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WILL THERE BE ENOUGH CHIPS FOR THE AUTO MAKERS?/103 

The protection tradeoff: circuit breakers vs fuses/163 

How to determine the cost of LSI testing/171 it 0DOLLARS 
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3466A DIGITAL MULTIMETER 
HEWLETT • PACK APD 

OFF 

Introducing HP's 3466A... 
The right DMM decision means 11.N sensitivity 
and autoranging in a 4-1/2 digit instrument. 

HP's 3466A gives you unusual measurement capability in a 41/2-
digit DMM. It combines autoranging with 1 µV sensitivity...mean-
ingful resistance measurements to 1 milliohm with 2-terminal 
convenience.., true RMS measurements with 100 kHz band-
width.., plus 5-function measurement ease. 

High ohm and DC volt sensitivity. Now you can make 
meaningful measurements to 1 µVDC or 1 milliohm with this 
autoranging 41/2 -digit DMM. And for low value resistance 
measurements, you no longer need 4 terminals. The 3466A 
has a front-panel adjustment that lets you null lead and contact 
resistance for faster, more convenient measurements. 

True RMS Volts and Amps. In addition to 100 kHz band-
width with true RMS, the 3466A gives you selective DC coupling 
to allow DC plus AC true RMS measurements with both cur-

rent and voltage (two extra functions 
you normally don't get with a DMM). 
That means you can make direct true 
RMS measurements of signals such as 
digital pulse trains as well as sinusoidal 
waveforms. 

V Q 
AUTO 

Battery and probe versatility. You can operate this DMM 
from the line or select rechargeable lead-acid batteries for com-
plete portability. And to extend the 3466A's capabilities, choose 
from HP's wide selection of probe accessories, including RF, 
high voltage and Touch-Hold probes. 

Diode test. Another added plus with the 3466A is a diode 
test function to speed equipment servicing and troubleshooting. 
You simply select the 1 kfi range and read the forward voltage 
drop across the diode or transistor junction directly on the 
digital readout. 

Excellent DMM value. Five standard and three extra mea-
surement functions, 38 ranges autoranging, high sensitivity, true 
RMS and more. And the 3466A has survived HP's demanding 
abuse testing program, so you know it's rugged and reliable. 
That's a lot of capability for a $575* DMM. Or get battery 
portability for $650*. Your HP field engineer has all the details. 
contact him today. HP DMM's 
*Domestic U.S.A price only 
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1507 Page Mill Road. Palo Alto, California 94304 

For assistance call Washington (301) 948-13370, Chicago (312) 
255-9800. Atlanta (404) 955-1500. Loa Angeles (213) 877-1282 
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Treasury 
of Opto Applications from HP. 

Just published by McGraw-Hill and authored by the Applications Engineering Staff of Hewlett-Packard, this 
279 page hardcover- book is a practical guide to the use of optoelectronic devices and a foundation for 

the development of new design ideas. This volume demonstrates the broad potential for optoelectronic 
components and how to take full advantage of optoelectronics in your design. 

In nine chapters you'll explore everything from theory of LED operation. design, packaging, contrast 
enhancement — even practical insights into photometry and radiometry. 

You'll find this book not only invaluable, but will find it can save 
you time, effort and costs. Contact any HP franchised distributor for your 
copy — only S19.25e ask for HPBK-1000. Optoelectronics Application 

Manual. They're in stock right now. In the U.S., contact HEWLETT de PACKARD 
Hall-Mark, Hamilton/Avnet, Pioneet Standard, Schweber. Wilshire or 
the Wyle Distributon Group (Liberty-Elmar) for immediate delivery. 

In Canada. just call Hamilton/Av net or Zentronics. Ltd. -U.S. Domestic pricv only 1507 Page Mill Road, Palo Alto, California 94304 

01704 For assistance call: Washington (301)948-6370. Chicago (312) 255-9800 Atlanta (404) 955-1500. Los Angeles (213) 877-1282 
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A quick memory test. 
Feature Our HP 1000 and 21MX Computers Your old favorite 

Memory High density 128K byte modules use new 16K bit FtAMs — 
just 5C per byte for 595 ns speed. Capacity to 1.8 million 
bytes with 22-bit Hamming fault control. Cache-speed 350 ns 
MOS/RAMs available for all memory. 

CPU Mapped memory addressing for large memories. Standard 
instruction set includes floating point, integer arithmetic and 
data communications. Fast FORTRAN processor optional. 
User microprogramming. Direct memory access rates up to 
2M bytes/sec; microprogrammed burst rates to 11.4M 
bytes/sec. Standardized interfaces for parallel ITL, process 
I/O, RS232 and IEEE-488 (HP-IB). 

Reliability Memory parity standard; fault control also available. Auto-
matic microcoded diagnostics. High resistance to shock, 
vibration and temperature variations. Brown-out proof 
power supply. Battery backup. 

Cost 16K byte 595 ns memory: $ 488* 
128K byte 595 ns memory : $4,160* 

32K byte 350 ns memory : $1,365* 

21MX M-Series computer with 256K bytes of fault control 
memory : $13,910* 
HP 1000 System with 21MX E-Series computer and 512K 
bytes of fault control memory, 15M bytes of disc storage. 
CRT console with dual mini-cartridges, and RTE operating 
system: $62,300 

Delivery 3 to 12 weeks ARO. 
dlik 

*Prices shown include 35% OEM quantity discount. 
All other prices U.S. domestic list. 

It's hard to beat that kind of performance at those prices. Especially 
when you have one of our compatible RTE operating systems to make it all 
work smoothly. So if your old favorite didn't score 
very well in this test, maybe you should call your 
nearest HP sales office listed in the White Pages. Or 
write to Robert Puette, Hewlett-Packard, 11000 Wolfe 
Road, Dept. 609, Cupertino CA 95014. The quicker, 
the better. 
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Highlights 

Cover: Favorable tradewinds to continue, 125 

In 1978, the consumption of electronics 
equipment for the U. S., Europe, and Japan 
will top $100 billion for the first time. The 
consensus forecast from Electronics' annual 
survey is for an 11.7% growth. 
The U. S. will once again set the pace with 

a predicted gain of 13% (p. 126). European 
consumption should rise 9.3%, about the 
same as last year (p. 138), while Japan 
expects a slight decline in its growth rate, 
to 10.4% (p. 143). 
Cover by Art Director Fred Sklenar. 

ECL boom inspires tester makers, 106 

With the use of emitter-coupled logic 
growing in such applications as mainframes, 
makers of automated test equipment are 
launching new gear to handle the subnano-
second ECL devices. One controversy: 
should the equipment also be capable of 
testing metal-oxide-semiconductor devices? 

Choosing between circuit breakers and fuses, 163 

To protect semiconductor devices, circuit 
breakers may serve as well as fuses. In 
many applications they may be truly cost-
effective, as well as fast enough. 

How to figure the cost of LSI chip testing, 171 

Testing large-scale integrated devices is 
expensive—as much as $10 a chip. An 
analysis of how much it costs to test a chip 
will tell the product designer if he can afford 
to use it. 

And in the next issue . . . 

Taking the mystery out of software design 
. . . using optical couplers in the linear 
mode . . . selecting the right analog 
input/output boards. 
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T his issue, as you are sure to gather 
" from our cover and the 24-page 
report starting on page 125, contains 
our annual effort to quantify what 
we qualitatively describe the year 
around —the electronics industries. 

White that report gives the big 
picture, you will discover that other 
sections of this issue have significant 
stories homing in on a particular 
area of interest and giving the kind 
of details that an overall summary 
just can't cover. 

Take as an example the lead 
Probing the News article by our 
New York bureau manager, Bruce 
LeBoss. It raises the question: will 
Detroit's needs outpace capacity? 
Then it goes on to present the opin-
ions of Andrew S. Grove, executive 
vice president of Intel Corp., who 
believes the semiconductor industry 
is way behind schedule if it is to 
meet what he sees as the automobile 
makers' needs three or so years down 
the road. 

Significantly, other parties to the 
problem—including the auto compa-
nies and other semiconductor execu-
tives—do not share his viewpoint. 
For a report on what is going on in a 
segment of the market that will have 
a bigger and bigger impact on the 
electronics market —and on the fig-
ures we compile—in the years 
ahead, turn to page 103. 

Another example of our continuing 
'coverage follows right on the 
heels of that article. On page 106, 
you'll find the story behind the 
important step-up in the application 
of emitter-coupled devices, and what 
that boost means to the makers of 
semiconductor test equipment. 

Written by our Los Angeles 
bureau manager, Larry Waller, the 

report credits the sudden spurt in 
ECL to mainframe computer makers. 
For tester makers the growing mar-
ket represents an opportunity, but 
Ect.'s speed and noise vulnerability 
presents a very real challenge. 

RAassachusetts, once a prime 
'hotbed for nurturing advanced 
technological innovations and en-
terprising technological entrepre-
neurs, has run into trouble. In fact, 
some governmental policies and pri-
orities may be driving high-tech-
nology companies from the state. 
On page 112, we present an eye-

opening account of the effort by the 
Massachusetts High Technology 
Council in helping—some would say 
forcing—the state to overcome some 
of its economic problems. Larry 
Curran, our Boston bureau manager, 
put together the story. He notes that 
high on the list of concerns voiced by 
council members, a majority in elec-
tronics, are difficulty in finding 
enough educated, skilled workers 
and the state's high personal income 
taxes, which tend to stifle out-of-
state recruitment efforts. 
Some council members talk of an 

antibusiness climate that has been 
developed over the past couple of 
decades, and others talk of the need 
to make legislators aware of the 
long-term economic implications of 
the actions they are taking. But all 
talk of the necessity of turning 
Massachusetts around. 

January 5. 1978 Volume 51. Number 

Published every other Thursday by McGraw-Hill. Inc. Founder: James 
H. McGraw 1860-1948. Publication office 1221 Avenue ol the Americas. 
N.Y., N.Y. 10020; second class postage paid at New York. N.Y. and 
additional mailing offices. 

Executive. editorial. circulation and advertising addresses: EWctronics. 
McGraw-Hill Building, 1221 Avenue of the Americas. New York, N.Y. 
10020 Telephone (212)997-1221. Teletype 12-7960 TWO 710-581-4879. 
Cableaddress MCGRAWHILLNEWYORK. 

Subscriptions limited to professional persons with active responsibility 
in electronics technology No subscriptions accepted without complete 
identification of subscriber name, title or job function, company or orga-
nization, and product manufactured or services performed. Based on 
information supplied, the publisher reserves the right to reject non. 
qualified requeSts. Subscription rates: in the United States and posses-
sions $15 one year. $26 two years. $38 three years; company addressed 
and company libraries $20 one year, $36 two years. $50 three years, 
APO/FPO addressed $35 one year only; Canada and Mexico $17 one 
year, $29 two years. 543 three years; Europe $42 one year. $71 two 
years. $109 three years: Japan, Israel and Brazil $70 one year. $115 two 
years. 5165 three years: Australia and New Zealand $95 one year. $170 
two years, $240 three years. including air freight; all other countries $45 
one year. $80 two years, $112 three years. Limited quota of subscriptions 
available at higher-than-basic rate for persons allied to field served. 
Check with publisher for these rates. Single copies; $4.00. Please allow 
lour to eight weeks for shipment. 

1 97.690 copies ol this issue printed 

Officers of McGraw-Hill Publications Company: Gordon L. Jones. 
President; Paul F. McPherson. Executive Vice-President; Group Vice-
President: Gene W. Simpson; Senior Vice-Presidents: Russell F. Ander-
son; James E. Boddorf, Planning 8 Development: David G. Jensen, 
Manufacturing; Ralph R. Schulz, Editorial; Vice-Presidents: Denis C. 
Beran, European Operations; David P. Forsyth, Research; Douglas 
Greenwald, Economics; James E. Hackett. Controller; Robert L. 
Leyburn, Circulation; Edward E. Schirmer, Sales. 

Officers of the Corporation: Harold W. McGraw. Jr.. President. Chief 
Executive Officer. and Chairman of the Board; Robert N. Landes, 
Senior Vice President and Secretary; Ralph J. Webb. Treasurer. 

Title registered in U.S. Patent Office; Copyright., 1977 by McGraw-
Hill. Inc. All rights reserved. The contents of this publication may not be 
reproduced in whole or in part without the consent of copyright owner. 

Subscribers, The publisher, upon written request to our New York 
office from any subscriber, agrees to refund that part of the subscrip-
tion price applying to copies not yet rnailed. Please send change-ol-
address notices or complaints to Fulfillment Manager; subscription 
orders to Circulation Manager. Electronics, at address below. Change-
of -address notices should provide old as well as new address, including 
postal zip code number. If possible, attach address label from recent 
issue. Allow one month for change to become effective. 

Postmaster: Please send form 357910 fulfillment Manager. Electron-
ics. P.O. Box 430. Higntstown, N.J. 08520. 

4 Electronics/January 5, 1978 



II1101.4.1 

o 

1101 

4, 43 lir 
:orzz.;:q 

Krohn-Hite's new Model 2000 function 
generator supplies sine, square and 

triangle waveforms from .003 Hz to 30 MHz. 
This powerful generator delivers 30 volts p-p, 

and over 1/2 watt of output power. It features a cali-
brated attenuator, external frequency control 1000:1, 

symmetry control, calibrated CV output and much more 
for only $895.00. 

For fast action call The Wcrvemakers at (617)-580-1660 or 
any local office listed below. 

FUXCTIO\ 
GEXEUTOR 
THAT OFFERS 
MORE .I 

Avon Industrial Park, Avon, Mass 02322 • (617) 580-1660 

SALES OFFICES: ALA.. Huntsville (2051 534-9771. ARIZ.. Scottsdale i(:02) 994-5461. CAL.. San Jose (408) 292-3220 Inglewood (213) 674-6850. COL.. Denver (303) 773-1218. CONN.. W 
Hartford (203) 525-7B47 FLA.. Orlanco (305) 894-4401. GA.. Atlanta (404) 455-1206. HAWAII. Honolulu (808) 941-1574. ILL.. Arlington Hts (312) 394-3380. KS.. Overland Park (903) 
384-2710. LA.. Lafayette (318) 984-3516. MASS.. Wakefielc (617) 745-5490. MICH.. Southfield (313i 569-4497. MINN.. St Paul 1612) 645-5816. MO.. St Louis (314) 731-5400. N.M.. 
Albuquerque (505) 255-2330. N.J.. Cherry H1111609) 482-0059. N.Y.. Elmont (5161 468-?neo RochesiDr :7161 328-M0 Syracuse 1315) 437-6666 Vestal (607) 785-9947. N.C.. Burlington 
(919) 227-2639 OHIO. Cheslerland (216) 729-2222. Daylor 15)3. 434-8993 OKLA. fuli 1918) .*U-26.36. ORE.. Portland 503) 297-2248. TEX.. Dallas 1214) 661-0400. Houston 1713) 
688-1431. UTAH. Salt Lake City (801( 942-2081. VA.. Fall.; Chu-crr (703) 573-878! WA.. Bellevue 2061 .454-3400 CANADA. Montreal Quebec 15141 (41 630 Ottawa. Ontario 1613) 
235-5121. Toronto. N1.3(101416)445-9)00. Vancouver Britisil Columbia (604 253.55‘± (-a ilax Nov.15.-cclia (902i 2.14 83 St Jonc s Newfoundland ,70‘,. ..•,' 
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Gas Sensing Semiconductor 

Bcforc YOU 
spccify or buy 
tantalum 
capacitors, 
look at thE 
Tansitor 
Mc. 

1 MINIATURE SOLIDS 
Types HA/TC, cylindrical, rec-
tangular, polar and non-polar, 
-55°C to +125°C 

T-BAR CHIPS* 
Metal can case-epoxy sealed, 
6-50 VDC voltage range 

PuriTate' 
4 case sizes approved to MI L-C-
39006/22 (CLR 79) 

CUSTOMIZED PACKAGES 
Rectangular packages CM type; 
CL or TE 51-54, CL 55, TE 59, 
tantalum to glass hermetic seal. 

WET TYPES 
CLR 65, CL 64/65, CL 66/67 
Hermetic or elastomer seals. 
Standard or high cap 

FOIL TYPES 
Tubular style CLR, CL or TE, 
Elastomer and hermetic seals 

For more information on 
TANSITOR capacitors, call your 
local Tansitor Rep, or contact: 

Tansitor 
ELECTRONICS 

West Road PO. Box 230 
Bennington, Vermont 05201 

Phone (802) 442-5473 
TWX: (710) 36G-1782 

Specialists in Tantalum Capacitors 

'Patent Pending 
TM Trademark of Tansitor Electronics 

Readers' comments 

Overtaxed 

To the Editor: The Executives' 
Concerns in your Dec. 22 issue erred 
in a quote attributed to me [p. 87]. 
The article quoted me as saying, 
"We did a survey in 1976 that 
showed that after-tax profits were 
double what they would have been if 
we had been in a state like Texas." 
What I said was that our after-tax 
profits would have been double if we 
had been in a state like Texas, 
instead of Massachusetts. 

Like many of my colleagues, I am 
distressed by the confiscatory nature 
of the tax structure in Massachu-
setts, as well as the high cost of labor 
and energy. Through my activities as 
chairman of the New England 
Council of WEMA and Prime Com-
puter's participation in the Massa-
chusetts High Technology Council, 
we are trying to state our industry's 
case to the Massachusetts govern-
ment. 

Kenneth G. Fisher 
Prime Computer Inc. 

Wellesley Hills, Mass. 

Trapped? 

To the Editor: Timothy Jordan's ring 
counter is a clever idea ["Ring 
counter synthesizes sinusoidal wave-
forms," Aug. 18, p. 115]. However, 
it seems to have a flaw, but it can be 
fixed without much trouble. 
The circuit will work properly if 

the leftmost six stages (representing 
the most significant bits) of the 64-
state shift-register network contain 
any of these numbers: 0, 1, 2, 6, 14, 
30, 33, 49, 53, 57, 62, or 63. If the 
register contains any of the 52 other 
numbers, it will be trapped in a 
repeating sequence of states that is 
not the sequence desired. 
The register could contain one of 

the undesirable numbers by falling 
into one of those states during power 
turn-on or could be set into one of 
them by a transient noise pulse from 
outside. The cure is simply to reset 
the register to 0 (or 1) after power 
turn-on and on the next clock pulse 
after state 2 (or 0). 

Nathan O. Sokal 
Lexington, Mass. 

FIGARO 
'MS GAS 
SENSOR quickly senses 

even small 
amount 
of gas. 

Applications 
1. \mural Gas-Leak Alarm 
2. Propane Gas-Leak Alar, 
3. Carbon \tunosnle 

l'elector 
4. .Mnornatic Fan Control 
5. Fur. Alarm IDetectIng 

,Ornb ,  

tont.towdu r, ,,noke• 

6. Alcohol Deter.tor 
1Jetector or drunken 

drover) 
7. \Ir 

an, or 

FIGARO ENGINEERING INC. 
•Head Office: 3 7-3 Higasintoyonaka. Tovunaka 

Osaka, 560. JAPAN TELEX 05286155 
FIGARO J CABLE FIGARO TOYONAKA 

TEL: 1061 849-2156 

•North America: 3303 Harbor Boulevard. Suite 
D-8. Costa Mesa, California 92626. U S.A. 
TELEX 678396 CABLE FIGARENGIN 
COSTAMESA TEL (7141 751-4103 
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NEW PRODUCTS!! 
GENERAL PURPOSE MANUAL 

MAGNETIC CARD 
READER WRITER 

Amazing low cost: L/S$20.00 or less for 
quantity lot F.O.B. Japan 

Read only type: 
US$10.00 or less for quantity 

Model 
SAD 200-2A 

Applications: -N."---
Microwave Oven 
Telephone Auto Dialing 
ID and Security Terminal 
VIP Gate Control System, etc 

S.R.D. CORPORATION 

it .1 

2-12-1, KAGA, ITABASHI -KU, 
TOKYO, 173 JAPAN 
TEL: (03) 964-1151 
TELEX: 0272-3546 SAD CO J 
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New RCA kit makes it easy ... 

Evaluate CMOS 
microprocessing 
for yourself. 

Here's a microprocessor kit that lets you prove 
howcost-effective the all-CMOS RCA 1800system 
can be. 

You'll quickly see how the RCA COSMAC 
architecture and a repertoire of 91 powerful in-
structions give you maximum performance with 
minimal memory. And how you can take advantage 
of CMOS low power dissipation, single wide-range 
power supply, full operating temperature range, 
high noise immunity, and single-phase clock. 

Multi-purpose Tool 

Build this inexpensive kit to evaluate not only 
the benefits of its CMOS CPU, but also CMOS 
memory and CMOS I/O. Use it for easy prototyping 
and debugging. Exercise it with start, stop, and 
single-step controls. And, via the utility ROM, 

generate, evaluate, and verify software. 
The CDP18S020 Evaluation Kit comes com-

plete with the RCA CDP1802 COSMAC CPU plus 
clock and control, display, memory and I/O sec-
tions, and all passive components needed for a 
low-cost microcomputer system. For just $249. 
Add a power supply and I/O terminal and you're 
into CMOS microprocessing. The CDP18S024 
EK/Assembler-Editor Design Kit allows assembly 
language software development. 

To get your kit or more information, contact 
your local RCA Solid State distributor. Or contact 
RCA Solid State headquarters in Somerville, NJ; 
Sunbury-on-Thames, Middlesex, England; Quick-
born 2085, W. Germany; Ste.-Anne-de-Bellevue, 
Quebec, Canada; Sao Paulo, Brazil; Tokyo, Japan. 

COSIMALUATION KIT 

RCA 1800. Cost-effective microprocessing. 
Circle 7 on reader service card. 



News update 

WE'RE 

EQUIPMENT 
RENTALS I .„., _ _  

e More people 
More plant 
More experience 

The Continental concept of sales and service has grown to a team of 
more than 150 "Professionals" in 10 nation-wide offices. 

Rental inventory, offices, service and calibration labs exceed 60,000 
square feet of floor space. 

In-house service, experienced personnel and four hundred thousand 
dollars/month in new equipment purchases keep us #1. 

Rent with Confidence 
Coll 
Continental 
Rental/ 

Get our 
FREE 
Catalog 

Div. Continental Resources, Inc. 
175 Middlesex Turnpike, Bedford, 
MA 01730 (617) 275-0850 

FOR IMMEDIATE RESPONSE CALL: 
N.E. (617) 275-0850; L.I. (516) 752-1622; 
NY, NJ (201) 654-6900; 

Florida (800) 638-4050; 
Gtr. Phila. (609) 234-5100; 
Wash., D.C. area (301) 948-4310; 
Mid West (312) 439-4700; 
So. Central (800) 323-9656; 
Costa Mesa, CA (714) 540-6566; 
L.A., CA (213) 638-0454; 
Santa Clara, CA (408) 735-8300. 

• The laser gyroscope will soon be 
introduced in its first practical appli-
cation—to provide the inertial refer-
ence for a Navy weapons control 
system. To a greater extent than 
conventional inertial-wheel gyros, 
the strapdown laser systems promise 
mechanical simplicity, higher relia-
bility and longer life, plus faster 
response time [Electronics, Aug. 7, 
1975, p. 44]. 

Last month, Sperry Rand Corp.'s 
Sperry division in Great Neck, 
N. Y., delivered the first of two 
prototype systems to the U. S. Navy. 
The Navy will conduct extensive 
tests before and after installing the 
system aboard a ship early this year. 

Developed under a $657,000 Navy 
contract, the new stabilizing unit 
contains, among its electronics, three 
single-axis, plug-in-replaceable 15-
inch-perimeter laser gyros, three 
accelerometers, and Sperry's 
SPI 000 digital microcomputer. "If 
Navy tests prove satisfactory," notes 
a division spokesman, "this laser 
gyroscope system will replace the 
Mark 16 Stabilization Element cur-
rently used on nearly 200 ships." 

III The first engineering development 
model of the U. S. Army's Battery 
Computer System demonstrated its 
self-test capabilities and ability to 
interface with all Government-
furnished equipment across radio 
and wire data links. Developed by 
United Technologies Corp.'s Norden 
division in Norwalk, Conn., the 
system is targeted at fire-control 
jobs for field artillery [Electronics, 
Oct. 28, 1976, p. 32]. 

It will use a new microcomputer, 
built around a standard, commer-
cially available 4-bit microprocessor 
slice, designed by Marconi Space 
and Defence Systems Ltd. of En-
gland, Norden's teammate on the 
project. Norden has received the 
green light to go on to the program's 
next phase—hardware testing and 
training. The schedule calls for a 
production contract no later than 
February 1979 for 60, 500, or 1,000 
units, including 150 for the Marine 
Corps. Bruce LeBoss 
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Now, quickly program 
these waveforms... 

Using HP's new 8165A, 
the first programmable 
signal source with a 
0.001 Hz to 50 MHz range. 
Easy manual and remote programming. Here's a multi-
function programmable signal source that's microprocessor con-
trolled, easy to set-up and quick to program for greater testing 
throughput. Manually, you set up the 8165A using easy-to-
interpret push-buttons and you can store 10 complete front-panel 
settings for quick recall. Remotely, you program the 8165A on the 
HP-IB* via controller keyboard or in HP's "learn mode" where a 
computing controller scans and stores the front-panel settings. 
Analog and digital waveforms. Sine waves, triangle and 

square waves up to 50 MHz and pulses or ramps up to 19.99 MHz 
can be quickly programmed for your testing needs. And there's a 
DC mode that gives you a 200mA current source. One instrument 
performing the functions of several gives you a cost-effective way 
to perform automatic and semiautomatic testing. 

External trigger and burst modes. You can either trigger 
one cycle of a selected waveform using an external signal or in 
the counted burst mode, generate a specified number of wave-

forms. The latter eliminates the uncertainties associated with 
conventional gating. 
Sweep control. The standard configuration (VCO) lets you 

control the master oscillator with an external voltage level. An 
optional sweep mode ($330**) logarithmically controls the 
oscillator internally for a programmed time period. And you 
trigger the sweep either internally or externally. 
The 8165A, priced at $6000**, also gives you high accuracy, 

eliminating the need for time-consuming setup verification with 
expensive counters and volt meters. Contact your local HP field 
engineer for complete details. 
'HP's impiemenortz.n of IEEE Standard 488- 1975. 
Domestic U S. A prict% only. 

HEWLETT hit& PACKARD 

1507 Page Mil Road. Palo Alto. Califorma 94304 

Fob assistance call Washington (301) 948-6370, Chicago (312) 

251 -9800 Atlanta (404) 955-1500. Los Angeles (213) 877-1282 
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"VMOS power FETs, introduced by Siliconix in 1975, 
have always been better than bipolars—more rugged, 
more reliable, faster and simpler. Today, we're 
lowering our prices as we move further along the 
learning curve, and our economical plastic 
package brings superior VMOS 4$.  
technology within reach of all - ., s ., •-• 
designers. At 96e apiece,* the new 
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power FET prices 
time is up." 

Siliconix VMOS power FETs in plastic: 
TO-202 package 

vps(on) 

Part* avOSS ('D=1 Amp) Price:1-29 31-99 100-999 

VN46AF 40 3.0V $1.33 $1.12 $0.96 
VN66AF 60 3.0V $1.39 $1.16 $1.00 
VN88AF 80 4.0V $1.54 $1.29 $1.10 

All three devices are guaranteed over the 
temperature range of —55°C to 150°C; 
their maximum power dissipation is 12.5 
watts, and their current rating is 
2.0 amperes. 

Madmen Sale Operated Reg« 

10 

14.—PRAIN.TCTSOURCE VOLTAGE (VOLTE) 

No secondary brae...Sege...cog 

"Until 1975, MOS field-effect transistors (FETs) 
were restricted to small-signal, low-power 
applications. To control high currents, designers 
used bipolar devices. Then Siliconix, using 
Vertical MOS technology, introduced the VMOS 
power FET—combining the reliability of FETs 
with the power of bipolars. 

"Today, Siliconix' new plastic TO-202 package 
means that VMOS power FETs are not only 
superior to bipolars in performance, but also 
competitive with them in price. They'll simplify 
designs and reduce component count in most 
systems because they eliminate pre-amplifiers, 
driver transistors, and external protective circuitry 
required for bipolars. And they can be inserted by 
machine, a time- and cost-saving advantage in 
high volume production. 

"Anyone who has designed with bipolars knows 
the failures that can result from thermal runaway, 
secondary breakdown and current hogging. You 
don't have to worry about these problems with 
VMOS power FETs; their positive temperature 
coefficient eliminates hot-spotting and provides 
uniform current density, making them fail-safe. 
Consider how this inherent reliability will reduce 
your system interruptions and maintenance costs. 
And VMOS power FETs are faster than bipolars in 
switching operations—as much as 100 times faster. 
With all these advantages packed into the low-cost 
TO-202, you'll be able to eliminate bipolars' 
problems completely from many system designs. 

"The high input impedance of VMOS and its 
threshold voltage range allow it to interface 
directly with CMOS, MOS and TTL logic 
families. And the VMOS power FET is the only 
interface device with a switching time comparable 
to that of ECL, so it will interface with a simple 

Other VMOS power FETs introduced by 
Siliconix are also available: 

vDS(on) 
Part* Package PDISS avDss ('D=1.0 Amps) 

2N6656 

2N6657 

2N6658 

2N6659 

2N6660 

2N6661 

TO-3 

TO-3 

TO-3 

TO-39 

TO-39 

TO-39 

25W 

25W 

25W 

6.25W 

6.25W 

6.25W 

35 

60 

90 

35 

60 

90 

1.8V 

3.0V 

4.0V 

1.8V 

3.0V 

4.0V 

level shift—without losing speed. These features 
make the TO-202s ideal for data processing 
applications: computer peripherals, micro- and 
minicomputer systems, and process control 
equipment. They're also ideal for use in 
telecommunications: as telephone relay 
replacements, Touch-Tone muting switches, 
audio amplifiers, central office systems and 
analog switches. 

"Our new line of VMOS power FETs in plastic 
may mean the end of the line for bipolars. We 
want you to discover for yourself how they can 
improve system design, so use the coupon to send 
for our detailed brochure. To order parts, contact 
any of our franchised distributors: Alliance, 
Century, Components Plus, Future, Hamilton/ 
Avnet, Industrial Components Inc., Pioneer 
Standard, Pioneer Washington, Quality 
Components, Semiconductor Specialists, 
Wilshire, Wyle/Elmar, Wyle/Liberty, or RAE." 

Yes, I want to find out for myself how Siliconix 
put bipolars on the list of endangered species. 

Please send me your brochure. 

Name/title  
Company  
Address  
City/State/Zip  

Siliconix Incorporated, 
2201 Laurelwood Road, Santa Clara, CA 95054, 
(408) 246-8000. ELl/b/78 
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You have a new friend. 
You don't have to pay a big name price for a universal product development lab. And, don't let your fond-
ness for a certain chip lead you to a convenient but confining marriage. The inevitable divorce will be 
costly and time consuming. If you want to develop products happily hereafter, move in with Futuredata. 

Futuredata 
systems are universal. 
We can move you into multiple-
microprocessor-based product 
development at half the cost. 
With the largest selection of 
powerful hardware, software and 
economical peripherals around. 
With high speed disk or low cost 
tape operating systems. With in-
circuit emulators for 8080, 6800, 
and Z-80. With the universal 
microcomputer that tackles every 
job. 

Only Futuredata 
can move you in for $3850!` 
No other microcomputer can 
match the cost/ performance 
standards set by our MICRO-
SYSTEM / 20 & 30 disk-based 
systems and our MICROSYS-
TEM/10 & 15 tape-based systems. 
Each of these are complete 
development systems with up to 
56K memory, 960 character CRT, 
ASCII keyboard, two RS-232 
serial ports, 8-bit parallel I/O, real-
time clock, bootstrap in PROM, 8-
level vectored interrupts and 
complete disk and tape operating 
systems with monitor, debugger, 
editor, assembler and utility. 
• Domestic U.S.A. phces 

The most complete spectrum 
of economical systems. 
Move in with our Dual 5" Mini 
Floppy Disk System, our Dual 8" 
Standard Floppy Disk System, 
our unique QUICKRUNTM 32K 
Tape Operating System or our 
new Universal Dual Development 
System. No matter which you 
choose, the savings will be 
significant. 

Only Futuredata 
has OUICKRUNTM 
MICROSYSTEM/15 has the only 
co-resident assembly and interac-
tive debugging system in the in-
dustry. With editor, assembler 
and debugger/monitor all in 
memory, things happen fast. 
Assembly of a 1000 statement 
program takes a mere 15 sec-
onds. At $52757 it's the most 
cost-effective development tool 
around. 

Now the first Universal 
Dual Development System. 
Futuredata has combined two 
separate memory / processor sys-

tems in one host computer. Mix 
or match processors, disk or tape 
operating systems in each half. 
Put two development engineers 
to work at full speed, simultane-
ously. You get two complete 
systems in one and save nearly 
$2000. 

In-circuit emulation 
and higher-level language. 
We have in-circuit MICROEMU-
LATORSTm for 8080, 6800, Z-80, 
Extended BASIC, line printers, 
EPROM programmers, hardware, 
software, documentation and a 
rock-solid record for reliability. 
So, let's be friends! 

&zwg 
griaiggial 

30-day "Get Acquainted" offer. 
Try one of our development 
systems for 30 days at no risk. 
For more information, write or 
call Futuredata today. 

Move into product development 
with a new friend... 

(futureein 
FUTUREDATA COMPUTER CORPORATION • 11205 S. LA CIEN EGA BLVD. • LOS ANGELES, CA 90045 • (213) 641-7700 • TWX 910-328-7202 
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OPTRON 
OPTICALLY COUPLED 

ISOLATORS 
NEW OPI 7000 SERIES 
OFFERS LOW COST, 

HIGH VOLTAGE ISOLATION 

OPTRON's new OPI 7000 series opti-
cally coupled isolators meet the 
designer's requirements for high volt-
age isolaton, yet at a low cost. 

The new series is available from 
stock and includes OPI 7002, OPI 
7010, OPI 7320, and OPI 7340 types. 

These devices feature input-to-
output steady state isolation voltage of 
greater than 6000 volts in free air and 
greater than 10,000 volts when en-
capsulated. They consist of a gallium 
arsenide infrared LED coupled with 
either a silicon phototransistor or 
photodarlington in a molded plastic 
package. Standard pin spacing of 
0.300 x 0.100 inch is compatible with 
that of dual in-line sockets. 

Current transfer ratios range from 
20% to 100% for the phototransistor 
versions (OPI 7002/0P1 7010), and 
from 200% to 400% for the photodar-
lington models (OPI 7320/0P1 7340). 

New OPI 7000 series isolators 
are interchangeable with similar prod-
ucts as follows: 

OPTRON GE 

OPI 7002 
OPI 7010 
OPI 7320 
OPI 7340 

H15A2 
H15A1 
H1582 
H15B1 

In addition, OPTRON's complete 
line of isolators includes standard de-
vices in high-rel metal cans and low 
cost DIP and other plastic configura-
tions for most applications. 

Detailed technical information on 
optically coupled isolators and other 
OPTRON optoelectronic products ... 
chips, discrete components, reflec-
tive transducers, and interrupter as-
semblies ... is available from your 
nearest OPTRON sales representa-
tive or the factory direct. 

OPTRON, INC. 
1201 Tappan Circle 
Carrollton,Texas75006,us A 
TWX-910-860-5958 
214/242-6571 

People 

Documation's Cattorini 

stresses engineering 

Joseph Cattorini, newly named vice 
president for engineering at Docu-
mation Inc., is delighted to be 
working for a company that rec-
ognizes how important engineering 
has been to its success. The Mel-
bourne, Fla., manufacturer of pe-
ripheral equipment like high-speed 
line printers, card readers, cathode-
ray-tube displays, and input/output 
subsystems for mainframe comput-
ers, has grown handsomely because 
of its engineering skills—from $5.5 
million in sales in 1973 to more than 
$30 million for fiscal 1978 ending 
late this month. 
New printer. For example, the 

company will venture into nonim-
pact printing for the first time in 
1978. "We're free to look at ink-jet 
or laser technology," he says. "And 
we're looking at several approaches 
because I don't think any one will 
cover the gamut of applications from 
word processor to high-speed com-
puter printouts." 

Generally, Documation comes up 
with high-performance products 
first, then fleshes out the line with 
simpler systems, an approach Catto-
rini respects. Documation did this, 
for example, when it found that 
nobody but IBM was producing reli-
able, high-speed card readers and 
line printers. With the "Cadillac" 
designed, it is easier to come out 
with lower-performance products, 
instead of starting at the low end 
"and trying to sneak up on excel-
lence," says Cattorini, who came to 
Documation in 1974 and moves up 
now from director of engineering. 

Another major ingredient in his 
and his company's philosophy is to 
keep engineering development pro-
grams short. "We can complete 
engineering development three to 
four times faster than many large 
companies," Cattorini says, because 
the company is still small enough not 
to require the approval of several 
layers of management before pro-
ceeding with a product. In addition, 
Documation has a fast-reacting 
model shop that can come up with 

Designer. Corporate planners tell Joseph 

Cattorini what, not how, to design. 

prototypes quickly. That is because 
the company makes its own cabinets, 
has its own circuit-board manufac-
turing facility, and though still rela-
tively small, has invested some $4 
million in highly automated machine 
tools. 

At TRW, communications is 

all under Campbell's roof 

What excites Richard A. Campbell 
most about now having all of TRW 
Inc.'s communications efforts under 
one roof is its huge prospective busi-
ness—"a pie that is bigger than the 
parts." By this, Campbell, who on 
Jan. 1 became vice president and 
general manager of the newly 
created TRW Electronics Communi-
cations Group, means that the re-
quirements of "the $30 billion com-
puter equipment business and the 
$30 billion telecommunications busi-
ness are merging to result in a 
market that will soon amount to 
$100 billion." 

For the 51-year-old Campbell, 
"one of the most exciting areas lies 
in integrated digital switching and 
multiplexing systems, required by 
telephone operating companies to 
meet their heavier loads." He is 
certain these companies will opt for 
digital switching and transmission, 
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PMI 
announces two 

monolithic 
10-bit DACes. 

Good news! Two new ten-bit digital-to-analog converters 
from the folks who know how to make them monolithically. 
And each is completely "complete' Includes internal 
reference and output op amp. They are fast (1.5 µsec 
settling time), with voltage outputs, yet consume only 

350mW (max) over the entire military temp 
range (-55°C to +125°C). 

DAC-05: sign-magnitude coding (sign-plus-ten-bits). 

DAC-06: Two's complement coding. 

Both DACs are available now specified over the 
full temp range. Off the shelf to MIL STD-883A 
Level B. Reliability is enhanced by 100% burn-in, 
hermetic packaging for all parts, PMI's famous 

triple passivation, low noise process and no 
laser trimming. 

Data sheets are ready. Parts are on the 
shelf. Write, wire or phone. Precision 

Monolithics, Inc., 1500 Space Park 
Drive, Santa Clara, CA 95050. 

(408) 246-9222. TWX: 910-338-0528. 
rmi] 
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the widest 
selection 
of SCR 
power supplies 
in the 
whole 
wide 
world 
The off-the-shelf selection 
is almost endless, 
with 1- and 3-phase rack-mounted 
power supplies from 500 to 10,000 watts 
DC. Call for complete information 
and prices, or write 
for our catalog. 

d‘e, • • 

. e 

ELECTRONIC MEASUREMENTS INC. 
4 v, 405 Essex Road,Nss(exew y 

jer Jersey) 
) Nept2u0n1e-,9N 22.. . J. C E  ) 

Specialists in Power 9n0307:0q5u (3 
Phone 800-631-4298 

Conversion  

People 

To come. TRW plans more internal develop-

ment plus acquisitions, Campbell says. 

not by coincidence made by his 
group's Vidar division, rather than 
adding conventional telephone gear. 
"Digital stuff not only saves materi-
als, but its voice quality is better," he 
says. 

Besides Vidar and its digital trans-
mission and switching equipment, in 
Campbell's group includes the Data-
corn International division, a data 
terminal maker, and TRW'S Commu-
nications System and Service divi-
sion, which supplies transaction-
oriented terminals to financial and 
retail clients. Based in West Los 
Angeles, Calif., the group's 1977 
sales probably topped $150 million. 

In reaching this size in seven 
years, TRW began without any com-
pany-developed products of its own. 
Instead, it either acquired them or 
marketed equipment from other 
companies. "We chose this strategy 
because getting new products is the 
easy part," recalls Campbell, who 
began at TRW Semiconductors in 
1954 as an engineering supervisor. 
"It's building marketing and service 
that's hard." As he sees it, "products 
come and go on a four-year cycle, 
but your people are with you for 25 
years." However, TRW recently 
started producing its own data 
terminals and other telecommunica-
tions gear, and plans more internal 
developments, while continuing to 
acquire "new parts that make 
sense," he says. 
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Light heavyweights: 
Amphenor fiber-optic 

connectors. 
State-of-the-art is our strong point. 
Right now, you can get Amphenol 
precision fiber-optic connectors for 
all popular bundle cables. They're 
simple, easy-to-assemble, and easy-to-
use. Also available: optical launchers for 
source-to-fiber and detector-to-fiber inter-
facing in panel, bulkhead, or p.c. mount 
configurations; optical cable splices; 
multipin connectors; and complete 
cable assemblies. And new, 
advanced designs are coming. 

Put our muscle to work for 
you. Take advantage of 
our in-depth know-how 
in fiber-optic intercon-
nections. Our advanced 
development lab. And 
our complete manufac-
turing capability. 

Call (203) 743-9272. 
Or write: A,mphenol 
North America Division, 
Bunker Ramo Corpora-
tion, RF Operations/Fiber 
Optic Marketing, Dept A 917, 
33 East Franklin Street, 
Danbury, Connecticut 06810. 

The right idea 
at the 
right time. 

AMPHENOL BLINKER RAMO  1 
Circle 1 7 on reader service card 



AMP connectors with unique 
Bonded Lubrication 
cut insertion force up to 40%. 

Without compromising 
performance. 

STANDARD CONTACT 

NM GRAPHITE COATED CONTACT 
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They give you all the advantages of lower insertion 
force without sacrificing proven contact geometries, 
or electrical stability. Insertion and extraction 
forces can be reduced as much as 40e; which also 
results in extended contact life by more than 10007( 
(as the table indicates). 
The secret of this outstanding, exclusive 

improvement lies in the integration of lubricant 
and plating material, which now can be used on 
both round or flat contact surfaces. Where used, 
plating thickness can be cut appreciably with no 
change in electrical stability. That's why Bonded 
Lubrication has become one of the industry's 
most significant and cost effective performance 
breakthroughs. 
And there are many more ways AMP Bonded 

Lubrication can improve your designs. It facilitates 
the use of larger pin counts with resulting savings 
in space, size, weight, materials and assembly 
time. It reduces servicing and maintenance because 
there is less damage, wear and replacement of 
mating contacts. And with it come the advantages 

of AMP technical assistance.. . first rate engineering 
help in design, production or prototype planning. 
Because we want to help you get the most out 
of your product and ours. 
AMP Bonded Lubrication is already available 

in a variety of our connectors. In our DUALATCH 
line, for example, it extends cycle life to a minimum 
of 20,000 insertions and withdrawals . . . a 100% 
increase. In our ARINC front release connectors 
and Nn Series metric types, it further increases 
their premium reliability, ruggedness and overall 
ability to meet performance requirements. And 
in our ECONOMATE printed circuit connectors, 
it ensures even greater protection against board 
damage and contact wear. 
Why not put all the advantages of the better 

way, AMP Bonded Lubrication, to work in your 
products. For technical information just call 
Customer Service at (717) 564-0100. Or write on 
your Company Letterhead to AMP Incorporated, 
Harrisburg, PA 17105. For product information, 
please circle the reader service number. 

AMP has a better way. 

The dramatic difference in wear 
between Bonded Lubrication and 
ordinary contacts is shown by 
these electron images. 

ÁMIVI F» 
INCORPORATED 

AMP, DUALATCH, & ECONOMATE are trademarks of AMP Incorporated. 
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Precision high-speed 
automatic assembly 
of thick and thin film 
hybrid ICs is here! 
Universal's new Model 6521 Microelectronic Assembly 
System brings to thick and thin film hybrid assembly 
the same production economies, accuracy and reli-
ability that volume producers of PC boards have enjoyed 
with our line of automatic board insertion machines. 

The Model 6521 has dual spindles which automatically 
move in X, Y, Z and e coordinates to pick up and 
independently position and place chips as small as 
0.030" square . . . with total system accuracy of 0.0041 

Up to 16 different types of parts can be accommodated 
in the input area, placed in multiple-pocket trays, 
linear bowl feeders, linear magazines or film-tape feed 
systems. Sequences and placement are controlled 
by the Universal Satellite Controller computer system. 

Computer control, with full management data capability 
for production control, on-line dynamic diagnostics, 
multi-machine control capability, quick and easy pro-
gram changes and set-ups . . . it's all there. 

A cycle rate of up to 3,600 parts per hour is possible. 
Precision rotary table fixturing holds the substrate and 
indexes through four 90° steps, with substrate loading 
at 0° and parts placement at 180°. Several optional 
functions such as fluxing, solder paste application, 
unloading, inspection and special hardware mounting 
can be accomplished at the 90° and 270° locations. 

The Model 6521 removes the last barrier to fully-
automatic microelectronic assembly. It stands to reason 
that the world's leading manufacturer of electronic 
assembly equipment is first again with production 
equipment for a new technology. Write for full informa-
tion or call us at (607) 772-7522. 

-@L niversa 
Universal Instruments Corporation 
Kirkwood Industrial Park 
Box 825, Binghamton, New York 13902 
Tel: 607/772/7522 TWX: 510/252/1990 
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Editorial 

Looking forward from the past 20 years 

In the two decades since Electronics began 
preparing a U. S. market forecast, the total 
value of electronics equipment consumed in 
the U. S., not allowing for inflation, has 
nearly quadrupled. 
Twenty years ago, equipment sales were 

estimated at $14 billion, only a 5% increase 
from the previous year owing to a sluggish 
general economy. At that time defense 
spending claimed the largest piece of the pie, 
accounting for $4.2 billion. In 1978, spending 
for defense electronics will come to about 
$16.5 billion and is no longer the front runner. 
Today, data-processing equipment claims 

the biggest chunk of dollars —$24.5 billion 
of the $65.8 billion U. S. market by the end 
of the year. In contrast, domestic computer 
sales in 1958 totaled only $375 million, 
according to Electronics' survey. 

Perhaps the most telling trends in the last 
20 years have been the spread of electronics 
to other industries and the development of 
totally new products spurred by semiconductor 
technology. As a result, all of the product 
categories have been expanded or changed 
over the years to encompass the many new 
types of equipment available today. For 
instance, consumer products, worth over $12 
billion and the third largest equipment market 
today, have taken radically new directions 
into digital applications since the time when 
the main items were black-and-white television 
sets, monaural radios, and low-fidelity record 
players. 

Recognizing similar expansion of the 
industry overseas, Electronics began surveys 
for Western Europe in 1965 and for Japan 
in 1970. The prediction for Western Europe's 
total 1966 electronics equipment consumption 

was $7.9 billion compared with $26.8 billion 
expected this year. Then as now, West 
Germany, France, and Great Britain were 
the largest markets. 
When the survey of Japan's domestic 

consumption began in 1970, total expenditures 
for electronic equipment were predicted to 
hit $8.3 billion in 1971, a little over half of 
what it is today. At that time the Japanese 
were worried about maintaining consumer 
electronics growth after the saturation of 
color TV and were pushing hand-held 
calculators, microwave ovens, and video tape 
recorders all now vital products worldwide. 

In recent years all electronics activities 
have become increasingly global. Because of 
their international character, Electronics in 
1976 started combining the three market 
reports into a world market forecast. That 
year total equipment consumption in the 
three major markets was predicted at $82.8 
billion; this year it will top $107 billion. 
Over the past 20 years, then, the whole 

complexion of the electronics industries has 
changed. The problems, the scares, the success 
formulas that characterized electronics back 
in the late 1950s are a far cry from their 
present counterparts. Yesterday's worries 
are gone, whether resolved or merely outwaited, 
and are replaced by the anxieties of 1978. 

While the year ahead looks to be a basically 
good one, no one in the electronics industries 
can afford not to watch all the economic signs 
very carefully. The enterprise we call electronics 
may have mushroomed over the past two 
decades, surmounting recession, defense-
spending cutbacks, and numerous other 
crises—but individual companies have certainly 
not all been so fortunate. 
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The ne source for 4027b 
is the proven source. 

Mostek's industry-standard 4K RAM was 
introduced in January 1976. 

Using advanced Poly N-Channel Silicon 
Gate processing, Mostek reduced the 4027 chip 
size by 40%, and increased performance with 
faster speeds and lower power. Reliability is 
now proven in hundreds of applications. 

With Mostek now producing over a million 4K's 
a month, the 4027 is available in volume. In 
addition, Mostek offers a wide choice of plastic and 

Chip Size/Cost 

ORIGINAL DIE SIZE 
(20K sq. mils) 

SHRINK I-
(15K sq. m(ls) 

Mostek 

introduces MK4027-2 
(15Ons access time) 

Monthly 4K shipment 
350,000 

Production Volume/Performance 

hermetic package types. 
There are more sources for the 4027 than any 

4K RAM in the industry. But, Mostek was first. And 
for 4027's, the first source is the proven source. 

For more information about the 4027, or any 
Mostek product, contact Mostek, 1215 West Crosby 
Road, Carrollton, Texas 75006. Telephone: (214) 
242-0444. In Europe, contact Mostek GmbH, 
West Germany. Telephone: mosTEK 
(0711) 701096. 

SHRINK II 
112K sq. mils) 

Monthly, 4K shipment 
550,000 

1978 1977 1978 

Mostek 
announces MK4027.1 

I (12Ons access time) 
fastest 4K RAM 

Monthly 4K shipment 
exceeds 1,000,000 
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si" ART 
Announcing a new standard in 
scope timing measurements. 
For A-time measurements 

to 0.002% accuracy* 
and 100 psec resolution... 

HP's the Answer. 
Here's a brand new concept in scopes. 
HP's revolutionary 1743A. It has an 
internal crystal-oscillator time-base ref-
erence for high 0.002% accuracy*... 
second-generation à-time capability 
for added measurement flexibility and 
convenience.., and a 5-digit LED read-
out for resolution to 1 part in 150,000. 

Priced at just $3300**, this 100 MHz 
scope provides up to 200 times greater 
timing accuracy than previous à-time 
scopes. And the combination of crystal-
oscillator and second-generation 
A-time capability means easier timing 
measurements: 
Triggered delay measurements. 

Now, .-time measurements can be 
made automatically by positioning 
markers on the waveform. This means 
greater speed and convenience in mea-
suring pulse widths and periods. Plus, 
direct readouts of changing time inter-
vals without touching scope controls. 
Delay functions to zero. Now you 

can measure A time from the first pulse 
leading edge to any place on screen. 
That means greater resolution and ac-
curacy, plus easy à-time measurements 
with respect to noncyclical pulses such 
as flags and handshake signals. 

Continuously variable sweep 
that remains calibrated. Now you 
can use the sweep vernier without 
changing the LED time-display calibra-
tion. Make one major division equal 
to a clock period, com-
press a long data 
train to keep it 
within the dis-
play window, or 
increase readout 
resolution up to 

a factor of three and still read .1 time 
directly and accurately. 

Trigger to channel A and B. Now 
you can measure .1 time between the 
trigger signal and events on both chan-
nels. This allows you to measure à time 
between a flag and the start of a data 
train, to make phase measurements on 
dual clocks, or to measure skew between 
data channels. 
And there's much more. Your local 

HP field engineer has the details. 

And here's something NEW for scopes. 
HP's Easy-IC Probes. A new idea 
for probing high-density IC circuits that 
eliminates shorting hazards, simplifies 
probe connection to DIP's and generally 
speeds IC trouble-shooting. The probes 

are standard equipment 
with this scope. 

HEWLETT h PACKARD 

1507 Page Mill Road, Palo Alto. Caldornia 94304 

For assistance call Washington (301) 948.6370. Chicago (312) 
255-9800, Atlanta (4041955-1508 Los Angeles 1213) 877-1282 

Circle 27 on reader service card 

* 10.002% of reading 
1 count from 

+15'.0 to +35' C. 

Domestic U.S.A. 
price only. 
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There may be a !JP board 
out there we can't test. 

But we haven't found it yet. 
Electronics/January 5, 1978 



Chances are we won't. 
Dozens of different tP boards have 
run through our new 3040A Logic-
testerTM in the first six months, with 
100% success. 

You never know what our 
rapidly changing technology will 
produce tomorrow though, and you 
need assurance your tester can 
handle it. The 3040A delivers that 
confidence, and more. 

Like testing at full data 
and clock rates. Four bi-directional 
buses handled at one time. And 
four processors test 
your board's pP in-
structions, RAMs, 
ROMs, PIAs ...all 
at multi-MHz rates! 

All this and 
programs finished in 
days, not months. 

To us, the most 
important consideration 
is that boards passing 
our tester will work in your 
product ... every single IC and com-
ponent. That's confidence, and it 
keeps both of us in business. 

If confidence is important 
to you, look into the Fluke logic 
testers priced between $13,000 
and $60,000. Features like dyna-
mic LSI diagnostics and AutotracKm 
the guided clip system that reduces 
your operator's probing time and 
error, and saves money. 

We've got more logic test 
systems operating in the world than 
anyone. For data out today, CALL 
COLLECT (415) 965-0350. Or, circle 
the number below for general data. 

For a complete technical 
package, drop a 
line on your com-
pany letterhead to 
Don Harter, Fluke 
Trendar Corpora-
tion, 630 Clyde 
Avenue, Mountain 

View, California 
94043. 

In Europe, write 
Fluke (Nederland) B.V., 
P.O. Box 5053, Tilburg, 
The Netherlands. Or, tele-
phone: (013) 673973. 
Telex: 52237. 

FLUKE 

1712-8002 
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ComputerAutomation's NAKED MINI® 4/1.0 is 
the most exciting spread we've ever dished up: 
a high-speed, versatile, 16-bit processor, up to 
4K words of RAM/PROM memory, and four dis-
tributed I/O channels. All on a single board. And 
this powerful, multi-register minicomputer sells 
for micro prices. 

Value, however, is a lot of things. Such as per-
formance, versatility, and a faster, lower cost way 
of getting a product to market. For the 4/10, your 
real savings just begin to start with the sale 
price. Its large instruction set (including 
multiply/divide as standard) pays off 
with exceptional programming versatil-
ity, faster development, less memory 
used. Options include floating-point 
instructions and double-register shifts. 

©1977 ComputerAutomatIon;‘Inc 

Its four distributed I/O channels are another 
money saver, cutting interfacing costs by up to 
half. Our unique Intelligent Cables (19 available) 
give you interface capability with a broad variety 
of standard and nonstandard peripheral devices. 
Distributed I/O has other advantages. Its auto 
I/O instructions are easier to program, take less 
memory, and execute faster than traditional pro-
grammed I/O. And it has the advantages of DMA 
at about half the cost. 
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The 4/10 has 64K-word addressing and a 
MAXI-BUS that allows ipterfacing with the wide 
v4riety of interchangeable memories and I/O 
controllers in the NAKED MINI 4 family. 

What about software? It's one of the 4/10's 
real strengths.. Not only a wide range of software, 
but also software optimized individually for both 
development and execution needs. 

Available software ranges from the simplest — 
à memory-based system that runs in as few as 4K 

words — through the most sophisticated, a full-
blown, disk operating system that supports 
FORTRAN IV, BASIC, PASCAL, and MACRO 
4 assembler. 

In terms of hardware and software, the 4/10 
is fully compatible with its higher performance 
brothers, the 4/30 and 4/90. 

Okay, we've served up our new 4/10 mini 
with lots of standard and optional hors d'oeuvres. 
Still hungry for information? Contact Department 

1161, NAKED MINI Division, 18651 Von 
Karman, Irvine, CA 92713, (714) 833-8830, - 
for our new brochure. It's quite a bit of 
food for thought. 

CompUterAutomation 
Naked Mini. Division 
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NAKED MINI products are sot only 
under volume purchase agreernerts. 
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Meetings 

Reliability and Maintainability Con-
ference, IEEE, Biltmore Hotel, Los 
Angeles, Jan. 24— 26. 

Power Engineering Society Winter 
Meeting, IEEE, Statler Hilton Hotel, 
New York, Jan. 29— Feb. 3. 

Automated Testing for Electronics 
Manufacturing Seminar and Exhibit, 
Circuits Manufacturing Magazine, 
Los Angeles Airport Marriott Hotel, 
Los Angeles, Jan. 30— Feb. 1. 

CLEOS — Conference on Laser and 
Electro-Optical Systems, IEEE and 
OSA, Town and Country Hotel, San 
Diego, Feb. 7 — 9. 

Wincon—Aerospace and Electronic 
Systems Winter Convention, IEEE, 

Los Angeles, Feb. 13 — 15. 

International Solid State Circuits 
Conference, IEEE, San Francisco Hil-
ton, San Francisco, Feb. 15 — 17. 

Computer Science Conference, ACM, 
Detroit Plaza Hotel, Detroit, Feb. 
21 — 23. 

Fifth Energy Technology Conference 
and Exposition, U. S. Energy Re-
search and Development Adminis-
tration, Sheraton Park Hotel, Wash-
ington, D. C., Feb. 27 — March I. 

Nepcon West and Semiconductor 
Hybrid Microelectronic Symposium 
and Exhibits, Industrial and Scien-
tific Conference Management Inc. 
Anaheim Conference Center, Calif., 
Feb. 28 — March 2. 

Compcon Spring, IEEE, Jack Tar 
Hotel, San Francisco, Feb. 
28 — March 2. 

Industrial Applications of Micropro-
cessors, IEEE, Sheraton Hotel, Phila-
delphia, March 21 —23. 

28th Vehicular Technology Confer-
ence, IEEE, Regency Hotel, Denver, 
Colo., March 22— 24. 

Computer Architecture Symposium, 
IEEE, Rickey's Hyatt House, Palo 
Alto, Calif., April 3 — 5. 

Tear out the new 
GI Microelectronics 
Product Guide 
or contact any of 
the offices below 
for another copy or 
for more information. 

MICRO 
ELECTRONICS 

978 Product Guide 

NORTH AMERICA 

GENERAL INSTRUMENT CORP. 
MICROELECTRONICS 

600 West John Street 
Hicksville. New York 11802 
Tel: 516-733-3107. TWX 510-221-1866 

EUROPE 

GENERAL INSTRUMENT 
MICROELECTRONICS LTD. 

57/61 Mortimer Street 
London W1N 7TD, England 
Tel: 01-636-2023, Telex: 23272 

El 

AS!' 

GENERAL INSTRUMENT 
HONG KONG LTD. 

Room 704 Star House 
3 Salisbury Road 
Kowloon, Hong Kong 
Tel 3-675528. Telex - 84606 

GENERAL INSTRUMENT 
MICROELECTRONICS 
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GENERAL INSTRUMENT 

DEDICATED TV GAMES 

GAMES 
PART 

NUMBER 
LINE 

STANDARD PACKAGE FUNCTION DESCRIPTION FEATURES 

SUPERSTAR 
Ten selectable games for one or 
two players,. with horizontal and 
vertical paddle motion. 

Tennis 
Hockey 
Soccer 
Squash 
Practice 
Gridball 
Basketball 
Basketball 
Practice 

Target I 
Target 71 

AY-3-8610 625 

28 DIP 

Automatic on-screeen scoring. Sound generation 
(hit, boundary, score). Selectable paddle size 
(individually selectable for each player). Full two-
axis player motion. Color-ceding of score and 
player. Realistic ball service and scoring. 

AY-3-8610-1 525 

SUPERSTAR 
COLOR 

CONVERTER 

Converts the black & white video 
outputs of the AY-3-8610-1 to a 
single color composite video 
signal. 

— AY-3-8615 525 28 DIP 

Colors of the background and paddle outputs are 
selectively changed directly by the "game select" 
inputs. Also provides, as an output. a buffered 
3.579MHz clock for the game circuit. 

BATTLE 

A two player "tank battle" game 
where each player has a corn- 
pletely steerable tank with forward 
and reverse speed control and a 
firing button, 

Tank Battle 
AY-3-8710 625 

28 DIP 

The on-screen "battlefield" includes anti-tank 
barricades and exploding mines to retard each 
tank's progress. Unlimited ammunition to a 
scoring limit of 16 -hits." AY-3-8710-1 525 

CYCLE 

A one player game where the 
player controls the speed of a 
motorcycle and rider through var- 
iations of a three track course. 

Stunt Cycle 
Drag Race 
Motocross 
Enduro 

AY-3-8760 
525 
OR 
625 

28 DIP 

Full color display. Selectable NTSC/PAL corn-
patibility. Pro-Am selection for game difficulty 
factor. Full complement of sounds: cycle engine, 
bus hit, crash, screech, and good jump. 

BALL & 
PADDLE 

Six selectable games for one or two 
players, w ith vertical paddle 

motion. 

Tennis 
Soccer 
Squash 
Practice 
Rifle Game I 
Rifle Game II 

AY-3-8500 625 

28 DIP 
Automatic on-screen scoring. Sound generation 
(hit, boundary, score). Selectable paddle size, ball 
speed, rebound angles. 

AY-3-8500-1 525 

BALL & 
PADDLE 

(TWO AXIS) 

Six selectable games for one or two 
players, with horizontal end 
vertical paddle motion. 

Tennis 
Soccer 
Squash 
Practice 
Rifle Game I 
Rifle Game 11 

AY-3-8550 625 

28 DIP 

All features of the AY-3-8500/8500-1 with the 
addition of full two-axis player motion, color-
coding of score and player, and "hit" and "miss" 
scoring in Practice game. AY-3-8550-1 525 

BALL & PADDLE 
CO...0fi 

CONVERTER 

Converts the black & white video 
outputs of either the AY-3-8500-1 
or AY-3-8550-1 to a single color 
composite video signal. 

— AY-3-8515 525 *6 DIP 

Colors of the background and paddle outputs are 

selectively changed directly by the "game select" 
inputs. Also provides, as an output, a 2.045MHz 
clock for the game circuit. 

PROGRAMMABLE TV GAMES 

e£4.1 

ROE 

FUNCTION DESCRIPTION 
GAME 

FUNCTION 
PART 

NUMBER PACKAGE FEATURES 

GIMINI 
ECONOMY 

PROGRAMMABLE 
GAME SETT 

With a single AY-3-8615 
"Resident Processor' chip 
in the console, the GiMINI 
"8600" minimizes system 
cost. Each game cartridge 
provides full color with 
realistic sounds and 
scoring. 

Resident Processor AY-3-8615 28 DIP Console-mounted game/color processor. 

Roadrace Cartridge AY-3-8603-1 28 DIP Two racing games for one or two players. 

Submarine Cartridge *AY-3-8505-1 28 DIP Two sea battle games for one or two players. 

Wipeout Cartridge *AY-3-8606-1 28 DIP Four games encompassing combat, strategy, and skill. 

Rifle Cartridge *AY-3-8607-1 2£ DIP Four target games for one or two players. 

Superstar Cartridge AY-3-8610-1 26 DIP Ten ball & paddle/target games. 

Superspace Cartridge 'AY-3-8750-1 28 DIP Two player space battle game. 

Cycle Cartridge AY-3-8765 28 DIP Four motorcycle racing/jumpiog games. 

GIMINI 
FULL RANGE 

"8900" 
PROGRAMMABLE 
GAME SET TT 

The "8900" chip set pro- 
vides the basis for a user- 
programmed game series 
for up to eight players and 
featuring: up to eight user- 
controlled moving objects' 
up to 512 characters in 

ROM or RAM library, up to 
240 programmable back- 
ground locations, movable 
background field, and dis- 
play in up to 14 colors plus 
black and white. 

Mictoprocessor CP1610 40 DIP 
A variant of the GI CP1600 microprocessor, the CP1610 is 
a 16-bit unit utilizing 8 general purpose registers for fast 
and efficient processing of all game data. 

TV Interface 
AY-3-8900 

OR 
AY-3-8900-1 

40 DIP 

The "STIC", Standard Television Interface Chip, provides 
the video signals including sync and blanking and the 
manipulation and interaction of all graphics data in a 
non-interlaced pattern for the TV. 

Resident ROM 

RO-3-9500 
OR 

RO-3-9501 

28 DIP 
OR 

40 DIP 

The -graphics" ROM contaats 256 8X8 dot matrces for a 
large variety of game symbols, background/field data, and 
64 alpha-numeric characters. 

Cartridge ROM 
RO-3-9500 

OR 
RO-3-9501 

28 DIP 
OR 

40 DIP 

The -program" ROM organized as 2048X10, contains all 
game "rules", symbol locations, color, velocity and 
direction data. 

Resident RAM RA-3-9600 40 DIP 
The "working" memory during game operation contains a 
352X16 memory plus a 20 word "current line" buffer. 

Sound Generator AY-3-8910 28 DIP 
Provides full software programmability for complex sound 
effects generation without external timing components. 

GIMINI 
MID RANGE 

I "8950" 
PROGRAMMABLE 
GAME SET TT 

The "8950" chip set pro- 
vides the basis for a use,- 
programmed game series 
which does not require 
moving objects but which 
offers extensive flexibility 
in character library and on- 
screen character 
positioning. 

Microprocessor CP1610 40 DIP 
A variant of the GI CP1600 microprocessor, the CP1610 is 
a 16-bit unit utilizing 8 general purpose registers for fast 
and efficient processing of all game data.. 

TV Interface/ 
Resident ROM 

AY-3-8950 
OR 

AY-3-8950-1 
40 DIP 

The "GIG" Graphics Interface Chip, contains a 64 character 
ROM and all circuitry to generate sync, color burst, 
blanking and video data. 

Cartridge ROM 
RO-3-9500 

OR 
RO-3-9501 

28 DIP 
OR 

40 DIP 

The "program" ROM organized as 2048X10, contains all 
game rules and symbol locations. 

Resident RAM 2112A Series — 
The "working" memory during game operation. A total of two 
256X4 RAMs are required for a combined 256X8 memory 
complement. 

_ 
TAD "8600" Programmable Game chips will be available for CCIR compatibility in black and white—check actory for availability dales. " For Flure Helease 

2 TTGame program emulators available for the "8900" and "8950" systems. 
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MUSIC 

FUNCTION DESCRIPTION 
PART 1 MAXIMUM 

NUMBER FREQUENCY 
POWER 

SUPPLIES PACKAGE FEATURES 
_ 

MASTER 
FREQUENCY 
GENERATOR/ 
TOP OCTAVE 
GENERATOR 

Generates a complete octave 
of musical frequencies. 

AY-1-0212 1.5 MHz 
+12, GND 16 DIP 250kHz minimum frequency. 

AY-1-0212A 2.5 MHz 
o' - 
Y-3-0214 

4 5MHz +10 to +16, GND 16 DIP 

12 outputs, 50% duty cycle, 

AY-3-0215 13 outputs, 50% duty cycle. 

AY-3-0216 13 outputs, 30% duty cycle. 

LATCHING 
NETWORK 

Establishes priority level of 13 
latch inputs/outputs. AY-1-1313 20kHz GM:), -12, -27 40 DIP 

Stackable for expanded latching/ 
priority function. 

RHYTHM 
GENERATOR 

Generates 6 rhythms, drives 8 
instruments. AY-5-1315 10kHz GND, -15 18 DIP 

Resets for coupling chords to rhythm. 
32 beat pattern. Mask programmable. 

CHORD 
GENERATOR 

Produces major, minor, 7th 
chords, walking bass. AY-5-1317A 50kHz GND, -15 40 DIP 

Mixed outputs, sustain, top key 
priority. 

PIANO 
KEYBOARD 

Electronically simulates piano 
operation and sound. AY-1-1320 — GND, -10, -27 40 DIP 

12 keys per unit, loudness propor-
tional to key press velocity. 

FREQUENCY 
DIVIDERS 

4 stage AY-1-5051 1MHz GND, -13, -27 10 TO 

10 TO 

12 TO 

14 DIP 

14 DIP 

'14 DIP 

Arranged 2 + 1 + 1 

5 stage AY-1-6721/5 1MHz GND, -13, -27 Arranged 3 + 2 _ 

6 stage 

AY-1-6721/6 1MHz GND, -13, -27 Arranged 3 + 2 + 1 

AY-1-1006 50kHz GND, -12, -27 Arranged 3 + 2 + 1 

AY-1-2006 50kHz GND, -12, -27 Arranged 2 + 2 + 1 + 1 

7 stage 
AY-1-5050 1MHz GND, -13, -27 Arranged 3 + 2 + 1 + 1 

AY-1-1007B 50kHz GelD, -12, -27 14 DIP Arranged 3 + 2 + 1 + 1, power-on reset. 

APPLIANCES 

FUNCTION DESCRIPTION 
PART 

NUMBER 
POWER 

SUPPLIES PACKAGE FEATURES 

CLOCK TIMER 
24 hour programmable, repeat- 
able on/off time switch with 
4 digit clock. 

AY-5-1230 

GND, 
-12 to -18 

28 DIP 
50Hz input (50 or 60Hz on AY-5-1231), BCD or 
7-segment direct fluorescent display drive 
outputs, zero blanking, 24 hour display (12 
or 24 hour on AY-5-1231). 

AY-5-1231 40 DIP 

AY-5-1232 28 DIP 
— 

AY-5-1233 28 DIP 

OVEN/COOKER 
TIMER 

Appliance timer with clock. 
Full control of "start" time, 
"stop" time, or "duration". 

'AY-5-1250 
— - 
•AY-5-1251 

+9, GND 
28 DIP Three timed outputs, "minute minder" feature, 

12/24 hour system, 4 digit display (AY-5-1250) 
or 14 digit display (AY-5-1251). 40 DIP 

MICROWAVE 
OVEN TIMER 

Three mode magnetron control 
plus minute timer & 4 digit clock. 

AY-5-1260 GND, -5, -16 40 DIP 99 minute/99 second oven control and minute 
timer. Status indicators. Audio output. 

COINBOX 
CIRCUIT 

A memory/credit accumulator 
for coin-operated equipment. 

AY-1-8622 
GND, 

-12, -27 
40 DIP  

Seven different coin inputs, credit and 
"bonus" features. 

DIGITAL 
THERMOMETER 

Deep-freeze thermometer 
circuit (-40°C to 0°C). 

*TR 1100 +9, GND 40 DIP Direct display drive, ±1°C accuracy, power-
fail/over-range indication (flashing display). 

VIDEO TAPE 
RECORDER 
TIMER 

Program "start" time for 2 
or 4 hour VTR's. 

VTR3300 +7.5 to +15, 
GND 28 DIP 12 or 24 hour time. Direct drive for 7-segment LEDs. 

INDUSTRIAL 

FUNCTION 

•For Future Release. 

DESCRIPTION 
PART 

NUMBER 

AY-5-3507 
31/2 DIGIT DVM 

3% DIGIT DVM 

DVM logic incorporating dual 
ramp integration. 

DVM logic incorporating 
single ramp intergration. 

AY-5-3510 

1 
AY-5-3500 

MAX. COUNT 
FREQUENCY 

POWER 
SUPPLIES PACKAGE FEATURES 

40kHz GND, -15 
18 DIP Range to 1999, 7-seg. outputs. 

16 DIP Range to 1999, BCD outputs. 

3 ranges: 999, 1999, 
200kHz GNU. -7.5, -15 28 DIP 2999. Dual polarity, 

BCD & 7-seg. outputs. 

4,/., DIGIT DVM 

4 DIGIT 
COUNTER 

DVM logic incorporating dual 
I ramp integration. AY-3-3550 400kHz +5, GND 

Counts, stores & decodes 
four decades to BCD outputs. AY-5-4057 

4 DIGIT 
COUNTER/ 
DISPLAY 
DRIVER 

Counts (up or down), stores 
& decodes four decades to 
7-segment outputs. 

AY-5-4007 

Auto-range, auto-zero, 
40 DIP auto-polarity, 7-segment/ 

BCD outputs, counter mode. 

500kHz +5, GND, -12 16 DIP BCD outputs. 

AY-5-4007A 

- 

AY-5-4007D 

600k Hz +5, GND, -12 

24 DIP BCD outputs, true/ 
complement control. 

Includes features of 
40 DIP AY-5-4007 & 4007D. 

Serial count output, 
24 DIP three carry outputs. 

10 BIT D/A 
CONVERTER 

Ladderless D/A converter. AY-5-5053 
SEE DATA 
SHEET +5, GND, -12 24 DIP 

Employs stochastic 
techniques. 

A/D 
CONVERTER 
CONTROL 

With AY-5-5053 performs 
A/D with transmitter facility. 

AY-5-5054 SEE DATA 
SHEET 

+5, GND, -12 24 DIP 
For use in remote 
sensing applications. 

3 



GENERAL INSTRUMENT 

RADIO 

FUNCTION DESCRIPTION 

FREQUENCY 
COUNTER/ 
DISPLAY 

PART AM/MW/SW FM/VHF POWER 
NUMBER IF OFFSET IF OFFSET SUPPLIES PACKAGE 

Counts & displays MW. SW, and VHF 
frequencies. 

FREQUENCY 
COUNTER/DISPLAY 

WITH 4 DIGIT 
CLOCK 

AY-5-8100 460kHz 

AV-5-8102 455kHz 

10.7MHz 

FEATURES 

GND, -17 28 DIP 

41/2 digit display: MW, SW, 
VHF, 0 to 99 FM channel 
indication (European 
standard). 

Counts & displays AM/FM frequencies 
with a 12 hour clock. 

AY-3-8110 262.5kHz 

AY-3-8112 455kHz 

10.46 to 
10.76 MHz 

+10 to +16. 
GND 28 DIP 

Easy time set controls, low 
power consumption, on-chip 
intensity control. Clock 
functions down to +5V. 

STEREOMEGAe 
PHASE-LOCKED 
LOOP DIGITAL 
TUNING SYSTEM 

Control circuit: accepts inputs to con-
trol and program the system. 

Memory circuit: provides non-
volatile storage of station tuning 
information. 

Clock circuit: supplements the con-
trol circuit to provide time display. 

AY-3-8115 

ER 1400 

455kHz 10.7MHz 
.10 to .16. 
GND 

40 DIP 

+12. -24 8 TO 

AY-3-8116 
+5 to •16. 
GND 

24 DIP 

Tune up, tune down; search 
stereo only; scanning 
mode; pre-program 10 favorite 
stations (5AM/5FM). 

'-STEREOMEGA is a trademark of General Instrument Corp 

TELEVISION 

FUNCTION DESCRIPTION 
PART 

NUMBER 
POWER 

SUPPLIES 
1 

PACKAGE ' FEATURES 

OMEGAe 
82 CHANNEL 

DIGITAL TUNING 
SYSTEM 

Control circuit: accepts keyboard/ 
remote inputs to control system. T-1001 +12. GND 40 DIP Scan mode or search mode may also be selected. 

Display circuit: displays selected 
channel number. 

T-1101 +12. GND 40 DIP Decodes and drives BCD or LED displays. 

D/A converter circuit: converts output 
to coarse and fine tune outputs. 

MEM 4956 VREF 
+12, GND 

14 DIP ! 14 bit accuracy for precise varactor tuning. 

1 Memory circuit: provides non-
volatile storage of station tuning 
Information. 

ER 1400 +12. -24 8 TO " 100 i+ 14 bit memory 
! 

Optional channel selector interface 
circuit: permits preset channels. 

T-1201 +12. GND 40 DIP Up to 20 channels: pre-set and/or customer selection. 

ECONOMEGAe 
16 CHANNEL 
DIGITAL 

TUNING SYSTEM 

Control circuit: accepts direct/remote 
inputs to control/program system. 

AY-3-8203 +12, GND 40 DIP 16 programs. 14 bit accuracy with coarse and fine tune. 

D/A converter circuit: converts output 
to coarse and fine tune outputs. 

MEN 4956 
VREF, 

+12. GND 
14 DIP 14 bit accuracy for precise varactor tuning. 

Memory circuit: provides non-
volatile storage of station tuning 
information. 

ER 1400 +12. -24 8 TO 100 ii 14 bit memory. 

CHANNEL/TIME 
DISPLAY SERIES 

Various circuits in series to display 
channel/time on-screen. 

AY-5-8300 
SERIES 

SEE DATA 
SHEET 

14 DIP Selection of display position on screen & channel modes 

24 Dip I, (0-15, 0-16. 00-99). 

ON-SCREEN 
TUNING SCALE 

Provides an electronic on-screen tun- 
ing scale for varactor tuned TV sets. 

AT-3-8330 .12. GND 16 DIP 
4 bands, mask programmable band or channel number 
display, mask programmable display positions. AY-3-8331 

OMEGA & ECONOMEGA are trademarks of General Instrument Corp 

ew 

REMOTE CONTROL 

FUNCTION DESCRIPTION 
PART 

NUMBER 
POWER 

SUPPLIES PACKAGE FEATURES 

A/C SYSTEM I 

30 Channel Transmitter, SAA 1024 9V BATTERY 
30 ultrasonic control channels, 34-44kHz. Utilizes a 

16 DIP  
4.4MHz TV crystal for accuracy. 

30 Channel Receivers. 
SAA 1025-01 

+18, GND 
16 DIP Power on/off output, 16 TV channel selection (& 5 spares), 

3 analog outputs (8 functions). SAA 1025-02 

A/C SYSTEM II 
23 Channel Transmitters. 

AY-5-8410 +15, GND 
18 DIP 23 channels, either local control at receiver or remote control 

AY-5-8411 9V BATTERY 

31/63 Channel Receiver. 14 DIP 5 or 6 bit modes, error-detection. AY-5-8420 +15, GND 

A/C SYSTEM al 

30 Channel Transmitter. AY-5-8450 9V BATTERY 16 DIP 
30 ultrasonic control frequencies, interfaces directly with 
a 56 matrix keyboard. 

16 Channel Receivers. 
AV-5-8460 

•12. GND, -6 18 DIP 
 Interfaces directly with OMEGA 10 digit keyboard inputs 
plus on/off, recall. 2 analog controls (4 functions). Alf-5-8461 

A/C SYSTEM 13/ 
264 Command IR Transmitter. 

, 
i *AY-3-8470 9V BATTERY 28 DIP 

 8 bit PCM system plus 8 PWM analog commands. 
4X8 keyboard (32X8 with shifts). 

264 Command IR Receiver. 
h 
1 *AY-3-8475 
1 

• 12. GND 40 DIP 
5 bit binary program output, CPU databus interface for 
256 digital commands and 8 analog commands. 

• For Future Release 

SECURITY 

FUNCTION DESCRIPTION 
PART 

NUMBER 
POWER 

SUPPLIES PACKAGE FEATURES 

SMOKE 

DETECTOR 

Complete ionization smoke detector 
circuitry in a single CMOS LSI. 

LMEM 4962 9V BATTERY 14 DIP On-chip input MOSFET and output driver Low battery 
warning. 

Circuitry for ionization. photoelec- 
tric, or both in a single CMOS LSI. 

' MEN 4963 9V BATTERY 14 DIP ; As above, plus an interconnection capability for COMMOn 
, alarm in multiple-unit installations. 



MICROELECTRONICS El 

MOSFET TRANSISTORS 

TYPE 
PART 

NUMBER 

V008088 
VOLTS 
MIN. 

NIBIDGSS 
VOLTS 
MIN. 

Riss 
nA 
TYP. 

10S3F 
nA 
TYP. 

VISIIM 
VOLTS 

MIN/MAX 

P-CHANNEL 
ENHANCEMENT 

MODE 

MEM511 
MEM511A 
MEM511C 
MEM517 
MEM517A 
MEM517C 
MEM520 
MEM520C 
MEM556 
MEM556C 
MEM 560 
MEM560C 
MEM561 
MEM561C 
MEM806 
MEM806A 
MEM807 
MEM807A 
MEM814 
MEM816 
MEM817 
MEM823 

-30 
-30 
-25 
-30 
-30 
-25 
-30 
-25 
-50 
-43 
-35 
-30 
-30 
-25 
-40 
-ao 
-ao 
-40 
-35 
-30 
-40 
-35 

-ao 
-30 
-25 
-25 
-25 
-25 
-ao 
-25 
-50 
-45 
-35 
-30 
-50 
-ao 
-ao 
-ao 
-ao 
-40 
-35 
-30 
±200 
±200 

-0.5 
-0.5 
-3.0 
-0.8 
-0.8 
-3.5 
-0.5 
-3.0 
-0.1 
-0.3 
-1.0 
-2.0 
-1.0 
-0.5 
-1.0 
-0.1 
-0.5 
-0.05 
-1.0 
-5.0 
-0.1 
-0.1 

-0.05 
-0.5 
-0.05 
-0.15 
-0.15 
-0.15 

-0.03pA 
-0.1pA 
-0.1 
-0.3 
-0.1 
-0.2 

-0.05pA 
-0.5pA 
-0.1pA 
-0.05pA 
-0.1 
-0.2 
-0.1 
-0.2 

-0.05pA 
-0.05pA 

-3/-6 
-3/-6 
-3/-6 
-2.5/-5 
-2.5/-5 
-2.5/-5 
-3/-6 
-3/-6 
-3/-6 
-3/-6 
-1.5/-3 
-1/-3.5 
-1.5/-3 
-1.5/-3 
-2/-5.5 
-2/-5.5 
-2/-5.5 
-2/-5.5 
-1.5/-3 
-2/-5 

-2.5/-5.5 
-2.5/-5.6 

rDSIonl 
OHMS 
TYP. 

Yfs 
MHO 
TYP. 

Clu 
pF 
TYP. 

Cru 
pF 
TYP. CASE 

150 
300 
150 
35 
35 
35 
150 
150 
700 
700 
100 
175 
100 
150 
150 
150 
150 
150 
80 

150 
150 
150 

2.500 
2,500 
2,500 
12,000 
12,000 
12,000 
2,500 
2,500 
950 
950 
3,500 
3,500 
3,500 
3,500 
2.800 
2,800 
2,800 
2,800 
3,500 
3,000 
2,000 
2,000 

3.5 
3.5 
4.0 

10.0 
10.0 
10.0 
3.0 
3.0 
0.3 
0.4 
7.5 
8.0 
7.5 
7.5 
4.5 
4.5 
4.5 
4.5 
6.0 
6.0 
3.5 
3.5 

2.5 
2.5 
4.0 
10.0 
10.0 
10.0 
2.5 
2.5 
0.3 
0.4 
1.5 
2.0 
3.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
3.5 
1.2 
1.2 

TO-72 
10-72 
10-72 
10-33 
10-5 
10-33 
TO-72 
TO-72 
TO-72 
TO-72 
TO-72 
10-72 
10-72 
10-72 
10-72 
TO-72 
TO-72 
10-72 
TO-72 
Plastic 
10-72 
TO-18 

TYPE 
PART 

NUMBER 

Vlooloss lossF 
VOLTS nA 
MIN.  jTYP. 

*SDN fOSIonl 
VOLTS OHMS 

MIN/MAX TYP. 

Vit 
MHO 
TYP. 

Cm 
pF 
TYP. 

Cus 
pF 
TYP. 
1.1 
2.0 
1.1 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

Yb IVGIs-VG2s1 
RATIO mV 
TYP. TYP. 
0.85 
0.8 
0.9 
0.85 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 

Yis 
MHO 
TYP. 

CASE 

DUAL 
P-CHANNEL 

ENHANCEMENT 
MODE 

TYPE 

N-CHANNEL 
ENHANCEMENT 

MODE 

MEM 550 
MEM550C 
MEM551 
MEM551C 
MEM954 
MEM954A 
MEM95413 
MEM955 
MEM955A 
MEM955B 

PART 
NUMBER 

MEM562 
MEm562C 
MEM563 
MEM563C 
MEM711 
MEM712 
MEM712A 
MEM713 

-30 
-25 
-30 
-25 
-30 
-30 
-30 
-35 
-35 
-35 

BVoss 
MIN. 
VOLTS 

-0.1 -3/-6 
-0.2 -3/-6 

-0.03pA I -3/-6 
-1pA -3/-6 
-0.03 -2/-5 

-2/-5 
-0.03 -2/-5 

-0.02pA -2/-5 
--0.02pA -2/-5 
-0.02pA -2/-5 

INBIDOSS IDSS IGSSF 
VOLTS 
MIN. 

250 
250 
250 
250 
100 
100 
100 
100 
100 
100 

loion 
nA nA mA 
TYP. TYP. TYP. 

1500 1.1 
800 2.0 
1000 1.1 
750 1.5 
1000 2.0 
1000 2.0 
1000 2.0 
1000 2.0 
1000 2.0 
1000 2.0 

VOLTS OHMS 
MIN/MAX. TYP. 

20 
20 
20 
20 
25 
25 
30 
20 

±30 
±30 
±30 
±30 
±30 
±30 
±30 
±30 

1 
2 
1 
3 
1 
1 
1 
3 

1pA 
10pA 
1pA 
10pA 
0.1 
.01 
.01 
10pA 

15 
15 
ao 
40 
40 
40 
40 
40 

0.5/4 
0.5/4 
0.5/4 
0.5/4 
0.5/1.5 
0.5/2 
0.5/2 
0.5/4 

150 
150 
40 
50 
50 
50 
30 
50 

70 
100 
70 
70 
50 
15 
5 
50 
15 

CIss 
pF 
TYP. 

5 
Cru 
PF 

TYP. 
2,500 
2,000 
5,000 
4,000 
3,000 
2,500 
2,500 
4,000 

3 
3 
4 
4 
4.5 
4.5 
4.5 
4 

0.3 
0.5 
0.3 
0.4 
0.5 
0.5 
0.5 
0.4 

TO-77 
TO-77 
TO-77 
TO-77 
TO-77 
TO-77 
TO-77 
TO-77 
TO-77 
TO-77 

CASE 

TO-72 
TO-72 
TO-72 
TO-72 
TO-72 
Plastic 
Plastic 
Plastic 

TYPE 

VIDRIOS 
PART VOLTS 

NUMBER MIN. 

VIBRIStS 
VOLTS 
MIN. 

VIBRIG2S lOSS 1GSS 
VOLTS mA nA 
MIN.11  TYP. TYP. 

VGStofil 
VOLTS 
MAX. 

rOS(onl Yls Cita Crss Gps NF 
OHMS MHO pF pF dB dB 
TYP. TYP. TYP. TYP. TYP. TYP. CASE 

N-CHANNEL 
DEPLETION 
MODE 

TYPE 

MEM 554 
MEM554C 
MEm557 
MEm557C 
mEm564C 
MEM571C 
MEM610 
MEM614 
MEM616 
MEM 617 
MEM618 
MEM619 
MEM630 
MEM631 
MEM632 
MEM 636 
MEM637 
MEM638 
MEM639 
MEM655 
MEM660 
MEM667 
MEM670 
MEM 680 
MEM681 
MEM682 
MEM683 

PART --I 
NUMBER 

20 
20 
20 
20 
20 
20 
20 
20 
25 
20 
20 
20 
25 
25 
25 
20 
20 
20 
20 
20 
20 
20 
20 
25 
25 
25 
20 

+5/-10 
+5/-10 
±10 
±10 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 

+30/-20 
±100 
±100 
±6 
±6 
±6 
±6 

DESCRIPTION 

±20 
±10 

±6 

±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 
±6 

±6 

5 
5 
5 
5 
5 
4 
10 
5 
10 
6 
10 
15 
6 
10 
6 
15 
15 
15 
10 
4 
3 
3 
3 

4/30 
2/20 
3/20 
15 

.01 

.05 

.01 

.05 
1.0 
±10 

1.0 
20 
20 
20 
20 
20 
20 
20 
50 
20 
20 

±10 

.05p- A 

.05pA 
50 
50 
50 
20 

-1.5 
-1.5 
-4 
-4 
-1.5 

-6 
-1 
-4 
-4 
-4 
-4 

-4G1/-2G2 
-4G1/-3G2 
-4G1/-2G2 

-4 
-4 
-4 
-6 
-4 
-4 
-4 
-4 
-4 
-4 
-4 
4 

PEAK-PEAK SIGNAL 
INPUT RANGE 

200 
200 

30 
30 

ON 
RESISTANCE 

13,000 
11,000 
10,000 
8,000 

12,000 

17,000 
10,000 
18,000 
4,400 
14,000 
10,000 
14,000 
16,000 

16,000 
18,000 
14,000 
17,000 
10,000 
10,000 
2,000 
2,000 

18,000 
4,400 
14,000 
18,000 

5 
5 
3 
3 
5 
4 
5 
5 

5.4 
6 

5.1 
6 
6 
6 
6 
6 
6 

5.1 
5 
4 
4.5 
2 
2 

5.4 
6 

5.1 
4.0 

0.02 
0.02 
0.32 
0.32 
0.02 
0.32 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 
0.03 
0.02 

0.02 
0.03 
0.32 
0.30 
0.3 
0.3 
0.2 

0.02 
0.02 

TEMP. 
RANGE 

20 
18 
18 
17 
17 
17 
25 
22 
18 
17 
30 

22 
18 
30 
25 
22 

21 
18 
30 
22 

2.8 
3.5 
2.5 
3.0 
3.5 
2.5 
4.5 
3.5 
3.0 
3.0 
2.5 

2.5 
3.5 

3.5 

4.5 
2.5 

2.5 

2.2 

10-72 
TO-72 
TO-72 
10-72 
10-72 
10-72 
10-72 
10-72 
TO-72 
10-72 
TO-72 
10-72 
Plastic 
Plastic 
Plastic 
Plastic 
Plastic 
Plastic 
Plastic 
10-72 
10-72 
TO-18 
TO-72 
TO-72 
10-72 
TO-72 
TO-72 

SUFFIX/ 
PACKAGE 

ANALOG 
SWITCHES 

MEM780 

MEM781 I 

MEM851 

MEM855 

MEM856 

MEM857 

MEM853 

4 CHANNEL 
20 Volts 30 ohms 

30 Volts 100 ohms 

6 CHANNEL 
25 Volts 350 ohms 

40 Volts 1000 ohms 

8 CHANNEL 

10 CHANNEL 

25 Volts 

25 Volts 

150 ohms 

150 ohms 

-65 to +85 
(Plastic Dip) 

-65 to +125 
(Ceramic DIP, 

Flat Pack) 

P/14 Plastic DIP 
0/14 Ceramic DIP 
F/14 Flat Pack 

P/24 Plase-151P 
D/24 Ceramic DIP 
F/24 Flat Pack 
P/14 Plastic DIP 
0/14 Ceramic DIP 
F/14 Flat Pack MEM4900 4 CHANNEL DRIVER 

Note: Check factory for availability of JEDEC registered 2N and 3N type MOSFETs. 
5 



GENERAL INSTRUMENT 

HOME INFORMATION CENTER / HOME COMPUTER 

FUNCTION DESCRIPTION 
COMPUTER 
FUNCTION 

PART 
NUMBER PACKAGE FEATURES 

"8900" 
HOME 

INFORMATION 
CENTER 

The General lnstru- 
ment "8900" Home 
Information Center is 
a powerful system for 
video display of 
Game, Educational, 
Financial, Research 
and related Home 
Computer Service In- 
formation, under the 
control of program 
ROMs, cassette tape 
or digital data re- 
ceived over the tele- 
phone line via modem. 
Moving objects, real- 
istic sound, alpha-
numeric information 
in color are features 
of the system. 

Microprocessor CP1610 40 DIP 
A variant of the GI CP1600 microprocessor, the CP1610 is a 16-bit 
unit utilizing 8 general purpose registers for fast and efficient 
processing of all home information center data. 

TV Interface 
AY-3-8900 

OR 
AY-3-8900-1 

40 DIP 

The "STIC", Standard Television Interface Chip, provides the 
video signals including sync and blanking and the manipulation 
and interaction of all graphics data in a non-interlaced pattern for 
a standard television. 

— 

Resident ROM 
RO-3-9500 

OR 
R0-3-9501 

28 DIP 
OR 

40 DIP 

The "graphics" ROM contains 256 8X8 dot matrices for a large 
variety of symbols, background/field data, and 64 alpha-numeric 
characters. 

Cartridge ROM 
RO-3-9500 

OR 
RO-3-9501 

28 DIP 
OR 

40 DIP 

The "program" ROM organized as 2048 X 10, contains all basic 
program instructions, symbol locations, color, velocity and 
direction data. 

Resident RAM RA-3-9600 40 DIP 
The "working" memory during home information center operation. 
Contains a 352X16 memory plus a 20 word "current line" buffer. 

Sound Generator AY-3-8910 28 DIP Provides full software programmability for complex 
sound effects generation without external timing components. 

"8950" 
HOME 

INFORMATION 

CENTER 

The "8950" system 
provides many of the 
features of the "8900" 
system in a more 

economcal form 
where only fixed 
alpha-numeric and 
shape data is 
required. 

Microprocessor CP1610 40 DIP 
A variant of the GI CP1600 microprocessor, the CP1610 is a 16-bit 
unit utilizing 8 general purpose registers for fast and efficient 
processing of all home information center data. 

TV Interface/ 
Resident ROM 

AY-3-8950 
OR 

AY-3-8950-1 
40 DIP 

The "GIC", Graphics Interface Chip contains a 64 character ROM 
and all circuitry to generate sync, color burst, blanking, and video 
data. 

Cartridge ROM 
RO-3-9500 

OR 
RO-3-9501 

28 DIP 
OR 

40 DIP 

The "program" ROM organized as 2048X10, contains all basic  
program instructions and symbol locations. 

Resident RAM 2112A Series — 
The "working" memory during home information center 
operation. A total of two 256X4 RAMs are required for a 
combined 256X8 memory complement for the minimum system. 

4.* 

SERIES 1600 MICROPROCESSOR 

FUNCTION 
PART 

NUMBER PACKAGE DESCRIPTION FEATURES APPLICATIONS 

LSI CIRCUITS 
CP 1600 

40 DIP 

TheCP 1600 utilizes third generation mini- 
computer architecture with eight general 
purpose registers. The 16-bit word en- 
ables fast & efficient processing of alpha-
numeric or byte oriented data. The 16-bit 
address capability permits access to 
65,536 words in any combination of pro- 
gram memory, data memory, or 
peripheral devices. 

• 8 program accessible 16-bit 
general purpose registers. 

a 87 basic instructions, 
• 4 addressing modes. 
• Unlimited interrupt nesting and 

priority resolution 
' • ' • 16-bit 2's complement arithmetic 
& logic. 

• Direct memory access (DMA) for 
' high speed data transfer. 

• 64K memory using single 
address. 

The CP 1600 Microprocessor is 
designed for high speed data process-
ing & real time applications. Typical 
applications include programmable 
calculator systems, peripheral con-
trollers, process controllers, intelli-
gent terminals & instruments, data 
acquisition and digital communica-
lions processors, numerical control 
systems, programmable TV game 

systems. 

16 BIT 
SINGLE CHIP I 

MICRO- 
PROCESSOR 

`CP 1600A 

CP 1610 

DUAL DIGITAL 
TO ANALOG 
CONVERTER 

DAC 1600 40 DIP 
The DAC 1600 contains four registers 
which can be loaded or read through a 10- 
bit I/O data port, 

• 10 bit bidirectional data bus. 
• Synchronous/Asynchronous 

loading, 
• Manual input mode. 

The DAC 1600 Digital to Analog Con-
verter has been designed to interface 
to a process control loop. 

INPUT/ 
OUTPUT 
BUFFER 

10B 1680 40 DIP 

The 10B 1680 is a byte oriented program- 
mable input/output buffer which provides 
comprehensive interfacing facilities for 
The CP 1600 microprocessor. Data is 
transferred to and from the peripheral on 
1 16 bidirectional lines, each of which can 
be considered to be an input or output 

• Single 16-Bit or Dual 8-Bit Ports 
for Bidirectional Input/Output. 

• Parity Check on Logic • Both Ports. 
a Three Levels of Priority, 
• Automatic Handshake Logic and 

Signals. 
• Control Register. 

The 10B 1680 enables efficient inter-
facing between a peripheral and the 
CP 1600 by the use of six 8-bit regis-
ters and a 16-bit programmable timer. 

18 CHANNEL 
ANALOG 

MULTIPLEXER 
MUX 1600 28 DIP 

The MUX 1600 is a binary addressed 18 
channel analog multiplexer. The MUX 
1600 includes on-chip address latches 
and separate address strobe and 
chip select signals. 

• Connects 1 of 18 analog inputs. 
• Address latch on-chip. 
• 0 to 6 volt input range, 
• Analog output controlled by chip 

select signal. 

The binary address selection of the 18 
input channels provides for simplified 
direct control of analog signals by the 
CP 1600 microprocessor chip. 

HARDWARE 

*SC1600 

121/2 "X17" 
PC Board, 
Ribbon 
Cable 

Connectors 

The SC1600 GIMINI Single Card Micro- 
computer provides full 16-bit processing 
power on a single card. The SC1600 uses 
the CP1600 microprocessor with all cir-
cuitry for a complete operating system. 

III 16K words of RAM. 
• 14K words of PROM sockets, 
• 1K words of EAROM. 
• Up to 16 input and 16 output 

lines 

• UAR/T-RS232 Serial I/O 
channel, 

• Real time clock, 

In industrial usage, the SC1600 can 
serve as the kernel of a modular expan-
dable processing system with other 
cards added as required. In consumer 
applications, the SC1600 can serve as 
the basis for many user-programmable 
systems such as TV games, home TV 
terminals, etc. 

GIMINI 
SINGL E CARD 

MICRO- 
COMPUTER 

GIMINI 
MICRO- 

COMPUTER 
SYSTEM 

GIMINI — 

The GIMINI utilizes a totally modular de- 
sign for maximum configurability. The 
system provides direct addressing to 65K 
words, unlimited DMA channels, and a 
multi-line multi-levelnested interrupt sys- 
tem with full priority resolution and self- 
identifying addresses. All control & timing 
signals as well as data & address busses 
are fully buffered, 

• Built around the CP 1600 
Microprocessor. 

• Complete microcomputer system. 
• Separate Data. Address and 
Control Buses, 

• Up to 65K memory space. 
• Unlimited DMA channels. 
• Nested interrupt system with full 

priority resolution. 

To simplify microprocessor hardware 
and software development, speed the 
product design cycle & support 
product prototyping. a microcomputer 
development system and its associ-
ated components are a must. The 
Series 1600 family fills these require-
ments with the GIMINI Micro-
computer. 

6 
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HEW 

HUM 

HEW 

HEW 

SERIES 8000 MICROPROCESSOR 

FUNCTION 
PART 

NUMBER PACKAGE FEATURES DESCRIPTION APPUCATIONG 

, 8 BIT 
MICRO- 

PROCESSOR 
SYSTEM 

LP 8000 40 DIP • 2 Chip Minimum System 
(plus Clock). 

a 48 Accessible 8 Bit Registers. 
• 48 Basic Instructions. 
• Binary and Decimal Arithmetic. 
• Direct and Indirect Input/ 
Output Capabitity, 

@Automatic subroutine nesting on 
memory devices. 

The LP 8000 Logic Processor Unit is a 
complete 8-bit single chip MOS-LSI 
Microprocessor. It has a modem corn- 
puter architecture with forty eight general 
purpose internal registers. The 8-bit Data 
highway is supplemented by a 6-bit Ad- 
dress bus to give a 14-bit address cap- 
ability which permits access to 
16,384 words. 

The Series 8000 Logic Processor System 
is designed to perform any digital function 
using far fewer packages than a TTL or 
CMOS implementation. Typically a 100 
package system can be reduced to a 
three chip solution of LP 8000 Processor, 
LP6000 Program Memory and LP 1030 
Clock Generator. Also available: 
LP 1010 I/O Buffer, LP 1000 Memory 
Interface. 

LP 6000 40 DIP 

LP 1030 8 DIP 

LP 1010 40 DIP 

LP 1000 40 DIP 

PIC SERIES MICROCOMPUTER 

FUNCTION 
PART 

NUMBER PACKAGE FEATURES 

LSI CIRCUITS 

8 BIT 
SINGLE CHIP 

MICRO-
COMPUTER 

PIC 1650 40 DIP 

• User Programmable. 
• 32 8-Bit Registers. 
• 512X12-Bit ROM for Program. 
• Arithmetic Logic Unit, 
• 4 Sets of 8 User Defined TTL-
compatible Input/Output Lines. 

• Real Time Clock Counter. 
• Self contained Oscillator. 
• Access to RAM Registers in-
herent in instruction. 

• All the features of the PIC1650 
but with fewer I/O lines (4 in, 
8 out, 8 I/O) and registers (24) 
for low-power (battery/hand-
held) applications 

111 All the features of the PIC1650 
but with fewer I/O lines (4 in, 
8 out. 8 I/O). 

PIC 1654 

PIC 1655 

28 DIP 

28 DIP 

PIC 1670 40 DIP 

8 BIT 
SINGLE CHIP 
DEVELOPMENT 

MICRO-
COMPUTER 

PIC 1664 64 DIP 

• All the features of the PIC1650 
but with double the amount of 
ROM program memory 
(1024X12) and more RAM. 

DESCRIPTION 

The PIC 1650 MOS/LSI circuit array is a 
byte oriented programmable controller. 
The array is a complete chip controlled 
with an internal customer-defined ROM 
program specifying the overall functional 
characteristics and operational waveforms 
on each of the general purpose input/ 
output lines. 

APPLICATIONS 

The array can be programed to scan 
keyboards, drive multiplexed displays, 
control vending machines, traffic lights, 
printers and automatic gasoline pumps. 
Since it contains ROM, RAM, I/O as well 
as the central processing unit on one de-
vice, the PIC 1650 is truly a complete 8-
bit microcomputer on one chip. 

• PIC 1650 microcomputer 
without ROM. 

• ROM address and data lines 
brought out to pins. 

• Can be stopped or single 
stepped via a HALT pin. 

The PIC 1664 circuit is exactly the same as 
the PIC 1650 except that the ROM portion 
of the PIC 1650 has been removed. Any 
external RAM or PROM can be used to aid 
in the development of a final PIC 1650 
conf iguration. 

The PIC 1664 has been designed as a 
useful tool for engineering development 
and prototyping and for initial field trial 
and demonstrations of systems which 
will utilize the PIC 1650. 

HARDWARE 

PIC 
DEVELOPMENT 

SYSTEM 

PIC 
FIELD DEMO 
SYSTEM 

DB 1650 

FD 1664 

8"X8Y2" 
PC Board 

4"X61/2" 
PC Board 

• Full debugging capability. 
• In-circuit emulation. 
• Direct TTY interface. 

• Contains a PIC 1664 with 
address line driver circuits. 

• Sockets provided for 512X4 
PROM or 512X8 UV EPROM. 

The DB 1650 contains a PIC 1650 pre-
programmed with PICBUG, a program 
which enables loading a PIC 1650 pro-
gram and executing in either a run or 
single step mode. PICBUG interacts with 
a PIC 1664 and a 512X12 bit RAM which 
emulates the user's PIC 1650. A TTY inter-
face also contained in the DB 1650 allows 
control and monitoring of the program 
Operation.  

The FD 1664 is a printed circuit module 
containing a PIC 1664 and sockets for 
external PROMs. Provision is made for 
either an on-board RC oscillator or an 
externally supplied clock. 

The DB 1650 allows the user to test his 
PIC 1650 application program in the 
actual environment of his hardware 
application. True in-circuit emulation is 
provided via a cabled 40 pin DIP plug 
which replaces the PIC 1650 in the 
actual application. 

The FD 1664 may be used to demon-
strate a PIC 1650's capability in the field 
before committing to a masked ROM. A 
ribbon cable is supplied which termin-
ates in a PIC 1650 compatible 40 pin DIP. 

For Future Release 

SBA SERIES MICROCOMPUTER 

FUNCTION 
PART 

NUMBER PACKAGE FEATURES DESCRIPTION APPUCATIONS 

LSI CIRCUITS 

SBA 40 DIP 

a 24 basic instructions including 
AND, OR, XOR, COMPARE, 
INVERT. 

• 1023 words of program. 
• 30 programmable inputs, out-

puts, or multiplexed inputs/ 
outputs. 

• 16 element stack and 120 
element read/write memory. 

A simple, low cost single-bit microcompu _ 
ter, the SBA can directly•eyaluate a set of 
Boolean equations. Thirty programmable 
inputs and outputs as well as memory, 
make the SBA a true 1-bit microcomputer. 

The SBA is suitable for a wide variety of 
applications requiring timing and 

control functions, especially in systems 
requiring a response in milliseconds 
rather than microseconds.. e.g. telecom 
controllers, industrial timers, consumer 
games, microprocessor slave processor, 
etc. 

SINGLE BIT 
MICRO- 

COMPUTER/ 
SEQUENTIAL 
BOOLEAN 
ANALYZER 

SBA 
DEVELOPMENT 

MICRO- 
COMPUTER 

SBA-1 64 DIP 

• SBA microcomputer without 
memory, 

• ROM data lines brought out to 
pins. 

The SBA-1 circuit is virtually identical to 
the SBA except that the program memory 
has been removed. Any external PROM or 
RAM can be used to aid in the develop-
ment of a final program configuration. 

The SBA-1 is useful for prototyping or 
debugging systems which use the SBA. 

HARDWARE 

SBA-FD 71/2"X9" 
PC Board 

• Contains an SBA-1 circuit with 
a program counter and sockets 
for 51K PROMs. 

• Demu ltiplexing circu itry for 

30 I/O lines. 

The SBA-FD is a printed circuit module 
which provides external control of 
contents and I/Oassignments using the 
SBA-1 development microcomputer. 

The SBA-FD allows the demonstration 
of SBA routines before committing to 
fixed memory and I/O assignments. 
PROM sockets and DIP switches for  
I/O assignment allow for quick changes 
in function. 

SBA 
FIELD DEMO 

SYSTEM 
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TELEPHONY 

e 

.v+ 

FUNCTION - DESCRIPTION 
PART 

NUMBER 
POWER 

SUPPLIES PACKAGE FEATURES 

5 CHANNEL 
RELAY DRIVER 

Isolates +5V logic and 
exchange-powered relays. AY-5-9050 

+5, GND 
(Logic). 

-48, GND 
(Exchange) 

14 DIP Each driver is capable of supplying 50 mA. 

PUSH BUTTON 
TELEPHONE 
DIALLER 
CIRCUIT 

Converts push button input 
to rotary dial pulses 

AY-5-9100 

SEE DATA 
SHEET 

18 DIP 

Programmable tirning, one-call memory. Optional redial arid 
access pause capability (except on AY-5-9118). 

AY-5-9106 

AY-5-9110 

AY-5-9118 14 DIP 

AY-5-9120 18 DIP 

+2.5 to +5, 
18 DIP 

Low-voltage versions. 
.Ay.9.9600 +1.5 to +15, 

GND 
16 DIP 

REPERTORY 
DIALLER 

Stores ten telephone 
numbers 

AY-5-9200 
SEE DATA 
SHEET 

16 DIP 
Complements AY-5-9100 to enable storage of up to ten 22-digit 
telephone numbers. Stackable. 

COINBOX 
CIRCUIT 

Controls the operation of 
a standard pay telephone. 

AY-5-9300 SEE DATA 
SHEET 

24 DIP Up to 3 coin denominations recognized, 16 selectable coin ratios. 

DUAL TONE 
MULTI- 

FREQUENCY 
GENERATOR 

Generates DTMF/tone 
telephone frequencies. 

AT-3-9400 +5. GND 14 DIP Witn a low cost ceramic resonator. generates 12 tone pairs. 

AY-3-9401 
+5, GND 16 DIP Same as AY-3-9400 but generates 16 tone pairs for data 

transmission. AY-3-9410 

'AY-9-9086 
-1.5 to +15, 

GND 
16 DIP Low-voltage version. 

CLOCK 
GENERATOR 

Generates 2-phase clocks 
from a single power supply . AY -5-9500 

SEE DATA 
SHEET  

14 DIP Generates 2-phase clocks for AY-5-9100 & AY-5-9200. 

MULTI-FREQUENCY 
RECEIVER 

Detects and converts DTMF/ 
tone telephone frequencies. 

AY-5-9800 
SERIES 

GND. 
-8.5. -17 

28/40 DIP 
Choice of output codes: 4 bit, 1 ol 16. 2 of 8, binary, 
custom programmable. 

HYBRID ACTIVE FILTERS 

FUNCTION 
PART 

NUMBER DESCRIPTION 
— 

UNIVERSAL 
ACTIVE FILTER 

ACF 7032C 
ACF 7092C 

The ACF 7032C and the ACF 7092C filters are low cost devices which can be used to generate any filter response. Low pass, Band 
pass, Band Rejection, High pass, and All pass filter responses are available by means of externat connections. The design 
provides for independent control of Frequency. 0, and Amplifier Gain, and is usable throughout the frequency range of 10Hz 
to 10kHz. 

PCM TRANSMIT 
LPF 

ACF 7170C 
ACF 7270C 

The ACF 7170C/7270C filters have been designed for PCM transmit applications. This OdB gain filter provides for a minimum 
39dB attenuation at 4.6kHz and an in-band ripple specification of plus or minus 0.125dB. 

BAND PASS 
FILTER á FULL 

WAVE DETECTOR 

ACF 7300C 
ACF 7301C 
ACF 7302C 

The ACF 7300C/7301C/7302C each consist of a full wave detector and a four (4) pole fixed band width band pass filter 
factory tunabfe over a center frequency (Fo) range: ACF 7300C - 540Hz to 1980Hz; ACF 7301C - 700Hz to 1700Hz; 
ACF 7302C - 2280Hz to 3825l-fz. 

2600Hz BPF ACF 7310C 
The ACF 7310C is a sharply tuned filter designed to detect and pass the 2600Hz signaling frequency. This filter provides for 
a minimum attenuation of: 30dB plus and minus 200Hz, 50dB plus and minus 500Hz. and 70dB plus and minus 100Hz from 
the center frequency of 2600Hz. 

DTMF 
TONE DETECTION 

BPF 

ACF 7323C 
ACF 7363C 
ACF 7383C 

The ACF 7323C/ACF 7363C/ACF 7383C Band Pass Active Filters are factory pre-tuned filters designed specifically for tone 
receiver applications. These two pole constant Q filters are available in the standard AT&T tone frequencies and in the 
standard multifrequency steps. 

DIAL TONE 
BAND 

SUPPRESSION 
FILTER 

'ACF 7401C 

The ACF 7401C is a dual tuned band suppression filter which has been designed to reject frequencies of 350Hz and 440Hz, 
which are present on a telephone line. The unit is totally self contained and requires no external components for proper operation. 
The filter provides for OdB insertion loss in the pass band of 697Hz through 1633Hz, the normal DTMF tore frequencies. 
The filter also provides for 60Hz attenuation for low noise operation. 

2600Hz BAND 
SUPPRESSION 

FILTER 
ACF 7410C 

The ACF 7410C is a sharply tuned filter designed to reject the 2600 Hz signaling frequency. This filter provides for a 
 minimum attenuation of 60dB plus and minus 15Hz from the center frequency of 2600Hz. 

DTMF BAND 
SEPARATION 

FILTER 
ACF 7711C 

The ACF 7711C is a dual filter which has been designed to provide channel isolation between the low frequency group of the 
tone (DTMF) frequencies of 941Hz, and the high frequency group of 1209Hz through 1633Hz. This filter provides for a minimum 
attenuation of 30dB for the adjacent frequencies of 941Hz and 1209Hz. OdB in the pass bands, and 25dB out-of-band attenuation. 

•For Future Release 

DATA COMMUNICATIONS I,» rutugu rIVICCIJC 

FUNCTION DESCRIPTION 
PART 

NUMBER 
REPLACES 

(PIN-FOR-PINI 
BAUD 
RANGE 

MAX. 
FREQ. 

TEMP. 
RANGE 

POWER 
SUPPLIES PACKAGE FEATURES 

UAR/Te 

Complete 5-8 
bit serial/ 
parallel, 
parallel/serial 
interface. 

AY-3-1015 AMI S1757 
SIG 2536 

SMC COM2505 
TI TMS6011 
WD TR1402A 
WD TR1602A 

0 to 30kB 480kHz 0 to 70 +5, GND 40 DIP 1, 1.5, or 2 stop bits 

TAY-6-1013 0 to 22.5kB 360kHz -55 to +125 nmr, 
.,. "' ---• 
- 12 

40 DIP 1 or 2stop bits 
AY-5-1013A 0 to 40kB 640kHz 0 to 70 

AY-3-1014A 0 to 30kB 480kHz 0 to 70 
+5 to +14, 
GND 

40 DIP 
1, 1.5, or 2 
stop bits 

P/ 
Programmable 
receiver interface. 

*AV-8-1472B WD1472B 0 to 100kB 100kHz 0 to 70 
+5 GND, , , 

-12 
40 DIP Data c:onver-

sion to all 
standard 
formats. P/SAT Programmable trans- 

mitter interface. 
.AY-8-1482B WD1482B 0 to 100kB 100kHz 0 to 70 +5' GND, 

-12 
40 DIP 

RANDOM/ 
SEQUENTIAL 
ACCESS 

MULTIPLEXER 

Multiplexes '6 
analog channels, 
with on-chip logic 
control. 

AT-5-1016 

— — 2 MHz 

1 0 to 70 
+5, GND, 

-12 
40 DIP 

tAT-6-4016 
i 

I -55 to +125 
I 

8 

'For Future Release tAlso available with MIL STD 883 screening (add suffix TX to part number). 

®UAR/T is a trademark of General Instrument Corporation. 
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STATIC RANDOM ACCESS MEMORIES 

BITS 
MEMORY 

ORGANIZATION 
PART 

NUMBER 
REPLACES 

(PIN-FOR-PIN) 
ACCESS TIME/ 
CYCLE TIME 

POWER 
SUPPLIES PACKAGE FEATURES 

1024 256x4 

RA-3-4256 — 50Ons/50Ons +5, GND 24 DIP Power down mode. 

RA-3-4256A — 65Ons/65Ons +5, GND 24 DIP Power down mode. 

RA-3-4256B — 65Ons/65Ons +5, GND 22 DIP 

ELECTRICALLY ALTERABLE READ ONLY MEMORIES 
POWER 

SUPPLIES 

_ 

BITS 
MEMORY 

ORGANIZATION 
PART 

NUMBER 
READ 

ACCESS 
ERASE 

TIME/MODE 
WRITE 

TIME/MODE PACKAGE 

28 DIP 

FEATURES 

512 32 x 16 
ER2050 lops 100ms/16 bit word 100ms/16 bit word 

— 
50ms/16 bit word 

+5, -28 

10 year data 
s+t7o0r.ame @ 

I 

ER2051 3us 50ms/16 bit word 

1024 256 x 4 ER1105 2us 100ms/32x4 block 5ms/4 bit word +12, -12 24 DIP 

1400 100 x 14 ER1400 2.8 us 16ms/14 bit word 16ms/14 bit word -35 14 DIP 

4096 1024 x 4 

ER2401 2 ye 100ms/1024x4 block 10msM bit word -5, -14, -24 24 DIP 

ER3400 
750" 10ms/4 bit word or 

1024x4 block 
1ms/4 bit word +5, -12, -30 22 DIP 

ER3401 950ns 

8192 2048 x 4 
ER2800 2.6ps 

100ms/20413x4 block 10ms/4 bit word -2,5, -14, -24 24 DIP — 
ER2805 1.65ps 

meti 

READ ONLY MEMORIES 

BITS 
MEMORY 

ORGANIZATION 
PART 

NUMBER 
REPLACES 

(PIN-FOR-PIN) 
ACCESS 
TIME 

CLOCKS/ 
VOLTAGE 

POWER 
SUPPLIES PACKAGE FEATURES 

2560 512 x 5 RO-3-2560 — 450 ns STATIC +5, GND 18 DIP 

4096 512 x 8 RO-3-4096 — 500 ns STATIC +5, GND 22 DIP 

5120 512 x 10 RO-3-5120 EA 4000 500 ns STATIC +5, GND 24 DIP 

8192 2048 x 4 RO-5-8192 AMI S8865 1.2 us (typ.) 2/TTL +5, -12 24 DIP 

RO-3-8316A INTEL 8316A 850 ns 
STATIC +5, GND 24 DIP 

RO-3-8316B 450 ns AMI S6831A 

2048 x 8 RO-3-9316A 850 ns 
16384 INTEL 8316E Replaces two 2708 or 

RO-3-9316B AMI S6831B 450 ns STATIC +5, GND 24 DIP 8708 UV PROMs. 

RO-3-9316C MOT 68317 350 ns 

4096 x 4 RO-3-16384 AMI S8996 1 ps STATIC +5, GND 24 DIP Address/Chip Select latch 

RO-3-9500 28 DIP Designed for use with 
20480 2048 x 10 — STATIC +5, GND Series 1600 microprocessors. RO-3-9501 40 DIP 

32768 4096 x 8 *R0-3-9332C — 350 ns STATIC +5, GND 24 DIP 

•For Future Release Note: All Read Only Memories are mask-programmable 

KEYBOARD ENCODERS/CHARACTER GENERATORb 
MEMORY PART REPLACES 

BITS ORGANIZATION NUMBER (PIN-FOR-PIN) 

3600 

88 x 3 x 9 
KEYBD. ENCOD. 

90 x 4 x 10 
KEYBD. ENCOD 

64 x 5 x 7 
CHAR GENER. 

64 x 8 x 5 
CHAR. GENER. 

64 x 9 x 9 
CHAR. GENER. 

AY-5-2376 

AY-5-3600 

AY-5-3600 
PRO 

RO-5-22405 

ACCESS 
TIME 

CLOCKS/ 
VOLTAGE 

POWER 
SUPPLIES PACKAGE 

SMC KR2376 

SMC KR3600] 

MK 2302 
FSC 3257 

10-100kHz 
Scan Rate 

10-100kHz 
Scan Rate 

1 PS (tYP.) 

1/TTL or 
INT. OSC 

1/TTL or 
INT. OSC. 

1/TTL for 
Scanning 

+5, GND, -12 

+5, GND, -12 

RO-3-2513 

RO-5-5184 

SIG 2513 450 ns STATIC 

40 DIP 

40 DIP 

+5, GND, -12 24 DIP 

+5, GND 24 DIP 

5 us (till) 
1/TTL for 
Scanning +5, GND, -12 24 DIP 

FEATURES 

2 key rollover, 88 keys, 
3 modes. 

2/N key rollover, 90 keys, 
4 modes. 

Preprogrammed with binary 
codes for PROM application. 

5x7 char, column output, 
on-chip scanning. 

5x7 characters, 
row output. 

9x9 characters, on-
chip left/right scanning. 

Note: All Keyboard Encoders and Character Generators are mask-programmable Standard patterns are available 

STATIC SHIFT REGISTERS - Contact any GI Sales Office for details. 
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GENERAL INSTRUMENT 

CALCULATORS 

FUNCTION DESCRIPTION 99 LED 
91/ 

FLUOR. 
99 LED 
'DIRECT) 

159 
FLUOR. 159 LED 

8 DIGIT 4 functions and percent key. C-683 CF-683 C-683D CF-583 C-583 
BASIC 4 functions, percent key, one-key or multi-key memory. C-685 CF-685 C-6850 CF-585 C-585 

8 DIGIT 
4 functions, percent key, x2, ./iT, 1/x, +/-, one-key or multi-key memory, 
choice of 20 to 29 keys. 

CF-687 C-687D CF-589 C-589 

ALGEBRA 4 functions, percent key, x2, JY, 1/x, +/-, one-key or multi-key memory, 
brackets. inch-centimeter conversion, choice of 24 to 30 keys. CF-689 C-689D CF-689HV — 

4 functions and percent key. CF-593 C-593 
9 DIGIT 
BASIC 4 functions, percent key, one-key memory. CF-594 C-594 

4 functions, percent key, multi-key memory. CF-595 C-595 

Basic 4 functions, scientific notation, sin, cos, tan, arc sin, arc cos, arc tan, memory, square root, pi, natural 
logs, 1/x, ex, memory exchange, degrees and radians, exponent range c_- 99, choice of 19 to 35 keys. CF-596 C-596 

9 DIGIT 
SCIENTIFIC 

All the above plus: 0 to 10,9 degree trig range, log10, yx, extended digit accuracy of 
trancendentals, choice of 21 to 38 keys. CF-598 C-598 

All the above plus: two levels of parenthesis, x,, %, +/-, choice of 24 to 41 keys. CF-599 C-599 

FUNCTION DESCRIPTION 
PART 

NUMBER PACKAGE FEATURES 

8 DIGIT 
PRINTING 

Basic 4 functions and percent, automatic constant in multiply and 
divide, repeat add/subtract, decimal select mode, and other 
features. Interfaces with the Olivetti Pu1100 dot matrix printer. 
Option for use with thermal printing version of Pu1100. 

*C-716 40 DIP Accumulator and 4 key memory 

Basic 4 functions and percent, automatic constant in multiply and 
divide, repeat add/subtract, decimal select mode, memory-in-use 
indicator, key, her 

C-717X 

40 DIP 

Accumulator and Grand Total 
Memories. 

12 DIGIT 

rounding options, non-add (#)/date and 
features. Interfaces with the Shinshu Seiki Model 310 
impact printer, 

C-718 Accumulator, item counter, and 
four-key independent memory. 

PRINTING 
Basic 4 functions and percent, automatic constant in multiplying 
divide, repeat add/subtract, decimal select mode, and other 
features. Interfaces with the Olivetti Pu1100 dot matrix printer. 
Option for use with thermal printing version of Pu1100. 

*C-724 40 DIP Accumulator and 4 key memory 

PRINTER- 
Adds display capability to the C-717X and C-718 printing 
calculator circuits. 

C-719 

For both LED 
and fluorescent displays. 

DISPLAY 
INTERFACE 

Adds display capability to the. C-716 printing calculator circuit. *C-720 28 DIP 

Adds display capability to the C-724 printing calculator circuit. "C-723 

•For Future Release. 

CLOCKS 

FUNCTION DESCRIPTION 
PART 

NUMBER DISPLAY TYPE 
FLASHING 
SECONDS 

ZERO 
BLANKING 

50/80 Hz 
OPERATION PACKAGE FEATURES 

4 DIGIT 

— 

12/24 hour 
clock 

AY-5-1200A 
7-SEGMENT 

FLUORESCENT 
be se 24 DIP Direct fluorescent 

display drive. 

AY-5-1202A 7-SEGMENT 
FLUORESCENT le be r.' 24 DIP Direct fluorescent 

display drive. 

AY-5-1203A BCD 
OUTPUTS 

be be 24 DIP See AY-5-8320 
TV circuit. 

AY-5-1204A 
7-SEGMENT 

FLUORESCENT 
se se 24 DIP Direct fluorescent 

display drive. 

AY-5-1224A 
BCD OR 

7-SEGMENT LED  e e 16 DIP 
Zero blanking in 
12 hour mode only. 

— I- 

4 DIGIT 
WITH ALARM 

, 12 hour clock 
1 24 hour alarm 

CK3000 
7-SEGMENT 
PLASMA 

be r.' e 40 DIP Snooze alarm, individ-
ual digit drive. 

CK3100 
7-SEGMENT 

LED io* be e 40 DIP Snooze alarm, individ-
ual digit drive. 

, 12/24 hour 
clock. 24 hour 

alarm 

CK3200 
7-SEGMENT 
PLASMA ie ie 28 DIP 

Snooze alarm, 
duplexed digits. 

CK3400 
7-SEGMENT 

LED 
ke le e 28 DIP 

Snooze alarm. 
duplexed digits 

4 DIGIT 
CLOCK RADIO 

12/24 hour 
clock, 24 hour 

alarm 
CK3300 

7-SEGMENT 
LED 

r.' be le 28 DIP 

Snooze alarm, du-
plexed digits, sleep-
timer, timeswitch, bat-
tery standby capability 

4 DIGIT 
AUTOMOBILE 

CLOCK 

12 hour 
clock 

CK3500 
7-SEGMENT 

LED 
be 

CRYSTAL 
INPUT 40 DIP 

 Operates directly from a 
3.58MHz TV crystal. Direct 
drive of display CK3500F 7-SEGMENT 

FLUORESCENT 
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NORTH AMERICA 
UNITED STATES: 
GENERAL INSTRUMENT CORPORATION 
MICROELECTRONICS 

HEADQUARTERS-600 West John Street 
Hicksville, New York 11802 
Tel: 516-733-3107, TWX: 510-221-1866 

NORTHEAST—Riverside Office Park, Suite 103, 
Riverside Road, Weston, Massachusetts 02193 
Tel: 617-899-8800, TWX: 710-324-0767 

SOUTHEAST-383 Hillen Road 
Towson, Maryland 21204 
Tel: (301) 296-8010, TWX: 710-862-9083 

EAST CENTRAL — 200 Witmer Road, Box 346, 
Horsham, Pennsylvania 19044 
Tel (215) 674-4800, Telex: 831407 

CENTRAL-3101 West Pratt Boulevard, 
Chicago, Illinois 60645 
Tel: 312-338-9200, TWX: 910-221-1416 

SOUTHWEST-2355 West Williams field Road, 
Chandler, Arizona 85224 
Tel: 602-963-7373, TWX: 910-950-1963 

WESTERN-1100 Quail Street, Suite 114, 
Newport Beach, California 92660 
TeL 714-833-9400, TWX: 910-595-1730 

CANADA: 
GENERAL INSTRUMENT OF CANADA LTD. 
61 Industry Street, Toronto M6M 4L5 
Tel: 416-763-4133, TWX: 610-491-1217 

EUROPE 
EUROPEAN SALES HEADQUARTERS: 
GENERAL INSTRUMENT MICROELECTRONICS LTD. 
Regency House, 1-4 Warwick Street, London W1R 5WB 
Tel: 01-636-2022, Telex: 23272 
CENTRAL EUROPEAN SALES OFFICE: 
GENERAL INSTRUMENT DEUTSCHLAND GmbH 
(MOS Produktgruppe) 
Nordendstrasse 3, 8000 Munchen 40 
Tel: (089)28.40.31, Telex: 528054 

SOUTHERN EUROPEAN SALES OFFICE: 
Via Lorenzetti 6, 20100 Milano 
Tel: 02/4084101, Telex: 39423 

ASIA 

HONG KONG: 
GENERAL INSTRUMENT HONG KONG LTD. 
Room 704 Star House, 3 Salisbury Road, Kowloon 
Tel: 3-675528, Telex: 84606 

JAPAN: 
GENERAL INSTRUMENT INTERNATIONAL CORP. 
Fukide Bldg. 8th Floor, 1-13 Toranomon 4-Chome 
Minato-ku, Tokyo 105 
Tel: (03) 437-0281, Telex: 26579 

TAIWAN: 
GENERAL INSTRUMENT 
MICROELECTRONICS TAIWAN 
B2-11 Kaohsiung Export Processing Zone, Kaohsiung 
Tel: (07) 830402, Telex: 785-81901 

MANUFACTURING FACILITIES 
Hicksville, New York • Chandler, Arizona 

Glenrothes, Scotland • Kaohsiung, Taiwan 
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UNITED STATES 
SALES 
REPRESENTATIVES 
ARIZONA 
Electronic Development & Sales 
4414 N. 19th Avenue-Suite H 
Phoenix, AZ 85015 
Tel: (602) 277-7407 

CALIFORNIA 
Varigon Assoc. 
137 Eucalyptus Drive 
El Segundo, CA 90245 
Tel: (213) 322-1120 

Quad Rep 
599 N. Matilda 
Sunnyvale. CA 94086 
Tel: (408) 733-7300 

COLORADO 
Egge man Associates 
3585 Owens Street 
Wheat Ridge. CO 80033 
Tel: (303) 423-3707 

CONNECTICUT 
Gerald Rosen Co. 
2420 Main Street 
Stratford, CT 06497 
Tel: (203) 375-5456 

FLORIDA 
Hutto, Hawkins & Peregoy 
139 Candace Drive 
Maitland, FL 32751 
Tel: (305) 831-2474 
Hutto, Hawkins & Peregoy 
1651 West McNab Road 
Ft. Lauderdale, FL 33309 
Tel: (305) 971-5750 

ILLINOIS 
Metcom Assoc. 
2 Talcott Road 
Park Ridge, IL 60068 
Tel: (312) 696-1490 

INDIANA 
v.s. a Assoc. 
1000 N. Madison Avenue 
Greenwood, IN 46142 
Tel: (317) 888-2260 
V.S. a Assoc. 
2122A Miami Street 
South Bend, IN 46613 
Tel: (219) 291-6258 

IOWA 
PUA 
1801 IE Tower 
Cedar Rapids, IA 52401 
Tel: (319) 362-9177 

KANSAS 
PUA 
9602 Outlook Drive 
Overland Park, KS 66206 
Tel: (913) 381-0004 
PUA 
2205 S. Seneca 
Wichita, KS 67202 
Tel: (316) 264-2662 

MARYLAND 
Component Sales 
3701 Old Court Road, #14 
Baltimore, MD 21208 
Tel: (301) 484-3647 

MASSACHUSETTS 
Gerald Rosen Co. 
271 Worcester Road 
Framingham, MA 01701 
Tel: (617) 879-5505 

MICHIGAN 
v.s. a Assoc. 
29551 Greenfield Road 
Southfield, MI 48076 
Tel: (313) 559-3680 

MINNESOTA 
Quantum Sales 
4815 W. 77th St. 
Minneapolis, MN 55435 
Tel: (612) 831-8583 

MISSOURI 
PUA 
140 Weldon Parkway 
Maryland Heights, MO 63043 
Tel: (314) 569-1220 

NEW JERSEY 
R.T. Reid Assoc. 
705 Cedar Lane 
Teaneck, NJ 07666 
Tel: (201) 692-0200 

NORTH CAROLINA 
Component Sales 
P.O. Box 18821 
Raleigh, NC 27609 
Tel: (919) 782-8433 

OHIO 
Bear Marketing 
3623 Brecksville Road 
Richfield, OH 44286 
Tel (216) 659-3131 

OREGON 
Jas. J. Backer Co. 
2035 S.W. 58th Street 
Portland, OR 97221 
Tel: (503) 297-3776 

PENNSYLVANIA 
Foster-McClinton 
2867 Washington Road 
Bridgeville, PA 15017 
Tel (412) 941-4800 

Foster-McClinton 
2131 W. 8th Street 
Erie, PA 16505 
Tel: (814) 455-9111 

Knowles Assoc. 
1 Fairway Plaza 
Huntingdon Valley. PA 19006 
Tel: (215) 947-5641 

TEXAS 
Oeier& Menelaides 
6065 Hillcraft 
Houston, TX 77035 
Tel: (713) 772-0730 

Ociar & Menelaides 
558 S. Central Expressway 
Richardson, TX 75080 
Tel: (214) 234-6334 

WASHINGTON 
Jas. J. Backer Co. 
221 West Galer Street 
Seattle, WA 98119 
Tel: (206) 285-1300 

WEST VIRGINIA 
Foster-McClinton 
113 Goff Mountain Rd. 
Nitro, WV 25143 
Tel: (304) 763-5161 

DISTRIBUTORS 
ARIZONA—Phoenix 
Cramer (602) 267-7321 

CALIFORNIA 
Los Angeles 
Cramer (714) 979-3000 

San Diego 
Intermark (714) 279-5200 

Santa Ana 
Intermark (714) 540-1322 

Sunnyvale 
Cramer (408) 739-3011 

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

Woodland Hills 
JACO (213) 884-4560 

COLORADO—Denver 
Cramer (303) 758-2100 

CONNECTICUT 
Hamden 
Arrow (203) 248-3801 

N. Haven 
Cramer (203) 239-5641 

FLORIDA 
Clearwater 
Diplomat (813) 443-4514 

Ft. Lauderdale 
Arrow (305) 776-7790 

Hollywood 
Cramer (305) 921-7878 

Orlando 
Cramer (305) 894-1511 

ILLINOIS 
Chicago 
Cramer (312) 593-8230 

Elk Grove Village 
Hall-Mark (312) 437-8800 

KANSAS—Shawnee Mission 
Hall-Mark (913) 888-4747 

MARYLAND 
Baltimore 
Arrow (301) 247-5200 

Gaithersburg 
Cramer (301) 948-0110 

MASSACHUSETTS 
Chicopee Falls 
Diplomat (413) 592-9441 
Holliston 
Diplomat (617) 429-4120 
Newton 
Cramer (617) 964-4003 
Greene Shaw (617) 969-8900 

Woburn 
Arrow (617) 933-8130 

MICHIGAN 
Farmington 
Diplomat (313) 477-3200 
Detroit 
Cramer (313) 425-7000 

MINNESOTA 
Bloomington 
Arrow (612) 888-5522 

Edina 
Cramer (612) 835-7811 
Minneapolis 
Hall-Mark (612) 884-9056 

MISSOURI 
Earth City 
Hall-Mark (314) 291-5350 
St. Louis 
Diplomat 13141 645-8550 

NEW JERSEY 
Cherry Hill 
Cramer (609) 424-5993 
Morrestown 
Arrow 1609) 235-1900 

Saddlebrook 
Arrow (201) 797-5800 

Totowa 
Diplomat 12011 785-1830 
Moonachie 
Cramer (201) 785-4300 

NEW MEXICO 
Albuquerque 
Cramer (505) 243-4566 

NEW YORK 
FarmIngdaie 
Arrow (516) 694-6800 

FishkIll 
Arrow (914) 896-7530 
Hauppauge 
Cramer (516) 231-5600 
Woodbury 
Diplomat (516) 921-9373 

NORTH CARLOLINA 
Winston—Salem 
Cramer 1919) 725-8711 

OHIO 
Cleveland 
Arrow (216) 464-2000 
Cramer (216) 248-8400 
Dayton 
Arrow (513) 253-9176 

PENNSYLVANIA 
Huntingdon Valley 
Hall-Mark (215) 355-7300 

TEXAS—Dallas 
Hall-Mark (214) 231-6111 
Cramer 1214) 661-9300 

UTAH—Salt Lake City 
Diplomat (801) 486-4134 

WASHINGTON—Seattle 
Cramer (206) 575-0907 

WISCONSIN 
Milwaukee 
Hall-Mark (414) 476-1270 
New Berlin 
Arrow (414) 782-2801 

CANADA 
SALES 
REPRESENTATIVE 
ONTARIO 
Pipe-Thompson Ltd. 
83 Cumberland Drive 
Mississauga, Ontario 
Tel: (416) 274-1269 

DISTRIBUTORS 
BRITISH COLUMBIA 
RAE (604) 687-2621 

MANITOBA 
Cam Guard (204) 786-8481 

ONTARIO —Rexdale 
Future (416) 677-7820 

QUEBEC—Montreal 
Future (514) 735-5775 

EUROPE 
AGENCIES & 

DISTRIBUTORS 
AUSTRIA 
Elbatex GmbH 
Breitenfurter Str. 381 
A-1235 Wien 
Tel: 0043/222/869158 
Telex: 013128 

BELGIUM 
C.P. Clare International N.V 
102 Gen. Gratry 
Bruxelles 4 
Tel 02-736.01.97 
Telex: 24157 

DENMARK 
A/S Nordisk—Elektronik 
Transformervej 17 
OK-2730 Herlev 
Tel: 84.30.00, 
Telex: 19219 

FINLAND 
Jorma Sarkkinen Ky. 
P.O. Box 19, 
SF-02101 Espoo 10 
Tel: 46.10.88 
Telex: 122028 

FRANCE 
P.E.P. 
4 Rue Barthelemy 
92120 Montrouge, 
Tel: 735.33.20 
Telex: 204534 

GERMANY 
Berlin 
Roederstein-Baulemente 
Vertriebs GmbH 
Grunewaldstrasse 39a 
1000 Berlin 41 
Tel: 030/7914029 
Telex: 0184327 

Frankfurt/Main 
Berger Elektronik GmbH 
Am Tiergarten 14 
6000 Frankfurt 
Tel: 0611/490311 
Telex: 04-12649 

Heilbronn 
Elbatex GmbH 
Cácilienstrasse 24 
7100 Heilbronn 
Tel: 07131/89001, 
Telex: 728362 

Lehrte 
Altron KG 
Germanistrasse 10 
3160 Lehrte 
Tel: 05132/53024 
Telex: 922383 

Munchen 
Electronic 2000 
Vertriebs-GmbH 
Neumarkter Str. 75 
8000 Munchen 80, 
Tel: 0 89/43 40 61 
Telex: 052 2561 

GREECE 
Elton Ltd. 
Konstantinoupoleos 18-20 
Nea Smyrni, Athens 
Tel: (021) 93 48 912. 
Telex: 214150 

HOLLAND 
Curitn Hasselaar 
V Utenhoveweg 100 
P.O. Box 37. Geldermalsen 
Tel: 03455-3150 
Telex: 40259 

IRELAND 
Neltronic Ltd. 
John F. Kennedy Road 
Naas Road, Dublin 12 
Tel: (01) 501845. 
Telex: 4837 

ITALY 
Milano 
Adelsy S p A. 
Via Domenichino, 12 
20100 Milano 
Tel: 4985051-2-3-4-5 
Telex: 39423 

Genova 
Adelsy S.p.A. 
P.zza della Vittoria, 15/25 
16121 Genova 
Tel: 010/589674 

GENERAL INSTRUMENT CORPORATION 
MICROELECTRONICS 

Roma 
Adelsy S.p.A. 
Via di Vigna Murata 1A 
Roma 
Tel: 06/595310 

Torino 
Adelsy S.p.A. 
C.so Matteotti. 32/A 
10121 Torino 
Tel: 011/53914 

Udine 
Adelsy S.p.A. 
Via Marangoni, 45/48 
33100 Udine 
Tel: 0432/26996 

Bologna 
I.C.C. S.r.l. 
Lippo di Calderara di Reno 
Via Crocetta. 38 
40012 Calderara Di Reno 
Tel: 051/726186 

NORWAY 
J.M. Feiring A/S 
Box 101, Bryn, Oslo 6 
Tel: (02) 19.62.00, 
Telex: 16435 

PORTUGAL 
Equipamentos 
de Laboratorio, Lda.. 
P.O. Box 1100, 
Lisboa 
Tel: 976551 
Telex: 12702 

SPAIN 
Sager:in S.A. 
c/.Castellé, n.25. 2° D 
Madrid-1. 
Tel 275.48.24/275.54.26. 
Telex: 43.819 

SWEDEN 
Algers Elektronik AB 
Box 7052 
S-172-07 Sundbyberg 
Tel: 08-985475, 
Telex: 10526 

SWITZERLAND 
Ellyptic AG 
Fellenbergerstrasse 281, 
8047 Zurich 
Tel: (01) 54 1100 
Telex: 56835 

TURKEY 
EFG Inc. 
Buyukdere cad. Hayal 
Ap. 28/1 
Mecidiyekoy, Istanbul 
Tel: 66 73 61. 
Telex: 22562 

UNITED KINGDOM 
Keighley 
Semicomps Northern Ltd. 
Ingrow Lane 
Keighley, W. Yorks 
Tel: Keighley 65191, 
Telex: 517343 

Kelso 
Semicomps Northern Ltd. 
East Bowmont Street 
Kelso. Roxburghshi re 
Tel: Kelso 2366, 
Telex: 72692 

Kenilworth 
Semicomps Ltd. 
3 Warwick House, Sta. Rd. 
Kenilworth, Warwickshire 
Tel: 0926-59411, 
Telex: 312212 

Manchester 
Crellon Electronics Ltd. 
24 Broughton St. 
Cheeton Hill, Manchester 
Tel: 061 831 7471 
Telex: 668304 

Portsmouth 
SDS Components Ltd. 
The Airport 
Eastern Road 
Portsmouth P035OR 
Tel: 0705 65311, 
Telex: 86114 

St. Albans 
Semicomps Ltd. 
Wellington Road 
London Colney 
St. Albans, Herts 
Tel: Bowmans Green 24522 
Telex: 21108 

Slough 
Crellon Electronics Ltd. 
380 Bath Road 
Slough SL1 6JE 
Tel: Burnham 4434 
Telex: 847571 

West Drayton 
Semiconductor Specialists Ltd. 
Premier House. Fairfield Road 
Yiewsley. West Drayton. 
Middlesex, 
Tel: West Drayton 46415 
Telex: 21958 

YUGOSLAVIA 
Ellyptic AG 
Fellenbergerstrasse 281. 
8047 Zurich 
Tel: (01) 54 1100. Telex: 56835 

MIDDLE EAST 

IRAN 
A. Ardehali 
138 Vozara Avenue. Tehran 
Tel: 621583 

ISRAEL 
Alexander Schneider Ltd. 
44 Petach Tikva Road 
Tel-Aviv 
Tel: 320.89-346.07 
Telex: 33613 

ASIA 

HONG KONG 
Astec International Ltd. 
Oriental Centre-14th Floor 
67-71 Chatham Road, Kowloon 
Tel: 3-694751, Telex: 780-74899 

INDIA 
SDM and Associates 
A-3/9 Janakpuri 
New Delhi — 110 058 
Tel: 393349 or 391225 

KOREA 
Dongyoung Trading Company 
CPO Box 7636, Seoul 
Tel: 794-4812, Telex: 27305 

PHILIPPINES 
Astec Philippines 
Makati Stock Exchange Bldg. 
2nd Floor, Room 233 
Ayala Ave.. Makati Rizal 3117 
Tel: 89-99-91. Telex: 07563553 

SINGAPORE 
Astec Singapore Pte Ltd. 
1704. Golden Mile Towers 
Beech Road, Singapore 7 
Tel: 2-920-826, 
Telex: 08723489 

TAIWAN 
Astec Taiwan 
Room 803, 8th Floor 
282 Lin Shinn Road, Taipei 
Tel: 522-4800, Telex; 08523300 

AUSTRALIA 

New South Wales 
G.E.S. (Ply) Ltd. 
99 Alexander Street 
Crows Nest, N.S.W. 
Tel: 439-2488, Telex: 25486 

SOUTH AFRICA 

Dunswart 
Pace Electronic 
Components (Ply) Ltd. 
P.O. Box 6054 
Dunswart 1508 
Tel: 52-7025. Telex: 8-7823 

SOUTH AMERICA 

BRAZIL 
KDC Desenvolvimento Ltda 
Av. Brig, Faria Lima 1794 
01452 Sao Paulo 
Tel: 011/210/5508 
Telex. 1123949 

OR 
Kessler Development Corp. 
151 University Ave./Suite 207 
Palo Alto, CA 94301 
Tel (415) 326-0564 
Telex: 345551 

178150 Printed in U.S.A. 
All information in this booklet is subject to change without notice. 
General Instrument Corporation cannot assume responsibility for 
the use of any Circuits described herein. 
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Electronics Magazine 
ook Series. 

MICROpROCeSSORS 

APPLYING 
MICROPROCESSORS 

T f!MIIT 
MIMI!? 

New hardware, 
software and 
applications 

Bections 
Ëbók Series 

1. Microprocessors 
What you must know about 
available microprocessor 
technology, devices, informa-
tion, 4th printIng. $8.95 

2. Applying 
Microprocessors 
2nd and 3rd generation tech-
nology. 26 detailed applica-
tions from data networks to 
video games. $9.95 

Electronics Book Series 

P.O. Box 669, Higntstown, N.J. 08520 

1. Send me  
2. Send me  
per copy. 
3. Send me   
per copy. 
4. Send me   
$12.95 per copy. 

I 5. Send me   
at $15.95 per copy. 
6. Send me _ _ _copies of "Design Techniques for Electronics 
Engineers" at $15.95 per copy. 
Discounts of 40% on orders of 10 or more copies of each book. 

I must be fully satisfied or you will refund full payment if the book 
is returned after ten-day trial examination. 

, 0 Payment enclosed 10 Bill firm 
L— 

Electronics/January5, 1978 

,Basics OF 
CICITO 
COMMUNICCITIONS 
daTa 
daTa 

LaRge scale 
IntegRation 
LSI 
LSI 

LSI Bectronics 
Book Series 

3. Large Scale Integration 
Covers the basic technology, 
new LSI devices, LSI testing 
procedures, plus system 
design and applications. $9.95 

4. Basics of Data 
Communications 
Includes 47 articles from Data 
Communications magazine 
covering more than 11 key 
areas. $12.95 

copies of "Microprocessors" at $8.95 pe- copy. 
copies of "Applying Microprocessors" at $9.95 

copies of "Large Scale Integration" at $9.95 

copies of "Basics of Data Communications" at 

copies of "Circuits for Electronics Engineers" 

CI Bill me 

CIRCUITS 
CIRCUITS 
CIRCUITS 
CIRCUITS 
CIRCUITS 
CIRCUITS 
foR electRonics 
en ineeRs 

design 
tec ni.ues 

foR electRoncs 
engineeRs 

Electronic> 
Book series 

5. Circuits for Electronics 
Engineers 
Contains 306 circuits arranged 
by 51 functions from Ampli-
fiers to Voltage Regulating 
Circuits. Saves design 
drudgery. $15.95 

6. Design Techniques for 
Electronics Engineers. 
Nearly 300 articles drawn 
from "Engineer's 
Notebook." A storehouse 
of design problem 
solutions. $15.95 

fin lo 

Charge to my credit card: 
American Express 10 Diners Club 
BankAmericard D Master Charge 

Acc't No. Date exp. Interbank No.  

On Master Charge only, 
first numbers above name  

Name Title 

Company 

Street 

City State Zip 

Signature 

— 
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A simple 
warning. 
New LED 
flashes 
on/off all 
by itself. 

Just apply 5 volts and our FRL-4403 flashes an attention-getting signal 
about three times a second. A built-in IC switches it on and off. And you 
can drive it directly by TTL and CMOS circuits. 
Our "flasher" simplifies your design. Saves parts. Saves assembly labor. 

And it's priced to produce a net saving in the cost of your product. 
Litronix recently affiliated with Siemens to bring you the broadest 

selection of optoelectronics available anywhere. For details on FRL-4403 
contact Litronix, 19000 Homestead Road, Cupertino, Calif. 95014. Phone 
(408) 257-7910. 

From the New Giant 
in optoelectronics 

litronix 
An affiliate of Siemens. 

Circle 46 on reader service card 



Electronics newsletter 
Solid-state relays Convinced that solid-state relays must compete in price with mechanical 

units, Theta-J Relays Inc. is breaking the $2 price barrier for the first time 
from Theta-J with a new series rated at 1.5 A and up to 280 y ac. Edward T. Rodriguez, 
break $2 floor the company's maverick chairman and technical director, says that in the 

past year he has identified 25 to 30 customers who would buy quantities of 
150,000 to 300,000 at the right price but at present are often building 
their own relays. While the ultralow price is for quantities of 10,000, 
"we're challenging all these people who make their own to do it cheaper 
than we can sell them relays," Rodriguez says. 
The Bedford, Mass., company's MX-100 line, for operation from 90 to 

140 y ac, will sell for $1.99 apiece in lots of 10,000 or more or $3.40 each 
in hundreds. The MX-200 entry, for 90-to-280-v ac requirements, is 
priced at $2.49 in 10,000-and-up quantities or $4.00 in hundreds. Both 
offer optical isolation of 3,750 y ac rms or 5,500 y peak. The relays 
contain only three components —a light-emitting diode, a cadmium-sulfide 
detector, and an output triac— and can be assembled into a molded plastic 
four-pin single in-line package in less than a minute, Rodriguez says. 
Theta-J has even designed the company logo and part number into half of 
the snap-together plastic molding, cutting 15 cents from the selling price 
that would have been added with a separate part-marking step. Deliveries 
will begin next month. 

16-bit micro General Instrument Corp.'s Microelectronics group in Hicksville, N. Y., is 
putting the final touches on a single-card microcomputer that provides full 

on a board 16-bit processing power on a 12.5-by-17-inch printed-circuit board. To 
coming from GI... be available by the end of the first quarter, the SC1600 Gimini is built 

around GI'S 16-bit single-chip microprocessor, the CP 1600, and comes 
with all the circuitry for a complete operating system. On the board, in 
addition to the CP 1600, are 16,384 words of random-access memory, 14 
kilowords of programmable read-only memory, 1 kiloword of electrically 
alterable ROM, up to 16 input and 16 output lines, a UART RS232 serial 
uo channel, and real-time clock. 

... while I2L chips Meanwhile, as Chandler, Ariz., operation continues to enjoy a measure 
f of success in applying the firm's proprietary integrated-injection-logic 
or phone market  process, Giant IV, developed jointly with a research group at the Univer-
are due in spring sity of Utah in Salt Lake City. The next 121 circuits, to be introduced in 

late March or early April, are aimed at the telephone marketplace. One, 
the AY-9-9600, is a telephone dialer circuit that converts push-button 
inputs to rotary dial pulses. The other, AY-9-9086, generates 16 pairs of 
telephone frequency tones for data transmission. Both are designed for 
low-voltage ( + 1.5-to- + 15 NO operation, and each comes in a 16-pin dual 
in-line package. 

Transatlantic trials Under way via an Intelsat-4 satellite are transatlantic trials of the time-
division multiple-access signal-transmission technique, which boosts traffic 

of TDMA techniques capacity of satellites. They are sponsored by the German post office, which 
are under way in concert with its French counterpart has successfully tested 60-megabit-

per-second TDMA transmissions. This month, France, the United Kingdom, 
Italy, and the U. S. will join the transatlantic trials with the object of 
discovering how TDMA techniques work over a large network with a 
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Electronics newsletter 
number of ground stations spread over both continents. The TDN4A 
equipment comes from a two-country consortium of Standard Elektrik 
Lorenz AG, AEG-Telefunken, and Siemens AG in West Germany, and 
Thomson-csF, m-Alcatel, and Société Anonyme de Télécommunications 
in France. Now in development is TDMA gear for 120-mb/s transmissions. 
It will be tried out with Europe's Orbital Test Satellite in 1979. 

54% of wristwatches 

sold in 1985 to be 

quartz-controlled 

Pain killers to lead 

sales of electronic 

care systems 

Navy to buy 

Atlantic radar 

from Raytheon 

Addenda 

By 1985, quartz-controlled units will account for a majority of wristwatch 
sales around the world, says Mackintosh Ltd. In a study for the West 
German ministry for research and technology, the consulting firm fore-
casts the market share will jump 12% in 1976 to 37% in 1980 and 54% in 
1985. Moreover, light-emitting diodes will lose almost all of their present 
71% dominance of the quartz-watch displays. In 1985, such displays will 
be 50% liquid crystals and 45% analog. A similar sharp increase is in store 
for eletronic clocks, Mackintosh adds. Their share of the world market 
will spurt from 6% in 1976 to 53% in 1985. However, digital displays will 
play an insignificant role in these clocks, says the British firm. 

Overall, sales of biomedical electronic patient-care systems will increase at 
the rate of about 11% a year, according to a recent report by Predicasts 
Inc., a Cleveland business information and market research firm. Leading 
the advance will be new devices for pain control. Transcutaneous elec-
tronic nerve stimulators, applied externally with electrodes connected to 
the skin to block pain messages, are gaining wider use. Implantable 
devices, which generate impulses directly in the spinal cord or brain, are 
newer. Spinal cord stimulators are being used more than brain stimulators. 
The leading manufacturer of such equipment is Medtronic Inc., Minneap-
olis, which has been able to transfer much of the technology it uses in 
cardiac pacemakers, also impulse-generating devices. Medtronics agrees 
that Predicasts' estimate of a 25.6% growth rate for pain killers is 
reasonable, noting that it may be conservative. 

Raytheon Co.'s Equipment division, Wayland, Mass., has been chosen 
over RCA Corp. to provide the Navy with a wide-area active surveillance 
radar to monitor activity in the Atlantic Weapons Range. Raytheon will 
engineer and install the L-band unit at Pico del Este, Puerto Rico, under 
terms of the $13.4 million contract from the Naval Electronic Systems 
Command. The radar will probably be a smaller version of the Air Force 
Cobra Dane phased-array radar at Shemya Air Force Station in the 
Aleutian Islands, which collects intelligence data on Soviet missile-
development tests. L band is considered to have good visibility through the 
clutter that can occur when a radar looks down on water from an elevated 
site like the one in Puerto Rico. 

The Japanese Ministry of Finance, in its draft of the nation's new budget, 
has cut funding for the VLSI effort to $36,563,000 from $42,125,000. The 
Ministry of International Trade and Industry is working to have the figure 
restored. . . . Intel Corp. says its 8080A central processing unit has won 
approval as a military standard device, the first microprocessor chip and 
first LSI part to gain that designation. 
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Troubleshoot 
microprocessor products 

fast 

right down to 
the component level. 

Here HP'S new Signature Analyzer. It makes it economical 
to find the faulty component in a 
microprocessor-based product both in 
production and in the field. No longer 
is it necessary to make a large invest-
ment in expensive modules or boards for 
service. And no longer do you have to 
troubleshoot by conventional and costly 
hit-and-miss methods. It could even 
eliminate the need to partition your product 
for modular service. 
The concept is simple. The 5004A Signature 

Analyzer converts lengthy bit streams at any node 
in a circuit into short, four-digit, hexadecimal 

"signaturesr Just activate a digital exercise routine in the 
circuit under test, and compare the bit stream "signature" 

at each data node with the known good signatures 
previously written into your manual. This 

information lets you backtrace right down to the 
faulty component. Quickly and confidently. 
The price is low. Only $990'.' To help you 

design your product with all the advan-
tages of digital signature analysis, we've 

prepared Application Note 222—"A 
Designers Guide to Signature Analysis': 

It's yours for the asking, just contact 
your nearest HP field sales office, 

or write. *Domestic U.S. price only. 

HEWLETT h PACKARD 

1507 Page Mill Road. Palo Alto, California 94304 

027(1t, For assistance call: Washington (301) 948-6370, Chicago (312) 255-9800. Atlanta (404) 955-1500, Los Angeles (213) 877-1282 
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Presenting our 32-

In four parallel 8-bit chips. 
Our 8060 microprocessor 

allows common memories 
and common I/O to 
be shared by 
multiple proc-
essors strung 
together like 
Christmas 
lights via a 
common bus. 

In a word ... 

Multiprocessing. 
This unique feature allows 

one 8-bit microprocessor appli-
cation to be split into more 
easily manageable parts. So 
the whole job is easier. 

Software development is 
easier. And cheaper. 
What makes all this possi-

ble is built-in control circuitry 
and cycle interleaving. 
The result is a machine 

more powerful than any 
single CPU system. (And even 

if there were a single CPU 
system this powerful, it would 
cost an arm and a leg com-

pared to the 8060.) 

You 
get flexibility 
through modularity. Fea-
tures can be added to your 
system by just adding on an 
additional CPU rather than 
rewriting the whole program. 
And serial I/O facilities al-

low several self-contained 
8060 systems (with memory) 
to be bussed together. 

But multiprocessing is just 
one of the appealing features 
of the 8060 (a member of 
the SC/MP family.) 
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bit microprocessor. 

High level language. 
The 8060 uses NIEL BASIC 
language. In one 8K x 8 ROM. 

This chip interprets English-
like commands. Instead 

of a complex 
program, 
you can 
write 

simple 
Dick-and-

Jane instruc-
tions such as 
Ax B=C,which 
also reduces 
software costs. 

Since ilL is an interpreter, 
there's no expensive develop-
ment system needed. All you 
need is the 8060 and the 
NIBL ROM. 

A complete system 
in two chips. 

To turn the 8060 into a 
system just add one chip. 

This results in a system 
more powerful than a one-chip 
system, but at a price competi-
tive with a one-chip system. 
The chip is INS8356, which 
combines a 2K x 8 ROM, 
128 x 8 RAM, and I/O. 

This basic 5-volt system is 
bus expandable, and compat-
ible with standard memories 
and our arsenal of 8080A 
peripherals. 
The 8060. 
Multiprocessing. High lev-

el language. And a minimum 
system that works like 
gangbusters. 

National Semiconductor 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

Gentlemen: 
Please fill me in on your 8060 microprocessor. 

Name Title 

Company 

Address 

City__ State Zip 

M National Semiconductor 
Electronics/January 5, 1978 51 



IF TRANSFORMERS 

Have it your way! 
36 models to choose from, 10KHz-800Eliz 

It costs less to buy Mini-Circuits wideband RF trans-
formers. The T-series (plastic case) and TMO series 
(hermetically sealed metal case) RF tiansformers 

operate with impedance levels from 12.5 ohms to 800 
ohms and have low insertion loss, 0.5 dB typ. High 
reliability is associated with every transformer. Every 

production run is 100% tested, and every unit must 
pass our rigid inspection and high quality standards. 
Of course, our one-year guarantee applies to these units. 

DC ISOLATED PRIMARY SECONDARY 

Nx50 n 

sC9 CI 
Model 

Metal Cm TMO 1-1 TMO 1.5-1 TMO 2.54 TMO 4-6 TMO 9-1 TMO 15-1 
Plastic Case T 1-1 T 1.5 -1 T 2.54 1 4-5 1 9-1 1 15-1 

Frets Range. MHz .15-400 .1-300 .01-100 .02.200 .15.200 .3.120 
impedance Ratio 1 1.5 2.5 4 9 16 

M••. Insertion Loss MHz MHz MHz MHz MHz MHz 

3d8 .15-400 .1-300 .01-100 02-200 .15.200 .3-120 

2 dB .35-200 .2-150 .02-50 .05-150 .3-150 .7-80 

1 dB 2-50 .5-80 .05-20 1.100 2-40 5-20 
Price. Model TMO 64.95 $6.25 55.95 65 95 55 45 $5 95 

l" Model T 52.95 53.95 $3 95 $3 95 53 45 $3 95 

UNBALANCED PRIMARY .5 SECONDARY  

50 fl 

Nx50 n 
Model 

Meal Case TMO 2-1 TMO 3-1 TMO 4-2 TMO 8-1 TMO 14-1 

Plastic Case T 2-1 T 3-1 T 4-2 1 8-1 T 14-1 
Freq. Range, MHz 015-600 .5400 .5-600 .15-250 .2-150 

Impedance Ratio 2 3 4 8 II 
Max. Insertion Loss MHz MHz MHz MHz MHz 

3 dB 015-600 5.800 2-600 .15-250 2-150 

2 dB 02-400 2-400 5-500 25.200 5-100 

1 de 05-200 2-250 2-100 2-50 
Prim. Model TMO 55 45 56.25 55 45 55.45 56.25 

O Oh Model 1 53 45 54 25 13 45 53.45 $4.25 

DC ISOLATED PRIMARY A SECONDARY CENTER-TAP SECONDARY 

Model 
Metal Case TMO 1-1T 

Plastic Case T 1-1T 

Freq. Range MHz 05-200 
Impedance Retio 1 
Max. Insertion Los. MHz 

3 dB .05-200 

2 dB 08-150 

1 dB 2-80 

TMO 2-11 TMO 2.5-61 TMO 3-11 TMO 4-1 
2-1T 12.541 1 3-11 T 4-1 

.07.200 .01-100 .05-250 2-350 

2 2.5 3 4 

MHz MHz MHz MHz 
.07-200 .01-100 .05-250 2-350 

.1.100 .02-50 .1-200 35-300 

5-50 05-20 5-70 2-100 
Maximum Amplitude Unbalance MHz 

.1 dB 5-80 1-50 1-20 1-70 5-100 

.5 dB 05-200 .07-200 .01-100 .05-250 .2-350 

Maximum Phase Unbalenee Degrees MN. 
1. 5-80 1-50 1-20 1-70 5-100 

54 05-200 .07-200 .01-100 .05-250 .2-350 
Price 110,451 

Model TMO $5.95 $6.25 $6.25 55 95 54.95 

Model T S3 95 $4 25 54.25 53 95 $2.95 

N550 n 

50 O. 

TM05-IT TIA0 13-IT 

T 5-1T T 13-1T 

3-300 .3-120 

5 13 
MHz MHz 

3-300 .3-120 
6-200 .7-80 

5-100 5-20 

10-100 5-20 

3-300 .3-120 

10-100 5-20 

3-300 .3-120 

$6.25 $6.25 

$4.25 54.25 

Primary Impedance: 50 ohms 

lofai Input Power. Ks watt 
TMO-sertes 

25 cu. Inches 

.07 ounces 

1-series 

02 Cu, inches 

01 ounces 

Designers Kit Available 
(TK-1) - 2 transformers of each (TMK-2)- 2 transformers cf each 
type 71-1, T2-1, T4-1, T9-1, T16-1 type TM01-1, TM02-1, TM04-1, 

$32.00 TM09-1, TM016-1 $49.50 

,>,:oseo'ssres 
s 

WE'VE GROWN 
Customer acceptance of our products has been so overwhelming, 

we've been forced go more to larger facilities - THANKS 

Internanonal Representeires: O AFRICA. Mara PTYI Ltd PO Box 98 13 Johannesburg 2000 S 
Africa O AUSTRALIA, General Electronic ServiceS. 99 Alexander Street New South Wales. 
AuStraha 2065 0 ENGLAND, Dale Electronics, Dale House. Wharf Road Fromley Green 
Camberley Surrey D EASTERN CANADA: B D Hurnme•I 2220 Maynard Avenue. Utica NY 13502 
1315/ 736-7821 0 FRANCE: SC IE OrMES 11 11,,e George Sand 91120 Palaiseau 
France 0 GERMANY, AUSTRIA. SWITZERLAND, DENMARK; Industrial Electronics GMBH 6000 
Frankfurt/Main Kionerstrasse 14 Wes! Germany D INDIA: Gaekwar Enterprise Kama Mahal M L 

Dananukar Mar g Bombay 400 026 Incha [1 ISRAEL: Vectronrcs. Ltd . 69 Gordon Street. Tel-Aviv 
Israel 0 NETHERLANDS, BELGIUM, LUXEMBOURG - Comes Veldweg II Halters Holland 

Mini-Circuits 
MINI-CIRCUITS LABORATORY 
A I.63.5A3n 331 Corp 

2625 East 14th Street Brooklyn. New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 

0 NORWAY . Daramatar AS Osiensloyelen 62 Oslo 6 Nug way D SINGAPORE & MALAYSIA. 
IhrtrIcs 1radinq Co ,PT Lid 87 Bukii T iman Road Singapore 9 Malay Peninsula 

0 SWEDEN. Inleczerad Electronik AB Box 43 S.18251 Diursholm Sweden 

US Distributors D NORTHERN CALIFORNIA. PENN.STOC• Co Fr/0MM ()thee Center 10.. 
7remora Avenue Los Altos CA 94022 415, 948.6533 0 SOUTHERN CALIFORNIA, ARIZONA 
Crown Fle,lionics 11•141) Cre11,15 'dryer No Hollywood CA 91601 12131 877.3550 
NEW YORK. MICH, 'WAVE OW r TORS COMPANY .•••. 
61 Drove Cogno tdo. N 11:25 516 543,176 Ci rcle 52 on reader service card 
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Electronics review  
Significant developments in technology and business 

Data-gathering system 
to help a post office 
smooth its workload 
Microcomputer monitors tied 

into mail-handling equipment 

develop real-time data for 

making manpower decisions 

How does a U. S. Postal Service 
supervisor know when to move 
personnel from one task to another 
to match the workload? The answer 
is that he or she must either rely on 
off-line analyses, which are done too 
late, or simply keep a keen eye out 
for bottlenecks. 

But now the Postal Service is 
experimenting with a better way: a 
system in which microcomputers 
monitor and process data acquired 
from decades-old electromechanical 
mail-handling machines like letter 
sorters and postage cancelers. The 
cost of such an arrangement is low, 
yet the data is delivered fast enough 
to do some good. 
The pilot installation is in a 

facility in Sacramento, Calif. Mini-
mal data-collection equipment has 
been used in the past to monitor 
machine running times, production 
rates, and jams. The data was 
always processed at a central office, 
mainly for statistical analysis. How-
ever, says Fred Jensen, systems 
analyst at Sacramento, "there's no 
way to predict how much mail will 
be in the box." 
Two types. The monitoring sys-

tem, built by Applied Computer 
Research Co., uses two microcom-
puter types: Intel Corp.'s single-
board SBC 80/04 and Zilog Corp.'s 
Z80 family. Arthur Rezac, president 
of the small Brick Town, N. J., 
systems-design firm that won the 

MAIL-
CANCELLING 
MACHINES 

LETTER-
SORTING 
MACHINES 

(6) 

SCALES 

(10) 

(3) 

INTEL 
80/04 

ADAPTER 
(1 PER 

MACHINE) 

80/04 
ADAPTER 

(1 PER 
MACHINE) 

1I . 80/04 
VOLTAGE-

TO-
FREQUENCY 
CONVERTER 

, 

ZILOG 
Z80 BASED 

CONTROLLER 

280-BASED 
CONTROLLER 

POSTAL SERVICE 
DATA SYSTEM 

COMMUNICATIONS 

PSDS DATA 
CONCENTRATOR 

80/04 
ADAPTER 

80/04 
ADAPTER 

Z80-BASED 
SYSTEM 

PROCESSOR 

Z80-BASED 
DATA-

COMMUNICA-
TIONS 

CONTROLLER 

ON-SITE 
MINI-

COMPUTER 

Mail call. Monitoring system has low-cost Intel microcomputers as interfaces and high-speed 

Zilog boards as controllers for gathering data on mail in process. With real-time information. 

supervisors can do a better job of matching the workers to the workload. 

Postal Service contract in Septem-
ber, describes the entry into the 
"virgin territory of the post office" 
as an arduous one. "We were 
allowed no modification or rewir-
ing," he explains. All connections 
are made with high-impedance logic. 

Despite the noninvasive connec-
tion, the system must still interface 
with a host of switches, photocells, 
motors, and solenoids. Many of the 
signal sources are high-impedance 
and therefore subject to loading. 
Also, a mixture of logic levels and 
signal types is found in each box. 
"There's some resistor-capacitor-
transistor logic and a smattering of 

transistor-transistor logic, but most-
ly a lot of high-level ac and dc," 
Rezac says. 
Teamwork. The Intel microcom-

puter boards, whose programmabili-
ty allows them to accommodate 
many types of signals, are the inter-
faces with the electromechanical 
equipment, while the Zilog boards 
are system controllers. "We chose 
the Intel boards for low cost—under 
$100 each—and the Zilog parts for 
their high speed," explains Rezac. 
The Z80 device with its 
4-megahertz clock, is the fastest 
microcomputer Rezac says he could 
find for handling the inputs from the 
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many Intel data-gathering boards. 
The Z80 microcomputers hook up 

to an on-site minicomputer—a Data 
General Corp. Nova that is mainly a 
system development tool—and also 
interface with the Postal Source 
Data System, a nationwide commu-
nications link. The PSDS, in existence 
for more than 10 years, carries the 
National Time and Attendance Sys-
tem employee information, which 
includes badge-reader and Social 
Security data on every worker for 
personnel and payroll purposes. 

According to Jensen, the system 
will provide supervisors with fresh 

information for shifting personnel 
within each facility. Sacramento, 
with about 2,000 employees, is prob-
ably the smallest facility that would 
get such a system, he adds. But the 
microcomputer monitors could also 
really make a difference in Chicago, 
Los Angeles, or New York, each 
with more than 10,000 employees. E 
The result will be a more efficient 

postal system. If the system operates 
as planned, says Jensen, its $200,000 
price tag could be amortized within 
one year, with most of the savings in 
overtime pay and standby personnel. 

Industrial 

Infrared sensor outclasses thermocouples 

in checking metal fatigue in jet engines 
Jet engine manufacturers, always 
seeking more thrust for their 
products, must push turbine mate-
rials to their limits in tests to deter-
mine to what extent metal fatigue 
will be accelerated. Mainly, the 
manufacturers have relied on ther-
mocouples mounted in test engine 
nacelles to monitor turbine blade 
and disk temperatures; abnormally 
high temperatures are a good indica-

tion of potential failures. 
But thermocouples can be difficult 

to mount, and they cannot be placed 
close enough to the blades to deter-
mine their actual temperatures. That 
is why Vanzetti Infrared & Comput-
er Systems Inc. came up with a 
turbine-blade thermal monitoring 
system that marries fiber-optic, in-
frared sensing, and signal-processing 
technologies. 

Better times looming for infrared pioneer 

For Ricardo Vanzetti, the last two years represent his company's "emer-
gence from the Red Sea." The founder and president of Vanzetti Infrared & 
Computer Systems says his company, a pioneer in applying infrared tech-
nology to industrial testing, took eight years to make its first profit —a 
minimal $16,000 on sales of exactly $1 million in the year ended Sept. 30, 
1976. But the company really turned the corner in the year ended last Sept. 
30. Sales were $1.6 million and profits were $175,000. 

Vanzetti, an Italian Resistance leader in World War II, spent eight years 
with Raytheon Co. verifying the feasibility of using fiber optics and infrared 
sensing for thermal testing of electronic hardware. But Raytheon, by charter, 
is not interested in developing test and process-control equipment. So 
Vanzetti founded his company in 1968. The first two or three years were 
spent refining equipment, and then came recessions in 1970-71 and 
1974-75. 
Now the company is in its growth phase, Vanzetti hopes. "We're looking 

forward to several more years of fat cows," he says, using the biblical 
analogy about famine and plenty. But he is worried about putting together 
capital to fund the growth. "In the Resistance, it was easy," he notes, 
recalling the events after he was parachuted into German-occupied northern 
Italy by the U. S. Office of Strategic Services in March 1943. "If we needed 
money, we'd just rob a bank," he says, almost wistfully. 

The Canton, Mass., company, low 
bidder in a competition with Kolls-
man Instrument Corp., shipped two 
monitors to the Naval Air Propul-
sion Center in Trenton, N. J., just 
last month under a $38,000 contract. 
The systems will be used to develop 
thermal profiles of turbine disks and 
blades as they are rotated and 
heated in a test setup for 40 to 50 
hours. Chyau Shen, senior elec-
tronics engineer at the center, says 
the disks will be induction-heated to 
between 400°C and 1,200°C, and the 
blades heated to between 60°C and 
1,500°C, in order to simulate actual 
engine temperatures. 

According to Shen, the earlier 
thermocouple-based system was 
tricky to install and had to be "ba-
bied." He is more comfortable with 
the noncontact Vanzetti units, which 
are essentially radiation pyrometers, 
though he has no test results yet. 
Anthony lntrieri, Vanzetti's direc-

tor of marketing and sales and an 
engineer as well, explains the sys-
tem's operation this way. A fiber-
optic probe is inserted into the test 
nacelle or directly into the engine 
close to the blades. Radiant energy 
emitted from a preselected sequence 
of points on the target area of each 
blade—as many as 56—is collected 
by the fiber-optic probe and trans-
mitted to a remote infrared detector. 

Fast response. The photon detec-
tor, usually a single silicon photodi-
ode, "can respond to step input 
changes in less than 150 nanose-
conds," Intrieri says, and is specially 
shaped spectrally to get the fast 
response. Vanzetti engineers selected 
a window between 0.8 and 0.97 
micrometer in which to measure the 
radiant energy, in order to minimize 
signal attenuation caused by gases in 
the test chambers, in which the 
turbines may be rotating as fast as 
77,000 revolutions per minute. The 
detector operates photoconductively, 
changing resistivity as the rate of 
photon energy striking it varies. 
"The detector acts as a current 
generator, and we convert the cur-
rent to a voltage," lntrieri explains. 
A preamplifier in the detector 

section boosts the millivolt-level sig-
nals to the 0.2-volt range. They then 
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Monitor. Typical turbine-blade monitor includes fiber-optic probe with black heat sink 

(foreground), an IR detector head, and signal-processing and -display unit (right). 

go to a linearizer, which is part of 
the signal-processing section of the 
system. The analog signal, which is 
directly proportional to the tempera-
ture at each turbine blade test point, 
goes through a logarithmic amplifier 
to start the linearization and is 
specially conditioned, says Intrieri, 
to provide temperature measure-
ments to within 1% of reading. 
Three output channels. I ntrieri is 

guarded about the specifics of the 
signal processing, but says the 
processed signal provides three out-
put channels from three linearizers 
that can be either digitally displayed 
on three digital panel meters in the 
system or brought out to an oscillo-
scope for analysis. The three outputs 
are the average integrated tempera-
tures of all blades on a rotor, the 
average of the maximum peak 
temperatures of all blades, and the 
maximum peak temperature of the 
single hottest blade. 

Additionally, in the Navy system, 
the data can be multiplexed to 
display the hottest blade by number. 
With this kind of combination, 
Intrieri says engine makers or users 
can determine whether an entire 
engine or a given blade is running 

too hot, and can later analyze 
whether accelerated metal fatigue 
was induced in the process. D 

Microcomputers to 

vend coffee 
Anyone peeking into the innards 

of a coffee-vending machine has 
probably been amazed at the myriad 
of cams and relays needed to bring 
forth a cup of the hot brew. Basi-
cally, the mechanical and electro-
mechanical parts control the step-
by-step sequence of events after a 
customer inserts a coin and makes a 
selection. 

Microcomputers can easily handle 
just such control tasks, and they will 
be doing so within the next few 
months. About then, two manufac-
turers, Coffee-Mat Corp. and Re-
freshment Machinery Inc., will start 
shipping the first microcomputer-
controlled machines, capping a trend 
to solid-state electronics that has 
been brewing in the vending industry 
for five years. Both companies had 
developed controls some time ago 
that were built from transistor-tran-

sistor logic, but they never brought 
them to market because the controls 
required too many packages to 
implement and proved too expensive. 

Paying their way. But micropro-
cessors should pay their way from 
the start: Coffee-Mat's new 
FD-1072 coffee-vending machine 
will sell for about $1,400. "That's 
roughly 20% less than its predeces-
sor, a cost savings directly attribut-
able to the microprocessor," says a 
marketing official for the Kenil-
worth, N. J., subsidiary of Flagstaff. 
Corp. Coffee-Mat controls about 
40% of the coffee-vending business. 

Coffee-Mat's chief engineer, Ma-
hendra Desai, declines to divulge 
which microprocessor he chose for 
his design, except to say that it is an 
8-bit single-chip microcomputer. 
However, there are several designed 
specifically as controllers, with suffi-
cient input/output channels and pro-
gram memory to put the coffee 
machine through its paces dispens-
ing various hot drinks. 

According to Desai, the micro-
computer continually scans the cred-
it switch on the coffee machine's 
coin changer, looking for the pulse 
that indicates enough money has 
been deposited. "When the proper 
credit is established, the processor 
scans the selection switches and, 
when a selection is made, begins the 
machine's timing cycle," he says. 
With a master's degree in mechan-
ical engineering, he has picked up 
the knowledge to direct Coffee-
Mat's solid-state design efforts. 
The microcomputer, buffers, and 

drivers are mounted on a single 
printed-circuit card, "and that board 
is directly adaptable right now to 
any machine we make," Desai says. 
He has also replaced electromechan-
ical relays with solid-state triacs to 
drive each load: three solenoid valves 
that control water lines and six to 
eight small electric motors that turn 
the auger gears that dispense the 
machine's ingredients. Conventional 
coffee machines use relay logic and a 
timer motor that drives a camshaft. 
The cams switch solenoids on and 
off, controlling motors to deliver 
ingredients in sequence. 

Besides a substantial cost savings, 
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the microcomputer control makes 
possible a host of new features and 
options, as well as making a cup of 
coffee faster. Also, beverages are 
more consistent from one machine to 
the next, because the time that hot 
water and powders are delivered is 
more precise. Moreover, self-clean-
ing and self-diagnostic features can 
be easily added, Desai says, requir-
ing 250 to 300 more bytes of 
memory, along with a few indicators 
and switches. 

Similar control. Refreshment Ma-
chinery Inc. has developed a similar 
microprocessor control, and the 
Warminster, Pa., firm will start 
phasing it into its existing RMI 1400 
freeze-dried and RMI 850 loose-
grind coffee machines during the 
first quarter of 1978. Ten test 
machines were put into the field last 
month. Most use a control built 
around Signetics's 8-bit 2650 two-
chip processor set, although a few 
use Rockwell International's 4-bit 
PPS 4/1 microcomputer. In the 
works is a third control based on 
Intel's 8048 8-bit microcomputer, 
says Naim Salfity, who is RMI'S 

director of research and develop-
ment. 
The real difference in the vending 

machines is in the way timing is 
adjusted to change the amount of 
ingredients mixed in each serving. 
Coffee-Mat uses a 10-position rotary 
switch for each powder, while RMI 
has developed a plug-in service 
module to vary its 15 different 
dispensing channels. Both ap-
proaches are easier than changing 
the position of cams on a camshaft. 

RMI'S service module, which looks 
like a hand-held calculator with a 
six-digit light-emitting-diode dis-
play, stores timing changes in a 
small, battery-backed random-access 
memory, Salfity explains. Instead of 
a keyboard, the unit has a four-
position rotary switch to select 
beverage, channel number, start and 
stop settings, and a pair of push 
buttons to increase or decrease the 
time that each ingredient is delivered 
in 0.01-second steps. 

Will the new machines and their 
controls work in the field? Desai, for 
one, is confident they will. "We've 

tested the control for a half million 
cycles without one problem. That's 
half the 10-year life of a machine in 
a busy location." EJ 

Microprocessors 

Fairchild 9440 starts 

going to customers 
The latest microprocessor to be 
putting pressure on minicomputers is 
the 16-bit 9440 from Fairchild Cam-
era and Instrument Corp. [Electron-
ics, June 23, p. 113], which this 
month is beginning to be shipped in 
quantity. 

Powerful. Incorporating the most 
powerful single-chip central proces-
sor on the market today, the bipolar 
9440 is being supplied in a $750 kit 
that includes a complete operating 
software package. The package ex-
ecutes an instruction set like that of 
the popular Nova 1200 minicom-
puter from Data General Corp. 
With this software plus the cost of 
putting the kit's components on a 
circuit board added in, a user can be 
off and running for less than $1,000 
with a computing system that 
matches the power of general-
purpose minicomputers costing 
many times more. The 9440 achieves 
its performance—propagation per 
gate is only 4 nanoseconds—using 
Fairchild's high-density Isoplanar 
integrated injection logic. 
Range of OEMS. Fairchild is shoot-

ing for the 9440's incorporation in a 
broad range of original equipment. 
Typical applications might be in test 
equipment and mass spectrographs, 
says Thomas A. Longo, vice presi-
dent and chief technical officer at 
the company's headquarters in 
Mountain View, Calif. 

Longo, however, emphasizes that 
Fairchild is not out to fill Nova sock-
ets, but seeks instead to create new 
markets. So he sees other areas as 
targets, too. One is telecommunica-
tions, especially electronically 
switched private branch exchanges 
in large plants or offices where using 
minicomputers might be a case of 
overkill: Another is distributed pro-

cessing, where the explosion of 
distributed intelligence is opening up 
increasingly sophisticated applica-
tions in intelligent terminals and 
front-end processing, he says. 

Centralized electronic controls for 
buses and trucks also look bright, 
because "this kind of microprocessor 
capability can usefully serve that 
market," Longo says. Moreover, 
retail shops "can generate quite a 
market," he continues, with the kit 
aimed at the high-level hobbyist, the 
professional engineer who brings 
work home, and the small-business 
owner or professional. 

Besides the 9440 chip, which Fair-
child now calls the Microflame, the 
kit consists of 16 transistor-tran-
sistor-logic, 4,096-bit dynamic ran-
dom-access memories (the model 
93481), small-scale and medium-
scale integrated components for 
memory control, a set of user manu-
als, and the Fire 1 software package 
(Fire stands for Fairchild integrated 
real-time executive). 
The package contains three pri-

mary software programs: diagnos-
tics, including a toggle-in-memory 
test, system exerciser, instruction 
timer, and memory diagnostics; an 
interactive entry and debugging pro-
gram; and a bootstrap and binary 
ladder. By itself, it has a price of 
$250 in single quantities. 
More software. Other Fire soft-

ware packages include a $110 text 
editor, a $50 symbolic debugger, and 
a $550 basic business language. 
Downstream, the company plans to 
add even more punch to the package 
by offering more software and large-
scale integrated support circuits. A 
floppy-disk operating system and a 
disk operating system are due in the 
spring, followed by a Fortran com-
piler by the end of the year. In hard-
ware, a 16,384-bit dynamic RAM 
should be out this winter, a memory 
control with control refresh and 
direct-memory access capabilities is 
due out at midyear, and a hardware 
multiplier and divider should appear 
in time for next Christmas. 
The 9440 has a memory capacity 

of 32,768 16-bit words that can be 
any combination of instruction and 
data. Its input-output ports can serve 
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More muscle for your microprocessor: 
Now there's a simpler way 

to trigger a triac, 
drive a digit, or light up a lamp. 

One of our new addressable drivers 
can control up to eight peripheral 
devices in any bus-oriented system. 

Next time you put a microprocessor 
to work, it may have more to manipulate 
than data. Real-world p.P applications 
often require the kind of muscle that our 
new NE590/591 Addressable Peripheral 
Drivers can provide—simpler and less ex-
pensively than the usual combination of 
discrete power transistors and resistors. 
Another First From Signeties. Either of 
these new devices can give you a power-
ful alternative way to address and 
drive as many as eight different 
peripherals, using bits extracted 
directly from a bus. Each of the 8 
latched Darlington outputs can 
drive a 250-mA load current, subject 
to power dissipation limitations. That's 
plenty of muscle for turning on (or off) 
LEDs, SCRs, stepping motors and a host of 
other commonly used peripheral components 

Most applications can be handled by 
the 16-pin NE590, which has 8 open-
collector (current sinking) out-
puts. The NE591 is an 18-pin 
version with open-emitter (cur-
rent sourcing) outputs. 
Simpler Designs at Lower Costs. 
A quick parts count and cost evalua-
tion will demonstrate the device's dollar 
savings. The NE590N costs only $1.95 in 

• 

YOUR 
MICROPROCESSOR 

1-0E-8 DECODER 

OTHER SIGNETICS DRIVERS 

Part No. Description Output 
Current 

No. af 
Drivers 

N E582 LED digit 
drivers 

400mA 6  

ULN2001 
series 

Power drivers 500mA 7 

NE5501 
series 

High-voltage 
power drivers 

500mA 7 

DS3611 
series 

Peripheral 
drivers 300mA 2 

UDN5711 
series —.. 

Peripheral 
drivers 

300mA 2 

100 quantity, the NE591N, $2.45. You can 
do the same job with an addressable latch, 
but you'll need extra driver transistors 
and resistors that will bring your total 
parts cost—exclusive of assembly, test-
ing and related expenses—to a consider-
ably higher price. 

Use NE590 or NE591 whenever you 
have multiple high-current peripherals 

to drive in any bus-oriented sys-
tem. You'll simplify your design, 
improve reliability, reduce com-
ponent and assembly costs. In 
short, you'll get more muscle for 
your money. 

Addressable Peripheral 
Drivers. Available only from Sig-

netics. Call your nearest distributor 
or send the coupon to us today for your 

data sheet, a sample, or quick attention 
to any application questions you have. 

signutits 
a st ihsidiary of U.S. Philips Corporation 

Signetics Corporatton 
811 East Argues Avenue 

Sumyvaie, California 94086 
Tetephone 408/739-7700 

To: Signetics Information Services, 811 E. Argues Ave. 
P.O. Box 9052, MS 27, Sunnyvale, CA 94086 

III Send me your NE590/591 Data Sheet 
El Send me a sample of the NE590 for evaluation. 
D I need data on these other devices shown in the table: 

O I have an urgent requirement. Please have an applica-
tions specialist phone me at once: ( 

Name Title 

Company  Division   

Address  MS  

City  State Zip  
(Note: For faster response, clip coupon to letterhead.) EMS 
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63 peripheral devices using pro-
grammed interrupt-driven or direct-
memory-access 1/0 lines. Fairchild 

has also priced the microprocessor so 
that several 9440 devices can be 
ordered with one software package.D 

Communications 

Latest telephone industry proposals 

draw ire of independent manufacturers 
Calls on Congress to reject proposals 
by a task force from the telephone 
industry to limit telecommunications 
competition are increasing as legis-
lators reconvene this month to 
consider rewriting the 1934 Commu-
nications Act. Two trade groups 
representing independent manufac-
turers of terminal equipment, com-
puter users, and specialized common 
carriers all attacked a four-part 
recommendation last month to the 
House and Senate subcommittees on 
communications that would restruc-
ture the way the national telecom-
munications network may be used. 
The telephone industry's latest 

proposals vary only slightly from 
its earlier Consumer Communica-
tions Reform Act (the Bell bill). 
The House group failed to adopt it 
last year as the basis for new legis-
lation. "The Bell bill would have 
eliminated competition by a single 
stroke," argues the opposing Ad Hoc 
Committee for Competitive Tele-
communications, a coalition of man-
ufacturers and specialized carriers. 
"The new proposals would starve us 

out of existence," the group says. 
The Computer and Communica-

tions Industry Association charges 
the proposals would prevent resellers 
and packet suppliers of computer 
services who deal with more than 
one customer from interconnection 
with the public network. "What this 
means in effect is that computer 
users will no longer have any dial-up 
capability for specialized services," 
contends A.G.W. Biddle, who is 
CCIA president. 

Proposals. Four service categories 
are proposed under the telephone 
industry's plan. Category I deals 
with regular local and interstate tele-
phone service, leaving it un-
changed and incorporating existing 
rate averaging that favors sparsely 
populated areas. Category II would 
permit interconnection with the pub-
lic network of specialized carrier 
networks like that of Washington-
based MCI Inc, but this would be 
done only through switches on the 
using company's premises. Thus a 
user away from "home" would be 
prohibited from accessing a special-

FCC's Fogarty: legislation is premature 

At least one Federal Communications Commission member believes the four-
part telephone industry task force proposals to Congress for rewriting the 
1934 Communications Act are "a solution in search of a problem." Shortly 
after the revised plan was delivered to Capitol Hill, commissioner Joseph 
Fogarty urged "caution in reviewing legislative proposals which preempt 
existing policy or unduly restrict [the FCC's] ability to respond to new 
telecommunications issues as they arise." Definition of the problem must 
come first, Fogarty says, adding that "there is no evidence that competition 
for the past decade has had any adverse effect on local telephone rates, or 
that we can expect any significant negative impact in the future." 

Citing the FCC's proposed look at overall telecommunications competition 
to determine its "outer limits," Fogarty believes the issues "are ripe now for 
commission investigation" but not for legislation, "given the lack of a record 
of relevant data and analysis." A new investigation, he says, could lead to 
"the largest and most important rule making in the history" of the FCC. 

ized carrier net. Moreover, charges 
to special network users for access 
to the public network would be 
higher. 

Category III deals with private 
nets provided by either regulated 
carriers or customers themselves. 
These would not connect with the 
public switched network but would 
communicate only with other sta-
tions in the private system, provided, 
the telephone companies say, "they 
are not essentially duplicative" of 
existing public network services. Ex-
amples of such private networks 
range all the way from TWX and 
Telex to tandem tie lines and value-
added services like those of packet-
data-switching systems. 

Category IV embraces competi-
tive terminal equipment and radio 
common carriers, limiting the lat-
ter's access to the public network to 
areas not served by the public 
network. It would also limit custom-
er-owned terminals to those regis-
tered with the Federal Communica-
tions Commission that do not dupli-
cate category I offerings. 

Reactions. The telephone indus-
try's self-styled "compromise" was 
rejected by both ACCT and the CCIA, 
who labeled it one more effort to set 
ground rules for the upcoming 
congressional battle. Opponents of 
the 23-page plan see category II 
guaranteeing higher and inequitable 
charges to specialized private car-
riers for access to the public 
network, while categories III and IV 
are viewed as highly restrictive of 
terminal equipment competition. 

Congressional response to the plan 
is still muted as House and Senate 
subcommittees study it and review 
industry objections. Noting that 
technological advances are rapidly 
altering old concepts of telecommu-
nications, Rep. Lionel Van Deerlin, 
(Dem., Calif.) chairman of the 
House unit, reflects sympathy with 
pro-competition forces. He put for-
ward this observation last month: 
"Just as it is impossible to distin-
guish between data processing and 
data communications, it is also 
impossible to resolve the issue of 
whether services are old or new, 
innovative or duplicative. Every ser-
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Introducing the Synertek 32K ROM. 
In your pattern. In your hands. 

In three weeks. 
We can deliver this fast because all we 
have to do are the final two mask steps 
to program your pattern.With all prior 
masking operations done, and wafers 
in inventory, you save a full four weeks 
— almost off-the-shelf delivery on your 
custom part. 

And our 32K ROM packs a wal-
lop. Over 40,000 transistors. More 
density than any other available chip in 
the world. And it does it in a 24 pin DIP, 
plastic or ceramic. One more thing. 

Since the pin-outs are very similar to 
the standard 16K ROM, you can re-
place two 16Ks with only minor modifi-
cations. Or none at all. 

Our 32K ROM puts us in the 
forefront of ROM technology. The 
highest complexity production chip in 
the industry .... 450-nsec access 
time ... fully compatible with our 6500 
and other microprocessors. 

The Synertek SY2332 32K 
ROM. Our show is on the road. And, 

when you consider the high speed and 
how fast you can be in production, 
the price of admission is practically 
peanuts. 

For complete specs and pricing, 
contact Bob Cushman at Synertek, 
3050 Coronado Drive, Santa Clara, 
California 95051. Telephone (408) 
984-8900. TWX: 910-338-0135. 

Synertek 
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vice is to some degree like every 
other service, and to some degree 
different." 

House subcommittee staff mem-
bers say a proposed revision of the 

Communications Act should be in-
troduced in Congress in about April, 
but Van Deerlin indicates that its 
complexity will probably preclude 
final House passage before 1979. El 

Home computers 

Custom ICs improve image of new 

home computer on ordinary TV set 
The man behind one of the indus-
try's most popular microprocessors is 
also behind an innovative home 
computer announced just last month. 
David Chung directed the original 
F8 microcomputer group while he 
was at Fairchild Camera and Instru-
ment. Now, as vice president and 
part owner of the relatively new 

MODULATOR 
(WITH rf 

CIRCUITRY) 

UV202 
BUS 

CONTROLLER 
AND TIMER 

Umtech Inc. in Sunnyvale, Calif., he 
has developed a computer that plugs 
into a color television set's antenna 
terminal just like any video game. 

His VideoBrain home computer 
terminal can put up to 16 colors on 
the screen and, while retaining the 
set's characteristic 525-line scan, 
gets much higher resolution from the 
iv picture by means of a pair of 
custom n-channel metal-oxide-semi-
conductor chips. 

Moreover, the $500 machine, 
which comes with joysticks for 
playing video games and a 36-key 
keyboard for access to the computer, 
has perhaps the broadest range of 
plug-in software packages yet avail-
able. Included are solid-state car-
tridges with programs for finance 
and cash management, stock valua-

For the nonexpert. Keyboard is part of new 

home computer 'that comes with a library of 

educational and entertainment programs. 

DIGITAL-TO-
ANALOG 

CONVERTER 

COLOR 
MATRIX 

UV201 
VIDEO 

COMPOSER 

MICROPROCESSOR 

READ-ONLY 
MEMORY 

tions, and real estate analysis and 
calculations, as well as for learning 
mathematics, English, and music. It 
also has cartridges for a range of 
video games like pinball and black-
jack. (However, the Winter Con-
sumer Electronics Show opening this 
week in Las Vegas should see other 
home computer makers introduce 
new plug-in applications programs 
for the computer novice uncomfort-
able with developing programs using 
a computer language.) 
At the show in Las Vegas, 

Umtech will also be exhibiting the 
prototype of an add-on interfacing 
module that will allow the F8-based 
system to be connected to a range of 
peripherals: a printer, a telephone 
(via an acoustic coupler), or an 
audio cassette deck for data storage. 

But Chung says, "The display is 
the most important part of the 
computer," meaning that its attrac-
tiveness helps decide whether a 
computer novice buys or not. He 
improves the Tv screen's resolution 
with a timing technique that keeps 
track of where the electron beam is 
in its scan and then turns it on to 
write a point on the screen. Chung 
has reported on the technique [Elec-
tronics, Jan. 20, 1977, p. 102] as a 
way of getting a microprocessor's 
timing resolution down to a single 
clock cycle. 

Accordingly, Chung is able to 
divide each line scan into about 180 
picture elements, or roughly 100,000 
for the entire screen. In comparison, 
an ordinary iv game might address 
only some 80 picture elements per 
line, or about 40,000 total. 

For this high performance, Chung 
uses the two custom chips to operate 
between the F8 and read-only mem-
ory that stores images on one hand, 
and on the other, TV conversion 
circuitry composed of the color 
matrix, digital-to-analog converter, 
and radio-frequency modulator, 
shown in the diagram at the left. 
Chung describes one of the chips, the 

Doing the job. Pair of video composer and 

timer chips developed for VideoBrain handle 

the image selection and timing chores that 

boost the resolution of the display obtained 

on the screen of an ordinary TV set. 
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DDC has developed the world's fastest hybrid 12 bit 
and 8 bit data acquisition components. The 12 bit has 
a throughput rate of 450 kHz and the 8 bit has a 
throughput of 900 kHz. Each consists of two compatible 
stand-alone 24 pin DDIP modules: an A/D converter 
and a track/hold or sample/hold amplifier. 
The 12 bit ADH-8516 Analog-To-Digital Converter 

has a conversion time of 1.8ps and 0.012% linearity. It is 
the smallest Hi-Rel A/D available that also includes 3-
State outputs for microcomputer interfacing. With the 
matching ADH-050 Video Track and Hold Amplifier a 
super-fast acquisition time of 12Ons is achieved. 
Aperture time uncertainty is a low 500ps. Buffering and 
pin programming allow many differential and single-
ended input options. 
The 8 bit data acquisition components include the 

ADH-8512 A/D Converter which features a 950ns 
conversion time. The matching SH-8518 Sample and 
Hold Amplifier has a 25ns acquisition time and a 60ps 
aperture uncertainty. 

DDC 

S/D and 0/S 
Converters 

A.T.E. 
Synchro 

nstruments 

Both data acquisition component sets are werl suited 
for military, aerospace and telecommunication 
applications. All DDC hybrids are processed to MIL-
STD-883 requirements to perform under the most 
extreme environments. DDC also designs custom card 
mounted multiplexed data acquisition systems. Call 
your nearest DDC representative listed in EEM, or call 
Mike Andrews at (516) 567-5600. 

o 
ILC DATA DEVICE 
CORPORATION 

A Wholly Owned Subsidiary of ILC Industries. Inc. 

Airport International Plaza. Bohemia. New York 11716 

516-567-5600 TWX 510-228-7324 

West Coast: 7337 Greenbush Ave., North Hollywood, CA 91605 • 213-982-6454 
Southwest: 5050 North 19th Ave., Suite 420, Phoenix, AZ 85015 • 602-249-0703 

ILC DOVER is the (.:• 
sole designer 

and manufacturer 
of the Apollo 

Skylab and Shuttle 
space suits 

up 
throughput. 

Custom Hybrids 

Converters 

DDC puts it 
all together. 
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UV201 video composer, as "a super 
counting circuit that pulls stuff out 
of the read-only memory at the right 
time." 

For each line, the video composer 
calculates the location of Rom-stored 
image elements and the proportion 
of the line to be taken up by back-
ground and image information. It 
pulls the latter out of the memory, 
adds color and intensity coding, and 
sends the data to the d-a conversion 
circuitry. Background data, encoded 
with color and intensity, goes direct-
ly to the converter. 
The chip actually looks at two TV 

lines at a time—with the interleaved 
scanning fields, it processes one 
while updating information on the 
other. The complex chip also con-
tains refresh and update logic, dot 
and line counters, and command and 
interrupt registers. The other custom 
chip, the UV202 timing and control-
ler circuit, directs the microproces-
sor, the ROM, and the video compos-
er, as well as providing the timing 
and generating synchronization sig-
nals to control the output between 
the chips and the d-a converter. 

Another feature of the VideoBrain 
is that its architecture has been 
designed to work with other micro-
processors besides the F8. Thus a 
new and more powerful computer 
could be designed and brought to 
market with relative ease. E 

Aerospace 

Sales by U. S. will 

rise 8% in 1978 
Despite the U. S. aerospace indus-
tries' 8% sales gain to $32.4 billion 
in 1977 and an expected equivalent 
rise in 1978 to $34.9 billion, the New 
Year will mark "a crossroads for the 
industry," says Aerospace Industries 
Association president Karl G. Harr. 
He believes that uncertainty about 
pending Government rulings on 
technology and economic issues 
could lose the U. S. its aerospace 
leadership. 

Profits, as a percentage of sales, 
reached 4% in 1977, up from 3.5% in 

News briefs 

Terminal equipment registration deadlines extended by FCC 
The Federal Communications Commission has extended the "grandfather" 
eligibility date for terminal equipment not registered with the FCC to be 
directly connected to the telephone network by 91/2 months. The deadline is 
now Oct. 17, 1978, instead of Jan. 1, 1978 [Electronics, Oct. 27, p. 48]. If a 
type of unregistered equipment is in use before Oct. 17, it may continue to 
be connected through June 30, 1979, the FCC says, but after that date only 
registered equipment may be connected. Not covered are private-branch-
exchange switches and key systems, for which the FCC's common carrier 
bureau says rules will be proposed before the end of February. The FCC also 
noted that the revisions now apply to protective circuitry and couplers that 
were not specifically addressed in its earlier ruling. 

If your atomic clock is slow, you forgot 1977's 'leap second' 
Engineers who find their atomic clocks running 1 second slow in the new year 
clearly missed 1977's "leap second," according to the National Bureau of 
Standards. The leap second was inserted into Universal Coordinated Time, 
used to coordinate atomic clocks, at precisely 23:59:60 on Dec. 21, 
extending the year by 1 second. NBS's Boulder, Colo., laboratory, the official 
U. S. timekeeper, has made similar adjustments every year since 1972, when 
2 leap seconds were inserted. "Leap seconds are needed," NBS explains, 
"because atomic clocks are more precise than the variable rate at which the 
earth rotates on its axis." Adjusting clocks to conform to the earth's spin 
"would defeat their purpose of providing uniform time." Atomic clocks can 
be checked with NBS time signals broadcast on frequencies of 2.5, 10, and 
15 megahertz, or by telephoning (303) 499-7111. 

European, Canadian firms win $2.5 billion telecom order 
Philips Gloeilampenfabrieken of the Netherlands, L M Ericsson of Sweden 
and Bell Canada have teamed to win an approximate $2.5 billion contract to 
expand the Saudi Arabian telephone system. About $900 million worth of 
computer-controlled switches, cable, network equipment, and telephone 
instruments will be supplied equally by Philips and Ericsson over a three-year 
period. Bell Canada will manage the system over a five-year period at a cost 
of over $500 million. The rest of the $2.5 billion will go for labor, construction, 
and buildings, among other items. In winning the large telecommunications 
order, the triumvirate topped three other teams: ITT and United Telecommu-
nications; Western Electric, Plessey, and Cables and Wireless; and Nippon 
Electric, Hitachi, and Mitsubishi Electric. 

Siemens, AMD proceed with joint venture 
Advanced Micro Computers will be the name of the new joint venture that 
West Germany's Siemens AG and Advanced Micro Devices Inc. of Sunny-
vale, Calif., said they would form [Electronics, Oct. 13, p. 31]. The new 
company will design, manufacture, and market worldwide microcomputer 
systems and related products. Siemens will also purchase 400,000 shares of 
AMD common stock for $18 million, to add to 200,000 shares it bought 
earlier which will give it an approximately 20% ownership position in AMD. 
Details of the purchase and the joint venture are expected to be worked out 
by Feb. 1. Meanwhile, Britain's Ferranti Ltd., a $250 million electronics 
equipment company, has bought for about $3.3 million tiny Interdesign Inc., 
also in Sunnyvale, a manufacturer of custom integrated circuits. 

1976, while jobs declined by 5,000 to 
893,000. Exports of $7.2 billion for 
the year declined some $600 million 
from the 1976 level, with declines in 
civil aircraft shipment more than 
offsetting a military exports rise. 

American trade and patent poli-
cies as well as Federal research and 
development funding, says Harr, are 
among the key concerns of AIA 
members. The aerospace industries' 
contribution to the U. S. trade 
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When it 
comes to grips, 
our face 
has the edge. 
Our low-cost DIP sockets combine 
the wide contact area of face 
wipes with the high-pressure grip 
power of edge wipes. Result? Great 
electrical contact at the lowest 
price on the market (under 1C a 
contact in large quantities). 

Garry sockets feature non-wicking 
contacts, closed entry at the top 
of the mounting (to protect 
against oversized probes), two 
guiding ramps on the outside for 
easy, virtually foolproof stuffing 
and the ability to replace individual 
pins if necessary. 

The sockets are molded from UL 
listed thermoplastic into a com-
plete range of DIP sizes. All with 
narrow bodies and low profiles for 
the ultimate in space saving and 
design freedom. 

Garry DIP sockets are available off-
the-shelf from us, or through our 
local distributor. To get more facts, 
contact us. 

Garry Manufacturing Company 
PO Box 94 
New Brunswick, NJ 08902 
(201) 545-2424. 

Gar nfManufacturing Co. 
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variable 
capacitors 
.... made by Johanson, of course' 
Quality without compromise is 
our target in the design and 
manufacture of capacitors in sizes, 
mounting configurations and 
capacitance values to meet every 
application Perhaps that's why— 
for nearly three decades—superior 
variable capacitors have been 
synonymous with the name 
Johanson, where standards of 
excellence always come first. 

Electronic accuracy through 
mechanical precision. 

MANUFACTURING CORPORATION 
Rockaway Valley Road 
Boonton, N.J. 07005 
(201) 334-2676, TWX 710-987-8367 
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balance could be threatened if U. S. 
protectionism caused tariff and non-
tariff trade barriers to be raised else-
where. Changes in national policy 
that lead to cutbacks in foreign mili-
tary sales, plus new definitions of 
what constitutes "strategically criti-
cal" technology for export, will also 
have a major impact on aerospace 
products and services, he says. 

Gains in outlays. Significant gains 
in military research-and-develop-
ment outlays will be proposed in the 
Carter Administration fiscal 1979 
budget to go to Congrèss later this 
month [Electronics, Nov. 24, p. 59]. 
But debate is bound to arise in 
Congress this year over proposals by 
the aerospace and electronics indus-
tries that Federal rules be relaxed on 
corporate use of patents developed 
with Federal funds. 

Typical of the opposition that 
industry can expect is Adm. Hyman 
G. Rickover's testimony at year's 
end before a Senate subcommittee. 
Rickover wants a uniform Federal 
policy requiring all Government 
agencies "by law to retain patent 
rights, except in exceptional circum-
stances, to all inventions developed 
at Government expenses." Charging 
Federal contractors with "double-
talk," Rickover contends that "to-
ward their employees and subcon-
tractors, the companies' practice is 
that the one who pays for an inven-
tion should own it. But in dealing 
with the Government, they contend 
that the one who actually made the 
invention should own it, not the one 
who paid for it." 

Breakout. Military outlays for 
aerospace products and services rose 
17% last year, totaling nearly $16.3 
billion and accounting for over half 
the industries' volume. But the 
National Aeronautics and Space 
Administration's 1977 funds of just 
under $2.6 billion were off nearly 8% 
from funds in 1976. 

Military aircraft buys accounted 
for $8.16 billion of last year's 
Department of Defense total, the AIA 
estimates, with missiles at $2.92 
billion. Monies for RDT&E amounted 
to $1.86 billion for aircraft, $2.66 
billion for missiles, and $673 million 
for astronautics. 

Solid state 

IEDM describes 

tomorrow's devices 
More than ever, it seems, upcoming 
changes in the way the semicon-
ductor industry does things are fore-
shadowed at the International Elec-
tron Devices meeting. Among devel-
opments reported at it last month in 
Washington were ion-implantation 
methods for improving the perform-
ance of microwave field-effect tran-
sistors, novel optoelectronic-device 
designs for use in couplers and fiber-
optic communications, and solar 
cells with high efficiencies. 

Unquestionably, the liveliest mi-
crowave area now is gallium-arse-
nide power FETs, as developers push 
operating levels higher. Hewlett-
Packard Co. in Santa Rosa, Calif., 
for example, has successfully built a 
fully ion-implanted FET that per-
forms at least as well as devices 
made with conventional epitaxial 
processes. Because of their simple, 
planar structure, these FETs also 
promise greater reliability, with po-
tential application in GaAs inte-
grated circuits, says HP. With a gain 
of 5 decibels, researchers have 
obtained more that 1 watt of output 
power at 6 gigahertz and a power-
added efficiency of 34%. 

Ion implantation is also the key to 
work in low-noise microwave FETs 
being done by Avantek Inc. of Santa 
Clara, Calif. The firm is implanting 
silicon into a GaAs semi-insulating 
substrate at relatively low energy to 
obtain a very shallow but steep 
profile. At 18 GHz, a device having a 
300-micrometer gate width holds its 
noise figure down to 2.5 dB with an 
associated gain of 7 dB. Avantek's 
best noise figure for a I 50-um-gate 
device is 2.75 dB. 

Phone switches. Meanwhile, Bell 
Laboratories is developing a pair of 
unusual optoelectronic semiconduc-
tors. The company's Murray Hill, 
N. J., facility is working towards a 
bilateral phototransistor for use in 
optical couplers for telephone 
switching applications. Unlike other 
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NOW 
A magnetic circuit breaker 

smaller than 
the others! 

Airpax 
T11 Snap-Actión 

Magnetic Circuit Breaker. 

Just think of the design possibilities. Here's a 
magnetic circuit breaker that combines power switching 
and circuit protection in one tiny package — about 1 cubic 
inch! That's smaller than any other magnetic breaker. 

Smaller Price Tag, Too. With all its 
advantages, the T11 sells for under 
$5.00 in small quantities. And, of course, 
the price goes down even further as 
the quantity increases. 

Replaces Three Conventional Com-
ponents. The T11 does the job of a 
power switch, fuse, and fuse holder — 
all in one tiny package — with immedi-
ate resetability. In addition, it can be 
operated at either dc or 50/60Hz, 
eliminating the need to specify, order, 
and stock separate units. 

Patented Snap-Action. The T11 is the 
only small magnetic circuit breaker with 
snap-action for immediate and positive 
opening or closing of the contacts. This 
snap-action results in an increase in 
operational life of up to 5 times that 
previously available. It also eliminates 
possible operator "teasing" of the 
contacts and minimizes arcing. 

Enhances Panel Appearance. With a 
choice of six attractive handle colors 
and a variety of mounting hardware, the 
T11 blends well into any panel color 
scheme and layout. 

Five-Year Warranty. As with all Airpax 
breakers, the T11 has a five-year 
warranty. 

Current Ratings. From 0.100 amperes 
to 20 amperes, 32V dc; 15 amperes, 
120V ac, 50/60Hz; and from 0.100 
amperes to 7.5 amperes, 50V dc, 250V 
ac, 50/60 and 400Hz. 

U.L. Recognized. The T11 is one of the 
first circuit breakers to be recognized 
under the new U.L. Std. 1077. 

Details Available. For further informa-
tion on the new T11 snap-action 
magnetic circuit breaker, call your local 
Airpax representative or contact Airpax 
Electronics, Cambridge Division, 
Cambridge, Md. 21613. Phone: 
(301) 228-4600. Telex: 8-7715. TWX: 
865-9655. Other factories in Europe and 
Japan. 

AIRPAH 
THE PRO IN PROTECTION 

4. 

e 

eee.. 
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Ado». 

Ngmi._ 
MITEL 

A 3 VOLT BATTERY WITH 
450 MA/HR LIFE 
IS SUFFICIENT 
TO OPERATE. 

256,000 BITS MILITARY OR 
64,000 BITS COMMERCIAL OF 

MITEL's SIL1902A 
1024-BIT STATIC CMOS RAM 

FOR 24 HOURS UNDER 
WORST-CASE SPECIFICATIONS 

Featuring 
• 2.5V to 6V operation 
• Pin compatible with 2102 
type NMOS RAM's. 

• Max. Access Time-800 ns. 
• Address latches on chip 

for added system power 
sayings. 

For more information write or phone: 

AMIII\ 1745 JEFFERSON DAVIS HWY Hi SUITE 611 ARLINGTON. VA. 22202 
TEL 703-243-1600 

MITEL 
Semiconductor 

Electronics review 

phototransistors, which can block 
voltage and pass current for only one 
polarity of applied bias, the new 
device provides useful gain for both 
polarities. So far, a bilateral gain of 
180 with a blocking voltage of 
±10 y has been obtained for a 
2.1-gm-thick base, one of 3,000 with 
±2.6-v blocking voltage for a 0.3-
gm-thick base. Bell wants to raise 
the blocking voltage to 300 y or 
more, to create a coupler that will 
switch more than 100 milliamperes 
with a forward light-emitting-diode 
current of 10 MA. 

In a related development, Bell's 
Crawford Hill Laboratory in Holm-
del, N. J., has come up with an 
optically switched LED for fiber-optic 
use as the single interface device 
between normal digital logic circuits 
and glass fibers. The LED is a double 
heterostructure (pnpn) device that is 
made from indium gallium arsenide 
phosphide. 
An early application, project the 

people at Bell, could be as the sole 
optical element in a tap-and-repeater 
circuit for an optical-fiber data link. 
The pnpn device could amplify the 
light pulses, while its simultaneous 
electrical output would be adequate 
for driving transistor-transistor logic 
directly. 

Solar cells. As for solar cells, the 
Jet Propulsion Laboratory of the 
California Institute of Technology in 
Pasadena, Calif., has pushed the 
efficiency of gallium-arsenide metal-
oxide-semiconductor cells to 17% 
with a fabrication technique that 
lends itself to reproducibility, too. 
Researchers there attribute their 
success to a new chemical surface 
preparation. They form the oxide 
layer by physical deposition and 
make an improved antireflecting 
coating by pulsed-laser evaporation. 

In addition, Texas Instruments 
Inc. in Dallas is building tandem-
junction thin-film solar cells that 
have collecting junctions on both 
their illuminated and dark sides. 
Experimental results look good—an 
open-circuit voltage of 600 milli-
volts, a short-circuit current of 
50 mA per square centimeter, and an 
efficiency of approximately 18% at a 
temperature of 25°C. 

Video games 

TV games may burn 

in images, FTC says 
"Warning: the Federal Trade Com-
mission has determined that elec-
tronic video games may be danger-
ous to your TV screen." Although the 
Fit has not ordered this declaration 
placed on packages and ads, it has 
concluded that the stationary details 
of video games—field outline, net, 
and score—can leave imprints on the 
face of a TV picture tube. Further, 
the danger is greater for mono-
chrome than for color sets, the 
commission says, after studying re-
sults of tests by the National Bureau 
of Standards and other data. 

"Reasonable use" of such games, 
however, should not damage TV 
screens, the Frc notes. But it warns 
that prolonged use may cause per-
manent damage. 
Monochrome receivers can be im-

printed after 100 to 200 hours of use 
with bright, high-modulation games, 
while color sets will not be imprinted 
until more than 350 hours of use. 
"Low-modulation games will take 
even longer before any distinct 
imprinting will be noticed," the FTC 
reports, as will those with constantly 
changing luminance or automatic 
shut-off features. Similar findings 
were reported by the Canadian 
Consumer and Corporate Affairs 
department in December 1976. 

Recommendations. The commis-
sion urges that games be shut off 
when not in use and says consumers 
should pick games that: (1) have 
low-modulation signals, (2) use con-
stantly changing brightness levels 
and colors when left on, and (3) use 
low-brightness whites or light colors 
and gray, rather than true black. 

The Frc says most reported prob-
lems appear due to continuous 
display of games on dealers' show-
room floors, adding that it has 
received no consumer complaints. 
Nevertheless, it wants consumers 
warned that prolonged display of a 
fixed game pattern is likely to 
imprint the TV screen. 
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Get Smart. 
ADDS *riot • Smart for the price of Dumb. 

Time was. !fa man bought a Dumb 
terminal, he was considered pretty 
smart. Times change. 
ADDS Regentfamily of Smart termi-

nals is making Dumb look dumb. 
For under $1000* our Regent 100 

hasfeatures no smart man can resist. 
You get cursor controlsfor opera-

tional simplicity and extensive remote 
commands that make it easy to control 
the Regentfrom the computer. Optional 
function keys customize Regent to 
your specific application. 

You get a Status Line that pro-
vides current information on the 
terminal's operating status. And, 

you get visual highlights such 
as blinking, zero intensity, 
half intensity, underline 
and reverse video. 

You also get self 
diagnostics. 

In other words, you 
get Smart Or Smarter: 
Our Regent 200 has 
everything our 100 has 
plus buffered transmis-
sion, auxiliary port and 
editing options. 

You can't get a whole 
lot more. 

Get Smart Get ADDS. 

Quality, Reliability and 
Integrity. It all adds up 
to ADDS. 
'In moderate quantity. 

[AD- ITS A—pFlte—d—Drgi —tar — Data Systems Inc. 
I 100 Marcus Blvd., Hauppauge. 
I New York 11787516-231-5400 
I Dept. 250 

/ Name  

/ Firm Title  

Address  

ICity State  

Phone  
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TEACS Done It Again 
Open Reel Performance in 

the Cassette Mode 
The TEAC R-81 has all the 

features you look for in a high quality 
data recorder, but with a big plus: 
4 speeds. 

Open reel data recorders offer 
4-speed selection as a standard fea-
ture, but cassette types have been 
limited to the single speed mode. 

The R-81 changes ail that, giving 
you the convenience and simplicity 
of a cassette recorder along with all 
the options of 4-speed variability. 
High-frequency data ca- be recorded 
at high speed and reproduced at 
low speed—or low-frequency data 
converted to a higher frequency, 
for analysis by a general-purpose 
frequency analyzer. 

There are 7 channels, too, ore 
switchable for noise compensation 
(fourth channel), another for memos 
(seventh channel). 

The R-81 also features the clean, 
rational styling that TEAC cassette 
tape decks are famous for. The front-
loading configuration, with all the 
controls on the front panel, is ideally 
convenient for desk-top use. It also 
facilitates mounting with other equip-
ment made to. professional standards, 
as does the body size, which meets 
EIA specifications. 

And the R-81 is ready to operate 
anywhere. In addition to AC (with 
adapter) and DC power sources, you 
have the full portable versatility of 
dry cell battery operation. 

TEAC's done it again: advanced 
the art of data recording. And you're 
the winner. 

• 

TEAC CORFORATION 3-7-3, Naka-cno, Musastano, Tokyo, Japan 

U.S.A.: B J Wolfe Enterprises Inc .1076C Burbank Blvd, North Hollywood, Cad, 91610 England: International Instruments Ltd, 
Cross Lances Rd Hounslow, Middx W. Germany: nbn Elektronik Starnberg,813 Steenberg, Max-Emanuel-Str. 8 France: Tekelec Airtron;c S.A.. Cite des BruYeres. 

Rue Carle-Vernet 92 Sevres Holland: SIMAC EIectronics, Veenstraat 20, Veldhoven Italy: A.E.S.S.E. S.R.L. Corso Lodi. 47 20139 Milano Nome: Rodiand & Rellsno A.S., 
Gladengveien 3A.Oslo 6 Sweden: Teleinstrument ab.Maltesnolmsvagen 138. Vallingby Seen:zee:tare. Wenger Datentechnik,Bruderholzstrasse 45, --

4053 Basel Denmark. Danbit, Rantagevej 23, 2680 Scolrod Strand Australia Jadoby, Mitchell Ltd ,Po. Box 70, Kingsgrcve.N S W 2208 
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Washington newsletter 

Beier, Motorola Initial assessments of a-m stereo radio field tests give Belar Electronics 
erform best in Laboratory Inc.'s system the highest marks for overall simplicity, most p  easily decoded (demodulated) signal, and compatibility with existing 

a-m stereo tests ... monophonic receivers. On the other hand, Motorola Inc.'s entry, called 
C-QUAM, for compatible quadrature amplitude modulation, performed best 
in a high-noise environment—including pickup of skywave transmis-
sions—but its signal-demodulation approach is highly complex. Magnavox 
Corp.'s system is less sophisticated than Motorola's, although it uses a 
similar phase-modulation approach, but more complex than Belar's. 

That is the word from engineers reading the 455-page report of field 
tests just delivered to the Federal Communications Commission by the 
National A-M Stereophonic Radio Committee [Electronics, April 14, 
1977, p. 82]. Copies of the study, which contain only test data with no 
recommendations, are being printed by the Electronic Industries Associa-
tion and made available for $20 per copy at its Washington headquarters, 
2001 Eye St., N. W. The committee is jointly sponsored by the EIA and 
the National Association of Broadcasters, the National Radio Broad-
casters Association, and the IEEE'S Broadcast, Cable, and Consumer 
Electronics Society. They want the FCC to choose a system soon so that 
auto makers will be able to get a-m stereo into 1979 models. 

... with IC 

demodulator seen as 

key to new market 

Despite the fact that many a-m radio broadcasters and receiver makers are 
eager for the FCC to act on stereo broadcasting this year, commission 
insiders suspect a decision will not come before the final quarter of the 
New Year, if then. Whenever a ruling comes to open the estimated $250 
million annual wholesale equipment market —80% of it in auto radios — 
equipment makers say success will hinge on development of a new 
integrated circuit to make production costs of a-m stereo receivers 
competitive with fm. 

Sources at the FCC and the national a-m committee privately express 
concern that receiver and studio transmission equipment makers 
expressing the greatest interest in test results are from Japan, suggesting 
to them that when the new market is opened, U. S. manufacturers might 
find themselves once more left at the starting gate in the race to get 
products on dealers' shelves, as they were in the citizens' band radio 
competition. 

SBS wants bids Satellite Business Systems wants firm, fixed-price bids by Feb. 28 for 
design and manufacture of a prototype radio-frequency terminal and 100 

O n rf terminals production units for its domestic communications satellite system. Award 
by Feb. 28 of two parallel contracts is planned for the third quarter. The terminals will 

include antennas, 5 or 7 meters in diameter, and associated electronics 
operating at 14 and 12 gigahertz for installation on customers' premises. 
The revised proposal request came at year's end after the company 
rejected earlier responses to an RFP issued last May, saying it needed "a 
more cost-effective" terminal program. 
The revision, SBS says, contains simplified technical, structural, and 

point requirements for antennas; quality assurance specifications; and 
reduced testing and documentation. The RFP calls for deliveries of an 
engineering model in April 1979, a prototype in the third 1979 quarter, 
and production units beginning in the first quarter of 1980. 
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Washington newsletter  
UL to supervise American participation in the new international components quality-
U s in new certification system known as IECQ took another step forward with selec-

tion of Underwriters Laboratories Inc. as the organization to operate the 
quality system U. S. National Supervising Inspectorate. The IECQ system, to be chartered 

by the International Electrotechnical Commission at Geneva this month, is 
expected to become operational in about another year. Its goal is to 
provide worldwide quality standards for electronic components [Electron-
ics, Nov. 10, 1977, p. 50]. 

GAO urges Congress The Commerce Department's Maritime Administration (Marad) system 
to scra Marad using the Marisat satellite should be dropped because it duplicates p  

commercial services for ship-to-shore communications and its computer-
ship-shore project ized management control system has generated little interest among 

shipowners [Electronics, Sept. 16, 1976, p. 60]. That is the judgment of 
the General Accounting Office in a study for House Government Oper-
ations Committee chairman Jack Brooks (D., Tex.). 
The Maritime Administration rejects the GAO charge, noting that it uses 

commercial channels on Communications Satellite Corp.'s Marisat, which 
became operational in 1976. It calls the GAO'S recommendation to scrap 
the computerized management control system "premature," until 
completion of a cost-benefit study of the system's value to shipowners. 
Marad would provide the latter with real-time operational data from ships 
at sea so that they can monitor costs and alert captains to new cargo 
opportunities. Initiated in 1970, the program has cost $10.5 billion and is 
expected to spend $5.3 million more through 1980. 

E IA wants data 

to promote U. S. 

contracting out 

The Electronic Industries Association wants member companies to provide 
examples of how the Government saved money by contracting work out, 
rather than performing it in house, in order to build a data base for 
lobbying Congress and Federal agencies this year. The EIA drive for data 
is part of a new multi-association Committee on Contracting Out orga-
nized "to counter congressional and Federal union pressures that have 
eroded Government policy to rely on the private sector." 

Addenda Among military and aerospace electronics manufacturers entering the new 
year with major new Government awards are: General Dynamics Corp., 
Pomona, Calif., which got a $50 million initial production contract from 
the Naval Sea Systems Command for the Phalanx/Close-In Weapons 
System. The Navy estimates that it will eventually need nearly 450 
Phalanx/ciws packages for ship defense at a projected $1 billion 
cost.... McDonnell Douglas Corp., Long Beach, Calif., topped Boeing 
Co. of Everett, Wash., in the Air Force competition for a new Advanced 
Tanker/Cargo Aircraft with a $28 million award to begin production 
engineering and tooling to build the DC-10-30CF. About 20 planes could 
be ordered.... RCA Corp., Camden, N. J., picked up two space shuttle 
communications awards from NASA worth more than $19 million, 
including one expected to total $8.6 million for the shuttle orbiter's 
package for extravehicular activity and air traffic control. The second, 
worth an estimated $10.5 million if NASA is able to buy the maximum of 
five orbiters, covers the vehicle's closed-circuit TV system, including 
portable color cameras and color and monochrome monitors. 
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Imitation is the 
sincerest form of flattery. 

But it's surprising they waited 5 years 
to copy this DIP Monolythic® Ceramic Capacitor. ( 
In 1972, when we started producing our Monolythic' 
Ceramic Capacitors in a 2-pin dual in-line package, 
you might have expected several of our competitors 
to follow suit immediately. 

But our competitors said that such capacitors were 
neither needed norwanted. Now, 5 years later. another 
manufacturer is trying to take full credit by adver-
tising its 2-pin DIP as -the one of a kind ceramic 
capacitor. - Apparently the old adage is true . 
imitation is the sincerest form of flattery. 
SPRAGUE CONTINUES TO LEAD THE WAY in 

making a wide variety of layer-built ceramics. We 

(4 times actual size) \i\ 

originated this construction. And because Sprague 
started early to package Monolythic' Ceramic 
Capacitors for compatibility with standard DIP inte-
grated circuits, you can get what you need when 
you need it. 
SPRAGUE LETS YOU BE MORE SELECTIVE by 

providing Type 943C Capacitors with formulations 
to meet temperature characteristics COG (N PO). X7R 
(semi-stable), or Z5U (general-purpose). Their low 
height saves space on printed wiring boards. You can 
choose from capacitance values to .47µF @ 50 volts! 
(25V and 100V ratings are also available.) 

For more information on these and other Monolythic Ceramic 
Capacitors, write for Engineering Bulletin 6242B to: Technical 
Literature Service, Sprague Electric Company, 35 Marshall Street, 
North Adams, Mass. 01247. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

4SZ 7150 

SPRAGUE' 
THE MARK OF RELIABILITY 

Circle 71 

General 
Cable 
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Look wilds delivering 
2114 4K Static RAM's. 

No chip enable pulsing. 

No clocking required. 

No refresh circuitry. 

No waiting. 

No kidding. We have them. 

For specs and samples, contact Bob Cushman. 
Synertek. 3050 Coronado Drive. Santa Clara. 
California 95051. (408) 984-8900. 
TWX: 910-338-0135. 

Synertek 
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International newsletter 

Two governments French firms producing medical and scientific instruments will get nearly 
set aid amounts for $50 million in government aid in the next five years. More than $30 

million will be in the form of contracts dependent on achievement of 
electronics firms certain growth targets by individual firms, and the rest will come from the 

health ministry for studies of potential products. Across the English 
Channel, $45 million in government aid will go to the United Kingdom's 
microcircuit industry for the development of new process techniques and 
products. Participating companies must chip in roughly the same amount 
for their research-and-development efforts. Local manufacturing oper-
ations of foreign firms probably will be included. 

One-chip version That high-speed associative-memory parallel processor on a breadboard 

due of associative 
kicking around at Britain's Brunel University is going to pop up in a one-
chip version within the next year or so. To be fabricated in Plessey's high-

parallel processor... density integrated-injection-logic process, the Micro-APP will incorporate 
a 16- or 32-byte associative memory and the necessary microprogram 
control logic to perform search-modify-write and search-modify-read 
operations in less than 200 ns. Brunel's R. M. Lea is confident his design 
can be stretched to accommodate a complete 64-byte processor. The 
Micro-APP is intended for text-retrieval, editing, and compression tasks in 
large word-processing systems, for which microprocessors are neither fast 
enough nor flexible enough. The United Kingdom's Department of 
Industry is funding Lea's one-chip development with a $34,000 grant. 

... while study begins In another Department of Industry project at the Uxbridge, Middlesex, 
university, Lea will carry out a computer simulation and evaluation of a 

of associative memory large-scale associative memory proposed by computer theorist Ivor Catt. 
occupying a wafer Already the subject of a $51,000 hardware feasibility study at Middlesex 

Polytechnic, Catt's proposal is based on the concept of a self-organizing 
array of serial shift registers diffused onto an undiced wafer. He believes 
that use of the wafer rather than diced chips will realize huge savings in 
assembly and testing, as well as eliminating the problems of chip intercon-
nections. Lea's $34,000 study will be of the system engineering and 
software problems in a text-compression application. 

Philips power amps Sometime next year the Super Proton Synchrotron of the European 
Council for Nuclear Research will double the energy level of the atomic 

to up synchrotron's particles accelerated for high-energy physics and fusion experiments. 
particle energy Making possible the jump from 400 to 800 gigaelectronvolts will be four 

power amplifiers from Philips' component-producing Elcoma division. For 
supply and installation of the 500-kw, 200-m Hz amplifiers, the Geneva-
based research organization will pay $4.5 million. Its Super Proton Synch-
rotron is in a tunnel 7 km in circumference and is buried at an average 
depth of 40 m. 
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With new solid-state options ... 

RCA helps you 
make discoveries 
in power design. 
New devices. New packages. New parameters. 

All from the Powerhouse, yoursourceforthewidest von» IT IS, 
choice in SCRs and Triacs. They offer you the latest Family (8) (Al (mill Description Pkg. 

ways to improve design, reduce costs and in- S7310 50-600 40 50-100 Fast Asymmetrical TO-48 
SCR 

crease performance. G4000 50-400 15 3 Gate Turn-oft SCR TO-220 

Anew way to heat. Solid-state induction heating S860 50-600 100 200 Gen. purpose SCR '4" stud 
S5800 100-600 5 50 is now entirely feasible, thanks to our new 40A C106 15-600 4 Fast switching SCR .0 TO-2200.200 4-amp gen. purp. TO-202 

asymmetrical SCR (ASCR). The RCA S7310 gives SCR 
T2320 50-400 2.5 3-40 Sensitive-gate triac TO-202 

you 40 kHz frequency, high voltage and current. T6000 50-600 15 10-50 Gen. purpose triac TO-220 

Plus high di/dt and dv/dt capability. No need for 
50/60 hertz transformers and other bulky parts. A new source for circuit ideas. "Power Options 
A new way to switch. Now you can design-out from the Powerhouse" is a new designer's guide to 

some of the problems the selection of optimum 
you've had with big RCA solid-state devices 
dc relays—such as for power circuits. It's 
too much cable bulk arranged by application, 
in cars. Use our new with over 40 circuits 
plastic G4000 Series shown. This makes it 
gate turn-off SCRs y easy for you to choose 
(GT0s)—they can the type best suited to 
switch up to 15 amps the job. 
with as little as -6V For your free copy, 
gate turn-off voltage. contact RCA Solid 
A new source for State headquarters in 

the C106. This popu- Somerville, NJ; Sun-
lar 4A general purpose bury-on-Thames, 
SCR and correspond- Middlesex, England; 
ing sensitive-gate Quickborn 2085, W. 
triac are now available Germany; Ste.-Anne-
from RCA. In the de-Bellevue, Quebec, 
economical, easily Canada; Sao Paulo, 
mounted 3-lead Brazil; Tokyo, Japan. 
Versatab package. 

New design flexibility for you. From RCA. 

RCA Power experience 
is working for you. 
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Electronics international  
Significant developments in technology and business 

Lab unveils two MOS processes 

for high-speed communications circuits 
In the race to perfect very-large-
scale integrated circuits with 2- or 3-
micrometer design rules, Japanese 
researchers are finding more than 
one horse on which to lay their bets. 
Two new candidates for achieving 
the VLSI fine lines are high-speed, 
low-power metal-oxide-semiconduc-
tor techniques that have just been 
unveiled by the Musashino Electrical 
Communication Laboratory. 

Still highly experimental, the 
3-gm techniques have produced 
memory and logic circuits with 
subnanosecond speeds and speed-
power products of about 100 femto-
joules. In addition, both cut the 
number of processing steps required 
to produce the finished device. 
The new techniques from the lab, 

which is an arm of the Nippon Tele-
graph and Telephone Public Corp., 
join the recently announced advance 
from Japan's cooperative VLSI labo-
ratory [Electronics, Dec. 22, p. 25]. 
Aiming at 1-to-2-gm design rules in 
mainframe computers, the VLSI lab 
has devised a technique for fabricat-
ing two closely spaced photoresist 
walls to protect the intervening 
region from stray ions during mos 
implantation procedures. 
Two approaches. One of Musashi-

no's new techniques is a complemen-
tary-mos process that could lead to 
communications-oriented devices, 
such as digital filters and digital-to-
analog and a-d converters. Central 
processing units and static memories 
are also possibilities. 
The other process is being called 

elevated-electrode depletion mos, 
based on a similar bipolar process 
developed at the lab. It would lead to 
high-speed logic circuits, including 
microprocessors for on-line data pro-
cessing and CPUS for control of elec-
tronic telephone exchanges. 

Researchers say that development 
of practical device technologies will 
take perhaps two more years. If they 
are to be used in a new micropro-

cessor family or similar device for 
which the architecture must also be 
developed, another year or two must 
be added on to the developmental 
timetable. 
The c-mos technique uses the 

same basic technology as the Musa-
shino lab's experimental 65,536-bit 
random-access memory [Electronics, 
April 28, 1977, p. 68] —giving 3-gm 
design rules and 500-angstrom gate 
oxides. Propagation early in the 21-
stage ring oscillator in the photo-
graph is 430 picoseconds per stage. 
Power consumption during switching 
is 186 microwatts, giving a speed-
power product of 80 

Effective channel length of the 

5-volt, totally ion-implanted device is 
only 1.2 gm. Even with this short 
channel length, tests have shown 
that the devices will operate undam-
aged at 7 y, although power 
consumption jumps. 

Engineers in the c-mos group of 
the lab say that breakdown problems 
are less severe than with n-channel 
mos devices, because most of the 
supply voltage is impressed across 
the off transistor of the pair. Helping 
maintain the necessary breakdown 
voltage is the shallow depth of both 
source and drain: 0.3 gm. 
The devices feature a 2-gm-deep 

silicon-dioxide isolation region, 
made with the Philips-developed 

Tryout. In this 21-stage developmental ring oscillator, Musashino's new C-MOS process is 

giving a speed-power product of 80 fJ and a propagation delay of 430 ps per stage 

Thin stuff. Diffused arsenic in elevated-electrode devices provides the very shallow source 

and drain regions with an effective spacing of about 2 micrometers. 
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process known as Locos (for local 
oxidation of silicon). The isolation 
region is deep enough to eliminate 
the need for channel-stopper diffu-
sion, which saves a process step and 
allows the region's width to be 
reduced to about 7 gm. It also 
greatly reduces stray capacitance 
between overlying connections and 
the substrate. 

Elevation. The rival elevated-gate 
technique uses the NTT lab's self-
alignment technology developed for 
the bipolar stepped-electrode tran-
sistor [Electronics, Jan. 22, 1976, 
p. 63]. With the SET techniques, 
researchers have fabricated two ver-
sions of a 15-gate ring oscillator with 
enhancement drivers and depletion 
loads. Both versions have 3-gm 
design rules and effective channel 
lengths of about 2 gm; the chief 
difference is the load current of the 
depletion-load transistors. 
When operated from a power 

supply of 2.8 v, the high-speed gate 
has a propagation delay of 500 ps 
and a speed-power product of 120 
When operated from a 1.5-v power 
supply, the low-power gate has a 
propagation delay of 800 ps and a 
speed-power product of 30 (IL 
As shown in the drawing, the mos 

designs of the SET technology have 
inverted trapezoidal polysilicon gates 
rising above the surface of the sili-
con. These gates provide a self-
aligning mask for diffusion and ion 
implantation, and they permit simul-
taneous metalization of source, gate, 
and drain without subsequent etch-
ing for separation. 

Distancing. The gates' trapezoidal 
shape—about 3 gm wide at the top 
and just over 2 gm at the bottom— 
give lateral separation of the source 
and gate contacts and of the gate 
and drain contacts. 
The self-aligning technology and 

the Locos process keep capacitance 
to about a third that of other 
designs, thus enhancing high-speed 
operation. Cell size of practical 
devices will be about half that of 
previous designs, so density will be 
high, say Musashino engineers. 
With two promising techniques 

vying for the fine-line sweepstakes, 
what course will the Musashino 

laboratory follow? A spokesman 
says it is too early to tell. The two 
groups doing the work do not yet 
know the tradeoffs that will go into 
designing practical circuits. More-
over, the similarity in speeds and 
speed-power products means that at 
this point it cannot be shown that 
either technology is superior. In the 
long run, too, neither may prove 

totally superior across the board. 
While NTT is not officially part of 

the cooperative \Qs! lab, as are the 
leading semiconductor makers, it has 
been cooperating with the lab's 
efforts. At any rate, as Japan pushes 
for VLSI leadership [Electronics, June 
9, 1977, p. 99], it may be that the 
Japanese will not put all their bets 
on one horse. El 

Around the world 
Microprocessor controls stereo receiver functions 
A TMS1300 microprocessor directs all tuning operations and a number of 
other functions in a new Barco Cobar Electronics stereophonic receiver. The 
processor will respond to commands from an infrared remote controller or 
from buttons on the receiver's face. Among the tuning functions on the 
$1,400 C3000 from the Kuurne, Belgium, firm are a semiautomatic station-
selection mode in which the frequencies for as many as 16 radio stations are 
stored in a random-access memory. Another is an automatic station-search 
mode in which the tuner runs up the frequency range in steps of 1 kilohertz 
on the a-m band and 25 kHz on the fm band, stopping when it reaches a 
station of sufficient power. When the user touches a button on the IR control 
unit or the receiver, the search continues until the next station is found. 

Besides directing the tuning operations, the TMS 1300 keeps tabs on the 
signals generated by the control buttons, ensuring that all functions are 
carried out in accordance with the program in its memory. It also keeps track 
of the instructions fed to the receiver's tuner, amplifier, display, and tape 
deck, if there is one. A member of the Texas Instruments' TMS1000 4-bit 
microcontroller family, the 1300 is in the receiver. The buttons' outputs go 
into an input matrix, from which the processor senses the information. 

Dutch phone company plans more stored-program-controlled lines 
Last month the Dutch ministry of posts, telegraph, and telephone put its 
500,000th stored-program-controlled line into service, and by 1985 it will 
have some 4 million SPC lines, some two thirds of its total. Major, if not 
exclusive, supplier will be Philips Telecommunicatie Industrie BV of the 
Netherlands, providing chiefly the PRX /205 it developed with the PTT. This 
hardware has a highly modular design, so exchanges can be built as small as 
1,000 lines or as large as 20,000 lines. The PRX gear is also doing well in 
export markets. Latest big score is a 470,000-line order from Saudi Arabia, 
to be split equally with Sweden's L M Ericsson Co. First-generation units 
have sealed-reed-relay switching matrixes supervised by a control unit that 
handles program instructions at an average speed of 4 microseconds. 

French PO sees telecopier service as major growth area 
The ministry of posts, telephone, and telegraph in France thinks it can rent 
out around a million home and office facsimile machines during the 1980s. 
The PTT wants to pay no more than $300 apiece for its telecopiers, for which 
it has let development contracts worth about $1.4 million each to four French 
firms [Electronics, Dec. 8, p. 53]. While the government and its potential 
suppliers carefully avoid talk of a full-fledged mail system for fear of union 
problems, it appears that is what is in the air. The French move is the latest in 
a series of signals that facsimile units are going to be big business soon. Next 
year the West German PTT plans to offer a service that will send material 
over public telephone lines between post-office-approved telecopiers, and 
the Nippon Telegraph and Telephone Public Corp. plans to offer a home 
telecopier service in Japan by March 1979 [Electronics, Oct. 13, p. 53]. In 
the U. S., Satellite Business Systems is urging equipment makers to turn out 
telecopiers that can make use of the wideband satellite network that SBS will 
be offering by 1981. 
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As a vertically integrated multi-technology 
semiconductor company, Intersil offers OEM 
manufacturers a broad range of both prod-
ucts and technologies. Products from state-
of-the-art semiconductors to add-on and 
add-in memories. Technologies from bipolar 
to MOS/LSI utilizing selective oxidation and 
double poly process techniques. 

This broad range of products and tech-
nologies is the result of the 1976 merger 
between Intersil and Advanced Mèmory Sys-
tems, a major manufacturer of IBM compat-
ible memory systems. And today, with an-
nualized sales exceeding S85 million, Intersil 
is one of the eight largest independent 
semiconductor companies in the United 
States, as well as a leading independent 
supplier of computer memory systems. 

Our Semiconductor Division is presently en-
gaged in the development and manufac-
ture of analog, low-power CMOS, digital 
CMOS/LSI, NMOS/LSI and bipolar/LSI 
products. The Intersil Systems Division pro-
duces price and performance competitive 
add-on and add-in memory systems for IBM 
and non-IBM computer applications. 

The analog product group, with a wide range 
of process technologies and an expanding 
line of data acquisition circuits, is the largest 
and one of the fastest growing product 
groups in the Semiconductor Division. This 
product line has broadened substantially dur-
ing the past two years through the develop-
ment and introduction of numerous state-of-
the-art devices, including a broad multi-
technology line of sensors, amplifiers, filters, 
multiplexers, sample and hold circuits, and 
A/D-D/A converters. The recent addition of 
power amplifiers provides Intersil with a 
unique -closed loop" capability for data ac-
quisition, conversion, processing and control 
of industrial operations. 

Intersil is also a leader in digital CMOS/LSI 
technology. Due to expanded market accep-
tance of Intersil's 6100 family of 12-bit micro-
processors, associated support circuits, and 
the new Intercept family of microprocessor 

development and floppy disk operating sys-
tems,this product line is becoming an increas-
ingly important factor in systems engineering 
and design. The planned introduction of a 
second family of microprocessing elements 
and a series of associated circuits in fiscal 1978 
should further expand this fast-growing 
product group. 

In NMOS/LSI Intersil offers a broad range of 
circuits including 4K static and dynamic 
RAM's, 16K dynamic RAM's and proprietary 8K 
RAM's utilized in the production of in-house 
systems. Also scheduled for introduction later 
in the year is a new and faster 4K static RAM 
with a sub-100 nanosecond access time. 

In Memory Systems, Intersil's Systems Division 
produces vertically-integrated lines of add-on 
memory and an expanding family of sub-
systems... built principally from memory, mi-
croprocessor and data acquisition circuits 
manufactured by the Semiconductor Division. 
Intersil's two new classes of memories, the 
UMS-1 and UMS-2, are IBM compatible and 
replace up to 10 add-on systems of the previ-
ous generation. The Systems Division also de-
velops and produces non-IBM related mem-
ory systems and subsystems utilizing both 
custom and standard circuit board as-
semblies. 

As an important part of both your business 
and ours, virtually all Intersil products are 
available to MIL STD-883. 

Intersil's full range of circuits, discretes and 
memory systems is available through an in-
ternational network of fully stocked Intersil 
Distributors. Field Sales Offices located in 
strategic areas throughout the United States 
and Canada provide a level of product sup-
port which is unexcelled in the industry 

As a multi-technology leader in the field of 
semiconductor products, Intersil offers you a 
broad range of product and technical assis-
tance. On a worldwide basis. A complete list-
ing of our Field Sales offices and Distributors is 
included at the end of the guide. When you 
call them, you'll find that at Intersil, leadership 
isn't just state-of-the-art... it's state of mind. 



IM6100 Microprocessor 
The IM6100 is a single address, fixed word length, 12 bit C-MOS 
microprocessor. The processor emulates the instruction set of Digital 
Equipment Corporation's PDP-8/E minicomputer The internal cir-
cuitry is completely static and is designed to operate at any speed 
between DC and the maximum operating frequency. Two pins are 
available to allow for an external crystal thereby eliminating the 
need for clock generators and level translators. The crystal can be 
removed and the processor clocked by an external clock generator. 
The CPU design is optimized to minimize the number of external 
components required for interfacing with standard memory and 
peripheral devices. 

Features 
DESIGN 
• Silicon Gate C-MOS 
• Fully Static-0 to 8 MHz 
• Single Power Supply 

IM6100 C:Vc, = 5 volts 
IM6100A:Vc, = 10 volts 

• Crystal Controlled On Chip Timing 
• Low Power Dissipation < 10 mW @ 4 MHz @ 5 volts 
• Single Power Supply 4V Vcc 11V 
• TTL Compatible at 5 Volts 
• Excellent Noise Immunity 
• —55°C to +125°C Operation 

INTERFACE 
• 64 I/O Devices with PDP-8/E Compatible Interface 
• Control Panel Request Input 
• Switch Register Select Input 
• Asynchronous Interface between CPU and memory or I/O. 
• Device Controlled Input-Output 
• All Control Signals Produced By The CPU 
• Power-on Reset 

ARCHITECTURAL 
• Executes PDP-8/E Instruction Set 
• Direct, Indirect, and Autoindexed Memory Addressability 
• 12-Bit Memory Accumulator ADD Instruction 

IM6100A 2.5µsec @ +10 volts/8.0 MHz 
IM6100 51.Lsec @ +5 volts/4.0 MHz 
IM6100C 6p.sec @ +5 volts/3.3 MHz 

• Input-Output Instruction 
IM6100A 4.25µsec @ +10 volts/8 MHz 
IM6100 8.5µsec @ +5 volts/4.0 MHz 
IM6100C 10.2)usec @ +5 volts/3.3 MHz 

• Single-Clock, Single-Instruction Capability 
• Direct Memory Access (DMA) 
• Interrupt 
• Dedicated Control Panel Features 

Applications 
• Intelligent Computer Terminals 
• POS Terminals 
• Portable Terminals 
• Aerospace/Satellite System 
• Automotive Systems 
• Remote Data Acquisition Systems 
• Process Control 
• Instrumentation 
• Medical Electronics 
• Displays 
• Traffic Control 
• Navigation 

IM6101 CMOS Programmable Interface Element 
The IM6101 Programmable Interface Element (PIE) is a low power 
silicon gate CMOS general purpose peripheral control device 
which provides addressing, interrupt and control for a variety of 
peripheral functions such as UARTs, FIF0s, Keyboards, etc. The PIE 
is designed to eliminate external logic. Data transfers between the 

Intersil IM6100 CMOS Microprocessor and the IM6101 are via IOT 
instructions, control lines and DX bus. Data transfers between 
peripheral devices and the DX bus are controlled by the PIE via 2 
read, 2 write, 4 sense and 4 flag functions. 

IM6102 CMOS Memory Extension/DMA/Interval Timer/Controller 
IM6102 is a multiple function C-MOS peripheral device for the 
IM6100 microprocessor, providing the capabilities of Memory ex-
tension, DMA control, Interval Timing and Interrupt Control. This 
single power supply device allows the IM6100 to address up to 
32K 12-bit words of memory by supplying all the required ex-
tended memory control registers and instructions. 

The device, with the addition of a crystal connected directly to its 
pins, will provide programmable real time clock facilities to the 
user. 

IM6103 CMOS 20-Bit Data Port 
The IM6103 20-Bit Data Port is designed for IM6100 microproces-
sor applications that require a large number of input-output bits in 

A simultaneous DMA controller capable of totally transparent op-
eration is built into the IM6102. The controller transfers DMA data 
during idle bus periods avoiding the need to "steal cycle". Word 
count and current address registers may be initialized under pro-
gram control. The DMA channel can be used to provide refresh 
timing for dynamic RAM memory array. 

IM6102 status information is obtained by polling controller flags 
when interrupted, or by vectoring. 

parallel. The IM6103 eliminates the need for external output 
latches or tristate input buffers in small microcomputer systems. 
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IM6402/03 Universal Asynchronous Receiver/Transmitter (UART) 
The IM6402 and IM6403 are CMOS/LS' components for interfac-
ing computers or microprocessors to an asynchronous serial data 
channel. The receiver converts serial start, data, parity and stop 
bits to parallel data verifying proper code transmission, parity and 
stop bits. The transmitter converts parallel data into serial form and 
automatically adds start, parity and stop bits. The data word 

Development Support 
1. IM6100 Microprocessor User's Manual 

Look over our 134-page data book, "Intersil IM6100 CMOS 12 Bit 
Microprocessor" It covers in detail the microprocessor, the Inter-
cept Prototyping System, the Intercept Jr. Tutorial System, and in-
cludes data sheets on all other members of the IM6100 CMOS 
family. 

2. IM6100 CMOS Family Sampler 

This is a fully documented, pre-packaged kit of components for an 
all-CMOS IM6100 microprocessor system. The 7-part kit includes 
IM6100, IM6101 PIE, IM6312 12K ROM, IM6403 UART and three 
IM6561 1K RAMs. 549 each. PC Board, 532.50 each. 

3. Intercept Jr. Tutorial System 

This complete one-card battery powered operating system in-
cludes multi-function keyboard, 8-digit LED display, 256 words of 
RAM, resident microinterpreter, provisions for modular expansion 
and instructions for S281. Options...1 K x 12 CMOS RAM with 

CMOS RAM's 
Organization 

Max 
Access Time (na) 

No. of 
Pins 

V. 
max (V) 

Lc Max 
(µA) Pig 

Temp 
Range 

4096 x I 
IM6504/6505 200 18 7.0 0.2 (typ.) D,J,F, C,I,M 

1024 x 1 
IM6508/6518 460 16/18 8.0 100 D,J,F C,I,M 
IM6508-1/6518-1 300 16/18 8.0 10 D,J,F I,M 
IM6508A/6518A 150 16/18 12.0 500 D,J,F I,M 
IM6508A-1/6518A-1 95 16/18 12.0 100 D,J,F P.M 

256 x4 
IM6551/61 360 18/22 8.0 100 D,J,F P.M 
IM6551A/61A 180 18/22 12.0 500 D,J,F P.M 

256 x 1 
IM6523 800 16 7.0 50 D,J,F I,M 

64 x 12 
IM6512 460 18 8.0 100 D,J,F C,I,M 
IM6512A 150 18 12.0 500 D,J,F P.M 

CMOS EPROMS 
Organization 

Max 
Access Tine (na) 

No. of 
Pins 

V,‘ 
max (V) 

1„ max 
(µA) Pig 

Temp 
Range Remarks 

1024 x4 
IM6603 500 24 8.0 100 D,J I TBA 

40 '77 

512 x 8 
IM6604 500 24 8.0 100 D,J I TBA 

40 77 

length can be 5, 6, 7 or 8 bits. Parity may be odd or even. Parity 
checking and generation can be inhibited. The stop bits may be 
one or two or one and one-half when transmitting 5 bit code. 

IM6403 permits the use of an inexpensive external crystal for 
generating the transmit and receive clocks. 

battery back-up, 2K x 12 P/ROM, Serial I/O, Audio Cassette Inter-
face and Tutorial Module. 

4. Intercept Prototyping System 

The Intercept Prototyping System is a complete microprocessor 
system with 4K words of CMOS memory with on-board battery 
back-up. It provides an easy means of prototyping the user's sys-
tems, developing software, and evaluating the IM6100 family in 
typical configurations. Price is 52,850. A library of papertape 
software is also available, including editor, assembler, debugging 
programs, floating point package, high level language, utility 
routines and diagnostic programs. 

5. Floppy Disk Based Operating System 

Intersil's 6970-IFDOS Floppy Disk Operating System provides all 
the hardware and software necessary for high speed program 
development, typically decreasing software development time by a 
factor of 10. Includes all Intercept software. Price 55,100. 

CMOS ROM's 
Organization 

Max 
Access Time (na) 

No. of 
Pins 

V“ 
max (V) 

I“ max 
(MA) Pig 

Temp 
Range 

1024 x 12 
IM6312 
IM6312A 

400 
200 

18 
18 

8.0 
12.0 

100 
500 

D,J 
D,J 

C,I,M 
I,M 

BIPOLAR PROM's 
Organization 

Max 
Access Time (ns) 

No. of 
Pins 

Output 
"We' Mule Temp 

FPLA 
IM5200 100 24 OC J C 
48 Product Terms 
14 Inputs, 8 Outputs 

32 x 8 
IM5600 50 16 OC D,J,F C,M 
IM5610 50 16 IS D,J,F C,M 

256 x 4 
IM5603A 60 16 OC D,J,F C,M 
IM5623 60 16 TS D,J,F C,M 

512 x 4 
IM5604 70 16 OC D,J,F C,M 
IM5624 70 16 TS D,J,F C,M 

512 x 8 
IM5605 70 24 OC D C,M 
IM5625 70 24 TS D C,M 

Note 1: OC-Open Collector Output 
TS-Tri-State Output 

Note 2: D: Ceramic Dual-In-Une 
J: Cerdip Dual-In-Une 
F: Ceramic Rat Package 



Intersil is a major producer of memory components utilizing state 

of the art N-MOS, C-MOS, and P-MOS technologies. 

Dynamic RAMS 

Organization 

Max 
Access 

Time (nS) 

Min 
Reed 

Cycle (nS) 

Min 
Reed/Mod 

VA*. Cycle (nS) 

No. 
of 

Pins 

Input 
Levels 

V,,./V„, (V) 
Power 

Supplies (V) 

Max 
Operating_ 
Power (mv) 

Standby 
Power 
(mW) 

Pkg 
(note 1) 

Temp 
Range 
(note 2) 

16384 x 1 
IM7116-3 200 375 375 16 .8/2.4 +1Z±5 550 27 J C 
IM7116-4 250 375 375 16 .8/2.4 +1Z±-5 550 27 J C 

8192 x 1 
IM7008-10 150 300 370 22 6/2.4 +1Z-1-5 756 7 J C 
IM7008-11 200 400 520 22 6/2.4 +1Z±5 756 7 J C 

4096 x 1 
IM7027-1 120 250 325 16 .8/2.2 +12±5 462 27 J C 

MK4027-2 150 320 325 16 .8/2.2 +12,1-5 462 27 J C 
MK4027-3 200 375 420 16 .8/2.2 +12±5 462 27 J C 
MK4027-4 250 375 480 16 .8/2.2 +12±5 462 27 J C 

2048 x 1 
I M6003-11 350 575 575 22 -71.5 +3.-20 280 110 D,P C 
IM6003-10 460 695 695 22 -71.5 +35.-20 260 10 D,P C 

1024 x 1 
IM6002-11 150 250 N/A 18/22 1.0/19 +7.+20,+23 180 2 D C 

intersil has shipped over 20 million MOS and CMOS RAMs in 

the past eight years, and that number is increasing at a rate of 400 

thousand a month. 

Static RAMS 

Organization 

Max 
Access 

Time (nS) 

Min 
Read 

Cycle (nS) 

No 
of 
Pins 

Input 
Levels 

V,J1/,“ (V) 
Power 

Supplies (V) 

Max 
Operating 
Power (mW) 

Pkg 
(note 1) 

Temp 
Range 
(note 2) 

4096 x 1 
M7141-2 200 200 18 8/2.0 +5 370 J C M 
M7141-3 300 300 18 .8/2.0 +5 370 J C,M 
M7141 450 450 18 8/2.0 +5 370 J C,M 
M71411.2 200 200 18 .8/2.0 +5 265 J C 
M7141L3 300 300 18 .8/2.0 +5 265 J C 
M7141L 450 450 18 .8/2.0 +5 265 J C 

1024 x 4 
2114-2 200 200 18 .8/2.0 +5 525 J C 
2114-3 300 300 8 .8/2.0 +5 525 J C 
2114 450 450 18 .8/2.0 +5 525 J C 
211412 200 200 18 .8/2.0 +5 370 J C,M 
211413 300 300 18 .8/2.0 +5 370 J C.M 

2114L 450 450 18 .8/2.0 +5 370 J C.M 
IM71141.2 200 200 18 .8/2.0 +5 265 J C 
IM7114L3 300 300 18 .8/2.0 +5 265 J C 
IM7114L 450 450 18 .8/2.0 +5 265 J C 

1024 x 1 
IM7001-12 60 180 22 .8/2.4 +15,+7,-3 525 CI, P C 

Note 1: Package Types 
D —Ceramic Dual-in-line 
J —Cerdip Dual-in-line 
P —Plastic Dual-in-line 

Note 2: Temperature Ranges 
C —Commercial Temperature: 0-70'C 
I —Industrial Temperature: -25-+85°C 
M —Military Temperature: -55--+125'C 

NMOS/PMOS Cross Reference 
intersii AMD Fairchild Intel Mostek National NEC Signetics TI 

6002 4062 

6003 5262 

7027/4027 4027 2104A 4027 p.414 4027 

7114/2114 9130• 2114 2114 2614 4045 

7116 116K 2116 4116 µ416 2630 4070/71 

7141 9140' 4104 5257 2613 4044 

'Functional Equivalent 
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Whatever your memory needs, from a simple off-the-shelf board to 

a sophisticated custom system, you can count on Intersil for in-

Standard Products 
The basic module: RAMSTAK 
The basic stand-alone core replacement, utilizing NMOS silicon gate 
dynamic memories. Versatile, flexible, expandable. Built with either 
4K 22 pin Intersil 7280 or 8K 22 pin Intersil 7008 (optional) for 
double density and greater speed at reduced per-bit power dissipa-
tion. Depopulation provides smaller capacities. TTL compatibility and 
a single external refresh signal make it easy to interface with most 
digital systems. 

Specifications 

RAM WORDS 
WORD 
LENGTH 

CARD 
ACCESS 

R/M/W 
CYCLE 

R/W 
CYCLE 

RAMSTAK 4K 

RAMSTAK 8K 

16K 
32K 

32K 
64K 

16 to 20 bits 
8 to 10 bits 

16 to 20 bits 
8 to 10 bits 

275ns 
275ns 

200ns 
200ns 

650ns 
65Ons 

500ns 
500ns 

500ns 
500ns 

35Ons 
35Ons 

Modular Memory Systems 
Complete systems, rack mountable for memories from 32K to 
2048K built with 4K 16 pin Intersil 7027 or 16K, 16 pin, 7116 
NMOS silicon gate RAMs. Power supplies are included and the 
unit features an ECC (Error Checking and Correction) option. 
Versatile, flexible, expandable and reliable. 

Specifications 

RAM 
MAX 

WORDS 
WORD 
LENGTH 

SYSTEM 
ACCESS 

SYSTEM 
CYCLE 

4K 

16K 

572K 

2048K 

22 bits 

22 bits 

240 NS 

350 NS 

350 NS 

425 NS 

Power Saver Series—CMOS 
The Intersil Power Saver Card provides up to 16K bytes of low 
power CMOS memory on a single 7" x 14" card. Utilizing Intersil's 
IM6508, 1K x 1, CMOS RAM, the series offers a variety of perfor-
mance advantages including 300 nanosecond access and 
CMOS/TTL compatibility which meets the interface requirements 
of most popular microprocessors. 

Features: 
• Capacity—to 16K x 8 

• Low power operation 

• On board batteries for 20 days operation 

• Fully static—no refresh required 

• Operating temperature range-0-60°C 

• MTBF-20,000 hours 

• Ideal Microprocessor Interface 

• TTL or CMOS Logic Interface 

• Single +5V power supply 

novative design, quality workmanship and on-time delivery We 

would like to build a memory system for you. 

Features 
• Independent asynchronous module—requires only external re-

fresh signal. 

• -±-15V, +5V operation or optional +12V, ±-5V 

• Versatile organization options. 

• Expandability—stackable up to 8 cards per rack, without external 
decode. 

• Maintainability—sockets for reduced spares requirements. 

• Independent byte control—flexible Read/Modify/Write opera-
tions (accommodates external ECC). 

• Low cost. 

• Low power consumption—just 0.1 mW per bit operating, and 
0.06 mW/bit standby. 

Features 
• Fast access time, as low as 24Ons. 

• Parity or ECC option. 

• Battery backup option. 

• Stackable up to 8 modules (or provided in a single chassis). 

• Rack mountable. 

• Byte write available. 

• Integral power supply & fans. 

• Customized interface. 

• Optional self-check diagnostic. 

• Low cost. 

• Low power dissipation. 

• 4 Megabytes (2048K words up to 22 bits wide). 

Benefits 
• Universal core replacement. 

• Flexible interface and organization 

• Expandable. 

• Reliable. 

• Maintainable. 

• High performance. 

• Optional capacity 

• Low cost. 

• Proven design. 

Custom Products 
Custom requirements come easy 
Pick your RAMs, the organization you need, your access and cycle 
times and leave the rest to us. We are specialists in solving RAM 
memory problems and we have the capacity and the capability to 
meet your memory requirements quickly, inexpensively and reliably. 
With more than seven hundred megabytes of installed semiconduc-
tor memory behind us (more than any other independent add-on 
manufacturer), we're in a unique position to sell a broad range of 
field-proven, demonstrated reliable memory cards and subsystems. 
We've got the costs down and performance up. With our expertise 
in testing, our unique production/process flows, and the fact that 
we burn in all cards and subsystems, there isn't a better qualified 
source in the industry for your conversion from core to semiconduc-
tor memory We do the engineering and deliver a reliable product at 
a highly competitive price. You save time and money, and a lot of 
headaches. 

When your memory development program is taking too long, cost-
ing too much, or tying up your engineering staff. Intersil solves the 
problem or offers the solutions. 



The translating of analog information into digital signals and vice 
versa for display, data logging, data transmission and feedback 
control has become increasingly important as monitoring, digital 
control and computational techniques are applied to industrial, 

commercial and military analysis and control applications. Intersil 
offers the design engineer an extensive array of data conversion 
products with an outstanding range of performance characteristics 
for these applications. 

Integrating Analog-to-Digital Converters for Display 
Maximum Electrical Specification at +25°C unless otherwise noted. 

Single Chip Two Chip System 

New New ICL8052/ ICL8052A/ ICL8052/ ICL8052/ ICL8052A/ LO 110/LO 114/ 
Model ICL7106 IC17107 ICL8053 ICL8053A IC17101 ICL7103 ICL7103A LD 111 

Resolution ± 3% digit ± 31/2  digit Depends on 
counter used 

Depends on 
counter used 

± 31/2  digit ± 31/2  digit ± 41/2 digit ± 31/2  digit 

Accuracy 
Nonlinearity ± 1 count ± 1 count ± 0.002% ± 0.002% ± 1 count ± 1 count ± 1 count ± 1 count 
Zero Input Reading ± 0.000 + 0.000 ± 0.0000 ± 0.0000 ± 0.000 ± 0.000 ± 0.0000 ± 0.000 
Ratiometric Reading + 1.000, + 1.000, + 1.0000, f 1.0000, + 1.000, + 1.000, + 1.0000, + 1.000, 
(Ratiometric) ± 1 count ± 1 count ± 1 count ± 1 count ± 1 count ± 1 count -± 1 count ± 1 count 
Rollover Error ± 1 count ± 1 count ± 1 count ± 1 count ± 1 count ± 1 count ± 1 count ± 1 count 

Stability 
Offset vs 
Temperature 1 r1V/°C 1 r.rV/°C 5 r.tV/°C 5 r.r.V/°C 5 r.LV/°C 5 rIV/°C 2 rr.V/°C — 

Gain vs 
Temperature 5 ppm/°C 5 ppmrC 15 ppm/°C 5 ppm/°C 15 ppm/°C 15 ppm/°C 5 ppm/°C — 

Conversion Rate 0.1 to 15 0.1 to 15 0.1 to 30 0.1 to 30 0.1 to 30 0.1 to 30 0.1 to 30 0.3 to 12 
cony/sec cony/sec cony/sec cony/sec cony/sec cony/sec cony/sec cony/sec 

Analog Input 
Voltage Range -± 200mV to ± 2V ± 200mV to ± 2V ± 2V ± 2V ± 200mV to ± 2V ± 200mV to ± 2V ± 2V ± 2V 
Impedance 10.11 10"ft 10'11 10•11 10'f! 10°11 10°11 1041 
Leakage Current 
Noise (peak-to-peak) 

2pA 
15p.V typ 

2pA 
15r.i.V typ 

30pA 
20µV typ 

10pA 
20µV typ' 

30pA 
200/ typ' 

30pA 
20µV typ' 

10pA 
20µV typ' 

40pA typ 
— 

Digital Outputs 
Format 7 segment 7 segment Depends on Depends on Latched Multiplex Multiplex Multiplex 

LCD display LED display counter used counter used Parallel BCD BCD BCD BCD 
Logic Level AC: 4.5V 

down from V+ 
11, Comm Anode 
OTUTTUCMOS 

Depends on 
counter used 

Depends on 
counter used 

TTL/CMOS TTL/CMOS TTL/CMOS TTL/CMOS 

Power Supply 
Voltage + 9V ± 5V ± 15V; +5V ± 15V; +5V ± 15V; +5V ± 15V; +5V ±- 15V; +5V ± 15; +5V 
Current 1.8mA 1.8mA 12mA 12mA 17mA; 25mA 18mA; 30mA 18mA; 30mA 27mA; 24mA 
Package 40pin DIP 40pin DIP (2) 14 pin (2) 14 pin 16 pin DIP 16 pin DIP 16 pin DIP (2) 16 pin DIP 

DIP DIP 40 pin DIP 24 pin DIP 24 pin DIP 

Low Noise ICL8052 (typically 2i.rV peak-to-peak) designated ICL8052LN Available 1st Qtr. 1978 

Integrating Analog-to-Digital Converters for Data Acquisition 

Model 

New 
ICL8052P 
ICL7104-12 

New 
ICL8052AP 
ICL7104-14 

New 
ICL8052A/' 
ICL7104-16 

IC18052/ 
IC17101 

IC1_8052/ 
ICL7103 

ICL8052A/ 
ICL7103A 

LD111/LD114 ICL8052/ 
ICL8053 

Resolution ± 12 Bit ± 14 Bit ± 16 Bit ± 31/2  digit ± 31/2  digit ± 4,/2 digit ± 3,/z digit up to ±40000 
Binary Binary Binary BCD BCD BCD BCD counts 

irP Compatible yes yes yes yes yes yes yes yes 

Output Programmable: Latched Multiplexed Multiplexed Multiplexed Interface to MOS, 
1. Latched parallel three state Binary 
2. Controlled 2-8 bit byte for ICL7104-12/14 

3-8 bit byte for ICL7104-16 

Parallel 
BCD 

BCD BCD BCD TO. i.r1. 

Control Lines Start/Convert, Busy, Byte Enables, Start/Convert Start/Convert Start/Convert Continuous Conversion Auto-zero, 
Mode, Load, Send Enable Busy, Out of Busy. Strobe Busy, Strobe Measure/Zero, Comparator Signal Integrate 
Out of Range Range Out of Range 

Underrange 
Out of Range 
Underrange 

Output, up/down output 
Latch inhibit, Digit 
phase. Bit phase, Scan 

Two Reference, 
Integrate, and 
Comparator Output 

UART Compatible yes I yes I yes no yes yes yes no 

'Accuracy of ICL8052/ICL7104 Family same as ICL8052A/ICL8053A 

Digital-to-Analog Converters 
Maximum Electrical Specification at +25°C unless otherwise noted 

R-2R Ladder Multiplying Type integrating Type 

New New New New New New New New 
Model AD 7530 AD 7520 ICL 7113 AD 7531 AD 7521 ICL 7105-12' ICL 7105-14' ICL 7105-16' 

Resolution 10 bit 10 bit 3 digit 12 bit 12 bit 12 bit 14 bit 16 bit 

Accuracy J/K/L J/K/L B/A J/K/L J/K/L 

Linearity 0.2%/0.1%/0.05% 0.2%/0.1%/0.05% 0.2%/0.05% 0.2%/0.1%/0.05% 0.2%/0.1%/0.05% 0.05% 0.002% 0.001% 

Zero Offset 300 nA 200 nA 200 nA 300 nA 200 nA 100 nA typ 100 nA typ 100 nA typ 

Full Scale Reading 0.3% typ 0.3% typ 0.3% typ 0.3% typ 0.3% 0.01% 0.003% 0.001% 

Stability 
Gain vs. Temperature 
Linearity vs. 

10 ppm/°C 10 ppm/°C 10 ppm/°C 10 ppm/°C 10 ppm/°C 5 ppm/°C typ 5 ()Finn typ 5 ppm/°C typ 

Temperature 2 ppm/°C 2 ppm/°C 2 ppm/°C 2 ppm/°C 2 ppm/°C 1 ppm/°C typ 1 ppm/°C typ 1 ppm/°C typ 

Setting Time to 
± 0.05% of FS. 500 no typ 500 ns typ 500 ns typ 500 ns typ 500 ns typ TBA TBA TBA 

Input Code 
Logic Compat- DTL/TTL/CMOS DTL/TTL/CMOS DTUTTL/CMOS DDT/TTI,CMOS DTL/TTL/CMOS DTUTTLICMOS DTL/TTL/CMOS DTUTTL/CMOS 
ibility option Binary Binary BCD Binary Binary Double-Buffered Double-Buffered Double-Buffered 

Offset Binary Offset Binary Offset Binary Offset Binary Binary Binary Binary 

Power Supply 
Voltage +5 to +15V +5 to +15V +5 to 4-15V +5 to +15V +5 to +15V ±15V to +5V ± 15V to +5V ±15V to +5V 
Current 2mA 2mA 2mA 2mA 2mA TBA TBA TBA 

Package 16 pin DIP 16 pin DIP 18 pin DIP 18 pin DIP 18 pin DIP 40 pin DIP 40 pin DIP 40 pin DIP 

Available 1st Qtr. 1978 

TBA—To Be Announced 



Multiplexers 
The Intersil IH 5060 and IH 5070 are CMOS Monolithic Multiplex-
ers. In data acquisition systems, these devices will switch up to 16 
single-ended or 8 differential analog channels, respectively, for dig-
itizing by a single analog-to-digital converter. Channel selection is 
controlled by a four line binary input in addition to a system enable 
line. 

Maximum Electrical Specification @ -25°C Unless Otherwise Noted 

Model III 5060 IH 5070 

Number of Channels 16 Singled-ended 8 Differential 
"ON" resistance 400 ft 400 11 
"OFF Isolation 60 db e 500 KHz 60 db @ 500 KHz 
Switching Time 

1.5 µs 1.5 ers 
"OFF" 1 ers 1 ers 

Overvoltage Protection ± 25V ± 25V 
Analog Signal Range 15V +. 15V 
Break Before. 
Make Switching yes yes 
Logic Compatibility DDL/TTL/CMOS DTL/1T-/CMOS 
Power Supply 

Voltage ± 15V ± 15V 
Current 200 µA 200 µA 

Package 28 pin DIP 28 pin DIP 

Power Op-Amps 
In addition to Intersil's wide variety of operational amplifiers, 
which can be used for converting current output Digital-to-Analog 
converters to voltage output signal simulation, analog filtering or 
buffering, here are three members in the power field. These power 
op amps can operate on power supplies up to r: 30V and deliver 
at least 1 amp (ICH8510), 2 amps (ICH 8520) or 2.7 amps (ICH 
8530) output current. Applications for these amplifiers are x-y plot-
ters, D.C. servo motors, power servo loops, digitally programmable 
power supplies and D.C. actuators. 

Maximum electrical specification @ 25*C unless otherwise noted. 

Model ICH 8510 ICH 8520 ICH 8530 

Input Characteristics 
Offset voltage 

at +25°C 
-55 to +125°C 

Offset current 
at *25C 
- 55 to +125°C 

Common Mode Range 

CMRR 

Large Signal 
Voltage Gain 
Frequency Response 
Small Signal 
Bandwidth 
Full Power 
Bandwidth 
Slew Rate 

Output Characteristics 
Voltage 
Current 
Protection 

Power Supply 
Voltage 
Current 

Package 

3mV 
9mV 

100 nA 
200 nA 

± 10V 

70 dB 

100dB 

300 kHz typ 

10 kHz typ 
0.5V/µs 

26V 
1 amp 
Against inductiv 

5V to -1- 30V 
40 mA 

8 lead TO-3 

▪ 3mV 
9mV 

100 nA 
200 nA 

-± 10V 

70 dB 

100 dB 

300 kHz typ 

10 kHz typ 
0.5V/µs 

t 26V 
2 amp 

kickback or short c 

± 5V to ± 30V 
40 mA 

8 lead TO-3 

3mV 
▪ 9mV 

100 nA 
200 nA 

± 10V 

70 dB 

100dB 

300 kHz typ 

10 kHz typ 
0.5V/µs 

± 25V 
2.7 amp 

nuns 

± 5V to ± 30V 
40 mA 

8 lead TO-3 

Sample and Hold 
The sample and hold is predominently used to hold the data con-
stant for successive approximation analog-to-digital converters. The 
IH 5110 and 1H 5111 are complete Sample and Hold circuits, (except 
for sampling capacitor). The input logic is designed to "Sample" and 
"Hold" from standard TTL logic levels. The primary difference be-
tween the IH 5110 and IH 5111 is input voltage swing, which for IH 
5110 is 10V pp and for the IH 5111 is 20V pp. 

Maximum Electrical Specification @ 25°C unless otherwise noted. 

Model IH 5110 IH 5111 

Vanalog 10V pp 20V pp 
Input Impedence 10' CI @ 10Hz 10'11 @ 10Hz 
Gain + 1 + 1 
Sample Accuracy 0.1% 0.1% 
Slew Rate 6V/ms typ 6V/µs typ 
Acquisition Time 6 ers; Cs = 0.001 µF 6 µs; Cs = 0.001 µF 

10V step 10V step 
Output Droop Rate 4mV/sec: Cs = 1 µF 4mV/sec; Cs = 0.1 µF 
Aperture Delay 200 ns 200 ns 
Charge Injection 5mV pp; Cs = 0.1 µF 5mV; Cs = 0.1 µF 
Power Supply 

Voltage + 15V , 15V 
Current 6 mA 6 mA 

Package 16 pin DIP 16 pin DIP 

Low Voltage References 
The ICL8069 is a 1.2V temperature compensated voltage refer-
ence. It uses the band-gap principal to achieve excellent stability 
and low noise at reverse currents down to 50 /.1.A Applications 
include analog-to-digital converters, digital-to-analog converters, 
and voltage regulators. Its low power consumption makes it espe-
cially suitable for battery operated equipment. 

Maximum electrical specifications at +25°C unless otherwise noted. 

MODEL ICL8069B ICL8069C 

Reverse Voltage 1.23V typ. 1.23V typ. 
Reverse Voltage 
Temp. Coefficient 5Oppm/°C 100ppmPC 

Reverse Voltage 
Change for 50 µA 
lj, e 5mA 20mV 20mV 

Reverse Dynamic 
Impedance 211 211 

Reverse Current 50 µA to 5 mA 50 p A to 5 mA 

PI 

Electronics/January 5, 1978 



Intersil makes a broad range of monolithic linear circuits for most data acquisition and conversion, comparators, power amplification 

applications including filters, signal amplification and conditioning, and voltage regulators. 

Operational Amplifiers-General Purpose 

Type Description 
V,, 
(mV) 

I. 
(nA) 

As,.. 
(V/V) 

GxB/W 
(MHz) 

I,, 
(mA) 

T. 
(°C) Packages Remarks 

101A Gen Purpose, uncompensated 

0
0
0
0
0
 
0
0
0
0
0
 
O
t
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3
0
0
0
 
N
N
N
U
I
t
t
)
 
U
)
0
0
0
0
 
0
0
0
0
0
 
0
0
 

tNi 
tr.)
 Lei 

cc; 
K

N:N:N:ci 
ccitriccivicci 

75 50,000 0.8' 3.0 - 55,+ 125 J,F.T 
101ALN Guaranteed Noise 101A 75 50,000 0.8' 3.0 -55,+125 J,F,T 50nV/II-Iz @ 10Hz 
107 Gen Purpose, Compensated 75 50,000 - 3.0 -55,+ 125 T 
108 Low Level, Uncompensated 2.0 50,000 1.0' 0.6 -55,+ 125 J,F,T 
108A Low offset 108 2.0 80,000 1.0' 0.6 -55,+125 J,F,T, 

108LN Guaranteed Noise 108 2.0 50.000 1.0' 0.6 -55,+ 125 r 70nV , Hz @ 10Hz 
124 Quad, Compensated 300 100,000' 1.0' 2.0 -55,+ 125 J 
148 Quad 741, Compensated 100 50,000 0.9' 3.6 -55,+ 125 J,F 
149 148 Compensated for Aye 5 100 50,000 3.0' 3.6 -55,+ 125 J,F 
207 Low bias, Compensated 75 50,000 - 3.0 -25+85 T 

208 Low level, uncompensated 2.0 50,000 1.0' 0.6 -25,+85 J,F,T 
208A Low offset 208 2.0 80,000 1.0' 0.6 -25,+85 J,F,T 
224 Quad. Compensated 500 100,000' 1.0' 2.0 -25,+85 J 
248 Quad 741, Compensated 200 25,000 0.9' 4.5 - 25,+ 85 J 
249 248 Compensated for Ave 5 200 25,000 3.0' 4.5 -25,+85 J 

301A Gen Purpose, Uncompensated 250 25,000 0.8' 3.0 0,+70 PT 
301ALN Guaranteed noise 301A 250 25.000 0.8' 3.0 0,+70 P.T 50nV, Hz @ 10Hz 
307 Low bias, Compensated 250 25,000 - 3.0 0,+70 P,T 
308 Low level, Uncompensated 7.0 25,000 1.0' 0.8 0,+ 70 F.J.P,T 
308A Low offset 308 7.0 80.000 1.0' 0.8 0,+70 J,T 

308LN Guaranteed noise 308 7.0 25,000 1.0' 0.8 0,+70 T 70nViiHz @ 10Hz 
324 Quad, Compensated 500 100,000' 1.0' 2.0 0,+70 J,P 
348 Quad 741. Compensated 200 25,000 0.9' 4.5 0,+70 J,P 
349 348 Compensated for Aye 5 200 25,000 3.0' 4.5 0,+70 J,P 
741 Gen Purpose, Compensated 500 50,000 1.0' 2.8 -55,+125 T 

741C Gen Purpose, Compensated 500 25.000 1.0' 2.8 0, + 70 P,T 
741HS Guaranteed Slew Rate 741 500 50.000 1.0' 2.8 -55,+ 125 J,T Slew Rate 0.7V/µS 
741CHS Guaranteed Slew Rate 741C 500 25,000 1.0' 2.8 0,+70 RT Slew Rate 0.7V/µS 
741LN Guaranteed Noise 741 500 50,000 1.0' 2.8 -55,+ 125 J.PT 50flV!,'Hz@ 10Hz 
741CLN Guaranteed Noise 741C 500 25.000 1.0' 2.8 0,+ 70 PT 50nV',' Hz 10Hz 

8008M Low bias current, Compensated 10 20,000 1.0' 2.8 -55,+ 125 J,T 
8008C Low bias current, Compensated 25 20,000 1.0' 28 0,+70 J,P,T 

Operational Amplifiers-Low Power Programmable 
Type Description 

V., 
(mV) 

I. 
(nA) 

A,,,,, 
(V/V) 

Gx13 W 
(MHz) 

l„ 
(iat) 

„I„, 
(mA) 

at V. 
(V) 

T. 
(''C) Packages 

4250C Programmable, Compensated 5.0 10 25,000 - 8.0 1 -± 1.5 0,+70 T 
6.0 75 25,000 - 90 10 ± 1.5 

8021M Programmable, Compensated 3.0 20 50,000 0.27 40 30 ± 6.0 -55,+125 J,T 
8021C Programmable, Compensated 6.0 30 50,000 0.27 50 30 ± 6.0 0,+70 T 

8022M Dual 8021M 3.0 20 50.000 0.27 40 30 ± 6.0 -55.- 125 J,F 
8022C Dual 8021C 6.0 30 50.000 0.27 50 30 , 6.0 0,, 70 J. P 
8023M Triple 8021M 3.0 20 50.000 0.27 40 30 .., 6.0 55.., 125 J 
8023C Triple 8021C 6.0 30 50,000 0.27 50 30 + 6.0 0, + 70 J,P 

Operational Amplifiers-F.E.T. Input 

liMe Description 
V,, 
(mV) 

I. 
(PA) 

AM 
(V/V) 

GxB/W 
(MHz) 

Slew 
Rate 
VIS 

l,, 
(mA) 

T. 
( C) Packages Remarks 

LF155 BIFET, Compensated 5 100 50,000 2.5' 5' 4 -55,+125 T 
LF155A BIFET, Compensated 2 50 50,000 2.5' 3 4 -55,+125 T 
LF156 BIFET, Compensated 5 100 50,000 5 7.5 7 -55,+ 125 T 
LF156A BIFET, Compensated 2 50 50,000 4 10 7 -55,+ 125 T 

LF157 BIFET, Compensated for A,5 5 100 50,000 20' 30 7 - 55, +125 T All BIFET amplifiers 
LF157A BIFET, Compensated for Ay e 5 2 50 50,000 15 40 7 -55.+125 T offer low noise-
LF255 BIFET. Compensated 5 100 50.000 2.5' 5' 4 -25,+85 T See data sheets 
LF256 BIFET, Compensated 5 100 50,000 5' 7.5 7 -25,+85 T 
LF257 BIFET, Compensated for A„,e 5 5 100 50,000 20' 30 7 -25,+85 T 

LF355 BIFET, Compensated 10 200 25.000 2.5' 5' 4 0,+70 T,P 
LF355A BIFET, Compensated 2 50 50,000 2.5' 3 4 0,+70 T,P 
LF356 BIFET, Compensated 10 200 25,000 5' 12' 10 0,+70 T,P 
LF356A BIFET, Compensated 2 50 50.000 4 10 7 0,+70 T,P 
LF357 BIFET, Compensated for Ay e 5 10 200 25,000 20' 50' 10 0,+70 T,P 

LF357A BIFET, Compensated for Aye 5 2 50 50,000 15 40 7 0,+70 T.P 
740M General Purpose 20 200 50.000 3' 6' 5.2 -55,+125 T 
740C General Purpose 110 2000 20,000 1' 6' 8.0 0,+70 T 
8007M General Purpose, Compensated 20 20 50,000 1.0' 6' 5.2 -55,+125 T 
8007AM 8007M. Low lb 30 1.0 20,000 1.0' 2.5 6 - 55,+ 125 T 

8007C General Purpose, Compensated 50 50 20,000. 1.0' 6' 6 0,+70 T 
8007AC 8007C, Low lb 30 1.0 20,000 1.0' 2.5 6 0,+70 T 
8007M-5 8607M, Low V,,,, lb 10 10 50,000 1.0' 3.0 5.2 -55,+125 T 15µ111°C 
8007C-4 8007C, Low V„., Offset Null 10 10 50,000 1.0' 3.0 6 0,+70 T 10µVrC 
8007C-5 8007C, Low Vyy, Offset Null 10 10 50,000 1.0' 3.0 6 0,+70 T 15ii.VrC 

8043M Dual 8007M 20 20 50,000 1.0' 6.0' 6 -55,+125 sl 
8043C Dual 8007C 50 50 20.000 1.0' 6.0' 6.8 -55,+125 J,P 
8500 MOSFET Input. Compensated 50 0.1 20,000 0.7' 0.5' 2.7' -25,+83 r 
8500A MOSFET Input, Super Low I. 50 0.01 20,000 0.7' 0.5' 2.7' -25,+83 T 



Operational Amplifiers-High Speed 

'11/pe Description 
V., 
(mV) 

1,, 
(nA) 

k o, 
(V/V) 

GxB/W 
(MHz) 

Slew 
Rate 
V/k/S 

lee 
(mA) 

Te 
("C) Packages 

HA2500 High slew rate. Compensated 5.0 200 20,000 12' 25 6.0 -55,+125 F,T,J 
HA2502 High slew rate, Compensated 8.0 250 15,000 12 20 6.0 -55,+ 125 ET,..1 
HA2505 High slew rate, Compensated 8.0 250 15,000 12' 20 6.0 0,+75 F,T 
HA2510 High slew rate. Compensated 8.0 200 10,000 12' 50 6.0 -55,+125 F,T 
HA2512 High slew rate. Compensated 10.0 250 7,500 12' 40 6.0 -55,+125 F,T 
HA2515 High slew rate. Compensated 10.0 250 7,500 12' 40 6.0 0,+75 F,T 
HA2520 Compensated tor ke 3 8.0 200 10,000 30' 100 6.0 - 55,+ 125 F,T,..1 
HA2522 Compensated tor A,, 3 10.0 250 7,500 30' 80 6.0 - 55,+ 125 F,T.J 
HA2525 Compensated tor A,..≥.- 3 10.0 250 7,500 30' 80 6.0 0, + 75 FT.,) 
8017M High speed, Inverting 5.0 200 25,000 10' 130' 7.0 - 55,+ 125 T,F 
8017C High speed, Inverting 7.0 200 25.000 10' 130' 8.0 0,+ 70 T,F 

Operational Amplifiers-High Impedance 

"Pipe Description 
V,, 
OM 

I. 
(nA) 

A.,.. 
(WV) 

Slew 
Rate 

(Wp.S) 
I.. 

(mA) 
T. 
(°C) Packages 

HA6200 High impedance, Compensated 4.0 10 100,000 4 3.7 -55,+125 F,J,T 
HA2602 High impedance, Compensated 5.0 25 80,000 4 4.0 -55.+ 125 EJ,T HA2605 High impedance, Compensated 5.0 25 80,000 4 4.0 0,+75 F,J,T 
HA2620 2600 Compensated for A,-, 5 4.0 15 100,000 25 3.7 - 55,+ 125 F...1,T HA2622 2602 Compensated for Ave.-5 5.0 25 80,000 20 4.0 -55,+ 125 F,J,T 
HA2625 2605 Compensated for A„,.5 5.0 25 80,000 20 4.0 0,+ 75 F,J,T 

Video Amplifiers 
Gains Bandwidths E. (IN) Output I,, T. 

Type Description (WV) (MHz) j.‘V (rms) Offset (V) (mA) (°C) Packages 
733M Gain selectable video amp. 400,100,10' 40,90.120' 12 1.5 24 -55,+ 125 T 733C Gain selectable video amp. 400,100,10' 40,90,120' 12 1.5 24 0,+70 T 

Operational Amplifiers-Military, JAN 38510 
Part No. 

1 Industry 
1)/138 

V„, 
(mV) 

._11/0.,/.11 
(,V/'C) 

1„ 
(nA) 

.11„/At 
(nA/°C) 

I. 
(nA) 

A,.. 
(V/V) 

GxB/W 
(MHz) 

S.R. 
(Vie) 

T. 
(*C) Packages 

JM38510/10101 741 
, 

3.0 15 30 0.5 110 50,000 0.43 0.3 -55,+125 T 

Voltage Followers 

Type Description 
Ve, 
OM 

I., 
(nA) 

A. (MIN) 
(V/V) 

3c1b B/W 
(MHz) 

Slew 
Rate 

(V i.,. 5) 
Swing lc, 
(V) (mA) 

.1%, 
(°C) Packages 

102 Voltage Follower 5 10 0.999 - - ±. 10 4.0 -55,+ 125 F,T 
110 Voltage Follower 4 3 0.999 - - ± 10 - -55.+125 D,F,T 
202 Voltage Follower 10 15 0.999 - - ± 10 - -25,+85 ,T 
210 Voltage Follower 4 3 0.999 15' 30' ± 10 4.0 -25,+85 D,T 
302 Voltage Follower 15 30 0.9985 15' 30' ± 10 4.0 0,+70 T 
310 Voltage Follower 7.5 7 0.999 15' 30' ± 10 - 0,+70 D,P.T 

Comparators 
Notes: Tpd measured for 100mV step with 5mV overdrive. 

L, measured for V, = -±-15V 

Type Description 
Ve., 
(V) 

I 
(nA) 

A. 
(V/mV) 

Tpd 
(nS) 

I.. 
(mA) 

Vc, 
(V) 

at lo, 
(mA) 

T. 
(°C) Packages 

111 Precision Comparator 3 100 200' 200' 6 0.4 8 -55,+125 D,F,T 
211 Precision Comparator 3 100 200' 200' 6 0.4 8 -25,+85 D,F,T 
311 Precision Comparator 7.5 250 200' 200' 7.5 0.4 8 0,+70 D,F,J,RT 
8001M Low Power Comparator 3 100 15 250' 2 0.5 2 -55,+125 T 
8001C Low Power Comparator 5 250 15 250' 2 0.4 2 0,+70 T 
LM139 Quad. Comparator 5 100 200' 1300' 2 0 7 4 -55,'-125 D 
LM139A Low Offset 139 2 100 200' 1300' 2 0.4 3 -55,+ 125 D 
LM239 Quad. Comparator 5 250 200' 1300' 2 0.7 4 -25,+85 D 
LM239A Low Offset 239 2 250 200' 1300' 2 04 3 -25,+85 D LM339 Quad. Comparator 5 250 200' 1300' 2 0.7 4 0,+70 D.P 
LM339A Low Offset 339 2 250 200' 1300' 2 0.4 3 11+70 D,P 

Electronics/January 5, 1978 



Power Amplifiers-Servo 8( Actuator 
Note 1. Specifications apply at ±-30V supplies. 

2. All units packaged in 8 lead TO3 can. 
3. Fully protected against inductive current flow. 
4. Externally settable output current limiting. 

1)ifPn Description 
Output 

Current (A) 
Output 

Swing (V) 
V °, 

(mV) 
I, 

(nA) 
A,,,, 

(%(/)/) 

Slew 
Rate 

(Y/µS) 

Quiescent 
1„ 

(mA) 
T. 

(°C) 

H8510M Hybrid Power Amp. 1.0 ± 26 3.0 250 100,000 05 40 -55,+125 
H8510C Hybrid Power Amp. 1.0 ± 26 6.0 500 100,000 0.5 50 -25,+85 
H8520M Hybrid Power Amp. 2.0 ±- 26 3.0 250 100,000 05 40 -55,+125 
H8520C Hybrid Power Amp. 2.0 ± 26 6.0 500 100,000 0.5 50 -25,+85 
H8530M Hybrid Power Arno. 2.7 ±- 25 3.0 250 100.000 0.5 40 - 55,+ 125 

H8530C Hybrid Power Amp. 2.7 ± 25 6.0 500 100,000 0.5 50 1 -25,+85 

Voltage Regulators 

1)/ Pe 

Input 
Voltage 

(V) 
MIN MAX 

Output 
Voltage 

MIN (V) MAX 

Input/Output 
Differential 

MIN (V) MAX 

Load 
Current 
(mA) 

MIN MAX 

Load 
Reg' 
0-F.L 
(.) 

Line 
Reg" 
(.1V) 

Avg. 
Temp 
Coeff 
(a, °C) 

Pd at 
25°C 
(mW) 

T., 
("C) Packages 

100 8.5 40 2.0 30 3.0 30 3.0 12 0.5 0.2 0.005 500 -55,+ 150 ET 
105 8.5 50 4.5 40 3.0 30 0 12 0.05 0.06 0.005 500 -55,+1so ET 
300 8.0 30 2.0 20 3.0 20 3.0 12 0.5 0.2 0.03 300 0,+70 T 
305 8.0 40 4.5 30 3.0 30 0 12 0.05 0.06 0.03 500 0,+70 T 
723 9.5 40 2.0 37 3.0 38 0 50 0.15 0.03 0.015 800 -55,+ 125 I,J 

723C 9.5 40 2.0 37 3.0 38 0 50 0.2 1103 0.015 660 0. + 70 RT 

Special Function Circuits 

li.Pe Accuracy 
V, 
(V) 

T. 
("C) Packages 

5E555 Precision R-C monostable/astable timerimultiyibrator, 4.5 to 18 -55,+125 IT 
NE555 triangular plus square wave outputs available 4.5 to 16 0, +70 P,T 
SE556 Dual 5E555 4.5 to 18 -55,+ 125 .1 
NE556 Dual NE555 4.5 to 16 0..70 P 

AM2502 4. 8. and 12 bit Successive -0.5 to +7.0 -55.-125 ..1,ET 
Approximation Registers -0.5 to +7.0 0,, 70 P 

AM2503 can be used as Serial to Parallel -0.5 to t 7 0 - 55, + 125 J,ET 
counter or ring counters. Contains - 0.5 to - 7.0 0, + 70 P 

AM2504 all storage and control for SAR Ato D -0.5 to r 7.0 -55,+125 J,F,T 
convertors -0.5 to + 7.0 O.+ 70 P 

8013AM Four quadrant multiplier. Output proportional to algebraic products ± 0.5% ± 15 -55,+125 r 
8013BM of two input signals. Features ±-0.5% accuracy; internal op-amp ± 1.0% ± 15 -55,+125 T 
8013CM for level shift, division and square root functions; full ±-10V ± 2.0% ± 15 -55.+125 T 
8013AC input/output range; 1MHz bandwidth. ± 0.5% ± 15 0,+70 r 
8013BC ±. 1.0% ± 15 0, + 70 T 
8013CC ± 2.0% ± 15 0, + 70 T 

8018 High speed precision current switch nr 20V -55. r 125 J 
for use in current summing ...: 20V 0, +70 P 

8019 D to A convertors. Can be purchased +20V - 55. +125 J 
individually or in matched sets with +20V 0, + 70 P 

8020 accuracies of 0.01% (8018). 0.1% (8019), 1.0% (8020) n 20V - 55., 125 J 
± 20V O. tr 70 P 

8038AM Simultaneous Sine, Square, and Triangle wave outputs Pi_ 1.5% ± 5 to -Ir. 15 -55,+125 J 
8038AC compatible to 28V over frequency range from 0.001 Hz to 1.0 MHz. 1.5% ± 5 to ± 15 0,+ 70 P 
8038BM Low distortion (<1%); high linearity (0.1%); low frequency drift with 3.0% ± 5 to ±15 -55.+125 J 
8038BC temperature (50ppmrC max.), variable duty cycle (2%-98%). 3.0% ± 5 to -±15 C1,+70 P 
8038CC External frequency modulation. 5.0% nr 5 to ±15 0,+70 P 

8048BC Log amp. 1V/decade (Adjustable). 120 db range n 30mV rn 15 0. + 70 jp 
8048CC with current input. Error referred to output n 60mV n 15 0, + 70 J.P 
8049BC Antilog amp, adjustable scale factor. n 10mV n 15 0, + 70 J.P 
8049CC Error referred to input n 30mV 1- 15 0,-, 70 J.P 

8211M Micropower voltage detector/indicator/voltage regulator/ 2 to 30 - 55, + 125 T 
8211C programmable zener. Contains 1.15V micropower reference 2 to 30 0,-70 PT 
8212M plus comparator and hysteresis output. Main output 2 to 30 -55, +125 T 
8212C inverting (8212) or non-inverting (8211). 2 to 30 0,-70 RI 

8240 Programmable Timers/Counters using 4V to 18V 55, , 125 J 
external R/C time base set. Programmable 4V to 18V 0, t 70 P 

8250 from minutes to days. Selectable output 4V to 18V -55,-, 125 J 
count 1RC to 255RC (8240), 1RC to 4V to 18V 0, + 70 P 

8260 99RC (8250). 1RC to 59RC (8260) 4V to 18V -55,4 125 J 
hr. accuracy - n_ 0.5% typ and low drift = 
n 100 ppm/ C typ. 

4V to 18V 0, + 70 P 

Notes: 1. All parameters are specified at V, = ± 15V and T. = +25°C unless otherwise noted. 
2. All parameters are worst case MIN/MAX limits except for those marked which are typical. 

PACKAGE KEY 
D -Solder lid side brazed ceramic dual in line. 
F -Ceramic fiat pack. 
J -Glass frit seal ceramic dual in line. 
P -Plastic dual in line. 
T -Metal can (T05 size) 



Intersil produces a broad line of discrete devices which includes 

single and monolithic Dual Field Effect Transistors of both the junc-

tion and MOS type, and high performance monolithic dual NPN 

and PNP bipolar transistors. 

Switches-Junction FET 
Ordering 

Preferred 
Part 

Number 

Information 

Package 

R OS ion, 

TIM 

ohm 

V „ 

min, max 
V 

/US 

max 
PA 

EIVGIS 

min 
V 

le col', 

max 
pA 

1.5 

mm/max 
mA 

t.,, 

max 

nS 

C,ss 

max 

ig 

Co,, 

max 
Pt 

N-channel: Generally requires driver circuit to translate the popular logic levels to voltages required to drive the JFET. 

2N4091 TO-18 TO-92 30 -5.0 -10.0 -200 -40 200 30 65 16 5.0 
2N4092 TO-18 TO-92 50 -2.0 -7.0 -200 -40 200 15 95 16 5.0 
2N4093 TO-18 TO-92 80 -1.0 -5.0 -200 -40 200 8 140 16 5.0 
2N439I TO-18 TO-92 30 -4.0 -10.0 -100 -40 100 50 150 55 14 3.5 
2N4392 TO-18 TO-92 60 -2.0 -5.0 -100 -40 100 25 75 75 14 3.5 

2N4393 TO-18 TO-92 100 -0.5 -3.0 -100 -ao 100 5 30 100 14 3.5 
2N4859 TO-18 TO-92 25 -4.0 -10.0 -250 -30 250 50 34 18 8.0 
2N4860 TO-18 TO-92 40 -2.0 -6.0 -250 -30 250 20 100 60 18 8.0 
2N4861 TO-18 TO-92 60 -0.8 -4.0 - 250 -ao 250 8 80 120 18 8.0 
2N5432 TO-52 TO-92 5 -4.0 -10.0 -200 -25 200 150 41 30 15.0 

2N5433 TO-52 TO-92 7 -3.0 -9.0 -200 -25 200 100 41 30 15.0 
2N5434 TO-52 TO-92 10 -1.0 -4.0 -200 -25 200 30 41 30 15.0 
2N5555 TO-92 150 -10.0 -1 nA -25 10 nA 15 35 5 1.2 
2N5638 TO-92 30 -12.0 -1 nA -30 1 nA 50 24 10 4.0 
2N5639 TO-92 60 -8.0 -1 nA -ao 1 nA 25 sa 10 4.0 

2N5640 TO-92 100 -6.0 1 nA -30 1 nA 5 63 10 4.0 

P-channel: Can be used to switch into inverting input of op-amps and needs no driver circuit; can be switched directly from TTL logic. 

2N3993 TO-72 150 4.0 9.5 1.2 nA 25 1.2 nA -10 16 4.5 
2N3994 TO-72 300 1.0 5.5 1.2 nA 25 1.2 nA -2 16 4.5 
2N5114 TO-18 TO-92 75 5.0 10.0 500 30 500 -30 -90 37 25 7.0 
2N5115 TO-18 TO-92 100 3.0 6.0 500 30 500 -15 -60 68 25 7.0 
2N5116 TO-18 TO-92 150 1.0 4.0 500 30 500 -5 -25 102 25 7.0 

MOO TO-18 TO-92 75 2.0 4.5 200 35 100 -10 35 12.0 
IT101 TO-18 TO-92 60 4.0 10.0 200 35 100 -20 35 12.0 

All devices are 100% visually pre-cap inspected to Military Stan-

dard 750, method 2072. The guaranteed quality assurance level is 

5% lot tolerance percent defective. 

Switches and Amplifiers-MOSFET 
Ordering Information 

Preferred 
Part 

Number Package 

Vas Me 
• V G. ,„,,, rRV°. 
minimes 

V 
min 
V 

lOSS 
Tax 

pA 

1GSS 
Tax 

pA 

GfS 
min 
µ mho 

ROS WO 
max 
ohm 

10 ton, 

min 
mA 

. P-channel Enhancement: Gen, used where max isolation b wn. signal source and logic drive req'd: sw. "On" resistance varies with signal amplitude 

3N161 TO-72 -1.5 -5.0 -25 -10 nA -100.0 3500 -40 -120 Diode Protected 
3N163 TO-72 -2.0 -5.0 -40 -200 -10.0 2000 250 -5 -30 
3N172 TO-72 -2.0 -5.0 -40 -400 -10.0 1500 250 -5 -30 Diode Protected 

N-channel Enhancement: Can switch positive signals direct y from TTL logic; gen. requires driver or translator circuit to switch bipolar signals 

2N4351 TO-72 1.0 5.0 25 10 nA 10.0 1000 300 3 
3NI69 TO-72 0.5 1.5 25 10 nA 10.0 1000 200 10 
3N170 TO-72 1.0 2.0 25 10 nA 10.0 1000 200 10 
3NI71 TO-72 1.5 3.0 25 10 nA 10.0 1000 200 10 

Amplifiers-N-Channel Junction FET 
Ordering 

Preferred 
Part 

Number 

Information 

Package 

G FS 
min 
»mho 

IDSS 
minimes 
mA 

1.f. 

minimes 
V 

lass 
max 
PA 

R.. 

min 
V 

CI. 
1118X 

Pf 

C.. 
Tax 

pf 

e„ 
max 

nVi V Hz 

2N3684 TO-72 TO-92 2000 2.5 7.5 -2.0 -5.0 -100 
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•
 ei 

ci ci 
ei 

s¡mh..j 

140 100 Hz 
2N3685 TO-72 TO-92 1500 1.0 3.0 -1.0 -3.5 -100 4 140 100 Hz 
2N3686 TO-72 TO-92 1000 0.4 1.2 -0.6 -2.0 -100 4 140 100Hz 
2N3687 TO-72 TO-92 500 0.1 0.5 -0.3 -1.2 -100 4 140 100 Hz 
2N3822 TO-72 TO-92 3000 2.0 10.0 -6.0 -100 6 200 10 Hz 

2N4117 TO-72 TO-92 70 0.03 0.09 -0.6 -1.8 -10 3 
2N4117A TO-72 TO-92 70 0.03 0.09 -0.6 -1.8 -1 
2N4118 TO-72 TO-92 80 0.08 0.24 -1.0 -3.0 -10 3 
2N4118A TO-72 TO-92 80 0.08 0.24 -1.0 - 3.0 -1 3 
2N4119 TO-72 TO-92 100 0.2 0.6 -2.0 - 6.0 -10 3 

2N4I19A TO-72 TO-92 100 0.2 0.6 -2.0 -6.0 -1 3 
2N4220 TO-72 TO-92 1000 0.5 3.0 -4.0 -100 6 
2N4221 TO-72 TO-92 2000 2.0 6.0 -6.0 -100 e 
2N4222 TO-72 TO-92 2500 5.0 15.0 -8.0 -100 6 
2N4223 TO-72 3000 3.0 18.0 -0.1 -8.0 -250 6 

2N4224 TO-72 2000 2.0 20.0 -0.1 -0.8 -150 6 
2N4338 TO-18 TO-92 600 0.2 0.6 -0.3 -1.0 -100 7 65/ 1 kHz 
2N4339 TO-18 TO-92 803 0.5 1.5 -0.6 -1.8 -100 7 65 1 kHz 
2N4340 TO-18 TO-92 1300 1.2 3.6 -1.0 -3.0 -100 7 65 1 kHz 
2N4341 TO-18 TO-92 2000 3.0 9.0 -2.0 -5.0 -100 7 65 1 kHz 

2N4416 TO-72 TO-92 4500 5.0 15.0 -5.0 -100 4 
2N4867 TO-72 TO-92 700 0.4 1.2 -0.7 -2.0 -250 25 108!' 1 kHz 
2N4867A TO-72 TO-92 700 0.4 1.2 -0.7 -2.0 -250 25 5 @ 1 kHz 
2N4868 TO-72 TO-92 1000 1.0 3.0 -1.0 -3.0 -250 25 10 @ 1 kHz 
2N4868A TO-72 TO-92 1000 1.0 3.0 -1.0 -3.0 -250 25 5 @ 1 kHz 

2N4869 TO-72 TO-92 1300 2.5 7.5 -1.8 -5.0 -250 25 10@ 1 kHz 
1 2N4869A TO-72 TO-92 1300 2.5 7.5 -1.8 -5.0 -250 25 5 @ 1 kHz 

2N5397 TO-72 TO-92 6000 @ 1 mA 10.0 30.0 -1.0 -6.0 -100 5 3 dB 450 mHz 
2N5457 TO-92 1000 1.0 5.0 -0.5 -t;.0 1 nA 7 3 dB 450 mHz 
2N5458 TO-92 1500 2.0 9.0 -1.0 -7.0 1 nA 7 3 dB 450 mHz 

2N5459 TO-92 2000 4.0 16.0 -2.0 -8.0 -1 nA 7 3 dB 450 mHz 
2N5484 TO-92 3000 1.0 5.0 -0.3 -3.0 -1 nA 5 120(l kHz 
2N5485 TO-92 3500 4.0 10.0 -0.5 -4.0 -1 nA 5 120 1 kHz 
2N5486 TO-92 4000 8.0 20.0 -2.0 -6.0 -1 nA 5 120@ 1 kHz 
U308 TO-52 TO-92 10,000 12.0 60.0 -1.0 -6.0 -150 7 f1,13. 10 @ 10 Hz typ. 

U309 TO-52 TO-92 10,000 12.0 30.0 -1.0 -4.0 -150 7 typ. 10 Hz typ. 
U310 TO-52 TO-92 10,000 24.0 60.0 -2.5 -60 -150 7 typ. 

§10 
10 10 Hz typ. 

UC200 TO-72 TO-92 6000 10.0 30.0 -6.0 -100 7 70 100 Hz 



Amplifiers-P-Channel Junction FET 
Ordering 

Preferred 
Part 

Number 

Information 

Package 

GPS 
min 
µmho 

IOU 
min/max 
mA 

V, 
minImax 
V 

L.. 
Max 
nA 

B, 
min 
v 

C.. 
Max 
0 

C., 
max 
PI 

en 
max 

nV/V Hz 

2N2606 TO-18 TO-92 110 -0.1 -0.5 1.0 4.0 1 30 7 2 400@1 kHz 
2N2607 TO-18 TO-92 330 -0.3 -1.5 1.0 4.0 3 30 7 2 4O0t 1 kHz 
2N2608 TO-18 TO-92 1000 -0.9 -4.5 1.0 4.0 10 30 7 2 180@ 1 kHz 
2N2609 TO-18 TO-92 2500 -2.0 -10.0 1.0 4.0 30 30 7 2 180@ 1 kHz 
2N3329 TO-72 1000 @ -1 mA -1.0 -3.0 5.0 10 20 7 2 400@ 1 kHz 

2N3330 TO-72 1500@-2mA -2.0 -6.0 6.0 10 20 7 2 400@1 kHz 
2N3331 TO-72 2000 @ -5 mA -5.0 -15.0 8.0 10 20 7 2 400@ 1 kHz 
2N5265 TO-72 900 -0.5 -1.0 3.0 2 60 7 2 115 100 Hz 
2N5266 TO-72 1000 -0.8 -1.6 3.0 2 60 7 2 115 100Hz 
2N5267 TO-72 1500 -1.5 -3.0 6.0 2 60 7 2 115@ WO Hz 
2N5268 TO-72 2000 -2.5 -5.0 6.0 2 60 7 2 115@ 100Hz 
2N5269 TO-72 2200 -4.0 -8.0 8.0 2 60 7 2 115@ 100 Hz 
2N5270 TO-72 2500 -7.0 -14.0 8.0 2 60 7 2 115@ 100Hz 
2N5460 TO-92 1000 -1.0 -5.0 0.75 6.0 5 40 7 2 115@ 100 Hz 
2N5461 TO-92 1500 -2.0 -9.0 1.0 7.5 5 40 7 2 115@ 100Hz 
2N5462 TO-92 2500 -4.0 -16.0 1.5 9.0 5 40 7 2 115 100Hz 
2N5463 TO-92 1000 -1.0 -5.0 0.75 6.0 5 60 7 2 115 100 Hz 
2N5464 TO-92 1500 -2.0 -9.0 1.0 7.5 5 60 7 2 115@ 100 Hz 
2N5465 TO-92 2500 -4.0 -16.0 1 8 9.0 5 60 7 2 115@ 100 Hz 

Differential Amplifiers-Dual Monolithic N-Channel Junction FETS 
Ordering 

Preferred 
Part 

Number 

Information 

Package 

V., 
max 
mV 

.1 V. 
Max 
µ VI°C 

I. 
MaX 
PA 

B,., 
min 
V 

Vn 
min/max 

V 

g, 
min/max 
µ mho 

I,,, 
min/max 
mA 

en 

nV/rHz 
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160 100 Hz 
2N3954A TO-71 5 5 -50 -50 -1.0 -4.5 1 3 160@ 100 Hz 
2N3955 TO-71 10 25 -50 -50 -1.0 -4.5 1 3 160@ 100 Hz 
2N3955A TO-71 10 15 -50 -50 -1.0 -4.5 1 3 160@ 100 Hz 
2N3956 TO-71 15 50 -50 -50 -1.0 -4.5 1 3 160 100Hz 
2N3957 TO-71 20 75 -50 -50 -1.0 -4.5 1 3 160@ 100 Hz 
2N3958 TO-71 25 100 -50 -50 -1.0 -4.5 1 3 160@ 100Hz 
2N5196 TO-71 5 5 -15 -50 -0.7 -4.0 7001 200 µA 20 1 kHz 
2N5197 TO-71 5 10 -15 -50 -0.7 -4.0 700 200 µA 20@1 kHz 
2N5198 TO-71 10 20 -15 -50 -0.7 -4.0 700 200 µA 20@ 1 kHz 
2N5199 TO-71 15 40 -15 -50 -0.7 -4.0 700 @ 200 µA 20@1 kHz 
2N5452 TO-71 5 5 IGSS -100 -so -1.0 -4.5 1 4 20@ 1 kHz 
2N5453 TO-71 10 10 IGSS -100 -50 -1.0 -4.5 1 4 20@ 1 kHz 
2N5454 TO-71 15 25 IGSS -100 -50 -1.0 -4.5 1 4 20@ 1 kHz 
2N5515 TO-71 5 5 -100 -ao -0.7 -4.0 1 4 30@ 10 Hz 
2N5516 TO-71 5 10 -100 -40 -0.7 -4.0 4 30@ 10 Hz 
2N5517 TO-71 10 20 -100 -ao -0.7 -4.0 4 30@ 10 Hz 
2N5518 TO-71 15 40 -100 -40 -0.7 -4.0 4 30 @10Hz 
2N5519 TO-71 15 80 -100 -40 -0.7 -4.0 4 30@ 10 Hz 
2N5520 TO-71 5 5 -100 -40 -0.7 -4.0 4 15@ 10 Hz 
2N5521 TO-71 5 10 -100 -40 -0.7 -4.0 4 15@ 10Hz 
2N5522 TO-71 10 20 -100 -40 -0.7 -4.0 4 15@ 10 Hz 
2N5523 TO-71 15 40 -100 -ao -0.7 -4.0 4 15@ 10 Hz 
2N5524 TO-71 15 80 -100 -40 -0.7 -4.0 4 15i 1 
2N5902 TO-99 5 5 -3 -ao -0.6 -4.5 70 250 100@ 1 kHz 
2N5903 TO-99 5 10 -3 -40 -0.6 -4.5 70 250 100@ 1 kHz 
2N5904 TO-99 10 20 -3 -40 -0.6 -4.5 70 250 100@ 1 kHz 
2N5905 TO-99 15 40 -3 -40 -0.6 -4.5 70 250 100i 1 kHz 
2N5906 TO-99 5 5 -1 -40 -0.6 -4.5 70 250 100i 1 kHz 
2N5907 TO-99 5 10 -1 -40 -0.6 -4.5 70 250 100@1 kHz 

2N5908 TO-99 10 20 -1 -40 -0.6 -4.5 70 250 100®1 kHz 
2N5909 TO-99 15 eo -1 -eo -0.6 -4.5 70 250 100@ 1 kHz 
2N5911 TO-99 10 20 -100 -25 -1.0 -5.0 5/10 @ 5 mA 20@ 10 kHz 
2N5912 TO-99 15 40 -100 -25 -1.0 -5.0 5/10@ 5 mA 20 10 kHz 
SU2365 TO-71 5 10 -100 -30 -3.5 1/2@200µA 15@1 kHz 

SU2365A TO-71 5 10 -20 -30 -3.5 1/2 200 µA 50@ 1 kHz 
SU2366 TO-71 10 10 -100 -30 -3.5 1/2 200 µA 15 1 kHz 
SU2366A TO-71 10 10 - 20 -30 -3.5 1/2 200 µA 50@ 1 kHz 
SU2367 TO-71 10 25 -100 -30 -3.5 1/2 200 µA 15@ 1 kHz 
SU2367A TO-71 10 25 -20 -30 -3.5 1/2 200 µA 50 1 kHz 

SU2368 TO-71 15 25 -100 -30 -3.5 1/2 200 µA 15@1 kHz 
SU2368A TO-71 15 25 -20 -30 -3.5 1/2@200 µA 50 1 kHz 
U257 TO-99 100 - -100 -25 -1.0 -5.0 5/10 @ 5 mA 30@ 1 kHz 

Differential Amplifiers-Dual Monolithic P-Channel MOSFETS 
(Enhancement) 

Ordering 
Preferred 

Part 
Number 

Information 

Package 

V. am 
min/max 

V 

BvIISS 
mm/max 

V 

IOSS 
Max 
PA 

IGSS 
Max 
PA 

G,, 
min 
µ mho 

ID.1 
min/max 
mA 

RD, lœ, 
Max 
ohm 

Ves,., 
Max 
mV 

3N165 

S
S
$
S
S
 
S
S
 

eqà 

-2 -5 -40 -200 -10 1500 -5.0 -30 300 100 
3N166 -2 -5 -ao -200 -10 1500 -5.0 -30 300 
3N188 -2 -5 -40 -200 -200 1500 -5.0 -30 300 100 Zener Protected 
3N189 -2 -5 -40 -200 -200 1500 -5.0 -30 300 Zener Protected 
3N190 -2 -5 -40 -200 -200 1500 -5.0 -30 300 

3N191 -2 -5 -40 -200 -200 1500 -5.0 -30 300 
MEM550 -3 -6 -30 -10 nA -10 nA 500 - 1.5 250 Zener Protected 
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Differential Amplifiers—Dual Monolithic Bipolar Transistors 
Ordering 

Preferred 
Part 

Number 

Information 

Package 

V.,._ ,., 
mV 
max 

5V1 
A V/°C 
max 

HISS @ 
lc = 10AA 
VC = 5V 

min 

I, ,, @ 
I, " 10 AA 
Vc, - 5V 

nA 
MaX 

LVc,,, 
V 
min 

l ° c 
n2k 
Max 

Noise 
dB 
max 

f, 
MHz @ lc 

min 

Co., 
Pf 
max Structure TYPe 

2N2453 TO-78 3 10 80 30 

7
.
 7 7
 
7
.
 7.
 7
 

7 150@l mA 8 Junc. Isol. NPN 
2N2453A TO-78 3 5 80 .6 AA@ 100 µA so 4 150 ()1 mA 4 Junc. lsol. NPN 
2N4044 TO-78 3 3 200 5 60 2 200 1 mA .8 Dielec. Isol. NPN 
2N4045 TO-78 5 10 80 25 45 3 150@ 1 mA .8 Dielec. Isol. NPN 
2N4100 TO-78 5 5 150 10 55 3 150l 1 mA .8 Dielec. lsol. NPN 

2N4878 TO-71 3 3 200 5 60 2 200l 1 mA .8 Dielec. I sol. NPN 
2N4879 TO-71 5 5 150 10 55 3 150l 1 mA .8 Dielec. 'sot NPN 
2N4880 TO-71 5 10 80 25 45 3 150l1 mA .8 Dielec. 'sot NPN 
2N5117 TO-78 3 3 100 10 45 4 100 .5 mA .8 Dielec. lsol. PNP 
2N5118 TO-78 5 5 100 15 45 4 100 .5 mA .8 Dielec. sot PNP 

2N5119 TO-78 5 10 50 40 45 4 100@ 5 mA .8 Dielec. lsol. PNP 
1120 TO-78 TO-71 2 5 200 5 45 2 typ. 150 1 mA 2 Junc. Isol. NPN 
IT120A TO-78 TO-71 1 3 200 2.5 so 2 typ. 150 1 mA 2 Junc. Isol. NPN 
11121 TO-78 TO-71 5 10 80 10 45 2 typ. 150@1 mA 2 Juno 1501. NPN 
11122 TO-78 TO-71 10 20 80 25 45 2 typ. 150 1 mA 2 Junc. Ise NPN 

11124 TO-78 5 10 1500 .6 A Vc = IV 2 3 100/200 AA .8 Dielec. Isol. NPN 
1 1126 TO-78 TO-71 1 3 200 2 % 60 1 typ. 250 10 mA 4 Dielec. sol. NPN 
11127 
11128 

TO-78 TO-71 
TO-78 TO-71 

2 
5 

5 
10 

200 
100 

5 
10 

45 
45 

1 typ. 
1 typ. 

250 10 mA 
250 10 mA 

4 
4 

Dielec. Isol. 
Dielec. Isol. 

NPN 
NPN 

11129 TO-78 TO-71 10 20 100 25 45 1 typ. 250 10 mA 4 Dielec. lsol. NPN 
11130 TO-78 TO-71 2 5 200 5 -45 2 typ. 150 ()1 mA 2 Junc. Isol. PNP 
11130A TO-78 TO-71 1 3 200 2.5 -so 2 typ. 150 1 mA 2 Junc. Isol. PNP 
11131 TO-78 TO-71 5 10 80 10 -45 2 typ. 150()i mA 2 Junc. lsol. PNP 
11132 TO-78 TO-71 10 20 80 25 -45 2 typ. 150@1 mA 2 Junc. Isol. PNP 

11136 TO-78 TO-71 1 3 200 2.5 -60 2 typ. 250 10 mA 4 Dielec. Isol. PNP 
11137 TO-78 TO-71 2 5 200 5 -45 2 typ. 250 10 mA 4 Dielec. Isol. PNP 
11138 TO-78 TO-71 5 10 100 10 -45 2 typ. 250 10 mA 4 Dielec. Isol. PNP 
11139 TO-78 TO-71 10 20 100 25 -45 2 typ. 250 10 mA 4 Dielec. lsol. PNP 

Specialty Items 

ID-100 This product is a back to back diode combination used to protect P-channel MOSFET duals (non-code protected). Their chief characteristic is < 1 pa leakage when voltage across 
ID-101 them is less than 5 mV. If voltage across diodes is adjusted to OV t- 0.1 mV, leakage is less than 0.01 pa. 

VARAFET 
Intersil has pioneered the VARAFET—a new concept in junction families, the Varafet replaces the usual interfacing components 

FET technology. Designed to replace the 2N4091 and 2N4391 thus saving the designer board space and costs. 

Type 

Rex Ion, 

Si 
max 

V. 

V 
max 

Is 1.0 
PA 
max 

IDSS 
mA 
min 

ns 
ruas 

te„ 

ns 
Max 

Package 
4 FETS/Pkg 

V„,,,,,, 
V,, 
min 

V,, 
max 

11401 
11401A 

30 
50 

7.5 
5 

200 
200 

45 min 
35 min 

50 
50 

150 
150 

16 Pin Dip 
16 Pin Dip 

15 
20 

10 
10 



Intersil manufactures a comprehensive line of analog switches with 
an outstanding range of performance characteristics. 
Intersil is experienced in specifying its reliable, high quality FETs as 

Analog Switches with Driver 
Electrical Characteristics @ +25 C-Military Temperature Devices 

analog switches. Our J-FET, PMOS and CMOS switches are ideally 
suited for optimizing a variety of switching functions in future 
designs or upgrading present ones. 

Type 
No. of 

Channels 

Intersil 
Device 
NO. 

Switch 
liochnology 

RD I I 
Olin; 
max(1) 

iOnIA111 

max 

to 
µ S 
MIX 

to« 
µ S 
Tex 

Logic Input Power 

Logic Level 
Input 
1VP(2) 

Consumption 
Watts 

2110A N-JFET 30 1.0 0.7 0.7 High Level hi Data not available 1H5001 N-JFET 30 5.0 0.5 1.0 DTL, TUL, RTL lo 175m 
1H5002 N-JFET 50 5.0 0.5 1.0 DTL, TUL, RTL lo 175m 
1115021 P-JFET 100 0.2 0.5 0.5 TTL High Level lo 
1115022 P-JFET 150 0.2 0.5 0.5 TTL Low Level lo 

1 1115023 P-JFET 100 0.2 0.5 0.5 TTL High Level lo 
IH5024 P-JFET 150 0.2 0.5 0.5 rri_ Low Level lo 
IH5037 P-JFET 100 0.5 0.2 0.2 TUL High Level lo 
IH5038 P-JFET 150 0.5 0.2 0.2 TTL High Level lo 
IH5040 CMOS 75 1.0 0.5 0.25 DU, Tn. RTL, CMOS, PMOS hi 350µW 
DG111 PMOS FET 450 -1.0 0.3 1.0 DU. VIL, RTL lo 330mW 
DG112 PMOS FET 450 -1.0 0.3 1.0 DTL, Tit, RTL lo 300m 
DG133A N-JFET 30 1.0 0.3 0.8 DU, TTL, RTL hi 175m 
DG134A N-JFET ao 1.0 0.3 0.8 DTI_ ril... RTL hi 175m DG141A N-JFET 10 10.0 0.5 1.25 DTL, Tit, RTL hi 175m 
DG151A N-JFET 15 10.0 0.5 1.25 OIL, TTL, RTL hi 175m 
DG1524 N-JFET 50 2.0 0.3 0.8 OIL, TUL, RTL hi 175m 
DG180 N-JFET 10 10.0 0.3 0.25 OIL, TTL, RTL lo 150m 06181 N-JFET 30 1.0 0.15 0.13 OIL TTL, RTL lo 150m 
DG182 N-JFET 75 1.0 0.25 0.13 DTL, TTL, RTL lo 150m 
06433A N-JFET 35 5.0 0.5 1.0 DTI, rrL. RTL hi 175m 06434A N-JFET 80 5.0 0.5 1.0 DTI, TTL, RTL hi 175m 06441A N-JFET 15 15.0 0.75 1.25 OIL, VIL, RTL hi 175m DG451A N-JFET 20 15.0 0.75 1.25 DU, TTL, RTL hi 175m 
DG452A N-JFET 100 5.0 0.5 1.0 OIL, TTL, RTL hi 175m 
H181 Mara FET 30 0.1 0.25 0.13 OIL, Tn. RTL, CMOS, TUL High Level lo 350pW 

2 H182 \bra FET 75 0.1 0.25 0.13 OIL, Trt., AIL, CMOS, TR. High Level lo 350pW H200 CMOS 75 1.0 1.0 0.5 OIL, VIL, RTL. CMOS, Tit High Level lo 350p1Al 
H5003 N-JFET 30 1.0 0.3 0.8 OIL, TTL, RTL hi 175m 
115004 N-JFET 50 1.0 0.3 0.8 OIL, TTL, RTL hi 175m 

SPST I-15005 N-JFET 10 10.0 1.0 2.5 OIL, Tit, RTL hi 175m 
H5006 N-JFET 30 1.0 0.5 1.0 OIL, VIL, RTL hi 175m 
H5007 N-JFET 80 1.0 0.5 1.0 OIL, Tri, RTL hi 175m H5017 P-JFET 100 0.2 0.5 0.5 VIL High Level lo 
H5018 P-JFET 150 0.2 0.5 0.5 TTL Low Level lo 
115019 P-JFET 100 0.2 0.5 0.5 rri_ High Level lo 
H5020 P-JFET 150 0.2 0.5 0.5 rn. Low Level lo 
115033 P-JFET 100 0.5 0.2 0.2 VIL High Level lo 
115034 P-JFET 150 0.5 0.2 0.2 VIL High Level lo 
H5035 P-JFET 100 0.5 0.2 0.2 TTL High Level lo 
115036 P-JFET 150 0.5 0.2 0.2 TUL High Level lo H5041 CMOS 75 1.0 0.5 0.25 OIL, TTL, RTL, CMOS, PMOS hi 350µW 115048 CMOS 35 1.0 0.25 0.15 OIL, TTL, AIL. CMOS, PMOS hi 350µW 
H5013 P-JFET 100 0.2 0.5 0.5 TUL High Level lo 
H5014 P-JFET 150 0.2 0.5 0.5 TUL Low Level lo 
H5015 P-JFET 100 0.2 0.5 0.5 VIL High Level lo 
115016 P-JFET 150 0.2 0.5 0.5 VIL Low Level lo 3 1-15029 P-JFET 100 0.5 0.2 0.2 TUL High Level lo 
115030 P-JFET 150 0.5 0.2 0.2 VIL High Level lo 
H5031 P-JFET 100 0.5 0.2 0.2 VIL High Level lo 
H5032 P-JFET 150 0.5 0.2 0.2 VIL High Level lo 
DG116 P-MOSFET 450 -4.0 0.3 1.0 DU, VIL, RTL lo 600mW 
06118 P-MOSFET 450 -4.0 0.3 1.0 OIL, TTL, RTL lo 660mW 
1H201 CMOS 75 1.0 0.5 0.25 Dn. TTL, RTL, CMOS lo 350p.W 
111202 CMOS 75 1.0 0.5 0.25 DTL, «n-L, RTL, CMOS hi 350p.W 

4 
IH5009 P-JFET 100 0.2 0.5 0.5 nt High Level lo 
1H5010 P-JFET 150 0.2 0.5 0.5 VIL Low Level lo 
1115011 P-JFET 100 0.2 0.5 0.5 VIL High Level lo 

1115012 P-JFET 150 0.2 0.5 0.5 VIL Low Level lo 
1115025 P-JFET 100 0.5 0.2 0.2 VIL High Level lo 
1115026 P-JFET 150 0.5 0.2 0.2 VIL High Level lo 
1115027 P-JFET 100 0.5 0.2 0.2 VIL High Level lo 
IH5028 P-JFET 150 0.5 0.2 0.2 Tit High Level lo 

5 06123 
OG125 

P-MOSFET 
P-MOSFET 

450 
450 

-4.0 
-4.0 

0.3 
0.3 

1.0 
1.0 

DTI, VIL, RTL 
DTI, 711, RTL 

lo 
lo 

750mW 
825mW 

DG143A N-JFET so 1.0 0.4 0.8 DTL, VIL, RTL (31 175m 
DG144A N-JFET 30 1.0 0.4 0.8 OIL, TTL, RTL 3 175m 
DG1464 N-JFET 10 10.0 0.5 1.25 OIL, TTL, RTL 3 175m 
DG161A N-JFET 15 10.0 0.5 1.25 DTL, TTL, RTL 3 175m 
DG162A N-JFET 50 2.0 0.4 0.8 DR, VIL, RTL 3 175m 
06186 N-JFET 10 10.0 0.3 0.25 OIL, VIL, RTL 3) 80m 
06187 N-JFET 30 0.1 0.15 0.13 DR. VIL, RTL 80m 
06188 N-JFET 0.1 0.25 0.13 VIL. DTL, L, RTL r) 3) 80m 

1 DG443A N-JFET 80 5.0 0.5 1.0 DTI, TrL, RTL (3) 175m 
DG444A N-JFET 35 5.0 0.5 1.0 DTL, TTL, RTL (3) 175m 

SPOT 
06446A 
DG461A 

N-JFET 
N-JFET 

15 
20 

15.0 
15.0 

0.75 
0.75 

1.25 
1.25 

DU, Tit, gm 
OIL,VILRTL 

175m 
175m prree2A 

`114187 
N-JFET 
Vara FET 

100 
30 

5.0 
0.1 

0.5 
0.25 

1.0 
0.13 

OIL.VIL RTL 
DTL, TTL, RTL, CMOS, PMOS, TTL High Level 1331 

175m 
350pW 

1T-I188 Vera FET 75 0.1 0.25 0.13 OTL,TTL,RTL, CMOS, PMOS, TTL High Level (3 350µW 
1H5042 CMOS 75 1.0 0.5 0.25 DTL, VIL, RTL, PMOS, CMOS (3) 350W 
1115050 CMOS 35 1.0 0.25 0.15 DU, nt, FrrL, PMOS, CMOS (3) 350µW 
06189 N-JFET 10 10.0 0.3 0.25 DTL, TTL. RTL (3) 150m 
06190 N-JFET 30 1.0 0.15 0.13 DTL, TTL, RTL 150m 

N-JFET 75 1.0 0.25 0.13 OIL L, RTL VIL, r) 3) 150m 
2 IH5043 CMOS 75 1.0 0.5 0.25 DU, VIL, RTL, PMOS, CMOS 3 350µW 

IH5051 CMOS 35 1.0 0.25 0.15 DTL, TU. AIL, PMOS, CMOS 350pW 



Intersil 10 to,, toff 
Logic Input Power 

No. of Device Switch Ohms 
toff/ 

nA µS µ S Input Consumption 
Type Channels No. Technology max(1) max max Max Logic Level "TYC(2) Watts 

IH190 CMOS 30 0.1 0.25 0.13 TTL, CMOS, PMOS, TTL High Level (3) 350µW 
SPOT 2 IH191 CMOS 75 0.1 0.25 0.13 TTL, CMOS, PMOS, TTL High Level (3) 350W 

1 IH5044 CMOS 75 1.0 0.5 0.25 DTL, TTL, RTL, CMOS, PMOS hi 350p.W 

DG126A N-JFET 80 1.0 0.3 0.8 DTL, TTL, RTL hi 175m 
DG129A N-JFET 30 1.0 0.3 0.8 OTL, TTL, RTL hi 175m 
DG140A N-JFET 10 10.0 0.5 1.25 DTL, TTL, RTL hi 175m 
DG153A N-JFET 15 10.0 0.5 1.25 DTL, TTL, RTL hi 175m 
DG154A N-JFET 50 2.0 0.3 0.8 DTL, TTL, RTL hi 175m 

DG183 N-JFET 10 10.0 0.3 0.25 DTL, TTL, RTL hi 150m 
IDG184 N-JFET 30 1.0 0.15 0.13 DTL, TTL, RTL hi 150m 
DG185 N-JFET 75 1.0 0.25 0.13 DTL, TTL, RTL hi 150m 

DPST 2 DG426A N-JFET 80 5.0 0.5 1.0 DTL, TTL, RTL hi 175m 
DG429A N-JFET 35 5.0 0.5 1.0 DTL, TTL, RTL hi 175m 

DG440Ia N-JFET 15 15.0 0.75 1.25 DTL, TTL, RTL hi 175m 
DG453A N-JFET 20 15.0 0.75 1.25 DTL, TTL. RTL hi 175m 
DG454A N-JFET 100 5.0 0.5 1.0 DTL, TTL, RTL hi 175m 
IH184 Vara FET 30 0.1 0.25 0.13 OIL, TTL, AIL, CMOS, PMOS hi 350µW 
IH185 Vara FET 75 0.1 0.25 0.13 DTL, TTL, RTL, CMOS, PMOS lo 350µW 

IH5045 CMOS 75 1.0 05 0.25 DTL, TTL, RTL, PMOS. CMOS to 350p.W 
IH5049 CMOS 35 1.0 0.25 0.15 DTI_ TTL, RTL, PMOS, CMOS to 350µW 

DG120 P-MOS FET 450 -3.0 0.3 2.0 DTL, TI-L, RTL to 150mW 
3 DG121 P-MOS FET 450 -3.0 0.3 2.0 DTL, TTL, RTL lo 165mW 

DG139A N-JFET 30 1.0 0.4 0.8 DTL, TTL, RTL (3) 175m 
DG142A N-JFET 80 1.0 0.4 0.8 DTL, TTL, RTL (3) 175m 
DG145A N-JFET 10 10.0 0.5 1.25 DTL, TTL, RTL (3) 175m 
DG163A N-JFET 15 10.0 0.5 1.25 OIL, TTL, RTL (3) 175m 
DG164A N-JFET 50 2.0 0.4 0.8 OIL, TTL, RTL (3) 175m 

DPDT 1 DG439A 
DG442A 

N-JFET 
N-JFET 

35 
80 

5.0 
5.0 

0.5 
0.5 

1.0 
1.0 

OIL, TTL, RTL 
DTL, 171_, RTL M 

175m 
175m 

DG445A N-JFET 15 15.0 0.75 1.25 DTL, TTLQ, RTL (3) 175m 
DG463A N-JFET 20 15.0 0.75 1.25 DTL, TTL, RTL (3) 175m 
DG464A N-JFET 100 5.0 0.5 1.0 DTL, TTL, RTL (3) 175m 

IH5046 CMOS 75 1.0 0.5 0.25 DTL, TTL, RTL, CMOS, PMOS (3) 350µW 

4PST 1 IH5047 CMOS 75 1.0 0.5 0.25 DTL, TTL, AIL, CMOS, PMOS hi 350µW 

1 of 16 IH5060 CMOS 400 10.0 1.5 1.0 DTL, TTL, RTLV, CMOS hi 5mW MliX 2 of 16 IH5070 CMOS 400 5.0 1.5 1.0 DTL, TTL, RTL, CMOS hi 5mW 

Multi-Channel FET Switches 
Electrical Characteristics @ +25C-Military Temperature Devices 

Interall ROS Ion] I. ,,,,,, t.,„ to,, Logic Input 

No. of Device Switch ohms ohms na na na 
Type Channels No. Technology max (4) max(1) max max' max' Logic Level type (4) 

3 MM-455 P-MOS 200 600 0.2 50 50 P-MOS lo 
MM-555 P-MOS 200 600 20.0 50 50 P-MOS lo 

G-124 P-MOS 100 450 

LOU) 
ul 

0
0
,
-
.
-
0
 

.
M
N
N
q
 

c
i
ó
c
i
c
i
d
 
c
i
c
i
d
d
o
 
o' 

N
 
N
I
 

100 100 P-MOS hi 

G-125 N-JFET 500 500 30 50 -5V PMOS hi 
G-126 N-JFET 250 250 30 50 -10V PMOS hi 
G-127 N-JFET 90 90 30 50 -5V PMOS hi 
G-128 N-JFET 45 45 30 50 -10V PMOS hi 
G-129 N-JFET 500 500 30 50 -5V PMOS hi 

G-130 N-JFET 250 250 30 50 -10V PMOS hi 
G-131 N-JFET 90 90 30 50 -5V PMOS hi 

4 G-132 N-JFET 45 45 30 50 -10V PMOS hi 
SPST G-1330 N-JFET 20 20 30 50 -5V PMOS hi 

G-1340 N-JFET 10 10 30 50 -10V PMOS hi 

G-1350 N-JFET 20 20 30 50 -5V PMOS hi 
G-1360 N-JFET 10 10 30 50 -10V PMOS hi 
MM-451 P-MOS 200 600 50 50 P-MOS lo 
MM-452 P-MOS 200 600 50 50 P-MOS to 
MM-551 P-MOS 200 600 50 50 P-MOS lo 

MM-552 P-MOS 200 600 50 50 P-MOS lo 

5 
G-116 
G-117 

P-MOS 
P-MOS 

100 
100 

450 
450 

-2.5 
-0.5 

100 
100 

100 
100 

P-MOS 
P-MOS 

to 
lo 

6 
G-115 
G-118 

P-MOS 
P-MOS 

100 
100 

450 
450 

-10.0 
-3.0 

100 
100 

100 
100 

P-MOS 
P-MOS 

lo 
lo 

G-123 P-MOS 125 500 -10.0 100 100 P-MOS lo 
DM 2 MM-450 P-MOS 200 600 0.2 50 50 P-MOS lo 

MM-550 P-MOS 200 600 200 50 50 P-MOS lo 

SPST 3 G-119 P-MOS 100 450 -1.5 100 100 P-MOS lo 

'These times are dependent on the driver used. 

' Drivers for FET Switches 
Electrical Characteristics @ +25°C-Military Temperature Devices 

No. of 
Channels 

'Mersa 
Device 
No, 

V.,,, 
Positive 
volts 

Negative 
volts 

Ds 

Max 

'OFF' 
ns 
max 

I,. 
Lo 

mA (Max) 
Hi 

µA (Max) 
Logic Input 

Level 

Power 
Consumption 

(m,A) 

2 

D112 
0113 
0120 
0121 

+9.9 
+9.9 
+9.9 
+9.9 

-19.2 
-19.2 
-19.2 
-19.2 

250 
250 
250 
250 

1500 
15130 
600 
600 

0.7 
1.0 
0.7 
1.0 

1.0 
1.0 
1.0 
1.0 

TTL 
TTL 
TTL 
TR 

200m 
200m 
200m 
200m 

4 0129 V„ - 19.3 250 1000 -02 0.25 TTL;DTL 100m 

6 0123 
0125 

V„ 
V„ 

-19.7 
-19.7 

250 
250 

600 
600 

1.0 
0.7 

1.0 
1.0 

TTL/DTL 
TTL 

125m 
300m 

1. Switch Resistance under worst case analog voltage. 
2. Positive logic o ("0") or hi ("I") voltage at driver input necessary to turn switch on. 
3. Logic "0" or "I" can be arbitrarily assigned for double-throw switches. 
4. Switch resistance under best case analog voltage. 



Intersil manufactures a variety of sophisticated standardized watch 
and clock chips. Because these devices have been standardized, 
pricing is low and predictable. 

Watches and Clocks 

Any of our standard devices can be customized to fit any timing 
requirement. 

Part 
Number Circuit Description Power Crystal Frequency 

ICM1115A/ Quartz clock circuit, bipolar stepper motor application with simple alarm (1) 1.5-volt cell 4.194MHz 
ICM111513 

ICM1424A/ 
ICM142413 

5-function LCD wristwatch circuit. Features: 
hrs, min, sec, month, date, 31/2  digit display. 1424 B has rapid advance on setting 

(1) 1.5-volt cell 32-768kHz 

ICM1424M Same electrical characteristics as ICM1424A and B but with mirror image configuration. (1) 1.5-volt cell 32-768kHz 

ICM7038A Quartz clock circuit with alarm, synchronous motor (2) 1.5-volt cells 2 to 10MHz 

ICM703813 Quartz clock circuit with alarm, synchronous motor (1) 1.5-volt cell 2 to 10MHz 

ICM7045 Complete 4-function stop watch/24-hr. clock on single microcircuit chip 
with direct drive for LEDs on chip 

(3) 1.2-volt cells 6.5536MHz 

ICM7045A Complete 4-function industrial stopwatch precision decade timer to count seconds, 
minutes or hours by selection of suitable oscillator frequencies 

(3) 1.2-volt cells Seconds 1.31072MHz 
Minutes 2.184533MHz 
Hours 3.640889MHz 

ICM7049A Quartz clock circuit, unipolar stepper motor application with complex alarm (1) 1.5-volt cell 4-1943MHz 

CM7050 Quartz clock circuit, bipolar stepper motor application with complex alarm (1) 1.5-volt cell 4-1943MHz 

ICM7051A Quartz automobile clock circuit for synchronous motor (1) 12.0-volt cell 4-1943MHz 

ICM7051B Quartz automobile clock circuit for bipolar stepper motor (1) 12.0-volt cell 4-1943MHz 

ICM7200A One chip LED wristwatch circuit with direct drive for LEDs on chip. (2) 1.5-volt cells 32-768kHz 
(ICM7203A Features hrs, min. sec, day and date 
24-hr. type) 

ICM7202A One chip LED wristwatch circuit with direct drive for LEDs on chip. (2) 1.5-volt cells 32-768kHz 
(ICM7204A Features: hrs, min, sec, date 
24-hr. type) 

ICM7205 Split and Taylor time stopwatch circuit with direct drive for LEDs on chip (3) 1.2-volt cells 3.2768MHz 

ICM7210/ 4-digit 6-function alpha-numeric LCD wristwatch circuit. (1) 1.5-volt cell 32-768kHz 
ICM7210A Features: hrs, min, day, date, month, sec 

ICM7210M Same electrical characteristics as ICM7210 but with mirror image (1) 1.5-volt cell 32-768kHz 

ICM7214/ 
ICM7214A 

5- and 6-function alpha-numeric LED readout wristwatch circuits with 
english. french, german and italian languages versions and perpetual calendar. 

(2) 1.5-volt cells 32-768kHz 

Features: hrs. min. sec, day, date, month 

ICM7215 Complete 4-function stopwatch including "time-our function. Direct drive for LED on chip (3) 1.2-volt cells 32-768kHz 

ICM7220 6-digit and 6-function LCD wristwatch circuit. alphanumeric with options such as 
dual time zone, alarm. chronograph or 12 or 24 hours 

(1) 1.5-volt cell 32-768kHz 

ICM7221 4-digit 6-function LCD watch circuit with alarm-can be used for clock circuits (1) 1.5-vdt cell 32-768kHz 

ICM7222 Same as ICM7220 

Note: Most of the above devices are available in packaged form as well as die form. 

Industrial Counting and Timing Microcircuit 
Part 
Number Circuit Description Package 

C-vstal 
Frequency Output 

ICM7045A Complete industrial stopwatch precision decade timer to 28 pin DIP Seconds-1.31 MHz 7 digit common Cathode LED drive. 
count seconds. minutes or hours by selection of suitable Minutes-2.18MHz Displays up to 240,000 secs 2.400 
oscillator frequencies Hours-3.64MHz mina 24 hrs 

ICM7201 Low battery voltage indicator TO.72 Not applicable Lights LED at voltage below 2.9V 

ICM7206 Touch tone encoder 16 pin DIP 3.57954MHz 2 of 8 sine wave for tone dialing 
Requires one contact per key 

ICM7206A Touch tone encoder 16 pin DIP 3.57954MHz 2 of 8 sine wave for tone dialing 
Requires 2 contacts per key with common line connected 
to the positive supply 

ICM7206B Touch tone encoder 16 pin DIP 3.57954MHz 2018 sine wave for tone dialing 
Common line connected to the negative supply and oscillator 
is enabled when key is depressed 

ICM7207 Frequency counter timebase. 14 pin DIP 6.5536MHz Crystal frequency. * 2'', . 2". 
ICM7207A Includes .01. 0.1, or 1 second count window plus store. 

reset and MUX 
5.24288MHz + 10 ") divider stage 

ICM7208 7 digit unit counter With the addition of ICM7207 the circuit 
becomes a complete timer-frequency counter 

28 pin DIP LED display direct drive 

ICM7209 High frequency clock generator for 5-volt systems 8 pin DIP to 10MHz Crystal frequency, , 2' divider stage 

ICM7213 Oscillator, divider and wave-shaping circuit 14 pin DIP 1 to 6MHz Clistal frequency, + 2'' frequency. 
one-second and one-minute pulses 

ICM7216 8 digit self contained universal counter with option for 28 pin Cerdip 10MHz 8 digit common anode or common 
frequency counting only or plastic cathode LED direct drive 

ICM7226 8 digit full function universal counter which can function 40 pin ceramic DIP 10MHz 8 digit common anode or common 
as a frequency counter, period counter. frequency ratio 
counter, time interval counter or as a totalizing counter 

or plastic cathode LED direct drive 

ICM7217 4 digit. synchronous. presettable up/down counter with an 28 pin Cerdip Seven segment common anode or 
onboard presettable register continuously compared to the 
counter for hard wire control application 

or plastic common cathode direct LED drive 

ICM7227 4 digit, synchronous, presettable up/down counter with an 28 pin Cerdip Seven segment common anode or 
onboard presettable register continuously compared to the 
counter for microprocessor control applications 

or plastic common cathode direct LED drive 

ICM7218 Universal LED driver system with 8x8 memory, optional 28 pin Cerdip Seven segment plus decimal point 
BCD to seven segment decoder to direct d:ive common or plastic common anode or common cathode 
anode or cathode 8 digit LED displays for hard wired or 
microprocessor systems 

40 pin Ceramic 
or plastic 

direct LED drive 



Commitment 
Intersil is a major supplier of Military/Hi Rel components. Our broad 

range of products and history of supplying reliable components, 

have allowed us to participate in a very large number of major 

programs. We dedicate the time and effort required to support the 

user with Program Management. This specialized service provides 

baseline control, milestone schedules, critical event reporting, and 

coordinated engineering level data exchanges. 
Intersil is totally committed to supporting this important business 

segment. 

Semiconductor Manufacturing and 
Process Control 
Strict process control inspections after each manufacturing operation 
are necessary to achieve high yields, as well as produce a product 

with high quality and reliability At Intersil reliability is built into the 
product by utilizing only the most modern ultra clean manufacturing 
facilities, by staffing with the most experienced and well trained 
personnel available for processing, and by quality monitors of the 

critical manufacturing steps. 

Product Assurance and Quality 
Control 
The Intersil Product Assurance and Quality Control Groups continu-

ously monitor all operations from incoming raw material to shipment 

of finished product Intersil's Product Assurance Manual (PA 4000, 

available on request), is a statement of the policies which insure 

Intersil's continuing commitment to high quality and reliability 
standards. This document is based on MIL-Q-9858A, NH85300.4 

(IC), and MIL-I-45208A. A further extension of Intersil's commitment 

to quality products is the utilization of the companies two in-house 

scanning electron microscopes (SEMI, which are used both as a lot 
acceptance tool and an in-process monitor on all product lines. 

100% Environmental and Electrical 
Lot Screening 
The purpose of this screen is to assure a high level of quality and 

reliability within a lot of semiconductor devices. Intersil offers a wide 

range of Hi Rel flow alternatives. This fact allows a user to select an 

Intersil standard flow or create, through the use of a drawing, a 

custom made screening program to exactly fit his individual needs. 

Intersil Product Engineering and Quality Groups often assist the user 

with the development of this documentation. 

Quality Conformance and 
Qualification 
The reliability of a semiconductor device can be established after its 
exposure to extended time and environmental stress. Intersil main-
tains ongoing reliability evaluations per MIL-STD-883 Method 

5005, Class B, Groups B. C. and D. Mean life evaluation data is 
obtained by selecting random samples of product on a periodic basis 

and subjecting them to operating life tests which are performed at 

accelerated conditions to speed up potential failure mechanisms. 

Failure analysis is routinely performed on all confirmed rejects to 

assure that results are pertinent and provide timely corrective action. 

Summary life test data accumulated on Intersil devices is available on 

request. 

Benefits of Hi Rel Screening 
• Increased system reliability 

• Reduced system down time 
• Reduced in house and field repair costs 

• Reduced customer dissatisfaction 

• Reduce inspection costs 

• User screening programs not necessary 

Screening/Conformance Programs 
• MIL-M-38510 (1) "JAN" 

• MIL-S-19500 (1) "JANDC 

• Intersil screening programs per MIL-STD-883 (See table below) 

• Customer custom drawing requirements. 

(1) On OPL listed devices only. 

Intersil 883 Screening Programs 

REQUIREMENT 
METHOD 
5004 
CLASS CLASS CLASS 
S B C 

METHOD 
5008 
HYBRID 

1 Internal Visual 
(Precap) 2010A 2010B 2010B 2017 

2 Stabilization Bake X X x X 
3 Temp Cycle and/or 

Thermal Shock X X X X 
4 Constant Acceleration X X X X 
5 Particle Impact 

Noise Detection X — — — 
6 Seal (Fine & Gross) OPT X X X 
7 Serialization X — — — 
8 Interim Electrical x — — — 
9 Burn-In 2401-IR 160HR — 160HR 

10 Interim Electrical x — — — 
11 Reverse Bias Burn-In 72HR — — — 
12 Interim Electrical x x — X 
13 Seal (Fine & Gross) X — — — 
14 Final Electrical X X X X 
15 Radiographic X — — — 
16 External Visual X X X X 

Intersil Generic Data Quality 
Conformance Program 
Group A— Group A inspection is performed on each sublot 

or inspection lot and consists of electrical param-

eter tests. 

Group 8— Group B inspection is performed on each inspec-

tion lot, for each package type and lead finish. 

Group B consists of mechanical and environmental 

tests. 

Group C— Group C inspection is performed periodically at 3 

month intervals. Group C consists of die-related tests. 

Group D— Group D inspection is performed periodically at 6 

month intervals for each package type. Group D 

consists of package-related test. 
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ARIZONA 

Liberty Electronics 
8155 No. 24th Avenue 
Phoenix, AZ 85021 
Tel: (602) 249-2232 

Kierulff Electronics 
4134 E. Wood St. 
Phoenix, AZ 85040 
Tel: (602) 243-4101 

CALIFORNIA 

Elmar Electronics 
2288 Charleston Road 
Mt. View, CA 94042 
Tel: (415) 961-3611 
TWX: 910-379-6561 

Intermark Electronics Inc. 
4040 Sorrento Valley Blvd. 
Suite A 
San Diego, CA 92121 
Tel: (714) 279-5200 

Intermark Electronics Inc. 
1020 Stewart Drive 
Sunnyvale, CA 94086 
Tel: (408) 738-1111 
TWX: 910-339-9312 

Kierulff Electronics 
2585 Commerce Way 
Los Angeles, CA 90040 
Tel: (213) 725-0325 

Kierulff Electronics 
3969 Bayshore Road 
Palo Ato, CA 94303 
Tel: (415) 968-6292 

Kierulff Electronics 
14101 Franklin Ave. 
Tustin, CA 92680 
Tel: (714) 731-5711 

Liberty Electronics 
124 Maryland St. 
El Segundo, CA 90245 
Tel: (213) 322-8100 
TWX: 910-348-7111 

Liberty Electronics 
8248 Mercury Court 
San Diego, CA 92111 
Tel: (714) 565-9171 
TWX: 910-335-1590 

Schweber Electronics 
17811 Gillette Ave. 
Irvine, CA 92714 
Tel: (714) 556-3880 
TWX: 910-595-1720 

COLORADO 

Century Electronics 
8155 W. 48th Avenue 
Wheatridge, CO 80033 
Tel: (3031424-1985 
TWX: 910-938-0393 

Elmar Electronics 
6777 E. 50th Avenue 
Commerce City CO 80022 
Tel: (303) 287-9611 
TWX: 910-936-0770 

Kierulff Electronics 
10890 E. 47th Avenue 
Denver, CO 80239 
Tel: (303) 371-6500 

CONNECTICUT MARYLAND 

Arrow Electronics 
295 Treadwell Street 
Hamden, CT 06514 
Tel: (203) 248-3801 
TWX: 710-465-0780 

Schweber Electronics 
Finance Drive 
Commerce Industrial Park 
Danbury CT 06810 
Tel: (203) 792-3500 
TWX: 710-456-9405 

FLORIDA 

Arrow Electronics 
1001 NW 62nd Street 
Suite #402 
Ft. Lauderdale, FL 33309 
Tel: (305) 776-7790 
TWX: 510-955-9456 

Diplomat/Southland, Inc. 
1771 N. Hercules Avenue 
Clearwater, FL 33515 
Tel: (813) 443-4514 
TWX: 810-866-0436 

Schweber Electronics 
2830 N. 28th Terrace 
Hollywood, FL 33020 
Tel: (305) 927-0511 
TWX: 510-954-0304 

GEORGIA 

Arrow Electronics 
3406 Oak Cliff Road 
Doraville, GA 30340 
Tel: (404) 934-2928 

Schweber Electronics 
4126 Pleasantdale Road 
Atlanta, GA 30340 
Tel: (404) 449-9170 

ILLINOIS 

Kierulff Electronics 
85 Gordon Street 
Elk Grove Village, IL 60007 
Tel: (312) 640-0200 

Schweber Electronics 
1275 Brummel Avenue 
Elk Grove Village, IL 60007 
Tel: (312) 593-2740 
TWX: 910-222-3453 

INDIANA 

Advent Electronics, Inc. 
8505 Zionsville Road 
Indianapolis, IN 46268 
Tel: (317) 297-4910 
TWX: 810-341-3228 

Sheridan Associates 
8790 Purdue Road 
Indianapolis, IN 46268 
Tel: (317) 297-3147 

Arrow Electronics 
4801 Benson Avenue 
Baltimore, MD 21227 
Tel: (301) 247-5200 
TWX: 710-236-9005 

Schweber Electronics 
5640 Fisher Lane 
Rockville, MD 20852 
Tel: (301) 881-3300 
TWX: 710-828-0536 

MASSACHUSETTS 

Arrow Electronics 
96D Commerce Way 
Woburn, MA 01801 
Tel: (617) 933-8130 

Kierulff Electronics, Inc. 
13 Fortune Drive 
Billerica, MA 01821 
Tel: (617) 667-8331 
TWX: 710-390-1449 

Schweber Electronics 
213 Third Avenue 
Waltham, MA 02154 
Tel: (617) 890-8484 

MICHIGAN 

Schweber Electronics 
86 Executive Drive 
Troy, MI 48048 
Tel: (313) 583-9242 

Sheridan Sales 
24543 Indoplex Drive 
Farmington, MI 48024 
Tel: (313) 447-3800 

MINNESOTA 

Arrow Electronics 
9700 Newton Avenue South 
Bloomington, MN 55431 
Tel: (612) 887-6400 
TWX: 910-576-3125 

Schweber Electronics 
7402 Washington Avenue South 
Eden Prairie, MN 55343 
Tel: (612) 941-5280 

MISSOURI 

LCOMP 
2211 River Front Dr. 
Kansas City MO 53120 
Tel: (816) 221-2400 

LCOMP 
2550 Harley Drive 
Maryland Heights, MO 63043 
Tel: (314) 291-6200 

NEW JERSEY 

Arrow Electronics 
Pleasant Valley Avenue 
Moorestown, NJ 08057 
Tel: (609) 235-1900 
TWX: 710-897-0829 

Diplomat IPC, Corp. 
490 South River Drive 
Totowa, NJ 07512 
Tel: (201) 785-1830 

Schweber Electronics 
43 Belmont Drive 
Somerset NJ 08873 
Tel: (201; 469-6008 



NEW HAMPSHIRE 
Arrow Electronics Component Specialties CESCO 
5 Driving Park Road 7920 E. 40th Street 24 Martin Ross Avenue 
Manchester, NH 03103 Tulsa, OK 74145 Downsview, Ontario 
Tel: (603) 668-6968 Tel: (918) 664-2820 Canada M3J 2K9 

Tel: (416) 661-0220 

CESCO 
4050 Jean Talon St., W 
Montreal, Quebec 
Canada H4P 1W1 
Tel: (514) 735-5511 

CESCO 
1300 Carling Avenue 
Ottawa, Ontario 
Canada K1Z 7L2 
Tel: (613) 729-5118 

CESCO 
98 Ouest St. Vallier 
Quebec City, Quebec 
Canada GI K 6W8 
Tel: (418) 524-4641 

R.A.E. Ind. Elect. Ltd. 
1629 Main Street 
Vancouver, British Columbia 
Canada V6A 2W5 
Tel: (604) 687-2621 
TWX: 610-929-3065 

Zentronics Ltd. 
99 Norfinch Avenue 
Downsview, Ontario 
Canada M3N 1W8 
Tel: (416) 635-2822 
TLX: 02-21694 

OKLAHOMA CANADA 

NEW MEXICO PENNSYLVANIA 

Century Electronics 
121 Elizabeth NE 
Albuquerque, NM 87123 
Tel: (505) 292-2700 
TWX: 910-989-0625 

NEW YORK 

Arrow Electronics 
900 Broad Hollow Road 
Farmingdale, NY 11735 
Tel: (516) 694-6800 
TWX: 510-224-6494 

Components Plus 
40 Oser Avenue 
Hauppauge, NY 11787 
TI: (516) 231-9200 

Harvey Federal Electronics 
RO. Box 1208 
Binghamton, NY 13902 
Tel: (607) 748-8211 
TWX: 510-252-8093 

Schweber Electronics 
2 Townline Circle 
Rochester, NY 14623 
Tel: (716) 461-4000 

Schweber Electronics 
Jericho Turnpike 
Westbury NY 11590 
Tel: (516) 334-7474 
TWX: 510-222-3660 

NORTH CAROLINA 

Arrow Electronics 
1377-G South Park Dr. 
PO. Box 989 
Kernersville, North Carolina 27284 
Tel: (919) 996-2039 

RESCO 
701 Georgetown Road 
Raleigh, NC 27608 
Tel: (919) 832-2077 
TWX: 510-928-0590 

OHIO 

Arrow Electronics 
3100 Plainfield Road 
Dayton, OH 45432 
Tel: (513) 253-9176 
TWX: 810-459-1611 

Schweber Electronics 
23880 Commerce Park Road 
Beachwood, OH 44122 
Tel: (216) 464-2970 

Sheridan Associates 
23224 Commerce Park Road 
Beachwood, OH 44122 
Tel: (216) 831-0130 

Sheridan Sales 
RO. Box 37826 
Cincinnati, OH 45222 
Tel: (513) 761-5432 
TWX: 810-461-2670 

Schweber Electronics 
101 Rock Road 
Horsham, PA 19044 
Tel: (215) 441-0600 

Sheridan Sales 
1717 Penn Avenue 
Suite #5009 
Pittsburgh, PA 15238 
Tel: (215) 244-1640 

TEXAS 

Component Specialties 
8330 Burnet Road #101 
Austin, TX 78757 
Tel: (512) 459-3307 

Component Specialties 
10907 Shady Trail 
Dallas, TX 75220 
Tel: (214) 357-6511 

Component Specialties 
8585 Commerce Park Drive 
Suite #590 
Houston, TX 77036 
Tel: (713) 771-7237 

Schweber Electronics 
14177 Proton Street 
Dallas, TX 75240 
Tel: (214) 661-5010 
TWX: 910-860-5493 

Schweber Electronics 
7420 Harwin Drive 
Houston, TX 77036 
Tel: (713) 784-3600 
TWX: 910-881-1109 

UTAH 

Century Electronics 
2258 South 2700 West 
Salt Lake City, UT 84119 
Tel: (801) 972-6969 
TWX: 910-925-5698 

WASHINGTON 

Kierulff Electronics 
1005 Andover Park East 
Tukwila, WA 98188 
Tel: (206) 575-4420 

Liberty Electronics 
1750 132nd Ave., N.E. 
Bellevue, WA 98005 
Tel: (206) 453-8300 
TWX: 910-443-2526 

WISCONSIN 

Arrow Electronics 
434 W. Rawson Avenue 
Oak Creek, WI 53514 
Te;: (414) 764-6600 
TWX: 910-262-1193 

Zentronics Ltd. 
8146 Montview Road 
Town of Mount Royal 
Montreal, Quebec 
Canada H4P 2L7 
TeL (514) 735-5361 
TLX: 05-827535 

Zentronics Ltd. 
141 Catherine Street 
Ottawa, Ontario 
Canada K2P 1C3 
Tel: (613) 238-6411 
TLX: 053-3636 



ALABAMA 
K & E Associates, Inc. 
Suite 122 
3313 Memorial Parkway SE 
Huntsville, AL 35801 
Tel: (205) 883-9720 
TLX: 59 44 21 

ARIZONA 
Shefler-Kahn 
2017 N. 7th Street 
Phoenix, AZ 85001 
Tel: (602) 257-9015 
TWX: 910-951-0659 

CALIFORNIA 
Daniels & Doty Sales Company 
5575 Magnatron Blvd.—Suite B 
San Diego, CA 92111 
Tel: (714) 560-6266 

COLORADO 
Parker-Webster 
8000 E Girard Avenue—Suite 209 
Denver, CO 80231 
Tel: (303) 751-2600 
TWX: 910-320-2274 

FLORIDA 
Eir, Inc. 
400 E. Highway 436 
Casselberry, FL 32707 
Tel: (305) 830-9600 
TWX: 810-853-9213 

ILLINOIS 
Dekotech, Inc. 
10001 W Grand Avenue 
PO. Box 306 
Franklin Park, IL 6031 
Tel: (312) 455-5100 
TWX: 910-227-1761 

INDIANA 
Delesa Sales 
Executive Office Park 
2118 Inwood Drive—Suite 117 
Ft. Wayne, IN 46805 
Tel: (219) 483-9537 
TWX: 810-332-1407 

Delesa Sales 
10026 E. 21st Street 
Indianapolis, IN 46229 
Tel: (317) 894-3778 

IOWA 
Dy-Tronix, Inc. 
23 Twixt Town Road, N.E., Ste. 103 
Cedar Rapids, IA 52042 
Tel: (319) 377-8275 

MARYLAND 
New Era Sales, Inc. 
Empire Towers—Suite 407 
7300 Ritchie Highway 
Glen Burnie, MD 21061 
Tel: (301) 768-6666 

MASSACHUSETTS 
Carlisle Technical Sales 
391 Totten Pond Road 
Waltham, MA 02154 
Tel: (617) 890-1456 

MICHIGAN 
Giesting & Associates 
18700 Farmington Road 
Livonia, MI 48152 
Tel: (313) 477-6060 
TLX: 23 01 24 

MISSISSIPPI 
K & E Associates, Inc. 
Route 4, Box 70 
Corinth, MS 38824 
Tel: (601) 287-1471 
TWX: 510-984-0766 

MISSOURI 
Dy-Tronix, Inc. 
300 Brookes Drive, fee. 203 
Hazelwood, MO 63042 
Tel: (314) 731-5799 
TWX: 910-762-0651 

Dy-Tronix, Inc. 
11004 E. 40 Highway, Ste. 116 
Independence, MO 64055 
Tel: (816) 737-1100 

NEW JERSEY 
Barrett Associates 
140 Barclay Cente:-
Route 70 
Cherry Hill, NJ 08034 
Tel: (609) 429-1551 
TWX: 710-896-088f 

NEW MEXICO 
Sheffer-Kahn 
10200 Menaul NE 
Albuquerque, NM 137112 
Tel: (505) 296-0749 

NEW YORK 
NYCOM, Inc. 
10 Adler Drive 
East Syracuse, NY 13057 
Tel: (315) 437-8343 
TWX: 710-541-1506 

NORTH CAROLINA 
B.T. Funderburk, Inc 
5933 Ponderosa Drive 
Raleigh, NC 276 ,2 
Tel: (919) 782-3493 

OHIO 
Crest Component Sales 
Tanglewood Professional Building 
8505 Tanglewood Square 
Chagrin Falls, OH 44022 
Tel: (216) 543-9808 

Giesting & Associates 
3274 Donneybrook Lane 
Cincinnati, OH 45239 
Tel: (513) 851-7800 
TUC 214283 

Giesting & Associates 
1900 Euclid Avenue 
Cleveland, OH 44115 
Tel: (216) 621-4240 

Giesting & Associates 
249 Winding Way 
Dayton, OH 45429 
Tel: (513) 293-4044 

Giesting & Associates 
570 South State Circle 
Galion, OH 44833 
Tel: (419) 468-3737 

OREGON 
LD Electronics 
PO. Box 626—Beaverton, Or 
17965 SW Tualatin Valley Highway 
Aloha, OR 97005 
Tel: (503) 649-8556, 649-6177 
TWX: 910-467-8713 

TEXAS 
Southern States Marketing 
4220 Proton Rcad 
Dallas, TX 75240 
Tel: (214) 387-2489 

Southern States Marketing, Inc. 
6006 Bellaire—Suite 118 
Houston, TX 77081 
Tel: (713) 665-0991 

UTAH 
Parker-Webster 
2880 South Main #110 
Salt Lake City UT 84115 
Tel: (801) 487-5911 

WASHINGTON 
LD Electronics 
14506 NE 169th Street 
PO. Box 663 
Woodenville, WA 98072 
Tel: (206) 485-7312 

CANADA 
Penryn Electronic Sales 
2255 Dandurand Street 
Montreal, Quebec H2G 1Z6 
Tel: (514) 279-4507 
TLX: 055 60367 

Penryn Electronic Sales 
80 Bloor Street West 
Toronto, Ontario M5S 2V1 
Tel: (416) 923-9323 
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NORTHERN EUROPEAN 
HEADQUARTERS 
Intersil Inc. 
8 Tessa Road 
Richfield Trading Estate 
Reading, Berks. RG1 8ND 
England 
Tel: 0734-595011 
TLX: 847227 INTRSL G 

AUSTRALIA 

R 8.. D Electronics Pty Ltd. 
PO. Box 176 
Oakleigh, Victoria 
Australia 3166 
Tel: 288-8232/8262 
TEX: RADET AA33288 

AUSTRIA 

Rieger GmbH 
Marxergasse 10 
A-I030 Vienna 3 
Austria 
Tel: (0222) 73-46-84-0 
TLX: 11087 RIEGER A 

BELGIUM 

Ad. Auriema Europe 
Rue Brogniez 172A 
B-1070 Brussels 
Belgium 
Tel: 02-523.62.95 
TLX: 21646 ADAURI B 

DENMARK 

E.V Johanssen Electronik A-S 
15, Titangade 
DK-2200 Copenhagen N 
Denmark 
Tel: 45-1-839022 
TEX: 16522 EVICAS DK 

FINLAND 

Nabla Elektroniikka Oy 
PO. Box 3 
SF-02101 Espoo 10 
Finland 
Tel: 90-46 28 29 
TEX: 121394 (Cable: NABLA) 

FRANCE 
Tekelec-Airtronic 
Cite des Bruyeres 
Rue Carle-Vernet 
92310 Sevres 
France 
Tel: (1) 027-75-35 
TEX: TEKLEC 250997 

HOLLAND 

Auriema Nederland B.V. 
Vestdijk 32 
Eindhoven 
Netherlands 
Tel: 040-444470 
TEX: 51992 AURI NL 

HONG KONG 

S.S.I. Far East Limited 
Suite 201, Austin Centre 
21 Austin Avenue 
Tsim Sha Tsui, Kowloon 
Hong Kong 
Ter 3-672112-3 
TLX 86496 SSI HK 

INTERNATIONAL MARKETING 
HEADQUARTERS 
Intersil Inc. 
10710 N. Tantau Avenue 
Cupertino, California 95014 
U.S.A 
Tel: (408) 996-5000 
TWX: 910-338-0533 (INTRSUNT CFTO) 

INDIA 

Zenith Electronics 
220 Walkeshwar Road 
Bombay 400 006 
India 
Tel: 367717 
TLX 011-3152 ZENITH 

INDIA—U.S. OFFICE 

Fegu Electronics 
260 Sheridan Ave., Suite 415 
Palo Alto, California 94306 
USA 
Tel: (415) 493-1788 
TLX 34-5599 (FEGU ELEC PLA) 

ISRAEL 

R. N. Electronics 
Hagolan Street 103 
Ramat-Hachayal 
ROB. 10205 
Tel-Aviv 
Israel 
Tel: 471659 
TLX: 341730 SPEED IL 

ITALY 

Auriema Italia SRL 
Via Domenichino 19 
20149 Milano 
Italy 
Tel: 02-430602 
TEX: 39054 AURIEMA 

JAPAN 

Internix Inc. 
Naito Building 
7-2-8 Nishishinjuku 
Shinjuku-Ku 
Tokyo 160 
Japan 
Tel: 369-1101 
TEX: FETC J28497 

Internix Inc. 
11-1, Naruocho 
Kitaku, Osaka 
Japan 
Tel: 06-364-5971 

KOREA 

Caduceus Ltd. 
Sindo Building, Room 508 
65-4, 2-Ka Chung Mu Road 
Chung-Ku, Seoul 
Korea 
Tel: 777-2325 
TEX: K2331/K2332 MOCNDM 

KOREA—U.S. OFFICE 
Saturn Trading Limited 
5 Palo Alto Square 
3000 El Camino Real, Suite 1002 
Palo Alto, California 94304 
U.S.A. 
Tel: (415) 493-0813 
TEX: 334467 CENTAURI PLA 

NEW ZEALAND 

Delphi Industries Ltd. 
26A Lagoon Drive 
Panmure, Auckland 6 
New Zealand 
Tel: Auckland 574-858 
TLX: JOHNWAL NZ2774 

NORWAY 

Hans H. Schive A/S 
PO. Box 250 Skoyen 
Hoff Terrasse 10 
Oslo 2, Norway 
Tel: 557692 
TLX: 19124 SKIVE N 

POLAND—U.S. OFFICE 

International Business Systems 
2522 Eighteenth Street 
Racine, Wisconsin 53403 
U.S.A. 
Tel: (414) 634-2328 
TWX: 910-271-2601 (IBS RCN) 

SOUTHERN EUROPEAN 
HEADQUARTERS 
Intersil Inc. 
3, rue de Marly 
78000 Versailles 
France 
Tel: (1) 953-47-08 
TEX: INTERSF 695231F 

SINGAPORE 
General Engineers Corp. Pte. Ltd. 
37, Hill Street 
Singapore 6 
Republic of Singapore 
Tel: 333641, 333651 
TLX: RS23987 

SOUTH AFRICA 

Electronic Bldg. Elements Pty Ltd. 
PO. Box 4609 
Pretoria, Transvaal 
Republic of South Africa 
Tel: 78-9221/6 
TEX: 3-0181 SA 

SOUTH AMERICA—U.S. OFFICE 

Intectra 
2349 Charleston Road 
Mountain View, California 94043 
U.S.A. 
Tel: (415) 967-8818 
TEX: 345-545 INTECTRA MNTV 

SPAIN 

Hispano Electronica S.A. 
Poligono Industrial Urtinsa 
Apartado de Correos 48 
Madrid, Spain 
Tel: 619 41 08 
TEX: 42634/22404 ELEC E 

SWEDEN 

Svensk Teleimport AB 
PO. Box 7070 
S-163 07 Spanga 7 
Sweden 
Tel: 08-890265 
TEX: 13033 STIAB S 

SWITZERLAND 

Laser-& Electronic-Equipment 
Eierbrechtstrasse 47 
8053 Zurich, Switzerland 
Tel: 01 55 33 30 
TEX: 52124 LASEO CH 

TAIWAN 

Enterprex Corporation 
3rd Fl. 95 
Nanking E. Rd. Sec. 2 
Taipei, Taiwan 
Tel: 5318375-8 
TLX: 11732 ENTPRX 

THAILAND 

Solid Supply Centre (SSC) 
42 Soi Prachasanti 
Dindang Road 
Bangkok 4, Thailand 
Tel: 519889 

TURKEY 

Turkelek Elektronik Ltd. 
Ataturk Boulevard 169 
Ankara, Turkey 
Tel: 18 94 83 
TEX: 42 120 TRKL TR 

UNITED KINGDOM 

Macro-Marketing Ltd. 
396 Bath Road 
Slough, Berks., 
England 
Tel: (06286) 63011 
TLX: 847083 MACRO G 

Rapid Recall Ltd. 
Div. of Walmore Electronics 
9 Betterton Street 
Drury Lane 
London WC2H 9BS 
England 
Tel: 01-3796741 
TLX: 28752 WALMORE G 

Tranchant Electronics Ltd. 
Tranchant House 
100A High Street 
Hampton, Middlesex TW12 2ST 
England 
Tel: 01979 0123/7 
TLX: 929615 TRELEC G 

WEST GERMANY 

Spezial-Electronic KG 
8000 Munchen 70 
Ortlerstrasse 8 
West Germany 
Tel: 089/7600031 
TLX: 5212176 SPEZ D 

Spezial-Electronic KG 
3062 Buckeburg 
Kreuzbreite 15 
West Germany 
lei: 05722 1011 
TEX: 0971624 SPEZ D 
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Tel: (305) 772-4122 
-RO(: 510-955-9883 

ILLINOIS 
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2 Militia Drive, Suite 12 
Lexington, Massachusetts 02173 
Tel: (617) 861-6220 
TWX: 710-326-0887 
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6550 York Avenue, South, Suite #307 
Minneapolis, Minnesota 55435 
Tel: (612) 925-1844 
TWX: 910-576-2780 

NEW JERSEY 

560 Sylvan Avenue 
Englewood Cliffs, New Jersey 07632 
Tel: (201) 567-5585 
TWX: 710-991-9730 

OHIO 

195 Byers Road 
Dayton, Ohio 45342 
Tel: (513) 866-7328 

TEXAS 

12820 Hillcrest Drive, Suite #118 
Dallas, Texas 75230 
Tel: (214) 387-0539 
TWX: 910-860-5482 

CANADA 

338 Queen Street East 
Brampton, Ontario L6V 1C4 
Tel: (416) 457-1014 
TWX: 610-492-2691 
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ANNOUNCING: A vital service for 
industrial marketers 8( purchasers 

McGraw-Hill 

PRICELINE 
TRENDS AND FORECASTS FOR 
INDUSTRIAL COMMODITIES 

Hard cost/price forecasts for more 
than 30 industrial commodities 

• ABS Plastic 
• Aluminum 
• Brass Mill Products 
• Carbon Steel 

• Cement 

• Chloralkalies 

• Coal 

• Copper 
• Corrugated Cartons 

• Fine Paper 

• Industrial Solvents 
• Lead 

• Lumber and Plywood 
• Natural Gas 
• Nickel 
• Platinum Group Metals 

• Petrochemicals 
• Petroleum Products 
• High Density Polyethylene 

• Low Density Polyethylene 
• Polypropylene 
• Polystyrene 

• PVC 
• Rubber 

• Silver 

• Steel Scrap 

• Stainless Steel 

• Sulphur and 

Sulphuric Acid 
• Synthetic Fibers 
• Tin 
• Zinc 

Every time you make a business decision, you are forecast-
you are projecting a hopefully favorable outcome for 

your action. How close you come to the target largely depends, 
of course, on the caliber of your information. 

PRICELINE's purpose is to improve your performance, specifi-
cally in the area of industrial prices (or, if you flip the coin over, in 
the area of costs) by providing the near-term and long-term out-
looks for more than 30 key goods and commodities. 

Right off, bear in mind these two facts about prices (or costs): 

1. An industrial economy is much like the human body—all its 
parts are related to form a unit. True—again like the human 
body—some parts are larger than others, some faster, some 
slower. But it would be a basic mistake to think of the economy 
(and its cost/price structure) as a mass of random elements. 

Which leads us to suggestion No. 1: Read PRICELINE all the 
way through, not merely here and there. 

NOTE particularly the opening section which gives a broad 
forecast of the economy, both in terms of its unity and in terms of 
any deviations. You must have this overall assessment to gauge 
your future intelligently. 

2. Moreover, because of the inherent cohesiveness of the econ-
omy, certain key prices can be spotted as the "atoms" from 
which the whole price-body is built. In short, if you know the be-
havior of such key prices (which comprise PRICELINE's basic 
list) you can forecast, with reasonable accuracy, the behavior of 
many others. 

Which leads us to suggestion No. 2: You can custom-build ad-
ditional forecasts from the key list we give you. 
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If, however, you encounter stumbling blocks, we can provide 
two aids: 

1. You can call us for advice. 

2. From time to time, we'll print correlations in our regular semi-
monthly bulletins to save you the headaches of compiling your 
own. 

Here's a checklist to remind you of the 
various tasks with which PRICELINE 
gives you a strong helping hand: 

AS A BUYER 

1. INVENTORY POLICY 4. SUBSTITUTIONS AND 
MAKE-OR-BUY 

2. AVAILABILITY 
OF MATERIALS 

5. 

DECISIONS 

NEW-PRODUCT 
3. BUDGETING COST ESTIMATES 

AS A MARKETER 
1. SOUND PRICING 4. 

STRATEGY 
BUDGETING 
FOR PROFITS 

2. PROFITABILITY BY 5. 
PRODUCT LINE 

GAUGING YOUR 
CUSTOMERS 

3. NEW-PRODUCT 6. 
STRATEGY 

GAUGING YOUR OWN 
SALES ENVIRONMENT 

PRICELINE is not static. It will respond, whenever possible, to 
client needs. WE WELCOME YOUR COMMENTS. 

MAIL THIS FORM TODAY 
FOR TWO FREE ISSUES OF PRICELINE 

PRICELINE rt:41 
D YES, I want the advance intelligence that PRICELINE can 

give me. Enter my subscription for one year (24 issues, pub-
lished on the 1st and 15th of every month), $500/yr. 

0 Payment enclosed. C Bill me. D Bill company. 

Convince me. Send me two regular issues. 

Name   Title  

Company  

Type of Business   

Address  

City, State, Zip  

Signature nate   

Newsletter Publishing Center 
1221 Avenue of the Americas, New York, NY 10020 • 212/997-6220 
Outside North American, add $20 for airmail postage. E 1/5/78 
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Fil In 
If you're concerned about fit-
ting your test and measure-
ment equipment to a specific 
application, take this test. 
There's only one question so 
give it a try. 

See if you can answer this: The 
TEKTRONIX TM 500 family of 
modular instruments includes 
(check one) 
DMMs 

E Counters 
E Generators 
E Amplifiers 
D Power Supplies 
E Oscilloscopes 
D Logic Analyzers 
D Word Recognizers 
E Digital Delay 
D All of the above, plus 

If you checked "All of the above, 
plus ," nice going. 
You're close. But what did you put in 
The blank? An analog multiplier? 
Relay circuit? Switches for signal 
routing? Test oscillators at pre-set 
frequencies? Digital logic circuits? 
Converters? Special processors? 

To be completely correct, your an-
swer should include any one of 
these, or some other non-standard 
item, because TM 500 configurabil-

the Blank. 
ity not only allows you to choose 
from over 30 ready-to-gb, compact 
plug-ins for testing and measuring, 
but the mainframe also makes 
room for compatible custom plug-
ins you assemble yourself with a 
TM 500 custom Plug-in Kit. 

A TM 500 custom Plug-in Kit in-
cludes a perforated main circuit 
board, all mechanical components 
to assemble a complete plug-in, 
plus instructions on mainframe 

electrical compatibility. 

The kits are 
available in both single and double 
compartment sizes. One single 
compartment version includes all 
the components for 3 voltage reg-
ulators at the rear of the board. With 
your TM 500 you can receive on 
request TM 500 Construction 
Notes to build special-purpose in-
struments including parts lists and 
schematics. 

So, by just filling in a blank plug-in, 
your TM 500 can measure up to just 
about any highly specialized appli-
cation, saving you hours of set-up 
time. 

Whether 
you need a rackmount, 
roll-around or go-anywhere port-
able, the TM 500 gives you one tidy 
instrument with a lot of plug-ins, not 
a lot of plugs. It's configurable other 
ways, too. 

Ask your local Tektronix Field En-
gineer. He can fill in all the blanks. 

TM 500 
Designed for 
Configurability 

For configurable, accurate and re-
liable test and measurement in-
strumentation, contact: Tektronix, 
Inc., P.O. Box 500, Beaverton, 
Oregon 97077, (503) 644-0161 
Ext. 5283. In Europe: Tektronix 
Limited, P.O. Box 36, St. Peter 
Port, Guernsey, Channel Islands. 
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Probing the news  
Analysis of technology and busIness developments 

Will Detroit's needs outpace capacity? 
Intel's Grove paints gloomy picture for semiconductor industry, 

though car makers and rival chip makers are not convinced. 

by Bruce LeBoss, New York bureau manager 

Not so long ago, semiconductor 
manufacturers were asking: "Who's 
going to use all those functions we 
can put on microcomputer-type 
chips?" But with large-volume appli-
cations for these devices rapidly 
surfacing in telecommunications, ap-
pliance, and automobile markets, 
among others, at least one industry 
official now asks: "Who's going to 
make all those functions?" 
The question, posed by Andrew S. 

Grove, executive vice president at 
Intel Corp. in Santa Clara, Calif., 
might cause Detroit's auto makers to 
shift gears; they see microcomputers 
and associated circuits as a primary 
means of meeting mandated fuel-
economy and emission standards 
that go into effect as early as 1980. 
Grove envisions the auto industry 
perhaps becoming as major an outlet 
for microcomputer products as are 
the data-processing companies. But 
he believes the semiconductor indus-
try is badly behind schedule in 
building up capacity to meet the 

Not so. That's what Motorola's Colin Crook 

says to contention that semiconductor mak-

ers may not be able to meet autos' needs. 

auto makers' microcomputer re-
quirements for the 1980-81 time-
frame. In fact, he predicts a cata-
strophic breakdown in supply. 
Though Grove's alarming forecast 

is rejected by both car makers and 
his competitors, he bases it on 
several factors that he says they are 
either unaware of or disbelieve. 
First, he estimates that in the early 
1980s, over 30 million automobiles 
will be produced annually with three 
microcomputers or microcomputer-
like chips in each car. "That's 100 
million microcomputer-type chips 
per year," he says, "and that's a lot." 

lie predicts this will cause the 
same kind of design, production, 
reliability, and delivery troubles as 
happened when the semiconductor 
industry geared up to make 4,096-bit 
random-access memories. "The only 
difference is that the auto industry's 
burps have more decibels associated 
with them," he adds. Still, he 
believes a successful supply and 
technical relationship will eventually 
be worked out, albeit very painfully 
for both sides. 
The figures. Grove's 100-million-

part estimate factors in the man-
dated conversion for U. S. cars and 
the assumption that foreign cars will 
follow two years after. To meet that 
need, over and above the growth of 
the semiconductor industry's basic 
businesses, Grove notes, will require 
essentially 10 fully utilized wafer-
fabrication plants. Each must pro-
duce about 10,000 3-inch-wafer 
starts per week, or a total of 5 
million annually. A transition to 4-
in. wafers would not significantly 
reduce the number of starts. 

Then, it takes at best about 18 
months to construct such a plant and 

another 18 months to bring it to full 
capacity. "And I could easily add 
another year to the total," Grove 
remarks. Add this time to the long 
lead times needed to produce these 
devices in large volume and ship 
them, and he concludes that the 
semiconductor industry should have 
started four plants in the middle of 
1977, should start four more in the 
latter part of 1978, and finally two 
more in 1979. 
So why did the semiconductor 

industry fail to start four such dedi-
cated plants six months ago? The 
reason is cost, says Grove. At $25 
million each, all 10 plants would cost 
$250 million, not counting the addi-
tional $5 million to $10 million 
needed per plant for test and 
assembly equipment. But in 
1975-76, the whole U. S. semicon-
ductor industry spent $450 million 
on all capital investments. 
The new need cannot be met by 

short-changing other customers, ei-
ther. As the Intel vice president puts 

Worried. Nevertheless, Intel's Andrew S. 

Grove maintains that industry would need 10 

new plants just to supply Detroit. 
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The Complete Solution 
to your F3870 and F8 
Design-In Problems 

The Formulator Development 
System 

The 
Formulator 
family is designed to allow easy, 
efficient software development and 
real time hardware simulation of F8 or 
F3870 based systems. It is supported 
by a complete line of functional 
modules including memory, I/O and 
simulation cards that plug directly into 
the Formulator cardframe. 

The Formulator can, itself, be used 
as the system breadboard. It provides 
microprocessor hardware, plus card 
slots for breadboarding your system. 
Thus the entire system may reside 
within the Formulator or in a combina-
tion of external and internal configurations. 

In-Circuit Emulation 
To develop, test and debug F8 and 

F3870 based products, Fairchild offers 
simulation options that extend the 
functional features of the micro-

gloffloeS 

processor from the Formulator to the 
40-pin socket on your breadboard. 
This allows complete ROM firmware 
development, real-time symbolic 
debugging of your breadboard and 
freezing of ROM codes during the 
breadboard stage. 

PROM Prototypes 
The 3870 Emulator is a PROM-based 

substitute for the F3870 microprocessor. 
The Emulator measures 5" x 7" and 
contains two 2708 or 2716 EROMs 
in place of the F3870 so ROM codes 
can be verified and easily changed 

if necessary. 

The 
F3870 
Emulator plugs directly 
into the F3870 40-pin socket in the 
production prototype via a short cable. 

Powerful and Complete 
Software 

The software consists of an operating 
system, utility programs and diagnostic 
routines; a monitor, text editor, assem-
bler and debug package. It includes 
linking loader and relocating assembler 
and will operate in interactive or batch 
mode. The result is an easy to use, 
reliable, fast and extremely efficient 
capability for microprocessor based 
system development. 

MAIRCH I L-CI 

The Formulator-Floppy Disk 
Marriage 

An inexpensive plug-in 
module interfaces the 
Formulator with up to 
four plug-compatible 
ICOM Floppy Disc 
Drives, providing 
over one megabyte 
of storage. If you 
prefer other Floppies 
an application note 
provides the information 
necessary to modify Drivers for 
your system. 

And That Isn't All 
There is a lot more to Fairchild's line 

of design aids: PCB modules, memory 
options, PROM programmer, appli-
cation and peripheral options, design 
kits, one card micro-
computers, soft-
ware, user's guides 
and training courses. 

No one 
offers the 

extensive F8 and F3870 support that 
you can get from Fairchild. Just ask 
us about it. 

Fairchild Instrumentation and 
Controls, a division of Fairchild Camera 
and Instrument Corp., 1725 Technology 
Drive, San Jose, California 95110 
(408) 998-0123, Ext. 220. 
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Probing the news 

it, "We can't shut down the data-
processing industry in order to 
supply the auto industry." 
Nor is it a simple matter of 

converting unused capacity, even 
assuming there is any. Even to take 
4-k memory capacity and convert it 
for 16-k microcomputer devices "is 
like standing on your head and 
trying to swallow—it's not the 
simplest operation," Grove points 
out. "But to take capacity that's for 
transistor-transistor-logic production 
and convert it for 16-k devices is 
very difficult." 
The Intel official does not believe 

the auto makers will fill much of 
their requirements themselves, un-
less they choose to go out and buy a 
large semiconductor company. 
Though each of the Big Three auto 
producers has an electronics-produc-
ing arm, they lack advanced semi-
conductor capability. "Now they 
may be thinking of building this up, 
but if I prognosticate 36 months' 
start-up for ourselves, it's a reason-
able assumption that it's going to 
take them significantly longer to do 
so, at their speed, and with their 
start-up problems." Grove says. 

His conclusion: getting the auto 
industry into the electronic age is 
going to be "a long, laborious and 
problem-ridden process, something 
between lovemaking and a wrestling 
match, and it's going to go on for 
years and years." As for meeting the 
auto maker's 1980-81 needs, he 
says, "I don't know where those 
devices will come from." Does that 
suggest the auto companies might 
not make their mandated targets? "I 
have fears of that sort." 

Others unafraid. The auto compa-
nies do not share those fears. 
Although the exact configuration 
and quantities needed are still uncer-
tain, according to Don Atwood, 
general manager of General Motors 
Corp.'s Delco Electronics division in 
Kokomo, Ind., the semiconductor 
industry is seen as having enough 
capacity for all General Motors and 
perhaps the entire auto industry's 
needs. Delco plans to act as a second 
source to Motorola's Integrated Cir-
cuit division in Austin, Texas, in the 
production of 6800 microprocessor 

parts for GM vehicles. "We will be 
subcontracting for a significant por-
tion of devices to firms such as Texas 
Instruments, Intel, and others." At-
wood says. What's more, Delco is 
expanding its own semiconductor 
operations "with a view to increasing 
our capability for metal-oxide-semi-
conductor-type circuits, including 
microcomputers." 

Chrysler Corp. and Ford Motor 
Co. spokesmen seem equally confi-
dent. Chrysler's Huntsville, Ala., 
division is already working with 
several electronics suppliers and, 
says a company spokesman in 
Detroit, "they seem to be moving 
ahead with us and at this point to be 
in position to handle our needs into 
the early 1980s." 

Similarly, a spokesman for Ford's 
Electrical and Electronics division 
near Ann Arbor, Mich., notes that 
the buyers there "don't see [lack of 
capacity] as a problem. There's no 
reason for it; there's enough lead 
time." 

Progress to the rescue. Also, there 
are several technical reasons why the 
semiconductor industry should have 
no problem in meeting the auto 
makers' requirement, claims Colin 
Crook, group operations manager 
for microcomputers at Motorola's lc 

division in Austin, Texas. "First, we 
are going to be using 4-in, wafers in 
high-volume manufacturing," he 
says. Secondly, "we will be using 4-
micrometer technology, which will 
be just as easy to use then as 6-µm 
technology is now. Thus, we expect 
the industry could supply 100 mil-
lion microcomputer parts annually 
with about 20,000 4-in, wafer starts 
per week, or 1 million starts per 
year." 
The key to this overall wafer 

productivity, says Motorola's micro-
computer manager, is getting high 
probe yields on 3- and 4-in. wafers. 
"Microcomputer dice sizes for the 
auto industry are going to be very 
small, about 150 mils on a side. We 
are very happy with the dice sizes 
we've got to support the auto indus-
try, and if others don't have compa-
rable sizes, they still have ample 
time to come up with them for high-
volume manufacturing." 
He points out that if it took 5 

million wafer starts per year to 
generate 100 million microcomputer 
chips, as Grove suggests, "that 
means getting only 20 finished goods 
per wafer start." Rather, Crook 
continues, "you will have to be 
generating 50 to 100 finished goods 
per wafer start to be viable." 

Who's selling what to Detroit 

While electronic controls are expected to perform numerous functions in the 
automobiles of the future, most of the attention and dollars are going toward 
the development of engine controls. Principal applications include: electronic 
spark advance (ESA) or ignition timing, electronic fuel metering, and 
exhaust-gas recirculation (EGR). Here's what is being supplied to the Big 
Three auto makers: 
• General Motors. Rockwell International is supplying 10-bit microproces-
sors for the Misar ESA system that is going into the 1977 Oldsmobile 
Toronado. Motorola's Integrated Circuits division and GM's own Delco Elec-
tronics division will build microprocessor-based engine controls, starting with 
the 1980 model cars. Both Intel and Texas Instruments are expected to 
supply chips for the systems Delco will build. 
• Ford. Toshiba Ltd., Essex International, Ford's own Electrical and Elec-
tronics division are supplying the combined ignition timing and EGR system 
for 1978 cars, with the Ford division getting its parts from TI and Intel. 
Motorola and the division will provide the combined ignition 
timing/EGR/fuel-management system for 1980 cars, with chips supplied by 
TI and Intel to the Ford division. Meanwhile, Motorola's Automotive Products 
division and the Ford division are supplying carburetor controls for 1978 
cars. 
• Chrysler. RCA's Solid State division is supplying an analog ESA system for 
400-cubic-inch engines in 1978 cars, and a digital microprocessor-based 
ESA system for 1978 V-8s and four-cylinder subcompacts. RCA also is 
competing with TI to supply Chrysler's Huntsville division with chips for a 
combined ESA-and-fuel-metering system for 1980 autos. 
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Probing the news 

Instrumentation 

Tester makers look to big ECL year 
Device sales in 1977 rise 50% as mainframe makers 

rush to replace TTL with subnanosecond-speed of faster logic 

by Larry Waller, Los Angeles bureau manager 

For manufacturers of automated 
semiconductor testers, 1978 dawns 
as the year when sharply stepped-up 
use of emitter-coupled-logic devices 
presents them with a major opportu-
nity. 

Spurring demand are mainframe 
computer producers, most of whom 
plan next-generation machines in 
which transistor-transistor logic will 
be replaced by speedier ECL devices 
working at nanosecond rates or 
faster. Already announcing ECL-

based mainframes are Honeywell 
Information Systems Inc., Bur-
roughs Corp., NCR Corp., and Sperry 
Univac. Also confirming ECL expan-
sion are 1977 device sales, which 
jumped 50% to $61.5 million, up 
from $40.6 million in 1976. 
Among the first with a device 

tester is Teradyne Inc.'s Semicon-

Test section. Rf matrix of Teradyne's S357 ECL test system. ActuaLLy a pulse parametric 
subsystem for Teradyne's J325 IC digitaL tester, the S357 sells for $215,000. 

ductor Test division in Chatsworth, 
Calif. Teradyne calls its dedicated 
S357 pulse parametric subsystem, 
"the first automatic production tes-
ter offering a subnanosecond capa-
bility." An add-on to the $125,000 
J325 digital integrated-circuit test 
system, it sells for $215,000 and is 
the firm's most expensive unit. 

Right behind Teradyne is Macro-
data Inc., which has promised its 
new 501E tester, also an add-on, in 
the first quarter. Macrodata, located 
in nearby Woodland Hills, Calif., is 
pricing its package so that, when 
combined with the large 501 unit, it 
will cost about $350,000. Although 
the testing characteristics of the 
competing units are much the same, 
Macrodata plans a capability for 
checking out non-Ect. microproces-
sors and even low-power Schottky 

rri, devices in some machines. 
Virtually neck and neck with 

Macrodata is Tektronix Inc., Beav-
erton, Ore., which "definitely is 
planning to provide a solution to ECL 
testing," according to James Fischer, 
general manager of the Semicon-
ductor Test Systems division. First 
units will be ready in February, he 
says, and two are sold. The Tektron-
ix model 1805 takes 64-pin packages 
in addition to handling closely 
related current-mode logic. Also, "it 
measures propagation delays down 
to 100 picoseconds with a sampling 
technique, and 350-ps delays as a 
single shot," Fischer says. Tektronix' 
price, however, is higher than its 
rivals': $400,000 to $450,000 as a 
stand-alone, or $200,000 to 
$250,000 as an add-on option to the 
S-3260 ic tester. 

Fairchild will weigh in at this 
month's Internepcon/Japan and In-
ternational Microelectronics Exhibi-
tion in Tokyo with an ECL option for 
its Century device testers. The time 
measurement module will sell for 
$70,000 to $100,000; it will be able 
to test fast 10,000 and 100,000 series 
parts, says Gene G. Griggs, product 
marketing manager at Fairchild 
Camera and Instrument Corp.'s In-
strumentation and Systems Groups 
in Mountain View, Calif. 
The challenge of testing ECL 

devices derives not only from their 
speed, but from sensitivity down to 
400 millivolts, making them vulner-
able to noise transients. Metal-oxide-
semiconductor devices, by contrast, 
have voltage swings up to 15 volts. 
"The testing crunch comes in mea-
suring the subnanosecond propaga-
tion delay, or response time, of the 
individual device," explains Wayne 
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D. Ponik, Teradyne's product man-
ager for logic testing, who directs the 
ECL development. 

Teradyne's tester will measure 
speed down to 700 ps, with a 10-ps 
resolution over a 0-to-20-ns range, 
Ponik claims. Also, fully program-
mable pulse sources have 
1-mv resolution from 200 mv to 2 v. 
At Macrodata, "we're building an 

ECL tester targeted at less than 
400 ps," says Richard C. McCaskill, 
manager of application services. 

Teradyne's Ponik does not agree 
that an ECL tester will work as well 
for mos devices. "We considered 
that, too, but in the real semicon-
ductor world you can't do all things 
equally well. You have to make 
tradeoffs," he says. 

Boards. Along with ECL testing, 
computer makers need a board-level 
capability to check for defective 
connections, poor assembly, and 
even bad logic parts that somehow 
slip through. Two board-tester firms 
are offering this, although they are 
taking different approaches. Com-
puter Automation Inc.'s Industrial 
Products division in Irvine, Calif., 
shows buyers of its Capable family 
of board testers how to program for 
ECL. Fluke/Trendar Corp., Moun-
tain View, Calif., has an $18,000 
interface option that converts its 
3040 logic tester into an ECL board 
tester. 
The Fluke board tester has a 

proprietary "dynamically active con-
trol-sensing circuit" that converts its 
standard TTL testing to ECL levels. 
This circuit can tell if a board pin is 
receiving or sending a pulse and 
switch the interface accordingly at 
the right speed, according to Don 
Allen, vice president of marketing. 
The interface has 30 cards with 16 
circuits per card. 

Although Computer Automation 
supplies its ECL programming as part 
of the universal tester price, and 
Fluke charges $18,000 for its inter-
face, total tester prices are compara-
ble: in the $100,000 range. 
At GenRad Inc. in Concord 

Mass., Arthur BoudreauIt, market-
ing manager of the component test 
product line, agrees that the main-
frame houses will turn to board-level 
testing. But he won't say if GenRad 
is also going to bring out an ECL 
device tester. 

Take a good look at three 
of Preston's new, low-cost 
instrumentation amplifiers! 

DX-Al Series HDX Series DIX-B Series 

Here are three models of Preston's new series of compact-
sized, budget-priced instrumentation amplifiers. All three provide a 
full complement of 'big' amplifier gain and bandwidth controls, and 
all three deliver Preston's famous "Balanced Precision" operating 
features and stability, including — 

Specifications OX-Al Series HIM Series MX-B Series 

Gain Selection 7 steps from 10 to 1000 
Maximum gain. MOO. 

7 steps from 1 to 1000 
Maximum gain. 3000. 

10 steps from 1 to 10CC 
Maximum gain. 2500. 

Bandwidth Selection 
(DC to 3 db points) 

6 steps between 
1 Hz and 40 kHz. 

6 steps between 
1 it and 40 kHz 

5 steps between 
10 Hz and 80 kHz. 

DC Linearity t0.005% ±0.005% ±0.01% 

Common Mode Rejection at OC 
— at 60Hz 

130 db 
117 db* 

*at gain 

¡ 133 db* 
- 120 db* 

of 1000. 

150 db 
120 db 

Common Mode Voltage 10 volts DC or peak AC. 250 volts DC or peak AC. 350 volts DC or 
peak-to-peak AC 

"Pumpout" Current @ 25°C 1 nanoamp i 1 nanoamp - 200 picoamps 

Gain Stability for 6 months at the same temperature _0.01% 

Zero Stability (31:1 days) 
• 

-5 uv-.RTI, .t.1 mv ATO. 

Zero Temperature Coefficient 10 uy All. ±.1 mv/`C ATO. 1.0 uv Rh. n 1 mv/'C RTO. 0.3 uv RTI. ±.1 myrC RTO. 

Single Unit Price $2950° : $425w $565°') 

And these low single-unit prices are even lower in OEM quantities! 

Get complete performance and pricing information now. Write to 
Preston Scientific. Inc., 805 E. Cerritos Ave., Anaheim, Calif. 92805 
— or call us at (714) 776-6400. 

We'll put all our years of experience on the line! 

M  PRESTON 
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Probing the news 

Electronics abroad 

French economy has a chill 
Inflation, negative balance of payments, high unemployment 

could hold growth to 3.25%, as election also casts a pall 

by Andrew Lloyd, McGraw-Hill World News 

The ailing French economy has not 
yet been consigned to the ward for 
the "sick men of Europe"—but it 
risks turning up there next year. 
Among the symptoms: inflation 
barely below double digits, a nega-
tive balance of payments, and dan-
gerously high unemployment. 
Worse still, the prognosis for 1978 

is at best uncertain and will not be 
known for sure until after the 
national assembly elections in 
March. Although the French gov-
ernment is still forecasting a 4.3% 
growth in gross domestic product in 
1978, up from 3.1% last year, econ-
omists at the Organization for 
Economic Cooperation and Develop-
ment say 3.25% is a better figure. 
They also maintain that inflation 
will run more than a full point 
higher than the official French fore-
cast of 7.6% for 1978. Further, the 

OECD warns that unemployment will 
rise appreciably unless the govern-
ment makes drastic changes in its 
employment policy. 

Everybody's predictions could be 
off the mark if the somewhat shaky 
coalition of the Socialists and Com-
munists wins the election. Forecasts 
of what would happen then vary 
according to the politics of the fore-
caster. Most electronics executives 
hope the establishment parties win 
and the status stays quo. But the 
election is a toss-up and there is 
concern over the outcome, particu-
larly at a number of candidates for 
nationalization— ITT subsidiaries, 
the Thomson-Brandt Group, and the 
Compagnie Générale d'Electricité. 

Meanwhile, there are markets to 
cope with in France. Electronics' 
annual survey shows that firms are 
estimating a 10.3% overall increase 

FRENCH ELECTRONICS MARKETS FORECAST 
IN MILLIONS OF DOLLARS) 

Total assembled equipment 

Consumer electronics 

Communications equipment 

Computers and related hardware 

Industrial electronics 

Medical electronics 

Test and measurement equipment 

Power supplies 

Total cómponents 

Passives 

Semiconductors 

Tubes 

1976 1977 1978 

4,682 5,1/6 5,712 

1,622 1,776 1,928 

1,228 1,365 1,527 

1,321 1,499 1,680 

178 187 200 

147 159 165 

136 146 153 

50 55 59 

1,104 1,225 1,351 

650 719 796 

251 285 321 

203 221 234 

Note: Estimates in this chart are the consensus estimates of consumption of electronic equipment obtained 
from a survey made by Electronics magazine in September and October 1977. Domestic hardware is 
valued at factory sales prices and imports at landed costs. Exchange rate: Si equals 4.85 francs. 

in 1978, to just over $7 billion for 
equipment and components. For 
equipment alone the rise in sight is 
10.3%, which would carry the mar-
ket to $5.7 billion. In components 
growth, the increase is pegged at 
10.4% and the total market at $1.35 
billion. 
Mixed picture. Assuming that 

little changes after the elections, the 
forecast for the consumer sector is 
$1.928 billion with black-and-white 
Tv set sales dropping from $144 
million to $129 million. Sales of 
color sets will reach $722 million 
from $660 million in 1977. The elec-
tronic watch and clock market will 
rise by almost 70% to $51 million, 
with still-illegal citizens' band trans-
ceivers up 11% to $10.3 million. 
Some markets should be pretty 

stable whatever the election results. 
Defense and communications equip-
ment suppliers, for example, can 
count on already approved public 
credits. The postal and telecommuni-
cations agency's massive program to 
get its long-neglected telephone net-
work into the second half of the 20th 
century is in full swing. Spending for 
electronic and semielectronic switch-
ing in 1978 is set at $164.9 million— 
up 66.6% from last year, which was 
37.1% more than the figure for 1976. 
The next year should see the start 

of France's facsimile transmission 
program. Four French firms have 
recently won a contract to develop a 
$200-to-$300 two-minute telecopier. 
Each will develop a prototype; then 
one or more will be selected to build 
120,000 a year. This first giant step 
toward electronic mail also could 
give French firms a leg up in export 
markets. 
The military-equipment suppliers 
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sum up the outlook for 1978 as 
better than in the past few years, but 
not great. Recently, the defense 
budget has remained stagnant in 
real-money terms. This year, the 
budget should carry a 10% to 15% 
rise in defense electronics equipment 
purchases. Adding to the general air 
of assurance in this sector, Thomson-
CSF'S senior vice president, Edouard 
Guigonis, says that his company's 
order backlog is still running high 
and is equivalent to more than a 
year's sales. 
Computers up. Along with the 

military and communications mar-
kets, computers and related equip-
ment are expected to do well—but 
not quite so well in 1978 as in 1977. 
Growth this year is put at 12.1% 
compared to 13.4% in 1977. The 
total market is estimated at $1.68 
billion. 
The fortunes of France's cii-

Honeywell Bull, though still far 
from asured, are at least good 
enough for the company to say it has 
met its initial targets. More surpris-
ingly, the sales of the near-IBM-
compatible Iris 80 series, the original 
product of cii, have soared beyond 
expectations, giving the company a 
headache as well as fattened coffers. 
The enlargement of the Iris custom-
er base means the company will have 
to take even greater care of them 
when it comes up with a successor 
model, which it is hoped will bring 
the cii and Honeywell lines together. 
On the components side, inte-

grated-circuit sales will continue 
their rise-18% in 1977 to 18.4% in 
1978 for estimated sales of just over 
$150 million this year. lc makers are 
set to get a $125 million boost over 
the next four years through a 
government aid plan to get French 
firms firmly established in the 
custom chip markets. But some 
industry executives are skeptical 
about the plan. Thomson-csF, for 
one, is going ahead with negotiations 
to team up with an American semi-
conductor partner. 

Thomson's rival, ciT-Alcatel, is 
aiming to build up its design exper-
tise. Director-general manager 
Georges Pébereau says the company 
is conducting "important negotia-
tions" for a possible special relation-
ship with a supplier —"maybe Phil-
ips," he hints. CI 

  $295 
Here are professional HP quality 
electronic counters at prices that are 
really affordable. Choose the one that best 
fits your needs. 

HP's low priced "frequency only" 
units use the highly desirable direct 
counting method for 1 Hz resnalution in 
I sec. Models 538IA to 80 MHz. 5382A to 
225 MHz and 5383A to 520 MHz. 

Modular capability is yours in the 
5300B/5305B counter to 1300 MHz. 
By simply replacing the lower 
module. it can become any of 7 other 
models including a DMM or buttery 
operated model. 

0270(i 13 

Higher sensitivity? Add Model 10855A 
Preamplifier and get 22 dB gain., 2 to 
L3.00 MHz, $225. 

They all offer high accuracy, high input 
sensitivity, input attenuator, rugged metal 
cases. They're built to the same high. 
quality standards as our most sophisti-
cated 59000 counter, and tested and 
calibrated to the industry's finest fre-
quency standards. The 5383A and 5305B 
have fused inputs. too. 411 this is backed 
by HP's extensive world-wide sales and 
service network. 

Contact your nearby HP field engineer. 
or write. Domestic U.S. prices only. 

HEWLETT àl  PACKARD 

1507 Page WI Road, Palo Alio, California 94304 
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Probing the news 

Companies 

Zilog: high flyer is first of its kind 
First company dedicated to building microcomputers as systems 

has grown to $10 million in sales, expects $30 million in 1978 

by William F. Arnold, San Francisco bureau manager 

Neither a semiconductor nor a com-
puter company, Zilog Corp. is both: 
the first firm devoted to the manu-
facture of microcomputers. With 
venture capital provided by Exxon 
Corp., Zilog has blazed a trail since 
it burst on the scene two years ago 
with its Z80 microprocessor. It is a 
trail that could serve as a path for 
similar future companies. 
The Zilog formula is simple in 

concept —control both the silicon 
and the system: that is, build chip 
families and supply the software for 
them. So, the $10 million company 
has leaped forward with a family of 
software-compatible peripheral and 
memory chips to work with the Z80. 
Soon it plans to further challenge 
companies like Intel Corp. by offer-
ing new microcomputers and other 
new parts to bracket the powerful 
Z80 microprocessor. 
Can Zilog keep trying to outdo 

Intel, not to mention Texas Instru-
ments, Motorola, Fairchild, Nation-
al, and other entrenched compet-
itors? "Next year, we will clearly 
out-Intel Intel," declares Ralph K. 
Ungermann, executive vice presi-
dent. "Our advantage is that we're a 
microcomputer company, dedicated 
to being the No. 1 microcomputer 
company." 
What may distinguish Zilog is 

that, having set its sights on the 
flourishing microcomputer business, 
it is emphasizing software and 
systems in developing its growing 
product line. Thus, Ungermann says, 
the software-compatible parts up 
and down the line will be able to talk 
with each other. 
Ungermann expects about a 300% 

improvement in sales to $30 million 
this year, and he has three argu-

Goal. Executive vice president Ungermann 

says Zilog will out-Intel Intel in 1978. 

Looking ahead. For the far future, says 

president Faggin, SOS is the technology. 

ments for a continued steep growth 
curve. One is the very large micro-
computer market itself. "Two is that 
the Z80 is recognized around the 
world as the highest-performance 
computer," he says, and three is the 
Exxon financing. "We're a very 
well-financed company," he says. 

Although Zilog does not expect to 

triple sales again in 1979, "we're not 
going to pause at $30 million to $40 
million by any means," Ungermann 
asserts. "Our strategy is to partici-
pate in the high end of the market. 
As we grow, we will change to a 
high-volume market." This means 
more new products. When the Z8 
and Z8000 come out, "of course 
we'll make it as easy as possible to 
put large memories into microcom-
puter systems," and Zilog plans to 
integrate all products into systems, 
subsystems, and boards this year. 

Technologically speaking, Zilog 
sees n-channel processes as "the 
workhorse of mos technology; the 
arsenal, if you want" into the 1980s, 
in terms of performance and volume, 
according to Faggin. "We guess by 
then we'll find some limitations as 
with any technology," he surmises, 
mentioning the speed-power product 
and power dissipation. Until then, 
like Intel and Mostek Corp., "we'll 
keep it the basic concept in mos 
technology by scaling. Silicon on 
sapphire looks like it will be the 
technology of the future— not the 
immediate future but in the long 
term," Faggin declares. 
Timing governs much of Zilog's 

strategy. The Z80 came out two 
years after Intel's 8080 but "that 
didn't harm us," Ungermann says, 
because the design-in phase for 
microcomputers is long: about five 
years. Thus, "our approach with the 
Z80 was to come out with a 
processor that was far more powerful 
than the competition." 

Also helping market penetration 
was Zilog's choice of second sources. 
Mostek Corp. is a strong partner, 
one reason for the success of the 
Z80, Ungermann says. 
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When you're big on quality 
but short on space 
Hall measures up_ 

On display at NCC 
Booth 1654 

Our ready-to-run monitor-pack helps you save dollars 
as well as room in custom terminal installations. 

If you haven't got the room for a full size chassis, or 
if you just plain insist on adding Ball performance to 
your own electronics, size up our flexible TVX-Series 
monitors. 
We fully assemble, test and align our 9" and 12" 

direct drive sets then ship them to you securely 
mounted on money-saving, disposable baseboards. 
Just slide four components — tube, PC board, vertical 
and horizontal transformers — into whatever room 
you've got. Hook-up a single edge connector for both 
DC power and signal input, and you're fully 
operational. 

You're assured of peak performance, too. Complete 
electronic controls, including horizontal and vertical 

Ball Brothers Research Corporation Electronic Display Divis.on 

PO. Box43376, St. Paul, Mn. 55164 (612) 786-8900 TWX: 910-563-3552 

General Sales Offices: 

Addison. Illinois (312) 279-740C Santa Clara, Califorla (408) 244-1474 
Ocean. New Jersey (201) 922-2800 Upland. California (714) 985-7110 

linearity, allows us to precisely align each set to your 
particular requirements. 

It's that easy to add field proven Ball monitors with 
do-it-yourself savings. 

Compare life cycle costs. 
You'll have a Ball. 

If you need a monitor for compact installations, you 
need Ball quality more than ever. Crowded component 
layouts and reduced air circulation make Ball's 
conservative engineering and careful component 
selection important factors in reliability. 

Your Ball representative would be pleased to give 
you full information. After all, helping customers in or 
out of tight spots is a big part of his job. 

Electronic 
Display 
Division 
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Probing the news 

Government 

Massachusetts firms strive for change 
New high-technology council, including 20 electronics companies, 

seeks to make it easier to find qualified people and to cut taxes 

by Lawrence Curran, Boston bureau manager 

The Commonwealth of Massachu-
setts, with its proud record of 
attracting innovative high-technolo-
gy companies, is driving them and 
their jobs out of the state. That's the 
message that will be hammered 
home by the recently formed Massa-
chusetts High Technology Council 
in a major effort to reverse the trend 
[Electronics, Nov. 24, 1977, p. 35]. 
Of the council's original 37 mem-

bers, more than 20 are electronics 
companies. All agree that there are 
two major parts to the problem. The 
first, according to a council position 
paper, "is that [we] cannot find 
enough people in Massachusetts 
with the right education and skills to 
meet [our] rapidly expanding 
needs." High personal taxes in a 
commonwealth often referred to as 
"Taxachusetts" is the second, put-
ting member companies at a disad-
vantage when they try to recruit 
electronics engineers, programmers, 
and technicians from other states. 
Ray Stata, chairman and presi-

dent of Analog Devices Inc., is presi-
dent of the council. He says the 

organization will complement, not 
compete with, such other organiza-
tions as Wema, which is becoming a 
national organization to get mem-
ber-company issues aired in Wash-
ington. 
The council wants its voice heard 

in the state legislature, and Massa-
chusetts educational and financial 
institutions. The long-term goals 
include making the legislature aware 
of the impact on high-technology 
companies of pending legislation, to 
make it clear to educational institu-
tions that council members face an 
expanding need for highly skilled 
engineers and technicians, and to 
make the personal tax burden "no 
greater than that of the 17 manufac-
turing states with which we compete 
for people," Stata says. That tax, in 
fiscal 1976, come to $903 per capita, 
or 22.4% higher than the other 17 
states' average of $738. The overall 
U. S. average is $731, with only New 
York and California ranking above 
Massachusetts. 
And Massachusetts companies are 

not alone. Electronics executives in 

the other high-tax states, especially 
California, are also making remarks 
about needing relief even as they 
locate new plants out of state [Elec-
tronics, Dec. 22, 1977, p. 81]. 
On the education front, Stata says 

he has talked to officials at the 
Massachusetts Institute of Technolo-
gy and Northeastern University, and 
learned that the number of engi-
neering school graduates has re-
mained essentially unchanged for 10 
years. "That's a significant prob-
lem," Stata observes, "and probably 
a nationwide problem. We think we 
can do things to change that. We've 
got to change the image of high-
technology careers through such 
things as high-school career fairs." 

Persevere. Stata cautions council 
members, who by charter must be 
the highest officer of the business 
unit located in the state, against 
expecting "overwhelming accom-
plishments in the near term. We 
have to adopt a 5- to 10-year 
perspective, stick at it, and gradually 
the environment will get better." 

But some of the moving forces 

Change makers. Among electronics chiefs on council: from left, Unitrode's Berman, Data General's deCastro, Prime's Fisher. 
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Spectrol Pots, Dials, Trimmers 84 Switches 

Spotlighting the Best 

If you're looking for high quality precision pots 
at competitive prices, you're looking for Spectrol. For 

digital or concentric turns- counting dials...for rectargular, 
round, or square trimmers.. for miniature rotary 

switches-for any of these in standards 
or specials, look to Spectrol first. 

Send for your copy of the 
new Spectrol Short 

Form Catalog. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation po Box 1220. City of Industry, Cob! 91745, u S.A. • (213) 964-6565 • TVVX (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way. Swindon. Wilt shire, England • Sy-mdon 21351 • TELEX: 44692 

ITALY SP Elettronica SpA Via Carlo Piscane 7, 20016 Pero ,Milan) !rely • 35 30 241 • TELEX: 36091 
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HOW WE RUSHED AN OEM TO THE 
HOSPITAL BEFORE THE MARKET DIED. 

We got a medical OEM on a healthy sched-
ule by greatly reducing his development 
time. We gave him a choice of systems and 
software support to match his needs. And 
we showed him how to use higher level 
languages to increase his programmer 
productivity. 
OEM's account for more than half our 

business, and we've been helping to get 
them to market for almost a decade. In 
short, when you buy your computer systems 
from Data General, you just may buy your-
self some time. To avoid the risks in the 
OEM computer market, ask for our free 
OEM brochure. Call (617) 366-8911, Ext. 
4735. Or write. 

Data General 
We make computers that make sense. 

Data General, Westboro, MA 01581, (617)366-8911. Data General (Canada) Ltd.. Ontario. Data General Europe. 61 rue de Courcelles. Paris. France 766.51.78. Data General Australia, (03) 82-1361. 
Data General Ltda. , Sao Paulo. BraziL (1) Data General Corporation, 1977. 
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This is the end of the line for bad IC's. 

Microtest's new System 6000 grows from a 
stand-alone ROM-programmed bum-in oven to an 
elegant console-programmed single or multi-oven 

system. It even uses distributed microprocessing 
to perform the enormously complex test regimens 

required by new VLSI parts. 
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Burn-in 
is now part 

of the 
process! 

A new Microtest System 6000 at the end of your process line will weed 
out the bad ones by carefully controlled burn-in. 
Two years ago we introduced the first Murphy's Ovens. Murphy's Law 
said that your IC's would fail if they could fail. We set out to find the bad 
ones and make them fail before they could hurt a system. 
You liked the idea. We have since sold lots of our first two systems, the 
1,000 and 10,000, which perform burn-in tests on 1,000 and 10,000 
circuits respectively. 
Now we've leapfrogged the middle-sized system that we had in mind 
originally, and have developed what looks to us like the standard 
burn-in system for the next decade. 
Our System 6000 is, in one word, adaptable. 
It is available, in its simplest configuration, as a stand-alone test-oven 
shell containing six independent zones, each with six burn-in-tray slots. 
Base price of the shell is $15,000. To get into operation, you add clock 
driver modules, power regulator modules, and burn-in trays— as few or 
as many as you like. You can then handle burn-in tests for any variety of 
circuits, in any socket under any stress conditions. 
But new advanced microprocessors and three years of software develop-
ment make it infinitely flexible. It can be configured to handle any 
burn-in requirement. MOS. Bipolar. I2L. Microprocessors and computers. 
And, it can grow in modular fashion to give even the biggest IC houses 
the kind of precision screening that saves big money. When you're life 
testing 10,000 4K or 16K RAMs at once, lack of precision in power 
supplies or timing can destroy parts that ought to pass. Microtest 
fails only the failures. 
But the details cover page after page of the data sheet. Let us leave 
something for your reading. Please call or write for information or a 
demonstration. Microtest Systems, Inc., 1188 Bordeaux Drive, 
Sunnyvale, CA 94086. (408) 745-7000. TWX: 910-339-9325. 

Microtest Variable Power (MW) regula-
tors (up to 30 of them) provide stable, 
precision power to your boards under test 
Circuitry is fail-safe throughout. Clocking 
is programmable and flexible enough to 
handle any test protocol. This innountlue 
power distribution scheme feint  

dramatically cuts the '-
cost of system power 
supplies. 

Up to 18 Driver Cards set the test condi-
tions for circuits in the zone they are 
driving. There are three varieties: Basic 
static bum-in, Condition D bum-in, and 
sophisticated VLSI bum-in. For the 

latter our basic system includes 
shell, card cages, feedthrough 
connectors, power 
transformer, and 
programmer-controller 

Programmer-controller,e-based, houses CRT tape 
cassette memory, keyboard input, ambient test 
console. It will handle programming and monitoring 

chores for up to 16 systems, each holding 6000 
devices. Yet it is simple to program and can even 
be ordered with pre-programmed cassettes. 
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TEST SOCKET 

TEST DATA 
low profile 

AVERAGE 
3.5 oz. 
minimum 
withdrawal 
force 

Fat-Skinny TESTS PROVE* 
that R-N "back fold side-wipe" 

SINGLE CONTACT design 
for low profile sockets 

provides — 
4 TIMES BETTER 

IC RETENTION FORCE 
than competitive 

low profile dual-leaf sockets 

Minimum withdrawal forces: 

.8 oz. .7 oz. 

.3 oz. 

R-N SOCKET SOCKET SOCKET 
SOCKET 

* In "Fat-Skinny test;' withdrawal forces are measured using the smallest size 
(.008") lead after insertion of largest size (.012") lead. 

Representative NORMAL FORCE Test Scores for 10 R-N 
ICL low profile sockets 

NORMAL FORCE * 

1 410 grams 
2 465 grams 
3 480 grams 
4 465 grams 
5 395 grams 
6 425 grams 
7 465 grams 
8 395 grams 
9 410 grams 
10 425 grams 

AVERAGE-430 grams 
This force is 4 to 5 times greater than average dual contact socket NORMAL FORCE 

* NORMAL FORCE means force perpendicular or at right angles to IC lead. The single 
ICL contact exerts this kind of force against the IC lead when inserted into the socket. 

"...TWO contacts 
are not 

more reliable 
than ONE?" 

Surprisingly, a low profile (.150" high) DIP 
socket is a different breed of cat when it comes to 
engineering in contact reliability. Most standard 
DIP sockets have dual contacts. (R-N's dual 
"side-wipe" contacts are among the most reliable 
in the industry.) But, when you shorten the 
contact length to achieve the "low profile" you 
lose a great deal of contact force and IC reten-
tion strength. So, to achieve effective low profile 
socket reliability you must redesign the contacts 
and make them out of the strongest contact 
material available. 

• •.. 
26% 0 

Low .150" profile of ICL socket reduces board 
density by 26%. 

High 
reliability 
IC sockets 

... we've ql 
'em all! 



DEBI/ 
DIP socket MYTH 

UNIQUE R-N SINGLE CONTACT 
DESIGN PROVES SUPERIOR 

Tests prove that R-N "back fold side-wipe" single contacts 
exert up to 4 times greater holding force on your IC leads 
than competitive low profile dual leaf contacts. 

In a tough, 50-G shock test of 25 ICL sockets— not a single 
IC package came loose from the socket! More convincing 
proof that vibration problems are ended with R-N's new 
low profile ICL sockets. Socket density in multi-layer board 
can now be increased without sacrificing reliability. 

... and this FULL LINE of low-profile R-N ICL sockets 
is priced very, very competitvely. 

Beryllium copper 
for 36% greater 
contact strength 
than other commonly 
used contact alloys. 

Self-lock leads hold 
socket firmly during 
high speed wave 
soldering. Also, this 
"bump" restricts solder 
flow and prevents 
solder wicking. 

Check into the low-profile ICL sockets that deliver the high density 
dependability you need. New R-N catalog contains complete test data on 
insertion-withdrawal forces. Write today. 

4,--"Back fold" contact 
design provides 

longer spring contact 
for maximum 

pressure against 
IC lead. 

"Side-wipe" 
design meets 
flat, smooth 

side of IC lead 
for perfect 

contact. 
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DATA 
PRECISION 

GIVES 
YOU 

PORTABILITY 
AND MUCH 

MORE. 



Data Precision's leadership in digital 
instrumentation is based on high-
value product planning, years-ahead 
engineering, and painstaking quality 
control. As a result, nearly 100,000 
Data Precision instruments are now 
providing dependable service, at 
sustained accuracy, all over the 
world. Each model is designed to 
respond to different user price/ 
performance needs, and has been 
optimized for a particular class of 
applications. The instrument for 
your specific requirements will 
deliver the accuracy and reliability 
your work demands. 

In addition to the following port-
ables, Data Precision manufactures 
a complete line of bench and system 
multimeters and additional counters. 

Model 175 Portable 31/2 -Digit 
DMM— $189 
Our Model 175 gives you 32 ranges 
of measurement capability, six func-
tions, 0.1% DCV accuracy, and 100 
microvolts resolution. 
You can measure DCV from -±-100 
microvolts to -±-1000V, ACV from 100 
microvolts to 500V with a frequency 
response of 30Hz to 50kHz, DC Cur-
rent from -±-100 nanoAmps to -±2A, 
AC Current from 100 nanoAmps to 
2A with a frequency response of 
30Hz to 50kHz. Resistance from 100 
milliohms to 20 Megohms in two 
excitation voltages. 
The 175 also features auto-polarity, 
automatic zero, 100% overrange, and 
a big, bright 0.43" LED display. 

Model 245 Portable 41/2-Digit 
DMM — $295 
The more than 50,000 units currently 
in use in the field attest to the out-
standing performance and wide ac-
ceptance of this portable multimeter. 
The Model 245 is a lab-quality, 
5-function instrument with a basic 
DC accuracy of ±0.05% of input -±1 
1.s.d., .005% resolution and 100% 
overranging. 
It will measure ACV (100µ,V to 500V 
RMS), DCV -±1000/ to 1000V, Re-
sistance 100 milliohms to 20 Meg-
ohms, AC and DC Current 1 micro-
amp to 2 Amps, AC voltage/current 
response 30Hz to 50kHz. And it has a 
large, easy-to-read display. 

Model 248 Portable 41/2 -Digit 
DMM, 10µV resolution, 
True RMS —$345 
This high-resolution instrument 
measures Resistance 100m,f2 to 20Ma 
DC Volts ±-10µV to -±1kV, True RMS 
AC Volts 100/ to 500V, both DC 
Current and True RMS AC Current 
10 nanoAmps to 2A. The Model 248 
features sensitivity of 100/. Basic 
DC accuracy is ±-0.05% of input 

1.s.d., guaranteed for a full year, 
100% overrange, overload protection, 
and large LED display. 

Complete Package 
Data Precision Portable DMM's in-
clude rechargeable NiCd battery 
module, a pair of test leads, line cord 
with charger, carrying case, instruc-
tion manual, and individual test 
documentation — a complete report 
on your instrument, including tem-
perature test results. 

Optional Accessories 
You can make your DMM even more 
versatile with optional accessories, 
including a 40KV high voltage probe, 
AC clamp-on current probes (150A or 
1000A), RF probe bench stand, rack 
mount, mini-to-standard banana 
adaptor, deluxe leather case, and 
high impact fiberglass carrying case. 

Model 585 Portable, 
250 MHz, 8-Digit 
Frequency Counter — $345 
This 8-digit counter will measure 
frequency from 10Hz to 250MHz — 
always reading directly in MHz, with 
correctly positioned decimal point. 
Resolution is 0.1Hz. 
This counter has excellent sensitivity 
—10mV RMS to 50MHz, 50mV RMS 
to 250MHz — as well as dual Input 
Impedance (50n/lMS1); a wide-range 
3 position attenuator; 3 gate times 
(10 sec., 1 sec., 0.1 sec.); resolution: 
0.1Hz, 1Hz, 10Hz and a bright 0.3" 
LED display. 
Model 585 comes complete with re-
chargeable NiCd batteries, line cord 
charger, (operates on line and bat-
tery) carrying case, full instruction 
manual, Certificate of Conformance, 
and final test data. 

For complete information or a demon-
stration, call your local Data Precision 
representative or Data Precision 
Corporation, Audubon Road, Wake-
field, MA. 01880, U.S.A., (617) 246-1600. 
TELEX (0650) 949341. 

--e DATA PRECISION 
...years ahead 
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Our Model 3001 starts at $2,750. 
For that you get a signal generator 
that's already frequency program-
mable with 0.001% accuracy over the 
1 to 520 MHz frequency range. If 
you also want to program your out-
put power, we have a programmable 
attenuator option available for $500. 

If you'd like to spend a little more, 
add our external frequency standard 
option for $150. That makes the 
accuracy the same as your standard. 
Or spend another $500 for an inter-
nal reference frequency standard 
with 5 x 10-9 day stability. But if you 
want to spend much more than that, 
you're going to have to buy some-

body else's signal generator. Count 
on at least $10,000. Frankly, we 
think your money would be better 
spent buying another Wavetek Model 
3001. 

Here's another advantage. If you 
need to get on the bus (now or 
later), our new Model 3910 Con-
verter makes you GPIB compatible. 
But before you spend anything on 
any signal generator, get a demon-
stration of our Model 3001. That 
won't cost you a cent. 
SPECIFICATIONS  

Frequency Range: 1-520 MHz 
Accuracy: -±-.001% 
Resolution: 1 kHz 

Stability: 0.2 ppm per hour 
Output Range: +13 dBm to 

—137 dBm 
Flatness: ±0.75 dB 
AM Modulation: 0-90% 
FM Deviation: 0-10 kHz and 

0-100 kHz 
Internal Modulation Rates: 

400 Hz and 1 kHz 
WAVETEK Indiana Incorporated, 
PO. Box 190, 66 North First Avenue, 
Beech Grove, Indiana 46107, 
Phone (317) 783-3221, 
TWX 810-341-3226. 

W AVETE 

You can pay a lot more for 
a programmable signal generator. 

But why? 
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Ill Steady growth, rather than boom or bust, appears 
to be in the winds for the world's electronic industries. 
This year, the combined electronics equipment 
consumption of the United States, Western Europe, 
and Japan will for the first time pass $100 billion and hit 
over $107 billion. Derived from surveys conducted by 
Electronics, the figure represents an 11.7% growth for 
these major markets. 
Once again consumption of electronics equipment in 

the United States is leading the way with a better-than-
13% gain for 1978. Equipment consumption in Western 
Europe should register a 9.3% rise, about even with the 
9.4% growth rate of 1977. Japan, meanwhile, expects 
a slight decline in growth rate this year from 11% to 
10.4%. The combined consumption in the three 
markets last year came to more than $96.7 billion for a 
12% increase over the previous year, according to 
Electronics'survey. 

Nevertheless, each of the major market areas has 
economic problems. A continuing one is the impact of 

Worldwide 
equipment 
sales to top 
$100 billion 
energy costs. Also, all the countries involved are grap-
pling with difficulties due to trade imbalances, in 
particular, the impact of Japanese exports on the U. S. 
and Europe or, to look at it from the other side, the 
impact of an overseas cutback in demand on the 
export-dependent Japanese producers. The arguments 
over tariffs and quotas involve not only steel, textiles, 
and automobiles, but television sets, microprocessors, 
and computers as well. 
As for worldwide developments, the major one is the 

application of microprocessors to a whole range of 
products. The U. S., with a total microprocessor market 
this year of $250 million, has enjoyed a lead both in 
technology and in applications. But others are closing 
the gap ($55.9 million in Europe and $77 million in 
Japan), making microprocessor uses an arena for inter-
national competition. 

Aside from these overall challenges, the U. S., West 
Europe, and Japan face individual uncertainties. For 
the U. S., the $65.8 billion in total equipment consump-

1978 JAPAN WEST EUROPE U.S. 

1977 JAPAN WEST EUROPE U.S. 

1976 JAPAN WEST EUROPE U.S. 

o 15 30 45 60 75 90 

TOTAL CONSUMPTION OF ELECTRONIC EQUIPMENT 
($ BILLIONS) 

105 120 

Steady as she goes. Total consumption of electronics equipment in the United States, Western Europe, and Japan should increase this year 

past $107 billion for a growth of not quite 12% overall. Consumption in the United States should again lead in growth rate with a 13% gain. 
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tion predicted for 1978 is premised on solid 
increases in data-processing equipment propelled 
by microcomputers, in consumer products paced 
by good TV and video cassette recorder sales, 
and in Federal electronics mobilized by defense 
spending. The uncertainties include what actions 
the Federal government will take affecting energy 
costs, tax reform of capital investment credits, 
import protection, and funding for R&D. These 
actions could be especially important to sales of 
test and measuring instruments as well as indus-
trial electronic controls. 

In Europe, West Germany, France, and the 
United Kingdom still lead in dollar value—$873, 
$5.71, and $3.9 billion respectively—of the $26.8 
billion total electronics equipment predicted for 
this year. But there are differing ups and downs 
within categories from country to country. 

In color television, for example, the sales pace 
has slowed in West Germany and dropped in 
Scandinavia, while sales are good in France and 
just starting to take off in Italy and Spain. Total 
consumer electronics consumption in Western 
Europe, up 7% last year, is not expected to grow 
over 6% this year to $9.2 billion. 

While the vanguard consumer products are 
dawdling, both computer and communications 
equipment in Europe should move up nicely. In 
fact, aided by government projects in various 
countries, the $7.95 billion total for computers 
and related equipment will mean a growth of 13% 
in 1978. Communications will probably move up 
to $5.7 billion this year. 
On the whole, the rise in equipment sales this 

year will be the same as last year. It won't be 
much to cheer about, but will be better than the 
confusing general economy of these countries. 
Japan probably faces the most trying period. 

The domestic economy, after a difficult recovery 
from the oil crisis recession of 1974-75, turned 
sour again last year. During this time the elec-
tronics industries rebounded, because of their 
strategy of exporting their way out of trouble. But 
now this approach is being questioned, and 
Japan's electronics producers are coming to 
grips with the need to lessen their dependence on 
exports and stimulate demand at home. Of 
course, Japan will probably always need an 
export market to keep its production wheels turn-
ing. But its importance will diminish if the entire 
nation—government and industry—decides to 
restructure its economy. 

Meanwhile, other countries in Asia are gath-
ering the wherewithal to take over the export role 
that Japan is partly vacating. Today, Taiwan and 
South Korea are becoming technically sophisti-
cated manufacturers in their own right. 

Reprints are available at $4 each. Write to Elec-
tronics Reprint Department, P. O. Box 669, Hight-
stown, N. J. 08520. Copyright 1978, Electronics, 
a McGraw-Hill publication. 

U.S. 
MARKETS 

I=1 The way the wind is blowing, the signs point to a 
good year for the electronic equipment markets in the 
United States, although some products may experi-
ence a change in direction by the fourth quarter. Total 
growth this year should be slightly over 13%, reaching 
to $65.9 billion, according to the annual Electronics 
forecast. Since growth last year was almost 14%, to 
$58 billion, the industry appears to be on an even, 
though unspectacular, course for now. 

All the major equipment product categories are 
aiming upward, with especially good years expected 
for data processing ($24.6 billion), consumer ($12.3 
billion), and yes, Federal electronics equipment ($18.2 
billion). The communications sector took a dip last year 
primarily because of the collapse of the citizens' band 
transceiver market. But even with moribund CB sales 
this year, total communications equipment consump-
tion of $3.6 billion will be back on the plus side. 
As usual, the electronics industries will outpace the 

general economy this year, though the worries beset-
ting business enterprises generally are also troubling 
electronics producers. McGraw-Hill Publications Co.'s 
Economics department predicts the real Gross National 
Product will grow about 4.2% this year, compared to 
4.8% gain last year and the much better 6% growth 
rate of 1976. Industrial production is forecast to rise to 
a bit less than 5% in 1978, which compared with gains 
of nearly 6% in 1977 and more than 10% in 1976. Real 
capital investment will rise only 3% in 1978. 
The problems confronting the economy are: inflation, 

pegged at 6% per year; unemployment, still hovering 
around 7%; balance of payment deficits; and energy. 
How these economic factors will affect the elec-

tronics markets remains to be seen. For now, at any 
rate, there is an air of cautious optimism down the line 
in the components and semiconductor sectors, which 
usually set the tone for the equipment producers later. 
Semiconductors are expected to gain by a modest 
10% this year to $3.6 billion, whereas components 
should slow to an 8.7% growth to $6.7 billion. 
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COMPUTERS  

A bright outlook all round 
The close of 1977 left many manufacturers in the data-
processing industry pleased with a year of unexcelled 
growth—as high as 50% in the youthful, microcomputer-
related areas. And this year even the grandaddy main-
frames will manage a spurt, despite a slower overall 
market rate of expansion, as deliveries of 1977 orders 
boost their annual factory sales by 12% instead of the 
previous 9%. The total market in all computers and 
related equipment should rise to $24.6 billion from 
1977's $21 billion. 

Peripheral equipment is one area that is being heavily 
fueled by microcomputers. Fast becoming as much a 
commodity as smaller integrated circuits, the powerful 
little processors will help this year's factory sales of 
memory systems rise 14% to $585 million, low-speed 
printers rise 31% to $422 million, and terminals grow 
22% to $1.4 billion. 

Terminals prosper 

Printing and display terminals are doing particularly 
well. For one thing, users of mainframe computers are 
subscribing more to multi-user, interactive processing 
approaches, rather than batching up jobs, and are there-
fore spreading more work stations around than ever. But 
giving the printer/displays an even bigger boost is the 
increasing popularity of the distributed processing 
networks that hook up many minicomputers. 

This trend of course aids minicomputer sales, too. 
Although not as ebullient as the microcomputer-system 
market, minicomputer shipments this year should reach 
about $3.7 billion. Under attack from below by high-
performance microcomputers, minicomputer makers are 
retaliating with low-end minicomputer- and microcom-
puter-board products and are also marketing what are 
essentially interactive mainframe products costing 
upwards of $1 million. Diversification of this nature is 
only to be expected in the face of heightened competition 
from IBM Corp., since in the eyes of many market 
observers its Series/1 minicomputer will grab 17% of 
minicomputer sales that could approach $18 billion 
worldwide by 1981 (see figure). 

Mainframe activity 

IBM is also being far from idle about its mainframe 
computers. Its recently introduced 3031, 3032, and 3033 
processors already have orders extending out several 
years, and it has made across-the-board purchase and 
lease price cuts. As the company is well aware, the 
mainframe market is in a state of change despite the 
heavy shipping that will be happening this year. The 
increased plug-compatible competition, compounded by 
a looming Japanese threat, has IBM boosting its 
marketing force and encouraging outright sale of 
computers over rental or lease. 
As befits their junior status, small-business systems 

Minicomputer futures. The minicomputer market will continue to 

flourish, and although IBM Corp. currèntly has only a small market 

share, many industry observers predict that the company will 

manage to grab a 14.5% share in 1980 and 25.4% by 1983. 

will enjoy a better year than ever. Another microcom-
puter beneficiary, they will garner 20% to 30% more 
factory sales dollars. Systems for inventory maintenance 
and transaction accounting are just reaching into what 
research firm The Yankee Group of Cambridge, Mass., 
predicts will be a market of $2.2 billion in small retail 
businesses alone (those with less than $500,000 annual 
sales and more than 10 employees). 

Electronic funds transfer will open up new markets 
within the next several years, pending Government legis-
lation over banking regulations and security issues. In 
the meantime, point-of-sale terminals will exhibit growth 
of 14% to $691 million, while other transaction-related 
processing systems such as optical character readers, 
magnetic-card readers, and electronic data security 
systems will sell steadily until the regulations for elec-
tronic funds transfer are finally clarified. 

New office jobs 

Accelerating the approach of the all-electronic office 
are word-processing systems. The market should rise 
35% this year to $950 million and promises to explode by 
1981. Comprising processors, memory subsystems, print-
ers, and other terminals, such systems look like they 
should be yet another shot in the arm for peripherals. In 
particular, there should be a growing demand for minia-
ture flexible-disk drives, sales of which will rise 25% to 
$10 million. 
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CONSUMER 

1978 has a hard act to follow 
Last year was so good, consumer electronics producers 
hope their unexpected luck will last them well into the 
New Year. It may be the second half before they start 
doubting if they can repeat 1977's glorious 17% leap in 
market dollars. 
As the industry gathered in Las Vegas this week for 

the Winter Consumer Electronics Show, the odds for 
1978 looked favorable—an 11.1% rise to $12.3 billion. 
The television companies are betting on consumer video 
tape recorders made in Japan, though cut-throat pricing 
is already causing jitters. Video games, the other high 
roller in the TV market, are also scoring well and should 
hold up again this year if component shortages do not 
cause more delays. And, not to forget the biggest draw of 
them all, color television should stand pat, but with a 
pretty good hand. 

Even digital watches, which had a shake-out last year, 
and hand-held calculators, which are essentially a three-
company competition, should come up with a decent 
year. Microwave ranges continue to roll, although the 
Japanese have now introduced the programmable 
feature and will erode the present American lead. Most 
segments of the audio market, from the expensive high-
fidelity components to tape players and a-m—fm radios, 
should come out ahead again this year. 

For all this 'optimism, 'no one expects 1978 to be easy. 
Even the early takeoff of home video tape recorders has 
its dark side. Last year, it is generally agreed, 170,000 
VTRS were sold, mostly in the final four months as the 
Japanese makers began landing their own models and 
those manufactured under U. S. labels. 

This year 500,000 to 750,000 units could bring in 
$450 million—provided that Japanese production gets 
up to speed and sales resistance erodes faster than prices. 
Their early units, of course, almost sold themselves to 
the gadget buyers who sop up all the latest novelties, but 
now the industry has to get out and start sellirig. 

All things considered, though, growth this year should 
be 10% or more compared to 1977. Last year's 17% gain 
was even a few pegs above the 14.5% predicted by 
Electronics a year ago, thanks mainly to the record-
setting months of TV sales in the second half. 

Color TV boosts its ratings 

While all eyes were anxiously on the vTR's reception, 
color TV jumped up and surprised everyone. Instead of 
the 8.5 million units in dealer sales predicted, the 
industry moved close to 9 million units and could sell up 
to 9.5 million this year. In dollars it translates into $3.25 
billion for 1978, a 17% gain over 1977, according to the 
Electronics consensus. This year dollar value will be 
flat—only a 1% gain, manufacturers report. 
American producers were successful in getting a quota 

on Japanese imports, and it had an immediate effect. 
The Japanese share of the U. S. color TV market fell to 
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VTR picking up speed. Although sales of video tape recorders in 

Japan have been ahead of those in the United States till now, the 

American market will really get rolling this year, passing the total in 
Japan and reaching almost half a billion dollars. 

below 40% in portable and table models, down from 
46.8% in 1976. But the low-price slack is already being 
taken up by producers in Taiwan, as expected. 

Unexpectedly, though, a foreign incursion in low-end 
video games failed to materialize to any great extent last 
year, in part because the perennially long lead time in 
game chips slowed down the plants in Hong Kong, 
Korea, and Taiwan. Sales of around 6 million units are 
estimated for last year, 500,000 to 600,000 program-
mable types and the rest dedicated. This year the esti-
mate is for 1 million to 1.5 million programmables and 8 
million to 9 million dedicated games. Coming up fast too 
are non-video games and electronically controlled toys, 
which could add another 3 million to 5 million units to 
this market category. 

Outside entertainment, consumer electronics products 
in 1978 will be a mixed bag. According to the Electronics 
survey, electronic watches, both digital and analog, 
should gain 11% this year, reaching $395 million as the 
market settles into a liquid-crystal-display era. Hand-
held calculators are like radios in having no apparent 
saturation point— their dollar value this year should ease 
upward to $657 million. Having zoomed past the 2-mil-
lion-unit mark last year, microwave ranges should settle 
in this year at about 2.75 million units or $1.07 billion, 
passing the $1.050 billion anticipated for combined sales 
of gas and electric ranges. The big sellers will continue to 
be the microprocessor-based programmable models. 
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COMMUNICATIONS  

Earth terminals fly, CB slumps 
For some makers of communications gear, 1977 was 
definitely a year to drink to. But poor sales of citizens' 
band radios depressed 1977's totals, which were down 
5.6% from 1976, and seem likely to drag down 1978's 
totals too. However, exclusive of CB, consumption of 
communications equipment last year was up 20% over 
1976 and this year will be up 15% over 1977. 
The market in satellite earth terminals for cable tele-

vision should double in 1978, and later small earth 
terminals will get a boost when the SBS satellite network 
becomes operational. Although this and other all-digital 
land networks will cut into the modem market, they will 
act as a catalyst for the high-speed facsimile market. 
And this year fiber-optics consumption should jump 
from $10 million to about $25 million, on its way to a $1 
billion market a decade from now. Even land-mobile 
radio continued to grow at a steady 10%, with much of 
that growth in replacement equipment and new portable 
units for police and others involved in public safety. 

CB shakeout 

The drop in CB radio sales last year was due in part to 
the continued availability of 23-channel sets, which were 
sold off at a discount, and consumers' reluctance to 
purchase costlier 40-channel sets. Altogether, Electronics 
estimates only 10 million sets or so were sold in 1977 at 
an average factory price of less than $40. And although 
some industry sources see annual sales of 10 million to 
12 million sets continuing through 1981, Electronics 
expects only 6 million CB sets to be sold this year at a $55 
factory price tag. Why the decline? For one thing, CB is 
no longer all that fashionable. For another, high-noise 
urban areas are frustrating the growing number of 
people attempting to use CB radios there—a problem 
that will get still worse in 1979 when the sun-spot cycle 
is at its peak. 

Even so, users seem to want CB to evolve into a 
workable, personal-communications link. As this trend 
gains momentum, the Federal Communications Com-
mission will feel pressure to provide spectrum in the 800-
megahertz region, something it has been considering. 
That could bring a whole new class of CB radios on the 
market by 1981. At an average factory selling price of 
about $150, about 7 million sets could chalk up a market 
in excess of $1 billion. 

Bright future 

Another relative newcomer, fiber optics, is moving 
into telephone communications, interconnections to 
computers, industrial process-control systems, and head-
end and distribution trunking for cable television, as well 
as master antenna TV systems inside apartment buildings 
and the like. However, any company wishing to cash in 
on this potentially lucrative marketplace (see table) will 
have to set up an organization capable of providing all 
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Year Cable Sources Detectors Connectors Total 

1977 7 0.78 1 2.2 11 

1978 16 2 2 6 26 

1979 38 4 3 8 53 ' 

1980 93 9 8 7 117 

1981 133 11 11 7 162 

1982 203 15 16 9 243 

1983 352 37 27 13 429 

1984 545 42 38 16 641 

1985 668 52 49 21 790 

1986 824 63 62 20 969 

1987 1024 74 80 22 1200 

SOURCE INTERNATIONAL RESOURCE DEVELOPMENT INC. 

the needed components for a complete fiber-optic 
system, at least until users become sophisticated enough 
to abandon one-stop shopping. 

Last year the Mutual Radio Broadcasting System, the 
country's largest radio network, petitioned the FCC for 
permission to become the first one to be connected by 
satellites rather than land lines. The petition included 
the request to be allowed to erect small receive-only 
terminals without first having to file with the FCC. If 
approved, it might well encourage other nets like UPI and 
Musak to put up terminals, too, and the U. S. market in 
small earth terminals could grow rapidly. Right now the 
demand for satellite ground stations comes mostly from 
overseas, and manufacturers are waiting for the Satellite 
Business Systems, the joint IBM-Comsat-Aetna venture, 
to create substantial domestic business. 
The all-digital SBS system, on one hand, would help 

the earth terminal and high-speed digital facsimile 
markets, but, on the other hand, could hurt the modem 
market. Meantime, though, modem consumption should 
remain stable with 5.6% growth this year, with low-speed 
modems losing ground to high-speed types as technolog-
ical advances permit higher-speed transmission using 
voice-grade lines. 

High-speed facsimile 

As for fast facsimile machines, the entry of new 
companies into the field will probably lower their price — 
a development made all the more likely by the French 
post office's recently announced plan to buy a million 
1-minute digital faxes from anyone capable of building 
them at a cost under $300 each. This will undoubt-
edly increase their attraction, especially once they can be 
linked with low-cost, large-bandwidth transmission 
services such as those now available or coming on line 
over Bell's data network, private packet-switching nets, 
and the SBS network. 
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INDUSTRIAL  

All areas doing well 
Having drawn almost straight As in 1977, industrial 
electronics this year could even improve on that excellent 
grade average. An outstanding 1977 saw U. S. consump-
tion increase 14.22% over 1976, and manufacturers of 
industrial electronic equipment are looking forward to a 
solid 16% increase this year. 

Making the prospect less than inevitable, though, and 
maybe even reversible, are the classic economic threats 
to growth in this area: inflation, a declining U. S. 
economic growth rate, rising interest rates that limit the 
investment capital available for expansion, and shortages 
of raw materials. The energy shortage and rising envi-
ronmental concern, on the other hand, could turn out to 
be positive factors. 

In this context, what kind of showing can be expected 
from the three important segments in the industrial 
control market— process control, numerical control of 
machine tools, and energy management? In 1977, 
consumption of electronic equipment for process 
control—inspection systems, thickness gages, process 
controllers and indicators, sequence controllers and 
process-control computers—reached $585.2 million, 
according to the Electronics survey. During the same 12 
months, the total for electronic equipment for numerical 
controls climbed to $97.6 million, compared to $77.9 
million for the previous year. The relatively new but 
important energy-management electronics field became 
a $35.1 million industry in 1977. 

Process-control electronics will score the lowest grade 
this year. Its customers, particularly in the chemical, 
petrochemical, and petroleum-refining industries, as well 
as in the presently depressed steel industry, will not be 
increasing their overall spending on capital equipment 
very much in 1978. The McGraw-Hill Economics 
Department labels the 7% to 8% real growth in 1977 
investment "a disappointment," and this year the 
outlook is for a still more disappointing 3% increase. 

However, spending for modernization, energy conserva-
tion, increased process efficiency, and conversion to 
alternate fuels should help boost total consumption of 
electronic process-control systems by at least 10%. Total 
dollar value this year should be $674.1 million for this 
segment of the market. 
By contrast, total 1978 consumption of numerically 

controlled equipment could rise 25% or more over 1977, 
prophesy the manufacturers of such equipment after 
1977's 25% improvement on 1976. As an indication of 
how well their sales have been running, General Electric 
Co.'s Industrial Controls division in Waynesboro, Va., 
had a record year in 1977 for numerically controlled 
electronic systems. For all manufacturers the consensus 
is a 1978 total of $131.2 million. 

Prospects for further growth to 1980 seem good. A 
surge of machine-tool orders in the 1976 to 1977 period 
is still mainly unfilled, and many of these still-to-be-
delivered machines will be numerically controlled, 
creating a larger base for replacement sales in later 
years. As the field expands, microprocessor-run systems 
will gradually garner most of it, with the remainder 
going to minicomputer numerical control. By the 1980s, 
hardwired and direct computer control should no longer 
be important factors. 

Top marks to energy management 

Another field with an excellent potential is energy 
management. Markets for this type of equipment are 
growing in process control, power generation, and even 
in the home. A 31% growth in 1977 could snowball to an 
even larger growth of 52% in 1978. The Electronics 
survey pegs it at $53.5 million. By the 1980s, factory 
sales of energy-management systems to U. S. users will 
exceed $122 million. And as in numerical control, micro-
processor control will be the fastest-growing segment of 
the energy-management market. 
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Under control. Microcomputers in industrial equipment will increase from 77,000 units in 1977 to 3.05 million units in 1985. One of the largest 

growth areas is the application of these units to truck and bus engine controls, a market segment that will almost double by 1980. 
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INSTRUMENTS  

Profiting from change 
Life and soul of the party in the instrument sector last 
year were the microprocessor design and troubleshooting 
systems, which accounted for about half of 1977's nearly 
15% sales growth. And, U. S. consumption of all instru-
ments in the New Year looks to be almost as lively, 
growing a little more than 12% to $2.65 billion, even 
though the most swinging products—microprocessor 
development systems and logic analyzers—will be 
quieting down a little. 

Even so, logic analyzers, of both logic state and logic 
timing, will continue to pace the test instruments 
market. With an anticipated growth rate this year in 
excess of 40%, they could be heading for about $100 
million by 1981. Makers of logic analyzers are still 
attempting to fill the demand from designers, yet are 
also eyeing the large market for field-service equipment, 
as are many other instrument makers. Though board 
swapping will probably remain the commonest repair 
technique at the customer's site, manufacturers are 
looking into more complex test equipment for the C. S.'s 
15,000 or so service personnel at regional depots. 

Microprocessor development systems, once the sole 
preserve of microprocessor manufacturers who wished to 
encourage use of their own devices, are now becoming 
standard multi-device instruments. This area is expand-
ing at about the same rate as the logic analyzer field and 
is already above the $70 million level annually. 

Also participating in the microprocessor-based equip-
ment boom is automatic test equipment, aimed at both 
manufacturers and users of microprocessors. As the 
number of high-volume users increases, there will be 
more demand for test equipment needed at incoming 
inspection, since the costs of finding a failure on a board 
are quite high. At the same time, board testers are 
growing, although prices continue to come down as more 
large-scale integrated circuits are used within the equip-
ment itself. Testers of components (including integrated 
circuits) and boards together should earn their makers 
$192 million in 1978, about 10% above 1977's $175 
billion. However, the market is much more volatile than 
the 10% growth figure indicates. A new generation of 
low-cost testers for LS1 circuits is coming to market, 
costing less than half the $150,000-plus for which estab-
lished computer-controlled testers now sell. 
Few areas are as active as digital multimeters, yet the 

market dollars are growing at about a modest 11% rate. 
The cause is a steady decline in prices of new 41/2 -digit 
and more especially 31/2 -digit instruments, many of 
which are taking aim at the less-than-$100 market. 
Up to now, that has been the bastion of analog 

multimeters. These, although they probably will never 
disappear from the scene, are declining by about $1 
million a year and could fall to the $15 million mark in 
1981, whereas 31/2 -digit DMMS should rack up more than 
twice that in sales in that year. 
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Up and up. Consumption of microprocessor support instruments at 

present relates more to number of microprocessor applications than 

to overall device sales. But when large-volume use in cars, for 

example, begins in 1979, the device market will leap ahead. 

Electronic counters and timers will exhibit trends 
similar to the multimeter field, with steadily declining 
prices as more use is made of is' chips. 

For a mature product, oscilloscopes continue to do 
respectably well. They will exhibit their steady 10% 
growth rate again in 1978, reaching about $210 million, 
although some industry observers see a pent-up demand 
that could boost sales if the Government should move on 
tax credits for capital investments. Spectrum analyzers 
are doing much better: a good 1977 will be followed by a 
20% growth in 1978 to $96 million as new units using 
microprocessors for computation and control begin to 
make themselves felt in the marketplace. 

Medical gear to recover 

In medical equipment, there was a decline in 
consumption of diagnostic equipment in 1977—from 
$628 million in 1976 to $607 million. What happened 
was that tomographic X-ray scanners cut into the 
consumption of conventional X-ray equipment, which 
fell from $300 million to $230 million. This nearly 25% 
decline more than offset the modest sales increases in 
other diagnostic equipment categories. Still, the medical 
market should get back on track in 1978, as some 
potential users of tomographic equipment decide for it 
and others settle for conventional X-ray gear. Then the 
first market should improve by about 30% to $160 
million, and the second recover to about $280 million. 
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SEMICONDUCTORS  

Chips surge ahead 
A mixture of caution and optimism prevails in the semi-
conductor industry. The caution stems from the compar-
atively modest increase in U. S. semiconductor consump-
tion in 1977. Electronics' survey, taken early in the fourth 
quarter, indicates that the year closed with consumption 
at $3.25 billion, a growth of 12%. But some industry 
sources suggest a somewhat higher rate, more like 14%. 
In either case, 1977 will exhibit rather less than the 22% 
growth rate predicted for it at the beginning of last year. 
And that slower growth will continue in 1978—on the 
order of 10%, according to the consensus. 

But the optimism is there, too, for most of the drag is 
due to discrete devices, a relatively mature segment of 
the industry, while excellent performances are being 
turned in by the high-technology products in the area of 
large-scale integration. Furthermore, suppliers report 
that there is no double ordering, and the industry's book-
to-bill ratio, a useful near-term market indicator, stands 
solidly above unity, compared to the 0.95 ratio widely 
experienced during the summer's doldrums. 

Last year, demand for most discrete product lines 
increased by a mere 2%, Electronics estimates. This drag 
is expected to continue throughout the decade, as ever 
more discretes are eliminated by functions integrated 
onto chips. 
As for integrated circuits, they grew by a solid 16% to 

reach $2.2 billion, or 61% of total semiconductor 
consumption. In addition, last year's consumption of 
metal-oxide-semiconductor chips grew by almost 30% 
and will grow by another 30% this year. Thus, companies 
that made the move to high-technology mos product 
lines in the early and mid-1970s will undoubtedly 
perform well above the industry average. 

It's more and more a MOS world 

Indeed, consumption of microcomputer products, 
which are primarily mos types, grew by almost 60% last 
year to $189 million and will reach $250 million this 
year. Here, the byte-oriented multichip families (includ-
ing processors, memories, and peripherals) are seeing the 
most action, accounting for over $125 million, or almost 
two thirds of the microcomputer chips bought and used 
in the U. S. in 1977. 

Meanwhile, a move is beginning toward 16-bit micro-
computer designs for higher throughput and more data 
storage. Sales of 16-bit central processing units, which 
totaled $11.2 million last year, should grow to over $16 
million this year and reach $80 million by 1981. 

One-chip microcomputers are also in sharp demand, 
especially the new 8-bit devices intended for mid-range 
peripheral designs as well as for such potentially huge 
markets as automobile engine controls. Sales of one-chip 
types doubled last year, reaching $8 million, and will 
grow a further 70% this year. 

Just as strong are semiconductor memories, which 

Small stuff makes the big time. In 1977, 8-bit devices made up 

about half of all microcomputer CPU sales. This year, sales of 16-bit 

CPUs and one-chip microcomputers should also accelerate as users 

extend system performance both upward and downward. 

chalked up $632 million in factory sales last year, almost 
30% over 1976. Another 30% increase is expected this 
year. Indeed, as 16-bit designs grow more popular and 
memory accounts for an increasingly larger proportion 
of the system, memory sales should remain very strong. 
By 1981 they could exceed $1.1 billion, almost 30% of 
the total semiconductor consumption. 

RAMS flourish 

All memory product lines are prospering, especially 
random-access memories. They grew to almost $350 
million last year and will reach nearly $410 million this 
year as mainframe and minicomputer makers begin to 
manufacture their new lines of memory-rich computer 
families. By 1981, the RAM market alone will total $615 
million, or almost one half of the total memory consump-
tion. Meanwhile, 1978 is the year users will start turning 
to 16,384-bit dynamic RAMS as manufacturers move 
them onto production lines in place of older 4,096-bit 
parts. Thanks to the boom in microcomputer-based 
designs, static RAMS are also in strong demand and will 
reach $174 million by the end of the year. 

In linear integrated circuits, U. S. consumption rose 
nearly 8% in 1977 to $410.3 million and should climb to 
$452.7 million in 1978, a solid growth of more than 10%. 
Data conversion, which remains one of the hottest of 
linear areas, is expected to grow 26% in 1978 to $33.8 
million. Moreover, prospects for the near future are 
brighter still, in particular for microprocessor-compat-
ible data converters, and consumption should easily 
double in the next three years. 

Another up-and-coming area, interface circuits, 
should reach $60 million this year, an increase of nearly 
19% over 1977. Growth for more mature market 
segments, like operational amplifiers, will be more 
modest —between 5% and 10%. 
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COMPONENTS  

A peak experience 
The surprisingly bravura performance of the components 
market last year looks like it will be sustained well into 
this year, although the tempo is expected to slow some-
what and most makers are uncertain what to expect as a 
finale. In 1977, U. S. consumption hit $6.16 billion, up 
11.9% over 1976. In 1978, it should rise again, by 8.7% 
to $6.7 billion. All the current business signs point to the 
New Year being the best ever for components, despite a 
possible downturn in the second half. 

Lead times are beginning to stretch out in certain 
high-growth sectors—in particular, deliveries for thick-
film resistor networks are extending out from two to 
three months. However, for the most part, components 
makers are keeping in step with increasing demand, 
operating at nearly full production capacity now and 
planning for some expansion in the coming year. Manu-
facturers and customers alike are proceeding with 
caution, both careful to avoid inventory buildup. 
Thus far, this caution is paying off. But should the 

market soften within the second half, consumption for 
1979 will in all likelihood return to somewhere around its 
1974 level (see graph). 
To assure that this survey reflects the marketplace's 

response to new technologies, Electronics substantially 
changed many components listings this year, bringing 
the grand totals up by hundreds of millions of dollars for 
each year. Connectors, switches, and transducers now 
include extra categories, as do both crystals and passive 
filters. Hybrid and modular components are being gath-
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Looking ahead. This year should be the best ever for components, 

with U. S. consumption climbing to an all-time peak of $6.7 billion. 

However, if the market softens, as it might possibly do after midyear, 

1979 could be down appreciably— by as much as 10% to 20%. 

ered under the components banner, rather than under 
semiconductors. Yet another new category is intercon-
nection systems, which are being grouped with printed 
circuits, along with one more important new area, flex-
ible circuits. Moreover, the wire-and-cable grouping now 
includes fiber-optic cable. 

FEDERAL  

DOD to spend more than expected 
President Jimmy Carter's projected 10% increase in 
military electronics outlays gainsays his promise as a 
candidate to cut defense spending. But it reflects the 
influence of Defense Secretary Harold Brown, who 
persuaded him to boost calendar 1978's military budget 
to $16.5 billion in order to counter the Soviet Union's 
superior manpower in Europe with upgraded intelli-
gence, warning, and weapons systems. 

Procurement of military electronics alone will climb 
nearly 12.5% to $7.9 billion, with avionics and related 
ground systems reflecting the biggest increase—up to 
17% to $2.2 billion from 1977—as major buys continue 
for Air Force and Navy aircraft. Buys of missiles and 
space hardware, up 10% to $2.5 billion, indicate the high 
priority being assigned to programs like cruise missiles 
as well as space reconnaissance satellites. 
The budget for military research, development, test 

and engineering will post a lesser boost of 10% to 

$5.44 billion. This increase is due to pressure from 
Brown and the Joint Chiefs of Staff to develop a new 
class of "killer satellites" carrying high-energy lasers; 
they would counterbalance Soviet spacecraft that 
destroy other satellites by crashing into them. 

Other major elements in the military RDT&E increase 
include: White House concern with the declining trend 
in American high-technology R&D [Electronics, Nov. 24, 
p. 50]; recognition that DOD is the most efficient mecha-
nism for getting R&D money quickly into the economy; 
and increasing concern with unemployment generally 
and high-technology joblessness in particular. However, 
new money accounts less for the overall increase than 
Brown's determination to shift more R&D work into the 
hands of industry. Naval shipboard electronics will climb 
to nearly $1.4 billion, with that 15% boost representing 
the second largest increase after electronics for aircraft 
of all types. 
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U.S. MARKETS 
FORECAST 1978 
Market estimates represent industry-wide consump-
tion (at the factory level) of goods shipped by U.S. 
and foreign manufacturers for the U.S. market. Some 

product categories have been added, deleted, or rede-
fined. Therefore, these totals are not directly compa-
rable to those of previous years. 

e  
Inlions of dollafsi 

COMPONENTS 

1976 1977 1978 1981 

COMPONENTS, TOTAL 5,500.1 6,155.5 5,690.1 7,897 
Resistor., total 391.8 445.8 453.3 491 
Fixed, total 166.4 189.5 189.8 199 Magnetic, total 356.9 370.2 315.4 416 
Composition 46.8 50.1 44.7 35 Computer memory cores 25.2 24.3 24.2 16 
Deposited-carbon 16.9 20.2 21.0 28 Transformers. chokes, except TV 254.6 269.3 285.1 325 
Metal-film 55.1 66.4 70.1 79 Laminated 164.5 173.7 183.8 208 
Wirewound 47.6 52.8 54.0 58 Toroidal 55.2 58.6 62.1 72 

Variable. total 151.4 164.6 157.1 179 Pulse transformers 34.9 37.0 39.2 45 
Potentiometers, wirewound 25.4 27.2 26.2 26 TV components 59.3 59.8 60.4 61 
Potentiometers, nonwirewound 68.3 73.4 68.3 80 Rf coils 17.8 16.8 15.7 14 
Trimmers, wirewound 19.2 20.0 19.1 19 
Trimmers, nonwirewound 38.5 44.0 43.5 54 Electron tubes, total 1,057.1 1,121.0 1,191.3 1,217 

Thermistors 25.2 32.8 39.1 41 Receiving 131.0 121.2 112.7 68 
Resistive networks. total 48.6 58.9 67.3 73 Power and special-purpose, total 356.7 366.8 375.8 409 

Thin-film 4.5 5.0 6.2 7 High-vacuum 61.9 59.4 58.4 56 
Thick-film 44.1 53.9 61.1 76 Gas and vapor 15.7 15.7 15.4 16 

Klystrons 41.8 42.1 42.9 45 
Capacitors, total 608.1 724.2 779.1 134 Magnetrons 50.2 52.3 53.9 64 
Paper 65.2 80.7 82.6 91 TWTs, including backward-wave 91.6 96.2 101.3 115 
Film 75.6 87.5 93.5 100 Light-sensing 13.6 14.4 15.2 17 
Electrolytic, total 245.5 284.8 316.3 333 Image-sensing, including TV camera 
Aluminum 110.9 133.2 153.1 157 and image-intensifier 31.2 33.0 34.9 42 
Tantalum 134.6 151.6 163.2 176 Storage 15.8 14.6 13.8 9 

Mica 23.2 30.4 35.2 33 Cathode-ray. except TV 34.9 39.1 40.0 45 
Glass and vitreous enamel 4.7 5.0 5.1 4 TV picture. black-and-white 28.8 26.1 23.5 15 
Ceramic, except chips 154.0 192.7 200.0 220 TV picture, color 540.6 606.9 679.3 725 
Variable 16.5 17.5 18.5 20 
Chip 21.4 25.6 27.9 33 Microwave hardware, total 94.8 107.8 123.0 153 

Mixers 9.8 10.1 11.2 13 
Relays, total 434.0 475.9 514.2 590 Detectors 41 4.6 5.1 6 
General-purpose 90.1 99.4 109.4 130 Amplifiers 14.8 20.1 25.7 35 
Telephone-type 23.8 25.5 27.3 35 Passive components, total 31.7 35.0 38.1 43 

(millions of dollars) 1976 1977 1978 1981 

Crystal-can 39.1 43.3 47.4 52 
High-sensitivity 23.3 25.9 28.4 37 
Rf 71.2 78.9 86.4 90 
Reed 30.7 34.5 38.6 45 
Stepping and impulse 5.0 4.5 4.0 3 
Time-delay 18.0 21.8 23.5 28 
Solid-state 14.8 20.1 24.2 34 
Other 118.0 1220 125.0 135 

Switches, total 307.2 336.0 360.6 429 
Small-movement snap-action 56.1 58.1 60.2 64 
Lighted 60.1 62.3 65.4 85 
Push-button 25.0 27.0 29.2 34 
Toggle 16.8 17.8 18.9 23 
Slide 16.2 18.3 18.9 23 
Rotary 34.1 35.9 37.0 40 
Coaxial 11.0 11.6 10.3 8 
Thumbwheel 17.8 20.0 22.4 25 
Dual in-line 20.0 25.0 30.0 40 
Keyboard, single-key 5.7 6.6 7.5 9 
Keyboard, assemblies 37.8 45.2 51.0 65 
Solid-state. including Hall-elfeci 6.6 8.2 9.8 16 

(millions of dollars) 1976 1977 1978 1981 

Integrated circuits, total 1,909.2 2,223.7 2,536.2 3,989 
SEMICONDUCTORS, TOTAL 2,904.7 3,253.3 3,578.6 5,140 Standard logic families, total 677.0 775.2 864.1 1.146 
Discrete semiconductors 886.5 904.2 895.2 949 RTL 5.6 4.5 3.8 3 
Diodes 323.2 328.7 316.7 322 DTL 39.0 32.0 27.2 25 

Signal 36.6 39.0 38.5 35 UL 393.7 400.0 409.6 455 
Rectifier 163.2 163.5 158.9 161 Schottky TTL, total 66.6 103.5 143.1 221 
Arrays 20.7 16.9 14.3 14 Standard 27.7 36.0 37.7 46 
Zener. total 65.0 70.3 66.0 68 Low power 38.9 67.5 105.4 175 

Voltage regulator 48.6 52.7 49.8 50 FL 11.3 19.0 28.6 70 
Reference 16.4 17.6 16.2 18 ECL 40.6 61.5 67.7 93 

Special-purpose, total 37.7 39.0 39.0 44 C-510S 120.2 154.7 184.1 280 
Microwave, total 28.2 30.0 30.3 35 Microprocessor families, total 113.7 188.5 249.9 717 
Varactor (less than 1 GHz) 7.9 7.8 7.7 8 CPUs, total 55.0 74.0 104.7 322 
Tunnel 1.6 1.2 1.0 1 NOS, total 51.0 66.0 91.0 272 

Transistors, total 457.5 449.8 446.7 470 21.0 13.9 7.7 5 
Bipolar. total 418.9 411.1 406.7 426 20.0 29.7 41.2 87 

Small-signal (less than 1 W) 150.2 142.0 127.0 107 5.0 11.2 16.3 80 
8-bit  

Power (1 W or more) 202.2 200.3 207.5 246 -c 5.0 11.2 25.8 100 
Duals and arrays 20.7 19.7 18.2 14 Bipolar, total 4.0 8.0 13.7 50 
Rf and microwave 45.8 49.1 54.0 59 Bit-slice 2.5 6.0 10.3 35 

Field-effect. total 38.7 38.7 40.0 44 Full CPU 1.5 2.0 3.4 15 
Junction, total 24.6 23.6 24.4 27 ROMs 20.9 34.9 42.3 100 

Small-signal 24.6 23.5 24 RAMs .0 26 14.9 35.1 43.0 107 
Power - 0.1 0.4 1 I/O interface chips 14.0 23.5 30.0 98 

MOS. total 14.1 15.1 15.6 17 1.51 peripheral chips 8.9 21.0 29.9 91 
Small-signal 14.1 15.0 15.2 16 Dedicated ISI logic 72.0 54.1 56.0 87 
Power - 0.1 0.4 1 Memories. total 509.2 632.4 742.6 1.156 

Thyristors 84.7 105.7 110.6 134 Random-access, total 277.7 348.7 409.1 615 
Protection devices, including varistors 21.1 20.0 21.2 23 Dynamic. total 163.3 197.7 235.5 327 



(millions of dollars) 1976 1977 1978 1981 (millions of dollars) 1976 1977 1978 1981 

Waveguide 7.1 8.2 9.0 8 Hybrid and modular components, total 234.5 269.2 315.5 464 
Coaxial and strip-line 24.6 26.8 29.1 34 Operational amplifiers 19.2 22.0 25.3 30 

Switches, total 9.0 9.9 11.6 15 Instrumentation amplifiers 5.3 6.0 6.9 10 
Waveguide 3.1 3.4 3.9 6 Isolation amplifiers 2.7 3.7 4.6 8 
Coaxial and strip-line 5.9 6.5 7.7 9 Data conversion, total 49.1 57.3 69.0 97 

Ferrite devices, total 21.3 23.5 26.2 33 D-a converters 23.8 26.5 30.0 40 
Isolators 6.1 6.5 7.4 7 A-d converters 19.1 22.7 29.2 40 
Circulators 10.1 10.8 11.9 14 Multiplexers 2.4 3.4 3.9 4 
YIG devices 5.1 6.2 6.9 10 Sample-and-holds 3.6 4.1 4.7 8 

Power limiters 4.1 4.4 5.1 7 Converter subsystems 0.2 0.6 1.2 5 
Functional circuits 12.2 13.8 158 20 

Readout device., total 118.4 151.8 185.7 246 Signal sources. incl. oscillators 1.5 2.0 2.3 3 
Discrete, total 37.0 44.3 47.5 46 Active filters 5.8 7.0 8.6 13 

Gas-discharge 3.6 3.2 2.6 2 Miscellaneous custom functions 138.7 157.4 183.0 283 
Incandescent 3.6 4.2 4.6 7 
Fluorescent 1.6 1.7 1.8 2 Connectors, total 822.1 723.8 717.0 1,045 
Light-emitting-diode 28.2 352 38.5 35 Coaxial, total 65.0 68.7 74.7 89 

Multidigit. total 79.4 107.5 138.2 200 Standard size 49.1 50.3 52.9 60 
Gas-discharge 23.1 29.7 42.5 73 Miniature 15.9 18.4 21.8 29 
Segmented 3.4 4.6 7.2 12 Cylindrical, total 161.8 184.5 199.6 23.9 
Dot-matrix 19.7 25.0 35.3 61 Standard 51.4 55.2 55.9 61 

Incandescent 1.1 1.0 0.9 0 Miniature 66.9 77.2 83.2 93 
Fluorescent 2.4 3.2 3.7 4 Subminiature 43.5 52.1 60.5 85 
Electroluminescent 1.9 2.3 3.1 4 Rack-and-panel 160.5 187.6 204.9 256 
Light-emitting-diode 36.0 41.2 47.0 59 Fused 11.4 11.3 12.5 15 
Liquid-crystal 14.9 30.1 41.0 60 Printed-circuit 116.3 142.3 156.2 200 

Card-insertion 76.3 87.6 100.2 135 
Transducers, total 174.2 202.1 242.9 351 Two-piece, metal-to-metal 40.0 54.7 56.0 65 
Pressure 106.5 120.6 139.5 217 Flat-cable 44.0 59.1 75.4 150 
Temperature 5.0 7.0 8.0 15 Fiber-optic 0.6 0.9 1.6 6 
Motion, linear 20.0 24.7 30.0 35. Flexible-circuit 0.2 0.8 1.5 4 
Motion. angular 10.0 15.0 28.0 35 Special-purpose 62.3 68.4 70.6 85 
Torque 20.1 20.6 21.1 23 
Vibration 12.6 14.2 16.3 126 Printed circuits and 

interconnection systems, total 493.5 577.7 880.5 879 
Crystals, total 110.5 106.5 106.2 112 Printed circuits. total 358.4 407.7 432.0 506 
Discrete crystals, total 55.5 50.5 49.2 55 Rigid boards, total 316.4 356.7 376.0 426 
Communications 18.0 20.0 21.0 23 Single-sided 50.2 sao 64.0 72 
Color TV 1.5 2.0 2.2 3 Double-sided 176.0 198.0 209.0 222 
Watches 30.0 20.0 15.0 15 Multilayer 90.2 98.7 103.0 132 
Digital-logic clocks 2.0 4.0 6.0 8 flexible circuits 42.0 51.0 56.0 80 
Filters 4.0 4.5 5.0 6 Interconnections, total 131.1 165.0 222.5 363 

Assemblies, incl. mounts and ovens 550 56.0 57.0 57 Sockets and socket panels for [Vs 75.0 95.0 135.0 240 
Backplanes 56.1 70.0 87.5 123 

Passive filters and networks, total 149.5 155.4 180.7 180 Prototyping boards 4.0 5.0 6.0 10 
LC filters 41.4 41.8 42.4 45 
Electromechanical filters, total 41.8 44.2 45.9 56 Wire and cable, total 351.7 388.8 414.7 480 

Crystal 33.8 34.7 34.9 42 C,oaxial cable 55.1 61.2 67.9 84 
Ceramic 6.0 7.0 8.0 10 Flat cable 105.0 126.0 135.0 152 
Other 2.0 2.5 3.0 0 Hook-up wire 89.2 96.6 104.3 113 

Rh and emi filters 44.1 45.2 46.2 50 Multiconductor, shielded 65.1 64.0 63.0 69 
RC networks 10.2 11.2 12.2 16 Multiconductor, unshielded 36.8 36.8 37.0 42 
Delay lines 12.0 110 14.0 15 Fiber-optic cable 0.5 4.0 7.5 30 

p-MOS 29.1 18.5 8.1 1 Data conversion, total 21.9 26.8 33.8 73 
n-MOS, total 133.7 177.2 221.7 314 D-a converters 9.3 11.5 14.6 31 

1-k 14.2 17.2 20.1 29 A-d converters 4.7 7.5 9.4 26 
4-k 114.4 125.0 115.7 85 Multiplexers 4.4 4.4 5.1 8 
16-k 5.1 35.0 85.9 200 Sample-and-holds 3.5 3.4 3.7 4 

Bipolar 0.5 2.0 5.7 12 Interface 45.5 50.5 60.0 96 
Static. total 114.4 151.0 173.6 .288 Communications 29.9 35.9 39.7 60 

Bipolar 40.9 52.0 55.3 65 Entertainment 63.2 67.8 73.6 87 
n-MOS 61.3 80.5 90.6 178 Consumer product ICs. total 157.0 163.2 170.9 211 
C-140S 12.2 18.5 27.7 45 Calculator chips, total 68.5 62.2 57.3 57 

Read-only. total 197.1 243.0 282.4 431 Personal 44.4 41.0 37.2 39 
Mask type, total 78.6 92.0 101.1 153 Scientific 11.0 12.1 11.4 12 

Bipolar 11.2 12.0 11.4 16 Multichip 8.7 6.1 5.8 4 
NOS 67.4 80.0 89.7 137 Other 4.4 3.0 2.9 2 

Programmable type 77.6 91.0 100.2 152 Watch chips 46.6 46.5 44.4 61 
Alterable type, total 40.9 60.0 81.1 126 Game chips 20.6 31.0 42.5 56 

Ultraviolet 37.1 55.0 72.5 110 Other 21.3 23.5 26.7 38 
Electrical (EAROM) 3.8 5.0 8.6 16 

CCDs 2.7 6.3 16.2 54 Optoelectronic devices, total 109.0 125.4 147.2 203 
Magnetic-bubble devices - 4.9 7.7 30 Photovoltaic (solar) cells 8.5 8.6 10.5 12 
shift registers 31.7 29.5 27.2 26 Photoconductive cells 4.4 6.2 7.4 9 

Linear ICs. total 380.3 410.3 452.7 672 Light-emitting diodes 43.5 50.5 58.5 80 
Analog switches 33.2 33.1 34.2 45 Laser diodes 0.2 0.5 1.5 5 
Operational amplifiers 97.7 102.0 107.8 142 Photodiodes. incl. arrays 5.5 5.0 7.1 10 
Instrumentation amplifiers 1.4 2.0 2.7 6 Phototransistors, incl. arrays 14.1 13.8 16.2 20 
Comparators 16.1 17.0 18.1 24 Optically coupled isolators 26.8 35.0 40.0 60 
Voltage regulators 31.1 33.5 36.3 62 Silicon targets 6.0 5.8 6.0 7 
Timers 36.3 36.1 39.4 56 
Other 4.0 5.6 7.1 22 

 e 



INDUSTRIAL AND COMMERCIAL MARKETS 

(millions of dollars) 1976 1977 1978 1981 

INDUSTRIAL AND COMMERCIAL, TOTAL 26,136.0 30,317.0 35,357.0 50,651 
Test, measuring, and analytical 

instruments, total 2,060.3 2,364.7 2,653.8 3,494 
Test and measuring equipment, total 1,648.3 1,894.7 2,133.8 2,848 
Analog voltmeters, ammeters, multimeters 19.0 18.0 17.0 15 
Digital multimeters, total 63.0 70.0 76.0 86 
31/2 -digit and below 23.0 27.0 30.0 34 
41/2 -digit and above 40.0 43.0 46.0 52 

Panel meters, total 97.0 108.0 115.0 133 
Analog 75.0 82.0 87.0 100 
Digital 22.0 26.0 28.0 33 

Counters, time and frequency 47.0 52.0 56.0 70 
Microprocessor-development systems 45.0 70.0 93.0 150 
Loyic analyzers 16.0 30.0 43.0 100 
Oscilloscopes, total 180.0 190.0 210.0 235 

Non-plug-in 110.0 114.0 126.0 143 
Plug-in main-frame only 45.0 47.5 54.6 59 
Accessories and plug-ins 25.0 28.5 29.4 33 

Spectrum analyzers 7D,0 80.0 96.0 110 
Frequency synthesizers 35.0 40.0 45.0 68 
Function generators 20.0 22.0 24.0 30 
Signal generators 40.0 46.0 48.0 60 
Sweep generators 32.0 36.0 40.0 51 
Pulse generators 11.0 13.0 15.0 19 
Oscillators 11.0 12.0 12.0 13 
Waveform analyzers, distortion meters 32.0 35.0 39.0 45 
Power meters, below microwave frequencies 3.0 3.5 4.0 5 
Calibrators and standards, active and passive 18.0 19.5 22.0 27 
Noise-measuring equipment, 4.0 5.0 5.0 8 
Temperature-measuring instruments 16.0 19.0 22.0 26 
Phase measuring equipment 21.0 23.0 25.0 32 
Field-intensity meters and test receivers 6.0 7.0 8.0 10 
Antenna pattern measuring equipment 5.0 5.0 5.0 6 
Amplifiers, total 60.0 65.0 70.0 80 
Impedance bridges 12.0 13.0 13.0 14 
Recorders and plotters. total 178.0 196.0 210.0 229 

Strip- and circular-chart 100.0 110.0 117.0 120 
X-Y 16.0 18.0 20.0 25 
Magnetic-tape 62.0 68.0 73.0 84 

IC testers 73.0 83.0 85.0 90 
Component testers 20.0 23.0 26.0 29 
Pc-board testers, total 57.0 69.0 81.0 105 

Bare-board 7.0 9.0 11.0 15 
Completed assemblies 50.0 60.0 70.0 90 

Microwave impedance-measuring equipment 16.0 18.0 20.0 26 
Microwave-power-measuring equipment 6.0 7.0 7.0 9 
Microwave wavemeters 1.0 1.2 1.2 1 
Microwave modulators 1.3 1.5 1.6 2 
Automotive diagnostic equipment 235.0 265.0 295.0 390 
Communications test equipment 180.0 230.0 283.0 550 
Radiation-detection and -monitoring, total 18.0 19.0 21.0 24 
Analytical Instruments, total *412.0 470.0 520.0 646 
Chromatographs, total 73.0 96.0 116.0 152 
Gas 50.0 66.0 78.0 100 
Liquid 23.0 30.0 38.0 52 

Spectrophotometers, total 125.0 142.0 158.0 194 
Infrared 25.0 30.0 33.0 38 
Ultraviolet-visible 31.0 34.0 37.0 48 
Atomic absorption 29.0 33.0 36.0 46 
Other 40.0 45.0 52.0 62 

Mass spectrometers 26.0 28.0 31.0 46 
Nuclear magnetic-resonance spectrometers 17.0 18.0 18.0 20 
Electron microscopes 17.0 20.0 22.0 26 
pH meters and ion-selective electrodes 25.0 29.0 31.0 36 
Spectrofluometers 12.0 13.0 14.0 18 
X-ray analysis 39.0 42.0 45.0 58 
Other 78.0 82.0 85.0 96 

Power supplies, total 
Encapsulated 
Modular 
Open-frame and card 
Lab and bench 
Programmable and system 
Industrial heavy-duty 

Automotive electronics, total 
Voltage regulators 
Emission-control systems 
Electronic ignition systems 
Fuel-injection systems 
Fuel-metering systems 
Safety systems, total 

Anti-skid controls (truck and car) 
Air-bag sensors and controls 

460.0 533.0 582.0 842 
15.0 17.0 20.0 25 

222.0 260.0 280.0 420 
98.0 112.0 120.0 170 
30.0 34.0 36.0 47 
20.0 22.0 24.0 30 
75.0 88.0 102.0 150 

228.0 300.2 399.3 1,081 
31.0 25.2 25.0 29 
54.0 72.0 100.0 240 
82.0 112.0 150.0 270 
12.0 14.0 20.0 40 
6.0 12.0 12.3 200 

43.0 65.0 92.0 282 
39.0 60.0 86.0 200 
4.0 5.0 6.0 82 

(millions of dollars) 1976 1977 1978 1981 

Data-processing systems, peripherals, 
and office equipment, total 

System shipments, total 
Desktop computers 
Small (less than $100.000) 
Medium (up to $1 million) 
Large (greater than $1 million) 

Micros and minis, total 
OEM microcomputers 
OEM minicomputers 

Memory systems, total 
Add-on systems 
Core 
Semiconductor 

OEM systems 
Core 
Semiconductor 
Magnetic-bubble 

Data-storage devices, total 
Rigid-disk, total 

Fixed 
Removable 

Flexible-disk, total 
8 inch 
51/4 inch 

Magnetic drum 
Reel-type magnetic-tape 
Cassette magnetic-tape 
Cartridge magnetic-tape 

Input/output peripherals, total 
Card-read/punch 
High-speed line printers 
Medium-speed printers 
Low-speed serial printers 
Large nonimpact printers 
Computer output microfilm 
Optical character readers 
Magnetic-ink character readers 
Electromechanical plotters 
Digitizers 
Paper-tape devices 

Key entry, total 
Key punch 
Key-to-tape 
Key-to-disk 
Keyboard-to-cassette/cartridge 

Data terminals, total 
Printing terminals 
CRT terminals, total 

Intelligent 
Other 

Graphics terminals, total 
Storage and refresh 
Raster-scan 

Remote-batch terminals 
Source data-collection equipment. total 

Point-of-sale systems, total 
Electronic cash regsters/terminals 
Credit-authorization terminals 
Electronic scales 

Banking systems. total 
Automated terminals, cash dispensers 
Teller terminals 

Industrial systems, total 
Other specialized terminal 

Office equipment. total 
Non-consumer calculators, total 
Word-processing 
Dictation 
Copying 
Facsimile 
Electronic typesetting 
Accounting/bookkeeping 
Printing/duplication 

Lasers and equipment, total 
Gas lasers 
Semiconductor lasers 
Other (ruby, neodymium-doped, etc.) 
Laer power supplies 
Modulators 

17,284.3 20,911.3 24,636.0 35,489 
6,227.0 7,766.0 9,531.0 15,310 

77.0 106.0 151.0 340 
1,800.0 2.650.0 3,660.0 7.800 
2,050.0 2.510.0 2.930.0 4.000 
2.300.0 2,500.0 2,790.0 3,170 
561.0 928.1 1,048.3 1,863 
118.3 352.8 461.0 945 
442.7 575.3 587.3 918 
452.3 514.0 584.9 748 
267.3 297.7 338.3 444 
117.3 110.2 104.0 92 
150.0 187.5 234.3 352 
185.0 216.3 246.6 304 
129.0 148.0 155.0 150 
56.0 68.0 91.0 150 

0.3 0.6 4 
2.096.0 2,368.4 2,607.5 3,203 
1,522.0 1.704.6 1.858.0 2340 
307.0 334.5 354.7 398 

1,215.0 1,370.1 1,503.3 1.942 
35.0 68.0 91.5 128 
35.0 60.0 81.5 110 

8.0 10.0 18 
45.5 42.0 38.5 35 

470.0 520.3 574.1 621 
16.0 20.0 24.0 27 
7.5 13.5 21.4 53 

1,489.0 1.793.7 2,166.3 2,821 
120.0 119.0 112.0 100 
79.5 91.8 104.2 118 

720.0 900.0 1,096.9 1,260 
266.5 322.6 422.0 605 
60.0 73.5 89.5 177 
110.0 140.5 170.0 315 
35.2 39.5 52.9 89 
23.5 21.5 20.4 17 
41.5 48.7 57.4 86 
9.8 11.6 13.0 18 

23.0 25.0 28.0 37 
229.5 224.8 215.2 205 
85.0 77.5 68.3 63 
4.5 4.3 3.9 1 

65.5 65.0 59.5 42 
74.5 78.0 83.5 99 

927.9 1.159.2 1,416.3 1,778 
90.0 100.0 112.0 140 

687.6 846.0 1,026.0 1247 
304.0 360.0 432.0 554 
383.6 486.0 594.0 693 
127.3 189.4 253.7 354 
117.5 170.0 215.0 273 

9.8 19.4 38.7 81 
23.0 23.8 24.6 38 

966.6 1,240.1 1.431.5 2,189 
480.9 607.7 691.1 1,054 
425.0 535.5 604.0 882 
35.5 46.7 56.5 Ill 
20.4 25.5 30.6 61 
81.2 161.1 187.0 247 
35.7 39.1 58.0 102 
45.5 122.0 129.0 145 
64.5 70.1 88.0 134 

340.0 401.2 465.4 754 
4,335.0 4.917.0 5,635.0 7,373 
100.0 120.0 140.0 220 
500.0 700.0 950.0 1.300 
194.0 228.0 267.0 355 

0,650.0 1.760.0 1,918.0 2,200 
23.0 30.0 42.0 140 
185.0 218.0 294.0 685 

1,133.0 1,236.0 1,339.0 1,648 
550.0 625.0 685.0 825 

85.5 78.0 09.5 139 
22.0 27.0 32.0 60 
4.0 5.0 6.0 9 

21.0 22.0 23.0 28 
12.0 17.0 20.0 28 
5.5 7.0 8.5 14 



(millions of dollars) 1976 1977 1978 1981 

Communications equipment, total 
Radio. total 

Aviation mobile, including ground support 
Marine mobile (ship and shore stations) 
Land mobile (mobile and base stations) 
Amateur 
Citizens band 
Microwave (complete system. incl. antennas) 
Broadcast 
Satellite earth stations 

Navigation systems 
Telemetry (industrial only) 
Voice switching system. total 

Central office 
PABX, total 

Laser communications systems 
Fiber-optic communications systems 
Telephone-answering machines 
Pocket pagers 
Video recording units (non-consumer) 
Data-communications equipment, total 
Modems. total 
Multiplexers 
Programmable concentrators 
Front-end communications processors 
Message-switching systems 

Facsimile terminals 
Television equipment 

Broadcast equipment, total 
Transmitters 
Antennas 
Cameras 
Auxiliary equipment 

CATV, total 
Studio and head-end 
Distribution 
Transmission lines and fittings 
Converters 

CCTV, total 
Cameras 
Monitors 

Industrial electronic equipment, total 
Motor controls (speed, torque), 
Numerical controls, total 

Hard-wired 
Direct 
Computer-controlled 
Microprocessor-controlled 

Inspection systems. total 
Ultrasonic 
X-ray 
Infrared 
Ultraviolet 

Thickness gages and controls, total 
Photoelectric 
Radiation-based 

Data-acquisition systems, total 
Continuous process 
Discrete process 

Process controllers 
Process recorders and indicators 
Sequence controllers, total 
Programmable 
Hard-wired 

Ultrasonic cleaning 
Pollution-monitoring equipment. total 

Air 
Water 

Induction and dielectric heating and sealing 
Welding controls 
Process-control computer systems, total 

Digital 
Analog 

Energy-management equipment, total 
Microprocessor-based 
Minicomputer systems 
Centralized 

3,459.9 3,278.4 3,662.8 5,244 
1.923.0 1.334.0 1,400.2 2,400 

40.0 4.4.0 48.0 55 
40.0 44.0 48.0 56 

600.0 660.0 725.0 960 
14.0 16.0 19.2 25 

1.054.0 375.0 330.0 1,000 
115.0 115.0 130.0 160 
40.0 45.0 50.0 59 
20.0 35.0 50.0 85 
140.0 148.0 155.0 170 
32.0 36.0 40.0 50 

316.0 359.0 400.0 445 
310.0 341.0 376.0 405 

6.0 18.0 24.0 40 
11.0 12.0 13.2 16 
1.0 10.0 25.0 170 

40.0 45.0 50.0 66 
60.0 72.0 86.0 130 
35.0 35.0 36.0 44 

604.0 892.0 1.084.0 1,302 
160.0 180.0 190.0 220 
67.0 go.o 95.0 120 
40.0 51.0 66.0 72 

215.0 450.0 600.0 720 
122.0 131.0 133.0 170 
80.0 96.0 113.0 160 

217.9 239.4 260.4 291 
105.4 114.2 122.6 132 
13.5 14.5 15.8 18 
11.9 12.1 14.3 20 
42.0 47.0 48.5 43 
38.0 40.6 44.0 50 
77.0 87.5 97.0 112 
10.0 10.5 11.0 14 
22.0 27.0 33.0 40 
25.0 26.0 28.0 29 
20.0 24.0 25.0 29 
35.5 37.7 40.8 48 
28.0 30.0 32.0 38 
7.5 7.7 8.8 10 

1,521.3 1,738.4 2,015.8 2,674 
219.0 238.0 257.0 345 
77.9 97.6 131.2 189 
40.0 38.0 36.0 12 
1.7 3.8 5.2 

24.0 36.0 50.0 63 
12.2 19.8 40.0 105 
39.4 43.0 47.1 59 
12.7 13.5 14.5 16 
21.2 23.3 25.7 33 
4.0 4.5 5.0 7 
1.5 1.7 1.9 3 

84.8 95.1 106.8 143 
62.0 69.9 79.0 107 
22.8 25.2 27.8 36 

425.0 508.0 604.0 802 
160.0 187.0 219.0 310 
265.0 321.0 385.0 492 
60.8 68.5 77.7 92 
72.0 77.5 83.0 99 
60.0 78.0 113.5 161 
40.0 60.0 97.5 145 
20.0 18.0 16.0 16 
10.0 11.0 12.0 14 

187.8 200.6 214.6 256 
109.7 117.4 125.6 150 
78.1 83.2 89.0 106 
41.9 40.4 42.9 52 
19.0 22.5 26.5 40 

202.0 223.1 246.0 302 
161.7 177.9 195.6 237 
40.3 45.2 50.4 65 
21.7 35.1 53.5 122 
6.9 10.2 14.8 41 
5.0 10.0 17.5 30 
9.8 14.9 21.2 51 

(millions of dollars) 

Medical equipnwnt, total 
Diagnostic, total 
Tomographic X-ray 
Other X-ray 
Electroencephalographs 
Electrocardiographs 
Ultrasonic scanners 
Automated blood analyzers 
Scintillation cameras and counters 
Audiometers 

Patient-monitoring systems 
Prosthetic. total 

Hearing aids 
Pacemakers 

Therapeutic, total 
X-ray 
Diathermy, shortwave and microwave 
Ultrasonic generators 
Defibrillators 

Surgical support, total 
Blood-flow meters 
Blood-pressure monitors 
Biomedical lasers 

1976 1977 1978 1981 

1,057.0 1,113.0 
511.5 475.0 
100.0 120.0 
300.0 230.0 
12.0 13.0 
30.0 36.0 
35.0 50.0 
80.0 82.0 
56.0 60.0 
15.0 16.0 

116.5 132.0 
320.0 387.0 
120.0 127.0 
200.0 260.0 
78.0 84.0 
39.0 39.0 
8.0 9.0 
10.0 11.0 
21.0 25.0 
31.0 35.0 
8.5 9.0 
14.5 17.0 
8.0 9.0 

1,317.8 1,708 
556.0 720 
160.0 200 
280.0 375 
14.0 17 
38.0 45 
54.0 68 
84.0 93 
64.0 75 
17.0 22 

155.0 175 
480.0 642 
135.0 157 
345.0 485 
88.0 115 
36.0 48 
10.0 12 
12.0 15 
30.0 40 
38.8 56 
10.0 12 
17.8 25 
11.0 18 

(millions of dollars) 

FEDERAL ELECTRONICS, TOTAL 
Defense, total 
Procurement. total 
Communications and intelligence 
Aircraft, related ground equipment 
Missiles and space systems 
Mobile and ordnance 
Ship and conversions 

Research, development, test, and engineering 
Operations and maintenance 

NASA, total 
Transportation, total 
FAA procurement 
FAA research and development 
Highway and transit systems 

Health, Education, and Welfare, total 
Education systems 
Health-care electronics 

Department of Energy, total 

1976 1977 1978 1981 

15,659 
14,049 
6,783 
1,185 
1,810 
2,265 
403 

1,120 
4,416 
2,850 
795 
380 
235 
89 
56 

375 
105 
270 
60 

16,638 
14,963 
7,051 
1205 
1,890 
2,310 
436 

1,210 
4,945 
2.967 
810 
405 
240 
100 
65 

387 
107 
280 
73 

18,210 
16,487 
7,932 
1,317 
2,212 
2,541 
471 

1,391 
5,440 
3,115 
818 
421 
247 
Ill 
63 

397 
111 
286 
87 

20,754 
18,868 
9,721 
1,682 
2,569 
3,213 
568 

1.689 
5,759 
3,388 
845 
512 
320 
118 
74 

421 
118 
303 
108 

CONSUMER ELECTRONICS 

(millions of dollars) 

CONSUMER ELECTRONICS, TOTAL, 
Television receivers, total 
Black-and-white 
Color 
Consumer audio equipment, total 
Radios, total 

Table, clock, and portable radios, total 
A-m only 
A-m/fm 

Automobile radios 
Phonographs and radio-phonographs, total 
Tape recorders and players, total 
Automobile players 
Cassette and cartridge player/recorders 
Reel-to-reel players/recorders 
Tape player/radio combination 

Hi-fi audio components 
Hi-fi audio consoles 
Other consumer electronics products, total 
Antennas, TV, and radio 
Home video players/recorders 
Video projectors 
Electronic organs, other instruments 
Intrusion alarms. fire monitors 
Electronic assembly kits 
Microwave ovens 
Smoke detectors 
Electronic games 
Calculators, hand-held, total 
Electronic watches 
Digital clocks 

1976 1977 1978 1981 

9,425.2 
3,232.8 
480.6 

2,752.2 
3,649.9 
770.0 
435.0 
135.0 
300.0 
335.0 
290.0 
804.9 
220.0 
185.4 
51.5 

348.0 
1,600.0 
185.0 

2,542.5 
200.0 
20.3 
4.0 

288.4 
154.5 
71.4 

548.0 
41.6 
195.0 
675.0 
318.0 
26.3 

11,067.8 12,319.9 15,767 
3,697.6 3,735.6 4,125 
484.0 485.0 483 

3,213.6 3,250.6 3,642 
4,230.8 4,600.0 5,488 
978.0 1,095.2 1.236 
620.0 712.0 772 
158.0 158.0 80 
462.0 554.0 692 
358.0 383.2 464 
293.5 278.8 237 
863.3 922.0 1,049 
253.0 278.3 320 
203.9 224.5 270 
46.4 41.2 29 

360.0 378.0 430 
1,900.0 2,100.0 2,750 
196.0 204.0 217 

3,139.4 3,984.3 6,153 
170.0 175.0 220 
174.0 450.0 1,300 
60.0 66.0 80 

331.7 381.1 473 
162.0 168.5 195 
76.5 81.6 106 

796.0 1,070.0 1,840 
46.9 52.9 83 

280.0 435.0 490 
653.0 657.0 783 
352.0 395.0 496 
37.3 52.2 89 

'Includes domestic.made equipment, offshore products sold under U S labels and domestic- and 
toreign-label imports. 



EUROPEAN 
MARKETS 

E More and more, the people who run the govern-
ments and businesses in Western Europe resemble 
players in a game whose rules change while play is in 
progress. The old game plans simply do not make for 
winning scores any longer, and efforts to work out 
successful tactics on the field most often end up as 
frustrating false starts. 

Under the old rules, economies rose and fell in 
discernible cycles, always ending up at a higher level of 
activity. Governments and businesses then learned 
how to brake the descents and accelerate the ascents 
into and out of the troughs in the cycles. It helped, too, 
that in Western Europe some countries would be on an 
up tick while others were on a down tick; for the latter, 
the chance for exports to fast-expanding economies 
took some of the sting out of the slower business at 
home. Above all, there was always a return to solid 
growth for the output of goods and services, and solid 
growth solves everybody's economic problems. 
The rules began changing soon after the oil-

producing countries quintupled their prices for crude 
five years ago. In large measure, the strong growth 
rates that prevailed through the late 1960s and early 
1970s—they averaged about 5.5% for Western Europe 
overall—were fired by cheap oil. And with expensive oil 
came the decline, as country after country went into 
recession, usually with a dangerous mix of unemploy-
ment and inflation. 

Since then, no country has been able to get back to 
its old growth rate and stay there. Nor does it seem at 
all likely for any country in Western Europe this year. 
Because inflation can flare so easily, governments no 
longer dare channel a lot of money into their econo-
mies in order to reflate them, as they would have under 
the old rules. 

Chancellor Helmut Schmidt's coalition government 
has put together a mild reflation program. But even so, 
West Germany, whose economy sets the pace for 
neighboring Belgium and the Netherlands, cannot 
count on much more than 3% real growth for its Gross 
National Product. France figures to do only a little 
better than that; but all predictions about France have 
to be hedged against the strong possibility that the 
Socialists and Communists will oust the establishment 
parties in the legislative election in March and, for 
starters, hype consumer spending. North Sea oil will 
make for better business in Britain, but not enough 
better to boost growth above 3%. Italy, as always, is 
unpredictable; the country's persistent inflation and its 
precarious political position seem to rule out any signifi-
cant growth. The same goes for Spain. The Scandi-

navian countries will not flourish this year either. 
Overall, then, the real growth in Western Europe this 

year should run in the neighborhood of 3%. A lot of 
economists would not be surprised if the number 
turned out closer to 2%. 

But what is true for business overall rarely is true for 
the electronics industries. Although sales of electronics 
hardware are not bounding upward as they would in 
good times, high technology seems able so far to 
spawn new markets for itself —desk calculators, digital 
watches, and the new breeds of small computers come 
immediately to mind —when established ones slow 
down, and thus keep growing at a faster pace than the 
economy as a whole. After its annual survey of 11 
countries last fall, Electronics estimates this year's 
equipment markets will add up to $26.80 billion. That is 
a gain of 11% over the estimated $24.53 billion for 
1977 and 19.5% above the $22.43 billion logged in 
1976. These market estimates were calculated in 
current money and therefore make the gains look 
better than they would if they were discounted for 
inflation (see chart, p. ?). 
As for components markets, they will total $7.34 

billion in 1978, the survey suggests. That works out to a 
9.1% gain for the year—if the forecasts are right. To no 
one's surprise, integrated circuits is the segment that 
will gain the most ground. 
And there are few surprises in the equipment charts. 

Saturation has slowed some major color television 
markets, and that translates into a mediocre year for 
the consumer electronics sector, which leads the list for 
size. Close behind come computers, and they figure to 
get even closer with a strong rise in 1978. Communica-
tions, third on the equipment list, will move up strongly, 
too. The very touchy economic situation has stifled 
capital investment, so not much can happen in indus-
trial electronics. But test and measurement gear, long a 
lethargic category, showed signs of stirring last year 
and should continue to improve this year. 
As always, a chart marked "West Europe" belies an 

important reality —that what is involved is a group of 
national markets. The largest, of course, is West 
Germany. Equipment markets there will this year total 
$8.73 billion according to the Electronics survey. 
France comes next with a forecast of $5.71 billion, 
followed by the UK with $3.90 billion. Italy comes in at 
$2.47 billion, and the Benelux countries at just over $2 
billion. Spain, at $1.33 billion, and Sweden, at $1.03 
billion, are fairly close. Finally there are Switzerland at 
$0.64 billion, Denmark at just over half a billion dollars, 
and Norway slightly under a half billion dollars. 
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CONSUMER  

Color TV to pace modest 
entertainment rise 
Like the cast of a soap opera that has managed to stay 
on the air over several seasons, the entertainment elec-
tronics business in Western Europe has lost a lot of its 
zing. Color television, long in the leading role, cannot 
keep the ratings climbing as it once did. Promising 
newcomers like video tape recorders and video games 
still have just bit parts. Hi-fi hardware, fortunately, 
continues to belt out the theme song loud and clear. 

That still leaves entertainment at the top of the list of 
markets, all the same. Electronics' annual survey puts the 
1977 market at $8.682 billion, up from $8.100 billion the 
previous year, a 7% rise. For the year ahead, the survey 
forecasts consumer electronics markets of $9.243 billion, 
a gain of only 6%. The main reason: a slowdown in sales 
of color sets. 
The forecast for Western Europe puts sales of color 

sets last year at $4.190 billion, up 11% over the 1976 
figure of $3.789 billion. For the year ahead, the estimate 
comes to $4.526 billion, up only 8%. Because the survey 
values markets at current factory prices, these gains look 
better than they really are, since they include price rises. 
A clearer idea comes from the charts that log sales by 
units. One worked up last fall at Philips Gloeilampenfab-
rieken in the Netherlands, largest of Europe's set-
making outfits, predicted a total of 8.5 million sets for 
1977 in Western Europe, up about 7% over 1976. 
Whether in dollars or in units, the figures summarize 

a variety of national market prospects—from soaring in 
Spain and Italy to sagging in Scandinavia. The dominant 
West German market comes closer to sagging than 
soaring. More optimistic than most, Wieland A. Liebler, 
head of market research at Saba-Werke GmbH, sees a 
rise of 6% for the year ahead, to 2.76 million sets. But at 
Hamburg-based Philips GmbH, market researchers 
foresee a 2% growth to 2.35 million sets. 

High or low, these forecasts do not point to a big color 
year in West Germany, where the saturation level has 
passed 50%. The same can be said for the neighboring 
Benelux countries, where the markets are flat. In the 
United Kingdom, too, the market is stagnant at around 
1.65 million units. In Scandinavia the growth has topped 
out. Swedes, for example, bought some 400,000 color 
sets in 1976. Last year they took home only 330,000, and 
this year they will take even fewer-310,000. The 
market should stabilize at around 300,000 sets annually, 
starting in 1979. 

Look south, and prospects look better. French 
consumers dawdled during the early 1970s while their 
neighbors in West Germany and the United Kingdom 
were flocking to showrooms to buy color sets. So it was 
1976 before French set makers got past the 1-million-
set level. Last year sales ran some 1.2 million sets and 
this year could go to 1.4 million and more. "The rise for 
consumer electronics could be 20% or so if the Left wins 

Still in the pink. Although color television sales in West Germany will 

taper off this year, set makers will still be busy, as can be seen at 

Telefunken's TV plant near Hanover. Total color TV sales for Western 

Europe will be $4.5 billion, a 7% gain over 1977. 

the elections in March," says Jacques Lorre, assistant 
director of the group that follows leading-edge industries 
for the Bureau d'Informations et de Prévisions Economi-
ques, a highly regarded quasi-governmental French 
economics research organization. 

In Italy, euphoria bloomed in the color TV market 
during 1976 as consumers decided to spend their dispos-
able income rather than see it diminished by inflation. 
Color TV sales doubled to some 500,000 sets during the 
year. The figures so excited set makers that they churned 
out far more receivers than the market could handle 
during the first half of 1977 and had to cut back sharply 
on both their output and their prices. If they get their 
inventory in hand, Italian set makers should do all right 
in 1978, relatively speaking. 

In Spain as in Italy, inflation and a very low penetra-
tion rate ballooned color TV sales last year to some 
300,000 sets. The inflationary expectations that turn 
even low-level wage earners into buyers of staggeringly 
priced color sets (the tickets are in the neighborhood of 
$2,000) still persist, and the market should run strong 
again this year. "Spain is special because about 50% of 
current owners of color sets are working-class people," 
maintains José Maria Gorria, a marketing executive at 
Philips Iberia. 

In the next few years, the markets that are flaring now 
will cool down as they, too, become saturated like those 
in Scandinavia, Great Britain, and West Germany. So 
far, it looks as if set makers throughout Western Europe 
will have to learn to tune in on low-growth national 
markets, heavily laced with replacements. Video tape 
recorders, to be sure, are beginning to chalk up some 
modest sales, and video disk players will turn up soon. 
But it will be a long time, if ever, before they can 
compensate for the slower color TV sales. Scant succor 
can come from a second-set market in small-screen color 
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portables and from hi-fi equipment, now a billion-dollar 
business second only to color Tv on the consumer elec-
tronics charts. That's because the Japanese have moved 
in on the native suppliers. 

COMPUTERS  

Continual growth foreseen 
across the board 
No matter what may be going on in the economy, 
computer makers somehow keep finding customers. That 
is obvious to anyone who matches up the figures for 
computer sales over the past few years with those that 
government economists have been promulgating for the 
Gross National Product. So it is not terribly surprising to 
learn that, despite the dismal general outlook, people in 
the computer business generally see a pretty good year 
ahead, albeit not the gaudy growth of the early 1970s. 

For 1978, Electronics' survey forecasts sales of $7.955 
billion for computers and related electronic data-
processing equipment, a comfortable 13% above the 
estimate for 1977—$7.050 billion. That's not bad, even 
when the growth is discounted for price rises. 
A closer look at the survey figures shows where the 

growth is coming from—mainly minicomputers, small 
systems, and terminals. Indeed, in most countries, the 
market seems to be splitting into two segments—very big 
and very small. 
A big reason for the fast growth at the low end is the 

low cost of distributed-processing hardware. "With 
hardware costs going down about 30% a year, users can 
increase their power without adding to their main-
frame," explains Heinz Blasser, computer systems 
manager. for Hewlett-Packard in Western Europe. At 
the same time, cheaper computer power has brought a 
whole new army of customers—small-business men— 
within rênge of the computer makers' sales platoons. 

Sales of terminals to big companies and government 
agencies are also on the rise. The banks in Britain, for 
example, will install between 6,000 and 7,000 on-line 
terminals over the next two years, estimate the 
computer-market experts of the Department of Trade 
and Industry. Swedish tax authorities are moving ahead 
on a nationwide net that eventually could have 100,000 
dumb terminals. In France, post offices throughout the 
country are getting teller terminals for the postal 
banking system. In the Netherlands and in Italy, the 
transport ministries are automating their automobile-
license operations with terminal-heavy systems. 
These and dozens of other systems with batches of 

terminals—mostly intelligent—will keep sales of termi-
nals throughout Western Europe moving ahead by some 
20% this year, according to Electronics' survey. Some 
countries will far outstrip the average. Marketing men at 
Saab-Univac, for example, see a 60% rise in the offing 
for Sweden. There is no doubt that all this business in 
terminals will "reinforce the demand for large main-
frames," says John Hartley, a marketing executive at 

the British computer heavyweight. 
Although the growth pattern has much the same 

outline in the different countries of Western Europe, 
there is a spread in growth rates and a vast spread in 
market size. West Germany, far and away the largest 
computer market, was the laggard in growth last year, 
plodding ahead 8.5% to reach $2.456 billion. But a lot of 
German EDP users who have been putting off upgrading 
their systems from year to year, waiting for an upturn in 
the economy, can no longer wait. 

France and the United Kingdom both scored good 
rises last year and figure to repeat them this year. The 
figures: a 12% rise to $1.68 billion in France and a 13% 
rise to $1.097 billion in the UK. cil-Honeywell Bull, 
surely, expects to have a strong year. At year-end, Jean-
Pierre Brulé, who heads the company, made it known 
that CH-NB plans to hire 500 people during 1978, after, a 
couple of years of a "no hire" regime. 

Italy, though, tops the rankings for growth in 
computers and related equipment, with a forecast 15% 
rise to $793 million. And the Italian market still has high 
potential, says Mario Speranza, head of market research 
and analysis for Honeywell Information Systems Italia. 
Spending for data processing amounts to only about 
1.5% of the GNP in Italy, he points out, a whole 
percentage point or more below countries like West 
Germany, France, and the UK. Speranza sees EDP 

running strong until the mid-1980s in Italy. "Computer 
demand seems to evolve independently of GNP and infla-
tion because the market is sci* young," he adds. 

COMMUNICATIONS  

Prospects not so good 
for telecommunications 
Time was when West European producers of telecom-
munications equipment, most of whom have to scramble 
in tough world markets for most of their business, could 
find some compensating comfort in stable home markets. 
Those days are gone. The long, slow spell for business in 
general brought an end to rising year-in and year-out 
outlays for equipment by the government-run communi-
cations networks in most countries. To compound the 
discomfort, the advent of integrated-circuit hardware 
distorted traditional market patterns. 
So communications equipment makers have had to 

learn to work in markets that move down as well as up. 
This year, the three largest countries will show the best 
gains in their communications markets; elsewhere, 
Norway excepted, prospects are poor for 1978. Overall, 
the charts predict an 11% gain this year. If the predic-
tion holds, West European communications equipment 
suppliers will share a $5.742 billion market, up from an 
estimated $5.167 billion in 1977. 

In West Germany, a solid rise is in sight. After 
holding the line on spending for two years, the post office 
plans to open its coffers this year and invest slightly 
more than $3 billion in new plant. That is 11% higher 
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than spending for 1977 and ensures a good year. 
Together with what other federal agencies and private 
users will spend, the market for communications gear 
should move up 12.3% this year to $1.504 billion. 
The West German market also figures to run strong 

for electronics telecommunications gear for a while. The 
EWS electronic switching system has started to become a 
market factor, points out Manfred Beinder, chief econo-
mist for irr subsidiary Standard Elektrik Lorenz AG. 
Siemens AG, SEL, and two smaller suppliers have EWS in 
production and the post office plans a long-term change-
over from conventional switching to electronic switching 
that probably will last beyond the year 2000. Another 
long-term big-ticket item is the EDS electronic data 
switching system. The post office will shell out more 
than $570 million through the early 1980s to equip itself 
with EDS systems. 
The French telecommunications administration rates 

as a big spender, too. In its drive to build its phone 
network up to 20 million lines by 1982, it budgeted $4.8 
billion for the program last year. It has another $5.3 
billion allocated for 1978, which the agency calls the key 
year for electronic switching. Most of the money goes for 
putting in lines, but there is a hefty allocation for equip-
ment, too. Electronics' survey, for example, shows $268 
million for carrier equipment, now on the wane, and 
$165 million for electronic and semielectronic switching 
equipment, just starting to wax. Sharp rises for deliveries 
of electronic switching equipment are certain over the 
next few years. Fully 40% of the exchanges the agency 
plans to order this year for later delivery will be all-
electronic time-division hardware. 

CIT Alcatel, the telecommunications company of the 
CGE group, stands to benefit most from the heavy shift to 
time-division switching. However, Thomson-csF, the 
largest producer in France of "professional" equipment 
like radars and telecommunications, will do all right with 
the conventional switching gear produced by Le Matériel 
Téléphonique, the former 'Tr subsidiary it now controls. 
And Thomson-csF presumably will benefit from the 

boost of some 15% in defense spending that the govern-
ment has set for 1978 after two years of holding outlays 
at the same franc level, meaning that the real spending 
was on the decline. Exactly where the added money will 
go has not yet been worked out, but some will surely find 
its way into the coffers of defense electronics makers. 
Though a welcome upturn, it has to be weighed against 
the fact that exports account for more than half the 
business at Thomson-csF. 

In the UK, sales of communications equipment will 
move up 14% to $1.166 billion, according to the survey. 
Because the survey omits electromechanical exchanges, 
the charts do not show the plight of telecommunications 
companies, which have been hard hit by the whopping 
cut the British Post Office made in its switching 
program when it found out in the course of last year that 
it had 20% excess in capacity. 

Significantly, the program for the TXE-4 semielec-
tronic exchange came out of the cuts virtually intact. 
Over the next five years, 750 of them are planned at a 
cost of $1.26 billion. The British Post Office has let 
development contracts, worth $36 million, for its System 

X all-digital transmission and switching network. 
UK defense electronics makers have a troublesome 

home market. Military spending has been cut to the 
bone. But luckily, British arms makers are still doing 
well in export markets, and so the charts show comfort-
able rises for things like radars and radio-communica-
tions hardware destined for overseas customers. 

TEST AND rVIEASURENIENT 

Instrument sales looking up 
after recent flat years 
Instrument makers became inured to flattish markets in 
the mid-1970s, but find themselves doing considerably 
better at the moment. To be sure, the levels of growth in 
the various markets are far from lusty. But they did 
manage last year to move up almost 10% to $634 million 
overall, according to Electronics' survey. The forecast for 
the year ahead is another rise in the vicinity of 10%. As 
David Baldwin, instruments marketing manager in 
Europe for Hewlett-Packard, puts it, "We are in a 
controlled comeback from the recession." 
There are a lot of positive signals that indicate the 

comeback. Timing of the market cycle points to another 
12 months or so of good business in the opinion of Henk 
Bodt, deputy manager of Philips' test and measurement 
department. Bodt also notes that the time it takes to 
close orders has been shortening, even though orders 
have been getting bigger. 
One burgeoning class of instruments is data-domain 

hardware. HP'S Baldwin sees it growing four or five times 
faster than the overall average in Western Europe. "It's 
such a multifaceted market that we reeducated our sales 
force and put a big effort in seminars to educate custom-
ers," he says. 

Another upwardly mobile category is automatic test 
equipment. Here, Philips' Bodt expects "an enormous 
increase in data-logging—because people need sampling 
for quality control." Both ATE and data-logging gear 
these days usually come blessed with some kind of 
microcomputer to supervise and speed up operations. 
Bodt thinks the test and measurement market is on its 
way to splitting into two segments—low-cost "throw-
away" instruments, and sophisticated microprocessor-
based instruments—systems if you will. 

COMPONENTS__ 

Following two good years, 
makers see leveling off 
West European components suppliers can expect some 
cooling down in their markets. In 1977, the parts people 
logged their second good year in a row. Components 
sales, according to Electronics' survey, scored an increase 
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of 11.4% to reach a total of $6.737 billion. 
As for 1978, "it's going to be a fair year, nothing 

more," predicts Philippe Rietzler, head of market 
research for Sprague Europe. Much the same assessment 
comes from Alfred Prommer, a Siemens vice president 
who is also president of the European Component Manu-
facturers' Association. "Rather temperate" is how 
Prommer puts it. 
The chart says it with figures; it forecasts components 

sales of $7.34 billion for the 11 countries surveyed, and 
that works out to a rise of only 9% over 1977—in current 
money, yet. Passives and electromechanical components 
remain the largest market segment at $3.756 billion, but 
semiconductors are growing faster and should get past 
$2 billion this year. 

In one respect, 1977 was a landmark year for semicon-
ductor suppliers in Europe. For the first time, the survey 
logged higher markets for integrated circuits — $885 
million—than for discretes — $855 million. "An inter-
esting fact," remarks one West German industry official, 
"but no particular cause for joy." 

lc markets will really pull away this year. They are 
tagged to move up above $1 billion, while discretes will 
make it barely past $0.9 billion. Memories and micro-
processors will do the most for the rise in Ics, something 
like 18%. "It's going to be the first big year for micro-
processors in Europe," maintains Brussels-based Tom 
Lawrence, European marketing manager for Intel Corp. 
"They're going into consumer products, telecommunica-
tions, big computers, small computers. Except in autos, 
where the U. S. is way ahead, the market here is devel-
oping about the same way as in the States." 
The zoom for ics does not mean that West European 

semiconductor makers will have an easy time of it this 
year. Prices are under pressure. "We're still being 
crucified by U. S. suppliers," laments David Benda, head 
of the economics and market research department at 
Mullard Ltd., the main components-producing company 
for the Philips group in the UK. 

What's more, there are even more marketing problems 
ahead. For example, Nippon Electric Co. has started 
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More microprocessors. The pervasiveness of microprocessors is 

exemplified in this traffic light control. A Siemens technician 

programs a processor installed in a roadside cabinet for a timing 

sequence that better suits the intersection's traffic conditions. 

making heavy shipments of 4,096-bit random-access 
memories from its plant in Ireland, and competitors say 
the Japanese firm has picked up a lot of business at 
mainframe computer makers. D 
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JAPANESE 
MARKETS 

D Like the lovely princess in a No play who turns out to 
be a demon, Japan's electronics markets are undergo-
ing a transformation from the beautiful recovery of 
1976 through early 1977 into a fearsome set of prob-
lems. Flat demand in key sectors of the domestic front 
and restriction of favorite export markets are aspects 
of more fundamental economic woes—including slow 
growth of the Gross National Product, inflation, 
unemployment, and dependence on imports for raw 
materials and energy. To make matters worse, all of 
these problems are likely to increase as a result of 
external pressures on Japan's balance of trade. 

Just as a No play may end in a way that leaves the 
audience hanging, the end of 1977 left the electronics 
industries hanging. So to break the demon's spell, they 
may this year begin basic, long-term changes in new 
product development, international marketing strate-
gies, and technological directions. 
As for the general economic outlook, financial 

observers constantly refer to "restructuring" the Japa-
nese economy. By this they mean that Japan can no 
longer follow its practice of exporting itself out of a 
recession and must make the necessary adjustments 
within its own economy to strike a balance among 
employment, demand, inflation, and a more expensive 
currency. The latter is being catapulted upward by the 
rapid growth of trade surpluses, and unemployment, 
which was virtually nil for more than a decade in Japan, 
is also a new factor, reaching over 2% in mid-1977. 
As a result, the government has had to take an 

increasingly active part in stimulating the domestic 
economy. Last September it announced yet another 
recovery program, boosted public works spending, and 
lowered interest rates. In late November there was even 
a cabinet shuffle designed to bear down on economic 
problems. Proposals that followed include a 15-month 
budget to get the economy moving —an economy-
stimulating supplemental budget providing a head start 
during January through March, followed by a similar 
12-month budget for fiscal 1978 starting April 1. Tariffs 
on selected imports, including computers, will be 
reduced. 

Despite these proposals, the outlook for the elec-
tronics industries, with certain exceptions, is rather 
gloomy. According to Electronics' survey, total equip-
ment consumption this year should be $15.4 billion, 
compared with just under $14 billion last year (see 
graph). Consumption of components (semiconductors, 
passive, and electromechanical devices, and tubes) is 
predicted to reach $6.6 billion. 

CONSUMER  

High-end features make up 
for flat sales volume 
Giving up their recession-minded preoccupation with 
low-priced, economy-designed products, Japan's con-
sumer electronics producers last year brought out a raft 
of new models loaded with features designed to up the 
ante in sales. The idea was to make up in yen value what 
the domestic market lacks in unit sales. 
They almost carried it off. In TV, both color and 

monochrome, in high-fidelity audio, tape recorders, 
radios, watches, and calculators, and even in microwave 
ranges, the accent was on new features, and with these 
features, a larger yen return. The strategy worked suffi-
ciently to get 1977 up to a growth of approximately 8%, 
a figure the consumer companies find unsatisfactory. 
Now the Japanese face a new year with prospects not 

unlike those of last year, which means they will have to 
do something clever again in 1978. Fortunately, the 

CONSUMER 

COMPUTERS 

INDUSTRIAL, TEST, AUTO, 
MEDICAL EQUIPMENT 

_.1 
COMMUNICATIONS 

JAPAN'S EQUIPMENT CONSUMPTION 

1976 1977 1978 

SOURCE: ELECTRONICS 

Note: The value of the yen has been changing regularly. Dollar values 
for this chart were computed at 250 yen = $1. 

Japan's flatlands. In contrast with its steep growth rate in previous 

years, Japanese electronics equipment consumption was relatively 

flat last year. Only the computer section shows an appreciable gain 

for 1977, but not up to its past performances. 
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arrival of home video cassette machines as real consumer 
products will help the cause. 
Consumer video tape recorders will most certainly 

help exports, which might otherwise be a shambles. 
Besides the quotas put on TV sets and the near-death of 
citizens' band transceivers for the important U. S. 
market, the rising value of the yen relative to the Amer-
ican dollar is sabotaging Japanese price competitiveness 
and opening the way for lower-priced items from Korea 
and Taiwan. The value of the yen has gone up something 
like 20% or more in the last year, and although the 
Japanese have announced price increases in the U. S. to 
compensate, there is no way that they can hike price tags 
a full 20% in one step and remain competitive. They will 
have to continue increasing prices a little at a time. 
There are problems domestically, too. For color TVS, 

household saturation is now past 95% and unit sales 
leveled at 5.7 million units last year, with about the same 
number projected for this year. Higher-priced features 
such as electronic tuners have kept the yen value from 
declining, as Electronics' consumption table indicates. 
Now, the TV makers are promoting 20-in, televisions 

with touch-type electronic tuners and remote control to 
boost the average value of sets sold. Matsushita Electric 
Industrial Co. has even made a play to move 26-in. 
consoles with the introduction at the end of last year of a 
model priced at v298,000 ($1,192), which puts it close to 
the 22-in, set's price of v260,000 ($1,040). 

High-fidelity stereo equipment, which has consistently 
been a growth performer, also has run into trouble. Last 
year the youth market that usually supports audio sales 
took its money elsewhere and the hi-fi business slumped 
in value by 4%, according to Electronics' survey. This 
year producers expect a slight recovery, reaching $870 
million, but on the whole, stereo, like iv, consumption is 
flat, with the possible exception of tape decks. 
The fledgling consumer video cassette market, 

however, has rapid growth ahead, after its small begin-
nings. It is generally agreed that the domestic market 
bought 250,000 to 300,000 units last year and should 
account for 400,000 to 500,000 units this year-600,000 
units would be the absolute maximum. The reason is that 
the market is snapping up all that are made. 
By contrast, the microwave range market has been 

only simmering at a little over 1 million units a year 

The great VTR hope. All the major manufacturers of consumer 

video cassette equipment have lined up with either Sony's Beta 

Format or Japan Victor's Video Home System. The Sanyo two-hour 

Beta Format unit above was the early price leader. 

since 1974. Consumption this year will probably be the 
same, with 1.1 million to 1.2 million units sold. The 
microprocessor-based programmable ranges have had 
very little impact domestically. Instead, the Japanese 
makers hope to heat up sales with new combination 
units: tabletop models that have both microwave and 
conventional electric cooking in the same oven cavity. 
The calculator market is similar to the U. S.'s—not 

too exciting, but rewarding enough to those few still in 
the competition. The long-term price declines are over. 

COMPONENTS  

IC processors, memories 
set pace; discretes drift 

The semiconductor market reflected the overall confu-
sion in 1977. Television manufacturers, expecting to 
continue exporting, built up inventories; citizens' band 
radio manufacturers, on the other hand, lived off inven-
tory. But the decline in CB and leveling in TV sales 
compared with the previous year kept demand for 
discretes almost flat, while demand for linear integrated 
circuits picked up sharply, pushing them far out in front. 
Solid growth for linear ics should continue this year, 
with a gain of over 12% indicated by Electronics' market 
survey, compared with a growth of 6% for discretes. 
Among the leaders in last year's 8% growth for all la 

were memories and microprocessors. This year lc 
consumption is expected to jump 23%, and memory 
chips should forge ahead of calculator chips for the first 
time—microprocessor chips may do the same in 1979. 
The leading product is still 4,096-bit dynamic random-
access memories, with 1,024-bit units second. But 
16,384-bit dynamic RAMS are coming up fast and will 
become less expensive per bit later this year. The first 
64-k dynamic RAMS are not expected until next year. 

In statics, demand is said to exceed supply for 4-k 
RAMS for use with microprocessor sets. The nonvolatile 
1-k static RAM developed by Tokyo Shibaura Electric 
Co. (Toshiba) should be designed into a number of 
applications, because the company has finally succeeded 
in producing the control lc that simplifies the memory 
plane. In fact, Mitsubishi Electric Industrial Co. in 
Japan and General Instrument Corp. in the United 
States say they will second-source the device. 

Finally, the supply of 8,192-bit programmable read-
only memories is plentiful. Prices for PRoms, conse-
quently, are very soft. 
As for microprocessors, applications are proliferating. 

Initially, commercial applications, including cash regis-
ters, office copiers, vending machines, and facsimile 
terminals, had been large users; but this year, consumer 
product applications should pull out in front. 

Four-bit microprocessors lead the pack, with Japa-
nese-made custom one-chippers becoming increasingly 
dominant over the standard units from American or 
Japanese sources. In 8-bit systems the lion's share is 
enjoyed by the 8080A, with second-generation custom 
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devices like the 8045 and 8085 coming along. In addi-
tion, Motorola Semiconductor reports that sales in Japan 
of the MC6800 tripled last year, but still did not grow as 
fast as the total market. Demand for 16-bit units is 
satisfactory from minicomputer manufacturers, but less 
so from other users, who are still developing software. 
Though not as glamorous, demand for low-power 

Schottky transistor-transistor logic is increasing nicely; 
for complementary metal oxide semiconductors, it is 
growing at a more moderate rate; and for standard rn, 
it is holding its own. Although still not large on an 
absolute basis, demand for current-mode logic is growing 
rapidly because of the steep increase in sales of very 
large computers, including Amdahl machines exported 
to the U. S. 
Demand for discretes used in television sets is 

declining both because fewer sets are being made and 
because the trend is for four or five large linear ics to 
replace more of the active devices in the set. Electronic 
tuning in TVS, though, is helping hold up discrete 
demand by requiring more varactor diodes. An attractive 
new market for discretes is video tape recorders, which 
at present use up to 150 transistors each. 

COMPUTERS  

Competition gets rough for 
replacement-based market 
In the two years since Japan threw open its computer 
market to all makers, the Japanese mainframe compa-
nies have come to appreciate the true strength of their 
American competitors, particularly IBM Corp. It has 
been a rough time, despite the competitive weapons— 
joint efforts, research and development for new 
machines—that Japan's government helped the main 
domestic firms forge in anticipation of liberalization. 

While the Japanese companies this year will be in a 
good position to compete, the struggle for this $5 billion 
market will continue. Indeed, they received something of 
a shock last year when a survey of computer-user satis-
faction conducted annually by the Industrial Efficiency 
Junior College ranked a Japanese company first on only 
1 of 10 factors. 

Hitachi Ltd. got a first for maintenance and service, 
while IBM came in first in 5 of the 10 categories. 
Burroughs in 3, and NCR in 1. Fujitsu Ltd., Japan's 
leading computer firm, got 3 second-place mentions. But 
on the whole, the domestic firms did not fare well. 
Up and down the product lines, the battle continues to 

be fierce for what has tended to be a replacement market 
with strong brand loyalty. But distributed processing 
promises to be a new source of sales in the next couple of 
years. This trend should have the greatest impact on 
consumption of terminals, which until now have been 
sold mainly as part of large on-line systems. The 16% 
growth anticipated for data terminals will outpace the 
11% gain predicted for data-processing mainframe 
systems as a whole (see chart, p. 147). 

In mainframes, there was action at both ends. Ism is 
offering more competition with the introduction of its 
3033 system to replace the System 370/168. Signifi-
cantly, the 3033 is now being manufactured in Japan, 
whereas IBM did not build 370/168s in Japan. 
At the other end, in minicomputers, manufacturers 

expect almost 17% growth this year, reaching $234 
million, according to Electronics' survey. While the larger 
systems are more or less rolling with the replacement 
market, the minis have had more flexibility in seeking 
out new customers. 

COMMUNICATIONS 

Future depends on new 
phone company services 
Communications have turned into a whole new ball 
game as the leading domestic customer, Nippon Tele-
graph and Telephone Public Corp., celebrated its 25th 
anniversary in 1977. NTT has finally cleared away the 
backlog of customers waiting for service installation and 
also has most of its basic plant in place. From now on, 
the telephone company will have to develop new sources 
of business if its consumption is to increase more than a 
natural 2% a year. 

Since NTT can no longer offer its suppliers a rapidly 
growing market, many are turning to overseas 
markets—especially less developed countries— to contin-
ue their growth. The other bright spot is the United 
States, whose markets have been opened up somewhat 
by recent Federal Communications Commission rulings 
encouraging competition with the Bell System. 

Nevertheless, purchases by NTT' last year climbed back 
to 1975 levels, recovering from their decline during 
1976. Consumption of electronic exchanges continues to 
grow by 20% to 30% a year, but crossbar sales are falling 
by 10%, with crossover in deliveries predicted for next 
year. This year semiconductor memories will replace 
core memories in new units, bringing prices down to the 
level of crossbars. Next year sealed multicontact matrix 
switches will replace miniature crossbar switches as a 
speech path [Electronics, Nov. 10, p. 56], bringing down 
prices still further. 
DDX-50 digital data exchanges to go into service in 

1979 in five cities will be the start of Japan's digital data 
network. The following year should see the emergence of 
experimental time-division exchanges for speech. 

This year a 20% growth in facsimile terminals is 
forecast, with the biggest market for 2- and 3-minute 
machines using ccirr's abbreviated-protocol transmis-
sion format. NTT will offer machines for this service for 
the first time next year, and small-scale domestic users 
of Telex may switch to them. NTT will also offer small, 
inexpensive machines for home use, so that industry 
sources expect the facsimile market to increase dramati-
cally in four or five years. 

Field tests this year of a 20-kilometer fiber-optic 
system mark a start for this market, but significant 
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business is probably still five years away. Closer to 
today, a digital paging system operating in the 250-
megahertz band started last year should help equipment 
sales by expanding the business band, as frequency allo-
cations in the 150-MHz band for conventional tone 
pagers are now saturated. 

INDUSTRIAL_ 

Modest growth continues 
Industrial controls gained a moderate 10% last year, but 
the outlook for this year is a lower 8%. Process controls, 
the largest market segment, grew approximately 8% last 
year and will do about the same this year, reflecting the 
comparative slump that Japan's major industries are 
experiencing. 
Demand for process controls is about half for new 

installations and about half for replacements—with 
many of the new installations going into nontraditional 
markets, including food, fine chemicals, and pharmaceu-
ticals. Other new installations are going into turnkey 
plants that are destined for export. 

Replacements lean heavily toward installations that 
save energy, raw materials, or labor. According to a 
Ministry of International Trade and Industry official, 
Japan can acquire enough additional energy for up to 6% 
growth in the Gross National Product, but must save 
energy to attain anything higher. Therefore, the energy-
saving equipment market has good potential. 

Capital investment in the steel industry, one of the few 
to continue growing after the oil crisis, has come to an 
end. However, refineries and petrochemical plants, 
which have made no purchases in four or five years, are 
starting to buy replacements for obsolete controls in 
order to save energy and raw materials or to change their 
product mix. Also buying replacements to achieve 
energy and raw materials savings is the paper industry. 
Yokogawa Electric Co. says that since introduction of 

its Centum microprocessor-based process control system 
in 1975, it has sold 100 installations, with the average 
installation having 40 to 50 loops, the largest 150 loops, 
and the smallest 20. Yamatake-Honeywell Co. claims to 
have sold a total of 1,300 loops of the TCDS 2000 
developed jointly with Honeywell Inc. and announced at 
the end of 1975. 

INSTRUMENT& 

Microprocessors chip in 
Test equipment sales rose less than 10% last year and 
promise to approach 12% this year. Manufacturers 
consider themselves lucky to have done as well as they 
did last year, because many traditional customers 
including entertainment electronics and citizens' band 
transceiver makers cut back on purchases sharply. Many 
sales were made in new fields as electronics continued 
proliferating throughout Japanese industry. 

Greatly increased use of microprocessors in electronic 
cash registers and point-of-sale terminals, in copying 
machines, and in facsimile equipment provided these 

new markets. Also helping was increased use of instru-
mentation in automobile and steel plants. Purchases of 
instruments by manufacturers of automobile components 
indicate they are developing microprocessor-based 
engine controls and other systems for eventual installa-
tion in cars. Production of cars using such systems will 
probably fuel a large increase in test equipment 
purchases for production and service. 
On the other hand, falling prices held down sales 

increases for many instruments in which unit quantities 
are growing. In particular, increased use of large-scale 
integration brought down prices for such products as 
counters and digital multimeters. Some observers say 
there may be a trend toward combining instruments, 
such as adding a counter to a DMM, which merely 
requires another Ls' device and an inexpensive crystal. 
As for oscilloscope, demand grows for 250-megahertz 
units, but most sales are for low-priced scopes like 
Matsushita's new two-channel portable unit. 

DEFENSE AND SPACE 

Security funding boosted 
umna• 

A MIG-25 that disappeared from both ground-based 
radar screens and those in F-4 fighters before landing on 
Japan's northernmost island of Hokkaido in September 
1976 will probably clinch a deal for the Japan Defense 
Agency to start acquiring the 123 F-15 fighters and 45 
P-3 antisubmarine patrol planes it desires. 

This year's budget request includes 29 F-15s, whose 
radar has superior look-down capabilities, 10 P-3Cs, and 
19 F-1s —a Mach 1.6 ground-support version of a Japa-
nese-developed supersonic trainer. Initial American 
planes will be complete, followed by knocked-down 
versions, and then by partial kits, with the remaining 
parts fabricated in Japan. The total 1978 request for 154 
aircraft for three defense forces (air, maritime, and 
ground) is over $544 million. 

Delivery by Mitsubishi Electric Corp. of 3-d radar by 
the end of March will bring to seven the number 
installed on Japan's 28 radar sites. The next one, for 
delivery by the end of March 1979, is an improved 
system from Nippon Electric Co. Mitsubishi might get 
an order for a portable unit, but that is less lucrative 
because of the smaller quantities involved. 
A big project that started in 1977 is a five-year plan to 

install a 960-channel, 8-gigahertz microwave system on 
Japan's four main islands. Equipment purchases include 
$12.8 million last year and a request for $14 million this 
year. Also requested for 1978 is $13.6 million for ground 
communications replacements. 
The National Space Development Agency's fiscal 

1977 budget of $32 million is 84% of Japan's total space 
allotment and will probably be increased another 10% to 
15% for fiscal 1978. Its geostationary meteorological 
satellite Sunflower was orbited from the United States in 
July and followed by an experimental communications 
satellite in December. The third satellite in the series to 
be orbited from the United States will be an experi-
mental broadcast satellite scheduled for February or 
March. It will pave the way for broadcasts to homes. 
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JAPAN/EUROPE MARKETS FORECAST 1978 

COMPONENTS. TOTAL (millions of dollars) 

JAPAN WEST EUROPE 

1976 1977 1978 1976 1977 1978 

5,681.4 6,035.7 6,574.8 6,047.5 6,737.6 7,340.3 

PASSIVE AND ELECTROMECHANICAL 2,985.5 3,197.1 3,369.7 3,142.7 3,447.9 3,755.7 
Capacitors, fixed 673.4 712.5 745.3 679.4 750.1 821.0 
Capacitors, variable 61.2 63.8 91.6 49.9 54.4 58.3 
Connectors, plugs, and sockets 110.8 119.1 129.4 402.8 444.3 481.3 
Fitters, networks, and delay lines --- -- - 63.9 69.2 75.2 
Loudspeakers (OEM type) 190.3 226.0 257.1 132.8 136.4 143.5 
Microphones (OEM type) 58.3 58.6 61.4 36.8 40.4 43.2 
Microwave components 46.4 46.4 46.4 0.3 0.5 0.6 
Potentiometers, composition 185.0 205.7 193.3 152.1 162.9 171.6 
Potentiometers, wirewound 12.9 13.6 14.2 52.5 58.1 61.6 
Printed circuit boards 291.3 335.6 367.3 372.2 422.3 474.2 
Quartz crystals (including mounts and ovens) 152.5 154.4 164.1 69.2 76.4 85.6 
Relays (for communications and electronics) 189.4 214.3 229.5 286.4 301.3 327.8 
Resistors, fixed (including wirewound) 196.7 203.4 208.3 236.8 251.3 261.3 
Resistors, nonlinear - -- - 31.8 34.5 39.6 
Servos, synchros, and resolvers 20.0 21.7 21.6 38.8 43.0 47.9 
Switches (for communications and electronics) 182.8 198.2 211.8 183.1 207.6 231.8 
Transducers (pressure, strain, temperature, etc.) 6.4 7.2 8.4 _. - - 
Transformers, chokes, coils. TV yokes, and flybacks) 608.1 616.6 620.0 353.9 395.2 431.2 

SEMICONDUCTORS, DISCRETE, TOTAL 836.8 895.0 946.0 772.6 854.7 905.5 
Microwave diodes, all types (above 1 GHz) 8.1 9.0 10.8 13.5 15.1 17.4 
Rectifiers and rectifier assemblies 168.2 183.8 186.9 146.8 164.2 177.0 
Signal diodes (rated less than 100 mA, including arrays) 97.4 107.5 114.8 70.6 77.5 82.9 
Thyristors (SCRs, four-layer diodes, etc.) 44.8 52.5 61.4 76.8 86.1 91.0 
Transistors, bipolar power (more than 1-W dissipation) 172.5 182.6 187.5 143.3 162.6 176.9 
Transistors, bipolar small signal (including duals) 282.7 284.2 270.2 246.2 262.4 267.2 
Transistors, field-effect (power and small-signal) 27.7 31.6 57.3 14.2 16.6 18.8 
Tuner varactor diodes 13.6 21.4 27.8 22.7 25.5 26.4 
Zener diodes 21.8 22.4 29.3 38.5 44.7 47.9 

SEMICONDUCTORS, INTEGRATED CIRCUITS, TOTAL 862.0 927.5 1,145.3 719.8 884.9 1,051.1 
Hybrid ICs all types 74.5 79.1 87.9 64.3 77.3 89.6 
Linear ICs (except op amps) 197.3 216.8 243.1 179.6 205.3 224.5 
Op amps (monolithic only) 22.3 23.4 29.9 36.2 42.1 48.5 
Logic circuits, bipolar 148.3 158.3 173.7 182.4 207.7 226.9 
Logic circuits, MOS and C-MOS 86.0 99.8 119 102.3 134.2 168.9 
Memory circuits, bipolar 19.3 23.8 29.9 26.8 38.4 45.0 
Memory circuits, CCD 0.7 1.4 2.7 - - - 
Memory circuits, magnetic-bubble 0.2 0.5 1.6 - - .... 
Memory circuits, MOS and C-MOS (except microprocessors) 89.3 123.0 146.4 76.5 103.6 133.9 
Microprocessors (includes CPU, memory, and1/0 chips) 36.7 52.4 77.0 20.5 34.5 55.9 
Calculator chip sets 128.5 123.0 127.0 6.4 8.0 8.6 
Watch and clock chip sets 36.5 43.1 43.8 13.5 24.7 30.8 
Other special-purpose circuits 45.3 54.9 63.3 11.3 14.1 18.5 

SEMICONDUCTORS, OPTOELECTRONIC, TOTAL 168.0 186.5 215.7 71.2 87.9 103.2 
Circuit elements (photoconductive cells, photodiodes, etc.) 17.9 18.2 21.6 22.1 26.8 31.1 
Discrete light-emitting diodes 30.0 34.9 43.1 18.6 23.6 27.1 
Readouts 120.1 132.0 149.0 29.5 35.8 42.1 
Photovoltaic (solar) cells - 1.4 2.0 1.0 1.7 2.9 

TUBES, TOTAL 829.1 829.6 898.1 1,346.8 1,463.8 1,532.8 
Cathode-ray tubes (except for TV) 5.6 6.3 7.5 33.4 39.5 44.3 
Camera tubes and image intensifiers 23.3 27.7 31.2 58.0 65.4 75.6 
Photomultiplier tubes 9.4 9.4 9.8 - - --
Power tubes (below 1 GHz), vacuum, total 20.4 20.4 20.8 64.4 71.4 77.3 
Power tubes (below 1 GHz), gas or vapor 4.1 4.0 3.8 25.2 27.9 30.1 
Microwave tubes, total 54.5 56.3 59.9 94.0 104.9 115.3 
Cooker magnetrons 41.5 43.4 47.0 - - - 

Receiving tubes 7.4 6.7 5.7 63.5 55.7 50.1 
TV picture tubes, black and white 51.1 53.9 54.3 90.0 81.4 79.8 
TV picture tubes, color 653.3 644.9 705.1 918.3 1,017.6 1,060.3 

EQUIPMENT, TOTAL (millions of dollars) 12,617.5 13,978.4 15,438.9 22,426.8 24,533.3 26,804.4 

CONSUMER, TOTAL 5,047.4 5,449.3 5,824.2 8,100.0 8,682.4 9,242.8 
Audio tape recorders and players 708.5 778.6 825.3 543.8 551.4 565.7 
Citizens' band transceivers 6.7 6.5 8.7 97.2 120.4 125.9 
Electronic ranges (microwave ovens) 281.4 286.8 293.3 - - - 
Hi-ti equipment 769.8 736.9 870.3 890.6 1.016.6 1.126.5 
Musical instruments (organs, electric guitars, etc.) 148.0 172.0 180.0 - - - 
Phonographs and phono radio combinations 170.4 122.3 114.9 374.7 383.6 390.3 
Pocket calculators (four-function, personal) 182.7 174.7 181.3 359.4 273.3 262.4 
Radios (including car radios) 194.5 157.9 221.7 847.6 889.6 913.4 
Radio/recorder combinations 386.6 388.8 407.9 440.7 482.2 515.0 
TV sets, black and white 92.3 101.3 117.0 674.7 652.2 636.4 
TV sets, color 1,763.0 1,992.0 1,848.4 3,789.4 4.190.1 4.525.5 
Video games 2.1 12.8 28.4 23.8 37.3 53.2 
Video tape machines (consun er) 107.1 208.9 342.5 33.9 51.5 72.8 
Watches and clocks. electronic 234.3 309.8 384.5 24.2 34.2 55.7 
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EQUIPMENT, continued 1976 JAPAN 1977 1978 1976 WEST EUROPE 
1977 1978 

COMMUNICATIONS, TOTAL 1,685.3 1,864.2 2,164.2 4,850.0 5,167.0 5,742.0 
Broadcast 59.8 62.7 69.3 154.4 160.4. 181.6 
Cable N 10.0 10.9 11.0 29.9 33.4 36.4 
Closed-circuit TV 31.3 35.0 39.3 127.3 143.8 159.5 
Data communications 76.0 78.0 80.0 103.2 116.9 132.2 
Facsimile terminals 70.1 91.9 110.0 ._ --- ---
Intercoms and systems 30.1 35.1 39.3 119.8 129.2 138.0 
Laser communications 1.2 2.0 3.2 -- -- --
Microwave relay 126.1 138.0 149.3 245.4 266.1 300.6 
Navigation aids, except radar 150.7 169.8 190.0 369.3 397.9 431.6 
Optical fiber communication 0.1 0.2 0.4 -- --
Pat;ing (public and private) 32.0 34.0 37.0 23.4 26.2 31.3 
Radar (airborne, ground, and marine) 86.2 94.1 103.4 689.9 771.1 846.3 
Radio communications, except broadcast 400.1 424.8 586.1 833.7 926.7 1,017.0 
Telephone switching, PABX' 82.0 94.0 100.0 514.7 572.8 633.8 
Telephone switching, public' 165.7 201.9 223.2 431.4 635.0 851.8 
Telephone and teletyaph carrier 33.5 37.3 41.2 976.7 948.8 937.5 
Video recorders arid players (non-consumer) 330.4 354.5 381.5 30.9 38.7 44.4 

COMPUTERS AND RELATED EQUIPMENT, TOTAL 3,945.0 4,486.4 5,044.0 6,330.7 7,050.1 7,954.5 
Data processing systems, total' 2,312.1 2.554.8 2,838.7 3,981.9 4,347.8 4,888.0 
Microcomputers (basic chassis value less than $1,500) 22.9 48.1 61.0 15.6 22.2 26.7 
Mini (system value less than $50,000) 158.1 200.1 234.0 - --
Small (up to $420,000) 366.6 380.2 422.7 
Medium (up to $1,680,000) 588.5 628.4 690.6 
Large (up to $3,360,000) 731.2 796.1 900.4 - -- ...... 
Giant (more than $3,360,000) 444.8 501.9 530.0 - - ---

Add-on memories 74.0 84.6 95.8 53.9 59.5 64.3 
Data acquisition 105.7 128.4 144.5 131.2 134.1 141.8 
Data entry/output 150.7 173.9 200.7 745.4 827.3 918.7 
Data storage 384.0 427.2 482.1 -- --
Data terminals 394.5 459.5 534.2 396.4 490.7 587.9 
Electronic office equipment 464.0 586.0 664.0 905.7 1,035.2 1,167.7 

Billing and accounting machines 68.0 70.0 72.0 -- --
Calculators, office type 56.0 60.0 64.0 
Calculators, scientific type 32.0 36.0 48.0 --- --- ---
Copying machines 308.0 420.0 480.0 -- --- --

Point-of-sale 60.0 72.0 84.0 116.2 155.5 186.1 

INDUSTRIAL, TOTAL 1,011.0 1,115.7 1,201.4 1,542.1 1,646.2 1,740.3 
Industrial X-ray inspection and gauging - - --- 47.5 50.0 53.2 
Machine tool controls 73.2 76.0 85.3 99.3 105.9 113.1 
Motor controls 140.0 150.0 160.0 66.9 67.2 69.5 
Photoelectric controls - -- - 36.9 38.6 40.8 
Pollution monitoring 100.0 130.7 133.3 29.8 27.5 29.0 
Process-control systems 622.4 670.8 726.3 1,174.4 1,267.3 1,342.0 
Ultrasonic cleaning and inspection 75.4 88.2 96.5 26.2 27.0 27.6 
Welding (with electronic controls) --- --- -- 61.1 62.7 65.1 

MEDICAL, TOTAL 322.3 373.0 424.1 988.5 1,096.4 1,155.6 
Diagnostic equipment, except X-ray 75.4 90.6 108.1 202.9 223.5 240.4 
Patient-monitoring 22.8 25.5 30.0 90.5 102.0 110.5 
Prosthetic 16.0 17.2 18.0 87.6 93.2 97.6 
Surgical support 8.0 8.8 10.0 --- - --
Therapeutic, except X-ray 8.1 9.4 10.0 49.2 55.0 58.0 
X-ray equipment, diagnostic and therapeutic 192.0 221.5 248.0 558.3 622.7 649.1 

POWER SUPPUES, TOTAL 
Bench and lab 
Industrial heavy-duty 
OEM and modular 

124.8 135.6 149.4 238.0 256.8 271.7 
28.0 31 0 35.8 24.6 25.8 27.4 
16.4 16 2 17.2 75.6 83.2 90.5 
80.4 884 96.4 137.8 147.8 153.8 

TEST AND MEASUREMENT, TOTAL 420.8 460.5 511.1 577.5 634.4 697.5 
Amplifiers, lab type 7.0 7.9 9.8 9.6 10.1 10.4 
Analog voltmeters, ammeters, and multimeters 18.1 19.8 21.4 28.4 29.9 31.8 
Analytic instruments, research or clinical 190.0 207.1 227.5 --- - ---
Automatic test equipment (IC. component, and board) 15.0 20.2 20.5 50.7 57.5 66.8 
Calibrators and standards, active and passive 10.7 8.9 9.4 14.6 15.1 15.6 
Counters and timers 13.0 13.2 16.1 35.8 38.6 41.8 
Digital logic analyzers 2.0 2.4 3.2 11.5 14.4 17.4 
Digital multimeters 8.8 11.5 12.9 41.4 45.8 50.4 
Microwave test instruments 9.8 10.0 11.0 49.9 54.3 61.4 
Oscillators 9.6 12.4 15.4 18.5 19.3 20.6 
Oscillators and accessories 41.7 44.0 48.3 105.3 118.1 129.6 
Panel meters 37.2 37.8 45.1 28.1 30.4 31.8 
Phase measuring equipment 2.6 2.7 2.9 0.9 1.0 1.1 
Power meters 4.2 4.7 5.2 1.7 2.0 2.4 
Recorders 17.0 19.8 21.3 99.4 105.6 114.4 
Signal generators, analog 18.2 19.6 21.1 36.0 39.2 41.7 
Signal generators, synthesizer 5.9 5.9 6.0 16.3 18.8 21.7 
Spectrum analyzers (audio to 1 GHz) 10.0 12.0 14.0 29.4 34.3 38.6 

AUTOMOTIVE, TOTAL 60.9 93.7 120.5 

'Electronic or semielectronic. Includes stand-alone minicomputers but not computers that are integral parts of process-control and similar systems. ---No estimate available. 

Figures in this chart are based on inputs obtained from an 11-country survey made by Electronics in September and October 1977. They show consensus estimates for consumption of 
components, valued at factory prices, used to produce equipment for both domestic and export markets and for consumption of electronic equipment, with domestic hardware valued at 
factory sales price and imports at landed cost. 
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Defining Today's 
Manufacturer's Representative 
SYNERGISM (sinfar jiz'm) 

Working together: the simultaneous action of separate agencies which, 
together, have greater total effect than the sum of their individual effects. 

EFFICIENCY (a fish'an se) 
Ability to produce a desired effect, product, etc., with a minimum of effort, 
expense, or waste; quality or fact of being efficient. 

CREATIVITY (kretà tiy/a tè) 
Productive. Having or showing imagination and artistic or intellectual in-
ventiveness. Stimulating the imagination and inventiveness of others. 

EMPATHY (em/ po the) 
The projection of one's own personality into the personality of another in 
order to understand him better; ability to share in anothers emotions or 
feelings. 

IMPACT (im pakt/) 
The power of an event, idea, etc., to produce changes, move the feelings. 

Add to these definitions the feeling, pride, dedication and commitment to 
his customers and his business, and you have it. No other market system 
can come close! 

Manufacturers' Representatives make sense—at a time when we need them 
the most. For information on how you can utilize manufacturers' represen-
tives to market your product, write or call their association. 

more than an association—a philosophy 

ere 
ELECTRONIC REPRESENTATIVES ASSOCIATION 

233 E. Erie, Suite 1(X)3 
Chicago, III. 60611 312/649-1333 
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Highest quality at lowest cost. 
Optoelectronics... 

from Texas Instruments. 
Quality need not be expensive. With 
TI's optoelectronics family you get 
both superior technology and the 
industry's lowest prices. 
Compare cost and performanée 

before you buy. Across the complete 
product spectrum, you can have the 
best for less from one of the indus-
try's largest opto producers ... 
Texas Instruments. 

Discrete VLEDs. 
These reliable solid-state light 
sources, designed for use in both 
panel and pc board applications, are 
available in three colors and two 
package 'izes. 
Their solid epoxy bodies with dif-
fused lenses afford maximum view-
ing angles, except for the TIL221 
which has a water-clear epoxy body 
for pinpoint illumination. 

NEW VISIBLE LIGHT EMITTING DIODES 

Typical 
Source Lens Package Brightness 100-Piece 

Device Color Color Outline @ 20 mA Price 

TIL216-1 Red Red T-1 1.0 mcd .28 
TIL216-2 Red Red T-1 4.0 mcd .37 
TIL228-1 Red Red T-1 3/4 3.0 mcd .32 
TIL228-2 Red Red T-1 3/4 7.5 mcd .41 
11228-3 Red Red T-1 3/4 18.0 mcd .74 

11L212-1 Yellow Yellow T-1 1.0 mcd .28 
11L212-2 Yellow Yellow T-1 4.0 mcd .37 
TIL224-1 Yellow Yellow T-1 3/4 3.0 mcd .32 
TIt224-2 Yellow Yellow T-1 3/4 7.5 mcd .41 
TIL224-3 Yellow Yellow T-1 3/4 18.0 mcd .74 

TIL232-1 Green Green T-1 0.8 mcd .28 
TIL232-2 Green Green T-1 1.5 mcd .37 
11L234-1 Green Green T-1 3/4 1.0 mcd .32 
TIL234-2 Green Green T-1 3/4 2.5 mcd .41 
TIL234-3 Green Green T-1 3/4 6.5 mcd .74 



Low-Cost Displays 

Device 
Character Height 

& Color Type Characters Connection 
100-Piece 

Price 

TIL312 .3"- Red 7 Segment- r&lhd Common Anode 1.36 
111313 .3"- Red 7 Segment- rhd Common Cathode 1.36 
TIL327 .3"- Red -1i 1 - Ihd Common Anode 1.36 

TIL314 .3"- Green 7 Segment- r8ilhd Common Anode 2.85 
TIL315 .3" - Green 7 Segment- rhd Common Cathode 2.85 
TIL328 .3"- Green -±- 1 -1hd Common Anode 2.85 

TIL316 .3"-Amber 7 Segment- r&lhd Common Anode 2.85 
TIL317 .3"-Amber 7 Segment- rhd Common Cathode 2.85 
TIL329 .3"-Amber -± 1- Ihd Common Anode 2.85 

TIL321 .5"- Red 7Segment- r&lhd Common Anode 1.47 
TIL322 .5"- Red 7 Segment - rhd Common Cathode 1.47 
TIL330 .5"- Red -±- 1 -Ihd Common Anode 1.47 

High-Performance Displays 

Character 100-Piece 
Device Type Characters Height Package Price 

TIL302-304 7 Segment .27" Standard 4.85 
111305 5x7 Dot Matrix Alphanumeric .30" Standard 4.58 
TIL306-309 7 Segment with Logic .27" Standard 9.15 
TIL311 4x7 Hexadecimal with Logic .27" Standard 9.40 
4N41 (111501) 7 Segment .27" Hermetic 47.37 
TIL505 5x7 Hexadecimal with Logic .27" Hermetic 66.03 
111506 7 Segment with Logic .30" Hermetic 57.41 
111507 5x7 Alphanumeric with Logic .30" Hermetic 69.72 
TIL560 3-Character 5x7 Alphanumeric with Logic .50" Hermetic 254.26 

Seven-Segment Display Sticks 

No. of Character Height 100-Piece 
Device Digits & Color Feature Price 

111361 2 .50"- Red PCB- Edge Conn 4.05 
111364 4 .50"- Red 12-hr Clock 5.92 
111370 4 .50"- Red 24-hr Clock 6.15 
TIL804 12 .27"- Red PCB- Edge Conn. 11.65 
TIL807 2 .30"- Red CA-Plug-in Pkg 2.88 
111808 2 .30"- Red CC-Plug-in Pkg 2.88 
TIL809 2 .30"-Amber CA-Plug-in Pkg 4.35 
111810 2 .30"- Amber CC-Plug-in Pkg 4.35 

Opto-Coupled Isolators 

Isolator 
Family 

Part 
Numbers 

Isolation 
Voltage Package 

100-Piece 
Price 

P-DIP 
Dual 
JAN, TX, TXV 
Hi-Rel 
UL Listed 
Hi-Voltage 

TIL111-TIL119 
MCT6 & MCT66 
4 N22 -4N24 
111120, TIL121 
TIL153 -TIL157 
111124 -111128 

Up to 2.5 KV 
Up to 1.5 KV 

1.0 KV 
1.0 KV 
3.5 KV 
5.0 KV 

6-Pin DIP 
8-Pin DIP 
TO-5 MC 
TO-72 MC 
6-Pin DIP 
6-Pin DIP 

from $0.74 
from 1.69 
from 5.19 
from 3.75 
from 0.93 
from 0.99 

Low-Cost Displays. 
Continuous uniform segments, high 
contrast and brightness make the 
difference in TI's cost-effective 
single-digit VLED displays. 
Red, green and amber .3" charac-

ters are available in 14-pin dual-in-
line packages. Large .5" red devices 
are available in 10-pin DIPs. 

High-Performance Displays. 
Versatile capabilities for specialized 
applications. TI has a specialty dis-
play to fit the job you're doing. 
• Alphanumeric 
• Hexadecimal 
• Built-in logic 
• Hermetic packages 
• Combinations 

Seven-Segment Display Sticks. 
Two-digit combinations for digital 
indicators including television and 
CB radio channel readouts. Four-
digit sticks for 12 and 24-hour digital 
clocks. And the 12-digit TIL804 stick 
(red, .270" characters); the most 
digits on a single stick. 

Opto-Coupled Isolators. 
Six complete families for any opto 
switching need: P-DIP couplers, 
metal-can devices, duals, high volt-
age isolators, JAN and UL listed 
parts. Call TI or your distributor 
for complete specifications. 

IR Emitters/Detectors. 
High efficiency, spectrally matched 
infrared emitters and photodetec-
tors for card and tape readers, 
encoders, intrusion alarms, level 
indicators and more. 
Also available: nine and 12-

channel arrays for precise align-
ment in card and tape readers and 
single-package assemblies for 
counting, flow and weight control, 
position sensing, timing and speed 
control. 

Take advantage of the savings and 
convenience you'll find in TI's com-
plete opto capability. For more 
information write Texas Instru-
ments Incorporated, P.O. Box 5012, 
M/S 308, Dallas, Texas 75222. 
Please identify the de- fl.o 
vice you are interested 
in by giving its TI part 
number. 

TEXAS INSTRUMENTS 
x. 1977 Texas Instruments Incorporated IN 93139 
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We'd like to show you around the MSC 8001 
Z80/MULTIBUS Single Board Computer 

Take the MULTIBUS.'m 
The MSC 8001 is fully 
hardware and software 
compatible with the 
industry standard SBC 80' 
MULTIBUS. Use with 
any of the wide variety 
of SBC 80 compatible 
components to shorten 
product development 
cycles. No need to spend 

extra time and money 
on basic software develop-
ment, either. The 8080's 

software will work just fine. 
Seethe ZSOT"" perform. 

Our star attraction is 
the Z80 CPU, with its 
expanded instruction set 
and high speed program 
execution. The built in 
eight levels of priority 
interrupt are at your 
disposal and more! The 
Z80 has a non-maskable 

interrupt you can use 
to implement power-fail 
recognition or to assist 
in debugging. 

MULTIBUS and SBC 80 are trademarks 
of Intel Corporation Z80 is a trademark of 
Zilog, Inc. 

©1977, Monolithic Systems Corp. 

Remembering the way. 
Our memory gives you 
up to 8K RAM and 
up to 16K ROM on board! 
The need for costly 
additional memory has 
now been eliminated 
in many applications. 
Mix and match. 

You can install identical 
or completely different 
8 bit EPROMs, ROMs or 
PROMs. Now store 

commonly used sub-
routines in ROMs in one 
or two sockets, and 
your own applications 
programs in EPROMs 
in the others. Using 4K 
elements you can have 
up to 16K bytes. 
Got a transfer? During 

Direct Memory Access 
transfers, the MULTIBUS 
can access all of our 
on-board memory. Use 

the RAM for intermediate 
storage for a high speed 
video display or floppy 
disk controller. 
Along the serial way. 

Programmable serial 
I/O interfacing for 
asynchronous and 
synchronous terminal 
devices is provided 
by the MSC 8001. 
Whether you require TTL, 

. or optically isolated 
20mA current loop, it's all 

on the board. With us 
you won't need any 
external converters to 
handle your Teletype. ® 

Parallel ins and outs. 
Two programmable 
ports offer 48 lines of 
parallel I/O. Inverted and 
upright signals can 
be generated and sensed. 
All of our I/O lines are 
buffered inbound and 

outbound for safety and 
reliability. 
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Powering up. The 
MSC 8001 will operate on 

a single +5 VDC power 
source in most system 
applications. 

Going further. Our 

complete 16 page, 
full color tour guide to 
the MSC 8001 Single 
Board Computer is 
available by contacting 
Monolithic Systems Corp., 
14 Inverness Drive East, 

Englewood, CO 80110. 
303/770-7400. 
Telex: 45-4498 
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Allen-Bradley 
Electronic Components: 
We have what you need. 

Our distributors have 
them when your 
need is now. 



FIXED RESISTORS 

Type BB, CB, EB, GB, HB: Hot 
molded. 1.0 ohm to 100 megs. Toler-
ance ±-5%, 10%, 20%. %W, 4W, Y2W, 
1W, 2W at 70°C. Pub. EC21. 

Type CC: Cermet film. 10 ohms to 

/ -± 
22.1 megs. Tolerance ±0.5 and 1%. 
TCR 50 and -± 100 PPM/°C. %W at 
125°C. '4W at 70°C. '4W at 70°C. 
Pub. EC33. 

Type FM: Metal film. 20 ohms to /357K ohms. Tolerances from -±1% 
to ±0.05%. TCR ±25, -± 15 and ±-10 
PPM/°C. YON at 70°C. 1/10W at 
125°C. Pub. EC54. 

RESISTOR NETWORKS 

I-DIP: Thick film (Cermet). 10 ohms 
to 1 meg. Tolerance to ±1%. TCR to 
±-100 PPM/0C. 542 standards, 14 
and 16 pins. Pull-ups, ladders, termi-
nators, 0-pads. 18 pin and user trim-
mable options. Pub. 5840. 

Thin Film: Custom packages and 
chips. Chrome/cobalt film. Toler-jet ance to -±.015%. TCR ±25 PPM/°C. 
Tracking to ±5 PPM/0C. Ladders, 
dividers, customs. 

POTENTIOMETERS 

Type J: 1%2" diameter. Hot-molded 
50 ohms to 5.0 megs. 2.25W at 70°C. 
100,000 cycle rotational life. Single, 
dual, triple sections. SPST switch 
optional. Pub. 5200. 

Series 70: %" square MOD POT.' 
Hot-molded, cermet, conductive 
plastic. 50 ohms to 10 megohms. 
>100,000 cycle rotational life. Single, 
dual, triple, quad sections. Options 
include switches, vernier drives, 
concentric shafts. Pub. 5217. 

Type G: Y2" diameter. Hot-molded 
composition. 100 ohms to 5.0 megs. 
0.5W at 70°C. 50,000 cycle rotation-
al life. SPST switch optional. Many 
other options. Pub. 5201. 

Type M: 10.0 MM (.394") cube. Con-
ductive plastic element. 100 ohms 
to 1.0 meg. 25,000 cycle rotational 
life. Single, dual sections. Switches 
optional. Case, bushing, shaft are 
non-metallic. Pub. 5239. 

TRIMMERS 

_.. Type A: Y," diameter, single turn. 10 
i ohms to 2.5 megs -±- 10%, 0.5W at 
I  85°C. Immersion sealed, 6 terminal 

options. TCR ±-35 PPM/°C typical. 
Pub. 5238. 

Type E: %" square, single turn. 10 Çiiiii ohms to 2.5 megs -± 10% 0.5W at 
70°C. Immersion sealed, 14 terminal 
options. TCR ±35 PPM/°C typical. 
Pub. 5219A. 

Type D: e  dia., single turn. 10 ohms 
to 2.5 megs -±20%, 0.5W at 70°C. 
Dust cover, 8 terminal options. TCR 
±35 PPM/°C typical. Pub. 5240. 

Type RT: 3/4" long, 20 turn. 10 ohms 
to 2.5 megs --h10%, 1.0W at 40°C. 
Immersion sealed, 4 terminal op-
tions. TCR -±-35 PPM/°C typical. 
Pub. 5237. 

These products are typical of a com-
plete line of Allen-Bradley quality 
electronic components. You get fast 
off-the-shelf delivery on standard 
and many special items from your 
Allen-Bradley distributor. For com-
plete facts, write for Pub. 6024. 

Quality in the best tradition. 

( miEv/ MilwduKeu Wiscunsin ',),52u•; 
ALLEN-BRADLEY 
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How 
36 trigger points 
can simplify 

analysis of your 
microprocessor-based 

systems. 
5ns Glitch Capture. 
Latch mode for glitch detection, 
or sample mode, can be inde-
pendently selected for channels 
l -8 and 9-16. Wide band-
width BNC input allows capture 
of pulses as narrow as 5ns. 

biomotion 

Mixed Logic Thresholds. 
Select one threshold voltage 
for channels 1-8, another for 9-16. 
Dial in ECL, TTL, MST, any 
of three user-preset values or 
continuously variable level. 

Display Control. Select 
timing diagram, data domain logic 
state display or map mode 
dot pattern of system operation, 
using the accessory 116 Display 
Control. Memory feature permits 
comparison of current and 
stored system characteristics. 

Precise Memory Control. 
Pretrigger recording enables 
you to split the 512-word memory 
to capture data on both sides 
of the trigger event. Or, with Delay 
Mode, start of recording can 
be delayed as long as 9999 clock 
intervals after the trigger. 
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Designing a microprocessor-based system? 
There's no better way to get a precise, 
detailed look at both 8-bit and 16-bit 
microprocessor system operation than 
our 16-channel, 50 MHz logic analyzer. 

Plug in two of our 10-TC active probe 
pods and the 1650-D's combinational 
trigger capability is expanded to trigger on 
words up to 36 bits long. That gives you 
the power to record 
and analyze up to 
16 digital signals 
triggering 
from up 
to 20 
additional 
locations. Now, 
with the 1650-D, 
you can trigger on 
word lengths that you 
just couldn't detect before. 

Versatility is the key to the 1650-D's 
popularity with designers working 
on microprocessor system development, 
instrumentation interfacing or analysis 

of real-time digital 
circuits. With the 
116 Display Control, 
the 1650-D gives 
you the capability to 
analyze both timing 
and logic state displays. 
That's the key to 
simplified hardware/ 

software debugging and integration. 
A Latch Mode on the input signal 

Time Domain. Timing diagram 
lets you see the sequential and 
simultaneous relationship between 
digital signals, to simplify 
hardware troubleshooting. 

enables the 1650-D to detect and record 
glitches or pulses as 
narrow as 5ns — 
vital information 
when trouble-
shooting the opera-
tion of digital circuits 
Or, for data analysis, 
Sample Mode 
ignores synchronous 

glitches not coincident with the 
data clock. 

There's not space here to give you all 

-7 the details on how our 1650-D, with 10-TC probe pods 

117 kW IMO 1810 1101 
08 IMO 1000 1110 1101 
•s 10:G 1000 1110 110, 
ze: loco lao ma lien 

221 ICCO «0 1111 1118 
222 1=0101 1111 1111 
223 IMO 0101 1811 1111 
22E 1000 0101 8111 1111 

220 1021 .3801 1111 1118 
226 11133 3101 1111 1111 
2/7 ICER) 3801 0000 m8 
220 11:03 3101 0030 0« 

229 10:11 0:1X. 0« CUM 
230 1001 «V Mil MITI 
231 1031 1CCO EOM C030 
232 1101 1015 CC« CIXO 

Data Domain. Display 10:21, 
states I l's and O'sl with hex or octal 
translation. That's essential 
information for troubleshooting 
software and firmware. 

• 

and 36-bit trigger, can simplify 
your task. But we'll gladly 

send you detailed information on 
the 1650-D and our entire line of 

logic analyzers, from 
the budget-priced 
920-D to the ultra-
fast, 200 MHz 8200. 
And, at your conven-
ience, we'll arrange 
a demonstration of 
Biomation's logic 
analyzers in your lab, 
capturing and displaying the data you 
work with. 

Write, call or use the reader service 
card. Biomation, 10411 Bubb Road, 
Cupertino, CA 95014. (408) 255-9500. 
TWX: 910-338-0226. 
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Map Mode. Each digital word 
can be translated into a singularly 
positioned dot in this graphic 
representation of recorded data. 
Especially useful for spotting 
illogical or illegal memoryaddresses. 
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PROM converts weather data 
for wind-chill index display 
by Vernon R. Clark 
Applied Automation Inc., Bartlesville, Okla. 

A programmable read-only memory and four arithme-
tic/logic units can convert air-temperature and wind-
speed data in real time into wind-chill temperature, 
which is displayed on a direct numerical readout. 
The wind-chill equation adopted by the National 

Weather Service is: 

H = (100w'"+ 10.45 — w)(33 —Ta) 

where H is the heat loss in kilogram-calories per square 
meters per hour, w is the wind speed in meters per 
second, and Ta is the actual air temperature in °C. A 
modified form of this equation is the basis for the well-
known wind-chill temperature chart issued by the 
service. In this circuit, the PROM is programmed so that, 
in combination with the arithmetic/logic units, it will 
generate output values identical to those in the chart for 
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a wide range of air temperatures and wind speeds. 
Basically, the circuit determines from the incoming 

data the apparent temperature change (Tc) caused by 
the wind. Then, it adds or subtracts T, from T, to find 
the equivalent temperature (Tc). 
The T, values are programmed into the PROM for all 

combinations of air temperature and wind speed over the 
range: 

—60F Ta 5OF (10 increments) 
O w ≤ 46 miles per hour (2 mph increments). 

The circuit must relate each T, and w to each T, to find 
the equivalent temperature. 
As shown in the figure, each T, may be accessed by 

introducing air-temperature and wind data, in binary-
coded-decimal form, to the PROM (U 1) address lines. The 
actual values of T, programmed in the PROM are shown 
in the table. 
The value of T, appearing at the output, for a given T. 

and w, is introduced to two ALUS, U2 and U3. Also 
driving U2 and U3 is the Ta data. The ALUS compute the 
magnitude and sign of T, by adding Ta and L. U4 and 
Us perform a 10's complement operation in order to 
drive the 7300 displays properly. The operation of all 
four ALUS is summarized in the figure. 
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Cold solution. Circuit determines and displays wind-chill temperature (Te). Air temperature (T.) and wind-speed data (w) address PROM lines 

to access apparent temperature change (T,) brought about by given w at T.. Arithmetic/logic units U2 and U., add T. and T, to find T,. U, and 

U, perform a 10's complement operation for the digital display units, for which they serve as an interface. 
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LOC LOC LOC LOC LOC 

000OR 0002 007OR 2628 COEUR 0000 0150R 4750 01COR 0004 

0002R 0409 0072R 3030 00E2R 0000 0152R 5355 01C2R 0714 

croo4R 1500 0074R 3100 00E4R 0000 0154R 5700 01C4R 2500 
0006R 0000 0076R 0000 00E6R 0000 0156R 0000 0106R 0000 
0008R 2125 0078R 3233 00E8R 0000 0158R 5960 01C8R 3543 

COCAR 2933 007AR 3434 00EAR 0000 015AR 6162 01CAR 5055 

000CR 3700 007CR 3637 00ECR 0000 015CR 6365 01CCR 6000 

COCER 0000 007ER 3738 00E E R 0000 015ER 6667 010ER 0000 

001OR 3941 008OR 0001 OOFOR 0000 016OR 0003 01 DOR 6468 
0012R 4344 0082R 0205 OOF 2R 0000 0162R 0511 01D2R 7275 

0014R 4600 0084R 0900 00F4R 0000 0164R 2000 01D4 R 7800 
0016R 0000 0086R 0000 00F6R 0000 0166R 0000 01D6R 0000 

0018R 4849 0088R 1215 OOF 8R 0000 0168R 2834 01D8R 8082 

001AR 5051 008AR 1719 00 F A R 0000 016AR 4044 01 DAR 8485 

001CR 5354 008CR 2100 00FCR 0000 016CR 4800 01 DCR 8890 
001ER 5556 008ER 0000 00 F E R 0000 016ER 0000 01DER 9294 

0020R 0002 009OR 2223 0100R 0002 017OR 5255 01EOR 0000 
0022R 0407 0092R 2425 0102R 0409 0172R 5759 01E2R 0000 

0024R 1300 0094R 2600 0104R 1500 0174R 6200 01E4R 0000 
0026R 0000 0096R 0000 0106R 0000 0176R 0000 01E6R 0000 

0028R 1923 0098R 2728 0108R 2125 0178R 6466 01E8R 0000 

002AR 2730 009AR 2929 010AR 2933 017AR 6768 01EAR 0000 

002CR 3300 009CR 3031 010CR 3700 017CR 7071 01 ECR 0000 

002ER 0000 009E R 3132 010ER 0000 017ER 7273 01 EE R 0000 

003OR 3537 00AOR 0000 011OR 3941 0180 R 0004 01 FOR 0000 
0032R 3840 00A2R 0203 0112R 4344 0182R 0612 01 F2R 0000 

0034R 4200 00A4R 0700 0114R 4600 0184R 2200 01 F4R 0000 

0036R 0000 00A6R 0000 0116R 0000 0186R 0000 01 F6R 0000 

0038R 4343 00A8R 1012 0118R 4849 0188R 3036 01 F8R 0000 
003AR 4445 00AAR 1415 011AR 5051 018AR 4247 01 FAR 0000 
003CR 4749 00ACR 1700 01ICR 5354 018CR 5200 01 FCR 0000 

003ER 5051 00AER 0000 011ER 5556 018ER 0000 OIF ER 0000 

004OR 0002 00BOR 1818 0120R 0002 019OR 5660 020OR 

0042R 0407 00B2R 1920 0122R 0409 0192R 6365 
0044R 1200 00E4R 2100 0124R 1700 0194R 6700 

0046R 0000 00B6R 0000 0126R 0000 0196R 0000 

0048R 1620 00B8R 2222 0128R 2329 0198R 6971 

004AR 2426 00BAR 2323 012AR 3337 019AR 7374 

004CR 2800 00BCR 2425 012CR 4100 019CR 7677 
oo4 E R 0000 00BER 2526 012ER 0000 019ER 7879 

005OR 3032 0000R 0000 013OR 4346 01AOR 0004 

0052R 3436 00C2R 0000 0132R 4850 01A2R 0613 

0054R 3700 00C4 R 0000 0134R 5200 01 A4R 2300 

0056R 0000 0006R 0000 0136R 0000 01 A6R 0000 

0058R 3839 0008R 0000 0138R 5354 01 A8R 3340 

005AR 4040 00CA R 0000 013AR 5657 01 AAR 4652 

005CR 4142 00CCR 0000 013CR 5960 01ACR 5600 

005ER 4243 00CE R 0000 013ER 6162 01AE R 0000 

0060R 0002 OODOR 0000 014OR 0002 01 BOR 6064 

0062R 0306 OOD 2R 0000 0142R 0510 01 B2R 6770 

0064R 1000 00D4R 0000 0144R 1800 01B4R 7300 

0066R 0000 0006R 0000 0146R 0000 01 B6R 0000 
0068R 1418 00 D8 R 0000 0148R 2632 01 B8R 7577 
006AR 2022 OODAR 0000 014AR 3640 01BAR 7980 

006CR 2400 OODCR 0000 01 4CR 4400 01BCR 8283 

006ER 0000 °ODER 0000 014ER 0000 01BER 8485 

Wind speed frequently varies over a wide range in a temperature. One answer to this problem is to sample 
short time. This may cause rapid flickering of the display the input data periodically. Another is to use average-
and make it hard to determine the average wind-chill value sensor circuits for smoothing the data. 

RAM and d-a converter form 
coniplex-waveform generator 
by William A. Palm and G. A. Williamson 
Magnetic Peripherals Inc., Minneapolis, Minn. 

CI A random-access memory and digital-to-analog 
converter are at the heart of a programmable waveform 
generator that will produce almost any wave, however 
complex, at low frequency. It is only necessary to deter-
mine the digital equivalent of the desired wave and store 
that in a 256-word-by-8-bit RAM, for later transforma-
tion into an analog output voltage by the d-a converter. 
The maximum repetition rate of the signals produced 
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The 6852 Véar Old 
Frequency Standard 
That's how many operating years are behind - 
Hewlett-Packard cesium beam frequency sources. 
There's more known and proven about the reliability of HP's cesium 
beam frequency sources than any others. Not only have they been - 

• around longer than any other standard of their type, but a team 
of highly specialized physicists, engineers and technicians has 
constantly improved them by applying the knowledge gained 
from more than 60 million hours of field operation. And 
be-cause of that they are the most popular choice in fre-

• quency/time applications, especially where reliability is 
most critical: interplanetary and terrestrial navigation, tele-
communication systems and fin the timekeeping centers 
of more than 26 countries. 

For details of HP's cesium beam frequency 
sources and some more good reasons that keep • 
these old standards the new ones—for example 
7 x 10-12 absolute accuracy in our Model 5061A 

option 004, or the extra rñggedness of our 5062C 
on-line systems model—call or write your 
nearby HP field sales office. 

Photograph of Andromeda Galaxy, 
courtesy of Lick Observatory. • . 
Photograph has been reversed - 
for composition. • • 

02711 

:•. 

HEWLETT jip, PACKARD 

1507 Page Mill Road, Palo Aug. California 94304 

.. - 

For assistance call: Washington (301) 948-6370, Chicago (312) 255-9800, Atlanta (404) 955-1590. Los Angeles :213) 877-1282 

-Ci'rI1Ooi reader.servica bard .. • • . 4 

• • 

, • . 
•I • 

. . - 



is only 7.8 kilohertz, being limited by the RAM'S access 
speed and the number of locations; but more often than 
not, a complex wave is required only in very-low-speed 
applications. If higher speed is desired, the use of emit-
ter-coupled-logic RAMS will increase the repetition rate 
to nearly 400 kHz, on the assumption that a high-
frequency clock is available. 
As shown in the figure, binary-coded-decimal thumb-

wheel switches SI — S3 are used to address one of 256 
RAM locations, and S4 and S5 select one of 256 waveform 
amplitudes (over the range 0 — 255 in base 2). Thus each 
location can be stored with an amplitude that can be 
resolved to 1 bit in 256. 
When each location of the RAM is stepped (at a 

maximum rate equal to the system clock frequency 
divided by the number of locations), its output at any 
given instant is in essence converted to one point in a 
256-by-256 matrix. The RAM is formed by two 
256-word-by-4-bit Fairchild 3538 devices. 

Four 74184 BCD-to-binary counters, two 9316 4-bit 
counters, a 75107 line receiver, and several gates and 
switches make up the binary address counter. The 75107 
allows flexibility in choice of the clock that addresses the 
RAM —almost any driving signal will do, whether a sine 

wave, ramp, pulse, or square wave. The address counter 
either may be single-stepped manually to the desired 
location (needed when loading the RAM) or cycled 
continuously when the desired waveform is generated. 
Two momentary-contact switches perform the actual 

address-loading and data-writing operations, and the 
address at any given time is displayed by eight light-
emitting diodes. The maximum clock frequency permit-
ted is limited to 2 megahertz by the slow response of the 
RAM, and therefore the repetition rate of the output 
waveform is 2 MHz/256 = 7.8 kHz. 

Storing 256 numbers is a tedious task, especially if it 
must be done often. In cases where a given waveform is 
needed frequently, consideration should be given to 
storing it permanently in a nonvolatile read-only 
memory. The ROM could be substituted for the RAM in 
this circuit. 
When cycled, the output of each RAM location is 

converted into a current by the MC1408 d-a converter. 
This is then transformed into an analog voltage by the 
741 operational amplifier. El 

Designer's casebook is a regular feature in Bectronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly 
the circuit's operating principle and purpose. Well pay $50 for each item published. 
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Simple storage of complex waveshapes. Programmable generator is capable of producing almost any complex low-frequency waveform. 

Once the digital equivalent numbers of the waveform are determined, they are stored in the 3538 random-access memories. The MC1408 

digital-to-analog converter transforms the random-access memory's contents into the desired analog waveform. 
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" 
High Quality - Low Cost Rectifiers 

for X-ray Power Supplies. 

Semtech Corporation 
introduces "X-WAY STIC" a new 
series of open rectifier sticks 
specifically designed for X-ray 
power supplies. 

Each X-WAY STIC utilizes 
hermetically sealed Metoxilite 
multi-chip "avalanche" rectifiers 
mounted on a PCB. These 
Metoxilite multi-chip rectifiers 
(technology initially developed 
for high reliability aerospace 
programs), are now available 
at reduced prices. 

In addition to X-ray power 
supplies, these rectifiers can be 
effectively used in most standard, 
single and polyphase circuits. 

Designed for use in oil 
environment. 
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Protecting semiconductor devices: 
circuit breakers vs fuses 

Fuses are faster and cheaper, but circuit breakers may be fast enough 

and cost-effective, and they offer several advantages over fuses 

by Patrick M. Craney, Potter & Brumfield Division, AMF Inc 

D Ask a design engineer to protect a silicon controlled 
rectifier, triac, power diode, or solid-state relay, and 
more than likely he will immediately think of a fuse. 
That response, however, may not always be the right 
one. In many applications, especially in circuits using 48 
volts or less, where the fault current is not apt to exceed 
their maximum interrupting-current capacity, magnetic-
hydraulic circuit breakers may be truly cost-effective as 
well as fast enough—they may take as little as 2 milli-
seconds to open. 

In the long run, circuit breakers often prove less 
expensive than fuses. For one thing, their inherent ability 
to provide a visual indication of the breaker condition 
saves time and effort in locating the circuit at fault, 
minimizing expensive equipment downtime. For another, 
even though fuses usually cost less than circuit break-
ers—say, $4 compared with $7 —blown ones have to be 
replaced, and $20 worth of fuses can be used in just one 
troubleshooting procedure. 

Magnetic-hydraulic circuit breakers can also limit 
di/dt transients—an important feature in protecting 
semiconductor switches—which fuses do only by open-
ing. In addition, some models offer simultaneous poly-
phase operation, and others can control the current in 
one circuit by sensing the current in another. 

Finally, the belief that circuit breakers are dangerous 
because they can be held closed manually against an 
overload is generally not true. Most circuit breakers are 
designed so that the breaker will remain open when there 
is an overload or fault, even if the toggle is manually 
held in the on position. (This "trip-free" feature is 
specified in the manufacturers' literature; if a breaker 
lacks it, that fact is usually noted on the data sheet.) 

Three choices 

Current-limiting fuses and thermal as well as 
magnetic-hydraulic circuit breakers are often used to 
protect in-circuit electronic components. Of the breaker 
types, the magnetic-hydraulic is faster acting and there-
fore better suited to protect a semiconductor. A thermal 
breaker, however, is less expensive and may be sufficient 
for circuits in which the semiconductor switch is consid-
ered expendable (see "Thermal circuit breakers," 
p. 165). Also, the design of magnetic-hydraulic breakers 
is such that they are sensitive to current, not tempera-
ture. The performance of fuses and thermal breakers, on 

Princeton, Ind 

• • lineieli•iritiIimueielti4eii• 

itise 

Initial price range 

Reusable 

Maximum interrupt capacity 

Visual indication 

Usable as switch 

Temperature-sensitive 

Position-sensitive 

Multiphase control 

Ampere rating checkable 
by testing 

I2T protection 

di/dt protection 

Failure from fatigue 

Replacement stock required 

dc resistance 

Vibration-sensitive 

$1 - $6 

no 

200,000 A 

no 

no 

yes 

no 

no 

no 

excellent 

none 

yes 

yes 

insignificant 

no 

Circuit hreakeis 

Theimal Magnetic-
hydraulic 

S2 — S113 

yes 

3,000 A 

yes 

yes 

yes 

110 

yes 

yes 

none 

none 

no 

no 

<0.5 S2 

<25 g at 10 - 55 Hz 

$4 - $10 

yes 

2,000 A 

yes 

yes 

no 

should not be 
mounted upside-
down 

yes 

yes 

poor to fair 

fair to excellent 

no 

no 

0.004 - 300 St 

>50 g at 10 - 55 Hz 

1. Temperature-dependent. If the fuse rating is chosen to protect a 

silicon controlled rectifier, triac, or power diode at 25°C, the circuit 

will not be adequately protected at lower temperatures and will be 

overprotected at higher temperatures. 
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2. Magnetic-hydraulic breakers. Both instantaneous-trip and time-

delay circuit breakers trip mechanically when heavy overloads create 

sufficient magnetic flux in the breaker coil. Instantaneous-trip types 

have no fluid in the cylinder and open in 2 to 11 milliseconds. 

the other hand, is definitely affected by temperature. 
The table compares the characteristics of current-
limiting fuses and both types of circuit breakers. 
None of the foregoing means that fuses should not be 

considered as protection for semiconductors. On the 
contrary, there are applications where a fuse is desirable. 
(Indeed, because of their use with semiconductor 
devices, they are sometimes referred to as "semicon-
ductor fuses.") It may be helpful to discuss fuses first, 
before giving the details of magnetic-hydraulic-breaker 
operation and use. 

Current-limiting fuses are used in circuits where the 
potential fault current is greater than the nonrepetitive 
surge on-state current (ITsba) rating of the semiconductoi 
switch or the interrupting-current capacity of the 
breaker, or where a circuit-clearing time of 1 millisecond 
or less is required. 
The current-limiting fuse is a tubular device contain-

ing a fusible link surrounded with tightly packed silica 
sand. When there is an overcurrent, the link melts, 
creating a void that the sand immediately fills, absorbing 
and extinguishing the arc—usually fast enough to 
prevent damage to the semiconductor junction. Current-
limiting fuses are thereby capable of interrupting fault 
currents of tens of thousands of amperes, whereas most 
circuit breakers can interrupt a maximum of only 2,000 
amperes without being damaged. 

Temperature sensitivity 

Since fuses, unlike magnetic-hydraulic circuit break-
ers, are affected by temperature, they may be a poor 
choice for semiconductor protection. Usually, the 
current-handling capability of semiconductors, as well as 
fuses, is specified at 25°C. The curves in Fig. 1 show that 
a silicon controlled rectifier's current rating is constant 
from —55°C to +25°C, at which temperature it derates 

linearly. However, the current rating and circuit-clear-
ing, or blow, time of a current-limiting fuse vary with 
temperature over the same range, and this fact must be 
accounted for in the design. 

For example, a fuse rated at 10 A will carry 10 A at 
25°C and may open in 1 ms on a 1,000% overload. 
However, at — 40°C, both the current rating and the 
time it takes the fuse to blow may increase by 17% of the 
25°C rating. Thus, at the lower temperature, the fuse 
may actually carry as much as 11.7 A and at a 1,000% 
overcurrent may take 1.17 ms before blowing. In 
contrast, at 60°C, it may carry only 9.5 A and may blow 
at 0.95 ms. Therefore the fuse may take too long to blow 
at lower temperatures, while at higher temperatures it 
may blow prematurely. 

Since the fuse's link is not visible, voltage or resistance 
measurements are necessary to determine its condition. 
Should the measurement require a service technician, 
the equipmment will remain inoperative until he arrives. 
On the other hand, if a circuit breaker trips to the off 

position, anyone can quickly spot it and reset it. If, 
however, the breaker should continue to trip and a 
technician is called, his work is simplified because he 
does not have to troubleshoot fuses, unscrew or unsolder 
them, and install new ones. Moreover, with a circuit 
breaker, there is no chance of running out of the correct 
fuse and having to use one of the wrong rating simply to 
get the equipment back in operation. 

Magnetic-hydraulic breaker operation 

In a magnetic-hydraulic circuit breaker, the current 
flowing through the windings of a coil creates a flux, 
thus attracting an armature to the cylinder cap and 
thereby snapping open the breaker's contacts. As shown 
in Fig. 2, the breaker's coil is wound around a hollow 
cylinder that houses a piston. On heavy overloads and 
fault currents, sufficient flux is generated to quickly 
snap open the contacts. 
On relatively weak overcurrents, however, the flux 

generated is in itself insufficient to attract the armature, 
but is enough to attract the piston resting in the bottom 
of the cylinder and pull it upward. As the piston moves 
up, it adds to the permeability of the magnetic circuit, 
causing an increase in flux density and thereby 
increasing attraction on the armature. The time it takes 
the piston to travel to the top of the cylinder is deter-
mined in part by the viscosity of a silicon fluid in the 
sealed cylinder. Should the overcurrent be removed 
before the piston nears the top of the cylinder, the 
breaker will not trip and a return spring will push the 
piston back to the bottom. 
Such breakers, termed "time-delay," are typically 

used with circuits where brief, small overcurrents are 
expected, especially on start-up—with motors and 
lamps, for example. They exhibit interrupting-time (trip 
or circuit-clearing) characteristics like those shown in 
Fig. 3a, which charts the time delay as a function of the 
overcurrent, given as a percentage of the breaker's 
rating. The smaller the overcurrent, the longer it takes 
the breaker to open. 
The non-time-delay version, often called "instanta-

neous-trip," contains no silicon fluid in the cylinder. It is 
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Thermal circuit breakers 

A thermal breaker, like a fuse, is a strictly heat-sensitive 
device. Its operation is based on the opening of a bi-
metallic blade through which load current flows, releasing 
a latch and causing the contact to snap open. Because of 
their slow response, thermal breakers are generally used 
to protect wiring from overheating and subsequent insula-
tion deterioration, and not to protect semiconductor 
devices. But some thermal breakers, like all the magnetic-
hydraulic types, may be used as power switches, thus 
saving the expense of a separate switch. 
The thermal breakers that cannot be used as power 

switches are usually the least expensive type, those that 
have a recessed reset button that cannot be manually 
pulled out to the off position. They have no latching 
mechanism, since the bimetallic blade serves as the 
movable contact arm. 

There are two kinds of thermal circuit breakers, 
depending on the kind of blade structure used. In the first 
kind (a), as overcurrent heat increases, the bimetallic 
blade bends upward, causing the pressure between the 
contact surfaces to decrease, until the blade finally snaps 
open and separates the contacts. As contact pressure 
decreases, considerable heat rise due to overcurrent 
results, which can lead to early failure—even contact 
welding. 
The second kind (b) has a "positive-pressure" blade 

designed so that, as overcurrent heat increases, contact 
pressure also increases. When the critical point is reached, 
the blade snaps open instantly and the arc is extinguished. 

Thermal circuit breakers, like their magnetic-hydraulic 
counterparts, offer definite circuit resistance that helps 
limit circuit fault current. 

designed so that even on small overcurrents it will clear a 
circuit in from 2 to 11 milliseconds—often fast enough 
for use with semiconductor switches. 

Circuit-breaker manufacturers do not pinpoint the 
actual clearing time of a breaker. Rather, they specify a 
window of values within which all breakers of that model 
will open a circuit. Therefore, in determining whether or 
not to use such a breaker, it is best to assume the worst-
case clearing time of 11 ms, even though the actual time 
may be much less. 
The trip characteristics of an instantaneous-trip 

breaker are shown in Fig. 3b. The curves show that the 
breaker will carry 100% of its rating, but will trip 
somewhere between 101% and 125% at about 50 or 60 
hertz over an operating temperature range of —40°C to 
+85°C. Note that the clearing time is the same for 
overcurrents from a relatively low 400% of breaker 
rating to 1,200%. In fact, although it is not shown, the 
clearing time for breakers remains constant to the break-
er's maximum interrupt capacity. 

Resistance helps 

Depending on the ampere-turns of the breaker coil 
and the rate of rise of the fault current, the impedance of 
the coil can limit fault current until the breaker opens 
the circuit. In some cases, the calculated impedance may 
be enough to save the expense of adding a saturable 

reactor to the circuit simply to limit fault di/dt. Without 
such di/dt limitation, the semiconductor switch may be 
destroyed on severe fault currents or overcurrents. 
As shown in Fig. 4, the lower the current rating of the 

breaker, the greater its dc resistance; and the higher the 
frequency, the greater its impedance. For example, the 
dc resistance and impedance of a 1-A breaker is approxi-
mately 1.1 ohm at 60 Hz, but almost twice that at 
400 Hz. Likewise, a 10-A breaker has about 14 milliohms 
of resistance at dc and at 60 Hz and an impedance of 
about 23 mS2 at 400 Hz. In fact, coil impedance for a 
steeply rising fault current may be very high. However, 
the value must be determined empirically, because no 
circuit-breaker manufacturer has so far published such 
data for his products. 

Finding the fault current 

To determine whether to use a fuse, an instantaneous-
trip circuit breaker, or a combination of the two, 
consider the following: 
• Worst-care, root-mean-square, and peak value of the 
potential circuit fault current. 
• Single and perhaps even subcycle surge-current 
ratings of the semiconductor switch. 
• Circuit-clearing time required before component or 
circuit damage occurs. 

Calculating the potential rms and peak circuit fault 
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3. Matching breaker to application. Curve (a) typifies response of 

time-delay circuit breakers designed to handle higher-than-normal 

load current without opening prematurely. Instantaneous-trip break-

ers (b) are used in circuits that cannot tolerate overcurrents. 

current is simply a matter of dividing the circuit voltage 
by the total of all resistances or impedances in the 
circuit. In so doing, consider the resistance of the circuit 
breaker. Even though the decision has not yet been made 
to use one, its resistance may significantly limit circuit 
fault current. 

Also, the resistance of the wiring and terminal points 
should not be neglected. A 50-foot run of two-wire no. 12 
AWG copper (100 ft total) has 0.162 SI of resistance at 
25°C —enough to limit the fault current in a 48-v circuit 
to about 300 A, even though the transformer can deliver 
considerably more. To determine actual circuit resist-
ance, it is best to use either a milliohmmeter or a 
Wheatstone bridge. 
Such measurements will not yield the impedance of 

the semiconductor itself under fault current conditions. 
This value must be approximated from curves, such as 
the one shown in Fig. 5 for an SC260 triac. First, 
however, the approximate circuit fault current must be 
known, which can be determined using only the dc 
circuit resistance. 

If, for example, calculations indicate a fault current of 
300 A, then the impedance of the semiconductor can be 
approximated by determining the resultant voltage drop 
across it. The 115°C junction-temperature curve in 

60 Hz ic AND sic — 

cc 0.03 
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4. Estimating resistance. Resistance and impedance ratings of 

magnetic-hydraulic circuit breakers with current-interrupting ratings 

of from 0.050 to 30 A allow designers to estimate how much coil and 

contact resistance the breaker will introduce into the circuit. 

Fig. 4 shows that a 300-A current causes a 3.5-v drop 
across the device. Based on the Eli relationship of these 
values, the semiconductor may thus be considered to 
represent an impedance of 11.7 mf/ in this case. 

If the calculated fault current based solely on the dc 
resistance of the circuit, including the resistance of the 
breaker, is greater than the maximum current shown on 
the curves given for the semiconductor, chances are that 
the semiconductor junction will be damaged as a result 
of overcurrent heating. For this case, a circuit breaker 
will not adequately protect the semiconductor. (Obvious-
ly, though, without the breaker resistance in the circuit, 
potential fault current would be even greater.) But even 
the fastest fuse may not adequately protect the semicon-
ductor, and therefore the only solution may be to choose 
a semiconductor with greater surge-current-handling 
capability, in which case the circuit breaker would 
prove adequate. 
Keep in mind that, because of the impedance of the 

semiconductor, the actual fault current will be less than 
that calculated for the dc resistance only. However, the 
calculated semiconductor impedance will also be less, 
simply because the fault current is not as great. 

Figure 6 shows a circuit in which a 25-A triac controls 
a 24-v, 5-A load and a 5-A circuit breaker protects both 
triac and load. Circuit resistances are calculated from 
manufacturers' data, and triac impedance from the 
curves in Fig. 5: 

transformer secondary at 25°C 
circuit breakers at 25°C 
10 ft of no. 14 AVVG copper wire at 25°C 
SC260  
approximate circuit impedance 

0.055 St 
0.050 SI 
0.026 SI 
0.01211 
0.143 St 

The impedance of the transformer secondary may be 
considerably higher than its dc resistance on steeply 
rising fault currents; however, for this example, these 
instances will not be considered. If such impedance 
values are required, they can be obtained from the 
transformer manufacturer. 
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5. Rough cut. Graph of maximum on-state voltage versus on-state 

current of a commonly used triac, the SC260, gives the designer an 

idea of the impedance. The fault current must be known, and the 

voltage across the semiconductor at this current measured. 

The approximate fault current for the circuit at 25°C 
is: 

1,,5k., (24 V/0.143 = 167.8 A 

ipeak RI 167.8 X 1.414 = 237.3 A 

Naturally, many circuits operate at temperatures 
higher than the 25°C design center of many components. 
In such cases, component resistances are even greater, 
and fault current proportionately lower. 
To determine if the triac can withstand a peak current 

of 237.3 A, the irsm rating must be checked. The manu-
facturers' data on the SC260 shows an ITsm rating of 
250 A, or an rms current of 176.8 A, for 16.6 ms. The 
interruping-time curve of the breaker (Fig. 3b) shows 
that the breaker will open the circuit fast enough (2 to 
11 ms) to protect the triac. 
To use the curve, first determine what percentage of 

bleaker rating the fault current represents. For the 
example given, the breaker has a rating of 5 A and a 
167.8-A rms overcurrent represents a 3,356% overload. 
Even though the curve in Fig. 3b is not plotted beyond 
the 1,200% overload point, it does not change out to the 
breaker's 2,000-A interrupt capacity, as mentioned 
earlier. Thus circuit-clearing time for a 3,356% overload 
remains between 2 and 11 ms. 

In circuits where a breaker cannot provide worst-case 
fault-current protection for the semiconductor switch, a 
fuse can be used as backup protection. If, for example, 
there is no transformer secondary to help limit fault 
current and 120 y is applied directly to the semiconduc-
tor, the peak current will come close to the interrupt 
capacity of the breaker. Manufacturers' data shows that 
a fuse can protect the thyristor from the peak current 
of nearly 2,000 A, but the rating of the fuse should 
match that of the thyristor, not the rating of the load. 
Otherwise, the fuse could blow on start-up and other 
surge currents. 
When deciding whether to use a fuse, a breaker, or a 

combination of the two, the designer may find that 

5-A CIRCUIT 
BREAKER 

5-A 
LOAD 

6. Dual protection. Shown is a typical circuit in which a magnetic-

hydraulic circuit breaker protects both solid-state switch and load. 

7. Relay-trip circuit. By sensing the dc load current in the 

secondary winding of the transformer and opening the primary side 

when an overcurrent exists, the breaker not only protects the load, 

but ensures that the transformer does not remain unloaded. 

circuit-protection costs are prohibitive. In some cases, he 
may consider the thyristor expendable and simply use an 
inexpensive thermal circuit breaker to protect the load 
and wiring. 

Additional circuit breaker advantages 

Besides being reusable on repeated overcurrents, 
circuit breakers can of course serve as on-off switches. 
Furthermore, some models of both magnetic-hydraulic 
and thermal breakers offer other features not obtainable 
with fuses. The most notable is the ability of a multipole 
breaker to open all legs of a polyphase line when an 
overcurrent is sensed in any one of the lines. Circuit 
breakers are available ganged to 10 poles or more so that 
all poles will open almost simultaneously if any of the 
individual breakers detect an overcurrent. 
An auxiliary single-pole, double-throw snap-action 

switch incorporated in some models makes possible 
another desirable feature. The switch is mechanically 
connected to, but electrically isolated from, the breaker 
contacts, enabling the breaker to control auxiliary 
circuits or panelboard lamps that indicate circuit condi-
tion. In addition, magnetic-hydraulic circuit breakers 
come in versions that enable the breaker to open one 
circuit when it senses an overcurrent (Fig. 7). LI 
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WITH THE PDP-11/60, 
A NEW GENERATION OF 
POWER COMES TO THE 
MID-RANGE MARKET. 
The PDP-11/60.  
The newest generation of 

PDP-11 power. 
Positioned right between 

the PDP-11/34 and PDP-11/70. 
And delivered in a com-

plete package designed to 
combine this new level of per-
formance with superior uptime. 

We started with the per-
formance. With its integral 
bipolar cache memory, the 
11/60 gives you an effective 
cycle time of 532ns. 

But it doesn't stop there. 
Its built-in floating point, 
offered as standard, allows you to run 
FORTRAN IV-PLUS, our fastest FORTRAN. 
And the optional high-speed floating-point 
processor can execute single- or double-
precision add/subtract in 1.0 µsec, single-
precision multiply in 1.5 µsec, and double-
precision multiply in 3.7 µsec. 

In addition, you get a Writable Control 
Store (VVCS) option that boosts the per-
formance while allowing OEMs to expand 
the machine's capabilities into their own 
unique areas. 

Then we maximized the uptirne. The 
11/60 was designed under our unique 
Reliability And Maintainability Program 
(R.A.M.P.) in order to maximize inherent 
reliability while minimizing repair time and 
the consequences of failure. 

With innovations like Failsoft System 
Architecture, you get features like: an auto-
matic bootstrap self-diagnostic that verifies 
the soundness of the system at start-up; 
error logging to spot potentiàl hardware 
problems before they become critical; and 

the ability to run even when 
parts of the CPU are down. 
And if you do your own main-
tenance, the optional Diag-
nostic Control Store module 
can troubleshoot to the board 
level in seconds. 

And we wrapped it all 
together in our new H9500  
Series cabinet. The H9500 
Series was developed to answer 
a host of reliability and service-
ability problems inherent in 
other designs. Yet it still 
accepts existing 19" (48.26 cm) 
rack-mountable equipment. 

The new cabinet incorporates: swing-
out card cages and built-in cable troughs for 
better access and less signal noise; elec-
trically isolated programmer and cabinet 
panels; quieter, more powerful fans; even 
modular power supplies. And it's available 
with single- and double-width expansion 
cabinets, in 5' (1.5 m) and 4' (1.3 m) versions, 
to fit your needs exactly. 

The PDP-11/60. All things considered, 
the ultimate in mid-range OEM computers. 

Digital Equipment Corporation, 
PK-3-M28, Maynard, MA 01754.(617) 897-5111, Ai 
ext. 6253. In Europe: 12, ay. des Morgines, 
1213 Petit-Lancy / Geneva. Tel. 93 33 11. In 
Canada: Digital Equipment of Canada, Ltd. 

11 n 
OEM PRODUCTS 

GROUP 

a 
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• HOW DOES DATA I/O KEEP YOU ON TOP 
OF PROM PROGRAMMING TECHNOLOGY? 
We allow you complete design flexibility. 
Data I/O programmers are capable of programming 
all of the more than 200 PROM's currently available. 
You'll always be programming to PROM 
manufacturers' approved specifications. 
Data I/O Program Card Sets are tested and certified 
by. the PROM manufacturers themselves before we 
approve them for manufacturing and distribution 
to our customers. 

If manufacturers change specifications, we • 

Prcqrammers from ,$1095.00 

keep our customers updated on how to make proper 
adjustments to the card sets. 

To help you reduce programming costs and • 
reach maximum yields and reliability, we also offer a 
universal calibrator so that you can conduct 3rotir own 
periodic calibration tests. 
We're there when you need us. Data I/O is a 
worldwide organization. Our field sales and service 
offices are staffed by Data I/O personnel. Our 
customers have direct access to us through people 
who understand the products. 

We'd like to tell you more. 
This fact filled tabloid gives you 
valuable information about 
PROM programming technology. 
To get your copy, circle reader 
service number or contact Data 
1/0 Corporation, PO. Box 
308, Issaquah, WA 98027. 
Phone 206/455-3990. 

110 
THE PROM PROGRAMMER PEOPLE. 

Lm nfçirrni.irL-/ip No. iií 



Calculating the cost 
of testing LSI chips 

Anyone planning to design with large-scale integrated circuits 

must remember to factor in the cost of testing them 

by Christos Ch rones, DCA Reliability Laboratory, Sunnyvale, Calif. 

E Before making the leap into large-scale integration, a 
product designer should look realistically at the cost of 
LSI testing. It can easily skyrocket to as much as $10 a 
chip, since LSI test systems are expensive to buy and even 
more expensive to run. To make an intelligent design 
decision, therefore, the engineer needs to know the facts 
about LSI testing and test equipment and how the two 
contribute to per-unit testing cost. 
An LSI test system is a large capital investment, 

running initially to maybe several hundred thousand 
dollars. The block diagram highlights the major archi-
tectural features of such a tester, one capable of 
checking all sorts of LSI devices, from microprocessors 
and memories to random logic functions. Yet its price of 
approximately $350,000 works out at only a fraction of 
its total operating cost, when all the overhead factors 
and labor costs are considered. Of that $350,000, only 
about half goes on computer hardware—the system's 
central processing unit, associated memory, and periph-
erals. The rest goes on hardware for test and measure-
ment instrumentation. 

In fact, though, program development is the basic— 
and often the biggest—expense of Ls' testing, even 
running around $1 million in the lifetime of the system. 
It is, however, an absolute necessity, since LSI devices are 
not supplied with functional test specifications, let alone 
test programs. The truth table, most common in the data 
sheets of small-scale and medium-scale integrated 
circuits, simply does not exist for LSI devices. 

Essential elements of the test system 

Among the computer peripherals needed to develop an 
adequate test program are at least one and more usually 
two video terminals, a disk memory offering quick access 
to several million bytes of data, and a magnetic-tape unit 
for bulk data storage. Additionally, a line printer is a 
must, not only for program development but also to log 
failures or produce a statistical summary of the test 
results—both essential operations in LSI testing. Two 
video terminals are needed for developing test programs 
or logging data while simultaneously testing the LSI 
components, thus providing both foreground (testing) 

ARCHITECTURE OF TYPICAL LSI TEST SYSTEM 

BACKGROUND VIDEO I FOREGROUND VIDEO 
KEYBOARD TERMINAL KEYBOARD TERMINAL 

1.2-MEGAWORD 
DISK MEMORY 

SECOND DISK 
MEMORY 

HIGH-SPEED 
READER/PUNCH 

MEDIUM-SPEED 
LINE PRINTER 

9-CHANNEL 
MAGNETIC-TAPE 

MEMORY 

CENTRAL 
PROCESSING UNIT 
(48-k MEMORY) 

1 TEST HEAD WITH 
64 SECTOR CARDS 

REAL-TIME 
ac-MEASUREMENT 

SUBSYSTEM 

DATA COUPLER 

DIGITALLY CONTROLLED 
POWER SUPPLY ANO 
TIMING MODULES 

HARDWARE 
PATTERN 

GENERATOR 
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TABLÉ 1: MONTHLY COSTS FOR $350,000 LSI TESTER 

Item Cost 
(S) 

Percent of 
total cost (°/0) 

Principal and interest 4,500 36.6 

Operating costs 

• insurance 

• property tax 

• floor space 

• electricity 

• chemicals 

• air conditioning 

• paper/supplies 

1,300 10.5 

Maintenance, spares 1,500 12.2 

Software support 2,500 20.3 

Hardware jigs/fixtures 500 4.1 

Technological improvements 2,000 16.3 

Total 12,300 100.0 

and background (program development) capability. 
Only if program development is either nonexistent or 
performed elsewhere is it possible to eliminate such time-
sharing of the computer and to make do with just one 
video terminal. 
The test and measurement hardware is needed to 

perform dc and ac parametric tests, as well as functional 
tests, at rates up to 20 megahertz. At the heart of this 
instrumentation is the test head containing perhaps 
scores of sector cards, one or more for each pin of the 

device under test. Each card is a small, high-speed LSI 
tester in itself, and it is through this delicate set of pin 
electronics that signals to the device under test. 
The test head, however, does offer some economic 

tradeoffs. For example, heads containing as many as 64 
sector cards are necessary for devices having large 
numbers of pins, say 40, as is the case for complex parts, 
like microprocessors. If only memories are to be tested, 
then a simpler, less expensive system will be adequate — 
a 24-pin system, for instance, is nearly $40,000 less than 
a 40-pin one. When testing only memories, it is also 
possible to reduce the complexity and cost of the 
computer hardware. 
To keep productivity high, the system must have a 

pattern generator, which is a high-speed processor dedi-
cated to generating algorithmic patterns. Using soft-
ware, rather than hardware, to execute these patterns 
would increase overhead, taxing the computer, as well as 
slowing the test time with data interruptions and ulti-
mately raising the cost to test. 
Another function that may be performed in either 

hardware or software is real-time ac measurement — 
which, however, can often be eliminated since the real-
time measurement of propagation delay, transition time, 
and so on is not always needed. The hardware for these 
dynamic (ac parametric) tests is relatively expensive, 
though, and may be replaced by iterative techniques 
using digital successive-approximation methods. 

Even though the quarter-of-a-million-dollars-or-more 

TABLE 2: ESTIMATING PER UNIT TEST COST 

Original cost of equipment S350,000 

Depreciation 5 years 

Monthly costs: 

• depreciation 
• occupancy 
• maintenance 

• supplies 
• software support 

S12,300 

Total available hours per month (based on .-- 4.3 weeks per month) 720 h/mo 

Shift utilization factors (shift hours over total available hours): 

• 1 shift = 40 h/wk = 172 h/mo 
• 2 shifts = 80 h/wk = 344 h/mo 
• 3 shifts = 120 h/wk = 516 h/mo 

F1 = 0.239 
F2 = 0.478 
F3 = 0.717 

Productivity factor (up-time over total time): 

Differences due to: 

• downtime 
• idle time 
• maintenance/repair 

Fp = 0.75 

Hourly equipment cost based on productive time (add $15/h for operator): 

a 1 shift = F1 x Fp x 720 h/mo = 129 useful h/mo 
• 2 shifts = F2 X Fp X 720 h/mo = 258 useful h/mo 
• 3 shifts = F3 X Fp x 720 h/mo = 387 useful h/mo 

Equipment +Operator 

S95.35 
$47.67 
S31.78 

$110.35 
S 62.67 
S 46.78 

Test rate (units/h): 

• TT = test time in seconds 
• TH = handling time in seconds 

3,600 s/h 
— units/h 

.TT + TH 

Unit cost (hourly cost divided by test rate) $/unit 
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price tag of an LSI test system seems high, it in fact 
amounts to only about one third of the actual cost of 
operating the equipment. For example, with a $350,000 
system, the monthly cost of LSI operations exceeds 
$12,000, a figure that about triples the monthly payment 
for the system itself. 

Table 1 itemizes all the factors associated with the LSI 
tester and its overhead, indicating the approximate cost 
of each item and what percentage it contributes to the 
total. Software support covers only the operating soft-
ware of the system and not the cost of writing Ls' test 
programs. For the most part, technological improvement 
takes into account the cost of updating hardware by 
installing, for example, new pin cards, options to 
enhance testing of new devices, automatic handlers, and 
temperature testing fixtures. 

The bottom line: cost per unit 

Once the total monthly operating cost has been esti-
mated, the next step is to determine the per-unit cost to 
test an LSI device. To do this, the total hourly cost of 
running the equipment and employing an operator must 
be known, as well as the test rate of the system. Dividing 
the first figure by the second figure yields the per-unit 
test cost. 
As shown in Table 2, the computation must reflect 

both the number of shifts being used (utilization factor) 
and the actual time the system is operating (productivity 
factor). For example, for a two-shift operation (344 
hours per month) and a 75% productivity factor (giving 
only 258 useful hours per month), the hourly equipment 
cost (monthly cost divided by useful hours per month) 
works out to $47.67 for the $350,000 system. When this 
figure is added to the operator's cost of $15 per hour, the 
result is a total hourly equipment cost of $62.67. Such an 
amount is typical for most LSI test systems, which gener-
ally have an all-inclusive operating cost ranging from 
$60 to $80 per hour. 

Test rate depends on the LSI device 

To determine a system's test rate, estimate or measure 
its test and handling times for the specific application. 
For instance, volume testing of 4,096-bit random-access 
memories with the $350,000 system typically requires 7 
seconds of test time and 8 seconds of handling time, 
making the test rate come to 240 units per hour. 
Dividing the hourly cost of $62.67 by this rate yields a 
per-unit test cost of about 26 cents. In contrast, worst-
case pattern testing of a 16-k RAM would take approxi-
mately 7 minutes running up the test cost to a whopping 
$7 a unit, even with a two-shift operation. 

Since these computations are fairly straightforward, 
the nomograph given here may be used to assess approxi-
mate per-unit testing cost quickly. It shows the test cost 
per unit as a function of the system test rate for one-, or 
two-, and three-shift operations. It covers per-unit test 
costs ranging from 10 cents to $100. 
To use the nomograph, draw a horizontal line from the 

point (A) representing the sum of the test and handling 
times to line X, and then draw a vertical line from this 
point (B) to the horizontal axis. The point (C) on the 
axis corresponds to the test rate of the system. Now 

select the appropriate shift factor and draw another 
horizontal line from this point (D) across to the point 
(E) corresponding to the cost per unit. In this example, 
the 15-second test and handling times give a test rate of 
240 units per hour, and the cost per unit is 26 cents for a 
two-shift operation. 
The $350,000 test system on which this nomograph is 

based can characterize as well as test any LSI device 
currently on the market. In short, it is a truly general-
purpose LSI tester. On the other hand, less expensive, 
dedicated equipment, costing anywhere from $30,000 on 
up to $200,000, is also available for efficient testing of 
specific devices. 

Needless to say, the key difference between the two is 
a matter of flexibility. The general-purpose tester offers 
software program development, whereas programming is 
done by hardware in the dedicated system, with test 
patterns stored in read-only memories and timing and 
supply levels set by hardwired performance boards. As a 
result, to program a dedicated system for a certain 
microprocessor might cost only about $3,000, but 
programming costs for 100 different tst devices could 
conceivably run up to $300,000, which approaches the 
price of a general-purpose tester. 

Besides being capable of testing a wide variety of LSI 
components, the general-purpose system may be used for 
production as well as engineering evaluation testing. In 
contrast, dedicated equipment is really intended for cost-
effective production testing of a single type of device at a 
time. Assuming that the volume can justify the purchase 
of a dedicated system, the cost of memory testing may 
thus be reduced by a factor of five, although there is 
generally less of a reduction for most other LSI devices. D 
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Bring up the brights... 
e 



...to make a star 
of your products 

Beckman displays always seem to be 
getting the most attention. Beaming away 
with the brightest footlamberts available. 
Now's the time to see Beckman PGD 

displays in your products. Brilliantly 
making them a stellar attraction. And, you 
can see them all at your nearby Beckman 
distributor or sales office. One call (from 
you) will do it all. 
Whatever your application. Whatever 

your message. We have a display to get it 
across. Brightly! 

Here are a few examples: 

Screened image displays 
— flexible! 
The ultimate. A PGD display custom 

designed to your requirements. That's our 
SP-400 series. 

Pick the font and the numeric style. 
Then, mix or match words, symbols, 
numbers, even outline pictures ... using 
character heights from 1/4" to 2". Next, 
arrange these elements within a display 
area of up to 10" by 2". 
Then, it's our turn. Your message is 

screened onto a substrate, filled with neon 
and sealed. In the shortest turnaround 
time feasible for custom displays, you'll 
have a display to make your product a 
winner! 

There's technical flexibility, too... 
because you can specify multiplex or 
pulsed DC operation. 
Beckman Screened Image Displays. 

Format Freedom. Technical flexibility. 
Functional beauty. Plus, all the outstand-
ing advantages of every Beckman display 
— appearance, brightness, reliability and 
low cost! 
Beckman Screened Image Displays. 

Truly, "The Medium that Fits Your 
Message." 

Standard displays — bountiful! 
Our off-the-shelf SP-300 series stan-

dards are the industry's standards, too. 
Perhaps, because of low power consump-
tion (0.20 watts per digit, average) and 
lower prices, overall. Then, too, you're 
sure to like the flexibility of selecting from 
the .33", .50", .55" numeric and alpha-
numeric characters plus the Big 1.00" 
numeric display ... in a variety of config-
urations, including + and —, $, :, and 
AM/PM symbols. 

Best of all, multi-digit options, up to 
four characters, extend the versatility of 
Beckman standard PGD displays to fit a 
variety of applications. 

Module displays 
— compact and convenient! 

If you're convinced by the convenience 
of "plug-in" modules, take a look at our 
SM-850 series. For medium or low-volume 
applications. 
With the decoder/driver and latch 

included, all you have to do is apply 
voltage and BCD input. So, the complete 

circuitry and compactness of these big 
.55- display modules saves you design 
time, assembly trauma and front panel 
space. 
From two to a virtually unlimited num-

ber of modules can be horizontally stacked 
for multi-digit displays. 

Assistance — always available! 
Applications assistance and a wide 

variety of technical literature, including 
application notes, is readily available to 
you. In addition, Beckman offers a full line 
of related accessories for application 
convenience and ease of implementation. 
These include, among others: Monolithic 
TTL/DTL and MOS-compatible decoder/ 
drivers; voltage converters; and, a choice 
of connectors. 

The best of Beckman! 
For all the diversity of character dis-

played here, Beckman displays' family 
traits have always come shining through. 
Without a doubt, the forte of Beckman 
displays is their visibility. Visibility 
manifested in up to 500 footlamberts of 
brightness. (So bright, it doesn't wash-
out, even in direct sunlight!) Viewing 
angles of up to 150°. And, viewing dis-
tances of greater than 100 feet. 

All this visibility shows up as crisp, no 
gap, flowing lines of easy-to-read charac-
ters bathed in eye-catching neon-orange 
... filterable to red. 

It's obvious. Beckman Displays. The 
Visible Edge. 

See what we mean. See the complete 
story at your nearby Beckman distributor 
or sales office. Or, write: Beckman Infor-
mation Displays Operations, P.O. Box 
3579, Scottsdale, AZ. 85257. Phone: 
(602) 947-8371. 

And, Bring up the brights. 

BECKMAN® 
INFORMATION DISPLAYS OPERATIONS 
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Engineer's notebook  

Digital thermometer 
circumvents drift 
by Henry Wurzburg and Mike Hadley 
Motorola Semiconductor Products Inc., Phoenix, Ariz. 

A direct-reading thermometer that measures tempera-
ture digitally can be built from a diode sensor and an 
analog-to-digital converter, without any buffers or oper-
ational amplifiers. The temperature-drift errors asso-
ciated with amplifiers are therefore eliminated, so that, 
unlike its analog counterpart, the circuit remains cali-
brated over a wide temperature range—from — 199° to 
199° in either the Fahrenheit or Celsius scales. The 
circuit resolution of 0.1 ° is primarily limited by the 31/2-
digit a-d converter. 
The figure shows the MC14133 converter chip 

changing the output voltage of DI , a 1N4148 silicon 
temperature sensor, into a binary-coded-decimal num-
ber. The auto-zero and auto-polarity features of the chip 
ensure that its operation is virtually unaffected by 
temperature changes. More important, its high-imped-
ance differential input circuit, with its wide, 200-
millivolt-to-2-volt range of full-scale input voltages, 
allows the chip to be directly connected to the diode 
sensor, despite the latter's low output voltage, so that 
there is no need for intervening buffers or amplifiers that 
would amplify temperature-offset errors. 
The MPSA20 transistor and associated network 

supply a suitable operating bias to DI. The effect of 
temperature on the bias network, and thus output 
current, is extremely low. 

Output count of the converter (see figure) is: 

C = [(Vx — VAG)/(Vr— VAG)] X 2,000 

This number is displayed by the HP5082 displays with 
the aid of the MCI 4511 BCD-to-seven-segment decoder 

Digital thermometer. Circuit is accurate over wide temperature range because no operational amplifiers are used. Op amps, normally 

needed to amplify sensor voltage, also amplify temperature-offset errors, and so are replaced by a-d converters. Converter has high input 

impedance, wide dynamic range, and can interface to sensor. 
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drivers and one MC1413 hexadecimal inverter. 
To calibrate the circuit, the sensor temperature should 

be kept at 0°C or 0°F while RI is adjusted until the 
display reads 0. The sensor is then brought to a tempera-
ture of 199° (or to a lower temperature if decreased 
accuracy is acceptable), and R2 is adjusted until the 
display matches the sensor temperature. V, must be 
greater than VAG during all phases of the calibration 

in order for the converter to function properly. 
Using a standard diode sensor limits the error of the 

system to no greater than 1.0°. However, diode sensors 
with an error of less than 0.6°C are available from 
Motorola on a special-order basis. 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published. 

Calculator notes  

SR-52 scales data 
for accurate drawing 
by Charles S Gaylord 
American Telephone and Telegraph Co., Kansas City, Mo. 

Determining the dimensions required to draw any object 
to scale on a given size of paper can be a major 
headache. This SR-52 program eliminates the mental 
gymnastics by finding the scale factor and then converts 
the object lengths (expressed in feet, inches, and divi-
sions thereof) to the number of incremental inches 
required for accurate drawing or plotting. 
The all-important scale factor is found once the 

largest dimension of the object to be drawn (P) and the 
available drawing space (Q) are specified. The scale 
factor is, or course, equal to Q/P. The resolution with 
which the object will be measured and the figure or lines 
drawn must also be expressed in divisions of an inch and 
supplied to the program. Actual scaling starts when the 
object's dimensions of interest are specified. 

For instance, assume there is a figure with a 
maximum dimension of 4 feet, 57/8 inches, which when 
drawn is to cover 22 inches on paper. Assume the 
fractional dimensions of the figure are to be expressed in 
eighths of an inch, and lines on the drawing are resolv-
able within a 20th of an inch. 

After keying in the program and then the information 
shown in the table, the scale factor is found and the 
resolution-measuring data supplied is stored in order to 
perform the scaling operation. 
Suppose that some feature on the figure is 3 ft, 3% in. 

from an established point, and the scaled distance from 
the corresponding point on the drawing is desired. After 
keying in 3 ft, 33/8 in. as shown, the program determines 
that this scaled dimension will be 16.02 in. This actually 
indicates that the feature is 161/20 in. from the point: note 
the readout is expressed in incremental inches, not 
decimal inches. If the A' key is pressed, 16.02 in. will be 
expressed in decimal form. The scale factor may be 
retrieved by pressing B'. 
To change the resolution with which the object is 

measured or drawn, it is necessary to return to step 2 of 
the instruction set (see the program listing). This is done 
by pressing CLR E. The entire data-entering procedure for 

SAMPLE SPECIFICATION AND CALCULATION FOR SCALING PROGRAM 

Enter Press Display Comments 

8 E 8 

1 

object resolution: l/s in. 

drawing resolution: I/2o in. 

object's maximum dimension: 
4 ft 57/e in. 

width of paper: 22 in. 

scale factor 

feature on object 3 ft 33/8 in. front 
established (reference) point 

feature should be 162/so in. from 
corresponding point on drawing 

20 E 20 

4 A 48 

5 B 53 

7 C 53.875 

E 53.875 

22 B 22 

E 0.4083526682 

3 A 36 

3 B 39 

C 39.375 

D 16.02 
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True RMS to DC • 
isn't a big deal anymore. 

The AD536 true RMS to 
DC converter is a monolithic IC 
in a 14-pin ceramic DIP. Com-
plete and self-contained. Just 
plug it in and forget about ex-
ternal trims. 

The chip is laser wafer 
trimmed for maximum accuracy 

and stability. That means an 
accuracy of -±-2mV ±0.2% of 
reading with high crest factor 
and excellent bandwidth. And 
besides the linear DC output, 
you get a dB output with a 60dB 
dynamic range for free. 

Only $9.95 in 100s. Now that 
is a big deal. 

For specs and samples call 
Doug Grant at (617) 935-5565. 
Analog Devices, P.O. Box 280, 
Norwood, MA 02062. 

ANALOG 
DEVICES 

The real IC converter company 

Analog Devices, Inc., Box 280, Norwood, MA 02062 East Coast: (617) 329-4700; Midwest: (312)894-3300; West Coast: (213)595-1783; 
Texas: (214) 231-5094; Belgium: 031/37 4803; Denmark: (02)845800; England: 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19; japan: 03/26 36 82 6; Netherlands: 076/879 251: 

Switzerland: 022/319704; and representatives around the world. 
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the scale-factor operation must then be repeated. E, or just E (depending on the actual location of the 
If the instructions are not followed in the order speci- program), will clear the display and return the program 

fled in this program the display will flash. Pressing CLR to step 2 in the instruction set. D 

SR-52 OBJECT-SCALING PROGRAM 

LOCATIONS CODES KEYS COMMENTS 

000 — 004 50 02 19 41 88 "st fig 2 '0' GTO '2' 

process input dimension: inches process input dimension: feet 

> process input dimension: fraction 
of inches 

> initiate conversion 

> display value 
specify object and drawing maximum 
dimension and resolution; also 
determine scale factor. 

> go to location 000 

> scale factor 

decimal equivalent of 
>// fractional inches 

>_.... display value 

005 — 009 46 19 42 00 06 •LBL '1:1' STO 06 

010 — 014 60 00 10 50 00 'if fig 0 'E' •st flg 0 

015 — 018 00 42 00 01 0 STO 01 

019 — 024 46 10 43 00 06 56 •LBL 'E' RCL 06 "rtn 

025 — 028 46 97 10 55 "CSC '0' 'E' ÷ 

029 — 032 43 00 04 54 RCL 04 ) 

033 — 037 46 87 44 00 01 "LBL '1' SUM 01 

038 — 042 43 00 01 46 88 RCL 01 Lin '2' 

043 — 045 22 57 81 INV *fix HLT 

046 — 050 46 11 65 01 02 "LBL A X 12 

051 — 055 46 12 54 24 19 LBL 6' 1 CE •O' 

056 — 061 41 87 46 13 54 24 GTO '1 LBL C l CE 

062 — 065 19 75 01 54 '0' — 1 l 

. 066 — 070 80 97 10 41 87 if pos •0"E' GTO '1' 

071 — 076 46 14 22 60 00 67 LBL 0 INV "if fig 0 7' 

077 — 080 22 60 02 67 INV "if fig 2 '7' 

081 — 086 43 00 01 42 00 00 RCL 01 STO 00 

087 — 091 65 43 00 05 54 X RCL 05 1 

092 — 096 42 00 06 57 00 STO 06 'fix 0 

097 — 101 75 93 05 54 37 — .5 1 'OMS 

102 — 105 22 44 00 06 INV SUM 06 

106 — 109 48 00 06 65 "EXC 06 X 

110 — 114 43 00 03 54 37 RCL 03 l 'OMS 

115 — 118 42 00 02 75 STO 02 — 

119 — 122 43 00 03 54 RCL 03 ) 

123 — 127 90 89 43 00 02 *if zro '3' RCL 02 

128 — 130 65 93 00 X .0 

131 — 136 46 89 01 85 10 54 LBL '3' 1 + 'E' 1 

137 — 139 22 50 00 INV sr fig 0 

140 — 142 57 02 81 'fix 2 HLT 

143 — 146 46 15 54 24 LBL E 1 CE 

147— 151 60 02 79 90 67 'if fig 2 '6"if zro •7 

152 — 156 60 01 77 50 01 "if fig 1 '4"st fig 1 

157 — 159 42 00 00 STO 00 

160 — 163 04 48 00 00 4 "EXC 00 

164 — 169 46 77 36 42 00 00 'LEI. '4' •IND STO 00 

170 — 172 58 78 55 •dsz '5' ÷ 

173 — 176 43 00 02 54 RCL 02 I 

177 — 180 42 00 05 86 STO 05 "rset 

181 — 185 46 78 22 50 00 'LBL '5' INV "st fig 0 

186 — 187 41 88 GTO '2' 

188 — 190 46 17 24 •LBL '8' CE 

191 — 195 43 00 05 41 88 RCL 05 GTO '2' 

196 — 200 46 79 22 90 67 'LBL '6' INV "if zro '7' 

201 — 205 22 50 02 41 88 INV 'st fig 2 GTO '2' 

206 — 209 46 67 51 69 Lei_ '7' SBR '9' 

210 — 212 22 50 00 INV "st fig 0 

213 — 214 46 16 "LIU 'A' 

215 — 220 43 00 00 57 03 81 RCL 00 'fix 3 HLT 

INSTRUCTIONS 

1. Key in program 

2. Specify resolution, in divisions-per-inch, with which 

object will be measured: 

(PI, E 

3. Specify resolution, in divisions-per-inch, with which 
lines or figures are to be drawn on artwork: 

(0), E 

4. Specify largest dimension of object (P') and maximum 

dimension of artwork (Q') permitted, in feet, inches, 

and divisions: 

(Pkr), A, (FIN ), 8, (Po' lv ), C, E 

(QFT ), A, (0; A ), 8, (O'Div ), C 

5. Determine the scale factor from previous step: 

press E 

6. Specify the actual length of any object or line 

to be drawn, in feet, inches, and divisions: 

(P.M, A, (PM, B, OS», C 

7. Find corresponding length of object or line on artwork 

or graph: 

(Qr), 

Repeat steps 6 and 7 as desired. 

8. To change (P) or (0), return to step 2 by pressing CLR E; 

repeat entire procedure 
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Engineer's newsletter 

Using an op amp to The 741 op amp's slew rate (SR) is limited to 0.5 v/µs —a limitation that 
can be used to turn the device into a simple square-to-triangular-wave 

convert square waves 
converter, points out Noel Boutin, an engineer in the Applied Sciences 

into triangular ones department of the University of Sherbrooke in Quebec, Canada. Of 
course, the output signal must never exceed the input signal in amplitude. 

Boutin's design is a noninverting, unity-gain follower circuit. When its 
input signal is a square wave of amplitude ± V, and frequency 1/T, then 
the output signal's amplitude V o rises and falls at a rate such that 2V0 = 
SR x T/2. Note that there is a minimum frequency below which the 
amplifier no longer operates as a square-to-triangular-wave converter. This 
is fm in >SR/4V. Thus at a given slew rate, the higher the value of V, the 
lower f may be. 
The same slew-rate limitation can be used to convert a sine wave into a 

triangular wave. Also, adds Boutin, a trapezoidal output can be generated 
by a square wave that has an input frequency below from for a given slew 
rate and amplitude. 

How not to When metallic growth or conductive contaminants bridge the conductors 
b ridge gaps on a printed-circuit board, you get problems ranging from current leakage 

in the microampere range right on up to dead shorts. Solutions are 
on pc boards discussed in depth in a new report from the Institute of Printed Circuits. 

Entitled "How to Avoid Metallic Growth Problems in Electronic Hard-
ware," it lists and discusses the steps to take to inhibit or reduce 
electromigration and other forms of dendritic growth. Copies of report 
IPC-TR-476 can be obtained for $5 from the institute at 1717 Howard 
St., Evanston, Ill. 60202. 

Tapes teach digital 

troubleshooting 

in two days 

Understanding 

strain gages 

Could you use the equivalent of a two-day live seminar on digital trouble-
shooting at your own company? A Hewlett-Packard video tape program is 
designed to teach those who have never been involved in the area before. 
The course consists of 14 video tapes, a 180-page textbook, lab work 

book, and study guide. Topics discussed in the tapes begin with an 
introduction to digital electronics and the binary system, the basics of 
transistors and Ics, logic gates and symbols, and the various digital lc 
families. Then they get into how to troubleshoot digital lc's, flip-flops, 
counters, shift registers, combinational logic circuits, display devices, and 
memories. 
The package costs $3,600. For further details, write to the Inquiries 

Manager, Hewlett-Packard Co., 1607 Page Mill Rd., Palo Alto, Calif. 
94304. 

Are you about to apply semiconductor strain gages for the first time? A 
20-page bulletin from Kulite Semiconductor Products will set you off on 
the right track. The bulletin supplies a detailed description of piezoresis-
tance in semiconductors, strain gage characteristics, and circuits for strain 
gage measurement. Application notes and considerations for gage selection 
are also offered. 

For a copy of this booklet, contact Ron Moores, Kulite Semiconductor 
Products Inc., 1039 Hoyt Ave., Ridgefield, N. J. 07657. Jerry Lyman 
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From 40 Watts at 1.0 GHz 
to 5 Watts at 4.2 GHz 

NEC's New Power Bipolar Transistor Series. That's right. While 
everyone else is trying to accomplish it, NEC has done it. 
A recent development program at the Nippon Telephone Telegraph 

Public Corporation (NTT) in Japan and NEC has revolutionized the power 
bipolar transistor industry. It's not just an "improvement" or a fancy 
variation of an already acknowledged second-generation device, it's a 
whole new technology called SET—Stepped Electrode Transistor': 
NEC's New Stepped Electrode Microwave Power Transistors The SET structure realizes a 

50 virtual 'zero gap'' between the 
30 base junction and emitter metalli-

zation. New structure, new 
20 fabrication process, new 

reliability . . . a new era. 
Now NEC can offer you four 

10 complete lines of SET bipolars for 
7 applications from 1.0 GHz to that o  a.. all-important 3.7 to 4.2 GHz corn-
5 munications band. Applications a.  

o run the gamut from mobile radios 

NEM1040• 

NEM1020 NEM 
• 2020• 

NEM2015 

NEM2010 1 

NEM3008 • 

NEM3005 NEM4205 
• .---- 

NE3003 
• 

NE4203 
• 

"M" 
Dey 
Matching 

Vcc 

Designates 
ces with 

-= 20V 

I 

Internal 
Networks 

NE3001 • NE4201 e 

3 to satellites. 
Act now before your compe-

2 tition beats you to it. Contact 
your nearest CEL representative. 

o 1.0 20 3.0 
Frequency, f (GHz) 

4.0 5.0 
*patent pending 

NEC microwave semiconductors 
California Eastern Laboratories, Inc. 
Exclusive sales agent for Nippon Electric Co., Ltd. Microwave Semiconductor Products. U.S.A L Canada L Europe 

U.S. Headquarters and Warehouse-California Eastern Laboratories, Inc., One Edwards Court-PO. Box 915, Burlingame, CA 94010, (415) 
342-7744 • Eastern Office California Eastern Laboratories, Inc., 3 New England Executive Park, Burlington, MA 01803, (617) 272-2300 • South-
west Office- California Eastern Laboratories, Inc., 4236 North Brown Ave., Scottsdale, AZ 85251, (602) 945-1381 • European Headquarters and 
Warehouse-California Eastern Laboratories, International, BY, Havenstraat 8e - Postbus 1258, Zaandam, Nederland, 075-169740 • Southern 
California Office -California Eastern Laboratories, Inc., 2182 Dupont-Suite #9, Irvine, CA 92715, (714) 752-1665 



'MET Eti11PLITER CUIVURFITIUM 
And FIRSTLAB' A New Family 
DEC'Lovvers Prices. 
Digital Equipment Corporation recently announced substantial 
price reductions for selected components and certain packaged 
systems. 

And So Does FIRST. 
First Computer will pass these reductions along to you, 
will provide our regular discounts from these low prices. 

We Do More Than Just 
Save You Money. 
Service When You Buy. 
• Fast Delivery. 

and 

Prompt delivery of factory fresh LS1-11 microprocessor compo-
nents and products is provided off-the-shelf. Plus, we stock 
complete microprocessor based computers and can rapidly de-
liver both standard and custom systems in 30 to 60 days! 

• Personalized Service. 
Each customer and order is handled on a 
personalized basis. We can help you con-
figure your system or select the proper 
components. Quick replies to requests for 
information and courteous treatment are as-
sured. 

• Added Value. 
Valuable software enhancements for the 
systems delivered by FIRST COMPUTER 
are available from our continually growing 
software library, including the new FIRST-
SORT-1 1 TM. Custom configurations are built 
to order, fully integrated, and thoroughly 
tested prior to shipment. 

• Hard Disk 
System Upgrade. 

The RK 05" Hard Disk units are now avail-
able for upgrading of your 11V03" com-
puter systems, providing up to 20,000,000 
bytes of storage. 

• Something Special? 
Custom Configurations. 

We will custom build systems to your spe-
cific requirements, with no resulting delay 
in delivery. We can also package your sys-
tem in a functional, attractive desk, and 
provide additional memory, interfaces, ter-
minals, and peripherals. 

In addition to a full line of PDP 11 /03 com-

puting systems, you have your choice of four 
100% pure DEC 11/03' Lab systems. 

NO/LAB-IN-A-BOX" PDP 11/03® 
• 16K words (32K bytes) of MOS memory standard. 
• Most economical member of the FIRSTLABTIvl family. 

• Supports all lab options in a single chassis. 

• 500,000 bytes of Diskette storage standard. 

NEW BI G LAB' PDP 11/03® 
• 16K words (32K bytes) of 
MOS memory standard. 

• 500,000 bytes of Diskette 
storage standard. 

• Attractive, functional desk 
console. 

• Capability for expansion to 
the maximum 11 /03® 
conf iguration. 
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Announces Lower Prices 
Of PDP 11/03® Lab Systems. 

The FIRSTLAB' family: 

• LAB-IN-A-BOXTM • BIGLA B' 

• DECLAB • SUPERLAB' 
Service After You Buy. 

• No Matter Where You Are, 
NEW SUPERLABTM PDP 11/03® World Wide Field Service. 
• 28K words (56K bytes) of MOS memory standard. 

• 7.5 Meg bytes of Disk standard. 

• Expandable to 20 Meg bytes of Disk. 

• Capability for expansion to the maximum 11 /03® 
conf iguration. 

All systems delivered by FIRST COMPUTER consist entirely of 

DEC* products and conform fully to DEC" specifications, thus qual-
ifying for on-site field service by DEC's® own factory trained tech-
nicians world wide. 

• Warranty 
We provide the same warranty as DEC*. 

• And Something More, PEP 
Our Priority Exchange Plan (PEP) can assure you of meeting your 
needs for critical spare parts. 

More For Your Dollar. 
You can buy custom DEC 11 /03, DECLAB* equivalent, or DEC 
11V03* computing systems with up to a 20% savings from FIRST 

COMPUTER. Why spend more and wait? 

SAVING YOU MONEY. 

SAVING YOU TIME. 

TWO GREAT IDEAS, ONE GREAT COMPANY. 

MST CUIURITEFI COIRPUBFITJG11:1 
764 Burr Oak Drive 
Westmont, Illinois 60559 

Computer systems • Components • Accessories 

Call fiFiST first to find out 
how much you can save 

(312) 920-1050 
(r+) Registered trademark of Digital Equipment Corporation, Maynard, Mass. 

TM Trademark of FIRST COMPUTER CORPORATION, Westmont, III. 
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BASIC 261 MICROWAVE 
SYNCHRONIZER 

261A MIXER 
(1-18 GHz) 
STANDARD 

261B MIXER 261C MIXER 
(1B-26.5 GHz) OPTIONAL (26.5-40 GHz) 

e ALL FREQUENCIES DERIVED 
FROM A SINGLE CRYSTAL 

e AUTOMATIC SEARCH FOR 
LOCK POINT 

• HOLE-FREE COVERAGE 
FROM 1-40 GHz 

Convert your 

microwave sweepers to STALOS 

Using our new broadband solid state 261 Microwave 
Synchronizer, you can convert any microwave 
sweeper into a STALO. The 261 is an economical and 
versatile way to impart crystal-oscillator stability to 
klystrons, BW0s, VTMs, and solid state voltage-tun-
able microwave sources. Frequency stability of the 261 
is one part in 108per second. 

The key feature of the 261 is the fact that it 
derives all frequencies from a single built-in oven 
controlled quartz crystal oscillator. Thus, there is none 
of the "settling down" drift normally associated with 
the changing of crystals. The combination of this 

voltage-tuned crystal oscillator (VCXO) and a built-in 
digital synthesizer, used in conjunction with the various 
261 mixers, provides continuous coverage from 1-40 
GHz. Primary standard stability can be achieved by 
locking the 261 VCXO to an external synthesizer or 
standard tuned near 1, 2, 5, or 10 MHz. A monitor 
output near 10 MHz enables you to count the 
fundamental 261 synthesizer frequency, and to 
compute the exact locked frequency. 

The basic 261, complete with the 261A mixer, 
sells for $3800. The 261B mixer option costs $250. 
The 261C mixer sells for $200. All units are stocked. 

isage 
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EXPLORER Il is an oscilloscope in every sense of the word — 
for use in the same way as other oscilloscopes. It has the same 
sweep controls, trigger controls and amplifier controls. 
What makes it different is its precision and enormously 

improved waveform storage capability. EXPLORER II is a digital 
oscilloscope. Because of this and careful human engineering, 
a dozen old operating problems have just disappeared. 
Great Storage: Storage occurs at the touch of a button. The 
captured waveform has the same quality as live waveforms — 
amazing quality. There is no trace fading or blooming. If you 
wish, you can tuck the waveform away, out of sight, for later 
recall and continue to use the oscilloscope for other things 
in the meantime. Storage at the touch of a button means more 
than saving operating steps. It means no blank screen before 
storage. 
Automatic Persistence: The EXPLORER always displays the 
last signal waveform until the next signal occurs, even when 
signals occur only rarely. There are no adjustments or mode 
switching. 
CRT Independence: No longer is accuracy dependent on the 
cathode-ray tube. True voltage and time numerics fôr any 
selected point end that problem. The numbers can show 
differences in both times and voltages, for two selected wave-
form points. Accuracies and resolution are an order of mag-
nitude greater. 

4 

New digital 
oscilloscope for 
low-frequency, 
high precision 
signal measurement. 

Write-through Storage At the touch of a switch, both live 
and stored waveforms are shown superimposed. This is far 
better than split-screen storage. which shows a stored waveform 
in one area of the screen and live waveforms in another. Write-
through storage allows you to see changes as small as 0.025% 
while they are happening! 
Dual Beam: EXPLORERS with two-channel plug-ins are "dual 
beam": Both signals are accepted together. There is no need 
for alternate sweeps or chopped sweeps. 
Cursor Triggering: It used to be that all you could see on a 
'scope was the result of an event. With EXPLORER you can 
see what caused an event to happen. Move the vertical marker 
line to any desired position. In the cursor trigger mode, this 
will be time zero, the time the sweep trigger occurs. The trace 
shows you what happened before and after the trigger. 
Easy Operation: It's as difficult to describe the "feel" of 
EXPLORER II as it is to describe the feel of a great sports 
car to someone who has only driven "soft" passenger cars. 
But once you've had an hour or two of familiarization and 
used this new digital 'scope you'll know. You'll never want 
to go back to anything else. 

Identical to EXPLORER II, this unit incorporates an added module that 
contains a magnetic disk memory and a digital input/output port. To 
document waveforms for future reference, the diskette preserves the accuracy 
and resolution of the original. There is no compromise as with a photo 
document. For computation, the digital I/O allows interface to computers 
and calculators, also IEEE 488 interface. 

See It Demonstrated.To really appreciate either of these 
new 'scopes you have to see them in action. For complete details, 
including descriptive brochures, send the reader service card or 
call Jim Bartosch at 608/271-3333. 

NICOLET 
INSTRUMENT 
CORPORATION 

5225 Verona Road 
Madison. Wisconsin 5:5711 
Telephone: 608127' -3333 
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CTC is number onewith 
More Power to you. 

Ac/ na! Chip Size 

--> 

Nobody gets the power out like we 
do. From HF to microwave. Because 
nobody else has the Balanced Tran-
sistor, a new concept in high power 
RF and microwave transistor design. 
The Balanced Transistor, designed 
and developed by CTC, opens new 
horizons in amplifier design for land 
mobile, military and microwave. 

In circuit designs which 
pushed existing technology too far; 
where power out or available band-
width were constraints, where the 
circuit was possible but a bear, where 
impedances were far too low; the 
Balanced Transistor means more 
than practical feasibility. It's con-
sistent, reliable, easy to use, and 
delivers outstanding performance. 

Our design is unique. By 
arranging two chips in series instead 
of the traditional parallel design, in-
put and output impedances are in-
creased by a factor of four over 
conventional bipolars of the same 
size chip. 

BAL 0204-125 Wideband Amplifier 225-400 MHz 

CD2505 CM25-

125 Watts 

BAL0204 125 

Using the BAL0204-125, this lineup will provide 125 watts 
CW power across the frequency range of 225-400MHz 
with 0.5 watts of drive. 
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balanced transistors. 
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Power Gain With 125 Watts Out 

225 250 275 300 325 350 375 400 

Frequency MHz 

so 
80 

70 

60 

50 

40 

30 

20 

10 

PO, 125 Watts Voo 28 Votts 

225 250 275 300 325 350 375 400 

Frequency MHz 

Typical efficiency and gain at 125 watts 
power out with the low Q, high output 
impedance of the input and output 
matched BAL0204-125. 

The Balanced Transistor for 
the first time allows octave and 
multi-octave bandwidths with as 
much as 100+ watts of CW power. 

The outstanding consistency 
and reliability of the Balanced Tran-
sistor are a direct result of the fact 
that it has fewer internal parts and is 
easier to assemble. It also accom-
modates output matching circuitry 
with far less complexity than con-
ventional transistors. The result is 
vastly increased efficiency and far 
greater power. 

Whole new avenues are opened 
for the circuit designer, using a wide 
variety of proven balanced (push-pull) 
circuit techniques. The unique RF 
ground inside the package offers 
several advantageous bias options. 
For us, it's easy to manufacture. For 
the circuit designer, it's new potential 
with ease of use and outstanding 
performance. In operation, it's per-
formance and reliability never before 
possible. 

Simplicity, consistency, per-
formance and reliability—hallmarks 
of the Balanced Transistor and CTC 
Like most good things, it didn't just 
happen. We made it happen. From 
design through operation, CTC 
employed many technologies to in-
troduce another series of highest 
quality transistors to its product line, 
including non-organic hermetically 
sealed packages. We have all the 

technologies and capabilities on an 
unequalled level. That's why we're 
number one. Total Technology 
from CTC. 

For complete information on 
our Balanced Transistors and how we 
make it happen at CTC, write for 
information on our Balanced Tran-
sistor product line and our new 
brochure, "Capability in Power. The 
Thrust of Total Technology in RF 
through Microwave:' Communica-
tions Transistor Corporation, a wholly 
owned subsidiary of Varian Associates, 
301 Industrial Way, San Carlos, 
California 94070. (415) 592-9390. 

CTC the power in RF and microwave 

Electronics/January 5, 1978 Circle 
varian 

187 on reader service card 1 57 



You Don't Have 
To Beg, Borrow 
Or Buy... 

 _ 
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Rentrent From GE 
Short or long-term instrument rentals give 

you flexibility and economy. 
GE has over 9,000 instruments available for 

immediate shipment: o Tek Scopes o Biddle 
Megger Insulation Testers o H-P Signal 
Generators o Honeywell Oscillographs 
o Complete Data Systems o Esterline Angus 
Recorders o GE Chart Recorders o Modems 
13 Communication Terminals .. .all calibrated 
to the manufacturer's specs. 

We have over 100 Sales/Service Centers, 

GENERAL 

and one of them is near you. In addition to 
maintaining our Rental Inventory, they can 
also repair and calibrate your own equipment. 

Don't borrow someone else's GE Rental 
Catalog. Call collect (518) 372-9900 or your 
nearest Sales/Service Center. 

RQuicitrentaie 
instruments 

ELECTRIC 
ALA. BIRMINGHAM (215) 925-3104* ARIZ. PHOENIX (602) 278-8515 or 8516, TUCSON (602) 294-3139 • CAL. LOS ANGELES (213) 642-5350, SAN FRANCISCO (415) 436-9260 • COL. 
DENVER (303) 371-1260 • CONN. SOUTHINGTON (203) 621-4059 • FLA. JACKSONVILLE (904) 751-0610 • GA. ATLANTA (404)457-5563* ILL. CHICAGO (219) 933-4500* IND. INDIAN-
APOLIS (317) 639-1565 • KY. LOUISVILLE (502) 452-3311 • LA. NEW ORLEANS (504) 367-6528 • MD. BALTIMORE (301) 332-4700 • MASS. BOSTON (617) 396-9600 Ext. 160, SPRING-
FIELD (413) 781-1111 • MICH. DETROIT (313) 285-6700 Ext. 208 • MINN. MINNEAPOLIS (612) 522-4396* MO. KANSAS CITY (816)231-4377, ST. LOUIS (314)965-7115* N.J. CLIFTON 
(201) 471-6556* N.Y. BUFFALO (716) 876-1200, SCHENECTADY (518) 385-2195 • N.Y.C. CLIFTON, N.J. (201) 471-6556* N.C. CHARLOTTE (704) 525-0311* OH. CINCINNATI (513) 874-
8512, CLEVELAND (216) 523-6382, TOLEDO (419) 691-3501* OR. PORTLAND (503)221-5101* PA. PHILADELPHIA (609)4244450, PITTSBURGH (412) 462-7400 *TEX. DALLAS (214) 357-
7341, HOUSTON (713) 672-3570 • VA. RICHMOND (804) 232-6733 • WASH. SEATTLE (206) 854-0211 • W.V. CHARLESTON (304) 345.0920 • WISC. MILWAUKEE (414) 744-0110 • 
PUERTO RICO PONCE (809) 843 4225 
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New Products 

Logic unit monitors IEEE-488 buses 
Display formatter for Tektronix logic analyzer displays messages in 

IEEE-488 mnemonics; it also decodes and displays all 128 ASCII characters 

by Bruce LeBoss, New York bureau manager 

Programmable instruments designed 
to work with the IEEE-488 bus are 
all supposed to work together. But 
unless they are supplied by a single 
manufacturer, it may take some 
tedious systems engineering to en-
sure compatibility. To simplify that 
task, Tektronix has developed a logic 
analyzer display formatter that mon-
itors, in sequence, the activity that 
occurs on standard data buses con-
necting programmable instruments. 
The new DF2 display formatter, 

available in four weeks, is a $1,945 
plug-in module for Tektronix' 7D01 
logic analyzer, itself a plug-in that 
converts any of the firm's 7000-
Series laboratory oscilloscopes into a 
16-channel logic analysis system. 
Like its DFI predecessor, selling for 
$1,395, the DF2 provides timing 
diagram, state table (in binary, octal 
and hexadecimal), and mapping dis-
plays of data. "But the $550 premi-
um for the DF2 buys the user two 
very important additional features," 
says David Parmley, product planner 
for logic analyzers. 

First, "the DF2 displays bus 
control and device-dependent mes-
sages in mnemonics familiar to 
IEEE-488 bus users," Parmley 
notes. In one of its two modes, infor-
mation is acquired synchronously 
and up to 18 instructions are 
displayed at one time. As the data is 
scrolled, all of up to 256 instructions 
stored in the 7D01 are then disas-
sembled and displayed in mnemonic 
format. The states of four bus 
management lines and eight data 
lines are displayed, as can be four 
additional lines of user-definable 
data to provide circuit information. 
In the other mode, the same 
arrangement of lines is displayed as 

a timing diagram. 
Perhaps equally important, the 

DF2 provides ASCII decoding of all 
128 control characters. This is 
significant, Parmley says, because 
the abundant supply of components 
that encode, decode, translate and 
print ASCII data have led to its wide-
spread use in a variety of computer 

and peripheral system designs. Thus, 
he continues, "the designers of these 
products can now use the DF2 to 
interpret and display data in the 
familiar ASCII format without the 
need for elaborate conversions and 
extrapolations." 
Tektronix Inc., P. O. Box 500, Beaverton, 

Ore., 97077. Phone (503) 644-0161 [338] 

Electronics/January 5, 1978 189 



About the only No Touch Controls we don't make 
• u haven't asked for.Yet. 

MLS7A 



e the ones 

For years, MICRO SWITCH 
as been the leading maker of 
o Touch Controls. 

That's because we're also 
eaders when it comes to listening 
o switching problems where 
echanical devices just don't fill 
e bill.. And then solving them 
*th industry's broadest line of 

ishotoelectric and proximity 
ontrols. 

For example, the ferrous-
. -nsitive XK can detect metal 
argets of any thickness, either 
oving or stationary There's also 
e vane-operated AV and the 

magnetically operated SR, both 
eaturing dependable Hall-effect 
echnology and high speed opera-
..on unaffected by dust and dirt. 

You.can also choose from a 
«de selection of solid state FY 

i•roximity sensors designed to be 
• • ectly compatible with program-
mable controllers and solid state 
logic. These self-contained controls 
have models ranging from 14 mm 
; diameter to 76 mm. 

For materials other than 
metals or where distances are too 
great for proximity switches, 
MICRO SWITCH offers a com-
plete line of photoelectric controls. 

At shorter distances, choose 
from MLS4A controls with a range 
of 8 feet or MLS7A controls that 
scan up to 10 feet. Both are DC 
powered and use advanced inte-
grated circuitry to increase 
reliability 

There are also models with 
much greater scanning ranges, 
like the high intensity MLS5A that 
sees up to 250 feet in clean air 
and through dust, smog, steam 
and other pollutants at shorter 
distances. 

Another model provides a 
scanning range up to 700 feet. 

And whether you need prox-
imity or photoelectric controls, 
you'll be getting solid state design 
that delivers long life. Which is 
what you've come to expect from 
the leading maker of No Touch 
Controls. 

MICRO SWITCH will pro-
vide you with field engineers for 
application assistance and a net-
work of authorized distributors for 
local availability. Write us for 
details or call 815/235-6600. 

MICRO SWITCH 
FREEPORT. ILLINOIS 61032 

A DIVISION OF HONEYWELL 

MICRO SWITCH products are 
available worldwide through. Honeywell 

temational. 

New products 

Subassemblies 

Unit converts 
digital signals 
for CRT display 
Called a graphics translator, the model 
1350A is a subsystem intended to 
convert the outputs of digital systems 
into a form suitable for display on a 
fast, high-resolution cathode-ray-tube 
display. The unit takes information 
from the IEEE-488 interface bus or 
(optionally) from an EIA RS-232C 
interface bus'and stores it in an internal 
2,048-word random-access memory. 

Each word in the RAM can be a 
vector coordinate or a character. The 
translator contains a character gener-
ator that can produce upper- and lower-
case ASCII characters in four sizes. An 
optional read-only memory provides 
512 user-definable vectors for graticules 
and special characters. 

For enhanced flexibility, the memory 
of the graphics translator can be divided 
into 32 independent files. These files, 
which can be used to drive separate 
displays, can be of different size, are 
addressable, are selectively eraseable, 
and can be flashed to highlight impor-
tant display information. 

The 1350A is recommended for use 
with directed-beam displays with band-
widths of at least 2 wiz to take advan-
tage of its ability to generate vectors 
very quickly. It sells for $3,450 and has 
a delivery time of eight weeks. 
Inquiries Manager, Hewlett-Packard Co., 1507 

Page Mill Rd., Palo Alto, Calif. 94304 [381] 

'12-bit C-MOS a-d converter 

needs single supply voltage 

A low-power hybrid analog-to-
digital converter for portable and 
remote instrumentation applications 
can operate from a single 9- or 12-v 
battery. The ADC-HC12B uses 
complementary metal-oxide-semi-
conductor circuitry to keep its power 
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New products 

consumption down to a maximum of 
120 mw. In the standby mode— 
when it is not actually making a 
conversion—the unit draws only 10 
µA of supply current. 
The converter comprises an input 

amplifier with protection diodes, 12 
c-mos switches, a c-mos successive-
approximation register, a clock cir-
cuit, a precision zener-based refer-

ence source, an energy-storage cir-
cuit, and a laser-trimmed thin-film 
R-2R resistor ladder network. All of 
this fits into a package with dimen-
sions of 1.1 by 1.7 by 0.25 inch. 
The tight tracking characteristics 

of the ladder network (1 part per 
million/°C typical) give the convert-
er guaranteed monotonicity over its 
entire temperature range. Versions 

1111.91111rFc'reffi°ught. 
The only sure cure 
for buyer's remorse. 

1111%11111.1111111.1.1By the time you get all your 
electronics into the cabinet, get it sold and get it shipped, any 
weaknesses in the design will show up in spades. 

If the levelling legs aren't properly reinforced, they can pop 
through the bottom under a full load. 

If the seams aren't completely welded and sealed, they 
may begin to open after you install your equipment. 

If the internal engineering isn't perfect, the unit may exhibit 
the Leaning Tower Effect by the time it gets to your customer. 

If the external design isn't first class, your product won't 
have that crisp, professional look. 

If the cabinet isn't a Zero Matrix IV, the design engineering 
probably won't protect you from all the problems you didn't 
think about. 

We think about all those problems. Our design engineering 
makes a science of forethought. Don't be sorry tomorrow. 
Send for your free catalog today. 

ZERO 
We make you look good. 

with three ranges (0°C to 70°C, 
— 25°C to 85°C, and —55°C to 
125°C) and two case styles are avail-
able. Prices range from $129 for a 
plastic-packaged unit that operates 
from 0°C to 70°C to $219 for a wide-
range converter in a hermetic case. 
Deliveries are from stock to four 
weeks. 
Date! Systems Inc., 1020 Turnpike St., 

Canton, Mass. 02021. Phone Eugene L. 
Murphy at (617) 828-8000, Ext. 141 [383] 

Multiplying d-a converter 

resolves 14 bits 

Linear to within 0.0125% of full 
scale and featuring a settling time of 
less than 20 µs, the DAC-U-12 is a 
multiplying digital-to-analog con-
verter with a resolution of 14 bits. 
The four-quadrant unit is intended 
for use in XY displays and plotters, 
character and stroke generators, 
graphics displays, and programmed 
pulse generators. If desired, the 

converter will provide its 14-bit reso-
lution over a two-quadrant range. 

For less demanding applications, a 
similar unit, the DAC-U-11 is avail-
able. It differs from the -12 in that 
its maximum nonlinearity is 0.025% 
of full scale. Both devices will 
provide full accuracy with reference-
voltage frequencies from de to 400 
Hz, both have a full-power band-
width of 100 kHz, and both are 
offered in two temperature ranges — 
0°C to 70°C and —55°C to 125°C. 
Small-quantity prices for units in the 
DAC-U family start at $245. De-

Zero Corporation • Burbank, CA 213/846-4191 • Monson, MA 413/267-5561 
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Another Industry 
Breakthrough! 

Introducing...TheHarris 
HI-562 D/A Converter. 

If you've been looking for the right D/A 
converter to match your brightest 
design ideas, you can stop looking... 
it's here... the new Harris HI-562. 
The HI-562 is the first monolithic 

D/A to combine high speed perfor-
mance and true 12-bit accuracy on the 
same chip—attained through the utili-
zation of the most advanced laser 
resistor trimming techniques in the 
industry Consider these features: 
• Fast Settling: 200 ns to -±-1/2 LSB 
• Excellent Linearity: ±1/4 LSB 
• Low Gain Drift: ± 2 ppm/°C 
• Fully monotonic over temperature 
At only $29 (100-up), the Harris 

HI-562 is the cost-effective answer to 
your most demanding data conversion 
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design problems. So if you are into A/D 
converters, CRT graphic displays, 
process control systems, precision 
instruments, data acquisition systems, 
communication terminals... te men-
tion a few... the Harris HI-562 can pro-
vide you with the performance, econ-
omy, accuracy and design versatility 
you won't find in any other D/A 
converter. 

Available in a 24-pin DIP, the 562 
operates on +5V and —15V supply 
voltages and a +10V reference. 

Check out this new dimension in 
data conversion. Contact your nearby 
Harris Semiconductor distributor for 
evaluation devices. For full details, call 
the Harris Hot Line, or write: Harris 
Semiconductor Products Division, 
RO. Box 883, Melbourne, Florida 32901. 

HARRIS HOT LINE! 
1-800-528-6050, Ext. 455 

Call toll-free for phone number of your nearby 
Harris sales office, authorized distributor or 
expedited literature service 

Harris Technology... Your Competitive Edge 
HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
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Bud's Modular Electronic Packaging System gives you options. Options 
to use circuit boards; to use full-enclosed modules, to use all of one, or 

a combination of both to develop an electronic package 
for a variety of applications. Equally 

important, the Bud System 
gives you the flexibility 

to alter your original 
circuit board/module 
arrangement for sub-
sequent applications. 

The options are yours. 

AND HERE ARE FOUR REASONS WHY: 

1 Movable Snap-in Guides. One reason for 
the System's flexibility are full-length, impact-

resistant guides. You can move them, snap them in 
and out -- adjust them to a basic pitch of 0.2" to ac-
commodate circuit boards and modules -- without dis-
manteling the System's outer frame. The System will 
house up to 42 circuit boards; however, even when 
densely packed, maximum ventilation is assured. 

Ili 
Board Profiling is Eliminated. A uniquely 
designed end foot, easily attached at the end of each 

guide, not only "leads" circuit boards into edge con-
nectors, but also positions edge connectors so they 
will accept the full height of the boards. This eliminates 
board profiling and, in turn, results in maximum con-
tact. Keep in mind the Bud System is designed to 
utilize a wide universe of circuit boards and edge con-
nectors to give you maximum flexibility. 

Your Bud distributor will give you complete data on 
the Modular Electronic Packaging System. Better yet, 
he has a demonstration unit. See it. Work with it -- the 
packaging system that gives you options. 

4"--4 

&I 
Perfect Alignment Between Connector 
and Circuit Board. The System's distortion-

free guides offer packaging flexibility, and also pro-
vide the means for positive alignment. All edge con-
nectors, plus panel-type connectors mounted to 
socket-mounting panels are securely attached at the 
rear of the guides. Insert circuit boards into the 
System and they slip directly into the edge connectors. 
Slide in larger modules and they make perfect contact 
with the panel-type connectors. 

4A Choice of Components. Regardless of 
what type electronic package is required for 

your present or future applications, Bud has the com-
ponents to develop that package: eight sub-racks 
(outer frames), 20 sub-units (enclosed modules), six 
printed board units, eight circuit boards, plus single 
and double row edge connectors. All are fabricated to 
exacting tolerances. All are easily assembled. All are 
in stock -- immediately available. 

CHI BUD INDUSTRIES, INC. 4605 East 355th Street 
Willoughby, Ohio 44094 
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nIAISIE GOT  
THE .V;.1  r 
IT'S IN STOCK AT 
YOUR LOCAL BUD DISTRIBUTOR. 

ALABAMA 
Birmingham 
James W. Clary Co. 
205-322-2486 
ARIZONA 
Phoenix 
Delis Electronic 
Supply 
602-254.8471 

ARKANSAS 
Little Rock 
Carlton Bates Co. 
501-562-9100 

CALIFORNIA 
Chatsworth 
Westates Electronics Corp. 
213-341-4411 
Los Angeles 
RPS Electronics, Inc. 
213-748-1271 
Mountainview 
Elmar Electronics, Inc. 
415-961-3611 
Riverside 
Electronic Supply 
714-683-7300 

COLORADO 
Denver 
Electronic Parts Co. 
303-744-1992 
Newark Electronics 
303-757-3351 

FLORIDA 
Orlando 
Hammond Electronics, Inc. 
305-849-6060 

GEORGIA 
Atlanta 
Lykes Electronics 
404-449-9400 

ILLINOIS 
Chicago 
Newark Electronics 
312-638.4411 

Palatine 
Ohm Electronics 
312-359.5500 
Peoria 
Klaus Radio, Inc. 
309-691-4840 

INDIANA 
Indianapolis 
Graham Electronics 
Supply, 
317-634-8202 
Ra-Dis•Co., Inc. 
317-637.5571 

KANSAS 
Wichita 
Radio Supply Co., Inc. 
316-267-5213 

LOUISIANA 
Lafayette 
Ralphs of Lafayette, Inc. 
318-234-4507 

MARYLAND 
Gaithersburg 
Pioneer/Washington 
Electronics, Inc. 
301-948.0710 
Rockville 
Capitol Radio 
Wholesalers, Inc. 
301-881-2270 

MASSACHUSETTS 
Dedham 
Gerber Electronics. Inc. 
617-329-2400 
West Newton 
A. W. Mayer Co. 
617-965-1111 

MICHIGAN 
Ann Arbor 
Wedemeyer 
Electronic Supply 
313-665-8611 
Livonia 
Pioneer/Michigan 
313-525-1800 
RS Electronics 
313-525.1155 

MINNESOTA 
St. Paul 
Gopher Electronics Co. 
612-645-0241 

MISSOURI 
Kansas City 
Walters Radio Supply, Inc. 
816-531-7015 

NEW MEXICO 
Albuquerque 
Walker Radio Co. 
505-247.2288 

NEW YORK 
Binghamton 
Harvey Electronics 
of Binghamton 
607-748-8211 
E. Farmingdale 
Harrison Electronics 
516-293-7990 
Lynbrook, L.I. 
Peerless Radio Corp. 
516-593-2121 

NORTH CAROLINA 
Winston-Salem 
Kirkman Electronics, Inc. 
919-722-9131 

OHIO 
Cleveland 
Pioneer/Cleveland 
216-587-3600 
Radio & Electronic 
Parts Corp. 
216-248-8900 
Cincinnati 
Hughes-Peters, Inc. 
513-351-2000 
Columbus 
Hughes-Peters, Inc. 
614-294-5351 
Dayton 
Pioneer/Dayton 
513-236-9900 

OKLAHOMA 
Tulsa 
Oil Capitol 
Electronics Corp. 
918-622-8520 

PENNSYLVANIA 
Allentown 
A. A. Peters, Inc. 
215-434.5237 
Montgomeryville 
Pyttronic Industries, Inc. 
215-242-6700 
Philadelphia 
Almo Electronics Corp. 
215-698-4000 
Pittsburgh 
CAM/RPC Eleetronics 
412-782-3770 
Pioneer/Pittsburgh 
412-782-2300 

SOUTH CAROLINA 
Columbia 
Dixie Radio 
Supply Co., Inc. 
803-779-5332 

TENNESSEE 
Memphis 
Bluff City Electronics 
901-523-9500 
Nashville 
Electra Distributing Co. 
615-329-3971 

TEXAS 
Dallas 
Wholesale 
Electronic Supply 
214-824-3001 
Ft. Worth 
Swieco, Inc. 
817-335-6521 
Garland 
Newark Electronics 
214-271-2511 
Houston 
Harrison Equipment Co. 
713-652-4700 
San Antonio 
Sherman Electronics 
Supply, Inc. 
512-224-1001 

UTAH 
Salt Lake City 
Standard Supply Co., Inc. 
801-486-3371 

VIRGINIA 
Charlottesville 
Virginia Radio 
Supply Co., Inc. 
804.296-4184 

WASHINGTON 
Seattle 
Almac/Stroum 
Electronics, Inc. 
206.763.2300 

New products 

livery is from stock to four weeks. 
ILC Data Device Corp., Airport International 

Plaza, Bohemia, N.Y. 11716. Phone (516) 

567-5600 [385] 

Op amp has 150-MHz 

unity-gain frequency 

Offering a typical unity-gain fre-
quency of 150 MHz, the model 9932 
op amp has a minimum unity-gain 
slewing rate of 600 v/eis. 
With its fully differential input, 

the amplifier exhibits a minimum 
common-mode rejection ratio of 50 
dB at 1 kHz, dropping only to 45 dB 
minimum at 1 MHz. It is thus well 
suited for noninverting applications, 
and will find wide use in video, pulse, 
ultrasonic, medical and radar equip-
ment, and in high-speed analog func-
tion-generator circuits. 

Other key specifications of the 
model 9932, which is electrically 
similar to the National Semicon-
ductor model LH0032, are a typical 
output of ± 10 volts at ± 50 MA, a 
typical input bias current of 100 pA, 
and a maximum settling time to 
within 0.1% of 100 nanoseconds. 

Price of the model 9932, which is 
housed in a standard 16-pin dual in-
line package, ranges from $55 each 
for one to two units and $49.50 for 
three to nine units, to $44.50 each 
for 10 to 29 units. Delivery is from 
stock. 
Optical Electronics Inc., P.O. Box 11140, 

Tucson, Ariz. 85734. Phone (602) 624-8358 

[386] 

Optoisolators provide more 

than 6,000 V of isolation 

The OPI 7000 series of optically 
coupled isolators features input-to-
output steady-state isolation-voltage 
ratings of more than 6,000 y in free 
air and more than 10,000 y when 
encapsulated. They consist of a high-
efficiency infrared-emitting diode 
coupled to either a silicon phototran-
sistor or a photodarlington in a 
molded plastic package. Current 
transfer ratios range from 20% to 

100% for the phototransistor ver-
sions (OPI 7002 and OPI 7010) and 
from 200% to 400% for the photo-
darlington models (OPI 7320 and 
OPI 7340). In thousands, prices 
range from $1 to $1.15. 
Optron Inc., 1201 Tappan Circle, Carrollton, 

Texas 75006. Phone (214) 242-6571 [384] 

40-W dc-dc converter 

has efficiency of 80% 

Two encapsulated dc-to-dc converter 
modules that can deliver 8 amperes 
at 5 y dc have efficiencies of 80%, 
which allows them to be housed in 
small cases with no danger of exces-
sive temperature rise. The modules 
have dimensions of 3.5 by 2.5 by 2.0 
inches, feature more than 60 dB of 
immunity to input-line transients, 
and will operate normally despite 
input-voltage variations of up to 
200%. 
The converters differ in their 

input-voltage ranges. The model 
CW12-5S8000 operates from 9 to 18 

dc, while the CW24-5S8000 works 
from 18 to 32 y dc. Both have fold-
back overload protection and both 
will not generate potentially damag-
ing overshoots during turn-on, turn-
off, or as a result of abrupt load 
changes. They are thus well suited 
for powering microprocessors, mi-
crocomputers, and solid-state memo-
ries. 

Identical except for input rating, 
the supplies have line/load regula-
tion of 0.5%/1% and no more than 
13 my rms of output ripple and 
noise. Both will deliver full output 
from — 25°C to 60°C. In hundreds, 
the 12-v unit sells for $98 and the 
24-v converter goes for $96. Avail-
ability is from stock to two weeks. 
Semiconductor Circuits Inc., 306 River St., 

Haverhill, Mass. 01830. Phone Ted Brewster 

at (617) 373-9104 [387] 
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First it was THE SMALL COMPUTER. 
Now, it's THE SMALL COMPUTER SYSTEM. 

A year ago, we introduced the 
Sol-20. It wasn't the first small computer. 
It was the first complete small computer 
with everything needed to get it up and 
on the air as it came from the factory. 
The keyboard. interfaces, extra memory, 
factory backup. and service notes were 
all there. 

The results are in: Sol-20 is now 
the number one small computer in the 
world. Sols aren't the cheapest, just 
the most valuable. 

We originally designed the Sol-20 
as the heart of a complete computer 
system. So now to solve the problems 
of science, engineering, education, 
business management and control and 
manufacturing, we offer fixed price 
Sol systems in either kit or fully tested 
and aKsembled form. We offer language 
flexibility, Extended BASIC, Assem-
bler, PILOT* and FORTRAN? We 

offer Helios Ili PTDOS, an extraor-
dinarily capable disk operating system. 
And remember, though we call these 
small or personal computer systems, 
they have more power per dollar than 
anything ever offered. They provide per-
formance fully comparable and often 
superior to mini-computer systems cost-
ing tens of thousands of dollars more. 

What you get. What it costs. 
Typical systems include Sol 

System I priced at $1600 in kit form, 
$2095 fully assembled and tested. In-
cluded are a Sol-20/8 with SOLOS 
personality module storing essential 
system software, an 8192 word memory 
a 12" TV/video monitor, and a cassette 
recorder with BASIC tape. 

Sol System H has the same equip-
ment with a larger capacity 16,384 word 
memory. It sells for $1825 in kit form; 
$2250 fully assembled. 

For even more demanding tasks, 
Sol System III features Sol-20/16 with 
SOLOS, 32,768 words of memory, the 
video monitor and the dual drive Helios 
H Disk Memory System with the PTDOS 
disk operating system and Extended 
DISK BASIC Diskette. Price. $5750 
fully assembled and tested. 

More information. 
For the most recent literature and 

a demonstration, see your dealer listed 
below. Or if more convenient, contact 
us directly. Please address Processor 
Technology Corporation, Box J, 7100 
Johnson Industrial Drive, Pleasanton, 
CA 94566. Phone (415) 829-2600. 

*Available soon. 

Processor Technology 

AZ:Tempe (602)894-1129; Phoenix (602)942-7300; Tucson (602)327-4579. CA: Berkeley (415)845-6366; Costa Mesa (714)646-0221; Fresno (209)266-9566; Hayward 
(415)537-2983: Lawndale (213)371-2421; Orange (714)633-1222; Pasadena (213)684-3311; Sacramento (916)443-4944; San Francisco (415)431-0640, (415)421-8686; 
San Jose (408)377-4685, (408)226-8383; San Rafael (415)457-9311; Santa Clara (408)249-4221; Sunnyvale (408)735-7480; Tarzana (213)343-3919; Van Nuys (213) 
786-7411; Walnut Creek (415)933-6252; Westminster (714)894-9131. CO: Boulder (303)449-6233; Englewood (303)761-6232. FL: Fort Lauderdale (305)561-2983; 
Miami (305)264-2983; Tampa (813)879-4301. GA: Atlanta (404)455-0647. IL: Champaign (217)359-5883; Evanston (312)328-6800: Lombard (312)620-5808. IN: 
Bloomington (812)334-3607; Indianapolis (317)842-2983, (317)251-3139. IA: Davenport (319)386-3330. KY: Louisville (502)456-5242. MI: Ann Arbor (313)995-7616; 
Royal Oak (313)576-0900; Troy (313)362-0022. MN: Minneapolis (612)927-5601. NJ: Hoboken (201)420-1644; Iselin (201)283-0600. NY: Middle Island 
(516)732-4446: New York City (212)686-7923; White Plains (914)949-3282. NC: Raleigh (919)781-0003. OH: Columbus (614)486-7761; Dayton (513)296-1248. OR: 
Beaverton (503)644-2686; Eugene (503)484-1040; Portland (503)223-3496. RI:Warwick (401)738-4477. SC: Columbia (803)771-7824. TN: Kingsport (615)245-8081. 
TX: Arlington (817)469-1502; Houston (713)526-3456, (713)772-5257; Lubbock (806)797-1468; Richardson (214)231-1096. VA: McLean (703)821-8333; Reston 
(703)471-9330: Virginia Beach (804)340-1977. WA: Bellevue (206)746-0651; Seattle (206)524-4101. WI: Milwaukee (414)259-9140. WASHINGTON D.C.: 
(203)362-2127. CANADA: Ottawa (613:236-7767; Toronto (416)484-9708, (416)482-8080, (416)598-0262; Vancouver (604)736-7474, (604)438-3282. 
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BUSS 
ELECTRONIC FUSES. 

Nearly every type of fuse and fuse holder you need to protect electronic 
circuits and devices you can get from us, easy. For example, Buss' 

Semiconductor Fuses; 700 volts, with extremely low 12t and 1p let-thru 
values. TRON R Rectifier Fuses, 1/2 to 1,000 amps, up to 600 volts. 
Fusetron R dual-element time-delay fuses. Buss quick-acting glass tube 
fuses. Buss signal-indicating, alarm-activating fuses. TRON sub-
miniature pigtail fuses. Buss sub-miniature GMW fuses. Buss 
telecommunications fuses. Buss military fuses. And 
Buss fuse holders and fuse blocks. Get your 

hands on exactly what you want. Write us now. 
Ask for Buss Bulletin SFB. 

BUSSMANN MANUFACTURING 

a McGraw-Edison Company Division 

Earth City. Missouri 63045 

E MAKE IT EASY 
O GET YOUR HANDS 
WHAT YOU WANT 
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eliCheck 

•Transistors .Capacitors 
1 

•Diodes 

•IC's 

1 
i 0)1 • 

CONTROLLED HEATING 
... where it counts 

THERMO-PROBE 
Heat any integrated circuit or electronic 
component to its rated temperature 
with a heat probe. Accuracy ± 3°C or 
better. Or check the component's tem-
perature with a thermo-couple probe 
Model 810 Thermo-Probe does both 
Reads out directly in °C and °F on a 
large 41/2 -inch meter. 

MT! MICRO-TECHNICAL INDUSTRIES 

P.O. Box 287 South Laguna, CA 92677 

1 TELEPHONE (714) 545-3734 im ,   r L910 596-1325 MICROTECH LBEH pm 

Circle 55 on reader service card 

Wide Band, Precision 
CURRENT MONITOR 
With a Pearson current monitor and an oscillo-
scope, you can measure pulse or ac currents 
from milliamperes to kiloamperes, in any con-
ductor or beam of charged particles, at any 
voltage level up to a million volts, at frequences 
up to 35 MHz or down to 1Hz. 
This video monitor is physically isolated from 
the circuit. It is a current transformer capable of 
highly precise measurement of pulse amplitude 
and waveshape. 
Whether you wish to measure current in a 
conductor, a klystron, or a particle accelerator, 
it is likely that one of our off-the-shelf models 
(ranging from 1/2" to 103/1" ID) will do the job. 
Contact us and we will send you engineering data. 
PEARSON ELECTRONICS, INC. 

4007 Transport St., Palo Alto, California 94303, U S. A. 

Telephone (415) 494-6444 

New products 

Instruments 

Forgiving DMM 
sells for $169 

312-digit meter withstands 

1,000 Von voltage ranges, 

500 V on resistance 

Less than two months ago, Data 
Precision Corp. introduced a 31/2-
digit multimeter, the model 1750, 
for users who wanted everything 
[Electronics, Nov. 24, 1977, p. 144]. 
The company has followed through 
quickly with its model 1350, an inde-
pendently designed instrument that 
has fewer bells and whistles but is 
probably more forgiving to unsophis-
ticated users. 
The 1350 does not short-change 

users on accuracy and functions. It 
has the same basic dc accuracy 
(within 0.1%) as the 1750, which 
sells for $279, but its price is only 
$169 because it is aimed at a 
different market. Harold Goldberg, 
Data Precision president, empha-
sizes that the 1350 is for those "who 
may not be widely experienced in the 
world of digital multimeters." 
The 1350 measures de volts from 
± 100 millivolts full scale to 1,200 
and ac volts from 100 my full scale 

to a full 1,000 y rms. It measures 
resistance from both high (2.3-v) 
and low (300-mv) excitations from 
200 12 full scale to 20 MÇ1, and 
both dc and ac current from 200 µA 
full scale to 2 A. 

This workhorse instrument, as 
Goldberg describes it, is also de-
signed for extreme protection. It can 
withstand ± 1,200 y dc on any dc 
voltage range continuously without 
loss of calibration and survive a 
6,000-v spike on any voltage input 
for 500 nanoseconds without dam-
age. Further, any resistance range 
will take 500 y rms ac or dc contin-
uously with no calibration loss. 
The $169 price, which Goldberg 

says is about normal for instruments 
having ± 0.25% accuracy includes 
test leads, a spare fuse, a one-year 
warranty, an operator's and mainte-
nance manual, and certificate of 
conformance tracing its accuracy to 
NBS standards. Delivery is from 
stock. 
Data Precision Corp., Audubon Road, Wake-

field, Mass. 01880. Phone Robert Scheinfein 

at (617) 246-1600 [351] 

41/2-digit multimeter 

connects to IEEE bus 

A systems-oriented 41/2 -digit multi-
meter, the model 7344A, includes an 
interface for the IEEE-488 bus as a 
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Introducing Lear Siegler's 
Theory of Relativity. 

What goes in must come out. 
Lear Siegler, the manufacturer 

f world famous Video Display 
'erminals, now gives you hard-
opy. The proven dependability in 
he Dumb Terminar" and his 
;marter Brothers is built into the 
iewest family member — the 
3allisticTM Printer. 

Its reliability lies in the sim-
)licity of its patented Ballistic head, which 
as no moving cores attached to the wires. 
:nste,ad, it uses small "swatters" that propel 
he matrix wires. And it's designed in such 
I way as to eliminate tube clogging with inks, 
lust, and paper fibers. Even wire tip wear is 
mbstantially reduced. 

The Ballistic Printer prints bi-direction-
illy, at 180 cps, using a lead screw drive — 
iirect, simple, positive, and very accurate. 
:lone are clutches, gears, belts, return springs 
md cleshpots, along with the possibility of 
their malfunction or failure. Instead, a servo 
motor is used to move the head, providing 

mom 

Patented Ballistic' head_ 

.2.— —ell' 

substantially longer printer life. 
Add to this such features as 

fully buffered input. Optional 
interfaces: serial, RS232, Parallel, 
and Current Loop. And you can 
see why we believe our Ballistic 
Printer is one of the most versatile 
printers you can buy. 

And, of course, the Ballistic 
Printer plays well with Lear Siegler's entire 
line of Video Display Terminals. 

So if you require a matrix printer with 
reliability, you should take a close look 
at ours. 

You see, at Lear Siegler, we believe you 
should get out of your computer what you put 
into it. Relatively speaking, that is. 

Ballistic Printer. 
Because what goes in, must come out. 

11511 LEAR SIEGLER, INC. 
ELECTRONIC INSTRUMENTATION DIVISION 
DATA PRODUCTS 

Lear Siegler, Inc./E.I.D., Data Products, 714 Brookhurst Street, Anaheim, CA 92803; (800) 854-3805. In California (714) 774-1010. 
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The Integrated 
Backpanel 
System 

Here's an all-in-one backpanel featuring 
edgecard circuit connectors integrated with the 
p.c. backpanel for single and multiple board 
sandwiching. 

Versatile, reliable, economical U P.C. 
backplane design U Up to 8 layers of circuitry 
with sandwiched construction U Also available 
in multi-layer board U No external wiring or 
soldering U Press-fit, gas tight interfaces 
between contact and plated-through hole. 

COMMERCIAL 
VERSION: 
Unlimited choice 
of PC edgecard 
terminations. 
.100, .125, .150, 
.156 grid. 

[FA EMU -irEr..z INC. 
LIJJ NATIONAL CONNECTOR DIVISION 

MILITARY 
VERSION: 
blade & tuning 
fork; .100 grid; 
snap-in polarizing 
bushing; easy 
removing of 
housing and pins. 

9210 Sclence Ctr DrIve Mmneapolls MN 55428 6121533-3533 

I'm interested in FABRI-PAK E Commercial El Military 
Send literature III Call me E 

NAME AND TITLE   

COMPANY  

ADDRESS  

CITY  STATE ZIP  

PHONE  

New products 

IlliM1111111111== 
MM. 

standard feature. The 20,000-count 
autoranging DMM measures dc volt-
age, true-rms ac voltage, and resist-
ance. It has five dc-voltage ranges, 
from 200-mv full scale to 1,000 v. 
Maximum dc error is 0.02% of 
reading + 0.01% of full scale for six 
months. This excellent long-term-
accuracy specification is particularly 
important in a systems-oriented me-
ter, since it means reduced downtime 
for the entire system due to calibra-
tion. 
The instrument's true-rms con-

verter is a dc-coupled device that can 
handle almost any kind of wave-
shape. Crest factor is four at full 
scale, and frequency response ex-
tends out to 20 kHz. 

In its resistance-measuring mode, 
the 7344A offers six ranges with a 
maximum of 20 megohms full scale. 
All resistance ranges are protected 
against input voltages up to 350 
rms. The DMM sells for $945 and has 
a delivery time of 30 days. 
Systron-Donner Corp., Instrument Division, 
10 Systron Dr., Concord, Calif. 94518. 
Phone Dave Dunham at (415) 676-5000 
[353] 

Directional wattmeters work 

at ultrasonic frequencies 

Capable of measuring up to 200 w, 
two insertion power meters are 
particularly useful for setting up and 
matching ultrasonic transducers. 
The instruments can measure for-
ward and reverse power at the flick 
of a switch, and they need no tuning 
over their bandwidths of 35 kHz to 
15 MHz (model PM1001) and 5 kHz 
to 5 mHz (PM1002). Maximum 
reading error is 5% of full scale for 
sine waves. Nominal input and 
output impedances are 50 ohms. The 
meters measure 7.5 by 5.0 by 3.5 
inches and weigh 3 pounds. They sell 

200 Ci de 200 on reader service card Electronics/January 5, 1978 



SGS-ATES 
PNP RF PRODUCT !11GE 

The SGS-ATES range of silicon PNP devices for 
VHF/UHF offers the following specific advantages 
over well-established equivalent germanium types: 
very low noise figure 

SGS-ATES Semiconductor Corporation - 79. Massasoit Street - 
Waltham, MA 02154 - Tel: (617) 891-3710 • Telex 923495 WHA 

higher linearity with low cross modulation 
distortion 

higher power dissipation and maximum 
¡unction temperature 
higher stability and reliability even under 
extreme environmental conditions 

replaces germanium types directly pin-to-pin 

1 Devices Applications 

BF4795 Amplifier for PIN Diode tuner 
BF479 High current VHF UHF amplifier 
BF679 UHF AGO amplifier 
BF679M UHF mixer-oscillator 
BF6795 \N noise UHF AGO amplifier 
BF680 ixer oscillator 

< < > pa «Et pa e ±r , Equivalent 
g 0 g - o germanium 

LA- types 
E 
0 

25 50 1.3 8 10 15 3.5 0.8 AF379 
25 50 14 10 10 18 3.5 0.8 
35 30 1 3 10 15 3.5 0.8 AF279-AF367 
35 30 1 3 10 15 4 0.8 AF369 
35 30 1 10 16 3 .F279S 
35 280 AF369 

BFT95 Wide band amplifier up to 1.5 GHz 15 50 5 15 10 12 2 
BFT96 Medum-power amp. up to 1 5 GHz 15 100 5 50 10 10 4 

BFT9511 Wide band amplifier for hybrids 

BF324 VHF FM tuner 
BF414 VHF FM Low noise 
BF506 VHF mixer-oscillator 
BF509 VHF AGO amplifier 

35 30 0.4 1 10 - 3 0.1 
30 25 0.4 1 10 - 2 0.1 
35 30 0.4 1 10 17 2.5 0.2 AF106-AF306 
35 30 0.7 3 10 18 2 0.2 AF109 

BF272A UHF AGO amplifier 35 20 0.85 3 
BF316A UHF mixer oscillator 35 20 0.6 3 
BF516 RF general purpose 35 20 0.8 3 
BFR38 VHF-UHF amplifier 35 20 1 3 
BFR99 Low crcssmod VHF I r1-IF amplifier 25 50 2.3 10 

10 15 3.5 0.8 AF239 
10 12 5 0.8 AF139 AF240 
10 12 4 0.8 
10 14 3.5 08 AF239 
15 10 3.5 0.8 

1Package 
T plastic 

T plastic 
K 

Lead formed 
T plastic 

Representatives: ARMATEL. Toronto (Canada) BLACKBURN ASSOC.. Dallas TX • BOYLE ASSOC. Reston 
VA CERCO. San Diego CA C H NEWSON 8. ASSOC INC . Philadelphia PA DYNE-A-MARK CORP . Clearwater 
FL, Fl Lauderdale FL. Maitland FL FICOM INC . Englewood CO, Salt Lake City UT - FIAT ENGINEERING. Bell-
wood IL - GREINER ASSOC inic. Grosse Pointe Park MI HECHT. HENSCHEN 8. ASSOC . Phoenix AZ - IMTECH 
INC.. Cleveland OH, Dayton OH J-SQUARE MARKETING INC . Westbury NY KEBCO. Maryland Heights MO - 
LAFTRONICS MEG REP . Indianapolis IN LOFIEN F GREEN ASSOC . Minneapolis MN • MEXEL. Mexico (Mexico) 
NORTHMAR INC. Seattle WA REP INC.. Huntsville AL, Jefferson City TN. Tucker GA. Raleigh NC RICAL 

ASSOC . Santa Ana CA SF FOSTER CO. INC . Pompey NY. Webster NY SHAW-TECH INC . Mountain View 
CA • STONE COMPONENTS SALES. Needham MA Circle 201 on reader service card 



The first, accurate 
digital pyrometer 
that measures 
thermocouple and 
RTD ranges 

DIGITAL PYROMETER 

I -I I I I I ° I 
I ZI L 

11\ NEVVPORT MODEL 268 

WITH NEWPORT'S 
EXCLUSIVE POLYLOG 
LINEARIZER 
Patent applied for 

from $185 

Newport's Model 268 Digital Pyrometer gives you 12 optional bipolar 
ranges. It can be adapted to almost any application where temperature 
is measured. Power and signal inputs are attached to a convenient 
screw terminal barrier strip, while digital signals are handled through a 
PCB connector. 
OTHER OUTSTANDING FEATURES: 
• Large 13mm (1/2 inch) LED digits • Bipolar ranges in either °C or 
°F • Less than 0.3% error with five TC ranges • Platinum RTD 
ranges with less than 0.15% error • Reference junction mounted in 
barrier strip • 3 MV/count sensitivity • DIN standard case • Parallel 
BCD output standard • Open TC indication • 100/115/230VAC 
power (5VDC optional) • Lowest parts count for highest re-
liability • NMR 60dB • CMR 120dB • Options: Linearized analog 
output; 1 or 2 digital set point controller; Battery operation; Bench style 
case; orange LED 

Newport Labs 
630 East Young Street 
Santa Ana, California 92705 • 
Phone (714) 540-4914 
In Europe-Tele Amsterdam 20-452052 

IIINEWPORT 
Circle 202 on reader service card 

1977 Answer Book. 
It makes your job 
easier. $25. 
Who makes what? Over 4000 
products, more than 5000 
manufacturers with their local 
contracts and distributors, 
directory of trade names and 
catalogs, post-paid inquiry 
cards for 5-second ordering of 
current catalogs. 

Electronics Guide 
1221 Ave. of the Americas 
New York. N.Y. 10020 
Yes, send me a copy of The Answer Book. I've enclosed 
$25 (USA and Canada only, elsewhere send $35). 
Full money back guarantee if returned within 10 days. 
Name 

— — 1 

Company 

Street 

Lc"'  State Zip 

New products 

for $350. Delivery time is 30 days. 
Amplifier Research, 160 School House Rd., 
Souderton, Pa. 18964. [354] 

3-MHz function generator 

sells for only $245 

The model 1000 function generator 
covers the frequency range from 
0.2 Hz to 3 MHz and sells for only 
$245. The instrument produces sine, 
square, and triangular waveforms 
with amplitudes adjustable from 5 
millivolts peak to peak to 20 y p-p. 
Distortion typically will not exceed 
0.25%. The frequency setting of the 
model 1000 can be determined by 
front-panel controls or by an exter-
nal voltage. In addition, the unit 
generates a dc output voltage pro-
portional to its frequency setting. 
For application to transistor-tran-
sistor-logic circuits, the generator 
has a Tm-compatible output with 
rise and fall times of 15 nanosec-
onds. 
Krohn-Hite Corp., Avon Industrial Park/Bod-
well Street, Avon, Mass. 02322 [356] 

Sweep function generator 

runs on ac or batteries 

The model 117 sweep function 
generator is a 200-kHz instrument 
that can be powered by the ac line or 
by an internal rechargeable battery 
that allows it to operate for 8 hours. 
This truly portable generator pro-
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SGS-ATES Semiconductor Cor ration - 79. Massasoit Street - 

SPUMES 
NPN RF PRODUCT RANGE 

M5391 I Eb r577771Luory MIL] twur19 
NPN silicon transistor , as shlt in the following 
table. Some of these products, which are 
intended for well-established solutions, are second 
sourced by SGS-ATES. In addition, constant 
research and development provide a steady flow 
of new products for new and more sophisticated 
applications. The latest of these new products 
is the BFW 94 for ultralinear wide band 
applications up to 1.5 GHz. 

Devices Applications 

;6.,j 2 Ql 

o 

co 2 03 o is, Package 
m o t) 1 1 

1 

BFW92 Wide band amplifier 25 15 50 16 25 5 16 4 0. 5 T plastic 
BFR90 Wide band amplifier up to 1.5 GHz 20 15 25 5 14 10 19.5 2.4 0.5 
BFR90A Wide band amplifier up to 1.5 GHz 20 15 25 5 14 10 13.5 2.2 1 
BFR91 Wide band amplifier up to 1.5 GHz 15 12 50 5 30 5 16.5 2 0.5 
BFR96* Medium power amplifier up to 1.5 GHz 20 15 100 5 50 10 16 3.3 0.5 

BFW94 Ultralinear wide band amplifier 25 20 200 3 80 7.5 14 5 0.5 4Ieads, plastic, 

'Available  in 1977 

BFR36 Ultralinear CATV-MATV output 40 30 200 1.4 70 15 16 4 0.2 TO 39 
BFW16A Ultralinear CATV-MATV output 40 25 200 14 70 15 16 5 0.2 
BFW17A Ultralinear CATV-MATV output 40 25 200 1.3 70 15 16 6 0.2 
2N3866 VHF-UHF power amplifier and oscillator 55 30 500 1 50 15 10 - 0.4 
2114427 VHF UHF power amplifier and oscillator 40 20 500 1 50 15 
2115109 Ultralinear CATV-MATV output 40 20 200 1.3 50 15 16 3 0.2 

BFX89 Wide band amplifier 
BFY90 Wide band amplifier 
211918 Amplifier and oscillator 
2112857 VHF UHF amplifier 
2113600 VHF amplifier 
2N3839 Low noise UHF VHF 
2115179 E- .e u.ije . 

30 15 50 1 2 25 5 12 6.5 0.5 TO 72 
30 15 50 14 25 5 13 5 0.5 
30 15 50 0.8 4 10 21 5 0.2 
30 15 50 1.2 5 6 16 3.8 0.45 
30 15 50 1 5 6 22 4 0.2 
30 15 50 1.4 5 6 17 3 0.45 

6 2 

Representatives: ARMATEL. Toronto (Canada) - BLACKBURN ASSOC.. Dallas TX - BOYLE ASSOC.. Reston 
VA • CERCO. San Diego CA • CH NEWSON & ASSOC INC. Philadelphia PA - DYNE-A-MARK CORP.. Clearwater 
FL, Ft Lauderdale FL, Maitland FL ELCOM INC. Englewood CO, Salt Lake City UT FIAT ENGINEERING. Bell-
wood IL - GREINER ASSOC INC . Grosse Pointe Park MI HECHT, HENSCHEN & ASSOC . Phoenix AZ • IMTECH 
INC:. Cleveland OH. Dayton OH J-SQUARE MARKETING INC . Westbury NY - KEBCO. Maryland Heights MO - 
LATTRONICS MFG REP . Indianapolis IN LOREN F GREEN ASSOC . Minneapolis MN - MEXEL. Mexico (Mexico) 
• NORTHMAR INC. Seattle WA REP INC. Huntsville AL, Jet ferson City TN, Tucker GA, Raleigh NC - RICAL 
ASSOC. Santa Ana CA • SF FOSTER CO. INC. P y NY, Webster NY - SHAW-TECH INC. Mountain View 
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Fast, On-the-Spot Analysis of 
Distortion, Frequency Response and 
Very Low Frequency Audio Spectra 

e 

The first truly portable, complete FFT 
Spectrum Analyzer—our new SD340—is 
a "smart" instrument that does a lot of 
your work for you. It's microprocessor-
based, but you don't have to be a com-
puter expert to use it effectively in de-
signing, testing and trouble-shooting. 
You can read out broadband and nar-
rowband (analyzed) levels in engineer-
ing units—volts, dBV, dBM, Hz. The flick 
of one toggle expands any spectrum 
area five times to full CRT width for de-
tailed study. Use it to study filter shapes 
...isolate harmonic terms...measure 
distortion levels...check channel-to-
channel crosstalk and noise pickup. 

The SD340 is equally at home with 
the R&D engineer and with the techni-
cian in production checkout or trouble-

shooting. Its simplicity, its versatility 
—plus being the lowest priced FFT 
Spectrum Analyzer on the market— 
makes the spectrum analyzer as practi-
cal and indispensable a measuring tool 
as the universally used oscilloscope. 
Check these hard facts... 
V 400-line resolution 
V 0.25 Hz to 20 kHz analysis 
V 0-100 Hz to 0-20 kHz analysis 

ranges 
V 60 dB dynamic range 
V FF7' operation; all-digital stability 
V Micro-processor based 
V Built-in averaging 
V Completely portable: only 30 lbs. 

with carrying case 
Send for complete information and 
specifications. 

Spectral Dynamics Corporation 
OF SAN DIEGO 

P 0 Bo ,, 671 San Diego, Calif. 92112 (714) 565-8211. TWX 910-335-2022 

MODEL 50340 40* MICROFFT ANALYZER 

,..-- ANALYSIS ---

MODE 

NORMAI 

AZOZ 

GM. eon 

lb—. 

DIGPLAI. 

CAL 

MOOG 

AVG 

111 

SPECTRAL DYNAMICS CORPORATION 

•,,401M, 

Circle 204 on reader service card 

The magazine 
you're reading now, 
could be your own. 
Drop off the routing list. Get your own fresh, unclipped copy mailed 
to your home or office. Turn to the subscription card in the back of 
the magazine. If somebody has beat you to it, write: Electronics, 
P.O. Box 430, Hightstown, N.J. 08520. 

New products 

duces sine, square, triangle, ramp, 
and pulse outputs, with the main 
output variable up to 15 y peak to 
peak into an open circuit and 7.5 
p-p into 600 ohms. Both linear and 
logarithmic sweeps are provided. 
Supplied complete with battery and 
charger, the model 117 sells for only 
$250. Delivery time is two weeks. 
Exact Electronics Inc., 455 S. E. 2nd Ave., 
Hillsboro, Ore. 97123. Phone (503) 648-

6661 [355] 

X-Y recorders use 

capacitance transducers 

Instead of employing a slidewire or 
potentiomenter as a position-feed-
back element in their latest series of 
X-Y recorders, engineers at Houston 
Instrument used the company's pat-
ented capacitance transducer. As a 
result, units in the 100 series of 
Omnigraphic recorders are claimed 
to have lifetimes several orders of 
magnitude greater than those of 
other X-Y recorders. Prices for the 
modular units begin at $895 for a 
bare-bones instrument and go up to 
$1,275 for a full-blown machine. 
Houston Instrument Division of Bausch & 

Lomb, One Houston Square, Austin, Texas 
78753. Phone (512) 837-2820 [357] 
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SGS-ATES Semiconductor Corporation - 79. Massasolt Street - 
Waltham, MA 02154 - Tel (617) 891-3710 - Telex 923495 WH A 

SGS-ATES 
RF COMPLEMENTARY PAIRS 

SGSA TES experience in RE silicon technology 
enables electronic circuit designers to employ 
optimally matched complementary NPI\VIDNP 
devices, reducing the number of inductors and 
transformers in the RF amplifier stage and 
allowing advanced solutions in UHF and microwave 
applications: crossmodulation and second order 
intermodulation products are minimized to meet 
the requirements of today's CATV/MATV systems. 

PlsJP NPN 

BFR99 BFY90 

BFT95 BFR90 
BFR90/1 
BFR91 

BFT96 BFR96 

Applications 

Low noise VHF-UHF 
wide band amplifier 

Low noise wide bond amplifier 
up to 1.5 GHz 

Driver or output stage for 
wide band amp. up to 1.5 GHz 

The chart fT 
shows that (GHz) 
the SOS-ATES 
range of 
complementary RF 5 
transistors can 
cover all 
MATV CATV and 
telecommunications 
applications. 4 

PNP 

NPN 

3 

2 

Package 

TO 72 

T plastic 

cî -) 

NF 
(dB) 

4 

3 

2 

BFR90 
BFR99 BFR90A 

SFY90 
BFT95 

, 

100 1000 F(MHz1 

1U 100 IC (MA) 

BFT95 BFR90 IFR91 BFT96 BFR96 

/ 

BFW94 

_BFY90 
BFW92 

BFR99 BFW16A 
BFR36 

Representatives: ARMATEL. Toronto (Canada) • BLACKBURN ASSOC. Dallas TX BOYLE ASSOC. Reston 
VA CERCO. San Diego CA C H NEWSON 8, ASSOC INC . Philadelphia PA - DYNE•AiMARK CORP . Clearwater 
FL. Ft Lauderdale FL. Maitland FL • ELCOM INC . Englewood CO, Salt Lake City UT - FIAT ENGINEERING. Bell-
wood IL - GREINER ASSOC INC . Grosse Pointe Park MI HECHT. HENSCHEN & ASSOC. Phoenix AZ • IMTECH 
INC. Cleveland OH. Dayton OH J-SOUARE MARKETING INC. Westbury NY - KEBCO, Maryland Heights MO 
LATTRONICS MFG REP. Indianapolis IN - LOREN F GREEN ASSOC . Minneapolis MN MEXEL. Mexico (Mexico) 
NORTHMAR INC.. Seattle WA REP INC. Huntsville AL. Jefferson City TN, Tucker GA, Raleigh NC - RICAL 

ASSOC. Santa Ana CA - SF FOSTER CO. INC. Pompey NY, Webster NY - SHAW-TECH INC. Mountain View 
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4K STATIC 
RAM RACE 

In a world of claims and counter-
claims, one thing is clear. EMM 
SEMI is still in the lead. Of course, 
we not only had a healthy head 
start, but we field a whole family of 
4K static RAMs. 

We delivered the industry's first 
4K static RAM in 1975, a full year 
and a half before anyone else. We 
are now delivering 7 basic static 
RAM types with many versions 

of each, and producing them at a 
greater monthly rate than our 
nearest competitors combined. 

By now we have more 4K static 
RAMs operating in a wider range of 
customer equipment than anyone 
else in the semiconductor memory 
business — from 10 Megabyte iBM 
add-on memory systems to hobbyist 
microprocessor kits. 

Whatever your application, from 
mass storage to telecommunica-
tions, from medical electronics to 
toys and games, chances are there's 
an EMM SEMI static RAM just 
right for you. Please call or write 
today for full details — and ask 
about our byte oriented RAMs, too. 

Memory at work EMI SEMI, inc. 
a subsidiary of Electronic Memories & Magnetics Corporation • 3883 N. 28th Avenue, Phoenix, Arizona 85107 • (602) 263-0202 
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Switch to the LICON® 
LPB line...a spur 

to your imagination! 
Your design ideas really will 
track better when you keep 
Licon LPB's in mind. With 
Licon's vast array of choices 
and options you're sure To find 
the switch you need quickly, 
save design time, and avoid 
frustration. 

Take our Series 05 LPB's for 
example. These economical 
lighted or non-lighted low-
level switching devices are 
available in seven lens cap 
colors, plus clear. Centrally-
located red, yellow or green 
LED display, too. Excellent 
illumination with LED's or 
inexpensive T 13/4  wedge base 
lamps. Fits .625 panel cutout. 
Single or double pole versions. 
Unitized housing and 
mounting latches. Bifurcated 
contacts with long wipe. Good 
tactile feedback. U.L. listed. 
Wide application range. Ideal 

© Illinois Tool Works Inc. 1976 

for low energy digital 
electronics switching. 

Our Series 06 LPB's feature 
Licon's ultra-reliable double-
break Butterfly switches. One 
or two-lamp illumination. Over 
200 display options. One light 
full screen. Two-light vertical 
split, horizontal split, or full-
screen illumination. Solid 
color, projected color, 
insertable legend or hidden 
display. Use standard T 13/4  
flange base lamps. Fits .70 x 
.920 panel cutout. U.L. listed, 
C.S.A. certified. and meets 
3 mm terminal spacing 
requirements. Wide 

application range. Both Series 
05 and 06 LPB's have standard 
PC or .110 quick-connect 
terminals. 

Many other brilliant choices 
available in our amazing array 
of lighted and unlighted 
switches. Switch to us for best 
answers. Call or write for our 
Licon Switch Catalog: Licon, 
6615 West Irving Park Road, 
Chicago, Illinois 60634. 
Phone (312) 282-4040. 
TWX 910-221-0275. 

Rn LICON 
A DIVISION OF ILLINOIS TOOL WORKS INC 
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YOU ARE LOOKING FOR 
THE MOST CONFORMABLE GLASS BULBS 

WITH YOUR CRTs. 

Glass Bulbs for 

Fiber Optics CRT's, Oscilloscope Tubes 

TV Picture Tubes, TV Camera View Finders, 

Display, Monitor and Radar Tubes. 
An example of our glass bulb products: 

.1) 1.5" 40130 
(I) 2" 36°134 

(1) 2.5" 40°204 

®3" 50°130 

® 3" 50°20çb 

® 3" 40°204 

,7) 4" 50 130 

e) 4.5" 55 204 

®5" 70°200 

6" 70°200 

(Ip 7" 90°200 

1Z 8" 110°200 

13)9" 90'200 

9" 90'294 

SIBASON 

J 

1b 10" 90 200 

le 3.5" rectangular 
410 Oscilloscope 

lb 4" rectangular 
410 Oscilloscope 

5" rectangular 

514 Oscilloscope 

19 3" round 360 & 410 

20 5" round 360, 410 & 510 

21 7.2" round 5036çb 

22 10" round 360 

23 9.5" 110" 290 display 

23 10" 90'290 display 

24 12" 70°290 display 

13" 68°360 display 

É 15" 110° 290 display 

28 15" 90°360 display 

29 10" 55°360 Fiber Optics 

30 13" 55°360 Fiber Optics 

#17" 55°360 Fiber Optics 

# 5" round Funnel for SP 

Surely, SIBASON can assist your CRTs development 
with our high level skills. 

For Further information WRITE FOR OUR CATALOGUE 

SIBASON COMPANY LIMITED 
(OLD FIRM NAME: SHIS.ATA SONY GLASS CO., LTD.)  

A member of the SONYR GROUP 

ADDRESS: No.1 Nakane-cho, SOKA, SAITAMA PREF., JAPAN. 
CABLE: SIBASON SOKA SAITAMA 
TELEX: 2972067 SIBSON J PHONE: 0489-31-9111 
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Micro 
Low-cost, hermetically-sealed metal ceramic packaged 

microwave transistors. 
Made with the same platinum-silicide/titanium/platinum gold 

metallization process used for hi-rel space applications. 
Excellent performance. 
Reliability data available on these rugged components. 
From NEC. And California Eastern Labs. 

Typical Electrical 
Characteristics (Ta = 25°C) NE02135 NE21935 NE22235 NE57835 NE73435 NE88935(PNP) UNIT 

Characteristic Symbol TYP TYP TYP TYP TYP TYP 

Collector Cut-off Current Ice( ) 0.1 1.0 0.1 0.1 0.1 0.1 pA 

Emitter Cut-off Current IEB( ) 0.1 1.0 0.1 0.1 0.1 0.1 µA 

DC Forward Current Gain hFE 70 80 80 100 80 80 

Gain Bandwidth Product fT 4.5 8.5 8.0 6.0 3.0 4.0 GHz 

Collector to Base 
Capacitance CCB 0.6 0.6 0.3 0.3 .55 0.9 PF 

Insertion Power Gain IS21e1 2 6.5 9.0 4.0 9.0 16.0 10.2 dB 

Noise Figure NF 2.7 2.3 3.5 2.7 2.1 4.2 dB 

Maximum Available 
Power Gain MAG 12.0 13.0 8.0 12.0 18.0 12.0 dB 

Frequency for NE MAG 
and ISziel 2 Measurement f 2.0 2.0 4.0 2.0 0.5 1.0 GHz 

Price e 1K* »ter $5.75 $10.00 $2.75 $1035" $2.10 

*US Domestic 'et/. 76  s' 7.6 

NEC microwave semiconductors 
California Eastern Laboratories, Inc. 
Exclusive sales agent for Nippon Electric Co., Ltd. Senitcoliductor Products ti S A III Canada E Etiropu 

U.S. Headquarters and Warehouse L;aiitorrila Listerri Laboratories, Inc, One Edwards Court-PO. Box 915, Burlingame, CA 94010, (415) 
342J744 • Eastern Office - California Eastern Laboratories, Inc.. 3 New England Executive Park, Burlington, MA 01803, (617) 272-2300 • South-
west Office -California Eastern Laboratories, Inc., 1236 North Brown Ave., Scottsdale, AZ 85251, (602) 945-1381 • European Headquarters and 
Warehouse - - California Eastern Laboratories, International, B V, Havenstraat 8a- Postbus 1258, Zaandam, Nederland, 075-169740 • Southern 
California Office- California Eastern Laboratories, Inc., 2182 Dupont-Suite et9, Irvine, CA 92715, (714) 752-1665 
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AC POWER 
PROBLEMS? 

voltage 
frequency 

phase 
current 

LOGITEK Power Monitors 
are used where electrical 
systems must be de-ener-
gized, loads shed or alarm 
devices activated when any 
power line characteristic 
varies above or below nor-
mal pre-specified limits. 

SPECIFICATIONS: 

ACCURACY: -± 0.1%, 1%, 5% 
TEMPERATURE: —55°C to +125°C 

—10° to +70°C 
INPUT VOLTAGE: 115/220/440 VAC 

50/60/400 Hz 
Delta/WYE 

CONTACTS: 2 Amps, 10 Amps. 

Also Available 
VOLTAGE MONITORS 

FREQUENCY MONITORS 
PHASE MONITORS 

CURRENT MONITORS 

TIME DELAY RELAYS 
INTERVAL TIMERS 

ENERGY MANAGEMENT 
SYSTEMS 

OK 

WRITE OR PHONE 
FOR LITERATURE 

516-694-3080 

LOGITEK INC. 
42 CENTRAL AVENUE 

FARMINGDALE, N.Y. 11735 
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New products 

Data handling 

I/O boards ready 
for LSI-11/2 

Data Translation develops 

seven subsystems for 

new microcomputer 

It is less than two months since 
Digital Equipment Corp. unveiled 
the LSI-11/2 [Electronics, Nov. 24, 
1977, p. 50], but Data Translation 
Inc. already has a family of analog 
input/output subsystems in the 
works for DEC'S second-generation 
microcomputer. The fast-reacting 
company's DT2760 series of seven 
boards includes four analog boards 
(available off the shelf or within 60 
days), and three digital boards 
(scheduled to start delivery in 
March). 
Data Translation officials have 

been aware for some time that the 
half-size LSI-11 was coming from 
DEC, but president Fred Molinari 
says that, in addition, his company 
was able to react quickly because it 
has standardized on the data-acqui-
sition module: the same one will fit 
any of the wide variety of microcom-
puter analog I/O subsystems that the 
firm offers. Paul Severino, vice presi-
dent for engineering, says that the 
isolated digital 1/0 board in the 
series is the first such subsystem he 
is aware of for the LSI-11 family. 
He notes, too, that the DT2760 
series will function with the original 
LSI-11, as well as with the new 
version. 
One of the boards, the DT2762, is 

a high-level data-acquisition subsys-
tem offering 16 channels single-
ended or eight differential channels, 
accommodating signals from 0 to 10 
volts and ± 10 V. It has a differential 
amplifier, sample-and-hold ampli-
fier, a 12-bit analog-to-digital con-
verter, a dc-dc converter allowing all 
components to use the + 5-v micro-
computer bus power, and a standard 
interface that is compatible with DEC 
software and offers both pro-

grammed 1/0 and interrupt opera-
tion. The price is $695 for one, or 
$495 in quantities of 50 or more. 
The low-level data-acquisition 

subsystem, the DT2764, handles 
signals from 10 millivolts to 10 v, 
and has the same features as the 
2762. It also has a gain-selectable 
instrumentation amplifier. The unit 
price is $795 ($595 for 50 or more). 
The two analog output subsystems 

are designated the DT2766 and 
DT2767. Both are four-channel d-a 
converter subsystems that also offer 
four digital outputs. The only func-
tional difference between them is 
that the 2766 has 12-bit resolution 
and the 2767 offers 8-bit resolution. 
The prices are $695 ($495 for 50 or 
more) and $495 ($295 in quantity), 
respectively, and both can be de-
livered off the shelf. 

Severino is especially enthusiastic 
about the DT2768 — the isolated dig-
ital I/O subsystem. He has added an 
event counter to the board that 
should make it attractive for lab and 
industrial users who neither need nor 
want to pay several hundred dollars 
for a real-time clock board. The 
DT2768 provides 300-v optical iso-
lation for 16 digital inputs and 16 
digital outputs. "A lot of people in 
the digital world want isolation," 
Severino says, "because there are a 
lot of 110-v signals running around 
in factories that could cause them 
real problems." Data Translation 
will also offer an optional signal-
conditioning strip with this subsys-
tem that will allow the microcom-
puter to drive standard 110-v line 
voltage. The strip contains isolated 
solid-state relays. The DT2768 is 
priced at $695 singly ($495 for 50 or 
more). 
The remaining boards are the 

DT2769 real-time clock subsystem 
and the DT2770 IEEE interface 
board. The clock/counter subsystem 
is fully programmable, provides a 
means for determining time intervals 
or counting events, and can be used 
to interrupt the central processing 
unit at predetermined time intervals. 
It will sell for $575 ($375 in quanti-
ty). The DT2770 offers a complete 
interface from the microcomputer 
bus to the IEEE standard 488 instru-
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If you think 
large ATE is the only way 
to test PC cards, 
hybrids, logic arrays, 
memories or microprocessors, 
you're wrong. 

We'll 
show 

For the kind of money 
you have available to spend, 
you're lucky to get "lduged-
up" test equipment to look, 

ou verify and/ • or analyze 
adequately, right? Sure you'd like a programmable, 
multi-channel generator that stimulates and energizes 
digital circuitry. But you're not about to lay out a hundred 
grand-plus for a complex ATE system, either. Right? 

Interface Technology is going to show you. 
We'll show you a self-contained, low-cost, small 

digital signal generator/test system for $10,000 and 
up. A multi-channel microprocessor-controlled data 
and timing generator that's programmable with only 
16 instructions. A general purpose tester that can gen-
erate and record large amounts of digital data; that's 
interactive, can respond to external stimuli, and make 

decisions. A benchtop instrument that can be used 
rack-mounted as part of a computer-driven system, 
or as the core of a low-cost stand-alone digital test 
system. 

We'll show you how our multi-channel program-
mable digital signal generator/test systems can lower 
engineering development time, and get your product 
out sooner_ 

We'll show you how much they can save you on 
the recurring costs of developing new test equipment 
and extra hardware. It's been working for Hughes, 
General Dynamics and Rockwell, and it can work for 
people like you. 

We'll put the whole show on the road, and dem-
onstrate these systems in person. And all you have to 
do is call collect: (213) 966-1718. Or write us at the 
address below. We'll show you how wrong you've 
been about digital circuit testing. 

interface 
TECHNOLOGY 

852 North Cummings Road • Covina, California 91724 • (213) 966-1718 
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FEATURE ARTICLES FROM ELECTRONICS 
AVAILABLE IN REPRINT FORM 

No of 
copies 
wanted New reprints 
_  R-718 Display makers strive to refine 

their technologies 8 pp $3.00 
_ R-716 Special report -Japanese wave 

in semiconductor technology 24 
pp $3.00 

_R-714 Special report-active filter 

technology 6 pp $3.00 
_R-713 Electron-beam lithography. 

draws fine line 10 pp $3.00 
_ R-712 Special report -large-scale inte-

gration 16 pp $3.00 

_ R-710 Personal computers mean busi-
ness 8 pp $2.00 

 R-708 So you want to be a consultant 
6 pp $2.00 

 R-706 Low-cost dual delayed sweep 
method 6 pp $2.00 

 R-705 Powering up with linear ICs 12 
pp $3.00 

_R-703 Special report -memories 
16 pp $3.00 

 R-702 World market report 1977 24 pp 
$4.00 

_ R-616 Special issue-technology up-
date $4.00 

_ R-614 Power supply choices for so-
phisticated designs 8 pp $3.00 

R-612 Fiber-optic communications 
special report 24 pp $3.00 

_ R-610 Special report on hybrid-circuit 
technology 19 pp $3.00 

_ R-606 Special issue-microprocessors 
$4.00 

_ R-526 How reliable are today's compo-

nents 16 pp $3.00 

Books 
_ R-711 Circuits for electronics engi-

neers: 306 circuits in 51 func-
tional groups-Electronics Book 
Series $15.95 

_ R-704 Thermal design in electronics 
$5.00 

_ R-701 Applying microprocessors-
Electronics Book Series $9.95 

_ R-608 Basics of Data Communica-
tions-Electronics Book Series 
$12.95 

_ R-602 Large Scale Integration-Elec-

tronics Book Series $9.95 
_ R-520 Microprocessors- Electronics 

Book Series $8.95 

_ R-011 Computer-aided Design 135 pp 
$4.00 

 R-032 Active Filters 88 pp $4.00 

Charts 
_ R-516 Electronic symbols $2.00 
_ R-213 Electromagnetic spectrum (up-

dated 1976) $3.00 
 R-326 Optical spectrum (6-page report 

and chart) $3.00 

Payment must 
accompany your order 

Make check or money order payable to Elec-
tronics Reprints. All orders are shipped 
prepaid by parcel post. Allow two to three 
weeks for delivery. For additional information 
call (609) 448-1700 ext 5494 

Back issues now available: 
1960 to 1969, $5.00 each 
1970 to 1973, $3.00 each 
1974 to 1976, $4.00 each 

Mail your order to: 
Janice Austin 
ELECTRONICS REPRINTS 
P.O Box 669 
Hightstown, N.J. 08520 

DIGITAL SWITCHES BY ECO 
THUMBWHEEL SWITCHES 

flEW... 8mm WIDE 1800 SERIES 
Slim-only .315" (8mm) wide with 
large .234" high characters. Assem-
blies snap into panels; no tools or 
screw holes required. All popular 
codes. P.C. Board Termination. Front 
mount. 

1776 and 
1976 SERIES 
1776 series, miniature .500" wide thumbwheel switches 
offers a selection of over 50 codes, and plastic window 
dust seal protection. 1976 is a slimmer .350" wide switch 
with the same advantages. Options include Fast-Mount 

Hardware, lighting, RFI shielding, stops to limit rotation 
and notched terminals for direct P.C. Board mounting. 

PRINTED CIRCUIT BOARD SWITCHES 

Binary coded dip switch. 
Solder directly to circuit 
boards or plug into one-
half of a 14-pin socket. 10 
and 16-positions, screw-
driver setting. 

STRIPSWITCHES 

Positive wiping SPST 
gold contacts give tease-
proof reliability. Dust-free 
design, improved legibil-
ity and rocker-locking de-
vice. 2-10 stations. 

Series 21 and 2500 stripswitches mount directly on printed 
circuit boards. Available in BCD, decimal and other 

popular 10 and 16-position codes. Screwdriver, thumb-
wheel and extended knob setting models are available. 

One Year Warranty! 
EECO 

*FREE 
8-Page Full Color Product Guide 

1441 East Chestnut Avenue • Santa Ana, California 92701 • Phone: (714) 835-6000 • TWX 910-595-1550 • Telex 67-8420 

Distributed in U.S. by Marshall Industries, Hall-Mark and Schweber. In Canada by R.A.E and Penryn. Agents Throughout The World. 
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CURRENT MONITORS 
With our monitor and your oscil-
loscope, read fast pulsed cur-
rents (nsec to millisec) of any 
conductor. Prices range from $66 
to $286 for standard, in-stock 
models. Sensitivities from 1 V/A 
to .01 V/A; no physical connec-
tion required; readings without 
ground loops; BNC standard; 
specials upon request. 

For further information write 
or call: Ion Physics Company, 
P.O. Box 416, Burlington, Mass. 
01803. Tel. 617-272-2800. 

(ID ION PHYSICS COMPANY 

Circle 76 on reader service card 

FILCOGINIT[H° 
pin programming 
matrix 

&.\ 

U.S.A.'s first true miniature cross-bar 

switch with provisions for 100 program 

selections on a 10 x 10 matrix. Designed 
for PC board mounting in standard 0.1" 

grid centers. Contains all gold plated con-
tact surfaces for dependable logic and 
signal level circuit connections. Provides 

a variety of programming, encoding and 

signal routing applications. AMX-1010 is 
available for immediate delivery. One to 

24 lot price is $19.95 including ten gold 
plated 'shorting pins. Use singly, in mul-

tiples or we will customize to meet your 
needs. For ordering and additional in-

formation, call (617) 685-4371. 

FILM. wcireç.....1.F.Ls,:..,45: . . 

New products 

ment bus. It can drive cable 20 
meters long with as many as 15 
devices attached. It is priced at $750. 
Data Translation Inc., 4 Strathmore Rd., 

Natick, Mass. 01760. [361] 

Computer-recorder interface 

has 20-MHz digitizing rate 

The series CRI computer-recorder 
interface is essentially a high-speed 
analog-to-digital converter with 
memory. With its standard digi-
tizing rate of 20 fv1112 and its memory 
capacity of 1.44 million words, the 
7-bit unit accepts analog input data 
from any wide-band receiver or tape 
recorder and delivers a lower-rate 
digital data stream to any computer, 
minicomputer, or digital tape trans-
port or disk. The CRI will interface 
with any 8-bit or 16-bit computer. 
American Electronic Laboratories Inc., M/S 

1122, P. O. Box 552, Lansdale, Pa. 19446 

[366] 

Dot-matrix impact unit 

prints 120 characters/second 

Designed for use in both minicom-
puter and microcomputer systems, 
the Integral Impact is a dot-matrix 
impact printer that can bang out up 
to 120 characters per second. The 
unit, which can print up to 132 char-
acters per line, can also operate in an 
enhanced mode in which it produces 
double-width characters. Other stan-
dard features include RS-232 and 
current-loop serial interfaces and 
selectable character and line sizes. 
In small quantities, the Integral 
Impact sells for $745. 
Integral Data Systems Inc., 5 Bridge St., 

Watertown, Mass. 02172 [367] 

Impact printer has head life 

of 100 million characters 

Series 500 printers are 40-column, 
dot-matrix devices whose printing 
heads have a guaranteed continuous-
duty life of 100 million characters 

We'll 
show you: 
PACIFIC COAST 
Ward/Davis Associates 
Lawndale, CA 213-542-7740 
La Jolla, CA 714-459-3351 
Sunnyvale, CA 408-245-3700 

MID-ATLANTIC 
Eastern Instrumentation of 
New York 
Englewood, NJ 201-567-9505 
Eastern Instrumentation of 
Philadelphia 
Philadelphia, PA 215-927-7777 
Naco Electronics 
Syracuse, NY 315-699-2651 
Utica, NY 315-732-1801 
Fairport, NY 716-223-4490 
Creative Marketing Associates 
McLean, VA 703-893-6612 

ROCKIES/SOUTHWEST 
BFA Corporation of Arizona 
Scottsdale, AZ 602-994-5400 
Denver, CO 303-837-1247 
Albuquerque, NM 505-292-1212 
Las Cruces, NM 505-523-0601 
Salt Lake City, UT 801-466-6522 

NEW ENGLAND 
Instrument Dynamics 
Wakefield, MA 617-245-5100 

SOUTH CENTRAL 
Data Marketing Associates 
Houston, TX 713-780-2511 
Dallas, TX 214-661-0300 
San Antonio, TX 512-828-0937 
Austin, TX 512-451-5174 
Norman, OK 405-364-8320 

MIDWEST 
Carter Electronics, Inc. 
Minneapolis, MN 612-559-1976 
Chicago, IL 312-585-5485 
Indianapolis, IN 317-293-0696 
Milwaukee, WI 414-464-5555 
St. Louis, MO 314-569-1406 
Overland Park, KS 913-649-6996 

interface 
TECHNOLOGY 
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• 
Instant 

.„ I Modulation 
>wean, NSTRI*4•M 1,0 

r.4 

Just Plug-in and Read... 
The low cost AM/ FM Modulation Meter mi 2304 
Tunes . . . Levels . . . Automatically . . . and Presents 
the Read-out Within 2 Seconds! Ideal for Mobile Radio 
Production and Maintenance. Covers All Bands Thru 
960 MHz. 

. MARCONI 
INSTRUMENTS 

100 STONEHuRS1 NORTHVALE. NEW JERSEY 07647 

TELEPHONE ,, ,•7250 • TWO 710 991-9752 
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eZ,  
MUM® 
CABLE TIES 
Fast, Economical Harnessing 
• The preferred OEM line. Proven design; quality engineered 

for highest performance. 
• Most complete line of sizes, styles and colors. For bundles 

up to 12" dia. 
• Quickly installed by hand or with PANDUIT® tools. 

Wide range of mounting accessories. 
• Versatile, strong —100% nylon; up to 250 lbs. 

loop tensile strength. 
• Applicable sizes U.L. recognized. 

Military approved. 

FREE 
SAMPLES 

Sold through 
Authorized 
Distributors 

Tinley Park, III 60477 Phone: (312) 532-1800 
in Canada: Panduit (Canada) Limited 

New products 

and whose entire mechanism has an 
MCBF (mean cycles before failure) 
rating of 5 million lines. The print-
ers, which are manufactured in 
Japan by Shinshu-Seiki, are in-
tended for use in point-of-sale termi-
nals, recording instrumentation, and 
similar equipment. Printing speed is 
2.5 lines per second, size is 175 by 
146.5 by 112.5 mm, and weight is 
2.5 kg. Samples sell for $210 each. 
C. Itoh Electronics Inc., 280 Park Ave., New 
York, N. Y. 10017. Phone Floyd Makstein or 
Hans Weck at (212) 682-0420 [363] 

Cassette tape drive 

stores 2.88 megabits 

A modular, self-contained cassette 
tape drive that provides up to 2.88 
megabits of storage uses industry-
standard cassette tape with biphase 
level recording. The drive, which is 
intended for use with Epic Data's 
1647 series of fixed data collection 
terminals, plugs into the terminals 
and allows them to store data 
without any auxiliary equipment. 

Standard speeds include reading 
and writing at 10 inches per second, 
fast-forward movement and rewind-
ing at 80 in./s, and search speeds 
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13 ways to reduce waste from slice to circuit. 
All with Zeiss optics. 

Zeiss has a lucky 13 microscopes for the electronics industry, 
and a new brochure that describes them. Between its covers 
you'll find money-saving, waste-cutting applications described 
for every step from slice to circuit. 

The microscopes range in size from the small, economical 
Standard T for the daily routine of the production line to the 
Novascan 30 Scanning Electron Microscope. 

Along the way you'll find such unique instruments as the 
revolutionary Axiomat that sets new standards of stability and 
image quality for microscopes, and the Light-Section Micro-
scope that cuts a profile, non-destructively. 

Optics and versatility 

Two invaluable characteristics distinguish all Zeiss micro-
scopes, large and small: 

1. superior performance of Zeiss optics for brightfield, dark-
field, Nomarski differential interference contrast, polarized 
light, photography; 

2. easy switching from one technique to another. 

Send for this 10-page brochure with many striking photo-
micrographs and details on all 13 microscopes. 

Nationwide service 

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches in: Atlanta, Boston, Chicago, Columbus, Houston, 
Los Angeles, San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ont., M3B 2S6. Or call (416) 449-4660. 

'eggr ailde, Inge 

THE GREAT NAME IN OPTICS rcARC"--
ZEISS  

WEST GERMANY. 
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New products 
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Magnetically operated Definite 
Purpose Contactors like this unit 
provide line or low-voltage control 
of motors in refrigeration and air 
conditioning equipment and for 
noninductive electric heat loads. 
These 2-, 3-, and 4-pole con-

tactors with moldings of Plenco 
757 Brown electrical-grade mela-
mine-phenolic compound, formu-
lated for heavy-duty switchgear 
applications, are manufactured by 
Honeywell, Minneapolis. Accord-
ing to Honeywell the melamine-
phenolic arc box with continuous 
barriers prevent phase-to-phase 
arcing. 

More than likely Plenco selec-
tions, service and experience can 
help put you in control of your 
particular molding problem. Switch 
us on—dial (414) 458-2121. 

FelLIENICC) 
_THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, WI 53081 

Through Plenco research ... a wide range of 
ready-made or custom-formulated phenolic, 
melamine-phenolic and alkyd thermoset 
molding compounds, and industrial resins. 

from 40 to 80 in./s. Bit density is 
800 bits per inch, yielding a data 
transfer rate of 8,000 b/s. The drive 
has a mean time between failures of 
15,000 hours, excluding the head. 
Large-quantity prices begin at 
$1,485. Delivery time is six to eight 
weeks. 
Epic Data Corp., 6350 LBJ Freeway, Dallas, 

Texas 75240. Phone (214) 387-3121 [364] 

5.25-inch floppy disk 

stores a megabyte 

An inexpensive 5.25-inch floppy-disk 
system combines high reliability 
with a storage capacity in excess of 1 
megabyte. 
The MetaFloppy 1054 Mod II 

comprises four drives in a dual/dual 
configuration, a controller, a power 
supply, a chassis, an enclosure, 
cabling, and a Basic software pack-
age. The 1054 will plug into any 
8080-based or Z80-based microcom-
puter using an S-100 bus, according 
to the company that designed the 
system. The floppy disk will store up 
to 1,260,000 bytes. 
Among the standard features that 

enhance the reliability of the 1054 
are its all-steel head-positioning sys-
tem, a disk-insertion interlock, and 

file-protect circuitry. 
Key operating specifications in-

clude a track-to-track access time of 
approximately 30 milliseconds and a 
maximum data-transfer rate of 250 
kilobytes per second. 

In singles, the system sells for 
$3,220. Delivery time is presently 
running 45 days. 
Micropolis Corp., 7959 Deering Ave., Cano-

ga Park, Calif. 91304. Phone (213) 703-

1121 [365] 
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The Lone 
Autoranger. 

If you're looking for a tough little True RMS 
DMM with 41/2-digit resolution for bench or field, 
consider the 8040A. 

Built to the same exacting standards of our 
larger DMMs, the 8040A packs the accuracy and 
convenience you've come to expect from Fluke. 
And, since autoranging is so important, then we 
think you'll find it stands alone in its class. 

Return with us now to yesteryear... 
When value meant you got something extra 

for your (silver) dollar. Compare any other True 
RMS DMM with the Fluke 8040A and discover 
how traditional value keeps Fluke the DMM leader 
today. 

The The 
Campe- Fluke 
titian 8040A 

LI 

Autoranging plus manual range 
selection. Use autoranging for hands-
off measurement convenience or lock 
the 8040A in a single range for repet-
itive measurements. 

True RMS. The only way to eliminate 
errors from distorted, non-symmetri-
cal or other nonsinusoidal waveforms. 

41/2-digit resolution on all five func-
tions for a full 19,999 counts, and 10 
microvolt, 10 nanoamp and 10 milli-
ohm sensitivity! 

relAccuracy and stability—to go along 
with resolution, like -±0.05% on VDC, 
for six months. 

ag Three-way protection against over-voltage, overcurrent and transients 
to 6000V. 

n   cVaenrsbaetilpeo 
poewl'er choicescbycl. spo disposable 

e8o04r OA 
re-

chargeable batteries, or an AC adap-
tor—your option. 

LI 

n $425* 

Dependability. The 8040A uses LS I 
technology identical to our big DMMs. 
Backed by worldwide service and ap-
plications help. And more. 

Price: The bottom line. If the DMM 
you're looking at meets all of the 
above at this price, it must be an 
8040A! 

CALL (800) 426-0361, TOLL FREE. We'll send 
you the unmasked truth about True RMS DMM val-
ue. John Fluke Mfg. Co., Inc., P.O. Box 43210, 
Mountlake Terrace, WA 98043.1N EUROPE: Fluke 
(Nederland) B.V., P.O. Box 5053, Tilburg, The 
Netherlands. Tel.: (013) 673973. Telex: 52237. 

*U.S. price with disposable batteries. 

Command Performance: Demand Fluke DMMs. 

1801-8017 

FLUKE 
 • 

Circle 79 for literature 
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DIP Molded Reed 

Miniature 
Molded Reed 

reana.r. 

( 
Standard 

DON'T FIGHT 
THE RELAY 
MAZE 

t 

t 4449' 
Standard 

Open-Frame 
Reed 

PROBLEM: 
Go directly from relay requirement "A" 
to optimum relay specification "B" 

for any application. 

Miniature --
Open-Frame 

Reed 
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Solid- State 

Special vs Custom vs Options 

tillinarlOP-1111111111Mit••••• \\:•-111*--

Just follow thc Icadai:GORDOS 
Because we're the only relay company that 
makes all its own switches, we know relays from 
the inside out — and make more than anyone else. 
More types... more versions of each type. 
And, we accept single responsibility for main-

taining high standards of quality for every one. So, 
when matching the optimum relay to an applica-
tion, we help keep tradeoffs down. We offer a 
broad perspective unmatched by suppliers with 
fewer alternatives...a greater product base from 
which to select special-purpose relay solutions 
others just don't have.., plus the technological ex-
pertise to avoid high custom - design costs often 
by simply modifying a standard solid-state, axial-
travel, or reed relay design. 
The fact is: there's really no reed or solid-state 

relay problem Gordos can't handle...usually right 
off the shelf. So, don't fight your way through the 
relay maze—call Gordos. 

GORDOS 

VD 
CL 
LU 

— 

N 

For Data On Ask For Bulletin 

Molded-Epoxy DIP Reed Relu s RR407  
Miniature Molded-Epoxy Reed Relays RR408  
Mercury-Wetted Reed Relays RR4Q9  
Ooen-Frame Reed Relays RR406  
Solid-State Relays SS502  
On/ and Mercury Reed Switches RS125  

Gordos Corporation, 250 Glenwood Ave., Bloomfield, N.J. 07003 • Telephone: (201) 743-6800 • TWX: 710-994-4787 
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Cost àtficiency 
ou can put your finger on 

CORTRON® 
SOLID STATE 

/ ç). 
2 

2 c, _ 

Get your hands on a CORTRON Solid State 
Keyboard, and you'll soon find out why you can't 
judge all keyboards on initial price alone. 

It's after installation that cost efficiency be-
comes most important. In life expectancy, abil-
ity to endure extreme environments, high speed 
operation without "misses," accuracy, down-
time caused by beverage spillages, reliability, 
serviceability and human engineered features. 
That's where a CORTRON Solid State Key-
board really pays off. 

Key 
top 

Plunger 
and 

spring 

Switch 
housing 

Ferrite 
core 

module 

Unique contactless key switch makes the 
difference. Utilizing ferrite core switching 
technology. the CORTRON Key Switch is 
mechanically simple (only 4 basic parts!) and 
has an ultra reliable 100 million cycle life test 
rating. CORTRON Keyboard Professionals can 
translate what this can mean to you in cost effi-
ciency terms of MTBF (mean time before 

failure). CORTRON has actual customer ex-
perience of MTBF in excess of 40,000 hours. 

They'll also explain other advantages you'll 
gain over competitive technologies such as Hall 
effect, reed switch, and capacitive switching. All 
in all, you'll find the CORTRON Key Switch 
offers unusual built-in protection against costly 
service calls and the hardship of downtime. 
"Human engineered" keytops and key 

placement options give CORTRON low profile 
alpha numeric keyboards the familiar "type-
writer feel" that promotes operator productivity 
and efficiency. 
Nothing left to chance. CORTRON solid 

state keyboard materials, components, subas-
semblies, and final assembly are 100% inspected 
and tested to assure your specifications are met 
with plenty of room to spare. 
These are just a few of the cost efficiency bene-

fits CORTRON offers you and your customers. 

Cost efficiency you can put your finger 
on. For a greater insight into the cost efficien-
cies attainable with a CORTRON Solid State 
Keyboard, write or call for details: CORTRON, A 
Division of Illinois Tool Works Inc., 6601 West 
Irving Park Road, Chicago, Illinois 60634. 
Phone (312) 282-4040. TWX 910-221-0275. 

Da CORTRON A D)ViSiON OF iLLINOIS TOOL NORKS NC 

THE KEYBOARD PROFESSIONALS 
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This is the first vidicon camera de-

signed specifically for use with digital 

and analog computers. The equip-

ment is designed to shake hands with 

both types of computer systems. 

Thus it fulfills many applications as 

an "eye" for automated industrial in-

spection, image analysis, biological 

research and university research. 

APPLICATIONS: 

MEDICAL 
Tissue analysis 
Blood analysis 
Neurological—X-Y movement analysis 
Optical Instrument data analysis 
Other analysis of visual data 

INDUSTRIAL 
Aerial photography analysis 
IR Analysis—detect forest fires 
Bottle inspection 
Dimension analysis and control 
Printed pattern analysis 
Missile tracking 

UNIVERSITY 
Analysis of any visual information 
Medical research 
Physics research 
Laser technology 

01000 
the first TV camera 
designed for 
computer interface. 

CAMERA CONTROL 

0?). 

...MANA 'PMU 

Write for 
brochure 

HAMAMATSU 

NOTES TO THE 

SYSTEMS ENGINEER 
Ordinary TV cameras are designed 
to produce a picture on a monitor, 
not interface with a computer. 
Proper timing pulses are not 
available and their shape is 
inappropriate for computer use. The 
clock is usually a tuned circuit or a 
low frequency crystal. While fully 
adequate for viewing, the precision 
of these circuits becomes a limiting 
factor in a computer camera system. 
The pulses occur infrequently and at 
periods during the scan format that 
is wasteful of computer time. 
The C1000 system was designed 

to have a basic clock of 25.39 MHz 
with its half frequency accessible to 
the computer using TTL logic. All 
sweeps, blanking and unblanking 
information are controlled by this 
computer accessible signal. The 
basic signal and a number of other 
timing signais are available and can 
be brought out by use of the M998 
I/O buffer, M999 I/O interface, or a 
user designed buffer. The customer 
can build his own interface, or 
buffer, thus saving considerable 
money. 

All of the digital lines are clock 
controlled to avoid jitter and to 
insure maximum precision and 
reproducibility. The video output 
from the C1000 is fully usable with 
standard TV monitors thus no 
function is lost by making the 
system computer compatible as is 
the case with some computerized 
video systems manufactured by 
others. 

IHIAMIMIAMATSU 
HAMAMATSU CORPORATION • 120 WOOD AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE: (201) 469-6640 

International Offices in Major Countries of Europe and Asia 
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FOR RENT...NOW.. 
the truly universal PROM Programmers 
from Data I/O that enable you to program 
any of the more than 200 PROMs now available. 
A single Data I/O programmer—the 
Model V or Model IX—can be used to 
program every single commercially 
available PROM. 
Data I/O programmers are universal. You can 
use them to program any PROM, and more than 
200 PROMs are currently available. This means 
you don't have to get a separate programmer to 
accommodate different PROMs. With either the 
Model V or Model IX and the appropriate per-
sonality card, you can program any PROM or 
its second source equivalent. Moreover, one 
personality module can be used to program all 
PROMs within a generic family and keep your 
yield at the maximum. 

ROM emulation and editing capabilities 
are built-in, making software develop-
ment a breeze and virtually eliminating 
PROM waste. 
All the Data I/O programmers save lab tittle an 
slash your development expense. These are 

• 

4raTA 

Anaheim, CA (714) 879-0561 
Mountain View, CA (415) 968-8845 
Fort Lauderdale, FL (305) 771-3500 

Des Plaines, IL (312) 827-6670 
Burlington, MA (617) 273-2770 

Gaithersburg, MD (301) 948-0620 • Oakland, NJ (201) 337-3757 
Cleveland, OH (216) 442-8080 • Dallas, TX (214) 661-8082 
Houston, TX (713) 780-7218 • Seattle, WA (206) 64 1,-6444 

Northridge, CA (213) 993-RENT (7368) 
Rexdale (Toronto), Ontario (416) 675-7513 

Montreal, Quebec (514) 681-9246'• Vancouver, B.C. (604) 684-6623 

portable, rugged, human-engineered and easy to 
use units. They're ideal for field service. Both the 
Model V and Model IX offer a direct display 
readout of PROM or RAM data at any address 
and offer unlimited data editing capabilities. 
Operation is totally automatic, and you can enter 
data manually through the keyboard or load it 
automatically from a preprogrammed master 
PROM. There are built-in error checking rou-
tines to insure accurate and correct data trans-
fers, and serial or parallel I/O are standard. 
These unique PROM programmers and their per-
sonality cards are available now. 

Rental Electronics, Inc. 

ore than 12,871 
tate-of-the-art instruments 

off-the-shelf throu hout N. 

D Tell me more about the Data O Send me a copy of your free 
I/O PROM Programmers now! illustrated Rental Catalog. 
Call me at  
Send me your Equipment Sales 
Catalog —I might be interested 
in buying some of your great 
"previously owned" equipment 
on a money-back guarantee. 

O I have a pressing need right 
now for the following.  

Please phone one immediately 
at  

Name  
Title 

Company  

Address  
City  
State Zip  
Phone No Ext.  

GSA 11GS-04S-21963 Neg 
C. 1978 Rental Electronics, Inc. 

Complete this coupon and return it today to the world's 
oldest and largest electronic equipment rental firm, 
REI, 19347 Londelius St., Northridge, California 91324 

'on 
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new sealed 
pushbutton 

switches 

Greg 
ends contact 
contamination 
complete protection during 
wave soldering and 
PC board cleaning 

II terminals welded ultrasonically 
into switch body 

la reusable protective cap seals 
switch plunger 

• tripod stand-offs provide 
solvent flow area under switch 

These economical pushbutton switches 
are ideal for 'on board' press-to-test or 
front panel applications. Occupying under 
Y2" square, they provide momentary 
action, long life with low contact bounce 
and trifurcated gold plated contacts. 
Terminals are on .100" centers for easy 
prototype breadboarding and accom-
modation of board drilling equipment. 
Circuitry is SPDT (two circuit); operation 
from logic levels up to 1/4  amp. 
The new switches (Series 39-251) are 
available from stock in prototype quan-
tities and 5-7 weeks for production 
requirements. For complete information, 
write Grayhill for Bulletin 248 at 
561 Hillgrove Avenue, A 
La Grange, Illinois 
60525, or phone  teel  
(312) 354-1040. /  

New products 

Packaging & production 

Masking system 
speeds repeated 
patternmaking 
A photomasking system called 
Mask-Maker Criss-Cross has two 
work stations, enabling the operator 
to optimize his use of a pattern 
generator and a step-and-repeat 
camera by automatically transfer-
ring work back and forth between 
the two stations while the system is 
operating under laser control. For 
image repetition, the system uses a 
single camera with automatic focus 
control and three interchangeable 
Zeiss lenses. For pattern generation, 
it uses a single computer-controlled 
aperture camera with automatic 
focus and two Zeiss lenses. 

The flexible Criss-Cross costs less 
than either two conventional single-
capability systems or an electron-
beam mask-making system. Adding 
the Criss-Cross capability to the 
electromask combination pattern 
generator and image repeater in-
creases throughput when reticles 
must be generated that contain a 
high percentage of repetitive pat-
terns. Reticles for devices such as 
random-access memories and read-
only memories, bubble memories, 
and the like, can be produced in Vio 
to 1/20 of the time required by the 
standard, variable-aperture pattern 
generator. 
Electromask Inc., 6109 DeSoto Ave., Wood-

land Hills, Calif. 91364. Phone (213) 884-

5050 [393] 

Probing station will reduce 

card alignment time 

A new probing station reduces the 
time it takes to adjust the plane of 
probe cards and align them. It also 
minimizes alignment errors. The 
model 430 has two separate chucks 
that pivot and lock under the probe 
card for plane adjustment or align-
ment. It is possible to integrally 
mount on top of the station a new 
model 432 light box, on which is a 

circular pattern of LEDS covered by a 
Mylar overlay. Any probe-card pat-
tern may be coded on this card-
compatible overlay to speed identifi-
cation of probe points. Time-and-
motion studies show that the model 
430 reduces card-handling time as 
much as 30% per card. 
Rucker & Kolls, 1305 Terra Bella Ave, 

Mountain View, Calif. 94042. Phone Gary 

Spray at (415) 969-2369 [394] 

Lightweight heat sinks are 

efficient and easy to mount 

The slanted vane fins on a series of 
heat sinks dissipate more heat by 
making air flow in many different 
directions. The lightweight alumi-
num heat sinks have at least as high 
a thermal efficiency as more costly 
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go her others frertrtreirriel 

Panasonic ZNRs provide a reliable, 
economical approach to the prob-
lem of protecting AC and DC circuits 
against repeated high voltage tran-
sients (positive or negative) and 
surges such as those produced by 
lightning, switching and noise spikes. 

Just one of our ZNRs can replace 
the pair of back-to-back Zeners you 
may now be using in your circuit. 
And they're an excellent alternative 
to Varistors, RC circuits and spark 
gaps, too. 

ZNRs are ideal for ground fault inter-
rupter circuits, input line transient 
protection, microwave ovens, TVs, 
video displays, and just about any 

er\A 

I 18 \ 
I \ A Original surge wave 

vi 

form B Clamping voltage 
tI C \ ng gap type a restor 

> I usIC: Clamping voltage 
using ZNR 

Discharge 

r- - lag 

Time 

AC or DC circuit that is vulnerable to 
current surges and spikes. 

Fast response time. 
Panasonic ZNRs are zinc-oxide non-
linear resistors whose ohmic value 
changes in less than 50 nsec when 
subjected to impulse surges. This 
eliminates the discharge lag inher-
ent in gap-type arrestors. 

Available from stock. 
AC circuits ranging from 14V to 
1000V, and DC circuits from 18V 
through 1465V, can be protected 
with Panasonic ZNRs. All line tran-
sient ZNRs are U.L. listed. For com-
plete details, samples and prices, 
write or call Panasonic Electronic 
Components, One Panasonic Way, 
Secaucus, N.J. 07094. (201) 348-7282. 

Circle 223 on reader service card 
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Berg Minisert Sockets 
display "high reliability" 

on Tektronix Oscilloscopes 
The Berg Miniserr is a miniature, 

low-profile P.C. socket which allows 
.400"-tight board-to-board spacing. The 
Minisert provides positive, functional 
reliability over repeated insertion/withdrawal 
cycling; its elastomeric seal keeps out 
contaminants. 

Tektronix likes the repeated 
pluggability the Minisert socket affords in 
using transistors, LED's, lamps, IC's and 
other components. Tektronix has found it 
can rely on Berg Electronics. .. to supply 
the product and the application machines 

that precisely meet its interconnection needs. 
Berg is experienced. We read 

interconnection needs like Tektronix reads 
waveforms. We have the products, the 
background and the back-up to do the job. 
Your job. Let's work on it, together. Berg 
Electronics, Division, E. I. du Pont 
de Nemours & Co., New Cumberland, Pa. 
17070—Phone (717) 938-6711. 

(n900 BERG ELECTRONICS 
Circle 224 on reader service card 
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New products 

impact-extruded and cast heat sinks. 
They accommodate plastic power 
packs and can be easily mounted on 
printed-circuit boards. 
The new heat sinks are available 

in four models, four different fin-
ishes, and two mounting patterns. 
Vemaline Products Co., 487 Jefferson Blvd., 

Warwick, R. I. 02886. Phone (401) 739-7310 

[395] 

Press-fit back panels form 

gas-tight interface 

Press-fit PDP back-panel systems 
utilize the patented EDGE-PAC 
back-panel concept in which solid 
pin contacts are press-fitted into 
printed-circuit boards to form a gas-
tight interface. The contacts are on a 
0.125-by-0.125-inch staggered grid 
and are housed in a molded insulator 
of thermoplastic polyester. The pc 
board is made from FR-4 per MIL-
P-13949 specifications, and the 
phosphor-bronze contacts have 50 
microinches of gold over nickel in 
the engagement area. The system 

Gotcha! 
...and for 

only $695 
(USA only) 

Newest ESI "weeder" does it all 
—even Dissipation Factor 

True measurements of reac-
tance (L, C) and loss (D, R, G) of 
passive components are now 
practical for anyone with ESI's 
Model 252 Digital Impedance 
Meter. Check these features: 
• Measures D as well as L, R, C, 
G, automatically • Light weight 
tilt stand handle • 0.25% basic 
accuracy • Wide ranges (au-
toranging optional) • 1 kHz test 
frequency (120 Hz optional) 
• Four measurements/sec. • Ex-
ternal bias • 4-terminal connec-
tion • Analog outputs • Low 
power design • Large 31/2 -digit 

display • Input protection • Easy 
calibration • Optional front 
panel dust cover. 
Measurements are simple, fast 
and accurate... Set the range 
and connect to unknown. 
Four-terminal KELVIN KLIPS'" 
are included and the 252 can 
be combined with ESI's Model 
1412B Limits Comparator and a 
special test fixture for go/no go 
testing. 

Electro Scientific In-
!!! dustries, 13900 N.W. 

Science Park Dr., Port-
ELECTfi0 land, OR 97229. Tele-
SCIENTIFIC phone: 503/641-4141. 

Circle 225 on reader service card 

ENVIRONMENTALIZED. OUR DIGITAL 
PANEL METERS ARE RUGGED. 

Our IMPAC DPMs can withstand extreme 
temperatures and are totally immersible in 
water. That's 100% humidity. 15Gs of 
vibration in any direction and 30Gs of 
shock is what we call punishment and our 
tough little DPMs can take it. Available 
with 3, 31/2, 4 and 41/2 digit displays. Check 
our reader service card for more information. 

velonex 
varian 560 Robert Avenue 

Santa Clara, Ca 95050 
(408) 244-7370 
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That's why you need to talk to 
us when you need SCR's. In the 
up to 35 amp range, we can offer 
you more package designs than 
anybody in the business. And 
where quality is concerned, we 
absolutely refuse to take a back 
seat to anyone. 

With our SCR's you not only 
get all the design flexibility you 
could want, you get quality arid 
quick delivery at a price that's 
comparable or possibly even less 
than what you're paying now. 

Get in touch with our local rep-
resentative or call us at 817-267-
2601. 

If you want to talk SCR's, we 
speak your language. 

lirrECCOR 
TECCOR ELECTRONICS. INC 
P 0 BOX 669 EULESS, TEXAS 76039 
Circle 226 on reader service card 

Nobody else 
can say that 
about SCR'S. 

New products 

eliminates the need for wire terminations, soldering, and 
bussing. Insulators have a high-impact strength. 
Elfab Corp., P. O. Box 34555, Dallas, Texas 75234. Phone (214) 

350-6734 (3981. 

IC tester measures thermal 

resistance in 7 seconds 

The Theta 400 thermal resistance tester measures the 
thermal resistance of integrated circuits in just 7 
seconds. Using the junction voltage of the forward-
biased-substrate isolation diode as the temperature-
sensitive-parameter, the instrument applies a repetitive 
pulse of up to 15 y and 0.5 A that heats the device under 
test. When a change in isolation-junction voltage occurs, 
the tester automatically divides this delta by the applied 
heating power of a direct, full-scale reading of 199.9°C 
per watt. Unit price of the Theta 400 is $5,600. 
Sage Enterprises Inc., 1080 Linda Vista Ave., Mountain View, Calif. 

94043. Phone B. Siegal at (415) 969-5111 [399] 

High retention bus strips 

fit 0.080-inch-thick back panels 

A high-retention bus strip can be inserted by hand or 
press into any standard 0.080-inch-thick back panel. 
Once in place in the panel, the strip exhibits retention 
characteristics in excess of 2.5 lb per pin. Each pin has a 
specially formed section designed to lock into a standard 
insulation sleeve by interference fit and by cold flow of 
insulation material into a recessed area on two sides of 
the pin. The strips are available in pin spacing patterns 
of 0.100 in. and 0.125 in. or multiples thereof. 
Bussco Engineering Inc.. 119 Standard St., El Segundo, Calif. 90245. 

Phone (213) 322-6580 [400] 

Compact edge connectors 

for pc boards have 2 to 20 poles 

A line of compact edge connectors for 1.4-to- 1.8-mm-
thick printed-circuit boards have 2 to 20 poles each and 

come with or 
without solder 
lugs. Pressure 
versions will ac-
commodate up 
to 16-gage wire. 
The connect-

ors are molded 
of fiberglass, 
and the bottom 
cover is ultrason-
ically sealed. 

Electronics/January 5, 1978 



NEED 100,000:1 LOG SWEEP.... 
AND 30 VOLTS P-P OUTPUT? 

EXACT'S MODEL 508 5 MHz FUNCTION GENERATOR 
GIVES YOU BOTH. 

1. Revolutionary start/stop frequency dials provide a 
dual dial mode for ten-turn type resolution of linear 
frequencies. DIAL and LOG, modes-illuminated by 
LED's when selected, allow continuous outer dial 
control of frequency, 3 decades (1000:1) in LIN and 5 
decades (100,000:1) in LOG. For example: 1 Hz to 
100 KHz. 

2. The 508 uses a high performance 30 V P-P output 
amplifier and delivers up to 15 Volts P-P into a 50 
Ohm load with pulse and square wave rise and fall 
times of less than 25 nanoseconds. Positive and 
negative pulse, sine, square, and triangle, as well as 
the ramp generator signal are all available at the main 
output. 

3. Main generator modes include Run, Gate, Trigger, 
Internal Pulse and Burst, Linear and Logarithmic 
Sweep. Eleven frequency ranges provide an overall 
dynamic frequency range of 0.0001 Hz to 5 MHz. 
Frequencies within a selected range can be con-
trolled with the Start Frequency Dials, with an exter-
nal voltage applied to the VCF input, or with the ramp 
generator in the sweep mode. Frequency sweep lim-
its are set by the start/stop frequency dials. 

4. The Ramp generator operates over a range of 10 
microseconds to 100 seconds. Operating modes in-
clude Start Freq./Stop Freq. selection, Run, Gate 
and Trigger. In addition to sweeping the main 
generator frequency, the ramp internally triggers and 
gates the main generator for pulse and burst modes. 

Add such features as: variable start/stop phase, variable symmetry, variable DC offset, fixed attenuation to 60 dB in 10 
dB additive steps — plus 20 dB variable. If you want all this performance in one instrument, then specify Exact's Model 
508. 

Box 160 Hillsboro, Oregon 

97123 Tel. (503) 648-6661 

TWX 910 - 460 -8811 

EXACT electronics, inc. 
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$6.50 worth 
of Bugback* 
labels free 
with $35.00 
book purchase. 

Our Bugback adhesive labels stick to 
their chips, immediately identifying logic 
functions and pin numbers. But even 
without the $6.50 Bugback freebie, our 
Bugbooke are a great bargain. Nine 
books, packed with everything 
to teach you digital and 
analog electronics 
from scratch. 
Bugbooks I & II - 750 
pages, with experiments 
in basic digital electronics 
to sophisticated circuits. 
$17.00. 
Bugbook IIA - Advanced topic 
in digital logic transmission. $5.00. 
Bugbook III - General overview 
of microcomputer systems with 
particular emphasis on interfacing, 
I/O, programming in machine languages. 
597 pages. $15.00. 
Bugbooks V & VI - Digital logic and 
microcomputers from ground zero. 

Authorized Stocking Representatives 

Los Angeles. Calif. New York. N.Y. 
1213) 328-9770 (201) 467-8585 

San Francisco. Calif. Syracuse. N.Y. 
(415) 961-2828 (315) 699-2651 

Woodbridge. Conn. Dayton. Ohio 
(203) 397-1461 (513) 222-0011 

Denver. Colorado Philadelphia. Pa. 
(303) 534-1356 (215) 723-8733 

Orlando. Florida Dallas. Texas 
1305) 351-1841 (214) 328-5484 

Chicago. Illinois Fairfax. Virginia 
(312) 956-8090 (703) 273-1803 

Kansas City. Kansas Seattle. Washington 
(913) 649-8952 (206) 938-4166 

Circle 228 on reader service card 

Emphasis on self-teaching. No previous 
knowledge of electronics needed. 
Over 900 pages. $19.00. 
BRS-1 - Lab workbook providing theory 
and applications of the 555 timer chip. 
$6.95. 
BRS-2 - Text/workbook covering the best 

design of low-pass, high-pass, 
bandpass and notch filters. 
$8.50 
BRS-4 - OP-AMP and linear 
course. 300 pages. $9.00. 
Select your $35 (or more) 

book.value and get $6.50 
worth of Bugbacks now. 

To order your books and 
take advantage of this special 

offer, contact one of our 
representatives lis ed below. 

   wito 

E&L INSTRUMENTS, INC. 
61 First Street. Derby. Conn 06418 
(203) 735-8774 Telex No 96 3536 

#  WE'RE W•III INDO n 
IMMEDIATE DELIVERY 

VT2OB EDIT SUBSYSTEM 
with: 16K rack mounted PDP11/05, 

(2)16)(64 char CRT display terminals, 
(storage to 10K ASCII char. per CRT) 

Local or remote communications 

SEND FOR hip 

FREE!! 
PRICE LIST ON 
DEC EQUIPMENT 

TODAY./ 1Ë'E 2; 

AMERICAN USED COMPUTER 

New products 

Silver-plated, phosphor-bronze con-
tact springs are spaced 5 mm apart. 
The units can be secured with end 
clamps or, if the pc board is large, 
with guide brackets. 
Electrovert Inc., 86 Hartford Ave., Mt. 

Vernon, N. Y. 10553. Phone (914) 664-6090 
[3971 

Socket with built-in resistors 

works with any LED voltage 

A universal LED panel light socket 
with a built-in resistor and plug 
allows a light-emitting diode to 
operate off a wide range of voltages. 
The model PS200 series of LED 
sockets also provide a low-cost meth-
od for replacing LEDs. The sockets 
accept all T1-1/4  discrete LEDS. 
Voltages can be selected from 3.6 to 
28 y dc. The price, for quantities of 
100 to 999, is $1.15 each. Delivery is 
from stock to about four weeks. 
Data Display Products, 303 N. Oak St., Ingle-
wood, Calif. 90301. Phone (213) 677-6166 

[396] 

Wire-wrapping panel is 

compatible with SBC-80/ 10 

The model 2-8010 wire-wrapping 
panel, which has been designed for 
compatibility with Intel's SBC-
80/10 microcomputer, features 62 
rows of 52 contacts. Plated-through 
holes on a 0.1-by-0.1-inch pattern 
allow the mounting of any standard 
with from 8 to 40 pins. Three 50-pin 
connector holes are available for 
input/output connections at the top 
of the board, and the standard 80/10 
edge connector interface is located at 
the bottom. The panel contains two 
ground planes and 10 independent 
power buses to ease the intermixing 
of analog and digital components 
with differing power requirements. 
It measures 6.75 by 12 inches. The 
model 2-8010 sells for $92.50 in 
small quantities. Delivery time is two 
weeks. 
Hybricon Corp., 410 Great Rd. (Rt. 119), 

Littleton, Mass. 01460. Phone (617) 486-
3174 [410] 

P.O. BOX 68, KENMORE STATION 
BOSTON, MASSACHUSETTS 02215 • 617-261-1100 
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THE WORLD'S 
MOST COMPLETE 
MICROCOMPUTER 

SYSTEM. 





ANY WAY YOU 
LOOK AT It 

THE PDP-11/03 FAMILYOF 
MICROCOMPUTER PRODUCTS. 

If you're an OEM thinking about 
putting a microcomputer in your product, 
you ought to know which company has the 
most complete range of products in the 
industry. The answer is: 

Digital. 
And you know all these products will 

work together because they were designed 
to. From the start. 

High Performance Hardware. We begin 
withiRe 16-bit PDP-11/03. It gives you over 
400 basic instructions, optional floating point, 
and incredible throughput — thanks to its 
highly integrated PDP-11 multi-function in-
structions. And it comes complete in a box 
with power supply and fans. 

If you need more room, there's our new 
PDP-11/03-L —a bigger box with more slots, 
32Kb of MOS, universal power supply, boot-
strap with diagnostics and monitor lights, 
and space for up to 32Kb of UV-PROM or 
ROM-. 

For communications, we have both 
asynchronous and IBM-compatible syn-
chronous controllers, a multiplexer with four 
lines on one board, and modem control for 
remote uses. 

All this plus an IEEE #488 instrument 
bus, four processor options, eight memory 
options, and ten I/O options. 

Proven Software. Choose from two 
high-performance real-time operating sys-
tems that have proven themselves in thou-
sands of installations: the high-speed RT11, 
or the RSX11— our event-driven multi-task-
ing version. Languages include MACRO, 
BASIC, MU-BASIC, FORTRAN and APL 

Worldwide Service. We don't sell you 
and forget you. 

As a Digital customer, you are sup-
ported by 6600 professionals operating out 
of 350 locations worldwide. 

We can be on the spot within hours and 
our well-stocked regional depots help cut 
repair time even further. 

the pdp11 03 
configurator 

d 

THE PDP-11/03 FAMILYOF 
MICROCOMPUTER SYSTEMS. 

While other microcomputer companies 
are still trying to build systems from the bot-
tom up, we've already got two field-proven 
OEM packages designed from the top down 
— using all the systems expertise we gained 
with our larger computers. 

The Floppy Disk PDP-11V03 comes 
complete with 32Kb of MOS memory and 
your choice of a hard-copy or video terminal. 

And the memory can be expanded to 
56Kb — more than enough for foreground/ 
background operation. 

The 11V03 comes with dual floppy disk 
drive, hardware bootstrap, and the RT11 
operating system—standard. It's simple to 
use, simple to install, and totally compatible 
with the rest of the PDP-11 family, so you 
can sell new systems without designing 
new programs. 

The Hard Disk PDP-11T03 is the only 
microcomputer-based hard disk system on 
the market. 

It comes with CPU, 32Kb of memory, 
hard copy or video terminal, a 7.5 million 
byte disk sub-system, and RT11 operating 
system— standard. 

"The Configurator." To help you get the 
most out of this very comprehensive family 
of microcomputer hardware, software, and 
systems, we've put together a truly simple to 
use configuration guide. To get one, just call, 
write or circle the reader service number. 

The PDP-11/03 microcomputer family. 
Hardware. Software. Systems. Service. 

The solution for you. 
Anyway you look at it. 
Digital Equipment Corporation, 129 

Parker Street, PK3/M28, Maynard, MA 01754. 
(617) 493-5997. In Europe: OEM Marketing, 
12 ay. des Morgines, 1213 Petit-Lancy/ 
Geneva. Tel. 93 33 11. In Canada: Digital 
Equipment of Canada, Ltd. 

OEM PRODUCTS 
GROUP 



1977 Answer Book. 
It makes your job easier. 

$25. 
p. 

"WHO MAKES WHAT?" 

"WHAT COMPANIES 
MAKE THE PRODUCTS 

I NEED?" 
(See alphabetical directory 

of 4000 products) 

"WHERE ARE THEIR 
NEAREST 
SALES OFFICES?" 

"WHO ARE THEIR 
DISTRIBUTORS?" 

"WHAT ARE THEIR 
LOCAL PHONE 

NUMBERS?"--____ N 
(See alphabetical directory 

of over 5000 manufacturers) 

"HOW CAN I GET THEIR 
CURRENT CATALOGS 

FAST?" 
(See directory of catalogs 

by product and by company, 
including catalog inquiry 

cards for 5-second ordering) 

"WHO NIANETACTURES 
THIS TRADE NAME?" 

(See Directory of 
Trade Names) 

Special no-risk offer. If The Answer Book is not everything 
we say it is and more, return the book to us within 

ten days and we will refund your $25. 

Electronics Buyers' Guide (EBG) is as easy to use as your 
telephone directory. The whole international world of 
electronics is at your fingertips. Great emphasis is put on 
localizing the information you need. You won't have to call 
half-way across the country to company headquarters 
because we list local sales offices and distributors. 

To order from our Directory of Catalogs, simply circle the 
corresponding number on the post-paid Inquiry ("bingo") 
Cards and mail. This way you get current catalogs. 
The Answer Book's objective: Make your job easier. 

Electronics Buyers' Guide 
1221 Avenue of the Americas 
New York, N.Y. 10020 
Yes, send me a copy of The Answer Book. 
I've enclosed $25 (USA and Canada only, elsewhere send 
$35). Full money back guarantee if returned within 10 days. 

Name 

Company 

Street 

City 

State Zip 





The Story of a Routing List Dropout 
(as told in the tormented words of the victim) 

inter-office memorandum 

Ruth 1111011m o n MOM 

111111111111.10ffle1111.1 Corp. 

Library, Room C-2 Lnaineerin 

42nd fl. 32nd fl 

Routing List 

Dear Ruth: 

I'm returning the Electronics magazine routing list you 
sent me. 

As you suggested, I contacted everyone on the list to find 
out who was sitting on the June 9 issue I'm looking for. 
You may ue interested in the results: 

1. I found two other people were looking for 
the same issue. 

2. Fred K thought he had it in his briefcase, 
which he thought he had left in the Palo ',1to 
office. 

3. It was finally found in a pile of incoming mail 
in Bill Johnson's office. Bill, as you may or 
may not know, retired from the company three 
months ago. 

4. With great anticipation I turned to the article on 
microprocessors which Mr. Snyder had referred to 
in a meeting. You remember Mr. Snyder. He is 
our President and Founder. ;ie asked me to read 
the article. I turned to the article. The 
article wasn't there. Somebody nad clipped 
the article out of the magazine. 

Ruth, as you probably know, I am not a man to part with money 
lightly. dut I have sent in tne subscription card which by 
some miracle was still intact in the back of the magazine 
I am going to have my very own subscription. It is going 
to my very own house. Therefore it is with undisguised 
pleasure that I ask you to 

UROP ME OFF YOUR ROUTING LIST. 

Note to other routing list victims: 
Turn to the subscription card in the back of this magazine. 
Fill it out. Mail it in. We can't promise you happiness. 
But you will rem P i r 11H life. 



PDP-11 users, let the 
computer experts help 

you play your hand 
DEC* computers are among the best ever. Everybody 

knows that. But even with DEC there is room for 
improvement. We took advantage of that fact 

and made the best ever even better. In the 
process, we've given you a chance to super-

charge your present PDP-11* instead of 
upgrading to the next computer. We've 

given you more time and improved 
your cash flow with the most com-
plete line of sophisticated computer 

enhancements on the market 
today. They are available off the 

shelf. They are priced com-
petitively. They install in 

minutes. They provide imme-
diate results. And, in every 

instance, they outperform the 
competition. They should. We are the 
only computer people in the business. 

We are the only people really qualified 
to help you play out your hand and win. 

Here are all the cards in our present deck: 
CACHE/34', CACHE/40- and CACHE/45-, 
a series of 2048-byte single-board buffer mem-

ories which increase processing speeds as much 
as 100% in the PDP-11/34, PDP-11/40 and 

PDP-11/45. SCAT/45', an add-in memory which 
installs 128K of high-speed memory on the 
Fastbus* of the PDP-11/45, PDP-11/50 and 

PDP-11/55. QUADR.ASYNC- , a quad interface 
board between the PDP-11 Unibus* and 4 asyn-
chronous serial communication channels which 

presents only one load to the Unibus. Current loop 
or EIA/RS-232 versions available. REBUS-, a dual-width 
board which supplies a repeating function for the Unibus 

without requiring space for an entire system unit. And UNIVER-
TER- , an adapter which converts the LSI* bus to a Unibus structure 

and gives the LSI-11 access to a megabyte of memory. 

There are more cards coming. In fact, we would like to build something especially 
for you. We'll tell you all about it when you write for details on our present line. 
Able Write now. Asabnle Cta AomnapuctearlifToechinao(loe Inci,616166 TSouxth9L130To5n95St1r7eet, 

the computer experts 
*DEC, 131, CNIBUS, PDP and FASTBUS are registered trademarks of Digital Equipment Corporation. 
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Ceramic Chip Capacitors 

aft) 

Four dielectrics. Part Markings. 

Silver Leads. 11 Sizes. Values to 1.0 pF. 

Our ceramic chip capacitors are known 
as "The Best" the world over. 
Why? Partly because we've earned 

a reputation as the high-quality capacitor 
manufacturer over the past 30 years. 

Partly because we now supply 20% 
of the chip capacitors for world-wide 
markets. 

But mostly because our entire business 
is based on providing The Best" capac-
itors available. 

Our customers are exacting — that's 
why they put our chips in heart pace-
makers, medical monitoring equipment, 
safety devices and telecommunications 
products. 

If your circuits must operate as reliably 
as these, you'll want "The Best" in them. 
Write to us and we'll send you a "VEE 
JEM" Ceramic Chip folder — the book on 
"The Best." 

Vitramon Limited (London) 
Vitramon GmbH (Stuttgart) 
Vitramon France S.A.R.L. (Paris) 

Vitramon North America 
Division of Vitramon, Incorporated 
Box 544, Bridgeport, Conn. 06601 
Tel: (203) 268-6261 

Vitramon Pty. Limited (Sydney) 
Vitramon Japan Limited (Tokyo) 

OCI Corporation (Farmingdale, N.J.) 
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Only one thing beats our 
Super-Mini Impact Printer. 

Why stop with the data/text 
versatility of our 120 cps, 

20-column multiple-copy mini. 
It works even harder as a 
complete system. Teamed with 

its own microprocessor inter-
face and power supply, there's 
virtually nothing our DMPT-3 

can't handle — from telemetry to 

process control, from unattended 

system recording to providing 
hard-copy data terminal output, even 

in POS and inventory control. Mated with 
any ASCII system, it takes either parallel 
or serial input at speeds up to 16 KHz 

or 1200 bps. 

Alone or as a system, of course, the 

industry's smallest alphanumeric 
impact printer lets you economize 

with ordinary adding machine 
roll paper. 

The Whole 
System 

• • 

With both full 
alphanumerics 
and enhanced 

characters, our little 

workhorse calls attention to 
emergency conditions. And with 

its 75,000-line life, ink cartridge 

that's replaceable in seconds, you 

know you're set for a good, long time. 

For more details, call or write today. 

System $452 (Printer, $192; 
Controller, $150; Power Supply, $110); 

$330 complete in 100's. 

A 
PRACTICAL 
AUTOMATION, INC. 
Trap Falls Road, 
Shelton, Conn. 06484 
Tel.: (203) 929-5381 

Circle 237 on reader service card 

from the makers of high-reliability printers 

ec° AlphaNumeric Printers 
with a microprocessor brain. 
This series of designer-styled Digitec printers delivers high contrast, 
easy-to-read, fade-free matrix printout and quiet operation. The "smart-
microprocessor provides versatility by simplifying systems interface and 
using the universally accepted ASCII code set 

• Choice of serial (RS-232-C and 20mA current) with baud 
rates to 1200, or 8-bit parallel bus input with data rates up 
to 1000 characters/second 
• Up to 24 characters per line 

• Double font printing for special emphasis and variable for-
matting for easy data analysis 

• 24-hour clock and day/month calendar. 

Contact us now for more information on our complete line 
of numeric and alphanumeric printers 

ATTENTION OEM's: 
Asa leading supplier of OEM printers, were flexible to 
your requirem discounts 

Digilemc. 
ILMITED 
SYSTEMS 
CORPORATIOn 
918 Woodley Road. Dayton. Oreo 45403 
(513) 254-6251, TWX (810) 459-1728 

e s g 
ready-to-print price 

$595. 
DIGITEC. Precision measurements to count on. 

Electronics/January 5, 1978 
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GCB TECHNOLOGY IS MOVING 
INTO THE MINI-COMPUTER 

We are now shipping our 
6250 bpi SIC 1900 high density 
magnetic tape subsystem to 
OEM mini-computer customers. 
The STC 1900 is a 19-inch rack 
mountable, low-cost tape sub-
system that includes 1600 bpi 
as a standard feature. 

This means that for the first time, 
mini-computers can offer the high 
performance features of much 
larger computers. 

For the first time, you 
can offer 6250 bpi 
read-write capability 
with GCR format. 

Now your customers can 
benefit from: 
• Increased throughput 
• Almost four times the recording 

density of 1600 bpi 
• Improved error correction 

(simultaneous two-track) 
• Library interchangeability with 

other systems operating at 6250 
or 1600 bpi densities 

• 100 megabyte disk dumps to 
one tape reel 
If improved system performance 

is important to you, the next move 
is yours. Call Frank Gunn toll free 
at 800-525-2940 or send coupon. 

MARKE1 
7-3877 

STORAGE TECHNOLOGY 
CORPORATION 
P.O Box 6, Louisville, Colorado 80027 

Please send me complete information about 
the new 1900 subsystem. 

Name  

Address 

City  

State Zip  

WE SHIPPING DEPT. 
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total system support. 

Neff. You know us for our high-performance data acquisition products. 
Our 620 Systems .. . the Series 100 Amplifier/Multiplexer. Series 300 
Signal Conditioner and Series 400 Differential Multiplexei- have set in-
dustry performance standards . . . 0.05° accuracy. 50kHz scanning 
rate, input sensitivity of 5 millivolts to 10 volts. 120dB ccmmon mode 
rejection and up to 2048 input channels. 

But you may not know that Neff supports the 620 system with software 
and off-the-shelf interfaces for computes ... DMA interfaces for full or 

half duplex, programmed 
I/O interfaces and 
software drivers that 
make the system compat-
ible with standard 
software operating sys-
tems. Some Neff inter-
faces include a RAM 
memory for scan list stor-
age to provide equivalent 
full duplex operation 
while using only a single 
computer I/O port. 

For systems installed 
at remo:e test sites, we 
offer the Neff Serial Data 

Link that sends data st 50.000 words per second on a coaxial cable. It 
eliminates costly long anaiog input cables from test site to computer 
facility and allows up :o eight remote systems to be linked to a single 
computer. 

If you require a Tu -n-Key system, we have the 620S and 6.2OL. Sys-
tem 620S is a complete. integrated, easy-to-use system that utilizes the 
Hewlett-Packard 9,825A computing calculator for system control, data 
recording and ana'ysis. System 620L is a high-performance system that 
incorporates Digital 
Equipment Corporation's 
PDP-11 computer It pro-
vides real-time proces-
sing, display and record-
ing of both aralog and di-
gital data. 

So. you can see hat 
we supply mach more 
than quality analog 'front 
ends. - Whateveryzur 
data acquisi:ion require-
ments are, we can nelp. 
Get the complete picture. 
Call or write today for our 
free brochure. 

114STRUMONT CORPORATION 

1088 EAST HAMILTON ED., DUARTE, CALIFORNIA 91010 • TELEPHONE (213) 357-2281 • TWX 910-585-1833 
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TI Distributors 

New products 

Components 

SIP rivals DIP 
in less space 

Single in-line multiturn 

cermet trimmer from Bourns 

can be inserted by machine 

Now that trimming potentiometers 
in dual in-line packages are gaining 
a solid foothold in new circuits 
against conventional rectangular 
units, Bourns Inc. is already looking 
ahead to the next improvement in 
automatically insertable packages. 
The company has come up with a 
multiturn cermet trimmer in a single 
in-line package with performance 
and machine-insertable characteris-
tics comparable to those in DIPS, 

though it occupies only about a 
quarter of the board space. 

"Decision innovations are mostly 
in miniaturization, or scaling down 
the cermet resistive elements into 
one half the area without sacrificing 
any critical performance," says Rob-
ert M. Todd, trimmer product man-
ager of the Riverside, Calif. firm. 
The biggest challenges were a drive 
mechanism that ensures stability 
under all operating conditions, and 
fabricating resistive terminations, he 
says. 

Although designers themselves 
were quick to replace rectangular 
trimmers with DIP units, Boums 
believes the lag into production, 
resulted from manufacturers being 
slow to purchase automatic-insertion 
production machines-now costing 
$55,000 to $60,000 each. However, 
the firm expects its SIP unit to be 
accepted for new designs faster than 
DiPs were, especially since machine-
insertion rates now average 1,800 
components per hour. 

Particularly designed for high-
density printed-circuit boards, the 
Model 20 trimmer features 0.100-
inch pin spacing and a profile only 
0.190 in. off the board. Not only 
does the unit save as much as 75% of 
board space over a DIP, but it uses 

50% of that required by a compa-
rable 1/4 -in, rectangular unit, says 
Todd. Physical dimensions of the 
model 20 are 0.785 in. long by 0.079 
in. wide by 0.190 in. high. A 20-
millimeter length is planned to agree 
with metric conversion, he says. 

In performance, the Model 20 has 
a power rating of 0.75 watt at 25°C; 
0.50 w at 70°C. It is offered in 18 
standard resistance values ranging 
from 10 ohms to 5 megohms. Resist-
ance tolerance is ± 10% standard, 
with closer tolerances available. 

Other key specifications include 
effective mechanical adjustment of 
15 turns, ± 3; ± 0.05% adjustability 
for voltage-divider operation and 
± 1% in the rheostat mode. The 
temperature coefficient is ± 100 
ppm/°C, and load life is rated at 
1,000 hours. The cermet resistive 
element assures continuous resolu-
tion with continuity maintained for 
full mechanical range, Todd says. 

Pricing philosophy on the new SIP 
trimmer "is to charge a slight 
premium for space savings," points 
out Gordon Bourns, applications 
engineer for the component. Accord-
ingly, it sells for 75 cents in 
1,000-4,999 quantities, against a 
comparable 60 cents for the stan-
dard Bourns 3 - 4-in. rectangular 
trimmer and $2.25 for the com-
pany's model 3099 DIP trimmer. For 
a 100-minimum sampling quantity, 
the firm is charging 91 cents. 
Boums Inc., Trimpot Products division, 1200 

Columbia Ave., Riverside, Calif. 92507. 

(714) 781-5363. 

LCD has 5-by-7 dot matrix 

plus four annunciators 

The PI 5135 liquid-crystal display 
includes a 5-by-7 dot matrix, plus 
four annunciators that can be turned 
on or off independently. The viewing 
area of the matrix is 0.9 by 0.6 in., 
and the four annunciators are each 
0.2 by 0.2 in. This versatile device 
can be used as part of point-of-sale, 
or on-line terminals, or wherever a 
message display is required. It has a 
reflective background and an oper-

ALABAMA: Huntsville. Hall-Mark/Huntsville 12051 837-8700 
ARIZONA: Phoenix, Kierulff Electronics (602) 243-4101: R. V 
Weatherford (602) 272-7144: Tempe. G. S Marshall (602) 
968-6181. 
CALIFORNIA: Anaheim. R. V. Weatherford (714) 634-9600: 
Canoga Park. G. S Marshall (213) 999-5001. El Monte, G. S. 
Marshall (213) 686-0141, El Segundo, TI Supply 1213) 973-2571: 
Glendale, R. V Weatherford (213) 849-3451: Goleta. RPS. Inc 
1805) 964-6823. Irvine. Cramer/Los Angeles (714) 979-3000 
(2131 771-8300: G. S Marshall (714) 556-6400 Los Angeles. 
Kierullt Electronics (213) 685-5511: RPS. Inc (213) 748-1271. 
Mountain View, Time Electronics (408) 965-8000; Palo Alto, 
Kierulf I Electronics (415) 968-6292: Pomona, R. V. Weatherford 
(714) 623-1261: San Diego, Cramer/San Diego (714) 565-1881. 
Kierulff Electronics (714) 278-2112. G. S. Marshall (714) 278-
6350: RPS Inc. (714) 292-5611: R V Weathedca (714) 278-
7400; Sunnyvale, Cramer/San Francisco (408) 739-3011: G. S. 
Marshall (408) 732-1100: TI Supply (408) 732-5555: Torrance, 
Time Electronics (213) 320-0880; Tustin. Kierulff Electronics 
(714) 731-5711: Woodland Hills, JACO (2131 884-4560. 
COLORADO: Denver, Cramer/Denver (303) 758-2100: Kierulf1 
Electronics (3031 371-6500: Englewood, R. V Weatherford 
(303) 761-5432, 
CONNECTICUT: Hamden, Arrow Electronics (203) 248-3801, 
TI Supply (203) 281-4669, North Haven, Cramer/Connecticut 
(203) 239-5641. Orange. Milgray/Connecticut (203) 795-0471144 
FLORIDA: Clearwater. Diplomat/Southland (813) 443-4514. 
Ft. Lauderdale, Arrow Electronics 1305) 776-7790: Hall-Mark/ 
Miami 1305) 971-9280: Hollywood. Cramer/Hollywood (305) 
921-7878: Orlando, Cramer/Orlando (305) 894-1511: Hall-Mark/ 
Orlando 1305) 855-4020: Winter Park, Milgray Electronics (305) 
647-5747 
GEORGIA: Doraville. Arrow Electronics (404) 455-4054: 
Norcross. Cramer/Atlanta (404)448-9050. 
ILLINOIS: Arlington Heights, TI Supply 1312) 640-2964. Elk 
Grove. Hall-Mark/Chicago (312) 437-8800: Kierullt Electronics 
(312) 640-0200: Chicago, Newark Electronics (312) 638-4411. 
Mt. Prospect. Cramer/Chicago (312) 593-8230. 
INDIANA: Ft. Wayne, Ft. Wayne Electronics (219) 423-3422: 
Indianapolis. Graham Electronics (317) 634-8202 
IOWA: Cedar Rapids. Deeco1319) 365-7551. 
KANSAS: Shawnee Mission. Hall-Mark/Kansas City 19131 
888-4747 
MASSACHUSETTS: Billerica. Kierulf I Electronics (617) 667-
8331: Newton, Cramer/Newton (617) 969-7700. Waltham, TI 
Supply (617) 890-0510: Woburn. Arrow Electronics (617) 
933-8130. 
MARYLAND: Baltimore. Arrow Electronics 4202) 737-1700. 
(301) 247-5200. Hall-Mark/Baltimore (301) 796-9300: Columbia. 
Technic° (301) 461-2200. Gaithersburg, Cramer/Washington 
(301) 948-0110. Kierulff Electronics 1301) 948-0250: Hyattsville. 
Milgray/Washington (301) 459-2222 
MICHIGAN: Ann Arbor. Arrow Electronics (313) 971-8220. Detroit. 
Newark Electronics (313) 967-0600. Grand Rapids. Newark 
Electronics (616) 241-6681. • 
MINNESOTA: Bloomington. Arrow Electronics (612) 887-6400. 
Edina. Cramer/Minnesota (612) 835-7811 
MISSOURI: Earth City, Hall-Mark/St. Louis (314) 291-5350. 
Kansas City, LCOMP-Kansas City (816) 221-2400, 51. Louis, 
LCOMP-St. Louis (314) 291-6200. 
NEW HAMPSHIRE: Manchester. Arrow Electronics (603) 
668-6968. 
NEW JERSEY: Camden. General Radio Supply (609) 964-8560. 
Cherry Hill. Cramer/Pennsylvanis (215) 923-5950. (609) 424-
5993: Milgray/Delaware Valley (609) 424-1300. (2151 228-2000. 
Clark, TI Supply (201) 382-6400, Clifton, Wilshire Electronics 
12011 340-1900: Little Falls. Cramer/New Jersey (201) 785-4300. 
Moorestown, Arrow Electronics (609) 235-1900. Ruthertord. 
Kieru111 Electronics 1201) 935-2120. Saddlebrook. Arrow 
Electronics 1201) 797-5800. 
NEW MEXICO: Albuquerque, Cramer/New Mexico (5051 243-
4566; International Electronics (505) 265-6453. 
NEW YORK: East Syracuse, Cramer/Syracuse (315) 437-6671. 
Indwell. Wilshire Electronics (607) 754-1570: Farmingdale. 
Arrow Electronics 1516) 694-6800; Hicksville. Kierulff Electronics 
(516) 433-5530. Fishkill, Arrow Electronics (914) 896-7530. 
Freeport. Magray Electronics (5161 546-6000. N.J. (8001 645-
3986' Hauppauge, Cramer/Long Island (516) 231-5600: JACO 
(516) 273-1234; Rochester, Cramer/Rochester 1716) 275-0300: 
Rochester Radio Supply (716) 454-7800: Wilshire Electronics 
(716) 442-9560. 
NORTH CAROLINA: Raleigh, Hail-Mark/Raleigh (919) 832-4465. 
Winston-Salem. Cramer/Winston-Salem (919) 725-8711. 
OHIO: Cleveland. Arrow Electronics 1216) 464-2000: Cramer/ 
Cleveland (216) 248-8400: Columbus, Hall-Mark/Ohio 1614) 
846-1882: Dayton, ESCO Electronics (513) 226-1133: Kettering. 
Arrow Electronics 1513) 253-9176. 
OKLAHOMA: Tulsa, Hall-Mark/Tulsa (918) 835-8458. TI Supply 
(918) 582-8272 
PENNSYLVANIA: Huntingdon Valley, Hall-Mark/Philadelphia 
(2151 355-7300. 
TEXAS: Austin, Hall-Mark/Austin (512) 837-2814; Dallas. Hall-
Mark/Dallas (214) 234-7400; TI Supply (2141 238-6821; El Paso, 
International Electronics. (915) 778-9761: Houston, Hall-Mark/ 
Houston (713) 781-6100; Harrison Equipment 1713) 652-4700: 
TI Supply (713) 776-6511; R. V. Weatherford (713) 688-7406. 
UTAH: Salt Lake City, Diplomat/Altaland (801) 486-4134. 
Standard Supply (801) 486-3371. 
VIRGINIA: Roanoke, Technico (703) 563-4975. 
WASHINGTON: Seattle, Almac/Stroum Electronics 1206) 763-
2300: Cramer/Seattle (206) 575-0907: Kierultf Electronics 1206) 
575-4420. 
WISCONSIN: Brookfield, Newark Electronics (414) 781-2450; 
Oak Creek, Arrow Electronics (414) 764-6600; West Allis, Hall-
Mark/Milwaukee (414) 476-1270. 
CANADA: Calgary, Cam Gard Supply (403) 287-0520; Downs-
view, CESCO Electronics 1416) 661-0220: Zentronics (416) 635-
2822: Edmonton, Cam Gard Supply (403) 426-1805; Halibut, 
Cam Garb Supply (902) 454-8581; Kamloops, Cam Gard Supply 
(604) 372-3338. Moncton, Cam Gard Supply (506) 855-2200: 
Montreal. CESCO Electronics (514) 735-5511, Future Electronics 
(514) 735-5775; Zentronics (514) 735-5361, Ottawa. CESCO 
Electronics 1613) 729-6411; Quebec City, CESCO Electronics 
(418) 524-4641; Regina, Cam Gard Supply (306) 525-1317: 
Rexdale. Future Electronics 016) 677-7820: Saskatoon, Cam 
Gard Supply (306) 652-6424; Vancouver, Cam Gard Supply (604) 
291-1441; Winnipeg, Cam Gard Softly (204) 786-8481. 
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Device No. of 
Type Pins 

4027-15 16 
4027-20 16 
4027-25 16 
4050 18 
4050-1 18 
4050-2 18 
4051 18 
4051-1 18 
4060 22 
4060-1 22 
4060-2 22 

TI MOS 4K DYNAMIC 

Maximum 
Access Time 

15Ons 
200ns 
250ns 
300ns 
250ns 
200ns 
300ns 
250ns 
300ns 
250ns 
200ns 

RAM LINE SUMMARY 

Minimum Clock 
Cycle Time Input 

320ns 
375ns 
375ns 
470ns 
430ns 
400ns 
470ns 
430ns 
470ns 
430ns 
400ns 

TTL 
TTL 
TTL 
12V 
12V 
12V 
TTL 
TTL 
12V 
12V 
12V 

Power 
Supplies 

1:15, +12V 
-115, +12V 
±-5. +12V 
—5, +12V 
—5, +12V 
—5, +12V 
—5. +12V 
—5. +12V 
-±5. +12V 
1115, +12V 
-±5, +12V 

1 IL 

Biggest choice in 4K dynamic RAMs: 
Eleven from Texas Instruments. 

Off-the-shelf in all popular pin-outs. 

Make it easy on yourself. Tap the 
broadest choice of immediately 
available 4K dynamic RAMs. 
At the major source. Texas 
Instruments. 
Choose from 11 different device 

types. Including new, high-
performance TMS 4027s in space-
saving 16-pin packages. Other 
choices come in the efficient, easy-
to-use 18-pin configuration. Or the 
22-pin standard. All in either plas-
tic or ceramic. 

Ready-to-go stocks 

Nobody matches the availability 
from TI distributors on all 11 types. 
Because TI is the largest shipper 
of 4K RAMs. Ever since TI got 
things going by combining a single 
transistor cell with the N-channel 

silicon gate fabrication process 
four years ago. 

Proven performance 

This production expertise com-
bines with design advances and 
process refinements to produce 4K 

dynamic RAMs of leadership reli-
ability and performance. The new 
4027s, for instance, offer access 
times down to 150 ns. 

Low prices 

Volume production also helps TI 
hokl costs down to give you the 
best price/performance ratio. Ex-
ample: the 100-piece price on the 
TMS 4027-15 is $6.66 in plastic DIP. 

All TI 4K dynamic RAMs come 
in the 0°C to 70°C industrial tem-
perature range. Most in the —55°C 
to +85°C range. JAN versions, too. 

For speedy delivery of high per-
formance, low cost o 
4K dynamic RAMs, 
call your TI distribu-
tor listed at left-

e 1977 Texas Instrumenls Incorporated 

TEXAS INSTRUMENTS 
IN 93235A 



A CHOICE...FLEXIBLE, EXPANDABLE, 
POWERFUL SOFTWARE/HARDWARE 

TEST SYSTEM PACKAGES 
Obsolete is Obsolete... 
The DIT-MCO Series 8210, com-
prised of systems 8211, 8212, and 
8213, offers the most complete 
package of automatic wire circuit 
test capabilities available to serve 
your present and continuing test 
needs. In fact, Series 8210 obso-
letes the word obsolete. You can 
select the system to fit your current 
test requirements with certain 
knowledge that as your needs ex-
pand your DIT-MCO system can be 
upgraded to deliver! 

Powerful Software/Hardware... 
Series 8210 are real-time disc oper-
ating systems with disc file main-
tenance in the system. 
Series 8210 systems are driven by 
fully interactive computer systems 
yet require no specialized operator 
training. A unique and compre-
hensive group of programs for test-
ing, maintenance, and diagnostics 
are standard. Software is the evolu-
tionary culmination of over five 
years experience and proven field 
use. 
Eeny, Meeny, Miney... 
You get a choice...to fit your 
budget. To fit your test needs. You 
get versatility, flexibility, the 
ability to expand and adapt. 

DIT-MCO 
INTERNATIONAL 

5612 Brighton Terrace 
Kansas City, Missouri 64130 
Telephone (816) 444-9700 
Telex Number 42-6149 

And remember, when you choose 
D1T-MCO you have chosen Number 
One. 
Too New to be Copied... 
So new you won't find anything like 
it available anywhere else. 
System 8210 incorporates all the 
"state of the art" advancements 
with some new wrinkles only DIT-
MOO could provide. 
So if you are going to look around 
for a comparison you will just have 
to compare the systems within the 
8210 Series. None of the others 
come close. 
Hand in Hand... 
When you select DIT-MCO equip-
ment you have bought not only the 
hardware and software you also get 
the Company...our over 25 years 
leadership in the field, our just rep-
utation for treating every customer, 
big or small, with the same respect 
and dedicated service. With DIT-
MOO you get it all! 

Call or Write for Full Information.. 
A DIT-4v100 representative can 
show you how Series 8210 or any of 
our complete line of interconnect 
test systems can accommodate 
your test requirements. Call or write 
us for full information. 

DIT-MCO — The Difference 
in Testing... 

European Technical 
Representative 
Radix House 

Central Trading Estate 
Staines, Middlesex, TW18-4-XA 

England 
Telephone (0784) 51444 
Telex Number 935023 

New products 

ating voltage of 3.0 v. In lots of 
1,000, it sells for $6.25 each. 
Perkins Inc., 127 E. Alton Ave., Santa Ana, 

Calif. 92707. Phone (714) 556-2912 [343] 

Thumbwheel switch 

simplifies installation 

A new concept in thumbwheel 
switches has been applied to a 
complete line of miniature switches 
to simplify installation while also 
reducing weight and size. The idea is 
that the switch manufacturer sup-
plies hardware for only the switch 
rotor and housing. The stator is 
supplied in the form of artwork that 
the customer uses to define the 
actual stator on a printed-circuit-
board master. 

After etching, the boards are 
drilled at points indicated by etched 

locator marks. The drilled holes are 
then used for mounting the switches 
to the boards. The technique not 
only reduces materials and manufac-
turing costs, it also eliminates the 
need for electrical connections to the 

242 
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It's a razzle-dazzle world ... PROMS, RAMS, ROMS and bi P's ... LSI and now, VLSI. But you still 
need discretes and that's where R-OHM comes in, stronger than ever. We have built a reputa-

tion as one of the world's most dependable sources for metal and carbon film resistors. And 
now we've added semiconductors to the R-OHM line-industry-standard diodes and transistors. 

Ask your R-OHM representative for the details. Start specifying R-OHM discretes today and you won't 
be looking for another source tomorrow. R-OHM Corporation, 16931 Milliken Avenue, PO Box 4455, Irvine, 

California 92716. Telephone: (714) 546-7750. Eastern offices: (312) 843-0404. 

A CONSTANT FORCE IN A CHANGING WORLD 

Circle 243 on reader service card 



Mini and Submini Feedthrus 
• Single, dual and 
quad assemblies, 
and submini octal 
assemblies. 

• Ultra-high-
vacuum tight 

• Ceramic-metal 

• Minis bakeable 
to 400°C, 
Subminis to 550°C 

• Weld adapter 
or vacuum flange 
mounted 

• Brazable subminis 

Request 
Bulletins 

liffliM111110:11« 

766 SMU (Submini). 

11111. 

---

rilfi , 

t 

it 

,Glei01 

:lilt" 
SINGLE UNIT MOUNTING DIAMETERS 

Mini- 0.247"(6.27mm);Submini-0.154"(3.91mm) 

(mini) 758MU Ceramaseal,lnc. 
A SUBSIDIARY OF 1ANTEltPOICE and 

NEW LEBANON CENTER, NEW YORK 12126 (518) 794-7800 • Telex 14-5442 
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SHAPE FOIL INTO 
MAGNETIC SHIELDS 

in minutes ... with scissors... low cost 
No waiting. Solves many shielding problems. Use a single formula (ask us) to 
determine thickness and number of layers. Combine this with practical trial 
and error. After cutting, hand trim AD-MU foil to the correct outline and fit 
it around the component to be shielded. 

If you need relatively few shields, or are 
experimenting, that's it. You've eliminated 
designing, tooling and manufacturing costs 
for prefabricated shields. 

Especially good also for hard-to-get-at 
places and to make assemblies more 
compact by placing magnetically 
reacting components closer 
together without perform-
ance degradation. 

Ask For NEW 48-PAGE 
Time-Saving Reference 
Data/Catalog on 
Magnetic Shielding 
Techniques & 
Problem 
Solving 

e 
di 
AD-VANCE MAGNETICS, INC. 

226 E SEVENTH ST ROCHESTER IND. 46975 

(219) 223-3158 TVVX 810 290 0294 

  Our 3rd Decade of Magnetic Shielding Leadership 

New products 

stator portion off the switch. 
The factory-assembled housing is 

molded from a thermoplastic acetal 
resin with a concealment flange and 
stabilizers for secure panel and pc-
board mounting. Current ratings are 
1.5 A (nonswitching) and 0.125 A 
(switching). Minimum dielectric 
withstand voltage is 500 y dc. 
AMP Inc., Harrisburg, Pa. 17105. Phone 

(717) 564-0100 [344] 

Shaft encoder can sense 

72 shaft angles 

A programmable rotary logic switch 
can be used as a shaft-angle encoder. 
It senses 60 shaft angles if a detent is 
used and 72 shaft angles if no detent 
is used. The contacts of the units can 
switch a resistive load of 0.125 A at 
115 y ac with an operating torque of 
14 to 24 inch-ounces. It has a 
minimum dielectric strength of 500 

ac with a minimum standard 

contact life of 500,000 cyles of 360°. 
The pc terminals are on 0.1-in. 
centers with spacing of 0.2 in. 
between the rows. 
The switch can be used in applica-

tions for television games, test 
instrumentation, iv shaft encoders, 
telecommunications, and other elec-
tronic assemblies. 
Standard Grigsby Inc., 920 Rathbone Ave., 

Aurora, III. 60507 [345] 

Fireproof resistors 

can handle 50 watts 

Designed for general-purpose use, 
three additions to the PW series of 
wirewound fixed resistors have rat-
ings of 30, 40, and 50 w. The resis-
tors are wound on fiberglass cores, 
filled with fireproof inorganic mate-



Touch switches 
are 

and CENTRALAB has them NOW 
When Centralab introduces touch switches you can be sure they're "In". Backed by 
40 years of switch know-how, and after years of intensive research and testing, 
Centralab is now delivering, in batch-process volume, a complete touch switch 
system. We call it MONOPANEL. 

MONOPANEL is a thin, light, flat, front panel subassembly containing micro-motion 
touch switches already mounted and interconnected ... with LED's, nomenclature, 
graphics and colors to meet your functional and aesthetic requirements. 

Batch-Processed For 
Economy With Quality 

MONOPANELS are batch-processed as 
11" X 17" master panels only .075" thick, 
each containing up to 700 switches. 
Every Monopanel is a complete, 100% 
pre-tested subassembly containing 
switches, front panel and graphics. 

60,000,000 Cycles 
Without Failure! 

The basic MONOPANEL switch has been 
operated for sixty million switching cy-
cles without mechanical or electrical 
failure. And MONOPANEL has been 
tested and proven against 22 separate 
mechanical, electrical and environmen-
tal standards. 

Custom Designed 
For Your Application 

On each 11" X 17" panel you can 
custom-design individual boards to meet 
your front panel needs. The illustration 

above shows just a few of the almost 
endless variations possible from each 
master panel. 

Unlimited Graphics 
Available 

The flat, smooth, front panel surface 
permits unlimited choice of graphics. 
Functions may be grouped by color, with 
480 colors available. Thirty choices of 
type style and size. And whatever visual 
symbols meet your specific needs. 

CENTRALAS 
Electronics Division 

GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 

MILWAUKEE, WISCONSIN 53201 

THIS IS 
MONOPANEL: 

• A complete touch switch sub-
assembly, ready to mount. 

• All switches and graphics on a 
.075" thin panel. 

• Flat. spill-proof surface wipes 
clean. 

• Noiseless. 

• 100% tested. 

• Choice of terminations. 

• Operating voltage: 50 V max. 

• Operating current: 100 mA 
max. 

• Contact resistance: 0.2 ohms 
typical. 

Standard 12 and 16 position 
keyboards are available 
through Centralab 
Industrial Distributors. 
For more information 
on custom 
MONOPANELS, 
call Bill Klug, 
(414) 228-2604, or 
send for this 
FREE brochure today. 

Quality Products For Your Design: Ceramic Capacitors • EMI/RFI Filters • Thick Film Circuits • Rotary, Slide and Pushbutton Switches 
• Touch Switches • Potentiometers and Trimmers. 
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VECTOR-PAK ENCLOSURES 
COLORFUL BEAUTY OUTSIDE — VERSATILE & ACCESSIBLE INSIDE 

—BEST FROM 
Beautiful and affordable cases, unmarred by screws 
or fasteners. Instantly accessible interiors with slip 
out covers. Optional ventilation, handles, stands, 
slides and mounting holes. Recessed front and rear 
panels. Styling, finish and details can be modified 
to make the case uniquely yours. Low in cost. 

EVERY ANGLE— 
Fully adjustable interior mounting systems for any 
card, module or device within size limitations. Cards 
or modules insert from front or rear, vertically, 
horizontally, or top down. Circuit cards, modules, 
guides, connectors, ribbon cables are available. Send 
for catalog. Rugged—Reliable—Versatile 

• 15 STANDARD SIZES, • 11 COLORS IN TEXTURED VINYL OR ANODIZE 
• 11 STANDARD INTERIOR MOUNTING SYSTEMS, • ONE WEEK DELIVERY IN STANDARD CASES 

VECTOR ELECTRONIC COMPANY, INC., 12460 Gladstone Avenue, Sylmar, CA 91342, phone (213) 365-9661, twx 910-496-1439 
530577 Our toll-free number which can be used by customers outside of California is 800-423-5659. 

Circle 246 on reader service card 

The original Test Clip and still 
the best. 

.1.1111•1». 

A P has a Super DripTm Clip for any DIP. 

MODEL 
ROW-TO-ROW 
DIMENSION 

PART 
NUMBER PRICE 

TC-8 .3 in. 923695 S 7.35 
TC-14 .3 in. 923698 $ 4.50 
TG-16 .3 in. 923700 $ 4.75 

, TC-16LSI .5/.6 in. 923702 $ 8.95 
TC-18 .3 in. 923703 $10.00 
TC-20 .3 in. 923704 $11.55 
TC-22 .4 in. 923705 $11.55 
TC-24 .5/.6 in. 923714 $13.85 
TC-28 .5/.6 in. 923718 $15.25 
TC-36 .5/.6 in. 923720 $19.95 
TC-40 .5/.6 in. 923722 $21.00 

Troubleshooting DIP ICs can be a pain in the 
probe if you can't get at their pins. But you 

can make the job faster and easier with 
Super-GripTM IC Test Clips from A P. AP 
Test Clips are precision engineered to as-

sure reliability. Our "contact comb" design 
prevents shorting while our superior gold-

plated phosphor bronze terminals make con-
tact. And this gutsy little spring clip is perfect 

as an IC puller, too. So use it for its connec-
tions or use it for its pull. 

Order from your A P distributor today. For 
the name of the distributor nearest you call 

Toll-Free 800-321-9668. 

Send for our complete A P catalog, 
The Faster and Easier Book. 

Faster and Easier is what were all about. 

P PRODUCTS 
INCORPORATED 
Box 110 • 72 Corwin Drive 

Painesville, Ohio 44077 
216/354-2101 TWX: 810-425-2250 
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New products 

rial, and sealed in steatite ceramic 
cases. All three resistors are equip-
ped with standard 0.25-in, spade-lug 
terminals. The standard resistance 
ranges are from 0.5 to 1,200 Q for 
the PW-30, 0.65 to 1,500 Q for the 
PW-40, and 0.8 to 1,800 Q for the 
PW-50E. Tolerances ±5% and 
± 10% are available. Dimensions are 
2.55 in. long by 0.75 in. square for 
the PW-30, 3.00 by 0.75 in. for the 
PW-40, and 3.625 in. by 0.75 in. for 
the PW-50E. 

In large quantities, the PW-30 for 
330 to 400 each, the PW-40 for 360 
to 430 each, and the PW-50E sells 
for 430 to 51e each. 
TRW /IRC Resistors, P. 0. Box 393, Boone, 
N. C. 28607. Phone Wink Winkleman at 

(704) 264-8861 [346] 

I-- TOPICS 

Components 

The Amphenol North America 
Division of Bunker Ramo 
Corp., Oak Brook, III., has 
announced that its Blue Ribbon 
26 Series rack-and-panel con-
nectors are now available with 
Underwriters Laboratories yellow-
card recognition. . . Allen-Brad-
ley Co., Milwaukee, Wis., is 
offering a low-level switch for its 
Mod Pot line of panel potentio-
meters. The switch is tested at 
current levels as low as 15 mA 
and open-circuit voltages as low 
as 5 V.... Opcoa Division, IDS 
Inc., is second-sourcing a broad 
line of light-emitting diodes made 
by Monsanto, Litronix, Hewlett-
Packard, and Texas Instruments. 
Among the units are red, green, 
yellow, and deep orange lamps of 
the OPL series; these are T-1 size 
units. Other lamps, in the LST 
series, are available with three 
different viewing angles. 

How do you 
resolve two signals 
spaced 1 Hz apart 

at 2 MHz? 

With an EMR Model 1510 Digital Real-Time Spectrum 
Analyzer and EMR Model 1520 Digital Spectrum 
Translator. Simply add the optional EMR Model 1521 
Range Extension Module to the 1520 Translator, and 
you have real-time spectrum analysis at frequencies 
up to 2 MHz! 

The CRT photo-
graph illustrates the 
result. The input 
signal consisted of 
two discrete fre-
quencies spaced 
1.0 Hz apart, with a 
50 dB difference in 
amplitude. The fre-
quency range covered 
is 25.6 Hz centered 
about 1.990000 MHz, 
and the frequency 
resolution is 0.1 Hz! 

Only EMR offers that much resolution at frequencies 
up to 2 MHz in real time. 

So if you have an analysis problem requiring high-
resolution/high-frequency real-time spectrum analy-
sis, contact EMR ... we will arrange for a demonstra-
tion or detailed information. 

Sangamo Weston, EMR Telemetry Division 
P.O. Box 3041, Sarasota, FL 33578 
813-371-0811 

SANGAMO WESTON 

Schlumberger 
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e HAL VDB-8024 Video Dispiay Board provides video 
output in 24 Imes of 80 characters each for users of SBC 
or BLC microcomputer systems. 2K bytes of RAM 
relocatable by DIP switches, support the display. Special 
functions include Flash, Bright, Reverse, or Hidden fields 
of characters, as well as margin bar indicators. 
Suggested support software is provided in the 
doc umentation. 

Write or call for more information today. 

Cirde 248 on reader service card 

Price 
$300.00* 

HAL COMMUNICATIONS CORP. 
P.O. Box 365 • Urbana, IL 61801 
Phone 217 367-7373 

*100 Unit Quantity 

MDB SYSTEMS presents... The 1511-11 Connection 
GP Logic Modules • Peripheral 
Controllers • Communications 
Interfaces • Special Purpose 
Modules • Accessory Hardware 

Plus: DEC's own LSI-11 Micro-
processor Module. 

Here are some MDB Systems 
connections to LSI-11 
microprocessors: 

D General Purpose Interfaces: 
Parallel for programmed I/O 

and DMA. 
Do-it-yourself dual and quad 

wire wrap for any DIP design. 
D Device Controllers for most 

major manufacturer's 
Printers 
Card equipment 
Paper tape equipment 
Plotters 

Communications/Terminal 
Modules 

Asynchronous Serial Line 
Synchronous Serial Line 

D MDB Backplane/Card Guide 
Assembly (8 Quad slots) 
Rack mount chassis 5A" 

front panel. 
D Special Purpose Modules and 

Accessories 
System monitoring unit 

provides front panel switch 
addressing, power on/off 
sequencing; line frequency 
clock. 

D Bus extenders/terminators. 
E-PROM and PROM modules. 
Bus connectors for backplane 

assemblies. 
MDB Systems products always 

equal and usually exceed the 
host manufacturer's specifica-
tions and performance for a 
similar interface. MDB interfaces 
are software and diagnostic 
transparent to the host computer. 
MDB products are competitively 
priced; delivery is usually within 
14 days ARO or sooner. 

MDB also supplies interface 
modules for DEC PDP*-11 Data 
General NOVA* and Interdata 
minicomputers. 

PEE 
MDB SYSTEMS. INC 

1995 N. Batavia St., Orange, California 92665 
714/998-6900 TWX: 910-593-1339 

*TiMs Digital Equipment Corp. & Data General Culp. 

CIRCLE NO. 92 FOR LSI 93; FOR POP-11; 94 FOR NOVA; 95 FOR INTERDATA 96 
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Our floppy disk system 
delivers twelve things 

DEC's can't. 

DEC RX01 
$4300°° 

Like eggs, product benefits are better when they come in dozens. 
Especially, when they're cheaper by the dozen. For $1,000 less than the RX01, 
the DSD-210 floppy disk system brings you twelve things DEC can't deliver at any price. 

Just load/address 173000 
and go with your PDP:11. 
An all new hardware bootstrap 

forte PDP-11. No one can offer you 
a simpler, more reliable way to attach 
a floppy disk system to your PDP-11. 

Save $300 and a Q-bus slot 
on your LSI-11. With this 
new interface card with built-

in bootstrap, you can save the cost 
of DEC's REV 11 card and the Q-Bus 
slot it takes up. The L-11 bootstrap 
includes dynamic memory refresh, 
clocking circuits, and bus termination. 

®registered trademark of Digital Eguipmert Corporation 

Electronics/January 5, 1978 

The confidence & reliability 
3 that only Shugart drives can 
>ego give. Data Systems uses only 
field proven Shugart drives, the 
industry standard for reliability and 
performance. Your choice of one, two 
or three of these rugged drives in 
your DSD-210. 

Plus 
4. Complete modularity 
5. Write protect switches 
6. Diskette formatting capability 
7. Lip to three drives per controller 
8. Interchangeable 50/60 Hz 

operation 
9. Front panel activity LED lights 
10. Front panel system status 

indicators 
• 11. Self-testing microcode 

12. Quick delivery 

3130 Coronado Drive 
• Santa Clara, California 95051 

(408) 249-9353 
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BACKED INIM 
DEC'S CORNER? 

XEBEC HAS AN OUT. 
You package the world's most popular minicomputer. 
And that's your problem. There simply aren't enough 
PDP" 8's and 11's to go around. 

Consider DEC's': LSI-11 with a full line of peripherals 
from XEBEC. 

• Single and double density floppies 
• Cartridge disks 
• 40 —300 MB storage modules 
• Industry standard mag tapes 

All economical... reliable...and ready to ship. 
Not only for the LSI-11, but for the entire family of DEC 
minicomputers. 

XEBEC. Think of us as the interface between their 
popularity and your future. 

(#XXEBEC) 
Xebec Systems. Incorporated 
2985 Kifer Road, Santa Clara. Ca 95051 
Phone: 408.988-2550 TWX. 910-338-0130 
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New products 

Microwaves 

Disk capacitors 
can replace 
tubular trimmers 
A series of disk-type variable ceramic 
capacitors for use in microwave applica-
tions employs a split-stator design to 
achieve self-resonant frequencies of 
about 2 GHz at maximum capacitance. 
The units are claimed to be equivalent 
to conventional tubular trimming ca-
pacitors, but to sell for much less. 

Because of their low cost they are 
expected to be attractive to manufac-
turers of land-mobile radios, hand-held 
communications equipment, pocket 
pagers, and other equipment now 
employing tubular microwave trimmers. 
Electronic Components Division, Panasonic, One 

Panasonic Way, Secaucus, N. J. 07094. Phone 

Steve Belcak at (201) 348-7270 [401] 

Phase-adjustable connectors 

have 18° range at 18 GHz 

Two phase-adjustable SMA con-
nectors for 0.085-inch and 0.141-in. 
semi-rigid coaxial cable offer an 18° 
phase-adjustment range at 18 GHz. 
The subminiature connectors have a 
phase-adjustment nut that alters the 
length of the connector when it is 
rotated, thereby changing the elec-
trical length of the cable assembly 
and, hence, its phase. To prevent 
unwanted phase changes, a locking 
system is provided on both sides of 
the nut. The nut can be released and 
readjusted at any time. 

Major applications of the 901 
series connectors are in phased-array 
radars, its landing systems, micro-
wave test equipment, and any other 
gear in which phase matching is crit-
ical and space is at a premium. The 
connector for 0.085-in.-diameter ca-
ble is 1.06 in. long when completely 
closed and 1.19 in. when extended. 
Corresponding dimensions for the 
0.141-in.-diameter cable connector 
are 0.940 in. and 1.065 in. 

Both connectors will withstand 
500 mating and unmating cycles 
without deterioration, have a nomi-
nal impedance of 50 ohms, and are 
rated for operation up to 600 v rms. 
Operating temperature range is 
—65°C to 125°C. 
Amphenol RF Operations, Bunker Ramo 

Corp., 33 East Franklin St., Danbury, Conn. 

06810. Phone Jerry Nagy at (203) 743-9272 

[403] 

Two portable instruments 

test microwave repeaters 

Although it consists of only two 
portable instruments weighing 35 
pounds each, Scientific-Atlanta's 
model 4655 microwave repeater ana-

lyzer can perform all routine testing 
and maintenance procedures re-
quired by 4-, 6-, and 11 -GHz message 
radio systems. The analyzer com-
prises intermediate-frequency and 
radio-frequency synthesizers, a fre-
quency counter, a cathode-ray-tube 
display, and a combination digital 
voltmeter and power meter. Direct-
reading displays and microprocessor-
based controls make the analyzer 
easy to operate. Because the test set 
is tailored specifically for testing 
repeater stations, it greatly reduces 
the time needed to perform a 
complete check-out. The 4655 has a 
price of $19,985 and a delivery time 
of 16 weeks. 
Scientific-Atlanta Inc., 3845 Pleasantdale 

Rd., Atlanta, Ga. 30340. Phone Meade 

Sutterfield at (404) 449-2000 [404] 

Low-noise GaAs FET 

delivers 25 mW at 8 GHz 

When tuned for maximum output 
power at 5 dm input, the linear 
(1-dB compression) output of the 
HFET-1101 is typically 35 mw at 

4 GHz and 25 mw at 8 GHz. The 
gallium-arsenide field-effect tran-
sistor is a low-noise device, which 
makes it a good second-stage or 
output-stage device for radar and 
communications equipment operat-
ing in the frequency range from 2 to 
12 GHz. Housed in the rugged 
H PAC-100A package, the H FET-
1101 sells for $125 in quantities of 
one to nine and $110 each in lots of 
10 through 24. Delivery is from 
stock. 
Inquiries Manager, Hewlett-Packard Co., 

1507 Page Mill Rd., Palo Alto, Calif. 93404 

[405] 
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At+125°C 
you can burn your fingers on some DAC's 

our 4058 stays cool 
Because this new, hybrid 12 bit DAC was specifically 
designed for the temperature range — 55 to +125°C. 

It is not merely a top-end selection of 
commercial DAC's, where you don't 
know today what tomorrow's yield 
will be. 

Your application may not need 
the full temperature range nor 
the hermetically sealed metal 
DIP. But for a lot of industrial 
applications these and other 
features of the new DAC 

offer you vital safety factors. 
For example, it is produced to 

MIL Std 883 giving extremely high 
reliability. It has a very low tempera-

ture drift of 5 ppm/°C gain, 10 ppm/°C 
max. offset. 

And if you want to fly with it, the 4058 is shock, 
vibration and acceleration tested - its already being 

used in the new MRCA. 

ir TELEDYNE PHILBRICK 
Allied Drive at Route 128 
Dedham, Massachusetts 02026 
Tel: (617) 329-1600 

TWX: (710) 348-6726 
Telex: 92-4439 
Cable: TELEPHIL 

Circle 252 on reader service card 

7 Major Routes to 
Reliability, Provided 
by the RAC 

• System Reliability and Maintainability Consult-
ing Services 
• Customized Data Searches 
• Semiconductor Device Reliability Databooks 

—Digital Data 
—Linear/Interface Data 
—Memory/LS' Data 
—Hybrid Circuit Data 
—Transistor/Diode Data 

• Reliable Equipment Design Guidelines 
—Design Reliability Handbook 
—Microcircuit Reliability Bibliography 

• Tutorial Reliability Courses 
• Annual Reliability Workshop 

• Periodic Reliability Seminars 

RAG 
Reliability Analysis Center 
RADC/RBRAC, Griffiss AFB, NY 13441 

Phone 315-330-4151, Autovon 587-4151 

RAC is a Dar) Information Analysis Center Operated by ¡IT Research Institute 

REDUCE 
CLEANING 
COSTS 

WITH BLACKSTONE'S 
IMMERSIBLE 

UM "I 
ULTRASONIC 

TRANSDUCER 
The addition of one or more Black-
stone immersible ultrasonic trans-
ducers can convert your sink or 
cleaning tank into an efficient, low-
cost ultrasonic cleaner. Standard unit 
is 91/2" x 151/2 " x 31/2" and is supplied 
with 7' length transducer cable. Spe-
cial immersible transducers, can be 
provided to fit your requirements. 
The transducers are driven by Black-
stone's solid-state, auto-tuned ultra-
sonic generators. Many successful, 
money-saving installations are now 
in use. Typical installations include: 
• 20 immersible transducers in a 1000 
gallon d ie cleaner which has cut clean-
ing time in half and doubled die life. 
▪ 1 immersible transducer in a 55 
gallon drum which has increased the 
production rate by 50%. 
Blackstone's experts will be happy to run tests and recommend the Instal'anon best sated to your needs 

Send for complete information or phone (716) 665-2620. 

BLACKSTONE ULTRASONIC INC 
)'r 1111 Allen Street, Jamestown, New York 14701 
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INTRODUCING DELCO ELECTRONICS' 
MONOLITHIC OPERATIONAL AMPLIFIER 

If you're now using discrete 
power output transistors, we've 
got an alternative that gives you 
design versatility. 

It's the DA-101—Delco's 
Monolithic Operational Amplifier 
—with all the circuitry you 
need in one compact package. 
The Monolithic Operational 

Amplifier (MOA) has two 
separate gain and power stages 
contained in a modified 
dual-in-line package. 
The DA-101 operates from a 

10- to 16-volt DC supply and 
can be used in an audio bridge 
configuration with floating 
speaker output, or as 
two separate amplifier-
speaker systems. 
The MOA means 

weight savings in 
more ways than one. 
Besides reducing 
the total number of 
components you need, the 
MOA has a copper mounting 
surface to assure ample 
heat transfer to the convector. 
The tab negative or ground 
connection eliminates the need 
for mica insulation. 

In fact, the de-
sign of one power 
megaphone 
showed a compo-
nents weight 
savings of 65 percent. 
Our new MOA means added 

design application flexibility, too. 
In automotive and home 
entertainment systems, two-way 
communication systems, power 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Operating Voltage 

Peak Current 

Storage Temperature —55°C to 150°C  

Power Dissipation 22W  

ELECTRICAL 
CHARACTERISTICS TYPICAL 

24V 

16V 

3A 

Vcc -= 14V dc  

Sa., Pyo = OW  40mA 

Differential Input Bias Current   0.80 mA 

Open Loop Gain  90d8 

Power Out W 5% Distortion  

40 Bridge 6W 

411 Non-bridge 35W 

THERMAL CHARACTERISTICS 
Thermal Resistance. Reg ITypicall 4° C/W 

megaphones, motor controls, 
various I-1 switch applications, 
and more. 
Another advantage of our 

Monolithic Operational 
Amplifier is its durability. It has 
integral protective circuitry for 
not only overvoltage, but 
temperature, current conditions 
and shorted outputs as well. 
And it can be mounted by 

either direct soldering to a 
printed circuit board or through 

the use of a suitable socket. 
For more information, return 

the coupon on the right, contact 
an authorized Delco distributor, or 
call your nearest Delco sales 
office: Kokomo, Ind. (317) 
459-1271; Charlotte, N.C. (704) 
527-4444; or Van Nuys, Cal. 
(213) 988-7550. 

25 

e 20 
.3( 

g 15 

171 10 

'3' 5 
Pa_ 

DERATING CURVE 

25 0 75 100 125 
CASE TEMPERATURE-1°C) 

150 

AUDIO BRIDGE CIRCUIT 

TWO SEPARATE AMPLIFIERS CIRCUIT 

I FOR MORE INFORMATION ABOUT 
DELCO'S NEW MONOLITHIC 

OPERATIONAL AMPLIFIER, MAIL 
THIS COUPON TO: 

Delco Electronics Division 
General Motors Corporation 
Marketing Services MS A-213 
700 E. Firmin Street 
Kokomo, Indiana 46901 

NAME TITLE 

COMPANY 

ADDRESS 

CITY STATE ZIP 

PliONE 

11 

Delco 
Electronics 

 DI 
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ELECTRONICS 
REPRINTS 

No ol 

copies 
wanted New reprints 
_ R-718 Display makers strive to refine 

their technologies 8 pp $3.00 
_ R-716 Special report—Japanese wave 

in semiconductor technology 24 
pp $3.00 

_ R-714 Special report—active filter 

technology 6 pp $3.00 
_R-713 Electron-beam lithography 

draws fine line 10 pp $3.00 
_ R-712 Special report—large-scale inte-

gration 16 pp $3.00 
 R-710 Personal computers mean busi-

ness 8 pp $2.00 
 R-708 So you want to be a consultant 

6 pp $2.00 

_R-516 
 R-213 

 R-326 

 R-711 

_ R-704 

 R-701 

 R-608 

_ R-602 

_ R-520 

_ R-011 

_ R-032 

Charts 
Electronic symbols $2.00 
Electromagnetic spectrum (up-
dated 1976) $3.00 
Optical spectrum (6-page report 
and chart) $3.00 

Books 
Circuits for electronics engi-
neers: 306 circuits in 51 func-
tional groups—Electronics Book 
Series $15.95 
Thermal design in electronics 
$5.00 
Applying microprocessors— 
Electronics Book Series $9.95 
Basics of Data Communica-
tions—Electronics Book Series 
$12.95 
Large Scale Integration—Elec-
tronics Book Series $9.95 
Microprocessors— Electronics 
Book Series $8.95 
Computer-aided Design 135 pp 
$4.00 
Active Filters 88 pp $4.00 

Payment must 
accompany your order 

Make check or money order payable to Elec-
tronics Reprints. All orders are shipped 
prepaid by parcel post. Allow two to three 
weeks for delivery. For additional information 
call (609) 448-1700 ext. 5494. 

Mail your order to: 
Janice Austin 
ELECTRONICS REPRINTS 
P.O. Box 669 
Hightstown, N.J. 08520 

Back issues now available: 
1960 to 1969, $5.00 each 
1970 to 1973, $3.00 each 
1974 to 1976, $4.00 each 

New products 

Semiconductors 

65-k ROM has 
typical access 
time of 450 ns 
Using an advanced, self-aligning metal-
gate mos process, National Semicon-
ductor Corp. has developed a 65,536-bit 
read-only memory with a typical access 
time of 450 nanoseconds. The n-channel 
metal-oxide-semiconductor device, de-
signated the MM5235, requires a single 
5-volt supply and pulls less than 130 
milliamperes. The power consumed by 
the 28-pin memory is therefore less than 
700 milliwatts. 

Unlike most 4-k, 8-k, and 16-k mos 
ROMS, which use self-aligning silicon-
gate processing techniques, the new 
Maxi-ROM uses a triple ion-implant 
metal-gate process. According to Su-
man Patel, design engineering manager, 
the metal-gate process offers several 
inherent interconnect advantages. "Sili-
con-gate n-Moe is an advantage in 
random-access memories," he concedes, 
"but not in Roms." 
At present, the MM5235 sells for 

$32 each in lots of 250 pieces. In large 
quantities, the price is expected to drop 
to about $16, according to Fred Wick-

ersham, manager of MOSiLSI memory 
products. 
The 65-k ROM is only the first in a 

family of high-density devices National 
is working on using the new process. 
Coming soon are a faster 65-k ROM and 
a 32-k ROM. Further off are Roms with 
capacities of 131 and 262 kilobits, 
Wickersham says. 
National Semiconductor Corp., 2900 Semicon-

ductor Dr., Santa Clara, Calif. 95051. Phone 

Fred Wickersham at (408) 737-5402 [411] 

8-bit d-a converter 

drifts only 10 ppmrC 

A monolithic 8-bit digital-to-analog 
converter with a maximum nonli-
nearity of 0.1% has a full-scale 
current drift of just 10 parts per 
million/°C. The current-output de-
vice is intended for use in fast a-d 
converters, variable-gain amplifiers, 
waveform generators, three-digit bi-
nary-coded-decimal converters, and 
programmable power supplies. The 
unit has a typical power dissipation 
of 33 mw when used with ±5-v 
supplies and 135 mw in ± 15-v 
systems. Its maximum differential 
nonlinearity is 0.19%. 

In hundreds, the NE5009N, 
which comes in a 16-pin plastic dual 
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WITH WAFERTRAC YOUR OPERATOR 
COMES IN THE DEAL. 

PACKED INSIDE. it(à.p-
And that's not the half of it. 

VVAFERTRAC's microprocessor board which 
mounts an 8-bit CPU, memory and interface 
capability not only oversees equipment operation 
like pacing wafers through scrub, photoresist 
coat, bake and develop, it's got a lot of other 
talents as well. 

WAFERTRAC performs lot surveillance, 
identifies lost and broken wafers and sounds the 
alarm when vital process parameters such as 
spin speed, oven temperature or dispense 
duration falls out of spec. 

There's more. VVAFERTRACTm talks • 1 
to your programmer and your 
supervisory computer, as well as 
every spinner, bake oven, 
indexer and buffer in the 
VVafertrac System. So 
it's a first class 
bookkeeper, 
monitoring 
yields, 
throughput and 
other vital 
production data. 

Contact 
your local GCA 
sales office or 
authorized rep 
and find out more 
about how 
WAFERTRAC with 
its built-in operator 
can raise yields at your 
facility—and perform the 
operating routines which go with 
wafer fabrication. 

.1 

00A 
GCA 
GCA CORPORATION 
Sunnyvale Division 

1050 Kite( Road 
Sure-wale, CA 94086 
(408) 732-5330 
TWX. 910-339-9211 

Part ot the G CA,/C Systems Group 
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New products 

in-line package, sells for $4.75. In 
the same quantities, the SE5009, in 
a ceramic DIP, goes for $9.50. 
Signetics, P.O. Box 9052, 811 East Argues 
Ave., Sunnyvale, Calif. 94086. Phone (408) 

739-7700 [413] 

10-volt reference is 
within 5 mV at 25°C 

The AD581L is a monolithic voltage 
reference source with a maximum 

room-temperature (25°C) error of 5 
millivolts. Its temperature coeffi-
cient is specified at 5 parts per 
million/°C over the range from 0°C 
to 70°C so that the guaranteed 
maximum total error is 7.25 mv over 
the specified temperature range. 
The laser-trimmed device is regu-

lated to within 3 mv for supply-
voltage variations from 15 to 30 v 
(1 mv for variations from 13 to 15 NO 
and drifts no more than 25 
ppm/1,000 hours on a noncumula-
tive basis. A load change from 0 to 
5 MA will cause a voltage change of 
no more than 2.5 mv. Noise in the 
range from 0.1 to 10 Hz is less than 
50 gv peak to peak. The AD481L 
sells for $11.95 in hundreds. 
Two lower-precision versions of 

the AD581 are also available: the 
AD581J, which is priced at $2.85 
each in hundreds, has a maximum 
25°C error of 30 mv and a maximum 
tempco of 30 ppm/°C; the AD581K, 
at $5.95 has corresponding numbers 

of 10 mv and 15 ppm/°C. All units 
are available from stock. 
Analog Devices Semiconductor, 829 Woburn 

St., Wilmington, Mass. 01887. Phone Jeff 

Riskin at (617) 935-5565 [414] 

8-bit d-a converters 
settle within 85 ns 

Linear to within half a least signifi-
cant bit, two monolithic digital-to-
analog converters are claimed to 

If the ins and outs of 
microcomputers are the 

problem, we have 
the answer. 

Texas Instruments 
TM 990/100M 
compatible 



have settling times of 85 nanose-
conds. The model DAC-08BC comes 
in a I6-pin plastic dual in-line 
package and operates from 0"C to 
70°C. The model DAC-08BM is 
housed in a I6-pin ceramic DIP and 
works from —55 C to 125C. Both 
units require an external current 
reference. Prices are $8 for the 
DAC-08BC and $12 for the -08BM. 
Availability is from stock. 
Datel Systems Inc., 1020 Turnpike St., 

Canton, Mass. 02021. Phone Eugene L. 

Murphy at (617) 828-8000 [416] 

Sample-and-hold unit 
provides 12-bit performance 

Contained in a TO-99 package, the 
SHC298 is a monolithic sample-and-
hold device of sufficient precision to 
be used in 12-bit systems. The unit, 
which requires the use of an external 
holding capacitor, has a gain error of 

less than 0.005%, a gain drift of less 
than 4 parts per million/C, and a 
full-power bandwidth of 125 kHz 
with a I,000-pr holding capacitor. 
Its input resistance is greater than 
10'" ohms and its acquisition time is 
less than 10 µs. If a 1-iir holding 
capacitor is used, the droop rate is a 
low 5 mv per minute. The SHC298 
sells for $7.95 in small quantities; in 
hundreds, it goes for $5.75. 
Burr-Brown Research Corp., International 

Airport Industrial Park, Tucson, Ariz. 85734. 

[417] 

Dual 80-V driver handles 
300-milliampere peaks 

A universal dual high-voltage power 
driver package operates at voltages 
as high as 80 y and peak currents as 
high as 300 mn. The DI-446 is a 
dielectrically isolated monolithic de-
vice with a built-in transient-

suppressing diode (drive inductive 
loads). In lots of 10,000 pieces, the 
DI-446 sells for $1.38. 
Dionics Inc., 65 Rushmore St., Westbury, 

N. Y. 11590. Phone Manny Sussman at 

(516) 997-7474 [418] 

1,200-V molded triacs 
have 900-A surge ratings 

A series of molded power triacs for 
operation to 1,200 v contains units 

Pro-Log 
compatible 

Motorola 
MM6800 
compatible 

Intel SBC 
80 compatible 

----

-11 . — 

tilidinutt itilibuditti n 

All of them. 
If your enthusiasm for microcomputers begins 

to wane when you suddenly face the real world of 
• analog signal interfacing, your worries are over. 

Our complete family of real-time analog I/O sub-
systems gives you maximum convenience and versa-
tility with the least uncertainty and frustration. 

We have the answer to your analog I/O sub-
system problems. All of them. All you have to 
do is ask. And we'll send you complete informa-
tion on the entire RTI Series. 

ANALOG 
DEVICES 

The real company in ,.peripherals 

Analog Devices, Inc., Box 280, Norwood, MA 02062 F2st Coast: (617)329-4700; Midwest: (312)894-3300; West Coast: (213)595-1783; Texas: (214)231-5094; 
Belgium: 031/37 48 03; Denmark: (02) 845800; England: 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19: Japan: 03/26 36 82 6; Netherlands: 
076/879 251; Switzerland: 022/318704; and representatives around the world. 
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NORTH ATLANTIC 

Phase Angle Voltmeters 
with 48 hour burn-in 

• High Reliability 

Model 225 Digital PAV 
• High Accuracy AC DVM 
• 0.25° Phase Accuracy 
• Direct and Automatic 
Display of Phase Angle 
• AC Ratiometer Capability 
• Autoranging and 
Reference AGC 
• Remote Control and Digital 
Output Capability 
• IEEE Interface (Optional) 

• Lab or ATE Use 

Model 213 Analog PAV 
• Direct Reading of — 
Total Voltage 
Fundamental Voltage 
Quadrature Voltage 
Phase Angle 
• 5% Bandwidth Without 
Adjustment 
• Harmonic Rejection 
• 10X Overload Capability 
• -± 0.5° Accuracy Option 

le& 

CALL OR WRITE FOR 
COMPLETE SPECIFICATIONS. 

NOR. —In _A_ a' L. A_ IN TIC 

industries, inc. 
200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 

cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600 

New products 

with continuous-current ratings of 
50 A rms (400 A surge) and 100 A 
rms (900 A surge). 
The molded triac assemblies in-

corporate a metal base plate that 
offers isolation to 2,000 y rms as a 
heat-transfer medium. Both T5OAC 
and T1OOAC triacs are available 
with voltage ratings of 400, 600, 
800, and 1,000 vas well as 1,200 v. 
Junction operating temperature 
range is —25°C to 125°C. 

Prices depend upon voltage rating 
and current rating. A representative 
price is $15.48 for the model 
T5OAC40, a 50-A/400-v unit, in 
hundreds. In the same quantity, the 
TIOOAC120 (100 A/I,200 v) sells 
for $80.28. 
International Rectifier, Semiconductor Divi-

sion, 233 Kansas St., El Segundo, Calif. 

90245. Phone (213) 322-33311419] 

r TOPICS 
Semiconductors 

Texas Instruments Inc., Dallas, 
is second-sourcing the MC3446 
quadruple bus transceiver IC for 
IEEE-488 applications. In lots of 
100 or more pieces, the plastic-
packaged version sells for $2.12 
and the ceramic for $2.61.... 
National Semiconductor Corp., 
Santa Clara, Calif., is producing 
a one-chip digital voltmeter with a 
resolution of 3,999 counts. An 
extended-range version of the 
company's ADD3501, the new 
ADD3701 needs only a display, 
an external voltage reference, 
and a digit driver to form a 
complete DVM. 
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Tired of Reruns? 
Fluke counters with a new series in the 5 Hz-520 MHz/time 

slot. 
If you're paying over $345 for a counter and getting fre-

quency only, tune in on our new 1900-series of priced-right 
multicounters. 

Five different models offer both time and frequency, with 
award-worthy performance and features; the ratings are 
terrific! 

New Time and Frequency. 
Last year's hit, the model 1900A, set the stage for this new 

series of multicounters by offering frequency, period, period 
average and totalize standard in one great counter. 
Now all models in the series offer comparable features and 

value, with autoranging and autoreset as well. 
Most models feature a trigger level control and battery 

option for reliable field use or 
line-cord-free bench operation. 
All typically have a 15 mV sen-
sitivity (guaranteed on most!), 
plus a 0.5 ppm/month time base 
for long-term stability. 

The Price is Right. 
From this shared base of 

solid performance features, 1900A 

we've built a series of counters with one model just right for 
your needs. 
The new 1912A, with a 520. MHz range and an extensive 

package of standard features, offers more capability for $620* 
than you're likely to find any-
where. For 250 MHz measure-
ment perfection, the 1911A 
multicounter is a best-buy for 
only $495.* 
Forlowerfrequency(125MHz) 

applications, specify the 1910A 
for $395:e The 1900A, years 
ahead in value, has been re-
duced to $345* for even more 

4r4?....: MUM ' ... m. L.... , .. 

1925A 

cost-effective 80 MHz measurement. 
For rugged environment applications in the 125 MHz area, 

you'll want the 1925A with its RFI shielding and dust-resist-
ant steel case. $750* (For only $225* more, a special prescaler 
option extends the 1925A's range to 520 MHz.) 
Tune In and Count. 

Call (800) 426-0361, toll free, for the location of the closest 
office or for complete technical literature. Then stop in for the 
great family picture, and review the extensive option list for 
better TCX0s, data outputs, and more. John Fluke Mfg. Co., 
Inc., P.O. Box 43210, Mountlake Terrace, WA 98043. 
*U.S. price only. 

Command Performance: Demand Fluke Multicolutters. 

FLUKE 
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Three ways 
to get a good 

CRT yoke 

Call 
Syntronic 

(312) 543-6444 

Write 
Syntronic 

Use 
our Yoke 

Selection Guide 
It shows a simplified way to specify the best yoke for 
your CRT display. Our engineers have developed a 
unique concept—the yoke energy constant—as a way 
to estimate yoke inductance and current. From there, 
it's an easy step to specify a yoke "by the numbers". 
Try it. Call or write for your copy. See for yourself how 

0
 Syntronic's years of experience can add up to 

e getting a better yoke for your display. 

oggittonic 
Syntronic Instruments, Inc. 

100 Industrial Road, Addison, IL 60101 
Phpne (312) 543-6444 

A CRT Yoke 
for all reasons 

Military 
Airborne (HUD, HDD, 
VSD, HSD), shipboard, 
ground systems, mis-
sile systems. 

Compact, lightweight, en-
capsulated to withstand 
physical stress. Special 
ferrite core designs. 

Commercial 
Computer terminals, moni-
tors, medical applications, 
hard-copy machines, etc. 

Engineered and tooled 
for volume production. 
Cost-effective and geom-
etry corrected. 

Special Designs 
Phototypesetting, random 
graphics, flying spot scan-
ners, mappers, vidicons. 

Designed for low residual 
and superior resolution 
using special assembly 
techniques. 

Send us your reasons for needing a bet-

ter yoke. We'll supply technical data 
sheets, recommendations, engineering 

assistance. 

ognitonic 
Syntronic Instruments, Inc. 

100 Industrial Road, Addison, IL 60101 
Phone (312) 543-6444 
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Want mass terminations 
for I/0 interconnectinc ? 
We have the wicest choice. 

Now Scotchflex brand 
DELTA Connectors bring the 
proved labor-savings of 3M's 
mass termination system to 
subminiature connections. 
DELTA series components 
include pin and socket 
connectors, junction shells, 
25-conductor flat cable 
and strain relief clips. These 
system assemblies interface 
directly with all other 
industry standard "D" series 
subminiature connectors. 
They're also compatible 
with all connectors in our 
complete Scotchflex line. 

Don't miss 
INCLUDING ME 

September '15 on PBS. 

A family of Scotchflex 
male plug connectors is now 
available in sizes from 10 to 
50 contacts to mate with 
Scotchflex socket connectors 
for T-tap or mid-span 
connections or rack and 
panel applications. 

"Scotchflex" is a registered trademark of 3M Co. 

Our broad line of Scotchflex 
socket connectors includes 
a variety of 12 different sizes 
and center spacings to fit 
standard wrap panels and 
custom configurations. 
Also offered are Scotchflex 
card-edge connectors in sizes 
for 20 to 50 conductors. 

Only 3M offers you 
so wide a choice of mass 
terminating flat cable and 
system components for fast, 
economical assembly of 
I/O interconnections between 
modules or sub-assemblies 
in your equipment designs. 
Plus off-the-shelf availability 
from experienced distributors, 
and the unmatched 
experience of the people 
who pioneered electronic 
mass terminations. 

For more information 
on Scotchflex products 
call 612-733-3350. 

Scotchflex® 
systems 
from 31V 
The source. 

coHmmii 

See our 
catalog in EEM, 
page 2256 
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From only 90 seconds of transmission time, HP's new 
graphic plotter drew this chart in four colors, 

picked up its pens, and put them away. 

Getting this kind of graphics 
from complex computer data 
has always been a long, drawn-
out problem. Now, arcs, circles, 
dashes, dots, and alphanumer-
ics—routine shapes that nor-
mally take lengthy programs— 
are quickly drawn by single. 
commands. 

And, with only one trans-
mission, any series of shapes and 
moves can be stored in the plot-
ter's memory and repeatedly ex-
ecuted as macroinstructions: 

But the neat trick is the 
way our plotter instantly 
changes colors via a program-

Circle 262 on'reader service card 

mable command or front panel 
control. Four long life HP pens 
stay tucked away until the plot-
ter picks one out, draws, and 
puts it back (with the cap on). 

You have to see it to believe 
it. HP's remarkable new Model 
7221A (RS 232C interface) 
uses an internal memory and 40 
commands that plot efficiently 
to save you money in computer 
and transmission time. And it 
costs just $4,600 (domestic USA 
price only), with full service 
leasing available in the USA for 
as little as $218 per month. 

See your Hewlett-Packard 

representative for complete de-
tails on how you can have eco-
nomical high quality multi-
color charts and diagrams of 
your computer-generated in-
formation with the new Model 
7221A Graphic Plotter. It's the 
neat solution to the problem of 
long, drawn-out hard copy 
graphic displays. 11712 

HEWLETT dik PACKARD 

1507 Page Mrll Road, Palo Atto. California 34304 

For assteance call WashIngton (301)948-6370. C6Cago (312) 
255-9800, Atlanta (404)955-1500. Los Angeles 213)4377-1282 



New products 

Industrial 

Pencil programs 
10-channel 
sequencer 
A control sequencer called the 
UP-Timer (for universal programmable 
timer) allows users to program arbi-
trary on/off sequences on 10 indepen-
dent channels by means of pencil marks 
on standard IBM cards. Unlike cam-
controlled sequencers, the UP-Timer 
can thus be programmed and repro-
grammed quickly and easily. 

Loading a program is simple. The 
four-position front-panel control switch 
is placed in the program position, the 
reset button is pushed, a marked IBM 
card is placed in the front-panel slide 
tray, and the tray is pushed into the 
machine. 

This loads the program into a solid-
state random-access memory, which 
serves as the working program store. 
The card need not be used and handled 
every time the cycle is run—only when 
it is initially loaded. 

Although the 10 timing tracks on the 
programming card are each divided into 
100 divisions, the timing marks do not 
have to correspond exactly with the 
divisions—that is, the divisions are for 
reference only. Programming marks 
can be thin lines occupying a fraction of 
a division or large blocks occupying 
many divisions with partially filled divi-
sions at the ends. 
The full length of the timing tracks 

corresponds to the duration of a 
machine cycle. This can be adjusted by 
thumbwheel switches to anywhere from 
10 milliseconds to 100 hours. The cycle 
duration is settable to three significant 
figures and is controlled by a quartz-
crystal time base. The time base can be 
considered error-free, with the system 
performance limited only by the resolu-
tion of the programming card-0.2%. 
On the output end, the sequencer 

offers a choice of four devices: reed 
relays rated for 0.5 A at 100 v, a dc 
solid-state relay rated for 400 mA at 50 
y or 100 mA at 250 y with an operating 
time of 5 le, an ac-dc SSR that can 
switch 75 mA at 50 y in 5 eis, and an ac 

SSR rated for 0.5 A at 140 or 280 v. 
Special features on the UP-Timer 

include a two-digit display of position in 
the cycle (elapsed time) and an indi-
cator lamp for each channel that glows 
when the channel is active. Together, 
these displays allow for easy checking of 
a program. They allow the user to 
delect a convenient cycle time, typically 
100 seconds, and observe the displays 
for visual verification that the program 
is working properly. Debugging is 
simplicity itself; all it requires is a pencil 
with an eraser. 

Thanks to a built-in rechargeable 
battery, stored programs are not lost 
when the sequencer is shut off for brief 
periods. They are erased only when they 
are replaced by new ones. 
UP-Timer pricing depends upon the 

number of channels and the type of 
output relay. A four-channel unit with 
solid-state relays sells for $1,066; a full 
10-channel solid-state sequencer is 
priced at $1,588. Reed relays can drop 
the price about $180 for the 10-channel 
unit and proportionally less on smaller 
ones. Small quantities are available 
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Introducing"THE 
There are a lot of packaging systems around. We're intro-
ducing another one, but it won't add to the confusion be-
cause there simply isn't another system that offers the de-
signer the flexibility of design options as "The Mixer". 

Modular Flexibility 
You can now subdivide your logic system or new micro-
processor system with no restrictions on functional size. 
Boards or panels with IC capacities of 60, 108, 120 up to 192 
may be mixed in the same rack assembly. Panels with 8, 14, 
16, 18, 22, 24, 28, 40,42 IC sockets exist in all sizes. 

Voltage Supply Requirements 
Panels in all sizes have one, two or three voltage planes for 
distribution of multiple voltage IC requirements. Connector 
backolanes containing committed or uncommitted multiple 
voltage planes complement the variety of panels. 

Analog/Digital Separation 
Three independent backplanes permit the modular separation 
of analog and digital grounds and voltage supply requirements 
for greater noise immunity. 

Input-Output 
All panels have high I/O pin count to IC count ratios. Panels 
contain from 108 to 540 input-output pins so that the system 
may be subdivided or functionalized without restrictions of 
I/O pin limitations. 

*Product of the Year Award 
Electronic Products Magazine 

"The Innovative Name in Microelectronic Packaging Systems" 

For Additional Brochures on Related Products write to: 
646 SUMMER ST. • BROCKTON, MASS. 02402 • TEL. (617) 588-6110 

New products 

from stock; large orders require from 30 
to 60 days. 
Xanadu Controls, Division of Valcor Engineering 

Corp., 45 Fadem Rd., Springfield, N. J. 07081. 

Phone Peter G. Mesniaeff at (201) 467-8100 

[371] 

Tiny thermistor probe 
provides fast response 

A glass thermistor probe that is 
slightly more than A inch long offers 
an extremely fast time response, 
making it well suited to dynamic 
temperature measurements in 
liquids and gases. The probe consists 
of a miniature thermistor bead 
sealed in the tip of a shock-resistant, 
thin-wall glass tube, with corrosion-

resistant platinum-iridium leads. Its 
time constant is about 25 millisec-
onds in moving water. Standard 
probes are available in nominal 
resistances of 500 ohms to 300,000 
ohms and they can be used at 
temperatures up to 300°C. 
Fenwal Electronics, 63 Fountain St., Fram-

ingham, Mass. 01701 [373] 

High-pressure transducers 
cover many applications 

Three bonded strain-gage transduc-
ers for high-pressure measurements 
combine light weight, high perform-
ance, wide operating temperature 
range, and miniature size. All three 
have aerospace applications, as in 
rocket-motor combustion, and are 
also suitable for testing hydraulic 
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A Full Line of New, 
Top-Quality Record 
from YEW 
1 to 9 channels, 
vertical and flatbed types 

TYPe3056 Vertical Pen Recorder 
(1-, 2- or 3-channel) 

Type 3066 
N Flatbed Pen Recorder 
N (1-, 2- or 3-channel) 

YEW 

A SYMBOL OF QUALITY 

YEW, 

Type 3061 
Aleléeen-IRecorder (6- or 9-channel) 

Few competing instruments can match the 250mm recording 
width, 800mm/s pen speed, and 140dB CMRR of our new re-
corders. Some can match their 5 pV/crn sensitivity (calibrated 
ranges from 5 pV/Cm to 5V/cm, with vernier) and offer digitally-
controlled chart speeds. There's even one that can match their 
±0.25% accuracy. But no others can give you their reliability and 
ease of use in addition to such specifications. 

High performance and reliability: 
• Conductive plastic potentiometer offers infinite resolution, minimizes mainte-
nance. 

• Overrange-protected pen drives 
• Wear-free brushless DC servo motor (Type 3056). 
• Fully modular construction based on a motherboard— minimizes point-to-
point wiring, for reliability and ease of maintenance. 

Ease of use: 
• The world's easiest-to-load chart recorders—just release the catch, slide out 
the chart bed, drop a Z-fold or roll chart into the tray, pull the end of the 
chart up over the drive sprockets and slide back the bed. 
(U.S Patent No.3,946,406) 
• High-quality disposable pens— replace in seconds with no mess. Types 3056 
and 3066 use felt-tipped pens,3061 uses pen-tip/capillary/tank refill modules. 

Portability: 

• Durable, yet compact and lightweight recorders. The largest, the 9-pen Type 
.3061, weighs only 26 kg and measures less than 38 x57 x 28cm. Types 
3056, 3066 are half the weight, half the volume. 

A full line of X-Y recorders is also available. Contact your YEW 
representative today for complete information. 
Our Trademark {y g lit, your assurance of Quality. 

These new instruments were highly commended at recent WESCON, 
INTERKAMA and JEMIMA (Japanese) exhibitions. 

Over 60 Years of Measuring. Recording and Control Eguiprnen 

YOKOGAWA ELECTRIC WORKS, LTD. 
Corporate Headquarters 

YOKOGAWA ELECTRIC WORKS, LT 
Overseas Offices 

YOKOGAWA CORP. OF AMERICA 
5 Westchester Plaza, Elmsford, New York 10523, ii SA 
Phone 914-592-6767 Telex: 25710-567-1256 

9-32, Nakacho, 2-chome, Musashino-shi, Tokyo 1.80, Japan Phone:Tokyo 0422-54-1111 
D. Telex: 02822-327 YEW MT J Cable Address: TLX2822-327 YOKOGAWA TOKYO 

YOKOGAWA ELECTRIC (EUROPE)B.V. YOKOGAWA CORP. OF ASIA PTE. LTD. 
Nederhoven 11-19-21, Bu,tenverder t,Ainsterdam,1 he Netherlands 5, Eedok South Road, Sulgapo,e 16, SIngapore 
Phone 020-423134 Telex 44-14094 YEW NL Phone' 419933 Telex 8723430 

Representatives in Europe: • Norway: AS MAXL1A, 
Kingdom: MARTRON ASSOCIATES LTD, (08444) 44 
COMMERCIAL INTERNATIONAL S.A., (03132,78.64 • 
DE LABORATORIO LOA, 97 65 51 • Italy: VIANELLO 
ELEKTRONIK, 108151) 13036. 

035/53090 • Sweden: IELEINSTRUMENI A.B., 08/38 03 70 *Finland: FINN METRIC OY. 90-460844 • Unite° 
14 •The Netherlands: KONING EN HARTMAN ELECTROTECHNIEK B.V., (070) 678380 • Belgium: COMPTOIR 
France: TEKELEC AIRTRONIC (11 027 75 35 • Spain: ATAIO INGENIEROS, 733 05 62 *Portugal: EQUIPAMENTOS 
SPA., 1021 544041 e Greece: HELLENIC SCIENTIFIC REPRESENTATIVES LTD, 7705-960 • West Germany: NBN 
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Who offers 
Higher Reliability, 

Longer Life? 
.z.,Itttetttelttetr.neerseee. • 

NEC PC FLP5MP DISFLPY UTOOUE FEPTUFE.1 
CLEAR, SOFT NEOH-ORPNGE CHPRPCTEg'5. 

NEC FLPSMP-PNZEIGE KENNZEI - —F-

SPHFTE NEON-ORPNGENE 

NEC Plasma Display Panel UTOVUE' 
Type PX0612-40 

NEC does. Unique planar construction, with thick 
and thin film-screened electrodes, assures higher 
reliability and a longer service life. MTBF ex-
ceeds 100,000 hours with no brightness decrease. 
UTOVUE s withstand the toughest environmental 
conditions. 
The NEC 40-character PDP family is big and get-

ting bigger: 
PX0612-40 4 lines, 5x7 dot matrix 
PX0613-40 12 lines, 7x9 dot matrix 

Single-line and 6-line types in 5x7 dot matrix will 
be available shortly. 

If you decide to use plasma display, or you're not 
satisfied with the brand you're now using—you want 
NEC Plasma Display Panels UTOVUE. 

U.S.A. Distributor: World Products Inc. 
7625 Bush Lake Road, P.O. Box 35263, Minneapolis, Minnesota 55435 
Tel: (612) 835 2117 Telex: 29-0181 

Europe NEC Electronics (Europe) GmbH 
Karlstr. 123-127, 4000 Dusseldorf 1, West Germany Tel: (0211)360971 
Telex: NECD 8587419 
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Nippon Electric Co.. Ltd. 
P.O. Box 1, Takanawa. Tokyo. Japan 

If this magazine 
is worth your time, 
it's worth 540. 
Drop off the routing list. Avoid the Perils of Passalong. Get your own 
fresh, unclipped copy mailed to your home or office. $14 (540 per 
issue) for a one-year U.S. subscription. ($16 in Canada.) Turn to the 
subscription card in the back of the magazine. If somebody beat you 
to it, write: Electronics, P.O. Box 430, Hightstown, N.J. 08520. 

New products 

booster pumps. Mddel 2201 is 
designed also for testing feed water 
lines in large nuclear boilers. Its 
pressure range is from 0 to 150 
lb/in.' through 0 to 20,000 lb/in.', 
and it can operate in temperatures 
from —100 °F to +300°F. Model 
2205, a miniature type, can be used 
in heavy-hydrogen research and in 
testing gas turbines. It covers pres-
sure ranges from 0 to 5,000 lb/in.' 
through 0 to 30,000 lb/in.2 
Teledyne Taber, 455 Bryant St., North Tona-

wanda, N. Y. 14120 [374] 

Fiber-optic scanner tolerates 
shock and vibration 

A coaxial fiber-optic scanner with a 
sensing tip that operates at 100°C is 
also suited for operation in condi-
tions of severe shock and vibration. 
Designated the Enviro-Skan, the 
scanner consists of a glass fiber-optic 
cable and a separate scanner Jock, 
containing a light source and photo-
transistor. The 36-inch cable permits 
the scanner body to be located at a 
safe distance from the sensing envi-
ronment. The cable's small tip and 
high degree of flexibility permit 
mounting in limited-access areas. 
The reflective scanner can be con-
verted to a through-beam type by 
removing the single branched cable 
from the scanner body and inserting 
two cables in its place. 
Skan-A-Matic Corp., Rt. 5 West, Elbridge, 

N. Y. 13060 [377] 

A 
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If you need  real  results from 
your 8080 or 6800 based system 
Then scan this 
list of topics . . . 
II binary arithmetic 

• logical operations 

• organization of a computer 

II referencing memory 

• carry and overflow 

MI multiple precision arithmetic 

• loops 

• shifting 

la software multiplication and 
division 

• number scaling 

II floating point arithmetic 

• stack pointer usage 

al subroutines 

• table and array handling 

II number base conversions 

II BCD arithmetic 

• trigonometry 

II random number generation 

• programming of the 6820 PIA 

II programmed input/output 

III control of complex 
peripherals 

I programming with interrupts 

• a software time of day clock 

MI multiple interval timers in 
software 

• data transmission under 
interrupt control 

• polling 

III debugging techniques 

la patching a binary program 

• full source listing of a debug 
program ... 

Order now . . . Start getting 
real results from your 

8080 or 6800 based systems. 

Every one of these topics and many, many more are discussed 
in the Practical Microcomputer Programming books. In chapter 
after chapter and scores o' formal program examples, the basic 
skills of assembly language programming are developed step 
by step. The examples are real and have been tested and 
proven. They run, and more important, they teach. If you're 
tired of generalities, reproductions of manufacturers data 
sheets and books with examples that don't run, then there is 
only one place to go. the Practical Microcomputer Program-
ming series from Northern Technology Books. At $21.95 each 
they are the best bargain in programming information available 
anywhere. 

E 
Northern Technology Books Box 62, Evanston, IL 60204 

Practical Microcomputer Programming: The Intel 8080 $21.95 
Practical Microcomputer Programming: The 6800 $21.95 I 

. check on US bank enclosed money order enclosed 
Illinois residents add $1.10 state sales tax. 
Foreign orders add air mail postage if desired (.8 kg). 

Please type or print 

Name  

Company  

Address  

City  State  Zip  
Prepaid orders only 

• 
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Don't let unreliable contacts 
snuff out your design. 

Some illuminating facts from Scanbe 
about avoiding "little" power failures due to IC sockets. 

It doesn't take a major power failure to 
snuff out your equipment. One unreliable 
contact in a faulty socket can kill your 
product as easily as a gentle breeze extin-
guishes a flame. 

Compare the cost of reliability against 
the price of failure. 

All IC sockets are not alike. Talk to your 
marketing department, your production 
manager, or your service group. The 
price your company pays for one faulty 
contact — in parts, service and customer 
satisfaction — can wipe out that fraction-
of-a-cent cost savings on your last 
purchase. 

US-2 — the low profile socket that's not 
a "me too" product. 

It's the first significant breakthrough in 
IC socket reliability in the last ten years. 
Its design is so unique it's patented, 

and independent laboratory tests prove 
it meets or exceeds every applicable ETA 
reqilirement. 

Not a single reject in millions of pieces. 

No customer has ever rejected a US-2. 
Period. That's the kind of reliability you 
can depend on; and the level of perfor-
mance your product should never be 
without. 

Avoid problems. Demand the US-2 
solution. 

Most IC sockets look alike. Scanbe asks 
you to take a closer look at US-2 and see 
for yourself. Its patented design concepts 
totally eliminate solder wicking and 
flux entrapment, and assure the highest 
possible contact holding pressure. 

Call or write today... and let your 
4Q product shine. 

United States Patent 4, 033 656 
July 5, 1977 

SCAN 
DIVISION OF ZERO CORPORATION 

3445 Fletcher Avenue • El Monte, CA 91731 • ablephone: 213/579-2300 • TWX: 910-587-3437 
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SABRE VII 
makes no compromise 

with quality and performance... 
Why should you? 

No other IRIG tape 
recorder/reproducer gives 
you all these capabilities. 
System prices from 
less than $15,000. 

• Two electrically switchable tape 
speed ranges from 120 to 17/8 ips or 
60 to 15/16 ips 

• Direct bandwidths to 2 MHz 

• FM bandwidth from DC to 500 kHz 

• 101/2 , 14 and 15-inch reels with 38.4 
hours of record time 

• IRIG PCM to 600 kb/s serial rate 

• HDR to 4 Mb/s serial rate 

• 7, 14 or 16 channel capacity 

• Low flutter/TBE 

mu Self-contained power supply 

• Both tape shuttle and loop 
operation available 

Now have the full-capability perform-
ance you need at the lowest price. All 
it takes is SABRE VII, the all-band port-
able recorder/reproducer that handles 
either 1/2 -inch or 1-inch tape ... records 
and reproduces Direct, FM, PCM and 
either serial or parallel high density 
PCM. Easily switches between IRIG, FM 
bands by means of a single switch. For 
even more versatility, you get two bi-
directional speed ranges, plus auto-
matically-switched reproduce 
electronics for up to 7 tape speeds. You 
get it all, and SABRE VII actually costs 
less than comparable systems. 

Amazing? Yes, and because of the same 
superior engineering, SABRE VII also 
controls tape speed accuracy to within 
±-0.10% and extends tape and head life 
through enhanced tape handling. 
Options include FM calibrator, remote 
control, voice, IRIG tape servo, rack 
mount kit, shuttle, sequential record 
and/or reproduce and anti-vibration 
mounts. SABRE VII doesn't com-
promise with quality and performance. 
Why should you! 

For complete details, write or call: 

Sangamo Weston, Inc. 
Data Recorder Division 
P.O. Box 3347 
Springfield, IL 62714 
TEL: (217) 544-6411 

SANGAMO WESTON 

Schlumberger 
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First thing you probably 
notice—it's a dual filter. Each 
of the 24db/octave filters can 
be used as high pass, or low 
pass, with selectable gain of 
lor10. Connect the dual chan-
nels in series for bandpass, 
48db/octave high pass, and 
48db/octave low pass,with se-
lective gain of 1,10,or 100. But-
terworth and Bessel modes 

C Ithaco. Inc., 1977 

are available at the push of 
a button. And you can select 
AC or DC coupling. 

Versatility like this should 
be seen to be believed. And 
wait till you seethe price. $655. 
Not bad for all that versatility. 

Call or write John Hanson 
at lthaco, Box 818, Ithaca, 
New York 14850. Phone (607) 
272-7640. ITHACO 

Lit /al C"?,4-1E3/0crils, 

Versatility 
is written all over 

its face. 
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MAGNETICALLY SHIELDED 

TAPE DATA PRESERVERS 
Protect your magnetic tapes 

from degradation and physi-

cal damage. Designed for 

storage, shipment and hand 

carrying. A wide choice of 

models and capacities avail-

able for standard reels, discs, 

disk packs, flexible disks and 

standard cassettes. Immedi-

ate shipment from stock. 

MAGNETIC SHIELD DIV. 

PERFECTION MICA CO. 

740 North Thomas Drive 

Bensenville, III. 60106, USA 
Phone 312 / 766-7800 

TWX 910-256-4815 

SEND FOR NEW 

TP-5 CATALOG 

New products/materials 

A screen-printable encapsulant pro-
tects thick-film hybrid circuits and 
discrete components against humid-
ity, abrasion, and hostile environ-
ments. The organic material can be 
applied to thick-film circuits by 
screening and to the components by 
dip, brush, spray, or roller methods. 
It is available in a variety of colors. 
Engelhard Industries, Thick Film Department, 

1 West Central Ave., East Newark, N. J. 

07029. Phone (201) 589-5000 [476] 

kleetrically conductne bags shield 
devices from static electricity. The 
heavy-duty nylon bags have a tear 
strength over 3,000 g/min and a 
tensile strength in excess of 7,500 
lb/in. psi. In addition, they are 5 
mm thick and have a surface resis-

tivity of less than 30 kI.2 per square. 
They range in size from 5 by 8 
inches to 10 by 18 in.; custom sizes 
may also be ordered. In lots of 100 
or more, the bags sell for $21.50 
each. 
Charleswater Products Inc., 3 Walnut Park, 

Wellesley, Mass. 02181. [477] 

A high-loss rubber dielectric is useful 
as either a termination or attenuator 
in a transmission line. This silicone 
material, Eccosorb I.S-D, will lower 
the Q of a cavity and will suppress 
surface currents, thus reducing the 
reflectivity of objects. It is also 
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ideobrite light panels 
FOR LCDs SET NEW 
STANDARDS OF VERSATILITY 
LXD's new Videobrite light panels provide a glare-free, low-
power, high-visibility light source for night viewing LCDs ... while 
preserving the high contrast reflecbve mode for daylight opera-
tion. Videobrite panels eliminate backlighting problems — no 
filters, no diffusers, no hot spots. 

Standard colors are green or white, and other cows are available 
on request. Only 0.03" thick, the Videobrite panel is an integral 
part of the LCD. A custom power source is available from LXD for 
3V or 12V DC operation. 

Call us now for more information. 

Liquid XIaI Disp ierde 
SUBSIDIARY OF DICKEY-john CORPORATION 

Electronics/January 5, 1978 

24500 HIGHPOINT ROAD 

CLEVELAND., OHIO 141 ;22 

TELEPHONE 216i-831-8100. 

TELEX 98-5442 
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• Fast TurnAround 
25 days from your design to 
prototype circuits 

•Low Cost 
Save 80% over a fully 
custom design 

'Reduced Circuit Size 
Multiple saving by reducing 
circuit size 90% 

• Proven Process 
Standard CMOS assures high 
reliability and dependable delivery 

• INTERNATIONAL 
MICROCIRCUITS,INC. 

3004 Lawrence Expwy.,Santa Clara, Ca. 95050 (408) 735-9370 
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Designing electronic weighing, force measuring or test systems for 
all weather use? You won't find a price' this low for any other water-
proof and barometrically insensitive strain gage load cell— 
especially one offering an error band of less than ±-0.04%1 • 
Buy a definite competitive edge in price and performance with 

Sealed Super-Minis that operate in tension or compression—with 
capacities to 1,000 pounds. 

For detailed specifications on 5 pound to 100 ton capbçity load 
' cells, call—write Interface, 7401 E Butherus Dr, Scottsdale, AZ 
USA 85260. (602) 948-5555, Telex 668-394. 

Low Profile Minibeom Super Mini 

onterface 
ADVANCED FORCE MEASUREMENT 4„.. 

New products/materials 

useful as a high-loss gasket or seal. 
A sheet 12 by 12 by 1/4 inches sells 
for $104.50. It is also available in 5-
lb containers at $27.50 per pound. 
Microwave Products Division, Emerson and 

Cuming Inc., Canton, Mass. 02021. Phone 

(617) 828-3300 [478] 

Usable from —70°C to 200°C, sili-
cone fiber-glass sleeving is functional 
at up to 315° for short periods under 
emergency conditions. This rubber-
coated material is more dense, 
homogeneous, continuous, and con-
centric than other types of sleeving. 
Its strength makes it resistant to 
moisture, corona, ozone, radiation, 
compression set, fungus, and most 
chemicals. It is also immune to 
solvents, weathering, flexure fatigue, 
and heat degradation. It comes in 
no. 24 AWG and ranges up to an 
inside diameter of 5/8 inch. The 
T-117E sleeving is available in 10 
nonfading colors but can be obtained 
in other colors on special order. 
Brand-Rex Co., Willimantic, Conn. 06226. 

Phone Frank Barnes at (203) 423-7771 

[479] 

A polyester tape designed for fast, 
one-step stripping and plating of 
connector tabs will eliminate the 
problems of creep and adhesive 
transfer. The transparent tape is 
easy to apply, conforms readily to 
circuit traces, and provides an extra-
fine line of demarcation. The high-
strength material has minimal 
stretch, conforms without shrinkage, 
and does not tear when removed. It 
can be applied by hand or with auto-
matic taping equipment. 
Chemelex Division, RBP Corp., 150 South 

118th St., Milwaukee. Wis. 53214. [480] 
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Intel delivers the only 16-pin 4K RAM 
that's sure to keep you smiling. 

You may or may not think of your memory system as a 
masterpiece. But one thing is certain, once you've reached 
volume production you're going to be reluctant to make major 
changes. That's why it is so frustrating to find that a supplier 
has painted you into a comer by deciding to stop delivering 
the part you want. Or by trying to switch you to a newer, 
non-compatible part. 

Smile. Our 2104A 16-pin 4K RAM is the answer. It's a 
direct replacement for both the older 4096 metal gate and 
newer 4027 silicon gate parts. The 2104A keeps your produc-
tion line moving without expensive re-design. Plug it in 

and you're ready to go. 
The 2104A is best for your new 

designs, too. We've been delivering this 
part in-fflume since July, 1976. So you 
can count on Intel to deliver the quantity 

_zip De, whet). yAkiegStULer— 

Maximum 
Read/Write 

Cycle 
320 ns 
320 ns 

Delivery is not the only reason to specify the 2104A. There's 
not a 16-pin 4K RAM anywhere with lower power consupption. 
And because the 2104A has significantly lower current spikes 
than other 16-pin 4K   
RAMs, there's less sys-
tem noise. What it all 

2104A-1 
means is that when you 2104A-2 

design your next system,  2104A-3 375 ns 
it makes sense to design 2104A-4 42Éns 

it using our 2104A. 2104A 500 ns 
You can order the 2104A from distributor stock. Contact: 

Almac/Stroum, Component Specialties, Cramer, Hamilton/ 
Avnet, Harvey Electronics, Industrial Components, Pioneer, 
Sheridan, Wyle/Elmar, Wyle/Liberty, L.A. Varah, Zen' tronics. 
Or write Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95051. 

In Euneejelex,24814, Brussels. 
In Japan, Telex-28426, Tokyo., 

Maximum 
Access 
lime 
150 ns 
200 ns 
250 ns 
300 ns 
350 ns 

Maximum 

aAverage 
35 mA 
32 mA 
30 mA 
30 mA 
30 mA 
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PDP* 11/451 -/50, and -/55 USERS: NOW YOU CAN UPGRADE 
TO THE ears, Ft 111111111 

11/58 
WITH MCI'S MODEL 58 

CACHE 
POWE 

*Reg. DEC Trademark. 

THE MCI MODEL 58 CACHE MEMORY IS THE PERFECT 
KEY TO UNLOCK ALL THE SPEED AND POWER THAT IS 
BUILT INTO THE PDP 11/45 CPU. 
Utilizing the 11/45's exceptionally high CPU speed on the Fastbus, it buffers the entire 124K core memory 
address space to give an effective increase in overall system speed, generally from 30% to nearly 100%, 
depending upon the program. 

Installation is simple because it's completely pluggable and requires no hardware or software changes to 
the system, and it's guaranteed to be completely compatible with your DEC system. 

A solid, unconditional six month's warranty is provided, because we believe that when we sell you 
something, we should live with it, too. 

Experience: The Model 58 is brought to you by a solid, innovative company whose people designed the 
very first commercially available cache for the PDP 11/45 in 1974. Since then MCI's customers range from 
the largest companies in the world to some of the smallest. 

It's so simple and easy to try it in your system, that if you'd like to see a demonstration, we'd be happy to 
show it to you. No obligation. 

MCI has other value-enhancing "keys" coming along for the PDP 11 family. And if you have some 
special requirements, we'd like to hear from you. 

With sales offices throughout the U.S. and Canada, MCI can provide you with the kind of continuing 
service you need and expect. 

If you have an 11/45, -/50, or -/55 and 
would like more information on the 
Model 58 cache, circle #A; if you would 
like to get on the mailing list for other NAME  TITLE 

PDP 11 products, circle #B. PHONE   

Or fill in coupon. ORGANIZATION 

DEPT   

ADDRESS   

CITY ST PRVNC 

2599 white bear ave. ZIPCODE  COUNTRY 

st. paul, mn 55109 COMPUTER: PDP 11/45, /50, /55?   

612/770-5247 OTHER: PDP 11 /   

minntronics co., inc. 

minntronics co., inc. 
2599 white bear ave., st. paui, mn 55109 
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Wirewounds 
that save. 

For pennies you can buy circuit protection with 
our BWF series resistors, perhaps saving your 
company a bundle later. U.L. approved, they will 
fail safe under specified overload conditions. 

And when it comes to cost and reliability, our 
molded BW and ceramic PW series are standards 
for 1-22W general purpose applications. 

For higher power we've introduced new PW 
styles in 30,40 and 50W ratings. Integral mounting 

brackets boost power dissipation up to 30% 

And, if it's good sense you're after, our4LPW series 
is designed for current sensing and feedback 
circuits. Available in 5 ratings from 3 to 15W, with 
2 or 4 leads, and resistance values as low as .01i1. 

For standards in all types of resistors, contact 
your local TRW distributor. Or TRW/IRC Resistors, 
401 N. Broad St., Philadelphia, Pa. 19108. 
(215) 922-8900, Dept. W. 

TRW IRC RESISTORS 
ANOTHER PRODUCT OF A COMPANY CALLED TRW 
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REED RELAYS 
NO DELAYS 

"7 , Quality 
since 
1959 

EAC 

e • Choose from over 
1,000 stock reed relay 

styles from our catalogs, 
or let us build to your 

specifications. Either way, 
you'll get delivery in 2 

weeks for thousands, and 
sooner for smaller quan-
tities. And at good prices. 

Electronic Applications Company 
4918 Santa Anita Avenue Telephone: 
El Monte, CA 91734 213/442-3212 

rc e on rea er service car 

de Nil, 
WIREWRAP 

PRECUT WIRE WIRE WRAP SOCKETS 
1.9 10-24 25-99 100.249 250.999 16.56 

Why buy wire on rolls? 
8 pon • 41 38 35 31 29 27 

PRECUT & STRIPPED WIRE IS: 
14 par • 42 39 36 32 29 27 
16coon • 46 .43 .39 35 32 30 

• Fast - No more cutting & stripping by hand 18 prn • 63 sa 54 41 44 41 

• Reliable - Good, clean. uniform strip 20 pon 84 713 71 63 59 54 

• Economical - Cheaper than using bulk wire 
22 • pon 130 1 20 110 95 90 84 

24 pn 91 84 .78 .68 60 59 

emu* Wire Bulk Wire 28 pin 1 25 1 15 1 08 95 89 82 
40 pon I 65 I 55 1 42 1 25 1 15 1.09 

100 pcs or 3" at 5 82 = roC/11. 5011 roll at 51 99 , 4C/II. 
Gld 3l Clsed E S • o .leve o ntry OC OIS 

End 8 Srde Slackable All pleas Include gold 
100 pcs of 6- at 106 = MX. 100 It. roll al 295 - 30111. 
Wore Net 1 at 56 95 2 1/34/11. 

Trn uKkets and 2.1evel sockets avertable 

' 30 Ken.,...Peed , on each end Lengths are overall WIRE WRAP TOOLS 
Colors Redelue.GreenYellow.Black.Orange.Wnite 
Wore packaged . etas. bags Add 250 length for tubes 

100 SOO 1100 5000 
% 

--• 

2 . on. 78 240 4 30. K 3 89K 
3 on 82 260 4 71« 4 22« A 

3' , rn 86 280 5 12 K 4 55 6 
4 .n 90 300 5 52« 4 88« 

4.. 94 321 5936 5 21'6 It 
5 In 98 142 6 34« 5 52« 
5 . tn t 02 365 6 75 K sees 

$34.95 
6 In. 1.06 385 7 16« 6 19« 

HOBBY WRAP 
e in 1.154 05 7 57« 55K model Bw 630 
7 on t 20 4 25 7 98 .6 6 85 K 
7- In 125 445 8.39/6 7 18/1( WI111 Free Wire Kit 1 
8 e 129 46" " 6 753K le 95 Value) - 

8 . on 1 32 485 9 21 6 7646 
9 on 136 505 962/K 8 17« Batteries & C harger 611.00 

I 40 525 io 03A 8 so • WSU 30 Hand Wrap-Unwrap Strip Tool 5.95 
10 on 145 551 1044,K 8 83/6 

WSU 30M. for Modified Wrap 6.95 

Addl In 10 41 82,6 66 I( BT 30 Extra Bit 2.95 

WIRE KITS INTERCONNECT CABLES 
Meow+ cable conneClora tor Connecting boards to 

front panel8 or board lo board 

a I UM • 2 $19.65 

SINGLE ENDED DOUBLE ENDED 
250 I' 100 4 2 " 250 4 - 250 6-
250 3 .. 100 5 . a 250 5 00 6. 1.4 p.. _10prn. /4.pn_le_pL.1 _ 16 ..p. 24 p. 
100 4- 100 f 3 ' 100 

4 I 250 It noll0o.olk e 1 24 1 34 205 224 245 337 
12. 133 I 44 224 2.33 255 3.92 

Of 24 1 52 1 65 263 252 276 431 
48 1 91 206 340 291 317 500 

Ordering Information: 

PAGE DIGITAL • Orders under $25 and COD's. add $2 
ELECTRONICS • All Others, Shipped Ppd in U.S. via UPS 

• For Blue Label (Air) or 1st Class. add Si 

135 E. Chestnut Street 4A • We accept Visa & Mastercharge 
Monrovia, California 91016 • Most orders shipped same day 

‘rre Phone (213) 357-5005 Dealer Inquiries Invited e 

New literature 

Test sockets and carriers. The versa-
tility of test sockets and carriers for 
integrated and hybrid circuits, me-
dium-scale and large-scale inte-
grated rectifiers, and other semicon-
ductor devices is discussed in a 12-
page catalog. These products are 
designed for production, quality con-
trol, environmental, and reliability 
test applications. Textool Products 
Inc., 1410 W. Pioneer Dr., Irving, 
Texas 75061. Circle reader service 
number 421. 

Transducers. Three two-page illus-
trated bulletins describe miniature, 
wide-temperature-range, and light-
weight high-pressure transducers. 

1.181/17yreE tedegc 

Specifications and options for each 
transducer are also listed. Teledyne 
Taber, 455 Bryant St., N. Tona-
wanda, N. Y. 14120 [422] 

Frequency synthesizers. A six-page 
catalog highlights the advantages of 
direct over indirect frequency syn-
thesis. It explains how direct digital 
synthesis can resolve from 0.001 
hertz up to and including 2 mega-
hertz and eliminate switching tran-
sients while providing absolute phase 
continuity and high spectral purity. 
Detailed specifications on the 5100 
and 5110 programmable frequency 
synthesizers, which employ this tech-
nique, are included, as well as 
remote programming information 
for each type of synthesizer. Rock-
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If you're 
using these, 
the best you can expect is 

2 %linearity and 100,000 cycle life. 

For about 
the same price, 

new ECONOPOT 
MK III conductive 
Until now, 2 % linearity and 100,000 cycle life was the 
best you could expect in semi-precision potentiome-
ters selling for about $2.50 in quantity. Now our new 
ECONOPOT MK III offers you 1% linearity and 5 
million cycle life, plus the infinite resolution and low 
noise of conductive plastic, and sells for less than 

plastic 
units provide 
1 % linearity and 
5 million cycle life 

$3.00 in quantity. Other advantages of ECONOPOT 
MK III over the best of competition are precious 
metal contacts, 303 stainless steel shafts, and 
thermoset plastic terminal supports. All MK III units 
are single-turn 7/8" diameter bushing mount poten-
tiometers with 1 /4" shafts. Send now for details. 

new england instrument company 
KENDALL LANE NATICK, MASS 01760 - TEL: 617-873-9711 • TWX: 7106-0398 

The leading precision potentiometer manufacturer offering molded conductive plastic, wirewound, conductive—film & hybrid technologies. 
Circle 12 on reader service card 



When you need 
LED readout displays 

or more than 
LED readout displays... 

Come to Dialight.For built-in circuitry for example. If 
that's the type of convenience you're considering, then 
Dialight's the first place to look . . . because Dialight's 
the first in value-added LED readout displays. 

For many years now we've been offering not only 
the latest technology, but also the latest in time and 
labor-saving pre-engineered displays. These can be 
ordered any way you wish: with or without on-board 
decoder/driver, with or without code generator, in any 

number of digits in an assembly, complete with bezel 
for instant panel mounting. 

We also offer high brightness, low cost design 
flexibility with a choice of discrete and assembly dis-
plays with character heights of .270", .300" and .600". 

For your free copy of our new Readout Product 
Selector Guide, call or 
write to us at Dialight / umLIGH 
today. A North American Philips Company 

Dialight meets your needs. 
Dialight, 203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600 
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New literature 

land Systems Corp., 230 W. Nyack 
Rd., West Nyack, N. Y. 10994 
[423] 

Solderless terminals. Design infor-
mation, conversion tables, and tech-
nical data are given for solderless 
terminals in a 24-page catalog. They 
include insulated and noninsulated 
barrel styles of ring, spade, block 

11111 
PRODUCT CATALOG 
SPC technology 
A, N if OF PRI. NI., MOM, 'MAL COFIM. TIM! 

spade, flanged-block spade, snap-
spade tongue, and quick-disconnect 
terminals. Temperature and mea-
surement tables are provided for 
easy conversion needs. SPC Technol-
ogy, P. O. Box 66175, Chicago, Ill. 
60666 [424] 

Linear and data acquisition. "Linear 
and Data Acquisition Products," a 
343-page book, provides detailed 
specifications, performance curves, 
and circuit diagrams for a variety of 
circuits. Included are operational 
amplifiers, complementary-metal-
oxide-semiconductor analog switches 
and multiplexers, digital-to-analog 
converters, line drivers, receivers, 
and communications devices. De-
signers will be interested in the 
comprehensive 118-page application 
section. The copies may be obtained 
at $2.95 each. Harris Semiconduc-
tor, P. O. Box 883, Melbourne, Fla. 
32901 

Solenoids. Information on box-
frame, tubular, laminated, C-frame, 
and custom-designed solenoids for ac 
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SHIELD CASSETTE DATA 
WITH ARMOR 

Guarantee systems performance with Magnetic Information 
Systems Arma-sette metal cassettes. Arma-settes shield 
vital data stored on magnetic tape from static, eliminating 
data errors. Here are more reasons you should specify 
Arma-settes: 
10 Longer use life reduces frequency and cost of 

cassette replacement. 
• Die-cast aluminum casing grounds static charges. 
D Stability is assured in a wide range of temperature 

and humidity conditions. 
O Doesn't crack under stress or rough handling. 
• Certified 100% error-free in cassette. 
D Filled with superior computer grade 1600 bpi tape. 
O Meets ANSI/ECMA standards. 

Magnetic Information 
Systems has an Arma-
sette to meet the specs of 
any standard computer cas-
sette peripheral manufac-
tured. MIS manufactures all 
its cassettes under the highest 
quality standards and refurbishes 
cassettes of any manufacture. 

Take protection seriously. An armadillo 
does. Write for specification 
information or enclose $2.95 
with this ad for a one-time 
special offer evaluation 
Arma-sette. 
MAGNETIC INFORMATION 
SYSTEMS 
415 Howe Avenue 
Shelton, CT 06484 (203) 735-6477 

e_ •  "_ At_  
„..jukii- JlTZI 
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A Hard Copy Record 

Designed for simplicity of operation, the portable Datagraphe Type 
5-144 Recording Oscillograph is as easy to use as an oscilloscope, yet 
provides a hard copy record of up to 200 feet for immediate or future 
diagnoses. 
The 5-144 records both digital and analog data with equal ease, and 

its four channels permit simultaneous examination of up to four data 
signals. 

For further information, please contact 

n BELL E, HOWELL 
CEC Division 
360 SIERRA MADRE VILLA PASADENA, CA 91109 

(In Canada: 125 Norfinch Drive, Downsview, Ontario M3M 3135) 

CEC is a registered trademark of Bell dr lowell Bell gr Howell 1975 
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New from Electronics... 
when you can't 
afford to reinvent 
the wheel. 
Here's just a sampling of the 
vast range of useful information 
you'll have at your fingertips... 

designl 
tec nie ues 

foR electRonics 
engineeRs 

Electronics 
Book Series 

• How to use soluble masks to protect pc boards 
from solder. 

• How to evaluate power dissipation in microcircuit design. 
• How to hand-solder DIP circuits to save testing dollars. 
• How to compare the power of C-MOS with TTL. 
• How to really look at low-drift IC op amps. 
• How to accurately trim closed resistor loops. 
• How to drive LEDs directly from C-MOS logic outputs. 
• How to convert coordinates and find SWRs graphically. 
• How to compare coaxial-cable shielding effectiveness. 
• How to calculate resistance for sum and difference 
networks. 

• How to use a programmable calculator to analyze 
filter designs. 

• How to compute response of RLC networks with a 
short program. 

• How to eliminate stray signals in remotely gain-switched 
op amps. 

• How to chart power losses for hybrid-combined 
amplifiers. 

• How to reduce IC FET op-amp input bias currents. 

• How to build timing circuits for noisy environments. 

• How to approximate waveforms with exponential 
functions. 

• How to increase an instruction set without increasing 
word length. 

• How to extend the life of digital recording heads. 

• How to add numeric readout to logic probe displays. 

• How to pick the right film for better oscilloscope pictures. 

• How to use a frequency counter to measmre capacitance. 

• How to evaluate high-energy pulse effects on materials. 
• How to operate a logic gate as a flip-flop. 

• How to choose the right detector for rf power 
measurements. 

• How to measure the access time of bipolar read-only 
memories. 

• How to test power supplies quickly and cheaply. 

• How to get the most out of a digital multimeter. 
• And much, much more. 

Order today, and don't forget the other valuable books in the 
Electronics Books Series listed on the coupon below. 

Electronics Book Series 
P.O. Box 669, Hightstown, N.J 

1. Microprocessors 
Send me copies at $8.95 per copy. 
2. Applying Microprocessors 
Send me _copies at $9.95 per copy. 
3. Large Scale Integration 
Send me  _copies at $9.95 per copy. 
4. Basics of Data Communications 
Send me   copies at $12.95 per copy. 
5. Circuits for Electronics Engineers 
Send me copies at $15.95 per copy. 
6. Design Techniques for Electronics Engineers 
Send me copies at $15.95 per copy. 

Discounts of 40% on orders of 10 
or more copies of each book. 

If after my 10-day free-trial examination I am not fully 
08520 satisfied, I understand that my full payment will ce refunded ufflI 

D Payment enclosed D Bill firm D Bill me 
Charge to my credit card: 

D American Express D Diners Club 
D BankAmericard D Master Charge 

Acc't No Date exp.  

On Master Charge only, first numbers above name  

Name Title  

Company  

City State Zip  

Signature 

_J 
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Electronics 
Magazine 
Book Series. 
1. Microprocessors 
What you must know about 
available microprocessor 
technology, devices, 
information. 4th printing. $8.95 

»MING 

heiNewhattwm. 
schwas cod 
oeccOons 

2. Applying Microprocessors 
2nd and 3rd generation 
technology. 26 detailed 
applications from data 
networks to video games. 

$9.95 

3. Large Scale Integration 
Covers the basic technology, 
new LSI devices, LSI testing 
procedures, plus system design 
and applications. $9.95 

EMPCS Of 

CI a Eitrffles  cbot Series 

4. Basics of Data 
Communications 
Includes 47 articles from Data 
Communications magazine 
covering more than 11 key 
areas. $12.95 

5. Circuits for Electronics 
Engineers 
Contains 306 circuits arranged 
by 51 functions from Amplifiers 
to Voltage Regulating Circuits. 
Saves design drudgery. $15.95 

6. Design Techniques for 

from "Engineer's 

Electronics Engineers. 
Nearly 300 articles drawn 

Notebook." A storehouse 
of design problem 

  solutions. $15.95  

Electronics Book Series 
P.O. Box 669. Hightstown, N.J. 08520 

1. Send me   copies of "Microprocessors" 
at $8.95 per copy. 
2. Send me copies of "Applying Micro-
processors" at $9.95 per copy. 
3. Send me copies of "Large Scale Inte-
gration" at $9.95 per copy. 
4. Send me   copies of "Basics of Data 
Communications" at $12.95 per copy. 
5. Send me   copies of "Circuits for Elec-
tronics Engineers" at $15.95 per copy. 
6. Send me . copies of "Design Techniques 
for Electronics Engineers" at $15.95 per copy. 

Discounts of 40% on orders of 10 or more copies 
of each book. 

I must be fully satisfied or you will refund 
full payment if the book is returned after ten-
day trial examination. 

0 Payment enclosed D Bill firm 0 Bill me 
Charge to my credit card: 
0 American Express O Diners Club 

BankAmericard 0 Master Charge 

Acc't No Date exp.  

Interbank No  
On Master Charge only, 
first numbers above name  

Name Title 

Company 

Street 

City State Zip 

Signature  

New literature 

or dc commercial applications is 
presented in a 60-page catalog. Elec-
trical and mechanical specifications 
are given for each solenoid series 
along with dimensional drawings. 
Dormeyer Industries, a Division of 
A. F. Dormeyer Manufacturing Co., 
3418 N. Milwaukee Ave., Chicago, 
111.60641 [426] 

Ribbon connectors. "Ribbon Con-
nectors Catalog No. C-36" describes 
ribbon termination equipment as 
well as ribbon connectors, with 
particular emphasis on the Superrib-
bon System. A discussion of its oper-
ation supplements the dimensional 
and technical descriptions. The part 
numbers have been separated from 
these descriptions and assembled 
into a two-page spread to make it 
easy to compare the system ele-
ments. TRW Cinch Connectors, Man-
ager, Marketing Communications, 
1501 Morse Ave., Elk Grove Village, 
III. 60007 [427] 

Electronic fund transfers. The Pay-
ments System Planning division of 
the American Bankers Association 
has prepared an eight-page summary 
of a 389-page report, "EFT in the 
United States, Policy Recommenda-
tions and the Public Interest." The 
summary covers the role of consum-
ers, issues concerning providers, 
technology, and the Government in 
relation to electronic fund transfers. 
Payments Systems Planning Divi-

a 

Electronics/January 5, 1978 Circle 26 on reader service card 281 



PLASTIC CABLE CLAMPS SCREWS & NUTS 
More plastic cable clamps in more types, more sizes and in 
more materials than anyone else. Over 240 types and sizes of 
molded nylon screws and nuts. Also broad line of flame-
retardant Seolon 6/6 Nylon screws, nuts and clamps. All 
stocked for immediate shipment. 

FREE SAMPLES 
Write for sample packet, literature and prices. 

COMPANY,' Inc. 
4444 West Irving Park Road • Chicago, Illinois 60641 • 3121282-8626 j 
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Cathode Ray Tube 
Power Supplies 
• Military 

Reliability at 
commercial cost 

MI PC connector & 
Turrett terminals 
=plug in capability 

• MTBF 30,000 Hr 

• Fully encapsulated silicon circuitry 

• Electrostatically shielded 

Model 
LR6 

Model Input 
Output Ripple 

P-P Regulation 
10 Pc. 
Price V i 

186 24 32VDC 500 to 6 KVDC 500 ua 15 volts <5 volts $115 

LR15 24 32VDC 500 to 15KVDC 
+750 focus 
—150 cutoff 

300 ua 075% .03% $125 

LR20 24-32VDC 500 to 20KVDC 
+850 focus 
—150 cutoff 

150 ua 05% .034 $131 

LUIS 3-15VDC 3KV to 15KVDC 
+725 focus 
—150 cutoff 

300 ua .25% Output Prop 
to Input 

$ 86 

Over 40 standard models / Off the shelf delivery 

VENUS/ 
 phone (516) 293 4100 TWX 510 224 5492 

VENUS SCIENTIFIC INC. 
399 Smith Street. Farmingdale. N Y 11735 

New literature 

sion, American Bankers Association, 
1120 Connecticut Ave., N. W., 
Washington, D. C. 20036 [428] 

TTL circuits. A six-page folcier 
describes 165 low-power Schottky 
transistor-transistor-logic circuits. 
Operating-life test data at 125°C 
and 150°C is given, along with the 
number of failures and the equiva-
lent number of hours at 55°C. 

Included is a review of the product-
enhancement program, which pro-
vides information on higher-relia-
bility circuits. Texas Instruments 
Inc., Inquiry Answering Service, 
P.O. Box 5012, M/S 308, Dallas, 
Texas [429] 

Power converters. A 32-page catalog 
gives specifications and price infor-
mation on more than 1,000 power 
converters, including dc-dc convert-
ers, miniature hybrid converters, and 
ac-dc single- and triple-phase con-
verters. Additional devices include 
ac-dc regulated power supplies, mul-
tiple output models, and the 100 
series. Tecnetics Inc., 1625 Range 
St., P. O. Box 910, Boulder, Colo. 
80306 [431] 

Slide-selector guide. A color-coded, 
slide-detector guide discusses more 
than two dozen ball-bearing chassis 
and drawer slides in terms of load 
rating, overall dimensions, configu-
ration, material, and finish. Addi-
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tional data includes dimensional 
drawings, special slide designs, and 
check and vibration control compo-
nents. Grant Hardware Co., a divi-
sion of Buldex Inc., 7 Hoover Ave., 
Haverstraw, N. Y. 10927 [430] 

Transistors. Specifications for a line 
of low-cost transistors that includes 
metal-can, epoxy, and TO-5 tran-
sistors are available from Solid State 
Electronics Corp., 15321 Rayen St., 
Sepulveda, Calif. 91343 [432] 

Microprocessor information. Tech-
nical information for programmers 
on read-only memories, microproces-
sor-system analyzers, 4- and 8-bit 
microprocessor cards, and support 
equipment is given in a 48-page 
catalog. The publication discusses 
the features of each item and gives 
the price. A personality-module se-
lection guide for the PROMS and a 
microprocessor-card-compatibility 
table is' also included. Particular 
emphasis is placed on the CRS-81 
and CRS-82 rack systems, with 
schematics supplied for memory 
address space and port assignments. 
A list of electrically compatible 
support cards and associated soft-
ware is included, along with the 
names of the vendor and the contact 
person. Pro-Log Corp., 2411 Garden 
Rd., Monterey, Calif. 93940 [433] 

SUPER MINIATURE 
Neon Glow Lamps 

Circuits Volts  05-125 
Series Resistance  50K).2 
Nominal Current  J.3mA 
Total Flux   20mIm MIN. 
Average Life Hours • • • 30.000 

CLEAR-GREEN 
Fluorescent Glow Lamps 

Circuit Volts 
Series Resistance 
Nominal Current  
Total Flux(MIN.)   
Avg. Life Hours  

Circuit Volts 
Series Resistace 
Nominal Current 
Total Flux   
Avg. Life Hours 

Dimension:mm 

3.8 min 

411mm 

NL-8S 

_1°6.0 

tf 

I 9mm 

AC cr DC 1 05-1 25 
331(S2 
I.6mA 

AC: 120mlm.DC:130m1m NL-35 G 
AC:30.000 DC:40,000 

AC 105-125 
271.:52 
1.5mA 
90mlm MIN. 

20.000 

• MAIN PRODUCT 
NEON GLOW LAMP, XENON FLASH LAMP, 
RARE GAS, DISCHARGE LAMP. 
MINIATURE : BLACK-LIGHT, UV-LIGHT, 

FLUORESCENT COLOR-LIGHT. 

mm 

I 
22mm 

/ 

NL-2 1 G 

ELEVAM ELECTRONIC TUBE CO., LTD. 
NO 17-8CHUO 2-CHOME OTA-KU, TOKYO JAPAN 
TELEPHONE 03(774)1231 — 5 

EXPORT DIVISION : JAPAN NANOTRONIX CO., LTD. 
OTA-KU 1DKYO. TELEPHONE. ( 031775-4811 TELEX 246-6583 JNANOX 

Circle 33 on reader service card 

Photomultiplier 
Power Supplies 
la Low Cost 

• High Reliability 

• MTBF 75,000 Hrs 

Ill Short circuit 
Reverse Polarity 
Protected 

MI Input/Output 
floating Model C15 

Model K1 ILIUM 

Model Input 
Output Ripple 

P-P Regulation 
10 Pc. 
Price V I 

K15 3-15VDC 300 to 1500VDC 1 ma <0.15% FL 
Output Prop. 
to Input $139 

K30 3-15VDC 600 to 3000VDC 500 va <0.5% FL 
Output Prop. 
to Input $149 

C15 5-12VDC 500 to 1500VDC 1 ma <0.5% FL Output Prop' 
to Input S 62 

C30 5-12VDC 1000 to 3000VDC 500 ua <.33% FL 
Output Prop' 
to Input $ 63 

LR2N 24-32VDC 0 to —2000VDC 5 ma 300 MVFL Load .005% /ma Li„ 007% pi $144 

Over 40 standard models / Off the shelf delivery 

\VENUS/ 
 phone (516) 293-4100 TWX 5 10.2 24 6492 } 

VENUS SCIENTIFIC INC. 
399 Smith Street. Farmingdale. N Y. 11735 
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Classified section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES 
CLASSIFIED SALES REPRESENTATIVES Cleveland Mac Huestis .. . 216/781-7000 Houston ....Mike Taylor .. 713/659-8381 
Atlanta.. . Jane Core . . 404/892-2868 Dallas  Mike Taylor 214/742-1747 Los Angeles . Stan Kassin .. . 213/487-1160 
Boston ... Holt Buchanan . . . 617/262-1160 Denver  Shirley Klotz 303/837-1010 New York . . . Larry Kelly . 212/997-3594 
Chicago . Bill Higgens . . . 312/751-3733 Detroit  Mac Huestis 313/873-7410 philadephia Dan Ferro . . 215/568-6161 

Pittsburgh . . Dean Genge .. 412/391-1314 
San Francisco M.E Kenny .. .415/362-4600 
Stamford Holt Buchanan. 203/359-2860 
XEROX 400 TELECOPIER . . 212/997-6800 

Micro Circuit Engineers 
In support of our development and manufacturing of computer peripherals and instrumentation. 

Tektronix has for ten years designed and produced custom, in-house state-of-the-art MOS, bipolar and 
hybrid linear and digital IC's. The Microelectronics Components Group offers challenges and growth 
potential of the semiconductor industry and stability of a well established diversified corporation. 

Product Engineers 
Job responsibilities span all phases of circuit development from product proposal to production yield 

enhancement in the following areas: 
Linear—specializing in bipolar linear circuits 
Digital—specializing in LS!, preferably in NMOS or CMOS devices 
Hybrid—ranging from D.C. networks to high frequency modules 

Test Engineers 
I hities include design of test fixtures and/or small test systems and test programs and device and 

circuit characterization for these products: 
High Frequency—IC's and Hybrids 
LS! —testing PMOS, NMOS and CMOS devices 
Linear—complex linear monolithic or hybrid microcircuits 

System Support Engineers 
These positions have responsibilities to prepare hardware diagnostic aids for laser trimmers and 

automated test systems. The job also requires implementation of new hardware in conjunction with design 
groups and maintenance of equipment as needed. 

Sustaining Test Engineer 
These positions require a detailed working knowledge of automated microcircuits testing or laser 

trimming. Duties will include troubleshooting of production test/trim problems in conjunction with product 
engineers and maintenance engineers. The job will also include device characterization, data generation 
and analysis relating to design revisions, yield improvement and reliability tests. 

IC Hybrid Reliability 
Will design test equipment and circuits to measure reliability of IC and Hybrid devices and then 

analyze results and recommend action to improve reliability. Previous circuit design experience is 
necessary. 

Process Engineer 
Your responsibilities include implementation, process improvement and sustaining of silicon IC and/or 

thin film hybrids metal deposition processes. Several years experience in metal deposition, knowledge of 
high vacuum technology and thin film deposition processes is necessary. 

Senior Process Engineer 
You will be responsible for sustaining and process transfer for one or more of these processes: diffusion, 

photo-resist, metalization or chemical, vapor deposition. A thorough knowledge of high silicon wafer 
processing and a photoresist technology is necessary. Also, experience in a combination of the following 
areas is a plus: projection printing high resolution photo processing, solid state device physics, or high 
frequency IC technology. 

Tektronix. Inc., is located near Portland, Oregon. Benefits include liberal insurance, educational 
support and profit sharing programs. 

Send detailed resume and salary history to Roy Epperson, TEKTRONIX, INC., P.O. Box 500, M33, 
Beaverton, Oregon 97077 or call 1-800-547-1164. 
An Equal Opportunity Employer M/F/H. 

Tektronix 
COOMAMEDTDVOCELLEMDE 

TECHNICAL 
TRANSLATIONS 

English/French by profes-
sional translator with over 10 
years experience in elec-
tronic and electrical systems. 
Call or write: 

JEAN LOUIS AVRIL 
5ter, rue des Bois 

92310 SEVRES FRANCE 
Tel: (1) 027.68.99 

POSITIONS VACANT 

Manufacturing Engineer-Communica-
tions Eqt. SE —$22K +, BPI, 5659 S. 
Laburnum, Richmond. Va. 23231. 

N/C Equipment Design. Machine 
tools. $23K+ BPI, 5659 S. 
Laburnum, Richmond, 23231. 

EMPLOYMENT SERVICE 

South?-technical/professional place-
ment network-fee paid. Murkett 
Associates, Box 527. Montgomery. 
AL 36101. 

Engineers/Scientists—Over 800 
firms in Eastern U.S. pay our fees to 
recruit Top-Caliber professionals in 
all technical areas. Send detailed 
resume, in confidence. Wallach 
Associates, Inc., 1010 Rockville Pike, 
Rockville, MD 20852. 

Electronic engineering growth posi-
tions with clients located nationally. 
We would be glad to consider your 
resume. Joe Torcassi (EE), Director, 
R.J. Bushee & Associates, 1001 
Carew Tower, Cincinnati, OH 45202. 
513/621-2015. 

How To Get A Job Overseas 253 
page Book( Only $4. Transworld, Box 
90802-HR. Los Angeles 90009. 

OVERSEAS JOB GUIDE 

Job Hunting Guide + Directory of 
650 Firms. Details on job sources, 
resumes, taxes. US $6.50 —(US & 
Canada). To foreign address—$7.50. 
Friar Books —EL, -8956 E. Ardendale, 
San Gabriel, CA 91775. 

BUSINESS PSYCHOLOGY 

How To Earn Money As A Consultant 
(including specimen contracts) $21 
Business Psychology Intl 890/44 
National Press Bldg. Washington, 
D.C. 20045. 
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PRODUCT 
DEVELOPMENT 
MANAGER 

Rapidly growing consumer/com-
mercial electronics manufac-
turer has current need for New 
Product Development engineer 
to join its engineer dept. Indi-
vidual we seek will have a BSEE 
or equivalent and have 10 years' 
related experience in private in-
dustry. Must be experienced in 
RF & IC design with knowledge 
of microwave desirable. We of-
fer top salary, benefits and un-
limited advancement potential. 
Reply in confidence to Person-
nel Manager, (301) 355-9000. 

Universal Security 
Instruments, Inc. 
2829 Potee Street 

Baltimore, Maryland 21225 
.-In Equal Opportunity Employer A4 1 F 

The 

al PORI, AND /NC 
80651. e 
Poerlew Oregon 9/205 150.224 .50 

PERSONNEL RECRUITING FOR 
THE ELECTRONICS INDUSTRY 

NATIONWIDE 
Client companies nationwide from virtually 
every segment of the electronics industry 
use Dunhill of Portland to conduct talent 
searches. 
Career opportunities are available at all 
levels in a wide variety of disciplines. 
Forward your resume today for confidential 
consideration or phone: 

KEITH NYMAN —i 501 224-1850 
We are emplim'er retained 

COMPUTER ENGINEER 
To assist in organizing the develop-
ment and hardware maintenance of 
our medical laboratory information 
systems. Experience in trouble shoot-
ing and maintaining mini computer 
systems ( PDP-11 PDP-8i desired. 
Salary dependent upon qualifica-
tions. Good fringe benefits. Please 
submit resume to: 

Carol Kopsa 
Dept. of Pathology 

144 M.L., University of Iowa 
Iowa City, IA 52242 

'The 1,1 Irma I., fIll equal op-
lion emploier 

...... —, We have been placing graduate 
ENGINLRS 

i 4C, in FEE-PAID positions 
I - THROUGHOUT THE U.S. since 

t
1 59. Over 1.000 client companies. 

We are graduate engineers work-
ing full-time for you. Send resume 
& salary history today or request 
confidentia I applicat ion. 
ATOMIC PERSONNEL, INC. 

i Suite L. 1518 Walnut St., Phila., Pa. 19102 
An Employment Agency 

L_ —For All Technical Fields — —...1 

FOR WESTERN ACTION 
Free resume preparation and 
distribution to exceptional fee 
paid opportunities. Send 
experience and salary history to: 

The Wescott Agency 
Box 4428, 

 Vancouver, WA 98662  

SOFTWARE/HARDWARE 
DEVELOPMENT ENGINEERS 

 A  
workable, 
dual ladder 

promotion policy 
... one of many reasons for joining 

ITT Telecommunications Technology Center 
Whether you choose to advance as a technical professional, or move into 
management, you'll have an equally rewarding career at ITT Telecommuni-

cations Technology Center. Our dual ladder promotion policy guarantees 
parallel promotion and salary increases. 

Other reasons for joining us include our strong commitment to achieving 
state-of-the-art developments in telephony — in creating an advanced 
local digital switching system. For you, it all means a future of challenging 
assignments — always involving the latest technology in your specialty. 

Salaries are highly competitive; benefits are excellent. Our Connecticut 
location provides ideal living conditions and easy access to varied cultural/ 
educational facilities and mountain and shore recreational attractions. 
Apply now, and explore career opportunities in the following areas: 

HARDWARE DEVELOPMENT 
• Analog/Digital Interfaces 
• Processor Design 
• Physical Desigr 
• Advanced Manufacturing 
Technology 

• LSI Design 
• Manufacturing Test 
• Line/Trunk Circuit Design 
• Microprocessor Application 

SOFTWARE DEVELOPMENT 
• Software Design 
Methodology 

• Call Processing 
• Signalling Systems 
• Exchange Data Base 
• Data Base Management 

• Compilers, Loaders and 
Link Editors 

• Operating Systems 
• Microprocessor Emulation 
• Test Systems 
• Diagnostics and Administration 

Please send resume, including salary history, in full confidence to 

Mr. Robert A. VerNooy 

Telecommunications 
Technology Center 

1351 Washington Blvd., Stamford, Connecticut 06902 

An Equal Opportunity Employer, M/F 
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Stable, progressive expansion has created new open-
ings in the following areas: 

ELECTRONICS PACKAGING 
B.S.M.E. or equivalent, in electronics packaging. Must 
be capable of assuming project responsibility for 
mechanical layout, design, and parts specification of 
electronic kits. Should. be experienced in sheet metal 
design, plastic and metal parts casting, and have a 
knowledge of requirements for good RF shielding of 
electronic packages. Will also assist EE's in costing 
and scheduling products. Drafting ability essential, 
knowledge of high-fidelity audio systems helpful, but 
not required. 

SOFTWARE DEVELOPMENT 

Undergraduate or graduate degree in Computer 
Science, or equivalent experience. Must have a 
demonstrated ability to write operating systems, 
systems utilities, interpreters, compilers, and other 
systems desirable but not essential. This is an op-
portunity to write systems and applications for the 
new personal computers. 

INSTRUMENTATION 
BSEE with three or more years HF and VHF 
experience, for applications in oscilloscopes and test 
instruments. This is an opportunity for a good RF 
engineer with a strong interest in getting into oscillo-
scope and instrumentation design. Will initially share 
project responsibility for product design and develop-
ment with an experienced instrumentation engineer, 
producing new products for one of the best known 
lines of low cost test instruments. 

EDUCATION 
Openings for writers of individual learning programs 
related to electronics and electronic servicing. Candi-
dates for these positions should have some back-
ground in vocational education and training, writing 
experience, and course development. Teaching 
experience highly desirable. Writers with technical 
training backgrounds will find this position a natural 
one for their abilities. 

In addition to a competitive salary and generous 
benefits package, the successful candidates can ex-
pect the finest professional surroundings. Our 
engineering facility features private lab areas, a re-
laxed atmosphere, and stable working environment. 
We're ideally located in a pleasant community on Lake 
Michigan with 90 minutes access to Chicago. 

Send resumes, or call collect: 

HEATH COMPANY 
Benton Harbor, Michigan 

49022 
Attention: Ken Smith 

616) 982-3673 

HEATH 

Schlumberger 

AN EQUAL OPPORTUNITY EMPLOYER M/F 

Product 
Marketing 
Engineers 

The expanding Special Products Division of 

Intel Corporation, the memory components 

and microcomputer leader, has opportunities 
in the San Francisco Bay area for talented 

and experienced engineers. 

You will handle the interface between field 

sales, customers and our Engineering staff 

in determining customer requirements. You 

will determine appropriate action to solve 

quality and reliability problems and to assure 

that all customer specifications are met. You 

will also coordinate customer plant visits, 

conduct product presentations and make 

occasional field trips. One of these opportu-

nities will cover the Far East and requires 
fluent Japanese. 

To qualify you should have a BSEE and 2-5 

years product marketing experience on inte-

grated circuit/MOS. For immediate consid-

eration, please send your resume to 

Intel Corporation, Attn: John Bercen, 

3065 Bowers Ave., Santa Clara, 

CA 95051. An equal oppor-

tunity employer m/f. 

*e 
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Engineering Careers 

You can get ahead faster with us 
than with anybody else. 

Here's why 
1 You are needed right now. 
Our project teams are crying for good 
professionals who can grab hold fast. 

2 You'll get a chance to prove 
how good you are. Everybody is 
evaluated regularly; there are no 
missing persons at TI. If you're good, 
you move up fast. No matter how long 
the people above you have been there. 

3 You'll be involved in state-of-
the-art projects. Advanced airport 
and airborne radars. New infrared and 
laser electronics applications. TI is the 
technological leader in literally scores 

of product fields. This leadership has 
produced more than 7,000 patents. 

4 You'll work on a complete 
system. No threat of getting locked 
into a repetitious specialty. You'll work 
on a small project team. You'll interface 
daily with other disciplines and other 
phases of your overall program. 

5 You'll work in a job-stable, 
multi-market situation. We have 
a variety of products and markets. We're 
not heavily dependent on any one of 
them —and neither is your job. 

Live in Dallas. The Southwest's 
largest and liveliest metropolitan area. 

Discover all the glitter and glamour, spectacular sport and high fashion Dallas is 
famous for— yet an economical place to make a home. Cost of living is way below the 
urban U.S. average. And there's no state income tax. The country's 8th largest city has 
year-round sunshine plus lots of lakes and facilities to enjoy it. The area has 34 
colleges, 102 major medical facilities, and a wealth of major media and entertainment. 

Openings also in Ridgecrest, California. 
All openings require a minimum of a 
Bachelor's degree and U.S. citizenship. 

Software Engineers 
Application and Assembly language 
programmers are needed for implement-
ing control, signal processing, and auto-
pilot algorithms. 

RF Engineers 
Engineers required in all microwave 
disciplines including antennas, receivers 
and microwave components. 

Field Engineers 
Will support evaluation testing of 
weapon systems and subsystems. 
Specialized experience in software/ 
hardware design or microwave useful. 

Design Engineers 
Openings for all disciplines including: 
• Mechanical/Structural 
• Analog 
• Digital 

System Engineers 
Will provide conceptual design definition 
for a wide variety of systems and 
subsystems. 

Analysts 
System analysts to work with system 
engineers in trade-off analysis to support 
system concept and definition. 

Computer System Engineer 
Requires MS or PhD in EE or CS and 5 
years' experience in hardware and 
software design of real-time computer 
systems. 

Technology Requirements 
Engineer 
Requires MS in EE and 8 years' 
experience in the use of advanced 
semiconductor technology in system 
design. 

Send your resume in confidence 
to: Staffing Manager/P. 0. Box 6015, 
M.S. 222/Dept. E/Dallas, TX 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 

An equal opportunity employer N1/1-
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Test and Trim 
Manager 

This individual will manage analog and 
digital IC and hybrid circuit test, laser trim 
and test systems development groups for our 
custom in-house test devices. Responsible 
also for planning, developing and 
implementing necessary engineering and 
product test and trim capabilities. 

Necessary background includes previous 
management experience; knowledge of 
present computer controlled device test, laser 
trim and data reduction systems; and an in 
depth understanding of design of analog and 
digital circuits and systems. 

In support of our development and 
manufacturing of computer peripherals and 
instrumentation, Tektronix has for ten years 
designed and produced custom, in-house 
state-of-the-art MOS, bipolar and hybrid 
linear and digital IC's. 

Tektronix, Inc., is located near Portland, 
Oregon. Benefits include liberal insurance, 
educational support and profit sharing 
programs. 

Send detailed resume and salary history 
to Roy Epperson, TEKTRONIX, INC., P.O. 
Box 500, T39, Beaverton, Oregon 97077 or call 
1-800-547-1164. 

An Equal Opportunity Employer M/F/H. 

lëktronix 
COMMIT TED TO EXCELLENCE 

ENGINEERS 
San Francisco Peninsula 

Participate in the Free World's most advanced aircraft defense 
systems... with DALMO VICTOR, pioneer and still the Leader in the 
design and manufacture of State-of-the Art Digital Airborne Radar 
Warning Systems. 

New long-term Multi-million dollar contracts have created unusually at-
tractive growth opportunities in the following areas: 

* Realtime avionic software 
* Minicomputer central processors 

* Radar Systems 
*Airborne Receivers 
* Packaging of electronic equipment 

*Airborne hardware/test equipment 
*Broadband airborne antennas 
You are invited to explore these challenging positions and the very ex-
cellent benefits we offer: COMPANY PAID MEDICAL (for you and your 
dependents), COMPANY PAID RETIREMENT PROGRAM, STOCK 
PURCHASE PLAN. EDUCATION REIMBURSEMENT ... and more: 

Please send your resume, to Dick Nelson, Professional Employment 
DALMO VICTOR, 1515 Industrial Way, Belmont, CA 94002, 015) 
595-1414. An Affirmative Action Employer. U.S. Citizenship required. 

"\TICrr CD Ft 

Bell Aerospace TEXTRON 

ENERGY CONVERSION 
UNIVERSITY OF DELAWARE 

The Institute of Energy Conversion of the University of Dela-
ware is an applied research institute directed towards making 
a measurable contribution to the solution of specific energy 
problems. 

SOLAR CELLS 
Significant advances in the development of high performance, 
low cost solar cells based on thin films have led to the crea-
tion of a number of new positions. Opportunities exist to join 
this major thin film photovoltaic solar cell group. 

PROGRAM MANAGER — PHOTOVOLTAIC DEVICES 
To lead the development of new and improved photovoltaic 
technology, devices and structures. Background in semicon-
ductor technology and junction devices preferred. 

PROGRAM MANAGER—PHOTOVOLTAIC SYSTEMS 
To lead a group designing photovoltaic systems and to 
manage the design, analysis, and installation of photovoltaic 
power systems. 

ELECTRONIC ENGINEER 
To join the solar cell research and development effort. Posi-
tion includes the analysis of solar cell properties and the 
development of new technological and analytical techniques 
leading to improved thin film photovoltaic devices for ter-
restrial applications. 

MATERIALS SCIENTIST 
To carry on basic studies of materials parameters for photo-
voltaic solar cells. Background in experimental measurement 
of semiconductor materials and experience in electron mi-
croscopy is required. 

Please send your resume in confidence to Mrs. T. Greer, De-
partment E, Institute of Energy Conversion, University of 
Delaware, One Pike Creek Center, Wilmington, Delaware 
19808. 

The (hire,'jn uf 1)clip,ure Is an alfirrnal actmel empl•Aer 
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IS ANYONE THERE? 
Is there a better way 
to obtain interviews 
than by sending a 
resume out to "test 
the water"? 

We know there is. 

Changing employ-
ment to further your 
career can be a 
methodical, practical 
process. Another in-
gredient which makes 
the real difference is 
creativity. As in any 
field, the ability to see 
the normal in a unique 
way gets superior 
results. 

This is the way we 
work to get you the 
interviews you need 
to determine whether 
you should make a 
change at this time. 
We will develop your 
long-range career 
path or we will simply 
find you a better 
position. 

If you have a good 
academic record, or 
experience in the ex-
citing field of Elec-
tronics—we will take 
it from there—in 
complete confidence 
write or call: 

Mr. Gary Rocco 

412/434-8484 

ROBERT CLIFTON 
ASSOCIATES, INC. 

Suite 1625 
301 5th Avenue 

Building 
Pittsburgh, PA 15222 

No fees or obliga-
tions of any kind. 

Which one 
is the printer 
development engineer? 

They all could be!! 
At Computer Peripherals, the emphasis is on finding innovative people ... indi-
viduals with technical training and ideas. If you can bring us the ability, we can 
open the door to exceptional opportunity ... and not just the first door. 

We are working in advanced areas of impact and non-impact printer design and 
development. We have immediate openings for: 

ELECTRICAL ENGINEERS 
Three years design experience in 
digital logic related to micro-
processors. 

MECHANICAL ENGINEERS 
Three years experience related to 
small mechahism design involving 
stepper motors, and vibration and 
stress analysis. 

MANUFACTURING ENGINEERS 
Three years in manufacturing process engineering in an electro-mechanical 
manufacturing environment. 

Appropriate degrees are required for each position. For more information on 
these openings and the career potential at Computer Peripherals, a joint ven-
ture of Control Data, NCR and ICL. Ltd., 

Call toll-free 1-800-521-3497 
to arrange a convenient appointment. Operators will be on duty. If unable to 
call, please forward a complete resume, including salary history to: 

( Mr. Bob Brown 
1480 N. Rochester Rd. g• ) PERIPHERALS. INC. Box E-48 

Michigan 48063 
1-313-651-8810 

Electronics/January 5, 1978 
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GCA Sunnyvale 255 Magnetic Information Systems 279 

Centralab Electronics Division 245 
• GEC M-0 Valve 250 • Magnetic Shield Div Perfection Mica Co 270 

Communications Transistor Corp 186-187 
j General Electric Instr Rental Div 188 n Marconi Instruments 214 

Computer Automation, Inc., Industrial Prod. 30, 31 
Div. General Instrument Microelectronics 32, 33-44 MCI Minntronics 274 
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BROADER RANGE IN AN 
- AWARD-WINNING DESIGN 

Iii 

75 KVA frequency 
converter/UPS 

That's right. The IR-100 Award-winning series of advanced 
high-efficiency 400 Hz Frequency Converters/UPS systems has 
been broadened to include 50, 75, 100 & 150 KVA. These same 
power capacities are available in both 50 and 60 Hz UPS 
configurations. 

And, PPD's broad capability in Power Line Disturbance Monitors, 
covering the 50-441 Hz range, offers unique parameters in power 
problem detection. 
BRAND NEW is the unique Model 30 ENERGY MONITOR. It 

measures electrical energy usage, rate and demand, and compares 
to preset budget. Can be used in branch circuits too. Extremely 
useful for studying energy usage before installing expensive energy 
management systems. 

Call or write today for 
more information on 
how Programmed Pow-
er's 50 to 150 KVA Fre-
quency Converter/UPS 
and Monitoring Systems 
can fit your specific 
requirements. 

Power Line - 
Disturbance Monitor 

+ Franklin Electric 
Programmed Power Div . 

995 Benicia Ave., Sunnyvale, CA 94086, (408) 245-8900, Telex: 357405. 

NEW FROM ALLIED! 

An Innovative, 

Fully Assembled, 

UNDER $600 

Microcomputer 

The TRS-80 is a fully wired, tested. U.L. listed and ready-to-use com-
puter which you can program to handle personal finances, small-
business accounting, teaching functions, plus computer games, the 
possibilities are almost limitless. The complete system includes . 12" 
video display, built-in 53-key keyboard, cassette recorder for data 
storage, power supply and a 300-page instruction/programming 
manual The Advanced Z80-based system comes with 4K read/write 
memory and Level-1 BASIC stored in 4K read-only memory. 

Complete Computer (less display)   Each 399.95 
12 Video Display   Each 199.95 
Realistic CTR-41 Cassette Recorder   Each 49.95 

SEPARATE COMPONENTS PRICE  649.85 
TRS-80 Complete System   Each 599.95 
Expansion Module to Extend RAM Memory to 16K Each 289.95 

FREE! Allied's 1978 Engineering Manual and Purchasing Guide 236 pages of 
the most up-to-date. hIgh-quality electromc equipment, hardware and acces-
sones Inchefing the TAS-80 Microcomputer Send name and address to Allied 
Electronics, Dept. E-178, 401 East 8th Street, Fort Worth, TX 76102. 

SIX CONVENIENT STOCKING LOCATIONS TO SERVE YOU 
3160 Alfred St., Santa Clara, CA 95050 
12311 Industry St., Garden Grove, CA 92641 
845 Woburn St., Wilmington, MA 01887 
401 East 8th St., Fort Worth, TX 76102 
3705 West St., Landover, MD 20785 
1355 McLean Blvd., Elgin, IL 60120 

408985-2323 
714/894-7581 
617/942-0150 
817/336-5401 
301/733-5050 
312f697-8200 

ALLIED ELECTRONICS 
"A DIVISION OF TANDY CORPORATION 

Circle 35 on reader service card 

Error-free Counting 
with automatic signal attenuation to eliminate 
counts due to noise and interference. 

Variable input attenuation 
reduces the signal to a value 
just above the trigger window, 
thereby eliminating false 
counts. 

INCORR CT CORRECT 

PM 8814 un  c ****** 520M111 

CorMNA, neat _____ maste.foVITY 

Accuracy is achieved by a unique PIN -DIODE attenuator 
circuit with 2dB dynamic range and optimum triggering 
to 12 Vrms. High sensitivity and continuous attenuation 
allows error-free counting of AM and mixed signals. 
The Philips PM6610 series counter/timers, in rugged metal 
cases, include high stability timebases, internal battery, 
analog output, and many other options. Starting at $740.00 
for the 80 MHz model, the PM6610 series counters include 
250, 520 and 1000 MHz units. 
Want more information or a demonstration? Call our toll-
free Hotline number: 800 631-7172 (New Jersey residents 
call collect 201 529-3800) or contact: 

Philips Test & Measuring Instruments Inc. 

In the Unnecl States 
85 McKee Drove 
Mehwah. Need )111,0, 07430 
12011 529.3800 

A NORTH AMERICAN PHII IPS COMPANY 

In Caned* 
6 Leswvn Aced 
Taonto, Ornery, Canmle M6A 1K2 
14161 789 7188 

PHILIPS 
Circle 36 on reader service card Circle 37 on reader service card 291 



COMPUTER 
GRAPHICS 

A Study for Designers 

of Printed, Integrated, 

and Hybrid Circuits 

Just published, comprehensive 400-
page study provides surveys and 
evaluations of interactive systems, 
hardware, software, services. Docu-
ments trends ranging from auto-
mated placement and routing of 
PCBs and hybrid circuits to IC design 
systems. 

Provides analyses of design require-
ments, products, cost effectiveness 
and system selection. Independent 
professional evaluations of interac-
tive CAD systems and software. Up-
to-the-minute market/technology 
status and forecasts. 50 illustra-
tions/graphs. For descriptive bro-
chure, call 617-964-7659 or write 

INTERNATIONAL TECHNOLOGY 
MARKETING 

246 Plymouth Road 
Newton, MA 02161 

Circle 133 on reader service card 

The 1977 
Answer Book. 
It makes your 
job easier. 
$25. 

• Over 4000 
products. 

• More than 5000 
manufacturers 
with local sales 
offices, reps/and 
distributors. 

ledge' 
toPE 

• Directory of Catalogs with 
postpaid inquiry cards for 5-second 
ordering of current catalogs. 

Electronics Buyers' Guide 
1221 Ave. of the Americas 
New York, N Y. 10020 

Yes, send me a copy of The Answer Book 
I've enclosed $25 (USA and Canada only, 
elsewhere send S35). Full money back 
guarantee if returned within 10 days. 

Name 

lirli 

Company 

Street 

City State Zip 

MOB Systems 2.15 • Precision Monolithics Inc 15 

• 3M Co (Minnesota Mining & Mfg) Electronics ,.1f,1 • Preston Scientific 107 
Division 

5 Processor Technology 196 
• Membrain Limited 203 

Programmed Power 291 
• Microswitch, Div. of Honeywell 190-191 

RAC—Reliability Analysis Center 252 
• Microtechnical Industries 198 

• Racal Instruments Ltd. 120-121 
Microtest Systems Inc 118-119 

Racal Thermionics 243 
• Mini-Circuits Laboratory 52 

• Radiohm S.A.R.L. 221 
Mitel Semiconductor Inc 66 

Ramtek 114-115 
Monolithic Systems Corporation 152-153 

• RCA Electro Optics & Devices 14E, 15E 
Mostek Corp 25 

RCA Solid State 7, 74 
• Mupac 264 

n Rental Electronics Inc 221 
• Murata Mfg. Co, Ltd 214 

5.• Robinson Nugent Inc 120-121 
National Connector Div Fabri-Tek Inc 200 

• Rohde & Schwarz 7E, 1E 

• National Semiconductor Corp 50, 51 

5 Rohm Corporation 243 

Neff Corporation 239 

Sage Laboratories Inc 184 

New England Instrument Company 277 

Sangamo Data Recorder Div Schlumberger 269 

• Newport Labs 202 

Scanbe Mfg Corp (Zero Subsidiary) 268 

• Nicolet Instrument Corp Oscilloscope Div 185 

• SDSA 9E1 

Nippon Aviotronics 266 

• S.E. Laboratories 152-153 

Nippon Electric Co., Ltd. 293 

Semtech Corporation 162 

North American Philips Controls 293 

• SEPA S.p.A. 188 

• North Atlantic Industries 258 

5 SOS-Ates 201, 203, 205 

Northern Technology Books 267 

• Shell International Chemical 194, 195 

Optron, Inc. 14 

Shibason Co Ltd 208 

Page Digital Electronics 276 
• Siemens AG 5E 

Panasonic Industrial Div 223 
Signetics Corporation 57 

•5 Panduit Corp 214 
Siliconix 10, 11 

• Pearson Electronics 198 
• Spectral Dynamics Corp 204 

• Philips Elcoma 2E. 10E • Spectrol Electronics 113 

Philips TMI 291 Sprague Electric 71 

Plastics Engineering Company 216 S R D Corporation 6 

Practical Automation 237 Storage Technology Corp 238 
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Synertek 

Syntronic Instruments, Inc. 

• Tansitor Electronics 

TEAC Corporation 

Teccor Electronics Inc 

• Tektronix 

Tektronix Datatek NV 

Teledyne Philbrick 

Texas Instr Components 

Thomson CSF 

• Thomson CSF Division D.T.E. 

72, 59 

260 

6 

68 

226 

102 

13E• 

252 

150-151. 240, 241 

101 

149 

• Trio Kenwood Corporation Test Inst. Division 183 

TRW/IRC Resistors 

United Systems Corp Sub Monsanto 

Universal Instruments 

Vector Electronics 

Velonex Inc 

• Venus Scientific Inc 

Vitramon Incorporated 

• Wavetek Indiana 

Weck Company Inc 

• Wells Electronics 

XEBEC Systems Inc 

Yokogawa Electric Works 

$ Carl Zeiss Inc Micro 

Zero Corporation 

275 

237 

22,23 

246 

225 

282,283 

236 

124 

282 

8E 

250 

265 

215 

192 

Classified and employment advertising 
F. J. Eberle, Manager 212-997-2557 

Atomic Personnel 
Avril-Louis Jean 
Computer Peripherals 
Dalmo-Victor 
Delaware. University of 
Dunhill 
Heath Co. 
ITT Telecommunications 
Intel Corp 
Iowa University of 
Roberts Clifton Assoc 
Tektronix 
Texas Instruments 
Universal Security Instruments, Inc. 
Wescott Agency 

285 
284 
289 
288 
288 
285 
286 
285 
286 
285 
289 

284, 288 
287 
285 
285 

• For more information of complete product line see 
advertisement in the latest Electronics Buyers Guide 

• Advertisers in Electronics International 
Advertisers in Electronics domestic edition 
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EXCELLENT,/ 
HIGH PERFORMANCE, HIGH QUALITY 

DIRECT-VIEW HALFTONE STORAGE TUBES 
FROM NACL 

Try it once and you will see! 
We offer off-the-shelf delivery! 

for image storage for memory 
and display 

TYPE: 

N-6S2P31 

(6"mesh storage) 

ZGENERAL: Direct View Halftone Storage 

Electoro Static Deflection/ Electoro Static Focusing. 

oscilloscopes 

MDISPLAY AREA: 76 x 95mm 
ZWRITING SPEED: 5 x 104 cm/sec min. 
ZWRITTEN RESOLUTION: 30 Line/cm 
MFREGUENCY BAND WIDTH : X-Y 5MHz 

Various other 

TYPE: 
N-6S1P31 

(6"mesh storage) 

II DISPLAY AREA: 8 x 10div(9.5mm/div) 
BWRITING SPEED: 1 x 10' cm/sec min. 

IIWRITTEN RESOLUTION: 20 Line/cm 
•FREQUENCY BANDWIDTH: DC-30MHz 

general-purpose(CRT) and special tubes are optional available 

,433NIPPON AVIOTRONICS CO, LTD. 
15, 1-chome, Nishishinbashi, Minato-ku, Tokyo, Japan. 

MARKETING AND SALES DIVISION TELEX: J22864 NACRADAR 

Circle 38 on reader service card 

When it comes to thermostats, 
PCI supplies just what you need. 
Say you're designing computer terminals, power supplies, business 
machines, or other electrical or electronic equipment. You need pre-
cise temperature control to meet critical standards. You need a preci-
sion thermostat At a competitive price. 
Look no further. Specify PCI Series 5003 wafer type thermostats. 

They're U.L. recognized. Rated 5A res., 120V ac., they'll operate 
within a range of —20°F to 350°F. You specify the setting. We give 
you a standard tolerance range of -±5°F to ±8°F ... to a minimum of 
-± 2°F to ±5°F. Differentials are as low as 8°F. Each thermostat is 
factory set and sealed. Also provided ...a selection of mounting and 
terminal configurations. 240V ac (Series 5004) units can also be 
supplied—also U.L. recognized. 

Send for Application Data Form. 

PCI thermostats...100% inspected. 

PROTECTIVE CONTROLS INC. 
A subsidiary of North American Philips Controls Corp. 

Frederick, Md. 21701 • (301) 663-5141 

Circle 39 for Information Only 
Circle 130 for Immediate need 293 



If this 
magazine 
is worth 
your time, 
ifs worth 

Drop off the routing list. Avoid the Perils of 
Passalong. Get your own fresh, unclipped 
copy mailed to your home or office. $14 
(540 per issue) for a one-year U.S. sub-
scription. ($16 in Canada). Turn to the sub-
scription card in the back of the magazine. 
If somebody beat you to it, write:Electronics, 
P.O. Box 430, Hightstown, N.J. 08520. 

Electronics  
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THE INTERNATIONAL MAGAZINE 
OF ELECTRONICS TECHNOLOGY 
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Electronics 
Reader Service 
For additional information 
on products advertised, 
new products or new literature, 
use these business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are 
interested. 

To aid the manufacturer in filling your 
request, please answer the three 
questions. 

All inquiries from outside the U.S. that 
cannot reach Electronics before the 
expiration date noted on the Reader 
Service postcard must be mailed 
directly to the manufacturer. The 
manufacturer assumes all respon-
sibilities for responding to inquiries. 

Subscriptions & Renewals 

Fill in the subscription card adjoining 
this card. Electronics will bill you at 
the address indicated on the card. 
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Using solid-state technology to replace bulky tube-type equipment, 
EN l's broadband amplifiers are tomorrow ideas available today. 

ENI's Class A power amplifiers already cover the frequency 
spectrum of 10 kHz to 1 GHz, with power outputs ranging from 

300 milliwatts to over 4000 watts. And we're still climbing. 
Driven by any signal generator, frequency synthesizer or sweeper. 
EN l's compact portable amplifiers are completely broadband and 

untuned. Amplifying inputs of AM, FM, SSB, TV and pulse 
modulations with minimum distortion, these rugged units are 

versatile power sources for general laboratory work, RFI/EM I 
testing, signal distribution, RF transmission, laser modulation, 
data transmission, NMR, ultrasonics and more. 
Designed to be unconditionally stable and failsafe (impervious 
to severe load conditions including open or short circuit loads), 
ENI power amplifiers will deliver their rated power to any load, 
regardless of match. 
For information write: ENI, 3000 Winton Rd. So., Rochester, 
New York 14623. Call 716-473-6900. TELEX 97-8283 ENI ROC. 

ENI 
World's Leader in Solid State Power Amplifiers 

Circle 901 on reader service card 
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ision Pot... 

... 10 turn precision, 
in a 5/8" square package. 
Now custom design precision in your equipment! Bourns modular line of 10-turn wire-
wound potentiometers offers virtually infinite selection of standard options, with specs 
that are unequaled in any other line of modular controls, potentiometers and switches. 

SMALL SIZE—The 5/8" square design saves up to 35% of panel space compared to 
standard circular models. Position them closer or in an area simply not possible before 
now. 

LOW ASSEMBLY COSTS—Easy and economical mounting on P.C. boards. Only Bourns 
offers a choice of P.C. pins or solder lugs! 

MANY OPTIONS—Single shafts of 1/8" or 1/4" diameter are each available in 3 standard 
lengths, or choose dual concentric shaft options - all with plain or locking bushings. 
Specify to your application and gang up to two modules. 

You'll find these smaller modular precision pots offer the same electrical specs as the 
larger circular types - such as independent linearity of only -.±0.25%. 

'FEEL-APPEAL—As with Bourns other styles of controls and switches, this precision 
line offers the same smooth, consistent feel. The low rotational torque is still only 
.3 to 2.0 oz. inch! 

CALL TODAY—for complete information on this versatile off-the-shelf, modular con-
structed potentiometer. Find out how to custom design precision in your equipment at 
standard cost and leadtime. 

MODULAR PRECISION.. BEAUTIFUL! 

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue, Riverside, 
CA 92507, Telephone 714 781-5122—TWX 910 332-1252. 

dot 
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" lee 'MI 
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International Marketing Offices: European Headauarters — Switzerland 042/23 22 42 • Belgium 02/218 2005 • France 
01/2039633 • Germany 0711/24 29 36 • Italy 02/32 56 88 • Netherauds 70/67 44 Og • United Kingdom 01/572 6531 • 
Norway 2/71 1672 • Sweden 764/20 110 • Japan 075/921 9111 • Autralia 02/55-0411 03/95-9566 • Israel 77 71 15/6/7 

For Immediate Application — Circle 120 
For Future Application — Circle 220 


