMENTS 
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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 07 

6 A2 18 G2 

7 A1 19 G3 

8 AO 20 <3'1 

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 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 VCC 

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 VCC 

For chip carrier options and information, 

contact the factory. 
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PRODUCT GUIDE 

TBP24S41 (,S476) logic symbolt 

PROGRAMMABLEREAD~NLY PROM 1024 X 4 
MEMORIES 

AO 
(5) 0 

• 1024 X 4 A1 
(6) 
(7) • Three-state outputs A2 
(4) 

Typical address access time A3 (14) • A'V 00 (3) 
... 40 ns A4 0 A'V 

(13) 
01 (2) A

1023 Typical select time ... 20 ns A5 A'V 
(12) 

02 • (1) A6 
A'V 

(11) 
• Typical power ... 475 mW (17) 03 

A7 

AS (16) 

A9 
(15) 

9 
(;2 (10) & 

.lEN G1 
(S) 

TBP24SA41 (,S477) logic symbolt 

PROGRAMMABLE READ-ONLY PROM 1024 X 4 

MEMORIES AO (5) 0 

• 1024 X 4 Al 
(6) 

Open-collector outputs A2 (7) 
• 

A3 (4) 
(14) • Typical address access time AQ (3) 00 

... 40 ns 
A4 0 AQ (13) 

01 (2) > A 1023 A5 AQ (12) 
• Typical select time ... 20 ns (1) 02 

A6 
AQ 

(11 ) 
• Typical power ... 475 mW (17) 03 

A7 

AS (16) 

A9 
(15) 

9 
(;2 (10) & 

lEN Gl 
(S) 

TBP24S81 (,S454) logic symbolt 

TBP24S81-55 PROM 204S X 4 

AO 
(5) 0 ... 

PROGRAMMABLE READ-ONLY (6) 
MEMORIES 

Al 
(7) 

A2 
• 2048 X 4 A3 

(4) 

(3) (14) • Three-state outputs A4 A'V 00 
(13) 

• Typical address access time A5 (2) 0 A'V 01 > A 2047 (12) 
... 45 ns A6 

(1 ) A'V 02 
(11) (17) A'V 03 • TBP24S81-55 maximum A7 

A8 
(16) 

address access time ... 55 ns (15) 
A9 • Typical select time ... 20 ns (8) 

A10 10 
• Typical power ... 625 mW G (10) .f'..... EN 

" 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection. 
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pin _ignments 

J, N PACKAGES 
1 A6 10 G2 
2 A5 11 03 
3 A4 12 02 
4 A3 13 01 

5 AD 14 00 

6 Al 15 A9 
7 A2 16 A8 
8 Gl 17 A7 

9 GND 18 Vce 

For chip carrier options and information, 
contact the factory. 

pin essignments 

J, N PACKAGES 
1 A6 10 G2 
2 A5 11 03 
3 A4 12 02 
4 A3 13 01 
5 AD 14 00 
6 Al 15 A9 
7 A2 16 A8 
8 Gl 17 A7 
9 GND 18 Vee 

For chip carrier options and information, 
contact the factory. 

pin essignments 

J, N PACKAGES 
1 A6 10 G 
2 A5 11 03 
3 A4 12 02 
4 A3 13 01 
5 AD 14 00 
6 Al 15 A9 
7 A2 16 A8 
8 Al0 17 A7 
9 GND 18 Vce 

For chip carrier oPtions and information, 
contact the factory. 

© Ie MASTER 1983 



TBP24SA81 (,S455) 
TBP24SA81-55 
PROGRAMMABLE READ-ONLY 

MEMORIES 

• 2048 X 4 

• Open-collector outputs 

• Typical address access time 

... 45 ns 

• TBP24SA81·55 maximum 

address access time ... 55 ns 

• Typical select time ... 20 ns 

• Typical power ... 625 mW 

TBP28L22 
LOW-POWER PROGRAMMABLE 

READ-ONLY MEMORIES 

• 256 X 8 

• Three-state outputs 

• Typical address access time 

... 45 ns 

• Typical select time ... 20 ns 

• Typical power ... 375 mW 

TBP28LA22 
LOW~OWERPROGRAMMABLE 

READ-ONLY MEMORIES 

• 256 X 8 

• Open-collector outputs 

• Typical address access time 

... 45 ns 

• Typical select time ... 20 ns 

• Typical power ... 375 mW 

logic symbol t 

AO 
Al 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

A9 

Al0 

G 

(5) 

(6) 

(7) 

(4) 

(3) 

(2) 

(1) 

(17) 

(16) 

(15) 

(S) 

(10) r--...... 

logic symbol t 

AO 
Al 
A2 

A3 

A4 

AS 
AS 

A7 

02 
01 

(1 ) 

(2) 

(3) 

(4) 

(5) 

(17) 

(1S) 

(19) 

(lS) ,......"" 

(15) J"-..... 

logic symbolt 

AO 
Al 

A2 

A3 

A4 

AS 
AS 

A7 

G2 
01 

(1 ) 

(2) 

(3) 

(4) 

(5) 

(17) 

(lS) 

(19) 

(lS)r--..,. 

(15) ........... 

PROM 2048 X 4 

0 

AQ 
0 AQ > A 2047 

AQ 

AQ 

10 

EN 

PROM 25S X S 

0 ... 
A'V 

A'V 

A'V 
0 > A2s'5 A'V 

A'V 

A'V 

7" 
A'V 

& 
lEN 

A'V 

PROM 256 X S 

0 ... 
AQ 

AQ 

AQ 
0 > A 255 AQ 

AQ 

AQ 

AQ 
7" 

AQ 
& 

lEN 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection. 

(14) 

(13) 

(12) 

(11) 

(S) 

(7) 

(S) 

(9) 

(11) 

(12) 

(13) 

(14) 

(S) 

(7) 

(S) 

(9) 

(1,1) 

(12) 

(13) 

(14) 

00 

01 

02 
03 

00 
01 

02 
03 

04 

05 

OS 
07 

00 
01 

02 

03 

04 

05 

OS 
07 
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PRODUCT GUIDE 

pin assignmonts 

J, N PACKAGES 
1 A6 10 G 

2 A5 11 03 

3 A4 12 02 

4 A3 13 01 

5 AD 14 00 

6 A1 15 A9 

7 A2 16 A8 

8 Al0 17 A7 

9 GND 18 Vce 

For chip carrier options and information, 
contact the factory. 

pin assignments 

J, N PACKAGES 
1 AD 11 04 

2 A1 12 05 

3 A2 13 06 

4 A3 14 07 

5 A4 15 G1 

6 00 16 G2 

7 01' 17 A5 

8 02 18 A6 

9 03 19 A7 

10 GND 20 VCC 

For chip carrier oPtions and information, 
contact the factory. 

pin assignments 

J, N PACKAGES 
1 AD 11 04 

2 A1 12 05 

3 A2 13 06 

4 A3 14 07 

5 A4 15 G1 

6 00 16 G2 

7 01 17 A5 

8 02 18 A6 

9 03 19 A7 

10 GND 20 Vec 

For chip carrier options and information, 
contact the factory. 
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PRODUCT GUIDE 

TBP28L42 logic symbolt 

LOW-POWER PROGRAMMABLE 
PROM 512 X S 

(1) 
READ-ONL Y MEMORIES AO O. 

AV 
(6) 

00 (2) 

• 512 X 8 
Al (7) 

(3) AV 01 

Three-state outputs 
A2 (S) • (4) A\l 02 
A3 (9) 

Typical address access time (5) A\l 03 • 0 
A4 > ASll A\l 

(11 ) 
... 55 ns (16) 04 

AS (12) 
(17) A\l 05 • Typical select time ... 25 ns A6 (13) 
(lS) AV 06 

• Typical power ... 275 mW A7 
A\l 

(14) 
(19) 07 

AS S-

G (15) r'... EN 

TBP28LA42 logic symbolt 

LOW~OWERPROGRAMMABLE 
PROM S12 X S 

(1 ) 
READ-ONLY MEMORIES AO 0 (6) 

(2) AQ 00 
Al • 512 X 8 

AQ 
(7) 

(3) 01. 

• Open-collector outputs A2 
AQ 

(S) 
Q2 

A3 
(4) 

(9) Typical address access time • AQ 03 (S) 0 
... 55 ns 

A4 > ASll AQ 
(11 ) 

(16) 04 

Typical select time ... 25 ns 
AS 

AQ 
(12) • (17) 05 

Typical power ... 275 mW 
A6 

AQ 
(13) 

06 • (18) 
A7 

AQ 
(14) 

07 (19) 
A8 8~ 

G (lS) f'..... EN 

t Pin numbers shown on logic symb.::>ls are for J and N packages only. 

nc .- no internal connection. 
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pin assignments 

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 

S 02 1S A7 

9 03 19 AS 

10 GND 20 Vee 
For chip carrier options and information, 

contac:t the factory. 

pin assignments 

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 

S 02 1S A7 

9 03 19 AS 

10 GND 20 Vee 
For chip carrier options and information, 

contac:t the factory. 
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TBP28L45 logic symbolt 

TBP28L46 PROM 512 X 8 
(8) 0 AO 

LOW-POWER PROGRAMMABLE Al 
(7) 

A\l 
(9) 

QO 
READ-ONLY MEMORIES A2 

(6) 
A\l 

(10) 
01 

A3 
(5) 

A\l 
(11 ) 

02 • 512 X 8 (4) 0 (13) 
A4 >A511 A\l 03 

• Three-state outputs (3) (14) 
AS A\l 04 

• Typical address access time (2) (15) A6 A\l 05 
__ . 55 ns (1 ) (16) A7 A\l 06 
Typical select time _ .. 25 ns 

(23) (17) • A8 8'" A\l 07 
(21) f""-.... 

Typical power .. _ 275 mW 04 & • (19) 
G3 
G2 

(18) EN 

Gl (20) J".... 

TBP28LA45 logic symbolt 

TBP28LA46 PROM 512 X 8 
(8) 0 AO 

LOW-POWER PROGRAMMABLE Al 
(7) 

AQ 
(9) 

00 
READ-ONL Y MEMORIES A2 

(6) 
AQ 

(10) 
01 

A3 
(5) 

Ao. 
(11 ) 

512 X 8 02 • (4) 0 (13) A4 >A511 Ao. 03 • Open-collector outputs (3) (14) AS 
(2) Ao. 04 

• Typical address access time (15) A6 AQ Q5 
... 60 ns (1 ) (16) A7 AQ 06 

Typical select time ... 30 ns (23) (17) • A8 8'" AQ 07 
(21) I"--... • Typical power ... 250 mW 04 & 
(19) 

G3 
G2 (18) EN 

Gl (20) r..-.... 

TBP28L85A logic symbol t 

TBP28L86A PROM 1024 X 8 
(8) 

AO 0 
LOW~OWERPROGRAMMABLE (7) (9) Al A\l 00 
READ-ONLY MEMORIES (6) (10) 

A2 A\l 01 

• 1024 X 8 A3 (5) 
A\l 

(11 ) 
02 

~ ,Three-state outputs A4 
(4) 

A\l 
(13) 

03 0 

• Typical address access time A5 
(3) > A 1023 A\l 

(14) 
04 

A6 
(2) 

, A\l (15) 
05 ... 65 ns 

A7 
(1 ) 

A\l 
(16) 

06 • Typical select time ... 30 ns 
A8 

(23) 
A\l 

(17) 
07 • Typical power ... 275 mW 

A9 
(22) 

9 

(;4 (21) I"-. & 

G3 
(19) 

(18) EN 
G2 
(;1 (20) r-...... 

t Pin numbers shown on logic symbols are for J and N packages only. 
'ne - no internal connection. 
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pin assignments 

J, N PACKAGES 
1 A7 13 Q3 

2 A6 14 Q4 

3 A5 15 Q5 

4 A4 16 Q6 

5 A3 17 07 

6 A2 18 G2 
7 A1 19 G3 
8 AO 20 G1 
9 QO 21 G4 

10 Q1 22 ne 
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 Q3 

2 A6 14 04 
3 A5 15 Q5 

4 A4 16 Q6 

5 A3 17 07 

6 A2 18 G2 
7 A1 19 G3 
8 AO 20 G1 
9 QO 21 G4 

10 Q1 22 ne 
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 Q3 

2 A6 14 Q4 

3 A5 15 Q5 

4 A4 16 Q6 

5 A3 17 Q7 

6 A2 18 G2 
7 A1 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 Q1 22 A9 

11 02 23 A8 

12 GND 24 Vee 

For chip carrier options and information, 
contact the factory, 
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PRODUCT GUIDE 

TBP28L86 (,LS478) 
LOW~OWERPROGRAMMABLE 

READ·ONLY MEMORIES 

• 1024 X 8 

• Three-state outputs 

• Typical address access 

address time ... 80 ns 

• Typical select time ... 35 ns 

• Typical power ... 350 mW 

TBP28L166A 
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 
(8) 

Al 
(7) 

A2 
(6) 

A3 (5) 

A4 
(4) 

AS 
(3) 

A6 
(2) 

A7 
(1 ) 

A8 
(23) 

A9 
(22) 

(;4 (21) r--.... 

G3 
(19) 

G2 
(18) 

(;, (20) r--.... 

logic symbol t 

AO 
(8) 

Al 
(7) 

A2 
(6) 

A3 
(5) 

A4 
(4) 

AS 
(3) 

A6 
(2) 

A7 
(1 ) 

A8 
(23) , 

(22) 
A9 

Al0 
(21) 

G3 
(19) 

G2 
(18) 

Gl 
(20) f'....... 

PROM 1024 X 8 

0 

A\l 

A\l 

A\l 

A\l 0 
~ A 1023 A\l 

A\l 

A\l 
A\l 

9 
& 

EN 

PROM 2048 X 8 

0" 

A\l 
A\l 

A\l 

0 A\l 
> A 2047 A\l 

A\l 

A\l 
A\l 

1~ 

& 

EN 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

(9) 00 
(10) 

0"'1 
(11 ) 

02 
(13) 

03 
(14) 

04 
(15) as 
(16) 

06 
(17) 

07 

(9) 
00 

(10) 
01 

(11 ) 
02 

(13) 
03 

(14) 
04 

(15) as 
(16) 

06 
(17) 

07 
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pin assignments 

J, N PAt:KAGES 
1 A7 13 03 
2 A6 14 04 
3 A5 15 05 
4 A4 16 06 
5 A3 17 07 

6 A2 18 G2 
7 Al 19 G3 

8 AO 20 <31 
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 

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 G2 
7 Al 19 G3 

,8 AO 20 Gl 
9 00 21 Al0 

10 01 22 A9 
11 02 23 A8 
12 GND 24 VCC 

For chip carrier OPtions and information, 
contact the factory. 

© Ie MASTER 1983 



TBP28P45 logic symbolt 

POWER-DOWN PROGRAMMABLE PROM 512 X 8 

READ-ONLY MEMORIES AO 
(S) 0 

A1 
(7) 

A\j 
(9) 

• 512 X 8 ao 
A2 

(S) (10) 
• Three-state outputs A\j 01 

(5) (11) A3 A\j 02 • Multiple enables (4) 0 (13) A4 >A511 A\j 03 
• Typical address access time (3) (14) 

A\j 04 AS 
... 35 ns AS 

(2) 
A\j (15) as 

• Typical select time ... 55 ns A7 
(1 ) 

A\j (16) 
06 

• Typical power ... 500/60 mW AS 
(23) 

A\j (17) 
S" 07 

E4 
(21) ,........ ~ 

E3 
(19) 

EN 

E2 
(1S) 

(20) "" 
[PWR OWN) 

E1 
See Page 2-13 

TBP28P85 logic symbolt 

POWER-DOWN PROGRAMMABLE PROM 1024 X 8 

READ-ONL Y MEMORIES AO 
(S) 

0 ... 

Al 171 (9) • 1024 X 8 (6) A\j 00 
A2 (10) Three-state outputs 15) • A\j 01 
A3 (11) • Typical address access time 
A4 

(4) A\j 02 
0 (13) 

... 35 ns (3) > A 1023 
A\j 03 

AS (14) 
• Typical select time. 0'. 55 ns (2) A\j 04 A6 (15) 

(1) A\j 05 • Typical power ... 500/60 mW A7 (16) 
(23) A\j 06 

AS (17) 
(22) A\j 07 

A9 9" 
E4 

(21) ,........ &-
E3 

(19) . EN 

E2 
(lS) 
(20) ,........ o [PWR OWN) 

El See Page 2 -1 3 

TBP28P166 logic symbolt 

POWER-DOWN PROGRAMMABLE PROM 2048 X 8 

READ-ONLY MEMORIES AO 
(S) 0'" 
(7) 

• 2048 X 8 Al (9) 
(6) A\j 00 

• Three-state outputs A2 (10) 
A3 (5) A\j 

(11) 
01 

• Typical address access time A\l Q2 
A4 (4) 

(13) 
... 35 ns A5 (3) 0 A\l 03 

> A 2047 (14) 
• Typical power ... 650/125 mW (2) A\l 04 A6 (15) 

A7 
(1) A\l 05 

(16) 
A8 (23) A\j 06 

(17) 
(22) A\l 07 A9 

Al0 
(21) 10 
(19) ~ 

E3 & 
(lS) EN 

E2 
El (20) f'-...... C)[PWR OWN) 

See Page 2 -1 3 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection. 
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pin aaignments 

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 E2 
7 Al 19 E3 
8 AO 20 El 
9 00 21 E4 

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 A5 15 05 
4 A4 16 06 
5 A3 17 07 

6 A2 18 E2 
7 Al 19 E3 
8 AO 20 El 
9 00 21 E4 

10 01 22 A9 
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 A5 15 05 
4 A4 16 06 
5 A3 17 07 
6 A2 18 E2 
7 Al 19 E3 
8 AO 20 El 
9 00 21 Al0 

10 01 22 A9 
11 02 23 A8 
12 GND 24 Vee 

For chip carrier options and information, 
contact the factory. 
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TBP28R45 logic symbolt 

TBP28R46 (8) PROM 512 X 8 

REGISTERED PROGRAMMABLE AO 0 

Al 
(7) 

READ-ONL Y MEMORIES 
A2 

(6) 

• 512 X 8 
A3 

(5) 

• Three-state outputs A4 
(4) 0 

) A5f1 

• Typical clock-to-output time AS 
(3) 

.... 20 ns A6 
(2) 

• Typical address setup time A7 
(1) 

A8 
(23) 

8 I · .. 20 ns 
(18) 

• Typical power ... 550 mW CLK Cl 

C"3 
(211,.... & 

Gl 
(20~ EN 

C"S2 
(19) t--. 

10 1=0 I 
r 

(9) 
'V AlD 

(10) 

( 11) 

(13) 

(14) 

(15) 

(16) 

(17) 

TBP28R85A logic symbol t 

TBP28R86A PROM 1024 X 8 

REGISTERED PROGRAMMABLE AO 
(8) 

0 

READ-OUT MEMORIES Al .1.7) 

A2 
(6) 

• 1024 X 8 
A3 

(5) 

• Three-state outputs A4 
(4) 

0 

• Typical clock-to-output time AS 
(3) • A 1023 

· .. 20 ns A6 
(2) 

(1) 
• Typical address setup time A7 

(23) 
· .. 20 ns A8 

A9 
(22) 

9 • • Typical power ... 600 mW (18) 
CLK Cl 

G3 (21) ...... 

(20) ........ 
& 

Gl EN 

GS2 
(19) ..... 

10 1-0 I 
I r- (9) 

A 10 'V 
(10) 

(11) 

(13) 

(14) 

(15) 

(16) 

(17) 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection. 
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pin assignments 

J, N PACKAGES 

1 A7 13' 03 

2 A6 14 04 

3 AS 15 05 

4 A4 16 06 

5 A3 17 07 

6 A2 18 ClK 

7 A1 19 GS2 

8 AO 20 <31 

9 00 21 <33 

10 01 . 22 nc 

11 02 23 A8 

12 GND 24 VCC 

For chip carrier options and information, 
contact the factory. 

00 

01 

02 

03 

04 

as 
06 

07 

pin assignments 

J, N PACKAGES 

1 A7 13 03 

2 A6 14 04 

3 AS 15 05 

4 A4 16 06 

5 A3 17 07 

6 A2 18 ClK 

7 A1 19 GS2 

8 AO 20 G1 

9 00 21 G3 

10 01 22 A9 

11 02 23 A8 

12 GND 24 VCC 

For chip carrier options and information, 
contact the factory. 

00 

01 

02 

03 

04 

05 

06 

07 
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TBP28R165A 
. TBP28R166A 

REGISTERED PROGRAMMABLE 

READ-ONLY MEMORIES 

WITH INITIALIZE 

• Single dedicated input provides 

output initialize to user

programmed preset, clear, 

or any state 

• 2048 X 8 

• Three-state outputs 

• Typical clock-to-output time 

... 20 ns 

• Typical address setup time 

. . . 20 ns 

• Typical power ... 700 mW 

TBP28S42 
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 

logic symbolt 

AO (8) 

PROM 2048 X 8 
+ 1 X 8 

Al (7) 

A2 (6) 

A3 (5) 

A4 (4) 

AS (3) 

A6--.;..;(2;;';')---f 
A7 (1) 

(23) 

0' 

A8 (22) 

A9 (21) 
Al0....;.;:..~-~10 

(20) 

-- 120 

T 

logic symbolt 

l1A~ 

1=0 EN 
r-

A 120 \l 

PROM 512 X 8 

(1) 
0 AO 

Al 
(2) A\l 

A2 
(3) A\l 

A3 
(4) A\l 

(5) 0 A\l 
A4 

(16) > A511 A\l 
AS 

(17) A\l 
A6 

(18) A\l 
A7 

A8 
(19) A\l 

8-

G (15) r-....... 
EN 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

(9) 
00 

(10) 
01 

(11 ) 
02 

(13) 
03 

(14) 
04 

(15) 
05 

(16) 
06 

(17) 
07 

(6) 
00 

(7) 
Q1 

(8) 
02 

(9) 
03 

(11) 
04 

(12) 
05 

(13) 
06 

(14) 
07 
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pin assignmonts 

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 elK 
7 Al 19 GS 
8 AD 20lNIT 

9 00 21 AID 

10 01 22 A9 

11 02 23 A8 

12 GNO 24 Vee 

For chip carrier options and information, 
contact the factory . 

pin assignments 

J, N PACKAGES 

1 AD 11 04 

2 Al 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 GNO 20 Vee 
For chip carrier options and information, 

contact the factory. 
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PRODUCT GUIDE 

TBP28SA42 logic symbolt 

PROGRAMMABLE READ-ONLY PROM 512 X 8 

(1 ) MEMORIES AD 0 (S) AQ 
512 X 8 Al 

(2) 00 
• (7) 

A2 
(3) AQ 01 

• Open-collector outputs AQ 
(8) 

A3 
(4) 02 

• Typical address access time AQ 
(9) 

(5) 0 03 
___ 35 ns A4 > A5ll AQ (11) 

(lS) 04 
AS 

AQ (12) • Typical select time ___ 20 ns (17) as AS 
A"Q (13) 

• Typical power ___ 500 mW 
A7 

(18) 06 

(19) AQ (14) 
07 

A8 8 
G (15) f".... EN 

TBP28S45 logic symbolt 

TBP28S46 
PROM 512 X 8 

AO 
(8) 0 
(7) (9) 

Al A\l 00 PROGRAMMABLE READ-ONLY 
A2 

(S) 
A\l 

(10) 
01 MEMORIES (5) (11) A3 A\l 02 

• 512 X 8 (4) 0 (13) 
A4 >A5ll A\l 03 

• Three-state outputs (3) 
A\l 

(14) 
04 AS 

• Typical address access time AS 
(2) 

A\l 
(15) as 

___ 35 ns A7 
(1) 

A\l 
(lS) as 

Typical select time. __ 20 ns A8 
(23) 

A\l 
(17) • 8" 07 

Typical power _ : _ 500 mW G4 (21) f'...... 
& • 

G3 
(19) 

G2 
(18) EN 

(31 (20) f'... 

TBP28SA45 logic symbolt 

TBP28SA45 PROM 512 X 8 

AO 
(8) O. 

PROGRAMMABLE READ-ONLY (7) (9) 
MEMORIES 

Al AQ 00 
(6) (10) 

A2 AQ 01 • 512 X 8 (5) (11) A3 AQ 02 
• Open-coli ector outputs (4) 0 (13) A4 >A5ll AQ 03 
• Typical address access time (3) 

AQ 
(14) 

04 AS 
___ 35 ns 

A6 
(2) 

AQ 
(15) as 

• Typical select time, , , 20 ns A7 
(1 ) 

AQ (16) 
06 

Typical power _ , . 500 mW A8 
(23) 

AQ 
(17) • 8-- 07 

G4 (21) l'..... 
& 

G3 
(19) 

G2 
(18) EN 

Gl (20) f"..... 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection_ 
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~in assignments 

J, N PACKAGES 
1 AD 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_ 

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 G2 
7 A1 19 G3 
8 AO 20 G1 

9 00 21 G4 
10 01 22 nc 

11 02 23 A8 

12 GND 24 VCC 

For chip carrier options and information, 
contact the factory, 

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 G2 
7 Al 19 G3 

8 AD 20 G1 
9 00 21 G4 

10 01 22 nc 

11 02 23 A8 
12 GND 24 VCC 

For chip carrier options and information, 
contact the factory. 

© Ie MASTER 1983 



TBP28S85A logic symbol t 

TBP28S85A-50 PROM 1024 X 8 

PROGRAMMABLE REAb-ONL Y AO 
(8) 0 

MEMORIES Al 
(7) 

A\J 
(9) 

00 

A2 
(6) 

A\J 
(10) 

01 • 1024 X 8 
A3 

(5) 
A\J 

(11 ) 
02 • Three-state outputs (4) (13) 

Typical address access time 
A4 0 A\J 03 • (3) > A 1023 (14) A5 A\J 04 __ . 35 ns 
A6 

(2) (15) 
A\J 05 

• TBP28S85A-50 maximum 
A7 

(1 ) (16) 
A\J 06 

address access time ... 50 ns A8 
(23) 

A\J 
(17) 

07 

• Typical select time ... 20 ns A9 
(22) 

9 

• Typical power ... 550 mW G4 
(21) r--.... 

& 

G3 
(19) 

(18) EN 
G2 

Gl 
(20) r--.... 

TBP28S86 (,S478) logic symbol t 

TBP28S86-60 PROM 1024 X 8 

PROGRAMMABLE READ-ONLY AO 
(8) 0 

MEMORIES Al 
(7) 

A\J 
(9) 

00 

A2 
(6) 

A\J 
(10) 

01 

• 1024 X 8 A3 
(5) 

A\J 
(11 ) 

02 

• Three-state outputs A4 
(4) 

A\J 
(13) 

03 0 

• Typical address access time A5 
(3) > A 1023 A\J 

(14) 
04 

A6 
(2) (15) 

... 45 ns A\J 05 
(1 ) (16) 

• TBP28S86-60 maximum A7 A\J 06 
(23) (17) 

address access time ... 60 ns A8 A\J 07 

A9 
(22) 

9 • Typical select time ... 20 ns 
G4 

(21) r--.... 
& • Typical power .. _ 625 mW (19) 

G3 
EN (18) 

G2 

Gl 
(20) r--... 

TBP28S86A logic symbolt 

TBP28S86A-50 PROM 1024 X 8 

PROGRAMMABLE READ-ONLY AO 
(8) 0 

MEMORIES Al 
(7) 

A\J 
(9) 

00 

A2 
(6) 

A\J 
(10) 

01 

• 1024 X 8 A3 
(5) 

A\J 
(11 ) 

02 

• Three-state outputs A4 
(4) 

A\J 
(13) 

0 03 

• Typical address access time A5 
(3) > A 1023 A\J 

(14) 
04 

. __ 35 ns A6 
(2) (15) 

A\J 05 
(1 ) (16) 

• TBP28S86A-50 maximum A7 A\J 06 
(23) (17) 

address access time ... 50 ns A8 A\J 07 

Typical select time ... 20 ns A9 
(22) 

9 • 
Typical power ... 550 mw G4 

(21) r-...... 
& • (19) 

G3 
(18) EN 

G2 

Gl 
(20) r--... 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc -- no internal connection. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

© Ie MASTER 1983 

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 07 

6 A2 18 G2 

7 A1 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 01 22 A9 

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 A5 15 05 

4 A4 16 06 

5 A3 17 07 

6 A2 18 G2 

7 A1 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 01 22 A9 

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 A5 15 05 

4 A4 16 06 

5 A3 17 07 

6 A2 18 G2 

7 A1 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 01 22 A9 

11 02 23 A8 

12 GND 24 Vee 

For chip carrier options and information, 
con tact the factory. 
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PRODUCT GUIDE 

f TBP28SA86 (,S479) logic symbolt 

I TBP28SA86-60 . PROM 1024 X 8 
(8) 

AO 0 
PROGRAMMABLE READ-ONLY (7) 

AO 
(9) 

Al 00 
MEMORIES 

A2 
(6) 

AO 
(10) 

Q1 

• 1024 X 8 A3 
(5) 

AO 
(11) 

02 
(4) (13) 

Open-collector outputs A4 AO 03 • 0 
A5 

(3) > A 1023 AO 
(14) 

04 • Typical address access time 
A6 

(2) 
AQ 

(15) 
... 45 ns 05 

( 1) (16) 
A7 AO 06 • T8P28SA86-60 maximum (23) (17) 
A8 AQ 07 

address access time ... 60 ns 
A9 

.(22) 
9 

• Typical select time ... 20 ns 
G4 

(21) r--..... 
& 

• Typical power ... 625 mW G3 
(19) 

(18) EN 
G2 

Gl 
(20) f'.... 

TBP28SA86A logic symbol t 

TBP28SA86A-50 PROM 1024 X 8 
(8) 

AO 0 
PROGRAMMABLE READ-ONLY (7) 

AQ 
(9) 

Al 00 
MEMORIES 

A2 
(6) 

AO 
(10) 

01 

• 1024 X 8 A3 
(5) 

AQ 
(11) 

02 
(4) (13) 

Open-collector ou tputs A4 AQ 03 • 0 
A5 

(3) > A 1023 AO 
(14) 

04 • Typical address access time 
A6 

(2) 
AO 

(15) 
05 .. _ 35 ns 

A7 
( 1) 

AQ 
(16) 

06 TBP28SA86A-50 maximum • (23) (17) 

address access time, _ , 50 ns 
A8 AQ 07 

(22) 
A9 9 

• Typical select time, . , 20 ns 
G4 

(21) f""'-.... 
& 

• Typical power. , . 550 mW 
G3 

(19) 

(18) EN 
G2 

Gl 
(20) ,......,. 

t Pin numbers shown on logic symbols are for J and N packages only, 

nc - no internal connection. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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pin assignments 

J, N PACKAGES 

A7 13 03 

A6 14 04 

3 A5 15 05 

4 A4 16 06 

5 A3 17 07 

6 A2 18 G2 

7 A1 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 01 22 A9 

11 02 23 A8 

12 GND 24 Vce 

For chip carrier options and information, 
contact the factory. 

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 G2 

7 A1 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 01 22 A9 

11 02 23 A8 

12 GND 24 Vcc 

For chip carrier options and information, 
contact the factory, 

© Ie MASTER 1983 



TBP28S165A logic svmbolt 

TBP28S165A-J5 PROM 2048 X 8 

TBP28S166 AO 
(8) 

0" 

TBP28S166A Al 
(7) 

(9) 

TBP28S166A-J5 
(6) A\l 

A2 (10) 
(5) A\l 

A3 (11 ) 
PROGRAMMABLE READ-ONLY (4) A\l 

A4 (13) 
MEMORIES (3) 0 A\l 

A5 > A 2047 (14) 
(2) A\l 

2048 X 8 
A6 • (1 ) 
A7 

• Three-state outputs (23) 
A8 

• Typical select time ... 15 ns (22) 
A9 

(21) 
Ala 10 

G3 
(19) 

& 

G2 
(181 

Gl 
(20) r--....... 

TYPICAL 

PACKAGE ADDRESS 
TYPE 

ROW SPACING ACCESS 

TIME 

TBP28S165A 7.62 mm (0.300 in.) 25 ns 

TBP28S165A-35 7,62 mm (0.300 in.) 25 ns 

TBP28S166 15.24 mm (0.600 in.) 35 ns 

TBP28S166A 15.24 mm (0.600 in.) 25 ns 

TBP28S166A-35 15.24 mm (0.600 in.) 25 ns 

TBP28SA166 (,S45J) logic symbol t 

PROGRAMMABLE READ-ONLY 

MEMORIES 

• 2048 X 8 

• Open-collector outputs 

• Typical address access time 

... 35 ns 

• Typical select time ... 15 ns 

• Typical power ... 650 mW 

(15) 
A\l 

(16) 
A\l 

(17) 
A\l 

EN 

GUARANTEED 

MAXIMUM 

ACCESS 

TIME 

35 ns 

35 ns 

t Pin .numbers shown on logic symbols··are for J and N packages only. 

nc - no internal connection. 

PRODUCT GUIDE 

pin assignments 

J, N PACKAGES 

1 A7 13 03 

2 A6 14 04 

3 A5 15 05 
00 4 A4 16 06 
01 5 A3 17 07 
02 6 A2 18 G2 
03 7 Al 19 G3 
04 8 AO 20 Gl 

05 9 00 21 Al0 

06 10 01 22 A9 

07 11 02 23 A8 

12 GND 24 Vcc 
For chip carrier OPtions and information, 
contact the factory. 

TYPICAL 

POWER 

DISSIPATION 

550 mW 

550 mW 

650 mW 

50mW 

550 mW 

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 G2 

7 Al ·19 G3 

8 AO 20 Gl 

9 00 21 Al0 

10 01 22 A9 

11 02 23 A8 

12 GND 24 VCC 

For chip carrier options and information, 
contact the factory. 

TEXAS)NSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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PRODUCT GUIDE 

logic symbolt TBP28S2iJ08 (,S2708) 
TBP28S2708A PROM 1024 X 8 

PROGRAMMABLE READ-ONL 

MEMORIES 

• 1024 X 8 

• Three-state outputs 

• Typical select time .. _ 20 ns 

TYPICAL 

TYPE 
ADDRESS 

ACCESS 

TIME 

TBP28S2708 45 ns 

TBP28S2708A 35 ns 

AO 

Al 

A2 

A3 

A4 

A5 
A6 

A7 

AS 

A9 

G 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(20) ,........., 

POWER 

POWER 

DISSIPATION 

625 mW 

550 mW 

0'" 

0 
>A 1023 

9.-

EN 

't Pin numbers shown on logic symbols are for J and N packages only. 

nc -- no internal connection. 

TIM8228 is the same as SN74S428 

TIM8238 is the same as SN74S438 

TIM9905 is the same as SN74LS251 

TIM9906 is the same as SN74LS259 

TIM9907 is the same as SN74148 

TIM9908 is the same as SN74 LS348 

A\l 
A\l 

A\l 
A\l 

A\l 

A\l 

A\l 

A\l 

(9) 

(10) 

(11) 

(13) 

(14) 

(15) 

(16) 

(17) 

00 
01 

02 

03 
04 

05 

06 
07 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

3980 

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 A1 19 nc 

8 AO 20 G 

9 00 21 nc 

10 Q1 22 A9 
11 02' 23 A8 

12 GND 24 Vee 

For chip carrier OPtions and information, 

contact the factory. 

© Ie MASTER 1983 



VT2332/33 PRELIMINARY 

4096 x 8 STATIC READ ONLY MEMORY 
FEATURES 
• 4096 x 8-bit organization 

• Single + 5 V supply 

• Access Time-300 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 Vee 

04 

03 

VT2333 

A7 

A11 

CS, 

© Ie MASTER 1983 

DESCRIPTION 
The VT2332/3 high-performance 
Read Only Memory is organized 
4096 words by eight bits with access 
times of less than 300 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 

A, 

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 VT2332/3 
can eliminate the need to redesign 
printed circuit boards for volume 
mask programmed ROMs after 
prototyping with EPROMs. 

GND 

00 

0, 

02 

ROW 32,768-BIT OUTPUT 
03 

A3 

A4 

As 

As 

DECODER ROM 
BUFFERS (1-0F-128) CELL ARRAY 

04 

Os 

06 

07 

COLUMN DECODER CHIP SELECT 
(1-0F-32) DECODER 

A7 As Ag A'D A11 CS, CS2 

VLSI Technology, Inc. -1101 McKay Drive - San Jose, CA 95131- 408-942-1810 
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'Ii VT2332/33 
ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature 
Storage Temperature 
Supply Voltage to 
Ground Potential 
Applied Output 
Voltage 
Applied Input 
Voltage 
Power Dissipation 

-10to + 800e 
-6Sto +1sooe 

-O.Sto + 7.0 V 

-O.Sto + 7.0 V 

- 0.5 to + 7.0 V 
1.0W 

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 oper
ational sections of this specification 
is not implied and exposure to abso
lute maximum rating conditions for 
extended periods may affect de
vice reliability. 

DC CHARACTERISTICS: TA = 0 to + 70°C, VCC = 5 V ±10% (unless otherwise specified) 

Symbol Parameter Min Max Unit Test Conditions 

VOH Output HIGH Voltage 2.4 VCC V VCC = 4.5 V. IOH = - 200 !LA 

VOL Output LOW Voltage 0.4 V VCC = 4.5 V. IOL = 2.1 mA 

VIH Input HIGH Voltage 2.0 VCC V 

VIL Input LOW Voltage -0.5 0.8 V See Note 1 

III Input Load Current 10 J.1A VCC = 5.5V. OV ~ VIN ~ 5.5V 

ILO Output Leakage Current 10 J.1A VOUT = + 0.4 V to VCC. Note 2 

ICC Power Supply Current 100 mA VCC = 5.5 V. VIN = VCC. Note 3 

CAPACITANCE: tA = 25°C, f = 1.0 MHz, Note4 

Symbol Parameter Min Max Unit Test Conditions 

CI. Input Capacitance 7 pF All pins except pin under 

Co Output Capacitance 10 pF test tied to AC ground 

AC CHARACTERISTICS: TA = 0 to + 70°C, V CC = 5 V ± 10% (unless otherwise specified) 

~ 
C') 

Symbol 

tAA 

tco 

tDF 

tOH 

o Notes: 

Parameter 

Address Access Time 

Chip Select Delay 

Chip Deselect Delay 

Output Hold After 
Address Change 

VT2332/33 

Min Max 

450 

150 

150 

20 

VT2332A!33A 

Min .Max 
Unit Test Conditions 

300 ns Output load: 1 TTL load 

100 ns and 100 pF 
Input transition time: 20 ns 

100 ns Timing reference levels: 

20 ns Input: 1.5 V 
Output: 0.8 V and 2.0 V 

o 1. Input levels that swing more negative than - 0.5 V will be clamped and may cause damage to the device. 
c: 2. Measured with device deselected. 
.c 3. Measured with device selected and outputs unloaded. 
~ 4. This parameter is periodically sampled and is not 100% tested. 
I-

~ TIMING DIAGRAM 
> 

ADDRESS 
INPUTS 

CHIP 
SELECT 
INPUTS 

DATA 
OUTPUTS 

'HIGH IMPEDANCE 

VALID 

I 
I 

~r 

, 

, 
ENABLED 

-w" 'un I 
Ih.~ 

VALID ~ 
HIGH 
IMPEDANCE 

~ 

~ 
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'Ii VT2332/33 
TYPICAL CHARACTERISTICS 

ACCESS TIME VS. CAPACITIVE LOAD 
700 

600 

500 

UJ f 400 
u -

~\~ ~ 

,/ 
V Vee = 4.75 V 

TA = 25'C 
1 TTL LOAD 

200 

~ 300 

100 

CL = 100 pF 
o 

o 100 200 300 400 500 600 700 

CL-pF 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 
140 

120 

100 

« 
E 80 

~ 60 TYPICAL 

40 

20 

o 
TA = f5°C 

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 

Vee-VOLTS 

PACKAGE DIAGRAMS 

ACCESS TIME VS. SUPPLY VOLTAGE 
700 

600 

500 

UJ f 400 
u 

'""~ __ TYPICAL VV ~ 300 

200 

TA = 25'C 
1 TTL LOAD 

100 

o 
CL = 10~ pF 

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 

Vee-VOLTS 

140 

120 

100 

~ 80 

L 
2 60 

40 

20 

o 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

t--r--. T~l. 
f-----~ 

vef = 5j25 V 

00 10' 20' 300 400 500 60' 700 

T A-AMBIENT TEMPERATURE-O°C 

24·LEAD CERDIP DUAL IN·L1NE 24·LEAD PLASTIC DUAL IN·LINE 

~~~F~::::::::::: I~:::::~: 
I. 1.290 (32.766) MAX-----l.180 (4.572) 

I
, "1·625 (15.875) .140 (3.556) 

I I .590 (14.986) iJ 
::~t~:-- ~~ ~ '-U0(1.524) ~ ~. ~ ~ ~ ~ ~ ~ ~ I~I ~ ~-t :015(.381) 

L·700(17.780)j .110(2.794)..1 L -JL .200(5.08) 
.630 (16.002) .090 (2.286) .023 (.584) .070 (1.778) .125 (3.175) 

.015 (.381) ~030 (.762) 

© Ie MASTER 1983 

f~~~~4::::::::::: Ij: 
I 1.260 I 0.160 

~! ~-1 
1--0.700-1 

0.600 

~~50 
0.110--1 L -IL __ I ~020 
0.090 0.023 0.065 0.150 

0.015 0.040 0.125 
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VT2364 PRELIMINARY 

8192 x 8 STATIC READ ONLY MEMORY 

FEATURES 
• 2732 EPROM pin compatible 

• 8192 x ~-bit organization 

• Single + 5 V supply 

• .Access time-300 ns max 

• Totally static operation 

• Completely TIL compatible 

• Operating Power: 100 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 

A6 

A3 

A1 

Ao 

/ 

3984 

DESCRIPTION 
The VT2364 high-performance Read 
Only Memory is organized as 8,192 
words by eight bits with an access 
time of 300 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 

ROW 
DECODER • DRIVER 
(1-01-256) 

• 

Ao-A12 
ADDRESS 
INPUTS 

. COLUMN • DECODER 
DRIVER 

(1-0F-32) • . 

CHIP 
CS SELECT· 

CIRCUITRY 

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 
thtls 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 
(8-0F-256) 

00 

02 

'-----I >-"";:""-03 

04 

'--------.,.-f >-....!--Os 

0 6 

'--------:--t >--!.--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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'liVT2364 
ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature 
Storage 
Temperature 
Supply Voltage to 
Ground Potential 
Applied Output 
Voltage 
Applied Input 
Voltage 
Power Dissipation 

-65to + 150°C 

-0.5to + 7.0 V 

-0.5to + 7.0 V 

-0.5to + 7.0 V 
1.0W 

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 

DC CHARACTERISTICS: TA = Oto +70°C, VCC = +5V ± 10% 

Symbol Parameter Min Typ Max 

VOH Output HIGH Voltage 2.4 VCC 

VOL Output LOW Voltage 0.4 

VIH Input HIGH Voltage 2.0 VCC 

VIL Input LOW Voltage -0.5 0.8 

III Input Leakage Current 10 

ILO Output Leakage Current 10 

ICC Operating Supply Current 100 

lOS Output Short Circuit Current 70 

CAPACITANCE: TA = 25°C, f = 1.0 MHz, Note 3 

Symbol Parameter Min Max 

CI Input Capacitance 5 

Co Output Capacitance 5 

those indicated on the operational 
sections of this specification is not 
implied and exposure to absolute 
maximum rating conditions for 
extended periods may affect 
device reliability. 

Unit Conditions 

V IOH = -1.0mA 

V 10L = 3.2mA 

V 

V 

J.LA VIN = OVtoVCC 

J.LA VOUT = OVtoVCC 

mA Note 1 

mA . Note 2 

Unit Conditions 
pF VIN = oy 
pF VOUT = OV 

AC CHARACTERISTICS: TA = 0 to + 70°C, Vce = 5 V ±10% (unless otherwise specified) 

VT2364 VT2364A 
Test Conditions Symbol Parameter Unit 

Min Max Min Max 

tAA Address Access Time 450 300 ns Output load: 1 TTL load 

tco Chip Select Delay 150 100 ns and100pF 
Inputtransition time: 20 ns 

tDF Chip Deselect Delay 150 100 ns Timing reference levels: 

tOH 
Output Hold After 20 20 

Input: 1.5 V 

Address Change 
ns Output: 0.8 V and 2.0 V 

Notes: 
1. Measured with device selected and outputs unloaded. 
2. For a duration not to exceed 30 seconds. 
3. This parameter is periodically sampled and is not 100% tested. 

© Ie MASTER 1983 3985 
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'liVT2364 
TIMING DIAGRAMS 
PROPAGATION DELAY FROM ADDRESS (CS/CS = ACTIVE) 

ADDRESS' ~ VALID ADDRESS ~ INPUTS. . _ . 

'if'J: ~-tA-A--~----------V-A-LI-D-DA-JA--- ~H~. 

PROPAGATION DELAY FROM CHIP SELECT (ADDRESS VALID) 

~~~~iSS ~,--_______ VA_L_ID ______ ---J 

CHIP 
SELECT 

DATA 
OUT 

HIGH IMPEDANCE 

AC TEST CONDITIONS 

Input Pulse Levels 
Input Rise and Fall Times 
Input Timing Level 
Output Timing Level 
Output Load 

FIGURE1 

+5V 

0.8 to 2.2 V 
10 ns 
1.5V 

0.8and2.0V 
See Figure 1 

1250n 

DOUT ---..... --... 

100pF 
7750 

3986 

(INCLUDING SCOPE 
AND JIG) 

I 
I 

tAA 

, 
ENABLED 

·"'u I. 'ur .: '\:tDF~ 
'In'~' VALID 

A HIGH 

~I 
IMPEDANCE 

PACKAGE DIAGRAMS 

24~LEAD CERDIP DUAL IN·L1NE 

~~~~~::::::::::: I#l:~::~: 
I- 1.290 (32.766) MAX.::...:J .180 (4.572) 

I

_ "1·625 (15.875) .140 (3.556) 

l'~~g' .590114.'86) ~ . 

~~ 
l·700(17.780)..l 

.630 (16.002) 
.l10 I'.7JJ ~ ~~ U ~U~ t"OI508) 
.090 (2.286) .023 (.584) .070 (1.778) .125 (3.175) 

.015 (.381) .030 (.762) 

24·LEAD PLASTIC DUAL IN·L1NE 

~. 0.015 __ 

ff· ~-1 
l--0.700-l 

0.600 

~~~~4:::::::::: ]j: 
I 1.260 . I 0.160 

~~50 
0.110j l- -IL _ I ~20 
0.090 0.023 0.065 0.150 

0.015 0.040 0.125 
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Vi 2365/66 PRELIMINARY 

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: 100 mA (max) 
Standby: 15 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 

• EPROMs accepted as program 
data input 

PIN CONFIGURATIONS 

VT2365 

VT2366 

VCC 

CS l 

CS2 

As 

A9 

A12 

A3 CE 
Al0 

All 

01 

© Ie MASTER 1983 

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 Qutomatically power down and 
remain in a low-power standby 
mode as long as CE remains HIGH. 

BLOCK DIAGRAM 

AO-A12 
ADDRESS 
INPUTS 

CE 

OE 
CSl 
CS2 

CS3 

· · . 
I 

· . 
· 

. 

ROW 
DECODER 

DRIVER 
(1-01-256) 

t 

COLUMN 
DECODER 

DRIVER 
(1-0F-32) 

t 

POWER 
DOWN 

CIRCUITRY 

~ 

CHIP 
SELECT" 

CIRCUITRY 

f---
f---
r--

• · • · · f---
f---
f---

I 
f---
f---· • 

• 
f---
f---

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 (OE) 
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) 

....... I 

COLUMN SELECT 
CIRCUITRY 
(S-OF-256) 

I~ +-1>1 
I I 
I I 
I I 
I I 
I I 
I I 
IV" I 

00 

01 

O2 

0 3 

04 

05 

0 6 

0 7 

POWER DOWN t l 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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'Ii VT2365/66 

ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature -10 to + 80°C 
Storage Temperature - 65 to + 150°C 

Stresses above those I isted under 
"Absolute Maximum Ratings" may 
cause permanent damage to the 

. device. These are stress ratings only. Supply Voltage to 
Ground Potential 
Applied Output 
Voltage 

-0.5to + 7.0 V 

-0.5to + 7.0 V 

Functional operation of this device at 
these or any other conditions above 

those indicated on the operational 
sections of this specification is not 
implied and exposure to absolute 
maximum rating conditions for 
extended periods may affect 
device reliability. 

Applied Input 
Voltage 
Power Dissipation 

-0.5to + 7.0 V 
1.0W 

. DC CHARACTERISTICS: TA = 0 to + 70°C, VCC = +5 V ± 10% 

Symbol Parameter Min 

VOH Output HIGH Voltage 2.4 

.VOL Output LOW Voltage 

VIH Input HIGH Voltage 2.0 

VIL Input LOW Voltage -0.5 

III Input Leakage Current 

ILO Output Leakage Current 

ICC Operating Supply Current 

ISB Standby Supply Current 

lOS Output Short Circuit Current 

CAPACITANCE: TA = 25°C, f = 1.0 MHz, NoteS 

Symbol Parameter Min 

CI Input Capacitance 

Co Output Capacitance 

AC CHARACTERISTICS: TA = Oto + 70°C, VCC = +5V ± 10% 

VT2365B 
Symbol Parameter VT2366B 

Min Max 

tCYC Cycle Time 200 

tAA Address Access Time 200 

tOH Output Hold After Address Change 10 

tACE Chip Enable Access Time 200 

tACS Chip Select Access Time 85 

tAOE Output Enable Access Time 85 

tLZ Output LOW Z Delay 10 

tHZ Output HIGH Z Delay 85 

tpu Power-Up Time 0 

tPD Power-Down Time 85 

Notes: 
1. Measured with device selected and outputs unloaded. 
2. For a duration not to exceed 30 seconds. 

Typ Max Unit Conditions 

VCC V 10H = -1.0mA 

0.4 V 10L ~ 3.2mA 

VCC V 

0.8 V 

10 j.LA VIN = OVtoVCC 

10 j.LA VOUT = OVtoVCC 

100 mA Note 1 

15 mA 

70 mA Note 2 

Max Unit Conditions 

5 pF VIN = OV 

5 pF VOUT = OV 

VT2365A VT2365 
VT2366A VT2366 Unit Condition 

Min Max Min Max 

300 450 ns 

300 450 ns 

10 10 ns 

300 450 ns 

100 150 ns 

100 150 ns 

10 10 ns Note 3 

100 150 ns Note 4 

0 0 ns 

100 150 ns 

3. Output LOW impedance delay (tLZ) is measured from CE and OE going LOW and CS going active, whiche\:,er occurs last. 
4. Output HIGH impedance delay (tHZ) is measured from either CE or OE going HIGH or CS going inactive, whichever occurs first. 
5. This parameter is periodically sampled and is not 100% tested. 

3988 © Ie MASTER 1983 



'Ii VT2365/66 
TIMING DIAGRAMS 
PROPAGATION DElAY FROM ADDRESS (CE = OE = LOW, CStCS = ACTIVE) 

INPUTS . _ ADDRESS, ~ VALID ADDRESS ~ 
'!,'tJ~ ~-IA-A-'--·----------VA-L-ID-D-AT-A--- 10H __ • 

PROPAGATION DElAY FROM CHIP ENABLE, CHIP SElECT OR OUTPUT ENABLE (ADDRESS VALID) 

lACE It 

~~ 
i\. 

-,I{. 
I 

• lACS tHZI" 

CS/CS ~if-Ii\. 
VALID ~r.. 

J\ .. tAOE :'--:'-tHZI"--. 

'~r 
, 

\ }'-

~tLZ'''---'' ...-tHZI" .. 

DATA 
OUT 

-------
III 

fo-----------
ILZI" 

( 
ICC 

VccCURRENT 

ISB 
7'-

f-'4---tpu ----. 

PACKAGE DIAGRAMS 

28·LEAD CERDIP DUAL IN·LlNE 

tLZ''' 

~~J::::::::::::: 11 
I. 1.460TYP :!:.03O .1 

0.060 0.170 

1

-
0.

600
:!:.010-1 I ~_O'050TVP :!:0.005,0'045 

---...1.. _jj'010 

f lol ~~J -rt 
0.Q15 I " 

1-0.660 :!:.010--l, I-- --l I-- .--11- 0.145 
.100 0.100 0.Q18 :!:.010 

MAX TYP :!: 0.003 

© Ie MASTER 1983 

'-J 

~~ -
i\.-

tpo 

28·LEAD PLASTIC DUAL IN·LlNE 

~~J::::::::::::: 11 
I. 1.470 MAX. I 0130 

0.060 . 

r,=:~I~ ~iT 
f :.=t:r

J
- -rt 

0.015 I . 
1-0.625--1 I-- --I I-- .--11- 0.125 

+0.025 0.075 0.100 0.Q18 MIN 
- 0.015 :!: 0.015 TVP :!: 0.003 
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VT23128/29 PRELIMINARY 

16,384 x 8 STATIC READ ONLY MEMORY 
FEATURES 
• 16,384 x 8~bit organization 

• Single + 5 V supply 

• Access time 250 ns max 

• Totally static operation 

• Completely TIL compatible 

• Operating power 100 mA max 

• Standby power 20 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 

• VT23126 pin compatible with the 
2764 EPROM 

• VT23129 pin compatible with the 
2564 EPROM 

• EPRQMs accepted as program 
data input 

PIN CONFIGURATION 

VT23128 

VT2312~ 

Ag 

AU 

CE 
Al0 

00 

3990 

DESCRIPTION 
The VT23128/29 high-performance 
Read Only Memory is organized 
16,384 words by eight bits with an 
access time of 250 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 
system 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 

f---
I f---

r---

· I ROW • 
I 

DECODER • DRIVER 
(1-01-512) • 

• 
I f---

I f---
f---

I 

t 

--
COLUMN • DECODER • DRIVER 
(1-0F-32) • -

-

t 

CE 
POWER 

I DOWN 
CIRCUITRY 

~ 

Of 
CSl 

'CS2 

CHIP 
SELECT" 

CIRCUITRY 
CS3 

I 

programmable Chip Select allows 
up to eight 128K ROMs to be wired
OR without external decoding. 

The VT23128 is pin compatible witI-; 
the 2764 EPROM and the 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) 

....... I I 
COLUMN SELECT 

CIRCUITRY 
(8-0F-256) 

I 
I~ 4-1>1 
I I 
I I 
I I 
I I 
IV" I 
I I 
I I 

POWER DOWN t J OUTPUT ENABLE 

"CHIP SELECT (CS) IS PROGRAMMABLE ACTIVE LOW, ACTIVE HIGH, OR DON'T CARE 

VLSI Technology, Inc. ·1101 McKay Drive· San Jose, CA 95131- 408-942-1810 
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'Ii VT23128/29 
ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature 
Storage Temperature 
Supply Voltage to 
Ground Potential 
Applied Output 
Voltage 
Applied Input 
Voltage 
Power Dissipation 

-10to + 80°C 
-65to +150°c 

-Q,5to + 7.0 V 

- 0,5 to + 7.0 V 

-0,5to + 7.0 V 
1,OW 

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 

DC CHARACTERISTICS: TA = Oto +70oe. vee = +5V ±100/0 

Symbol Parameter Min 

VOH Output HIGH Voltage 2,4 

VOL Output LOW Voltage 

VIH Input HIGH Voltage 2,0 

VIL Input LOW Voltage -0,5 

III Input Leakage Current 

ILO Output Leakage Current 

ICC Operating Supply Current 

IS8 Standby Supply Current 

lOS Output Short Circuit Current 

CAPACITANCE: TA = 25°C. f = 1.0 MHz. Note 5 

Symbol Parameter Min 

CI Input Capacitance 

Co Output Capacitance 

AC CHARACTERISTICS: TA = Oto +70oe. Vce = +5V ±100/0 

VT23128A 
VT23129A 

Symbol Parameter Min Max 

TCYC Cycle Time 200 

tAA Address Access Time 200 

tOH Output Hold After Address 10 
Change, 

tACE Chip Enable Access Time 200 

tACS Chip Select Access Time 85 

TAOE Output Enable Access Time 85 

TLZ Output LOW Z Delay 10 

THZ Output HIGH Z Delay 85 

tpu Power-Up Time 0 

tpD Power-Down Time 85 

Notes: 
1, Measured with device selected and outputs unloaded. 
2, For a duration not to exceed 30 seconds. 

Typ Max 

VCC 
0,4 

VCC 
0,8 

10 

10 

100 

20 

70 

Max 

5 

5 

VT23128 
VT23129 

Min Max 

250 

250 

10 

250 

100 

100 

10 

100 

0 

100 

those indicated on the operational sec
tions of this specification is not implied 
and exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability, 

Unit Conditions 

V 10H = -1,OmA 

V 10L = 3,2mA 

V 

V 

J.LA VIN = OVtoVCC 

J.LA VOUT = OVtoVCC 

mA Note 1 

mA CE =VIH 

mA Note 2 

Unit Conditions 

pF VIN = OV 

pF VOUT = OV 

VT231288 
VT231298 

Min Max Unit Condition 

450 ns 

450 ns 

10 ns 

450 ns 

150 ns 

150 ns 

10 ns Note 3 

150 ns Note 4 

0 ns 

150 ns 

3, Output LOW impedance delay (T LZ) is measured from CE and OE 9QLng LOW and CS going active, whichever occurs last. 
4, Output HIGH impedance delay (tHZ) is measured from either CE or OE going HIGH or CS going inactive, whichever occurs first. 
5, This parameter is periodically sampled and is not 100% tested. 
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'Ii VT23128/29 
TIMING DIAGRAMS 
PROPAGATION DELAY FROM ADDRESS (eE = OE = LOW. CStCS = ACTIVE) 

ADDRESS r VALID ADDRESS r ' 
INPUTS,~ '~ , 

'l,'iJ: ~-tA-A-,-,----------VA-L-ID-DA-rA--- tOH
_. 

PROPAGATION DELAY FROM CHIP ENABLE. CHIP SELECT OR OUTPUT ENABLE (ADDRESS VALID) 

tACE • 
\. 

1\ 
.,~ 
j 

if tACS tHZ") 

CStCS ~~ 
JI\ 

VALID ~~ JI\ 
'II tAcE ~tHZ'''-----+ 

~~ j'l. 
~tLZ''' ____ ~tHZ")'" 

DATA 
OUT 

ICC 

VccCURRENT 

ISB 

-------

tLZ''' 

'II: tLZ'» 

~----------

,'f-

~tpU----" 

PACKAGE DIAGRAMS 

28·LEAD CERDIP DUAL IN·LlNE 

·rJ~~J:::::::':::::: 11 
I. ' 1.46QTYP ::.030 .1, 

0.060 0.170 

1-0.600 ::.010-,1 I ~±OOOO5 20045 

11: ~ 0 titO 
~=-J 1t § m---4 I 0 

1-0.660 ±.010--1 M~ I- -J I- --11- 0.145 
0.100 0.018 ::.010 
TYP ::0.003 

3992 

IT 
~~ 

I" J 

-
' ~ 

L-
tpo 

28·LEAD PLASTIC DUAL IN·LlNE " 

~~J::::::::::::]i~ 
I. 1.470~AX .1 

0060 ~30 

r-00600
--j 01 ~, _O.OSOTY,P , ::0.0050.020 Ir-~O ~1-----1.. __ ±jN 

f.O-=PJ 0.01S. ---+ 1 
1-0.625-1 I- -I I-- -II~ 0.125 

+0.025 0.075 0.100 0.018' MIN 
-0.015 ::0.015 TYP ::0.003 
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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 250 ns max 

• Totally static operation 

• Completely TIL compatible 

• Operating power 100 mA max 

• Standby power 15 mA max 

• Automatic power down (CE) 

• Programmable Chip Select 

• 3-state outputs for wired-OR 
expansion' 

• 28-pin JEDEC approved pinouts 

• VT23256 pin compatible with the 
2764 EPROM 

o VT23257 pin compatible with the 
2564 EPROM 

• EPROMs accepted as program 
data input 

PIN CONFIGURATION 

VT23256 

VT23257 

CS2 

A13 

As 
As 

A2 

00 

© Ie MASTER 1983 

DESCRIPTION 
The VT23256/57 high-performance 
Read Only Memory is organized 
32,768 words by eight bits with an 
access time of 250 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 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. )"his unique feature provides 
system level power savings of as 

BLOCK DIAGRAM 

Ao - A14 
ADDRESS 
INPUTS 

CE 

CS1 

CS2 

I 

I 

I 

I 

I 

ROW 
DECODER 

DRIVER 
(1-0F-512) 

t 

COLUMN 
DECODER 
DRIVER' 

(1-0F-64) 

t 

POWER 
DOWN 

CIRCUITRY 

, 
CHIP 

SELECT" 
CIRCUITRY 

~ 

~ 

~ 

· · · · · r---
r---
~ 

-- · · · r---
I---

much as 90%. 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. 

262,144 
ROM AREA 
(512 x 512) 

....... 

COLUMN SELECT 
CIRCUITRY 
(S-OF-512) 

I~ 4-1>1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

00 

01 

O2 

0 3 

04 

Os 

°6 
°7 

POWER DOWN t 
1 OUTPUT ENABLE 

"CHIP SELECT (CS) IS PROGRAMMABLE ACTIVE LOW, ACTIVE HIGH OR DON'T CARE. 

VLSI Technology, Inc. ·1101 McKay Drive· San Jose, CA 95131 • 408-942-1810 
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WESTERN DIGITAL 
COR P 0 R A T / o N 

WD1610·00,.01,.02·LIFO/FIFO Buffer Register 

FEATURES specify the data flow direction. The WD1510 is 
• WORD LENGTH SELECTABLE: 128 OR 132 fabricated in 5-volt only N-channel technology. 

• 9 BIT WORD WIDTH APPLICATIONS 
• DC TO 650 KHZ (- 00), 1 MHz ( - 01), 1.2 MHz (- 02) POINT OF SALE TERMINALS 
• EMPTY AND FULL FLAGS COMPUTER-TO-PERIPHERAL BUFFER 

• THREE-STATE DATA LINES 

• 5-VOLT ONLY 
• NO EXTERNAL CLOCKS REQUIRED 
• TTL COMPATIBLE ON ALL INPUTS AND 

OUTPUTS 

• ' 28 PIN PLASTIC OR CERAMIC DIP 

• CASCADABLE WITH WD1511 SUPPORT CHIP 
• FULLY ASYNCHRONOUS DUAL PORT 

OPERATION 

GENERAL DESCRIPTION 
The WD1510 is an MOS/LSI Memory Buffer which is 
organized as a 9-bit by 128 or 132 word stack. The 
chip has 2 bidirectional data ports and may be read 
from or written into either port. Thus, the chip can 
function as a LIFO from either port or it can function 
as a FIFO, with data flow from either port A to port B 
or vice versa. The DIRECTION input pin is used to 

PIN DEFINITIONS 

PIN NUMBER NAME SYMBOL 
1 VSS VSS 
2 EMPTY EMPTY 

3 CHIP SELECT PORT A CSA 

4 128 OR 132 128/132 

5 MASTER RESET MR 

6,8,10,12,14, PORT A DATA LINES PAD-PA8 . 
17,19,21,23 
7,9,11,13,15 PORT B DATA LINES PBO-PB8 
18,20,22,24 

16 VCC VCC 
25 DIRECTION DIR 

26 SYSTEM SENTINEL™ SSC 
CHECKOUT 

27 CHIP SELECT PORT B CSB 

28 FULL FULL 

3994 

CRT BUFFER MEMORY 

LINE PRINTER BUFFER 
INTERRUPT STACK (LIFO MODE) 

Vss 
EMPTY 

eSA 

Ground 

PBC 
PA1 
PB1 
PA2 
PB2 
PA3 
PB3 
PA4 

FUNCTION 

FULL 
eSB 
sse 
DIR 
PB8 
PA8 
PB7 
PA7 
PB6 
PA6 
PB5 
PA5 
Vee 
PB4 

Indicates when there is no data in the buffer 

Used to select Port A for either a Read. or Write 
operation 
Used to set word length. When low word length 
= 128, when high word length = 132 
When pulsed will clear the buffer and set the 
EMPTY pin 
Bidirectional DATA Port for reading or writing 

Bidirectional DATA Port for reading or writing 

+ 5 volts ± .25V 
When low DIR specifies that Port A may be read 
from and Port B may be written into. When high 
DIR specifies that Port A may be written into 
and Port B may be read from. 
No connection (For future use) 

Used to select Port B for either a Read or Write 
Operation 
Indicates that all 132 or 128 words of memory 
are loaded with data 

© Ie MASTER 1983 



WESTERN DIGITAL 
c o R p o R A T / o N 

WD8206' Error Detection and Correction Unit 

FEATURES 
• Detects and Corrects All Single Bit Errors. 
• Detects Alf Double Bit and Most Multiple Bit 

Errors 
• 52 ns Maximum for Detection; 67 ns Maximum 

for Correction (16 Bit System) 
o Expandable to Handle 80 Bit Memories 
• Syndrome Outputs for Error Logging 
o Separate Input and Output Busses - No Timing 

Strobes Required ' 
• Supports Reads With and Without Correction, 

Writes, Partial (Byte) Writes, and Read-Modify
Writes 

• HMOS Technology for Low Power 

UL-~ DATA IN 
---v LATCH READ 

v PARTIAL 
D10-15 

• ~ PARITY • GENERATOR 
CHECK 

STB 

::J BIT ~8 
LATCH 

~ , 
CBI/SYI0-7 

... 
., , 

~ CHECK BITI SYND- 8 ~8 SYNDROMEI 
~ ~ 

A 

'<. , 
PARTIAL PARITY 

ROME , I LATCH 
1

8 GENERATOR 
....... , 

r,I , 
1/ 4 I' /~>1 t 

J POSO-1 V 
~ NSLQ_1 r 

SYO/CBO/PPOO_ 7 

PPI/POS/NSL 

WRITE 
PARTIAL A ... , ,. 
PARITY .. MIS 

GENERATOR 

~ ~ 
POSO-1 ~ 2 

A 

• 68 Pin Leadless JED~C Package 
• Single + 5V Supply 

GENERAL DESCRIPTION 

The HMOS 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 8206 handles 8 or 16 data bits and up to 8 check 
bits. 8206's can be cascaded to provide correction 
and detection for up to 80 bits of data. Other 8206 
features include the ability to handle byte writes, 
memory initialization, and error logging. 

I , 
' 16 

~2 POSO-1 , --"" ER 

CE 

\,,>-
~ C 

SYNDROME 
16 16 DECODER DATA 

~ 
.L AJ. 

AND CORREC r-,L ~ ERROR -TION 
DO/WDI0-15 

DETECTION 

.j 
lJ > 

j 
2 NSLO-1 

16 
I , , 

GND +5V 

1 1 1 1 ~, ." 
Vss vce WZ BMO-1 

8206 BLOCK DIAGRAM 
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WESTERN DIGITAL 
c o R p o R A T / o N 

WD8207 ADVANCED DYNAMIC RAM CONTROLLER 

FEATURES 

• Provides All Signals Necessary to Control 16K (2118), 
64K (2164A) 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 

• Supports Intel IAPX 86, 88, 186, and 286 
Microprocessors 

• Data Transfer Acknowledge Signals for Each Port 

• Provides Signals to Directly Control the 8206 Error 
Detection and Correction Unit 

• Supports Synchronous or Asynchronous Operation on 
Either Port 

• + 5 Volt Only HMOSII Technology for High Performance 
and Low Power 

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 to Western Digital and other 
microprocessor Systems. A dual-port interface allows two different busses to independently access memory. 
When configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for 
designing large error-corrected memory arrays. This combination provides automatic memory initialization and 
transparent memory error scrubbing. 
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WESTERN DIGITAL 
c o R P 0 R A T / o N 

WD74HC200 256 x 1 CMOS Static RAM 

FEATURES 

• PIN COMPATIBLE WITH 74LS200 

• LOW POWER DISSIPATION .48 MW/BIT TYPICAL 

• BATTERY-BACK UP/STANDBY MODE 

• COMPLETELY STATIC 

• SINGLE + 5V SUPPLY 

• FULLY TTL COMPATIBLE 

• 35 ns TYPICAL ACCESS TIME 

GENERAL DESCRIPTION 

The WD74HC200 256x1 RAM is both pin and speed· 
compatible to the SN74LS200 and AM27 LSOO. The 
device is fabricated in CMOS, offering a dramatic 
decrease in power dissipation and increased noise 
immunity. It is well suited for high-speed buffer 
memories in digital systems and bit-slice designs. 
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The memory is organized as a 256-word by 1-bit width 
with an 8 bit binary address field and separate data in 
and data oLitput lines. It has 3 active low chip selects 
and a three-state output. 

PIN DESIGNATION 

The WD74HC200 operates from a single + 5 volt 
supply and is available in a dual-in-line plastic or 
ceramic package. 
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A Growing Family of 
Non volatile Static RAMS 

Commercial, 
Industrial, Military 
and MIL .. STD 883B 

X2201A 
X2212 
X2210 

·cop 
1024 x 1 Bit Nonvolatile Static RAM 

256 x 4 Bit Nonvolatile Static RAM 
64 x 4 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 required. A single SV supply is the only power source 
ever required for any function . 

• EASE .. OF .. USE: Unprecedented simplicity, all inputs and outputs are directly TTL compatible. Fully static 
timing. Three,state output. 18,pin package. 

• PERFORMANCE: RAM cycle time is less than 300 ns. During the lifetime of the device, data can be 
recalled from the E2PROM an unlimited number of times. 

• POWER .. FAILURE PROTECTION: One simple TTL signal saves the entire RAM database. A snap' 
shot nonvolatile copy of all RAM data is internally stored safe 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 X2210 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,t"he,circuit ROM changes by TTL signals are important, the Xicor X2201A, 
X2210, or X2212 is the ideal choice. 

1K x 1 64x4 256x4 

~ 

iRiiAv 
iiRm 

FUNCTIONAL DIAGRAM X2212 (256 x 4) 
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XICOR, Inc., 851 Buckeye Court, Milpitas, California 95035 (408) 946 .. 6920 TWX 910 .. 379 .. 0033 
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5 Volt Programmable E2PROMs 

Commercial, Industrial, 
Military and MIL-STD 8838 

• Simple Byte Write Operation 
• No High Voltages Necessary 

·cop 
X2816A 2K x 8 Bit Electrically Erasable PROM 
X2804A 512 x 8 Bit Electrically Erasable PROM 

• Conforms to JEDEC Byte·wide Standard 

• Single TTLlevel WE Signal Modifies Data 
• Single 5·Volt Supply 
• Byte Write Time: 10ms Max. 

• Internally Latched Addresses and Data 
• Automatic Write Time·out 
• Noise Protected WE Pin 

• Reliable N·Channel Floating Gate 
MOS Technology 

• Fast Access Time: 300ns Max. 
• Low Power Dissipation 

• Active Current: 110mA Max. 
• Standby Current: 40mA 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 TIL level signals and a single 5-volt Q.ower sup-p-Iy': In addition, Xicor E2PROMs are operation
ally and pin compatible with existing 2K x 8 byte-programmable E2PROMs which require an additional 
high voltage power supply for programming. (See optional high voltage programming compatible mode.) 
Writing data in Xicor E2PROMs is analogous to writing data in a static RAM. A 200ns TIL low level signal to 
the WE pin initiates a byte write operation which is automatically timed out in a maximum of 10rps. 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 consumption is reduced by 
64% 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 NOVRAMTM memories. 

PIN CONFIGURATIONS 24 PIN DIP.GOO" 

AO·A10 
1100.1/07 
CE 
OE 
WE 

vee 
vss 
NC 

1/0, 

1/06 

II0s 

1/0. 

1/03 

PIN NAMES 

ADDRESS INPUTS 
DATAINPUTSIOUTPUTS 
CHIP ENABLE 
OUTPUT ENABLE 
WRITE ENABLE 
+5V 
GROUND 
NO CONNECT 

As 

NC 

WE 

6E 

NC 

CE 
110, 

1/06 

II0s 

1/0. 

1/03 

FUNCTIONAL DIAGRAM X2816 (2K x 8) 
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1100-1107 
DATA INPUTS/OUTPUTS 

NOVRAMTM isa trademark of Xicor, Inc., for its nonvolatile RAM devices. 

XICOR, Inc., 851 Buckeye Court, Milpitas, California 95035 (408)946-6920 TWX 910-379-0033 
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INTRODUCTION. 
TOPROM 
PROGRAMMERS 

This section describes instruments used to enter assembly 
language code into programmable devices such as 
PROMs, EPROMs, EEPROMs, EAROMs, PALs, 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 assign different model numbers to 
units having capabilities beyond those listed for the model 
designated at the top of the Master Selection Guide. In 
these cases the units are covered under "Comments". 

4000 

Detailed Product Information 
provided by: 

Digelec 4101 
Kontron 4103 
Oliver Advanced Engineering 4104 
Stag Microsystems 4105 
Structured Design 4106 
Sunrise Electronics 4107 
The manufacturers listed above have provided detailed 
information on their latest and most significant prod
ucts. 
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PROM PROGRAMMERS 

Manufacturer Advent Products 

Model ,UP·S 

FOR DETAILED DATA SEE: 

Application Development 

Capability Program, copy, compare, 
read 

Programmed Devices EPROM 

Display CRT 

Maximum PROM Array 32K x 8 
(bit configuration) 

Personality Modules Not required - replaced 
by operator·selectable . 

switches 

Maximum Gang Capacity 
(no. slave sockets) 

Edit Functions 

Programming Checks Verify, program PROM, 
checksum, erased 

Self·Test 

Prompting Audible 

Buffer Memory 

I/O Interface RS232 serial, selectable 
baud rates from 2400 

to 9600 

Safety Features 

Comments Operates with any 8080/ 
85/ Z80 CP / M·based 
computer containing a 
minimum of 32K bytes 
of RAM and either port 
or memory·mapped 1/ O. 

© Ie MASTER 1983 

Citel, Inc. 

CopyRom 3716 

Production 

Copy 

EPROM, EEPROM 

LED 

32K x 8 

Software based 

16 

Blank, checksum, 
illegal bit, verify 

Keyboard, display, switches 

Visual, audible 

Short·circuit protection 

MASTER SELECTION GUIDE 

Citel, Inc. Curtis Electro Devices 

System 37 PR·100A 

Development, production, Development, production, 
field service field service 

. Program, copy, compare, Program, copy, compare, 
read, erase read, test 

EPROM FPLA: Signetics 82S100, 
82S101, 82S106, 82S107 

LED LED 

32K x 8 

Not required; Dedicated 
software·based 

1 

Insert, move, delete, Insert, delete 
nibble swap, memory map 

Blank, checksum, Verify 
illegal bit, verify 

Keyboard, display, 
switches buffer memory 

Visual, audible Visual 

8K x 8, expandable 

Parallel TIL, RS232 serial 

Short·circuit protection 

4001 
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PROM PROGRAMMERS (cont) 

Manufacturer Curtis Electro Devices 

Model PM3000S 

FOR DETAILED DATA SEE: 

Application Development, field service 

Capability Program, read 

Programmed Devices Bipolar PROM 

Display Lamps, digit switch 

Maximum PROM Array 4K x 8 
(bit configuration) 

Personality Modules Generic 

Maximum Gang Capacity 
(no. slave sockets) 

Edit Functions 

Programming Checks Vee sensitivity 

Self·Test 

Prompting Visual 

Buffer Memory 

I/O Interface 

Safety Features 

Comments 

4002 

Curtis Electro Devices, Inc. 

PD2000S 

Production 

Program, copy, compare 

Bipolar PROM 

Lamps 

4K x 8 

Dedicated 

1 

Illegal bit, Vee sensitivity 

Visual 

Digelec Digelec 

UPP·801 Up·a03 

(Page 4101) 

Development, production Development, production 

Program, copy, compare, Program, copy, compare, 
read, test, erase read, test, erase 

Bipolar PROM, CMOS PROM, Bipolar PROM, CMOS PROM, . 
EPROM, EAROM, PAL, EPROM, EEPROM, PAL, 

PMUX, MPU PLA, MPU 

LED, hexadecimal CRT 

SDK x 8 SDK x 8 
(add field 64K x 8BMS) 

Dedicated, generic Dedicated, generic, 
generic gang 

8 

-_ .. __ .. _ ... 

Move, nibble swap, Insert, move, delete, 
memory map, complement memory map 

Blank, vertify, continuity, Blank, checksum, 
window check illegal bit, verify 

parametric, continuity 

Buffer memory, 
programming voltages, 

system PROMs 

Visual, audible Visual, audible 

4K x 8, 8K x 8, expandable, 4K x 8, 8K x8, 16K x 8, 
battery backup, stacking 2DK x 8, expandable, 

battery backup 

Parallel TTL, RS232 serial, Parallel TTL, RS232 serial, 
current loop, selectable current loop, selectable 

baud rate baud rate 

Short·circuit protection Short·ci rcuit protection 

12 interfacing formats; 4 13 interfacing formats; in· 
data·entry keyboard dustry sm bus (Multi~ 
formats. bus), Additional editing 

functions: search, reo 
place, list of up to 72 
addresses, address/ data 
base selectable, comple· 
ment. Characteristics of 
selected device dis- . 
played on CRT. Interae- ; 

tive system. . 
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PROM PROGRAMMERS (cont) 

Manufacturer Data 110 Data 110 

Model 29A Universal Programmer 208 Universal NMOS 
Memory Programmer 

FOR DETAILED DATA SEE: 

Application Development, field service Development 

Capability Program, copy (load), Program, copy, compare, 
compare (verify), read, test read 

--

Programmed Devices Bipolar PROM, CMOS PROM, EPROM, EEPROM, MPU 
EPROM, EEPROM, EAR OM, 

PAL, PLA, MPU, FPGA, FPLA, 
FPRP, FPLS, prog. I/O 

port, PMUX 

Display Sixteen-character LED 
fluorescent 

Maximum PROM Ar'ray 
(bit configuration) 

16K x 8 (MOSpak) 8K x 8 

Personality Modules Software-selectable Paks Dedicated (universal NMOS 
(UniPak, MOSPak, LogicPak), and Intel single-chip 

generic gang, dedicated microcomputers) 

Maximum Gang Capacity 8 (40 pin) I 
(no. slave sockets) 

Edit Functions Insert, move (block), delete, Insert, delete, write, fill 
nibble swap, memory map, 

split, shuffle, clear, 
complement, fill RAM 

Programming Checks Blank, checksum, illegal Blank, checksum, 
bit, verify, overcurrent, 

~ 
illegal bit, verify 

backward device 

Self-Test Keyboard, display, switches, Keyboard, display, switches, 
buffer memory, automatic buffer memory, automatic 
power-up, program ROM, power-up, program ROM, 
status of programming status of programming 

electronics electronics 

Prompting Visual, audible Visual 

Buffer Memory 8k x 8 (standard), 16k x 8, 2K x 8 
64K x 8, expandable 

I/O Interface RS232 serial, current loop, RS232 serial, selectable 
selectable baud rate baud rate 
(50 - 19,200 baud) 010-9600 baud) 

Safety Features Short-circuit protection, UL-listed 
current-limit protection for 

programmed device 

Comments Edit in hexadecimal, octal 
or binary_ English-Ian-
guage prompts, menus 
and error messages. Re-
mote control and 26 de-
velopment-system format 
translators are standard. 

© Ie MASTER 1983 

MASTER SELECTION GUIDE 

Data 110 Data 110 

M120A Gang Programmer M121A Gang Programmer 

Production Production 

Program, copy (load), Program, copy (load), 
compare (verify), read, test, compare (verify), read, test, 

EEPROM cycling test EEPROM cycling test 

CMOS PROM, EPROM, CMOS PROM, EPROM, 
EEPROM, intelligent EEPROM, intelligent 

algorithms for EPROMs algorithms 

Sixteen-character Fluorescent 
fluorescent 

16K x 8, expandable 16K x 8 

Software programmable Software programmable 

20 20 

Complement RAM, fill RAM, Insert, delete, I/O offset, 
16-bit mode begin RAM, fill RAM, 

complement RAM, 16-bit 
mode 

Blank, checksum, illegal bit, Blank, checksum, illegal bit, 
verify,overcurrent, verify, overcurrent, 
backward device, backward device, 
mislocated device , mislocated device, variable 

VCC on verification 

Keyboard, display, switches, Keyboard, display, switches, 
buffer memory, automatic buffer memory, automatic 
power-up, program ROM, power-up, program ROM, 
status of programming status of programming 

electronics electronics 

Visual, audible Visual, audible 

16K x 8, expandable 16K x 8, 32K x 8, 64K x 8 

RS232 serial, selectable RS232 serial (2), selectable 
baud rate baud rate 

010-9600 baud) (110-9600 baud) 

Short-circuit protection, Short-circuit protection, 
current-limit protection for current-limit protection for 

programmed device programmed device 

Remote control and 26 data Can segment programs and 
translation formats are load each segment into 
standard. different PROMs simul-

M120A controls 200A Data taneously. 
Control Unit for program Remote control and 26 data 
storage. translation formats are 

standard. 
M121A controls 200A Data 

Control Unit for program 
storage. 

4003 
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PROM PROGRAMMERS (cont) 

Manufacturer Data 110 

Model M100A Production 
Programmer 

FOR DETAILED DATA SEE: 

Application Production 

Capability Copy (load), compare 
(verify), read, test 

Programmed Devices Bipolar PROM, CMOS PROM, 
EPROM, EEPROM, EAROM, 

PAL, PLA, MPU 

Display Fluorescent 
--. 

Maximum PROM Array 
(bit configuration) 

16K x 8 

Personality Modules Software-selectable Paks 
(UniPak, Handler UniPak, 

MOSPak, LogicPak) 

Maximum Gang Capacity 
(no. slave sockets) 

8 (with gang module) 

Edit Functions Insert, delete, 1/ a offset, 
begin RAM, fill RAM 

Programming Checks Blank, checksum, illegal bit, 
verify, overcurrent, 
backward device I 

Self-Test Keyboard, display, switches, 
buffer memory, automatic 
power-up, program ROM, 
status of programming 

electronics 

Prompting Visual, audible 

Buffer Memory 4K x 8, 8K x 8, 16K x 8 

I/O Interface RS232 serial, current loop, 
selectable baud rate 
(50 - 19,200 baud) 

Safety. Features Short-circuit protection, 
current-limit protection for 

programmed device 

Comments Operates with Handler 
Unipak for direct inter-
face to MCT, Delta and 
other handlers. 

Remote control and 26 data 
translation formats are 
standard. 

·MI00A controls 200A Data 
Control Unit for program 
storage. 

4004 

E-H International E-H International Elind 

MicroSupport 1400 MicroSupport 160 RP400-S 

Development, production, Production Development, production, 
field service field service 

Program, copy, compare, Program, copy, compare, Program, copy, compare, 
read, test read, test read 

EPROM EPROM Bipolar PROM, EPROM, MPU 

CRT, LED LED CRT 

8K x 8 8K x 8 8K x 8 

Software-selected Software-selected Dedicated, generic, gang 

1 16 8 

Insert, move, delete, Insert, move, delete, Insert, delete, Nibble swap 
nibble swap, memory map nibble swap, memory map 

Blank, checksum, illegal bit, Blank, checksum, Blank, checksum, 
illegal bit, verify verify, PROM integrity illegal bit, verify 

limited amount limited Display, buffer memory 

Visual Visual, audible. Visual, audible 

4K x 8 4K x 8 6K x 8 

RS232 serial, current loop, RS232 serial, current loop, RS232 serial, current loop, 
selectable baud rate selectable baud rate. Selectable baud rate, 

110 to 9600 baud 

Short-circuit protection Full protection on 
programmed device 

Programs bipolar PROM Unit is equipped with three 
with addition of Micro- fast programmable power 
Support 1410 Satellite, supplies (100 nS/Y) for 
and MPUs with addition 
of MicroSupport 1448 

programming voltages. 

Satellite. 
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PROM PROGRAMMERS (cont) 

Manufacturer Intel International 
Microsystems Inc. 

Model iUP·200/201 1M 3016 Multi·Master 
Programmer 

FOR DETAILED DATA SEE: (Page 1722) 

Application Development, production Production, development 

Capability Program, copy, compare, Program, copy, compare, 
read, erase (E2 only) read, test, erase 

Programmed Devices Bipolar PROM, EPROM, EPROM, EEPROM, 
EEPROM, MPU CMOS EPROM 

Display LED LED 

Maximum PROM Array 
(bit configuration) 

32K x 8 bits 16K x 8, 32K x 8 

Personality Modules Generic, gang, generic gang Software programmable 

Maximum Gang Capacity 
(no. slave sockets) 

8 16 

Edit Functions Move*, nibble swap*, n byte 
swap*, memory map*, enter 

Move, delete, memory map, 
1/0 offset, fill RAM 

Programming Checks Blank, checksum, illegal bit, Blank, checksum, illegal bit, 
verify, reverse socket verify, misaligned or upside· 

detection down device, broken or 
bent pin, over-current 

Self· Test Buffer memory, Keyboard, display, switches, 
motherboard, power supply, buffer memory, automatic 

module power reset, calibration, 
programming electronics 

Prompting visual, audible* Visual, audible 

Buffer Memory 16K x 8, expandable to 32K; 64K x 9 standard; 128K x 9 
virtual buffer* and 256K x 9, expandable 

1/0 Interface RS232 serial, automatic RS232 serial, selectable 
baud rate selection baud rate 

Safety Features Ul-listed, short-circuit Ul·listed, circuit·breaker 
protection, CSA-listed protection 

Comments * iUPS software package Simultaneous set program-
feature. Host software ming ability, electrically 
driver also provides fife isolated programming 
manipulation, file map- sockets, terminal and 
ping, held file, screen computer-control pack-
editing, data manipula- age allows the IM3016 
tion and other features. to be operated remotely 

via computer. 
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International Kontron Electronics 
Microsystems Inc. 
1M 1010 Universal MPP·80 

Programmer 

Development, field service Development, production, 
field service 

Program, copy, compare, Program, copy, compare 
read, test, erase read, test, erase 

Bipolar PROM, CMOS PROM, Bipolar PROM, CMOS PROM, 
EPROM, EEPROM, EAROM, EPROM, EEPROM, EAROM, 

PAL PAL, PLA, FPLA, FPRP, 
FPGA, FPLS, PMUX 

LED LED 

8Kx 8 32Kx 8 

Generic Dedicated, generic, gang, 
generic gang 

8 

Insert, move, delete, nibble Insert, move, delete, nibble 
swap, memory map, search swap, memory map, fill, 

invert 

Blank, checksum, Blank, checksum, illegal bit, 
illegal bit, verify verify at high and low 

Vee limits 

Keyboard, display, buffer Keyboard, display, switches, 
memory module buffer memory 

Visual Visual, audible 

16K x 8, 32K x 8 4k x 8, 8k x 8, 16k x 8, 
32k x 8 plus mass storage 

RS232 serial, current loop, RS232 serial, selectable 
selectable baud rate baud rate 

Short-circuit protection Short-circuit protection 

PROM Emulation Module Built·in uv source, IC 
option allows user to handler interface. MPP 
test and debUt programs 80SAM has acoustic 
before commi ting to coupler and modem. 
PROMs. 

4005 
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PROM PROGRAMMERS (cont) 

Manufacturer Kontron Electronics 

Model MPP·80S 

FOR DETAILED DATA SEE: 

Application Development, production, 
field service 

Capability Program, copy, compare, 
read, test, erase 

Programmed Devices Bipolar PROM, CMOS PROM, 
EPROM, EEPROM, EAROM, 

PAL, PLA, MPU, FPLA, 
FPGA, FPLS, PMUX 

Display LED 
--

Maximum PROM Array 32Kx 8 
(bit configuration) 

Personality Modules Dedicated, generic, gang, 
generic gang 

-

Maximum Gang Capacity 8 
(no. slave sockets) 

Edit Functions Set, insert, move, delete, 
nibble swap, memory map, 

fill, invert 

Programming Checks Blanks, checksum, illegal 
bit, verify at high and 

low Vee limits 

, Self· Test Keyboard, display, switches, 
buffer memory, firmware 

integrity 

Prompting Visual, audible 

Buffer Memory 8K x 8, expandable to 
32K x 8 

I/O Interface RS232 serial, current loop, 
selectable baud rate 
(50 to 38400 baud) 

Safety Features Short-circuit protection, 
uv eraser safety interlock 

Comments Built·in uv EPROM eraser. 
IC handler interface. 
Remote-controllable via 
RS232 port from terminal 
or host computer. MPP· 
80SAM has built·in 
acoustic coupler, modem 
and error-tolerant com· 
munications protocol. 

4006 

Kontron Electronics Motorola Oliver Advanced 
Engineering 

EPP·80 MG8PPS UPP·2700 EPROM 
Tester I Duplicator 

(Page 4103) 

Development, production Development, production, Production 
field service 

Program, copy, compare, Program, copy, verify, read, Program, copy, compare, 
read, test, erase test, erase, help, odd/ even read, test 

Bipolar PROM. CMOS PROM, Bipolar PROM, CMOS PROM, EPROM 
EPROM, EEPROM, EAROM, EPROM, EEPROM, EAROM, 

PAL, PLA, MPU, FPlA, PLA 
FDRP, FPGA, FPLS, PMUX 

Fluorescent CRT via terminal LED 

32Kx 8 • 8K x 8 32Kx 8 

Dedicated, generic, gang, Dedicated Generic gang 
generic gang , 

8 One 16 (32 with Satellite) 

Set, insert, move, delete, Insert, move, delete, save, None allowed 
nibble swap, memory map, ' memory map, change 

fill, invert, 16·bit split/ 
shuffle, logical AND/OR/ 

XOR, string search 

Blank, checksum, illegal Blank, illegal bit, verify Blank, illegal bit, verify, 
bit, verify at high and matrix test* 

low Vee limits 

Keyboard, display, switches, Keyboard, switches, leakage 
buffer, firmware integrity test. on socket matrix 

Visual, audible Visua I,audible Visua I, audible 

8K x 8, expandable to 
32Kx 8 

8Kx 8, expandable None 

-
Parallel TTL, RS232 serial, Proprietary None 
current loop, selectable' 
baud rate (50 to 38400 

baud), fEEE·488 

Short-circuit protection, PROM insert safeguard Short-circuit protection, 
uv eraser safety interlock UL·listed power supply 

Built-in uv EPROM eraser * Matrix test checks both 
with keyboard-program- data and address lines for 
mabIe timer. Remote· ESD (electrostatic dis· 
controllable via RS232 charge) damage. Data 
and IEEE·488 ports. lines are checked for 
Error.folerant communi- min. sink and source 
cations protocol for long- current capability during 
distance telephone both blank and verify 
transfers. Compatible . tests. 
with MPP-80S modules. 100 - 240 Vac operation 

50 or 60Hz. 
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PROM PROGRAMMERS (cont) 

Manufacturer Oliver Advanced Oliver Advanced 
Engineering Engineering 

Model UPP-28000 Scoop UPP-28000-ZIF 

FOR DETAILED DATA SEE: (Page 4104) 

Application Production Production 

Capability Program, copy; compare, Program, copy, compare, 
read, test, erase, read, test, erase, 

dc parameters dc parameters 

Programmed Devices EPROM, EEPROM, EAROM EPROM, EEPROM, EAROM 

r--

Display LED, ASCII LED, ASCII 

Maximum PROM Array 
(bit configuration) 

256K x 8 256K x 8 

Personality Modules Generic gang Generic gang 

Maximum Gang Capacity 
(no. slave sockets) 

20 (40 with satellite) 18 (36 with satellite) 

Edit Functions None allowed None allowed 

Programming Checks Blank, checksum, illegal Blank, checksum, illegal bit, 
bit, verify, Vee level tests, verify, Vee level tests, 

matrix test matrix test. 

---_. 
Self-Test Keyboard, switches, leakage Keyboard, switches, leakage 

test on socket matrix test on socket matrix 

-
Prompting Visual, audible, including Visual, audible, including 

voice option voice option 
-

Buffer Memory None 2 ports for label printer 
and voice ennunciator 

--f---

I/O Interface 2 ports for label printer UL-Listed, short-circuit 
and voice enunciator protection, power-fai I 

restart capability 

Safety Features UL·Listed, short-circuit 
protection, power-fail 

restart capability 

Comments 
~-'. 

© Ie MASTER 1983 
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Oliver Advanced PC/M Inc. 
Engineering, Inc. 

Speed Screener 1/11 660 

Development, production, Development, field service 
incoming test 

Compare, read, pattern Program, copy, compare, 
test, write RAMs read, test 

Bipolar PROM, CMOS PROM, 
EPROM, EEPROM, EAROM, 

CMOS PROM, EPROM 

PAL, PLA, MPU 

CRT, LED CRT 

Up to 1 Mbyte x 8 lk X 4, 512k x 8 

Generic Dedicated 

One each: 16, 18, 20, 24 1 
(300 mill, 24 (600 mil), 

28,40 
--

Insert, move, delete, nibble Insert, move, deletc, 
swap, memory map, nibble swap, memory map 

pattern editing 

Blank, checksum, illegal bit, Blank, checksum, verify 
verify, matrix test*, 

precision access-time 
screening** 

Keyboard, buffer memory, Keyboard, display, switches, 
leakage test on socket buffer" memory 

matrix 

Visual, audible Visual, audible 
menu driven 

Up to 256K x 8 4k x 8 

Parallel TIL, Dual RS232 Parallel TTL, RS232 serial 
serial, selectable baud rate, current loop, selectable 

automatic baud rate baud rate 
selection 

-

UL-listed power supply, Short-circuit protection, 
short-circuit protection grounded sockets 

* See Model UPP-2700. 
** Speed Selector I 

Speed Screener I 
±5 ns @ 100 ns; 
Speed Screener II 
±2.5 ns @ 100 ns. 
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PROM PROGRAMMERS (cont) 

Manufacturer Pro·Log 

Model M9l0A Control Unit 

FOR DETAILED DATA SEE: 

Application Development, production, 
field service 

Capability Copy, compare 

Programmed Devices Bipolar PROM, CMOS PROM, 
EPROM, EEPROM, PLA . 

Display LED 

Maximum PROM Array 64K x 16 
(bit configuration) 

Personality. Modules Dedicated, generic, gang, 
generic gang 

Maximum Gang Capacity 
(no. slave sockets) 

8 

Edit Functions Insert, move, delete, 
nibble swap, memory map 

Programming Checks Blank, verify, at high and 
low Vee limits, 

checksum 

Self·Test Keyboard, display, switches, 
buffer memory 

Prompting Visual, audible 

Buffer Memory 8K x 8, 16K X 8, 
expandable, battery backup 

CMOS 

110 Interface Parallel TIL, RS232 serial, 
selectable baud rate 

Safety Features UL-listed, short·circuit 
protection 

Comments Two·year warranty. Sepa· 
rate master and copy 
sockets on personality 
modules (can duplicate 
directly from master to 
copy socket). Fixed Vpp 

power supplies do not 
require adjustment. 

4008 

Pro·Log 

M980 Control Unit 

Development, production, 
'- field service 

Program, copy, compare, 
read 

Bipolar PROM, CMOS PROM, 
EPROM, EEPROM 

LED 

64K x 16 

Dedicated, generic, gang, 
generic gang 

8 

Insert, move, delete, 
nibble swap, memory map 

Blank, checksum, illegal bit, 
verify at high and low 

Vee limits 

Keyboard, display, switches, 
buffer memory 

Visual, audible 

8K x 8, 16K X 8, 
expandable, battery backup 

CMOS 

Parallel TIL, RS232 serial, 
se lectable baud rate 

UL·listed, short·circuit 
protection 

Two·year warranty. Sepa. 
rate master and copy 
sockets on personality 
modules (can duplicate 
directly from master to 
the copy socketl. Fixed 
Vpp power supplies do 
not require adjustment. 

Pro·Log Stag Microsystems Inc. 

System 90 PPX Universal PROM 
Programmer 
(Page 4105) 

Development, production, Development, production, 
field service field service 

Program, copy, compare, Program, copy, compare, 
read, test, erase read, test, erase 

Bipolar PROM, CMOS PROM, Bipolar PROM, CMOS PROM, 
EPROM, EEPROM, EAROM, EPROM, EEPROM, EAROM, 

PAL, MPU PAL, PLA, MPU, FPLA, 
FPlS,FPGA 

LED CRT 

64K x 16 16K x 8K 

Dedicated, generic, gang, Dedicated, generic, gang 
generic gang generic gang 

8 8 

Insert, move, delete, nibble Insert, move, delete, nibble 
swap, memory map, splitl swap, memory map, split, 
interweave (4 and 8 biU, shuffle, complement, 

invert relocate 

Blank, checksum, iillegal bit, Blank, checksum, illegal bit, 
verify,' backward PROM, verify, CRC 
shorted address line, 
overload (Vee and Vpp) 

-
Keyboard, display, switches, Keyboard, display, switches, 

buffer memory, buffer memory, (requires . 
programmable algorithms CAT plug·in module) 

Visual, audible Visual 

-
8K x 8, 16K X 8, expandable, Expandable 

battery backup, CMOS 

-
Parallel TIL, RS232 serial, Parallel TIL, RS232 serial, 
selectable baud rate, TIV current loop, selectable 

baud rate 

UL·Listed, short·circuit 
protection 

© Ie MASTER 1983 



PROM PROGRAMMERS (cont) 

Manufacturer Structured Design Inc. Structured Design Inc. 
, 

Model SD20/24 PAL Development PAL Burner 
System SD·l000 

FOR DETAILED DATA SEE: (Page 4106) (Page 4106) 

Application Development, production, Development,production, 
field service field service 

Capability Program, copy, compare, Progam, c'd.Y' compare, 
read, test rea, test 

Programmed Devices PAL PAL 

Display LED LED 

Maximum PROM Array 
(bit configuration) 

2K 2K 

Personality Modules Dedicated Dedicated 

Maximum Gang Capacity 
(no. slave sockets) 

1 1 

Edit Functions Insert, move, delete, Insert, move, delete, 
memory map , memory map 

Programming Checks Blank, verify, function test, Blank, verify, function test, 
continuity continuity 

Self-Test Display, switches, Display, switches, 
buffer memory buffer memory 

Prompting Visual Visual 

Buffer Memory 4K x 8 2Kx 8 

I/O Interface RS232 serial, selectable RS232 serial, selectable 
baud rate baud rate 

Safety Features Short-circuit protection, Short-circuit protection 
continuity 

Comments PAls are designed, simu· PALs are designed simu-
lated, programmed and lated, programmed and 
functionally tested on functionally tested on 
the SD 20/20. The PAL the PAL BURNER. PAL 
assembler PALSAM is design specifications 
incorporated to read may be down loaded 
Bolean logic equations from another computer 
and Function Tables. PAL or stored in the on-board 
specifications may be storage media. Programs 
down loaded from an- all MMI, AMD, TI, and 
other computer or stored NATIONAL 20 and 24 pin 
in the on-board tape. PAls. 

© Ie MASTER 1983 

Sunrise Electronics, Inc. 

ZAP80/ZAP48/ZAP68 

(Page 4107) 

Development, field service 

Program, copy, compare, 
read, test erase EEPROM 
and simulate. Devices 

software selected. 

EPROM, EEPROM, Intel 
and Motorola MPU's 

8-character LED 

I28K bits 

Peek, poke, move, clear 
DATA RAM to state, odd! 

even byte separate/ 
swap, list, checksum and 

selected range 
programming 

Blank, checksum, illegal 
bit, verify 

Keyboard, DATA RAM, 
simulator, programming 

sockets, display 

Visual, audio 

8K x 8 expandable to 
16K x 8, battery operated 

RS232 serial, selectable 
formats, parity, baud rates 

1l0-19.2K, terminal and 
computer control with 

selectable communications 

Short circuit protection 

PROM data display simul· 
taneous with RAM data. 
ZAP48 has same features 
as ZAP80 plus program-
ming of Intel's 8748, 
8749,850,8741, 8755A 
and 8751 MPU's. ZAP68 
has same features as 
ZAP80 plus program-
ming of Motorola's 
68701 and 68705 MPU's. 

Ie MASTER 

Sunrise Electronics 

Z·1000 & Z-2000 Universal 
PROM Programmers 

(Page 4107) 

Production 

Program, copy, compare, 
read, test for devICe 

programmability, erase 
EEPROM. Device software 

Bipolar PROM, CMOS PROM, 
EPROM, EEPROM, PAL, 

FPLA, MPU 

I6-character alphanumeric 
LED 

256Kbits 

Slave for FPLA, PAL AIM 
devices and gang EPROM 

programming 

24 using 2 gang slaves 

-
Peek, poke, move, insert, 
clear DATA RAM to state, 
odd! even byte separate/ 
swap, list, find, checksum 

and selected range 
programming 

Blank, programmability, 
checksum, illegal bit, verify 

Keyboard, display, switches, 
DATA RAM, automatic 

voltage and timing 
recalibration before and 

during programming 

English word, audible 

16K x 8 expandable to 
64Kx8 

Dual independent RS232 
serial ports, selectable 

formats, parity, baud rates 
1l0-19.2K, terminal and 

computer control I 

, 

Over current and under 
current sensing 

Z-2000 has same features 
as Z·1000 except memory 
is 64K x 8 and has 
interfaces for 8 inch 
dual disc drives and 
IEEE-488. 
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PROM PROGRAMMERS (cont) 

Manufacturer Sunrise Electronics, Inc. Sunrise Electronics 

, Model Z·1200 & Z·2400 Gang 
Programmers 

Z·1248 

FOR DETAILED DATA SEE: (Page 4107) (Page 4107) 

Application Production Production 
\ 

Capability Gang program, copy, Gang program, copy, 
compare, read, test for compare, read, test for 
device programmability, device programmability 
EPROMS, EEPROMS and 

MPU's and erase EEPROMS. ' 
Devices software selected. 

Programmed Devices CMOS PROM, EPROM, 
EEPROM, MPU, PAL, F~LA 

8748,8748H,8749H,8741, 
8755A,8751 

'. 

Display Same as Z·1000IZ·2000 LEO 

Maximum PROM Array Same as Z-1000IZ-2000 256K bits 
(bit configuration) 

Personality Modules Same as Z·1000/Z·2000 'Slave for FPLA, PAL AIM 
devices and gan~ EOROM 

programmmg 

Maximum Gang Capacity 
(no. slave sockets) 

36 using 2 gang slaves 24 using 2 gang slaves 

Edit Functions Same as Z·1000/Z·2000 Peek, poke, move, insert, 
clear DATA RAM to state 
oddleven byte separatel 

swap, list, find, checksum, 
and selected range 

programming 

Programming Checks Same as Z·1000/Z·2000 Blank, programmability, 
cheCksum, illegal bit, verify 

Self-Test Same as Z·1000Il·2000 Keyboard, display, switches, 
DATA RAM, automatic 
voltage and timing 

recalibration before and 
during programming 

Prompting Same as l-1000/l·2000 English word, audible 

Buffer Memory Same as l·1000/Z·2000 16K x 8, expandable to 
64Kx 8 

110 Interface Same as Z·1000/Z-2000 Dual RS232 serial ports, 
selectable formats, parity, 
baud rates 110 to 19.2K, 
terminal and computer 

control, 8-bit parallel port 

Safety Features Same as Z·1000/Z·2000 Over-current and 
under·current sensing 

Comments Z·2400 has same features Z·2448 has same features 
as Z·1200 exce~t memory 
is 64K x 8 and as 

as Z·1248 excep't memory 
is 64K x 8 and It has 

8 inch dual disc drives 8·inch dual disc drives 
and IEEE488 included. and IEEE488 included. 

4010 Last Page This Section. Next Page 4101. © Ie MASTER 1983 



Program all logic devices - With a single plug-in module! 
TM 

Digelec's LOGIC CENTER -
o Simple Design - Boolean equations, 

H & L tables, fuse matrix. 
o Simple Programming - One module for 

all device manufacturers 
o Simple Testing - Automatic testing under 

actual working conditions 
o Built-in CRT - Menu-driven software 

for man/machine dialog 

Digelec's cost-effective, space-effective 
LOGIC CENTER™ 

-

\s 
~~". 

Program PROMS Also 

Find out more - and fast! 
Call Bob Glazer 
(602) 991-7268 today - you 
may need a LOGIC CENTER 
tomorrow! 

Digelec Inc., 7335 E. Acoma Dr. Dept. 103, Scottsdale, AZ 85260. Phone (602) 991-7268 

Europe: Digelec Inc., Dufourstrasse 116, CH-8034, Zurich. Tel: (01) 69-38-88, 

Telex: 56913DIGE CH PAL™ is a trademark of MMI 
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For Key Data On Every Ie On This 
Board, The Place To Look Is ... 

Equipment and system design 'often require the use 
of a wide variety of integrated circuits in order to 
obtain optimum performance. One way for an engi
neer to be certain that he hasn't overlooked the 
best device for his application is to refer to the pages 
of Ie MASTER. 

Surveys conducted by Ie MASTER, integrated cir
cuit manufacturers, and independent research 
agencies confirm that four out of five Ie MASTER 
users have specified one or more products as the 
result of using Ie MASTER. 

Device No. 
NMC27C16 
NSC800 
74SC245 
MD74SC373 
ICL8212C 
MM74PCOO 
MM74PC32 
MM74PCOa 
MD74SC139 
MM74PC74 
MSC74PC07 
MM74C30 

The Blue Chip Computer 
STD-NSC800 is a CMOS 
standard bus compatible 

central processor card. 

Description 
Erasable CMOS PROM 
8-bit Microprocessor 
3-State Octal Bus Driver 
Noninverted D-Type Transparent Latch 
Micropower Voltage Detector 
Quad 2-lnput NAND Gate 
Quad 2-lnput OR Gate 
Quad 2-lnput AND Gate 
Octal Decoder IDemultiplexer 
Dual Type-D Flip-Flop 
Hex Inverter 
a-Input NAND Gate 

Representative list of ICs on the Blue Chip Computer STD
NSCBOO card. Key specifications for all of these ICs can be 
found in IC MASTER. 

~HIC:·MA5iTeR 
BE SURE. BEGIN WITH THE Ie MASTER 



Never before was PROM programming so totally 
versatile. But never before did Kontron offer its 
new EPP Engineering Programmer. 

The EPP can handle whatever your program
ming needs are-MaS, CMOS, bipolar, E2PROM, 
PALs, FPLAs. And Kontron's EPP will be able to 
handle the 128K and 256K devices when they're 
available. 

The Kontron EPP offers 64K RAM standard and 
multiple 1/0 formats to help you communicate 
with all popular development systems. And only 
Kontron can offer you a TRANSKON communica
tion format for transferring data over long 
distance lines with full error recovery and delay 
compensation. 

Total flexibility. RAM data set, insert, delete and 
block move are standard. Memory search mode, 
logic mode for making changes in RAM data. A 
standard built-in UV eraser is keyboard program
mable up to 99 minutes with time displayed. 
RS232 serial interface is standard, with optional 
serial, Centronics-parallel, or IEEE-488 available. 

All that, plus the new Kontron MaS Development 
Module that programs more than 25 MaS, 
CMOS, E2PROMs and single-chip processors. The 
MDM operates with both the EPP Programmer 

IN EUROPE: IN THE UNITED STATES: 

and the MPP Programmer, and features access 
time check with selectable voltage levels for 
engineering or QC critical part checking. For use 
with dumb terminals, a built-in cursor control 
editor is available. 

For gang programming all popular MaS EPROMs 
(up to eight at a time), check out Kontron's Univer
sal Gang Module. It's compatible_ with the EPP 
and MPP programmers. 

All together it spells total flexibility-and only from 
Kontron. 

All modules interchangeable between portable MPP and EPP. 

KONTRON Messtechnik GmBh. Breslauer Str. 2 
8057 ECHINGfIN. Germany, Tel: (0 89) 31901·1 
Telex: 05221222 -

KONTRON Electronics. 630 Price Avenue 
Redwood City, CA 94063. Tel: (415) 361-1012 
Outside CA: (800) 227-8834 

ilnKONTRON 
~ ELECTRONICS 
ADVANCED ELECTRONIC INSTRUMENTATION 

© Ie MASTER 1983 4103 
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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 
on both data and 
address lines. 

• Two stage Matrix Test ™ locates defective 
or incorrectly inserted devices in Stage I. 

• Performs over 20 different DC tests 
using adjustable parameters. 

• Perform both DC & AC parameter 
screening at the precise speed the part 
will be used. (Requires less than 4 
seconds for a 2K x 8 memory device!) 

• High speed handler interface allows 
one Speed-Screener to test up to 1000 
parts per hour. 

Static d?maged 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 
error labels are automatically printed for 
marginal or defective EPROMs. 

• 18 Zero Insertion Force Socket version 
· also available. 

SPEED-SCREENERTM 
HIGH PERFORMANCE MEMORY TESTER 
Now you can screen all your memory 
devices with the new low cost Speed
Screener from OA~. This high perfor
mance testing system utilizes OAE's 
unique Data-TapTM Communications 
Controller for instant CRT menu driven 
service: 

• Screens RAMs, ROMs, EPROMs, 
E2PROMs, PROMs, PALs with user 
selectable test patterns. 

• Test logic levels, Vcc level and access 
time limits. 

• Includes OAE's exclusive Matrix-TeseM 

circuitry for detecting static damaged 
or marginal MOS devices'. 

• Available with standard or extended 
accuracy access time testing: 

Speed-Screener I - ±S.Ons @ 100ns 

Speed-Screener II - ±2.Sns @ 100ns 

For more Information call the OAE HOTLINE (213) 240-0080 
676 West Wilson Ave., Glendale, CA 91203. TELEX: 194773. CABLE: OAEINC 

3B}IC/MST.AD 10/82 
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\Vhat: you see 
iswlJal:you get. 

PPX 
UNIVERSAL PROGRAMMER 

You're looking at the PROM programmer available today operation and large keys for operator comfort; serial and parallel 
with an integral CRT display and self-prompti~g. interfaces for microprocessor system downloading and printer 
The PPX Universal Programmer from Stag Microsystems. output; keyboard selection of input/output formats, including 

development system formats; front panel loading personality 
The PPX's fully interactive'CR T display simplifies operating modules for quick, easy changes; relocate, checksum, CRC, 
procedures and allows complete mapping of split, shuffle and complement of RAM 
memory contents for fast, error-free data data; ganged modules compatibility; 
editing and automatic verification. diagnostic capability; system 
You get total programming expandability; and more. 

capability. All in all, the PPX Universal 
And thanks to a full range of Uni~~s;?~~os PM 2100 Uni~~s;IO~~OM Programmer represents state-of-
compact, low-cost personality module Sig~e~~c~I~FL module the-art design in a highly flexible, 
modules that plug into the front easy-to-operate, field proven machine, 
panel within seconds, the PPX gives backed by nationwide service and continual 
you total programming capability for over 450 PROMs, software updates. 
PALs, MPUs and IFLs, as well as future programmable devices. 
v: 11 h . £ But why not see for yourself? 
~ou get a t ese specmlleatures. Standard. 
Firmware based and microprocessor-controlled, the PPX is You can get the PPX Universal Programm~r right now. 
an exceptionally powerful PROM programmer For more information, contact: Stag Mlcrosystems I~c., 
that's loaded with impressive features like 8~og 528-5 Weddell DrIve, 
an expandable RAM for data editing, Sunnyvale, CA 94086. 
assembly and block moving of data; a Phone toll free 800-227-8836 
built-in, full-sized keyboard for stand-alone In California, call (408) 745-1991 

© Ie MASTER 1983 4105 
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PRELIMINARY 

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 
1700 Wyatt Drive, Suite 3 

Santa Clara, CA 95054 

"PAL is a registered trademark of Monolithic Memories Inc. 

4106 

408-988-0725 
Telex 172931 

Also available is our original 
PAL Programmer, the SD 20/24 

PAL Development System. 

structured desigI! 
incorporated 
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A SERIES OF PROGRAMMING 
INSTRUMENTS 
The ZAP Series of programmers con
sists of three convenient, cost effec
tive and unique instruments for en
gineering and field service· applica
tions. 

• Programs EPROMs, EEPROMs and 
microcomputers 

• Built-in P.ROM simulator 
• Serial 110 
• Battery Operated, hand held 
• Automatic self-test 
• Easy operation with prompt lights 

EASE OF OPERATION 
Each system function is clearly print
ed above the respective key on the· 
ZAP keyboard. The six prompt lights 
on the left side otthe display tell the 
operator what to do for each step. 
The socket LED's indicate where to 
place the device to be programmed or 
verified. 

The bottom cover is printed with com
plete operating instructions, simu
lator switch selection and baud ratel 
parity code tables. 

Operator invoked self test commands 
test the Data RAM, Processor, Simu
lator and Programming Circuits. 

An extensive editor includes Peek, 
Poke, Move, Checksum, Clear to 
State, and List commands; a beeper 
signals the operator that the function 
is complete. 

Commands are included to separate 
odd and even bytes for 16 bit micro-
processor applications. . 

HANDHELD 
BATTERY OPERATION 
With any of the three ZAPS, the 
operator can load data at one loca
tion and carry the unit to another for 
programming, simulating or editing. 
The built in .9AH Nicad battery pack 
will power the unit in the Edit or Simu
late mode for 3-4 hours or program 20 
2K EPROMS. 

The small Ale Adapter charges the 
batteries while the unitis in operation 
or when the unit is turned off. 

BUILT IN PROM 
SIMULATOR 
The PROM simulator personality is 
set with a 10 pole DIP switch on the 
bottom of the unit. Included is a 36" 
long simulator cable terminated with 

. a 28 pin DIP plug for interfacing to the 
host system. Simulator specifica
tions: less than 250ns access time, 
30pt load capacitance, LS input 
levels and loading for address lines 
and 1 TIL load output drive. 

The simulator feature saves time in 
both hardware and software develop
ment and simplifies the task of mak
ing object level patches. 

!==E:=SUN~E~KS 524 S. Vermont Ave., Glendora, CA 91740 (213) 914-1926 
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ZAP 80 - $1,795 

SERIAL 1/0 
RS-232 and 20ma current loop are 
standard in each unit. The CTS and 
DTR lines are used in the RS-232 con
nection. Baud rates are keyboard set
able from. 110 to 1200. Terminal and 
keypad control are implemented by 
an internal scan algorithm. Formats 
are included tor interfacing to most 
development systems and com
puters. 

PROGRAMMING 
CAPABILITY 
Each of the ZAP units simulates and 
programs aI/ single voltage EPROMS 
and EEPROMS: 
In addition: 
• ZAP 48 programs INTEL Microcom

puters. 
• ZAP 68 programs MOTOROLA Mi

crocomputers. 
• ZAP 80 programs three voltage 

EPROMS. 

DEV~IT ZAP so ZAP 48 lAP 68 

2716/2516 PIS PIS PIS 
2732/2532 PIS PIS PIS· 
2764/2564 PIS PIS PIS 
68764 PIS PIS PIS 
48016 PIS PIS. PIS 
2708/TMS2716 PIS S S 
8748/8749 P 
8741/8755A P 
8751 . P 
68701/68705 P 
PRICE $1795. $2295. $2295. 

P = ProgramlVerify/Load S = Simulate 
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INTRODUCTION 
TO CUSTOM CIRCUITS 

This section describes seNices 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 devices covered are restricted to gate and cell 
arrays that are customized by a final interconnect process. 
Field-programmable devices are not included in this sec
tion. PAls are listed in the Memory section, and PLAs are 
found in both Memory and Digital sections. 
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Detailed Product Information 
provided by: 

American Microsystems 
California Devices 
Computer Aided Engineering 
Custom MOS Arrays 
Exar 
Fairchild 
FUjitsu Microelectronics 
Harris Semiconductor 
Holt 
Interdesign 
International Microelectronic 

4301 
4309 
4310 
4311 
4312 
4316 
4318 
4321 
4431 
4433 

Products 4435 
LSI Computer 4436 
Micro Circuit Engineering 4437 
Monolithic Memories 4442 
Motorola Semiconductor 4479 
National Semiconductor 4481 
Plessey 4501 
RCA 4517 
Signetics 4522 
Silicon Systems 4528 
Synertek 4531 
Texas Instruments 4539 
VTI 4561 
Western Digital 4563 
The manufacturers listed above have provided detailed 
information on their latest and most significant prod
ucts. 
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EINFUHRUNG 
KUNDEN
SPEZIFISCHE ICs 
Deiser neue Abschnitt beschreibt Dienstleistungen 
und produkte von Herstellern, die digitale, lineare und 
kombinierte digital/lineare kundenspezifische Schalt
kreise anbieten. Die Firmen werden in alphabetis~her 
Reihenfolge genannt und anhand ihrer Fahigkeit zum 
Schaltkreis- Entwurf, ihrer Produktionsanlagen, 
Prozej3techniken und Testmoglichkeiten beschrieben. 
Die verschiedenen Moglichkeiten des Anwenders im 
Hinblick auf des sen Angaben sind durch eine Auflis
tung der vom Hersteller gewiinschten technischen 
Details erlautert. Diese konnen von einer Gundkon
zeption bis zu einem bekannten, funktionierenden 
Bauelement reichen. 

Die enthaltenen halb-spezifischen (semicustom) Bau
teile beschranken sich auf Gatter- und Zellen-Arrays, 
die durch die letzte Maske zum kundenspezifischen 
Schaltkreis werden. Feldprogrammierbare Bauteile 
sind in dies ern Abschnitt nicht enthalten. PALs werden 
unter Speichern (Memory) aufgefiihrt und PLAs 
find en sich sowohl im Memory- als auch im Digitalteil. 

© Ie MASTER 1983 4109 
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INTRODUCTIONAUX 
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 systemes 
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 programmables a 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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Esta secclOn, nueva para este ano, describe serVlClOS 
y productos de companias que ofrecen circuitos por 
pedido, sea digital, lineal y digital/lineal combinado. 
Apareciendo en orden alfabetico ella Guia Maestra 
de Seleccion, las companias se caracterizan por de
scripciones de servicio de deseno, 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, 
estan 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 esbin 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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50K 

Options 
for 

Going 
Custom 

STANDARD CIRCUITS 

MICROPROCESSOR 

CUSTOM LSI 

QUANTITY 100K 

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. f.s 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
ture of microcomputers and custom ICs, or a mixture of all of 
these. The system development strategy used depends largely 
upon marketing objectives and may require staged system 
development, first with standard ICs, then with semi custom ICs 
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 several 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: In 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 masters/ice. 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 eel/s. 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 eel/library. 

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. 

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, in a full custom design, 
unused space can be minimized. Consequently, a masterslice 

t 

Q) can be three times larger than an equivalent full-custom chip 
"0 costing 20% to 60% less. 
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Q) 
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But masterslice 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 IC is a multistage process. The degree of user involve
ment varies between companies. This diagram outlines the development of 
a custom chip designed from a cell library. Source: Signetics 

3.0~r-------~-r------------r-~----------------------r------------r------------' 
Typical "spread" of cost 
distribution depending 
on circuit type,test and 

o screening requirements, 
~E package type and other 
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more economical region more econimical 
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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 lime) may be overriding factors. Source: Exar 

4114 © Ie MASTER 1983 



engineering staff. Speci~lty firms provide services such as 
design, 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 line.ar 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 LSI/VLSI 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 
of a standard part to the requirements of a customer. Full
custom parts normally are fabricated from masks con
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. 

© IC MASTER 1983 

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, unconnected 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. 

Pastie: Scaled decal (usually transparent) representing both 
function and dimensions of an IC building block such as a 
gate, fJip-flopor 1/0 buffer. Pasties are a commonly used 
tool for designing LSI/VLSI chips from a cell library. Each 
cell type has pastie equivalents. 

551: Small-scale integration. ICs containing fewer than ten 
logic-gate e~uivalents. 

Silicon gate: MaS design in which the gate is made of silicon 
instead of metal. Silicon-gate MaS 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 
ass'ociated 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 B.oard 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, 
$9K $13K bench tested 

2. Preproduction 
A) Test Program Development $4K $8K 
B) Test hardware 

Personality Board $1K $2K 
Probe Card $100 $200 
Special Supplies, Signal 

Generdtor * * 

Burn-In 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 
Other * * 

E) Production Qualification Units (if desired) 
Burned-In, Temperature Tested 

$3K' 100 Units $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.) 

Full Cell Gate Non-
Custom Library Array LSI 

Design Costs 4(3) 3(4) 2 1 

Design Time 4(3) 2(4} 3(2) 1 

Mask Costs 4 4 2 1 

Redesign Flexibility 4 3 2 1 

Test Program Costs 3 3 2 1 

Circuit Purchase Price 1 2 3 4 

System Power 1 2 2 4 
Required 

Reliability 1 2 2 4 

PC Board & Costs 1 2 2 4 

Production Labor 1 2 2 4 

Security 1 3 2 4 

Added Features/ 1 3 3 4 
Board 

----------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 
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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 be an 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 les 
contribute to decreasing inventory expenses. 

Incoming Inspection: Unless pre-aged and pre-screened com
ponents are bought to prevent early failures (infant mortality), 
it is 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 Alphatron 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) Up to 4400 2·input gates 

Cell Library CMOS 

Design Kit Available Yes 

Full Custom Circuits 
Digital Silicon- or metal·gate PMOS, 

NMOS, CMOS 

Linear Silicon- or metal-gate PMOS, 
NMOS, CMOS 

Combined Digitall Linear Silicon- or metal-gate PMOS; 
NMOS, CMOS 

Provide Design Assistance Yes 

Acceptable Customer Input Functional description or block 
(in order of preference) diagram. 

Design Aids logic simulation, breadboard 
assistance, design rule checks, 
decals. 

Production In-house and procured 

Preferred Delivered Product Any upon request 

Test Program Generation Yes 

Production Test " Functional, parametric, burn-in, 
thermal shock, environmental, 
MIL. 

Electrical Test Systems Available In-house designed, customer-
supplied, or outside service. 

Comments Multiple sourcing. Cell library 
and design rule handbook. 

4118 

American Microsystems, Inc. California Devices 

(Page 4301) (Page 4309) 

Digital, Linear, 
Combined Digital/Linear 

Digital 

3", and 5", silicon·gate CMOS Silicon· or metal-gate CMOS 

300 to 1200 2·input gates (5",) 50 to 1780 
500 to 5000 2·input gates (3/L) 2-input gates 

Yes Silicon· or metal·gate CMOS 

Yes Yes 

Silicon- or metal·gate PMOS, NMOS, 
CMOS with high-voltage output 
capability. 

" 

Silicon·gate NMOS, CMOS, filter, Bipolar linear arrays 
amplifier to rf 

. 

Silicon-gate NMOS, CMOS, 14·bit 
resolution, VHF-rf 

Yes· class instruction Yes 

logic diagram, functional specifi- Logic diagram with test vectors 
cation, data·base tape, PG and PG tape; circuit diagram 
tape, masks, COT. with data·base tape and com-

posite drawing; breadboard .. 

Complete CAD assistance for 
logic circuit simUlation design 
rule checks, breadboard 

logic and circuit simulation; 
breadboard assistance; design' . 
rule checks. . 

assistance. 

Masks, fabrication and assembly 
in-house. 

. In-house and procured 

DIP, chip carriers, die·on·board Scribed dice, packaged dice, 
packages, wafers, die to com- substrate-mounted device. ' 
mercialor military specifica-
tions. 

" 
, 

Yes,CAD supported Yes 
" 

Functional, parametric, burn-in, Functional, parametric,burn4n, 
thermal shock, environmental, thermal shock,· environmental, 
MIL. MIL 

Sentry, Teradyne, Xincom, LTX, 
General Radio . 

Sentry VII, Sentry Series 20 

. 

Complete custom capability in· 'Si-gate isolated oxide' CMOS has 
eluding design,' instruction, TTLI LSTTl interfacing capa-
CAD and process licensing and bility, high·speed performance. 

" technology sales. CAD also 
available through timesharing 
and at Design Centers, 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer AWl 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Linear, Digital, 
Combined Digital/linear 

Gate Array Bipolar, CMDS, silicon-gate 
MOS, hybrids 

Chip Density Range (equiv. gates) 10 to 10,000 

Cell library Over 2600 type 

Design Kit Available Yes 

Full Custom Circuits 
Digital I Yes 

linear All processes 

Combined Digital/linear All processes 

Provide Design Assistance Yes 

Acceptable Customer Input Functional schematic, 
(in order of preference) circuit diagram 

Design Aids Users manual 

Production In-house robotics and 
automation 

Preferred Delivered Product Printed card mounted, 
packaged units 

Test Program Generation No 

Production Test Functional 

\ 

Electrical Test Systems Available Customer supplied 

Comments 

© Ie MASTER 1983 

MASTER SELECTION GUIDE 

Com linear Corporation Custom Integrated Circuits 

Yes Digital, Linear, 
Combined Digital/ Linear 

linear PL, Linear Master Slice, design 
on other companies' gate arrays 

50 to 8000 (5-input gates) 

J2L 

J2L, CMOS, TIL and other 
bipolar devices 

Bipolar - FET Bipolar 

J2L1 Linear, TILl Linear, 
CMOS/linear 

Yes Yes 

Functional specification No preference 

Computer simulation Logic simulation, circuit simula-
tion, design rule checks, 
breadboarding, complete 
Calma layout system, in-house 
CAD software, engineering 
assistance. 

In-house or procured Procured 

Packaged circuit, printed card No preference 
mounted units 

Yes Yes 

Functional, burn-in, thermal All 
shock, Iinear,MIL. 

Complete time domain and HP, MCC 
frequency domain testing 
from DC to 18 GHz. 

Specialties include amplifiers Total IC development from con-
with extremely wide band- cept through product delivery. 
width and fast settling time, Any subset of the development 
fast sample-hold and A to D cycle (design, layout, etc.) 
conversion products. 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer Cherry Semiconductor 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Digital, Linear, Combined 
Digitall Linear 

Gate Array 12l, lSJ2l, ECl and other bipolar 

Chip Density Range (equiv. gates) 64 to 150 gates! mm2 

Cell Library 12l, lSl2l, ECl and other bipolar 

Design Kit Available Yes 

Full Custom Circuits 
Digital Pl, lSJ2l, ECl and other bipolar 

Linear Pl, lSJ2l, ECl and other bipolar 

Combined Digital/linear 12l, lSI2L, ECl and other bipolar 

Provide Design Assistance Yes 

Acceptable Customer Input Customer-owned tooling; circuit 
(in order of preference) diagram; logic diagram; 

breadboard. 

Design Aids Logic simulation; breadboard 
assistance; design rule 
checks. 

Production In-house 

Preferred Delivered Product Packaged dice; flip chips 

Test ~rogram Generation Yes 

Production Test All except military 

Electrical Test Systems Available Teradyne 1259, A31O, A311 

Comments Dice can be solder-bump flip 
chips with nitride passivation; 
packaged dice can be delivered 
from COT for full custom. 

4120 

Custom MOS Arrays Exar Integrated Systems 

(Page 4311) (Page 4312) 
, 

CMOS Digital, Linear, Combined 
Digital j Linear 

Metal-gate CMOS; 12l 
Si-gate CMOS 

448 to 1568 (2 inputs) 100 to 1250 

Yes Metal-gate CMOS; 12l 
Si-gate CMOS ' 

Yes 

M~tal-gate CMOS; '1 2l 
Si-gate CMOS 

No 

Pl, other bipolar 

Yes 

Complete layout; breadboard, ' 
circuit diagram, logic diagram, 
functional diagram. 

logic simulation; breadboard 
assistance; design rule 
checks. 

In-house 

Probed wafers, scribed dice, 
packaged dice. 

" 

Yes 
, 

Functional, parametric, 
environmental, burn-in 

, " 

I Sentry; Fairchild 5000, Teradyne 
J273,A311; Amdahl 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) , 

Manufacturer Fairchild Ferranti Fujitsu 

FOR DETAILED DATA SEE: (Page 4316) (Page 4318) 

Customized Standard Circuits Digital Digital, Combined 
Digital/ Linear 

Digital 

Gate Array Bipolar ECl COl RTL, CML, buffered CML Silicon-gate CMOS, LSTTL, LSI2L ... 

Chip Density Range (equiv. gates) 20 to 1000 3-lnput NAND 100 to 10,000* 208 to 2108 
3·lnput NAND 

Cell Library Yes Silicon-gate CMOS, lSTTL, LSI2L 

Design Kit Available Yes Yes 

Full Custom Circuits 
Digital COl Silicon-gate CMOS, LSTTL, LSI2L 

Linear 

Combined Digital/ Linear COl 

Provide Design Assistance Yes Yes 

Acceptable Customer Input No Preference Logic diagram and test timing 
(in order of preference) data (Fujitsu format). 

Design Aids Logic simulation, breadboard Computer simulation, design rule Logic simulation, design rule 
assistance, design rule checks, layout check, test cheeks; complete CAD system. 
checks. . program verification. Remote 

CAD system. Breadport parts. 

Production In·house In-house In-house 
.. 

Preferred Delivered Product Packaged dice Packaged dice 

Test Program Generation Yes Automatic 

Production Test All Parametric, functional 

, 

Electrical Test Systems Available FARCAD Membrain, Genrad, Teradyne, 
LTX, Tektronix 

. 

Comments Remote access to FAR CAD ULA designer; low cost, remote Dual·layer metal; CAD system 
via telephone link interactive CAD system avail- verifies design; auto placement 

able for on-site use. and routing from customer's 

* Over 50 array types available. 
diagram. 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer GTE Microcircuits 

FOR DETAILED DATA SEE: 

Customized Standard Circuits , 

Gate Array ISO-CMOS 

Chip Density Range (equiv. gates) 504- 2500 

Cell Library ISO-CMOS 

Design Kit Available Yes 

Full Custom Circuits 
Digital ISO-CMOS 

Linear ISO-CMOS 

Combined Digital/linear ISO-CMOS 

Provide Design Assistance Yes 

Acceptable Customer Input Calma tapes, PG tapes, masks 
(in order of preference) 

Design Aids Design rule checks, 
Logic simulation 

Production In-house 

Preferred Delivered Product Packaged die, probed wafers, 
mapped wafers 

Test Program Generation Yes 

Production Test ,Functional, parametric, burn-in 

Electrical Test Systems Available Sentry LTX, H.P., Mega, XINCOM 

Comments 

4122 

Holt Hycorn 

(Page 4431> 

Digital, Linear, Combined 
Digital/linear 

Silicon or metal-gate CMOS, 
bipolar 

98 to 1500* 

Silicon and metal-gate CMOS 

Yes 

Silicon and metal-gate CMOS, Silicon- or metal-gate 
bipolar PMOS, NMOS, or CMOS 

Silicon and metal-gate CMOS, 
bipolar 

Silicon and metal-gate CMOS, 
bipolar 

Yes Yes 

Functional specification; logic Functional specification; logic 
diagram; circuit diagram, diagram; circuit diagram. 
breadboard, PG tape, pencil-
interconnected layout. 

Logic simUlation, breadboard 
assistance; design rule 

Circuit simulation; logic 
simulation. 

checks; CAD, breadboard 
parts, evaluation parts. 

Procured Procured 

Probed wafers; scribed dice; No preference 
packaged dice; substrate-
mounted dice; p-c card· 
mounted packages. 

I 

Yes Yes 

Functional; parametric; 
burn-in, thermal shock, 

Functional, burn-in 

environmental, MIl. 

Imperial Technology IT-200; In-house designed 
custom testers. 

Specializing in low-voltage Services: design, layout, 
circuitry, CMOS analog testing. Service industry 
circuitry design. used for photomasks, 

fabrication, and assembly. 
*Equivalent gates are 2-input 

NAND/NOR. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer Integrated Circuit Engineering 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Linear, Digital, Combined 
Digital/ Linear 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available No 

Full Custom Circuits 
Digital Silicon- or metal-gate PMOS, 

NMOS, CMOS; TTL, STIL, PL 

Linear Silicon- or metal-gate CMOS; 
TIl,STTl 

Combined Digital/ Linear Silicon- or metal-gate CMOS; 
TTl,STTl 

Provide Design Assistance Yes 

Acceptable Customer Input Functional specification; logic 
(in order of preference) diagram; circuit diagram; 

breadboard; known good 
device; customer owned 
tooling; test vectors. 

Design Aids logic simulation; breadboard 
assistance; design rule 
checks; graphics CAD. 

Production Procured 

Preferred Delivered Product Packaged dice 

Test Program Generation No 

Production Test No 

Electrical Test Systems Available 

Comments 

© Ie MASTER 1983 
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Integrated Circuit Systems Integrated Technology Corporation 

Digital, Linear, Combined 
Digital/ Linear 

All MOS processes 

MOS Silicon- or metal-gate MOS; TTL, 
STTL, lSTTL, 12l, ECl, other bipoar 

MOS Silicon- or metal-gate 
CMOS; bipolar 

MOS Silicon- or metal-gate 
CMOS; bipolar 

For full custom 

For full custom: Functional 
specification; logic diagram; 
breadboard. 

Logic simulation; circuit simula· Logic simulation; breadboard 
tion; breadboard assistance. assistance; design rule checks; 

transient analysis. 

Procured Procured 

Mapped wafers; probed wafers; 
packaged dice; PC-mounted 
packaged units; design 
tooling; complete systems. 

Megatest 08000 Yes 

Functional; parametric 

Siemens 

Services: Design, layout, chip/ Services: Design, tooling for 
PCB artwork, test generation, custom ICs; service industry 
product engineering. used for photo masks, wafer 

fab, assembly, some testing. 
System design and production 
with custom IC's. 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer Interdesign 

FOR DETAILED DATA SEE: (Page 4433) 

Customized Standard Circuits Digital, Linear, Combined 
Digital/Linear 

Gate Array COl RTL and CML, metal-gate 
CMOS, silicon·gate NMOS; bipolar 

Chip Density Range (equiv. gates) See Comments 

Cell Library For all except linear bipolar 

Design Kit Available Yes 

Full Custom Circuits 
Digital Silicon-gate NMOS; 

metal-gate CMOS 

Linear Bipolar 

Combined Digital! Linear ' Some linear functions 

Provide Design Assistance Yes 

Acceptable Customer Input Pencil-connected layout: logic 
(in order of preference) diagram; specification; PG 

tapes; circuit diagram and 
breadboard (for linear bipolar); 
reticles. 

Design Aids Computer simulation; breadboard 
parts; layout sheets; functional 
overlays; evaluation parts. 

Production Metallized wafers procured; 
other functions in-house. 

Preferred Delivered Product Packaged dice, bare dice, 
probed wafers. 

Test Program Generation Yes 

Production Test Functional, parametric; burn-in; 
MIL 8838; environmental. 

Electrical Test Systems Available Teradyne J325; LTX CP /TS70; 
LOMAC LM325, Fairchild 5000i 
LOMAC LM25; custom tester. 

Comments COl RTL; 255 logic cells; COl 
CML: 450·880 2-input NOR; 
Metal·gate CMOS: 112-420 
2/3-inputj Silicon·gate NMOS: 
224 4-input NOR; Lnear 
bipolar: 11,812 components. 

4124 

International Microcircuits International Microelectronic 
Products 

(Page 4435) 

Digital Digital, Combined 
Linear! Digital 

Silicon- or metal-gate CMOS No 

50 to 5000 200 to 10,000 

Yes Silicon-gate CMOS 

Yes Yes 

Silicon-gate NMOS and CMOS 

Silicon-gate NMOS and CMOS 

Yes 

Functiona I specification, logic 
diagram, circuit diagram, 
breadboard, test vectors, 
customer·owned tooling (pattern· 
generator tape, composite 
drawing), known good device. 

Logic simulation, breadboard 
assistance, design rule checks, 
engineering assistance. 

In-house and procured In-house 

Scribed dice; packaged dice Mapped wafers, probed wafers, 
scribed dice, packaged dice, 
or special packages. 

Yes Yes 

Functional, parametric, burn-in, Functional, parametric, burn·in 
thermal shock, environmental, 
MIL. 

GenRad, Sentry Sentry 20, Kiethley 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer LSI Computer Systems 

FOR DETAILED DATA SEE: (Page 4436) 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital Metal-gate PMOS, CMOS 

Linear, Metal-gate PMOS, CMOS 

Combined Digital/ Linear Metal-gate PMOS, CMOS 

-

Provide Design Assistance Yes 

Acceptable Customer Input Logic diagram; customer-owned 
(in order of preference) tooling (pattern-generation 

tape, composite drawing); 
circuit diagramj breadboard; 
functional specification. 

Design Aids Design rule checks, computer-
aided transient analysis. 

Production Procured 

Preferred Delivered Product Packaged dice 

Test Program Generation Yes 

Production Test Functional, parametric, burn-in; 
thermal shock, environmental; 
MIL. 

Electrical Test Systems Available Macrodata 107 and customized 
equipment. 

Comments Multiple-sourced production 

© Ie MASTER 1983 
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LSI Logic Master Logic 

Digital Digital 

Silicon-gate CMOS, Silicon- or metal-gate CMOS 
HCMOS and ECl 

300 to 10,000 500 to 1000, silicon-gate 
50 to 600, metal-gate 

7400/4000 CMOS & HCMOS; In manual 
ECLlOK-SSI/MSI functions 

Yes Yes 

No Silicon- or metal-gate CMOS 

Yes 

Yes 

Any 

lSI Design System (lOS), Manual 
including design entry, circuit 
simulation, logic simulation, 
PG and test tape generation via 
remote terminal or factory 
based. 

In-house Procured 

Packaged dice Any 

Yes No 

Functional, parametric to Procured 
MIL 8838. 

Industry Standard Tester 

Multiple sourced Multiple sourced 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer Micro-Circuit Engineering 

FOR DETAILED DATA SEE: (Page 4437) 

Customized Standard Circuits linear, Digital, Combined 
Linear / Digital, Bipolar, CMOS 

Gate Array CMOS, ECl, Dielectric 
Isolation, 12l, linear 

Chip Density Range (equiv. gates) 50 to 10,000 gates 

Cell Library Yes 

Design Kit Available Yes 

Full Custom Circuits 
Digital CMOS, TTL, LSTTL, Pl, 

ECl, Linear 

Linear Up to 75 Volt 

Combined Digital/Linear Up to 20 Volt 

Provide Design Assistance Yes 

Acceptable Customer Input MCE will. interface with customer 
(in order of preference) anywhere in design sequence. 

UniDES; software. 

Design Aids Logic simulation; breadboard 
assistance; design rule checks; 
UNIDES. 

Production In-house manufacturing; 4" 
Wafer Fab 

Preferred Delivered Product Mapped wafers; probed wafers; 
scribed dice; substrate-
mounted dice; packaged dice; .... 
custom packaging. 

Test Program Generation Yes , 

Production Test Functional; parametric 

.. 

Electrical Test Systems Available Teradyn J273 and A300with 
laser trim; Pragmatic Inspector 
200 (72 pin digital IC};Kiethley 
300. 

Comments Functional arrays available CMOS 
MGA and SGA series; also 
linear function cells. 

4126 

Microcircuits Technology, Inc. Micro Innovators 

Digital, Linear, Digital/Linear Digital 

Linear bipolar, metal gate NMOS, 
CMOS; silicon gate CMOS 

250 to 6000 gates 50 to 250 mil2 

Silicon gate or metal gate NMOS, 
CMOS, linear bipolar 

No No 

Silicon gate CMOS, Silicon- or metal-gate PMOS, 
Metal Gate CMOS NMOS, CMOS, other MOS 

Bipolar, CMOS Silicon- or metal-gate PMOS, 
NMOS, CMOS, other MOS 

CMOS and bipolar Silicon- or metal-gate PMOS; 
NMOS, CMOS, other MOS 

Yes 

Logic diagram, breadboard, Functional specification; logic 
block diagram, functional diagram; circuit diagram; 
specifications. breadboard: test vectors; 

customer-owned tooling. 

Calma CAD, logic simulation, Logic simulation; breadboard 
circuit simulation. assistance; design rule checks. 

In-house, procured In-house 

Packaged units Probed wafers: packaged dice 

Yes Yes 

Functional, parametric,burn-in, 
environmental, MIL, linear 

Functional; parametric: burn-in 

Fairchild Sentry Sentry, Teradyne, Comparator 

MOS: Tooling can be used by at least 
3 and 5 micron channel lengths. two MOS wafer manufacturers 

to ensure alternate sourcing. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer Micro Power Systems Micro-Sciences Monosil 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Digital Digital 

Gate Array CMOS CMOS 

Chip Density Range (equiv. gates) 300 to 1260 50 to 600 

Cell Library Mily-gate CMOS, bipolar LSI, 
thin film on silicon 

CMOS Metal-gate CMOS 

Design Kit Available No No Yes 

Full Custom Circuits 
Digital Low-voltage, poly-gate CMOS Silicon- or metal-gate PMOS, Silicon- or metal-gate PMOS, 

NMOS, CMOS NMOS, CMOS; bipolar, PL 

Linear High-gain/ low current analog Bipolar· 
bipolar; thin-film resistor 

Combined Digital/ Linear Bipolar and CMOS CMOS 

Provide Design Assistance Yes Yes Yes 

Acceptable Customer Input Circuit/ logic diagram; bread- Logic diagram; circuit diagram; Logic diagram; circuit diagram; 
(in order of preference) board; functional specifica- functional specification; bread- functional specification; 

tions; customer-owned tooling. board; customer-owned tooling; breadboard. 
known good device. 

Design Aids Breadboard assistance; coopera- Logic simulation; breadboard Design rule checks 
tive design from logic/ circuit assistance. 
diagrams. 

Production In-house Procured In-house 

Preferred Delivered Product Custom packaging; all standard Packaged dice Scribed dice; packaged dice; 
configurations except mapped substrate-mounted dice; 
wafers. PC-mounted packaged units. 

Test Program Generation Yes Yes Yes 

Production Test All Functional; parametric; burn-in . Functional parametric; burn-in 

Electrical Test Systems Available Fairchild, Datatron, Macrodata, 
custom. 

Dedicated, 1193 Acutest, Sentry 

Comments Chip debugging with portable CMOS and PMOS 4-bit micro-
micro prober on customer's processor available for custom 
premises. tailoring. (See Microprocessor 

section). 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer Motorola 

FOR DETAILED DATA SEE: (Page 4479) 

Customized Standard Circuits Digital 

Gate Array MCA 600 ECl! 1200 ECL 

Chip Density Range (equiv. gates) 652/1192 

Cell Library 120 functions 

Design Kit Available Manuals 

Full Custom Circuits 
Digital NMOS, CMOS, ECL 

Linear No 

Combined Digital/ Linear No 

Provide Design Assistance Yes 

Acceptable Customer Input 
(in order of preference) 

CAD interface, logic simulation, 
circuit documentation. 

Design Aids Computer aided design package 

Production High volume capability 

Preferred Delivered Product Choice of packages 

Test Program Generation Yes 

Production Test 100% AC and DC and functional 

Electrical Test Systems Available fairchild Sentry VIII and 
Series 21 

Comments ECl10K compatible, ECLIO KH 
compatible, remote design 
centers available. 

4128 

Motorola Murray Consulting 

(Page 4479) 

Digital Linear, Digital, Combined 
Linear / Digital 

MCA 500 AlS/ 1300 AlS CMOS 

533/1280 1 to 100 

80 functions BiMOS 

Manuals No 

NMOS, CMOS, Eel Silicon·gate CMOS; TTL 

No 

No Silicon-gate CMOS; bipolar 

Yes Yes 

CAD interface, logic simulation, Breadboard; circuit diagram; 
circuit description. functional specification. 

Computer aided design package Design rule checks 

High volume.capability In-house, procured 

Choice of packages Packaged dice; PC-mounted 
packaged units. 

Yes No 

100% AC and DC and functional Functional 

fairchild Sentry VIII and 
Series 21 

TTl·lS compatible, remote 
design centers. . 

Develop photo-integrated 
circuits: CMOS, MOS, bipolar, 
BiMOS. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer National 

FOR DETAILED DATA SEE: (Page 4481) 

Customized Standard Circuits Digital 

Gate Array Silicon-gate CMOS 

Chip Density Range (equiv. gates) To 2400 

Cell Library Yes 

Design Kit Available Yes 

Full Custom Circuits 
Digital 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. 

Linear Same as above 

Combined Digital/ Linear Same as above' 

Provide Design Assistance Yes 

Acceptable Customer Input 
(in order of preference) 

Any 

Design Aids Computer aided. circuit analysis, 
logic and systems simulation, 
digitizing cell plotting and 
editing, design Tule check, 
pattern generation, 
photolithography. 

Production In·house 

Preferred Delivered Product Packaged dice 

Test Program Generation Yes 

Production Test All except linear 

: 

Electrical Test Systems Available Century VI and VII, Sentinel, 
Teradyne, Megatest 

Comments 
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Nitron I. S. Oscar Associates, Inc. 

Digital Digital, standard cell 

Metal-gate CMOS None 

50 to 600 500-2500 
2-input NAND/ NOR 

Macro library of common CMOS, NMOS 
functions (overlays) 

Yes Yes 

Metal-gate PMOS, CMOS Silicon or metal gate 
CMOS and NMOS 

Metal-gate PMOS, CMOS None 

Metal-gate PMOS, CMOS Some linear functions 

Yes Yes 

Customer-owned tooling with Functional specifications, block 
debugged test program; logic diagram, logic diagram 
diagram, electrical specifica-
tion with test vectors. 

All available In-house CAE system provides: 
silicon compiler for data paths, 
PLAs and random logic; func-
tiona I simulator to verify 
timing requirements; circuit 
extractor and design rule 
checker for layout verification. 

In·house Procured 

Packaged dice Packaged prototype dice and 
mask set; packaged dice; 
scribed dice; tested wafers. 

Yes Yes, with fault simulation 

All commercial and full military Functional, parametric, burn-in 

Sentry Sentry VII; Isolab-C 

Complete design service empha-
sizing fast·turnaround for full 
custom designs. Unique CAE 
design tools provide the capa-
bility to design full·custom ICs 
at costs competitive with 
gate arrays. 
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MASTER SELECTION GUIDE· 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer Pi co Design 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Dens·ity Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital Silicon- or metal-gate PMOS, 

NMOS, CMOS, other MOS. 

linear 

Combined Digital/linear 

Provide Design Assistance Yes 

Acceptable Customer Input 
(in order of preference) 

logic diagram, circuit schematic, 
breadboard, functional 
specification. 

Design Aids logic and circuit simulation; 
design rule checks; other. 

Production Procured 

Preferred Delivered Product All except PC-mounted packaged 
units. 

Test Program Generation Yes 

Production Test Functional; parametric 

Electrical Test Systems Available Sentry VII 

Comments 

4130 

Plessey Semiconductors Polycore Electronics Inc. 

(Page 4501) 

Digital, linear, Combined 
Digital/linear 

ECl and ISO CMOS 

ECl to lK, CMOS to 2K 

NMOS and CMOS to 2K Gates 

No 

PMOS, NMOS, CMOS; 12l, ECl 

CMOS, 12l, ECl; other bipolar Bipolar 

CMOS, J2l, ECl Power Interface/Driver Circuits 

Yes Yes 

logic diagram, breadboard, Schematics, Performance specs. 
customer-owned tOOling, 
data base tape. 

logic simulation, design rule check Breadboard simulation 

In-house In-house wafer fabrication 
procurred assembly 

Packaged tested dice, scribed P~ckaged units, dice 
dice, probed wafers, 
mapped wafers. 

Yes Yes 

Functional, parametric, burn-in, Functional, parametric, burn-in; 
MIL·STD·883. thermal shock, environmental, 

MIl. 

Teradyne J274, Fairchild, Sentry MCT 200 
special in-house. 

Also provide silicon foundry 
service in linear, Fl and 
CMOS metal gate. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer Precision Monolithics, Inc. 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Linear 

Gate Array From customer-owned tooling 

Chip Density Range (equiv. gates) 

Cell Library Standard parts available in 
chip form 

Design Kit Available Kit parts 

Full Custom Circuits 
Digital TTL, lSTTl, ISl, 12l, ECl, 

ISO/ CMOS-SiGate 

Linear 20, 40, 60V supply voltage 

Combined Digita 1/ Linear Pl, ECl, TTL, lSTTl 

Provide Design Assistance Yes 

Acceptable Customer Input Customer-owned tooling (pattern-
(in order of preference) generator tape, composite 

drawing), known good device. 

Design Aids Kit parts 

Production In-house 3", 4" lines 

Preferred Delivered Product Mapped wafers, probed wafers, 
packaged units. 

Test Program Generation Yes 

Production Test Functional, parametric, burn-in, 
thermal shock, environmental, 
Mil, linear. 

Electrical Test Systems Available lTX, F-5000 

Comments Ion implantation; dual layer 
metallization; nitride passiva-
tion; thin film resistors; 
Mil 38510 qualified. 

© Ie MASTER 1983 
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Raytheon RCA 

(Page 4517) 

Linear, Digital Digital 

Silicon-gate TTL, ISl Silicon-gate, metal-gate CMOS 

300 to 2000 168 to 840 

Yes, TTL CMOS 

No No 

TTL Silicon-gate, metal-gate CMOS 

Bipolar 

Yes Yes 

Logic simulation; breadboard 
assistance; design rule checks. 

In-house 

Probed wafers1 scribed dice, 
packaged dice. 

Yes Yes 

Functional, parametric, burn·in 

Teradyne; Century?; J273, 1193, 
J283, J325; LTX; Tester; 
MIS 77. 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer Semi Process Inc. 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Digital 

Gate Array Silicon·gate CMOS 

Chip Density Range (equiv. gates) 80 to 1000 

Cell Library 
Yes 

Design Kit Available Yes 

Full Custom Circuits 
Digital 

Linear 

Combined Digital! Linear 

Provide Design Assistance Yes 

Acceptable Customer Input logic diagram; circuit diagram; 
(in order of preference) test vectors; custom-owned 

tooling; breadboard; functional 
specification. 

Design Aids Design rule checks, logic 
simulation, circuit simulation 

Production In·house 

Preferred Delivered Product As requested 

Test Program Generation Yes 

Production Test Functional; parametric; burn-in 
A.C. 

Electrical Test Systems Available Sentry, Genrad, Pragmatic 

Comments Breadboard assistance using 
SPI's proprietary 74HC low 
power CMOS logic IC's. 

4132 

Signetics Signetics 

(Page 4522) 

Digital Digital 

See below "Full custom" ECl lOOK and 10 K 
compatibility (0.5 ns) 

300-1000 500·800 

SSI, pre·characterized macros Macrocell Library 

Yes Yes 

Composite Cell logic, a standard 
cell approach made up of two 
libraries. Integrated Schottky 
logic (4 ns typical) and 
extended performance library 
(3 os typical). 

Yes Yes 

Logic diagram plus simulation Calma tapes plus simulation 
results; Calma tape plus simu- results; Mylar symbolic repre-
lation results; Mylar symbolic· sentation plus simUlation 
representation plus simUlation results. 
results. 

logic simulation, design rule logic simulation, CAD design 
checks, layout to simulation rule checks, layout to simula-
check, generate Sentry test tion check, test generation, 
tape. design manual, training 

sessions. 

In-house In·house 

Packaged units Packaged units 

.. 

Yes Yes 
. .. 

Functional, parametric and AC 
burn-in option; Full Mil . 
available. . 

Functional parametric and AC 

. 
. 

Sentry VII and VIII Tektronix (25 MHz) 

Design manual -1 day workshop 
(in customer facilities) and 
4 day training;n our facilities. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer Signetics 

FOR DETAILED DATA SEE: (Page 4522) 

Customized Standard Circuits Digital 

Gate Array Silicon-gate CMOS 

Chip Density Range (equiv. gates) 330-1700 

Cell Library Silicon-gate 
CMOS ~ some PL 

Design Kit Available Yes 

Full Custom Circuits 
Digital No 

Linear 

Combined Digital! Linear 

Provide Design Assistance Yes 

Acceptable Customer Input Logic diagram plus simulation 
(in order of preference) 

Design Aids Complete simulation, auto route, 
auto test generation. 

Production In-house 

Preferred Delivered Product Packaged units 

Test Program Generation yes 

Production Test Functional parametric burn-in 

Electrical Test Systems Available Sentry VII and VIII 

Comments Design manual and workshop in 
preparation 

© Ie MASTER 1983 
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Signetics Silicon Systems 

(Page 4522) (Page 4528) 

Digital 

ACE; 600-2200 gates 
8A; 1200-2100 gates 

See above 

Silicon- or metal-gate PMOS, 
NMOS, CMOS, Bipolar, TTL, 
sn, SRTL, LSTTL, ECl, 12L. 

Silicon· or metal·gate PMOS, 
NMOS, CMOS, Bipolar. 

Silicon- or metal·gate CMOS, 
Bipolar,TTL, SRTL, f2L, sn. 

Yes Yes 

Computer simulation Functional specification, logic 
diagram, circuit diagram, 
breadboard, test vectors. 

. Design manual: seminars Breadboards, logic and circuit 
stimulation, design-rule checks, 
test-program development. 

In-house Procured and in-house 

Packaged units Packaged units and tested dice 

Yes Yes 

Sentry VII Automatic testers for analog and 
digital devices. 

Water fabrication for COT 
available for CMOS first quarter 
1982; bipolar, third quarter 
1982. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer Siltronics 

FOR DETAilED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital TTL, STIl, lSTIl, Pl, ECl, 

other bipolar 

linear TIL, STIl, lSTIl, Pl, ECl, 
other bipolar 

Combined Digital/linear TIL, STIl, lSTIl, 12l, ECl, 
other bipolar 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids Breadboard assistance; 
design-rule checks. 

Production Breadboard wafers; in-house 
assembly. 

Preferred Delivered Product Fully tested assembled package. 

Test Program Generation Yes 

Production Test Customized to suit 

Electrical Test Systems Available J259-style equipment; custom 
testers. 

Comments Specialize in mixed analogI 
digital bipolar. Die sizes to 
20,000 mil2• 

4134 

Solid State Scientific Sprague Electric Co. 

linear 

No 

Silicon-gate CMOS, NMOS 
metal-gate CMOS 

Silicon-gate CMOS, NMOS 

Silicon-gate NMOS, CMOS 

Yes 

Minimum of functional diagram; 
breadboard; pattern generator 

Composite drawing 

tape or database tape. 

logic simulator assistance, 
breadboard assistance, design 
rule checks. 

In-house In-house 

No preference Wafers, dice, packaged devices 

Yes 

Full screening available including 
burn-in and full environmental 
screening. 

Sentry VII, Sentinal, Teradyne 

Capabilities include: design, UlN-2350C and UlN-2351C basic 
layout, CAP, mask shop, wafer unmetallized circuit. 
fabrication assembly, and test. 

© Ie MASTER 1983 



CUSTOM/SEMICUSTOM (cont) 

Manufacturer Standard Microsystems 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Digital, Combined 
Digital/ Linear 

Gate Array 

Chip Density Range (equiv. gates) 

Cel/library Silicon-gate NMOS, CMOS 

Design Kit Available No 

Full Custom Circuits 
Digital Metal-gate PMOS; 

silicon-gate NMOS, CMOS 

linear 

Combined Digital/linear Silicon-gate NMOS, CMOS 

Provide Design Assistance Yes 

Acceptable Customer Input Functional specification, logic 
(in order of preference) diagram, Calma database tape, 

other. 

Design Aids logic simulation; breadboard 
design rule checks, electrical 
rule checks, transient analysis 

Production In-house 

Preferred Delivered Product Packaged devices preferred. 
All others available. 

Test Program Generation Yes 

Production Test Full testing and screening, 
including burn-in. 

Electrical Test Systems Available Megatest 08000; SMC; 
dedicated testers, Fairchild, 
Sentry and Sentinal. 

Comments Specialize in digital MOS/lSI 
and VlSI; will also customize 
by modifying MOS/lSI 
standard parts. Second sources 
available. 

© Ie MASTER 1983 
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Sunshine Semiconductor Supertex 

Digital, Combined 
Linear/Digital 

Linear, Digital 

Silicon- or metal-gate CMOS 

50 to 2000 

No 

Silicon-gate CMOS, metal-gate Silicon- or metal-gate CMOS 
CMOS, NMOS, nonvolatile CMOS 

Silicon- or metal-gate CMOS 

Metal Gate CMOS Silicon- or metal-gate CMOS 

Yes Yes 

Product description, block Breadboard with functional 
diagram with specifications, specification and logic 
logic diagram. diagram; customer-owned 

tooling. 

Breadboard, circuit and logic logic simulation; breadboard 
simulation, DRC, graphics, NCC assistance. 

Procured In-house 

Packaged dice, bare dice, design Probed wafers; inspected dice; 
and layout packaged dice. 

Yes Yes 

Procured Functional; parametric; burn-in; 
envi ronmenta I. 

Teradyne Jl93; GenRad 2225 

Services include product and 
specification finalization, logic 
and circuit design, layout, test 
definition. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer Synertek 

FOR DETAILED DATA SEE: (Page 4531) 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available Yes 

Full Custom Circuits 
Digital Silicon-gate CMOS, NMOS 

Linear Same as above 

Combined Digital/Linear Same as above 

Provide Design Assistance Yes 

Acceptable Customer Input Functional specification, customer 
(in order of preference) owned tooling, logic diagram, 

circuit diagram, breadboard. 

Design Aids Logic simulation breadboard 
. assistance, continuity check! 

design rule check. 

Production In-house 

Preferred Delivered Product Packaged dice, scribed dice 

Test Program Generation Yes 

Production Test All 

Electrical Test Systems Available Century, Xincom 

Comments Customer interface· ranges from 
"black box" specification to 
COT. Company will work with 
customer engineers to develop 
in-house capability for 
designing future COT. 

4136 

Telephonics LSI Telmos 

Digital 

Silicon-gate CMOS, NMOS Silicon-gate and 
metal-gate CMOS 

300 to 1260 50 to 1260 gates 

Silicon-gate CMOS, NMOS Silicon-gate and 
metal-gate CMOS digital. 

No 

CMOS, NMOS, PMOS Custom designs are performed 

CMOS, NMOS, PMOS 

CMOS, NMOS, PMOS Silicon-gate analog/ digital 

Yes Yes 

Specification, logic diagram, Schmatic I/O requirements, 
circuit diagram, system functional spec. breadboard, 
requirements, breadboard, test test vectors, customer owned 
vectors, customer-owned tooling, known good device. 
tooling. 

Custom cell library, logic simu· Aspec, Spice JIG - transient. 
lation, breadboard, design analysis logic, Tegas IV-
rule checks. logic simulation, Sentry VII -

test. 

Procured In-house wafer fab facility 

Packaged dice, dice Wafer, dual in line packages, 
chip carriers. 

Yes Yes 

Functional, parametric, burn-in, Functiona I, parametric burn-in 
linear. thermal shock, environmental. 

Dedicated, HP, Fairchild series 
10, Gen Rad. 

More than one source available. 
No minimum production reo 
quirement. All design services: 
layout, digitizing, test genera· 
tion, assembly, plotting, etc. 
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CUSTOM/SEMICUSTOM (cont). 

Manufacturer Telmos 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Digitaillinear 

Gate Array Silicon-gate analogi digital 
Silicon-gate high voltage 

Chip Density Range (equiv. gates) 

Cell library 100 to 1200 gates 

Design Kit Available Yes 

Full Custom Circuits 
Digital 

Linear 

I 

COl11bined Digitall Linear Silicon-gate analogi digital 

Provide Design Assistance Yes 

Acceptable Customer Input Schematic 110 requirements, 
(in order of preference) functional spec. breadboard, 

test vectors, customer owned 
tooling, known good device. 

Design Aids Aspec, Spice IIG - transient 
analysis logic, Tegas IV -
logic simulation, Sentry VII -
test. 

Production In-house wafer fab facility 
I 

Preferred Delivered Product Wafer, dual in line packages, 
chip carriers. 

Test Program Generation Yes 

Production Test Functional, parametric burn-in 
thermal shock, environmental. 

Electrical Test Systems Available 

Comments 

© Ie MASTER 1983 
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Texas Instruments Topanga Data Systems 

. Digital 

LPS, silicon-gate CMOS, STL 

540 to 4000 

Software functions - bipolar 
CMOS MACROS 

Yes No 

LPS, STL, PL, CMOS, NMOS Silicon- or metal-gate PMOS, 
NMOS, CMOS 

Yes 

Yes 

Yes Yes 

Logic diagram, PG tape, HDl/TDL 
design input, functional 
specification. 

Simulaion, testability anaLYsis, Logic simulation; breadboard 
test grading, load checker. assistance; design rule checks; 
Texas Instruments logic array CAD; design verification. 
design utility - TILADS. 

In-house 

Packaged devices 

Yes No 

Functional, parametric, burn-in, 
MIl. 

Sentry 20, in-house 
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_ CUSTOM/SEMICUSTOM (cont) 

Manufacturer Universal Semiconductor 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Digital 

Gate Array Silicon-gate ISO-CMOS 

Chip Density Range (equiv. gates) 360 to 1800 

Cell Library Silicon-gate ISO-CMOS 

Design Kit Available Yes 

Full Custom Circuits 
Digital Silicon-gate ISO-CMOS 

Linear Same as above 

Combined Digital/Linear Same as above 

Provide Design Assistance Yes 

Acceptable Customer Input Customer-owned tooling, logic 
(in order of preference) diagram, circuit diagram, 

functional specification, 
breadboard. 

Design Aids logic simUlation, breadboard 
assistance, design rule checks. 

Production In-house 

Preferred Delivered Product Mapped wafers, probed wafers, 
scribed dice, packaged parts. 

Test Program Generation Yes 

Production Test Functional, parametric, burn-in, 
thermal shock, environmental, 
MIL. 

Electrical Test Systems Available Micro Manipulator, Sentry II, VI, 
VII, Sentry System 20, prag-
matic functional tester. 

Comments 

4138 

VLSI Technology Western Digital 

(Page 4561) (Page 4563) 
1 

Digital 

, 
'" 

Up to 1000 gates, 
Silicon-gate NMOS 

Yes : 

NMOS, HMOS, CMOS 

NMOS, CMOS 

. NMOS, CMOS 

Yes Yes 

Functional· specification, logic Functional specifi~ation 
diagram, breadboard, customer- logic system 
owned tooling - data·base 
tape, PG tape, mask. 

PRISM VLSI design system, Logic simulation, design rule 
including high-level design checks, test program 
language, circuit extraction, development. 
logic and circuit simulation, 
design·rule checks, plotting, 
STIX. 

In-house In-house 
, 

Packaged dice preferred. Any Packageq units and tested dice 
on request. 

. .' 
. ' .... 

Yes Yes 

Functional,' parametric, burn·in, 
'. . ' 

Functiona I,· burn·in 
thermal shock, environmental, 
MIL. , 

. '. .' . 

Sentry 20/120 
Accutest 

' ...... ',. 

Multiple·sourcing compatibility, Uncommitted logic arrays, 20 pin 
foundry services, training and DIP, 130 prefabricated logic 
CAD aids to support U$er~ elementsor28/40 pin DIP, 
Designed VLSI and Mead- 400' prefabricated .·Iogic 
Designed VLSI. elements. 
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CUSTOM/SEMICUSTOiVi (cont) 

Manufacturer Zymos 
(formerly Custom MOS, Inc.) 

fOR DETAILED DATA SEE: 

Customized Standard Circuits Digital, combined digital/ linear 

Gate Array Up to 2500 gates, metal-gate 
CMOS 3000 gates, silicon-gate 
CMOS 4000 gates, NMOS. 

Chip Density Range (equiv. gates) 

Cell library Metal-gate CMOS, 
silicon-gate CMOS, NMOS 

Design Kit Available Yes 

full Custom Circuits 
Digital Metal-gate CMOS, 

silicon-gate CMOS, NMOS 

linear CMOS 

Combined Digital/linear CMOS 

Provide Design Assistance Yes 

Acceptable Customer Input Logic input through ZyP CAD 
(in order of preference) system, logic diagram, 

functional specification, 
customer-owned tooling. 

Design Aids Circuit simulation, logic 
simulation, test program 
generation, artwork generation 
all linked to common data 
base, design rule checks, 
breadboard assistance. 

Production In-house 

Preferred Delivered Product Packaged dice preferred, 
any on request 

Test Program Generation Yes 

Production Test Functional, parametric 

Electrical Test Systems Available Sentry, VII, Lomac 

Comments ZyP CAD system - logic level) 
design at customer's facility, 
CMOS and NMOS silicon level 
simulation. 

© Ie MASTER 1983 

RADIATION HARDENED 

Harris 

(Page 4321) 

For detailed data on 
Harris' radiation hardened 
devices, see 
pages 4321 to 4430. 

.. 

.. 
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CUSTOM/SEMICUSTOM 

Function Device Source Line Function Device Source Line Function Device Source Line 

CUSTOM/SEMICUSTOM Semi-Custom Arrays (digital and linear circuits Semi-Custom Arrays (digital and linear circuits 
customized In final metalization) customized In final metalization) 

Semi-Custom Arrays (digital and linear circuits (Cont'd) (Cont'd) 
customized In final metalizatlon) XR200 Exar lC-4100 lSI logic 

GAl 000 AMI (4307) XR300 Exar 70 lC-5400 lSI logic 140 
GA1500 AMI (4307) XR400 Exar lC-7700 lSI logic 
GA2000 AMI (4307) XR500 Exar lCA-1200-ECl lSI logic 
GA20000 AMI (4307) XRCMA Exar lCA-600-ECl lSI logic 
GA2500 AMI (4307) XRCMB Exar lSI-50BO lSI logic 
GA3000D AMI (4307) XRCMC Exar lSI-5140 lSI logic 
GA4000D AMI (4307) XRCMD Exar lSI-5220 lSI logic 
GA500 AMI (4307) 

94BO Fairchild lSI-5320 lSI logic 
GA5000D AMI (4307) 

ECl-Array Fairchild lSI-5420 lSI logic 
UA-1 AMI 
UA-2 AMI 

F200 Fairchild lSI-5600 lSI logic 

UA-3 AMI 
F201 Fairchild BO lSI-70BO lSI logic 150 

10 F3BO Fairchild lSI-71000 lSI logic UA-4 AMI 
UA-5 AMI GE0020 Fairchild (4316) lSI-7140 lSI logic 

UA-6 AMI GE0500 Fairchild (4316) lSI-7200 lSI logic 
GE0750 Fairchild lSI-7320 lSI logic 

CDl1100 Cal Devices GEl 000 Fairchild (4316) lSI-7420 lSI logic 

CDI2100 Cal Devices GE2000 Fairchild (4316) lSI-7600 lSI logic 

CDl3200 Cal Devices B200 Fujitsu lSI-7BOO lSI logic 

CDl4200 Cal Devices B2000 Fujitsu Ml600 Master logic 

CDl500 Cal Devices B500 Fujitsu Ml7005 Master logiC 
CDl6100 Cal Devices 

20 
C1275 Fujitsu 90 Ml7010 Master logic 160 

CDIBBOO Cal Devices C2000 Fujitsu Ml7015 Master logic 
ClIC-A Cal Devices C3900 Fujitsu Ml7020 Master logiC 
CLlC-B Cal Devices C770 Fujitsu MONOCHIP Master logic 
ClIC-C Cal Devices HI4000 Holt A75X Micro Eng 
ClIC-D Cal Devices MCE Inlardaslgn (4433) A75XS Micro Eng 
ClIC-E Cal Devices MCF Inlardaslgn (4433) MCE-A20A Micro Eng (4437) 
ClIC-F Cal Devices MCG Inlardaslgn (4433) MCE-A20AS Micro Eng (4437) 
ClIC-G Cal Devices MOA Inlardaslgn (4433) MCE-A20B Micro Eng (4437) 
ClIC-H Cal Devices MLA Inlardaslgn (4433) MCE·A20BS Micro Eng (4437) 
ClIC·J Cal Devices 

30 
MOA Inlardaslgn (4433) 100 MCE·A20C Micro Eng (4437) 170 

ClIC-l Cal Devices MOB Inlardaslgn (4433) MCE·A20CS Micro Eng (4437) 
ClIC-M Cal Devices MOC Inlerdaslgn (4433) MCE·A20E Micro Eng (4437) 
HC10000 Cal Devices MOD Inlardaslgn (4433) MCE·A20ES Micro Eng (4437) 
HC12600 Cal Devices MOE Inlardaslgn (4433) MCE·A20F Micro Eng (4437) 
HC17BOO Cal Devices MOF Inlardaslgn (4433) MCE·A20FS Micro Eng (4437) 
HC3100 Cal Devices MOG Inlardaslgn (4433) MCE·A20G Micro Eng (4437) 
HC4100 Cal Devices MOH Inlardaslgn (4433) MCE·A20GS Micro Eng (4437) 
HC5400 Cal Devices MOJ Inlardaslgn (4433) MCE·A20H Micro Eng (4437) 
HC7700 Cal Devices MOL Inlardaslgn (4433) MCE·A20HS Micro Eng (4437) 
HCSSeries Cal Devices 

40 MOM Inlardaslgn (4433) 110 MCE·A20J Micro Eng (4437) 1BO 
MON Inlardaslgn (4433) MCE·A20JS Micro Eng (4437) 

CS1200 Cherry MONOCHIP Interdesign MCE·A20L Mlcr~ Eng (4437) 
CS1300 Cherry MOP Inlardaslgn (4433) MCE·A20LS Micro Eng (4437) 
CS1400 Cherry 

MOO Inlardaslgn (4433) MCE·A20M Micro Eng (4437) 
CS2000 Cherry MPA Inlardaslgn (4433) MCE·A20MS Micro Eng (4437) 
CS3000F Cherry MPB Inlardaslgn (4433) MCE-A20W Micro Eng 
CS3000FX Cherry 

MPC Inlardaslgn (4433) MCE·A20WS Micro Eng (4437) 
CS3200l Cherry 

MPD Inlardaslgn (4433) MCE·A40A Micro Eng 
CS3200lX Cherry 

MPX Inlardaslgn (4433) MCE·A40AS Micro Eng (4437) 
CS3500 Cherry 
CS3500X Cherry 50 MRA Inlardaslgn (4433) 120 MCE·A40B Micro Eng 190 

CS4000M Cherry 
MRD Inlardaslgn (4433) MCE·A40BS Micro Eng (4437) 

CS4000MX Cherry 
MRC Inlardaslgn (4433) MCE·A40D Micro Eng (4437) 
MRD Inlardaslgn (4433) MCE·A40DS Micro Eng (4437) 

CAE2000 CAE (4310) MRE Inlardaslgn (4433) MCE·AD15C Micro Eng (4437) 
CMA1550 CMA (4311) MSA Inlardaslgn (4433) MCE·B20A Micro Eng 

CMA448 CMA (4311) MSA450 Interdesign MCE·B20B Micro Eng 
CMA950 CMA (4311) MS8 Inlardaslgn (4433) MCE-B40A Micro Eng 
X100 Exar MSBBBO Interdesign MCE·B40B Micro Eng 
XR-A100 Exar MSC Inlardaslgn (4433) MCE·D15A Micro Eng (4437) 
XR-B100 Exar 60 MUA Inlardaslgn (4433) 130 MCE·D15B Micro Eng (4437) 200 
XR-Cl00A Exar· (4314) MUA-225 Interdesign MCE·D15D Micro Eng (4437) 
XR-CHIP Exar MUB Inlardaslgn (4433) MCE·P20A Micro Eng 
XR-Dl00 Exar (4314) MUC Inlardaslgn (4433) MCE-P40A Micro Eng 
XR-Fl00 Exar (4314) G4312 IMI MCE4194 Micro Eng (4440) 
XR-Gl00 Exar (4314) ISeries IMP MCE565A Micro Eng (4440) 
XR-132l-CHIP Exar lC·10000 lSI logic MCE566A Micro Eng (4440) 
XR·Jl00 Exar (4314) lC·12600 lSI logic MCE570 Micro Eng (4440) 
XR·Xl00 Exar (4314) lC-3100 lSI logic MCE571 Micro Eng (4440) 

(Continued) (Continued) (Continued) 
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CUSTOM/SEMICUSTOM (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

C~STOM/SEMICUSTOM Semi·Custom Arrays (digital and linear circuits Standardized CMOS Array, to Build Custom Circuits by 
customized in final metalization) Changing Final Metalization 

Semi·Custom Arrays (digital and linear circuits (Cont'd) (Cont'd) 
customized in final metalization) BAA2000 PI assay (4514) 70 G51000 GTE Micro 

(Cont'd) CLA10XX Plessey G51500 GTE Micro 
MCE574 Micro Eng (4440) CLA12XX Plessey HI 1000 Holt 140 
MCE6012 Micro Eng (4440) CLA15XX Plessey HI3700 Holt 
MCEL165 M!cro Eng (4440) CLA18XX Plessey MCA Inlardaslgn (4433) 
MCELM10 Micro Eng (4440) SCD·1000 Plessey MCB Inlardaslgn (4433) 
MCETCA365 Micro Eng (4440) SCD·2000H Plessey MCC Inlardaslgn (4433) 
MCEVFC32 Micro Eng (4440) SCD·2000L Plessey MCD Inlirdaslgn (4433) 
MGB110A Micro Eng (4437) SCD·2000M Plessey G4060 , IMI 
MGB160B Micro Eng (4437) SCD-4000 Plessey G4112 IMI 
MGB210C Micro Eng (4437) SCD·4000H Plessey 80 G4160 IMI 
MGB270E Micro Eng (4437) 10 SCD·4000L Plessey G4220 IMI 
MGB350D Micro Eng (4437) SCD·4000M Plessey G4264 IMI 150 
MGB50 Micro Eng (4437) SCD·5000 Plessey G4321 IMI 
MGB500 Micro Eng (4437) SP9131 Plessey G4364 IMI 
MGB600 Micro Eng (4437) SPD·4000 Plessey G4420 IMI 
MGC110A Micro Eng (4437) CGA1800 Raytheon G4480 IMI 
MGC160B Micro Eng (4437) CGA300 Raytheon G70200 IMI 
MGC210C Micro Eng (4437) MA10150 RCA (4518) G70360 IMI 
MGC3500 Micro Eng (4437) MA10250 RCA (4518) G70640 IMI 
MGC50 Micro Eng (4437) r~A1035o RCA (4518) 90 G71000 IMI 
MGC500 Micro Eng (4437) 20 MA10500 . RCA (4518) G71440 IMI 
rJGC600 Micro Eng (4437) MA30150 RCA (4518) G71960 IMI 160 
MT32oo3 Micro Eng (4440) MA30250 RCA (4518) MCA Master Logic 
MT34oo6 Micro Eng (4440) MA6015o RCA (4518) MCB Master Logic 
MT34oo9 Micro Eng (4440) MA6025o RCA (4518) MCC Master Logic 
r .. T7ooo3 Micro Eng (4440) MA604oo RCA (4518) MCD Master Logic 
MT7oo14 Micro Eng (4440) MA6055o RCA (4518) ML100 Master Logic 
MT8ooo1 Micro Eng (4440) MA608oo RCA (4518) ML150 Master Logic 
Unides Micro Eng PA2025o RCA (4518) ML200 Master Logic 
MC707 Micro Tech PA20450 RCA (4518) 100 ML350 Master Logic 
MC717 Micro Tech 30 PA2065o RCA (4518) ML50 Master Logic 
MC727 Micro Tech PA2085o RCA (4518) ML75 Master Logic 170 
MC737 Micro Tech PA21000 RCA (4518) MC606 Micro Tech 
MA5000 Mitel PA4065o RCA (4518) MC616 Micro Tech 
MA5050 Mitel 

PA4085o RCA (4518) 
MC626 Micro Tech 

MA5100 Mitel MC636 Micro Tech 
MA5150 Mitel 

PA41000 RCA (4518) 
MONOLOGIC Monosil 

MASTERMOS Monosil 
PA41200 RCA (4518) 

SCX6324 National 
M1090o Molorola (4479) 

PA6065o RCA (4518) 
SLX6324 National 

MC10900Z MOlorola (4479) 
PA61200 RCA (4518) 

TM3050 Telmos 
MC10901Z Molorola (4479) 40 

8A1200 Signetics 110 
TM3100 Telmos 

MC10902Z Molorola (4479) 
8A1260 Signetics TM3150 Telmos 180 

MC10904Z Molorola (4479) 8A1542 Signetics TM3200 Telmos 
MC10905Z Molorola (4479) MLA24 Signetics TM3350 Telmos 
MCA 1 oooRECL Molorola (4479) MLA36 Signetics TM3500 Telmos 
MCA1200ECL Molorola (4479) SCC700 Signalics (4524) TM3600 Telmos 
MCA1300ALS Molorola (4479) ULN·2350C Sprague TM4000 Telmos 
MCA2800ALS Molorola (4479) ULN·2351C Sprague TM6000 Telmos 
MCA500ALS Molorola (4479) SY7100 Synarlak (4536) 

MCA600ECL Molorola (4479) SY7110 Synarlak (4537) 

XC160 Molorola 50 SY7111 Synarlak (4537) 120 

XC 177 Motorola TM5000 Telmos 

XC400 Motorola HCM1200 Universal 

SLX6320 National HCM1500 Universal 

SLX6360 National HCM360 Universal 

ECL·ARRAY NEC·Electron HCM540 Universal 

NC5050 Nitron HCM720 Universal 

NC5100 Nitron HCM960 Universal 

NC5150 Nitron W01820 Waslarn (4563) 

NC5200 Nitron W01840 Waslarn (4564) 

NC5350 Nitron 60 Standardized CMOS Array, to Build Custom Circuits by 
NC5500 Nitron Changing Final Metalization 
NC5600 Nitron C2000H Fujitsu 130 

NC91200 Nitron C3900H Fujitsu 

NC91500 Nitron LA03 GI 

NC9360 Nitron LA05 GI 
NC9540 Nitron LA10 GI 
NC9720 Nitron LA15 GI 
NC9960 Nitron LA20 GI 
BAAl 000 Plassay (4514) G50500 GTE Micro 

(Continued) (Continued) 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientific 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Oscar I. S. Oscar Assoc. 

COMPANY 
Panasonic Panasonic 
PC/M Pacific / Cyber Metrix 
Percom Percom Data Co. 
Phoenix Phoenix Digital Corp. 
Pico Design Pi co Design 

NAMES Polycore Polycore Electronics 
Plessey Plessy Semiconductors 
PMI Precision Monolithics, Inc. 
PragDes Pragmatic Design Inc. 
PREMA PREMA GmbH 
Pro-Log Pro-log Corp. 

Action Ins Action Instruments GI General Instrument Quay Quay Corp. 
AD Analog Devices . GMS General Microsystems 
ADT Advanced Digital Technology GTE Micro GTE Microcircuits 

Raytheon Raytheon Semiconductor Adapt Sci Adaptive Science COfp. 
Harris Semiconductor RCA RCA Solid State Division Advent Advent Products, Inc. . Harris RCI Data RCI Data Alphatron Alphatron Heurikon Heurikon Corp. RELMS Relational Memory Systems AMA American Automation Hilevel Hilevel Technology, Inc. Reticon Reticon AMD Advanced Micro Devices Hitachi Hitachi America, ltd. RIFA RFIA AMI American Microsystems, Inc. Holt Holt Inc. Rockwell Rockwell, Microelectronic Devices Amperex Amperex Electronic Corp. HP Hewlett-Packard RTC Riehl Time Corporation . Analogic Analogic Hughes Hughes Aircraft, Solid State 

Analog Sys Analog Systems Products 
Sanken Sanken Electric APC Applied Micro Circuits Hybrid Sys Hybrid Systems 

Apex Apex Microtechnology Hycom Hycom Incorporated Sanyo Sanyo 
SEEQ SEEQ Technology, Inc. APM Applied Microsystems Corp. 

Inte'grated Device Technology Semi Proc Semi Processes Appl Sys Applied Systems Corp. IDT 
Siemens Siemens APT Applied Microtechnology IMI International Microcircuits, Inc. 
Signetics Signetics Aptek Aptek Microsystems IMP International Array Tech Array Technology Microelectronic Products SGS SGS-ATES Semiconductor 

AWl Analog West IMS' Industrial Micro-systems Inc. Sharp Sharp 
. Silicon G Silicon General Inconix Inconix Corporation 
Siliconix Siliconix Bedford Bedford Computer Systems Inc. Ind Tech Inductive Technology 
Silicon Sys Silicon Systems Inc. Burr-Brown Burr-Brown Research Inmos Inmos 
Siltronics Siltronics IntCirEng Integrated Circuit Engineering 
SMC Standard Microsystems Corp. IntCirSys Integrated Circuit Systems 
Solarise Solarise Enterprises CAE Computer Aided Engineering IntCompSys Integrated Computer Systems 
Solitron Solitron Devices Cal Devices California Devices. IntCyber International Cybernetics 
Sprague Sprague Electric Company Cent Data Central Data Corp. Int Micro International Microsystems 
SSM Solid State Micro Technology Cermetek Cermetek Int Tech Integrated Technology Corp. 

for Music CGRS CGRS Microtech Inc. Intech/FMI Intech/Function Modules Inc. 
SSS Solid State Scientific Cherry Cherry Semiconductor Intel Intel 
Stag Stag Microsystems CIC Custom Integrated Circuits Interdesign Interdesign 
Struc. Des. Structured Design Inc. Citel Citel, Inc. Intersil Intersil 
Stynetic Stynetic Systems Comlinear Comlinear Corporation Intronics Intronics 
Sunrise Sunrise Electronics CMA Custom MOS Arrays IPI Integrated Photo matrix Inc. 
Sunshine Sunshine Semiconductor Comark Comark Corp. ITT ITT Semiconductors 
Supertex Supertex Inc. Comdial Comdial Semiconductor 
Symtek Symtek Lorp_ Comp Auto Computer Automation Kinetic Sys Kinetic Systems Synapse Synapse Corp. Compas Com pas Microsystems Kontron Kontron Electronics Synertek Synertek Cont Logic Control logic Inc. 
Sys Innov Systems Innovations Control Sys Control Systems Microsystems Div. 

Lambda lambda Semiconductor CreMicro Creative Micro Systems 
Laserdyne laserdyne Tau Zero Tau Zero Inc_ Cromemco Cromemco, Inc_ 

CSG Commodore Semiconductor Group LSI Comp lSI Computer Systems Tektronix Tektronix 
Cubit Cubit Inc. LSI Logic lSI logic Corporation Telaris (See laserdyne) 
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 

MCC Microcomputer Control Telephonics Telephonics lSI 
Micrel Micrel Telmos Telmos Data General Data General Micro Eng Micro Circuit Engineering Teltone Teltone Corporation Data I/O Data I/O Micro Innov Micro Innovators TI Texas Instruments Data Trans Data Translation Micropac M:cropac Industries Thomson-CSF Thompson-CSF Components Corp. Date I Datel-Intersil Micro Net Micro Networks TMX TMX Datricon Datricon Corporation Micro Pwr Micro Power Systems Topanga Topanga Data Systems DOC Data Devices Corporation Micro Sci Micro Sciences Corp. Toshiba Toshiba America DEC Digital Equipment Corporation Micro Tech Microcircuits Technology Trans-Data Trans-Data Delco Delco Electronics Micro-Link Micro-link Corporation TRW TRW-lSI Products DGM Digital Microsystems Micron Micron Technology 

Digelec Digelec Corp. MilerTron MilerTronics 
Unitrode Unitrode Digitek Digitek, Inc. Miller Miller Technology 

Dionics Dionics Inc_ Mitel Mitel Semiconductor Universal Universal Semiconductor, Inc. 
Dist Comp Distributed Computer Systems Mitsubishi Mitsubishi Electronics 
Divers Tech Diversified Technology MMI Monolithic Memories, Inc. Vantage Vantage Data Products Monosil Monosil VTI VlSI Technology, Inc. 
E·HI E-H International, Inc. MonSys Monolithic Systems Corp. Votrax Votrax Mostek Mostek Elind Elind Elettronica Industriale Motorola Motorola Semiconductor EL Instr E & l Instruments 

MRC MRC Systems Weitek Weitek Corporation EMM EMM Murray Murray Consulting Western Western Digital Emulogic Emulogic Inc. Wintek Wintek Corp. Epson Epson America, Inc. 
National National Semiconductor ETI Micro HI Micro 
NCR NCR Corp., Microelectronics Xicor Xicor, Inc. Exar . Exar Integrated Systems 

Division Xycom Xycom NEC·EA NEC! Electronic Arrays Division 
Fairchild Fairchild NEC Electron NEC! Electron Division 

Zendex Zendex Corp. Ferranti Ferranti Electric NEC Micro NEC! Microcomputer Division 
Fujitsu A Fujitsu America Nitron Nitron Zilog Zilog 
Fujitsu Fujitsu Microelectronics, Inc. Nortek Nortek Zymos Zymos Corporation 
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THE SPECTRUM OF SOLUTIONS. 
The decision to use a custom circuit depends on your 
system design requirements-such things as com
plexity, features, size and power limitations. But no 
longer is your custom decision limited by low volume 
or short development 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 per
formance 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 gate arrays, to standard cell 
custom designs, to full custom design-somewhere 
on the spectrum, your development time and volume 
requirements can be met. For customers who al
ready 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 fab
rication 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., 
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BASED ON: 
1. 1.000 GATE CMOS DEVICE 
2. DEVELOPMENT COSTS OF: 

A. 20K-GATE ARRAYS 
B. 40K-STANDARD CELL 
C. 70K-CONVENTIONAL CUSTOM 

SEMI-CUSTOM GATE ARRAYS 

STANDARD CELL 

CONVENTIONAL CUSTOM 

10 20 30 40 50 60 70 80 

ANNUAL VOLUME IN THOUSANDS 

Cost vs Volume Alternatives in Custom 
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Custom Solutions 

Gate Arrays. 
Short development time 
Low development costs 
Fast production turn-on 
Our semi-custom gate arrays are the best solution 
for circuits of moderate complexity in low to medi
um volume applications. 

AMI CMOS semi-custom gate arrays are standard 
logic layouts of everything except the final metal 
interconnect pattern. 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 contain
ing arrays are preprocessed and inventoried, pro
duction lead times are short. Gate arrays are espe
cially attractive for applications requiring circuit 
volumes from 1,000 to 50,000 units per year. 

For complete information on AMI's Gate Arrays, 
refer to AMI's 3/l data sheet. 

Standard Cell Custom. 
Reduced development time 
Low development costs 
Lower production costs 
Standard cells are full-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, develop
ment time is reduced dramatically and development 
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 appropriate where rapid development is 
more important than minimal size. Standard cells 
are cost-effective in volume levels beginning around 
10,000 circuits. 

With the standard cell approach, your designs can be 
hand tailored to add certain functions, such as 
analog, not in the standard cell library. 

AMI has a larger family of 5/l and 3/l NMOS and 
CMOS cells available. For a partial listing refer to 
the tables at the end of AMI's Custom Solution 
section. 

Conventional Custom Design. 
Lowest production costs 
Minimum circuit size 
Lowest power requirements 
With conventional custom, circuit size is shrunk to 
the' absolute minimum. Since less silicon is used, 
production costs are dramatically reduced. Where . 
end product volume is high-beyond 50,000 units per 
year--":'or where special requirements for lowest 
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Custom Solutions 

power, minimal space or highest performance exist, Many of our customers have their own circuit de
the solution is likely to be conventional custom de- signs. In this case AMI can provide custom circuit 
sign. fabrication for customer-owned tooling. 

Computer speeds design. 
Instrumental in the design of custom circuits is our 
Symbolic Interactive Design System (SIDS). 

, The design is done primarily with SIDS where a 
rayout designer works with symbols directly at a 
large screen alphanumeric color CRT. After the 
SIDS circuit design has been completed and verified, 
the symbols are converted to polygons and a lOX 
reticle tape is prepared. 

SIDS uses on-line, real-time design rule checking 
capability to isolate design rule errors in the layout. 
This allows immediate correction which greatly re
duces the development span time. 

Also a nodal trace function permits a designer to 
trace and highlight a given electrical node. In this 

Over the past ten years, AMI has manufactured over 
800 MOS/VLSI circuits that were designed either by 
our customers or by firms our customers hired as de
signers. From this extensive experience, we have 
developed documented procedures which make cus
tomer-manufacturer interface smooth and easy. 

The complete job-tape conversion, mask making, 
fabrication in any of 25 variations of MOS processes, 
probe, assembly, packaging and final test-is done 
in-house. That means we're directly accountable to 
you in every aspect. 

..... . way, the designer can manually ensure that the node 
is connected as specified in the master logic descrip-

AMI also has documented design rules for all of its 25 
variations of CMOS, NMOS and PMOS processes, 
including industry standard, advanced CMOS II and 
NMOS II. Design cycles can be dramatically shor
tened by using AMI's standard cells and advanced 
CAD technology, and design training is available for 
your designs and engineers, as well . en 
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Full background real-time design rule checking on 
windows, cells, and chips is supported, as is full 
background .continuity checking against the master 
logic description. This eliminates the delay from 
digitizing and batch processed computer checking of 
circuits for accuracy. 

With SIDS, error correction, circuit modification and 
area relocations take only minutes. That signifi
cantly 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 high
er, but in certain cases, size or complexity require
ments may require the hand-drawn approach. 

Customer Designed Solutions. 
Design cycle control 
Maximum proprietary control of designs 
Versatile process capability 

Method 

Gate Arrays 
Standard Cells 
Full Custom 
Custom Fabrication 
* After Custon1er Approval 

Development 
Time 

7 weeks 
12 weeks 
26 weeks 

(Customer) 

AMI also works closely with many outside design 
houses who can assist the customer in his design. 
And all of the design aids that are available to AMI 
designers can be made available to a customer to aid 
in his design. 

AMI can accept a customer's fabrication job at any 
level: working plates, pattern generation tape or 
data base tapes accompanied with a developed test 
program and specification. Close cooperation be
tween the customer and AMI simplifies circuit 
debug and facilitates manufacture at circuit com
pletion. At the same time it gives you complete 
proprietary protection and control over design and 
production scheduling. 

Through our diversity ofMOS process types, engi
neering support, test equipment and package op
tions, we provide you a degree of flexibility no one 
else can offer. 

You can get your circuits any way you like, as 
wafers, die, tested or untested assemblies, with 
development spans which will keep your project on 
schedule. 

Production* 
Turn-On 

6 weeks 
8 weeks 
8 weeks 
8 weeks 

Total Time 
to Production 

13 weeks 
20 weeks 
34 weeks 
8 weeks 

Comparative Time-To-Market Requirements for Custom Design Approaches 
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AMI technologies and development spans. 

NMOS CMOS 

FEATURE NMOSI NMOSII CMOSI 

(Effect) 2.6j..LM 2.1 j..LM 3.0j..LM 
Channel Lgth. 

(Drawn) 3.5j..LM 3.0j..LM 5.0j..LM 
Field Ox Pitch 7.5j..LM 6.0j..LM 10.0j..LM 
Poly Pitch 7.5j..LM 6.0j..LM 10.0j..LM 
Metal Pitch 8.5j..LM 7.0j..LM 10.0j..LM 
Channel Width 

(Drawn) 4.0j..LM 3.0j..LM 5.0j..LM 
Contact Size 3x3j..LM 3x 3j..LM 5x 5j..LM 
I nverter Delay 2.5NS 1.5 NS 2.9 NS 

(FO = 1) 
Power Supply 5-12V 5V 5-12V 

Development 
Spans Weeks 
To Cut & Go's 5 6 5 

Joint Development Teams. 
Circuit design training 
Design capability in-house 
Fabrication technology licensing 

CMOS II 

2.1 j..LM 

3.0j..LM 
6.0j..LM 
6.0j..LM 
7.0j..LM 

3.0j..LM 
3 x 3j..LM 
1.7 NS 

5V 

6 

Through a Joint Development Team (JDT) we can 
teach a customer to design his own MOS/VLSI 
circuits. 
The JDT is a combination of technically skilled 
people from the partner company and AMI who 
function as a design group concentrating on the 
customer's products alone. The JDT partner brings 
his system staff and AMI brings the MOS/VLSI 
circuit design staff with their design technology. 
The partner becomes part of an in-house AMI design 
group. Each JDT is customized to meet the needs of 
the partner company. The end result is a design 
capability for the partner company for circuits that 
AMI will fabricate. 
A JDT can be set up either as an on-going group or as 
a short-term team for design training. 

In the on-going JDT there is continuous interaction 
between the partner system engineer and the AMI 
circuit design staff. All CAD (computer-aided de
sign) tools are available to the members of a JDT. 
This on-going JDT gives the customer the advantage 
of controlling an in-house design group at AMI which 
is dedicated solely to the partner company's prod
ucts and requirements. 

The short-term JDT can be used where a customer 
wishes to train and establish a design center in-house 
or to upgrade an existing design center. 

Technology Transfers. 
If you want to go beyond designing your own circuits, 
to operate your own manufacturing/pilot line, AMI 
will license the necessary technology in those situa
tions where a long-term business relationship can be 
established between the partner company and AMI. 
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leading CAD Technology. 
Shorten design span 
Reduce risk . 
Lower design cost 
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 cus
tomer 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 interactive 
design layout, to name just a few. 
Hardware design aids include: 
D On-site Burroughs 7760 computer with multipro

cessing capability 
D Computer terminals built around a Prime com

puter and engineering design facilities which tiein 
to the on-site 7760 and time-sharing services 

D Computervision interactive graphics system 
which provides on-line generation and editing of 
composite drawings; includes drafting surfaces 
and CRT displays 

o Calma graphics system for both production dig-
itizing and on-line changes 

o Calma GDS-II high-speed electronstatic plotter 
o Calcomp 748 Flatbed Plotter 
o High-speed, high-resolution Electromask 9-track 

pattern generator 
Software design aids include: 
o BOLT-Block Oriented Logic Tr.anslator-Bolt is 

a logic description compiler that generates a com
mon data base used by SIDS, SIMAD, LPA, Con
tinuity Check, PATH and CIPAR 

o SIMAD-Simulation With Assignable Delays 
o PATH-Path Analysis Timing Verification 
o AMI Spice Circuit Simulator 
o AMI Aspec Circuit Simulator 
o CIP AR-Custom Circuit Interactive Placement 

and Routing-This software package createserror 
free mask data in the shortest time by interactive 
placement and routing of standard/special cell 

o GAPAR-Gate Array Placement Routing 
o DELAY-Drop delays on actual mask layout 

capacitance 
o Trace and Continuity Checking 
o RTL-Register Transfer Language 
o LPA-Layout Planning Aid-This software pro

gram shortens the span time for topological plan 
preparation and helps evaluate many different 
topological options. It will help create the opti
mum topological plan· for mask design on the 
BIDS system 

o SIDS-Symbolic Interactive (Mask) Design Sys-
tem 

o DRC-Geometrical Design Rule Checking 
o SCAR-Switched Capacitor Analysis Routine 
o Test Pattern Generator 
o Test Program Generation 
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MOS Process Flexibility. 
25 variations 
Process compatibility 
At AMI you get the widest selection of MOS alterna.: 
tives and capabilities in the industry. Our core 
processing technologies range from the mature 
PMOS metal gate, to silicon gate N-Channel, to the 
advanced, small geometry, high performance silicon 
gate CMOS. 

A tot~l of over 25 variations of core process in PMOS, 
NMOS, and CMOS are available. This variety pro
vides both the optimum process for new designs and 
compatibility with existing customer designed 
circuits. 

Digital and Analog Combinations. 
Save space 
Increase reliability 
Minimize system complexity 
AMI is a leading innovator in combining digital and 
analog functions on a single chip. We can combine 
any of the following functions into an optimum circuit 
configuration to meet your needs. 
Digital Analog' 
PLA OPAMP 
ALU Oscillator 
Inverter Comparator 
RAM and ROM Voltage Reference 
Shift Register AID and DI A Converters 
Interface Driver Switched Capacitor 

Filters 
Automatic Power Down Programmable Power 

Down Phase-locked 
loops 

Unique combinations of these functions are already 
used in many applications in the communications, 
consumer and industrial mark~tplace including: 
thermostat controller, audio multiplexer, single-chip 
microcomputer, single-chip Codec tone receiver, 
spectrum analyzer, echo cancellor, speech syn
thesizer, modems, repertory dialer, touch-tone 
generator. 

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 
means that you get products that meet your specifi
cations for reliability. Because over 70 percent of our 
total production is custom, we perform many checks 
routinely that would only be done on special orders 
and at additional cost by other manufacturers. 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. 
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The industry's highest standard. 
AMI has consistently pursued product excellence 
and has reached for higher quality levels in finished 
products shipped. Circuits are inspected toO.1% AQL 
or your specifications, whichever is more stringent. 

This 0.1% AQL can put you in a superior compet
itive position. Your incoming test and assembly 
costs come down since there's less reworking on the 
line. And your customer's receive a more reliable 
product. 

Quality Checks. 
Among the routine quality controls exercised over 
every product at AMI are: 
o Full logic design checks against system 

specifications 
o Circuit simulation to verify performance against 

objectives 
o Working plates check on automatic checkers 
o Automated mask fabrication checks 
o In process wafer fabrication checks 
o Wafer sort tests 
o 100% optical inspection at dicing 
o 100% die attach checking 
o 100% lead bonding inspection prior to package 

sealing 
o Seal checks, fine and gross leak tests 
o Final digital and analog tests 
o Customer specified environmental tests 
Meticulous in-process checks ,are performed on 
design and workmanship at every step, to ensure a 
fully manufacturable device. In manufacture, lot 
process and yield data are ca ptured and examined as 
a matter of routine. . 

A Capability and a Commitment. 
As the world's largest company dedicated to custom 
MOS/VLSI circuitry design and manufacturing, 
AMI has worked with practically every type of 
MOS/VLSI circuit. We developed th.e first single 
chip microcomputer. We were first with watches, 
calculators, combined analog/digital circuits, and a 
host of other innovations in consumer electronics, 
electronic data processing and telecommunications. 

More than sixteen years' of experience with 1500 
different custom and customer designed circuits has 
taught us a lot about the special requirements 
beyond custom design. Such things as efficient 
production controls for small lot manufacture. Cus
tom tailored quality assurance and reliability pro
grams. Design and product security. And the wide 
range of custom approaches needed to achieve 
optimum cost-effectiveness for our customers. 

Whatever your requirements or questions about a 
custom or semi-custom MOS/VLSI circuit, we can 
help you find the right solution. Because no other 
company offers you more services, experience, and 
capability in a single place than AMI. 

© Ie MASTER 1983 



AIMII@ 
rable 1. Combinational and ItO Elements 

CELL 
NAME DESCRIPTION 

NND2L 1 2-lnput NAND (LP.) 
NND2L3 2-lnput NAND (STD) 
NND2L4 2-lnput NAND (H.S.) 

NND3L1 3-lnput NAND (LP.) 
NND3L3 3-lnput NAND (STD) 
NND3L4 3-lnput NAND (H.S.) 

NND4L1 4-lnput NAND (LP.) 
NND4L3 4-lnput NAND (STD) 
NND4L4 4-lnput NAND (H.S.) 

NOR2L1 2-lnput NOR (LP.) 
NOR2L3 2-lnput NOR (STD) 
NOR2L4 2-lnput NOR (H.S.) 

NOR3L1 3-lnput NOR (L.P.) 
NOR3L3 3-lnput NOR (STD) 
NOR3L4 3-lnput NOR (H.S.) 

NOR4L1 4-lnput NOR (LP.) 
NOR4L3 4-lnput NOR (STD) 
NOR4L4 4-lnput NOR (H.S.) 

INVRL1 IYwerter (LP.) 
INVRL3 Inverter (STD) 
INVRL4 Inverter (H.S.) 

ITILFO* Input Buffer for TIL (LP.) 
ITILTO* Input Buffer for TIL (LP.) 

ITILF1* Input Buffer for TIL STD. Speed Power 
ITILT1* Input Buffer Tor TTL STD. Speed Power 

ITILF2* Input Buffer for TTL (H.S.) 
ITTLT2* Input Buffer for TTL (H.S.) 

OBAAT1 * Output Buffer 
OBAAT2 

OBAAF1* Output Buffer 
OBAAF2 

OBTSF1* Tri·State Output Buffer 
OBTSF2 

OBTST1* Tri·State Output Buffer 
OBTST2 

XOR2S1 Exclusive OR (LP.) 
XOR2S3 Exclusive OR (STD) 
XOR2S4 Exclusive OR (H.S.) 

XNR2S1 Exclusive NOR (LP_) 
XNR2S3 . Exclusive NOR (STD) 
XNR2S4 Exclusive NOR (H.S.) 

OBODF1* Open Drain Output Buffer 
OBODT1* Open Drain Output Buffer 

ANRIL2 AND·NOR·INV Gate (LP.) 
ANRIL3 AND·NOR·INV Gate (STD) 
ANRIL4 AND·NOR·INV Gate (H.S.) 

MUX4L1 4 to 1 Multiplexer (LP.) 
MUX4L3 4 to 1 Multiplexer (STD) 
MUX4L4 4 to 1 Multiplexer (H.S.) 

ADDRL1 Full Adder (LP.) 
ADDRL3 Full Adder (STD) 
ADDRL4 Full Adder (H.S.) 

* NOTE: Suffix F . Scribe line to power bus minimized 

Suffix T . Pad spacing minimized 
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NMOS Standard Cells Performance Data 

CMOS TTL 
EQUIV EQUIV 

4011 74LSOO 
4011 74LSOO 
4011 74LSOO 

4023 74LS10 
4023 74LS10 
4023 74LS10 

4012 74LS20 
4012 74LS20 
4012 74LS20 

4001 74LS02 
4001 74LS01 
4001 74LS01 

4025 74LS27 
4025 74LS27 
4025 74LS27 

4002 
4002 
4002 

4069 74LS04 
4069 74LS04 
4069 74LS04 

4050 
4050 

4050 

4050 

74LS266 
74LS266 
74LS266 

74LS266 
74LS266 
74LS266 

4019 74LS51 
4019 74Ls51 
4019 74LS51 

4052 74LS153 
4052 74LS153 
4052 74LS153 

4008 74LS83 
4008 74LS83 
4008 74LS82 

2-IN GATE 
EQUIV 

1.0 
1.0 
1.0 

1.3 
1.3 
1.3 

1.7 
1.7 
1.7 

1.0 
1.0 
1.0 

1.3 
1.3 
1.3 

1.3 
1.3 
1.3 

0.7 
0.7 
0.7 

2 
2 
2 

2 
2 
2 

2 
2 
2 

6 
6 
6 

9.7 
9.7 

AREA 
IN2X10-6 

10.0 
10.0 

12.6 
12.6 

14.9 
14.5 

9.3 
9.3 

11.9 
13.8 

16.4 
17.1 

10.0 
7.4 

76.6 
84.8 

76.5 
84.8 

76.6 
84.8 

84_8 

90.0 

116.0 

107.6 

12.6 
15.3 

13.8 
12.6 

90.0 
84.8 

17.9 
17.9 

34.8 
40.1 

49_1 
55.4 

LP. 

STD 
H.S. 

SPEED (TYP) 
nsec 

70 
15 

D10 

85 
22 

D13 

85 
26 

D15 

80 
15 

D10 

95 
19 

D13 

95 
19 

D15 

65 
15 

D10 

56 
52 

19 
34 

13 
10 

100 
D70 

100 
D70 

65 
D50 

60 
D50 

80 
19 

D13 

100 
23 

D15 

. 52 
52 

75 
17 

D13 

112 
34 

D20 

285 
95 

Low Power 

Standard 

POWER (TYP) 
jJW 

112 
500 

112 
500 

112 
500 

112 
500 

112 
500 

112 
500 

112 
500 

250 
250 

1200 
1200 

1500 
1500 

2640 

2640 

1140 

1140 

112 
1000 

112 
1000 

640 
640 

112 
500 

450 
2000 

560 
2500 

High Speed (in development) 
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A!MII@ NMOS Standard Cells Performance Data 

Table 1. (continl~ed) Storage and Transfer Elements 

MAX 
OPERATING 

CELL CMOS TTL 2·IN GAtE AREA SPEED (TVP) POWER (TVP) 
NAME DESCRIPTION EOUIV EOUIV EOUIV IN2X10-6 nsec /-,W 

CKDRL 1 Clock Driver (L.P.) 2.7 12.6 2.5 225 
CKDRl-3 Clock Driver (STD) 3.3 16.8 12.0 1000 
CKDRL4 Clock Driver (H.S.) 016.0 

SNCAS1 Synchronous Counter Bit, Cascadeable 4518 8.3 33.7 2.7 560 
(L.P.) W/Asyn Reset 

SNCAS3 Synchronous Counter Bit, Cascadeable 4518 8.3 39.3 12.0 2500 
(STD) W/Asyn Reset 

SNCAS4 Synchronous Counter Bit, Cascadeable 4518 016.0 
(H.S.) W/Asyn Reset 

SNCBS1 Synchronous Counter Bit, W/Asyn Reset 4518 8.3 34.8 2.4 560 
(L.P.) 

SNCBS3 Synchronous Counter Bit, W/Asyn Reset 4518 8.3 39.4 12.0 2500 
(STD) 

SNCBS4 Synchronous Counter Bit, W/Asyn Reset 4518 8.3 016.0 
(H.S.) 

() Note: 
C SNCA & SNCB are in alternating pairs 

en UDCAS1 UPIDOWN Counter Bit; Cascadeable 4029 74LS193 9.0 37.8 2.7 560 

E Alternating A&B. Sync. Parallel Load, 
Q) W/Async. Reset (L.P.) 

....... UDCAS3 UPIDOWN Counter Bit; Cascadeable 4029 74LS193 9.0 39.3 12.0 2500 en Alternating A&B. Sync. Parallel Load, ~ 
en W/Async. Reset (STD) 
0 UDCAS4 UPIDOWN Counter Bit; Cascadeable . 4029 74LS193 9.0 016.0 
~ Alternating A&B. Sync. Parallel Load, () 

~ 
W/Async. Reset (H.S.) 

UDCBS1 UPIDOWN Counter Bit; Cascadeable 4029 74LS193 9.0 36.7 2.7 560 

C 
Alternating A&B. Sync. Parallel Load, 

as W/Async. Reset (L.P.) 

() UDCBS3 UPIDOWN Counter Bit; Cascadeable 4029 74LS193 9.0 38.6 9.0 2500 

";:: Alternating A&B. Sync. Parallel Load, 
Q) W/Async. Reset (STD) 

E UDCBS4 UPIDOWN Counter Bit; Cascadeable 4029 74LS193 9.0 014.0 

« Alternating A&B. Sync. Parallel Load, 
W/Async. Reset (H.S.) 

Note: 

UDCA&UOCB are used in alternating pairs 

. RIPCS1 Ripple Counter Bit W/Async Set & Reset 4020 74LS93 6.0 23.9 2.1 337 
(L.P.) 

RIPCS3 Ripple Counter Bit W/Async Set & Reset 4020 74LS93 6.0 26.2 9.0 1500 
(STD) 

RIPCS4 Ripple Counter Bit W/Async Set & Reset 4020 6.0 014.0 
(H.S.) 

JKFFS1 Flip Flop W/Async Set & Reset (L.P.) 4027 74LS112 9.7 40.4 2.5 670 
JKFFS3 Flip Flop W/Async Set & Reset (STD) 4027 74LS112 9.7 43.4 13.0 3000 
JKFFS4 Flip Flop W/Async Set & Reset (H.S.) 016.0 

BBSRD1 Dynamic Serial Shift Register (L.P.) 4015 74LS164 2.0 9.3 3.2 120 
BBSRD3 Dynamic Serial Shift Register (STO) 4015 74LS164 2.0 11.5 12.0 500 

SRPLS1 Shift Register Bit W/Sync Parallel 4035 6.0 28.0 2.7 337 
Load + Common Async Reset (L.P.) 

SRPLS3 Shift Register Bit W/Sync Parallel 4035 6.0 28.0 12.0 1500 
Load + Common Async Reset (STO) 

SRPLS4 Shift Register Bit W/Sync Parallel 4035 6.0 016.0 
Load + Common Async Reset (H.S.) 

LTCHS1 D·Latch (L.P.) 4042 74LS75 2.7 13.0 3.5 225 
LTCHS3 D·Latch (STD) 4042 74LS75 2.7 13.4 16.0 1000 
LTCHS4 D·Latch (H.S.) 4042 74LS75 2.7 020.0 

DFFLS1 D·FI P Flop (L.P.) Async Set & Reset 4013 74LS74 6.0 30.7 3.0 337 
DFFLS3 D·FI P Flop (STD) Async Set & Reset 4013 74LS74 6.0 32.5 13.0 1500 
DFFLS4 D:FI p Flop (H.S.) Async Set & Reset 4013 74LS74 6.0 018.0 
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Features 

o Typical Delay: 2ns/gate 

o Up to 5000 Equivalent 2-Input Gates 

o Total 1/0 Flexibility 

o 36 to 134 Pins Available 

o Power Supply Range: 2.5V to 5V ± 10% 

o Temperature Range: -55°C to 125°C 

o TTL or CMOS Compatible 1/0 

o Input Protection Networks on All Pads 

o High External/Internal Noise Immunity 

o Virtually Latch-Up Free 

o Fully Integrated Software Support 

Table 1. 3~ Single Metal Family 

Part No. 
Eq.2-lnput 

Gates 

GA-2500 2500 
GA-2000 2025 
GA-1500 1500 
GA-1000 1020 
GA-500 500 

Table 2. 3~ Double Metal Family 

Part No. Eq.2-lnput 
Gates 

GA-5000 D 4995 
GA-4000 D 4012 
GA-3000 D 3080 
GA-2000 D 2070 
GA-1000 D 1000 

HIGH PERFORMANCE GATE ARRAYS 
" ',',' 

3/ASILICON GATE CMOS TECHNOLOGY 

Bonding 
Pads 

84 
74 
64 
52 
36 

Bonding 
Pads 

134 
120 
102 
84 
62 

General Description 

The GA-series of gate arrays are fabricated using state
of-the-art 3 micron, oxide-isolated, isoplanar, silicon-gate 
CMOS technology. This process, called CMOS-II, fea
tures effective channel lengths for P-and N -channel tran
sistors of approximately 2 micro-meters, allowing circuit 
complexities of up to 5000 equivalent 2-input gates with 
typical propagation delays of 2ns. 

Gate arrays are pre-designed and pre-fabricated silicon 
chips that contain matrices of uncommitted CMOS tran
sistor pairs used to implement combinatorial and sequen
tial logic functions by connecting the available com
ponents with a unique metal pattern tailored to satisfy 
user requirements. The number of customized masks is 
dependent on the number of metal layers used to inter
connect the uncommitted devices on the array, and it 
affects the development and manufacturing costs since 
more engineering effort and lower yields are associated 
with multi-level metal personalization. As shown below, 
the GA-series of gate arrays comprises a single metal 
interconnect option with gate densities ranging from 500 
to 2500 gates, and a double metal family with up to 5000 
gates. 

Die Size *Typical Development 
(Mils) Span (weeks) 

265X244 14 
245X219 12 
224X 195 10 
199X 166 8 
162X127 7 

Die Size *Typical Development 
(Mils) Span (weeks) 

3502 14 
3202 12 
2902 10 
2602 8 
2302 7 

* Assumes customer supplies breadboard schematic, and device specifications 
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~II~ HIGH PERFORMANCE GATE ARRAYS 

Absolute Maximum Ratings 

Supply Voltage, Voo ................................................................... -.5V to +7V 
Input Voltage, VIN ............................................... " . . . . . . . . . . . . . . .. - .5V to VDD + .5V 
D.C. Input Current, II ....................................................................... ± lOrnA 
Storage Te~perature, Tsnj ............................................................ -65° to 150°C 

D.C. Electrical Characteristics: VDD =5V± 10%, Vss=OV, TA = -55° to 125°C 

Symbol Parameter Min. Typ. Max. Units 

IDD Quiescent Supply Current 10 50 ~A 

.05 V 
VOL Low Level Output Voltage 

.4 V 

4.95 V 
VOH High Level Output Voltage 

2.40 V 

-.5 .8 V 
VIL Low Level Input Voltage 

-.5 1.5 V 

2.0 VDD +.5 V 
VIM High Level Input Voltage 

3.5 VDO +.5 V 

lIN Input Leakage Current 1 ~A 

Ioz 
High Impedance Output 

-10 .001 10 ~A Leakage Current 

CIN Input Capacitance 5 pF 

Switching Characteristics: Voo =4.5V, CL =.2pF 

Logic Macro Parameter TA =25°C TA =70°C Units 

Inverter tpd 1.7 2.5 Ns 
2-In NAND tpd 2.5 4 Ns 
D-Flip Flop Max Frequency 40 25 MHz 

Test System Function Local Memory Freq. 

S-600 Digital 1K/Pin 5 MHz 
S-II Digital 2K/Pin '10 MHz 
S-VII Digital 4K/Pin 10 MHz 
Sentinel Digital 4K/Pin 10 MHz 
GR-16 Digital 4KiPin 30 MHz 

Future Systems 

Series 20 Digital 4K/Pin 20 MHz 
GR-16 Digital 4K/Pin 30 MHz 

4308 

Conditions 

VI=VDD or VSS 

IOL=l~A 

IOL= 3.2mA 

IOH=-l~A 

IOH =-5mA 

TTL Interface 

CMOS' Interface 

TTL Interface 

CMOS Interface 

VIN=VDD 

VOH=VDD or 
Vss 
Any Input 

tLH + tHL tpd = ---=:..::.=----=-==--
2 

Pins 

60110 
60110 
60110 
60110 

96/144 

120 110 
144 110 
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"Solving The Gate Array Dilemma": 
California Devices is 
your best choice. 
Finding the best Gate Arrays to 
maintain your competitive edge is 
no easy task. With over 40 different 
companies to choose from, it's no 
wonder you're in a dilemma. 

We have the expertise 
and the technology. -
For five years California Devices 
(CD!) has pioneered the latest 
technology in gate array design. 
This technological leadership has 
given us a depth of knowledge 
and innovation you just won't find 
anywhere else. Today, more than 
50% of CDI's staff are design spe
cialists in Gate Arrays. So whether 
you need CMOS Silicon Gate, 
CMOS Metal Gate or Bipolar Lin
ear Arrays, we're totally committed 
to giving you the absolute best. 
Each technology offers a broad
range family. 

Our new HCS Series Silicon Gate 
Arrays are faster. smaller. 
CDI's new high-density CMOS 
Silicon Gate Arrays offer you many 
new design advantages. For in
stance, both MSI and SSI logic 
are integrated into a single semi
custom LSI circuit. Its 4 ns gate 
delay is faster than current CMOS 
Silicon Gate Arrays. It's smaller, 
giving you a 35% increase in den
sity. All these features mean lower 
production costs, less power, less 
space and more logic functions for 
your designs. 
Fast turnaround. expert 
service and training 
For quickest turnaround, we'll give 
you logic prototypes of your circuits 
in 4 to 14 weeks. And our expert 
CDI design engineers will help you 
throughout your design. 
What's more, we'll even teach you 
to bring your IC designs in-house. 
Our Grass Valley training center is 
completely dedicated to helping 
improve your system design. 

CALIFORNIA 
DEVICES INC. 

Semi custom is our business 

-\ r-------------, 
Send This Coupon 

I And See How Fast We Deliver: 
Yes, CDI, I'm interested. 
o Please send me data sheets, and 

more information 
D. Please send me design manual; 

enclosed is $50* or PO # __ _ 
o Enclosed is my RFO (Request for 

Quote) for: 
o HCS CMOS Silicon Gate Arrays 
o HC CMOS Silicon Gate Arrays 
o CDI CMOS Metal Gate Arrays 
o CUC Bipolar Linear Arrays 

My application is: ______ _ 

Name ____________ ~ __ __ 

Company _______________ _ 

City/Street/Zip I 
I 
I 

Telephone I 
Send to: California Devices, Inc., I 
282 Kinney Drive, San Jose, CA 95112; I 
(408) 295-3700; Telex 35-21-20 . 
• Applied to purchase of a design I _____________ J 

GUiltspur Micro Systems, 74176 Northbrook Street NEWBURY, BERKS RG 13 IAE, UNITED KINGDOM, TEL: (0635) 45406 Telex: 848507 

Neutron GmbH, Berliner Strasse 308, D-6050 OFFENBACH/M, WEST GERMANY, TEL: (0611) 81 3930 Telex: 4185414 

European Operations, California Devices Inc., 53, Rue de Chambourcy, 78300 POISSY, FRANCE. TEL: (3) 074-11-46 Telex: 695477 
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The CAE 2000 Makes Short Work 
of Your Ie Design Problems 

Gate Arrays to Full Custom Circuits 
It takes the right tools to design an LSI circuit in 

a reasonable amount of time from conception through 
circuit design to final chip layout. More importantly, 
the tool should insure that the circuit works right the 
first time, eliminating costly revision' cycles. That's 
why Computer Aided Engineering, Inc. developed 
the CAE 2000, the first system that incorporates all 
IC development tools in one easy-to-use interactive 
design station. 

Designed for engineers by engineers, the user 
interface is powerful, y~t simple to use. You can give 
instructions by selecting Commands From Menus on 
the display simply by touching them with a cursor. 
No need for typing or worrying about syntax. Using 
a Simp.1e Grap-hics Editor, you quickly generate func
tion, logic and circuit diagrams. The system 'auto
matically labels nodes and checks the connections 
for'shorts and opens. ' 

4310 

Emulating an electronic lab workbench, the 
CAE 2000 can function both as a Programmable 
Waveform Generator to generate waveform data for 
documentation and simulaJion and as an oscilloscope, 
allowing you to view the simulation results, scroll 
in time and expand scales. A high-performance 
Timing Verifier lets you detect timing errors throughout 
all design phases. Interactive Simulation, in real time, 
validates selected logic sections to locate errors and 
optimize performance. The CAE 2000 also automati
cally generates an interface to SPICE for in-depth 
circuit simulation. 

There is more to engineering design than just 
capturing graphics. With the CAE 2000 design station, 
you can perform What-If Anal~sis locally instead of 
passing it to a host computer and waiting for results. 
You can interactively create electronic spread sheets 
and analyze power, area, capacitance net values 
and rise and fall times. An Online Engineering 
Notebook lets you keep track of notes and assump
tions throughout the design, interspersing them with 
complete graphics. 

More than a simple workstation, the CAE 2000 
is a powerful 32-bit superminicomputer, with up 
to 3.5M bytes of main memory and up to 158M bytes 
of Winchester disk. You can start with one design 
station, then add others as you need, linking them 
with a 12M bits-per-second local area network. 
Of course, you may install plotters, printers and 
mass-storage devices anywhere along the network. 

Computer Aided Engineering Inc., 1333 Bordeaux 
Drive, Sunnyvale, California 94086; (408) 745-1440. 

VIE Computer Aided 
Engineering, Inc, 
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CUSTOM MOS ARRAYS, INC. 

BENEFITS 

• Fast and inexpensive realization of complex 
LSI circuits 

• High reliability 

• Reduced component count 

• Reduced size 

• Reduced power consumption 

TECHNICAL FEATURES 

Parameter CMA448 CMA 950 

Gate Complexity (2 Inputs) 448 plus 950 plus 
40 peri pheral 56 peri pheral 
1/0 cells 1/0 cells 

Number of Transistors 1,992 4,144 

Typical Utilization 60 to 80% 60 to 80 0
/0 

Operating Supply Voltage 3 to 10 volts 3 to 10 volts 

Typical Quiescent Current (25°C) 10 JLA ' 20 JLA 

Output Drive TTL TTL 
"B" Series CMOS "B" Series CMOS 

Package (DIP or Chip Carrier) 14-pin through 40-pin 24-pin through 48-pin 

Operating Temperature Range O°C to + 70°C 

NOTES: 
1. To use all 56 input/output cells, a 64-pin package 

would be required. 
2. Also available in full military temperature range. 

AC CHARACTERISTICS 

Specified at Voo = 5V ± 10%, fanout of 2. 

tpLH + tpHI 
Propagation delay (tpo) = ----

2 

(Note 2) 
O°C to + 70°C 

(Note 2) 

Macrocell 
Min. 

Inverter 
2-lnput NAND 
2-lnput NOR 
3-lnput NAND 
3-lnput NOR 
4-lnput NAND 
4-lnput NOR 
D Flip-Flop[1] 

NOTES: 

CMA 1550 

1568 plus 
76 peripheral 
I/O cells 

6,652 

60 to 80% 

3 to 10 volts 

50 JLA 

TTL 
"B" Series CMOS 

24-pin through 64-pin 

O°C to + 70°C 
(Note 2) 

tpo(nsec) 

TypJ2l MaxJ3] 

3 8 
5 12 
5 14 
8 20 
9 24 

12 25 
14 32 
15 33 

1. From clock transition. ,2. At T A = 25 °C 3. At T A = 70 °C 

CUSTOM MOS ARRAYS, INC. 
211 Topaz Street Milpitas, CA 95035 
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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. 

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 
Dl00 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* 
L100 86 x 105 20V 80 24 
Ml00 176 x 121 20V 149 52 
Ul00 ** 36V ** ** 
Vl00 130 x 100 36V ** ** 
Wl00 130 x 160 36V 200 68 
Xl00 115 x 95 75V 34 16 

* Dual collector PNP transistors 
** Contact Custom Product Application Engineering 

for more details. 

** 
** 
8 

Exar offers a design k 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), wh ich are representative 
of the devices available on the semi-custom chips. This 
provides the design engineer with the abil ity to closely 
evaluate his design's performance prior to integrating it 
on a monolith ic chip. 

SEMI-CUSTOM 12l PROGRAM 

With the 'introduction of the 12L Gate Array chips, Exar 
has extended its semi-custom design program to the I nte
grated Injection Logic (12L) 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. 

12L Semi-Custom Chips 

CHIP SIZE 
Characterjstics 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 I C ch ip. These 12L gate array ch ips 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 util ization 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 
o 

COMPUTER SIMULATION 
FOR WORST CASE ANALYSIS 

OR LOGIC SIMULATION 
o 

CHIP PENCIL LAYOUT 

o 
CUSTOMER DATA PACKAGE 

SUBMITTAL 

o 
TECHNICAL FEASI BI L1TY 

AND COST PROPOSAL 

o 
CUSTOMER/EXAR 

INITIAL DESIGN REVIEW 
o 

MASK TAPING 
OR DIGITIZING 

FOR CUSTOM METALIZATION 

o 
MASK TOOLING 

o 
PROTOTYPE WAFER 

FABRICATION 
o 

PROTOTYPE ASSEMBLY 
AND EVALUATION 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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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 family consists of four chips featuring from 112 to 
544 uncommitted logic gates, fabricated with 7.5j1 metal 
gate technology. 

CMOS Master-Chips 

Chip Type CMOS Gates 1/0 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 I C ch ip. 

Silicon Gate CMOS 

The newest family of semi-custom Master-Chips to be 
added to Exar's product line is a series of four silicon gate 
arrays (4j1 channel length drawn approximately 3j1 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 Exar 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 redesign. 
The unused undedicated components are eliminated, and 
the circu it is laid out on a smaller ch ip. 

Cost Savings Of Two-Step Conversion 

Semi-custom design requires only 10-20% of the fu II 
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-~------------~--------------~------------~------------~--------------' 
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SEMI·CUSTOM 
MORE ECONOMICAL REGION MORE ECONOMICAL 

o ~------------~------------~--------------~------------~------------~--------------~ Ik 3k 10k 30k lOOk 300k 1000k 

TOTAL QUANTITY OF IC'S PURCHASED (IN THOUSANDS) 

Typical Cost vs. Quantity Comparison of Full Custom and Semi-Custom Designs 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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Z'EMR 
Semi-Custom Arrays 

. XR-G100 

XR.J100 

Just a few of the many Semi-Custom Arrays available from Exar. 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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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 IC development and production capa
bilities offer complete flexibility to meet changing custo
mer needs or design problems. We can develop a complete 
custom I C 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 I C design and layout, E xar will provide 
you with. the device characteristics and I C layout ru les for 
the particular process suitable to your design, and review 
your IC layout for you. Then, Exar can generate the IC 
tooling and fabricate your IC prototypes for you. 

WAFER FOUNDARY SERVICE 

Exar's bipolar process technology is compatible with the 
manufacturing processes available from many of the other 
I C manufacturers. Thus, if you have developed a set of 
I C 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 I C 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, 
ach ieving 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 toflow 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 semi-custom and full custom bipolar design pro
grams, because of our complete in-house semiconductor 

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 specification indi

cating min/max conditions, and limits for the criti
cal parameters (i.e., input/output voltage and cur
rent levels, operating frequehcy, 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 
o 

CUSTOM E RIEXA R 
INITIAL DESIGN REVIEW 

o 
BREADBOARD ANALYSIS 

o 
COMPUTER SIMULATION 

FOR WORST CASE 
DESIGN ANALYSIS 

o 
CUSTOMERIEXAR 

PROPOSED INTEG RATION 
DESIGN REVIEW 

o 
CHIP ARCHITECTURE 

DEFINITION 
o 

CHIP DIGITIZING 
o 

PATTERN GENERATION 
PHOTOMASKING 

o 
PROTOTYPE WAFER 

FABRICATION 
o 

PROTOTYPE ASSEMBLY 
o 

PROTOTYPE EVALUATION 

EXAR Integrated Systems, Inc., 750 Palomar Ave., Sunnyvale, CA 94086 * (408) 732-7970 
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I=AIRCHILO 

A Schlumberger Company 

Fairchild's high performance gate arrays feature a 
wide range of gate counts and offer minimal circuit 
delays. The GE1000 and GT0750 series complement 
the F100K ECl and FASTTM TTL logic families, allow
ing for easy integration of standard SSIIMSI func-

Product GEOO20 GE0500 

Gate Equivalents * 20 500 

Internal Technology ECl ECl 

110 levels 
100K 100K ECU 
ECl TTL 

Internal Gate Delay (Typ) 0.35 ns 0:35-0.95 ns 

Input Buffer Delay (Typ) N/A N/A 

Output Buffer Delay (Typ) 0.60 ns 0.55 ns 

Power Dissipation (Typ) 0.5W 1.5-4 W 

110 21 72 

Packaging 24 F/P 
84-pin cc 

84-pin grid 

CAD Support V' V' 

*3 - Input NAND Equivalents in Random Logic 

Bipolar Gate Arrays 

tions into a unique lSI chip. Designs for all arrays 
are implemented using pre-defined SSIIMSI func
tions (macros). Fairchild's complete computer-aided 
design system, FAIRCADT~ reduces development 
time and assures first time success. 

GE1000 GE2000 GT0750 

1000 2000 1000 

ECl ECl FAST 

100K ECU 100K ECU TTL 
TTL TTL 

0.35-0.95 ns 0.35-0.95 ns 1.8 ns 

N/A N/A 1.5 nS 

0.55 ns 0.55 ns 3.0 ns 

2.5-6 W 4-9W 1.0W 

86 126 76 

96-pin cc 132-pin cc 68, 84-pin cc 
96-pin grid 132-pin grid 68, 84-pin grid 

V' V' V' 

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. 
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FAIRCHIL.D 

A Schlumberger Company 

FAIRCAD Computer-Aided Design System 

A user friendly computer-aided design system is 
employed in all phases of the 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 placement and routing and design rules 
checking. The user's logic description is input either 
interactively using a graphics workstation or entered 
in netlist form. Fairchild's FAIRLOGSTM simulator is 
used to verify array logic and timing. A fault simula
tor 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 eliminates tedious manual steps, 

Bipolar Gate Arrays 

thereby'reducing routing 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 system 
performance. Design rules checking insures that 
process imposed geometry constraints are not 
violated. 

The FAIRCAD system uses a multiple CPU configu
ration 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 trans
parent, allowing new gate arrays and technologies to 
be easily integrated into the system. 

FAIRCAD System 

r-
I 
I 

t 
I 
I 
I 
I 

RESULTS 

RESULTS 

INPUT 
VECTORS 

TEST 
VECTORS 

SENTRY/ 
SERIES 20 

FORMAT 
TAPE 

LOGIC/TIMING 
SIMUJ:ATOR 

FAULT 
SIMULATION 

Fairchild Camera and Instrument Corporation, Gate Array Division 
1801 McCarthy Blvd., Milpitas, California 95035 
(408) 942·2672 TWX 910 338 2275 
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SCHEMATIC 
CAPTURE 

NETWORK DESCRIPTION 

INTERCONNECT LENGTHS 

r
I 
I 
I 
I 
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t 
I 

PIN ASSIGNMENTS I 
FIXED PLACEMENTS I 

I 
I 

PLACEMENT 

ROUTING 

POST 
PROCESSING 

INTERACTIVE 
GRAPHICS 

ROUTING 
COMPLETION 
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---------~-------~ 

FRACTURING ......... -~ 

© 1982 Fairchild Printed in U.S.A. 5453·003·A·46·052 10M 350000 
June 1982 Fairchild reserves the right to make changes in the 
circuitry or specifications at any time without notice. 
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FUJITSU 
MICROELECTRONICS 

TTL GATE ARRAYS 

GENERAL DESCRIPTION 
Fujitsu Microelectronics' bipolar gate arrays have many similarities. 
The B200 and B500 operate on a single 5 volt supply, however, the 
B2000 requires an additional2.3V supply. All are LSTIL compatible 
and both use NAND-type logic. The bipolar gate array family has 
two layer metallization for gate interconnect, automatic intercon
nect routing and proven device reliability. They feature DC 
parametic and DC functional testing as. well as AC parametric 
testing. User defined macros are available to further enhance 
design versatility. 

THE FUJITSU TTL GATE ARRAY F.A:MILY 

DEVICE NAME B200 

DEVICE NUMBERING MB14K Series 
TECHNOLOGY Low Power Schottky TIL 
INTERNAL CELLS 208-3 input NAND 
CELL SPEED 6.5 ns typical 
PERI PH ERIAL 26 Input, Output or I/O 
BUFFERS 

PACKAGING 16, 18,20,22, 
24, 28-pin DIP 

INTERFACE Logic diagrams 
and waveform sheets 

MACRO UBRARY 54 fully designed; 
User defined 
macros allowed 

TURNAROUND 12 weeks after 
TIME validation 
PRICE Call Your FMI 

Sales Office 

DC AND AC CHARACTERISTICS 

B200 

DC SPECIFICATIONS Input VIH = 2.0V. 
Input VIL = 0.8V. 
Input IIH = 20pA. 
Input IlL = -0.70mA 

Output VOL =0.5V 
Output VOH = 2.7V 

8500 

MB15K Series 
Low Power Schottky TIL 
512-3 input NAND 
2.2 ns typical 
60 Input, Output or I/O 
48 connected 
outputs max. 
28,40,42,48-pin DIP 
64-pin RIT (square) 
Logic diagram and 
formatted test data 
47 fully designed; 
User defined 
macros allowed 
14 weeks after 
validation 
Call Your FMI 
Sales Office 

B500 

Input VIH = 2.0V. 
Input VIL = 0.8V. 
Input IIH = 20pA. 
Input 10L = -0.25mA 

Output VOL = 0.5V 
Output VOH = 2.7V 
Output Ioz = ± 100pA 

B2000 

MB17K Series 

B200 
B500 
B2000 

Low Power Schottky TIL 
2108-3 input NAND 
1.5 ns typical 
112 Input Output or 1/0 
72 connected 
outputs max. 
135-pin RIT (square) 

Logic diagram and 
formatted test data 
34 fully designed;, 
User defined 
macros allowed 
16 weeks after 
validation 
Call Your FMI 
Sales Office 

B2000 

Input VIH = 2.0V. 
Input VIL = 0.8V. 
Input IIH = 20pA. 
Input 10L = -200pA 

Output VOL =0.5V@8mA 
Output VOH = 2.4V@2.6mA 
Output loz = ± 100pA Output loz = ± 100pA 

Output los = -5 to -40mA Output los = -25 to -100mA Output loS = -15 to -100mA 

AC SPECIFICATIONS Input Buffer 7.0 ns typical 

Output Buffer 7.0 ns typical 

Input Buffer 3.0 ns typical 

Output Buffer 6.4 ns typical 

Input Buffer 3.5 ns typical 
(NAND) 
Output Buffer 8.5 ns typical 
(NAND) 

For complete data sheets contact: Fujitsu Microelectronics· 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727·1700. Telex 1/11: 910·338·0190 
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FUJITSU 
MliCROELECTRONlICS 

CMOS GATE. ARRAYS 

GENERAL DESCRIPTION 
Fujitsu Microelectronics' CMOS gate arrays are alike in many 
respects. All CMOS arrays are silicon gate, two layer metallization 
devices. The design geometries are exact therefore all CMOS ar
rays have the same gate performance. The CMOS gate array 
macro library is common to all six CMOS devices and contains ap
proximately 100 macro elements to date. The CMOS gate arrays 
have similar topology with only the number of cells changing. 

THE FUJITSU CMOS GATE ARRAY FAMILY 

DEVICE NAME C440H CnO(H) C1275(H) C2000(H) 

DEVICE MB64HK Series MB62K Series MB63K Series MB60K Series 

NUMBERING (MB62HK Series) (MB63HK Series) (MB60HK Series) 

INTERNAL CELLS 440-2 input 770-2 input 1275-2 input 2000-2 input 

CELL SPEED 4.0 nS 5-15 nS 5-15 nS 5-15 nS (4.0 nS) 

PERI PH ERIAL 64 I/O pins max. 46 Input Output 64 Input Output 72 Input Output 

BUFFERS or I/O. 14 Inputs or I/O or I/O 

(70 I/O pins max.) (80 I/O pins max.) 

PACKAGING 16. 18. 20.22. 24.28.40.42 2~.40.42 40.42.48-pin DIP 

24.28.40. 48-pin DIP 48-pin DIP 64-pin RIT 

42-pin DIP 64-pin RIT 64-pin RIT 

64-pin RIT (square) (square) 

(square) 

INTERFACE Logic Diagrams Logic Diagrams Logic Diagrams Logic Diagrams 

and formatted and formatted and formatted and formatted 

test data test data test data test data 

TURNAROUND 14-weeks after 14-weeks after 14-weeks after 14-weeks after 

TIME validation validation validation validation 

PRICE Call Your FMI Call Your FMI Call Your FMI Call Your FMI 

Sales Office Sales Office Sales Office Sales Office 

DC ELECTRICAL CHARACTERISTICS (ALL CMOS ARRAYS) 

PARAMETER MIN TYP 

SUPPLY VOLTAGE (VDD) 4.5 5.0 

INPUT HIGH VOLTAGE 2.0 

INPUT LOW VOLTAGE Vss 
OUTPUT HIGH VOLTAGE at IOH = -OA rnA 2.4 

OUTPUT LOW VOLTAGE at IOL = 2.0 rnA 

C3900(H) 

MB61K Series 

(MB61HK Series) 

3900-2 input 

5-15 nS (4.0 nS) 

72 Input Output 

or I/O 

64-pin RIT 

(square) 

Logic Diagrams 

and formatted 

test data 

14-weeks after 

validation 

Call Your FMI 

Sales Office 

MAX 

5.5 

VDD 
0.8 

0.4 

C440H 
C770(H) 
C1275(H) 
C2000(H) 
C3900(H) 
C8000(H) 

C8000(H) 

MB66VHK Series 

8000-2 input 

2.5 nS 

160 Input Output 

or I/O 

135.179-pin RIT 

(square) 

UNIT 

V 
V 
V 
V 
V 

For complete data sheets contact: Fujitsu Microelectronics • 2985 Kifer Road • Santa Clara, CA 95051 • (408) 727-1700 • Tele~ 1/11: 910-338-0190 
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FUJITSU 
MICROELECTRONICS 

GATE ARRAY PACKAGE 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 applica· 
tions engineer will be happy to discuss your needs for special packaging. 

DIP·16 DIP·18 Dlp·20 Dlp·22 DIP·24 Dlp·28 QIP·40 Dlp·42 Dlp·48 Dlp·64 R1T·64 R1T·88 R1T·135 R1T·179 
B200 • • • • • • • • • • • • 
BSOO • • • • • • • • 
B2000 • 
C440 • • • • • • • • • • • • • • • • 
C770 • • • • • • • • • • • 
C1275 • • • • • • • • • 
C2000 • • • • • 
C3900 • • 
C8000 • • 
• CERAMIC • PLASTIC 

(RIT) PIN SQUARE PACKAGE DIMENSIONS Dimensions in inches (millimeters) 

64·PIN SQUARE 135·PIN SQUARE 
CERAMIC PACKAGE CERAMIC PACKAGE 

INDEX 
AREA 

1.070 (27.18) 

1.100 (27.94) 

n 
1.070 (27.18) 
1.100 (27.94) 

.040 (1.02) 

.060 (1.52) DIA 

00 •••••• (Ii) 

D I ("'7( 

1~~~~'!-h-,---____ ~J35 (36.451 
I 1.365 (34.67) I 

1.435 (36.45) 

.016 (0.41) DIA .039 (1.0) DIA TYP 

.0~1) :::::::::::::: 

~I '" 
1.300 (33.02) ••• 

~ Ai
F 

: : : : : : : : : .... , ;.J e.· •••••• " ·e 

179·PIN SQUARE 
CERAMIC PACKAGE 

1 o 1._7.~ 
INDEX f=-~ _____ -!J38 •• '1 

I 1.480(37.59) I 
1.520(38.61) 

.016(0.41) 

~2<l(O.511 01. . 
00000000000000 ... . ............. . 

T 0000.0000000000 

000000000000000 

00000 0000. 

1.400(35.56) :::: •••• 
REF :::: 

~ 
.260 (6.60) 

MAX 

.090 (2.29) ~ 0 • 0 0 0 0 0 0 0 

INDEX 
.110 (2.79) .020 (0.51) 

.120 (3.05) .050 (1.27) 

.020 (0.51) 

.060 (1.52) 

.240 (6.10) 
MAX 

.090 (2.29) INDEX 

.110 (2.79) 

.120 (3.05) 

.150 (3.81) 

.030(0.76) 

.060(1.52) 

.240(6.10) 

I .090(2.29) 
.110(2.79) 

.175(4.45) 

.150 (3.81) 

ABOUT FUJITSU MICROELECTRONICS 
FUJITSU MICROELECTRONICS, mc.
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 semlcon· 
ductor products in North, Central and South 
America. 

Fujitsu Limited manufactures and 
markets advanced data processing and 
telecommunications systems, semiconduc· 
tors and electronic components on a 
worldwide scale. Fujitsu Limited is ranked 
as Japan's number one computer manufac· 
turer with sales in the $2 billion range. 
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A LEADER IN LARGE SCALE LOGIC 

Since 1974, Fujitsu Microelectronics has 
executed over 3,000 gate array designs. 
Gate arrays from Fujitsu give your designs 
a significant performance edge. In 1982, we 
introduced our CMOS device with 8,000 
gates and 2.5 ns delay times. Our leader· 
ship Schottky TIL gate array is the first 
with 2,000 gates and 0.95 ns delays. Our 
leadership ECL arrays, with 400·picosecond 
delays are the fastest production arrays in 
the world. 

Fujitsu's logic products offer leading 
edge technology, a complete selection of 

MAX .205(5.21) 

both bipolar and sl·gate CMOS devices; and 
experience that can serve you through the 
coming generations of logic products. 

ABOUT FUJITSU MICROELECTRONICS 

Fujitsu Microelectronics has completed a 
new assembly and test facility in order to 
better service our North American 
customers. The 66,000 square·foot facility Is 
located in Kearny Mesa Industrial Park near 
downtown San Diego. The building was 
dedicated in June 1981 and is now fully 
operational. 
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Preliminary 

Description 

The HS-3273 is an LSI chip for a high performance eM OS Bus 
Interface Unit (BIU) that is intended to meet the requirements of 
Mil-Std-1553B. It is fabricated using junction isolated, self-aligned, 
silicon gate technology. With the HS-3273, an interface can be 
established whereby a group of up to 31 B I U 's hel p an equal or 
higher number of hosts transfer information between each other on 
the serial Manchester data bus. 

At the Manchester Bus Interface, the HS-3273 accepts or generates 
serial bi-phase data. At the host electronics interface, the HS-3273 
accepts instruction from the host to transfer parallel data to and 
from the host. Within a host box, the BIU of which the HS-3273 
is a component, resides between a transmitter/receiver unit and the 
internal parallel data and address busses as shown in Figure 1. 

Within Mil-Std 1553B protocol, the BIU's relate to each other as 
"remotes"and "controller". At anyone instant, one BIU is assigned 
to be the bus controlltH, all remaining BIU's (up to 30) are assigned 
as remotes. Provision is made in Mil-Std 1553B and the HS-3273 
to allow for dynamic reassignment of these roles. 

As a remote, The HS-3273 is first programmed by its host through 
the use of I/O control transfers. Then as a remote BIU the HS-3273 
is capable of carrying out data transfers to and from host memory 
via Direct Memory Access (OMA). In this situation the BIU is 
stimulated by command words from the serial data bus. Remote 
terminal BIU's using the HS-3273 require little assistance from the 
host to handle serial data bus communications. 

As a controller, the HS-3273 is first programmed by its host as 
above. After programm ing, the controller B I U is capable of 
executing the program code which is stored in host memory. 
Designs of controller BIU's, using the HS-3273 only, require a 
higher number of components and host assistance than designs 
of remote terminal BIU's. A second lSI chip, HS-3274, is 
presently in conceptual design at Harris. Using the two chips in 
controller BI U designs will significantly reduce component and 
host assistance requirements. 

Copyright © Harris Corporation 1981 
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HS-3273 
CMOS Bus Interface Unit 

Mil-Std 15538 Protocol 

8us Interface <;::ircuit Type I 

DMA 

Features 

o MIL-STD-1553B COMPATIBLE 

o UP TO 5 MHz DATA RATE FOR NON MIL
STD-15538 APPLICATIONS 

o SERIAL TO PARALLEL RECEIVER 
DATA CONVERSION 

o PARALLEL TO SERIAL TRANSMITTER 
DATA CONVERSION 

o 8/16 BITS HOST I/O INTERFACE 

o SINGLE 5 VOLT SUPPLY 

o FULL MILITARY TEMPERATURE RANGE 

VCC 

1/0 28 

Pinout 
TOP VIEW 

1/0 27 

1/0 26 

1/0 25 

1/024 

1/0 2 3 , 

1/022 

1/0 2' 

1/02° 

MANCHESTER IN 

ACKNOWLEDGE CLOCK' 

6MAWRiTE 

DMA GRANT 

DMA READ 

DMA REOUEST 

BUSY/DISABL< 

WORD COUNT <'J 

WORD COUNT 2' 

CLOCK 2 

REsIT 

CODE EXECUTE 

ERROR PRESENT 

MANCHESTER OUT T 

MANCHCTER OUT F 

CMD WD ' TATUS WD PRESENT 

WORD COUNT 22 CMD WD LD ICI/SEND STATUS WD IRTI 

WORD COUNT 2 3 MESSAGE COMPLETE 

WORD COUNT 24 GND 
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SYMBOL 

ICCOp 

VIL 

VIHl 

VIH2 

11L1 

IIL2 

IIL3 

IIL4 

CI . 

VOL 

VOH 

fc 

fc 

tr,tf 

tr,tf 

t r, tf 

trltf 

ts 

tir,tif 

SpecificatioflS 

ABSOLUTE MAXIMUM RATINGS 
+7.0V Supply Voltage 

Input or Output 
Voltage Applied 

Storage Temperature Range 

GND -0.3V to 
VCC +0.3V 

-650C to +1500C 

ELECTRICAL CHARACTERISTICS 

V cc = +5V ± 5%, -550C ~T A ~ 1250C 

PARAMETER MIN MAX TEST CONDITIONS 

Operating Supply 25mA . VCC =5.25V, Data Rate = 1 Mbps 
Current 

Logic "0" Input 0.5V 
Voltage 

Logic "1" Input VCC-1.25V Except Pins 30, 31,32 
Voltage 

Logic "1" Input VCC-0.5V Pins 30, 31, 32 
Voltage 

Input Leakage -1 pA 1 pA Pins 15, 28-32 
Current 

Input Current -3m A 1 ~OpA Pins 2-9, 27, 33-40 

I nput Current -100pA 10pA Pins 10, 12 

Input Current -10pA 10 pA Pin 23 

.Input Capacitance 15 pF 

Logic "0" Output O.4V IOL = 800 J1A 
Voltage 

Logic "1" Output VCC-O.4V 10 H = -100 J1 A 
Voltage 

Clock 1 Frequency* 20 MHz Data Rate = 2 Mbps 

Clock 2 Frequency* 10 MHz Data Rate = 5 Mbps 

Output Rise Time, 100 ns Pins 16-20,22-24 
Fall Time CL~50pF 

Output Rise Time, ** 100 ns Pins 10-14,27 
Fall Time CL~50 pF 

Output Rise Time,** 150 ns Pins 2-9,33-40 
Fall Time CL~75 pF 

Data Rate = 5 M bps 

Output Rise Time, 10 ns Pins 25, 26 
Fall Time CL~25 pF 

Data Rate = 5 Mbps 

Output Pulse -2 ns 2 ns Pins 25, 26 
Symmetry CL25 = CL26 ~25 pF 

Input Rise Time, 25 ns Pins 30, 31 
Fall Time Data Rate = 5 M bps 

*Input clock duty cycle: 35%-65%, **Hi-Z pull-ups connected internally. 

Note: All AC time limits are guaranteed but not tested. 
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REGISTER 
STACK 

BIU 

110 BUS 

OMA 
CONTROL 

OISCREHS 

CONTROL 
" DISCREHS 

HOST 
ELECTRONICS 

L ____________ J 

MANCHESTER IN 

MANCHESTER OUT T 

MANCHESTER OUT f 

HS-3273 

16 

FIGURE 1 

ON 
STROBE 

16 

PARt.LLEL CONfiGURATION DATA 
DATA 

INTERfACE 
IOC INPUTS IN 

THIS EXAMPLEI 

FIGURE 2. SIMPLE REMOTE TERMINAL 

HS-3273 - A Simple Remote Terminal 

As previously stated, the BIU consists of two LSI circuits, HS-3273· 
and HS-3274. In the most elemental applications, HS-3273 can 
be used without HS-3274 to perform the remote terminal function. 
The basic block diagram of HS-3273 is depicted in Figure 1. 
Referring to Figure 1, some of the control lines allow for initial
ization and for transfer of words (command words, status words 
and error words) through the circuit's I/O interface". The DMA 
control lilil s allow for the transfer of data words through the I/O. 

Figure 2 illustrates HS-3273 embedded in a host that is functioning 
as a simple remote terminal. In this configuration, the various 
logic elements are assumed to be CMOS compatible and connect 
directly to the HS-3273 device. The application is set up with 
output registers ready to accept data from the HS-3273 when it 
outputs data on its I/O bus. Data is supplied to the HS-3273 
I/O bus when requested through input tri-state buffers. The flow 
of data is controlled by word count decodes and the DMA READ 
and DMA WRITE lines. The binary-to-unitary decoder (CD4028B) 

© Ie MASTER 1983 

converts the word count into discrete lines which select both an 
input tri-state buffer and an output register. Input or output is 
then determined by an active DMA READ or active DMA WRITE. 
To satisfy the DMA handshake requirements in this case, a DMA 
REQUEST is fed into the DMA GRANT input and the "OR" of 
DMA WRITE or DMA READ is fed into the DMA ACKNOW
LEDGE input. Initialization is satisfied by sending the HS-3273 
configu ration inform ati on th rou gh a separate tri-state buffer. 
Initialization occurs when the RESET line is pulsed and followed 
by the CODE EXECUTE line going active with the 20 bit of the 
I/O bus set high. Under these conditions the HS-3273 treats 
I/O bits 215_2 1 as configuration data. This data includes mode 
information (8-bit/16-bit and controller/remote), box address, 
bus-accept status and manchester input configuration control. 
The system PWR 0 N ST ROB E can be used to enable passage of 
configuration data to the HS-3273 and can be used to generate 
the RESET and CODE EXECUTE signals as shown. 
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HS-3273 Pin Function list 

PIN 

2 

3 

4 

FUNCTION 

VCC - Power Supply Pin = +5V ± 5% 

110 28 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

110 29 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

110 210 - Bidirectional data bus utilized for command 
and data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

5 110 211 - Bidirectional data bus utilized for command 
and data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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110 212 - Bidirectional data bus utilized for command 
and data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

110 213 - Bidirectional data bus utilized for command 
and data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

110 214 - Bidrectional data bus utilized for command 
and data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

110 215 - B i di recti anal data bus util ized for c om man d 
and data transfer between the host electronics including 
HS-3274 or equivalent and HS-3273. 

DMA ACKNOWLEDGE - Input from host electronics 
indicating that a DMA write cycle has been completed 
or during a read cycle, that data for the BIU is presen't 
on the 110 bus. 

DMA WR ITE - Output to host electronics issued following 
receipt of DMA G RANT indicating that the 110 bus 
contains data to be written to memory. 

DMA GRANT - Input from host electronics following 
issuance of DMA REQUEST indicating that the 110 bus 
is inactive and that the host is ready to proceed with the 
DMA. 

DMA READ - Output to host electronics issued following 
receipt of DMA G RANT indicating that the HS-3273 
desires data from its host's memory. 

DMA REOUEST - Output to host electronics indicating 
that HS-3273 is ready to perform a DMA transfer. 

PIN 

15 

16 

17 

18 

19 

20 

21 

FUNCTION 

BUSY/DISABLE - Input which indicates to the BIU that 
the host is busy. This signal inhibits DMA activity within 
HS-3273; it will also result in setting the busy bit in the 
status word and only returning the status word if the 
BUSYIDISABTE line is active during the trailing edge 
time of CMD WD LD (C)/SEND STATUS WD (RT). 

WORD COUNT 20 - Output and least significant bit of a 
word indicating the number of DMA cycles required to 
fulfill a command. 

WORD COUNT 21 - Output and 21 bit of a word indi
cating the number of DMA cycles required to fulfill a 
command, 

WORD COUNT 22' - Output and 22 bit of a word indi
cating the number of DMA cycles required to fulfill 
a command. 

WO R D CO U NT 23 - Output and 23 bit of a word indi
cating the number of DMA cycles required, to fulfill 
a command. 

WORD COUNT 24 - Output and most Significant bit 
of a word indicating the number of DMA cycles required 
to fulfill a command. 

GN D - Circuit ground. 

22 MESSAGE COMPLETE - Output to host electronics 
indicating completion of transmission onto the serial bus 
or completion of message reception. Once a message 
handling process is started, HS-3273 implements the 
appropriate algorithm and always follows that with a 
message-complete indication. 

23 

24 

25 

CMD WD LD(C)/SEND STATUS WD(RT) - Input 
On Controller Mode) used to stimulate HS-3273 to 
accept for transmission a command word present on the 
16 bit 110 bus. In the Remote Mode, pin 23 is an output 
used by HS-3273 to indicate a command word for the 
terminal being processed; in the Remote Mode, HS-3273 
expects to receive status-word-related data ITerminal
Fail flag, subsystem flag and service request) on 16-bit 
110 bus bits 20, 21,22, respectively. 

CMD WD/STATUS WD PRESENT - Output to host, 
electronics indicating that HS-3273 has presented a 
command or status word on the 110 bus resulting from 
reception of the beginning of a message. 

MANCHESTER OUT T - True encoder output to serial 
bus transmitter. Held atlogic "l"when HS-3273 encoder 
is inactive. 
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HS-3273 Pin Function list (Continued) 

PIN 

26 

27 

28 

29 

FUNCTION 

MANCHESTER OUT F - False encoder output to serial 
bus transmitter. Held at logic "1" when HS-3273 is 
inactive. 

E R RO R PR ESENT - Discrete output to host electronics 
indicating that an error has been detected in a received or 
transmitted message. During the time when HS-3273 
output is active, ERROR PRESENT becomes an input; 
a "1" or "0" present on pin 27 during the time of the 
trailing edge of CMD WD/STATUS WD PRESENT will be 
transferred into the status word's message-error bit 
position. This feature allows the RT to indicate to the 
controller that some aspect of the command word just 
received was invalid. 

CODE EXECUTE - Input from host electronics which 
enables the HS-3273 command decoder to accept con
figuration and/or command data present on the I/O bus. 
The CODE EXECUTE strobe keys on the state of 20 

of the I/O bus. When 20 = 1 during the strobe time, the 
data on the I/O bus is considered to be configuration 
information (see configuration data format); otherwise, 
HS-3273 interprets I/O bus bits 22 and 21 as follows: 

o 0 
o 

o 

Function 
HS-3273 reset 
Next message will be RT-to-RT 
(controller only) 
Output Error Data 
(Not Used) 

Note, when the command to "output error data" is 
issued, HS-3273 will respond with data on its lower byte. 
The data output will remain stable until the host issues 
a second CODE EXECUTE strobe. This second strobe 
(with the host's I/O bus drivers in the high impedance 
state) will unlatch a flip flop in HS-3273 and cause the 
HS-3273 lower byJe I/O bus drivers to enter the high 
impedance state. 

RESET - Initializes the HS-3273. HS-3273 is inhibited 
after receipt of a RESET strobe until HS-3273 is con
figured by CODE EXECUTE together with appropriate 
configuration data on the liD bus. 
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PIN 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

FUNCTION 

CLOCK 2 - For data rates greater than 2 Mbps, CLOCK 
2 is to be an asynchronous clock at 2X data rate .. For 
data rates less than 2 Mbps,CLOCK2 isto be grounded. 

CLOCK 1 - For data rates greater than 2M bps, CLOCK 1 
is to be a synch ronized 2X clock to MAN CH ESTE R IN. 
For data rates less than 2 Mbps, CLOCK 1 is to be an 
asychronous lOX data rate clock. 

MANCHESTER IN - Input from serial bus received in 
single-ended bi-phase manchester form. 

I/O 20 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including HS-
3274 or equivalent and HS-3273. 

liD 21 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including HS·· 
3274 or equivalent and HS-3273. 

I/O 22 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including HS.:.. 
3274 or equivalent and HS-3273. 

I/O 23 - Bidirectional data bus utilized fo~ command and 
data transfer between the host electronics including HS-
3274 or equivalent and HS-3273. 

1/0 24 - Bidirectional data bus utilized for command and 
data transf~r between the host electronics including HS-
3274 or equivalent and HS-3273. 

I/O 25 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including HS-
3274 or equivalent and HS-3273. 

I/O 26 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including HS-
3274 or equivalent and HS-3273. 

I/O 27 - Bidirectional data bus utilized for command and 
data transfer between the host electronics including HS-
3274 or equivalent and HS-3273. 
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HS-3273 Configuration Data Format 

I/O 20 - 1 says data on other I/O bits is configuration information. I/O 27 - Don't care. 

I/O 21 - 1 says HS-3273 operates in 16-bit mode; 
o says HS-3273 operates in 8-bit mode. 

I/O 28 - 1 says data on the I/O pins is configuration information. 

I/O 22 - 1 says HS-3273 internal sampler will be used. 
o says HS-3273 willbe supplied with sampled 
manchester. 

I/O 23 - 1 says HS-3273 will accept bus control if offered 
controller terminal function. 
o says HS-3273 refuses controller terminal function. 

I/O 24 - 1 means RT to RT data is stored. 
o means RT to RT data is not stored. 

1/029 - Don't care. 

I/O 210 - Don't care. 

I/O 211 - Terminal address bit 20. 

I/O 212 - Terminal address bit 21. 

I/O 213 - Terminal address bit 22. 

I/O 214 - Terminal address bit 23. 

I/O 215 - Terminal address bit 24. I/O 25 - 1 says HS-3273 is to be a controller terminal. 
o says HS-3273 is to be remote terminal. 

I/O 26 - Don't care . 

NOTE: When operating in the 8-bit mode, the I/O pins in the lower 
byte must be paired off to the corresponding I/O pins in 
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the upper byte. 

Timing Diagram 

I I 
1t-.. ------200 MIN .. I 

CODEEXECUTE ______________ ~I ~I __________ _ 

STROBE I I 
I I 
1- ------l 
I I 

50MIN~: 

BIU I/O LINES N VALID CMD 

RESETTING BIU NO.1 VIA CONTROL CODE 

I 1 

a-I ... ---- 200 MIN ------1 .. -
1 

I I 
RESET --------il I 

CMD WORD LOAD/SEND STATUS 

BIU I/O LINES 

NOTE: ALL TIMES IN nSEC 

RESET BIU NO.1 VIA RESET PIN 

1 1 
II-... ---- 800 MIN ---___ -11 

I 

I I 
1 I· 
I ~I 
I I 

N VALID CMD WORD DATA 

LOADING BIU NO.1 (AS CONTROLLER) 
WITH A COMMAND WORD FOR TRANSMISSION 

:-120MIN 

N 

I 
~180MIN 
I 

N 
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REFERENCE CLOCKS 

INTERNAL TO THE BIU NO.1 

~ ~~~6-~ 
, I . I I' I I I 

I II I' I I I I 
__ '1 ___ 20 - 90 ---11--- 20 - 200 I I I I I : 

-1 · COMMAND WORD LOAD/SEND STATUS • It- I I I . I I I 

\

.. ~:5 1/2 BIT TIMES 111 __ >0 I : I ::: 

OCCURS IN 
REMOTE MODE ON L Y 

--PI I· I I I I 
~l' 1---30-300 I I I 55-400---1 1---

BIU NO.1 I/O LINES :1 VA . VALID CMD WD OR STATUS WD I VlJ1--
06-BIT MODE) III I I' I I I I I I 

CMD/STATUS PRESENT ,II I 45 -1,80-! !--I --I !~45 - 250 I I 

(16-BIT MODE) II' I I I I r----j I I 
I I I I I I 

,,' I 30-~00-: l--- I! I 

. 8-BIT M. ODE IS { BIU NO. I/O LINES II VA LS BYTE ViA MS BYTE VII}--
DESIGNED FOR (8-BIT MODE) I I I I I 

I 40-200--11-- I 20-130-.1-. I 
1 AND 2 MHz DATA CMD/STATUS PRESENT I I I • 11-- II 11-----....:...... ____ -..:....;1 II I, II 

RATES (8-BIT MODE) I I I ~ I~--
I 

__ I' .. 0 HOLD TIME (REFERENCED TO 

I .. 300 nSEC MIN SETUP TIME .. Il COMMAND WD LOAD/SEND STATUS) 

VALID USER INPUTS 

WHEN COMMAND WORK LOAD/SEND STATUS IS ACTIVE, 

THE USER MUST SUPPLY INPUTS ON BIU I/O LINES, 22, 

21 AND 20. THESE INPUTS ARE POSITIVE TRUE AND 

20 REPRESENTS THE TERMINALS FAIL FLAG OF THE 

RETURNED STATUS WORD 

21 REPRESENTS THE SUBSYSTEM FLAG AND 

22 PRERESENTS THE SERVICE REQUEST 

RECEPTION OF A COMMAND WORD (RT) OR STATUS WORD (C) 

CUSTOMI SEMICUSTOM Harris Semiconductor 
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I 
I .. 800 MIN • I 
1 I 

CODE EX ECUTE --------;1 r-I -----

I 1 

50MIN-1 1__ .1 ~180MIN 
I 1 I I 

HOST~ 1/0 DRIVERS ~~~~~~~~~~V~A~L~ID~C~O~N~FI~G~U~RA~T~I~ON~DA~T~A~~~~~--~ 
LOADING CONFIGURATION DATA INTO HS-3273 

I I 
I_ .. t---~ 200 MIN ---...... -tl 
I I CODE EXECUTE ~~------;I I 
1 1 I 

50 MIN~I 1-- ---I /-II-- 20 MIN 
1 1 I I 

HOST'S 1/0 DRIVERS ~-----« VALID OUTPUT ERROR DATA CONTROL CODE .~~~--

~---t .. -,: 100 MAX 1-.--
HS-3273 1/0 DRIVERS --------------------~~~~~~~~~~~~~~~~~V~A~LI~D~DA~T~A 

I 1 
1 .. 350 MAX ---'1.-'1 

LOADING AN OUTPUT ERROR DATA REQUEST INTO HS-3273 

1 1 
1_"If--~ 200 MIN ~---'l"~1 

CODE EXECUTE --------;I~ ~ ________ ~I~ -----
1 

---I 1_.__ 100-350 
I 1 

HS-3273 1/0 DRIVERS __ ~ ______________ ~---~)~-----
(LOWER BYTE ONLY) VALID ERROR DATA . 

CAUSING THE HS-3273 LOWER BYTE TO ENTER HI-Z STATE 
AFTER HOST HAS READ THE HS-3273 ERROR DATA 

1 
I,_ .. t--~- 200 M IN---....... ~I 
1 I 

CODE EXECUTE ---------,1 I 
1 I 

50MIN---1
1 

l--- ~ '-I 120MIN 
I 1 

HOST~I/O DRIVERS ----~~~-V-A~L~ID~CO~N-T~R~O-L~CO~D-E-(-R~T~T-O~R-T-M-ES-S~A-GE-)~~~---

NOTE: ALL TIMES IN NANOSECONDS 
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LOADING A "NEXT MESSAGE WILL BE RT-TO-RT" 
REQUEST INTO HS-3273 
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2X INTERNAL DATA RATE CLOCK IS USED WHEN THE HS-3273 IS CONFIGURED TO 

RUN WITH AN ASYNCHRONOUS lOX EXTERNAL DATA RATE CLOCK. A lX INTERNAL 

DATA RATE CLOCK IS SUBSTITUED WHEN THE HS-3273IS CONFIGURED TO RUN 

WITH A SYNCHRONOUS 2X EXTERNAL DATA RATE CLOCK 

LEADING EDGE OF OMA REQUEST IS NOT PHASE RELATED TO THE 2X/lX INTERNAL 

CLOCK; THE CLOCK IS SHOWN FOR REFERENCE USE WITH OTHER DMA SIGNALS 

2X/lX CLOCK --I7 
DMA REQUEST 

\---100S ~ Tsu<Tp 
I 

TRAILING EDGE OF DMA REQUEST 

vzm 
_, 

DMA GRANT -----4j 
I 

---I 
1 

T p + Tsu 

1 

1---
1 

-: :---0 MIN 

DMA WRITE 1 1 
OMIN---j 1--- 1 

--I I--Tp+Tsu 

1 .1 I 

DMA ACKNOWLEDGE 
__ ---..: ________ -11--- 200 MIN ~ 

I 1 rl --------------

---I 1---450MIN 
1 I 

HOST'S 110 DRIVERS 

(READ CASE) 

HS-3273 1/0 DRIVERS 

(WR ITE CASE) 

NOTE: ALL TIMES IN'nSEC 

1 
---I 

I 

DMA SEQUENCE FOR HS-3273 

(CONFIGURED FOR 16-BIT I/O DATA BUS) 

__ I Tp:---

I I 

I 

I 
l--l00MIN 
1 

lXI2X CLOCK 

REQUEST I~ ______ ~ __________ ~r--l~ __________________ ~r--
I I 

GRANT -, 17lliril r 
1 I I I 
1 --I ,-- 0 nSEC MIN, 
1 I I 
1 ---I\-Tsu 

I 
---I 

A-C-K-N-O-W-L E-D-G-E 

lX/2X CLOCK 

:-Tp+Tsu 

I 
I 

---I 
1 
I_Tp+Tsu 

8-BIT MOOE (2 REAO CYCLES) 

REQUEST I~_~ ___________ ~ 
GRANT --, 

~I~I~-------------~ 

I 
I ___ I 

vlIZIZZZZlZZ/J 
I 
1_200nSECMIN 

1/ 0 TS EN ---t-i r-------. 
I 1 ~------------~ 

__ --II-Tsu 

WRITE 1 I .... ______ ....J 

--I I_ 1 
----- 1 I Tp+Tsu 1 
ACKNOWLEDGE I 1 

1 , 

--I. I--r;tTsu 

1 
---! 

, 
:--2Tp MIN 

~I ____________ -....JI~-------
I 

---I 1---0 nSEC MIN 

8-BIT MODE (2 WRITE CYCLES) 

DMA CONTROL SEQUENCE FOR BIU NO.1 
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Packaging 

t ~;,~:::::::::::::] "mw,,, 

I I 
-.J (15.49) L 

2.06 1.020 .2~~ ~~x~ I .530 1.015 11-
(~.~~ ;~~~)""t------1S2." '.0511 " ------.:.L m 
~ ~ ±D1; i P'" --II--

.018 1.003 .060 TVP. .100 TVP. (1.52!.381l .010!.003 
(.46 1.016) (1.52) (2.54) (.254 1.016) 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions± .010 (± 0.25mm) unless otherwise shown. 

Test Product Flow 

HARRIS SEMICOND'UCTOR PRODUCT FLOW 
MIL-M-38510/MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN rt1IL-STD-883 METHOD/COND. 

1 Internal Visual 2010 Condo B. 

2 Stabilization Bake 1008 Condo C (~4 hrs. minimum) 

3 Ter[1perature Cycling 1010 Condo C 

4 Constant Acceleration 2001 Condo E;Ylplane 

5 I Seal: ~ Fine 1014 Condo A or B 
B/ Gross 1014 Condo C2 

6 Initial Electrical Harris Specifications 

7 Burn-In Test 1015. 160 hrs. @ 1250C (or equiv-
alent) (Burn-In circuits enclosed) 

8 Final Electrical Tested at Worst Case Operating 
1000

\. go -no -go Conditions 

9 External Visual 2009 Sample Inspection 

Note: Traceability All devices are assigned elate coele identification that provides traceability 
back to the inspection lot. 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
Mclean, Virginia 22102 
(703) 44B-5400 
TWX: 710-833-0340 

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: 510-220-1527 

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 testsare performed on a lot acceptance basis. 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 lake Ellenor Drive 
Suite 113 
Orlando, Fl 32809 
(305) 851-9450 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, Fl 32901 
(305) 729-5585 
TWX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

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 
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Features 

• INPUTS Th AND CMOS COMPATIBLE 

• ADJUSTABLE RISE AND FALL TIMES VIA 
2 EXTERNAL CAPACITORS 

• PROGRAMMABLE OUTPUT DIFFERENTIAL RANGE 
VIA VOLTAGE REFERENCE INPUT (VREFI 

• POWER STROBE INPUT PERMITS LOW QUIESCENT 
POWER OF < 20mW 

• OUTPUTS ARE INHIBITED (0 VOL TSI I F DATA (AI AND 
DATA (BI INPUTS ARE BOTH IN THE "LOGIC ONE" 
STATE 

o CAN OPERATE UP TO A 100 KILOBITS DATA RATE 

• OUTPUT SHORT CIRCUIT PROOF AND CONTAINS 
OVERVOL TAGE PROTECTION 

• DATA "A" AND DATA "B" SIGNALS ARE "AND'D" 
WITH CLOCK AND SYNC SIGNALS 

o FULL MILITARY TEMPERATURE RANGE 

Package 16 LEAD BRAZED DIP 

Q I 0 I 

±~ bd-c G -H-
B H S 

LEAD DIM DIM DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM 

COUNT A B C D E F G H L Q S -
014 008 220 290 030 lOa 125 015 

16 - - - - - - -
200 023 01 S 840 310 320 070 BSC 200 060 060 

MIN. 
NOTE: DIMENSIONS IN INCHES 

MAX. 

Block Diagram 
ly+V ~~A 

HS~3182 

ARINC 429 Bus Interface 
line Driver Circuit 

Description 

The HS-3182 ARINC 429 bus interface driver circuit is a 
monolithic 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 
OAT A(AI and DA T A(BI inputs 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 STROBE 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% and V REF VREF is used to pro

gram the output voltage swing, such that VOUT (DIFFI = ± 2 VREF . 
Typically, VREF =V 1 =5V±5%. 

The driver output impedance is 75r2 ± 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 ARINC429,C A =C B=75pF forthe 
high speed operation (100 KBPS) and 500 pF for the low speed 
operation (12-14.5 KBPS). 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°Cto +125°C. 

Truth Table 

STROBE SYNC CLOCK DATA DATA AOUT BOUT COMMENTS 
(AI (BI 

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 

r - - - ..., 
VREF C 1 16P Vl 

S"T'R'O'B'E [ 2 1 5 tl N C 
D, ATA IAI 141, N1.,. 'LEVELSHIFTER~~D~~~~~ R 'H--+--I" & SLOPE I- rlA.:....1 _D""U""TI_2_-r-_-cf"\ 

~ CDNTRDllAI 

I FA I 161 

it 
~ADUT 

SYNC [ 3 14 P CLOCK 

DATA (AI ( 4 13 n DATA (B) 

CA [ 5 12 P CB 

AOUT [ 6 110 BOUT 

-V ( 7 10 P NC 

GND C-........8 __ 9 r-P +V 

CLDCK~ 

VREF I" I 181 GND 

SYNCol!!--~ ~ 
-"1LEVElSHIFTERr D>~_I~_~:----,RONu..,.TI2_~: _-<1";~~UT 

1131 ~-+-+--~ ANDSLDPE ~~I .--v 
DATA (BI~ ""T'"1 I CONTROL (81 I,} I (111 

I~ '-~~=++-~~==+I~1--~ : ~ : 
Vl:~161 CURRENTl=- I 1 1 IOV'~VOlTAG,1 

REGU- r-----1 L P!!.D'!.CT!.9N.....J 
STROBE~ - lATOR -v Cs 

~ 1711121 

I f--
I 

I : Cl 

1 I 
RL 

Copyright © Harris Corporation 1982 

© Ie MASTER 1983 4331 

~ 

o ....... 
o 
:l 
"0 
c 
o 
o 
E 
Q) 

en 
en 

"L: 
~ 

cu 
:c 



s-
o 
+'" 
(,) 
:J 
"C 
C 
o 
(,) 

E 
(J) 

en 
en 
.~ 

s-
tU :r: 

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 (Gnd-0.3V) to (Vl +0.3V) VREF (for ARINC 429) 
VREF (applications other Output Short 

Circuit Duration 
Output Overvoltage 

Protection 

See Note 1 

See Note 3 

ELECTRICAL CHARACTERISTICS 

than ARINC) 
Operating Case Temperature 

, Storage Temperature 

+15V ± '0% 
-15V ± 10% 
5V ± 5% 
5V ± 5% 

OV to 6V 
-55°C to +125°C 

- 65°C to + 1 50 °C 

+V = +15V±10%, -v = -15V±10%,V1 = VREF =5V±5% 
Case Temperature: - 55°C to + 125°C 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS 

ICCPD (+V\ Supply Current + V (Power Down) -475 +10 475 /1A 
ICCPD (-V) Supply Current - V (Power Down) - 475 + 10 475 /1A 
ICCOp (+V) Supply Current + V (Operating) 11 16 mA 
ICCOp (-V) Supply Current - V (Operating) - 10 -16 mA 
ICCOp (V,) Supply Current V 1 (Operating) 600 975 /1 A 
ICCOp (VREF) Supply Current VREF (Operating) -1.0 -0.4 -0.15 mA 
VIH 
VfL 
'vOH 

VOL 

VNULL 
IlL 
IIH 
IOHSC 

fOLSC 

CIN 

ISC (+V) 

ISC (-V) 

NOTES: 

CD 

Logic "'" Input Voltage 2.0 V 
Logic "a" Input Voltage 0.6 V 
Output Voltage High VREF VREF VREF 

(Output to ground) ( .. 250 mY) (+ 250mV) 
Output Voltage Low -VREF -VREF -VREF 

(Output to ground) (- 250mV) (+ 250mV) 
Output Voltage Null - 250 a + 250 mV 
Input Current (Input Low) -1 - 20 /1A 
Input Current (Input High) 1 '0 /1A 
Output Short Circuit Current - 80 -100 mA 

(Output High) 
Output Short Circuit Current 80 100 mA 

(Output Low) 

Input Capacitance 15 pF 
Supply Current + V (Short Circuit) 150 mA 

Supply Current - V (Short Circuit) - 150 mA 

Heat sink may be required for 1 OaK BPS @ + 125°C and outout short circuit @+ 125°C. 

Thermal Characteristics: T CASE = T(Junction) - 8(Junction - Case) P(Dissipation). 

Where: T(Junction Max) = + 175°C 

G (Junction- Case) = 19.6°C/W 

9 (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-' 00 kBps) 
No Load (0-100 kBps) 

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 

o Full Load for ARINC 429: RL = 400n and CL = 30,000pF 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°C, +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 600llA 325 mW q 
12.5-14 Full Load * 24 mA -24 mA 600 IlA 660 mW 60 mW 
100 Full Load * 46 mA -46 mA 600 Il A 1 watt 325 mW 

*See Note (2) above. 
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Typical Application 
PIN NUMBERS INDICATED BY II 

HS-3282 
CMOS 
ARINC 

CIRCUIT 

AOUT 

BOUT 

161 

1111 

, • TO 
BUS 

* The rise and fall time of the outputs are set to ARINC 
specified values by CA and CB. Typical CA = CB = 
75pF 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 

AOUT OV 

BOUT OV 

AOUT 

DtF~~~~~~IAl OV 

Burn-In Schematic 

R = 400n , 'I., watt. 

C1=0.03J.iF 

C2 = C3 = 500 pF. NPO. 

+V=+15V±10%. 

-V=-15V±10%. 

V 1 = +5V± 10%. 

DATAIBI 

Cl 

DATAIAI 'V • GND 

A 0.01 F decoupling capicitor is required on each of the 

three supply lines (+ V. - V, and V 1) at every 3rd Burn-in 

socket. 

© Ie MASTER 1983 

When the Data (A) input is in the Logic One state and 
the Data (8) 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 
Outputs are high impedance when the transmitter is 
disabled via the power strobe input. 

+5V 

A~ 
o 

+ 5V 

B ____ ~Il~ ____ ~ 0 

Ambient Temp. Max = + 125°C 

Package = 16 Lead Brazed Dip 

Pulse Conditions· = 
A & B = 6.25KHz, 25 0/0 on & 75% off duty cycle. 

. B is delayed one-half cycle and in sync with A .. 
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Traceability: 

Branding: 

Aged Products: 

Additional 
Requirements: 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 
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HARRIS SEMICONDUCTOR PRODUCT FLOW 
MI L-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

I nternal 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) (Burn-In circuits enclosed) 

Tested at Worst Case Operating 
Conditions 

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 EIA date code. 

Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements .. 

Sample Group A electrical tests are performed on a lot acceptance basis. 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 • 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando, FL 32809 
(305) 851-9450 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

. P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

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 
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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 (8) 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-3282 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 8008 during the 1 st 
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 8012 will cause odd parity to be generated 
and inputted to the output data stream. Conversely, 
a logic "1" on 8012 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 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 (± 10%) 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 KILOBIT$ OR12.5 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 PARITY OF TRANSMITTER DATA 
• AUTOMATIC WORD GAP TIMER 
• SINGLE 5-VOLT SUPPLY 
• LOW POWER DISSIPATION 
• FULL MILITARY TEMPERATURE RANGE 

Pinout 

TOP VIEW 

N/C 

429011(A) MR 
429011(8) TX ClK 

TTL ClK 

FC 

CWSTR 

ENTX 

42900 

EN2 42900 

TX/R 

Pl2 

8013 iiL1 
8012 8000 

8011 8001 

8010 8002 

8003 

8008 B004 

B007 800S 

8006 GND 
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Specificatit;Jns HS·3282 

ABSOLUTE MA'XIMUM 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°C to + 125°C 
- 65°C to + 150°C 

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 

Vec = 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 
VCH Common Mode V ±5 V 
IIH Input Leakage 75 135 200 p.,A VIN=VCC 
IlL Input Leakage -200 -325 -450 IJ-A VIN=O 
RI Differential Input Impedance 6 Kn 
RH Input Impedance to VCC 12 Kn 
RG Input Impedance to GND 12 Kn 
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 2.1 V 
VIL Logic "0" Input Voltage 0.7 V 
II Input Leakage -1.5 -1.5 IJ-A O<VIN<VCC 

ALL OTHER INPUTS 

VIH Logic "1" Input Voltage 3;5 V 
VIL Logic "0" Input Voltage 0.7 V 
IIH Input Leakage (Except Pin 36) 10 IJ-A VIN=VCC 

Input Leakage (Pin 36) 50 IJ-A VIN = VCC 
IlL Input Leakage -10 IJ-A VIN=O--
CI Input Capacitance· 15 pF 

OUTPUTS 
(Including 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. 
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r- Specifications HS·3282 m~ 

ELECTRICAL CHARACTERISTICS (Continued) 
DATA RATE = 100 KBFS DATA RATE = 12.5 KBFS TEST 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS 

FC' Clock Frequency 1 . MHz ==50% 
Duty Cycle 

FD Data Rate 100 12.5 KHz 
TLHC TTL Clock Rise Time 10 10 ns 
THLC TTL Clock Fall Time 10 10 ns 
TMR Master Reset Pulse Width 200 200 ns 

RECEIVER TIMING 
TD/R2 Receiver Device Ready Time 

From 32nd Data Bit 16 128 its 
TD/REN° Device Ready to Enable Time 0 0 ns 
TEN Data Enable Pulse Width 200 200 ns 
TEN EN Data Enable to Data Enable Time 50 50 ns 
TEND/R Data Enable to Device Ready 

Reset Time 200 200 ns 
TEN DATA Output Data Valid to Enable Time 200 200 ns 
TENSEL Data Enable to Data Select Time 20 20 ns 
TSELEN Data Select to Data Enable Time 20 20 ns 
TDATAEN Output Data Disable Time 30 30 ns 

CONTROL WORD TIMING 

o TCWSTR Control Word Register Strobe 
Pulse Width 130 130 ns 

TCWSET Control Word Setup Time 130 130 ns ... 
TCWHLD Control Word Hold Time 0 0 ns 0 

+-' 
0 

TRANSMITTER FIFO ::J 
WRITE TIMING U 

C 
TPL Parallel Load Pulse Width 200 200 ns 0 
TpL12 Parallel Load 1 to Parallel 0 

Load 2 Delay 0 0 ns E 
TTX/R Transmitter Ready Delay Time 840 840 ns Q) 

TDWSET Data Word Setup Time 110 110 ns CI) 

TDWHLD Data Word Hold Time 0 0 ns UJ 
.~ 

TRANSMITTER OUTPUT TIMING ... 
as 

TENDAT Enable Transmit to Output Data :c 
Valid Time 25 200 its 

TBIT Output Data BIT Time 4.95 5.05 39.6 40.4 its 
TNUL Output Data Nul Time 4.95 5.05 39.6 40.4 its 
TDTXlR Data Transmission Word to 

TXlR Set Time 50 50 ns 
TENTX/R Enable Transmit Turn Off Time 0 0 ns 
TGAP Data Word Gap Time 39.6 40.4 316.8 323.2 its 

REPEATER OPERATION TIMING 

TENPL Data Enable to Parallel 
Load Delay Time 0 0 ns 

TpLEN Data Enable Hold For Parallel 
Load Time 0 0 ns 

TTX/REN Enable Transmit Delay Time 0 0 ns 

1. 60·40 Duty Cycle Acceptable 2. Same Delay For 25 bit Word Format 

Crystal SpeCifications 
HS-3282 

PARAMETER TYPICAL CRYSTAL SPEC 
---------.., 

Frequency 1.000 MHz "AT" Cut 
Series Resistance (Max) 2500 

A~ '~t 
Unwanted Modes - 6.0 dB (Min) 
Type of Operation Parallel 
Load Capacitance 32pF ±0.5pf ~ CR·I8A 

HARRIS RECOMMENDS CRYSTAL CR·18A T 
1= 

--------~ 

-
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Pin Assignments 
PIN SYMBOL SECTION DESCRIPTION PIN SYMBOL ~ECTION 

1. VCC Receiver! 13 8013 Receiver! 
Transmitter Supply pin. 5volts ± 10%. Transmitter 

2 429011 (A) Receiver 

3 429011 (8) Receiver 

4 429012 (A) Receiver 

5 429012 (8) Receiver 

6 0lR1 Receiver 

7 0lR2 Receiver 

B SEL Receiver 

9 EN1 Receiver 

10 EN2 Receiver 

11 8015 Receiver! 
Transmitter 

12 8014 Receiver! 
Transmitter 

Pinout 

PIN SYMBOL SECTION 

29 PL2 Transmitter 

30 TX!R Transmitter 

31 42900 Transmitter 
32 42900 Transmitter 
33 ENTX Transmitter 

34 CWSTR Receiver! 
Transmitter 

35 F Receiverl 
Transmitter 

4338 

ARINC 429 data input to Receiver 
1. 
ARINC 429 data input to Receiver 
1. 
ARINC 429 data input to Receiver 
2. 
ARINC 429 data input to Receiver 
2. 

Device ready flag output from Re
ceiver 1 indicating a valid data 
word is ready to be fetched. 
Device ready flag output from Re
ceiver 2 indicating a valid data 
word is ready to be fetched. 
8us Data Selector - input signal 
to select one of two 16-bit words 
from either Receiver 1 or 2. 
Input signal to enable data from 
Receiver 1 onto the data bus. 
Input signal to enable data from 
Receiver 2 onto the data bus. 
8i-directional data bus for fetch
ing data from either of the Re
ceivers, or for loading data into 
the Transmitter memory or con
trol word register. See Control 
Word Table for description· of 
Control Word bits. 
See pin 11. 

14 

15 

16 

17 

1B 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2B 

8012 Receiver! 
Transmitter 

8011 Receiver! 
Transmitter 

8010 Receiver! 
Transmitter 

8009 Receiver! 
Transmitter 

800B Receiver! 
Transmitter 

8007 Receiver! 
Transmitter 

8006 Receiver! 
Transmitter 

GNO Receiver! 
Transmitter 

8005 Receiver! 
Transmitter 

8004 Receiver! 
Transmitter 

8003 Receiver! 
Transmitter 

8002 Receiverl 
Transmitter 

8001 Receiver! 
Transmitter 

8000 Receiver! 
Transmitter 

PL1 Transmitter 

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

HS·3282 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

DESCRIPTION PIN SYMBOL SECTION 

36 FC Receiver! 
Parallel load input signal loading Transmitter 
the second 16-8it word into the 
Transmitter memory and initiates 
9ata transfer into the· memory 
stack. 37 TTLCLK Receiver! 
Transmitter flag output to indi- Transmitter 
cate the memory is empty. 
Data output from Transmitter. 
Data output from Transmitter. 
Transmitter Enable Input signal 
to initiate data transmission 
from FIFO memory. 
Control word input strobe signal 

3B TXCLK Transmitter to latch the control word from the 
data bus into the control word 
register. 
Output of crystal oscillator stage, 39 MR Receiver! 

used to excite crystal. (See Crys- Transmitter 

ta(Oscillator). If using TTL clock, 
this pin should be left open. 

40 

DESCRIPTION 

See pin 11. 

See pin 11. 

See pin 11. 

See pin 11. 

See pin 11. 

See pin 11. 

See pin 11. 

See pin 11. 

Circuit ground. 

Seepin11 .. 

See pin 11. Control Word func-
tion not applicable. 
See pin 11. Control Word func-
tion not applicable. 
See pin 11. Control Word func-
tion not applicable. 
See pin 11. Control Word func-
tion not applicable. 

See pin 11. Control Word func-
tion not applicable. 
Parallel load input signal loading 
the first 16-8itword into the 
Transmitter memory. 

DESCRIPTION 

Input of crystal oscillator stage. 
(See Crystal. Oscillator). If using 
TTL clock, this pin may be left 
open or tied low but l1ever tied 
high. 
External clock input. May be 
either ten (10) or eighty (BO) times 
the data rate. If using both 
ARINC data rates it must be ten 
(10) times the highe'st data rate. 
(Typically 1 MHz). If using crystal 
oscillator, . this pin may be left 
open or tied high but never tied 
low. 
Transmitter Clock output. Deliv-
ers a clock frequency equal to 
the transmitter data rate. 
Master Reset. Active low pulse 
used to reset FIFO, bit counters, 
gap timmer, word count signal, 
TXIR 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 asimilar 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 for either 
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. 

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 (8D) 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 becomesa 
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 will be accepted by the Re-
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 will be accepted by the Re-
ceiver 2.lf 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.lf SDENB2 = "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 !ow 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 clock rate di· 
vided by eighty (80). 

BD15 WLSEL Selects word length. If WLSEL = "0" a 32·bit 
word format will be selected. If WLSEL = 
"1" a 25-qi.t WQrq f()rmat will be sele~t_~q~ 
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Operational Description (Continued) 

ARINC 429 DATA FORMAT as input to the Receiver 
and output from the Transmitter is as follows: 

TABLE 1 • ARINC 429 DATA FORMAT 

ARINC BIT # FUNCTIONS 

1 ·8 Label 
9·10 SDI or Data 

11 LSB 
12·27 Data 

28 MSB 
29 Sign 

30,31 SSM 
32 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: 

TABLE 2 . WORD 1 FORMAT 

BIDIRECTIONAL ARINC 
BIT # FUNCTION BIT# 
15, 14 13, 12 

13 LSB 11 
12, 11 SDI or Data 10,9 
10,9 SSM Status 31,30 

8 Parity 32 
7·00 Label 1 ·8 

TABLE 3 . WORD 2 FORMAT 

BIDIRECTIONAL ARINC 
BIT # FUNCTION BIT # 

15 Sign 29 
14 MSB 28 

13·00 Data 27·14 

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 Timingj 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 EN B. If 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. 

• 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 
the first-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 a four (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 I.Jsed 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 volt differential 
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 (SEl). 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 

4340 

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 Transmission. This eliminates a 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 

© Ie MASTER 1983 



Operational Description (Continued) 

Transmitter Enable signal (ENTX) is not active, a 
Logic "0", the data remains at ~he output regis
ter. The FIFO Memory has storage locations to 
hold eight 31-Bit 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 
Transmitter 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 St.ack one position. 
This action is continued until the last word is 
shifted out of the FIFO memory. At this time a 
Transmitter Ready (TX/R) flag is generated to 
signal the user that the Transmitter is ready to 
receive eight more data words. 

o A Bit Counter is used to detect the last Bit 
shifted out of the FIFO memory and replaGe's 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 FIFO Memory is shown in Timing In
terval 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 Transm itter 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 words. The user must keep track of the 
number of words loaded into the Memory to ensure 
no data is written over by other data. During the time 
the user is loading the Transmitter, he does not have 
to service the Receiver, even if the Receiver flags 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 D 
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 OBit 
times. 

34'CWSTR 
1 
1 

33'ENTX 
I 
1429iiO 

321 
142900 

311 
I 
I 

SElF TEST I 

~ - I 
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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 ~~ ______________________________________________________ -J'---
DATA 
BUS 

PL 2 

D/Rl 

SEL 

L.J1J 
________________ --~r---l~ ________ ~r__l~ __________ ~----

, I TIME INTERVAL A I TIME INTERVALB 

)gX BUS-IS BEI~G USED AS AN OUTPUT. 

TIME INTERVAL C TIME INTERVAL D 

x==x BUS IS BEING USED AS AN INPUT. 

FIGURE 2. TYPICAL INTERFACE TIMING SEQUENCE 

42901~ __ --------------__ ----__ -----------------------------

I= I OIR 

SEL 

lENOIR -I 
I 
I 
I f-

8000·15 ---------------------------( 

------------------ OR --------------:......--

SEL J/!!!I!!I!////////////!!II!// '\\~~ !I!!//I!I!!Ii 
8000·15 ~ G:)~---------

FIGURE 3 RECEIVER TIMING 

~ ICWSTR~ 
CWSTR 

~~-------------J)v 
8000·15 f 

ICWSET ---:::j 
----------~ CONTROL WORD 

FIGURE 4 CONTROL WORD TIMING 

@ Ie MASTER 1983 



OperaUonal Description (Continued) 

42901 

SEl 

TXlR 

ENTX 

42900 
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____________________ ~!~ ____ ~I_·~~~~~~_IP_L~~~~~~~·~I~·~~ __ IT_~R_=_1, ~ ______ _ 

r-IDWSET~ \ 

I IDWHLD 

BOOO·15 WORDl 

FIGURE 5 TRANSMITTER FIFO WRITE TIMING 

~~ I 
\,---, --_____ ----'11 

I 

1 11 

ENTX 'l 
__ ---J IENDAT 

IDTX/R 429DO _____ --( 

FIGURE 6 TRANSMITTER OUTPUT TIMING 
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IENPL =:11- -I/-IPLEN I 
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FIGURE 7 REPEATER OPERATION TIMING 
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Packaging Ordering Information 
40-PIN CER-DIP 

HS 1- 3282- 2 

HARRIS~ T T· L. TEoMPERATURE
o

: 
CUSTOM I 
INTERGRATED DEVICE 2. -.55 C to + 125 C 
CIRCUITS . NUMBER 8: MIL ~td. 883B 0 

DIVISION I 9. - 40 C to + 85 C 

PACKAGE CODE J 
1: Ceramic 

f~~.~:::::::::::::] '""'~ '" 
I I 

~ m49) L 
206*020 2~~~9~X. lJ 530*015 II 

I~~~~~~)I-o~---''''''"'''---L m 
~~t'~i~"'+ 

.018 t.003 .060TYP. .100 TYP. 11.52 !.381) .010 t.003 
1.46 t .016) 11.52) 12.54) (.254 t.016) 

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 

Final Electrical 
100% go-no-go 

External Visual 

rill L-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Cond: 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 assigned date code identifIcation that provides traceability Aged Products Product that has been held for more than 24 months will be reinspected 

Branding 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 

4344 

back to the inspection lot prior to shipment to group A inspection requirements 

All devices are branded with the part number and EIA,date code. Additional 
Requirements Sample Group A electrical tests are performed on a lot acceptance basis. 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando, FL 32809 
(305) 851-9450 

MIDWEST REGION. 

2850 Metro Office Park 
. Bloomington, MN 55420 

(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

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 
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m HARRIS HS-3819 

Preliminary Video Character Generator 

SEPTEMBER 1982 

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 
• 100VERLAYPATTERNS 

• 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 ASCII 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 
o 1 2 3 

o NULL £ SP 0 

1 T ~ ! 1 

4 5 

@ P 
A a 

6 

a 

7 

p 

q 

2 I --, II 2 B R b r 
~I~~~~~~~--~~~ 

3 • (~ * 3 C S 

4. ,", $ 4 0 T 

5 rm 0- % 5 E U 

6L-.1" & 6 F V 

7 - E3 ' 7 G vi 
8~ (8 H X 

9"~ ) 9 I Y 

AXZ*: J Z 

BI'\-+; K [ 

c-ro < L "-

o -10 - = M ] 

Ex6 > NI\ 

FOOd/? 0 

d 

e 

f 

g 

h 

m 

u 

w 

y 

n --.. 

o ¢ 

Copyright © Harris Corporation 1982 
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Overlay Patterns 
CRISS CROSS ;R~ CROSS HATCH 

C~~~E:-~~~ >X= HO~~~~Jt~ STRIKE 

DIAGONAL STRIKE ,/f
DIAGONAL STRIKE 7-
DIAGONAL STRIKE Z:= 

DASHED UNDERLINE f'-'-'f

DASHED UNDERLINE f'-'-'f

DASHED UNDERLINE f','-'f-
OPEN BOX ~f

OPEN BOX ~f-

~~~::~~~ ~~ 
REVERSE DIAGONAL "-
REVERSE DIAGONAL ~f
DOUBLE UNDERLINE '":~ 

Pinout 
WR I: 1 '-' 40 l:I VCC 
es I: 2 39l:1 GRAPHE 
AOl:3 38l:1E1i 
S1 I: 4 37 P E7 
S21:5 36l:1Eii 

S3 I: 6 35 P Es 
LC3 I: 7 34l:1 E4 
LC2 I: 8 33l:1 E3 
LC1 I: 9 32 P E2 
LCO I: 10 31 P fi 

EXEN C 11 30 P EO 
ROM DIS I: 12 29 P DOTCLK 

CC6 I: 13 28 P ifESn 
CC5 C 14 27 P CCLK 
CC4 C 15 26 P vSP 

CC3 C 16 25 P LTEN 
CC2 C 17 24 :J RVV 
CCl C 18 23 ::J BLK 
CCO C 19 22 ::J VID2 

GND C-t...=..20:.....-__ -=2.:..1,....:J VIOl 

LCO-3 - LINE COUNT 

CCO-6 - CHARACTER CODE 

ROMDIS - ROM DISABLE 

L TEN - LIGHT ENABLE 

RVV - REVERSE VIDEO 

VSP - VIDEO SUPPRESS 

BLK - BLANK 

S1-3 - SPECIAL FUNCTION 

EX EN - E~PANSION ENABLE 

E0-8 - EXPANSION INPUTS 

GRAPHE - GRAPHICS ENABLE 

NOTES: 

WR -WRITE 

Cs - CHIP SELECT 

AO - ADDRESS 0 

V1D1-2 - VIDEO OUTPUTS 

RESET - RESET 
DOTCLK - DOT CLOCK 

CCLK - CHARACTER CLOCK 

Dot Matrix 

,_ EACH ROW MAY HAVE DOTS 
IN SET A OR SET B ONLY. 

2. EACH CHARACTER MAY HAVE 
DOTS IN NORMAL SET OR 
OESCENOER SET ONLY. -
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HS-3B19 Block Diagram System Application 

FROM PROCESSO'R 

CC06 ~ ~--------------~ 9 X 12 X 32 + 
~~~--------------~ DATA IN 

rim 

SI 

S2 

S3 

OOTCLK 

CCLK 

m 
VSP 
RW 

LTEN 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 
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7 X 9 X 96 
ROM 

CHARACTER 
GENERATOR 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando. FL 32809 
(305) 851-9450 

CRT CONTROLLER 

CHAR 

VIDEO LINE CHAR 
VIDEO MODIFIERS COUNT CODE 

A 

6 1 

GRAPHE 

Ir 

VIDEO CHAR 

CONTROL CLK 

..- Vcc 

..- GNO ,i1DEO 

... RESET OUTPUT 

2 
f2 

HRTC VIOl 
VRTC VID2 

TO VIDEO MONITOR 

VIOl 

VI02 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 510-959-6259 

<II 

, 4 B B ::l PROM 
a: 

~ 0 (EXTERNAL CHARS) 
0 ... c( 

4 IrJ OUTPUTS 

~ i i 9 

LINE CHAR EXPANSION EXPANSION 
COUNT CODE ENABLE INPUTS 

HARRIS CHARACTER GENERATOR 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

fII 
'HARRIS 

CUSTOM INTEGRATED CIRCUITS DIVISION 
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II HARRIS 
ADVANCE 

SEPTEMBER 1982 

Features 

• BANDWIDTH (IF)>1MHz 

• ADVANCED SYNCHRONOUS DETECTOR 

• DUAL BANDWIDTH PLL 

• AUTOMATIC SYNCHRONOUS/ENVELOPE 
SWITCHING 

• AUTOMATIC STEREO/MONO 
SWITCHING 

Applications 

• AM STEREO RECEIVERS 

• SYNCHRONOUS DEMODULATION 

• PHASE LOCKED LOOPS 

Pinout 

TO BE DETERMINED 

Copyright @)Harrls Corporation 1982 
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HS-3604 

AM Stereo Demodulator 

Description 

The HS-3604 demodulator is designed specifically for the Harris 
V-CPM AM stereo system. By using pure synchronous detection 
in both the sum and difference channels, the HS-3604 takes full ad
vantage of the linear characteristics of the Harris system. The HS-
3604 is suitable for use in battery operated portables, car radios, 
table radios, and in the finest component stereo equipment. The 
HS-3604 is applicable to both synthesized and conventional mechan
ically tuned designs. 

The demodulator accepts an IF signal (100KHz to 1MHz) and produces 
left and right outputs. Additional outputs include open collectors for 
stereo and PLL lock indicators, VCO control voltage for tuning meters, 
and envelope detector for AGC of preceeding I F and R F amplifiers. 

The basic demodulator functions comprise a type two PLL for carrier 
recovery, I and Q demodulators, a pilot detection circuit, and a sum 
and difference audio matrix. Supporting functions include a dual 
bandwidth loop with phase/frequency detector (for mechanically 
tuned radios), automatic switching between envelope and synchronous 
detectors (to avoid audio beat notes), and automatic stereo/mono 
switching. 

When used in a synthesized radio design, the VCO is operated as a 
buffer, accepting an 8 X I F signal from the radio time base. The PLL 
loop filter output is available for application to a VCXO radio time 

base. 

Functional Diagram 

It I~ 

l6. " 45SIM. 
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Specifications HS-3604 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage VCC +24V Operating Supply Voltage VCC 7.0V to 16V 

Storage Temperature -650 C to +1500 C Operating Temperature -350 C to + 700 C 

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 

PARAMETER MIN 

Supply Current 

Lamp Driver Saturation 

Pilot Level for Lamp On 5 

Pilot Level for Lamp Off 4 

Input Level for Lock 15 

Envelope Detector THD 

Synchronous Detector THD 

Stereo THD 

Stereo Separation 30 

Audio Output . 180 

Signal to Noise Ratio 55 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448~5400 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 

TWX: 710-833-0340 

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: 510-220-1527 

Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando, FL 32809 
(305) 851-9450 

TYP MAX UNITS 

60 75 mA 

1.3 V 

5.5 6 % 

4.5 5 % 

20 25 mV RMS 

0.2 0.5 % 

0.1 0.3 % 

0.3 0.5 % 

40 dB 

200 220 mV RMS 

60 dB 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

TEST CONDITIONS 

30mA current 

200mV RMS IF 

200mV RMS IF 

85% AM 

85% AM 

50% Lor R 

50% L.or R 
1 KHz AUDIO TEST TONE 
200mV RMS IF 
100% AM L = R 

200mV RMS IF 
100% AM L = R 

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 

r 
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Harris 
Custom Integrated 
Circuits Division 
Gate Array Family 

CMOS GATE ARRAY FAMILY 

Product Number No. Gates No.I/O's Available Features ---------------------------------------
October, 1982 • 3 ns typical gate delay 

• 5 p,W/MHzI gate power 
October, 1982 dissipation 
o t b 1982 II TIL compatible I/O's 

coer, • Single 5-volt supply 
January, 1983 

HGA-C00600 600 40 

HGA-C01200 1200 64 

HGA-C02500 2500 120 

HGA-C01200RH 1200 64 
(radiation 
resistant) 

BIPOLAR GATE ARRAY FAMILY 

Product Number No. Gates No 1I0's Available Features .---------------------------------------
HGA-B01200 

. HGA-B03000 

© Ie MASTER 1983 

1200 
3000 

100 
120 

. January, 1983 • 1.2 ns typical gate delay 
• 200 J,tW gate power 

January, 1983 dissipation 
• TIL compatible I/O's 
• Choice of 5-volt and 

2-volt power supplies 

m HARRIS 
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: DIAL·A:.cHIP Is a f~isteted setvicemark , 
of Harris Corporation. 

4350 

~ ... ',- --' .. -- -_i_ 
-

Harris Technology 
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:II HARRIS 

JUNE 1982 

Features 

SUPPORT OF MI L-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 OATA 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 OUT 

OUTPUT 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 M I L-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 
MIL-STD-1553. The Encoder produces the sync 

Block Diagrams 

ENCODER 

12:> GND 

13 MASTER RESET 

22>---------~--+-----------~ 

14 .-....:...:...:..:-.., 

23>-":::'::':=~ 

SEND 
DATA 

SERIAL 
DATA IN 

19 20 

SYNC 
SELECT 

ENCODER ENCODER 
SHIFT ENABLE 

CLOCK 

Copyright ® Harri,s Corporation 1982 
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VCC <24 

OUTPUT 

iNHiBiT 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 while residing in a radiation 
environment. It interfaces with CMOS, TTL or N 
channel support circuitry, and uses a standard 5 volt 
supply. 

UNiPoLAR 
DATA IN 

BIPOLAR 7 TRANSITION 
ONE IN FINDER 

BIPOLAR 
ZERO IN 

DECODER 5 
CLOCK 

DECODER 

CHARACTER TAKE DATA 

COMMANDIDATA 
SYNC 

4 SERIAL 
DATA OUT 

1 VALID 
WORD 

M~~~~~>'=----------------"r-__ ....... - _-:,,_..,_+-_.;..9. ~~~F~DER 
CLOCK 
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Specifications HS-15530RH 

ABSOLUTE MAXIMUM RATINGS 

Supply Volt(lge + 7 .OV 

Input or Output Voltage Applied GND -O.3V to Vee + O.3V 

Storage Temperature Range -650 e to +1500 e 

Operating Temperature Range -550 e to +1250 e 

ELECTRICAL CHARACTERISTICS Vee = 5.0V!"5% TA = Operating Temperature Range 

SYMBOL PARAMETER MINIMUM TYPICAL MAXIMUM UNITS TEST CONDITIONS 

VIH Logical "1" I nput Vol tage 70% VCC V 
VIL Logical "a" Input Voltage 20% VCC V 

VIHC Logical "1" Input Voltage (Clock) VCC -0.5 V 
VILC Logical "a" Input Voltage (Clock) GND +0.5 V 
IlL Input Leakage -1.0 +1.0 J1Ao OV ~ VIN ~ VCC 

D.C. VOH Logical "1" Output Voltage 2.4 V IOH = -3mA 
VOL Logical "a" Output Voltage 0.4 V IOL = 1.8mA 

~ ICCSB Supply Current Standby 0.5 2 mA VIN = VCC = 5.25V 

0 Outputs Open ...... 
0 
::J 

ICCOP Supply Current Operating* 8.0 10.0 mA VCC = 5.25V. 
f = lMHz 

"C CIN I nput Capacitance * 5.0 7.0 pF 
r:::: 
0 

Co Output Capacitance* 8.0 10.0 pF 

.~ *Guaranteed and sampled but not 100% tested. 

E 
Q) ENCODER TIMING Vee = 5.0V ±5% T A = Operating Temperature Range 
en 
t/) FEC Encoder Clock Frequency 13 MHz CL = 50pF 
.~ 

~ 

«S 
:c 

FESC Send Clock Frequency 2.16 MHz 
TECR Encoder Clock Rise Time 8 ns 
TECF Encoder Clock Fall Time 8 ns 
FED Data Rate 1.08 MHz 

A.C. 
TMR Master Reset Pulse Width 150 ns 
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 
TEa Se')d Data Delay -10 50 ns 
TE9 Bipolar Output Delay 130 ns 

DECODER TIMING Vee = 5.0V ±5% T A = Operating Temperature Range 

FDC Decoder Clock Frequency 13 MHz CL = 50pF 
TDCR Decoder Clock Rise Time 8 ns 
TDCF Decoder Clock Fall Time 8 ns 
FDD Data Rate 1.08 MHz 
TDR Decoder Reset Pulse Width 150 ns 

TDRS Decoder Reset Setup Time 75 ns 
TMR Master Reset Pulse Width 150 ns 
TD1 Bipolar Data Pulse Width TDC +10 ns CD 

A.C. 
TD2 Sync Transition Span 18TDC ns CD 
TD3 One Zero Overlap TDC -10 ns (D 
TD4 Short Data Transition Span 6TDC ns CD 
TD5 Long Data Transition Span 12TDC ns CD 
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 (OFF) 90 110 ns 
TDlO Take Data Delay (OFF) 110 110 ns 
TDll Valid Word Delay 90 110 ns 

NOTE CD : 15TDC +10 = [15 (Decoder Clock Period)] +10ns TDC ~ Decoder Clock Period = _1_ 
These parameters are guaranteed but not 100% tested. FDC 

4352 © Ie MASTER 1983 



Pin Assignments 

PIN SECTION NAME DESCRIPTION 

1 Decoder VALID WORD Output high indicates receipt of a valid word. 

2 Encoder ENCODER SHIFT CLOCK Output for shifting data into the Encoder. This 
clock shifts data on a low-to-high transition. 

3 Decoder TAKE DATA Output is high during receipt of data after ident-
ification of a sync pulse. 

4 Decoder SERIAL DATA OUT Delivers received data in correct NRZ format. 

5 Decoder DECODER CLOCK Input drives the transition finder, and the synchron-
izer which in turn supplies the clock to the balance 
of the Decoder . 

6 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. 

7 Decoder 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. 

8 Decoder UNIPOLAR DATA IN With ;lin 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. 

9 Decoder DECODER SHI FT CLOCK Output which delivers a frequency (Decoder Clock 
+- 12), synchronized by the recovered serial data 

"-stream. 0 
10 Decoder COMMAND SYNC Output of a high from this pin occurs during output 

...... 
0 

of decoded data which was preceded by a Command :J 
(or Status) synchronizing character. A low output "C 
indicates a Data synchronizing character. C 

0 
11 Decoder DECODER RESET A high input to this pin during a rising edge of 0 

DECODER SHIFT CLOCK resets the decoder bit E counting logic to a condition ready for a new word. Q) 

12 Both GROUND Ground supply pin. en 
13 Both MASTER RESET A high on this pin clears 2: 1 counters in both the en 

Encoder and Decoder. 
.~ 

"-
14 Encoder 60UT Output from 6: 1 divider which is driven by the CO 

ENCODER CLOCK. :r: 
15 Encoder BIPOLAR ZERO OUT An active low output designed to drive the zero or 

negative sense of a bipolar line driver. 

16 Encoder OUTPUT INHIBIT A low on this input forces pin 15 and pin 17 high, 
the inactive states. 

17 Encoder BIPOLAR ONE OUT An active low output designed to drive the one or 
positive sense of a bipolar line driver. 

18 Encoder SERIAL DATA IN Accepts a serial data stream at a data rate equal to 
ENCODER SHIFT CLOCK. 

19 Encoder ENCODER ENABLE A high on this input initiates the encode cycle. 
(Subject to the preceding cycle being complete,) 

20 Encoder SYNC SELECT Actuates command sync for an input high and data 
sync for an input low. 

21 Encoder SEND DATA Is an active high 'output which enables the external 
source of serial data. 

22 Encoder SEND CLOCK IN Clock input at a frequency equal to the data rate X'2. 

23 Encoder ENCODER CLOCK. Input to the 6: 1 divider. 

24 Both VCC Positive supply pin. 

© Ie MASTER 1983 4353 
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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 SH I FT CLOCK CD. 
This cycle lasts for one word length or twenty ENCODE R 
SH I FT 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 @ . 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 

clocked into the SERIAL DATA input with every low
to-high transition of the ENCODER SHIFT CLOCK ® -
@ .. After the sync and the Manchester I I coded data are 
transmitted through the BIPOLAR ONE and BIPOLAR 
ZE RO outputs, the Encoder adds on an additional bit 
which is the. parity for that word @. At any time a Iowan 
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 internal counters and initializes the Encoder 
for a new word. 

TIMING I 0 I I I 2 I 3 I 4 I 5 I 6 I 7 I I IS I 16 I 17 I 18 I 19 I I I 
SEND CLOCK 

ENCODER 
SHIFT CLOCK 

~ 

~ 
ENCODER ENABLE ~ ~\\\\\\~\\\\\\~Do~'tfARE~\\\\\\\"~ ~~\\\\\\\\\\\\~ 

SYNC SelECT %\\\\1VAlIDt\\\~\\\\\\\\\W DON'T CARE %\\\\\\\\\~~ ~\\\\\'-\\\ \\\\\\\\ \\\\\\\\\\\\,,\\\\\~ 

SEND DATA 
r---------------~J ~!----------, 

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

SERIAL DATA IN 1 IS 14 1 13 1 12 1 11 110 : ~ 3 I 2 I I I 0 I 
BIPOLAR ONE OUT ~~i5-[~-[13J-i2-[11-G 0--3-I2-[I-Io-1-; I 

L_S!~<:.~_~_I_I~_LI~_LI~_L_I.!_G ~_~_I_~I_I_L!_l!_J 
cbcb 0 ·-----+-dxb+--5 --

Decoder Operation 
fhe 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 
Manchester data bits to start an output cycle. When a 
valid sync is recognized CD , the type of sync is indicated on 
COMM.A.ND/DATA SYNC output. If the sync character 
was a command sync, this output will go high @ 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 

4354 

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 word with
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 1983 



Operational Description (continued) 

Decoder Operation (continued) 
TIMING I I 0 I I I 2 I 3 I 4 I 5 I 6 i 7 I 8 

DECODER 
SHIFT CLOCK 

BIPOLAR ONE IN 

TAKE DATA 

I 16 I 17 I 18 I 19 I I I I 

~ 

COMMANDIDATA SYNC ____________________ ~I-------------J ~-----.--------------~-------

SERIALDATAOUT ~~~"\\\UNDEFINED~'01 15 14 13 12 I~ :~~4~1~3-L~2-L1 ~1_L~O~~~~~~u~~~~~~~~ 

VALID WORD IFROM PREVIOUS RECEPTION) 
L-______________________________ -Jr----

Encoder Timing 

SEND CLOCK ---.J I I L I ~TEI . 

ENCODERSHIFTCLOCK ~E3 ~~ 
SERIAL DATA IN E2 VALID l'\\\\\~'\\.~\~'\\.\\\\\\\\\\~ VALID 

-.---J I L 
~r~~TE~I ________ --'1 I Ir--------

--j~E4 I 
ENCODER ENABLE ---------------~I--TE5 ~TE 

SYNCSHECT ~\\\\.\\\\\\\\\\\\\\.,~\\V V~1I0 l,,\\\\w 
TE7=j 

SEND CLOCK 

ENCODER SHIFT CLOCK 

ENCODER SHIFT CLOCK 

TEBd F--------------------SEND DATA 

I L 
_----_____ ~ __ ~~~TE~9~-------,r--------

B~~~~:RO;EER~U;UO; ==:x C x~ ______ __ 
SEND CLOCK 

Decoder Timing 

NOTE. UNIPOLAR IN' O. FOR NEXT DIAGRAMS 

f--~- . -BIT PERIOD BIT PERIOD BIT PERIOD -----1 
BIPOLAR ONE IN .FTD1=t\\\\\\\\\\\~\\\\\\\\\.\\\\\'4 r-

TD2 U:- TD3 .' -1 f- TD3 

BIPOLAR ZERO IN _~--------------;------"tp=r..::D.:::l*~~~=0.,~~=~~~=~~~~~_;;$~~=$~~=~~~=~~~=0.,=~~&=~~;\f\]L-__ _ 
I T02 ---l 

COMMAND SYNC 

DATA SYNC 

ONE ZERO ONE 

NOTE BIP?LAR ONE IN ~ O. BIPOLAR ZERO IN ~ 1. FOR NEXT DIAGRAMS 

UNIPOLAR IN ...1:1=:. =====::r;TD;;2=:::;===::::::t===~==...!:TD~2L=======:!,:!I"~$~~S:$~0.'~;\~~~$~~~~L 
COMMAND SYNC 

UNIPOLAR IN :J1:' ::' =====::2!TD~2=====:.::::::F==::;=~==rTDD:2!=====~=:::;=i~;\~;\~~S:;\~0.'~$~~~~~ 
DATA SYNC 

UNIPOLAR IN F T04 =+:t::===~TD~5~=:::..:.:::::::F===TT~D5;-===~'1:1 ~.=-T~D~4..:-----+-:::=J. T04 ~ 
I ONE ZERO ONE ONE 

© Ie MASTER 1983 
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Operational Description (continued) 

Decoder Timing (continued) 

Applications 

( VALID "'\ 
WORD .J 

( DECODER '\ 
ENCODER CLK../ 

( BIPOLAR "\ 
ZERO IN ../ 

( BIPOLAR '\ 
ONE IN ../ 

UNIPOLAR '\ 
DATA IN ../ 

( COMMAND '\ 
SYNC ./ 

DECODER "'\ 
RESET .J 

I 

I" 

DECODER SHIFT CLOCK ~ I I r-
TD6~ ~~ ____________________________________________ ___ 

COMMAND/DATA SYNC --lJ. ______________________________ _ 
TD71 I--

TAKE DATA ~~----------------------------------------------

DECODER SHIFT CLOCK ----, .. -..,.-__ ...L.. _____ ---' '--__________ --'r----
TD8-1 1;:::= ________________________ ---.. r-----------------

SERIAL DATA OUT ===x OATA BIT X'-______________ __ 

DECODER SHIFT CLOCK ----, r-
TD9-1~: 

L--________ -Ir-
COMMAND/DATA SYNC ~ I 

TD10~ ·~~------------~I----------------------------------
TAKE DATA ------,~ ____________________________________________ _ 

VALID WORD TDl1--l f== 

DECODER SHI FT CLOCK ----,'---------c:-----r-ll 
TDRS----j f---

L--____ ---Ir-
DECODE R RESET _______________ ---dfoii1-__ .... TOR ~=----___________________________ __ 

How to Make Our MTU Look Like a Manchester Encoded UART 

.--00- L-- 1 24 - oJ rL - 2 23-

~- 3 22 -
4 21 d I I 

'---5 20 - ~-

~ HS.15530RH~: 

I 8 17 

9 16 
10 15 ry=:: 14-

13-'I 
I 

ITl I Il I I 

"T' CK 

I 1 '" ,"M " 'T SH/LD CK 

74LSI64 74LSI64 74165 74165 

I I I I II I I 11111111 I II II I I I I II I II I I 
PARALLel OUT PARAllel IN 

Typical Timing Diagrams for a Manchester Encoded UART 

ENCODER TIMING 

ENCODER E:'>lABLE 

SYNC SELECT 

PARALLel IN 

DECODER TIMING 

BIPOLAR ONE IN 

BIPOLAR ZERO IN 

f 
VCC 

\. 

f SYNC SEL 
\. 

f ENCODER 

\. ENABLE 

I BIPOLAR 

\. ONE OUT 

f INHIBIT ) \. OUTPUT 

\. 
BIPOL~ ) 

ZERO OUT 

f MASTER ) 
\. RESET 

1 

COMMAND SYNC ----------'I----------------------_____ ~I ____________________ ___ 

PARALLEL OUT VALID VZZZZVZZZZVZ7ZZZ7J VALID 

VALID WORD PR::I~S RECEPTION I I 
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M/L-STD-1553 Summary 

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 M I L-STD-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 20p sec. The word formats are shown in Figure 4. 
The special abbreviations are as follows: 

P Parity, which is defined to be odd, taken 
across all 17 bits. 

R/T Receive on logical zero, transmit on ON E. 

ME Message Error if logical 1. 

TF Terminal Flag, if set, calls for controller 
to request self-test data. 

The paragraphs above are intended only to suggest the 
content of M I L-STD-1553, and do not completely 
describe its bus requirements, timing or protocols. 

COMMAND 
SYNC 

DATA 
SYNC 

I _______ ~--------

I -------f-------
~E ~:;,oj.E~:;,of..~:;,~ 

LOGICAL ONE OATA l= 
LOGICAL ZERO DATA I 

FIGURE 3 - MIL-STD-1553 Character Formats 

BUS 

FIGURE 1 -. Simplified MIL-STD-1553 Driver 

"'" 

~--- "0" 

FIGURE 2 - Simplified MIL-STD-1553 Receiver 

COMMAND WORD (FROM CONTROLLER TO TERMINAL) 

9 5 I' 1 5 1 5 1'1 
SYNC I TERMINAL I I SUBADDRESS I DATA WORD I p I ADDRESS 

R/T 
/MODE COUNT 

DATA WORD (SENT EITHER DIRECTION) 

d I '6 I, 1 
SYNC I DATA WORD I p I 

STATUS WORD (FROM TERMINAL TO CONTROLLER) 

1 9 1 1 

I CODE FOR FAILURE MODES ITFI p I 
ME 

FIGURE 4 - MI L-STD-1553 Word Formats 

NOTE: This page is a summary of MIL-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 
2.20% 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 metClllization.l 

(2) The sample die shall be assembled and tested for functionality. 

(3)The sample devices shall be subjected to a Tota I 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 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 measure 
values is~5mA. 

Package 

24 LEAD DIP 

1. All dimensions in inches; millimeters are shown. in parentheses. 

2. All dimensions ±.01O (±0.25mm) unless otherwise shown. 

Sales Offices 

EASTERN REGION WESTERN REGION 

8300 Greensboro Drive 1503 South Coast Drive 

McLean, Virginia 22102 Suite 320 

(703) 448-5400 Costa Mesa, CA 92626 

TWX: 710-833-0340 (714) 957-6557 
TWX: 910-595-1533 

Five Old Concord Road 
Burlington, MA 01803 EAST COAST 
(617) 273-1020 

~----.----

7040 Lake Ellenor Drive TWX: 710-332-1074 
Suite 113 

106 Seventh Street Orlando, FL 32809 

Garden City, NY 11530 (305) 851-9450 

(516) 747-6776 
TWX: 510-220-1527 

Radiation Effects 

The HS-15530/31 RH is processed with the same mask set 
as is used for 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 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 (iCCSBI. Function
al failure due to the increased leakage currents will typically 
occur for dose levels in excess of 5 x 104 RAD-Si. AC and 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, HARR IS is able to perform screens 
only for a total dose hardness. Transident rad iation tests, 
however, have shown the following results: 

Latchup free doses25 x 1011 rads/sec. Upset (loss of stored 
data) typically 21 OS rads/sec. 

Ordering Information 

HS 1 ~15530RH - 2 

HARRlsJi T 1, 
DEVICE TEMPERATURE: 

NUMBER 2 - -550 C to +1250 C 
8 - M I L-STD-8838 

PACKAGE 
1 - Cerdip, 

9 - Flatpack 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
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 

I-

CUSTOM INTEGRATED CIRCUITS DIVISION 
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mHARRIS HS-6504RH 
4096 x 1 CMOS RAM 

SEPTEMBER 1982 Preliminary 

Features 
• LOW POWER STANDBY 

• LOW POWER OPERATION .•..•• '.' .•. 

• EXTREMELY LOW SPEED POWER PRODUCT 

.. 550,LlW MAX. 

35mW/MHz MAX. 

• FUNCTIONAL TOTAL DOSE. • . • . . . • • • . .1 x 105 RAD Si. 

• DATA UPSET . • . . . . . . • • . • • •• • • . . • .• >10
8 

RAD Si/SEC 

• LATCH - UP F R E E TO . • • • • .'. . . • . • • . . > 5 x 10
11 

R ADS itS E C 

• TTL COMPATIBLE INPUT/OUTPUT 

• THREE - STATE OUTPUT 

• STANDARD JEDEC PINOUT 

• FAST ACCESS TIME ...•. . 200nsec TYP 

• MILITARY TEMPERATURE RANGE 

o 18 PIN PACKAGE FOR HIGH DENSITY 

o ON CHIP ADDRESS REGISTER 

Description 
The HS-6504RH is a 4096 x 1 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 addresses, data input and data output 

allowing efficient interfacing with 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 
A7o----t 
A6 LATCHED 

A 

GATED 
ROW Al ADDRESS 

A2 REGISTER J-A_~_-i DECODER 

A30-----I 

D 

64 

64x64 
MATRIX 

Iii AOlo4A5AllAl0A9 

Pinout 

TOPVIEW 

AO vee 
A1 A6 

A2 A7 

A3 A8 

-A4 A9 

A5 A10 

Q A11 

iN 0 

GND E 

logic Symbol 

AD 
AI 
A2 
A3 
A4 
A5 
A6 
A7 
AB 
A9 

AID 
All 

A - Address Input 
E - Chip Enable 
W - Write Enable 
D - Data Input 
Q - Data Output 

VCC W 

>---00 

ALL LINES ACTIVE HIGH - POSITIVE LOGIC 

THREE STATE BUFFERS: 
C HIGH -+ OUTPUT ACTIVE 

LATCHES: 
C LOW-.O=O 
a LATCHES ON RISING EDGE OF C 

D 

Q 

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 sensitive to electrostatic discharge. 

Copydght © 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 I EEE 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 (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 
subscripts. The initiCiI 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 na';'e from which interval is defined -.J t 11 
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: 

4360 

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 

E~TWLEH~ 
W~_~ 

The example shows Write pulse setup ~ime 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 
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Specifications HS -6504RH 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - (Vee -- GND) 

Input or Output Voltage Applied 

-O.3V to + 7.OV 

(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! vee .. TEMP" 250 e <D 

OPERATING VCC" 5.0V 
RANGE TYPICAL 

SYMBOL PARAMETER MIN 
PRE 

MAX 
RAD 

POST 
TEST 

RAD 
UNITS CONDITIONS 

ICCSS Standby Supply Current 100 5 pA 10 =0 
VI = VCC or GND 

ICCOP Operating Supply Current 0 4.5 rnA f = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retention Current 50 pA 10 = 0, VCC = 3.0 
VI = VCC or GND 

VCCDR Data Retention Voltage 2.6 1.8 V 

D.C. " Input Leakage Current -1 +1 0 0 uA GND< VI <VCC 

10Z Output Leakage Current -10 +10 ±0.5 ±0.5 pA 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/iii -2.0 +0.3 

VIH Input High Voltage VCC vcc 2.9 1.9 V 

for E Riw -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 = -1.0mA 

CI Input Capacitance ® 8.0 5.0 5.0 pF f = lMHz 
VI = VCC or GND 

CO Output Capacitance ® 10.0 6.0 6.0 pF f = lMHz 
VI = VCC or GND 

TELQV Chip Enable Access Time 300 150 180 ns @) 
TAVQV Address Access Time 320 140 180 ns @) 
TELQX Chip Enable Output Enable 100 50 60 ns @) 

Time 

TEHQZ 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 

A.C. TAVEL Address Setup Time 20 -10 0 ns @ 
TELAX Address Hold Time 50 30 35 ns @ 
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 @) 
TQVWL 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 D~ta @ TO = 1 x 105. 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC test Conditions: Inputs: TRISE = TFALL~20nsec; Outputs: lTTL Load and 50 pF. All timing measurements 

at 112 VCC. 
5. Pr&-Radiation and Post-Radiation limits. 
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Read Cycle 

A 

TELEL 
TELEH 

r 
TEHQZ 

Q VALID DATA OUTPUT 

W HIGH 

TIME t t t REFERENCE 
-1 3 4 

TRUTH TABLE 
,TIME INPUTS OUTPUT FUNCTION 

REFERENCE E iN 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 .r 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) 

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 requir:
ed 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). 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 

A~~~~~~~~~~ 
I--------------TELEL--------------...t 

- ..... -----------TELEH---------"'---...... -,----, ,------, 

w~~~~~~_1----~~~~~~~~~~~~~~~~~~~~~~~~-~--

~TDVEl TElDX~ ... ~ TDVEl 

D 3888888>K DATA VAll~ .... N-E-XT...:.D-A-TA-

Q __ H_'~GH_-_Z ________________________________ H_'_GH_-_Z_ 

TIME 
REFERENCE 

-1 

TIME 
REFERENCE 

-1 

0 
1 

2 
3 
4 

INPUTS 
E iN A 

H X X 

'- L V 

L X X 

.rX x 
H X X 

'- L V 

t t 
2 3 

TRUTH TABLE 

OUTPUT FUNCTION 
0 Q 

X Z MEMORY DISABLED 

V Z CYCLE BEGINS, ADDRESSES ARE LATCHED 

X Z WRITE IN PROGRESS INTERNALL Y , 

X Z WRITE COMPLETED 

X Z PREPARE FOR NEXT CYCLE (SAME AS-1) 

V Z CYCLE ENDS. NEXT CYCLE BEGIN~ (SAME AS 01 

The early write cycle is the only cycle where the output 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 W is low when ~ falls, the out
put buffer is latched into the high impedance state and 

wili remain in that state until E returns high (T = 2). For 
this-cycle, the data input is latched byE 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 thenext cycle. 
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Read Modify Write Cycle 

TIME t 
REfERENCE 

·1 

TRUTH TABLE 

TIME INPUTS OUTPUT 
REFERENCE ~ W 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 .f 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 DISABLED 

CYCLE BEGINS; ADDRESS ARE LATCHED 

OUTPUT ENABLED 

OUTPUT VALID. READ AND MODIFY TIME 

WRITE BEGINS. DATA IS LATCHED 

WRITE IN PROGRESS INTERNALL Y 

WRITE COMPLETED 

PREPARE FOR NEXT CYCLE (SAME AS -11 

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 IT = 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. 

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 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-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. 

© Ie MASTER 1983 

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: 

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 
MI L-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 

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. @ 1250 C (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. 

Packaging 

18 LEAD CERAMIC DIP 

.185 

I MAX • 
. 900'! .015 I (4.70) 

(22.9±.381l --*-

('~~~~l .1.1 iT. (.381-1.52) 

UL 
.018±.003 .060 TYP. .100 TYP. 

(,457 ± .076) (1.52) (2.54) 

1. All dimensions in inches; millimeters are shown in parentheses. 

2. All dimensions ± .010 (± 0.25mm) unless otherwise shown. 
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Ordering Information 

Example: HS 1 

HARRIS CUSTOM Jj 
INTEGRATED CIRCUITS DIVISION 

PACKAGE 

PACKAGE 

FLAT PACK 9-

CERDIP F-

- 6504RH 

T 
DEVICE 

NO neE: 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 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando, FL 32809 
(305) 851-9450 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

PO. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

HARRIS 
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m HARRIS HS-650SRH 
1024 X 1 CMOS RAM 

Features 

• 
• 
• 
• 
• 
• 

FUNCTIONAL TOTAL DOSE ......... ' 
LATCH-UP FREE TO .............. . 
LOW STANDBY POWER .. 
LOW OPERATING POWER. 
FAST ACCESS TIME .... 
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 

....... 2 x 104 RAD Si 

5.0 x 1011 RAD Si/sec 
... 550j1WMAX 

25mW/MHz MAX 
300nsec MAX 

The HS-650SRH is a 1024 by 1 static CMOS RAM fabricated using the 
HARRIS 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-650SRH is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 

Functional Diagram 

A5 
AS 
A7 
AS 
A9 

D 1>--------1 

32 

C 

C 

32 x 32 
MATRIX 

GATED 
COLUMN 
DECODER 

AND DATA I/O 

Pinout 

TOP VIEW 

E vee 

AD D 

A1 W 

A2 A9 

A3 AS 

A4 A7 

Q A6 

GND A5 

A .~ Address Input D - Data Input 

E - Chip Enable Q - Data Output 
W - Write Enable 

log~c Symbol 

a 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

E +vee Vi 

-=- GND 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS' 
C HIGH -- OUTPUT ACTIVE 

D 

Q 

A . ADDRESS REGISTER AND DECODERS 

C 

Copyright © Harris Corporation 1980 
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LATCHED 
ADDRESS 
REGISTER 

AD A1A2A3A4 

LATCH AND GATE ON RISING EDGE OF C 
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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 (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 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 which inter.val is defined ~ t t ! 
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 1983 

EXAMPLE: 

CHIP 
ENABLE 

WRITE 
ENABLE 

E~TWLEH=£ 
W~~~ 

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 

~ 
CH.A.NGE 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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Specifications HS-650BRH 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage -vee -O.3V to 7.0V Operating Supply Voltage -vee 4.5V to 5.5V 

Input or Output Voltage Applied GND -O.3V 
to vee +O.3V 

Operating Temperature -550 e to + 1250 e 
Storage Temperature -650 e to + 1500 e 

ELECTRICAL CHARACTERISTICS ® 

TEMP. & VCC = 
TEMP. = 25°C CD OPERATING 

RANGE VCC = 5.0V TEST 
SYMBOL PARAMETER .MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSS Standby Supply Current 100 10 100 jJA 10 = 0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

D.C. 
II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 jJA GND ~ VI ~ VCC 

10Z Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 jJA GND ~ VI ~ VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

VOH Output High Voltage. 2.4 3.0 4.5 V IOH = -3mA 

CI Input Capacitance@ 6 4 6 pF VI = VCC or GND 
f = lMHz 

CO Output Capacitance @ 10 6 10 pF VO = VCC or GND 
f = 1 MHz 

TELOV Chip Enable Access Time 300 160 250 ns @) 
TAVOV Address Access Time 310 160 260 ns @) 
TELOX Chip Enable Output Enable Time 200 60 170 ns @) 
TWLOZ Write Enable Output Disable Time ~OO 60 170 ns ® 
TEHOZ Chip Enable Output Disable Time 200 60 170 ns @) 
TELEH Chip. Enable Pulse Negative Width 300 250 160 ns @) 
TEHEL Chip Enable Pulse Positive Width 150 130 90 ns @) 

A.C. TAVEL Address Setup Time 10 10 0 ns @) 
TELAX Address Hold Time 70 50 40 ns @) 
TDVWH Data Setup Time 130 100 80 ns @) 
TWHDX Data Hold Time 0 0 0 ns @) 
TWLEH Chip Enable Write Pulse Setup Time 160 130 100 ns @) 
TELWH Chip Enable Write Pulse Hold Time 160 130 100 ns @) 
TWLWH Write Enable Pulse Width 160 130 100 ns @) 
TELEL Read or Write Cycle Time 450 380 250 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. Example: Typical I CCOP = 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 

TEHEL----+--------

HIGH' 

o ~~----------TE-:-~-~~-----V-A-L-ID-O-U-TP-UT---TE--HO~~ ____ _ 

REF~I:EENcE--------tt----t--------t-----1f-------+------+---+r-
-1 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 VAll 0 
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 -650BRH Read Cycle, the address information is 
latched into the on-chip registers on the falling edge of 
E (T = 0). Minimum address 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 
(TEH EL) the RAM is ready for the next memory cycle 
(T = 4). 

© Ie MASTER 1983 

TIME 
REFERENCE 

TIME 
REFERENCE 

-1 
0 

2 
3 
4 
5 

E 

H 

-..... 
L 
L 

J 
H 

"'\.. 

-1 

INPUTS 
W A 

X X 
X V 
\. X 
J X 
H X 
X X 
X V 

Write Cycle 

f f 
2 3 

TRUTH TABLE 

OUTPUTS 
0 Q FUNCTION 

X Z MEMORY DISABLED 
X Z CYCLE BEGINS, ADDRESSES ARE LATCHED 
X Z WRITE PERIOD BEGINS 
V Z DATA IS WRITTEN 
X Z WRITE COMPLETED 
X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 
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 .and iN 
being low simultaneously. OW may go lowanytime 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 iN. Data 
setup and hold times must be referenced to the terminating 
signal. 

If a series of consecutive write cycles are to be performed, 
the Vii lin~ 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. Sy 

POSitioning the IN pulse at different times within the E 
low time (TELEH), various types of write cycles may be 
performed. 

If the E low time (TE LEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELOX), a comb
ination read write cycle is executed. Data may be modified 
an indefinite number of times during any write cycle 
(TE LEH). The data input and data output pins may be tied 
together. for use with a common I/O data bus structure. 
When using the RAM in this method allow a minimum of 
one output disable time (TWLQZ) after W goes low before 
applying input data to the bus. This will insure that the 
output buffers are not active. 

Radiation Scree'ning 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 104Rad 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) ICCSS at VCC = 5 volts will be measured and recorded 

for each devi.ce within one hour (±.15 minutes) after 

irradiation. The lot will be accepted only if the average 

of these measured values is , ~ 1 OmA. . 

Radiation Effects 

The HS-650BRH 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 ha~dness, is ob

tained with special high temperature 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 

(ICCSS). 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 facklr 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 d~ses ~ 5 x 1011 rads/sec. 

Upset (loss of stored data) typically ~ lOB rads/sec. 

-
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Test Product Flow 

Note: 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-M-38510/MIL-STD-883, METHOD 5004 CLASS 8 

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 

MIL-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (~4 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 

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 E IA 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 

.015! .005 
10.38 ! 0.13) 
--II-PIN ONE INDEX 

050 1 16 

Ig:.) 1 I========:::::l 

t 

'Irntmnm,:l~fg' 
1 8 gt======:::::J 

~ i I~ .. 

141.~~) IHI :: 11.02 L . 
lJ~ W ~ ~.508)~ jL 

.018±.003 .060 .100TYP 00 -150 .010±.003 
10.46 r.os) 11.52) 12.54) (0.25 r.os) 

1. All dimensions in inchps; millimeters are shown in parentheses. 
2. All dimensions ±'.OlO (± O.25mm) unless otherwise shown. 

Ordering Information 

Example: HS 1 

HARRIS PROGRAMS DIVISIONJJ 

PACKAGE 

PACKAGE 

FLAT PACK 9-

CERDIP 1-

- 6508 RH 

T lVERSION 
DEVICE 

SEATING PLANE 

1: 
(i~g;3) a 
MAX. D 

\ : 
~...! 

010 ~1 1-
11.78) 
MAX. 

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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miHARRIS 
HS-6514RH 

Preliminary 1024 x 4 CMOS RAM 
SEPTEMBER 1982 

Features 

• LOW POWER STANDBY 1250J.lW MAX. 

• LOW POWER OPERATION 35mW/MHz MAX. 

• FUNCTIONAL TOTAL DOSE 1 x 105 RAD Si 

• DATA UPSET )108 RADS Si/sec 

• LATCH - UP FREE TO >5 x 1011 RAD Si/soc 

• 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 I ntegrated 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 A9 

AS 
A 

A7 LATCHED GATED 
ADDRESS ROW 

AS REGISTER DECODER 

A4 
l 

A3 

000 0-----""'"":"'''" 

64 

G 

Dalo---_-~"" r--~-~--r_~ 

DQ2 o---~--~< 

DOl 0-----+--.....,.< 

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 

Pinout 
TOPVIEW 

A6 vee 

A7 

A8 

A9 

AO 000 

Al DOl 

A2 002 

E OQJ 

W 

logic Symbol 

E vcc W 

AO 
Al 
A2 
AJ 
A4 
A5 
A6 
A7 
AS 
A9 

A - Address Input 
~ - Chip Enable 
W - Write Enable 

DO - Data In/Out 

64x64 
MATRIX 

GATED COLUMN 
DECODER 

AND 
DATA 

INPUT/OUTPUT 

GND 

\ E Vi A6 AO Al A2 

000 

DOl 

002 

003 

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 sensitive 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, pnd 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'ietter 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 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: 

T X X X X 

Signal name from which interval is defined ~ 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 In 
Q = Data Out 
W = Write Enable 
E = Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

4374 

H = Transition to High 
L = Transition to Low 
V = Transition to Valid 
X = Transition to Invalid or Donit Care 
Z = Transition to Off (High Impedance) 

EXAMPLE: 

CHIP 
ENABLE 

E ~ 
W_-TWLE~ 

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 ne~er provides data later than that 
time. 

WAVEFORMS 

WAVEFORM INPUT OUTPUT 
SYMBOL 

MUST BE WILL BE 
VALID VALID 

~ 
CHANGE WILL CHANGE 

FROM H 10 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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Specifications HS-6514RH 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage - (Vee -GND) 

Input or Output Voltage Applied 

Storage Temperature 

-0.3V to '+-7.0V 

(GND -0.1'Ji 
to (Vee + 0.3V) 

-650 e to + 1500 (; 

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 = 25°C <D 
OPERATING VCC = 5.0V 

RANGE TYPICAL 

PRE POST TEST 
SYMBOL PARAMETER MIN MAX UNITS 

RAD RAD CONDITIONS 

ICCSB Standby Supply Current 250 6 6 f.JA 10 = 0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 4.5 mA t = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retenetion Current 50 4 4 JlA 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 jJ.A GND~VI~VCC 

4.5V to 5.5V 

1I0Z I nput/Output Leakage Current -10 +10 :to.5 :to .5 JlA GNDS.VIO~VCC 
VIL Input Low Voltage -n.3 0.8 1.5 1.3 V 

VIH Input High Voltage VCC '/CC 2.7 2.3 V 
-2.0 +0.3 

VOL Output Low Voltage 0.40 0.2 0.15 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4.7 4.1 V 10 = -LOrnA 

CI Input Capacitance ® 8.0 5.0 5.0 pF VI = VCC or GND 
f = 1MHz 

CIO Input/Output Capacitance @ 10.0 6.0 6.0 pF VIO = VCC or GND 
f = 1MHz 

TELQV Chip Enable Access Time 300 170 200 ns 0 
TAVQV Address Access Time 320 170 200 ns @) 
TELQX Chip Enable Output Enable 100 40 50 ns @) 

Time 

TWLQZ Write Enable Output Disable 20 100 40 50 ns @) 
Time 

TEHQZ Chip Enable Output Disable 100 40 50 ns 0' 
Time 

TELEH Chip Enable Pulse Negative 300 170 200 ns 0 
A.C. Width 

TEHEL Chip Enable Pulse Positive 120 40 80 ns @) 
Width 

TAVEL Address Setup Time 20 -10 0 ns 0 
TELAX Address Hold Time 100 50 60 ns 0 
TWLWH Write Enable Pulse Width 300 150 150 ns 0 
lWLEH Write Enable Pulse Setup Time 300 150 150 ns 0 
TELWH Write Enable Pulse Hold Time 300 150 150 ns 0 
TDVWH Data Setup Time 200 100 120 ns @) 
lWHDZ Data Hold Time 30 10 15 ns 0 
TWLDV Write Data Delay Time 100 50 60 ns @ 
lWLEL Early Output High-Z Time 0 -20 -15 ns 0 
TEHWH Late OutPl,lt High-Z Time 0 -20 -15 ns 0 
TELEL Read or Write Cycle Time 420 210 280 ns 0 
NOTES: 1. All devices guaranteed at worst case limits. Room temp .• 5 volt data provided for information and not guaranteed. 

2. Operating Supply Current (leCOP) is proportional to Operating Frequency. Post Rad data at TO = 1 X 105. 
3. Capacitance sampled and guaranteed - 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------------____________ ~ 

A~~~~~~mb~ ~ -, 
--+------------------TELEH----------------------I~ 

DQ----~~~--~----------~~~xx~V \VJ'AAlIlInDnDAATTAj~'O',UITT· ~--~~~----

W ____ ~H~IG~H~ ________________________________________________________________ _ 

TIME ----~----~---------------4----------------~----------_+--_r----t_--
REFERENCE _\ 

TRUTH TABLE 

TIME INPUTS DATA 1/0 

REFERENCE E IN A DO FUNCTION 

\ 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 CYCLE (SAME AS -1) 

5 '- H V Z CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS 0) 

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 state without 
affecting device operation. During time (T = 1) the outputs 
become enabled but data is not valid 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----------------------------i 

---i-------------------TELEH-----------------+_-

.-.---------------TWLEH------------i 

t----TDVWH 

!-----------TElWH----------------i 

TIME =:----f----I------I--------:--1. t--tl-~--It 
REFERENCE -1 2 3 5 

TRUTH TABLE 

TIME INPUTS 

REFERENCE E W A DO FUNCTION 

-1 H X X Z MEMORY DISABLED 

0 "'\.. X V Z CYCLE BEGINS, ADDRESSES ARE LATCHED 

1 L L X Z WRITE PERIOD BEGINS 

2 L ...r x V DATA IN IS WRITTEN 

3 ...r H x Z WRITE COMPLETED 

4 H X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 

5 '- X V Z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

The write cycle is initiated by the falling edge 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 (readingl if E 
falls before W falls. W is used to disable (three-statel 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-statel after E rises (TEHQZI. If") this 
type of write cycle TWL ELand TE HWH 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-

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 

Case 1 E falls before W 

Case 2 E falls after W & 
E rises before W 

OBSERVE 

TWLDV 

TWLEL 
TEHWH 

IGNORE 

TWLEL 

TWLDV 
TWHDV 

If 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 21. 

Read Modify Write Cycle 
..;:;::i TAVElI--TElA~ ~TAVEll--

A VALID ADO NEXT ADO 

f 

00 

TIME 
REFERENCE 

I 
TElEl----------...-.! 

TEHEl---t-----------TElEH-------_+--TEHEl ___ 

HIGH Z 

1 
-1 

/ "~ 
.-----TWlEH ----1 

",~f--TWlWH-

~ -
J-=-TWHOZ 

TWlOZ f--l-t -f-- TWlOV TOVWH--

~ '" INPUT DATA ~ DATA OUT / /I 

t 
" - TElOX ~ 

--TElOV 

t t ~ t t 
0 1 2 3 4 5 

TRUTH TABLE 

TIME INPUTS DATAIIO 

REFERENCE E W A DO 

H X X Z .... H V Z 
L H X X 

L H X V 
L L X Z 
L ..f X V 

..f H X Z 

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 

t 
6 

HIGH Z 

-1 

o 
1 

2 

3 
4 

5 
6 
7 

H 
.... 

X 

H 

X 

V 
Z 

z· 
PREPARE FOR NEXT CYCLE (SAME AS -1) 

CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

t 
7 

If the pulse width of W 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 = 11. Data out will be 
valid during time (T = 21. After the data is read, W can go 
low. After minumum TWLWH, W may return high. The 

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. 

NOTES: 

© Ie MASTER 1983 

In 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. 

4377 

~ 

0 ...... 
(.) 
::::s 

"C 
c: 
0 
(.) 

E 
Q) 

en 
en 
.~ 

~ 

CO 
:c 



"-o ..... 
(,) 
::J 

,"0 
c: 
o 
(,) 

E 
Q) 

en 
UJ 
.~ 

"-as 
:c 

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 
metallizatbn.) 

Dose Rad'iation 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. 

(2) The sample die shall be assembled and tested to the' (4) The samples will be tested to the data sheet limits 
pro~uction test program for proper operation. 

(3) The sample devices shall be subjected to a Total 

within one hour (±15 minutes) after irradiation. The lot 

will be accepted only if all units, exclusive of non

radiation faiJures, 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 temperature proces
sing cycles. These process techniques can, in principle, be 
applied to any standard HAR R IS 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: 
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Notes: Traceability; 

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 
MIL-STD-883 METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN MI L-STD-883 METHOD/COND. 

Internal Visual 2010 Condo B. 

Stabilization Bake 1008 Condo C (24 hrs. minimum) 

Temperature Cycling 1010 Condo C 

Constant Acceleration 2001 Condo E; Y1 plane 

Seal: A Fine 1014 Condo A or B 
B Gross 1014 Condo C2 

Initial Electrical Harris Specifications 

Burn-In Test 1015,160 hrs. @ 1250C (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. 

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 18 LEAD CERPACK 
18 LEAD CERAMIC DIP TOP VIEW r-PIN ONE IDENT. 

C=====~~~1------~1~8;;;;;;;;----~~ 

(12.95 %.254) 0 

.050 0 
(1.27) ~ T'r .018!..002 

, (O.46! 0.05) 0 I
~~~! .510 t.Ol0 0 

- - 9 10 L ~ 
t l-l~'385t'010sa.+ .285%.015 =t=--'-~-~~ 

(S.18 %.254) (1.24 %.3811- .090 MAX. 

.185 f-- I;!~) --j 
I .SOO!.015·. I ~~~j ~ .295t.010 ~ 

. 122.9!..3811 ~ lill.49t.254111 

(2.29) 

"':~~l . ! I hit ;""j .950!.02D ______ --\ 
(24.13 to.511 

11 U JUL U U U U u, --.j ".''''~~ 
.018!.003 .060 TVP. .100 TVP. 00.150 

(.451! .0161 (1.52) 12.541 

.041 
.005t.002 11.19) 

(O.13:!:O.051 REF. 

-.l I I L 
T f 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions±..010 (±O.25mm) unless otherwise shown. 

Ordering Information 

Example: HS 1 - 6514RH 

HARRIS CUSTOM INTEGRATED CIRCUITS DIVISIONJj 

PACKAGE TlVERS'ON 
DEVICE 

PACKAGE 

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 is cautioned to verify that data sheets are current before placing orders. 

Sales Offices 
EUROPEAN 

Harris Systems Ltd. 

EASTERN REGION WESTERN REGION MIDWEST REGION Semiconductor Programs Division 
P.O. Box 27 

8300 Greensboro Drive 1503 South Coast Drive 2850 Metro Office Park 145 Farnham Road 
McLean, Virginia 22102 Suite 320 Bloomington, MN 55420 Slough SL 1 4XD 
(703) 448-5400 Costa Mesa, CA 92626 (612) 854-3224 United Kingdom 
TWX: 710-833-0340 (714) 957-6557 TWX: 910-576-3418 Tel: 34666 

TWX: 910-595-1533 TWX: 848174 
Five Old Concord Road HOME OFFICE 
Burlington, MA 01803 EAST COAST 

P.O. Box 883 (617) 273-1020 
-------- m TWX: 710-332-1074 7040 Lake Ellenor Drive Melbourne, FL 32901 

Suite 113 (305) 729-5585 

106 Seventh Street Orlando, FL 32809 TWX: 510-959-6259 

Garden City, NY 11530 (305) 851-9450 

(516) 747-6776 HARRIS TWX: 510-220-1527 

CUSTOM INTEGRATED CIRCUITS DIVISION 
... 
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mHARRIS ·HS-6551RH 
256 x 4 CMOS RAM 

Features 

• FUNCTIONAL TOTAL DOSE 2 x 104 RAD Si 

• LATCH-UP FREE TO 5.0 x 1011 RAD Si/sec 

• LOW STANDBY POWER 550J,lWMAX 

• LOW OPERATING POWER 25mW/MHz MAX 

• FAST ACCESS TIME 300nsMAX 

• 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 

Description 

The HS-6551 RH is a 256 by 4 static CMOS RAM fabricated using the 
Harris 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 inter
facing with microprocessor systems. The data output b~ffers 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 

OATID 
ROW 

DICODIR ir 
nxn 

COLUM .. 
DECODER 
AND DATA 

INPUT/OUTPUT 

Pinout 
TOP VIEW 

A3 

Al 

01 

A - Address Input 
E - Chip Enable 
S - Chip Select 

vee 
A4 

Iii 

51 

E 
52 
04 

04 

03 

03 

Q2 

Iii - Write Enable 
D - Data Input 
Q - Data Output 

logic Symbol 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 

ALL LIN., 'OIITIVI LOOIC - .'CTIVI HIOH 

THOU lTATI aufFUI 
e HIGH ~OUT'UT ACTIVE 

DATA LATCHEI. 
C HIOH --...0-0 
o LATCHEI ON ,ALLINO EDGI OF C 

-00. 

-<>01 

-004 

E vcc W 

D1 
01 
D2 
02 
03 
03 

IELECT LATCH. 

e LOW~Q·D 

Copyright © Harris Corporation 1980 
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o LATCHEI ON "'IING lOGE Of C 

ADD.nl, LATCHES AND DtCODER. 
LATCH AND GATE ON .UIINg EDGE 0' C 
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Symbols and Abbreviations 

This data sheet utilizes a new set of specification nomenclature. This new format is an I EEE 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 (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: 

T X X X X 

Signal name from which interval is defined -.1 ttl 
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: 

© Ie MASTER 1983 

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 yaJues 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 

WAVE.FORM INPUT OUTPUT 
SYMBOL 

MUST BE WI LL 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-6551RH 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage -vcc 

Applied Input or Output Voltage 

+7V 

GND -O.3V 
VCC +O.3V 

OPERATING RANGE 
Operating Supply Voltage -'Vcc 4;5V to 5.5V 

Operating Temperature -550 C to +1250 C 
Storage Temperature -650 C to + 1500 C 

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. 

TEMP. & vee = 
TEMP. = 250C <D OPERATING 

RANGE vee = 5.0V TEST 
SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSS Standby Supply Current 100 10 100 p..A 10 = 0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 p..A GND~ VI ~vce 

10Z Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 p..A GND~ VI ~ VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 2.0mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -1.0mA 

CI Input Capacitance G) 6 4 6 pF VI = VCC or GND 
f = 1 MHz 

CO Output Capacitance @ 10 6 10 pF VI = VCC or GND 
f = lMHz 

TELOV Chip Enable Access Time 300 160 240 ns @) 
TAVOV Address Access Time 300 150 240 ns @ 
TSl LOX Chip Select 1 Output Enable Time 150 60 120 ns @ 
TWLOZ Write Enable Output Disable Time 150 60 120 ns @ 
TS1HOZ Chip Select 1 Output Disable Time 150 60 120 ns @) 
TELEH Chip Enable Pulse Negative Width 300 240 160 ns @) 
TEHEL Chip Enable Pulse Positive Width 100 70 50 ns @) 
TAVEL Address Setup Time 15 0 -10 ns @) 
TS2LEL Chip Select 2 Setup Time 15 0 -10 ns @ 
TELAX Address Hold Time 70 50 40 ns @ 
TELS2X Chip Select 2 Hold Time 70 50 40 ns @) 
TDVWH Data Setup Time 150 120 100 ns @' 
TWHDX Data Hold Time 0 0 0 ns @ 
TWLS1H Chip Select 1 Write Pulse Setup Time 180 150 120 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 180 150 120 ns @ 
TSl LWH Chip Select 1 Write Pulse Hold Time 180 150 120 ns @ 
TELWH Chip Enable Write Pulse Hold Time 180 150 120 ns @ 
TWLWH Write Enable Pulse,Width 180 150 120 ns @ 
TELEL Read or Write Cycle Time 450 270 170 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (ICCOP) is proportional to Operating Frequency. Example: TypicaliCCOP = 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 for Post-Radiation characteristics. 
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Read Cycle 

TELEL---------I1--4 
t;==~~==t:t't-------TELEH-------t;==~~=::tj 

o --------~---~_i~~c=======V~A;L~IO~O~U~TP~U~T=======>~----
TS1LOX~ 

SI ZZZ//ZTfl§\\.~ 
4 TSIHOZ YT/ZSS§' 

W __ ~H~'G~H~ ________________________________ _ 

TIME 
REFERENCE 

-1 

TRUTH TABLE 

TIME INPUTS OUTPUTS 

REFERENCE E 51 52 IN A 0 Q FUNCTION 

-1 H H X X X X Z MEMORY DISABLED 

0 ""\...X L H V X Z ADDRESSES AND 52 ARE LATCHED, CYCLE BEGINS 

1 L L X H X X X OUTPUT ENABLED BUT UNDEFINED 

2 L L X H X X V DATA OUTPUT VALID 

3 JL X H. X X V OUTPUTS LATCHES, VALID DATA 

4 H H X X X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 

5 ""\...X L H V X Z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

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, Sl must be low and W must 
be high. S2 must have been latched low on the falling 

edge of E. The output data will be valid at access time 
(TELOV). 

© Ie MASTER 1983 
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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 S1 
or S2 may be used to force the output buffers into a 
high impedance state. 

Write Cycle 

I----------'---TELEL--------~ 
--------l----TEHEL 

~---TWLWH ----<0001 

I---+---TSILWH ---'----0-1 

'--------TWLS1H----1/.:,...,..'"7'"': ..... ~"'T"~ 

REF!':EENCE-----t---+---+-----------f-+----f---+-
-1 
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TRUTH TABLE 

TIME INPUTS OUTPUTS 

REFERENCE E S1 S2 W A 0 Q FUNCTION 

-1 H H X X X X Z MEMORY 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 J"X 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 Z CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS 0) 

In the Write Cycle the falling edge of E latches the 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, W, 51 being low and 52 being 
latched low simultaneously. The W line may go low at any 
time during the cycle providing that the write pulse setup 
times (TWLEH and TWLS 1 H) are met. The write portion 
of the cycle is terminated on the first rising edge of either 
E, W, or S1. 

If a series of consecutive write cycles are to be executed, 
the W line may be held low 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 
(TS1 LS1 H) is greater than the W pulse plus an output 
enable time (TS1 LOX), a combination r.~ad-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 1/0 bus struct
ure by tying the input and output pins together. The 
multiplexing is accomplished internally by the W line. 
In the write cycle, when W goes low, the output buffers 
are forced to a high impedance state. One output disable 
time delay (TWLOZ) must be allowed before applying 
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 (un. (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) ICCSS 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. 

Radiation Effects 

4384 

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 with special high temperature 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 
(ICCSB). Functional failure due to the increased 
leakage currents will typically occur for dose levels 

in excess of 5 x 104 R AD- Si. AC and DC pa
rameters other than I CC 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 '2:. 5 x 1011 rads/sec. 

Upset, (loss of stored data) typically ~ 108 rads/sec. 
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Test Product Flow 

Note: 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-M-38510/MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

I nternal 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; 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 

Traceabil ity: 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 E IA 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 

22 LEAD SIDE BRAZE DIP 22 LEAD FLATPACK 

IOO~~)-ir-PIN ONE IDENT 

~ ...;, ~ 

22 21 20 19 18 17 16 15 14 13 12 
TOP VIEW 

1 2 3 4 5 6 7 8 9 10 11 
~ ~ ~ ~ -J ~ 

.140! 

1:i°5
2
6
0
! ~ 1.08:011 --!.040~ 

.508) 1274: 0.28) .020 
I . (1.01! 
~ j r050TVPI1.27) .508) 

T~~ 
~ .390: .010 j 1_ 19 .90 ~ .254) 

¥~:, [ ::: ::, ] 4 ,!~ 
t

f 
1- .375:.020 + .285:.015 I~~:~~~~) I ~ 

.005: .001 
_

___ ,_ 19.53: 0.51) 17.24: 0.38) 'i~~~)--l 
.950: .020 .025 MAX. 
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124.13:0.51)----., 10.64) 
'101L: REF 

r-~~~~E=~~: 
--11-- .020:.003 ~ 

II (508 :076) 175: 

.010:.003 
(254 :076) _ f--

010 
14.44 : 
2.54) 

, 
I.- .410:.015 l' I (10.4: .3811 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions ± .010 (± 0.25mm) unless otherwise shown. 

Ordering Information 

Example: HS 1 

HARRIS PROGRAMS DIVISION~J 
PACKAGE 

PACKAGE 

FLAT PACK 9-

CERDIP 1-

6551 RH 

TlvERS'ON 
DEVICE 

·NOTlCE: 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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mHARRIS HS-6564RH 

Preliminary 

Radiation Resistant 
8K x 8, 16K x CMOS RAM 

OCTOBER 1982 

Features 
• LOW POWER STANDBY 
• LOW POWER OPERATION 
• DATA RETENTION 
• TTL COMPATIBLE IN/OUT 
• THREE STATE OUTPUTS 
• FAST ACCESS TIME 
• MILITARY TEMPERATURE RANGE 
• ON CHIP ADDRESS REGISTERS 
• ORGANIZABLE SKxS OR 16Kx4 
• 40 PIN DIP PINOUT 2.000" x 0.900" 
• FUNCTIONAL TOTAL DOSE 
• DATA UPSET 
• LATCH-UP FREE TO 

Description 

S.S mW MAX 
30S mW/MHz MAX 

3.0V MIN 

250 nsec TV P. 
-55°C TO +125°C 

1x105 RAD Si 
>108 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 by 8 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 
12 

~==~~~~======~~======~========~ 

u------+-~H-----~~+_--_+~~----~~ 

m----~~~------~~--------~------__, 
~------+4~~------~~----~;;------, 

~------~H-----~~+_--_+~~----~h 

Pinout 
TOP VIEW 

*GNO 1 vee* 
04 2 00 
04 3 00 
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 A5 
06 16 02 
06 17 02 
07 18 03 
07 19 03 

*vee 20 GNO* 

·NOTES: 

Pins 20 and 40 (VCC) are internally connected. 
Similarly pins 1 and 21 (Ground) are connected. The 
user is advised to connect all four VCC 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. 

0303 

, 04 04 05 05 06 06 07 07 

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 sensitive to electronic discharge, Proper I.C. handling procedures should be. followed. 
Co~yright © 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 arid 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 define~ t J J 
Transition direction for first signal 

Signal name to which interval is defined 
Transition direction for second signal 

Signal Definitions: 

A = Address 
0= Data In 
a = Data Out 
W = Write Enable 
E = Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

4388 

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 

E~TWLEH-r 
w~ ~ 

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 maximum since the device 
never provides data later than that time. 

WAVEFORMS 

WAVEFORM 
SYMBOL 

INPUT 

MUST BE 
VALID 

CHANGE 
FROM HTO L 

CHANGE 
FROML TOH 

DON'T CARE: 
ANY CHANGE 
PERMITTED 

OUTPUT 

WILL BE 
VALID 

WILL CHANGE 
FROM H TO L 

WILL CHANGE 
FROML TOH 

CHANGING: 
STATE UNKNOWN 

HIGH 
IMPEDANCE 

© Ie MASTER 1983 
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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 functional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 0 

TEMP. & VCC = TYPICAL 
OPERATING TEMP. = 25°C CD 

RANGE VCC = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX PRE RAD POST RAD UNITS CONDITIONS 

ICCSB Standby Supply Current 1600 80 80 JLA 10 = 0 
VI = VCC or GND 

ICCOPl Operating Supply 0 56 36 rnA f = lMHz, 10 = 0 
Current (8K x 8) VI = VCC or GND 

ICCOP2 Operating Supply 0 28 18 rnA f = lMHz, 10 = 0 
Current (16K x 4) VI = VCC or GND 

ICCDR Data Retention 1600 48 48 JLA 10 = 0, VCC = 3.0 
Supply Current VI = VCC or GND 

VCCDR Data Retention 3.0 2.6 1.8 V 
Supply Voltage 

IIA Address Input Leakage -20 +20 JLA GND~VI~VCC 

IIDl Data Input Leakage 
(8K x 8) 

-3 +3 JLA GND~VI~VCC 

IID2 Data Input Leakage -5 
(16K x 4) 

+5 JLA GND~VI~VCC 

IIEl Enable Input Leakage 
(8K x 8) 

-10 +10 JLA GND~VI~VCC 

IIE2 Enable Input Leakage -5 +5 JLA GND~VI~VCC 
(16K x 4) 

D.C. IIW Write Enable Input -10 +10 JLA GND~VI~VCC 
Leakage (Each) 

10Zl Output Leakage (8K x 8) -20 +20 ±4 ±4 JLA GND~VO~VCC 

10Z2 Output Leakage (16K x 4) -40 +40 ±8 ±8 JLA GND~VO~VCC 

VIL Input Low Voltage -0.3 0.8 1.5 1.3 V 
VIH1 Input Hi9.h Lev~ 

(Except E and W) 
VCC -1.5 VCC +0.3 2.7 2.3 V 

VIH2 I~ut H\AA Level VCC -1.0 VCC +0.3 2.9 1.9 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, 

Capacitance VI = VCC or GND 
CIDl Data Input ® 50 pF f = lMHz, 

Capacitance (8K x 8) 3 VI = VCC or GND 
CID2 Data Input ® 

Capacitance (16K x 4) 3 
100 pF f = lMHz, 

VI = VCC or GND 
CIEl Enable Input 160 pF f = lMHz, 

Capacitance (8K x 8) ® VI = VCC or GND 
CIE2 Enable Input 80 pF f = lMHz, 

Capacitance (16K x 4) ® VI = VCC or GND 
CIW Write Enable Input ® 100 pF f= lMHz, 

Capacitance (Each) 3 VI = VCC or GND 
COl Output Capacitance ® 50 pF f = lMHz, 

(8K x 8) VO = VCC or GND 
CO2 Output Capacitance ® 100 pF f = lMHz, 

(16K x 4) VO = VCC or GND 

NOTES: 

<D Each individual RAM in the lead less carrier is fully tested at worst case limits 
of temperature and voltage. The complete assembled HS-6564RH array is 

@ Operating supply current is proportional to operating frequency. ICCOP is 
specified at an operating frequency of 1 MHz, indicating repetive accessing 

tested at room temperature only. The worst case parameters are at a lJLs rate. Operation at slower rates will decrease ICCOP proportionally. 
guaranteed over the specified temperature and voltage ranges. Room o Capacitance sampled and guaranteed - not 100% tested. temperature, 5 volt data is provided for information purposes and is not 
guaranteed. @) Pre Radiation and Post Radiation limits. 

... 
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ELECTRICAL CHARACTERISTICS 

Specifications HS-6564RH 

TEMP.&VCC = 
OPERATING 

RANGE 

TYPICAL 
TEMP. = 25°C 
VCC = 5.0V 

SYMBOL PARAMETER MIN MAX PRE RAD POSTRAD UNITS 

TELQV 
TAVQV 

TELQX 
TEHQZ 
TELEL 
TELEH 
TEHEL 
TAVEL 

A.C. TELAX 
TWLWH 
TWLEH 
TWLEL 

TWHEL 
TELWX 

TDVWL 
TDVEL 
TWLDX 
TELDX 
TQVWL 

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 
Early Write Data Hol~ 
Data Valid to Write 
(Read-Modify-Write) 

NOTES: 

350 
400 

20 120 

480 
350 
130 
50 
50 
150 
250 
10 

10 
100 

10 
10 
100 
100 
o 

130 

200 
220 

70 
80 
250 
200 
50 
20 
30 
90 
190 
-5 

-5 

-5 
-5 
70 
70 
0 

® AC Test Conditions: 
Inputs - Trise = Tfall :=. 2Ons. 
Outputs - CLOAD = 100pF. 

230 
260 

80 
90 

320 
230 
90 
30 
35 
100 
190 
0 

0 

20 
20 
80 
80 
0 

Timing measured at 1.5V reference lew~r. 

Read Cycle 

=I TAVEL rTElAXJ 

A ADD VALID 

t-;:.TEHEl 
TElEl 

TElEH 

V 
~ 

f--- TElav:::::::1 
HIGH-Z - TElax-~ TEHaz-

a VALID DATA OUTPUT ............... 

W 
HIGH 

TIME 
f t t r t REFERENCE 

-1 0 1 2 3 

TRUTH TABLE 
TIME 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 ..r 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) 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

:lTAVElr-

NEXT ADD 

TEHEl 

HIGH-Z 
11 

f r 
4 5 

TEST 
CONDITIONS 

® 

® 

The address information is latched in the on chip registers on 
the falling edge ofE (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). 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). 

r-
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Early Write Cycle 

A 

TElDX -j --1 TDVEl 

--:-DA:-::JA':"":'~':":"::t\l-:-:ID:-.-N-EX-T:""DA-JA-

Q __ ~HI~GH~-~Z __________________________________________________ ~HI~G~H-=-Z 

REF~~~NCE -----+----4-------------------~--------------~--rl-+l-----+-
-1 2 3 

TRUTH TABLE 
TIME INPUTS OUTPUT FUNCTION 

REFERENCE 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 PROGRESS 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 CYCLE 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 Wis low when E falls, the output buffer is latched into the 

high impedance state and will remain in that state until E 
returns high (T = 2). For this cycle, the data input is latched 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 are unlatched. The 
device is now ready for the next cycle. 

Read Modify Write Cycle 

REF11~~NCE ---+---~------+t --'-If--------I----------i---+---+--i-
-1 

TRUTH TABLE 
TIME INPUTS OUTPUT FUNCTION 

REFERENCE 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 ENABLED 
2 L H X X V OUTPUT VALID, READ AND MODIFY TIME 
3 L ""'- X V V WRITE BEGINS, DATA IS LATCHED 
4 L X X X V WRITE IN PROGRESS INTERNALLY 
5 oF 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 read 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 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 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) 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. 
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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 

4392 © Ie MASTER 1983 



To Organize 8K x 8: 

Connect: E1 with E3 
E2with E4 
W1withW2 

(Pins 9 + 32) 
(Pins 12 + 29) 
(Pins 11 + 31) 

Concerns for Proper Operation of Chip Enables: 

Organization Guide 

To Organize 16K x 4: 

Connect: QOwith Q4 
DO with 04 
Q1 with Q5 
01 with 05 
02 with 06 
Q2with Q6 
03 with 07 
Q3with Q7 

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) 

m 

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, all chip enables must be treated separately. Transitions 
between chip enables must be treated with the same 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 simultaneously, for 
devices whose outputs are tied common either internally or externally, is an illegal input condition and must be avoided. 

Printed Circuit Board Mounting: 
The lead less 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 pin~ on the package are designed with a standoff feature to 
help prevent the leadless carriers from touching the circuit board surface. 

Low Voltage Data Retention 

HARRIS CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are 
guaranteed over temperature. The following rules insure data retention: 

1. Chip Enable (E) must be held high 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 VCC + 0.3V and 70% of VCC during the power 
up and power down transitions . 

. 4. The RAM can begin operation one TEHEL after VCC reaches the minimum operating voltage (4.5 volts). 

DATA RETENTION TIMING 

DATA RETENTION MODE 

VCC;:.3.0V 

VCC:!:O.3V 
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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 all 
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 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 G 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-6564RH is a radiation resistant memory module 
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 HARRIS CMOS 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: 

Latchu p free to doses ~ 5 x 1011 rads/sec. 
Upset (loss of stored data) typically::: 1 08 rads/sec. 

Test Product Flow 

1 

2 

3 

4 

5 

6 

7 

8 

9 

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 

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 equiv
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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I
.. 2.000 . .020 ~ I 
1~ .. __ 1 __ .=--. "I 

PIN ONE IDENTIFIER 

.221 
.156 TYP. 

1 

Packaging 

.890, .010 

.015 

.009 

.023 
--t ... 1---- .014 TYP. .090 ~.015 

PINNO.l 

.008 R TYP. 

.050 

. 030 
TYP • 

.012 R TYP. 

NOTES: 
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 ELECTRICALLY 

CONNECTED TO PIN NO. 18. 

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. 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 

. (703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 
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WESTERN REGION 
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miHARRIS 

Preliminary 
SEPTEMBER 1982 

Features 

• HIGH SLEW RATE. . . . 
• FAST SETTLING TIME . . • 
• WIDE POWER BANDWIDTH. 
• GAIN BANDWIDTH PRODUCT. 
• LOW OFFSET VOLTAGE. • • • 
• LOW POWER SUPPLY CURRENT. • 
• SHORT CIRCUIT PROTECTION 
• RADIATION ENVIRONMENT 

· >±22V/JJS 
• 450ns 
• 10MHz 

· >20MHz 
· . ±5mV 

· 6.5mA 

NEUTRON FLUENCE (4)) 5 x 1012n/cm2 (E~10KeV) 
GAMMA RATE ( Y ) • • 1 x 109 RADs Si/s 
GAMMA DOSE ( ,..) . . • • • 1 x 106 RADs Si 

Package 
. TOPVIEW 

I :r"':~""i :4 ,·~::Fa 
., I .250 t.DOS -l- .2S0.t.015 018· 001 I I 

(i~~~' - (6.35 t.1271 (6.35 t.3811 (046; ~03) .070--1 --
TYP. .7S0~ .020 119.05!o.S1I . - 11.78) MAX. 

t : 
f + + # 

. 005 •. 002 (0.13.0.05) L.02S (0.64) RH . 

Schematic 

HS-3511RH 
High Slevv Rate, Wideband, 

Radiation Resistant, 
Operational Amplifier 

Description 
The HS-3511 RH is a monolithic, high slew rate, wideband, 
radiation resistant, operational amplifier. It provides a band
width (unity gain stable) of greater than 10MHz and a 
slew rate in excess of 22V IJJsec. Optional frequency com
pensation adjustment is provided. The HS-3511 RH 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 BWl 
-IN +V 
+IN OUTPUT 
-v NC 
NC NC 

I ..... UT 

StAGE k,"" ... ~ ~ ... ." ... 'UM, ~'W 

a:~. -~~:~ '~~'i ''', -~.~; ____ · .. ~~:"tl~; _______ t 
..., ., .'.K a,.! ,OC~' "r·.~] K' ow 

00'·· :s ...! ' .... ,., a"..., j I... ." 
.. c:'! 0. : ".'1 _ 

.0-~ .. -'" , . i _ .. ~ tI~f-r~: @----{.Ol::::~ 
IN' 't' rr-:-J+-+-~+--~! ~C'1-l--+4 I ..... STAGE 

~ - ---.--- ---- -.-........... -- -~~-. ... .... ::r-f(i}i-~ ... , a" 

... I~: "'lrR·" 
~~WI L 

~ ::: J ·~:5·.. i .... ·"r·" 
., .. i ~." 

.n ."........ ."..... a ....... 

~;:·,1·.. . .:~~,' 1~; ~.w, 

a.. ""_p. ________ ~.----- .. ---.--

If 
- -<-1--

...... e." .... n.w. 
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Specifications HS-3511 RH 

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 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 +V = 15V, -V = -15V, TA = -550C to +1250C 

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 Mn 
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 mA 
125°C 6.5 mA 
-55°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 

-550 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/JJS 

Rise Time4 25°C 30 35 ns 

Overshoot4 25°C 15 35 % 

Overdrive Recovery Time 25°C 2 5 JJS 

Settling Time4 25°C 180 450 ns 
Full 450 ns NOTES: 

Output Clamp Voltage 25°C 0.4 V 1. Vo = ±10V, RL = 2K 

Input Clamp (+) Icn- 25°C -1.0 -3.3 mA 
Current (pin 3) 125°C -1.0 -3.3 mA 

2. Vcm = ±10V, RL = 2K 

-55°C -0.8 -3.5 mA 3. I1V = ±5.0V 

Input Clamp (-) Icn+ 25°C +0.5 +3.0 mA 
Current (pin 3) 125°C +0.5 +3.0 mA 

4. AV = +1, VIN = lV, RL = 2K, CL = 100pt 

-55°C +0.3 +3.2 mA 5. CBW = 0, Vo = ±10V, RL = 2K, CL = 100pt 

© Ie MASTER 1983 4397 
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Test Circuits 
UNITY GAIN BANDWIDTH CIRCUIT 

+V 

1. VIN = 0.2Vpp max 5.0 MHz 
2. RESISTOR TOLERANCE = ±5% 
3. BANDWIDTH = 5MHz X (-VOUTNIN) 

SLEW RATE CIRCUIT 
+V 

... __ r=l __ r=I~_r=J===---L 
v,. °,:,,=]---0---o--c_-T"n 5 

1. SLEW RATE = Tt (}is) V/}iS 

~10~t--___ <) VOUT 

2KH 

100P Fr 
-v 

RISE TIME/SETTLING TIME CIRCUIT 
+V 

>-1.:.;;.0-+_ ....... _-0 VOUT 

100PFr 2K!l 

-v 

VOLTAGE CLAMP CIRCUIT 

+V 

100!1 

OR - __ 5_ VI n- (,us) }is 

2. INPUT BIAS CURRENT OF NON· 
INVERTING INPUT MAY INCREASE 
IF VIN APPLIED BEFORE + V AND 
-V. . 

50 KHz!1 KHz VIN RISE TIME 20 n, 120 TO 80%1 

'0", ::::~~1[~~j\ 

---- 1.0V ±5% 

1L
0

% I 
[

OVERSHOOT (35% OF SETTlED TIME) 

1 __ _ ___ ~ ±5%ofSETILED 

20% I ~ VALUE 

VIN -----...... I ~- - - --I 
+O.05V : I I 
-O.OOV 5; 20n5 --, I 

I I 
I I 
I I 

VOUT ---..,...----t- I 

1. VIN = +1.0 VDC 

I 
1 I 
t-- SETTlING TIME ~ 

2. VCLAMP = -3.0 VDC 
3. MEASURE VOUT; VOUT SHALL BE WITHIN 

±O.4VDC OF VCLAMP. 

~1_1 ..:.:10:...-..~-o VOUT 

4. REPEAT STEPS 1,2,3 USING BOTHtVOLTAGES 
OF OPPOSITE POLARITY. 

5. REPEAT STEPS 1 THRU 4 USING A VALUE PF 
6 VDC IN STEP 2. 2KH 

VClAMPO-----...I 

-v 

IRRADIATION CIRCUIT 

+15V 

-15V 

4398 

MIN MAX 
6. I =-1.0mA 

+ 0.5mA 
-3.3mA 
+ 3.0mA 

BURN·IN CI RCUIT 

+15V 

>-=-1~0_.() VOUT 

-15V 

VIN = 50 KHz SQUARE 
WAVE 50% DUTY CYCLE 
-4.0V TO +4.0V 
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Radiation Screening Procedure Radiation Effects 

(1) Total Dose (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 temper
ature process;ng steps and through metallization.) 

Little or no effect will be observed at 1 x 105 Rad (Si). 
IBIAS, 110, and AVOL starts to degrade between 1 x 105 
and 1 x 106 Rad (Si). 

(2) The sample die shall be assembled and tested for function
ality. (2) Dose Rate 

(3) 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 the configuration illustrated with VSUPPLY = 
±15V. The dose rate shall be between 50 rads/sec and 
200 rads/sec. 

Devices are constructed in 01 and consequently are latchup 
free. 

(3) Neutron Fluence 

Performance degradation is insignificant at 5 x 1012n/cm2. 

(4) AVOL Via, 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 ~ aOdB, Via ~ ±5.0mVand IBIAS ~ ±400nA at 
room temperature. 

Test Product Flow 

Sales Offices 
EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 71()'833-0340 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 71()'332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 
TWX: 51()'22()'1527 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Note: 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
J'.!1IL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN MIL-STD-883 METHOD/COND. 

Internal Visual 2010 Condo B. 

Stabilization Bake 1008 Condo C (24 hrs. minimum) 

Temperature Cycling 1010 Condo C 

Constant Acceleration 2001 Condo E; Yl plane 

Seal: A Fine 1014 Condo A or B 
B Gross 1014 Condo C2 

Initial Electrical Harris Specifications 

Burn-In Test 1015,160 hrs. @ 1250C (or equiv-
alent) (Burn-In circuits enclosed) 

Final Electrical Tested at Worst Case Operating 
100% go-no-go Conditions 

External Visual 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 fof, 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. 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 91()'595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando. FL 32809 
(305) 851-9450 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 91()'576-3418 

HOME OFFICE ----
P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 51()'959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

;II 
HARRIS .... 
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HS-3530RH m . HARRIS 
Lovv Povver

Radiation Resistant 
Programmable Operational Amplifier 

APRIL 1982 

Features 

• WIDE RANGE AC PROGRAMMING 

SLEW RATS. . . . . . .-

GAIN X BANDWIDTH 

• WIDE RANGE DC PROGRAMMING 

POWER SUPPLY RANGE 

SUPPL Y CURRENT ..•... 

• SHORT CIRCUIT PROTECTION 

• 

.. " .06 T03V I ps 
100KHz TO 5.0MHz 

. ±'1.5V TO ±'18V 

10pA TO 1.2mA 

RADIATION ENVIRONMENT 

NEUTRON FLUENCE( C/» 

GAMMA RATE(Y) 

GAMMA DOSE ( y) .... 

5 x 1012 n/cm2 (E ~ 10KeV) 

1 x 109 RADS (SOls 
....... 1 x 106 RADS' (Si) 

Package 

1. All dimensions in inches; mill imeters are shown in parentheses. 
2. All dimensions + .010 (+0.25mml unless otherwise shown. 

Schematic 

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, noise and input DC parameters are 
programmed by selecting an external resistor 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°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 pri
mary appl ication 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 

v· 

NOTE: Case tied to V-

~c~.---.-------.-------~------~--~----.-----~----~-.---.---.---, 

'SETo-~--~~~~+-------~------~~~----+--=~~----+--+---+--~ 

all 

Copyright © Harris Corporation 1982 
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r-
Specifications HS-3530 I)r-

ABSOLUTE MAXIMUM RATINGS ISET (current at ISET) 500J.l.A 

Voltage between V+ and V- terminals 40V VSET (voltage to ground at ISET) (V+ -2.0V)<VSET<V+ 

Differential Input Voltage ±20V Output Short Circuit Duration Indefinite 

Input Voltage (Note 1) ±15V Storage Temperature Range -65°C to + 1500C 

NOTE: Operating Temperature Range -5SOC to +125OC 

CD For supply voltage less than :t15V. the absolute maximum input voltage is equal to the supply voltage. 

PRE-RADIATION ELECTRICAL CHARACTERISTICS 

ISET = 1.5J.1.A ISET = 15J.1.A 
VSUPPl Y = ±15V (Rl = 75K!1) (Rl = 5K!1) 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

Offset 25°C 3 3 mV 
Voltage Full 5 5 mV 

Input Bias 25°C 1.2 10 20 nA 
Current Full 2.5 22 40 nA 

Input Offset 25°C 0.3 2 5 nA 
Current Full 10 nA 

Input 25°C >100 50 >100 M!1 
Resistance 

large Signal 25°C 65K 115K 80K 130K V!V 
Voltage Gain 1 Full 25K 60K 50K 70K V!V "-

Common Mode 25°C 80 115 80 115 dB 
0 
+"' 

Rejection Rati02 Full 80 110 dB (,). 
:J 

Supply 25°C 13 15 125 150 J.l.A -C 
Current Full 14 15 130 160 J.l.A C 

0 
Power Supply 25°C 80 130 80 130 dB .2 

Rejection Aati03 Full 80 120 dB E 
Output Voltage 25°C '±12.5 ±14.2 :t12.5 :t14.2 V Q) 

SWing2 Full :tlO.5 ±14.0 .±10.5 :t14.0 V en 
Output 25°C ±.5 ±5 rnA en 

Current Full ±.4 :t4 rnA .~ 

"-
Output Short- 25°C 2 14 rnA ca 

Circuit Current J: 
Gain-Bandwidth 25°C 85 850 kHz 

Product Full 65 640 kHz 

Slew Rate5 25°C .05 .55 V/J.l.S 
Rise Time4 25°C 7.5 .7 J.l.S 
Overshoot4 25°C 5 10 % 

Overdrive 25°C 2 J.l.S 
Recovery Time 

VSUPPl Y = ±3V 
ISET = 1.5P.A ISET = 15P.A 
(Rl = 75K!1) (Rl = 5K!11 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

large Signal 25°C 25K 60K 25K 75K V!V 
Voltage Gain 1 Full 15K 40K 25K 50K V!V 

Common Mode 25°C 80 100 80 95 dB 
Rejection Rati02 Full 80 90 dB 

Supply 25°C 12 15 115 150 J.l.A 
Current Full 15 160 J.l.A 

Power Supply 25°C 80 105 80 105 dB 
Rejection Rati03 Full 80 100 . dB 

Output Voltage 25°C '±2.0 :t2.0 V 
SWing1 Full ±2.0 i2.0 V 

Gain-Bandwidth 25°C 72 730 kHz 
Product Full 60 600 kHz 

Slew Rate5 25°C 04 .4 V/J.l.S 

Offset 25°C 3 3 mV 
Voltage Full 5 5 

-
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NaTES: 

1. 

2. 
3. 
4. 
5. 

VSUPPL Y = ±3.0V 

Va = ±1.0V 

VCM = :!:1.5V 
V =±1.5V 

VSUPPLY =±15.0V 

Va = ±1O.0V 

VCM = ±5.0V 
t::N = ±5.0V 

ISET = 1.5J.lA 

RL = 75K 

ISET = 15J.lA 

RL = 5K +250C +1250C 
A L = 75K -550C 

-------- AV = +1, V I N = 400mV, R L = 5K, CL = 1 OOpF --------tl_-
Va = '±2.0V Va = :t.10.0V RL == 20K RL = 5K +250C +1250C 

A L = 75K -55°C 

Typical Biasing Circuits 

VG 

SUGGESTED 
OFFSET NULL 

.!.~6 
2.. ~HS_3530 >=-

1 5 
lOOK 

-v 

Typical Performance Curves 

4402 

loo~--~-------------------~--~~ 

80~--+-- INPUT BIAS CURRENT 
VS. 

60~--+-- SET CURRENT /LI' 
40~---+----+--+-+~----~---+~--~~ 

PRERAD POSITIVE SUPPLY CURRENT ~ 

1~~--~--~4-+4---4--4--~~V~/~ 

71/ 

PRE-RAD / 
20~--~--+-~4-~--~r-+-~~ 

vV 
tl~~ __ -+ ____ +--+-+~~~ __ r-__ -+ __ ~~ ~~ 

;: 100 // 
.~ /. ~6~-~--4-~+/~-~--+--r~ 

.=. // 

... 4 ~---+-----t-7"''--t--+-t- VSUPPL Y = ± 15V 1---

~ // 
a2~--~~--~-+-+~----~--~--r-~ 

~ ~ 
~ ~~ 
~ V 
en 10 ,./ 

1 10 

• VSUPPLya ±15V 
II VSUPPL Y = ±3V 

I f I I I 

100 
~ /,/ 
co 1 

Ll----2L----4L--6~+8~1~0--~2~0--~4~0~6~0~8~0~loo SET CURRENT (IlA)-

SET CURRENT (IlA)--=-

2ooK~----~-------------------------------.--r-' 
PRERAD LARGE SIGNAL VOLTAGE GAIN VS. ISET 

~ ~ 

l00K~----~----~~~--4-~----+-----+---+--+~ 

80K t===t==t:!=t::t;;;;;~===$~~~ 
60Kb---~~~==--~~~--~~~~----+------+---+--~ 

140K~ ____ ~----~~-4--4-~----+-----+---+--+~ 
~ • VSUPPLy=±15V 
~ 20K r-----~------1I----+--+--+ II VSUPPL Y = ± 3V -~-4~ 

1 I I 
10K 1 2 4 10 20 40 100 

SET CURRENT (IJ A) ----

-
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Transient Response/Slew Rate Circuit 

Typical Performance Curves 

25 

20 

10 
~ t= 
f--
~ 

1 

1 

/ 
P 

.0 1 
1 

SLEW RATE 
VS. / 

SET CURRENT / 

VV 

r/ 
p 

SLEW RATE SR+ + SR-

/ 
2 

VSUPPL Y a ! 15V 
VSUPPL y = ! 3V 

10 100 
SET CURRENT (I'A) 

I 
I 
I 

I~PUT ~IAS CUIRREN~ 

" 
VS. 

!~ 
TEMPERATURE 

I I 
~15PA f--- PRERAD 

I ~ VSUPPL Y = ~ 15V I---r--t----

-so -25 0 25 50 75 100 125 
TEMPERATURE(OC)~ 
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30 

25 

20 

t 
GAIN BANDWIDTH PRODUCT 

VS. 
SET CURRENT 

~ 2~-------------+------~~----~ 
~ 
I
U 5 1~-------------+--~~--~----~ 
o .8~-------------+~~--------~ c: 
~ .6 ~-------
I-

9 .4~----------~L+-------------~ 
~ • VSUPPLY = !15V 
~ : VSUPPL Y = +3V 
~ .2~------~~---+------------~ 
z 
:;;: 
~ .1L-__ LL ________ -L ____________ ~ 

1 10 100 
SET CURRENT (iJ A) -

OUTPUT VOL TAGE SWING 
I VS. 

LOAD RESISTANCE 

/ 7 --

I I I t SET = 151'A \1 I VSUPPLY =!15V 'SET = 1.51'A 
T = 250 C _ 

. 
PRERAD 

I 
lK 10K lOOK 1M 

200K 

100K 

~ 70K 

:, 50K 
o 
> 
c{ 

20K 

10K 

RLOAD(n)--

OPEN LOOP VOL TAGE GAIN VS. TEMPERATURE 

VSUPPLY= ~ 
~ 

./ .-
[z;;o' ..................... 

-" ~ ........... -- -- ~ v- ~ r--- -I--... 

VvSUPPLY" ±3V -- I--... r--<r ....... 

-f---

• ISET = 15IJA 

o To'r-I--
-50 -25 o 25 50 75 100 125 

TEMPERATURE (OC) 

4403 
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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 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 106 Rad (51) ±10% from a Gamma Cell 220 
Cobalt 60 source or equivalent. The devices will be powered in a 
voltage follower configuration, with ISET = 15 Jl A and 
VSUPPL Y = ±15V. The dose rate shall be between 50 rads/sec 
and 200 rads/sec. 

(4) AVOL and VIO, with ISET= 15 JlA, VSUPPLY = +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 IimitSlof 
AVOL ~ 20K V/V and VIO~3.5 mV at room temperature. 

Test Product Flow 

Radiation Effects 

(1) Total Dose: 
Very little degradation of any of the parameters will be seen up 
to y= 104 Rad (51). Moderate degradation of open loop gain, bias 
current, and 'offset current begins at greater than 105 and less 
than 106 Rad (51). 

(2) 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 Aft!'lr about 0.1 to 0.5 p'S this current drops about 10%. 
Maximum recovery time will be about 6 to BJlS. 

(3) Neutron Fluence: 
Large signal voltage gain degrades rapidly for low supply voltages 
and low set currents. For VSUPPLY = +15V and ISET>10JlA, 
large signal voltage gain degrades by only about 50%. I nput bias 
current doubles for q,= 5 x 1012n/cm2 . 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL - STD - 883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

\ Note: 

2 

3 

4 

5 

6 

7 

8 

9 

Traceability: 

Branding: 

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; Y 1 plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015,160 hrs. 125°C 
(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 
Requirements: Sample Group A electrical tests are performed on a lot act:~ptance basis. 

... 
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m HARRIS 

Preliminary 
October 1982 

Features 
• LOW OFFSET VOLTAGE 

• HIGH SLEW RATE 

• WIDE BANDWIDTH 

• LOW DRIFT 

• FAST SETTLING (0.01%, 10V STEP) 

• LOW POWER CONSUMPTION 

• SUPPL Y RANGE 

• RADIATION ENVIRONMENT 

0.3mV 

±4V/J.l.s 

8MHz 

2jN/oC 

4.2J.l.s 

35mW 

±5VTO±20V 

NEUTRON FLUENCE ( if» • 5 x 1012 n/cm2 (E ~ 10KeV) 

GAMMA RATE (Y ). 
GAMMA DOSE ( Y ) . 

Package 
TOP VIEW 

1 x 109 RADS (SOls 

. 1 x 106 RADS (Sj) 

j ;I"":::~;"'I :4 
05', 1_ .250 t.005 1_ .250 t .015 ~ .018 ~ .001 

SEATlN~G PlANj 

. f ~ I 
.250 i .005 

(S.
35r21l ~ 

.010~ 1--('1 2~1 (S.35 t.l21l-J (S.35 i.381) (0.4S ~ 0.03) 
TYP. .150! .020 119.05! 0.51) 

(1.18) MAX. 

f + + .005 _ .002 (0.13 _ 0.05) L.025 10.64) 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 
modq available by the HS-354f1RH. With wide bandwidth (8MHz), 
10Vl.· power (35mW) and internal compensation, these device&-
are ideally suited for precision ac:ive filter desiYfls. four audio 
appl ications these amplifiers offer low noise (8nV /JRZ} and excel
lent full power bandwidth (60 KHz). The HS-3546RH IS particular
ly useful in designs requiring low offset voltage (0.3mV) and drift 
(2/JV/OC), such as instrumentation and signal conditioning circuits. 
The high slew rate (4V/J.l.s) and fast settling time (4.2 J.l.s 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 +12So C. 

Pinout 
r.=====::J 14 

2C===~~~----~~====~13 

3 C:::=::! !==::::::::l12 

4 c=:==_..J '-:===:::::J 11 

5 c::==:::!_...J L...~==:::J10 

6 C:====:::::::!Y.::.. __ ==:::J 9 

7 8 

Schematic r---------,------------------------·------------, 
I 
I 

I 
I 
I 
I 
I 
: I 

: I v L __________ ~ _________________________________________ ~ 

Copyright @ Harris Corporation 1982 
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m Specifications HS-3546RH 

ABSOLUTE MAXIMUM RATINGS (Note 11 

TA = +250C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 21 
Output Short Circuit Duration (Note 31 

40.0V 
±7V 

±15.0V 
Indefinite 

Power Dissipation (N~te 41 
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 +1250C 

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 IN IOC 

* 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 = 1 kHzI +250C 8 nV/jHi 

Input Resistance 500 kn 

TRANSFER CHARACTERISTICS 

* Large Signal Voltage Gain (Note 51 Full lOOK 250K V/V 

* Common Mode Rejection Ratio (Note 81 Full 86 dB 

Small Signal Bandwidth +250C 8 MHz 

OUTPUT CHARACTERISTICS I 

* Output Voltage Swing (R L = lOKI Full ±12 ±13 
, 

V 
(RL = 2KI Full ±1O i12 V 

Full Power Bandwidth (Note 51 ,+250C 60 kHz 

Output Current (Note 61 Full ±18 ±25 mA 

Output Resistance +250C 200 n 

TRANSIENT RESPONSE (Note 71 

Rise Time +250C 50 ' 150 ns 

Overshoot +250 C 30 45 % 

Slew Rate +250C ±1 ±4 V liJs 
Settling Time (Note 91 4.2 iJs 
POWER SUPPLY CHARACTERISTICS 

* Supply Current +25 0 C 4.6 5.5 mA 

* Power Supply Rejection Ratio (Note 8) Full 86 dB 

* 1 00% tested 

4406 © Ie MASTER 1983 



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 = +25 0 C. 

5. VOUT = ±1 OV; R L = 2K ohms. 

Test Circuits 

LARGE SIGNAL 
RESPONSE 

CIRCUIT 
(Volts: 5V/Div., 
Time: 5ps/Div.) 

2K 

IK 

/ 
1/ 

L--~ 

2K 

>---<~--1~--1n OUT 

-
-

VERT.5V/OIV 
HORZ.5IJ sIDIV . 

I 
I 

\ 
\ ... 

OV 

OV 

6. Output current is measured with VOUT = i5 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: lOmV/Div., 
Time: 50ns/Div.) 

IN [)------f 

OV 

OU~PUT ('\ 

-
" J ~( -

f-INPUT J 1 
'fI 
III 
J~ 

HORIZONTAl: 50 NSEC/OIV. 
VERTICAl: 10mV/OIV 

OUT 

SETTLING TIME CIRCUIT 

VIN 

2KU 

© Ie MASTER 1983 

""'_---4' TO 
OSCILLOSCOPE 

• AV = -1. 

• Feedback and summing 
resistors should be 0.1%. 

• Clipping diodes are optional. 
HP5082-2810 recommended. 
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Performance Curves 

V+'= +15V, V- = -15V, TA = +250 C Unless Otherwise Stated. 

OFFSET VOLTAGE INPUT BIAS AND OFFSET 
CURRENT VS. TEMPERATURE 

20 0 

18 0 

0 

0 

12 0 

~~ 
-'100 

...... 
0 *; -10 

~ ~ -200 
~a 

-30 0 

0 

" 

.......... 

-

t-.... IBIASC~RREJ 
I'--.... r-..... ---r--~ 

r--..... OFFSET CURRENT 

r-. r-- V 
I--~-~~ 

~ " (1~;~I~~"60Q 

2.0 

1.8 

1.6 
> e 

14 ~ 
1.2 g 

1.0 * 
0.8 ~ 

0.6 : 

o 
0.4 .a 

0.2 

_-40 
-80 -40 .80 .120 .160 

TEMPERATURE - DC 

SMALL SIGNAL BANDWIDTH AND PHASE 
MARGIN VS. LOAD CAPACITANCE 

600 

II ! I JIHt 
12 

---.... ~HASE MARGIN 

't 
\ 

BANDWIDTH " ...... 

1\ 
..... 

--
---- . -- - '\. 

200 

~- - --

10 0_ 

o 0 

10 100 

."-.---
----- - -- t- . Itt 
-.-- - - t " ' "n. . J f,! 

t~ . . t+ 'l 
I . iii i 

10 

, ! I I Ii 

r-~~ ~ ~ +---+-

.~ ~r--. I 1 + + 1-

""" 
I I 1'1 

- -r-- -+-t-rt-
"'-- I'--. II 

-........ l- i 

"'" 
: I I 

1000 
o . 

10.000 
LOAD CAPACITANCE - pF 

INPUT NOISE VS. FREQUENCY 

50 

45 

j::. 40 

:. 35 

~ 30 

~ 25 

~ 20 
(5 

~ 15 

~ 10 

5 

o 

4408 

r- tlljll 1 

; ,:.:J.l ~l!l! 
I 

""- ~ II I 

1'-- J I 
-- VO~TAGE NO~ 

J lLWlJI i 

I III/ / 
10 100 

I 

I 

I"-

lK 
FREQUENCY - Hz 

L! I III III 
: ill. 

i i 

I 

10K 
o 

lOOK 

OPEN LOOP FREQUENCY RESPONSE 

10 100 lK 10K lOOK 1M 10M 100M 

FREOUENCY -Hz 

OUTPUT VOLTAGE SWING 
VS. FREQUENCY AND SUPPLY VOLTAGE 

100 

Vs = :!:15V 

VS=+lOV 

10 
III 

Vs = + 5V 

, 
: I (VOLTAGE FOLLOWER) -t 

RL = 00 I 

CL = 50pF 1.0 

--tnt --~ Ht---r-'+-++tit: .. ~ H + mtt f--

'I I,:il I I 0.1 
100 lK . 10K -- lOOK 1M 10M 

FREQUENCY - Hz 
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Performance Curves (continued) 

8 

4 

0 

6 

12 

o 

1 

O. 1 

NORMALIZED AC PARAMETERS 
VS. SUPPLY VOLTAGE 

BANDWIDT/,: ~r-

/. VSLEW RATE 

/ 

±B ±12 ±16 

SUPPL Y VOL TAGE - VOL TS 

±20 

MAXIMUM OUTPUT VOLTAGE SWING VS. LOAD 
RESISTANCE AND SUPPLY VOLTAGE 

'j 
J 

1/' 
b' 

'/ 
~ 
~ 

100 

,/ 

.-

i,..---' 
_r-

V 

lK 

--~-
-~~ 

r-' 

10K 
LOAD RESISTANCE - OHMs 

I "' Vs =!15V 

Vs' 'lOV 

r-- - ~ M-
; 

~ 
-

IVSI" I' i~ I 

II 
Ii 

lOOK 

1.4 

1.3 

1.2 

1.1 -
1.0 

0.9 i---

DB 

'0.1 

0.6 
-80 

NORMALIZED AC PARAMETERS 
VS. TEMPERATURE 

~ - SLEW RATE - M-J ~ 
IBAND~I~~ 

-40 +40 +BO +120 

n"'PERATURE - °c 

POWER SUPPLY CURRENT VS.TEMPERATURE 
AND SUPPLY VOLTAGE 

±B 

±6 

±4 

±2 

o 
-80 

::.---

-40 +40 

TEMPERATURE _ oc 

Vs =! 15V 

vs·! 10V 

r--t---.. 
VS' !5V 

+80 +120 

+160 

+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 

6 

5 

o 
!o.l 

~ 

r--

I--

......... 1'-

VOUT' IOV r----
II 
II 

-+--U 
VOUT' 5Y 

II 
VOUT' 2V 

II 
II 

!1.D 
OUTPUT ERROR VOL TAGf MV 

© Ie MASTER 1983 

4, 1 
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o 
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r--

I--
VOUT'IOV 

Av' -5 
VOUT'IOV _ 

AV··IO 

VO~T'~V -
~ AV··IO 

~-
VOur- 5V -r-,... Av··5 

-I- ~ Your- 2Y 
AV··IO 

Vo~r- 2Y -Ay··5 

! 1.0 ! 10 

OUTPUT ERROR VOLTAGE. ",y 

'DO ::r-o 
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1. POWER SUPPLY DECOUPLlNG: Although not absolutely 
necessary, it is recommended that al\ power supply lines 
be decoupled with .01 J1 F ceramic capacitors to ground. 
Decoupling capacitors should be located as near to the 
amplifier terminals as possible. 

2. I n 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. 

Irradiation Circuit Burn-in Circuit 

+15V 

NOTES: 
TA = +1250C 
0= IN4002 OR EaUIVALENT 

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 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 non-radiation failures, meets the limits of AVOL > lOOK, 
VIO ~ ±2.5mV and ISlAS ~ 1.0 J1A at room temperature. 

4410 

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 )(,104 and 1 x 105 
Rad (Si). 

(2) Dose Rate 
Devices are constructed in 01 and consequently are latchup free. 

© Ie MASTER 1983 



.... 

2 

3 

4 

5 

6 

7 

8 

9 

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 

rill L-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (?4 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 electrical tests are performed on a lot acceptance basis. 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 

Ordering Information 
HS 9 

HARRlsJ, 

3546RH - 2 

oJ: 1TEMPERATURE: 
NUMBER 2 - -550 C to + 1250 C 

8 - MIL-STD-8838 
PACKAGE 

9 - Cerpack 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suita113 
Orlando, FL 32809 
(305) 851-9450 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 . 
TWX:· 51 0-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

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 -
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mJ HARRIS 

Preliminary 
SEPTEMBER 1982 

Features 
• LOW OFFSET VOLTAGE 

• HIGH SLEW RATE 

• WIDE BANDWIDTH 

• LOW DRIFT 

• FAST SETTLING (0.01%, 10V STEP) 

• LOW POWER CONSUMPTION 

• SUPPLY RANGE 

• RADIATION ENVIRONMENT 

0.3mV 

±4V/ps 

8MHz 

2J.lV/OC 

4.2ps 

35mW/AMP 

±5VTO ±20V 

NEUTRON FLUENCE ( 4» • 5 x1012 n/cm2 (E ~ 10KeV) 

GAMMA RATE ( Y ) . • 1 x 109 RADS (SOls 

GAMMA DOSE ( Y ) . ••• 1 x 106 RADS (SO 

Package 

~ 
~ 

lOPVIEW 

.160! (6.47:t.2!>4) 1- li~71~~'WIl --I .31017.87)1 ''':i:'':\r 
.010 ==r (4'06!~ .18IMAX.. 
.214) • 14.70) 

I W W . .060!.015 I .o:ir: .060 -jOlt- 11.52±.381l ~I - -;,-~t: 
1.457! .076) 11.52) 12.!>4) 00 - ISO 1.2!>4! .076) 

HS-4602RH 
Radiation Resistant 

High Performance 
Quad Operational Amplifier 

Description 
The HS-4602RH is a radiation resistant, high performance 
dielectrically isolated monolithic 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. 

A wide range of applications can be achieved by using the 
features made available by the HS-4602RH. With wide band
width (8MHz), 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 
(8nV/v'HZ) and excellent full power band-width (60KHz). The 
HS-4602RH is particularly useful in designs requiring low offset 
voltage (0.3mV) and drift (2~VI,0C), such as instrumentation and 
signal conditioning circuits. The high slew rate (4V IJis) and fast 
settling time (4.2J.ls to 0.01%, 10V step) makes this amplifier a 
useful component in fast, accurate data acquisition systems. 

The HS-4602RH 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 -550 C to +1250C. 

Pinout 
OUT OUT 

1 4 

INPUTS INPUTS 
1 4 

v+ v-

INPUTS INPUTS 
2 3 

OUT OUT 
2 3 

Schematic r------------j--------------------------------------------------v;· 
I 
I 

: R7 
t---~~-___, 

Copyright @ Harris Corporation 1982 

R6 

R5 VOUT 
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Specifications HS-4602RH 

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) 

40.0V 
±7V 

±15.0V 
Indefinite 

Power Dissipation (Note 4) 
Operating Temperature Range 
Storage Temperature Range 

880mW 
-550 C ~ T A S+ 125 0 C 
-650 C ~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 = -55°C to +1250 C 

PARAMETER TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

* Offset Voltage +250 C 0.3 2.5 mV 
FuJI 3.0 mV 

Av. Offset Voltage Drift Full 2 J1V IOC 

* Bias Current +250 C 130 200 nA 
FuJI 325 nA 

* Offset Current +250 C 30 75 nA 
FuJI 125 nA 

Common Mode Range Full i12 V 

Input Noise Voltage (f = 1 kHz) +250 C 8 nV/jHZ 

Input Resistance , 500 kn 

TRANSFER CHARACTERISTICS 

* Large Signal Voltage Gain (Note 5) Full lOOK 250K VIV 

* Common Mode Rejection Ratio (Note 9) FuJI 86 dB 

Channel Separation (Note 6) +250 C -108 dB 

Small Signal Bandwidth +250 C 8 MHz 

OUTPUT CHARACTERISTICS 

* Output Voltage Swing (RL = 10K) Full ±12 ±13 V 
(RL = 2K) FuJI ±1O ±12 V 

FuJI Power Bandwidth (Note 5) +250 C 60 kHz 

Output Current (Note 7) FuJI ±1O ±15 rnA 

Output Resistance +250 C 200 n 
TRANSIENT RESPONSE (Note 8) 

Rise Time +250 C 50 150 ns 

Overshoot +250 C 30 45 % 

Slew Rate +250 C ±1 ±4 V /J1S 

Settling Time (Note 10) 4.2 J1s 

POWER SUPPL Y CHARACTERISTICS 

* Supply Current +250C 4.6 5.5 rnA 

* Power Supply Rejection Ratio (Note 9) Full 86 dB 

* 1 00% tested 

© Ie MASTER 1983 44.13 
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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=2Kohms. 

6. Channel separation value is referred to the input of the 

Test Circuits 

IN 

LARGE SIGNAL 
RESPONSE 
CIRCUIT 

(Volts: 5V/Div., 
Time: 5ps/Div.) 

2K ...... 
+ 

~> 
'K :> 

-:!:-

1 -0 OUT 

ro" 
: 
: 

1--+--4---+-+--"f---+---+-+-+---+--~ OV 

/ 
II 

VERT.5VIOIV. 
HORZ. 511 slOIV. 

amplifier. Input test conditions are: f = 10kHz; VIN = 

200m V peak-to-peak; RS = 1 K ohms. (Refer to Channel 
Separation vs. Frequency Curve for test circuits.) 

7. Output current is measured with VOUT = i5 volts. 

8. For transient response test circuits and measurement 
conditions refer to Test Circuits section of the data sheet. 

9. ~ V = ±5.0 volts. 

10. Settling time is measured to 0.1% of final value for a 10 
volt input step, AV = -1. 

SMALL SIGNAL 
RE$PONSE 

CI RCUIT 
(Volts: 10mV/Div., 
Time: 50ns/Div.) 

IN~ 

-
f-INPUT II--I+---I-*--+---J.-~-+-~ 

711 

J 

HORIZONTAL: 50 NSEC/OIV. 
VERTICAL: 'OmV/DIV 

SETTLING TIME CIRCUIT 
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+1SV 

2N4416 I~ -'" 
..... ----i~l 

"..".." "" 

;'~ 
A. A. A. - ..... ~A.U.T. 

.."..".." 
2Kn 

-1SV 

A. A. A. 
-... " " 

2KH 

. 
~ 

2KS~ 

-= 
- .()VOUT 1. SO-

::r: pF 

TO 
OSCILLOSCOPE 

• AV· -1 . 

• FeedbKk.nd summinll 
resistors should be 0.1%. 

• Clippinll diodes .re optlon.'. 
HPS082-2810 ,ttc:ommended. 
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Performance Curves 

V+ = +15V, V- = -15V, TA = +250 C Unless Otherwise Stated. 

OFFSET VOLTAGE INPUT BIAS AND OFFSET 
CURRENT VS. TEMPERATURE 

10 0 
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Performance Curves (continued) 

12 

1 

1 

NORMALIZED AC PARAMETERS 
VS. SUPPLY VOLTAGE 

8ANOWIDT~ ? 
/. VSLEW RATE 

/ 

!8 !12 !16 

SUPPL Y VOL TAGE - VOL TS 

! 20 

MAXIMUM OUTPUT VOLTAGE SWING VS. LOAD 
RESISTANCE AND SUPPLY VOLTAGE 

28 
III 

.---~r- ~S' ,15V 

4 
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0 

~S' 10V 

---I-
16 

2 II 
/ v-

8 
/ 

~ 
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/ 
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'-"" II --- I 
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LOAD RESISTANCE - OHMs 
lOOK 
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10 
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VS. TEMPERATURE 
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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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VOUT'IOV r--

r-- r-t-
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Applying The HS-4602RH Quad Operational Amplifier 

1. POWER SUPPLY DECOUPLlNG: Although not absolutely 
necessary, it is recommended that all power supply lines 
be decoupled with .01 J.1 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 ,-------------l 

I I 
I I 

I : 
I I 

I 
I 
I 

I I 

I . -=- (OPTIONAL) : L ____________ ...I 

The state variable filter is relatively insensitive 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 (High 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 fC, 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 90 0 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 

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, 
amplif;"er 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. 

© Ie MASTER 1983 

NOTES; 

1. Make R1 = R2 

1 
2. fe = 27TR1JC1C2 

3 Q=y' (C2 . J"Cl 

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. 
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Applications (continued) 

INSTRUMENTATION AMPLIFIER 

r- --------1 
I I 
I ~--rl--~ 
I 
I 
I 
I I 

L _ .l~T2E~A~) __ J 

I nstrumentation amplifiers (differential amplifiers) are specif
ically designed to e'x~ract 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·4602 RH 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 

1MI1 1MI1 

°1 

+15V 

NOTES: 

(1/4 OF HS- 4602RH DEPICTED) 

TA = +1250 C 
01.02 = IN4002 

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 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 V = ±15V. The dose rate shall be 
between 50 rads/sec and 200 rads/sec. 

(4) AVOL. VIO, AND ISlAS. with VSUPPLV = ±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 > 100K, 
VIO ~ ±2.5mV and ISlAS ~ 1.0J.1A at room temperature. 

4418 

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 
MI L-STD-883, METHOD 5004 CLASS 8 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual 

Stabi I ization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B 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; 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: Traceabil ity; All devices are assigned date code identification that provides traceability 
back to the inspection I.ot. 

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 
Requ irements: Sample Group A electrical tests are performed on a lot acceptance basis. 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 

Ordering Information 
HS 1 

HARRlsJ, 
4602RH - 2 

T 1 . 
DEVICE TEMPERATURE: 

NUMBER 2 - -550 C to + 1250 C 
8 - M I L-STD-8838 

PACKAGE 
1 - Cerdip 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando, FL 32809 
(305) 851-9450 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

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 
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m;JHARRIS 

Preliminary 
JUL Y 1.982 

Features 

• ANALOG/DIGITAL OVERVOLTAGE PROTECTION 
• FAI L SAFE WITH POWER LOSS (NO LATCH UP) 
• BREAK-BEFORE-MAKE SWITCHING 
• DTLITTL AND CMOS COMPATIBLE 
• ANALOG SIGNAL RANGE 
• ACCESS TIME (TYP.) 
• SUPPLY CURRENT AT lMHz' 

ADD RESS TOGG LE (TYP.) 
• STANDBY POWER (TYP.l 
• RADIATION ENVIRONMENT 

±15V 
500ns 

4mA 
7.5mW 

NEUTRON FLUENCE (¢) 1 x 109 n/cm2 (E ~ 10KeV) 
GAMMA RATE ( Y ) . . 1 x 108 RADs(Si)/s 
GAMMA DOSE ( Y ) . 1 x 105 RADs(Si) 

Pinout 

TOP VIEW 

AO 16 Al 

EN I 15 A2 

-Vsup 14 GNO 

INI 13 +VsuP 

IN2 12 IN5 

INJ 11 IN6 

IN4 IN7 

OUT INS 

Package 

?: : : : : : : : I Tom. 
.290 --l 
.320 I 

I 
f----- .790 ---~I .200 
i::;:::==============~ --I 

.014 
1i23 

.030 
Fa 

.100 
iSC 

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 10 volts greater 
than either supply, which el i minates the possibil ity of damage 
when supplies are off, but input signals are present. Equally 
important, it can withstand brief input transient spikes of 
several hundred volts; which otherwise would require com
plex external protection networks. Necessarily,ON resistance 
is somewhat higher than similar unprotected 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 50BA multiplexer in general. 

The HS-50BAR H has been specifically designed to meet 
exposure to radiation environments. Operation from -550 C 
to +125 0C is guaranteed. 

Functional Diagram 

,..----, 

I 
I 

r------, 
IN' 

our 

I
: I . 
I I 
I 

~-+---:-~I I~ ....!...---=tI=~==tJ::l.:.-
I I I I '- ____ J L ____ J 

AOO_ISS IN'UT Iu"l- OICOOUS 
ANO llvlL SHIITU 

"Ul"'tll 
SWITCHIS 

CAUTION: These devices are sensitive to electrostatic discharge. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage between Supply Pins 

V+ to Ground 

VEN. VA. Digital Input Overvoltage: 

V A I VSupply(+) +4V 
VSupply (-) -4V 

Analog Input Overvoltage: 

Specifications HS-50BARH 

40V 

20V 

Total Power 0 issipation * 

Operating Temperature 

Storage Tern perature 

725 mW 

-550C to + 1250C 

Vs I VSupply (+) +20V 
VSuppl y (-) -20V ·Derate BmW/oC above tA = 75°C 

ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified) 
Supplies = +15V, -15V; VAH (Logic Level High) = +4,OV; VAL (Logic Level Low) = +0,8V 
For Test Con d,t,ons, consult Performance CharacterlSltcs section 

-55°C to + 12SOC 

PARAMETER TEMP MIN TYP MAX, 

ANALOG CHANNEL CHARACTERISTICS 

VS. Analog Signal Range Full 

RON. On ReSIStance INote 1) ·2SoC 
Full 

IS(OFF). 011 Input Leakage Current +2SoC 

Full 

10IOFF). Off Output Leakage Current +2SoC 

Full 

ID(OFF) with Input Ove.rlloltage Applied INote 2) +25 0 C 
Full 

"lo(ON): 011 Chdnnel Leakage Current '2SoC 
Full 

DIGITAL INPUT CHARACTERISTICS' 

V A L. I nput Low Threshold 
I 

Full 
(Note 6) 

V AH. Input H,gh,Threshold Full 

IA. Input Leakage Current IHlgh or Low) Full 

SWITCHING CHARACTERISTICS 

tAo Access Time ·2SoC 

tOPEN. Break - Belore Make Delay +2SoC 

tONIENI' Enable Delay ION) +2SoC 

tOFF (EN). Enable Delay (OFF) t2S0C 

Settling Tlfne (0.1°0) +2S oC 
(0 U 25~,) +25 0 C 

"OFF Isolation" (Note 3) +2SoC 

Cs IOFF). Channel Input Capacitance +2SoC 

Co IOFFI. Channel Output CapaCItance 
+ 2SoC 

CA. Digital Input Capacitance + 2SoC 

COS IOFF). !npullO Outout Capacitance +2SoC 

POWER REQUIREMENTS 

PO, Power o,ssipalion Full 

1+. Current (Note 4) Full 

1-. Current lNote 4) Fuil 
It. Standby !Note 5) Full 

"I·, Standby (Note S; Full 

NOTES: 1, VOUT = ~ IOV. IOUT~ -100JiA 

2, Analog Overvoltage = ~ 33V 

-15 + 15 

1.2 I.S 
I.S 1.8 

0,03 
:SO 

1.0 

!2S0 

4.0 
2,0 

0,1 

~2S0 

0,8 
4.0 

1.0 

O,S 1.0 

80 

300 

300 

1.2 

I 

3,S 

65 

S 

2S 

5 

0,1 

1.S 

O,S 2,0 

0,02 1.0 
0.5 2,0 

0,02 1.0 

4. V EN = +4.0V 

UNITS 

V 

K !2 

K !! 

nA 

nA 

nA 

nA 

nA 

JlA 

nA 

nA 

V 
V 

JlA 

Jls 

ns 

ns 

ns 

Jls 
liS 

dB 

pF 

pF 

pF 

pF 

rriw 

mA 

mA 
mA 

mA 

Truth Table 

"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 

3, VEN ~ o,av. RL = 1 K. C L = 7pF. 

Vs ~ 3V RMS. f = 500KHz 

5. VEN = o.av 
6 To ,U,ve from DTL/TTL Circuits. 1 Kn pull·up 

resistors to "5.0V supply are recommended 

100°'0 TeSTed for Dash a at .. 250C and "1250C Only. 
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Performance Characteristics and Test Circuits 

UN LESS OTHERWISE SPECI FlED: T A = 250 C, VSUPPL Y = +15V, VAH = +4V, VAL = O.BV 

1.4 

11 

~ 10 
;:; 

~ 0.9 

o 0.8 

TEST CI RCUIT 
NO.1 

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE 

I 
T A = +12SoC 

I 

T A = +25 0 C 

T A = -55°C 

-10 -8 -6 -4 -2 

VIN - Analog InpullVollSi 

LEAKAGE CURRENT vs. TEMPERATURE 

IOOnA 

J 
./ 

./ 

'OnA 

OFF OUTPUT ~~ 
- LEAKAGE CURREN~ \ r/ 10 (OFFI 

J J 

./ ON LEAKAGE ./ ./ 

/ CURRENT /,/ 

InA /' IOIONy' / 

J f 

L 
,;' ,/ 'OFF INPUT 

/' / LEAKAGE CURRENT 
IS ;OFFI 

'OOpA 

f 
f 

iL 

50° 75° 1000 

r emperalure _DC 

. IN 

---
".,...,..,. -

10 

~100tlA 

:: 1.5 
"0 
~ 1.4 

13 

~ 1.2 
:> 
o 

I 
"C 

1.0 

~ 0.9 

0.8 

OUT 

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

I 1 I ! 
+12SOC ?TA ~-550C l 
VIN = ·5V 

.......... 
"- I I 

" i 
"- .......... 
~ 

~ !£ !7 !8 !'3 !10 !II !12 !13 !14 !15 

Supply Voltage - Volls 

TEST CIRCUIT OFF LEAKAGE CURRENT vs. TEMPERATURE 
NO.2 

TEST CIRCUIT 
NO.3 

ON LEAKAGE CURRENT vs. TEMPERATURE 

OUT 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

~ 18 ~ +---i---+--+--+--+--+---::1 

VIN - Anllog Input OveNoliage (VollI) 

4422 

TEST CI RCUIT 
NO.4 
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Performance Characteristics and Test Circuits (continued) m 

« 
E 

« 
E 

c: 
Q,> 

; 
u 
~ 

i 
V) 

ON CHANNEL CURRENT vs. VOLTAGE 
! 14 r---'r---'---''--'--'T-'--'T-~-~_-55-''o'--'C 

TEST CIRCUIT 
NO.5 

rl2 

rIO 

r8 

!£ 

!'4 

!£ !8 rIO !12 
VIN - Voltage Across Switch 

+25 0 C 

+ 125°C 

TEST CIRCUIT 
NO.6 

SUPPL Y CURRENT vs. TOGGLE FREQUENCY 
8r-----~---,---~-----r---~ 

~ s~---+----~---~----~~--~ 
; 
u 

~ 4~--+----~---~---~~Y--~ 
5-

V) 

fHRU 

1141 

ON CHANNEL CURRENT 
vs. VOLTAGE 

SUPPLY CURRENT vs. 
TOGGLE FREQUENCY 

·10 .~ 

1148 . lor~ 

OUT I----<:>-~--. 

.~I 2~----+-----+---~~~~----~ 

--= 
E 

..:: 
... 
u 
.¢. 

I 

~ 

O~~==~;;~~~~ 
IK 10K lOOK 1M 10M l

VAH . 4V 

VA VAL' 08V 
50"· DUry CYCLE 

900 

800 

700 

600 

500 

400 

Toggle Frequency. Hz 10 

TEST CIRCUIT ACCESS TIME vs. 
ACCESS TIME vs. LOGIC LEVEL (HIGH) NO.7 

AZ 

AI 

~ AO , EN 

"""'" ........... - - ,vAH 

4 9 10 II 12 13 14 15 

V AH -Logic Level (High). VollS 

LOGIC LEVEL (HIGH) 

IN I 

IN 1 THRU IN 1 

IN 8 

OUT 

'IOV 

·IOV -
PROBE -----, 

IOMn I 

14pf 

I 
I 
I 
I 

- I L ____ .J 

Switching Waveforms 

V AH = 40 ADDRESS 

~
DRIVE(VA.' 

'I,V AH VAL = 0 BV 

1 -

.~ . OUTPUT A 

: ~'10V 
I 

I 1 

-I IA 1_ 

ACCESS TIME 

I 
1--........ -4- V A I NPUT ~-+--I--I--+---':I---+----i 

2V/OIV 

t---+--I-+-+---I---+- OUTPUT A ~j ___ -4-~ 
\ srO IV

, 7 
\..... J 
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OUTPUT 

500, 500'. 

I I 

~ ....-
'OPEN 

ENABLE DRIVE 

V AH - 40 
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I I VAl o 8V 

I 

9rJ"
Jr I ~UT I I 

I 90''/' 
I 

----., IONIENI t+:- I 
I I-I 

'OF F I 
IENII-

OVERVOLTAGE 
PROTECTION 

Switching Waveforms (continued) 

TEST CIRCUIT BREAK BEFORE MAKE DELAY (tOPEN) 
NO.8 

BREAK BEFORE MAKE DELAY (tOPEN) 

I 
v A INPUT 

2V/DIV 

-w 
AI IN I 

IN 2 
'THRU 

IN 7 
IN 8 

IIOUT 
OUT 

l V" OUTPUT 1 L 
Itl 5V/DIV '1 

IK V ~ - I-' 

lOOns/DIY 

TEST CIRCUIT ENABLE DELAY (tON(EN), tOFF(EN)) 
NO.9 

ENABLE DELAY (tON(EN), tOFF{EN)) 

IN I ."111 
AI 

IN 2 
Al 

THRU 

-=- AO IN 8 

EN 
our 

G~O 

~oS7 
--::-

Schematic Diagrams 

TTL REfERENCE 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 ~ E NAB LE 
DRIVE \ 2V DIV 

L OUTPUT 
5 VIDIV 

I 

lOOns/D,y 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

\ 
~~ 

- - - - - - - - -- - - - - - - - - - - - --- - - - - -- - - -., 
V· I 

LEvEL 
~HIFTEO 

ADDRESS 
TO DECODE 

LEvEL 
"--+-~f--~ SHI F TED 

I 

GNO I 

ADORESS 
TO DECOOE 

L ___________________________________ J 
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Schematic Diagrams (continued) 

ADDRESS DECODER 

v-

TO PCHANNEl 
OEVICE OF 
THE SWITCH PAIR 

TO N CHANNEl 
OEVICE OF 
THE SWITCH PAIR 

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 "ru n" 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) ~ 1.uA when tested at 25°C. 

Sales Offices 

EASTERN REGION 

8300 Greensboro Drive 
McLean, Virginia 22102 
(703) 448-5400 
TWX: 710-833-0340 

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: 510-220-1527 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

EAST COAST 

7040 Lake Ellenor Drive 
Suite 113 
Orlando, FL 32809 
(305) 851-9450 

MULTIPLEX SWITCH 

DE~~g~ >.>>---------------------, 

R II 

IK 

L _______________ ~ 

D£~~~~ >.>----------+--------~ 

Radiation Effects 
(1) TOTAL DOSE: 

Very' little degradation of any of the parameters will be seen 
up to i' =1 x 105 Rad (Si). 

(2) DOSE RATE: 

The HS508A RH is manufactured in 01. consequently. it is 
latch up free. 

Irradiation Bias Circuit 

1 K ~ ~ 

NC 

MIDWEST REGION 

2850 Metro Office Park 
Bloomington, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 729-5585 
TWX: 510-959-6259 

15V ·'5V 
.A. 

t 16 

15 

14 

13 

12 

11 

10 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

I 

HARRIS 
CUSTOM INTEGRATED CIRCUITS DIVISION 
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mHARRIS 

Preliminary 
JUL y 1982 

Features 
• HIGH ANALOG INPUT IMPEDANCE 

DURING POWER LOSS (OPEN) 
500M!2 

• LOW POWER CONSUMPTION 600pW 
(STANDBY) 

• ACCESS TIME 500ns 
• EXCELLENT IN HI-REL REDUNDANT SYSTEMS 
• BREAK-BEFORE-MAKE SWITCHING 
• NO LATCH-UP 
• RADIATION ENVIRONMENT 

NEUTRON FLUENCE (q, ) . 
: GAMMA RATE ( Y ) . 

GAMMA DOSE ( Y ) • 

Package 

1 x 109 n/cm2(E ~ 10KeV) 
. 1 x 108 RADs (SO/s 
. . . . 2 x 105 RADs(SO 

.-!2=?-a .t:l.27...E:26L..C2:l...\ 2~4 ~23L..J:2=?-2 ~21";:20u:,':1-9 ~'8 ~17U:'~6 I~I TOP VIEW 

., 2 3 4 I 6 7 8 9 10 11 12 13 14 

Pinout 

tVSUPPLY 
NC 
NC 3 

IN 16 4 

IN 15 5 
IN 14 6 
IN 13 7 
IN 12 8 
IN 11 9 

IN 10 10 
IN 9 11 

GND 12 

(+5VSUPPLY) VREF 13 
ADDRESS A3 14 

TOP VIEW 

28 OUT 

27 -VSUPPLY 
26 IN 8 

25 IN 7 
24 IN 6 
23 IN 5 
22 IN 4 
21 IN 3 
20 IN 2 
19 IN 1 
18 ENABLE 
17 ADDRESS AO 
16 ADDRESS Al 
15 ADDRESS A2 

CAUTION: These devices are sensitive to electronic diScharge. 

Copyright ® Harris Corporation 1982 

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 un powered mode affording no additional power 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 

AO 

AI 

DIGITAL 
AOORESS 

A2 

A) 

I 
L ____ J 

ADDRESS INPUT BUFFER 
AND lEVEl SHIFTER 

DECODERS 

r------, 
IN I 

OUT 

'----'---< IN 16 

MUlTIPLEX 
SWITCHES 
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Specifications HS-1840RH 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 +4DV Total Power Dissipation* 12DDmW 
VREF to Ground +2DV Operating Temperature -550 C to +1250 C 
VEN, VA, Digital Input Overvoltage: 

VREF +4V Storage Temperature -650 C to +15DoC 
VA Ground -4V 

Analog Input Overvoltage: 

Vs ' VSupply (+) +2DV 
VSupply (-) -20V *Derate BmW/oC above TA = +250 C 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified: 
Supplies =' +15V, -15V: V R EF(Pin 13) = +5V; V AH(Logic Level High) = 4.DV; VAL (Logic Level Low) = +O.BV 
For Test Conditions, consult Performance Characteristics section. 

-550 C to + 1250 C 

PARAMETER TEMP. MIN. TYP. MAX. UNITS 

ANALOG CHANNEL CHARACTERISTICS 

·VS. Analog Signal Range Full -5 +15 V 

"RON. On Resistance (Note 1) VIN = +15V Full 0.5 1.0 KH 
VIN c -5V Full 2.5 5.0 Kn 

"IS(OFFI. Off Input Leakage Current +250 C 0.03 nA 

Full 1100 nA Truth Table "ls(oFFl. wIth Power Off (Note 8) Full :100 nA 

"IO(UrF). Off Output Leakage Current +250 C 1.0 nA 

Full 11000 nA 

" IO(OFF), or IS(OFF) with Input OveNoltage 

Applied (Note 2) +2SoC 50 nA "ON" 

full ±IOOO nA A3 A2 Al AO EN CHANNEL 

°IO(ON), On Channel Leakage Current +250C 1.0 nA 
X X X' X H NONE 

full ±IOOO nA 
l L l L L 1 
L L L H L 2 

OIGITAllNPUT CHARACTERISTICS L L H L L 3 
VAL. Input low Threshold I TTl Orive full 0.8 V l L H H L 4 
VAH. Input HIgh Threshold (Note 7) full 4.0 V L H L L L 5 

VAL I +250C 0.8 V L H L H L 6 
M OS Orove (Note 3) L H H L l 7 VAH +250C 6.0 V 

I H H H L 8 
·IA,lnputleakage Current (High or low) full 1.0 pA 

H L L L L 9 
H L L H L 10 

SWITCHING CHARACTERISTICS H L H L L 11 
tA. Acteu Time +250 C 500 1000 ns H L H H L 12 
tOPEfli. Break-Before-Make Oelay +250C 20 

I 
80 ns H H L L L 13 

tON(EN). Enable Oel,y (ON) +250C 300 1000 ns H H L H L 14 

tOff(EN). Enlble Dei,y (Off) +250 C 300 1000 
H H H L L 15 ns 
H H H H L 16 

SettlIng T,me (0. 1%) '250 C 1.2 ps 
10025'",1 '250 C 4.1 ps 

"Off Isoillion" (Note 4) +250C 65 dB 

CS(OFF). Channel Input Capacitance +250C 5 pf 

CO(OFF). Channel Output CapacItance. +250C 50 pF 

CA. DigItal Input CapaCltlnce +250 C 5 pF 

COS(OFF).lnput at Output CapaCItance +250 C 0.15 pF 

POWER REQUIREMENTS 

PO. Power O,u,pat,on (Note 5) +250 C 0.6 15.0 mW 
(Note 6) '250C 0.6 15.0 mW 

·1+. Curren.t Pon 1 (Note 5) full 0.02 0.5 mA 

·1-. Current P,n 27 (Note 5) Full 0.02 0.5 mA 

·1+. Standby (Note 6) Full 0.02 0.5 mA 

·1-. Standby (Note 6) Full 0.02 0.5 mA 

NOTES: 

1. lOUT = lmA 6. VEN '" 4.0V 
2. Analog Overvoltage = ~OV 7. To drive from DTL/TTL circuits 1 K pull-up resistors to 
3. VREF = +10V +5.0V supply are recommended 
4. VEN = 4.0V, RL = 1 K, CL '" 7pF, Vs = 3VRMS, f = 500kHz 8. All supplies (V+, V-, +5V) and digital inputs (AO, Al, A2, A3, 
5. VEN = O.8V EN) opened. Analog input ~10V. 

L 
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Performance Characteristics and Test Circuits 

Unless Otherwise Specified: 'TA = 250 C, VSUPPLY = ±15V, VAH:': +4V, VAL = O.BV and VREF = 5V. 

ON RESISTANCE VS. ANALOG INPU"[ VOLTAGE 

c: 
:..: 
I .. 
c: 

a: 
c 1 

o 

o 
-8 

TA=+1250C 

" , ~ 
f' ~ ~ r-.... 

TA=+~O~ 
.......... ---r--...... .... r-- ....-. 

r----
-4 +4 +8 

Analog Input Voltage - Volts 

LEAKAGE CURRENT VS. TEMPERATURE 

lOOnA 

"' ./ 
/ 

lOnA 

~ OUTPUT LEAKAGE ~ 

CURRENT 7 I- lolOFF) 

./ 
1/ / 

~ 
:; 
(.) 

G> lnA en 

/ / 

./ / 
IV 
~ 
IV 
G> ..... 

"' 

lOOpA 

OFF INPUT / LEAKAGE·CURRENT 

/ IS(OFF) 

-' 
7' 

1/ 

lOpA 
250 500 750 1000 1250 

Temperature DC 

+12 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 
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160 

1 140 

:E 
9 120 

~ 100 

:E 
o 80 
1!> 

I 

c 60 

~ 
'-' f 40 

20 

-

./ 
V 

VV 
IS(O~ V 

V V 
..-""" 

lolOFFI 

119 123 125 

VIN - Analog Input Overvoitage - Volts 

+16 

ON RESISTANCE vs 
INPUT SIGNAL LEVEL 

RON=~ 
ImA 

IN 

OFF LEAKAGE CURRENT 
vs TEMPERATURE 

ON LEAKAGE CURRENT 
vs TEMPERATURE 

IN 

OUT 

1010N) 

tlDV ~ 

ImA 

V2 

tlDV 

1 

OUT 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 
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Schematic Diagrams 

ADDRESS AND ENABLE INPUT BUFFER AND LEVER SHIFTER 

V 
REF 

LEVEL SHIFTER 

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

LEVEL 
SHIFTED 
ADDRESS 
TO DECODE 

LE VEL 
6--+--4---4-. SH I FT E 0 

I 

I L ___________________________________ J 

ADDRESS DECODER MULTIPLEXER SWITCH 

FROM DECODE 

HS1840RH IRRADIATION CONFIGURATION 

+15V - 1 2. 

NCO-- 2 27 - -15V 

NCO- l 2. ~ : 1Kn 

+1V - 4 25 

5 24 -== 
& 23 

7 22 

• 21 

9 20 

10 ,. 
11 ,. f--

12 17 1---; 

..L r-- 13 1& f--

Jo- 14 15 f--

+5V 

-

AUDRESS 
TO DECODE 
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Radiation Screening Procedure Radiation Effects 

(l)TOTAL DOSE: (1) Two (2) probed good die per wafer will be selected from 
2.20% 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'! 

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 VSUPPL Y = ±15V. The dose rate shall be 
between 50 rads/sec and 200 rads/sec. 

(4) On Current Leakage ID(ON) with VSUPPL Y = ±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 ID(ON)~ JlA when tested at 250 C. 

Product Test Flow 
HARRIS SEMICONDUCTOR PRODUCT FLOW 

MI L-STD-883, METHOD 5004 CLASS B 

4430 

Note: 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B Gross 

I nitial 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; Yl 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. 

© Ie MASTER 1983 



~~~ •.. 
, ~",."'.' .............. , 

"''''~''< 

IF SEMI-CUSTOM CMOS WAS ALL 
WE HAD WE MIGHT BE TEMPTED TO 

TEL{YOU IT'S ALL YOU NEED. 
We're downright impartial when 
it comes to recommending semi
custom or custom processes for 
your IC design. 

Because we do both. 
Which means we can afford 

to give advice based on yoUr spe
cific needs, not ours. 

SAVINGS ARE A HOIJ CUSTOM. 
More often than not, we can pro
duce a custom IC in specified low 
quantities for less than the gate
array bid of a competitor. 

So don't automatically assume 
that the rule of thumb about semi
custom being cheaper in low 
quantities is always true. 

On the other hand, don't 
ignore semi-custom, as a 
tool, when you need large 
quantities. 

@ Ie MASTER 1983 

SOMmMES, NEITHER IS ENOUGH. GET FREE ADVICE THAT'S 
In today's marketplace, getting into WORtH MORE THAN WHAT YOU 
production fast is a. top priority. PAY FOR IT. 
And since fast turnaround is a semi- Since we don't have an axe to 
custom trait, it's an obvious choice. grind for one approach or the other, 

But suppose you're talking big you can count on Holt for an unbi-
quantities, where custom is gen- ased opinion. ' 
erally more cost effective. Then you can count on us to 

At Holt, you can get both. perform no matter which way you 
Development of semi-custom go. On time. On budget. And with 

and custom versions can run con- the first-rate quality you deserve. 
currently, in fact. The semi-custom Call Mark Ellsberry for more 
version will help you hit the mar~ information today. 
ket fast. Later on, the custom ver- . Holt, Inc., 8 Chrysler Avenue, 
sion can replace it on your assembly Irvine, CA 92714. Telephone: (714) 
line to help your bottom line. 859-8800. Telex: 182704. 

HOL~ 
INTEGRATED CIRCUITS 

MAKING CMOS WORK FOR YOU. 
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For Key Data On Every Ie On This 
Board, The Place To Look Is ... 

The Data System Design 7215 is a single-board controller 
with pipelined architecture that can simultaneously 

control Winchester, streaming tape, and floppy drives. 
Device No. 
AM25LS2569 
AM2910 
AM26S02 
AM27S35 
AM8085 
CA3130 
2732 
8237 
DM7438 
DM8334 
DS75107 
F74S132 
MC4024 
MK4802 
PAL16L8 
PAL16R6 
PAL16R8 
7407 
74123 
74368 
74LS02 
74LS04 
74LS125 
74LS138 
74LS151 
74LS161 
74LS166 

Description 
Up-Down Binary Counter with Synchronous Preset 
Dual Retriggerable Monostable Multivibrator 
Programmable Schottky Read-Only Memory 
12-Bit Microprogram Controller 
Complete 8-Bit Parallel Central Processing Unit 
5-to-16-Volt Single Stash Supply Op Amp 
4096 x 8 TTL PROM 
DMA Controller 
Quad 2-lnput TTL NAND Buffer 
8-Bit Addressable TTL Latch 
Differential Line Receiver 
Quad 2-lnput NAND Schmitt-Trigger 
Dual Voltage-Controlled TTL Multivibrator 
2048 x 8 Static NMOS RAM 
Field Programmable Logic Array 
Field Programmable Logic Array 
Field Programmable Logic Array 
Hex Buffer/Driver 
Dual Retriggerable Monostable Multivibrator 
Hex Inverter, 3-State 
Quad 2-lnput TTL NOR Gate 
Hex Inverter 
Quad Gated TTL Buffer, 3-State 
3 Line to 8 Line Decoder/Demultiplexer 
8-lnput Multiplexer 
Binary Counter 
8-Bit Parallel-In, Serial-Out Shift Register with Clear 

Device No. 
74LS174 
74LS240 
74LS244 
74LS257 
74LS273 
74LS299 
74LS365 
74LS373 
74LS374 
.74LS393 
74LS533 
74LS670 

74S00 
74S03 
74S04 
74S112 
74S151 
74S153 
74S174 
74S175 
74S240 
74S32 
74S51 
74S64 
74S74 
75110 

Description 
Hex D-Type Edge-Triggered Flip-Flop with Clear 
Octal Bus Driver (Schmitt Trigger) 
Octal Bus Driver (Schmitt Trigger), Non-Inverting 
Quad 2-lnput Multiplexer, Non-Inverting 
Octal D-Type Edge-Triggered Flip-Flop, 3-State 
8-Bit Universal Shift Register 
Hex Buffer, 3-State 
8-Bit Latch 
Octal D-Type Edge-Triggered Flip-Flop, 3-State 
Dual 4-Bit Binary Counter 
D-Type 8-Bit Latch 
16-Bit (4x4) Register File with 

Simultaneous Read/Write 
Quad 2-lnput NAND Gate 
Quad 2-lnput NAND Gate, Open Collector 
Hex Inverter 
Dual "J-K" Negative Edge-Triggered Flip-Flop 
8-lnput Multiplexer 
Dual 4-lnput Multiplexer 
Hex D-Type Edge-Triggered Flip-Flop with Clear 
Quad D-Type Edge-Triggered Flip-Flop with Clear 
Line Driver, Single Ended, 3-State, Inverting 
Quad 2-lnput OR Gate 

. Dual 2-Wide 2-lnput AND-OR-Invert Gate 
4-2-3-2-lnput AND-OR-Invert Gate 
D:.Jal D~Type Positive Edge-Triggered Flip-Flop 
Line Driver, Differential, Twisted Pair Level Shifting 

Representative list of ICs on the Data Systems Design 7215 board. 
Key speCifications for all of these ICs can be found in IC MASTER. 

~HICMA5TeR 
. BE SURE. BEGIN WITH THE ICMASTER 



40 MONOCHIPS FROM 
A FEHHANTI COMPANY THE LEADER IN SEMI-CUSTOM IC's 

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 40 currently available Monochips can 

enable you to convert your existing discrete or SSI/MSI 
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 20V max 16max $3700 
MOB " 81 x 81 300 20V max 24 max $3700 
MOC " 51 x 56 110 20V max 14 max $2800 
MOD " 80x 80 194 36V max 16max $3700 
MOE I " 70x 70 187 20V max 18max $3100 
MOF " 91 x 110 437 20V max 24 max $4500 
MOG " 75x 78 310 20V max 18max $3400 
MOH " 77 x 88 382 20V max 18max $3400 
MOJ " 61 x 65 170 20V max 18max $2800 
MOL " 81 x 100 416 20V max 24 max $3900 
MOM " 101 x 151 812 20V max 28 max $7000 
MON " 123 x 157 1070 20V max 40 max $10000 
MOP " 90 x 121 623 20V max 24 max $5000 
MOQ " 73 x 76 304 20V max 18max $4000 
MLA CMOS 136 x 185 1695 3 to 15V 42 max $8500 

DIGITAL MONOCHIPS 

Designation Technology Size-Mils 
Logic 

Gates 
Gate Gate 

Voltage Pads 
Integration 

Cells Delay Power Fee 

MDA NMOS 138 x 138 224 262 20ns 0.2mW 5 to 12V 40 max $4500 
MUA Bipolar 131 x 131 225 450 25ns 2.0mW * 1 to 1.5V " " 
MUB " " " " 200ns 0.2mW " " " 
MUC " " " " 10ns 2.5mW " " " 
MSA " 157x157 " " 8ns 1mW 5Vmax " " 
MSB " 200 x 186 440 880 " " " 52 max $7800 
MSC " 191 x 205 990 1980 " " " 64 max $17000 
MCA CMOS 112 x 124 112 140 13ns <5J.lW* * 3 to 15V 32 max $4000 
MCB " 136 x 136 162 200 " " 38 max $4250 
MCC " 136 x 174 216 270 " " " 44 max $4500 
MCD " 174x174 224 440 " " " 52 max $5000 
MCE " 136 x 174 160 340 " " " 44 max $4750 
MCF " 195 x 197 504 630 " " " 60 max $6500 
MCG " 219 x 216 640 800 " " " 68 max $7500 
MPX Si-CMOS 195 x 235 400 1000 5ns .14mW* * * 12V max 80 max $9000 
MPA " 125 x 146 204 510 3.5ns " 7Vmax 56 max **** 
MPB " 162 x 194 400 1000 " " " 70 max " 
MPC " 187 x 230 600 1500 ". " " 91 max " 
MPD " 225 x 242 800 2000 " " " 104 max " 
MRA Bipolar 135 x 125 224 500 2.5ns 0.3mW 5Vmax 40 max " 
MRB " 168 x 153 378 900 " " " 50 max " 
MRC " 185 x 169 504 1200 " " " 58 max " 
MRD " 215 x 193 672 1600 " " " 68 max " 
MRE " 215x215 784 1800 " " " 72 max " 
MRF " 231 x 231 900 2000 " " " 80 max " 

* 1 volt requires close work with Interdesign. * *Frequency dependent, gate power at low frequency. 
* * *Bipolar power at max frequency. CMOS at max frequency. * * * * Contact Interdesign Marketing. 

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 1200 engineers have 
already designed their own Monochip. Each Monochip 
Design Kit or Manual contains all of the information you 
need t~ start and complete your design. ORDER TODAY! 

MOK Design Kit (Linear) ................ $ 59 
CMOS Design Manual .................. $25 
ULA Design Kit ....................... $ 59 
CML Design Kit ....................... $ 25 

Production-After your integration has been com
pleted and you've approved prototypes, your produc
tion parts can be delivered, in large volumes, at unit 
prices starting at less than $1 depending on chip size, 
technology, circuit complexity, etc. 

Product Literature-Each type of 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: (408) 438-2900 

© Ie MASTER 1983 4433 

c: 
0> 
CJ) 
Q) 
-C 
~ 

Q) ...... 
c: 



ForKey Data On Every Ie On This· 
Board, The Place To Look Is ... · 

Device No. 
74LS08 
74F244 
7~LS240 
74LS136 
74F04 
74LS374 

74LS273 

74LS541 
74LS645 
74LS540 

rrrrfffrrrfrrrTf,rrrrrrrr.,rTfr 

This Rockwell RM65-5104(E) card is used to 
transfer data between memory and peripheral 
circuits. 

Description 
Quad 2-lnput AND Gate 
Octal Buffer/Line Driver 
Octal Bus Driver (Schmitt Trigger) 
Quad 2-lnput Exclusive-OR Gate 
Hex Inverter 
Octal D-Type Edge-Triggered 

Flip-Flop; 3-State 
Octal Edge-Triggered Flip-Flop 

with Clear 
Octal Bus Driver, Noninverting 
Octal Bus Transceiver 
Octal Bus Driver, Inverting 

Device No. 
74LS682 
AM2940 
AM2942 
74LS155 
74LS148 
74LS74 
74LS32 
74LS112 
74LS126 
74LSOO 
PAL12H6 

Description 
8-Bit Magnitude Comparitor 
DMA Address Generator 
Programmable Timer 
Decoder / Demultiplexer 
Priority Encoder 
Dual D-Type Edge-Triggered Flip-Flop 
Quadruple 2-lnput OR Gate 
Dual J-K Flip-Flop 
Quadruple Bus Buffer Gate 
Quadruple 2-lnput NAND Gate 
Field Programmable Array 

Representative list of ICs on Rockwell Direct Memory Access Card. 
Key specifications for all of these ICs can be found in IC MASTER. 

pHICMA5TER 
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IF YOU'VE GOT 
A GREAT pC OR TELECOM IDEA, 

'HE'LL HELP YOU HIDE IT. 
There are three very good reasons to go 
to custom CMOS chips when you design your 
telecom or datacom system. They're the same 
three reasons you go to custom NMOS when 
you design your microcomputer-based system. 

The first is economy: You can replace 
a handfull of chips or boards with a single 
chip. That means you can effect major 
economies in real estate, power supplies, 
fans ... and what you lose in boards and 
chips, you gain in reliability: Fewer parts. 
Fewer problems. 

The second is availability: Chips for 
your application may simply be unavailable. 
Or, so costly in dollars and real estate that 
they make your system idea unworkable. 

But here's the best reason of all. 
Custom MOS means that your idea will remain 

your idea. Custom MOS chips are so 
tough to reverse engineer that even if your competition figures your system out 

you'll already be into the market with even a better system. And in the world 
of fast changing systems technology, a custom chip is a major 

competitive advantage. 
If you've got an idea youti like to commit to custom MOS, CMOS 

.. or NMOS, 3, 4 or 5 micron technology, thats our business. Call us. 
Or better, ask for a tour of our state-of-the-art semiconductor design 

and production facilities in San Jose. r-----------------------------
We'll work your way: You design, I ;~D 

we build. We design and build. VLSI. And once I bill!' §8J+81~~g!O 
we've agreed on a schedule, we'll live by it. I International Microelectronic Products 

What's more, our computerized tracking system will I 2830 North First Street 
tell you exactly where we are every step of the way. I San Jose, CA 95134 (408) 262-9100 TWX: 910-338-2274 

If 'd' . 1 d' d t I I'd like to hide my idea. 'lell me more about 
you re eSlgrung ea mg e ge sys ems I your custom MOS Capabilities. 0 NMOS 0 CMOS 

youti like to see stay that way, call us. Or return the I 
coupon. Weti like to show you how we help you get I Name _________________ _ 

ahead of the competition. And stay there. I Company ________________ _ 

© Ie MASTER 1983 
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Paints to ponder 
when looking for a 

custom LSI manufacturer. 

Can you work closely with 
their engineers? 

It's really essential that you be able to. 
A custom MaS/LSI circuit is truly a 
custom job, and the more active the 
interplay between you (or your 
engineers) and the custom LSI 
manufacturers engineers, the more 
perfectly it will fit your product. 

Our customers tell us that we, at LSI 
Computer Systems, are very easy to work with. We, of course, 
have no standard of comparison, but those who have, tell us 
that engineers at big LSI manufacturers are relatively 
inaccessible. We'd like to be big some day, too, but accessible 
is one thing we'll always be. It's one of the things that made us 
as big as we are. 

What about development (NRE) costs? 
They are, of course, a big part of any custom job. The 

important thing to look for here is a company that is custom 
oriented - and also one that doesn't 
have a huge overhead to support 
in the form of production facilities. 

Now, if your circuit has an 
equivalent gate count of 1,000, 
one of those big outfits is 
going to quote you at least 
$100,000 for the NRE. We 
can design it for less than 
half of that, and what's 
more, we can deliver 
prototypes in less than 
26 weeks, and 
produce your chip 
for less than a 
dollar apiece. 

How fast can they turn around? 
Another advantage of being relatively small is that you can 

get a chip out and into production fast. Again, customers 
who've had experience with bigger LSI manufacturers tell us 
we're more flexible, and move faster. If your chip has an 
eqUivalent gate count of much more than the 1,000 we 
mentioned above, it would be difficult to pin a definite design 
time on. But one thing we will say: when we give you a date, 
you can count on it. 

Are they going to try out 
a glamorous new MOS process 
on yOU? . 

Being at the forefront of technology is 
exciting, but if you're counting on a chip for 
a product you've gat a lot of money riding 
on, it can also be injurious to your health. 
That's why we stick to the stodgy, safe, tried 
and true techniques. And after all: even the 
stodgiest, safest MaS/LSI technology is 

pretty close to the forefront. 

Can they take peaks? 
This brings us to a very vital subject: in-house wafer 

processing versus subcontracting. , 
Naturally, LSI manufacturers that have their own production 

facilities will give you their side, but here's ours: if anything 
happens to their process line, where are you? If they can't 
process they can't deliver, but there's something else, too: no 
matter how big they are, they have limits, and if you're gearing 
up for, say, a big Christmas production run, they may have 
trouble keeping up with you. 

When you subcontract, as we do, if something happens to 
wafer foundry A, you switch to B. And we can keep up with any 
peak demand you may make, by just adding foundries. 

DO they use conservative design rules? 
Speaking of going from foundry to foundry, you can only do 

that if you use design rules conservative enough to be 
successfully processed at any foundry. Right here we have to 
say that our rules may make your chip a shade bigger, and 
hence cost a little more, but in terms of count-on-able delivery in 
any quantity, on time (and also, incidentally, in terms of 
reliability) we think it's well worth it. 

There are other points worth considering, but these will do for 
a start. The man who can tell you about the others (and expand 
on these), is Ron Colino, our VP/Marketing. 

You can reach him at 
(516)271-0400, and if you 
want to write, it's 
1235 Walt Whitman Road, 
Melville, NY 11747. 
TWX 510-226-7833. 

Beyond the 
Microprocessor LSI 

CllVlPUTER 
SYSTEMS 

• 
Since 

- 1969 

INC. Manufacturers of Custom 
and Standard LSI circuits. 
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M C E
TM WEST PALM BEACH, FLORIDA, USA 

. TEWKESBURY, ENGLAND, UK 
. SUNNYVALE, CALIFORNIA, USA 

NORNBERG & MONCHEN, GERMANY 
PRODUCT SUMMARY 

MCE'S LINE OF INDUSTRY STANDARD ARRAYS 

LINEAR SERIES (20-7SV) 
• 20V for normal use: A20A,A20B,A20C,A20E,A20F,A20G,A20H,A20J,A20L,A20M 

- up to 812 components on chip . 
• 20V for higher 

performance: 
A20AS, A20BS, A20CS, A20ES, A20FS, A20GS,A20HS, A20JS, 
A20LS, A20MS, A20WS 

• 40V for normal use: 

• 40V for higher 
performance: 

• 75V for normal use: 

• 75V for higher 
performance: 

ANALOG DIGITAL SERIES(12L) 

- up to 812 components on chip 
A40D 
- 194 components on chip 
A40AS,A40BS,A40DS 
- 245 components on chip 
A75X 
- 230 components on chip 
A75XS 
- 230 components on chip 

e D15A,D15B,AD15C, 0150 
- up to 864 gates and additional interface components on chip 

CMOS METAL GATE (1-18V FOR ANALOG AND DIGITAL USE) 
• For normal use: MGC50, MGC11 OA, MGC160B, MGC210C, MGC270E, 

MGC350D, MGC500, MGC600 
- up to 600 gates on chip 

• For enhanced MGB50, MGB11 OA, MGB160B, MGB21 ~C, MGB270E, 
performance: MGB350D, MGB500, MGB600 

- up to 600 gates on chip 

IC LICENSING AND SELF-DESIGN 
• MCE offers extensive training programs in IC design 
• All of MCE's tools are ready for licensing and in-house use by our customers, 

e.g., software for design, logic or circuit simulation, layout, and test verification 
• Design tools including breadboarding system (UniDESTM) and a wide range 

of kit parts 
• Cell libraries for bipolar (analog and digital), CMOS metal gate (analog and 

digital) and CMOS Signate . , 

MCE'S FOUNDRY SERVICES 
IC WAFER FAB 

• Computer-monitored, 4/1 positive resist wafer fab 
• Linear. bipolar and dielectric processes including BiFET, power (200V and 15A), etc. 

with poly SiChrome thin-film resistors 
• 12L, CMOS and ECl oxide isolated for digital 

IC TEST 
• Full linear precision testing 
• Full digital high-speed testing 
• Mixed analog and digital testing 
• Full environmental testing 

IC PACKAGING 
• All types of plastic and ceramic packages 
• Includes dual-in-line, flat packs, chip carriers, high-power packages, etc. 

© Ie MASTER 1983 4437 
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M C E
TM WEST PALM BEACH, FLORIDA, USA 

TEWKESBURY, ENGLAND, UK 
, SUNNYVALE, CALIFORNIA, USA 

NORNBERG & MONCHEN, GERMANY 

OFFERS: 

4438 

MCE'S ADVANCED BIPOLAR UNIRAYS™ AND UNICELLS 

DIELECTRICALLY ISOLATED (01) FAMILY 

\ 

• 20V, 40V, 80V and 200V components available 

• UniCell'" and Uniray'" 

• 700MHz NPN's {3 > 200 

• 200MHz PNPs {3 > 100 

• Arrays with more than 150 active devices available 

• SiChrome thin-film resistor and dual-layer metal for precision performance and ease 
of layout 

• Laser trim option 

• High temperature tolerance for operation above 200°C 

• Radiation-tolerant 

• Extensive component and functional cell library for UniCell'" custom available 

• Supported by full computer-aided design simulation to assure circuit performance 
on first pass 

• SNAP'" software for exact and easy layout 

• Fast turnaround on prototypes 

MCE'S FAMILY OF ADVANCED BIPOLAR ARRAYS (UNIRAY"') AND CELL CUSTOM (UNICELL"') 

• Power/small signal Unirays'" and UniCells'" up to 80V or 15A on a single chip 

• Proven wide range of advanced technologies from modern 4" computer-monitored 
wafer fab 

• Higher performance at smaller chip sizes (and cost) 

• Linear with BiFET, SiChrome thin-film resistors and implanted resistors, fuses, zener 
zap switches and various kinds of capacitors 

• Laser trim option 

• UniCell'" custom with extensive cell library with about 300 proven functions and 
components for easy design and layout 

• Linear function block cell approach (UniCe.II"') allows easy PC board design on silicon 

• Efficient digital functions available 

• UniCell'" custom ICs with less than 3 months to prototypes 

• Up to 1320 components on analog-digital arrays 

• 300 components on power arrays combined with 14A output current 

• Uniray'" turnaround less than 6 weeks 

• Customized packages available 

• SNAP'" software for exact and easy layout 

© Ie MASTER 1983 



-ARRAYS (UNIRAyTII) AND FULL CUSTOM IC'S (UNICELLTII ) 
-VARIOUS BIPOLAR AND CMOS TECHNOLOGIES 
-FULL IN-HOUSE DESIGN, WAFER FAB, PACKAGING 

AND TEST FACILITIES 

MCE'S ADVANCED CMOS UNIRAYS™ AND UNICELLS 

MCE'S FAMILY OF SILICON GATE OXIDE ISOLATED INTEGRATED CIRCUITS 

• 336 to 2014 gate arrays in 4/1- technology - single layer metal with maximum 4nsec delay 

• Up to 5000 gate arrays in 3/1- technology - dual layer metal with maximum 2nsec delay 

• Extensive cell library with over 200 functions for Uniray'" and UniCell'" approach 

• Full simulation practiced on all designs by use of MCE-developed software including 
auto-placement and auto-routing 

• Logic test vectors and layout are included in the full simulation sequence 

• Only fully tested parts supplied as prototypes 

• Shortest turnaround with highest probability of first-time hit in the industry 

o Full simulation practiced on all designs by use of MCE-developedsoftware including 
auto-placement and auto-routing 

• Software used to guarantee first-time hit 

-Logic simulation done with HILO-2'" 
-Array simulator ARS'" 
-MOS Dynamic Simulator MOSDAY'" 
-Layout checking program CHECK'" 

CLiC MOS ANALOG-DIGITAL METAL GATE CMOS 

• Completely new approach to PC board on silicon design 

o Easy symbolic function layout with CLiC MOS cells 

• Numerous Unirays'" available in the MGA series exceeding 1000-gate complexity 

• UniCell'" library with in excess of 150 functions 

• Ease of design by automatiC, easy-to-fit function cell approach (UniCell"') together 
with SNAP'" software 

• High-performance linear cells and high-density MSI cells available 

• Flexible through use of programmable bonding pads 

• High-density cell design which gives dual-layer metal design density with single-layer 
metal process and cost using advanced 3/1- ,4" metal gate technology 

• Extensive range of arrays available 

• 1 V - 18V supplies 

• Semicommitted gate arrays with dual port cells 

...... 

CUSTOM IS OUR SERVICE 
SERVICE IS OUR CUSTOM 

© Ie MASTER 1983 4439 
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M C E
TM WEST PALM BEACH, FLORIDA, USA 

TEWKESBURY, ENGLAND, UK 
SUNNYVALE, CALIFORNIA, USA 

. NORNBERG & MONCHEN, GERMANY 

MCE'S LINE OF STANDARD INTEGRATED CIRCUITS 

. AID, D/A, V/F CONVERTERS 
• MCE ·570. . . . . . . . . . . . . . . .. 8-Bit AID Converter 
• MCE 571 ................. 1 O-Bit A/D Converter 
• MCE 574, MCE 574Z .... 12-Bit AID Converter 
• MCE 565A, MCE 566A , 

MCE 6012 ............... 12-Bit 0/ A Converter 
• MCE VFC32 .............. V/F Converter 

DIELECTRICALLY ISOLATED PRODUCTS 
• High-Speed Latching Comparator 
• Wide Band Power Operational Amplifier (20V, 0.2A) 

BIPOLAR OPERATIONAL AMPLIFIERS 
• MCE LM1 0 ............... Low Voltage Operational Amplifier and Voltage Reference 

• MCE L 165, 
MCE TCA 365 ............ Power Operational Amplifier (36V, 3A) 

• MCE L2165, 
MCE TCA 2365 .......... Dual Power Operational Amplifiers (36V, 2 x 3A) 

• MCE 60/70/80 Series .... BiFET Operational Amplifiers 

AUDIO POWER AM PLI FI ER 
• From 1 W to 30W Output 

Audio Power Integrated 
Circuits 

VOLTAGE REGULATORS 
• MCE 4194 ............... Dual Tracking Voltage Regulators from ± 50mV to ± 42V 

additions in new high power packages 
• MCE LM117/217/317 .... positive programmable 3-terminal voltage regulators 
• MCE LM137/237/337 .... negative programmable 3-terminal voltage regulators 

CMOS/LSI CIRCUITS 

Central and Eastern U.S.A. 
Central and South America 
Canada 

MCE Inc. 
1111 Fairfield Drive 
West Palm Beach 
Florida 33407 U.S.A. 
Telephone: (305) 845-2837 
Telex: 513463 (MCE NPAB) 

4440 

• MT 80001 ................ UART 1 Mbit/sec 
• MT 32003 ................ 512 Bit FI-FO Memory 
• MT 34006 ................ Local Network Terminal Controller 5Mbit for J.t P 
• MT 34009 ................ Arinc 429 Eight Channel Serial to Parallel Decoder 
• MT 70003 ................ Arinc 429 Single Channel Serial to Parallel Decoder 
• MT 70014 ................ Arinc 429 Dual Channel Parallel to Serial Decoder 

Western U.S.A. 

MCE Inc .. 
1270 Oakmead Parkway 
Suite 101 
Sunnyvale 
California 94086 U.S.A. 
Telephone: (408) 732-6090 
Telex: 171895 (M CELECTR SUVL) 

United Kingdom, Scandinavia, 
Netherlands 

MCE Ltd. 
Alexandra Way, Ashchurch 
Tewkesbury 
Gloucestershire GL208TB 
England, UK 
Telephone: (0684) 297777 
Telex: 437233 (MCEL G) 

NOVEMBER 1982 

Central, Western and Southern Europe 

MCEGmbH 
Pirckheimer Str. 124 
D8500 NUrnberg 
West Germany 
Telephone: 0911·533993 
Telex: 622748 (SVOLK D) 

Design Center 
MCEGmbH 
Blumenstr. 9A 
D8013 HaarlMOnchen 
West Germany 
Telephone: 089-463085 
Telex: 5212965 (MCEM D) 

© Ie MASTER 1983 



·For Key Data On Every Ie On This 
Board, The Place To Look Is ... 

This Signetics Memory Module _ provides 256K bytes of dynamic random 
access memory, plus parity protection. 

Equipment and system design often require the use 
of a wide variety of integrated circuits in order to 
obtain optimum performance. One way for an engi
neer to be certain that he hasn't overlooked the 
best device for his application is to refer to the pages 
of Ie MASTER .. 

Surveys conducted by Ie MASTER, integrated cir
cuit manufacturers, and independent research 
agencies confirm that four out of five Ie MASTER 
users have specified one or more products as the 
result of using-Ie MASTER. 

Device No. 
74LSOO 
74LS08 
74LS04 
74LS20 
74LS32 
74LS37 
74LS24 
74LS74 
74LS132 
74LS112 
74LS10 
74LS244 
74LS645 
AM25LS2521 
74S38 
N7411 
N74S40 
TMS4164 
7641 
7642 

Description 
Quadruple 2-lnput NAND Gate 
Quadruple 2-lnput AND Gate 
Hex Inverter 
Dual 4-lnput NAND Gate 
Quadruple 2-lnput OR Gate 
Quadruple 2-lnput NAND Buffer 
Schmitt Trigger 
Dual D-Type Edge-Triggered Flip-Flop 
Quadruple 2-lnput Schmitt Trigger 
Dual J-K Edge-Triggered Flip-Flop 
Triple-3-lnput NAND Gate 
Octal Buffer I Li ne Driver 
Octal Bus Transceiver 
8-Bit Equal-to Comparator 
AND/NAND Gate 
Triple-3-lnput AND Gate 
Dual 4-lnput NAND Buffer 
64K Dynamic RAM 
512 x 8 PROM 
1K x 4 PROM 

Representative list of ICs on Signetics SMVME3100 Memory 
Card. Key specifications for all of these ICs can be found in 
IC MASTER. 

iHlCMASTER 
BE SURE. BEGIN WITH THE Ie MASTER 
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PAL Introduction 

The PALTM 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 .f1exibility. 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. 

The designer is confronted with another problem when a 
low to medium complexity product is designed. Often the 
function is well defined and could derive significant ben
efits from fabrication as an integrated circuit. However, 
the design cycle for a custom circuit is long and the costs 
can be very high. This makes the risk significant enough 
to deter most users. The technology to support maximum 
flexibility combined with fast turn around on custom logic 
has simply not been avaifable. Monolithic Memories 
offers the programmable solution. 

The PAL family offers a fresh approach to using fuse 
programmable logic. PALs are a conceptually unified 
group of devices which combine programmable flexibil
ity with high speed and an extensive selection of in
terface options. PALs can lower inventory, cut design 
cycles and. provide high complexity with maximum 
flexibility. These features, combined with lower pack
age count and high reliability, truly make the PAL a 
circuit designer's best friend. 

PAL" is a trademark of Monolithic Memories . 

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

The PAL-Teaching Old PROMs 
New Tricks 

MMI developed the modern PROM and introduced many of the 
architectures and techniques now regarded as industry 
standards. As the world's largest PROM manufacturer, MMI has 
the proven technology and high volume production capability 
required to manufacture and support the PAL. 

The PAL is an extension of the fusible link technology pioneered 
by Monolithic Memories for use in bi-polar PROMs. The fusible 
link PROM first gave the digital systems designer the power to 
"write on silicon." In a few seconds he was able to transform a 
blank PROM from a general purpose device into one containing 
a custom algorithm, microprogram, or Boolean transfer function. 
This opened up new horizons for the use of PROMs in computer 
control stores, character generators, data, storage tables and 
many other applications. The wide acceptance of this 
technology is clearly demonstrated by today's multi-million 
dollar PROM market. 

The key to the PROM's success is that it allows the designer to 
quickly and easily customize the chip to fit his unique 
requirements. The PAL extends this programmable flexibility by 
utilizing proven fusible link technology to implement logic 
functions. Using PALs the designer can quickly and effectively 
implement custom logic varying in complexity from random 
gates to complex arithmetic functions. 

ANDs and ORs 

The PAL implements the familiar sum of products logic by using 
a programmable AND array whose output terms feed a fixed OR 

array. Since the sum of products form can express any Boolean 
transfer function, the PAL's uses are only limited by the number 
of terms available in the AND -. OR arrays. PAL's come in dif
ferent sizes to allow for effective logic optimization. 

Figure 1 shows the basic PAL structure for a two input, one output 
logic segment. The general logic equation for this segment is 

Output = (11+f1)(11+f2)(12+f3)(12+f4) + 

(11 +f5)(11+f6)(12+f7) (12+f8) 

where the "f" terms represent the state of the fusible links in the 
PAL's AND array. An unblown link represents a logic 1. Thus, 

fuse blown, f = 0 

fuse intact, f = 1 

An unprogrammed PAL has all fuses intact. 

Figure 1 

PAL Notation 

OUTPUT 

Logic equations, while convenient for small functions, rapidly 
become cumbersome in large systems. To reduce possible 
confusion, complex logic networks are generally defined by logic 
diagrams and truth tables. Figure 2 shows the logic convention 
adopted to keep PAL logic easy to understand and use. In the 
figure, an "x" 'represents an intact fuse used to perform the logic 
AND function. (Note: the input terms on the common line with 
the x's are not connected together.) The logic symbology shown 
in Figure 2 has been informally adopted by integrated circuit 
manufacturers because it clearly establishes a one-to-one 
correspondence between the chip layout and the logic diagram. 
It also allows the logic diagram and truth table to be combined 
into a compact and easy to read form; thereby serving as a 
convenient shorthand for PALs. The two input - one output ex
ample from Figure 1 redrawn using the new logic convention is 
shown in Figure 3. 
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PAL Introduction 

ABC 

)t----A.B.C -tH--o-A ••• C 

Figure 2 

OUTPUT 

Figure 3 

As a simple PAL example, consider the implementation of the 
transfer function: 

Output = 11 i2 + ~ 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
piications the fixed input is a computer memory address; the 
ou(put is the contents of that memory location. , 

PROM 
·16 Words X4 Bits 
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?Y?? 
The basic logic structure of the PLA consists of a programmable 
AND array whose outputs feed a programmable OR array 
(Figure 7). Since the designer has complete control over all in
puts and outputs, the PLA provides the ultimate flexibility for im
plementing logic functions. They are used in a wide variety of 
applications. However, this generality makes PLA's expensive, 
quite formidable to understand, and are costly to program (they 
require speCial programmers). 

The basic logic structure of the PAL, as mentioned earlier,· 
consists of a programmable AND array whose outputs feed a 
fixed OR array (Figure 8). The PAL combines much of the 
flexibility of the PLA with the low cost and easy programmability 
of the PROM. Table 1 summarizes the characteristics of the 
PROM, PLA, and PAL logic families. 
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PAL Introduction, 

PAL Input/Output/Function Chart 

'PART PROGRAMMABLE FEEDBACK OUTPUT 
TpD 

10L ICC 

NUMBER INPUT OUTPUT IIO'S REGISTER POLARITY FUNCTIONS n5, 
mA mA, 

TYP TYP 

PAL10H8 10 8 AND-OR AND-OR Gate Array 25 8 55 

PAL12H6 12 6 AND-OR AND-OR Gate Array 25 8 55 

PAL14H4 14 4 AND-OR AND-OR Gate Array 25 8 55 

PAL 16H2 16 2 AND-OR AND-OR Gate Array 25 8 55 

PAL 16C1 16 2 BOTH AN,D-OR Gate Array 25 8 55 

PAL20C1 20 2 BOTH AND-OR Gate Array 25 8 60 

PAL10L8 10 8 AND-NOR AND-OR Invert Gate Array 25 8 55 

PAL 12L6 12 6 AND-NOR AND-OR Invert Gate Array 25 8 55 

PAL14L4 14 4 AND-NOR AND-OR InvElrt Gate Array 25 8 55 

PAL 16L2 16 2 AND-NOR AND-OR Invert Gate Array 25 8 55 

PAL12L 10 12 10 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL14L8 14 8 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL16L6 16 6 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL18L4 18 4 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL20L2 20 2 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL16L8 10 2 6 AND-NOR AND-OR Invert Gate Array 25 24 120 

PAL20L 10 12 2 8 AND-NOR AND-OR Invert Gate Array 35 24 90 
~ 

PAL16R8 8 8 8 AND-NOR AND-OR Invert Array wlReg's 25 24 120 

PAL16R6 8 6 2 6 AND-NOR AND-OR Invert Array wlReg's 25 24 120 

PAL16R4 8 4 4 4 AND-NOR AND-OR Invert Array w/Reg's 25 24 120 

PAL20X10 10 10 10 AND-NOR AND-OR-XOR Invert w/Reg's 35 24 120 

PAL20X8 10 8 2 8 AND-NOR AND-OR-XOR Invert w/Reg's 35 24 120 

PAL20X4 10 4 6 4 AND-NOR AND-OR-XOR Invert w/Reg's 35 24 120 

PAL16X4 8 4 4 4 AND-NOR AND-OR-XOR Invert w/Reg's 25 24 160 

PAL 16A4 8 4 4 4 AND-NOR AND-CARRY-OR-XOR Invert w/Reg's 25 24 170 

1 Simultaneous AND-OR and AND~NOR outputs Table 2 

PALs For Every Task 
The members of the PAL family and their characteristics 
are summarized in Table 2. They are designed to cover the 
spectrum of logic functions at reduced cost and lower package 
count. This allows the designer to select the PAL that best fits 
his application. PALs come in the foliowinQ basic configurations: 

Programmable I/O 
A feature of the high-end members of the PAL family is 
programmable input/output. This allows the product terms to 
directly control the outputs of the PAL (Figure 9). One product 
term is used to enable the three-state buffer, which in turn gates 
the summation term to the output pin. The output is also fed 

Gate Arrays 
PAL gate arrays are available in sizes from 12x10 (12 input terms, 
10 output terms) to 20x2, with both active high and active low 
output configurations available. This wide variety of inpuVoutput 
formats allows the PAL to replace many different sized blocks of 
combinatorial logic with single packages. 

'back into the PAL array as an input. Thus the PAL drives the I/O 
pin when the three-state gate is enabled; the I/O pin is an input 
to the PAL array when the three-state gate is disabled. This 
feature can be used to allocate available pins for I/O functions or 
to provide bi-directional outpvt pins for operations such as 
shifting and rotating serial data. 

INPUTS, FEEDBACK AND I/O 

-

.. 
~ ,..-

Figure 9 
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PAL Introduction 

Registered Outputs with Feedback 
Another feature of the high end members of the PAL family is 
registered data outputs with register feedback. Each product 
term is stored into a O-type output flip-flop on the rising edge of 
the system clock (Figure 10).The Q output of the flip-flop can 
then be gated to the output pin by enabling the active low 
three-state buffer. 

INPUTS, FEEDBACK AND I/O 

h. 
~ ,...., 

In addition to being available for transmission, the Q output is 
fed back into the PAL array as an input term. This feedback 
allows the PAL to "remember" the previous state, and it can 
aiter its function based upon that state. This allows the designer 
to configure the PAL as a state sequencer which can be 
programmed to execute such elementary functions as count up, 
count down, skip, shift, and branch. These functions can be 
executeq by the registered PAL at rates of up to 20 MHz. 

CLOCK OC .--,......... 
~ 

~ i-or-1~ r---
~~ 

::~~ 
D Q 

i-o~ 

~~1 ~I--
...... ~ 

.A 
:lC: ...... 

Figure 10 

XOR PALs 
These PALs feature an exclusive OR function. The sum of 
products is segmented into two sums which are then exclusive 
ORed (XOR) at the input of the O-type flip-flop. All of the 

features of the Registered PALs are included in the XOR PALs. 
The XOR function provides an easy implementation of the 
HOLD operation used in counters. 

CLOCK oc 

~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ 
Figure 11 

Arithmetic Gated Feedback 
The arithmetic functions add, subtract, greater than, and less 
than are implemented by addition of gated feedback to the 
features of the XOR PALs. The XOR at the input of the O-type 
flip-flop allows carrys from previous operations to be XORed 
with two variable sums generated by the PAL array. The flip-flop 

INPUTS, FEEDBACK AND I/O 

~ 

~ 

Q output is fed back to be gated with input terms I. This 
gated feedback provides anyone of the 16 possible Boolean 
combinations which are mapped in the Karnaugh map (figure 
14). Figure 13 shows how the PAL array can be programmed to 
perform these 16 operations. These features provide for versatile 
operations on two variables and facilitate the parallel generation 
of carrys necessary for fast arithmetic operations. 

CLOCK E 

&D-Q--I ~ ~ 

~ I- D Q I---
~ 
Q--l 

>-~1 -

Figure 12 
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PAL Introduction 

A--~~----~----~ ____ ~ 
B--~~----~-----h~--~ 

A+B 
(AB) 

A+B 
(AB) 

A+B 
(AB) 

A+B 
(AB) 

Figure 13 

}-----A+B 

}-----A 

}-----A+B 

~---B 

}-----A:+:B 

l-----A+B 

~---A 

~---B 

~---A+9 

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 
PALs can be programmed in most standard PROM program
mers with the addition of a PAL personality card. The PAL 
appears to the programmer as a PROM. During programming 
half of the PAL outputs are selected for programming while 
the other outputs and the inputs are used for addressing. The 
outputs are then switched to program the other locations. 
Verification uses the same. procedure with the programming 
lines held in a low state. 

t:.,' 
t:.,,, "~ -- -x xx x-
~ 

-- 1 A+S A A+B 

-x A+B A:+:B A*B B 

xx A A*S 0 A*B 

x- A+S B A*S A:*:B 

Figure 14 

PAL Technology 
PALs are manufactured using the proven TTL Schottky bipolar' 
Ti-W fuse process used to make fusible-link PROMs. An NPN 
emitter follower array forms the programmable AND array. PNP 
inputs'provide high-impedance inputs (0.25 mA max) to the ar
ray. All outputs are standard TTL drivers with internal active 
pull-up transistors. Typical PAL propagation delay time' is 25 ns, 
and all PALs are packaged in space saving 20-pin and 24-pin 
SKINNYDlpM

• 

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. 
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Programmable Array Logic Family 
PA~ Series 20 
U.S. Patent 4124899 

Features/ Benefits 

• Programmable replacement for conventional TTL 
logic. 

• Reduces IC inventories substantially and simplifies 
their control. 

• Reduces chip count by 4 to 1. 

• Expedites and simplifies prototyping and board 
layout. 

• Saves space, with 20-pin SKINNY DI~ packages. 

• High speed: 25ns typical propagation delay. 

• Programmed on standard PROM programmers. 

• Programmable three-state outputs. 

• Special feature reduces possibility of copying by 
competitors. 

Description 

The PAL family utilizes an advanced Schottky TIL process and 
the Bipolar PROM fusible link technology to provide user pro
grammable logic for replacing conventional SSI/MSI gates and 
flip-flops at reduced chip count. 

The family lets the systems engineer "design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be easily 
modified during prototype check-out or production. 

The PAL transfer function is the familiar sum of products. Like 
the PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed 
OR array (the PROM is a fixed AND array driving a 
programmable OR array). In addition the PAL provides these 
options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Arithmetic capability 

PALl! is a registered trademark of Monolithic Memories 

March 1981 

PART 
PKG DESCRIPTION 

NUMBER 

PAL10H8 N,J,F Octal 10 Input And-Or Gate Array 
PAL12H6 N,J,F Hex 12 Input And-Or Gate Array 
PAL14H4 N,J,F Quad 141nput And-Or Gate Array 
PAL 16H2 N,J,F Dual 161nput And-Or ·Gate Array 
PAL16C1 N,J,F ' 16 Input And-Or/ And-Dr-Invert Gate Array 
PAL 10LB N,J,F Octal 10 Input And-Dr-Invert Gate Array 
PAL12L6 N,J,F Hex 121nput And-Dr-Invert Ga.te Array 
PAL14L4 N,J,F Quad 141nput And-Dr-Invert Gate Array 
PAL 16L2 N,J,F Dual 161nput And-Dr-Invert Gate Array 
PAL16L8 N,J,F Octal 161nput And-Dr-Invert Gate Array 
PAL 16RB N,J,F Octal 161nput Registered And-Or Gate Array 
PAL 16R6 N,J,F Hex 161nput Registered And-Or Gate Array 
PAL16R4 N,J,F Quad 161nput Registered And-Or Gate Array 
PAL 16X4 N,J Quad 161nput Registered And-Or-Xor Gate Array 
PAL16A4 N,J Quad 161nput Registered And-Carry-Or-Xor Gate 

Unused inputs are tied directly to V CC 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 0 type 
flip-flops which are loaded on the low to high transition of the 
clock. PAL Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding sheets. 

The entire PAL family is programmed on inexpensive con
ventional PROM programmers with appropriate personality and 
socket adapter cards. Once the PAL is programmed and ver
ified, two additional fuses may be blown to defeat verification. 
This feature gives the user a proprietary circuit which is very 
difficult to copy. 

Ordering Information 

,-------- PROGRAMMABLE ARRAY LOGIC FAMILY' 
,------- NUMBER OF ARRAY INPUTS 

,....----- OUTPUT TYPE 
H = ACTIVE HIGH 
L = ACTIVE LOW 
C = COMPLEMENTARY 
X = EXCLUSIVE-OR REGISTERED 
A, = ARITHMETIC REGISTERED 

,....----- NUMBER OF OUTPUTS 

,.---- TEMPERATURE RANGE 
c= OCTO +75C 
M = -55C TO +125C , G PANC~~AESTIC DIP 
J = CERAMIC DIP 
F = FLAT' PACK 

OPTIONAL HI-REL PROCESSING 

lJ883B = MIL-ST. 0-883, METHOD 5004 & 5005 LEVEL B 
B83C = MIL-STD-883, METHOD 5004 & 5005 LEVEL C 
B = MIL-STD-883, METHOD 5004 EQUIVALENT 

PAL 14 L4 CJ 8838 
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PAL Series 20 

PAL10H8 PAL12H6 PAL14H4 PAL16H2 PAL16C1 

PAL10L8 PAL12L6 PAL14L4 PAL16L2 PAL16L8 

PAL16R6 PAL16R4 PAL16X4 PAL16A4 
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PAL Series 20 

Absolute Maximum Ratings Operating 

~U:;I~~I~~~;e: ~ ~~ . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :. : : : : : : : : : : : : : : : : : : : : : ~ : : : : : : : : : : : : : : : . 5:5V! 
Off-state output Voltage ........................................................................................... 5.5V 
Storage temperature .......................................... , ................................... '....... -65° to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

Low 25 10 
tw Width of clock 

High 25 10 

Set up time from 16RB 16R6 16R4 45 25 
tsu input or feedback 16X4 16A4 55 30 

th Hold time 0 -15 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

I 

SYMBOL PARAMETER 

VIL * Low-level input voltage 

VIH * High-level input voltage 

VIC Input clamp voltage Vee = MIN 

IlL Low-level input current t Vee = MAX 

IIH High-level input current t Vee = MAX 

II Maximum input current Vee = MAX 

Vee = MIN 

VOL Low-level output voltage VIL = O.BV 

VIH = 2V 

Vee = MIN 

VOH High-level output voltage VIL = O.BV 

VIH = 2V 

lOlL Vee = MAX 

Off-state output current t VIL = O.BV 

10lH VIH = 2V 

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

ICC Supply current Vee = MAX 

t 1/0 pin leakage is the worst case of 10ZX or IIX e.g., IlL and 10ZH 

t t All typical values are at V CC = 5V, T A = 25° C. 

TEST CONDITIONS 

II = -:-1BmA 

VI = O.4V 

VI = 2.4V 

VI = 5.5V 

10HB, 12H6, 14H4 MIL 
16H2,16e1,10LB IOL = BmA 

COM 12L6, 14L4, 16L2. 

16LB 16RB MIL 10L = 12mA 
16R6 16R4 
16X4 16A4 COM IOL = 24mA 

MIL 10H = -2mA 

COM IOH = -3.2mA 

16LB 16RB Vo = 0.4V 

16R6 16R4 

16X4 16A4 Vo = 2.4V 

Vo = OV 

10HB,12H6, 14H4.16H2, 16e1 

10L& 12L~ 14L4, 16L2 

16R4. 16R6. 16RB. 16LB 

16X4 

16A4 

COMMERCIAl. 
MIN TYP MAx 

4.75 5 5.25 

25 10 

25 10 

35 25 

45 30 

0 -15 

0 5 75 

MIN TYP MAX 

O.B 

2 

-O.B -1.5 

-0.02 -0.25 

25 

1 

0.3 0.5 

2.4 2.B 

-100 

100 

-30 -70 -130 

55 90 

120 1BO 

160 225 

170 240 

III These are absolute voltages with respect to pin 10 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 iime. 

UNIT 

V 

ns 

ns 
, 

ns 

°e 

°e 

UNIT 

V 

V 

V 

mA 

JiA 

mA 

V 

V 

JiA 

JiA 

mA 

mA 
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Switching Characteristics 
Over Operating Conditions 

PAL Series 20 

SYMBOL PARAMETER 
TEST MILITARY COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 

10H8 12H6 14H4 

Input to 16H2 10L8 12L6 R1 = 5600 25 45 25 35 
tpD 

output 14L4 16L2 R2 = 1.1kO 
ns 

16C1 25 45 25 40 

tpD Input or feed- 16R6 16R4 16L8 25 45 25 35 
back to output 16X4 16A4 

ns 
30 45 30 40 

tCLK Clock to output or feedback 15 25 15 25 ns 

tpZy Pin 11 to output enable 15 25 15 25 ns 

tpxz Pin 11 to output disable R1 = 2000 15 25 15 25. ns 

Input to 16R6 16R4 16L8 R2 =3900 25 45 25 35 
tpz X output enable . 16X4 16A4 30 45 

ns 
30 40 

tpxz 
Input to 16R6 16R4 16L8 25 45 25 35 
output disable ns 

16X4 16A4 30 45 30 40 

Maximum 16R8 16R6 16R4 14 25 16 25 
fMAX frequency MHz 

16X4 16A4 12 22 14 22 

Test Load 
SV Available Programmers 

OUTPUT 0-----+-----4,......;..) TEST POINT 

SOpF 

Schematic of Inputs and Outputs 

EQUIVALENT INPUT 
VCClJ---_._---

Skll NOM 

INPUT O-..-+-----K 

TYPICAL OUTPUT 
-------{ VCC 

4011 NOM 

OUTPUT 

MANUFACTURER 

Data liD Corporation 

Pro-Log Corporation 

Stag Systems 

Structured Design 
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PERSONALITY SOCKET ADAPTER 
CARD SET CONFIGURATION 

909-1427 715 1428-1 
715 1428-2 
715 1428-3 

PM9068 

PM202 AM10H8 AM10L8 
AM12H6 AM12L6 
AM14H4 AM14L4 
AM16H2 AM16L2 
AM16C1 

SD20/24 
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PAL Series 20 

Programming 

PAL fuses are programmed using a low-voltage linear-select 
procedure which is common to all 15 PAL types. The array is 
divided into two groups, products 0 thru 31 and products 32 thru 
63, for which pin identifications are shown in Pin Configurations 
below. To program a particular fuse, both an input line and a 
product line are selected according to the following procedure: 

Step 1 Raise Output Disable, 00, to V IHH 

Step 2 Select an input line by specifying 10,11,12,13,14,15,16,17 
and LlR as shown in Table 1. 

Step 3 Select a product line by specifying AO' A1 and A2 one-of
eight select as shown in Table 2. 

Step 4 Raise V CC (pin 20) to VIHH 

Step 5 Program the fuse by pulsing the output pins, 0, of the 
selected product group to VIHH as shown in Program
ming Waveform. 

Step 6 Lower V CC (pin 20) to 6.0 V 

Step 7 Pulse the CLOCK pin and verify the output pin, 0, to be 
Low for active Low PAL types or High for active High 
PAL types. 

Step 8 Lower V CC (pin 20) to 4.5 V and repeat step 7. 

Step 9 Should the output not verify, repeat steps 1 thru 8 up to 
five (5) times. 

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

To prevent further verification, two last fuses may be blown by 
raising pin 1 and pin 11 to V p. V CC is not required during this 
operation. 

Voltage Legend 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., 10kfl to 5.0V) 

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION 
LINE LINE 

NUMBER 17 16 15 14 13 12 11 10 L/R NUMBER 03 02 01 00 A2 A1 AO 

0 HH HH HH HH HH HH HH L Z 0, 32 Z Z Z HH Z Z Z 
1 HH HH HH HH HH HH HH H Z 1,33 Z Z Z HH Z Z HH 
2 HH HH HH HH HH HH HH L HH 2,'34 Z Z Z HH Z HH Z 
3 HH HH HH HH HH HH HH H HH 3, 35 Z Z Z HH Z HH HH 
4 HH HH HH HH HH HH L HH Z 4, 36 Z Z Z HH HH Z Z 
5 HH HH HH HH HH HH H HH Z 5, 37 Z Z Z HH HH Z HH 
6 HH HH HH HH HH HH L HH HH 6, 38 Z Z Z HH HH HH Z 
7 HH HH HH HH HH HH H HH HH 7, 39 Z Z Z HH HH HH HH 
8 HH HH HH HH HH L HH HH Z 8, 40 Z Z HH Z Z Z Z 
9 HH HH HH HH HH H HH HH Z 9,41 Z Z HH Z Z Z HH 

10 HH HH HH HH HH L HH HH HH 10,42 Z Z HH Z Z HH Z 
11 HH HH HH HH HH H HH HH HH 11,43 Z Z HH Z Z HH HH 
12 HH HH HH HH L HH HH HH Z 12, 44 Z Z HH Z . HH Z Z 
13 HH HH HH HH H HH HH HH Z 13, 45 Z Z HH Z HH Z HH 
14 HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HH HH Z 
15 HH HH HH HH H HH HH HH HH 15,47 Z Z HH Z HH HH HH 
16 HH HH HH L HH HH HH HH Z 16,48 Z HH Z Z Z Z Z 
17 HH HH HH H HH HH HH HH Z 17,49 Z HH Z Z Z Z HH 
18 HH HH HH L HH HH HH HH HH 18, 50 Z HH Z Z Z HH Z 
19 HH HH HH H HH HH HH HH HH 19,51 Z HH Z Z Z HH HH 
20 HH HH L HH HH HH HH HH Z 20, 52 Z HH Z Z HH Z Z' 
21 HH HH H HH HH HH HH HH ,Z 21,53 Z HH Z Z ' HH Z HH 
22 HH HH L HH HH HH HH HH HH 22, 54 Z HH Z Z HH HH Z 
23 HH HH H HH HH HH HH HH HH 23,55 Z HH Z Z HH HH HH 
24 HH L HH HH HH HH HH HH Z 24, 56 HH Z Z Z Z Z Z 
25 HH H HH HH HH HH HH HH Z 25, 57 HH Z Z Z Z Z HH 
26; HH L HH HH HH HH HH HH HH 26, 58 HH Z Z Z Z HH Z 
27 HH H HH HH HH HH HH HH HH 27, 59 HH Z Z Z Z HH HH 
28 L HH HH HH HH HH HH HH Z 28, 60 HH Z Z Z HH Z Z 
29 H HH HH HH HH HH HH HH Z 29,61 HH Z Z Z HH Z HH 
30 L HH HH HH HH HH HH HH HH 30, 62 HH Z Z Z HH HH Z 
31 H HH HH HH HH HH HH HH HH 31,63 HH Z Z Z HH HH HH 

Table 1 Input Line Select Table 2 Product Line Select 
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PAL Series 20 

Pin Configurations PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63 

Programming Parameters TA = 25°C, 

SYMBOL PARAMETER 

VIHH Program-level input voltage 

Output Program Pulse 

IIHH Progr~m-Ievel input current 00, UR 

All Other Inputs 

ICCH Program Supply Current 

Tp Program Pulse Width 

to Delay time 

tov Delay Time to Verify 

Program Pulse duty cycle 

Vp Verify-Protect-input voltage 

Ip Verify-Protect-input current 

Tpp Verify-Protect Pulse Width 

Programming Waveforms 

00 

VIL 

VIHH 
I. L/R. A VIH 

VIL 

Vce 

o 
VOLW.444WDI 

VIH-------------------------------------------------------------.-~ 

CLOCK 
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LIMITS UNIT 
MIN TYP MAX 

11 11.5 12 V 

50 
25' mA 

5 

400 mA 

10 50 /-LS 

100 ns 

100 /-LS 

25 % 

20 21 22 V 

400 rnA 

20 50 msec 
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PAL Series 20 

INPUTS (0-31) 

o 1 2 3 4 5 6 7 8 9 1011 12131415 1617 18 19 20212223 24252627 28293031 

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 

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 

o 1 2 3 4 5 6 7 89101112131415161718192021222324252'62728293031 
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Logic Diagram PAL16L8 
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PAL Series 20 

INPUTS (0-31) 
Logic Diagram PAL16R8 

1 

o 1 2 3 4 5 6 7 89 1911 12131415 16171819 20212223 24252627 28293031 

0 "J--... 
~ 1 

2 -,.....,~ 
3 I-~ 

-~'-/ 4 
5 -~ 
6 .... 1--

7 =1----< 
2 .... .A 

~ ~ ... ""'~ 

8 -~ 
9 =10-

10 _.......-..., 
11 -I---' 
12 -~~ 13 -14 

~~ 15 

J h. .A 
~ ~ 

r ~ 

16 -----0 

17 .... ~ 
18 .... ~~ 
19 .... ~ 
20 .... ~~ 
21 .... ~ 
22 -~ 

:~ 23 

4 ... ..... 
~ ~ 

11""" -",.~ -C") 
CD 

I 

e 
U) 

~ 
a: 
w 

24 - ........... 
25 :10-
26 
27 -10-
28 -~~ 
29 -~ 
30 -Co---
31 ~, 

t-
t-

5 .... ..... 
~ '!C ... ~ 

0 
::) 
c 
0 
a: 
c. 

32 -I--

33 ~o---
34 '""f---1~ 
35 .... f--
36 l:~=J .. J J7 
38 .... 1--
39 ::1----< 

6 .... .A 
.> ~ 

11""" ~ 

40 -----
41 .... f--
42 -I----<~ 
43 -I--

-1--'-..,/ 44 
45 -~ 
46 -0---j-... 47 

7 to... .A 
~ ~ 

r ~ 

48 r-~ 

49 ~'--
50 .... ~:...... 
51 =~ 52 i-o~_ 
53 
54 .... ~ 
55 t:~ 

8 ..... A 
.A ~ 

11""" ..... 
56 -::r-57 
58 -d ~ 59 .... 
60 
61 

-c -""\-... 62 
63 ~ 

9 ..... .... 
~ ~ ,...., "",' 

0123 45 6 7 891011 12131415 16171819 20212223 24252627 28293031 

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

4456 

";"";;-~ 
~~l 

~ r---
D 0-

~~l 

~ -
D 0-

~~l 

~ r--
D Q f---

~~1 

~ -D a~ 

~~1 

~ -
D a~ 

~~~ 

~ -D a!--

~~l 

~ r---
D 0-

-~l 
~ 

Monolithic ~1!n 
MelJlorles In.Ln.U 

© Ie MASTER 1983 



M 
CD 

I e 
U) 

~ 
a: 
w 
l-
Io 
:l 
C 
o 
a: 
Q. 

I 

I 
2 
3 
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2 to.. 
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I 
I 

10 
II 
12 
13 
14 

to.. 15 
3 

~ .,,-
II 
17 
II 
II 

20 
21 
Z2 
23 

4_ 

~ - 24 
Z5 
ZI 
27 

2' 
a 
30 
31 

5 

.~ 
~ 

32 
33 
34 
35 

31 
37 
31 
31 

6 

1E 
--40 

41 
42 
43 

44 
45 
41 
47 

1 

.~ 
~ - 41 

41 
so 
&1 
52 
53 
&4 

.... 55 • ~ .,-
&I 
&7 
51 
&I 
10 
II 
IZ 

to.. 13 
9 

~ .,,-

PAL Family 

-INPUTS (0 31) 

o I 2 3 4 5 I 7 I I 10 II 12131415 11171111 2021 Z2 23 24252127 2121 3:131 

D I 2 3 4 5' 7 1.1011 12131415 11171111 2021Z223 24ZSZ1Z7 21213031 

Logic Diagram PAL16A4 
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Programmable Array Logic Family 
PAC> Series 24 
u.s. Patent 4124899 

Features/Benefits 
• Programmable replacement for conventional TTL logic. 
• Reduces IC inventories substantially and simplifies their 

control. 
• Reduces chip count by 5 to 1. 
• Expedites and simplifies prototyping and board layout. 
• Saves space with 24-pin SKINNYDlp™ packages. 
• Programmed on standard PROM programmers. 
• Programmable three-state outputs. 
• Special feature reduces possibility of copying by competitors. 

Description 
The PAL Series 24 family complements the PAL Series 20 family 
by providing two additional inputs and two additional outputs, 
allowing more complex functions in a single package. This new 
family is made feasible by the Monolithic Memories new and 
revolutionary 24-pin SKINNYDlp™ . 

In addition to providing more logic function per chip, 24 pins 
allows for many natural functions which were previously un
available in skinny 300 mil-wide packages. Examples include: 

• 8-bit parallel-in parallel-out counters 
• 8-bit parallel-in parallel-out shift registers 
• 16-Line-to-1-Line MultipleXors 
• Dual 8-Line-to-1-Line Multiplexors 
• Quad 4-Line-to-1-Line Multiplexors 

These natural functions provide twice the density of traditional 
16-pin packages. 

The PAL family utilizes an advanced Schottky TTL process and 
the Bipolar PROM fusible link technology to provide user 
programmable logiC for replacing conventional SSI/MSI gates 
and flip-flops at reduced chip count. 

The family lets the systems engineer "design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be easily 
modified during prototype check-out or production. 

The PAL transfer function is the familiar sum of products. Like the 
PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed OR 
array (the PROM is a fixed AND array driving a programmable 
OR array). In additiCi)n the PAL provides these options: 

• Variable input/output pin ratio 
• Programmable three-state outputs 
• Registers with feedback 

SKINNYDIP is a registered trademark of Mnnniithic Memories 

PART 
PKG DESCRIPTION 

NUMBER 

PAL 12L 10 J,N Deca 121nput And-Or-Invert Gate Array 
PAL14L8 J,N Octal 141nput And-Or-Invert Gate Array 
PAL16L6 J,N Hex 161nput And-Or-Invert Gate Array 
PAL18L4 J,N Quad 181nput And-Or-Invert Gate Array 
PAL20L2 J,N Dual 20lnput And-Or-Invert Gate Array 
PAL20C1 J,N 20lnput And-OrlAnd-Or Invert Gate Array 
PAL20L 10 J,N . Deca 20 In put And-Or-Invert Gate Array 
PAL20X10 J,N De~a 20 Input Registered And-Or-Xor Gate Array 
PAL20X8 J,N Octal 20 Input Registered And-Or-Xor Gate Array 
PAL20X4 J,N Quad 20 Input Registered And-Or-Xor Gate Array 

Unused inputs are tied directly 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 transition of the clock. PAL 
Logic Diagrams are shown with all fuses blown, enabling the 
designer use of the diagrams as coding sheets. 

To design a PAL, the user writes the logic equations using PAL 
DESIGN SPECIFICATION standard format (F108). This specifi
cation may be submitted to Monolithic Memories where it is 
computer processed and aSSigned a bit pattern number, eg 
P0123. Monolithic Memories accepts the PAL DESIGN SPECIFI
CATION in one of the three forms: 
1. Computer generated listings. 
2. Typed or hand-written forms F107 and F108. 
3. Direct on line data transmission to Monolithic Memories 

Timeshare computer system via telephone, (local telephone 
network to major" U.S. cities, London and Paris) or TWX 
online Boston TWX No.). 

The entire PAL family is programmed on inexpensive conven
tional PROM programmers with appropriate personality and 
socket adapter cards. Once the PAL is programmed and verified, 
two additional fuses may be blown to defeat verification. This 
feature gives the user a proprietary circuit which is very difficult 
to copy. 

Ordering Information 
PROGRAMMABLE ,ARRAY LOGIC FAMILY 

NUMBER OF ARRAY INPUTS 

.------OUTPUT TYPE 
L = ACTIVE LOW 
C = COMPLEMENTARY 
X = EXCLUSIVE OR REGISTERED 
R = REGISTERED 

r----- NUMBER OF OUTPUTS 

~--TEMPERATURE RANGE 
c= DC TO +75C 
M = -55C TO +125C 

lr
" PANC~:~STIC DIP 

J = CERAMIC DIP 

HI-REL SCREENING r LEVEL SEE "SCREENING 
OPTIONS 

PAL20X8CJ 8838 
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PAL Series 24 

PAL12L10 PAL14L8 PAL16L6 PAL18L4 

PAL20L2 PAL20C1 

PAL20L10 PAL20X10 PAL20X8 
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PAL Series 24 

- Absolute Maximum Ratings 
Operating Programming 

Supply Voltage, vee ................................................................................. 7 .......... 12V 
Input Voltage ....................................................................................... 5.5V .......... 12V ~ 
Off-state output Voltage ............ ,................................................................ 5.5V ........... 12V 
Storage temperature ..................................................................................... -65° to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

T Low 40 20 
tw Width of clock I High 30 10 

tsu Set up time 60 3B 

th Hold time 0 -15 

TA Operating free air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

Low-level input voltage 

High-level input voltage 

Inpl!t clamp voltage 

Low-level input current t 
High-level input current t 
Maximum input current 

Low-level output voltage 

High-level output voltage 

TEST CONDITIONS 

Vee = MIN II = -1BmA 

Vee = MAX VI = O.4V 

Vee MAX VI 2.4V 

Vee MAX VI 5.5V 

10L = BmA Vee = MIN 12L10, 14LB, 16L6 
1BL4, 20L2, 20C1 . 

V IL O.BV t-----------.1f-----------4 
20L 10, 20X10 

VIH 2V 20XB, 20X4 

Vee MIN 10H = -2mA MIL 
O.BV I----------~--------I 

2V 10H = -3.2mA eOM 

Vee = MAX Va = O.4V 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

35 20 

25 10 
ns 

50 3B 
ns 

0 -15 

0 75 °e 

°e 

MIN TYPtt MAX UNIT 

O.B V 

2 V 

-O.B -1.5, V 

-0.02 -0.25 mA 

25 IJA. 

mA 

0.3 0.5 V 

2.4 2.B V 

-100 pA 

Off-state output current t VIL = O.BV 1------________ +-_____ -4_--1 

10ZH VIH = 2V Va = 2.4V . 100 pA 

lOS Output ~hort-circuit current * * Vee = 5V Va = OV -30 -70 -130 mA 

60 100 
lee Supply current 

12L10, 14LB, 16L6, 
1BL4, 20L2, 20e1 

Vee = MAX 1--------------+--------1 mA 

t 1/0 pin leakage is the worst case of 10ZXor IIX e.g. IIX and 10ZH 

tt AlltypicalvaluesareatV
CC

=5V,T
A 

= 25°C. 

* Pins 1 and 13 may be raised to 22V max. 

* * Only one output shorted at a time. 
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Switching Characteristics 
Over Operating Conditions 

PAL Series 24 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

UNIT 

tpD 

tpD 

tCLK 

tpzx 

tpxz 

tpzx 

tpxz 

fMAX 

MIN 

12L10, 14L8, 
Input to 

16L6, 18L4, R1 = 560n 

output 
20L2, 20C1 

R2 = 1.1 kn 

Input or feedback to output 

Clock to output or feedback 
20L 10, 20X10 

Pin 13 to output enable 
20X8, 20X4 

Pin 13 to output disable 
R1 = 200n 

Input to output enable 
R2 = 390n 

Input to output disable 

Maximum frequency 10.5 

Test Load 
5V 

Rl 

OUTPUT TEST POINT 

R2 j50PF 

-=-

. Schematic of Inputs and Outputs 

EQUIVALENT INPUT 
Vcco-----.----

INPUTo-...--+---K 

TYPICAL OUTPUT 
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TYP MAX MIN TYP MAX 

25 45 25 40 ns 

35 60 35 50 ns 

20 35 20 30 ns 

20 45 20 35 ns 

20 45 20 35 ns 

35 55 35 45 ns 

35 55 35 45 ns 

16 12.5 16 MHz 

Vec 

OUTPUT 
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PAL Series 24 

Programming 
PAL fuses are programmed using a low-voltage linear-select 
procedure which is comfTlon to all PAL types. The array is 
divided into two groups, products a thru 39 and products 40 
thru 79, for which pin identifications are shown in Pin 
Configurations below. To program a particular fuse, both an 
input line and a product line are selected according to the 
following procedure: 

Step 1 Raise Output Disable, aD, to VIHH . 

Step 2 Select an input line by specifying la, 11, 12, 13, 14, IS, 16, 
17, 18, 19 and UR as shown in Table 1. 

Step 3 Select a product line ·by specifying AO' A1 and A2 
one-of-eight select as shown in Table 2. 

Step 4 Raise VCC (pin 24) toVIHH' 

Voltage Legend L = Low-level input voltage, VIL 
H = High-level input voltage, VIf·j 

HH = High-level program voltage, VIHH 

Step 5 Program the fuse by pulsing the output pins, 0, of the 
selected product group to VIHH as shown in Program
ming Waveform. 

Step 6 Lower VCC (pin 24) to 6.0 V. 

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

Step 8 Lower VCC (pin 24) to 4.5 V and repeat step 7. 

Step 9 Should the output not verify, repeat steps 1 thru 8 up 
to five (5) times. 

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

To prevent further verification, two last fuses may be blown by 
raising pin 1 and pin 13toVp. VCC is not required during·this 
operation. 

Z = High impedance (e.g. 10K n to S.OV) 

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION 
LINE LINE 

NUMBER 19 18 17 16 Is 14 13 12 11 10 L/R NUMBER 04 O~ 02 01 00 A2 A1 Ao 

0 HH HH HH HH HH HH HH HH HH L Z 0,40 Z Z Z Z HH Z Z Z 
1 HH HH HH HH HH HH HH HH HH H Z 1,41 Z Z Z Z HH Z Z HH 
2 HH HH HH HH HH HH HH HH HH L HH 2,42 Z Z Z Z HH Z HH Z 
3 HH HH HH HH HH HH HH HH HH H HH 3, 43 Z Z Z Z HH Z HH HH 
4 HH HH HH HH HH HH HH HH L HH Z 4, 44 Z Z Z Z HH HH Z Z 
5 HH HH HH HH HH HH HH HH H HH Z 5, 45 Z Z Z Z HH HH Z HH 
6 HH HH HH HH HH HH HH HH L HH HH 6, 46 Z Z Z Z HH HH HH Z 
7 HH HH HH HH HH HH HH HH H HH HH 7, 47 Z Z Z Z HH HH HH HH 
8 HH HH HH HH HH HH HH L HH HH Z 8,48 Z Z Z HH Z Z Z Z 
9 HH HH HH HH HH HH HH H HH HH Z 9, 49 Z Z Z HH Z Z Z HH 

10 HH HH HH HH HH HH HH L HH HH HH 10,50 Z Z Z HH Z Z HH Z 
11 HH HH HH HH HH HH HH H HH HH HH 11, 51 Z Z Z HH Z Z HH HH 
12 HH HH HH HH HH HH L HH HH HH Z 12,52 Z Z Z HH Z HH Z Z 
13 HH HH HH HH HH HH H HH HH HH Z 13, 53 Z Z Z HH Z HH Z HH 
14 HH HH HH HH HH HH L HH HH HH HH 14, 54 Z Z Z HH Z HH HH Z 
15 HH HH HH HH HH HH H HH HH HH HH 15,55 Z Z Z HH Z HH HH HH 
16 HH HH HH HH HH L HH HH HH HH Z 16,56 Z Z HH Z Z Z Z Z 
17 HH HH HH HH HH H HH HH HH HH Z 17,57 Z Z HH Z Z Z Z HH 
18 HH HH HH HH HH L HH HH HH HH HH 18,58 Z Z HH Z Z Z HH Z 
19 HH HH HH HH HH H HH HH HH HH HH 19,59 Z .Z HH Z Z Z HH HH 
20 HH HH HH HH L HH HH HH HH HH Z 20, 60 Z Z HH Z Z HH Z Z 
21 HH HH HH HH H HH HH HH HH HH Z 21,61 Z Z HH Z Z HH Z HH 
22 HH HH HH HH L HH HH HH HH HH HH 22,62 Z Z HH Z Z HH HH Z 
23 HH HH HH HH H HH HH HH HH HH HH 23, 63 Z Z HH Z Z HH HH HH 
24 HH HH HH L HH HH HH HH HH HH Z 24,64 Z HH Z Z Z Z Z Z 
25 HH HH HH H HH HH HH HH HH HH Z 25,65 Z HH Z Z Z Z Z HH 
26 ' HH HH HH L HH HH HH HH HH HH HH 26; 66' Z HH Z Z Z Z HH Z 
27 HH HH HH H HH HH HH HH HH HH HH 27, 67 Z HH Z Z Z Z HH HH 
28 HH HH L HH HH HH HH HH HH HH Z 28, 68 Z HH Z Z Z HH Z Z 
29 HH HH H HH HH HH HH HH HH HH Z 29, 69 Z HH Z Z Z HH Z HH 
30 HH HH L HH HH HH HH HH HH HH HH 30, 70 Z HH Z Z Z HH HH Z 
31 HH HH H HH HH HH HH HH HH HH HH 31,71 Z HH Z Z Z HH HH HH 
32 HH L HH HH HH HH HH HH HH HH Z 32, 72 HH Z Z Z Z Z Z Z 
33 HH H HH HH HH HH HH HH HH HH Z 33, 73 HH Z Z Z Z Z Z HH 
34 HH L HH HH HH HH HH HH HH HH HH 34, 74 HH Z Z Z Z Z HH Z 
35 HH H HH HH HH HH HH HH HH HH HH 35, 75 HH Z Z Z Z Z HH HH 
36 L HH HH HH HH HH HH HH HH HH Z 36, 76 HH Z Z Z Z HH Z Z 
37 H HH HH HH HH HH HH HH HH HH Z 37,77 HH Z Z Z Z HH Z HH 
38 L HH HH HH HH HH HH HH HH HH HH 38, 78 HH Z Z Z Z HH HH Z 
39 H HH HH HH HH HH HH HH HH HH HH 39, 79 HH Z Z Z Z HH HH HH 

Table 1 Input Line Select Table 2 Product Line Select 

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

4462 

Monolithic ~~n 
Melnorles uun.u 

© Ie MASTER 1983 



PAL Series 24 

Pin Configurations PRODUCTS 0 THRU 39 PRODUCTS 40 THRU 79 

Programming Parameters TA = 25°C 

SYMBOL PARAMETER LIMITS UNIT 
MIN TYP MAX 

VIHH Program-level input voltage 11.5 11.75 12 V 

Output Program Pulse 50 

IIHH Program-level input current 00, LIR 50 mA 

All Other Inputs 5 

ICCH Program Supply Current 400 mA 

Tp Program Pulse Width 10 50 p'S 

to Delay time 100 ns 

tov Delay Time to Verify 100 P.s 

Program Pulse duty cycle 25 % 

Vp Verify-Protect-input voltage 20 21 22 V 

Ip Verify-Protect-input current 400 mA 

Tpp Verify-Protect Pulse Width 20 50 msec 

Programming Waveforms 

00 

VIL 
to 

VIHH 
I. LlR, A 

VIH 

VIL i--------------\---VIHH 

VCC 

S.OV 
6.0V-+----------"""""\ 
to tov 

4.SV---------

VIHH 

VOH 

0 

VOL 

VIH 

CLOCK 

VIL 
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High Speed 
Programmable Array Logic F,mily 
PAL ® Series 20A 
u.s. Patent 4124899 

Features/Benefits 
• 15ns typical propagation delay 

• Programmable replacement for TTL logic 

• Reduces IC inventories 

• Reduces chip count by greater than 4 to 1 

• Expedites prototyping a':1d board layout 

• Saves space with 20-pin SKINNYDlpn
• packages 

• Programmed on standard PROM programmers 

• Programmable three-state outputs 

• Last fuse prevents duplication on a PROM/PAL programmer 

Description 
The PAL Series 20A family utilizes Monolithic Memories 
advanced self-aligned washed emitter high speed bipolar 
process and the bipolar PROM fusible link technology to 
provide user programmable logic for replacing conventional 
SSI/MSI gates and flip-flops at reduced chip count. 

The family lets the systems engineer "design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
the PC board and are placed on silicon where they can be easily 
modified during prototype check-out or production. 

The PAL transfer function is the familiar sum of products. Like 
the PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed 
OR array (the PROM is a fixed AND array driving a 
programmable' OR array). In addition the PAL provides these 
options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

PAL~ is a registered trademark of Monolithic Memories. 

March 1982 

PART 
PKG GATE ARRAY DESCRIPTION 

NUMBER 

PAL16L8A N,J,F,L Octal 16 Input And-Dr-Invert 
PAL16R8A N,J,F,L' Octal 16 Input Registered And-Or 
PAL16R6A N,J,F,L Hex 16 Input Registered And-Or 
PAL16R4A N,J,F,L Quad 16 Input Registered And-Or 

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 transition of the 
clock. PAL Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding sheets. 

The entire PAL family is programmed on inexpensive con
ventional PROM programmers with appropriate personality and 
socket adapter cards. Once the PAL is programmed and ver
ified, two additional fuses may be blown to defeat verification . 
This feature gives the user a proprietary circuit which is very 
difficult to copy. 

Ordering Information 

r--------PROGRAMMABLE ARRAY LOGIC FAMILY 

r-------NUMBER OF ARRAY INPUTS 

.-----OUTPUT TYPE 
L = ACTIVE LOW 
R = REGISTERED 

...----NUMBER OF OUTPUTS 

.-----SPEED/POWER 
A = HIGH SPEED 

.----TEMPERATURE RANGE 
C = OC TO +75C 
M = -55C TO +125C (CASE TEMPERATURE) 

PACKAGE 
N = PLASTIC DIP 
J = CERAMIC DIP 
F = FLAT PACK 
L = LEAD LESS CHIP CARRIER 

rOPTIONAL HI-REL PROCESSING 
883B = MIL-STD-883, 

METHOD 5004 & 5005 LEVEL B 
883C = MIL-STD-883, 

METHOD 5004 & 5005 LEVEL C 
---------- B = MIL-STD-883, ' 
PAL 16L8ACJ883B METHOD 5004 EQUIVALENT 
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PAL Series20A 

PAL16L8A PAL16R8A 

PAL16R6A PAL16R4A 
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PAL Series 20A 

Absolute Maximum Ratings Operating Programming 
Supply Voltage, vee . . ...............•... " ............................ -0.5 to 7.0V ...................... ~ . -0.5 to 12.0V 
Input Voltage .......................................................... -1.5 to 5.5V ....................... -1.0 to 12.0VED 
Off-state output Voltage ........................................ :....... 5.5V .. ~ ............................ 12.0V 
Storage temperature ........................................................................ ',' .......... -65° to +150°C 

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 

Low 20 10 15 10 
tw Width of clock ns 

High 20 10 15 10 

tsu 
Set up time from 

16RBA 16R6A 16R4A 
input or feedback to clock 

30 16 25 16 ns 

th Hold time 0 -10 0 -10 ns 

TA Operating free-air temperature -55 0 25 75 °C 

Te Operating case temperature 125 °e 

~ Electrical Characteristics Over Operating Conditions 

~ 
(,) 

.c 
~ 

o 
c: 
o 
~ 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL * Low-level input voltage O.B V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -lBmA -O.B -1.5 V 

IlL Low-level input current t Vee = MAX VI O.4V -{).02 -0.25 mA 

IIH High-level input current t Vee MAX VI 2.4V 25 IlA 

I, Maximum input current Vee MAX V, 5.5V mA 

Vee MIN MIL 10L = 12mA 
VOL Low-level output voltage VIL O.BV 0.3 0.5 V 

VIH 2V COM 10L = 24mA 

Vee MIN MIL 10H = -2mA 

VOH High-level output voltage VIL O.BV 2.4 2.B V 

VIH 2V COM laH= -3.2mA 

lOlL Vee MAX Va = 0.4V -100 'IlA 
Off-state output current t VIL O.BV 

10lH VIH 2V Va = 2.4V 100 IlA 

lOS Output short-circuit current * * Vee 5V Vo = OV -30 -70 -1'30 mA 

ICC Supply current Vee = MAX 120 180 mA 

t I/O pin leakage is the worst case of 10ZX or IIX e.g., IlL and 10ZH' 

tt All typical values are at V CC = 5V, T A = 25° C. 

* These are absolute voltages with respect to pin 10 on the device and includes all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

* * Only one output shorted at a time. 
ePins 1 and 11 may be raised to 22V max. 
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Switching Characteristics 
Over Operating Conditions 

PAL Series 20A 

PARAMETER 
TEST MILITARY COMMERCIAL 

UNIT SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

tpD 
Input or feed-

16R6A 16R4A 16L8A 15 30 15 25 ns 
back to output 

tCLK Clock to output or feedback 10 20 10 15 ns 

tpzx Pin 11 to output enable 10 25 10 20 ns 

tpxz Pin 11 to output disable 
R1 = 2000 

11 25 11 20 ns 

tpzx 
Input to 

16R6A 16R4A 16L8A R2 = 3900 10 30 10 25 ns 
output enable 

tpxz 
Input to 
output disable 

16R6A 16R4A 16L8A 13 30 13 .25 ns 

fMAX 
Maximum 

16R8A 16R6A 16R4A 20 30 25 30 MHz 
frequency 

Test Load Available Programmers 
5V 

OUTPUT ()--+--_-t.. TEST POINT 

50pF 

Schematic of Inputs and Outputs 

EQUIVALENT INPUT 

8kflNOM 

INPUT O---.-+---f( 

TYPICAL OUTPUT 
------------nVCC 

OUTPUT 

MANUFACTURER 

Data liD Corporation 

Pro-Log Corporation 

Stag Systems 

Structured Design 

Kontron 
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PERSONALITY SOCKET ADAPTER 
CARD SET CONFIGURATION 

909-1427 715 1428-1 
715 1428-2 
715 1428-3 

PM9068 

PM202 AM10H8 AM10L8 
AM12H6 AM12L6 
AM14H4 AM14L4 
AM16H2 AM16L2 
AM16C1 

SD20/24 

MPP-80S 
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PAL Series 20A 

Programming 

PAL fuses are programmed using a low-voltage linear-select 
procedure which is common to all 4 PAL types. The array is 
divided into two groups, products 0 thru 31 and products 32 thru 
63, for which pin identifications are shown in Pin Configurations 
below. To program a particular fuse, both an input line and a 
product line are selected according to the following procedure: 

Step 1 Raise Output Disable, 00, toVIHH 

Step 2 Select an input line by specifying 10,11,12,13,14,15,16,17 . 
and LlR as shown in Table 1. 

Step 3 Select a product line by specifying AO' A1 and A2 one-of
eight select as shown in Table 2. 

Step 4 RaiseVCC (pin20)toVIHH 

Step 5 Program the fuse by pulsing the output pins, 0, of the 
selected productgrouptoVIHH as shown in Program
ming Waveform. 

Step 6 Lower V CC (pin 20) to 6.0 V 

Step 7 Pulse the CLOCK pin and verify the output pin, 0, to be 
Low for active Low PAL types or High for active High 
PAL types. 

Step 8 Lower V CC (pin 20) to 4.5 V and repeat step 7. 

Step 9 Should the output not verify, repeat steps 1 thru 8 up to 
five (5) times. 

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

To prevent further verification, two last fuses may be blown by 
raising pin 1 and pin 11 to V p. V CC is not required during this 
operation. 

en Voltage Legend 
Q) 

L = Low-level input voltage, VIL 
H = High-level input voltage, VIH 

HH = High-level program voltage, VIHH 
Z = High impedance (e.g., 10kO to 5.0V) 
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INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION 
LINE LINE 

NUMBER 17 16 15 14 13 12 11 10 . L/R NUMBER 03 02 01 00 A2 A1 AO 

0 HH HH HH HH HH HH HH L Z 0, 32 Z Z Z HH Z Z Z 
1 HH HH HH HH HH HH HH H Z 1,33 Z Z Z HH Z Z HH 
2 HH HH HH HH HH HH HH L HH 2, 34 Z Z Z HH Z HH Z 
3 HH HH HH HH HH HH HH H HH 3, 35 Z Z Z HH Z HH HH 
4 HH HH HH HH HH HH L HH Z 4, 36 Z Z Z HH HH Z Z 
5 HH HH HH HH HH HH H HH Z 5, 37 Z Z Z HH HH Z HH 

,6 HH HH HH HH HH HH L HH HH 6, 38 Z Z Z HH HH HH Z 
7 HH HH HH HH HH HH H HH HH 7, 39 Z Z Z HH HH HH HH 
8 HH HH HH HH HH L HH HH Z 8, 40 Z Z HH Z Z Z Z 
9 HH HH HH HH HH H HH HH Z 9,41 Z Z HH Z Z Z HH 

10 HH HH HH HH HH L HH HH HH 10, 42 Z Z HH Z Z HH Z 
11 HH HH HH HH HH H HH HH HH 11,43 Z Z HH Z Z HH HH 
12 HH HH HH HH L HH HH HH Z 12,44 Z Z HH Z HH Z Z 
13 HH HH HH HH H HH HH HH Z 13,45 . Z Z HH Z HH Z HH 
14 HH HH HH HH L HH HH HH HH 14, 46 Z Z HH Z HH HH Z 
15 HH HH HH HH H HH HH HH HH 15,47 Z Z HH Z HH HH HH 
16 HH HH HH L HH HH HH HH Z 16,48 Z HH Z Z Z .Z Z 
17 HH HH HH H HH HH HH HH Z 17, 49 Z HH Z Z Z Z HH 
18 HH HH HH L HH HH HH HH HH 18, 50 Z HH Z Z Z HH Z 
19 HH HH HH H HH HH HH HH HH 19, 51 Z HH Z Z Z HH HH 
20 HH HH L HH HH HH HH HH Z 20, 52 Z HH' Z Z HH Z Z 
21 HH HH H HH HH HH HH HH Z 21,53 Z HH Z Z HH Z HH 
22 HH HH L HH HH HH HH HH HH 22, 54 Z HH Z Z HH HH Z 
23 HH HH H HH HH tiH HH HH HH 23, 55 Z HH Z Z HH HH HH 
24 HH L HH HH HH HH HH HH Z 24, 56 HH Z Z Z Z Z Z 
25 HH H HH HH HH HH HH HH Z 25, 57 HH Z Z Z Z Z HH 
26 HH L HH HH HH HH HH HH HH 26, 58 HH Z Z Z Z HH Z 
27 HH H HH HH HH HH HH HH HH 27, 59 HH Z Z Z Z HH HH 
28 L HH HH HH HH HH HH HH Z 28, 60 HH Z Z Z HH Z Z 
29 H HH HH HH HH HH HH HH Z- 29,61 HH Z Z Z HH Z HH 
30 L HH 'HH HH HH HH HH HH HH 30, 62 HH Z Z Z' HH HH Z 
31 H HH HH HH HH HH HH HH HH 31,63 HH. Z Z Z HH HH HH 

Table 1 Input Line Select Table 2 Product Line Select 
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PAL Series 20A 

Pin Configurations PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63 

Programmer Requirement T A = 25°C 

SYMBOL DEFINITION 

VIHH Program-level input voltage 

Output Program Pulse 

IIHH Program-level input current AD, LlR . 

All Other Inputs 

ICCH Program Supply Current 

Tp Program Pulse Width 

to Delay time 

tov Delay Time to Verify 

Program Pulse duty cycle 

Vp Verify-Protect-input voltage 

Ip Verify-Protect-input current 

Tpp Verify-Protect Pulse Width 
, .. 

Programming Waveforms 

00 

VIL 

VIHH 

I. LlR. A 
VIH 

VIL 

Vce 

S.OV 

VIHH 

VOH 

a 

VOL 

VIH 

CLOCK 

VIL 
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LIMITS UNIT 
MIN TYP MAX 

11 11.5 12 V 

50 

25 mA 

5 

400 mA 

10 50 p's 

100 ns 

100 p's 

. 25 % 

20 21 22 V 

400 mA 

20 50 msec 
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Low Power 
Programmable Array Logic Family 
PAL® Series 20·2/·4 
U.S. Patent 4124899 

Featuresl Benefits 
• Low power: 1/2 and 1/4 power options off standard PAL 

• Programmable replacement .for TTL logic 

• Reduces IC inventories 

• Reduces chip count by more than 4 to 1 

• Expedites prototyping and board layout. 

• Save space with 20-pin SKINNYDIP® packages 

• Programmed on standard PROM programmers 

• Programmable three-state outputs 

• Last fuse reduces possibility of copying 

Description 
The PAL family utilizes an advanced Schottky Low Power TTL 
process and the Bipolar PROM fusible link technology to 
provide user programmable logic for replacing conventional 
Low Power SSIIMSI gates and flip-flops at reduced chip count. 

The family lets the systems engineer "design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be easily 
modified during prototype check-out or production. 

The PAL transfer function is the familiar sum of products. like 
the PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed 
OR array (the PROM is a fixed AND array driving a 
programmable OR array). In addition t~e PAL provides these 
options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

Unused. inputs are tied directly to V CC or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to both true and complement of any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low to high transition of the 
clock. PAL Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding sheets. 

The entire PAL family is programmed on inexpensive con
ventional PROM programmers with appropriate personality and 
soc~et 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. . 

PALl' is a rpgistered trademark of Monolithic Memories 

July 1982 

PART 
PKG GATE ARRAY DESCRIPTION 

NUMBER 

PAL 10H8-2 N,J,F,L Octal 10 Input And-Or 
PAL 12H6-2 N,J,F,L Hex 12 Input And-Or 
PAL 14H4-2 N,J,F,L Quad 14 Input And-Or 
PAL 16H2-2 N,J,F,L Dual 16 Input And-Or 
PAL 16C1-2 N,J,F,L 16 Input And-Or/And-Or-lnvert 
PAL10L8-2 N,J,F,L Octal 10 Input And-Dr-Invert 
PAL 12L6-2 N,J,F,L Hex 12 Input And-Dr-Invert 
PAL 14L4-2 N,J,F,L Quad 14 Input And-Or Invert 
PAL 16L2-2 N,J,F,L Dual 16 Input And-Dr-Invert 
PAL 16L8-2 N,J,F,L Octal 16 Input And-Dr-Invert 
PAL16R8-2 N,J,F,L Octal 16 Input Registered And-Or 
PAL16R6-2 N,J,F,L Hex 16 Input Registered And-Or 
PAL 16R4~2 N,J,F,L Quad 16 Input Registered And-Or 
PAL 16L8-4 N,J,F,L Octal 16 Input And-Dr-Invert 
PAL 16R8-4 N,J,F,L Octal 16 Input Registered And-Or 
PAL 16R6-4 N,J,F,L Hex 16 Input Registered And-Or 
PAL 16R4-4 N,J,F,L Quad 16 Input Registered And-Or 

Ordering Information 
r------------HARD ARRAY LOGIC FAMILY 

.-----------NUMBER OF ARRAY INPUTS 
...---------OUTPUT TYPE 

L = ACTIVE LOW 
C = COMPLEMENTARY 
X = EXCLUSIVE-OR REGISTERED 
A = ARITHMETIC REGISTERED 

~------'NUMBER OF OUTPUTS 

...-------SPEED/POWER 
A = HIGH SPEED 

-2 = 1/2 POWER 
-4 = 1/4 POWER 

r------- TEMPERATURE RANGE 
C= OC TO +75C 
M = -~5C TO +125C 
(CASE TEMPERATURE) 

...------ PACKAGE 
N = PLASTIC DIP 
J = CERAMIC DIP 
F= FLAT PACK 
L = LEADLESS CHIP CARRIER 

r----- OPTIONAL HI-REL PROCESSING 
883B = MIL-STD-883, 

METHOD 5004 & 5005 LEVEL B 
883C = MIL-STD-883, 

METHOD 5004 & 5005 LEVEL C 
B = MIL-STD-883, 

METHOD 5004 EaUIVALENT 
C = MIL-STD-883, 

METHOD 5004 EaUIVALENT 

r. BIT PATTERN NUMBER 

PAL 14[4-2CJ 8838 P01234 
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PAL Series 20-2 

PAL 10H8-2 PAL 12HS-2 PAL14H4-2 PAL1SH2-2 

PAL1SC1-2 PAL 10L8-2 PAL12LS-2 PAL14L4-2 

PAL1SL2-2 PAL1SL8-2 PAL1SR8-2 PAL1SRS-2 
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PAL Series 20-4 

PAL16L8-4 PAL16R8-4 

PAL 16R6-4 PAL16R4-4 
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PAL Series 20·2 

Absolute Maximum Ratings Operating Programming 
Supply Voltage, vec .................................. -0.5 to 7.0V .................................. ' ........ -0.5 to 12.0V 
Input Voltage ......................................... -1,5 to 5.5V ........................................ -1.0 to 12.0V$ 
Off-state output Voltage ............ t •••••••••••••••••••••••••• 5.5V ................................................. 12.0V 
Storage temperature ..................... : ............ : ................................................... -65° to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN TYP MAX MIN TYP MAX 

Vec Supply voltage 4.5 5 £. 4.75 5 5.25 

lLow 50 25 40 25 
tw Width of clock 16RB-2 16R6-2 16R4-2 I High 50 25 40 25 

tsu 
Set up time from 

16RB-2 16R6-2 16R4-2 70 40 
input or feedback 

55 40 

th Hold time 0 -15 0 ~15 

TA Operating free-air temperature -55 0 5 75 

TC Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

VIL* Low-level input voltage O.B 

VIH* High-level input voltage 2 

VIC Input clamp voltage VCC = MIN II = -1BmA -O.B -1.5 

IlL Low-level input currentt Vee = MAX VI = O.4V -0.02 -0.25 

IIH High-level input currentt Vee = MAX VI = 2.4V 25 

II Maximum input current Vce = MAX VI = 5.5V 1 

10L8-2 10H8-2 
12L6-2 12H6-2 MIL IOL = 4mA 

Vec = MIN 14L4-2 14H4-2 
VOL Low-level output voltage VIL = O.BV 16L2-2 16H2-2 eOMIOL = 4mA 0.3 0.5 

VIH = 2V 16C1-2 

16L8-2 16R8-2 MIL IOL = 4mA 

16R6-2 16R4-2 COM IOL = BmA 

10L8-2 10H8-2 
MIL IOH"; -1mA 

12L6-2 12H6-2 
Vec = MIN 14L4-2 14H4-2 

VOH High-level output voltage VIL = O.BV 16L2-2 16H2-2 COM IOH = -1mA 2.4 2.B 
VIH = 2V 16C1-2 

16L8-2 16R8-2 MIL IOH = -1mA 

16R6-2 16R4-2 COM IOH = -1mA 

IOZL Vec = MAX 
16LB-2 16R8-2 Vo = O.4V -100 

Off-state' output currentt VIL = O.BV 
IOZH VIH = 2V 16R6-2 16R4-2 Va = 2.4V 100 

lOS Output short-circuit current** Vce = 5V Va = OV -30 -70 -130 

10H8-2 12H6-2 14H4-2 16H2-2 16e1-2 
30 45 

ICC Supply current Vee = MAX 10L8-2 12L6-2 14L4-2.16L2-2 

16R4-2 16R6-2 16R8-2 16L8-2 60 90 

* * Only one output shorted at a time. • These are absolute voltages with respect to pin 10 on the device and 
includes a" overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

e Pins 1 and 11 may be raised to 22V MAX. 

t I/O pin leakage is the worst case of 10ZX or IIX o.g .. IlL and I, 

tt A" typical values are at Vee = 5V, T A = 25°C. 
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Switching Characteristics 
Over Operating Conditions 

PAL Series 20·2 

SYMBOL PARAMETER 
TEST MILITARY COMMERCIAL 

10H8-2 12H6-2 14H4-2 

tp'o 
Input to 16H2-2 10L8-2 12L6-2 
output 14L4-2 16L2-2 16C1-2 

tpo 
Input or feed-

16R6-2 16R4-2 16L8-2 
back to output 

tCLK Clock to output or feedback - 2 

tpXZ/ZY Pin 11 to output disable/enable - 2 

tpzx 
Input to 

16R6-2 16R4-2 16L8-2 
output enable 

tpxz 
Input to 

16R6-2 16R4-2 16L8-2 
output disable 

Maximum 
fMAX 16R8-2 16R6-2 16R4-2 

frequency 

Test Load 
5V 

OUTPUT r>-~----4~.1 TEST POINT 

50pF 

Schematic of Inputs and Outputs 

EQUIVALENT INPUT 
Vcc }------41-----

TYPICAL OUTPUT 
-------( Vcc 

400. NOM 

CONDITIONS MIN TYP MAX MIN 

R1 = 1.12kO 

R2 = 2.2kn 
45 80 

30 65 

20 50 

R1 = 400.0 15 40 

R2 = 780.0 
30 65 

30 65 

8 20 11 

Available Programmers 

MANUFACTURER 
PERSONALITY 

CARD SET 

Data I/O Corporation 909-1427 

Pro-Log Corporation PM9068 

Stag Systems PM202 

Structured Design S020/24 

OUTPUT 

TYP MAX 
UNIT 

45 60 ns 

30 50 ns 

20 40 ns 

15 30 ns 

30 50 ns 

30 50 ns 

20 MHz 

SOCKET ADAPTER 
CONFIGURATION 

715 1428-1 
715 1428-2 
715 1428-3 

AM10H8 AM10L8 
AM12H6 AM12L6 
AM14H4 AM14L4 
AM16H2 AM16L2 
AM16C1 
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PAL Series 20·4 

Absolute Maximum Ratings Operating Programming 
Supply Voltage, vee· ................................. -0.5 to 7.0V ......................................... -0.5 to 12.0V 
Input Voltage ......................................... -1.5 to 5.5V ....................................... -1.0 to 12.0VED 
Off-state output Voltage ...................................... 5.5V ................................................ 12.0V 
Storage temperature .... i • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65°' to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V' 

Width of clock 
Low 70 25 50 25 

tw 16RB-4 16R6-4 16R4-4 ns 
High 70 25 50 25 

Set up time from 
16RB-4 16R6-4 16R4-4 tsu 

input or feedback 
120 45 100 45 ns 

th Hold time 0 -15 0 -15 ns 

TA Operating free-air temperature -55 0 5 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 

VIC Input clamp voltage Vee = MIN II = -1BmA -O.B -1.S V 

IlL Low-level input currentt Vee = MAX VI = O.4V -0.02 -0.25 mA 

IIH High-level input currentt Vee = MAX VI = 2.4V 25 J1.A 

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

Vee = MIN 
16LB-4 16RB-4 MIL 10L = 4mA 

VOL Low-level output voltage VIL = O.BV 0.3 0.5 V 
16R6-4 16R4-4 

VIH = 2V COM 10L = 4mA 

Vee = MIN 
16LB-4 16RB-4 MIL 10H = -1mA 

VOH High-level output voltage VIL = O.BV 2.4 2.B V 

VIH = 2V 
16R6-4 16R4-4 eo~ 10H = -1mA 

IOZL Vee = MAX 
16LB-4 16R8-4 Va = O.4V -100 J1.A 

Off-state output currentt VIL = O.BV 
16R6-4 16R4-4 

10ZH VIH = 2V Va = 2.4V 100 J1.A 

lOS Output short-circuit current** Vee = sv va = OV -30 -70 -130 mA 

ICC Supply current Vee = MAX 16R4-4 16R6-4 16RB-4 16LB-4 30 50 mA 

* * Only one output shorted at a time. • These are absolute voltages with respect to pin 10 on the device and 
includes'all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

ED Pins 1 and 11 may be raised to 22V MAX. 

t I/O pin leakage is the worst case of 10ZX or IIX e.g., IlL and 10ZH' 

tt All typical values are at Vee = 5V, T A = 25°C. 
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PAL Series 20·4 

Switching Characteristics 
Over Operating Conditions 

SYMBOL PARAMETER 

tpD 
Input or feed-

16R6-4 16R4-4 
back to output 

tCLK ,Clock to output or feedback - 4 

tpXZlZY Pin 11 to output disable/enable - 4 

tpzx 
Input to 

16R6-4 16R4-4 
output enable 

tpxz 
Input to 

16R6-4 16R4-4 
output 'disable 

Maximum 
fMAX 

frequency 
16R8-4 16R6-4 

Test Load 
SV 

16L8-4 

16L8-4 

16L8-4 

16R4-4 

OUTPUT (), -+---+--fe TEST POINT 

Schematic of Inputs and Outputs 

EQUIVALENT INPUT 
vcc ' }---~~---

SkU NOM 

TYPICAL OUTPUT 

~ . aVec 
40n NOM 

MILITARY COMMERCIAL 
TEST UNIT 

MIN TYP MAX MIN TYP MAX 

55 100 55 80 ns 

40 80 40 60 ns 

R1 =8000 25 -SO 25 40 ns 

R2 = 1.56K n 50 100 50 75 ns 

50 100 50 75 ns 

5 10 7 10 ,MHz 

Available Programmers 

MANUFACTURER 
PERSONALITY SOCKET ADAPTER 

CARD SET CONFIGURATION 

Data 1/0 Corporation 909-1427 715 1428-1 
715 1428-2 
715 1428-3 

Pro-Log Corporation PM9068 

Stag Systems PM202 AM10H8 AM10L8 
AM12H6 AM12L6 
AM14H4 AM14L4 
AM16H2 AM16L2 
AM16C1 

Structured Design SD20/24 

OUTPUT 
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PAL Series 20·2/·4 

Programming 

PAL fuses are programmed using a low':voltage linear-select 
procedure which is common to all 19 PAL types. The array is 
divided into two groups, products 0 thru 31 and products 32 thru 
63, for which pin identifications are shown in Pin Configurations 
below. To program a particular fuse, both ~n input line and a 
product line are selected according to the following procedure: 

Step 1 Raise Output Disable, 00, to V I HH 

Step 2 Select an input line by specifying 10,11,12,13,14, IS' 16, 17 
and L/R as shown in Table 1. 

Step 3 Select a product line by specifying AO' A1 and A2 one-of
eight select as shown in Table 2. 

Step 4 Raise V CC (pin 20) to VIHH 

Step 5 Program the fuse by pulsing the output pins, 0, of the 
selected productgrouptoVIHH as shown in Program
ming Waveform. 

Step 6 Lower V CC (pin 20) to 6.0 V 

Step'7 Pulse the CLO,CK pin and verify the output pin, 0, to be 
Low for active Low PAL types or High for active High 
PAL types. 

Step 8 Lower V CC (pin 20) to 4.5 V and repeat step 7. 

Step 9 Should the output not verify, repeat steps 1 thru 8 up to 
. five (5) times. 

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

To prevent further verification, two last fuses may be blown by 
raising pin 1 and pin 11 toVp. V CC is not. required during this 
operation. 

Voltage Legend L = Low-level input voltage, VIL 
H = High-level input voltage, VIH 

HH = High-level program voltage, V IHH 
Z = High impedance (e.g., 10kO to 5.0V) 

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 HH HH HH HH HH HH H HH .z 
6 HH HH 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 HH HH HH HH HH HH HH HH 
31 H HH HH HH HH HH HH HH HH 

Table 1 Input Line Select 

~--------~----------------------------~ PRODUCT 
LINE 

NUMBER 

0, 32 
1,33 
2, 34 
3,35 . 

4, 36 
5, 37 
6, 38 
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 

Z Z Z· HH Z Z 
Z Z Z HH Z Z 
Z Z Z HH Z HH 

Z Z Z HH Z HH 

Z Z Z HH HH Z 
Z Z Z HH HH Z 
Z Z Z HH HH HH 

Z Z Z .HH HH HH 

Z Z HH Z Z Z 
Z Z HH Z Z Z 

Z Z HH Z Z HH 

Z Z HH Z .. Z HH 

Z Z HH Z HH Z 
Z Z HH Z HH Z 
Z Z HH Z HH HH 

Z Z HH Z HH HH 

Z HH Z Z Z Z 
Z HH Z Z Z Z 
Z HH Z Z Z HH 

Z HH Z Z Z HH 

Z HH Z Z HH Z 
Z HH Z Z HH Z 
Z HH Z Z HH HH 

Z HH Z Z HH HH 

HH Z Z Z Z Z 
HH Z Z Z Z Z 

HH Z Z Z Z HH 

HH Z Z Z Z HH 

HH Z Z Z HH 'Z 
HH Z Z Z HH Z 

HH Z Z Z HH HH 

HH Z Z Z HH HH 

Table 2 Product Line Select 

AO 

Z 
HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
Z 

HH 
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PAL Series 20·2/·4 

Pin Configurations PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63 

Programming Parameter. TA = 25°C 

SYMBOL PARAMETER 

VIHH Program-level input voltage 

Output Program Pulse 

IIHH Program-level input current 00, LlR 

All Other Inputs 

ICCH Program Supply Current 

Tp Program Pulse Width 

to Delay time 

tov Delay Time to Verify 

Program Pulse duty cycle 

Vp Verify-Protect-input voltage 

Ip Verify-Protect-input current 

Tpp Verify-Protect Pulse Width 

Programming Waveforms 
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LIMITS UNIT 
MIN TYP MAX 

11 11.5 12 V 

50 

25 mA 

5 

400 mA 

10 50 pS 

100 ns 

100 ps 

25 % 

20 21 22 V 

400 mA 

20 50 msec 
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® MOTOROLA 

FOR CUSTOM LSI/VLSI BIPOLAR CIRCUITS 

The Expanding Motorola Macrocell Family 

MCA MCA MCA MCA MCA MCA MCA 
Parameter 600ECl 1200ECl 2500ECl 1000R ECl SOOAlS 1300AlS 2800AlS 

Maximum Gate Equivalent 625 1192 2472 960 533 1280 2720 
Major Macrocells 24 48 110 40 24 60 130 
Input/Interface Cells 25 32 - - 26 40 

120 I/O 
Output Macrocells 18 26 68 40 24 40 
Memory Bits - - - 512 - - •. 
Maximum Gate Delay 1.2 1.2 0.5 .0.5 4.0 4.0 1.6 
Maximum Toggle Freq. 160 160 300 300 50 50 80 
Power Dissipation 2.5 4.0 8 8, 1.0 1.6 2.5 
Package: Dual-In-Line 28,40 - - - 28,48 40,48 -
Package: Chip qarrier 68 68 149 149 68 68,84 84,149 
Temperature Range 0-70 0-70 0-70 0-70 0-70 0-70 0-70 
I/O Interface 10K 10K 1 OKH/1OOK 10KH/100K TTUALS TTUALS TTUALS 
Design Interface CAD CAD CAD CAD CAD CAD CAD 
Availability Now Now 4082 1083 Now Now 1083 

M10900 FAMILY 

The M10900 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 custom circuits which require option development time and costs, the M10900 
family is a standard product ordered like any other MECL 10,000 circuit. 

MC10900Z - 8-Bit ALU with Parity 
MC1 0901 Z - 8 x 8 Bit Expandable Multiplier 
MC1 0902Z ~ 8-Bit BCD/Binary ALU 
MC10904Z - Micro-Code Sequencer 
MC10905Z - Error Detect and Correct 

Macrocell Array literature - Available from Motorola Semiconductor Sales Offices. 

Order No. Title 

BR-107 Design Manual-MECL 10,000 Macrocell Arrays 
BR-110 Design Manual-High Performance TTL Macrocell Arrays 
BR-112 Brochure-High Performance TTL Compatible Macrocell Arrays 
By Full Title Motorola Regional Computer-Aided Design Center 
By Full Title Macrocell Arrays - An Alterryative to Custom LSI 
By Full Title Remote CAD System Helps Designers Develop Custom VLSI Chips 
AN-874 Macrocell Arrays: Concept-Features-CAD Interface 

© Ie MASTER 1983 4479 
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® MOTOROLA 

MACROCELL ARRAY 
Motorola's Macrocell Array products provide a means for 

economical custom lSINlSI logic circuits. Performance is 
achieved by the combination of an advanced MOSAIC 
(Motorola Oxide Isolated Self-Aligned Implanted Circuit) bi
polar integrated circuit process and a series gated emitter
coupled logic (ECl) macrocell circuit technology. 

In AlS-TTL arrays, a series of input and output circuits 
provide level translation from the ECl macrocells to the out
side TTL world. 

Advantages of the macrocell array concept include: 
1. Proprietary custom lSI circuits. 
2. Quick design turn-around time. Normally within 7 weeks! 
3. MSI complexity macroceillogic blocks rather than basic 

gates. 
4. Computer Aided Design (CAD) csutomer interface. 
5. Family of array complexities, so the cost, performance, 

power dissipation and package can be optimized to 
match the system need. 

6. Common macrocell library, design rules and CAD in
terface for all arrays. 

MCA2500ECL MACROCELL 
ARRAY LA'YOUT 

22123 VERTICAL 
ROUTING CHANNELS 

" VERTICAL 1 
ROUTING CHANNELS 
AT EDGE OF ARRAY 

30 HORIZONTAL I 
ROUTING CHANNELS l 
OVER EACH M CELL 

M 

M - M CELL. DIVISIBLE G - MASTER BIAS GENERATOR. 
TO FOUR 'I. CELLS. 

C - CLOCK GENERATOR. 
o - OUTPUT CELL. 

The CAD Interface System 

DESIGN 
INFO 

PASSWORD 

CUSTOMER 
PLACE & 
ROUTE 
INPUT 

HARD COpy 
UNIT 

SIM& 
TEST 
INPUT 

FAULT 
GRADE 

OUTPUT 

4480 

~ 

WACC 

SIMULATION 
FAULT GRAD 

ETC. 

COMPLETE 
TEST 
INFO. 

TEST 

-, ENTRY FEE 

WAFER 
PROC. 

A macrocell array computer aided 
design customer interface provides 
the link between Motorola and a 
customer doing an array option. 
Programs in the CAD system handle 
the graphics interface, performance 
and logic Simulation, automatic place 
and route, error checking, and 
documentation. 

FINAL 
GRAPHICS 

MOTOROLA 
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~National 
D Semiconductor 

Custom Capabilities 
National Semiconductor has been meeting the need foref
ficient, reliable, CUSTOM MOS/LSI design and fabrication 
since 1975. Our fabrication expertise makes us a logical 
source for CUSTOM MOS/LSI circuits, whether of our de
sign or produced from customer-owned tooling. (COT). 

WHY USE CUSTOM? 

Today's multifaceted electronics industry presents 
several approaches to systems design, including discrete, 
integrated and programmable circuitry. How can design
ers determine which will be the most effective for im
plementing a distinctive system? 

For many applications, standard integrated circuits may 
be inappropriate. The tradeoffs between board real estate, 
power consumption" complexity, and reliability must 
somehow be measured in terms of system cost reduCtion 
coupled with confidentiality. 

One approach, large scale integration (LSI), incorporates 
thousands of electronic functions into a single chip, re
ducing the number of components required in a system. A 
variety of standard LSI circuits are available through 
distribution, and they will allow fast development of many 
standard systems. A unique design, however, could re
quire several standard circuits, wasting much of the capa
bility of each. As system complexity and unit volume in
crease, a more space and cost-effective solution will need 
to be found. 

System cost reductions begin with grouping functions 
that require numerous components into one or two 
CUSTOM LSI chips. As the component count is lowered, 
the number of electrical interconnections is lessened. 

This results in a reduction in: 

• troubleshooting time and cost 

• initial checkout costs 

• assembly costs 
• field repairs and warranty costs 
and an increase in product reliability. 

LoWer costs mean improved profits. A custom chip is in
variably less expensive than off-the-shelf or semi-custom 
because you do not pay for unused capabilities. In addi
tion, many of the costs associated with handling, assem
bly and inspection are eliminated. The more complex your 
product, the more profitable a high density custom chip 
can be. 

When deSign expenses are amortized, the total cost per 
average chip declines dramatically with volume. As 
demonstrated in this break·even graph, the CUSTOM 
MOS/LSI approach becomes cost-effective above 20 thou
sand units annually. 

EXCLUSIVITY BROADENS AND PROTECTS 
MARKET SHARE!! 

A CUSTOM LSI circuit requires less space and often less 
power than a series of discrete components. DeSign and 
style options are wider, and problems associated with 
heat dissipation are reduced. This gives you a real com
petitive edge. 

National Semiconductor's advanced process technolo
gies let you design exciting features into your circuit 
which might otherwise be impossible or too costly for ad
vantageous pricing. Our broad product line allows us to 
offer you a wide selection of fabrication processes that is 
difficult to find elsewhere in the industry. 

Technology 

Silicon Gate Metal Gate 

CMOS single poly 31L CMOS (guard band) 71L 
single poly 41L 
dual poly 3JL (field implant) 71L 
dual poly 41L 
dual metal 4JL 

NMOS 5JL NMOS 51L 
XMOS (HMOS) 3JL PMOS aIL 

15 

20 

,----------------_J~ STANDARD 
, CIRCUITS' 

SEMI-CUSTOM ...... .;:s;;:::=:;;===========~. ARRAYS ........ ________ ~~:::::::j~ MICROPROCESSOR 

~ CUSTOM 

10 

5 

ANNUAL VOLUME IN THOUSANDS 
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~ NationalSemiconducror 
This versatility allows us to use the most economical proc
ess for your circuit. Our vast experience is available to you 
throughout the development of your circuit. National 
Semiconductor's custom design group is prepared~ to 
work with your organization on any level, whether we de
sign a circuit from your specifications or fabricate it from 
your tooling. 

'A PRODUCTIVE PARTNERSHIP 

An increasing number of systems manufacturers prefer to 
design their own custom circuits, or refer the design to an 
engineering consulting firm. Others, especially high vol
ume users, may already have a circuit in production and 
are seeking the security of a second manufacturing 
source. In any case, National Semiconductor is a logical 
choice for fabricating, assembling and testing circuits 
from customer-owned tooling. 

The following responsibility and flow diagrams indicate 
the role played by you, the customer, and/or your desig
nated design house (it can be your own in-house design 
team, an outside consultant, or NSC), and National 
Semiconductor as your silicon foundry. 

Our design specialists are available for consultation with 
either your staff or an independently contracted design 
firm-at any point in the development cycl,e. 

NATIONAL SEMICONDUCTOR -
BECAUSE YOUR SYSTEMS ARE DISTINCTIVE 

National Semiconductor's ,CUSTOM LSI, circuits have 
helped many large and small companies meetthe increas
ing demand for compact, sophisticated electronic prod
ucts. We're ready to devote our vast knowledge and experi
ence to designing arid/or fabricating'high-quality, reliable, 
cost-effective custom circuitry for your systems. 'With 
your sU,ccess as our goal, we'll dedicate our resources to 
your needs and hope th,at you will considerus as your, own 
semiconductor facility. ' ' 

These resource facilities include: 
• Ability to perform as our own second source through 

multiple fabrication and assembly facilities 

• 5" wafer fabrication facilities 
• Dedicated design engineering 
• Dedicated product engineering 
• Dedicated CAD/CAM design 
• Remote CAD/CAM 'hook-up (via MODEM) 
• 3 design centers (U.S. and Europe) , 

• Cell Array library 
• Dedicated assembly and test 
• Dedicated marketing staff 

Let's get together now to develop the 'right program for 
your company. Call your National sales representative or 
one' of our field applications engineers-or contact us 
directly at one of our offices-to arrange a preliminary 
meeting. 

Custom Fabrication Responsibilities 

4482 

Customer/Design House 

I. Design/Development 

l~yout 

Design Rule Check 

Calma Data-Base Tape 
(GOS·' or GOS·II preferred) 

est Program 
Generation 

Prototype Verific,ation 

, Prototype Verification 

Pilot Acceptance 

Product A roval 

NSC Custom Fabrication 

Design Rules 

ORC Software 

Mask Generation/Sizing 

water Fabrication 

Wafer Sort 

Assembly 
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sex Gate-Array Design Automation System 

Product Overview 
The objectives of National's Gate Array Design Automa
tion System are 

• To achieve automated layouts of complex logic cir
cuits by using "macrocells" from the reference li
brary with 2-layer metal interconnects. 

• Automatic cell placement and high-yield intercon
nect routing. 

• To provide automatic layout and logic verification for 
error-free designs. 

Features 
• Graphics entry 

• Logic simulation 

• Fault gradin~ 

• Testability analysis 

• Automatic placement 

• Automatic routing 

• Performance verifi<:;ation 

• P.G. tape compatibility 

Development System for Gate-Arrays Diagram 

G·MlHj 

REMOTE 
DESIGN ENTRY 

PERFORMANCE 
VERIFICATION 

LOGIC 
SIMULATION 
"LOGCAp·· 

AUTO 
PLACEMENT 

AND ROUTING 
V·R SOFTWARE 

AUTO TEST 
TAPE 

GENERATION 

Design Automation System 

CUSTOMER 

NATIONAL 
SEMICONOUCTOR 

SOFTWARE 

© Ie MASTER 1983 

NATIONAL 
SEMICONOUCTOR 
~ 
~ 

P. G. TAPE 
GENERATION 
TO CREATE 

METAL1/VIA 
MASKS 

METAL lVIA 
AND METAl2 

MASKS ON 
UNFINISHED 

DIFFUSION SET 

PRELIMINARY 
October 1982 
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~National 
D Semiconductor 

September 1982 

SCX 6324A High·Performance 2.4 k CMOS Gate Array 
,Macro Library Specifications 

General Description 
This versatile 2.4k gate array utilizes silicon-gate dual
layer metal CMOS (M2CMOS) technology to achieve 
operating speeds similar to S-TTL with the inherent 
lower power consumption of standard CMOS integrated 
circuits. All outputs have the ability to drive 10 LSTTL 
loads. All inputs have high noise immunity and are pro
tected from damage due to static discharge. 

To enhance user applications, the device is offered in 
three attractive 124-pin package options. Smaller pin 
count packages are available upon request. 

sex 6324A Topology 

TAI·STATE" is a registered trademark of National Semiconductor Corp. 

© 1982 National Semiconductor Corp. TUU5063 
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Features 
• 2.4k gates 

• 2.0ns internal tpD 

• CMOS power dissipation 

• ilLS" drive capability 

• Full design automation support 
-80% utilization 
-100% auto place and route 

• 124 pins maxi"mum 
-55 inputs 
-56 lIas 
-6VDD 
:-6 Vss 
-1 test 

DA·B25M92/Printed in U.S.A. 
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Absolute Maximum Ratings 
Supply Voltage 

Recommended Operating Conditions 
-0.5 to 7V 

Input or Output Voltage -0.5 to Vee+0.5 V 

Storage Temperature 

Power Dissipation (Package Dependent) 

Lead Temperature 

-65°C to 150°C 

1W 

300°C 

Symbol 

Vee 

VI,Vo 

10 

lee 

TA 

Parameter Min. Max. 

DC Supply Voltage 3 6 

Input or Output 
0 Vee Voltage 

High or Low Level 
0 ±25 Output Current 

Vee or Ground 
0 ±50 Current per pad 

Operating Temper-
-40 +85 ature Range 

DC Electrical Characteristics Vee = 5V ±10%, Min./Max. limits apply across temperature 
unless otherwise specified. 

Symbol Parameter Conditions ' Min. Max. 

VIH High Level Input Voltage Vo =0.5Vor Vee-1V,llol =1,.,A Vee- 1.4 

VIL Low Level Input Voltage Vo=0.5Vor Vee-1V,llol =1,.,A 0.9 

VOH High Level Output Voltage VI = Vee or GND,llol = 1,.,A Vee-0.05 V 

VOL Low Level Output Voltage VI = Veeor GND,llol = 1,.,A 0.05 

10H High Level, Output Current VI = Vee or GND, Vo = Vee-0.8V -4 

IOL Low Level Output Current VI = Vee or GND, Vo = O.4V 4 

VIHTTL 
Min. High Level TTL lip voltage 

Vo=0.5Vor Vee-1V,llol =1,.,A 2 (for TTL i/p option) 

VILTTL 
Max. Low Level TTL ilp voltage 

Vo=0.5Vor Vee-1V,llol =1,.,A 0.8 (for TTL ilp option) 

II Input Current (without pull-up resistor) VI = Vee or GND ±1 

lee Supply Current VI=VeeorGND, TA=25°C 100 

AC Electrical Characteristics Vee = 5V at 25°C. 

Symbol Parameter Conditions Min. Max. 

tpLH Output buffer (Non-inverting,' t r =tf=5ns,0-5V 6 
tpHL non-TRI-STATE<!l) CL=15pF 6 

tpLH Input Buffer (TTL type - non-inverting) tr = tf = 5ns, 0-3V 4 
tpHL CL=1pF 6 

tpLH Input Buffer (CMOS type - inverting) tr = tf = 5ns, 0-5V 3 
tpHL CL=1pF 2 

tpLH, Output TRI-STATE (Non-inverting) 
tr =tf = 5ns 8 

tpHL 
tpZL 0-5V Delays measured at 9 
tpZH CL=50pF 50% pOint between 7 
tpLZ, RL=1kQ 

start and target voltage 
21 

tpHZ 

tpLH Internal 2 lip NAND tr =tf = 5ns 3.2 

tpHL 
0-5V, load equivalent t() fanout 3.5 of 3 and 100 mils of Interponnect 

tpHL. As above with CL = OpF 1.2 
tpLH 
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Unit 

V 

V 

mA 

mA 

°C 

Unit 

V 

V 

V 

mA 

rnA 

V 

V 

,.,A 

,.,A 

Unit 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
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~ National Semiconductor 
sex 6324A 

Packaging 

Two 124-pin packages are availablf) 

1. Ceramic Chip Carrier 

2_ Plastic Chip Carrier 

A 120-pin area grid package is also available and package 
options down to a 48-pin dual-in-line are available. 

The area grid packaging provides rapid turn-around cap· 
ability to the user. This package type consumes less 
board area. 

Chip carriers provide "footprint" compatible alterna
tives to the user, enabling fast building of prototypes 
with ceramic and less expensive production parts with 
plastic. 

Power Dissipation 

Power dissipation is a function of clock rate and circuit 
configuration_ For power dissipation estimation pur
poses, the value 35jJW/GateMHz can be used for gates 
within the array. Note: Output buffers driving large capa
citive loads at high bit rates generally tend to dominate 
the power consumption of most options. 

Array Organization 

The array has 795 cells organized in 15 columns of 53 
cells per column_ With three 2-input gates per cell, there 
are 2385 total gates (795 x 3)_ To guarantee routeability 
of a u'ser's chip system or "option," it is recommended 

_ that not more than 80% of the cells be used, which equals 
1906 gates. The routeability is, of course, dependent upon 
the specific logic implemented. 

Load Factor:· A load factor of one, equal to 0.155pF, is 
equivalent to driving a single inverter (P- and N-channel 
transistors). Some macro .inputs have load factors great· 
er than 1, i.e., total capacitance on any input equals load 
factor multiplied by 0.155pF. 

Library of Macro Cells 

The following is a list of "hardware" macros from which 
the user may select functions to implement his system. 
The intracellular wiring of these macros is constant 
regardless of where they appear in the array. NSC plans 
to expand the library to cover 80 macros, In addition to 
this list, "software" macros having functions such as 
counters, shift registers, arithmetic logic, and other 
large functions composed of many cells will be available. 
to the user via the NSC CAD software. The cells 
comprising these "software" macros may have varying 
spatial relationships to each other from chip to chip, 

Truth Table 
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TMC 

L 
L 
L 
H 

DT 

X 
H 
L 

TSTC Output Conditions 

H TRI-STATE 
L L 
L H 

- NO TEST MODE -

Hardware Macro Library 

Qly. of 
Macro Elementsl Page 

Macro Type Cells Number 
NAND, Triple 2·lnpul S1 3/1 5 
NAND, Dual 2·lnput plus 

complement' 53 211 6 
~~AND. Dual 3·lnput 52 2/1 

. NAND. Triple 3·lnput plus 
complement 03 3/2 11 

NAND. Triple 4·lnput 01 3/2 10 
NAND, 5-lnput 02 112 10 
NOR, Triple 2·lnput S4 311 6 
NOR, Dual 2-lnput plus 

complement S6 211 7 
NOR, Dual 3·lnput 55 2/1 6 
NOR, Triple 3·lnput plus 

complement 06 3/2 12 
NOR, Triple 4·lnput 04 3/2 11 
NOR, 5-lnput' 05 112 11 
XOR, 2-lnput S11 111 8 
AND-NOR, 2-2 with complement S15 111 9 
OR·NAND, 2-2 with complement S14 111 9 
LATCH, 2-lnput NAND R-5 with 

2-1 NAND S12 li1 8 
LATCH, 2-lnput NOR R·S with 

2-1 NOR S13 111 9 
D-FUP-FLOP 09 1/2 12 
D-FUP-FLOP with Set and 

Reset T1 1/3 13 
INVERTER, Quad S8 4/1 7 
BUFFER, CLOCK Triple S7 311 
BUFFER, DuaL TRI-STATE". 

INVERTING S9 . 2/1 
BUFFER, TRI-STATE NON-

INVERTING SlO 111 8 
MUX,2-1 S16 1/1 10 

Library of Input Cells 

Macro Page 
Input Cell Type Number 

Input Buffer, Non-inverting, TTL IN 
with pull-up resistor 11 13 
Input Buffer, Non·inverting, TTL IN 
without pull·up resistor 12 14 
Input Buffer, Inverting, CMOS IN with 

>. 

pull-up resistor 13 14 
Input Buffer, Inverting, CMOS IN 
without pull-up resistor 14 14 

"Input Buffer, Short circuit with pull-up 
resistor 15 14 

"Input Buffer, Short circuit without 
pull-up resistor 16 14 

On·Chip Test Circuit 

All options of the SCX 6324 are provided with an on-chip 
test circuitry at ,the cost of a single input pin, to create 
TEST MODE. With this pin active (LOW), two additional 
pre-defined inputs are jointly employed to force all out
puts to HIGH, LOW or HI·Z states and thus reduce test 
time in gathering output parametrics at sort. These two 
pins further function as conventional (either TTL or 
CMOS) inputs (when TEST MODE, HIGH) with no perfor· 
mance penalty apparent to the user in terms of AC or 
DC performance. 

TEST MODE (TMC): A low at this input will activate the test 
circuitry. All output buffers are to be 
driven by TEST DATA (DT) and TRI
STATE (TEST) pins, 

TRI-STATE (TSTC): A HI at this input together with TMC low 
puts all TRI·STATE output buffers to HI· 
Z state. 

TEST DATA (Dn: Input to this pin, with TMC low, forces 
all outputs to either high or low (re· 
versed polarity)_ 

© Ie MASTER 1983 
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sex 6324A 
Library of //0 Cells 

Macro 
1/0 Cell Type 

110 Buffer, TRI·STATE~ Output. TTL 
Input without pull·up resistor I/O 1 

I/O Buffer, TRI·STATE Output. CMOS 
Input without pull·up resistor 1102 

I/O Buffer. TRI·STATE Output. Short 
Circuit Input without pull·up resistor I/O 3 

Non·inverting, CMOS Output 1/04 
Non·inverting, TTL Input with pull·up 

resistor 1106 
Non·inverting, TTL Input without pull·up 
resistor I/O 7 

Inverting, CMOS Input with pull·up resistor I/O 8 
Inverting, CMOS Input without pull·up 

resistor 1/09 
o Short Circuit Input with pull·up 

resistor 110 10 
·Short Circuit Input without pull·up 

resistor I/O 11 
I/O Buffer, TRI·STATE Output, TTL Input 
with pull·up resistor 110 12 

110 Buffer, TRI·STATE Output, CMOS Input 
with pull:up resistor 110 13 

OliO Buffer, TRI·STATE Output, Short 
Circuit Input with pull·up resistor I/O 14 

Page 
Number 

15 

16 

17 
17 

18 

18 
18 

19 

19 

19 

20 

21 

22 

o Short circuit inputs may not be employed without written approval 
from a National Semiconductor design center 

Future Additional Macros: 

• Full adder 

• 2·Bit magnitude comparator 

• 4·Bit PI/SO shift register 

• 4·Bit SI/SO, PO shift register 

• Schmitt trigger 

• 4·to·' TRI·STATEi!! MUX with enable 

• 4·bit parity checker 

• "0" latch with reset, enable 

• Ho·4 decoder with enable 

• "0" flip·flop with-reset, preset 

• Toggle enable flip·flop with reset 

• JK flip·flop with set, reset 

• Up/down counter with set, preset 

• 4·to·' data MUX 

• MUX'd "0" flip·flop with reset 

• '·Bit ALU 

sex 6324A Routing Resource Distribution 
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62 Vss Voo Vss VOO 31 

TEST 63 30 

[2J COLUMN 1 COLUMN 2 COLUMN 15 [2J 
CD N 1 CELL- 1 ~ EJ 

a! a! 
2 2 

a: VOO 0 0 0 

+ u) u) + + + 

~ ~ ~ ~ VSS 
z z z 
z z z z ...:: < < :z :x: :x: ::t: + < INPUT (.) (.) (.) INPUT ::t: 
0 0 0 .... VOO CCTS z z z CCTS 

c.!' a: a: a: :z + + 
>= VSS ~ ~ ~ ::» + - + 0 
a: ...:. ...:. ...:. 

...:: ;: ;: + ~ S3 S3 S3 + ..... ~ 
w 

~ ;: ::s 
~ ~ @] 
u... 
0 

:z QJ 0 i7 -t- + 1/0 CIRCUITS + + T ~ 0 92 >= .... 
LoU 
a: e. 

~L 
93 VOO VSS VOO VSS 124 

HORIZONTAL (DIRECTION OF METAL·2 ROUTING CHANNELS ON TOP OF CELLS) 

1. Number of Vertical Tracks in Metal-1 Layer: 

Channel Group Noo 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Track Quantity 

Total = 284 

15 16 16 17 18 19 20 21 21 20 19 18 17 16 16 15 

2. Number of Horizontal Tracks in Metal- 2 Layers: 

558 Tracks =(53 cells x 10 tracks/cell) + (2 ends x 14 tracks) 
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~National a Semiconductor 

A 2.4k CMOS Gate Array , 

Abstract. This paper describes a 2.4k CMOS gate array 
and comments upon design considerations incorporated 
in its definition. An eva/uationis made of the effects of 
simultaneous switching of outputs, with inductive para
sitics considered. 

Die organization is described 'and key features of the 
M2CMOSTM process provided. Fabrication on a dual-layer, 
Si-gate process allows users to define options by pro
gramming metal 1, metal2 and second contact. These op
tions (or personalizations) are created employing fully 
automated routing and placement software. 

INTRODUCTION 

A broad base of information is provided to illustrate the 
total integration required in the definition of array prod
ucts which almost uniquely require consideration of soft
ware capabilities, available process, packaging restric
tions/limitations and system applications. 

National Semiconductor 
Application Note 320 
I.A. Mackintosh 
A. Sowell 
B.Cheng 
M. Rohm 
October 1982 

DIE ORGANIZATION 

PRELIMINARY 

A photograph of the die is provided in Figure 1; this par- , 
ticular option was implemented as a characterization 
vehicle. The die is organized in 15 columns of basic, 
elements, with 53 SLlch elements in each column. As three 
2-input gates can be created in each cell, there are approx- : 
imately 2.4k gates available in the array itself. In addition 
to this, there are a total of 56 110 sites and 55 inputs. 

Routing I channels are allocated such that metal 1 chan- : 
nels occur between the vertical columns of cells and 
metal 2 routes across the die, passing over the columns. 
The number of metal 1 channels is biased such that more 
occur between the individual columns of elements toward, 
the die center, where demand for available resources is 
greatest. 

The basic cell is shown in Figure 2. This element is pre
programmed for the user in metal 1 to create the individual 
logic configurations available in the libr,ary. All logic f\Jnc
tions are built from unit multiples of this element. 

enid 1NilnftJ}iuUtt{U HIT Rill tnl i 1M nUfluiiUioor. 
Vlt IjllUninnUJliUnnTtUAtn UFtU'nHH&inUi 
ihniFlnJn@.hiunmUnUTIhmmniUUUWnUHTIiWuUm 
fhiuHilt 500nnrthlUnUtUnU tultHE fun MluTu11 

'5 !.t.! .!.nll., •.. , .• 1., .•....... ,I.Th.,', .. !,.I"t.~"m.t,.I.~.lo/:!.i ...• ~ .. ' .• ij,.!. " •.. H,,~ ... i ... n~.,.~.~ .. ,5,~.i ?,I, ... !,t.~. ~ ... m.~.~ .. m!~ 
. uwruuJl\Hm;wooyiiwrilntriUU: Un tUM;" fwiiiht ,t l i m 
'Ulil. nn nnUmHHiH.l J HYluJdl! ! ill I 

. ilUUillviutninm®mmunrlununUUliiffur lin 
nuun III nun i wnUi@vBilUi run u ndl1nllf~n .!! itS 
lUI .. J1J!iln%:UuJ\1utluWuUnWUf'ITI .. UMwUL

q 

IL.·U JiSi! .Ii lilimUJ r h 1ft ttY Wroun' nUt d \Ii m@jjUUl iilmISni!liI1U; 
~[;$.~JI,'~S.~~"~~. ~D~:I~.I_ 

FIGURE 1. Ole Photomicrograph 

M2CMOS ™ Is. trademark 01 National Semiconductor Corp. 

(1982 National Semiconductor Corp. TUUI5124 
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AN·320 METAL 1 CAPPED 
1st CONTACTS 

N+WElL 
CONTACT Voo BUS 

~/1 P+ SUBSTRATE 

tL~ V" BUS CONTACT 

[Q] :':':' 

o & IaI :,;: IQJ ~ r U IQJ ..... jg ~ 
o ----I ' , L....-__ '----_-_-:.~..J I r+----+o'.;..;' +---f-r----.."' 0 

o &r-+---[Q]--+--~':+:; ___ !Q]--f--l1rU [Q] ::!Q] ~ 0 

o &~ __ IQ]~~i:~f---_rg----t-,~ ~U [g .•.•. rI ~~IQ1~ 0 

100 pili 

o &~ __ [QJ--+:~~:i:f---_lb1I----t-,~ ~U~: ~ ~ 0 

o &r-+---IQ]-t::;.;.;.:::::t------(g---t-t-, r U IQ] :: IQ] ~ 0 

o ~ ___ [g~< ...... :: ___ fQ) ...... ~ ~U IOl ;: rI '-----_la __ 
O
,.-

... I'---P-CHANHEL WIDTH ------+l.1 I-N-CHANNEL 1 
- WIDTH -l 

.---------------180 MICROHS----------------+l 

1 I I I 1 1 I I I 1 1 I 1 1 'I 1 VERTICAL 
GRID 

o 8 9 10 11 12 13 14 15 16 17 18 19 20 AUGNMENT 

TliUf5124-2 

FIGURE 2. The Basic Cell Element 

Occasional use is made of second layer metal in creating 
the library functions; where this occurs, the auto-routing 
software is inhibited from passing through the particular 
cell on that specific grid. Logic functions are defined such 
that they remain adequately "permeable;' to metal 2 and 
the channel allocation is biased to second layer re
sources, thus optimizing the ratio of the two layers of con
nect during personalization. 

PROCESS 

A process cross·sectlon and key electrical parameters are 
provided in Figures 3a and 3b, respectively. It Is basically 
the ability to minimize metal pitches which determines die 
size on arrays. Some creative use can be made of software 
here, In minimizing route-grid pitches by (say) the prohibi· 
tlon of adjacent vias. If this Is an unintelligent restriction 
In the software, a large number of otherwise available via 
sites can be lost and this can lead to the unroutability of 
locally congested areas of connection. 

On this particular array, metal 2 may only contact to 
metal 1 (through the programmed via, or second contact) 
and no use is made of "contact stacking" at the 3 x 3 
feature size. 

PERFORMANCE AND COMPATIBILITY 

Both I/Os and inputs are user selectable as either HCMOS 
or TTL (0.8V to 2V) compatible at the inputs, with outputs 
LS-TTL compatible at 4 mA sink/source capability-en
abling 10 LS loads to be driven. 

The part is recommended for 3V to 6V operation, with 
typical propagation delays of 2 ns for a 2-input gate driving 
a 1 pF load at room temperature and VDD = 5V. A typical 
CMOS output buffer (non-inverting) driving a 15 pF load 
under these conditions demonstrates propagation delays 
of <8 ns. 

THE EFFECTS OF INDUCTANCE 
A study has been made of the effects of supply and signal 
lead inductance with respect to device performance and 
system interface. Here, a worst-case situation was con· 
sidered when a large number (14 in this instance) of out· 
puts are switched simultaneously and a particularly high 
supply lead inductance exists. The dominant inductive 
component was, in this case, the trace on the ceramic 
package-In the order of 15 nH. Clearly, this can readily be 
reduced to the order of 2 nH or 3 nH by redefining the silk
screening of the package, but this desirable reduction 
may not be possible for all packages (particularly, say, for 
chip carriers where there are upper limits on trace widths 
attainable and a relatively long connection must be made 
to the pin itself). 

The SLX6324 has six each of VDD and Vss pads available 
which (when all are employed) dramatically reduce the 
effective inductance in the supply lead, at the die (see 
Note 1). 

An evaluation was then made of the effective supply in
ductance, capacitance and resistance at the site of the ad
jacent outputs. This included all bond·wire, package-pin, 

Note 1: We additionally require this number of supply pins to accommo
date large DC currents on the die itself, while avoiding electron migration. 
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package trace and die-bus parasitics, reduced from their 
matrix to a lumped form. It was found that even in the 
worst-case condition where all outputs are "unloaded", 
the degradation in propagation delay through the in
dividual buffers remained «0.5 nS with these parasitics 
present. 

••••••••••••• 
FIELD DOPING 

N·CHANNEL 

P-

A similar evaluation was then made with a single (one of 
the 14) output driving the equivalent circuit of a 20 inch 
PCB trace of 750 characteristic impedance, loaded with 
10 pF. The simulated voltage waveform at the 10 pF load is 
shown in Figure 4. 

. P·CHANNEL 

a. Process Cross·Sectlon 

4490 

4. 

-1 

Gate Material 

Gate Oxide 

Effective Channel Length 
Metal 1 to Subs 

Metal 2 to Subs 

Thresholds 

Contact 1 and 2 

Metal 1 Line/Space 
Metal 2 Line/Space 

: N-Type, Polysilicon 

:600A 

: 2.2/L P·Channel 
: 14 kA 
: 22 kA 
: 10.7VI 
: 3 x3 

: 4/3/L 

: 5/4/L 
... ; 

b. Key.Electrlcal and Physical Features 

FIGURE 3 

2.5 ns 

-2 ~-----------------------------------------------------------------------------
TIME (ns) 

FIGURE 4. illustrating ringing seen at a 10 pF load at the end of a 20" PCB trace of Zo = 750, 
driven by a single output buffer (with 13 others switching simultaneously). 

TUU/5'2~ 
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The supply and ground overshoots were evaluated and 
empirically proven incapable of latching (by SCA action) 
even the most susceptible HCMOS or gate array-type in
put; this is due to the inability of the outputs to 
sourcelsink a sufficient amount of charge in the time 
available. The "ring-back" after Vss overshoot is of such 
short duration that It is incapable of erroneously transfer
ring a logic level through even the fastest responding 
(HCMOS or gate array) TTL input buffer; this too was 
proven both empirically and by simulation. 

The conclusion is that even with a package that is not op-
o timized (by reduction of supply-lead trace inductance) to 
support such array performance, parasitic inductances 
should not cause users any inordinate problems. It is clear 
however, that with a next generation product featuring 
(say) 2 x AC improvement, care must be taken in evaluat· 
ing such parasitics, simultaneous output switching and in 
defining package characteristics accordingly. 

ROUTING 

Figure 5 illustrates a routed personalization of the 2.4k ar
ray with 85% utilization of internal cell-sites. In general, 
options will be approached first by optimizing placement 
of the individual logic elements. This is achieved by 
mosaic placement, where "different" (by the number of 
basic elements employed in the logic function) size func
tions are swapped until the relative amount of projected 
interconnect required to route the option is minimized. 
The bulk of the array is then routed by a channel router and 
remaining nets are completed by a maze router. 

The channel router is inherently faster (>3 x) than the 0 

maze and it is inhibited from making routes with routing 
resources immediately adjacent to the inputs and I/0s. 
The maze router is then rapidly (and with total freedom) 
able to complete the balance of the connections; most of 
which are inevitably to the interface buffers themselves. 

Critical delay paths can be readily optimized by forced 
placement (if desired) by the user, followed by pre-route of 
these connections, as required. 

FIGURE 5. Automatically Placed and Routed Example of the 2.4k Array TUU/512~ 
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Gate Array and Custom 
VLSIC Fabrication with the 
M2CMOSnt Process 

Abstract. A bulk CMOS· N·well process, containing a 
single level of polysilicon and two layers of metal, has 
been developed for the fabrication of gate arrays. The 
process is scalable to smaller dimensions with technol· 
ogy improvements. Current results being reported are for 
3·micron and 2·micron feature size versions of the proc· 
ess. Delays of 600 ps for unloaded ring oscillators have 
bee'n measured for the 3·micron process. This process will 
be used to build a 2.4k gate array having typical internal 
gate de{ay per stage of 2 ns. 

INTRODUCTION 

The emergence of gate array technology promises impor· 
. tant benefits to the users of VLSI circuits. Virtually any 

random logic configuration will be realizable in shorter 
times and at lower costs than is possible using conven· 
tlonallC design procedures. These economies are brought 
about by requiring unique masking layers only at the final 
stage of wafer processing. The customers' logic require· 
ments are met by generating appropriate metal intercon· 
nect masking layers with the vendor's routing software . 

To implement this type of a product, a bulk CMOS, N·well1,2 

process containing a single level of polysilicon and two 
layers of metal. M2CMOS, has been developed. The 
desired logic function is achieved by generating three 
unique layers: metal 1 (M1), metal 2 (M2), and metal 1 to 
metal 2 interconnect (via). To achi.eve typical propagation 
delays of 2 ns/stage, it is necessary to use a double layer 
metal rather than a double poly interconnect system. The 

.e ••••••••••• 
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H·CHAHHEL 
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,PRELIMINARY 

propagation delay of stages driving long interconnects on 
the order of hundreds of mils is limited by the RC time con· , 
stant of the interconnect line. Worst·case propagation I 

delays in the microsecond range will be obtained on gates 
driving long polysilicon interconnects, since the poly 
resistance is nearly three orders of· magnitude greater 
than that of aluminum. 

Conventional 1:1 scanning projection lithography is used 
in the initial version of the process to produce 3·micron 
minimum feature sizes. Improvements in density and per· 
formance will be realized in a more advanced version of 
the process, now under development, using wafer stepper 
lithography. Feature sizes with this process will be in the 
2·micron range and further development work is expected 
to get the M2CMOS feature size to the 1·micron range 
within the next several years. 

3·MICRON PROCESS 

Figure 1 illustrates cross·sectionally some key features of 
the M2CMOS process. The Nand P·channel device regions 
as well as substrate contact diffusions are defined by a 
selectively grown field oxide. A single level of N + doped 
polysilicon provides the gate electrode for both device 
types. Contacts to N+, p+ and polysilicon regions are 
made with metal 1. Metal 2 contacts only metal 1 through 
an insulating 5i02 layer. . 

P·CHAHHEL 

TL/U/5125-1 

FIGURE 1.M2CMOS Cross·Sectlon 

M2CMOS ™ and XMOS ™ are trademarks of National Semiconductor Corp. 

Reprinted from PROCEEDINGS OF THE CUSTOM INTEGRATED CIRCUITS CONFERENCE, May 1982 

.~ 1982 National Semiconductor Corp. TL/U/5125 
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The process contains a total of 10 masking steps. Three of 
these are for implant blocking only and do not require 
etching. All doping of the lightly doped P-type substrate 
for junction formation and threshold voltage modification 
Is performed by ion implantation. Plasma etching is used 
extensively in the process. The use of sputtered silicon
aluminum films for metal 1 and metal 2 provides very good 
coverage of surface conto~rs. 

An' N-well, rather than P-well, process was chosen for 
several reasons. The M2CMOS process is closely related 
to the XMOS™ process (Si-gate N-channel process) using 
the same starting material. This permits rapid integration 
of XMOS advances, such as memory cells, into M2CMOS. 
Because of lower substrate doping levels in the M2CMOS 
process with respect to the conventional P-well process, 
and lower resultant values of junction capacitance and 
b9dy effect factor, speed improvements on random logic 
circuits on the order of 10% are realized. Finally, Nand 
P-channel threshold voltages are simultaneously ad
justed in M2CMOS. Hence, one less masking step is re
quired in this process with respect to a conventional 
P-well process. 

Figure 2 illustrates a test chip used to develop and 
characterize the 3-micron M2CMOS process. Divided into 
six individual sections, it has provided information on 
device parameters, process parameters, yield loss 
mechanisms, design rule validity, and ring oscillator elec
trical performance. 

Table I lists typical measured process and device parame
ters. Table II lists typical key dimensions and layout rules 
associated with the 3-micron M2CMOS process. The inclu
sion of stacked contacts (via contact positioned directly 
over contact 1) in the process layout rules provides im
provement in array packing density. 

TABLE I. TYPICAL 3·MICRON M2CMOS PROCESS 
PARAMETERS 

Parameter Units 
N·Channel P·Channel 

(25/3) (25/3) 

Vr @ Vos=0.1V, (V) 0:7 -0.7 
VBS=OV 

Body Effect (V1/2) 0.16 0.45 
Factor, M @ 

IVBSI =0-2.55V 

I BVoss I @ (V) 14 19 
Ilol=1p.A 

I'COX @ (pA/V2) 40 15 
IVGS - Vrl = 0.5V 

IVr poly field I @ (V) 17 14. 
Ilol=1p.A 

Parameter Units Value 

Sheet Res. (N +) OIsq. 25 
Sheet Res. (P +) OIsq. 90 
Sheet Res. (N -) OIsq. 6000 
Sheet Res. (M1) OIsq. 0.045 

. ,Sheet Res. (M2) O/sq. 0.025 
Sheet Res. (Poly) O/sq. 20 

FIGURE 2. Test Chip used for the M2CMOS Process Development and Characterization 
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TABLE II. TYPICAL DIMENSIONAL FEATURES OF 
3-MICRON M2CMOS PROCESS 

Leff, N-channel = 2.4~ Leff, P·channel = 2.2p. 
Contact Sizes : First = 3 x 3 microns 

M1 Pitch 
M2 Pitch· 

Second = 3 x 3 microns 

= 7 microns 
= 9 microns 

Gate Oxide = 600A 

Poly Pitch = 6 microns 

N + /P + Pitch = 8 microns 

Xj: N + = 0.351', P + = 0.5p., N - = 51' 

The basic process now uses SiO~ as an insulating layer 
between metal 1 and metal 2. Figure 3a illustrates parallel 
metal21ines (pitch = 10p.) demonstrating good coverage of 
worst-case surface topology with very good edge defini
tion. A polyimide3 film, because of the planar nature of its 
surface and excellent insulating properties, has also been 
studied as the M1-M2 insulator. Figure 3b illustrates under 
somewhat smaller magnification, the improved planarity 
offered by polyimide over the same topology configura
tion shown in· Figure 3a. 

The area density of metal 1 to metal2 shorts as well as the 
frequency of occurrence of metal 2 opens covering severe 
topology steps, have been calculated from numerous 
measurements on the test pattern shown in Figure 2. 
These values have been applied to the configuration of the 
SLX6324, 2.4k gate array now in design, indicating these 
two mechanisms will have only a small effect on the yield 
of this product for either the Si02 or polyimide insulator 
system. Both systems have measured values of M1-M2 
contact resistance of 0.02f2 per 3 x 3 micron contact. Ex
cellent initial reliability results have been obtained on 
several hundred ring oscillators built with both the Si02 
and polyimide insulators after 1000 hours of operation at 

125°C (0 failures in each group). At this time, the deposited 
oxide insulator system is being used in the M2CMOS proc
ess because it is a proven material with a strong support
ing technology base. The polyimide system may prove 
useful as metal pitches are further reduced. It should also 
prove useful when the process is modified to include one 
or more additional layers of meta(interconnect. 

3·MICRON M2CMOS ELECTRICAL PERFORMANCE 

Electrical measurements have been made on a series of 
ring oscillators contained on the M2CMOS test chip. 
These oscillators vary from 7 to 13 stages and have dif· 
ferent degrees of loading. Figure 4 illustrates the perform· 
ance predicted for a 13 stage unloaded oscillator by the 
SNAp4 model using measured electrical parameters from 
an M2CMOS wafer. The average propagation delay/stage 
for 53 ring oscillators built from this wafer was 0.56 ns with 
a standard deviation of 0.091 ns, in good agreement with 
the simulated value of 0.61 ns. The speed-power product 
of this oscillator has been measured to be 10 fJ/MHz. 
(Since power in CMOS circuits is directly proportional to 
frequency of operation, fJ/MHz is considered a more 
meaningful unit of comparison than fJ.) 

~ 
w 
c:I 

!:i 
c =-

6.4 

5.6 

4.8 

4.0 

3.2 

2.4 

1.6 

16 ns 

~ 1~t-(6f·~Z);;: . _ _ 

~+--I\-°s~~;;I ........ I_ft--+---t 
11 , 

VCC=5V \ ,~ 

~'~~~NNE \ \ L 
0.8 W 401' 1 \..J \U 
0.0 .!:... 31' I. 

- 0.8 tPl] (MEAS.) =0.56 ns (53 SAMPlES)-1--
-1.6 L..-_ ........ ...:::._=~8%;,.."",, ____ ....1..---I 

o 20 25 30 35 .w 45 50 

TIME (ns) TlIUJSI2S-4 

FIGURE 4. SNAP Simulation for 13·Stage M2CMOS 
(3JL) Ring Oscillator, Having a Fan-Out = 1 
and Operating at TA = 25°C 

a. TUUI512!>-311 b. TLlUI5125-3b 
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FIGURE 3. Metal 2 Lines (101'- Pitch) Covering Severe Surface Topology using: 
(a) Deposited Si02 Insulator (b) Polylmide Insulator 
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Figure 5 illustrates the dependence of ring oscillator prop
agation delay on operating supply voltage, Vcc, and fan-

,out, FO. The FO = 5 curve used a large metal 1 load 
capacitor at each stage and showed an approximate dou
bling of unloaded propagation delay/stage. The above 
results indicate that the predicted performance char
acteristics of the SLX6324, 2.4k gate arrayS of 2 ns typical 
and 5 ns worst-case delay per stage are realistic. 

3.5 .__-.....--...,--.----.-'-r-....... 
T _3.0 t---+---+-.+-+-I---+---I 

.! A 
en 2.5 I--~~-=~,~--+---+-..; 

S ~ ~ 2.0 t---+---t--.... I~,rr FO~ = 5-f--
. Z tr ., .. i 1.5 ~ .. ~ 
~ ::: FO=1-!~~ 

0----'----'"---....1...---'-........ ---1 

o 1.0 2.0 3.0 4.0 5.0 6.0 
Vee (V) TLIU/5125-5 

FIGURE 5. Test·Chip Ring Oscillator Results 
(Sample Size 5, Log #1003, Wafer #3) 

2·MICRON M2CMOS 

A second generation .version of the M2CMOS process is 
now being developed. It will feature improved speed and 
density by reducing minimum feature size to 2JL and im
proving overlay tolerance by the use of direct step on 
wafer lithography. Lower temperature process steps after 
source-drain region formation are used in this process to 
achieve even shallower N + and p+ junction depths than 
those obtained in the 31' process. A sum'mary of the dimen
sional features of this process is I,istedin Table III. 

TABLE III. KEY DIMENSIONAL FEATURES OF 2·MICRON 
M2CMOS PROCESS 

Leff, N-channel = 1.5~ Leff, P-channel = 1.41' 

Contact Sizes : First = 2 x 2 microns 
Second = 2 x 2 microns 

M1 Pitch = 5.5 microns 
M2 Pitch = 7.0 microns 

Gate Oxide Thickness = 400 A 
Poly Pitch = 4 microns 

N + IP + Pitch = 7 microns 

Xj: N + = 0.3JL, P + = 0.4JL, N - = 5JL 

To obtain satisfactory operation at 5V of transistors hav
ing patterned poly gate lengths of 2JL, it is necessary to in
crease substrate doping levels to values greater than 
those used in the 3JL process. The SUPREM6 and GEMINI7 

process and device modeling programs have been very 
useful for this purpose. Since good agreement has been 
obtained between simulated and actual device parame
ters, it has been possible to make detailed comparisons of 
various processing approaches with a minimum of wafer 
fabrication expense. 

Table IV summarizes simulated parameters of interest for 
three different processing approaches under considera
tion. The simplest approach, C, merely increases the dop
ing level of the starting material and well implant to im
prove upon the punchthrough characteristics of the 3JL 
process. By adding an extra blanket implant in the early 
stages of process A, it is possible to make improvements 
in junction capacitance and body effect factor of the 
N-channel d~vice. The blanket implant approach is de
signed to give nearly the same P-substrate surface doping 
level as obtained in approach C, but about an order of 
magnitude lower doping level at the depth of the N + junc
tion. Approach B, requiring the most additional proc
essing steps of the three, uses a masked deep boron 
implant into N-channel regions to reduce punchthrough 
problems.8 

TABLE IV.SUPREM/GEMINI SIMULATIONS FOR 2·MICRON M2CMOS DOPING APPROACH 

Parameter 
A. Blanket Implant B. Double Implant C. Hlgh·Doped Material 

Approach. Approach Approach 

VTOI (V) 0.56 0.54 0.53 
Mn, (Vl/2) 0.26 0.28 0.29 

Xj(N +),~) 0.296 0.298 0.298 
N + Sheet Res. (O/sq.) 27.16 27.10 27.20 
N+ Junctlon 
Cap .. @ OV: 

CJa, (pF/,,~ 0.9875 x 10-4 1.10x10-4 2.385 X 10- 4 

CJa, (pF/,,) 1.175 x 10-4 1.56 X 10- 4 2.53 X 10- 4 

Process Complexrty One Extra Implant One Extra Implant Least 
One Extra Mask Step 
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A 2.4k M2CMOS™ Gate Array, 
System ,Design Facility 

Abstract. This paper describes a gate array (SLX6324) 
fabricated on a 3-micron, dual-metal, N-well, 5V process 
which typically provides internal propagation delays of 
< 2 ns. The part is optionable through metal 1, metal2 and 
common via mask programming, enabling rapid turn
around on wafers inventoried to first metal. A novel, em
pirically derived cell configuration maximizes the effi
ciency of interconnection of individual library functions. 

The SLX6324 features a desirably low gate to liD count to 
alleviate traditional system partitioning difficulties and 
optionally provides user-selectable (high speed) CMOS 
and TTL input compatibility. 

National Semiconductor 
Application Note 322 
I. R. Mackintosh 
J. Sunlk 
D. Sowell 
J. Jorgensen 
S.H.Cheng 
M. Rohm 
October 1982 

INTRODUCTION 

PRELIMINARY 

Details of the basic cell element, die organization, elec
trical performance, process highlights and software capa
bilities are presented to provide an overview of the total 
integrated design concept associated with this array. 

THE BASIC CELL ELEMENT 

This configuration (Figure 1) contains several key features 
which are interrelated in providing the inherent flexibility 
of the element. The functional block itself is utilized in unit 
multiples to construct the various logical elements avail
able in the array library. For example, a basic D-type (with 
preset and clear) can be constructed from 3 basic cell ele
ments; 4 separate inverters from a single element, etc. 

t-----~---------180 MICROHS----------------I 

I I I I I I 
9 10 11 12 13 14 

FIGURE 1. The Basic Cell Element 

M
2

CMOS ™ is a trademark of National Semiconductor Corp. 

TRI-STATE* is a registered trademark ot National Semiconductor Corp. 

Reprtnted trom PROCEEDINGS OF THE CUSTOM INTEGRATED CIRCUITS CONFERENCE. May 1982 

.. 1982 National Semiconductor Corp, Tl/U/S126 
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Key features are as follows: 

1. The supply rails are located over the Nand P-channel 
devices with sources/drains accessible either side of 
the supply with an empirically optimized number of 
channels occurring between supply and contact on the 
P-channelIVoo side_ 

2. Grid conversion channels occur either side of the ele
ment for interface with the routing grid. 

3. Despite the larger number of poly gates than found in 
more conventional organizations, the element has been 
demonstrated inherently more flexible than its counter
part due in part to the use of poly stripes that act not on
ly as MOSFET gates, but also as diffusion isolators, and 
the empirically optimized pattern of the polysilicon as a 
circuit construction element. 

4. Substrate contacts are forced once per element for both 
P and N-channel devices to eliminate internal latch-up 
susceptibility that could be inherent in the personality 
of some option constructed with the array. 

5. Library functions are constructed by the use of metal 1 
(M1) to pre-program the element(s). A limited use of M2 
(and via) is permitted in the element to optimize the flex
ibility of the configuration while not detracting from the 
permeability of the logic function for routing purposes. 

THE SLX6324 ARCHITECTURE (Figure 2) 

The die is organized with 15 vertical columns of basic cell 
elements stacked 53 deep. A total of 56 I/O sites are avail
able, 28 top and bottom of the columns; 28 inputs are avail
able at either side of the die. 

Vertical (M1) resources occur between the columns on a 
9-micron pitch and horizontal resources (M2) are available 
across the columns on a 10-micrOri grid-except where 
logic functions contain metal 2 in a particular channel. 

The array is configured with M2 resources exceeding those 
of M1, so that in high utilization personalizations the ratio 
of vertical to horizontal resources will approach the opti
mum, unity. 

The grid arrangement in the routing channels permits the 
use of adjacent vias and thus further ensures the routabil
ity of locally congested interconnect inherent in most per
sonalizations. To guarantee autoroutability the array has 
vertical channels allocated more liberally toward the die 
c,enter (Figure 3). 

CELL 1, COL 1 

1""1 ,--------28110s--------:..--t' 1 

ANi· Voo 0 D Vss VooD D Vss 

B 

• "\~ 
r- r--

....!.. - -

TEST 

- - -- - - Voo - 0 - 12 .- N 

0 0 . ADDITIONAL ~ 
0 :z :z ' COLUMNS 

, 
0 

...J ...J :z Vss w w (15 TOTAL) :z :z ...J 
:z :z w 
< < :z 
:c :c :z 

PUTS 
y y < 

281N CoO CoO 
:c 

:z :z 
y 

CoO = I~ :z 
Voo ~ = 
0 .- I'- ~ 

...J ...J .-

0 ~ Iii I 
...J 

~ ~ 

27 IN 

Vss 

~ 
::E 

- -- -- -- CELL 53, _ :::J: - COL. 15 

0 C 

Voo 0 Dvss vss 0 D voo 

.... 1.....---------28110s --------.-1.1 
Not. 1: Routing area occurs between A, B, C and O. 

Not.2: Metal 2 (horizontal) routing occurs over cell columns. 

FIGURE 2. SLX6324 Architecture 
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I ___ ~ TOTALINTER·CElL ROUTING CHANNELS ----+I 

(VERTICAL. M1. DIRECnON) 

15 16 15 17 18 19 20 21 21 20 19 18 17 16 15 15 

INPUTS t t ttl t t t t t t t t t t INPUTS 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CELL COLUMN 

TLlUI5126·3 

FIGURE 3. Distribution of Routing Channels Between Vertical Columns 

COMPATIBILITY 

A further important feature of this array product is the 
electrical compatibility of the 110. Inputs are user·selected 
as either full·TTL or CMOS (HC family) compatible, with 
1/0 sites featuring similar input compatibility and either 
TRI·STATE@ or CMOS outputs with 4 mA sinklsource 
capability-enabling 10 LS·TTL loads to be driven. 

All 110 and input buffer sites are pre-programmed func· 
tions available in numbers compatible with system design 
demands, typical for gateslinput and gates/output ratios. 

TEST FEATURE 

A test facility is provided at the cost of a single input pin, 
to create TEST MODE. With this pin active (LO) two addi· 
tional pre·defined inputs are jOintly employed to force all 
outputs to HI, LO or HI·IMPEDANCE states and thus 
reduce test time in gathering output parametrics at sort. 
These two pins further function as conventional (either 
CMOS or TTL) inputs (when TEST MODE, HI) with no per· 

. formance penalty apparent to the user. All inputs are 
selectable with or without pull·up resistors. 

DISSIPATION 

Typical individual personalizations of the array are envis· 
aged as operating at < sao mW. Dissipation in CMOS is 
dependent on clock rate and typical power demands are: 

• CMOS output buffer driving 1S pF, 1 Mbit, SV operation 
at 2SoC; dissipation==0.7 mW. 

• A single 2·input gate driving a 1 pF load, 1 Mbit, SV opera· 
tion at 2SoC; dissipation typically < 30 p.W. 

Note: A load of 1 pF is equivalent in the array to the mean ' 
from·to length associated with a typical personalization 
(scaled to incorporate the effect of fringing capacitance) 
and a fan·out of 4 (scaled to incorporate Miller effect). 

Gate Material 
Gate Oxide 
Effective Channel Length 
Metal 1 to Subs 
Metal 2 to Subs 
Thresholds 
Contact 1 and 2 

Metal 1 LinelSpace 
Metal 2 Line/Space 

PERFORMANCE 

This 3J.t process (designed for 3V-6V recommended opera· 
tion) enables worst·case propagation delays of tpHL == 
tpLH = 4.S ns to be achieved (Figure 4a) with a 2·input gate 
driving a 1 pF load. 

VDD 

Mel 
TLiU15126·4a 

Worst-case process: 

CL=1 pF 

Tj = 100·C 

Supply = 4.5V 

tr = tf = 4 ns (10% to 90%) 

FIGURE 4a. Gate Speed Benchmark 

A 13·stage ring oscillator structure (Figure4b) operating at 
SV and 25°C is typically found to operate with propagation 
delays of 600 ps per stage. Key process features enabling 
this performance are shown in Figure 5. 

Current in·house modeling capability enables AC circuit 
performance to be predicted with less than '10% error on 
the existing 3·micron process_ It is envisaged that the 
2·micron advanced version of this process currently in de
velopment will enable a 2 x improvement in performance. 

~-~ 
OUTPUT 
BUFFER 

TL/Ul5126-4b 

FIGURE 4b. Ring Oscillator from MK230 Test 
Vehicle Featuring Minimum Loading and 
Interconnect Capacitance 

: N·Type, Polysilicon 
: 600 A 
: 2.21' P·Channel 
: 14 kA 
: 22 kA 
: 10.7VI 
:3x3 
: 4/31' 
: 5/41' 

FIGURE S. Key Electrical and Physical Process Features TL/U/512&-5 
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SOFTWARE 
Software aids completing the system design facility 
include: 
1. Data Entry-Manual netlist coding, transfer of netlist 

from an existing CAD data base, or schematic capture 
on a stand-alone microcomputer-based graphics 
system using previously defined logic symbol libraries. 
After schematic capture or netlist coding, a central file 
is created which is suitable for data base access for all 
other software packages. 

2. Layout Difficulty Analysis-A package' capable of 
evaluating the routability of a particular personaliza-
tion. All arrays utilizing less than 80% of the total 
available basic cell elements are currently envisaged as 
being 100% autoroutable. This feature is for evaluation 
of high utilization personalizations. 

3. Testability Analysis-To evaluate the testability of a 
personalization. This output will aid users in altering 
logic design to enhance the overall testability of the 
configuration. 

4. Logic Simulation-Prior to physical layout of a person
alization, this package is employed to validate the logic 
design. Successful completion of this step results in 
useful data for both layout and test program generation. 

5. Test Program Generation Aids-Software to extract 
test vectors from simulation results, grade the fault 
coverage of the extracted and user-supplied vectors 
and generate sentry tester tapes. 

6. Autoplacement and Autorouting-An integrated set of 
programs optimized for a particular array family. In
teractive graphics are available to complete any failed 
from-to's on densely populated (> 80% utilization) 
personal izations. 

7. Geometric Verification-Should any interactive editing 
be performed, checks for layout rule violations will be 
made. 

8. Topological Verification-To validate a personalization 
against the initial netlist. This is required where any in
teractive editing has occurred. 

9. Performance Verification-Actual from-to lengths and 
computed capacitive loading (extracted from the com
pleted design file) are combined with fan-out data to 
enable re-simulation of the personalization and verifica
tion of the original timing specification. 

LIFE SUPPORT POLICY 

PACKAGING 

Almost uniquely, the evolution of gate arrays has made 
new demands on packaging technology. The SLX6324 is 
available in 3 package options. 

(a) 120-pin ceramic pin-grid array with 100 mil centers 
(b) 124-lead ceramic chip carrier (50 mil centers) 
(c) 124·lead plastiC chip carrier (SO mil centers) 

These packages provide the user with both thru-hole inser
tion and surface mounting options. 

The ceramic packages [options (a) and (b)] utilize alumi
num ultrasonic wire bonding, the standard for ceramic 
packages. With the high lead-count there are pitfalls 
specifically associated with bond loop count and density, 
which require careful attention when defining suitable 
packaging: 

• Bond-wire length 
• Post target size and layout 
• Die pad size and layout 
• Wire diameter and hardness 
• Type of wire bonder and its physical abilities 

The plastic package [option (c)] is targeted for tape 
automated bonding. This technique avoids obvious' dif
ficulties in molding over large numbers of closely-spaced 
wire bonds. 

All the above packages feature interlead capaCitances of 
< 3 pF and low lead inductances tolerant of large numbers 
of outputs switching simultaneously. 

CONCLUSION 

This paper has outlined the majority of the base param
eters requiring evaluation and consideration during the 
definition and design of a gate array. The significant 
features of a 2.4k CMOS array (SLX6324) have been pre
sented and details of a comprehensive system design 
facility defined. 

ACKNOWLEDGEMENT 

The authors wish to thank M. Penry for his informed con.
tribution to this paper. 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUT TH E EXPRESS WRITTEN APPROVAL OF TH E PRESI DENT OF NATIONAL SEM ICONDUCTOR 
CORPORATION. As used herein: 
1. Life support devices or system~ are devices or systems 

which, (a) are .intended for surgical implant into the 
body, or (b) support or sustain life, and whose failure to 
perform, when properly used in accordance with in
structions for use provided in the labeling, can be rea
sonably expected to result in a significant injury to the 
user. ' 

National Semiconductor 
Corporation 
2900 Semiconductor Dnve 
Santa Clara. CA. 95051 
Tel (408)737-5000 
TWX (910)339-9240 

© Ie MASTER 1983 

National Semiconductor GmbH 
Elsenheimerstrasse 61!11 
8000 Munchen 21 
West Germany 
Tel (089)576091 
Telex 522772 

NS Japan K.K. 
POB 4152 Shinjuku Center Bldg. 
1-25-1 Nishishinjuku. Shinjuku-Ku 
TOkyo 160. Japan 
Tel (03)349-0811 
TWX 232-2015 NSCJ-J 

2. A critical component is any component of a life support 
device or system whose failure to perform can be rea
sonablyexpected to cause the failureof the life support 
device or system, or to affect its safety or effectiveness. 
NatIonal does not ~ssume any responSIbility for use of any CirCUItry descnbed: no circuit 
patent licenses are Implied. and NatIonal reserves the right. at any tIme WIthout nollce. 
to change said cIrcuItry 

National Semiconductor NS Electronics Do Brasil NS ElectroniCS Pty. lid. 
(Hong Kong) Ltd. Avda Bngadelro Faria l.Jma 844 Cnr Stud Rd & Mtn HIghway 
1st Floor. 11 Andar ConJunto 1104 Bayswater. VIctoria 3153 
Cheung Kong ElectronIc Bldg Jardlm Paullstano AustralIa 
4 Hing YIp Street Sao Paulo. Brasil Tel 03-729-6333 
Kwun Tong Telex 1121008 Cab.ne Sao Paulo Telex AA32096 
Kowloon. Hong Kong 
Tel 3-899235 
Telex: 43866 NSEHK HX 
Cable. NATSEMI HX 

4499 

'-o 
+-' 
U 
:J 
"'0 
C 
o 
u 
E 
Q) 

en 
ct1 
c 
o 
+-' 
ct1 
Z 



For Key Data On Every Ie On This 
Board, The Place To Look Is ... 

Equipment and system design often require the use 
of a wide variety of integrated circuits in order to 
obtain optimum performance. One way for an engi
neer to be certain that he hasn't overlooked the 
best device for his application is to refer to the pages 
of Ie MASTER. I 

Surveys conducted by Ie MASTER, integrated cir
cuit manufacturers, a,nd independent research 
agencies confirm that four out of five Ie MASTER 
users have· specified one or more products as the 
result of using Ie MASTER. 

This Codata Systems 
Corp. board is an intelli

gent, 8-channel serial inputl 
output board for Multibus systems. 

Device No. 
AM25LS2521 
AM26LS29 
AM26LS32 
74LS02 
74LS08 
74LS32 
74LS74 

74LS138 
74LS164 
74LS244 

74LS273 
MBM2716 
SN74LS04 
SN74LS133 
SN74S240 

Z80A 
Z8530 

Description 
8-Bit, Equal-to Comparator 
Line Driver, Single-Ended 
line Receiver, Differential 
Quad 2-lnput NOR Gate 
Quad 2-lnput AND Gate 
Quad 2-lnput OR Gate 
Dual D-Type Positive Edge Triggered 

Flip-Flop with Preset and Clear 
3 Line to 8 line Decoder/Demultiplexer 
8-Bit Gated Serial-In, Parallel-Out Shift Register 
Octal Bus Driver (Schmitt trigger) Non-Inverting, 

3-State, Complementary Control 
Octal D-Type Edge-Triggered Flip-Flop 

. Fujitsu 248 by 8,PROM 
Hex Inverter 
13-lnput NAND Gate 
Octal Buffer/Line Driver/Line Receiver Inverted 

3-State Outputs 
Zilog 8-Bit Microprocessor 
Zilog Serial Communications Controller 

Representative list of ICs on Codata Systems Corp. board for 
data communications equipment. 

pHIC MASTER 
BE SURE. BEGIN WITH THE Ie MASTER 



8™ Plessey Semi-Custom LSI 

II"S YOUR FUI'URE. 
AND OURS. 

Large Scale Integration is 
in your future if you ship more 
than a few hundred products 
a year. 

You've already seeq. your 
markets getting more and more 
competitive, in computers and 
peripherals,' instrumentation and 
telecommunications systems, 
military and consumer goods .. 

You've seen the push for 
lower prices become stronger 
than ever. ' 

And you kriow that the 
difference between bringirigout 
your new designs six months 
earlier thal1 a competitor can be 
the difference between being 
the market leader or an 
also-ran. 

But it's our future, too~ 
III 
I-
Z 
:;) 

> 
And our future depends ~ 

a: 
on our ability to sup'port ~ 
your advanced system designs : 

• Gate arrays (Microgate™ 
CMOS and ECL) in 60 days, 
optimum for 1,000 to 25,000 
systems per year. 

• Bipolar analog arrays (Microlin) 
in 60 days for your linear 
integration needs. , 

• MicrocellTM (NMOS and CMOS 
technique with the gates in soft
ware) in 120 days for higher 
chip area efficiency and prod
uct volumes from 10,000 to 
150,000 systems per year. 

• Full custom in any technology 
for the lowest cost of all in vol
umes over about 10.0,000 systems 
per year. 

All of these approaches can 
cut your systems costs, space and 
weight by as much as 80% over 
standard SSI/MSI IC's. They'll 
also increase your system reliabil
ity, and provide more security for 
your proprietary designs. 

Since all these approaches 
are available from a single source, 
you can start with one of our semi
custom approaches' to get your 
systems into the marketplace, then 
switch to full custom with much 
less risk and very little more time 
and money. 

IT'S TIME TO TALK TO PLESSEY. 
As a full-line, full tech-

nology source, we can help 

This graph indi.cates· price/volume 
trade oil. Factors such as circuit 
complexity and overall system cost 
must also be considered. 

you get the solution that's 
best for you, rather than just 
one that's best for us. 

After you've reviewed 
the summary of our capabil

with timely, low cost LSI ~ 3 

solutions; ~ 
ities in this brochure, please 
call us and we'll give you 
the information you want, 
and the answers you need. THAT FUTURE IS NOW. 

The chart indicates how 
Plessey semi-custom and 
custom IC's can help you 

, cope, with three ways for you 
to make the optimum trade
offs between time and your 
system performance and mar
keting needs: 

@ Ie MASTER 1983 
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Because we know you're 
not just buying silicon, you're 
buying time. 

Plessey Semiconductors, 
Semi-Custom Operations, 
1641 Kaiser Avenue, Irvine, 
CA 92714. Telephone (714) 
540-9979. TWX 910-595-1930. 

© Copyright 1982 Plessey Semiconductors 
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Plessey Semi-Custom LSI 

WE'll DO '''YOUR WAY. 
With Plessey semi-custom LSI, 

you get more design flexibility and 
freedom because of the range of ' 
technologies and techniques that 
we offer. 

Other advantages include very 
short development times (proto
types in as little as 6 weeks), low 
development costs and minimal 
technical risk because new circuit 
designs are implemented with 
proven technology and simulator
checked with sophisticated CAD 
techniques. 

Plessey semi-custom LSI is an 
economical, reliable replacement 
for standard SSIIMSI parts . 

DIGITAL AND ANALOG 
lSI ARRAYS. 

A gate array consists of a 
regular pattern of transistors and 
components diffused into a master 
slice of silicon to create primitive 
logic cells. 

Your custom LSI circuit is 
created by specifying the metal 
interconnect patterns between the 
cells, about as complicated a pro-

4502 

cedure as designing the traces for a 
printed circuit board. The inter
connect patterns are then digitized 
on a computer, and a logic simula
tion is run to verify the design. 
Chip real estate efficiency typically 
ranges from 50% to 80%, but can be 
as high as 100% with our multi
layer metallization. 

Plessey ISOCMOS™ LSI Gate 
Arrays are available with double 
or single metal layers. Sizes range 
from 336 gates to 2,400 gates 
(6,000 gates 3rd quarter 1982). 
They provide an excellent combina
tion of speed and low power, with 
typic~l gate delays of 3 ns for a 
2-input NAND gate. Gate utiliza
tion can be extremely high with 
double layer metal. 

Our ECL LSI Gate Arrays are 
available in sizes from 75 to 1,200 

gates with sub-nanosecond gate 
delays for your high speed applica
tions. Double- and triple-layer 
metallization can yield 100% real 
estate usage. 

And our bipolar arrays can be 
used to provide your analog systems 
with the benefits of LSI or to gather 
up the linear functions in your 
digital system onto a single chip. 
Complexities up to 221 transistors 
and 334 resistors are available. 

MICROCEll TM: THE BEST OF 
ARRAYS AND FUll CUSTOM. 

The Plessey Microcell LSI 
technique combines development 
times that approach those for arrays 
with the 100% silicon utilization of 
full custom to bring you the best of 
both worlds. 

The Microcell technique is 
based on standard logic cells that 
are in a software cell library 
rather than being diffused into a 
master slice. 

Designing your circuits with 
these logic cells is similar to design
ing with standard SSI/MSI parts, 
but with Computer-Aided Design 
making it even easier. You select 

© Ie MASTER 1983 



8™ PlesseySemi-Custom LSI 
the cells you need from the software 
library, and the computer generates 
the distributed gate diffusion and 
metallization patterns needed to 
perform the selected functions. 
After simulation and verification . 
on our computer, your design is 
diffused into your proprietary wafer. 

The approach is easy to use, 
requires no detailed knowledge of 
the process characteristics, and is 
flexible enough to be useful to a 
high level of circuit complexity 
(3,000 gates now, 10,000 in 1983). 

WE'RE MORE FLEXIBLE 
TO ,WORK WITH, ,TOO.' 

Our semi-custom operations 
are divided into a Southern 
California design center and a 
"silicon foundry:' 

In our design center, you'll find 
all the computer and graphic design 
aids necessary to provide the quick, 
interactive response you need. 
The design center includes facilities 
for multi-layer metallization of gate 
arrays for faster turn-around on 
your prototypes, while our silicon 
foundry does all the diffusions and 
volume production of your devices. 

The chart below indicates the 
process of producing your semi
custom LSI. 

For your first project, we can 
start with your logic or circuit 

© Ie MASTER 1983 

diagram and convert it to the appro
priate array form (MICROGATE, 
MICROCELL or MICROLIN). If 
our solution is acceptable, we then 
use computer simulation to check 
out the design, while alsogenerat-, 
ing a test sequence for the final 
testing of the IC. 

When the circuit has been 
checked out, we digitize the chip 
layouts and interconnection pat
terns, then run a second simulation 
based on our process parameters. 
The design is tested for normal and 
worst ca~e component values, under 
quiescent and dynamic conditions. 

9600 

4800 3000 I CLA :-~-

,... ------ --::~':': : 
II -

CLA 
2000 
SERIES 

~J 1200 

600 

300 

150 

SCO;O~OL: : 

- * SC04000M 

II 
II 
II 
II 
II 

SC02000 II 
• •• II 
H M L I: 

ECl II 
GATE ARRAY I I 

IL_ 
SC01000 : 

,-------------' 

lNSEC 2NSEC 

TYPICAL GATE DELAY 

* AVAILABLE SOON 

SERIES
I 

ISO CMOS I 
GATE I 

A~R~!'~J 

CMOS .. 
MEGACELL 

CMOS 
MICROCEll 
FAMilY 

COMPLEXITY Vs. GATE DELAY CHART 

We've found. that a designer 
with no previous IC design experi
ence can learn enough over the 
course of his first project to be able 
to handle the next project up to this 
point with minimal assistance from 
us. The savings in engineering 
costs on subsequent jobs can be 
very significant. 

We have the facilities and 
technology, the range and the reli
ability to help you get your new 
designs to market faster for less. 

The next few pages describe 
our semi-custom capabilities in 
more detail. Af~er you've looked at 
them, we'd like to hear from you. 
Call (714) 540,.9979 and ask for 
the Marketing Manager of our 
Semi-Custom Operations. 

NMOS 
MICROCEll 
FAMilY 

ISOCMOS is a trademark of Mitel Inc. 
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Plessey Semi-Custom LSI 
PIESSEY CMOS lSI GII.,.E IIRRIIYS. 

Plessey ISOCMOS LSI Gate 
Arrays are available in commercial, 
industrial and military versions. 
Inputs and outputs are ITL/CMOS
compatible, and they require only a 
single supply voltage (3V to 6V) 
and provide very low power dissi
pation. Typical propagation delay is 
3 ns for a 2-input NAND gate. 

Designing with Plessey CMOS 
LSI Gate Arrays is similar to 
designing printed circuit boards for 
conventional SSI/MSI IC's, and 
you can expect prototypes within 6 
to 10 weeks from your layout. 

The Gate Array consists of 
alternating rows of basic logic cells 
and interconnection areas diffused 
into a master slice of silicon. 
Surrounding the logic cells are the 
universal input/output buffer cells. 

To design your semi-custom 
Microgate-C circuit, you select 

complete logic functions you need, 
so you do not have to be concerned 
with the internal circuit design. 

Chip efficiencies as high as 
100% can be achieved by using the 
interconnection areas of the chip 
and a second layer of metallization 
that can be routed anyplace on the 
surface of the chip. If only a single 
layer of metal is going to be used, . 
the interconnection areas are dif
fused with extensive polysilicon 
cross-under paths (in green in the 

photo below) for maximum design 
flexibility. 

When your design is complete, 
we use our Computer Aided Design 
facilities to simulate circuit opera
tion for all maximum, nominal and 
minimum component values. This 
includes all quiescent and dynamic 
conditions, as well as circuit opera
tion over a temperature range of 
- 55° to + 125°C. Any circuit errors 
can be pinpointed and corrected 
before fabrication begins. 

~ decals that represent the logic func
en tions you need (listed on page 8) 
~ and place them in the active area of 
a.. the chip. The computer intercon

nects the primitive cells to create the 
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8™ Plessey Semi-Custom LSI 
THE INPUT OUTPUT CELLS. 

The cells around the edge of the 
chip consist of an input section and 
an output section. 

Each peripheral cell also has 
a bonding pad which is linked, 
inside the cell, to the input and/or 
output sections and is the point to 
which external bond wires to the 
chip are connected. Diodes provide 
anti-static protection. 

THE INTERCONNECTION 
AREAS. 

The interconnection highways 
between the rows of cells accom
modate up to twelve tracks. The 
second layer of metal, if it is used, 
crosses over these tracks with 
no interaction. 

If only a single layer of metal 
is to be used, the integral polysilicon 
under-crossings diffused into the 

CMOS CHIP SIZE CHART 
LAYERS 

PRODUCT EQUIV. NO. TYPICAL OF 
FAMILY GATES PADS GATE DELAY INTERCONNECT 

CLA 1000 10XX 560 40 6NSEC SINGLE 
12XX 964 52 6NSEC SINGLE 
15XX 1440 64 6NSEC SINGLE 
18XX 2014 76 6NSEC SINGLE 

CLA 2000 20XX 840 48 4NSEC DOUBLE 
21XX 1440 64 4NSEC DOUBLE 
24XX 2400 80 4NSEC DOUBLE 

CLA 3000 3XXX 4000 80 3NSEC DOUBLE 

nHullnIIU}lnllun;~tfn: UI'IUn' HntiniitJflUI'ItlnuJtt1n~h "~ .. 11.. •• ..l •• 1 II •• .1·.. III I. •••••• ..11;:. I. II 

(§) Ie MASTER 1983 

interconnection area provide a great 
deal of freedom. Connections are 
made between the underpasses 
and the metal tracks only at the 
contact windows. 

AUTOMATIC CHIP ROUTING. 
A major strength offered by 

Plessey is its auto-routing for multi
layer metallization. In comparisons 
with hand-packed, optimized chips, 
the program has provided better 
packing, shorter tracks and fewer 
"via's:' And has done in it in min
utes rather than days or weeks. 
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Plessey Semi-Custom LSI 
PLESSEY CMOS LSI FUNCTION LIBRARY. 2 INPUT NAND 

CELL DESCRIPTION . CELL NAME EQUIV. CMOS CHARACTERISTICS TYP MAX UNITS 
GATES EQUIV. -------

Gates PROPAGATION 
Inverter Fast MCUINV1 1 4069 DELAY TIME HIGH 0 0 nS 
Dual Inverter MCUINV2 1 4069 TO LOW LEVEL 

21P NAND Gate MCU2NAND 1 4011 PROPAGATION 
21P NAND/AND Gate = Inverter MCU2AND 2 ·4018 DELAY TIME LOW 0 0 nS 
31P NAND Gate = .Inverter MCU3NAND 2 4023 TO HIGH LEVEL 
31P NAND/AND Gate. MCU3NAD 2 4073 TRANSITION TIME 
41P NAND Gate MCU4NAND 2 4012 HIGH TO 4 5.2 ns/pf 
41P AND/NAND Gate = Inverter MCU4AND 3 4082 LOW LEVEL 
21P NOR Gate MCU2NOR 1 4001 TRANSITION TIME 21P NOR/OR Gate = Inverter MCU20R 2 4071 LOW TO 4.5 5.8 ns/pf 
31P NOR Gate = Inverter MCU3NOR 2 4025 HIGH LEVEL 
31P NOR/OR Gate MCU30R 2 4075 
41P NOR Gate MCU4NOR 2 4002 INPUT 
41P .NOR/OR Gate = Inverter MCU40R 3 4072 CAPACITANCE .35 .5 pf 

2 AND 2 NOR Gate MCU2ANNO 2 4085 INHERENT OUTPUT 
2 AND NOR/OR Gate = Inverter MCU2ANOR 3 4019 CAPACITANCE .7 .9 pf 
TRI-State Gate = Inverter MCUTRI 2 
Exclusive OR/NOR Gate MCUEXORN 3 4070 

4077 
Arithmetic 

U) Half Adder = Inverter MCUHAD 4 
~ Full Adder MCUFAD 7 4008 0 

ofoJ Registers & Latches 
0 Set-Reset D Type Flip-Flop MCUSRDT 8 4013 
::J Reset D Type Flip-Flop MCURDT 7 4013 

-C Set D Type Flip-Flop MCUSDT 7 4013 c: 
0 D Type Flip-Flop MCUDT 6 4013 

.~ 
Set-Reset D Latch MCUSRDL 5 
Reset D Latch MCURDL 4 

E Set D Latch MCUSDL 4 
Q) D Latch· MCUDL 4 

CJ) NOR SIR Latch MCUNOSR 3 4043 
~ NAN D SIR Latch MCUNASR 3 4044 
Q) D Register (First Bit) MCUDREGF 5 
U) D Register (Middle Bit) Dual MCUDREGM 5 4042 
U) D Register (End Bit) MCUDREGE 3 Q) 

Shift Register (First Bit) MCUSHRF 10 a.. Shift Register (Middle Bit) MCUSHRM 5 
Shift Register (End Bit) MCUSHRE 5 4015 
Half Parallel Loading Shift 
Reg Clock Divers MCUHPLSF 8 
Half Parallel Loadin Shift 
Reg First and Middle Bit MCUHPLSM 7 4021 
Half Parallel Loading Shift 
Reg End Bit MCUHPLSE 7 
Decoders 
Expandable 7-Segment Decode 
Segment a MCU7SGA 7 
Expandable 7-Segment Decode 
Segment b MCU7SGB 7 
Expandable 7-Segment Decode 
Segment c MCU7SGC 5 
Expandable 7-Segment Decode 
Segment d f. MCU7SGD 8 4055 
Expandable 7-Segment Decode 
Segment e 
Expandable 7-Segment Decode 

MCU7SGE 5 

Segment f 
Expandable 7-Segment Decode 

MCU7SGF 8 

Segment g MCU7SGG 8 
Service Elements 
2 Row Interconnect MCU21NT 
Power Access MCUPA 
Peripheral 
Input Buffer Inverting MCUNIP 
I nput Buffer I nverting with 
15 k Pull Up Resistor MCURINIP 
Input BUffer Inverting with 
2 k Pull Up Resistor MCUR2NIP 
Output Buffer Inverting MCUNOP 
Output Buffer Inverting 
Open Drain MCUODNOP 
Tri-State Output Buffer plus 
Inverting Input Buffer MCU310 
Tri-State Output Buffer plus 
Inverting Input Buffer with 
15 k Pull Up Resistor MCUR1310 
Tri-State Output Buffer plus 
Inverting Input Buffer with 
2 k Pull Up Resistor MCUR2310 
Dummy Pad MCUDUM 
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NMOS MICROCELL LIBRARY C-MOS MICROCELL LIBRARY 

D-TYPE FLIP-FLOP D-TYPE FLIP-FLOP 
D-TYPE FLIP-FLOP WITH S & R 
AS 1 BUT WITH 3X DRIVE CAPABILITY 
AS 2 BUT WITH 3X DRIVE CAPABILITY 

D-TYPE FLIP-FLOP WITH PRE AND CLR 
DUAL CLK D-TYPE PRE AND CLR 

AS 1 BUT WITH SERIAL/PARALLEL LOAD 
TIL/CMOS O/P BUFFER 
TIL/CMOS INVERTING O/P BUFFER 
TIL TRISTATE O/P BUFFER 
OPEN-DRAIN O/P BUFFER 
TIL INPUT BUFFER 
INTERNAL INVERTER/BUFFER 
TIL INPUT SCHMITI TRIGGER 
DATA LATCH 
INPUT SHIFT BIT 
INTERMEDIATE SHIFT BIT 
OUTPUT SHIFT BIT 
CLOCK DRIVER FOR 14-16 

SUPPLY PAD 
INPUT PAD 
NOR GATE 

NAND MULTIPLE INPUT 
NOR MULTIPLE INPUT 

SMALL BUFFER/INVERTER 
LARGE BUFFER/INVERTER 

21/P NOR 
2 I/P NOR/EXT. I/Ps 
31/P NOR 
3 I/P NOR/EXT. I/Ps 
21/P NAND 
2 I/P NAND/EXT. I/Ps 
31/P NAND 
3 I/P NAND/EXT. I/Ps 
MED. BUFFER/INVERTER 
2 I/P 2 NAND-NOR 
2 I/P 2 OR-NAND 
EXCLUSIVE-OR-INVERT 
EXCLUSIVE-NOR-INVERT 

SHIFT REGISTER 
D-ELEMENT 
LATCH ELEMENT 

NAND GATE . 
NOR GATE WITH 4X DRIVE CAPABILITY 

CLK GENERATOR FOR SR, SRD, 
MUX AND LATCH. GENERATORS 
COMPATIBLE WITH CELLS. 

@ Ie MASTER 1883 

INPUT PROTECTION 
OUTPUT INVERTER/BUFFER 
OUTPUT TRISTATE/BUFFER 
I/O TRISTATE/BUFFER 

BASIC D-TYPE FLIP-FLOP (NCELLDTI) 
A negative edge triggered flip-flop. 

~ 8V 

-~-:--
A. POWER DISSIPATioN 
B. SUPPLY CURRENT 
C. DELAY ESTIMATE 

1) Output rising (from negative clock edge) 
2) Output falling (from negative clock edge) 
3) Data set up and hold time 

D. DELAY CALCULATION, 
1) Output rising 

a) Intrinsic delay • (clock to output) 
b) Diffusion interconnect loading 
c) Metal interconnect loading 
d) Output loading 

2) 0 utput falling 
a) Intrinsic delay (clock to output) 
b) Diffusion interconnect loading 
c) Metal Interconnect loading 
d) Output loading 

3) Data set up time 
4) Data hold time 

E. INPUT LOADING i) 0 
Ii) Clock 

F. MAXIMUM CLOCK FREQUENCY 

mW 
J.l.A 

nS 
nS 

nS 
nS/gu 
nS/gu 
nSlfl 

nS 
nS/gu 
nS/gu 
nSlfi 
nS 
nS 
fI 
fi 

MHz 
• The delay due to the loading of the falling complementary output must be 

added to give the total delay to the rising output. 

1.8 
360 

160 
80 
40 

51 
2.1 
1.4 
2.0 

35 
0.6 
0.6 
0.8 
38 
38 
2 
3 
8 
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8™ Plessey Semi-Custom LSI 
P, •••• y MIrRor." ,.,. 

The MICROCELL concept 
falls between gate arrays and full 
custom IC's: you work with stan
dard cells, but they are in a software 
library rather than already diffused 
into a silicon wafer. You get short 
development times (18 weeks for a 
prototype from your logic diagram) 
and 100% silicon utilization. 

ware library and produces a mask 
tape used to convert it to silicon. 
Since interconnection highways are 
not needed, die size is greatly 
reduced, increasing wafer yields and 
significantly lowering device cost. 

Typical functions that you can 
select from our library are listed on 
page 12. These functions are fully 
characterized, with data sheets as 
detailed as those for any standard 

integrated circuit. You are not lim
ited to the library functions, and can 
construct gating as complex as 
necessary by combining standard 
cells with additional gates. 

Layout of your chip is about as 
straightforward as laying out a 
printed circuit board. The diagram 
below is typical of the detail 
required in a logic schematic for a 
4-bit counter. 

Logic functions are built up 
from a basic library of function cells 
which are not pre-positioned but 
can be called up and positioned 
wherever the system logic demands. 
When you specify a standard logic 
function, the computer selects the 
pattern for the function from a soft-

: I' II .; 
" 

I! 
, I.; ., , ,; II ,"ill 

Ii 11:: -~ 
II ;;; ; II ::tl: 

,I PlJ" ~I , :;; ::); 
,.:j, :: 
'::'fl 

Ii 

::: il 

I' :1 

:1 

:i 
:.,1 

'lit " 
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8™ Plessey Semi-Custom LSI 
Plessey then enters your 

schematic into a Calma digitizer 
using a special-purpose button 
menu with the standard Calma 
graphics and software. While the 
4-bit counter circuit is quite simple, 
even the largest circuits can be 
digitized in only a few hours. The 
adjacent diagram is a Calma plot of 
the schematic diagram for a more 
complex integrated circuit. 

Besides generating the tapes for 
making the masks, our complete 
CAD system also generates a logic 
description, complete with inter
connection loading delays, from the 
digitized layout. This can be used 
for an accurate post-layout simu
lation and for generating the 
test program. 
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PlESSEY Eel 1.51 GII.,.E II1111I1YS. 

Plessey ECL LSI Gate Arrays 
are an economical solution to your 
need for high performance inte
grated circuits on a limited develop- , 
ment budget. 

Fully-compatible with industry 
ECL 10K logic, our arrays are avail
able in different speed/power ver
sions and in different sizes to allow 
you to make the best choices for 
your systems. 

The basic customization 
procedure for Microgate-E logic is 
similar to that for our CMOS LSI 
Arrays. You do not need any special
ized knowledge of our processes to 
be able to produce your custom 
circuits with a high degree of confi-

4510 

dence. Double-layer and triple-layer 
metallization with computer-aided 
interconnection allow you to achieve 
the maximum in performance, and 
chip area utilization as high as 100%. 

Mter your design is specified, 
complete circuit operation is simu
latedon our computer before any 
fabrication is performed. The design 

PRODUCT LA YERS 

is tested for normal and worst-case 
conditions, quiescent and dynamic, 
over the applicable temperature 
range to ensure proper operation. 

Typically, you will have your 
first operational'high-performance 
prototype in about 12 to 14 weeks 
even if you've never designed a 
custom IC before. 

NO.OF NO. OF 
FAMIL Y OF INTER- EQUIV. PADS 

CONNECT GATES 
seD 1000 2 or 3 75, 24 
SeD 2000L 2 or 3 300 56 
SeD 2000 M 2 or 3 300 56 
SeD 2000H 2 or 3 300 56 
SeD 4000L 2 or 3 600 54 
SeD 4000 M 2 or 3 600 54 
SeD 4000H 2 or 3 6,00 54 
SeD 5000 2 or 3 1200 80 
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8™ Plessey Semi-Custom LSI 
THE BASIC MICROGATE-E 
ECllOGIC CELLS. 

EeL gate arrays are built up 
from basic cells that are already 
diffused into the silicon wafers. 

The basic gate cell (called a 
"minor cell") consists of nine 
transistors and five resistors, the 
components necessary for a multi
output, two-input EeL OR/NOR 
gate. Optional connections allow 
this cell to be used for constructing 
more complex gates. 

Four minor cells placed around 
a bias· cell create a "major cell" that 
is used to produce the logic functions 
you need for your designs. The bias 
cell simply generates the industry
standard EeL 10K-compatible 
voltage reference and temperature 
coefficient. 

A number of simple buffer cells 
are placed around the edges of the 
chip. These consist of a large trans
istor and a resistor, and may be 
programmed for logic input, logic 
output or as a power supply. 

LOGIC INTERCONNECTIONS. 

EeL LSI Gate Arrays are 
customized using multiple layers 
of metallization to maintain the 
high performance inherent in our 
technology. Up to 8 first layer tracks 
may pass over each major cell in 
the X direction, and up to 16 second 
layer tracks in the Y direction. 

ECl PERFORMANCE CHART 
SCDS1000 SCD2000H SCD2000M SCD2000L SCD4000H 

NO. OF GATES 75 300 300 300 600 
NO. OF PADS 24 56 56 56 54 
TYPICAL OR/NOR 
GATE DELAY .5NSEC .5NSEC 1.0NSEC 1.5NSEC .5NSEC 
TOGGLE FREQUENCY 
(0 TYPE FLIP-FLOP) 400MHz 1400MHz 250MHz 150MHz 400MHz 
APPROX GATE POWER 5MW 5MW 3MW 2MW 5MW 
10K COMPATABILITY YES YES YES YES YES 

© Ie MASTER 1983 

You start by specifying the 
functions you need from our library 
(listed on page 9). The computer 
provides the links to produce the 
chosen logic blocks using the first 
layer of metallization. 

Now you specify the start and 
end points for interconnections 
between your logic functions, and 
let our computer perform the time
consuming and tedious task of 
routing the metallization tracks. If 
chip area utilization is over 90%, 
some manual interaction may be 
necessary, but typically the pro
gram will automatically route 95% 
of the interconnections for even the 
most complex circuit. 

SCD4000M SCD4000L SCD5000 

600 600 1200 
54 54 80 

1.0NSEC 1.5NSEC 1.5NSEC 

250M Hz 150MHz 150MHz 
3MW 2MW 2MW 
YES YES YES 
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8™ Plessey Semi-Custom LSI 
P&SSBY .,PO&IlRIlNIl&OG IlRIIIlYS. 

Plessey Microlin Bipolar 
Analog Arrays are a simple means 
of integrating your analog circuits. 

As with our digital arrays, you . 
get a short design cycle, low over~ 
head, predictable performance and 
computer verification of your 
designs. . 

Our bipolar arrays consist of a 
pattern of ~ransistors and resistors 
in fixed positions on a wafer. As 
with our digital arrays, these compo
nents are converted to the Microlin 
circuits you need by specifying the 
metal interconnection paths, much 
as you would when laying out a. 
printed circuit board. 

Plessey Analog LSI Arrays are 
fabricated using an industry-

4512 

standard medium performance 
bipolar process. The components 
. are fully tested and fully character
ized. All the parasitics are. also 
known, arid accurate nominal and 
worst case computer simulations 
can be performed. 

The result is that most circuits 
can be designed with no bread
boarding. This can result in a 
significant saving in design time 
and much higher confidence in the 
finished design. 

ANALOG LSI DESIGN 
CONSIDERATIONS. 

Integrated circuits have 
inherent limitations of tolerance 
and performance, but frequently 
these can be compensated for in 
your designs:' . , 

• Since absolute tolerances are 
large, but ratio tolerances are 
good, use techniques that 
depend on 'ratios (e. g. differ
ential amplifiers, current 
mirrors) . 

• Circuits using lots of NPN's 
. are easy to integrate and 
provide good performance up . 
to a few tens of megahertz. 

• Lateral PNP's have poor 
performance, but are well 
matched and useful where 
speed and gain are not 
important. 

© Ie MASTER 1983 



8™·Plessey Semi-Custom LSI 
• Transistors can be connected 

in parallel for higher currents 
or to produce current ratios. 

• Use DC coupling exclusively 
if you can, since there are no 
on-chip capacitors. 

• Minimize reactive compo
nents, since they must be 
off-chip and thus use up con
necting pins. 

• Make the design as modular 
as possible to minimize cross
connections. 

@ Ie MASTER 1983 4513' 
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NPN 

SMALL 
MEDIUM' 
LARGE 

PNP 

SMALL 

4514 

ANALOG ARRAYS 

TRANSISTORS TOTAL NO. 
RESISTORS TOTAL NO. 
TOTAL BASE RESI.STANCE 
NO. OF PADS 
LAYER OF INTERCONN.ECT 
FT 
ZENER VOLTAGE 

, BVceo 
HFe (NPN) TYPICAL 

Gain 

1/-lA 1mA -----
90 120 
85 110 
75 105 

Gain 

1/-lA 100/-lA --- -----
18 

BAA 
1000 

-30 

.10mA 

,110 
115 
120 

1mA 

10 

BAA 1000 

109 
163 
895K ohms 
24 
SINGLE 
500MHz 
7.1 Volts 
20V 
100 

Ft (MHz) 

100/-lA ' 1mA 

140 450 
80 300 
10 80 

Ft (MHz) 

1/-lA 100/-lA 

'3 5 

BAA 2000 

221 
339 
1.55Meg ohms 
24 
SINGLE 
500MHz 
7.1 Volts 
20V 
100 

Capacitance (pF) 

10mA 

400 
450 
450 

1mA 

2 

Cbc CI Cbe ----- ---- ----
.73 3.43 .54 
1.07 3.43 1.14 
9.53 12.0 13.0 

Capacitance (pF) 

Cbc CI Cbe 
----- --- ----

1.72 3.43 

BAA 
2000 

.39 
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8™ Plessey Semi-Custom LSI· 
COMPUJ'EII AIDED DESIGN. 

The demand for more complex, 
faster, smaller, less expensive inte
grated circuits can only be met 
by corresponding advances in 
computer-aided design. 

Recognizing this aspect of 
custom design several years ago, 
Plessey Semiconductors has devel
oped an advanced software system 
that will keep us on the leading 
edge of semi-custom technology. 

We call our approach SCAMP 
- Semi-Custom Array Mask Pro
duction. It is a complete system that 
extends from initial circuit layout 
data capture to verified mask pro
duction. SCAMP quickly turns a 
new design into a prototype, with a 
very high probability of obtaining 
the correct circuit the first time 
through the loop. 

SCAMP is based on the concept 
of software modules, with a central 
core that remains constant irrespec
tive of technology or circuit com
plexities in the IC designs. The 
system can be readily extended to 
future design methodologies and 
integrated circuit technologies. 

SCAMP can be used at a 
Plessey design center, from 'within 
your company using a single termi
nal and modem, or running on your 
own integrated graphics system. 
The central SCAMP algorithms 
have been especially designed and 
otpimized to reduce elapsed terminal 
time and to use computer resources 
efficiently to keep costs down. 

Because SCAMP is relatively 
technology independent, it can be 
used with the following technologies 
and methodologies. 

Methodology 

MICROCELL 
LINEAR ARRAY 
LOGIC ARRAYS 

USER ADJUST 

Double 
Single Layer Metal Layer Metal 

Bipolar N Channel CMOS Bipolar CMOS 

X X X 
X X 
X X X X 

AUTo-ROUTE 
LAYOUT 

CHECK BACK 
(ERC & DRC) 

SIMULATION 
DATASET 

USER 
ENTRY 

SCHEMATIC 
INPUT 
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SIMULATION 
DATASET 

USER 
ADJUST OR ENTRY 

SIMULATE 

The system schematic below 
gives an overview of SCAMP opera
tion and shows the key elements 
that make design throughout faster 
and more reliable. 

The digitized schematic input 
is first used to develop a data set for 
final device testing and for a direct 
functional simulation. Logic cells 
are automatically placed, then metal
lization is automatically routed on 
the chip. With auto-routing, a design 
step that previously took days or 
weeks is now done in minutes. 

This layout is then checked 
against design and electrical rules 
(placement, spacings, fan-out, etc.). 
If it satisfies these, a second simu
lation is run. When the results of 
both simulations match, the masks 
are made. 

The end result is prototypes 
that work the first time virtually 
every time. 

SIMULATE 

FINISH 
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.1I8.'CII"'ON liND " •• "'NG. 
With the layouts complete and 

simulations·run, digitization, check
ing and production of the masks is 
simple and straightforward. 

We can then provide you with 
probed slices, chips or packaged 
devices. We can use any commer
cially-available or customer
supplied package, but it should be 
selected early in your design, as it 
may affect the size of array used 
and the power dissipation that can 
be tolerated. 

The next important step is 
testing, and the test specification 
should form part of your target 
specifications. 

4516 

Testing is a major considera
tion in semi-custom LSI because 
volumes are usually low. For high 
volume IC's, the effort expended to 
obtain good, economical tests is 
spread over the cost of a large 
number of devices. When the devel
opment cost is spread over a much 
smaller number of devices, a com
promise may be necessary. 

Electrical testing is done on 
the wafer before division into 
chips, followed by final testing 
after encapsulation. 

At wafer probe, each chip on 
every slice· is tested. On the basis of 
these tests, all chips which are not 
expected to pass the final test pro
gram are marked for rejection, 
while the cost of scrap is still 
relatively low. 

Plesse, 8 
' Semiconductors· 

Semi·Custom Operations 
1641 Kaiser Avenue 
Irvine, CA 92714 U.S.A. 
TWX 910·595·1930. 

For the final tests after encap
sulation and packaging, devices are 
normally tested at an ambient of 
25°C. Facilities also exist for hot 
and cold testing, lot-by-Iot release 
and burn-in.· 

The equipment used for all 
probing and most final testing is 
computer controlled and ranges 
from the Fairchild Sentry Series 
to systems specially developed 
at Plessey. 

Depending on your applica
tions, our semi-custom and custom· 
IC's are available to meet the most 
stringent commercial, industrial 
and military specifications. 
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Custom and SemicLlsiom lSI 

Features 
o Full Range of Cost-Effective Design 

Capabilities 
Gate Arrays-automatic and manual 
Metal Gates CMOS-C2L CMOS

CMOS I (5Jl) - CMOS II (3Jl) 
PaCMOS - standard cells 
Full Custom LSI 

e Fully Supported Design Automation 
MIMIC-logic simulation 
CRITIC-design rule vertification 
AFTER-test program generation 
CONCERT-connectivity check 

G Long Experience 
More than 15 years of custom/semicustom service to 
demanding customers. 

Comparison Of Custom/Semicustom LSI Options* 

Development Cost 
Development Time 
Risk (1 st time success) 
Final Die Size 
Production Die Cost 
Efficiency of Chip Utilization 

Semicustom 
Gate Array 

0.2 
0.17 
0.5 

1.5-2.0 
3-4 
0.8 

PaCMOS Std. Cell 

0.3 
0.23 
0.5 

1.1-1.4 
1.5-2.0 

1 
"All comparisons normalized to a full custom basis assuming a 1000 gate complexity function. 
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RCA Design Automation System 

AUTOMATIC 
PLACE a 

ROUTE 

GATE 
ARRAY 

PaCMOS 
STANDARD 

CELL 

DESIGN 
VERIFICATION 

CRITIC 
CON CERT 

AUTOTEST 
PROGRAM 

GENERATION 
AFTER 

FuJI Custom 

92C M- 35286 

Solid 
State 
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r-------------------------RCIi Solid State 

RCA's Semicustom Capabilities 
RCA presently offers a variety of GAs classified accord

ing to: 
Gate complexity 
Process technology 

Package types 

138 to 1200 gates 
CMOS metal gate (bulk CMOS)

Manual layout 
CMOS silicon gate (C2L)

Manual layout 
. CMOS silicon on sapphire 

(CMOS/SOS).-Manual layout 
CMOS I-Automated layout 
Plastic 
Ceramic 
Side-brazed ceramic 
Leadless chip carrier 

RCA presently offers a variety of APAR cell libraries. 
Gate complexity User defined 
Process technology CMOS silicon gate (C2L) 

CMOS silicon on sapphire 
(CMOS/SOS) 

CMOS I - 5 !J. bulk CMOS 
Package types Plastic 

Ceramic 
Side-brazed ceramic 
Leadless chip carrier 

RCA will soon offer additional APAR cell libraries. They 
are classified by: 
Process technology CMOS II 

CMOS/SOS 

RCA will soon offer additional Automated Universal Package types 
Arrays (AUAs). The interconnect mask patterns for AUAs 

Plastic 
Ceramic 

are generated solely by user:..accessible software via the 
techniques of design automation (OA). AUAs are classified 
according to: 

Gate complexity 800 to 5000 gates 
Process technology CMOS I 

Package types 

CMOS II 
CMOS/SOS 
Plastic 
Ceramic 
Side-brazed ceramic 
Leadless chip carrier 

AUTOMATED GATE ARRAYS 

Types Total Gates Internal Gates 
CMOS I (5/1) PA20250 317 264 

PA20450 517 440 
PA20650 735 640 
PA20850 953 840 
PA21000 1133 1008 

CMOS/SOS (4!J.) PA60650 725 640 
PA61200 1313 1176 

CMOS II (3!J.) . PA40650 725 640 
PA40850 953 840 
PA41 000 1133 1008 
PA41200 1313 1176 

1900 
2500 
5000 

CMOS/SOS (2!J.) 2500 

MANUAL GATE ARRAYS 

Metal Gate CMOS MA30150 168 138 
MA30250 276 240 

Silicon Gate CMOS MA10150 168 138 
(C2L) MA10250 276 240 

MA10350 400 370 
MA10500 576 528 

CMOS/SOS MA60150 182 144 
MA60250 ·300 256 
MA60400 452 400 
MA60550 632 576 
MA60800 848 784 

4518 

Side-brazed ceramic 
Leadless chip carrier 

Array Size 
(mils) Total Pads 

168 x 150 46 
168x214 66 
216x214 78 
264 x 214 90 
264 x 246 98 
208 x 208 74 
256 x 272 102 
181x191 74 
221 x 191 86 
221 x 220 94 
221 x 249 102 

126 

220 

189 x 188 40 
229 x 232 48 
156 x 155 40 
186 x 188 48 
216 x 220 48 
245 x 252 64 

_ 150 x 150 40 
180 x 180 48 
210x210 64 

.240 x 240 64 
270 x 270 80 

Projected 
Availability 

NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
4082 
4082 
4082 
4082 
2083 
2083 
4083 
1084 

NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
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Automated GAs 
The latest step in RCA Semicustom LSI 

• 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. There
fore, 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 auto
matically 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 automatically· from 
RCA's extensive library of logic macros (predefined logic 
structures or cells). Most RCA logic macros are common 
for both GAs and PaCMOS standard cells. The design 

PaCMOS 

process for GA and PaCMOS is essentially common and 
may be transparent to the designer. 

Automated GA software has proved to be very effective, 
providing 100% connectivity and gate utilization up to 98% 
for complex random logic applications. 

PERIPHERAL FUNCTIONS 
Each of the input/output pads of an RCA GA has a spark 

gap (on CMOS/SOS) and gated diode circuit to protect 
against static discharge. An n device and a p device are also 
associated with each pad and can be used as an input 
inverter, an output inverter, or as a transmission gate. 

To provide longer delays and active pull-up resistors, 
high-impedance cells are placed strategically along the 
periphery of the GA. In order to source and sink TTL levels 
of current or to drive off-chip capacitive loads at high 
speed, low-impedance cells are als~ provided along each 
side of the array. 

Two high-speed binary dividers, without set or reset, are 
available in each SOS GA. Capable of operating as high as 
100 MHz, they can be used singly as pre-scalers for division 
by two or in cascade for division by four. 

(Programmable 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 metal-gate CMOS, C2L (closed-geometry Silicon-gate 
CMOS-bulk), and silicon-gate CMOS on sapphire substrate. 
Some of their characteristics are summarized below. 

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. A 
typical. data sheet is shown. 

. It provides the name and function of the cell, in this case a 
2-lnput NAND, the circuit and logic configuration, the 
Boolean equation, the truth table, and the dynamic perfor
mance data. 
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TWO INPUT NAND 
SOS STANDARD 
CELL NO. 1220 

DEVICES 4 

PADS 3 CELL WIDTH = 2.7 mils 

SCHEMATIC LOGIC SYMBOL 

L 

Ar
1i
' 

-1~ 0~ o B 00) I 

00 
0) I~ O=AB 

I 1.5 

TRUTH TABLE 

B IN 0 I 1.5 A B 0 
-= 0 0 1 

PIN CAPACITANCE (pFI 0 1 1 

1 .01 
1 0 1 

2 .25 
1 1 0 3 .26 

10 10 

8 8 / 
6 6 

V 
~ ./ 

/' 
4 

V 4/ 
/~ 

2V 2 

0 2 4 6 8 0 2 4 6 8 

FANOUT UNIT LOADS (UL = .25 pFI 
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By using the standard cell notebook, the designer can 

match his particularcircui.t configuration with the available 
standard cells and generate an input net list. Each multi port 
standard cell is characterized by its input and output pin 
con nect ions. Pin con nectio ns are access ib Ie fo r 
interconnect wiring at both the top and bottom of each 
cell. Sophisticated algorithms automatically select the 
most appropriate I/O connections to minimize wire length 
and area and to produce a densely packed, efficient 
layout. This structured computerized layout also simplifies 
the checking of both interconnection and design rules. 
Because each individual cell has been previously verified, 
only the computer-generated interconnectionsrpust be 
checked. 

PaCMOS CELL CHARACTERISTICS 

Metal 
gate C2L 

Cell Height, mils 14.0 12.6 
Pin Spacing, mils 1.9 0.8 
Channell Length, 

microns 7.5 6.2 
Delay, nanosecondsll120.0 10.0 
Internal Logic Density 8-21 6-10 
Overall Chip Density 40-50 12-30 

(1) Stage delay = 2 inut NOR, fanout = 2 
10 volts, no interconnect 

(2) 5 volt stage delay 

ADDED OPTIONS 

SOS CMOS I 

4.2 672 
0.9 0.56 

5.0 5.0 
6.0 6.0121 

2-3 1.5-3 
14-18 6-10 

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 
conventional handcrafted techniques, can be 
automatically connected while the remainder'of the host 
chip is computer generated. The net effect of incorporating 
the subchip option into the standard cell layout is to 
combine the high density and performance optimization 
associated with handcrafted designs with the low-cost, 
quick-turnaround capability that the standard cell 
automatic layout program provides. 

Another option available in PaCMOS is a critical path 
technique. Under ordinary circumstances, the placement 
and routing of algorithms place all cell15 on the chip in a 
manner to minimize total wire lengths and crossovers. 

4520 

When the critical path option is selected, the program will 
place those cells identified as part of each critical path, not 
only as close to each other as possible, but also in a 
manner to maximize the use of metal for interconnections, 
as opposed to the somewhat higher resistivity polysilicon 
interconnects. 

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 vol ume 
production PaCMOS can provide significant cost advances 
over GA designs. 
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~-------------------------Rcn Solid 
State 

Design Automated Tools 
- MIMIC 
o CRITIC 
-AFTER 
- CONCERT 

MIMIC, RCA'S SOFTWARE SIMULATION PROGRAM 

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 pro
gram, designers can discover logical flaws, race, hazard, or 
spike conditior:ls, and timing and critical path uncertainies. 

The entire software program, including a standard cell 
library, is available to customers through RCA's commercial 
computer services in Cherry Hill, N.J. 

MIMIC, has a number of features that contribute to its 
effectiveness: 

o It models circuit elements such as bus connections, 
wire-tied elements, and bidirectional transmission gates. 

o It is supported by an extensive library of built-in logic 
elements including gates, latches, clocked flip-flops, and 
multiplexers. 

o Through its hierarchal network-description, designers 
can define their own standard library of common circuit 
elements. 

o It is capable of generating a variety of output reports 
whose contents and format are largely user-defined. 

o And, perhaps most important, it has the ability to gener
ate a test-pattern file acceptable as an input to automatic 
test equipment. Because the number of test patterns 
increases exponentially with the complexity of a design, 
this ATE interface can materially reduce test times and 
costs. 

CRITIC (Computer Recognition of I/Iegal Technology 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. An acronym for Computer Recogni
tion of Illegal Technology in I ntegrated Circuits, 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 enclo
sure) and illegal topology relations (overlap, abut, cross, 
contain, and disjoint). 

© Ie MASTER 1983 

DESIGN AUTOMATION PROGRAMS 
AFTER 

The AFTER program (Automatic Functional Test Encod
ing 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. Alternatively, AFTER provides an option for a high 
level manually generated test specification (both· inputs 
and expected outputs). AFTER automatically translates 
either type of input into test patterns suitable for execution 
on a variety of ATEs. 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 pro
gram 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. By examining this 
Information, CONCERT can extract a net list from the art
work and automatically produce the logic description in the 
exact language required by the MIMIC logic simulator. This 
is used to verify corrections of the wiring. 

Ordinarily, since the Ie layout is computer generated, no 
errors will be found. However, in those cases where the 
designer chooses to perform some manual modifications, 
CONCERT is an important tool for validating the changes. 
In addition, parasitic capacitances of the interconnections, 
as laid out, are added to the MIMIC network description file. 
This provides the designer with the ability to effectively 
simulate the physical layout itself including layout parasit
ics. This re-simulation increases confidence that the layout 
is free from timing problems caused by the possibly exces
sive capacitance of signal lines. These capabilities make 
CONCERT a key ingredient in producing quick-turnaround 
custom chips that work to specifications the first time 
through. 
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BIPOLAR LSI DIVISION 

BIPOLAR LSI SEMICUSTOM 

PRODUCT DESCRIPTION 

The Signetics family of high speed bipolar semicustom 
offers a viable means of replacing ECl, 74S or 74lS logic 
components with a proprietary lSI device: The primary 
advantages are reduced size, weight, and power, im
proved system reliability, and significant manufacturing 
cost savings. These devices also offer full - 55°G to 
+ 125°C temperature range, and have superior radiation
hardened properties. 

8AXXXX Series Gate Arrays 

Gate Arrays employ a fixed array of gates and liD's which 
can be "personalized" by custom metalization. The 
8AXXXX Series, with a maximum of 2100 gates/chip and 
gate delays of 4 to 6ns, can replace up to 100 SSIIMSI 
devices in any lS application. By reducing device count 
and saving PCB area, 8AXXXX devices can improve IC 
system 'reliability by 100 times and save 80% in manufac
turing costs. The ISl gate only dissipates 250llW maxi
mum which reduces power consumption by 10 times as 
compared with a 74lS implementation. 

en ,To attain 74lS speeds with lSI packing density and low 
() power, Signetics gate arrays use integrated Schottky 
Q) logic (ISl), a proprietary gate design implemented in a 
C standard bipolar process~ 
0> 

C/) 

Composite Cell ~ogic 

CCl uses functional logic cells which can be placed on 
the chip and interconnected by metalization. The cells are 
equivalent to standard SSIIMSI logic functions; hence; 
design is similar to the usual "catalog" PCB approach. 

With CCl the designer can choose from two libraries: the 
EPl Library" with 3ns or 4ns typical gate delay for 74S ap
plications; and the ISl library, with 6ns worst case delay 
for 74lS applications. Like ISl gate arrays, CCl offers 
significant improve.ments in power usage, system reli
ability, and system manufacturing economy. 

Current technology allows up to 600 EPL gates or 1000 
ISl gates on a chip, with liD's limited by available 
packages. 

ACE Masterslice Logic Arrays 

The Masterslice array uses composite cells but requires 
them to be placed at fixed locations. Design is similar to 
the "catalog" approach but analogous to a PCB having 
fixed socket locations. The cell library contains a full con
tingent of standard SSIIMSI functions. 

With 500 psec gate delays and elimination of PCB traces, 
ACE Masterslice arrays offer a 50% speed increase as 
compared with standard 100K ECL. They also reduce 
power diss'ipation by 75% and implementation costs 
,by 55%. 

OCTOBER 1982 

ACE/CCL/8AXXXX SERIES 

FEATURES 

• 0.5ns, 3ns, 4ns or Sns Gate Delay 
• Up to 2200 GateslChip 
• 250J.lW to SmW Per Gate 
• Up to 128 110's 
• Up to 80mA Drive 
• - 55°C to + 125°C 
• Radiation Hardened 
• Plastic or Ceramic DIP's 
• leadless Chip Carriers 
• Space Array Packages, 

BENEFITS 

• Proprietary lSI Device 
• Replaces ECl, 74S or 74lS Devices 
• Reduces PCB Area 
• Saves Manufacturing Costs 
• Reduces Size, Weight and Power 
• Improves System Reliability 

PROGRAM 

• Easy logic Simulation 
• Comprehensive Design Seminars 
• Complete Documentation 
• Fast Development Cycle 
• Extensive CAD Testing 
• Ensures First-Pass Success 
• Full Design Support 

SEMICUSTOM PROGRAM 

Signetics 
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BIPOLAR LSI DIVISION 

BIPOLAR LSI SEMICUSTOM 

Signetics ACE Masterslice arrays achieve their high 
speed by use of a CML gate implemented with the 
P-Subilo process. Current ACE products have from 600 to 
2200 gates and 58 to 128 I/0s. 

Designing With Semicustom 

Signetics Bipolar LSI Semicustom devices have well
defined parameters to simplify design and allow exten
sive use of computer aides. This speeds device develop
ment, simplifies the Signetics-Customer interface and en
sures first-pass success. 

To design a semicustom chip, the customer uses any 
standard terminal with Signetics time-shared TEGSIM 
software. The designer merely describes the circuit and 
input test sequence. The TEGSIM software simulates the 
logic function, generates the output waveforms and fault
grades the circuit. 

The customer submits the simulation result as a specifi
cation. Signetics then lays out the chip, runs additional 
CAD tests to ensure design integrity, and builds first pro
totypes. The customer-defined test sequence is used to 

OCTOBER 1982 

ACE/CCL/8AXXXX SERIES 

Total Product 

Signetics bipolar semicustom products are on the fore
front of technology, both in silicon and in software. Semi
custom devices combine high speed, low power and high 
packing density for optimum performance and low device 
cost. The semicustom development program makes ex
tensive use of CAD and is devised to simplify the 
Signetics-customer interface yet provide fast turn-around 
with ensured success. Customers using the program 
have come to expect close rapport with Signetics tech
nical personnel and full support through design comple
tion. 

ISL Gate Arrays, 5 or 6nsec Delay· 

Part No. Gates Internal Buffers 110 Pads 

8A1200 1144 52 36 

8A1260 1144 52 62 

8A1542 1408 64 42 

8A1664 1560 60 64 

8A2176 ·2016 72 76 
test the device and is available on tape for customer use *Variety of packages, Temperature: 0 to 70 0 e or - 55 to 125°e. Gates 
in device testing. use 250!-,W/gate maximum. 

Composite Cell Logic, 3 to 6nsec Delay· 

Library Power/Gate (Max·) Equivalent Gate Trace-Length Delay Gates (Max) 
Delay (Max) 

5.6mW 3.0nsec Negligible 300 
EPL 

2.6mW 4.0nsec Negligible 600 

ISL 0.3mW 6.0nsec 50psec/mil 1000 
*Temperature range: 0 to 70 0 e or - 55 to 125°e. Variety of packages; pin-out limited by package. 

ACE Series Masterslice Arrays, O.Snsec Delay· 

Part No_ Gates RAM 1/0 Pads· Power Pads Power (Typical) 

ACE600 638 - 58 6 1.8W 

ACE900 878 - 74 6 2.3W 

ACE1320M 1000 320 96 20 3.5W 

ACE1400 1414 - 96 20 3.5W 

ACE2200 2204 - 128 20 5W 
*Package is pin grid array, air cooled, heat sink optional. Temperature range: 0 to 70 oe. 

NOTE 
All delay times are worst case numbers. This allows computer simulation under worst case conditions to ensure circuit functionality and first-pass suc
cess. Typical delay times are much lower than worst case. 

Signetics 
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MICROPROCESSOR DIVISION 

GATE ARRAY 

'w'"",,,-,,., 
DESCRIPTION 
The Signetics SCC700 Gate Array is a 
single chip programmable device that 
allows customization of user logic. Only 
metalization and contact are programmed 
in this state-of-the-art CMOS device. Thus, 
fast turn-around from logic to completed 
silicon is achieved. 

The SCC700 is one of a family of low
power gate arrays in oxide-isolated CMOS 
(LOCMOS): It contains 352 identical cell
units (see figure 1) which are intercon
nected by two custom masks (metal and 
contacts). Each unit contains four pairs of 
N- and P-transistors and thus the com
plete array contains a total of 704 two
input gate equivalents. Access to the tran
sistors is from both the top and bottom of 
the cells and additionally there are two 
poly feed-throughs at each side of the cell. 
Because of this routing flexibility, many 
designs result in better than 90% utiliza
tion of the gates available. 

The SCC700 Gate Array is built on the 
mature LOCMOS process. LOCMOS is a 
state-of-the-art Si-gate CMOS process 
which uses an epi-substrate, which sig
nificantly reduces the potential for latch 
as compared with other bulk CMOS 
processes. 

ORDERING CODE 

FEATURES 
• 704 two input gate equivalents 1 

• Power supply range 3 to 15V 
• High speed silicon gate technology 

with local oxidation (LOCMOS) 
• 12MHz typical clock rate at 10V . 
• Very low power consumption 

(standby power 0.25mW) 
• High noise immunity 
• Input protection by series resistor 

and diode clamp to Vss 
• TTL outputs (buffers) drive up to four 

LSTTL loads 
• Full CAD for quick, error-free design 
• 38 versatile 110 pins, each having a 

wide range of functions 
• 48 pre·designed, fully characterized 

library of logic cells available 
• Over 90% maximum utilization typical 
• - 40°C to + 85°C operating 

temperature 
• 40· and 28·lead OIL packages 

Computer aided design (CAD) is used 
throughout the design process to insure 
accurate implementation of customer 
logic (see figure 2 for a typical process 
flow structure). 

1Future arrays available are 0330,0440,1100, and 1700 
gate-equivalents. 

Voo=3 to 15V, TA = -40°C to +85°C 

PACKAGES 28·Pin 40·Pin 

Ceramic DIP SCC0700CCG 128 SCC0700CCG 140 
Plastic DIP SCC0700CCG N 28 SCC0700CCG N40 

CMOS GATE ARRAY PART NUMBERING SYSTEM 

SC C 0700 C C G N 28. 

MOS Microprocessor D'ivisionJ T Tpin Count 28, 40, 68 

IdentHier-Always SC Lp k 
ac age 

Process Variation I = Ceramic 

C = CMOS N = Plastic 

Basic Part Number------~ 

0330 

0440 

0700 

1100 

1700 

Special Array Code-------~ 

C= Custom 

S = Standard, 

4524 

Timing Variation 

G = Medium speed wafers 

H = High speed wafers 

(Also see appropriate data sheet) 

'----Temperature Range 

C = O°C to + 70°C (Commercial) 

A = - 40°C to + 85 °c (Automotive) 

M = - 55°C to + 125°C (Military) 

Signetics 
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SCC700 

PIN CONFIGURATION 

TOP VIEWS 
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Figure 1 .. Topological Diagram 

CONTROL TAPES FOR 
MASK GENERATOR 

Figure 2. CAD Flow Chart 

CONTROL TAPES 
FOR TESTING 

Signetics 
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SCC700 

CELL LIBRARY 
To facilitate design, a library of 48 pre· 
designed, fully·characterized overlay cells 
is available in the CAD package. The 
library contains: 

• 16 simple logic functions including: 

2-,3-, 4-input NAND and NOR gates 

2-, 3-input AND and OR gates 

• 10 complex 4-input logic functions,e.g., 

(A1 x A2)+ B1 x B2) 
(A1xB1)+C1xC2) 

• 4 master and 4 slave flip-flops 
including set and reset options 

• 14 functions using transmission gates 
including: 

Exclusive NOR/OR 

Strobed D-Iatches with set and 
reset options 
Master-slave flip-flops with set and 
reset options 

4525 
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MICROPROCESSOR DIVISION 

GATE ARRAY 

':mJiI"Jid.ifj 

PERIPHERY' 
To provide a versatile interface, the 
SCC700 has 38 input/output pads. These 
peripheral elements can be configured to 
match the input or output requirements of 
a wide variety of logic families and accord
inglya bonding pad may have assigned to 
it one of the following functions: 

• Input stage which includes an input pro-

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Operating ambient temperature 
Storage temperature 
Supply voltage 

tection circuit (series resistor and 
single diode clamp to Vss). The recom-

. mended maximum load is 20 array 
gates, or 10 array gates for optimum 
speed performance. Because the input 
voltage is not clamped to Voo input volt
ages, greater than the supply voltage 
is possible thus allowing voltage level 
shifting. 

RATING UNIT 

- 40to + 85 °C 
-:- 65 to + 150 °C 
- 0.5 to + 18 V 

DC ELECTRICAL CHARACTERISTICS Vss= OV 

OCTOBER 1982 

SCC700 

• Schmitt trigger input stage (ten avail
able) for noise rejection, pulse shaping, 
or suppression of spurious oscillations 
associated with slow input clock transi
tions. The recommended maximum load 
is ten array gates, or five for optimum 
speed performance. 

• Complementary output with driver or 
buffer performance capability. 

• Three-state output with driver or buf
fer performance capability for bussing 
applications. 

• Transceiverinput/o'utput stage. 

• Open drain N- or P-transistor output. 

In addition a pull up/down resistor (34 
available) may be added at various 110 
stages. The values available are 5, 10, 15, 
60, 65, 70 and .75 Kohms. 

TENTATIVE LIMITS 
PARAMETER TEST CONDITIONS UNIT, 

Min Typ Max 

Input leakage Voo=15V 0.3 JlA 
Standby current Voo = 5V, T = 25°C 50 p.A 

Voo= 10V, T=25°C 100 JlA 
Voo= 15V, T= 25°C 200 JlA 

Output sink current VOL = O.4V, Voo = 5V 1.6 rnA 
Low - buffer VOL = 0.5V, Voo = 10V 4.0 rnA 

VOL = 1.5V, Voo = 15V 12.0 rnA 

Output sink current VOL = O.4V, Voo = 5V 0.8 rnA 
Low - driver VOL = 0.5V, Voo = 10V 2.0 rnA 

VOL = 1.5V, Voo = 15V 6.0 rnA 

Output source current IVOHI = O.4V, Voo = 5V 0.6 rnA 
H igh- buffer or driver IVOHI = 0.5V, Voo= 10V' 1.5 rnA 

IVOHI = 0.5V, Voo= 15V 5.0 rnA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, CLOAO = 50pF, Vss = OV 

TENTATIVE LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Propagation delay 5 volts 20 ns 
2 input NAND - FO = 2 10 volts 10 ns 

15 volts 7 ns 

Maximum toggle frequency 5 volts 3 MHz 
FO= 1 10 volts 6 MHz 

15 volts' 9 MHz 

Output transition time 5 volts 60 ns 
High to loW driver 10 volts 30 ns 

15 volts 20 ns 

Output transition time 5 volts 30 ns 
High to low buffer 10 volts 15 ns 

15 volts 10 ns 

Output transition time 5 volts 40 ns 
Low to high buffer or driver 10 volts 18 ns 

15 volts 12 ns 

NOTE: 
Above electricals reflect performance characteristics of medium speed (G) wafer process. 

Signefics 
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For Key Data On Every Ie On This 
Board, The Place To look Is ... 

The Data System Design 7215 is a single-board controller 
with pipelined architecture that can simultaneously 

control Winchester, streaming tape, and floppy drives. 
Device No. 
AM25LS2569 
AM2910 
AM26S02 
AM27S35 
AM8085 
CA3130 
2732 
8237 
DM7438 
DM8334 
DS75107 
F74S132 
MC4024 
MK4802 
PAL16L8 
PAL16R6 
PAL16R8 
7407 
74123 
74368 
74LS02 
74LS04 
74LS125 
74LS138 
74LS151 
74LS161 
74LS166 

Description 
Up-Down Binary Counter with Synchronous Preset 
Dual Retriggerable Monostable Multivibrator 
Programmable Schottky Read-Only Memory 
12-Bit Microprogram Controller 
Complete 8-Bit Parallel Central Processing Unit 
5-to-16-Volt Single Stash Supply Op Amp 
4096 x 8 TTL PROM 
DMA Controller 
Quad 2-lnput TTL NAND Buffer 
8-Bit Addressable TTL Latch 
Differential Line Receiver ' 
Quad 2-lnput NAND Schmitt-Trigger 
Dual Voltage-Controlled TTL Multivibrator 
2048 x 8 Static NMOS RAM 
Field Programmable Logic Array 
Field Programmable Logic Array 
Field Programmable Logic Array 
Hex Buffer/Driver 
Dual Retriggerable Monostab!e Multivibrator 
Hex Inverter, 3-State 
Quad 2-lnput TTL NOR Gate 
Hex Inverter 
Quad Gated TTL Buffer, 3-State 
3 Line to 8 Line Decoder/Demultiplexer 
8-lnput Multiplexer 
Binary Counter 
8-Bit Parallel-In, Serial-Out Shift Register with Clear 

Device No. 
74LS174 
74LS240 
74LS244 
74LS257 
74LS273 
74LS299 
74LS365 
74LS373 
74LS374 
74LS393 
74LS533 
74LS670 

74S00 
74S03 
74S04 
74S112 
74S151 
74S153 
74S174 
74S175 
74S2~0 
74S32 
74S51 
74S64 
74874 
75110 

Description 
Hex D-Type Edge-Triggered Flip-Flop with Clear 
Octal Bus Driver (Schmitt Trigger) 
Octal Bus Driver (Schmitt Trigger), Non-Inverting 
Quad 2-lnput Multiplexer, Non-Inverting 
Octal D-Type Edge-Triggered Flip-Flop, 3-State 
8-Bit Universal Shift Register 
Hex Buffer, 3-State 
8-Bit Latch 
Octal D-Type Edge-Triggered Flip-Flop, 3-State 
Dual 4-Bit Binary Counter 
D-Type 8-Bit Latch 
16-Bit (4x4) Register File with 

Simultaneous Read/Write 
Quad 2-lnput NAND Gate 
Quad 2-lnput NAND Gate, Open Collector 
Hex Inverter 
Dual "J-K" Negative Edge-Triggered Flip-Flop 
8-lnput Multiplexer 
Dual 4-lnput Multiplexer 
Hex D-Type Edge-Triggered Flip-Flop with Clear 
Quad D-Type Edge-Triggered Flip-Flop with Clear 
Line Driver, Single Ended, 3-State, Inverting 
Quad 2-lnput OR Gate 
Dual 2-Wide 2-lnput AND-DR-Invert Gate 
4-2-3-2-lnput AND-DR-Invert Gate 
Dual D-Type Positive Edge-Triggered Flip-Flop 
Line Driver, Differential, Twisted Pair Level Shifting 

Representative list of les on the Data Systems Design 7215 board. 
Key specifications for all of these les can be found in Ie MASTER. 
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Silicon Systems 
Incorporated 

/ BIPOLAR PROCESS CHART 

/ 
Base n+BL' Y epi Min. Ml M2 

Process hFE BVCEO BVCBO 
~eometry Pitch Pitch Options/ 

Designation volts volts microns) (microns) (microns) Comments 
Ps Xj Pt t Ps Xj 

i9. / 

BA 60 45 70 135 2.5 5 17 23 5.5 6 20 - SinWe Metal 
Big Voltage 

/ BB 60 16 40 135 2.5 1 10 23 5.5 6 20 - Single Metal 
Medium Voltage 

/ Be 60 10 25 200 1.2 0.75 3.4 23 5.5 5 14 24 
Double Metal 
AI Schottky 

/ BD 50 6 18 200 1.2 0.3 3.4 23 5.5 5 14 24 Low Voltage 
Double Metal 

/ Double Metal 

BF 60 6 18 200 1.2 0.3 2.5 13 5.8 4 12 24 Barier 
Schottky 

Washed Emitter 

,/ ////////// / / / / 
SSi offers it all-custom, 

Three levels of service. 
SSi offers three levels of service: 
(1) custom IC design, development, 
and production; (2) COT services 
that start with the customer's own 
design and tooling and provide 
him with volume production of 
packaged units; and (3) foundry 
services that start with the cus
tomer's own tooling and provide 
him with wafer fabrication only. 
The above charts show the 
processes available from SSi. 

For more information on 
SSi's total capability, send for a 
copy of the new brochure entitled 
"SSi Today." 
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SSi procedures for foundry 
service. customers. 
For any customer, the first step is 
definition of his product. The next 
step is selection of the appropriate 
process and development of the 
tooling. SSi COT customers can 
choose either bipolar or CMOS tech
nologies. For customer designers 
who need help, SSi will provide 
layout rules, test requirements, and 
design assistance. But the COT cus
tomer who already has his own 
design tooling can start 
farther an'ead. 

If you already have a compat
ible tape, we can perform a design 
rule check to make sure that there 
are no layout violations and start 
from there. If you have a Calma 
tape we can go right to mask-

making. If you have acceptable 
working plates, we can go imme
diately into fabrication of 
prototype wafers. 

After prototype wafers are 
fabricated, we perform prototype 
wafer probe, assembly, and final 
testing in-house. We can test your 
circuits using your existing test pro
grams, or we can help you create 
a test program from your specifica
tions. After device testing, we 
deliver prototype units to you for 
evaluation in your system or 
application. 

You approve the prototypes, 
and in most cases we go right to 
production. We can produce char
acterization lots for your evaluation 
under worst case operating condi
tions. If you re.qu,ire complete COT 
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/ CMOS PROCESS CHART 

~ Process Vroo Vro evos, N orP Poly Channel Poly 
Designation Channel (volts) (volts) (volts) K' (Q/o) Length Pitch (Q/o) (microns) (microns) 

~ 
.... 

P -20 -0.9 -20 11.0 RO - 9 -
CBOI 

N 20 9 20 17.0 16 - 7.2 -

/ P -10 -0.9 -20 11.0 70 - 7.2 -
CB02 

N 10 0.9 20 17.0 12 - i2 -

/ P -15 -0.9 -13 14.0 100 20 3 7 

CCOl* 

N 15 0.7 13 28.0 25 20 3 7 

Ml M2 
Pitch Pitch 

(microns) (microns) 

12.5 -

12.5 -

12.5 -

12.5 -

9 12 

9 12 

/ 
Options/ 

Comments 

/ 

High Voltage 
AI Gate 

Low Voltage 
AI Gate 

Double Metal 
Single Poly 
(includes 

cap) 
Si Gate 

u 
(J.) ...-. 
CCS 
"-o 
0-
"-o 
(.) 
c: 
en 
E 
(J.) ...-. en 
~ en 
c: 
o 
(.) / //////// / / / / ~ evelopment. en 

COT services, or foundry. 
services, the final step is off-shore 
assembly at one of our highly qual
ified locations for the volume pro
duction of your packaged product. 
We can also perform hi-rel screen
ing and burn-in, if desired. 

SSi uses standard multi-sourced 
wafer processes. . 
SSi offers circuits in junction
isolated bipolar single and double
layer metal. CMOS metal-gate and 
silicon-gate are also available. These 
are the most popular and reliable 
processes in the two basic tech
nologies. Although these standard 
processes are available from mul
tiple sources, SSi's advanced ultra
clean wafer fab produces higher 
yields than ordinary facilities. 

SSi offers 11 variations of the 
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above core processes. These varia
tions permit you to select the opti
mum process when fabricating a 
new circuit or when matching a 
process already being used for an 
existing circuit. 

The charts above prqvide 
guideline parameters for both the ' 
bipolar and CMOS processes avail
able from SSi. For more detailed 
information on electrical and topo
logical design rules and available 
processes, consult our engineers. 

They can determine which process 
variation is best for your 
particular circuit. 

Silicon Systems incorporated, 
14351 Myford Road, Tustin, CA 92680, 
(714) 731-7110. 

• 
I 

Silicon Systems® 
incorporated 
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For Key Data On Every Ie On This 
Board, The Place To Look Is ... 

Equipment and system design often require the use 
of a wide variety of integrated circuits in order to 
obtain optimum performance. One way for an engi
neer to be certain that he hasn't overlooked the 
best device for his application is to refer to the pages 
of Ie MASTER. 

Surveys conducted by Ie MASTER, integrated cir
cuit manufacturers, and independent research 
agencies confirm that four out of five Ie MASTER 
users have specified one or more products as the 
result of using Ie MASTER. 

Device No. 
NMC27C16 
NSC800 
74SC245 
MD74SC373 
ICL8212C 
MM74PCOO 
MM74PC32 
MM74PC08 
MD74SC139 
MM74PC74 
MSC74PC07 
MM74C30 

The Blue Chip Computer 
STD-NSC800 is a CMOS 
standard bus compatible 

central processor card. 

Description 
Erasable CMOS PROM 
8-bit Microprocessor 
3-State Octal Bus Driver 
Noni nverted D-Type -Transparent Latch 
Micropower Voltage Detector -' 
Quad 2-lnput NAND Gate 
Quad 2-lnput OR Gate 
Quad 2-lnput AND Gate 
Octal. Decoder/Demultiplexer 
Dual Type-D Flip-Flop 
Hex Inverter 
8-lnput NAND Gate 

Representative list of ICs on the Blue Chip Computer STD
NSCBOO card. Key specifications for all of these ICs can be 
found in IC MASTER. 

pille MASTER 
BE SURE. BEGIN WITH THE Ie MASTER 



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 
alternatives available to you: 
• Standard circuits are off-the-shelf products designed for 

general product applications. If your yearly system 
volume will be less than 10,000, SSI (small scale inte
gration) and MSI (medium scale integration) circuits may 
be your best solution. 

• Microprocessors may fill your need if your application 
requires great flexibility and cost is not an overriding fac
tor. They are most practical when total circuit volume 
does not exceed 50,000. 

Advantages of Custom Circuits 
A Custom circuit is an ~xclusive proprietary design built 
specifically to meet your product requirements. Its advan
tages 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 custo- . 
mers, the less you ~ill 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 manufac-

Custom Costs vs. Other Alternatives 

25 

Ii; 
820 
w 
> 
i= 
5 15 
w 
II: 

10t---+--' 

© Ie MASTER 1983 

60K 70K 80K 90K 100K 

QUANTITY 

Svnertek. 
.-: 

tured with a proprietary design, competitors have a more 
difficult time copying it. As a result, you cim enjoy longer 
periods of market leadership and penetration. 

Why Use Synertek7 
You don't want just anyone to develop your Custom design. 
You want a company with experience, skill and an under
standing of how important your design is to you. As a major 
supplier of Custom circuits, we fulfill those requirements 
and offer competitive design and process solutions. 

Our ability to develop sophisticated technologies insures our 
market leadership position in custom integrated circuits. We 
currently offer silicon gate HMOS, NMOS, and HCMOS 
technologies. Our advanced computer-aided design 
facilities, projection alignment equipement, 4-inch wafer 
fabrication lines, and VLSI testing equipment further 
demonstrate Synertek's commitment to state-of-the-art 
technology. Your choice depends on your need. 

• Classic Custom circuit design - We will design your 
circuit from concept. You may inhially provide us with a 
written explanation of the function you want, or with a 
logic diagram of the circuit, or with just a specification. 
We will create your work-of-art from beginning to full 
production. 

• Customer Design Teams (C.D.T.) - We will train your 
engineers 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. TI

' customers. Your 
systems knowledge is combined with our IC design 
capability for optimum circuits. 

• C.O.T. Til - 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, computer simulation programs and, most of 
all, our total cooperation, we can assure you the 
manufacturing capability you want. 

• Standard Products - The Logic Products Group has 
developed, with the cooperation of some of. our 
customers, circuits which fulfill the needs of the 
marketplace. We continue to search for unique designs 
which expand our ability to serve our customers 
requirements. 

We advocate a firm policy of partnership in all three of 
these circuit production services. Your success is directly 
related to ours, and a close working relationship promotes 
understanding and efficiency between us. It also insures 
that the Custom circuit is produced exactly to your 
specifications. This spirit of cooperation and teamwork will 
heighten your feeling of ownership for your proprietary 
Custom circuit. 
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Evolution. of a 
Masterpiece 

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 device, this may be longer or shorter. 
Sir:npleicircuits can be completed within 3-4 months. All 
circuits, however are subjected to the same stringent 
testing, quality· control, and verifications 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. A program milestone 
schedule'is confirmed. 

• logic design and computer simulation - Our design 
engineers convert system functions to MaS logic. 
Computer simulations of critical logic deisgn 
characteristics are done in our DA (design automation) 
center. SCEPT'M (Synertek Circuit Emulation Program 
and Test) is a conventionally designed breadboard which 
duplicates MaS logic. We consider SCEPT'M an 
indispensible tool for verifying the functionality of the 
design. It also gives you your first opportunity for hands
on verification of the actual logic functions. Once 
approved by you, SCEPT'M is used to write and debug a 
test program. From this point, SCEPT'M is the functional 
reference for the remaining design steps. 

1-10 wks. 

• Circuit design and analysis - Individual transistors are 
laid out to implement the SCEPT'M 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 wks. 

• Composite layout design - A layout of the circuit 
design, called a composite, is hand drawn to minimize 
final chip size. Composites are drawn at 500 to 2000 
times the size of the finished chip. 

• Digitizing - The composite drawing is converted in our 
CAD (Computer Aided Design) center to a database tape 
using a Calma interactive graphic system. This 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 
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continues until the database tape is approved for the 
entire composite. Design rule checks (DRCs) and 
electrical rule checks (ERCs) are accomplished by our 
CAD system using the database tape. 

4-14 wks. 

• Mask generation - Once the database tape is approved, 
a PC (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. 

In the photolithographic process the 10X reticles are 
created on a pattern generator. These reticles are photo 
reduced to the actual 1 X mask size and reproduced by a 
step-and-repeat camera. 

With E-beam technology, the PG tape is converted to E
beam format. The full array is' then written directly at the 
1 X mask size. 

In the combination method, 10X reticles are generated 
from the E-beam-formatted tape. As in the 
photolithographic process, these reticles are then photo 
reduced to the actual 1 X mask size and reproduced by a 
step-and-repeat camera. 
Which method should be used is determined by device 
complexity, die size, and the process chosen for wafer 
fabrication. 

'4-9 wks. 

• Prototype wafer fabrication - During prototype 
fabrication, numerous quality and electrical inspections 
are performed to assure that every wafer lot meets our 
specifications. 

• First samples - Thses are untested devices commonly 
referred to as "Cut & Go·s." They are placed in ceramic 
packages, assembled, and sent to your for initial 
evaluation. 

2-3 wks. 

• 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 befo~e it is 
finalized. 

• Prototype production - After fully tested samples are 
approved, prototype production begins. 

• Full production- Scheduled delivery commences etfter 
prototype 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 encompases the full spectrum of 
custom design from the classical, hand-drawn approach, 
with Synertek's engineers doing the full design, to the 
customer owned tooling 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 facilities, design courses, The 
Cell LibraryTl', advanced CAD tools, processes, design 
expertise, and on-going support. 

The design course is approximately ten weeks long and is 
based upon the structured design methodology. The major 
portio~ of the course demonstrates how to use The Cell 
LibraryTl', with hands-oil experience using our CAD tools to 
complete a simple design. Very little time is spent on design 
physics. References will be furnished to those interested in 
further studies. 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 11/780 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 Continuity Check compares the layout 
data to the Nellist derived from schematic entry. Other 
services, such as sizing and PG tape generation 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 terminal. Once the schematic has been 

© Ie MASTER 1983 

Smertek . .... , ... ~ .. - -_ ..... _._-_ ......... ,~ --- ... _ ...... "'- .............. 

entered, a design database is created from which several 
output data formats can be generated. The following 
outputs are presently available: Netlist, TEGAS for logic 
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 LibraryTM. 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 partitioned 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 
will be available beginning Q1, 83 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 proficiency, we have a separate 
Customer Owned Tooling (C.O.T. TI

') 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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C.O.T.TM 
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.n') basis. 

Because of our extensive experience with MOS/LSI 
technology, we understand your reasons for going C.O.T. n •. 

You want to minimize design cost and production time 
while maximizing proprietary 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 on a database tape, a 
pattern generator tape, or working plate. You'll be given an 
initial documentation 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 specifications for testing the customer's circuit. 

MOS Processes 
SILICON GATE CMOS 

Process FLDI2 ENHI2 DEPI2 VSB VTEO 

NSJ2 Yes Yes Yes 0 +0.7 

NPJ4 Yes No Yes -2.5 0.45 
NDK4 Yes' Yes Yes 0 +0.2 

NPK4 Yes Yes Yes 0 0.45 
NTK4/NSK4 Yes Yes Yes -3.0 +0.8 

VTI 
NPM5 Yes Yes Yes 0 +0.5 

-0.2 
NDM5 Yes Yes Yes 0 +0.5 

-0.2 
NPM6 Yes Yes Yes 0 +0.5 

-0.0 
NFN5 Yes Yes Yes 0 +0.8 

SILICON GATE NMOS 

Process Channel VTFO 

CPN5 P -16 
N +10 

CA62 P -16 

N +10 
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VTO 

-0.9 
+0.9 
-0.9 

+0.9 
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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 correlation. Synertek strives to 
maximize yields at final test and ultimately reduce circuit 
costs to the customer. We view C.O.T.n. as a joint effort on 
the part of vendor and customer. Our goal is to work with 
the customers design group, to lend the necessary technical 
support and to build a successful working relationship. 

Again, we will meet with you as early in th.e 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 workshops and general program 
guidance, on a consulting basis. 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 
manufacturing and assembly facilities in addition to our 
adva nced processes. 

Volts Beta Gamma 
VTDo VTFO VVDSS A/V2 V 1/2 

-4.0 10 10 12 0.95 

-3.3 15 20 12 0.65 
-3.0 16 10 11 0.25 

-3.3 15 20 12 0.65 
-3.5 15 10 15 0.30 

+0.3V 
-3.0 15 7 19 0.26 
-1.3 
-2.7 15 7(2.5",,) 17 0.35 

-3.0 15 7(1.6",,) 29 0.25 
-1.3 
-2.8 27 11 17 0.75 

Channel 
Beta pNopP pPoly Length 

UA/V2 BVDSS Gamma fl/D !lID 
"" 

5.5 -19 0.7 50 20 3"" 
17 +17 0.5 25 15 3"" 
5.5 -19 0.7 50 1)20 3"" 

15 
17 +17 0.0 25 2)<100 3"" 

<100 
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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 nnswer for you. It includes state-of-the-art 
HMOS, HCMOS and EEPROM in addition to the industry 
standard NMOS silicon gate technology. 

The chart on these pages contains conservative data on 
Process Characteristics and Topology. This data is provided 
only as a guideline to help you determine the general "fit" 
to new circuits and those already in production. Detailed 
Electrical and Topolgical Design Rules are available under a 
non-disclosure agreement. 

Again, we encourage potential C.O.T. ™ customers to notify 
us at the early stages of the program so that we can provide 
the necessary guidance to your designers to ensure process 
compatibility with circuit performance. You may find the 
process requirements for your circuit differ from what is 
shown on our chart. If so, be assured that our process 
engineers will work with you to determine any needed 
variations for,your circuit. 

Topological Pitch 

Channel Poly Ditt AI-AI 

COA pN pP Length w/s w/s w/s 
F/cm2 x 10-8 !lID !lID Xj p. p. p. p. 

1.5 20 45 1.1 6 617 617 717 

1.6 15 45 1.2 6 6/6 6/6 717 
0.7 15 60 1.5 6 6/6 6/6 6/6 

1.6 15 45 1.2 6 6/6 6/6 717 
1.5 12 45 1.1 5 5/5 5/5 5/5 

0.7 27 30 0.45 3 (E & D) 4/5 5/5 5/5 
4(1) 

0.8 24 27 0.35 3 3/3 5/4 5/5 

0.8 24 27 0.35 2(0) 3/3 3.5/3.5 3.5/3 
3.5 (I) 

0.7 15 65 1.2 5 5/4 5/5 5/5 

T opologieal Piteh 

Poly N-Well Ditt. AI-AI 
w/s w/s, w/s w/s Comments 

3/3.5 3.5/14 3/5 4/5 Single poly, n-well process. 
3/3.5 3/5 4/5 Available up to 12V. (Channel lengths = 5p.). 
3/3.5 3.5/14 3/5 4/5 Double poly, high voltage. 

3/3.5 3/5 4/5 
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Comments 

Shrinkable by 16% for low voltage 
Applications 
Planox; shrinkable by 16% 
Planox, 2 poly process, switched capacitor 
techniques for analog circuits 
Planox; shrinkable by 16% 
Process has an intrinsic transistor mask 
option. High speed applications. 
HMOSI. Dual implants for each ENH and DEP 
transistor (optional)*. 
Planox; 2 poly HMOS. 

Planox; single poly. Stepper technology and all 
dry etch process. 
Planox; E2PROM process 

• Also available with dry etch processing at metal. 
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Features 

• No External Filters Required 

• TTL-Compatible Three-State Outputs 

• Uses Low Cost 3.579545 MHz Crystal 

• Fully Immune to Normal Noise Conditions 

• Excellent Speech Immunity 

• l8-Pin Package for Low Cost 

• +5V and -5V Power Supplies 

Description 
The SY7l 00 is a fully monolithic Dual-Tone Multi-Frequency 
(DTMF) Receiver intended for use in a wide variety of 
telephone applications. Standard Bell· System tone fre
quencies are automatically decoded into a 4-bit binary coded 

SY71 00 
DTMF Receiver 

Pin Configuration 
SY7100 

-5V +5V 

T EN 
R 03 

GC 02 

MODE 01 

N/C DO 

XTAL1 STB 

XTA.L2 CLOCK 

OGND AGND 

(TENTATIVE) 

output. No external band-separation filters are required and, 
in fact. only a small number of external components are 
needed. The device is fabricated using NMOS switched 
capacitor technology to optimize cost and performance. 

Block Diagram 

ANALOG SECTION 

I 
BAND 

60 Hz SPLIT 
PRE-AMP REJECT FILTERS 

HIGH 
GROUP 
BAND 

GC 
PASS 

T HIGH 
PASS 

R FILTER 

LOW 
GROUP 
BAND 
PASS 

XTAL XTAL CLOCK +5 
IN OUT OUT 
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LIMITER 

LIMITER 

LIMITER 

POWER 
DISTRIBUTION 

AN 
GND 

-5 

PERIOD 
COUNT 

PERIOD 
COUNT 

DIG 
GND 

DIGITAL SECTION 

AVG 
CIRCUIT 

AVG 
CIRCUIT 

I 

INTERTONE 
TIMERS 

AND 
OUTPUT 
DECODE 

ROM 

MODE 
CONTROL 

f 
MODE 

DO 

01 

02 
OUTPUT 

REGISTER 
AND 03 

DRIVERS 

EN 

STB 
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Features 
• Bell System 103 or CCITI v.21 types 
• Phase Coherent FSK Modulation 
• No External Filters Needed 
• Minimal External Components Required 
• Uses Low-Cost TV Color Burst Crystal (3.579545 MHz) 
• Low Distortion Signal Generation (5%) 
• Highly Sensitive Receiver (-50 dBm) 
• Automatic Answer and Disconnect 
• Fully Automatic Handshake Operation 
• RS-232C Interface Signals 
• Local and Remote Loop-Back Test Capabilities 
• 0-70° C Operating Range 

Description 
The SY711 0 and SY7111 are modem devices intended to 
provide for data communications over the switched telephone 
network or via dedicated private lines. Complete analog and 
digital functions are incorporated on a single monolithic sub-

DIGITAL SECTION 

5Y7110/5Y7111 
300 BPS FSK Modem 

Pin Configuration 

Vss 

RCV AGND 

RTS XMT 

alA ABTD 

Ai DTR 

SH TxD 

Voo MODE2 

APH MODE1 

CTS XTALl 

RxD XTAL2 

DCD DGND 

(TENTATIVE) 

strate by the use of switched-capacitor NMOS technology. 
The SY711 0 provides for 300 BPS data rates compatible with 
Bell System model 103 modems. whereas the SY7111 is 
compatible with the CCITI recommendation v.21 . 

ANALOG SECTION 
.--------k-------.

I 
I.-____________________________________ L-______ ~ __________________________ __, 

- CLEAR TO SEND 

TxD 

- ~ MARK/SPACE MODULATOR TRANSMIT - (FREO SHIFTER) BANDPASS 

~BUFFER MARK/SPACE FILTER 

1 1 - ORIG/ANS a/A 

XMT 

-
LOW FULL SPACE 

LOGIC 

ts:~ 
PASS I+- WAVE I+- BANDPASS -AND FILTER RECTIFIER FILTER - CONTROL 

~ 
RECEIVE - LIMITER -- BANDPASS -FILTER - LOW FULL MARK 

- PASS I+- WAVE I-- BANDPASS -FILTER RECTIFIER FILTER 

RxD 

MODE 1 

MODE 2 

RCV 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
OEI Optical Electronics Inc. 
Ohio Sci Ohio Scientific 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Oscar I. S. Oscar Assoc. 

COMPANY 
Panasonic Panasonic 
PC/M Pacific/Cyber Metrix 
Percom Percom Data Co. 
Phoenix Phoenix Digital Corp. 
Pico Design Pico Design 

NAMES Polycore Polycore Electronics 
Plessey Plessy Semiconductors 
PMI Precision Monolithics, Inc. 
PragDcs Pragmatic Design Inc. 
PREMA PREMA GmbH 
Pro-log Pro·log Corp. 

Action Ins Action Instruments GI General Instrument Quay Quay Corp. 
AD Analog Devices GMS General Microsystems 
ADT Advanced Digital Technology GTE Micro GTE Microcircuits 

Raytheon Raytheon Semiconductor Adapt Sci Adaptive Science COfp. 
Advent Advent Products, Inc. Harris Harris Semiconductor RCA RCA Solid State Division 

RCI Data RCI Data Alphatron Alphatron Heurikon Heurikon Corp. RElMS Relational Memory Systems AMA American Automation Hilevel Hilevel Technology, Inc. 
AMD Advanced Micro Devices Hitachi Hitachi America, ltd. Reticon Reticon 
AMI American Microsystems, Inc. Holt Holt Inc. RIFA RFIA 
Amperex Amperex Electronic Corp. HP Hewlett-Packard Rockwell Rockwell, Microelectronic Devices 
Analogic Analogic Hughes Hughes Aircraft, Solid State RTC Riehl Time Corporation 
Analog Sys Analog Systems Products 
APC Applied Micro Circuits Hybrid Sys Hybrid Systems Sanken Sanken Electric 
Apex Apex Microtechnology Hycom Hycom Incorporated Sanyo Sanyo 
APM Applied Microsystems Corp. SEEQ SEEQ Technology, Inc. 
ApplSys Applied Systems Corp. lOT Integrated Device Technology Semi Proc Semi Processes 
APT Applied Microtechnology IMI International Microcircuits, Inc. Siemens Siemens 
Aptek Aptek Microsystems IMP International Signetics Signetics 
Array Tech Array Technology Microelectronic Products SGS SGS-ATES Semiconductor 
AWl Analog West IMS Industrial Micro-systems Inc. Sharp Sharp 

Inconix Inconix Corporation Silicon G Silicon General 
Bedford Bedford Computer Systems Inc. Ind Tech Inductive Technology Siliconix Siliconix 
Burr-Brown Burr-Brown Research Inmos Inmos Silicon Sys Silicon Systems Inc. 

IntCirEng Integrated Circuit Engineering Siltronics Siltronics 
IntcirSys Integrated Circuit Systems SMC Standard Microsystems Corp. 

CAE Computer Aided Engineering IntCompSys Integrated Computer Systems Solarise Solarise Enterprises 
Cal Devices California Devices IntCyber International Cybernetics Solitron Solitron Devices 
Cent Data Central Data Corp. Int Micro International Microsystems Sprague Sprague Electric Company 
Cermetek Cermetek Int Tech Integrated Technology Corp. SSM Solid State Micro Technology 
CGRS CGRSMicrotech Inc. Intech/FMI Intech/Function Modules Inc. for Music 
Cherry Cherry Semiconductor Intel Intel SSS Solid State Scientific 
CIC Custom Integrated Circuits Interdesign Interdesign Stag Stag Microsystems 
Citel Citel, Inc. Intersil Intersil Struc. Des. Structured Design Inc. 
Comlinear Com linear Corporation Intronics Intronics Stynetic Stynetic Systems 
CMA Custom MOS Arrays IPI Integrated Photomatrix Inc. Sunrise Sunrise Electronics 
Comark Comark Corp. ITT In Semiconductors Sunshine Sunshine Semiconductor 
ComdiaJ Comdial Semiconductor Supertex Supertex Inc. 
Comp Auto Computer Automation Kinetic Sys Kinetic Systems Symtek Symtek Corp. 
Compas Compas Microsystems Synapse Synapse Corp. 
Cont logic Control logic Inc. 

Kontron Kontron Electronics Synertek Synertek 
Control Sys Control Systems Microsystems Div. 

lambda lambda Semiconductor 
Sys Innov Systems Innovations 

CreMicro Creative Micro Systems 
Cromemco Cromemco, Inc. laserdyne laserdyne Tau Zero Tau Zero Inc. 
CSG Commodore Semiconductor Group lSI Comp lSI Computer Systems Tektronix Tektronix 
Cubit Cubit Inc. lSI logic lSI Logic Corporation Telaris (See Laserdyne) 
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 

MCC Microcomputer Control Telephonics Telephonics lSI 
Data General Data General 

Micrel Micrel Telmos Telmos 
Micro Eng Micro Circuit Engineering Teltone Teltone Corporation Data I/O Data I/O Micro Innov Micro Innovators 

Data Trans Data Translation Micropac M:cropac Industries 
TI Texas Instruments 
Thomson·CSF Thompson·CSF Components Corp. Datel Datel-Intersil Micro Net M:cro Networks TMX TMX Datricon Datricon Corporation Micro Pwr Micro Power Systems Topanga Topanga Data Systems DOC Data Devices Corporation Micro Sci Micro Sciences Corp. Toshiba Toshiba America DEC Digital Equipment Corporation Micro Tech Microcircuits Technology Trans-Data Trans·Data Delco Delco Electronics Micro·link Micro·link Corporation TRW TRW·LSI Products DGM Digital Microsystems Micron Micron Technology 

Digelec Digelec Corp. MilerTron MilerTronics 
Digitek Digitek, Inc. Miller . Miller Technology Unitrode Unitrode 
Dionics Dionics Inc. Mitel Mitel Semiconductor Universal Universal Semiconductor, Inc. 
Dist Comp Distributed Computer Systems Mitsubishi Mitsubishi Electronics 
Divers Tech Diversified Technology MMI Monolithic Memories, Inc. Vantage Vantage Data Products MonosH Monosil VTI VlSI Technology, Inc. 
E-HI E-H International, Inc. MonSys Monolithic Systems Corp. Votrax Votrax 
Elind Elind Elettronica Industriale Mostek Mostek 
Ellnstr E & l Instruments Motorola Motorola Semiconductor 
EMM EMM MRC MRC Systems Weitek Weitek Corporation 
Emulogic Emulogic Inc. Murray Murray Consulting Western Western Digital 
Epson Epson America, Inc. Wintek Wintek Corp. 
ETI Micro HI Micro National National Semiconductor 
Exar Exar Integrated Systems NCR NCR Corp., Microelectronics Xicor Xicor, Inc. Division Xycom Xycom NEC-EA NEC / Electronic Arrays Division 
Fairchild Fairchild NEC Electron NEC / Electron Division 
Ferranti Ferranti Electric NEC Micro NEC / Microcomputer Division Zendex Zendex Corp. 
Fujitsu A Fujitsu America Nitron Nitron Zilog Zilog 
Fujitsu Fujitsu Microelectronics, Inc. Nortek Nortek Zymos Zymos Corporation 
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TEXAS INSTRUMENTS 

Logic Array Products 

Texas Instruments provides several distinct families of VLSI Logic Arrays. 
Master bars are processed using low-power Schottky TTL Logic (LPSTTL) with 
double-level-metal (DLM) routing interconnect, high performance Schottky
Transistor-Logic (STL) with triple-level metal (TLM) interconnect and 'low 
power, reverse silicon CMOS with DLM interconnect. These' arrays are mask 
configured to sati~fy unique logic requirements, allowing effiecient 
implementation of custom Ie functions, SSI/~SI logic replacement, and in 
many cases complete board replacement. 

The Low-Power Schottky TTL (LPSTTL) master arrays employ a cellular 
organization of NAND gates. Array interiors consist of low-power Schottky 
TTL gates with LPSTTL input/output buffers surrounding the periphery. 
Schott~y-Transistor-Logic (STL) master arrays likewise employ a cellular 
orgainization of interior gates. Each interior gate performs the INVERT 
function and is processed using high-performance STL technology. 
Input/output buffers on the TAT004/TAT008 are co~patable with low-power 
Schottky TTL while the TAT010/TAT020 buffers are compatible with either low
power Schottky TTL or high-speed ECL logic. THe CMOS master arrays employ 
an interior organization of basic NAND/NOR functional cells arranged into 
column structures. This array interior interfaces directly to low-power 
Schottky TTL logic via the periphery buffer organization. 

All Texas Instruments Master 'Arrays employ vertical and horizontal routing 
channels dedicated to signal interconnect. The LPSTTL arrays require manual 
interconnect routing, with predesigned/prerouted buffer logic functions 
referenced for ease of interconnect. All STL and CMOS arrays are supported 
by a fully integrated software design utility, assisting the user in 
specifying his logic design and test pattern set. This offers the 
capability for verification and analysis of the design prior to automated 
mask patterning of the specific logic function. This automated layout 
system is typically able to achieve an 80% utilization of internal logic 
gates. 

TIs advanced design automation system dramatically reduces engineering costs 
and turnaround time in the design of complex LSI/VLSI curcuitry. The 
totally integrated nature of the design data base allows a completely 
automated design technique for high-density logic arrays - from simulation. 
and verification through layout and routing. 

To a~cess this. system, you need only 
circuit and its test conditions 
languages: .Hardware Description 
Language (TDL). 

describe the 'functionality of your 
using TIs computer readable design 

Language (HDL) and Test Description 

TEXAS INSTRUMENTS 
INCORPORATED 

posr OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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TEXAS INSTRUMENTS 

Logic Array Products (Continued) 

HDL is a hierarchical block-structured design language which allows the user 
to describe logic circuitry in multiple levels of detail. Essentially, 
user-created logic blocks are interconnected with TIs predesigned software 
functions in order to define the structure and functionality of the overall 
design. The user blocks and software functions are defined via HDL; 
interconnecting them is achieved by referencing logic subroutines and 
assigning I/O signal variables. These logic blocks are interconnected to 
build larger sections of circuitry until the entire function is defined. 
Signal cirticality may be assigned at each level of interconnect as a 
forward-looking aid to routing. Actual package pin locations are assigned 
at the final "design block" level. 

2 TDL is used to define inputs and outputs for simulating the total logic 
~ function. I/Os are defined as TDL vectors, specifying both input logic 
E levels for circuit simulation and expected output levels for verification 
2 with simulated results • ..... en 
c 
en 
tU x 
Q) 

f-
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TEXAS INSTRUMENTS 
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CUSTOMER 

REOUIREMENTS 

• DYN.A.MIC ANALYSIS 

• FAULT COVE"RAGE 

TEXAS INSTRUMENTS 
Logic Array Products 

TEXAS INSTRUMENTS 

EXTRACTION 

• GEOMETRIC 

. Design Support 

Designing logic arrays requires two parties: Texas 
Instruments and you. TI provides design automation 
facilities staffed by experts and you provide the 
requirements of your logic design. To make this 
process more convenient, TI is enlarging its 
computer and engineering support resources. 
Assistance is available at either TIs Houston logic 
array facility or at Regional Technology Centers 
(RTCs) located in Boston, Chicago, Los Angeles, 
Santa Clara, Dallas and Atlanta. Design automation 
software may be accessed through these facilities 
or via dial-up communications links tied directly 
to TIs computing network in Dallas. 

This network provides closed-loop customer support 
throughout the entire logic array design cycle: 
From initial training and documentation; through 
actual design, analysis and consulting services; to 
computer interfacing for communications and remote 
entry of batch jobs •. TI concentrates resources in 
areas of greatest customer need to assure cost
effective support and effective communications. 

REGIONAL TECHNOLOGY CENTER'S 
FULL SPECTRUM OF SUPPORT 

Texas Instruments technology centers are staffed 
with experienced systems analysts and design 
engineers who examine your circuit applications and 
determine design feasibility for TI Logic Arrays. 
They compare specific logic design requirements 
with the capabilities of the various array products 
in order to determine which master array best 
satisfies your design. Next, I/O requirements are 
considered in order to specify packaging needs. 
Special requirements and design advice may then be 
discussed. in order to reduce potential test or 
environmental difficulties. 

TI 
RESOURCES 

© Ie MASTER 1983 

SYSTEM & COMPONENTS 
DEMONSTRATIONS 

TOTAL DESIGN 
RESPONSIBILITY 

CONSULTING 

LEASE TIME ON 
EQUIPMENT 

SEMINARS & TRAINING 
COURSES 

HOT LINE SUPPORT 

SYSTEMS ANALYSIS 

The results of these analyses are product/package 
recommendations which capitalize on the technical 
capabilities of TIs Logic Array families to provide 
the most cost-effective solution to your design 
requirements. This service is extended at no 
charge for logic array applications. Full system 
feasibility analysis is also available whenever 
full system partitioning will be the initial 
procedure. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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TEXAS INSTRUMENTS 
Logic Array Products 

Design Support 

AUTOMATED ARRAY DESIGN SYSTEM TIs automated design system is driven by two 
standardized design lasnguages: Hardware 
Description Language (HDL) and Test Description 
Language (TDL). These languages are used 
hierarchically to ~efine complex logic functions in 
a generalized format for compilation into a 
computer-readable database. The data is then 
accessed by TIs automated design software for 
simulation, analysis, autorouting, and array 
fabrication. 

TRAINING SCHOOL 
OBJECTIVES 

TO PROVIDE CUSTOMER TRAINING ON OESIGN PRO
CEDURES - SUFFICIENT DETAIL IS GIVEN TO ALLOW 
CUSTOMERS TO PROCEED WITH THEIR OWN DESIGNS 

• COURSE IS VERY PRACTICAllY ORIENTATED (HANDS 
ON EXPERIENCE) 

COURSE CONTENT 

DAY 1 OAY 2 
Introduction STLI ASTL 
& Overview Design Rules 
Wired And JCL 
Logic N~twork 

Introduction to Workshop 
HDL Run HDL 

DAY 3 DAY 4 
Introduction to Inlroductionto 
TOL. CSL Load Checker 
SIMCL Testability 

Analyzer 
Workshop 
Run Load 
Checker 
Testability 
Analyzer 

Workshop Introduction to 
Run TDL Test Pattern 

Grading 
Workshop 
Run Grader 

• N.B. DETAILED CONTENT & COURSe NOTES AVAILABLE 4081 

4542 

DAYS 
Workshop 
Packaging & 
Thermal 
Considerations 

Tour Automated 
Layout 
Processing 
Facilities 

This procedure leads to the quickest, most reliable 
arid m6st cost-effective method for designing LSI 
circuits. To acquaint you with these new design 
techniques, a complete line of user documentation 
and training seminars is provided by Texas 
Instruments. The documentation consists of a 
detailed Logic Array Designers 11anual, data sheets 
of logic array characteristics~ information packets 
on library-accessible predesigned software 
functions, and related technology notes. This 
information may be purchased separately for 
individual user study. However, the preferred 
training process is through attendance at the 
specially coordinated technology classes offerd at 
any of the various technology centers. Presently, 
two level of structured class study are offered, 
with advanced instruction available informally to 
experienced users. 

This class structuring offers a concise one-day 
introductory seminar aimed toward technical 
managerial-level personnel. The focus is on the 
cost-effective benefits of designing with Texas 
Instruments . design automated logic arrays. 
Business issues, present and future technological 
comparisons, and an analysis of the pre-engagement 
decision process conclude this general overview. 

A more detailed design-level instruction is o~fered 
during the second, five-day session. This course 
familiarizes engineering personnel with the 
techniques and capabilities of TIs design languages 
and automated software system. Actual workshop 
experience is stressed throughout. Further, 
advanced instruction on behavioral design analysis, 
use of ~ransportable software routines and advanced 
simulation/timing techniques are also offered on an 
individual basis for the experienced designer 
interested in accessing these capabilities. 

TEXAS INSTRU~,ENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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TEXAS INSTRUMENTS 
Logic Array Products 

Design Support 

CUSTOMER-DESIGN AUTOMATION 
INTERFACE OPTIONS 

REGIONAL 
TECHNOLOGY CUSTOMER 

CENTERS CUSTOMER INTERACTIVE CUSTOMER COMPUTER CENTER 
BATCH TERMINAL TERMINAL 

COMPATIBILITY REQUIREMENTS 
FOR DIRECT DIAL-UP INTERFACE 

TO TILADS AUTOMATION SOFTWARE 

REQUIREMENT 

• M(}DEM INTERFACE PORT 

• DE(}fCATED PHONE LINE FOR 
MODEM/D.A.A. 

• MODEM: 

- BELL TYPE 201C (2400 BAUD) 
- BELL TYPE 208B (4800 BAUDI 

• COMMUNICATioN PROTOCOL: 
- IBM 3780 

RESPONSIBILITY 

REQUIREMENT (}F CUSTOMER 
SYSTEM 

CUSTOMER/TI 

CUSTOMER/TI - MODEM SUPPLIER 

CUSTOMER SYSTEM RESIDENT 
EMULATOR 

EXCEPTIONS: THE ABOVE OUTliNE REPRESENTS A MINIMUM COST AP
PROACH TO D.A. - CUSTOMER COMPUTER INTERFACE. 
OTHER MODEM/PROTOCOL SELECTIONS ARE ACCEPTEO. 
HOWEVER, SPECIAL HAROWARE/SOFTWARE/CONSULTING 
REQUIREMENT MAY ADD TO THE CUSTOMER COST. 

After the circuit description and test vector 
condtions are coded, access to simulation and 
analysis software is required to exercise your 
design. Texas Instruments has developed an in
house, closed-loop design system consisting of 
routines for logic description and compilation, 
logic simulation, testability analysis, 
interco~nect rule checking, and test vector 
grading. Depending on the extent of your design 
automation capabilities, access to_some or all of 
these routines may be required. TI offers a 
variety of accesses into its centralized computer 
network. 

The simplest interface is through private terminal 
access available at Houston and each local RTC. 
Terminals may be reserved by advanced notification. 
This allows edit, store and print fuctions on the 
local hardware, while maintaining remote job entry 
into TIs central design automation facility for 
batch ~ccess to the design automation simulation 
and analysis routines. 

Customers with sufficient in-house computing 
hardware may access the T1 design automation system 
via a variety of dial-up links. This dial-up 
capability requires your system to support local 
edit, storage, and print functions in order to 
format the HOL/TDL data and print processing 
results. Communication to T1 facilities for 
processing is done by emulating IBM 3780 data 
communications to transmit bits over dial~up 

telephone lines. MODEMs are used for 
modulation/demodulation of transmitted signals, and 
either 2400 or 4800 bit-per-second line speeds are 
supported, depending on requested data transaction 
rate. This procedure is generally followed in 
order to minimize your charges. Systems analysts 
located at the RTC will assist in the determination 
of the most appropriate communications link. 

Communication ports are available for transmission 
access at either central or regional facilities. 
Customer charges are figured according to total 
computer and telephone line usage. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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TEXAS INSTRUMENTS 
Logic Array Products 

Design Support 

TRANSPORTABLE DESIGN UTILITY 
• PURPOSE: TO PROVIDE A TRANSPORTABLE LOGIC ARRAY DEVELOPMENT 

SYSTEM FOR COMPILATION ON CUSTOMER IN·HoUSE COMPUTING 
FACILITIES, 

• CAPABILITIES: 

• INITIAL RELEASE 
- HDL, TDL COMPILER/SYNTAX CHECKER 
- INTERCONNECT (TECHNOloGYI CHECKER 
- TESTABILITY ANALYZER 
- INTEGRATED, EVENT·oRIVEN SIMULATOR 

• FUTURE RELEASES 
- TEST PATTERN GRADER W/RANDoM FAULT SIMULATION 

CAPABILITY 
- ROUTABILITY ANALYZER 
- PREDEFINED SOFTWARE FUNCTION LIBRARIES WITH 

SORT/MERGE/MINIMIZATION ROUTINES 

• INITIAL TARGET MACHINES: 

• DEC 111780 WITH VMS OPERATING SYSTEM 
• IBM 4341 OR LARGER MAINFRAME WITH IBM OS OPERATING SYSTEM 

• TARGET MACHINE REQUIREMENTS: 

• 32 BIT ADDRESSING STRUCTURE 
• PASCAL COMPILER (WIRTH STANDARD PASCALI' 
• 512 K BYTES USER PARTITIONED MAIN MtMURY 
• 50 M BYTE DIRECT ACCESS DISK 

Customers with in-house' minicomputer/mainframe 
facilities will be able to install a Transportable 
Design Utility (TDU) package for in-house circuit 
design analysis. The TDU includes the HDL 
compiler/syntax checker, TDL compiler, an 
interconnect rule checker, a '4esign testability 
analyzer, and an event-driven logic sim~lator. 

Later, the TDU will include a routability analyzer 
and test pattern grader as transportable utilities. 

The TDU is written in Pascal. Initially, object 
code will be available for installation on VAX 
11/"180 computers with the DEC VMS Operating System 
and the IBM 4341 or larger mainframes. TDU 
versions are also planned for other 32-bit 
computers with Pascal compilers and adequate system 
resources: Typically 512K bytes of main memory for 
user tasks, SOM byte direct access disks, and 
sufficient user resident support to aid in 
integrating the design routines into the new 
operating environment • 

Regardless of environment, the TDU allows you to 
utilize all or part of the design automation 
software on an in-house development system. 
Result: Cost-effective use of both yuur hardware 
and the TI software. 

Customers with adequate design automation software 
systems may design and test their logic circuitry 
using their iIJ,-house,resources and then translate 
the resulting databases to HDL/TDL format for 

transmission to a TI support facility. Texas 
Instruments personnel are available to work with 
you to validate the translation stage of this 
process. Once check-out is performed, HDL/TDL 
databases may be transfered directly to TIs 
automated layout and routing \facilities. The 
database transfer may be accomplished via either 
direct dial-up telephone communications or 9-track 
800/1600 BPI magnetic tapes. This final interface 
technique minimizes your expenditures by maximizing 
use of you in-house resources in the design and 
analysis prior to the logic placement and routing 
analysis performed by Texas Instruments. 

TEXAS)NSTRUMENTS 
I NCOR POR AT ED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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TEXAS INSTRUMENTS 
Logic Array Products 

Design Support 

The software function library (SFL) is a 
collectin of software files tha~ describe 
logic functions most commonly used by 
logic designers. The most frequenty used 
TTL SSI/MSI functions were selected and 
have been implemented by Texas 
Instruments in Schottky-Transistor-Logic 
(STL). TI provides this library as a 
convenient starting point for designing 
logic arrays. 

* Provides standard and frequently used functions 
for the design engineers convenience. 

* Aids the user to understand Harware Description 
Language and coding techniques. 

* Reduces design effort to develop its own files and 
eliminates the need to document for general 
usage. 

* Accelerates translation and verification of an 
existing SSI/M~I system into logic array(s). 

* Reduces turn-around time for logic array 
prototype implementation. 

For more information on TIs Logic Array family, please contact the RTC in 
your region 6r call the Houston Logic Array Department. A list of contacts 
is provided below. 

© Ie MASTER 1983 

ATLANTA REGIONAL TECHNOLOGY CENTER 
BOSTON REGIONAL TECHNOLOGY CENTER 
CHICAGO REGIONAL TECHNOLOGY CENTER 
DALLAS REGIONAL TECHNOLOGY CENTER 
N. CALIFORNIA REGIONAL TECHNOLOGY CENTER 
S. CALIFORNIA REGIONAL TECHNOLOGY CENTER 
HOUSTON LOGIC ARRAY DEPARTl1ENT 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 7526~ 

404/452-4686 
617/890-4271 
312/228-6008 
214/680-5096 
'408/980~0305 
714/641-2064 
713/490-4051 
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TEXAS INSTRUMENTS 
Logic Array Products 

Logic Array Master Bars 

DEVICE GATE MINIMUM INTER- AUTOROUTIBLE INTERNAL INTERNAL TOTAL ARRAY NO 
~'UMBER TECHNOLOGY PROCESSING CONNECT GATE COUNT GATE GATE POWER STATIC POWER SIGNAL 

GEOMETRY PROPAGATION DISSAPATION DISSAPATION PADS 
(MICRONS) DELAY(TYP) (TYP) 

JUNCTION DOUBLE 
TAL002 ISOLATED 4.5 LEVEL 200 5.0ns 1.25mw 28 LPSTTL METAL 

(DLM) 

JUNCTION DOUBLE 
TAL004 ISOLATED 4.5 LEVEL 400 5.0ns 1.25mw 900mw 42 

LPSTTL 
rDII,TM,)L 

JUNCTION TRIPLE 
400· TAT004 ISOLATED 4.5 LEVEL 2.5(15 600 f.J.W 1.4W 76 

STL METAL 
(TLM) 

JUNCTION TLM 
800· TAT008 ISOLATED 4.5 2.5ns 600 fJ.W 2.0W 104 

STL 

OXIDE TLM 
1000· TAT010 ISOLATED 2.0 1.0n5 300 fJ.W 1.0W ~8 .NOTE 6 STL 

OXIDE TLM 
2000· TAT020 ISOLATED 2.0 1.0ns 300 fJ-W 1.5W 120 

STL 

REVERSE DLM 
1000· ~5~~ZW AT TAC010 SILICON 3.6 6.0ns 10fJ-W 64 

.NOTE 6 CMOS 

.FULLY AUTOROUTABLE 

DEVICE INPUT OUTPUT OPERATING POWER It<> MAX TOGGLE BASIC GATE NUMBER BUFFERS BUFFERS FREE AIR SUPPLY BUFFER FREQUENCY LOGIC (MAX) (MAX) TEMPERATURE ±10% COMPATIBILITY (0 FLIP-FLOP) FUNCTION 
RANGE (VOLTS) 

TAL002 30 30 0° C - 70° C +5 LSTTL 
4-INPUT 

25 MHZ NAND GATES 

TAL004 42 42 0° C - 70° C 
4-INPUT 

+5 LSTTL 25MHZ NAND GATES 

TAT004 76 38 0° C - 70° C +5,+2 
WIRE-AND 

LSTTL 80MHZ INVERTER 

0° C - 70° C 
WIRE-AND TA,'008 104 52 +5.+2 LSTTL 80MHZ INVERTER 

.NOTE I .NOTE 3 .NOTE 5 .NOTE 5 
TAT010 88 44~STD LS) 0° C - 70° C +~3+2 LSTTL 160MHZ WIRE-AND 

19 BUFFER) -55°C - 125° C LSTTL INVERTER 
+2 ECL 

+5.+2,-5.2 LSTTL,ECL 

.NOTE 2 .NOTE 3 .NOTE 5 .NOTE 5 
TAT020 120 60~STD LS) 0° C -70°C +5,+2 LSTTL 

36 BUFFER) -55°C - 125°C +3 LSTTL 160MHZ WIRE-AND 
+2 ECL INVERTER 

+5, +2,-5.2 ,LSTTL,ECL 

.NOTE 4 CMOS 2-INPUT 
TAC010 64 64 0° C - 70° C +5 LSTTL 25MHZ NAND 

FOOTNOTES .1 THE TAT010 DEVICE HAS STANDARD/BUFFER OUTPUT BUFFER CAPABILITY. 44 OUTPUT BUFFER PADS ARE AVAILABLE, ALL 
OF WHICH ARE STANDARD LOW-POWER SCHOTTKY COMPATABLE. OPTIONALLY, UP TO 19 PREPOSITIONED OUTPUTS MAY 
OPERATE AS HIGH-POWER BUFFERS DRIVING HIGH CAPACITIVE LOADS • 

• 2 SIMILAR TO.l . DIFFERENCE IS TAT020 HAS 60 AVAILABLE OUTPUTS. ALL 60 OPERATE IN STANDARD LOW-POWER 
SCHOTTKY MODE, UP TO 36 PREPOSITIONED OUTPUTS MAY OPERATE IN BUFFER MODE FOR HIGH CAPACITIVE LOADS. 

*3 TATOIO, TAT020 WILL BE QUALIFIED OVER TWO SEPARATE FREE-AIR OPERATING TEMPERATURE RANGES . 

• 4 TAC010 FREE-AIR OPERATING TEMPERATURE RANGE UNQUALIFIED AT PUBLICATION TIME. QUALIFICATION WILL EXTEND 
BEYOND STANDARD COMMERCIAL RANGE. 

*5 TATO 10, TAT020, OPERATE FROM SEVERAL POWER OPTIONS TO PROVIDE A VARIETY OF BUFFER INTERFACE CAPABILITIES. 

• STANDARD +5V, +2V, GND CONFIGURATION OPERATES INTERNAL STL BETWEEN +2 AND GND ~ +5V PROVIDES LSTTL 
BUFFER INTERFACE. 

• +3V WITH GND OPERATES STL ARRAY INTERIOR AND PERIPHERY BUFFERS PROVIDING LOW-LEVEL LSTTL INTERFACE. 

• -2V WiTH GND OPERATES STL ARRAY INTERIOR AND PROVIDES 10K ECL BUFFER INTERFACE. 

• +5V. +2V. GND. -5. 2V OPERATES STL ARRAY INTERIOR BETWEEN +2V AND GND. 
+5V PROVIDES LSTTL BUFFER CAPABILITY. -5. 2V ALLOWS OPTIO,NAL 10K ECL TRANSLATOR BUFFER SELECTION . 

• 6 PLANNED NEW PRODUCTS. 
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LOW COST ARRAYS 
for TIL REPLACEMENT 

FAMILY 

TECHNOLOGY 

LAYOUT 

INTERNAL GATES 

I ,0. BUFFERS 

Two Arrays 

TAL-004 
TAL-002 

In te rna I 
Gates 
500 
320 

1. 0, 
Buffers 

42 
28 

Established Double Level Metal Low 
Power Schottky, 

Designed for the user at his own location, 

-Single 5V Power Supply, 
-5nS Maximum Gate Delay at 1,25mW Gate Dissipation, 
-Toggle Rate 25Mhz, 
-Nineteen Standard Macros currently available, 

Current List 
-Standard True & Complement Input, 
-Nand Output, 
-Tristate OutPut, 
-Standard 1,0, 
-Open Collector Output, 
-Schmitt Trigger Input, 

DESIGN VERIFICATION 
-Closed Loop Logic to layout check, 
-Test Pattern & Design Rule Check, 
-Logic~Timing & Fault Simulation, 
-Easy access by user to TI software, 

DESCRIPTION 

LOW POWER SCHOITKY 
LOG I C ARRAYS 
TAL FAMILY 

The TAL family of devices are LOYI Power Schottky master slices \~hich are held in 
stock at TI, The master slices are converted into LSI slices by the deposition of two layers 
of metal accordin9 to an interconnection pattern drawn by the user on a TI supplied 
translucent grid, The resulting devices are tested accordinn to input-outPut logic patterns 
devised by the user~ and beco~e the user's proprietary LSI parts, 

A comprehensiv~ desian manual sets out the logic and layout rules for the process 
and also explains a simple shorthand 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 10Qic~layout and test patterns and results in a dialogue in which the user and 
TI work together to eliminate errors prior to mask fabricdtion, 
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LOW POWER SCHOTTKY 
LOGIC ARRAYS 
TAL FAMILY 

DESCRIPTION(continued). 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 in 
cases where a number of identical pieces of circuit occur in the design. 

As can be seen from Fig I~ the array consists of blocks of five input Nand gates 
of which any four are useable in anyone cell. The gates cons}st of output transistor TI 
and multi-emitter transistor T2. The emitter of TI is normally connected to ground and 
it's collector can feed UP to eight subsequent multi-emitter inputs within the array, The 
109ic desiqn rules for the interconnection of 9ates are explained in detail in the 

I des i gn manua I. 

TAL-(()4 TAL-002 

• • • CJ CJ c=J CJ • 
• • • DDDD • 
• DDDDD • • • 
• DDDDD • ffiO.W DDDD <m..rm 

• 
009/0\ 

• • • 
ffiOJID DDDDD rna..ND • • 

• CJCJC CJ • • DDDDD • 
• • 

DDDDD • • 
• • o BLOO< a= 20 

r-w ill (;; TES • • o Bun a= 10 
r-wID r~TES 

~ "'M-
• ()J']Wf CEl.l 

--
Four Input Nand Gate 

n COII~tor n Sese CJ1ta:t =stor 

CJ1t'J:t 12 COllector CJ1trct @] 
, IrAti" ;L I ' 
~ fi - J~ll [f;J 0 fil (p;1 CF.i c==:-
~ I 1:::=S~ i-I 1-11-1 r-=ry I I 
: H I.., I l-; ji t-i i~ I I 
i : 1 : ~ S~I tter I i I I I I I I ~ Sese I I 
, ' I • CarectICJl Cate irPJts CJ1ta:t +5'1 Four Input Nand Gate 

Fig 1 ARRAY STRUCTURE 
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LOW POWER SCHOTTKY 
LOGIC ARRAYS 
TAL FAMILY 

DESCRIPTION(continued) 

The TAL-004 has 500 internal four input Nand gates and the TAL-002 has 320. 
A single 5V power supply is needed for the arrays and both device types are 

available in 28 and 40 pin DIL plastic packages J with the oPtion alsPJ of a 20 pin 
package for the TAL-002. 

MANUAL LAYOUT 

A reproduction of thi translucent user layout grid is shown in Fig 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 levelJ Metal 2J 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 interconnectionsJ 
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 I.O's are supplied on a sheet 
similar to the user grid. 

ABSOLUTE MAXIMUM RATINGS OPERATING FREE AIR TEMPERATURE RANGE 
~-

TAL-002 TAL-004 UNITS 
Supply Voltage VCC • I ••••••••••••••••••••••• I •••••••••• I •• 7 7 V 
Input Voltage ••• 1,1 I ••••••••••••• I ••••• I •• I. I I •••••• I 7 7 V 
Operating Junction Temperature ••••• 1'1 I •••••• I ••••• I ••••• 150 150 °c 
Operating Free Air Temperature Ran ge ........... I •••• I I •••• 0 to 70 °c 
Storaqe Temperature Range I •• 1.,.1 •••••••••••••••••••••••• -65 to 150 °c 

RECOMMENDED OPERATING CONDITIONS MIN TYP MAX UNITS 
Supply Voltage Vcc 4.75 5.0 5.25 V 
High Level OutDut Current IOH I -400 uA 
Low Level Output Current IOL I 8 mA 
Input Rise Time tI 2.4 30 nS 
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LOW POWER SCHOTTKY 
LOGIC ARRAYS 
TAL FAMILY 

Fig 2 
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HIGH-PERFORMANCE 
ARRAY PRODUCTS 

• High-Performance Master Logic Arrays 

o Designed for Automated Layout 

o Mask Programmable 

o Supported by TI Software Design Utility 

• Choice of Two Master Arrays 

TAT008 
TAT004 

Internal 
Gates 

1008 
540 

I/O 
Buffers 

104 
76 

• High-Performance Schottky-Transistor-Logic 
(STL) Design 

o 2.5 ns Typical Gate Propagation 
Delay at 600 J1 W 

o 80-MHz Toggle Rate 

o Low-Power Schottky TTL Compatible Input 
and Output Buffers 

o -Inverting and Non-lnverting"lnputs Offered 

o Choice of 3-State Totem Pole and Open
Collector outputs 

description 

TAT SERIES 
STL LOGIC ARRAYS 

DECEMBER 1980 

The TAT series is a family of high-performance VLSI arrays, using Schottky-transistor-Iogic (STL) technology. The 
arrays can be mask configured to unique logic requirements, allowing efficient implementation of custom Ie functions, 
SSI/MSI logic replacement, and in many cases, complete board replacement. 

The master array employs cellular orga~ization, with channels dedicated to intercellular connections. The array interior 
employs high-performance STL gates wi~h low-power Schottky-TTL-compatible inputs and outputs. 

All Texas Instruments logic arrays are supported by a totally integrated software design utility, allowing the user to ' 
specify his logic design and test pattern set. This offers the capability of verification and analysis of the design prior to 
automated mask patterning of the specific logic function. The automated layout system is typically able to achieve an 
80% utilization of the internal gates. 

The TAT family is available in plastic and ceramic dual-in-line packages and ceramic chip carriers. The devices are 
specified for operation over the oOe to 700e temperature range. 
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TAT SERIES 
STL LOGIC ARRAYS 

array organization 

• • 
a 

DD DDD 
a 

D D 

a a 
a 

DD DDD 
a 

a a 
a 
a DD D-DD a 
a 
a 

DDDDD a 
a 
a DDDDD a 
D 
D DDDDD a 
a 

• 
TAT004 

• Bond pad locations reserved for supply voltages 

• No. of Cells 30 • No. of Gates 540 

• Cell Organization 5X6 • No. of Buffers 76 

• Power Pads 8 Max Inputs 76 
Max Outputs 38 

schematics of internal logic gates, inputs, and outputs 

TYPICAL OF ALL INTERNAL 
LOGIC GATES 

vee2-..---...... -----
6kn 
NOM 

I NPUT-e_-.... 

6 kn NOM 

---~- OUTPUT 4 

.... -~- OUTPUT 3 

----~- OUTPUT 2 

..... --~- OUTPUT 1 

EQUIVALENT OF ALL INPUTS 

veC1 --------~----
10 kn NOM 

INPUT-...... --I~ ... -..-

• 
• 
• 

• 
0 DDDDDDD D 
0 
D 
a DDDDDDD 0 
0 
D DDDDDDD 0 
D 
D DDDO.DDD 0 
D 
a DDDDDDD 0 
0 
a DDDDDDD D 
a 
0 
a DDDDDDD a 
D 
D DDDDDDD 0 
0 

• 
TATOOS 

No. of Cells 56 • No. of Gates 
Cell Organization 7X8 • No. of Buffers 
Power Pads 8 Max Inputs 

Max Outputs 

TYPICAL OF EACH 3-STATE AND 
TOTEM POLE OUTPUT 

------tit-- V ce 1 

120 n NOM 

OUTPUT 

TYPICAL OF EACH OPEN-COLLECTOR 
OUTPUT 

____ ~ OUTPUT 
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absolute maximum ratings over operating free-air temperature range 

Supply voltages, Vee1 (see Note 1) 

Vee2 
Input voltage ..... . 
Output voltage 

Power dissipation (see Figures 3 and 4): TAT004 
TAT008 

Operating free-air temperature range 
Operating junction temperature 
Storage temperature range 

NOTE1: All voltages are with respect to network ground terminal. 

recommended operating conditions 

Supply voltage, VCC1 

Supply voltage, V CC2 

Fan in (internal gate) 

Fan out !internal gate) 

High-level output current, 10H 

low-level output current, 10l 

Transition time at any input, tT 

Operating free-air temperature range, T A 

TAT SERIES 
STL LOGIC ARRAYS 

MIN 

4.5 

1.8 

204 

0 

7V 
3V 
7V 
7V 

1.4 W 
2.2W 

oOe to 70°C 
125°C 

-65°C to 150°C 

NOM MAX UNIT 

5 5.5 ,v 
2 2.2 V 

8 

4 

-400 J.LA 

8 mA 

30 ns 

70 DC 

electrical characteristics over recommended ranges of supply voltages and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT 

VIH High-level input voltage 2 V 

Vil low-level input voltage 0.8 V 

VIK Input clamp voltage 11=-18mA -1.5 V 

VOH High-level output voltage 10H = -400 J.LA 2.7 3.4 V 

Val low-level output voltage IOl=8mA 0.5 V 

10ZH 
Off-state output current, 

high-level voltage applied 
VO=2.4V 20 J.LA 

10Zl 
Off-state output current, 

low-level voltage applied 
VO=Oo4V -20 J.LA 

II Input current at maximum input voltage VI = 7 V 0.1 mA 

IIH High-level input current VI = 2.7 V 20 J.LA 

III low-level input current VI = 0.4 V 0.8 mA 

lOS Short-circuit output current~ -30 -100 mA 

Supply current from VCC1 I Input VI == 2.7 V 1.0 1.5 rnA 
ICC1 

(per buffer) I Output VO=Oo4V 2.0 3 mA 

ICC2 
Average internal gate supply current 

50% duty cycle 
from VCC2 (per gate) 

0.3 £2..5 mA 

I All typical values are at T A = 25
D

C, VCC1 = 5 V, VCC2 == 2 V. 

§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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TAT SERIES 
STL LOGIC ARRAYS 

switching characteristics of internal gate 

PARAMETER TEST CONDITIONS MIN TYP* MAX 

tpd Propagati"on delay time per gate Fan-in = 1, Fan out == 1 1.5 2.5 3.5 

Increased propagation delay time 
0.1 

for each additional input 
0.2 0.3 

Additional propagation delay time 

for each 10 mils of metalized 0.08 0.15 0.2 

interconnect pattern 

switching characteristics of input buffer 

PARAMETER TEST CONDITIONS MIN TYP'*' MAX 

tPLH Propagation delay time, low-to-high-Ievel output 1 2 4 
Fan-out == 1 

tpHL Propagation delay time, high-to-Iow-Ievel output 2 3.5 6 

switching characteristics of output buffer 

PARAMETER TEST CONDITIONS MIN TYP* MAX 

tpLH Propagation delay time, low-to-high-Ievel output CL=50pF, RL==2kf2, 4 7 1 1 

tpHL Propagation delay time, high-to-Iow-Ievel output See Figure 5 6 12 19 

tPHZ Disable time from high level 8 14 20 
tpLZ Disable time from low level CL==15pF, RL==2kf2, 6 10 15 
tpZH Enable time to high level See Figure 5 4 8 1 2 
tpZL Enable time to low level 5 10 16 

'*' All typical values are at T A == 2SoC, VCC1 = 5 V, VCC2 = 2 V. 

TYPICAL CHARACTERISTICS 
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AVERAGE PROPAGATION DELAY TIME 
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vs 
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FIGURE 1 
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FIGURE 2 
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The average propagation delay times typically fall within the shaded area over the operating free-air temperature range 
of the device. 
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TAT SERIES 
STL LOGIC ARRAYS 

static power dissipation graphs 

The following graphs show the maximum power dissipation for the TAT004 and T AT008. The graphs give Pmax for 
various combinations of gate and buffer utilization. For the given curves, it is assumed that half of the signals are inputs 
and half are outputs. For other combinations of inputs and outputs, the following equations may be used: 

TAT004: Pmax = 0.540U + 0.016B + 0.00641 
TAT008: Pmax = 1.008U + 0.016B + 0.00641 

U .is the percentage gate utilization 
B is the number of output buffers 
1 is the number of input buffers 

A bidirectional signal is counted as one input buffer and one output buffer. 

TAT004 
POWER DISSIPATION 

2.5,------------------, 

~ 2.0 
I 
c: 

.~ 

.~ 
o "1.5 

~" 
o co. 
E 

TA = o°c to 70°C 

~------40°C/W--------::;;--""'l 

10 SIGN /I.\..S 

E 1.0 
x f---==--"":::;""--60"C/W S 40SIGN/I.\..S 

~ 70° C/W----:::50 SIGN::.:./I.--:\..:::--..:::::.---:===--....:::::_~ 

~I 1:8:::;o02C::::IW-;,-~-~;;;;::.-=:::=;.~--~~-f~2..:.:=.""-~-~-.~;-.;-;~---liOo~00~C~/W-.9~0~o c~/w-:-1 
~ 0.5 

OL--L_~~_~ __ L--L __ ~~_~~ 
o 10 20 30 40 50 60 70 80 90 100 

Gate Utilization - % 

FIGURE 3 

TATOOS 
POWER DISSIPATION 

2.5 T A '= ooc to 70°C 

~ 2.0 
I 

c: 
o 

'" 0. 

:li 1.5 
o 
~ 
~ 
E 

t---------- 25°C/W ---------1 

~ 1.0 1=--"""----7"""~~~..-:::....-
~ 
x 
« 
~ 0.5 

70'C/W 

90°C/W 

O~~ __ ~~_~~ _ _L __ L_~_~~ 

o 10 20. 30 40 50 60 70 80 90 100 

Gate Utilization _ l,\,) 

FIGURE 4 

The horizontal lines indicate the maximum thermal resistance allowed from junction to ambient for a given power 
dissipation. 
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TAT SERIES 
STl lOGIC ARRAYS 

TEST 

POINT 

Cl 
(See Note A) 

Vcc 

LOAD CIRCUIT FOR 
BI-STATE 

TOTEM-POLE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

VCC 

F ROM OUTPUT __ k TEST 

UNDER TEST T POINT 

T
Cl 

= IS" Note AI 

LOAD CIRCUIT FOR 
OPEN-COLLECTOR OUTPUTS 

FROM OUTPUT 

TEST 
POINT 

UNDER TEST --~------~~~~ 

Cl 
(See Note A) 

1 
LOAD CIRCUIT FOR 

THREE-STATE OUTPUTS 

S1 

(See Note B) 

NOTES. A. CL includes probe and jig capacitance . 
S-: All diodes are 1N916 or 1N3064. 

INPUT 

IN PHASE 
OUTPUT 

-3 V 

I 
I 
-----0 V 

I- tpHl --1 

'--~I:---~-: -
I 
I 
I 
I 

VOL 

OUTPUT~ 
CONTROL 1.3 V 
(Law-level 1 '-_______ _ 

enabling) I 
r--- ·t PZ L---1 

~3V 

---4~.)-':--- ----- 0 V 

~tpLz4 

WAVEFORM 1 
(See Note C) 

: -t----~45V 
I S1 closed, 1.3 V 

I I S1 and 

: I S2 closed 

: S2 open 

~tPZH----1 
I 

I y ___ L "" 1.5 
I .,----VOl 
I 
r--tpHZ~ 0.5 V 0.5 V 

OUT OF PHASE 
OUTPUT 

t- tPlH--t 
I 
I 

WAVEFORM 2 
(See Note C) 

S1 open, 

S2 closed 

I 
--------:1 ..i-----VOH 

,-.- "" 1.!: 
S1 and 

(See Note F) S2 closed 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES, THREE.,STATE OUTPUTS 

NOTES: C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

4556 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. In the examples above;the phase relationships between inputs and outputs have been chosen arbitrarily. 
E. All input pulses are supplied by generators having the following characteristics: tr ,,;:;:; 15 ns, tf ,,;:;:; 15 ns, P R R ,,;:;:; 1 MHz, Zout 

~ 50 n. 
F. When measuring propagation delay times of 3-state outputs, switches S 1 and S2 are closed. 

FIGURE 5 
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HIGH-PERFORMANCE 

ARRAY PRODUCTS 

• High Performance Master Logic Arrays 
- Designed for Automated Layout 
- Mask Programmable 
- Supported by the Computer-Automated 

Texas Instruments Logic Array Design 
System (TILADS) 

• Advanced Schottky Transistor Logic (ASTL) 
Technology 

- 1 ns Typical Gate Delay @ 300 uW 
- DC to 150 MHz Toggle Frequency 

• Choice of Two Master Arrays 
Internal Typical Usable 
Gates Internal Gates 

TATOI0 1280 1000 88 
TAT020 2420 2000 120 

• Flexible Interface/Power Supply Options 

I/O 
Buffers 

- 5- and 2-Volt Supplies with Standard Low
Power Schottky TTL-Compatible I/O 

- Single 3.3-Volt Supply with Standard Low
Power Schottky TTL-Compatible I/O 

- Single 2-Volt Supply with ECL-Compatible I/o 

G Choice of Operating Free-Air Temperature Range 
- Commercial: 0 C to 70 C 
- Military: -55 C to 125 C 

Description 

• 

ASTL LOGIC ARRAY 

BAR MAP 

00000000000 
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00000000000 
00000000000 
00000000000 
00000000000 
00000000000 

The TATOIO and TAT020 are both members of a family of LSI Master Logic 
Arrays offered by Texas Instruments. These devices utilize Advanced 
Schottky Transistor Logic (ASTL) and can be mask-configured to unique 
logic requirements, allowing efficient implementation of custom IC 
functions, SSI/MSI logic replacement, and, in many cases,- complete board 
replacement. 

The TATOI0 and TAT020 employ a cellular organization with 1280 and 2420 
internal gates, respectively, arranged in cells containing twenty gates 
each. Internal gates are implemented in ASTL circuit technology, 
offering excellent speed/power - characteristics. Internal logic cells 
are separated by horizontal and vertical channels where interconnections 
between logic cells are made and whose size is optimized to accomodate a 
wide range of logic requirements. 

The periphery of each ASTL array is occupied by 88 and,120 I/O buffers, 
respectively, which are programmable to provide a wide variety of I/O 
functions. I/O electrical interface options include an Advanced Low
Power Schottky TTL-compatible interface, a 10,000 series EeL-compatible 
interface, and a low-voltage (3.3 v) interface. 

Additional information concerning a military-grade ASTL LOGIC ARRAY is 
available in a separate data sheet. 

TEXAS INSTRUMENTS 
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TEXAS INSTRUMENTS 
Logic Array Products 

Design Support 

The complete family of Texas Instruments Logic Arrays is fully supported 
by a totally integrated software design utility (TILADS), allowing the 
user to specify and· verify his logic design,' test patterns, and 
parametric requirements prior to hardware fabrication. The Automated 
Layout Subsystem which is typically able to interconnect 80% of the 
internal gates with no manual routing of interconnect metalization, 
utilizes the logic description database also, as does the Geometric rule 
verificaton and the Schematic verification subsystem. Use of TILADS 
design and verification capabilities offers maximum probability of 
successful customer prototype fabrication during the initial design 
cycle. The ASTL Logic Array user Supplies the TLADS utility with two 
databases, one for logic description and one for test description, which 
are input to the major subsystems of TILADS which then checks parametric 
and functional performance test description accuracy and completeness 
and logic design rule compliance. 

TATOIO and TAT020 are offered ,in two operating free-air temperature 
range versions: oOe to 70°C for commercial applications and -550 e to 
150°C for severe environments/military applications. Operating free-air 
temperature conditions are subject to array utilization, package 
selection and final end-use thermal environment. 

ARRAY ORGANIZATION 
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TEXAS INSTRUMENTS 
Logic Array Products 

Design Support 

TATOI0 

Number of typically usable gates 1000 
Number of gates 1280 
Cell organization 8 x 8 
Number of cells 64 
Power pads 8* 
Signal pads 88* 
Maximum inputs 88* 
Maximum outputs 44 

TAT020 

2000 
2420 

11 x 11 
121 

8* 
120* 
120* 

60 

*The use of an ECL translator interface I/O buffer requires the use of 
at least one additional power pad for the -5.2 volt supply pin, which 
simultaneously reduces the total number of available signal pads and 
maximum inputs. The use of high drive output buffers (output buffers 
designed to haridle large dynamic current loads) requires the use of an 
additional eight ground pins, which also reduces the total number of 
maximum signal pads and maximum inputs by eight. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFIcE BOX 225012 • DALLAS. TEXAS 75265 

© Ie MASTER 1983 4559 

en 
of-' 

C' 
0> 
E 
:J 
s... 

of-' en 
c 

en 
as 
X 
0> 
f-



en ..... 
c 
Q) 

E 
::J 
:I... ..... en 
c 
en 
a:s 
X 
Q) 

I-

LOGIC ARRAY PRODUCTS PACKAGE OPTIONS 

• Standard Dual-in-Line packages 

• Ceramic chip carriers for higher packaging densities 

.Pin grid arrays provide excellent thermal characteristics, through-the
board lOO-mil centers for standard assembly, and allow higher packaging 
densities than chip carriers. 

24-PIN 2B-PIN 40-PIN 4B-PIN 64-PIN 6B-PIN B4-PIN 10B-PIN 132-PIN 

TATOO4 TALOO2 TALOO2 

DUAL-IN-LiNE TATOOB TALOO4 TALOO4 
PLASTIC(N) - - - - - -
PACKAGES TATOO4 .TATOO4 

TATOOB TATOOB 

TATOO4 TALOO2 TALOO2 TATOO4 TATOO4 

DUAL-IN-LINE TATOOB TALOO4 TALOO4 TATOOB TATOO8 
CERAMIC(J) 
PACKAGES TATOO4 TATOO4 

I 

TATOO8 TATOO8 

TATOO4 TATOO4 

CERAMIC CHIP - - - - TATOO8 TATOO8 - -
CARRIERS 

TAT010 TAT010 TAT010 
CERAMIC PIN TAT020 TAT020 TAT020 GRID ARRAY 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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VLSI DESIGN TOOLS 
VLSI FOR THE SYSTEMS DESIGNER 

Vfl's VLSI Design System is a complete set of software tools to aid system 
designers in creating custom integrated circuits. It is based upon a design 
methodology developed to allow the designer to fully utilize the potential of 
VLSI The design approach is hierarchical, with successive decomposition of 
functions. Regular structures and minimized interconnect through cell-abutment 
are emphasized in order to efficiently utilize the potential of high-density MaS 
technology. Design rules are defined in terms of the scaling voriable lambda. 
Scalable design rules provide a degree of process independence, since 
designs can be automatically adapted to new processes. 

In support of this methodology, vn has developed a fully-integrated computer
aided design system to manage much of the detail inherent in a VLSI design. 
The design system is aimed at producing designs on time and with predictable 
performance: On time because design schedules are often critical to the 
success of a product, Predictability because the ability to foretell chip behavior 
and performance on "first silicon" greatly affects both cost and design time. 
Vfl's VLSI Design System gives designers a fully integrated set of IC design tools 
that result in short development times and high user confidence in early success. 

VTI's VLSI Design System produces a layout data-base in Caltech Intermediate 
Form (ClF). This data-base can be transmitted directly to silicon foundries, 
including VTI. 

VTI's VLSI Design System consists of three subsystems: the Kernel, which provides 
the basic capabilities; Graphics Editors, which offer improved designer 
productivity; and the Window Environment, which provides a simple, consistent, 
and powerful uS,er interface. 

THE KERNEL The Kernel includes five tools that form an integrated VLSI design system: 

• The VIP procedural design language is used to specify layouts in terms of 
parameterized high-level-language statements. This capability is particularly 
useful for cells which are repeated, either identically, or modified by 
parameters that alter their physical configuration or performance. 

• The VSIM switch-level simulator allows designers to validate logic deSigns 
before layout begins. This tool also verifies accuracy after layout is done. 

• The PLOT graphics utility provides graphic display. 

• The DRC design-rule checker helps ensure that the layout adheres to design 
rules. 

• The EXTRACT circuit extractor creates circuit models from the layout data-base 
for use by functional and performance simulators. Functional simulation can be 
used to verify the logic design. The performance of the extracted models can 
be analyzed in detail with circuit simulators such as SPICE. 

THE GRAPHICS EDITORS The Graphics Editors improve designer productivity by prov!ding a more 
powerful user interface. They are specifically intended for use on leaf cells, i.e. 
cells of 100 transistors or less. They include a symbolic editor (STICKS) and a 
geometric editor (LAYOUl). With STICKS, users work with a symbolic 
representation of their circuit. The computer does the detailed layout 
automatically and compacts it to the minimal area. The geometry editor can 
be used to optimize the area, speed or other characteristics of critical leaf cells. 
These tools speed the design of cells which do not occur often enough to 
require the development of a parameterized description in VIP, the procedural 
design language. After all of the leaf cells are defined, they can be extracted . 
simulated and interconnected by means of Kernel programs. 

VLSI Technology, Inc. -1101 McKay Drive - San Jose, CA 95131 - 408-942-1810 
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, 'Ii VLSI DESIGN TOOLS 
THE WINDOW ENVIRONMENT The Window Environment provides the user with a flexible interface to VTl's VLSI 

Design System. In this environment, designers can open an arbitrary number of 
display "windows". Each window occupies a user-specified portion of the 
display within which designers can create a memo, draw a cell, or occess the 
Kernel, etc. Windows can be freely opened, moved, re-sized or closed, as the 
designer wishes. They can be placed adjacent to each other to show different 
design elements at the same time, or overlapped to use the display-screen 
area more efficiently. 

A four-button cursor controller moves the display cursor so that designers can 
draw new elements or point to existing items displayed on the screen. 
Commands can be entered, and drawings made, by pressing buttons 
mounted on the cursor controller. 

BLOCK DIAGRAM OF THE SYSTEM 

DESIGN 
SYNTHESIS 

VNET 
LOGIC SIMULATOR 

STICKS 
SYMBOLIC DESIGN 

VIP PROCEDURAL 
DESIGN LANGUAGE 

LAYOUT EDITOR 

USER-DEFINED 
CELL COMPILERS 

VTICELL 
COMPILER LIBRARY 

4562 

CIF 

(CALTECH 
INTERMEDIATE 
FORM) 

DESIGN DATA 
BASE 

TEST VECTORS 

DESIGN VERIFICATION 

EXTRACT 
CIRCUIT EXTRACTION 1----." 

DRC 
DESIGN RULE CHECK 

,FOUNDRY 

PLOT 
GRAPHIC OUTPUT 

DESIGN SIMULATOR 

VSIM 
LOGIC 
SIMULATION 

SPICE 
CIRCUIT SIMULATION 
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WESTERN DIGITAL 
c o R p o R A T / o N 

WD1820 Logic Array Device 

FEATURES 

• SINGLE +5V SUPPLY 
• REPLACES 74LSXX LOGIC 
• MASK PROGRAMMABLE 
• THREE-STATE, OPEN COLLECTOR, OR TOTEM-POLE 

OUTPUTS 
• PROGRAMMABLE PULL-UP/PULL-DOWN RESISTORS 

ON ALL PINS 
• 130 LOGIC ELEMENTS 
• 10 "LS" LOAD DRIVE CAPABILITY 
• LOW POWER DISSIPATION 
• QUICK TURN-AROUND 
• 20 PIN DUAL-I,N-LiNE PACKAGE 

ZO vcc 

Z1 11 

Z2 Z15 

Z3 Z14 

Z4 Z13 

Z12 

Z6 Z11 

Z7 Z10 

Z8 Z9 

VSS C 10 

PIN DESIGNATION 

PIN SYMBOL NAME 

1-9 and ZO-Z15 Three-state 0 to 
12-18 Three-state 15 

11,19 10, 11 - InputO, 
Input 1 

Vss Vss GND 

Vee Vee +5V 

© Ie MASTER 1983 
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DEVICE DESCRIPTION 

ZO 

Zl 

zz 
Z3 

Z4 

Z5 

Z6 

Z7' 

Z8 

Z9 

ZlO 

Zll 

Z12 

Z13 

The WD1820 Logic Array Device contains 130 un
committed logic elements that can be interconnected 
to replace a large amount of discrete S.S.I. Logic func
tions. Unlike a cell matrix or gate array, this mask 
programmable device contains prefabricated logic 
elements such as NAND gates, NOR gates, '0' and 
'JK' Flip/Flops, and a variety of other functions. Gates 
and Flip/Flops are interconnected using a special cod
ing sheet, which is easily prepared directly from the 
user's schematic. This coding sheet is then digitized at 
the factory to produce a two-level mask. The mask is 
then applied to a pre-fabricated wafer, producing qualifi
cation samples typically 4 weeks after receipt of coding 
form. 

For Bus-Oriented applications, sixteen pins of the de
vice may be programmed for Three-State operation. 
These pins provide I/O capability, with standard TTL' 
Totem-Pole or Open Collector configurations. Two pins 
are provided as input only pins. All pins are program
mable with Pull-Up or Pull-Down resistors on-chip. 

The WD1820 is implemented in, N-Channel Silicon Gate' 
Technology operating from a single 5 volt power sup
ply. The device is available in either a plastiC or 
ceramic 20 pin Dual-In-Line package. 

DESCRIPTION 

Three-state, Totem-pole, or Open Collector I/O pins 

Input only pins 

Ground 

+5Volts ± 10% power supply input 

4563 
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WESTERN DIGITAL 
c o R P 0 T / o N 

WD1840 Logic Array Device 

FEATURES 

• SINGLE + 5V SUPPLY 
• REPLACES 74LSXX LOGIC 
• MASK PROGRAMMABLE 
• 35 PROGRAMMABLE THREE-STATE OPEN 

COLLECTOR, OR TOTEM POLE OUTPUTS 
• OVER 400 LOGIC ELEMENTS· 
• 2 ON-CHIP MULTIVIBRATORS 
• ON CHIP PLA FOR STATE MACHINE 

IMPLEMENTATION 

• TTL COMPATIBLE 
• QUICK TURNAROUND 
• AVAILABLE IN EITHER 40 OR 28 PIN D.UAL-IN 

LINE PACKAGE 

Zo 40 Vee 
Z1 2 39 Z32 

10 3 38 Z31 

Z2 4 37 Z30 

Z3 5 36 Z29 

Z4 6. 35 Z28 

Z5 7 34 Z27 

Z6 8 33 Z26 

Z7 9

B
32 Z25 

Z8 10 31 Z24 WD1840 
Z9 11 30 Z23 

Z10 12 . 29 Z22 

Z11 13 Z21 

Z12 14 27 Z20 

Z13 15 Z19 

Z14 16 25 12 

Z15 17 24 Z18 

11 18 23 Z17 

Z33/RC1 19 22 Z16 

Vss 20 21 Z34/RC2 

PIN DESIGNATION 

4564 

DEVICE DESCRIPTION 
The WD1840 Logic Array Device contains over 400 
uncommitted logic elements that can be inter
connected to replace a large amount of discrete MSI 
logic functions. It is an addition to the WD1820 
family, offering the designer extended 1/0 capability 
and more logic elements. The device also contains 
dual monostable multivibrators and a general pur
pose PLA configured as a state machine. 
Unlike a cell matrix or gate array, this mqsk 
programmable device contains prefabricated logic 
elements such as NAND, NOR, XOR, and Invertor 
gates, plus 'D' and 'JK' or 'JK' Flip/Flops. Gates and 
Flip/Flops are interconnected using a special coding 
sheet, which is easily prepared from the user's 
schematic. This coding sheet is then digitized at the 
factory tOI produce a two-level mask. The mask is 
then applied to a prefabricated wafer, producing 
qualified s~mples typically 6 weeks after receipt of 
the coding fprm. 
The WD1840 is implemented in N-channel silicon 
gate technology operating from a single + 5V power 
supply. It is axailable in either plastic or ceramic DIP. 

/ TABLE 1 
PIN 

NUMBER SYMBOL DESCRIPTION 
1,2,4-17, Zo-Z32 Programmable 1/0 pins 
22-24, with 3-state, open 
26-39 collector, or push pull 

capability. 
3, 18, 25 10-12 Input only pins. 
19 and 21 Z331RC1 Programmable 1/0 pins 

Z34fRC2 which at So can function 
as the external RC inputs 
for one-shot operations. 

20 VSS Ground 
40 VCC + 5V ± 10% power 

supply input. 

LOGIC ELEMENTS 
The WD1840 contains thirty-five input/output buffers 
and three input only buffers. The 1/0 buffers are high 
current inverting drivers and receivers used to i~
terface an external pin to the internal logic elements. 
These 35 pins may be programmed for either thre&,~ 
state, totem pole, or open collector operation. When 
programmed for three-state operation an active high 
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