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Introducing aprogrammable 1gliz to 21MHz*
synthesizer, function generator and
sweep oscillator in one $3000** instrument.
For unprecedented performance per dollar, use HP's 3325A
Synthesizer/Function Generator in applications such as testing
communication and servo systems or simulating geophysical
and biomedical transducers.
Frequency synthesizer. The easy-to-use front panel lets
you select sinewave, frequency (11-digit resolution) and up to
10V peak-to-peak amplitude into 50e. Direct readout of units
on the 3325A is given in peak-to-peak, rms or dBm. And for
low-distortion audio and VLF/ULF testing, the 3325A can be
used as alow-cost frequency standard as well.
Function generator. Squarewaves to 11 MHz with 20 nsec
rise time let you evaluate timing and gating circuits with
precision. Or, use the triangle and ramp waveforms to 11 kHz
with 0.05% linearity for accurate VCO testing and amplifier
performance analysis.
Sweep oscillator. Sweep linearly over 13 decades or
logarithmically over 7decades without phase discontinuity and
simplify swept frequency measurements on networks. Sweeptime selection ranges from 0.01 to 99.9 seconds.
Automatic testing. Combine the 3325A with acomputing
controller via the HP-IB*** for easy programming and versatility
in production testing. Isolated interface and floating input/output
simplifies system design.

And there's more. Ten storage registers for quick recall, external amplitude and phase modulation, ±-719.9° phase offset,
auxiliary 21 to 61 MHz output, self test, and synchronization
capability with other instruments. Plus two field installable
options: An oven-controlled 10 MHz oscillator for stability of
0.05ppm/week ($550**) and a 40V peak-to-peak output to
1MHz ($200**).
Get all the details on this new wideband frequency synthesizer,
programmable function generator or phase-continuous frequency
sweeper from your local HP field engineer.
Sinewave specification only.
" Domestic U.S.A. price only.
" HP's Implementation of IEEE Standard 488-1975.

HEWLETT ilk PACKARD
1507 Page Mill Road, Palo Alto, California 94304

Fe assistance call: Washington (301) 9484370. Chicago (312)
255.9900. Atlanta (404) 955-1500. Los Angeles (213) 877-1282

Circle 900 on reader service card

one

PR ISE!

The Data Link of the future
is available from HP today.
(R.

1-1F"s new Fiber Optic System guarantees error free
<10') data transmission from DC to 10Mb/s NRZ over
distances up to 100 metres. This system is immune to electromagnetic interference, radiates no external signal and provides
total electrical isolation between terminals.
TTL compatible, our system includes aPC board mountable transmitter and receiver which operate from asingle 5V power
supply. Our low loss, single fiber connector/cable assemblies are available
in five standard lengths from 10 to 100 metres.
Applications include large computer installations, distributed
processing, power plants, process controls and remote instrumentation.
Prices start at $570 for the HFBR-0010, 10 Metre System.
HEWLETT iï PACKARD
For more information or immediate off-the-shelf delivery, call any franchised
HP distributor. In the U. S. contact Hall-Mark, Hamilton/Avnet,
Pioneer Standard, Schweber, Wilshire or the Wyle Distribution Group
1507 Page Mill Road, Palo Alto, California 94304
(Liberty/Elmar). In Canada, call Hamilton/Avnet or Zentronics, Ltd.
For assIstance call Waslengton (301)948-6370 ChIcago1312)
*U.S. Domestic Price Only.
01806

255-9800 Atlanta (4041955-1500, Los Angeles (213) 877-1282

Circle 1 on reader service card

REF .0 dEm
10 dB/DIV

RANGE

COUNTER 30 000 001 .:
.0 dEm
-.4 dEm

CENTER 30 000 .00n.0 Hz
PEW
Hz
VEN 10 Hz

80 dB dynamic range. That means
80 dB without noise, spurious signals or
distortion products. Total measurement
range of -137 dBm to +30 dBm.

3 Hz resolution bandwidth
lets you resolve 50 Hz and 60 Hz
powerline sidebands greater than
80 dB down from acarrier.

HP's new 3585A Spectrum
Analyzer delivers all
of this capability and
i
more. An internal
microprocessor gives
you new versatility
tLi
eeel'
au« •
t:•li. ' 11• 6
IId
for spectral measureu
•
ments, provides accurate answers and
saves measurement time.
Easy-to-use. With the display marker, you can pick any
point on the digitally stored trace and get direct answers without
having to count graticule lines, interpolate, or perform calculations. Maximum accuracy is always maintained because of the
automatic internal calibration routine. Photo documentation is
simple—alphanumeric labeling on the CRT gives you all necessary information to define aspectral sweep.
It's simple to operate too, because control parameters can be
easily entered via keyboard and continuously varied with aknob.
Autoranging circuitry automatically selects the proper range for
you. And bandwidth coupling assures proper resolution and
sweep calibration.
Added capability includes internal display marker with direct
readout to measure spectral noise density as well as relative
frequency and level. Other marker aids simplify display adjustments such as centering asignal and raising it to the reference level.
m

ill

red

es._

:is se...

Circle 2 on reader service card

ERAN 60n.0 H:
ST 13:3 SEC

L--0.3 Hz frequency accuracy
with 0.1 ppmirno stability due to
a high-performance synthesized
local oscillator.

±0.4 dB absolute amplitude
accuracy—until now only
available with awave analyzer.

You can even store two traces and display them either
separately or together. Or display the arithmetic difference to
simplify comparisons.
More than programmable. The 3585A is not only HP-IB*
compatible for easy system integration, but with adesktop computer it can compute parameters such as total harmonic distortion or log frequency response using measurement data
transferred from the analyzer. The computed data can then be
sent to the analyzer CRT for convenient display. You can even
use the analyzer keyboard to enter data into or call up programs
from the desktop computer.
But that's just the beginning. For complete details on the 3585A
Spectrum Analyzer, talk with your local HP field engineer.
•HP's implementation of IEEE Standard 488-1975

HEWLETT ek PACKARD
1507 Page Mill Road. Palo Alto. California 94304

For

assistance call Washington

(301) 948-6370. Chmago (312)

255-9800 Atlanta (40419551500. Los Angeles (213) 877-1282
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Highlights
Cover Solid growth despite uncertainty, 105

Electronics markets will continue to outpace
individual countries' Gross National Products, but an anticipated general economic
downturn and inflationary pressures, including the recently announced increases in oil
prices, make predictions more tentative
than usual.
For 1979, Electronics' annual survey
predicts a 13% increase to $136.7 billion for
U. S., West European, and Japanese consumption of electronics equipment. Leading
will be Japan, with an expected growth rate
of nearly 15% (p. 123). The U. S. should
grow 13.5% (p. 106), and Europe 10.9%
(p. 118).
Cover photograph is by Don Carroll.
SAW devices turn aminus into aplus, 81

The bulk wave in surface acoustic-wave
devices has always degraded their frequency response but now is being used to
enhance it by researchers in the U. S. and
the UK.
84pin QUIP keeps chips cool, 130

Smaller and sturdier than the 64-pin dual
in-line housing, the new quad in-line package, designed for microprocessors, also has
low thermal resistance, low pin-to-pin
capacitance, and low lead resistance.
Building in fault detection, 139

Microprocessor systems faced with demanding applications must be able to
detect failures, sound warnings, and protect
themselves. Possible methods use self-diagnosis, external hardware, or redundant
systems.
And in the next issue ...

High-level languages for microcomputers: a
special report ...testing microprocessorbased system boards ...a data-link control chip that supports all three bit-oriented
protocols.
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Publisher's letter
Well before the United States
" recognized the People's Republic
of China, a group of 15 Americans
from the Institute of Electrical and
Electronics Engineers Computer Society toured the country as part of an
educational exchange. It was afascinating trip that demonstrated China's interest in outside technology.
As the Probing the News about
China (p. 92) points out, the Chinese
have fallen behind in computers and
electronics generally, largely because
of the total eclipse of scientific
research and development during the
ill-fated Cultural Revolution of the
last decade. Today, the only efforts
to build computers take place at the
universities, according to Barry Borgerson, one of the tour members and
director of research and technical
planning for Sperry Univac in Blue
Bell, Pa.
He reports that these universities
accorded the Americans a very
friendly reception. Apparently every
one of the schools visited gave almost
the same welcoming address, an
apology for the decline of Chinese
technology during the Cultural Revolution. Borgerson met one Chinese
Ph.D. who spent the period working
on afarm.
Despite the belief that China is a
country of complete solidarity, computer projects are poorly coordinated. The same model machine
made at different universities may
have completely different designs, so
that there is virtually no chance of
interchanging the end products.
Harvey Garner of the Moore School
of Electrical Engineering at the
University of Pennsylvania (where
the first U. S. computer was built)
January 4. 1979

estimates that the Chinese universities build only about 10 computers a
month. Virtually all of them are
used to teach computer technology
to others.
One major hindrance, the Americans discovered, is that the Chinese
have translated very little computer
information available in English,
which has forced designers to learn
English.
The U. S. visitors are now compiling their information and comparing
notes in order to prepare afull report
on the trip for the society. It should
make interesting reading in view of
the recent, more general opening of
the People's Republic to relations
with the U. S.

nil

crisis, Part 2, may once again
'begrime electronics business in
1979. This year's market forecast
(p. 105) is generally optimistic, despite the uncertainties. The main
reasons are that electronics has
usually been able to outperform the
general economy and that there is
considerable momentum left over
from 1978.
Back in 1974, during Oil Crisis,
Part 1, total U. S. electronics equipment consumption was up about 8%,
well above adismal Gross National
Product. West European and Japanese electronic production was harder hit but still managed to move
ahead of its associated GNPs that
year. So there is some basis for looking on the bright side this year.
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Krohn-Hite's new Model 1600 lin-log
sweep generator provides sine, square and
triangle waveforms from 0.2 Hz to 3 MHz. Choose
among these frequently needed functions:
• Continuous • Gate • Trigger • Pulse • Continuous
sweep • Triggered sweep • Gated sweep • Holdsweep-hold • Tone burst • Triggered burst • Gated
swept burst • Triggered swept burst • Sweep-holdburst • External VC
Model 1600 also gives you ahandy frequency
marker useful for frequency response tests. Calibrated
start/stop controls provide choice of up or down sweep.
Other helpful features include an output attenuator
calibrated in dB; variable DC offset +10V; TTL output for
gating, blanking, etc.; variable start phase and trigger
level; and more.
If you would like all these features at your
fingertips, circle reader service number or call us.

lei
n-AKROHN-HITE
ILJI

F=I 1=10 RAT' I
0 NJ

Avon Industrial Park. Avon, MA 02322 • 16171 580-1660 TWO 710 345 0831
SALES OFFICES ALA.. Huntsville (205) 534-9771. ARIZ., Scottsdale i6(12, 994-5461. CAL.. San Jose 1408) 292-3220. Inglewood (213) 674-6850. COL.. Deaver (303) 773-1218. CONN., Canton Center (203)
525-7647. FLA., Orlando (305) 894-4401: GA., Atlanta (404) 455-1206. HAWAII, Honolulu (808) 941-1574: ILL.. Arlington Fits. (312) 394-3380. IN.. Fort Wayne (219) 485-0845. KS., Lenexa (913)888-0215,
LA.. Lafayette (318) 984-3516. MD.. Towson (301) 321-1411. MASS.. Wakefield (617) 245-5940. MICH., Southfield (313) 569-4497. MINN.. St Paul (612) 645-5816. MO., St Louis (314) 731-5400. N.M.,
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Circle 5 on reader service card

Readers' comments

Grab
your
bus...
o

0

8?
oo
0

01

o
o

"

...with our Model 150
S-100 bus
Logic Analyzer.
13 PLUGS INTO ANY S-100 SLOT
0 MONITORS ADDRESS, DATA, STATUS,
INTERRUPTS AND CONTROL SIGNALS
0 CAN ANALYZE EXTERNAL EQUIPMENT
OPERATES WITH ANY OSCILLOSCOPE

How does this grab you?
The Model 150 plugs into one slot of an S-100.
computer and "grebe fifty-six major signals.
Fifty-six. That's more troubleshooting and training visibility than any other logic analyzer can offer you. Need to look at signals external to the
bus? No problem. The Model 150 even incorporates a fully-independent 8-channel analyzer
identical to the popular Model 100A. (See Popular
Electronics, Feb. 1977.)
A remote-control plug-in pod provides fingertip
control over all triggering, data collection and display functions. So plug the Model 150 into your
computer — you may never unplug it again.
Complete kit and manual
$389.00*
Assembled unit and manual
7•449.00'
Data probes for external analyzer .$10.95 ppd
Separate 100-page owner's manual .$1.95 ppd
'Add 55 00 for AR sn,op,ng ,r1 U S $15 00 foregn
Cahl residents please add appropriate sales tax.

p

PARATRONICS INC.
800 Charcot Avenue. San Jose. CA 95131
Tel: (408) 263-2252/TWX: 910-338-0201

Substantial dealer discounts available.

6

Circle 6 on reader service card

Please note
To the Editor: Your article on very
large-scale integration ["Tackling
the very large-scale problems of
VLSI: a special report," Nov. 23,
p. 111] is informative and insightful.
However, it omits any mention of
TRW's LSI and VLSI products.
In the early 1960s, TRW originated transistor-transistor logic, now
the standard logic circuitry around
the world. Today, we manufacture
integrated circuits with 30,000 electronic elements, 2-micrometer lines,
and less than 1-picojoule gateswitching energies.
We agree that there is a trend
toward fixed-function parts that perform highly complex tasks. We
disagree, though, that analog functions will receive more attention as
VLSI technology advances.
We also disagree with the statement by Thomas A. Longo on page
115 that producible die sizes will
eventually exceed 90,000 square mils.
We have already surpassed that size
with our 24-bit multiplier, the
dimensions of which are 324 by 348
mils, or 112,752 square mils.
Ralph Miller
TRW LSI Products
Redondo Beach, Calif.
The more, the better
To the Editor: Your article "Standard symbols let designers grasp
logic operation quickly and easily"
[Dec. 7, p. 143] was very much
appreciated. However, as a member
of the Institute of Electrical and
Electronics Engineers' SCC 11.9
committee on logic symbols, which is
responsible for preparing the fiveyear update to ANSI Y32.14, Iwant
to indicate that other companies
have adopted this standard. Digital
Equipment Corp., Sperry Univac,
Control Data Corp., and Honeywell,
to name afew in the U. S., are active
in using the standard. A number of
European firms also use it.
ANSI Y32.14 is the U. S. standards work that is closely aligned
with International Electrotechnical
Commission (IEEE) Publication 11715. IEC publication 117-15 is in
process of another update as a result
of the effort by IEC Technical

Committee Number 3 in Europe.
The Europeans, as well as ourselves,
have had a continuing effort going
for several years now.
In fact, this committee is coming
to the U. S. in April 1979 for a fiveday meeting with SCC 11.9 to
discuss much-needed updates of microcircuit symbolism; currently,
rules for complex large-scale, as well
as many types of medium-scale, integrated circuits are not included to an
extent that allows easy, uniform
buildup of symbols.
John P. Russell
Richfield, Minn.
Move that decimal point
To the Editor: The article on
Hewlett-Packard's beam-penetration
color display leaves me confused
["Beam-penetration displays get
cheaper," Nov. 23, p. 167]. In two
places (title and text) it states that
the beam writing rate is 25.4 cm (10
in.) per second, which with a 50-Hz
refresh base allows writing of only
one 0.2-in, vector flicker free. But
the article also states that full-screen
(7 in.) deflection is only 100 nanoseconds; however, at 70 in./microsecond that is equivalent to
117.8 X 10 6 cm/s, which is a rather
large difference. Which is correct?
J. M. H. Heines
Newport, R. I.
• The first figure is incorrect. It should
have been 25.4 centimeters per microsecond. Also, HP says that its writing
speed is greater than 25.4 cm/gs and
that its deflection time is less than
100 ns, which should account for the
remaining discrepancy.
Corrections
Electron Beam Microfabrication Corp.
of San Diego, Calif., says delivery of
its electron-beam projector will be in
1981, not 1979 ("E-beam projector
takes giant step towards practicality, Nov. 23, p.73). The company also
says it does not own the rights to the
initial electron-beam projector work of
Westinghouse Corp.
In "HP-67/97 program performs
current analysis" (Dec. 7, p.152),
instruction 152 should read R4 and
instruction 178 should read X # 0?.
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HP 5328A
Universal Counter.
The Right Performance
At The Right Price.

If you're looking for amedium priced universal
counter with the capability to do just about
any counting job and the versatility demanded
by tough systems applications, look no further.
For only $1300* the HP 5328A Universal
Counter is abasic 100 MHz/100ns instrument
that expands to meet your needs. Optional
modules let you expand its capabilities to 512 or
1300 MHz and 10 ns time interval.
You can select an optional built-in DVM
(single-ended or full floating, 10 pv to 1000v)
for accurate determination of trigger levels and
for external digital voltage measurements.
Only HP offers it.

Other options let you make use of an
ultra-stable time base and HP Interface Bus
Operation including full remote control of the
counter and the DVM.
Sound good?
There's more information available for you
on the HP 5328A Universal
Counter and the full line of
sophisticated HP electronic
counters.
Just call your nearby
HP field office or write
for our new electronic
counter brochure.

U.S. Domestic price only.

HEWLETT ii
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iî PACKARD
1507 Page WI Road

Palo Alto. Cablorna 94304

For assistance call Wash,ngton 1301) 948-6370. Chicago (312)
255-9800. Atlanta 14041 955-1500, Los Angeles (213) 877-1282
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Hipotronicsk,c.
HIGH
VMDC
SUPPLIES
AND
POWER
PACKS

tandard supplies from
1kW to 50 kW

1kW supply
provides
120 kV Ea 8mA

Power Supplies -"le
Complete range of unregulated high
voltage dc supplies with voltage outputs from 1kV to 1000 kV and current
outputs from 10 mA to 50 Amps available in standard designs at economical prices. Fully instrumented and
protected, these supplies are
ideal for:
•Laboratory use
•Capacitor charging
•Laser supplies
•CRT supplies
5,7.58 10 kV
•Marx generators
®5mA0EM
•Many more
Power Packs

Power Packs
Miniaturized, oil-filled steel cans fu
OEM use. Voltages from 2.5 kV to
100 kV at 2, 58,‘ 10 mA. Low cost,
high reliability.
Metered Power Packs
Same miniature power packs available with simplified or deluxe controls
for rack-mounting. Short circuit current limit option makes these ideal for
cap charging applications.
Write or call for complete details.

1
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HIPOTRONICS, INC
P 0 Drawer A Brewster NY 10509
914) 279-8031 Twx 710-574-2420
'Amex Symbol HIP

8
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News update
II Bell's ESS No. 4, the high-capacity, all-digital switch with international telephone network switching
capabilities that was first installed in
New York [Electronics, Oct. 26,
1978, p. 179], is working as planned.
By the early 1980s, all international
calls from the U. S. will be switched
by offices equipped with this electronic switching system.
The company expects to realize
substantial savings in equipment and
operating costs compared with
switching centers using the nondigital No. 4A crossbar switching
systems, some of which were installed more than 25 years ago. One
reason is that the ESS No. 4
provides efficient, full "gateway"
operation; that is, it can handle all
three types of international calls—
calls to or from the U. S. and transit
calls (between West Germany and
Australia, for example.)
Though the older technology
could also handle all three, the
steady growth in international traffic
requires greater capacity, reliability,
and easier maintenance— which the
No. 4delivers. Also, Bell is continuing to develop hardware and software for new features and capabilities for the system.

• In 1928, the British Broadcasting
Corp. installed aset of radio broadcast transmitters. Electronics did not
report on the matter because the
magazine did not yet exist—it was
born in 1930. But here's news of the
replacement of those original transmitters: the BBC has installed 11
50-kilowatt solid-state devices from
Marconi Communications Systems
Ltd. The new systems may be operated in parallel for atotal of 150 kw
of working power for the British
broadcasters in each installation.
Thirteen more transmitters are on
order. When they are placed on line,
the BBC network will be fully automatic and will be capable of unattended operation.
The decision to change was stimulated by an international conference
in 1975 that reallocated the frequency band occupied by the BBC.
Harvey J. Hindin

Over 20,000
in Use
Field Proven
Lab Accuracy DPM

PM-4
$170
0.02% Accuracy
• r1,±10,±100 or •1000V

range.
•Auto zero & polarity.
•Programmable decimal.
•Range change capability.
•Protected input.
•1"H x2.5"W x3.25"D.
•Large 0.3" LED display.

tso

Non-Linear Systems, Inc.
Originator of the digital voltmeter
Box N. Del Mar, California 92011
Telephone (714) 755-1134 TWO 910-3221132

Circle 274 on reader service card

be
delay
lines
•D;gital
•Programmoble
•DIP
TTL DTL Compatible

BEL FUSE INC.
203E Von‘but it. Jerfey City Ili
07302 (201)432-0463
TWX 710-730-5301
Circle 273 on reader service card

Carol

put the touch on

Hewlett-Packard*
now you can have

"Data &your
Fingertips",

CARROLL
the leader in Touch
Technology now offers
the benefits of Touch
to system designers
Design a system without keyboard imposed
constraints. A Touch system
requires no command language or typing
expertise -- the user responds by touching data
displayed on the screen The natural, friendly and easy touch
of a function provides an ideal man/machine interface. Reliable all solid state construction provides your system with a competitive edge Contact CARROLL for
information on how the HP Touch Terminal can be adapted to your system, or allow
CARROLL to quote on a custom Touch system design for your application. Put the touch
on your customers, call Carroll Manufacturing
•Developed in cooperation with Information Retrieval research at the National Library of Medicine

<I'''
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1212 HAGAN

CHAMPAIGN, IL 61820
217 /351-1700
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with Burroughs SELF-SCAN® II gas plasma displays—

Burroughs SELF-SCAN displays provide bright, easyto-read alphanumeric readout that will enhance the
saleability of your product. Over one-quarter million
have been built into everything from word processors
to data terminals to paint matching machines.
And now they're easier than ever to use. Optionally
available microprocessor-based controllers save you
most of the time normally
spent to "design-in"
adisplay.
Give your product the visual
excitement and dependability of
SELF-SCAN displays. You'll benefit
from each of these features:
• Thin cross-section (under 2" with electronics) to
keep your product's design efficient and low-cost.

• Neon-orange characters are uniformly bright,
flicker- and distortion-free, easy-to-read in high
ambient light and at night without eye strain.
• Easy interface with microprocessor-based systems.
• Any of over 100 languages can be
displayed with many special effects
possible (such as
word blinking).
• Low power
requirements,
low heat buildup.

• Fewer connections required than with other displays.
• Long service life even where vibration, temperature
and high humidity are present.
• No danger of implosion or X-ray radiation.
Choose from our complete line. SELF-SCAN panels are
available in both single and multi -line displays with and
without memory. Our single-line models, in 16, 20, 32 or
40 characters, are compact, low-cost and extremely
dependable. The 20-character panel is stackable and
buttable for creating large message panels. Single-line
panels range in price from $112 in 100-unit quantities.
Low-cost SELF -SCAN multi-line displays in 240 and
480-character sizes are rapidly replacing many CRT
displays. They give you excellent message readability,
big space and weight savings, plus 3times the life of
most CRT's. Prices range from $311 in 100-unit quantities.
Circle 11

"For General

Information"

Give your product the visual advantages of SELF-SCAN displays. Write
or call for specifications.
Burroughs Corporation, OEM
Operations, P.O. Box 1226,
Plainfield, NJ. 07061 or call (201)
757-5000.
Overseas, contact Burroughs ECD International,
Langwood House, High Street, Rickmansworth
Hertfordshire, England. Telephone
Rickmansworth-70545
the tint name In displays
the Wit word In displays

Burroug
Circle 12 "For Detailed Specifications"

NOW, A12-BIT
AID CONVERTER
THE 7109: $11
MICROCOMPUTER DATA BUS OR UART

NO EXTERNAL ACTIVE COMPONENTS.
ONLY 8PASSIVE COMPONENTS NEEDED
FOR AN OPERATING A/D

INTERNAL
CLOCK

iii
0

PRECISION
AUTO/ZERO AND
POLARITY CIRCUITRY
e

-

NA P.4

-±-12 BIT BINARY

FLOATING C>
DIFFERENTIAL
INPUT

INTERFACES DIRECTLY
TO THE i.LP DATA BUS
3-STATE OUTPUT 8-BIT
BYTE FORMAT HANDSHAKE
CAPABILITY WITH UARTS
START STATUS
CONVERT

)
MODE

)
SEND
ENABLE

LOAD
BYTE
ENABLE

*100 piece price in plastic
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ONOLITHIC
FOR YOURfiP:
ANOTHER FIRST FROM INTERSIL.
Down goes the component count. The ICL7109 is
the first ±-12-bit binary, .01% accurate, single chip
AID converter with true handshaking capabilities
for awide variety of UART and /LP data logging
applications. On asingle chip, the ICL7109
contains all active analog and digital circuitry
necessary to accurately convert analog input into
digital data. Byte oriented, three-state output allows
the ICL7109 to interface directly with 8-bit and
wider microprocessor data busses.
HANDSHAKE.
The ICL7109's handshake ability allows it to
interface directly with industry standard UART's for
remote serial data transmission. Sequencing the
output of the two 8-bit bytes is performed by the
7109 either synchronously with conversions, or on
demand. Without the addition of any external components. Again, down goes the component count.
ANALOG FEATURES.
•True differential signal and reference input
•Zero drift <1µV/°C
•Full scale <5ppm/°C (not including reference)
•Linearity <0.01%
•Conversion rate of .1 to 7.5 conversions per second

reliability. Who says good news for engineers is bad
news for purchasing?
NEED AN INTRODUCTION?
Call your Intersil Sales Office, your Franchised
Intersil Distributor, or return the coupon below.
We'll see that you get everything you need to know
about the ICL7109 single chip A/D converter.
INTERSIL SALES OFFICES:
CALIFORNIA: Sunnyvale (408) 744-0618, Long Beach
(213) 436-9261 •COLORADO: Aurora (303) 750-7004
•FLORIDA: Fort Lauderdale (305) 772-4122
•ILLINOIS: Hinsdale (312) 986-5303
•MASSACHUSETTS: Lexington (617) 861-6220
•MINNESOTA: Minneapolis (612) 925-1844 •NEW
JERSEY: Englewood Cliffs (201) 567-5585 •OHIO:
Dayton (513) 866-7328 •TEXAS: Dallas (214) 387-0539
•CANADA: Brampton, Ontario (416) 457-1014

INTERSIL FRANCHISED DISTRIBUTORS:
Advent/Indiana •Alliance Electronics •Arrow Electronics •Bell Industries/Century Electronic Division
•CESCO •Component Specialties Inc. •Components Plus •Diplomat Electronics Inc., (FLA) •
Diplomat Electronics Inc., (NJ) •Elmar Electronics
•Harvey Federal Electronics •Intermark Electronics
•Kierulff Electronics •LCOMP •Liberty Electronics •R.A.E. Ind. Elect. Ltd. •RESCO/Raleigh
•Schweber Electronics •Sheridan Associates •Summit
Distributors Inc. •Zentronics Ltd.

DIGITAL FEATURES.
•Direct interface with popular VP's (6100, 6800,
8048, 8080, etc.)
•Three-state byte organized outputs
•Run/hold input, status output
•UART handshake capability
EYES, EARS AND FINGERS
FOR YOUR µP.
If you're sensing temperature, pressure, humidity,
light intensity or any of ahost of "real world"
signals, the ICL7109 is your answer. One IC.
Straight to the data bus.

Analog Products—Data Acquisition
10710 No. Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX:910-338-0171
(800) 538-7930 (outside California)
Gentlemen,
Send me your technical information on the
new, single-chip ICL7109 AID converter
Send me afree* sample of ICL7109CPL
Send me your Henrik Ibsen poster.
Name
Company

ALL FOR $10.
Down goes the component count. Down goes the
price. $10 in lots of 100 or more. Up goes system

Address
City

State

Mailing Code

Country
•For afree sample, attach this coupon to your company letterhead. Sample offer
valid for the first 1000 industry requests received within 60 days of publication.
One per person.
E 10479

People
Fast 8-bit chips fuel bipolar

OPTRON
full line

DIP
ISOLATORS

Dip

ISOUTORS

DIP
ISOLATORS
OPTRON's complete line of optically
coupled plastic DIP isolators offers
immediate availability of standard
devices for almost every application ... plus competitive pricing,
high reliability and excellent customer service.
Check these features and
choose the device best suited for
your application.

Its

GENERAL PURPOSE
A full selection of DIP
isolators with transistor and
darlington outputs to match
all popular industry standards. Current transfer ratios range from
2.0% to 500%.
HIGH VOLTAGE
For applications requiring
an interface with high voltage circuits, select the OPI
6000 DIP isolator with a300 volt output
transistor.
AC OPERATION
The OPI 2500 DIP isolator
features two input LED's
operating in inverse parallel
and is ideal for applications
where the LED is driven from an AC line.
CUSTOM SELECTION
If your application demands
"something a little differ1
ent," OPTRON specializes
in DIP isolators to meet
special customer requirements.

1111.

For reliability data and technical
specifications on OPTRON's complete
line of plastic DIP isolators, contact your
nearest OPTRON sales representative
or the factory direct.

3

OPTRON, INC.

1201 Tappan Circle
Carrollton, Texas 75006, usA
TWX-91 0-860-5958
214/242-6571
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PROMs, says MMI's Santoro
Demand for bipolar programmable
read-only memories is higher than
ever with an increasing number
going on boards alongside metaloxide-semiconductor microprocessors. In particular, the higher speed
versions of 8-bit mos microprocessors introduced last year are helping
push bipolar PROM sales to new
heights, says Carm Santoro, the new
executive vice president at Monolithic Memories Inc., Sunnyvale, Calif.
"These new CPU chips work at
clock rates that push mos eraseable
PROMs to their limit," he explains.
More and more engineers, therefore,
are turning to the faster bipolar
PRoms. This unexpected trend is
adding extra pressure on bipolar
chip makers like Monolithic Memories to beef up production to handle
the growing number of orders.
Changes. Santoro, 37, is faced
with two problems as head of manufacturing operations: an eleventhhour change in fuse-technology on
the PRoms from nichrome to titanium-tungsten fuses and an operations
group he feels needs rearranging.
The restructuring is necessary
because "the organization I found
here actually has two groups: one for
bipolar products and one for industrial products. One has responsibility
for wafer fabrication, the other
handles quality control. Testing is
smeared between the two."
Activities were often divisive and
reduced sales by $20 million over the
last two years, Santoro believes. He
intends to restructure into "a single
unit responsible for all operations."
His approach will be the same as
that he learned during his eight
years with Motorola Semiconductor
Group where he rose to manage mos
manufacturing and engineering. Before joining mmi, he spent three
years at American Microsystems,
Inc., as vice president of worldwide
operations. He holds aPh. D. in solid
state physics.
Why would he leave an executive
position at the much larger American Microsystems for the smaller

First thing. One of Santoro's top priorities is
straightening out manufacturing at MMI.

Monolithic Memories ($32 million
in yearly sales)? "It's a unique
opportunity for me to be apart of a
privately-owned semiconductor company on its way to going public," he
says. "With startup costs so high,
now, no one can get into it. Those
that formed when it was affordable
are either public, acquired or gone."

Bass of Zilog looks
for 16-bit boards to grow
Charlie Bass, the general manager of
Zilog Inc.'s new Systems division,
likes what he sees. "The upturn in
the board business the last three
months has been very dramatic," he
says, pointing to doubled production
in just one quarter. And with Zilog's
new high-performance Z8000 16-bit
microprocessor chip to make use of
[Electronics, Dec. 21, p. 81], he
expects even more growth.
"Board configurations will rival
low-end minicomputer configurations," predicts Bass, 36, who came
to Zilog in Cupertino, Calif., in 1975
to head up its software development.
His credentials included a Ph.D. in
electrical engineering and some
years teaching in the computer science department at the University of
California, Berkeley. The Systems
division incorporates development of
software and board computers.
The minicomputer makers are
really going to notice the 16-bit
board, Bass says. Much of the
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Here's how you can be fully computerized
for so much less than you thought
BUSINESS — EDUCATION — ENGINEERING — MANUFACTURING
We are pleased to announce the first
professional time-sharing system in the
microcomputer field.
Naturally, it's from Cromemco.
This new multi-user system will do
all of the tasks you usually associate with
much more expensive time-sharing computers. Yet it's priced at an almost unbelievably low figure.
•
•

•
•
•
•

Look at these features:
You can have up to 7 terminals plus
a fast, 132-column line printer
You can have a large system RAM
memory that's expandable to 1/
2
megabyte using the Bank Select
feature
Each user has an independent bank
of RAM
You can have floppy disk storage of
up to 1megabyte
You have confidentiality between
most stations
And, make no mistake, the system
is fast and powerful. You'll want to
try its fast execution time yourself.

•

PROGRAMMERS LOVE OUR BASIC
This new system is based on Cromemco's well-known System Three
Computer and our new Multi-User
BASIC software package.
Programmers tell us that Cromemco
Multi-User BASIC is the best in the field.
Here are some of its attractions:
• You can use long variable names
and labels up to 31 characters long
— names like "material on order"
or "calculate speed reduction."
• You get many unusual and helpful
commands that simplify programs
and execution — commands such as
PROTECT, LIST VARIABLES, NOLIST,
and many more.

O

No round-off error in financial work
(because our BASIC uses binarycoded decimal rather than binary
operation). And we've still been able
to make it FAST.
• Terminals and printer are interruptdriven — no additional overhead
until key is pressed.
• The conveniences in this Multi-User
BASIC make it much easier to write
your own application software.
• A line editor simplifies changes.
BENCHMARK IT— NOW
In the final analysis, the thing to do
is see this beautiful new system at your
dealer. See its rugged professional quality. Evaluate it. Benchmark it for speed
with your own routine (you'll be agreeably surprised, we guarantee you).
Find out, too, about Cromemco's reputation for quality and engineering.
Look into it now because you can
have the capabilities of a fully computerized operation much quicker and for
much less than you ever thought.

Cromemco
inc

o

r

por

Microcomputer

a

ted

Systems

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400
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March to
adifferent drummer.
We have a lot of trouble with giants. These giants manufacture film
capacitors. Among other things. So do we. But without the other things.
Our capacitors are every bit as good as theirs (maybe a little better).
But they have a big drum. We have a small drum.
We've been growing nicely anyway.
Now, we make very good metallized polyester, polycarbonate and
polypropylene capacitors and equally good polyester and polystyrene
film and foil capacitors. We make them carefully, of the best materials.
We're a little fanatic about quality, reliability (our and our products'),
uniformity and all. We doubt if anyone makes better capacitors.
But noise is something else. They Make much more noise. Giants
do, you know.
March along when it's film capacitor buying time. A catalog can
make this easier and we'll be glad to send one to you.

SEACOR INC.,

598 Broadway, Norwood, N.J. 07648
Tel. (201) 768-6070 • Telex 135354

Everything in Film Capacitors
Circle 16 on reader service card
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No frills. Software is best developed by
small teams, Zilog's Bass believes.

responsibility for making them take
notice will be his. He will introduce a
new board with the Z8000 early this
year, a development system by midyear, and "finally a full computing
system" by the end of the year. Zilog
also plans software support that will
convert 8-bit Z80 programs into
Z8000 format.
However, Bass believes the real
take-off for 16-bit boards will come
after the lag that accompanies their
design-in. They also will not be
priced competitively, at first. In the
long run, however, their performance will make them cost-effective
for such applications as mail handling, automated inventory control,
and "super-intelligent" data logging.
A key part of Bass' job is managing the software development. He
prefers small development teams.
"It's easy for the software development effort to get too big, but I'm
determined to inhibit that kind of
growth, principally because largescale software enterprises can be
deadly," he says. Most software jobs
are two- to three-person efforts. The
"interaction of extra people has a
draining effect," Bass continues.
"If you keep it small, it reduces
the complexity and raises the visibility of the people," Bass says. "Your
potential for success, which means
the quality of the result, depends on
their individual abilities. That's what
we will rely on."
LI
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One company can cut keyboard costs.
Even when their keyboards cost more.
The most expensive
mistake you'll ever make
selecting akeyboard could
be spending too little. In the
long run, that adds up to
cutting corners, not costs.
So to make sure you
get the keyboard that really
meets your needs,
MICRO SWITCH uses Value
Engineering.
Through Value
Engineering, we look at your
particular product needs to
design acost-effective
solution to your problems.
That means designing a
keyboard that interfaces with
your total system and meets
your needs. Precisely.
It also means we can
often lower your total system
cost. For example, we might
be able to incorporate into a
keyboard several levels of
codes that you had been
paying for separately. And at
amuch higher cost.
Or maybe customize

lb

atle

wommemposeempappimmionimmo

integrated circuits to provide
you more logic for less
money.
Besides giving you costefficiency, MICRO SWITCH
keyboards out- feature
practically every other
in the industry.
You can choose LED or
incandescent lighting.
Tactile or linear feel. Sealed
versions for military and
industrial uses. Alternate or
momentary action. Encoding
techniques that'll meet any
code requirement.
There are also wiredonly assemblies or separate
modules available. And you
can pick from the industry's
largest legend library.
Standard, solid state
Hall-effect technology
throughout the line delivers
reliability no mechanical
keyboard can offer. Plus, we
back up every keyboard we
make with a1% Acceptable
Quality Level and atwo-year

warranty.
It all adds up to quality
you can put your fingers
on every time.
For more information,
call 815/235-6600.
With MICRO SWITCH,
you'll be paying for
keyboards instead of
mistakes.
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MICRO SWITCH products are available worldwide through Honeywell International.
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Intel's EPROM
the 2732 simplifies
e

Frankly, EPROMs exist
to support microprocessors.
That's the basis of Intel's
EPROM evolution: At each higher level of density and performance, the
industry standard is chosen for its compatibility with current microprocessor designs. We followed this principle when we introduced the
first EPROM, our 2K 1702, and again with our 8K 2708. In 1977,
Intel's 16K EPROM, the 2716, gave designers +5V
only operation, low standby power and independent bus control they needed to take full
advantage of 5V microprocessors.
Now Intel introduces the 32K 2732. It has
all the advantages of our industry standard
2716 with twice the density and no compromise in performance. And since it's
totally compatible with the 2716, you don't need
jumpers when you upgrade.
Most importantly, the 2732 provides
two independent control lines for enhanced
performance in today's new multiplexed microprocessors. Chip Enable (pin 18) controls active and
standby power dissipation and is used as the device
selection pin. Output Enable (pin 20) allows the microprocessor to maintain control of the system bus to prevent
bus contention. Using independent controls is your link to
higher system performance and future system compatibility.
Designing with the 2732 means flexibility, too. It's a+5 volt part,
so you can design your entire system—CPU, peripherals, RAMs and •
EPROMs—around asingle +5 volt supply. And with maximum

Evolution and how
microcomputer design.
current of only 150 mA, the
2732 offers lower power
per bit than any other
EPROM. In standby,
current is reduced
80%, to 30 mA
maximum.
Because foresight and
flexibility at the design
stage cati extend aproduct's life cycle by years, we've written
acomprehensive application note, AP30, on using EPROMs in 5V
microprocessor systems. AP30 tells you how to get the best performance
from today's EPROMs and how to design for easy mobility to tomorrow's
higher density devices. For acopy of AP30 and our 2732 data sheet,
contact your local distributor or write Intel Corporation, 3065 Bowers
Ave., Santa Clara, California 95051.
_
Organization

Power Supply (Vcc)

Active Icc (max.)

Power per bit (max.)
Standby Icc (max.)

Access (max.)

¡nU delivers.
Europe: Intel International, Rue du Moulin aPapier, 51 -Boite 1, B-1160, Brussels,
Belgium. Telex 24814. Japan: Intel Japan, K.K., Flower Hill-Shinmachl East Bldg. 1-23-9,
Shinmachl, Setagaya-ku, Tokyo 154. Telex 781-28426. United States and Canadian distributors:
Alliance, Almac/Stroum, Component Specialties, Craftier, Hamitton/Avnet, Harvey, Industrial
Components, Pioneer, Sheridan, WylerElmar, Wyle/Liberty, L.A.Varah and Zentronlcs.
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2716

2732

2K x8

4K x8

5V

5V

100 mA

150 mA

3212W/bit

24 µW/bit

25 mA

30 mA

350-450 ns

450 ns

Computer Terminals
We'll translate your next
computer terminal design
into the right ICs.
We make it our business to know your business. We have to. Because we
know your future depends on it.
It's no secret that things change fast in your business. Or that success or
failure depends on how well you use semiconductor technology in your next
computer terminal design.
That's where we come in.
Our people speak your language. They know how to save you
time. And money. By helping you select the right ICs for your design. Every time.
Signetics wants to help keep you ahead in the terminal
design game. Because if you're not ahead, you're not even a
player.
That's why we give you more than just the right product.
We also give you the Signetics Commitment. We don't publish
specs on it. And it's not scribed on our ICs. But we do market this
extra, personal commitment. And it's free.
Our professionals in IC technology and market support are
backed by Signetics' six integrated divisions. That means we can
combine our total resources in both MOS and bipolar technologies
to give you the edge in computer terminal OEM design.
For example, our MOS Microprocessor Division's 2652 is the fastest multi-protocol
communications controller in the world at
Rudi Willers, Signetics sales engineer (left), talks terminals
with Bo Fredricsson, Qantel's director of R & D.

Spoken Here.
2Mbits/second. It's right at home with most high-level
protocols.
Every computer terminal OEM looks for unique
logic functions. With the smallest amount of random
logic practical. And Signetics wants to make it easy
for the designer.
Working together, our Logic and Bipolar Memory
Divisions have responded to the terminal OEM's demands for speed and flexibility.
We've gone beyond LSI to give the terminal OEM
the 8A2000 I
2L Gate Array. It's got 2000 gates. And
you can customize the 8A2000 to
your proprietary needs without
losing LSI benefits.
In fact, all you stand to lose is
the need to use 50 to 75 random
logic packages by going with the
8A2000 in your design.
With our family of field programmable logic, including the
FPLA, FPGA, and ROM patch, we
make it easy for you to out-design
the competition.
And more design freedom's on

the way. We'll soon be offering the world's first Field
Programmable Logic Sequencer.
Responding to your needs, our Logic Division created the bipolar 8X300 P. Its blazing speed of 4million
operations/second and control-oriented architecture
make it ideal for adding state-of-the-art peripherals
to your terminal system.
While our field professionals help computer terminal OEMs translate difficult design choices into the
right ICs, other Signetics professionals are applying
the most advanced technologies into devices to meet
the OEM's future demands.
Talk to aSignetics professional.
We've bridged the communications
gap between terminal OEM and
IC manufacturer.
To learn how our leading-edge
technologies are making innovation simpler for terminal OEM designers, write us today.
We've got abrochure that tells
you how you can put our advanced
ICs to work for you. On your own
terms.

2652 multi-protocol communications controller

signuties

asubsidiary of U.S. Philips Corporation
Signetics Corporation
PO. Box 9052
811 East Argues Avenue
Sunnyvale, California 94086
Telephone 408/739-7700

EH
To: Signetics Information Services, 811 East Argues Avenue
P.O. Box 9052, Sunnyvale, CA 94086
Please send your brochure that describes the full range of
ICs and capabilities available to the computer terminal OEM.
CI My need is urgent. Please have a Signetics professional
phone me at (
Name

Title

Company

Division

Address

MS

City

State

Zip

There may be apP board
out there we can't test.

But we haven't found it yet.
22
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Chances are we won't.
Dozens of different p.P boards have
run through our new 3040A Logictester - 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 p.P instructions, RAMs,
ROMs, PlAs ...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 component. 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 dynamic LSI diagnostics and AutotrackT,m
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 acomplete technical
package, drop a
line on your company letterhead to
Don Harter, Fluke
Trendar Corporation, 630 Clyde
Avenue, Mountain
View, California
94043.
In Europe, write
Fluke (Nederland) B.V.,
P.O. Box 5053, Tilburg,
The Netherlands. Or, telephone: (013) 673973.
Telex: 52237.
FLUKE

The Microcomputer Testknowledgists
Circle

22

for literature

Circle

23

for demonstration

Editorial

For 1979, the signs are mostly positive
The year 1979 for the electronics industries
will be, in aword, good. But the science of
making predictions about the economy being
what it is, that estimate rests on afoundation
pitted with ifs and buts. What emerges
is the realization that electronics manufacturers
are simply going to have to become accustomed
to operating in an uncertain economic
environment and learn that they have nothing
to fear but fear itself.
While economists talk of Gross National
Products hovering at agrowth rate of 2% or
so, the consensus adduced by Electronics'
annual market report (p. 105) is that worldwide
electronics sales growth will easily outpace
the GNPs of individual nations.
American electronics firms appear to be
adopting the view that business will continue
to grow, though at aslower rate, while
preparing at the same time for aslowdown.
Some economists point out that capital
investment is going into projects that can
easily be dropped: improved machinery rather
than new plants, for example. But the highly
respected annual prediction of the U. S.
business outlook by the McGraw-Hill
Publications Co. economics department says,
"Unless currency markets preempt domestic
economic policy flexibility, the Federal
Reserve errs seriously on the side of restraint,
or aggressive consumer spending patterns
persist, the declines will be neither sharp or

24

protracted." In short, no recession.
Another important upside indicator is that,
while sluggish growth is one of the signposts
toward recession, other important factors
are absent. The McGraw-Hill report points
out that three major nonfinancial excesses
are not showing up. For one thing, the rate
of housing starts is not too high to be absorbed;
for another, inventories are under control;
and third, capital spending is restrained.
"Thus," says the forecast, "if recession occurs
in 1979 it is more likely to be the product of
the normal irregular pattern of activity than
asignal of serious economic imbalance." Or,
to put it another way, arecession would occur
because its time has come.
For the electronics barometer watchers,
the key words are "lead times" and "capacity."
Lead times are stretching out, but they do
not yet approach what they were
weeks
in many cases—in the bad old days of 1974.
For example, for low-power Schottky
devices the lead time is 20 to 22 weeks with
heavy double ordering reported; for
transistor-transistor logic, 14 weeks. As for
capacity, companies are tending to upgrade
existing equipment—putting their dollars
into new front and back ends, for
example—rather than planning new buildings.
On the whole, then, the electronics industries
should do better than the economy as awhole.
Unless ...

Electronics/January 4, 1979

The Microcomputers
you should take seriously.
The C3 Series is the microcomputer
family with the hardware features, high
level software and application programs
that serious users in business and industry demand from acomputer system,
no matter what its size.
Since its introduction in August, 1977,
the C3 has become one of the most successful mircocomputer systems in small
business, educational and industrial
development applications. Thousands of
C3's have been delivered and today hundreds of demonstrator units are set up at
systems dealers around the country.
Now the C3 systems offer features
which make their performance comparable with today's most powerful mini-

plus FORTRAN and COBOL with more
languages on the way. And, of course.
complete assembler, editor, debugger
and run time packages for each of the
system's microprocessors.

based systems. Some of these features
are:
Three processors today, more
tomorrow.
The C3 Series is the only computer
system with the three most popular processors— the 6502A, 68B00 and Z-80
This allcws you to take maximum advantage of the Ohio Scientific software
library and the tremendous number of
programs offered by independent suppliers and publishers. And all C3's have
provisions for the next generation of 16
bit micros via their 16 bit data BUS. 20
address bits, and unused orocessor
select codes. This means you'll be able
to plug aCPU expander card with two or
more 16 bit micros right in to your existing C3 computer.
Systems Software for three
processors.
Five DOS options including development. end user, and virtual data file
single user systems, real time, time
share, and networkable multi-user

tional spacing and hyphenation that can
compete directly with dedicated word
processor systems.
There are specialized applications
packages for specific businesses, plus
the vast general library of standard
BASIC, FORTRAN and COBOL software.
OS-DMS, the new software star.
Ohio Scientific has developed a
remarkable new Information Management system which provides end user

Applications Software for Small
Business Users.
Ready made factory supported small
business software including Accounts
Receivable. Payables. Cash Receipts.
Disbursements. General Ledger. Balance
Sheet. P & LStatements. Payroll, Personnel files. Inventory and Order Entry as
stand alone packages or integrated
systems. A complete word processor
system with full editing and output formatting including justification, propor-

The C3 Series
from Ohio Scientific.

intelligence far beyond what you would
expect from even the most powerful minisystems. Basically, it allows end users to
store any collection of information under
a Data Base Manager and then instantly
obtain information, lists, reports,
statistical analysis and even answers to
conventional "English" questions pertinent to information in the Data Base.
OS -DMS allows many applications to be
computerized without any programming!
The new "GT" option heralds the new
era of sub-microsecond
microcomputers.
Ohio Scientific now offers the 6502C
microprocessor with 150 nanosecond
main memory as the GT option on all C3
Series products. This system performs a
memory to register ADD in 600
nanoseconds and a JUMP (65K byte
range) in 900 nanoseconds. The system
performs an average of 1.5 million instructions per second executing typical
end user applications software (and
that's a mix of 8. 16 and 24 bit instructions!).
Mini-system Expansion Ability.
C3 systems of fer the greatest expansion capability in the microcomputer
industry, including a full line of over 40
expansion accessories. The maximum
configuration is 768K bytes RAM. four 80
million byte Winchester hard disks, 16
communications ports, real time clock.
line printer, word processing printer and
numerous control interfaces.
Prices you have to take seriously.
The C3 systems have phenomenal
performance-to-cost ratios. The C3-S1
with 32K static RAM. dual 8" floppies.
RS-232 port, BASIC and DOS has a suggested retail price of under $3600.
80 megabyte disk based systems start at
under $12,000. Our OS-CP/M software
package with BASIC. FORTRAN and
COBOL is only $600. The OS-DMS
nucleus package has a suggested retail
price of only $300. and other options are
comparably priced.
To get the full story on the C3 systems
and what they can do for you. contact
your local Ohio Scientific dealer or call

systems.
The three most popular computer
languages including three types of BASIC
Circle 25 on reader service card .
C3-B

the factory at (216) 562-3101.
C3-B wins Award of Merit at
WESCON '78 as the outstanding
microcomputer application for
Small Business

C4OEPA

IMO SCIENTIFIC
1333 S Chillicothe Road •Aurora, OM) 44202

epend
abill
Our customers just plug in our power supplies and
forget about them. Fortunately, these same customers
don't forget about us. Which-helps to explain why we are
now the world's largest trtpufacturer of SCR supplies.
In aword: dependability. In another word: reliability.

•

Meetings
Advanced Semiconductor Equipment
Exposition, Cartlidge & Assoc.
(Sunnyvale, Calif.), San Jose Convention Center, San Jose, Calif., Jan.
16-18.
Conference on Reliability and Maintainability, IEEE, Shoreham Americana Hotel, Washington, D. C., Jan.
23-25.
Fourth Automated Testing for Electronics Manufacturing Seminar and
Exhibit, Benwill Publishing Corp.
(Boston), Marriott Hotel, Los Angeles, Jan. 23-25.
Forum on Future Computer and
Communications Systems, International Information Technology Institute (Newtonville, Mass.), Barbizon
Plaza Hotel, New York, Jan. 24-26.
Microprocessor Programming, IEEE
Continuing Education (Piscataway,
N. J.), University of Washington,
Seattle, Jan. 24-26.
Communication Networks Conference & Exposition, The Conference
Co. (Newton, Mass.), Sheraton Park
Hotel, Washington, D. C., Jan.
3G-Feb. 1.
Microelectronics Measurement
Technology Seminar/Exhibit, Benwill Publishing Corp. (Boston),
Hyatt House, San Jose, Calif., Feb.
6-7.
Wincon — Aerospace & Electronic
Systems Winter Conference, IEEE,
Sheraton Universal Hotel, Los Angeles, Feb. 6-8.

One- and threé-phase rack-mounted power supplies from 500 to
10,000 watts. Call TOLL FREE 800-631-4298 for complete information and prices, or write for our catalog.

El)
iv'
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ELECTRONIC MEASUREMENTS INC.
405 Essex Road, Neptune, N.J. 07753

Phone: (NJ, HI, AK) 201-922-9300. TOLL FREE 800-631-4298
Specialists in Power Conversion Equipment

Circle 26 on reader service card

Phase-Locked Loops Seminar,
George Washington University,
Continuing Engineering Education,
Washington, D. C., Feb. 12-13.
International Solid-State Circuits
Conference, IEEE, Sheraton Hotel,
Philadelphia, Feb. 14-16.
Sixth Energy Technology Conference
and Exposition, Electric Power Research Institute (Palo Alto, Calif.),
Sheraton Park Hotel, Washington,
D. C., Feb. 26-28.
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our beautiful A s
if you have to change the
real world fast.

You'll be certain to design in custom high
performance at standard low prices when you
specify lntech A/D's. Our broad line of cost
performers can make a big difference when you
have to change the real world—temperature,
vibration, speed, etc.—into a coded digital
signal.
Look at our starting lineup first, whether
you're in the market for high resolution and/or

high speed for either commercial or military
applications. We've a world of our own to select
from. Prices range from $53.00 to $1600.00.
We'll give you all the design assistance you
want, and even send out sample modules for
testing as soon as you ask us. Let us help you
change the real world fast. Write or call: intech,
282 Brokaw Road, Santa Clara, CA 95050. Telephone: (408) 244-0500. TWX: 910-338-0254.

LI intech

A859 10- and 12-bit A/D
converters offer 2.5µ and 4.0µ
conversions. Priced (in quantities
of 10) $175.00.

function modules
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TEE MOSTEK
Because even engineers
0 When was the last time you had the

"perfect" hardware design only to learn
it now needs three serial I/O ports?

Our new Micro Design Series minimizes these problems and lets you
quickly respond to changing product
definition and market conditions.
Here's how:
Any Card. Any Slot. Any Time.
First, decide what functions your system
needs. Match the Z80-based, MDX
functional modules to your design. Plug

those modules into an MDX card cage.
Then start writing your software.
Need to modify your system? Simply
exchange, add or delete MDX modules at
any time. The small 4.5" x6.5" board
size makes system packaging easier. And
both 2.5 and 4.0 MHz versions are
available.
You get this versatility because all
MDX modules are STD-Z80 BUS compatible. This second-sourced, motherboard

MDX-SIO

MDX-DRAM 8K, 16K, 32K

MDX-CPU1

$171*

$410* (32K)

$171*

MD SERIEST.
can't predict the future.
interconnect system lowers system cost
two ways: you buy only what you need,
and you reduce hardware development
time.
A Wide Choice of Z80-Based Systems.
Need asmall but powerful single-board
computer? In addition to the broad family of MDX modules, Mostek's MD Series
includes aseparate family of stand-alone
boards designated MD. The MD singleboard computers are also Mostek Z80based and the same small size as the
MDX modules.

MDX-EPROM/UART

$148

MDX-PIO

More Coming in '79.
For even greater design flexibility, the
MD Series will expand to include a
hardware single-step module, 2-channel
programmable serial I/O module, 32-bit
programmable parallel I/O module,
floppy-disk controller module, plus more
MD single-board computers.
Start designing your MDX system
with the MDX-PROTO kit. This powerful
evaluation/prototyping kit is available
now for only $1095.
Call or write us today for more information. Mostek, 1215 West Crosby
Road, Carrollton, rIbxas 75006; phone
214/242-0444. In Europe, contact Mostek
Brussels; phone (32)02/660.25.68.

MOSTEK,

$164
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MD SBC1

$171 •
100 lot quantities

MDX-DEBUG

$279*

Production

If your product or service depends on logic, you
should know about HP's constantly expanding
family of logic-test equipment.
You'll find a wide choice of measurement
solutions designed to make logic analysis, testing,
troubleshooting and servicing easier, more effi-

cient and more cost effective than ever before.
HP logic-test equipment offers capabilities
ranging from hand-held troubleshooting tools to
automated instrument systems ...instruments
for stimulus and instruments for monitoring ...
dedicated instruments and multipurpose in-

struments. In fact, HP has logic-test equipment
to support products in every phase of your
operation, including design, production
and service.
That's why you should have afree copy of
our new Logic Brochure—complete with many
useful product descriptions and selection guides.
It can help you pick the right instruments for
your organization's particular logic testing and
troubleshooting needs.

i
I

In design, HP's logic family gives you
the tools to speed the transition from
concept to product. They put you on
critical system buses as well as key
circuit nodes for a real-time view of system
operation. That can mean faster troubleshooting,
shorter development time and greater design
'bility.

li

qI
,

In production, HP has a choice of
instruments and systems for each of
the three important levels of production test: incoming inspection, board
Celled system test. These logic testers are designed to help you verify performance and quickly

isolate faulty components and assemblies.
They're your assurance of component quality,
board test efficiency and system reliability. And
they can help you maintain high product quality,
meet delivery schedules and control production costs.
In service, HP offers an array of
portable instruments to arm field service personnel, plus versatile bench
installments for plant and depot service
facilities. Put these vital logic-testing and troubleshooting tools in the hands of your service engineers and technicians for easy detection and
isolation of logic malfunctions. You'll speed
installation, maintenance and repair in a wide
variety of digital systems.
Find out more about HP's logic family by
sending for our free Logic Brochure today. It
includes product application descriptions plus
selection guides so you can zero in on the required instrumentation for your organization.
Just fill out and return the reply coupon. Or, for
immediate assistance, contact your local HP
field engineer.

HP—When you depend on logic

Please send me afree copy of
the HP Logic Brochure.
Name
Title

HEWLETT

PACKARD

Company
Address__.

1507 Page Mtli Road. Palo Alto, Califorma 94304

FOl ass1stance 0411 Washmgton (3011 948-6370. Crucago (312)

City/State/Zip
Mail to: Hewlett-Packard, 1507 Page Mill Road, Palo Alto,
, California 94304
E1/4/19_1

255-9800. Atlanta 1404) 955-1500, Los Angeles (213) 877-1282
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Interested in network variety?
Select from aspectrum of 542 standards.
Allen-Bradley has the popular configurations you need. Pull-ups. Pull-downs. Line Terminators. Networks to complement Core Memory Sense Amplifiers. TTL to ECL Translators.
0-Pad Attenuators. R/2R Ladders. Interconnect Networks. All styles available from
your Allen-Bradley Electronic Distributor Call for specs or chpck your EEM Catalog.
If you need specials, contact your local Allen-Bradley district office for fast turnaround. Ask for Publication 5840. A-B is an experienced twin-film manufacturer, i.e. precision thin film and thick film.

o\e
cz-ye- deecez/cuee
...room for more
resistors, higher
power ratings, larger
resistance values.

erai-t/
as aspecial feature.

eetz,zeddeaêdevyir

5e&teeeleñeze
for mechanical stability.

for visual inspection.

Adetiieie
aids orientation and indicates
number of pins. Blue-14 pin;
green-16 pin.

Quality in the best tradition.
ALLEN-BRADLEY
Milwaukee, Wisconsin 53204
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Electronics newsletter
Mostek teams
with Intel
on 64-K pinouts

Canadians test
fiber link
to 35 homes

AMI uses V-MOS
for higher
speed slots

Mostek looks
to Intel's PL/M
for development

Panasonic, Quasar
to push harder in
U. S. after shakeup
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Although the function to be offered on pin 1of Mostek Corp.'s forthcoming 64-K dynamic random-access memory (RAM) has not yet been
revealed, it looks as if the Carrollton, Texas, semiconductor manufacturer
will have a second source in its competition with the 64-K chips from
Texas Instruments and Motorola. Intel Corp. will apparently design its
64-K RAM to be functionally compatible with Mostek's. This is afollowup to the agreement under which Mostek second-sources Intel's 8086
microprocessor. The 64-K RAM arrangement will be simply a verbal
agreement on function, with no technology exchange.

Bell Canada has started a unique two-year technology field trial of a
fiber-optic system that brings the fiber directly into the homes of 35
Toronto subscribers, linking them to the telephone company's first interconnection level, or loop plant. The systems can handle simultaneous
telephony and data and video transmission. Bell feels that the installation
has great potential for bypassing the economic expansion limits that
coaxial television distribution systems have reached using conventional
technology. Moreover, the company feels that it is time for an in-home test
without waiting for the development of the so-called optimum all-digital
fiber system.

For speedier memory sockets, American Microsystems Inc. expects to
have a 16-K-by- 1
-bit fully static random-access memory (RANA) with a
70-ns target specification ready by the end of 1979 and also is planning a
4-K-by-4-bit part. Also due out as the company expands its v-mos
beachhead, is an S4028 2-K-by-8 static RAM featuring amaximum 22-ns
access time and a maximum 100-mA supply current. Later, it expects to
announce a250-ns version of its S4264 8-K-by-8-bit fully static read-only
memory with power down.

Now that Mostek Corp. has elected to second-source Intel's 16-bit 8086
central processing unit [Electronics, Nov. 23, 1978, p. 46], it is expected to
provide development tools on its AID-80F microcomputer development
system. Chances are the Carrollton, Texas, firm will either license or
redesign Intel's PL/M language for that purpose within a year. It is still
eyeing CAP-CPP's Microcobol system for the AID-80F and may become
the first U. S. distributor to offer that British language [Electronics, May
25, 1978, p. 33]. Says Ron Baldridge, Mostek's strategic marketing
manager for microcomputer products: "We're using Microcobol in house
and evaluating the possibility of becoming a distributor. It's a good
software package and we're very satisfied with it."

Look for more aggressive marketing in the U. S. from Panasonic and
Quasar Electronics Co. after Japanese parent Matsushita Electric Industrial Corp.'s reorganization of Quasar in Franklin Park, Ill. President
Robert T. Bloomberg was eased out, an industry insider says, because he
failed to provide aggressive marketing leadership. He has been reassigned
as a staff adviser to Keiichi Takeoka, Matsushita's senior official in the
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U. S., but Bloomberg says he hasn't decided whether to stay with the
company.
In the reorganization, Quasar's plants will be integrated into Matsushita's worldwide manufacturing operation. Richard A. Kraft, president of
Matsushita Industrial Corp., the new assembly division of Matsushita
Electrical Corp. of America, says, "When market volume and demand
become large enough to support manufacturing in the domestic plants, we
will do it." Kraft was vice president of manufacturing at Quasar before
being promoted to his new job.
Panasonic color iv sets are to be the first non-Quasar products to be
assembled at the suburban Chicago plant, which can turn out 50,000 sets a
month. In the future, insiders predict, the plant also will handle video tape
recorders and microwave ovens. Employment there is now 2,000, down
from apeak of 3,400 before a$15 million modernization.

TRW converter
can operate
at 8GHz

OEMs keeping
Rockwell upbeat
about 256-K bubbles

Addenda
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A 5-bit analog-to-digital converter that operates at up to 8GHz has been
built in the laboratory at the Defense and Space Systems group of TRW,
Inc., Redondo Beach, Calif. It is fabricated in gallium arsenide as part of a
TRW program for the Office of Naval Research to push GaAs development
in small integrated circuits. Besides the very high variable sample rate, the
converter needs only five active devices, including afield-effect transistor
as current source.

The interest of original-equipment manufacturers in Rockwell International Corp.'s 256-kilobit bubble-memory devices and related products introduced in September [Electronics, Sept. 14, 1978, p. 1611 has been much
more intense than anticipated, says Howard D. Walrath, president of the
Electronic Devices division in Dallas. On the basis of the current high level
of prototyping activity, an understandably optimistic Walrath says it now
appears that the total available noncaptive annual bubble market will
reach $500 million by 1983, more than three times the $150 million figure
originally projected by Rockwell.
The company's RBM256 device and RLM658 multichip module are
competing against Texas Instruments Inc.'s TIB0303, a256-K bubble part
introduced last August. Though the Rockwell and TI parts are the only
devices currently available as samples, other manufacturers are expected to
enter the 256-K bubble race this year, including Intel Corp., National
Semiconductor Corp., and several overseas manufacturers.

Sears, Roebuck and Co. is believed ready to sell ahome computer in three
to 10 test markets early this year. While Sears won't confirm that, Atari
Inc., which has supplied its Pong video games to the giant retailer, says it
has been talking to Sears about acomputer. ...IBM has developed an
experimental material that expands when exposed to ultraviolet light. The
jelly-like material could be irradiated with acomputer-controlled ultraviolet light to yield printing plates that don't need solid type, says An
Aviram, who created the material at IBM's Thomas J. Watson Research
Center in Yorktown Heights, N. Y. The substance, synthesized from two
organic compounds containing carbon, hydrogen, oxygen, and nitrogen,
expands about 35% in each of its dimensions, or about 145% in volume.
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•
Why Systron-Donner is No.1
in ri II. code equipment
the
world
over.
S-D's Time Code Capability
Remote Readout
Model 8781

Compact Time Code
Generator Model 8720

Quality . Ability to meet specs. Ability to
tailor equipment to your specific needs.
the most complete line. Years of experience. That sums up why Systron-Donner
is the No. 1source for time code
instrumentation throughout the world

Compact Time
Code Reader
Model 8730

Airborn unit
Model 8526

•
C.

C.

C.

c

•Time code generation and reading, IRIG, XR3, NASA
formats, and others.

There's more. Ask our Scientific Devices
office for our latest literature. For a free
copy of our authoritative handbook
entitled "Timing Reference Handbook,"
contact: Systron-Donner, 10 Systron
Drive, Concord, CA 94518.
Phone (415) 676-5000.

•Automatic tape search using your transport.
(We're compatible with all analog tape transports.)
•Computer-controlled tape search.
•MIL-Spec units for ship, airplane, trucks, subs—
anywhere.
•Compact, space-saving generators, readers, and
remote indicators (our 8700 series).

Systems oriented Time Code Generator/Reader/Tape Search and Control Unit
Model 8154

SYSTRON DONNER
PUT OUR PERFORMANCE TO THE TEST

Circle # 34 for demonstration

Circle # 35 for literature

SwitchMax protects you in

the hot temperature zone.
Maximum effectiveness in
the switching mode.
SwitchMax. A new series of RCA
transistors designed and built for
high performance in off-line power
supplies, converters, and pulsewidth-modulated regulators.
SwitchMax transistors are hottemperature tested. To give you
new predictability under operating
conditions. New efficiency in heat
sink design.

To give you switching characterization that lives up to RCA's reputation in second breakdown, safe
operating area, and thermal cycling
ratings.

Verified by worst-case
testing.
Every SwitchMax transistor is
tested at 100°C or 125°C against
precise limits for all switching
parameters. Including inductive
turn-off time and saturation voltage.
Automatic Test Console

Performance that starts
with design.
These RCA n-p-n transistors have a
multiple-epitaxial, double-diffused
structure, fine emitter geometry,
and atrimetal system. Which make
SwitchMax transistors rugged. And
give them excellent high-current
and fast switching characteristics,
with improved second breakdown.

I
CEV
V CEV
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at V CE =VCEV
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I
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Types

Rating

2N6671
2N6672
2N6673

450 V
550 V
650 V

0.1

1(125°C)

1(25°C)
2(125°C)

5A

0.4 (25C)
0.8 (125C)

2N6674
2N6675

450 V
650 V

0.1 (25°C)
1(100°C)

1(25°C)
2(100°C)

10A

0.5 (25C)
0.8 (100C)

2N6676
2N6677
2N6678

450 V
550 V
650 V

0.1

1(25°C)
2(100°C)

15A

0.5 (25C)
0.8 (100C)

peg

(25 0
C)

1(100°C)

For protection in the
high temperature zone,
ask for more information.
With the SwitchMax power transistor booket and RCA Application
Notes, you'll be armed with facts
to insure your protection in the hot
temperature zone.
SwitchMax Booklet 2M1217
gives you full details on how these
new transistors are designed,
made, tested and characterized.
There's also adesigner's guide chart
suggesting optimum transistor types
for typical switching power supply
circuits.
Application Note AN-6741
describes the use of the RCA
2N6676 15-ampere SwitchMax
power transistor as adriven pulsewidth-modulated flyback-converter
stage, in a20-kHz off-line power
converter providing 340 watts
output.
Application Note AN-6743 is
adescription and analysis of a
900-watt off-the-line half-bridge
converter using two 15-ampere
SwitchMax high-voltage power
transistors. This Note, too, demonstrates the outstanding capabilities
of SwitchMax in atypical switching
application.
For all this information, contact
your local RCA Solid State sales
office or distributor. Or write RCA
Solid State, Box 3200, Somerville,
NJ 08876.
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Circle 37 on reader service card

RCA

INTRODUCING THE
DSD 440. DOUBLE DENSITY,
DELIVERED.

The DEC'' RX02 — Compatible
Flexible Disk System with 30 day delivery.
Our new DSD 440 records data in both
DEC double density and IBM 3740 single density
formats. It is 100% software, hardware and
media compatible with DEC LSI-11, LSI-11/2,
PDP-11 and PDP-8 computers including those
equipped with extended memory. The DSD 440
can be set to emulate either the RX01 for
downward compatibility or the RX02 for increased storage capacity and throughput.
Hardware Bootstrap
A 512-word hardware bootstrap is built into
the interfaces for the PDP-11, LSI-11 and
LSI-11/2 systems. In addition to bootstrapping
both single and double density configurations, it
also performs diagnostics on the CPU memory,
and the disk interface and controller.

The DSD 440 data storage capabilities
include write protection, power loss data protection, single track and complete diskette formatting. Diskettes can be formatted using sequential
or user-selected sector interleaving. Special sector
interleaving schemes can be implemented during
formatting to improve system throughput.
Megabyte System
This powerful megabyte flexible disk system
is packaged in alow profile 51/
4-inch chassis.
The DSD 440 is being shipped in quantity
now. Delivery is 30 days.
To find out more about it, contact Data
Systems Design today. A data sheet and price list
will be forwarded to you immediately.

"Hyperdiagnostics"
Microprogrammed self-diagnostics are built
into the drive and controller unit. User-selectable,
stand-alone "Hyperdiagnostics" simplify maintenance and alignment procedures.
Circle 38 on reader service card

3130 Coronado Drive. Santa Clara. CA 95051
(408) 249-9353 TWX: 910-338-0249
®Registered trademark of Digital Equipment Corporation
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Significant developments in technology and business

Two microprocessors
share the chores
in home computer
two microprocessors to work instead
of one.
The Hicksville, N. Y., division's
Instrument offers computing
concept is ahome entertainment and
and entertainment; programs
information system built around ors
16-bit CP1610 central-processingrun from secure cassettes
unit (cPu) controller and a 14-bit
AY-3-8900 processor dedicated to
color display tasks. It also includes a
As personal computers and programmable video games merge into a handful of peripheral chips (see
diagram).
product called the home computer,
The two-microprocessor, dual-bus,
hardware makers face a problem:
how to make these machines easy to distributed architecture expands the
use but at the same time capable of system's capability for video games.
It also permits aconsumer to use the
doing more computing than playing
machine as a home computer witha mean game of chess. One answer
out learning aprogram language.
from General Instrument Corp.'s
The system comes in two versions,
Microelectronics division is to put

System proposed by General

both intended to connect to a color
set as the display. The basic
version is programmed by read-onlymemory (Rom) cartridges similar to
those used for programmable games.
The other employs either special
four-track tape cassettes or Rom
cartridges. It also has a tape interface chip, an input/output buffer
chip, and a peripheral-interface controller chip.
The tape cassette opens the system
to many more programs than is
possible with aROM cartridge. It has
two tracks for audio and two for
digitally coded programs. One cassette can carry up to 1.6 million bits
of storage, so that just one side can
TV

8-BY-8 MATRIX

8-BY-8 MATRIX
tt t
CARTRIDGE
READ-ONLY
MEMORIES

AY-3-8920
TAPE
INTERFACE

SOUND
GENERATOR

PROGRAM ROM
2-K BY 10 BITS

PROG RAM
RANDOM-ACCESS
MEMORY
UP TO
57-K BY 16 BITS

RA-3-9600
SYSTEM RAM
352 BY 16 BITS

CONTROL
LINES
INPUT/OUTPUT 11
BUFFER

CP1610
16-BIT
CENTRAL
PROCESSING
UNIT

-0. PERIPHERALS:
KEYBOARD,
PRINTER,
FLOPPY DISK,
ETC.

14 BIT DATA/ADDRESS BUS

GRAPHICS ROM
2-K BY 8BITS

GRAPHICS RAM
UP TO
2-K BY 8BITS

11-BIT ADDRESS BUS

AY-3-8900
STANDARD TV
INTERFACE
CIRCUIT

1811
MODULATOR

I

COLOR CHIP

COMPLEX VIDEO I

Big center. Standard TV interface circuit in deluxe version of GI's home entertainment/information center contains dedicated 14-bit
microprocessor for color display, freeing CP1610 CPU for accepting programs from cartridge ROMs and tape cassettes.
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Inside the home computer
System architecture in the General Instrument concept (see diagram, p. 39)
is based on two microprocessors sharing acommon system random-access
memory (RAM). The first is the CP1610, a 16-bit unit that controls all
functional blocks— RAMs, read-only memories (ROM), sound generator, and
tape interface—on its 16-bit data and address bus. The second, the AY3-8900, controls graphics ROM and RAM and RA-3-9600 system RAM.
The AY-3-8900 has a 14-bit instruction set, but instead of arithmetic or
logic instructions, it uses character position, character library selection, and
color as the definitions within its microprogram. It takes digital data
introduced into the system and converts it into the correct waveforms for a
525-line noninterlaced NTSC system. Its output drives the AY-3-8915 peripheral color chip, which generates a single composite color signal for the
standard color TV set.
The RA-3-9600 system RAM provides acommunications link between the
two processors. It contains several added logic functions that allow it to
operate as a pseudo-dual-port memory. The unit has a 16-bit address
register and control decoder for the 16-bit bus interface and an 8-bit address
counter and control circuitry for the 14-bit bus interface.

hold hundreds of games. Also, pages
of books synchronized with stereo
sound can be displayed, along with
related graphics, extending the system to do-it-yourself and other
educational applications in the
home. For interactive uses, the
computer is addressed by hand
controllers or a64-key keyboard.
Partners. To secure the cassettes
against program pirates, GI has
entered into a partnership with EMI
Ltd. of Great Britain, which has an
unusual means of "watermarking"
tape. This proprietary process magnetically codes the tape with unerasable keys that cannot be recorded.
When a cassette is inserted, software resident in the GI system
searches for the tape's "watermark."
The system will not accept data from
an unmarked tape.
The advantage of using two
microprocessors is the extensive
color graphics made possible by
dedicating one of them to the TV
interface, says Stephen Maine, Gi's
director of engineering for audio
visual products. While the 16-bit
CPU handles other computations,
including monitoring an alarm system or a room-temperature controller, the 14-bit interface microprocessor processes picture information.
The interface processor digitally
creates its 16-color graphic images
using the TV screen's 16,000 picture
elements (pixels). The digitized

40

images are created from computer
algorithms and stored data and not
from the analog color generator typical of most video games.
As with all of its consumer product concepts, GI has no intention of
supplying the home entertainment
and information system directly to
the consumer in a completed product. Instead, the firm will follow its
usual procedure of demonstrating
the capability, providing technical
assistance, and of course, supplying
the necessary chips to amanufacturer. Maine estimates that the price
for such asystem would range from
$150 to $400, and the programmed
cassettes should run about $5.
D

Consumer

Winter Show has
lots of little things
Those who made timely reservations
for the 1979 International Winter
Consumer Electronics Show in Las
Vegas, Nev., will have lots of little
things to look for amid the crowds.
Hotel rooms at the affair, which
begins afour-day run on Jan. 6, are
all booked, and the show will dwarf
last year's gathering: 811 exhibitors,
more than 40,000 attendees, and
almost a half million square feet of
exhibit area.

Unlike last year's dominance by
the home computer, this year will see
an across-the-board outpouring of
new products, especially in areas like
personal telephones, televisions, and
audio components.
Home computers will make their
mark again. All the established
makers will expand their software
offerings in efforts to widen the
appeal of their machines. There will
be newcomers, too, like Atari Inc.
[Electronics, Dec. 21, 1978, p. 38].
Another product area with success
dependent on greater consumer interest is fancy telephone accessories,
such as answering machines. Here,
competition is intense: remote message pickup, for example, is moving
from $300 machines down to units
that will cost less than $150.
Dialers. Also on display from
several firms will be automatic dialers that store 35 phone numbers and
display the number dialed and the
time of day and date, as well as warn
when acall is about to go over three
minutes. Typical is the $230 Freedom Dialer from Royce Electronics
Corp., a North Kansas City, Mo.,
firm known for its citizens' band
radios.
Royce's product manager, Phil
Love, characterizes the new area of
the telephone business as "one of
those rare industries where the technology can do more than the
consumer is asking for. Usually it's
the other way around—demand for
features is the motivating force
behind product innovation."
The "other way around" is certainly the case with television sets.
The great mobility of Americans is
boosting demand for what are being
called minicombos, which put a
small-screen black-and-white TV, an
a-m/fm radio, and an audio cassette
player-recorder into one lightweight
unit. Screen size typically is 5
inches, but U. S. JVC Corp., Maspeth, N. Y., will be offering a unit
with aTV that is only 2in. measured
diagonally. By next year JVC color
units should be arriving here from
Japan.
Miniaturization will also be evident in high-fidelity audio components. Panasonic Co. will unveil a
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40-watt-per-channel power amplifier, a preamplifier and an a-m/fm
tuner, each measuring only 2 by 12
by 8'/4 in.
Performance. The audio field will
continue to exhibit greater emphasis
on performance than on convenience
features, according to Don Palmquist of Kenwood Electronics Inc. of
Carson, Calif. Palmquist, who will
speak on hi-fi product innovations at
one of the show's technical program
sessions, believes that features such
as microprogram control can have
transient success at best. "Stereo
buyers are interested in one thing:
sound quality. We've stayed away
from frills and concentrated on
improving the transient response of
our high-end integrated amps and
tuners."
Conservative hi-fi designers may
also be in for a shock when they see
Carver Corp.'s magnetic-field power
amplifier. Bob Carver, says that his
Everett, Wash., firm has eliminated
the inefficient and costly powertransformer and power-supply ca-

TI's personal computer not ready yet
Texas Instruments Inc. will not introduce its long-awaited personal
computer at the Winter Consumer Electronics Show, as had been rumored.
Instead, its entry is expected in about three months.
When it comes, the Dallas company's product can be counted on to break
new ground in personal computing, including the use of plug-in readonly-memory software modules similar to those used in the company's TI-59
programmable calculator. Another strong possibility is the ihcorporation of
speech capabilities for the machine, based on p-channel metal-oxidesemiconductor speech-synthesis techniques proven in Ti's Speak & Spell
learning aid [Electronics, June 22, 1978, p. 39].

pacitors. He still stores energy in a
magnetic field, but he will not say
how —yet. His 200-w-per-channel
stereo amplifier is about the size of a
telephone and will retail for $300. III

Solid state

Encryption chip codes
167 kilobytes/second

The business of building systems to
encrypt digital data against unauthorized use is getting an important
More than agame. Programmable in Basic,
Atari-400 computer also accepts proboost. The Data Communications
grammed solid-state cartridges, records on a division of Western Digital Corp.,
tape cassette, plays through an ordinary TV.
Newport Beach, Calif., is readying a
chip with the speed to encrypt data
for most applications.
"The device handles both clear
and encrypted data on a multiplexed
bus at high speed," says Charles A.
Von Urff, division vice president and
general manager. His company specializes in not-so-high-volume products often neglected by other firms.
The DE2001 will be available in
sample quantities at $40 each by
March. It is the first in a family of
parts and comes in a28-pin package.
High speed. Along with its price,
Von Urff says, the main attraction
of the device is a 167,000-byte-persecond data-transfer rate, driven at a
2-megahertz clock input. This rate is
fast enough for many real-time
tasks. It is implemented in n-channel
opmenfflemenffleamminsme
silicon-gate metal-oxide-semiconrfflF>1.00000(1100ffle150
1111/F)000000001!BEBEIM
ductor technology, and all inputs and
(1)DOCIOCIOMMIEBM11.1
outputs are compatible with transistor-transistor logic.
The chip itself consists of a 56-bit
register loaded with akey word used
Po11.40 CCOnif.j"
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to code each transmission and a 64bit data register that holds the
message itself (encrypted or not). It
also has enough logic to check the
keys and implement the National
Bureau of Standards' algorithm and
an 8-bit command register that
controls and monitors. Although the
device can work with many processors or minicomputers, it is tailored
to the popular 8080A family, says
Von Urff.
Systems for encrypting digital
data got a boost back in July 1977
when the NBS adopted a dataencryption algorithm to be applied to
the protection of data in Government computers [Electronics, March
3, 1977, p. 74]. However, until now,
only one other bus-oriented encrypting chip had emerged, from Intel
Corp.
Running at the low speed of 80
bytes per second, it is aimed at
equipment like teletypewriters and
automatic bank tellers. Usually, original-equipment makers have relied
on subsystem modules and encryption boards.
In a typical data-communications
system, the DE2001 would operate
by entering an algorithm using a
code for each transmission according
to the NBS key word chosen by the
user. A similar chip on the receiving
end of the data decrypts the transmission by matching it with the
same key word.
Programmable. Besides making
the device fast and cheap, Western
Digital's goal is to "simplify the
user's life as much as possible by
taking things out of software and
putting them into hardware," Von
Urff says. Thus, the chip can be
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Electronics firms build encryptor boards
Though semiconductor makers have not exactly rushed to exploit the
National Bureau of Standards algorithm with low-cost data-encryption chips,
afew big communications-oriented firms are selling boards and modules to
original-equipment makers. Both Motorola Inc. 's Government Electronics
division and Rockwell International Corp.'s Collins Telecommunications Products division, for example, have been selling them since late 1977.
The Scottsdale, Ariz.-based Motorola division builds two encryption
boards, tabbed at slightly less than $500, and two subsystem modules. The
boards fit into two microprocessor development systems, Motorola's own
Exorciser and Intel Corp.'s Intellec. They are intended to help engineers work
with encryption. One module plugs into a PDP-11 minicomputer and costs
$1,995; the other module is afour-board stand-alone unit, which is priced at
$3,300 to $3,500.
The Rockwell division's big seller to date is asingle-board encryptor, the
CR300, costing $500 to $800, depending on quantity. The CR200, an
end-user unit with data rates up to 9,600 bits per second, went into
production at the Cedar Rapids, Iowa, plant last month; it is priced at
$2,500. Another high-data-rate encryptor capable of processing at 56 kilobits per second is planned for late 1979.
The encryption chips incorporated in these products are made by semiconductor arms of the respective firms, which have no plans to sell them
outside. Motorola Semiconductor Group, however, does plan to market
encryption chips of adifferent design in the future, says aspokesman.

programmed either by the bus or
through an input pin for remoteaccess and direct-memory-access
compatability and on-chip bias generation.
An important specification for an
encryption chip, says a Western
Digital engineer, is how long it takes
to execute a64-bit cycle of the algorithm. This time is 48 microseconds
for the DE2001. The 167-kilobyteper-second speed of the chip probably puts it in the class of those used
in encryption modules manufactured
by Motorola and Rockwell International (see "Electronics firms build
encryptor boards," above).
Other semiconductor makers
planning to offer this type of chip
are keeping quîet. That includes
Fairchild Camera and Instrument
Corp., which announced a set of
4-bit-slice chips with data rates of 10
to 12 megahertz [Electronics, Sept. 1,
1977, p. 32] for January 1978 at $30
a set. The company has quietly
shelved them. However, Intel is
currently readying afaster version of
its chip.
The next unit in the Western Digital family, the 40-pin DE2002, has
dual-port operation, handling plain
and cipher messages on separate
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8-bit buses, rather than multiplexing
them on one. This will give better
control of data, says Von Urff, and
makes possible multiple keys. The
military especially, which does not
like mixing secret and open transmission on the same bus, should like
this version, he thinks.
LJ

Business

Trade, incentives
next AEA targets
Fresh from gaining exceptions to the
Carter Administration's wage guidelines that allow the electronics industries to offset labor shortages with
higher wages, the American Electronics Association is planning to
attack a long slate of governmental
issues, says Noel J. Fenton, AEA
chairman for 1979.
On his agenda are such topics as
improving international trade, restoring the qualified stock option so
that new companies can afford to
attract engineers and managers, cutting the red tape in Federal equal
employment laws, and protecting
privately developed patents when

companies are under Federal contracts. Also, he wants to open a fulltime Washington, D. C. office and to
begin aseries of talks with the Electronic Industries Association on how
the two trade groups can work
together.
That may seem like a tall order,
even for an association with some
1,200 companies. But Fenton feels
that the Palo Alto, Calif.-based AEA
has become avery effective lobby. It
uses "a grass roots approach," he
explains, in which company presidents draw on their own experiences
to discuss issues directly with Washington leaders.
It also supplies ample data to back
its contentions and supports issues
that affect other industries as well,
Fenton continues. Furthermore, it
can respond quickly when vital issues
arise, as it did in pressing for the
wage guidelines exception [Electronics, Dec. 21, 1978, p. 33].
So far in the past year, Fenton
asserts, these approaches have made
the AEA instrumental in helping to
kill the Renegotiation Board, unsnarl customs red tape [Electronics,
Aug. 31, 1978, p. 45], and in its
biggest coup, liberalize the capital
gains provisions in the new tax act.
No. 1issue. "International trade is
really the number one issue," says
Fenton, the 40-year-old president of
Acurex Inc., a Mountain View,
Calif., measurement-controls manufacturer. "We're going to form a
task force, like the capital gains task
force, to try and get our arms around
the issue." The aim is to "frame
coherent proposals at the Federal
level to help the U. S. become more
competitive." Possibilities include
creating a cabinet-level office to
promote foreign trade and to make
export licensing easier, he says.
Number two on his list is to form
a working group to try and "reinstate the qualified stock option and
make nonqualified stock options
more attractive from a tax standpoint," he says.
The qualified stock option gave an
employee the right to buy stock at a
low price, which could be exercised
years later when the stock's value
was higher. In effect, it gave an engi-
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The popular static RAMs you use today. For existing
designs, the 1024 bit SY2102, SY2101,SY2111,
SY2112 or the 4096 bit 2114 and 2142 for new
systems—all are available in low power versions —
a30% power savings at the same speeds. The
2102L and 2114LV even retain memory at reduced
voltage—a 65% power savings for each device in
stand-by. Available in volume. And off-the-shelf from
Kierulff Electronics, Sterling, Zeus, Century/Bell,

Lionex, Hallmark, Calron Electric, Intermark
Electronics, Advent Electronics, Sheridan Sales.
Quality Components, Taylor Electric, Technico,
Western Microtechnology, Alliance Electronics,
Future Electronics, Arrow Electronics and General
Radio. Their numbers are in the yellow pages; our
numbers are in inventory. Call us on both. Synertek,
3001 Stender Way, Santa Clara, California 95051.
(408) 988-5600. TWX: 910-338-0135.
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Synertek, Inc.
Circle 43 on reader service card
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The new minicomputer system is
the V77-800, a terminal-oriented
design that tops out the V77 line of
machines introduced by Varian a
little over two years ago. Software
has certainly taken the lead: the
Sperry Rand Corp. division poured
nearly 75% of a$10 million product
development budget into what it
calls the Summit operating system.
"We nailed down Summit before
even starting on the 800," says
Angus McLagan, director of technical operations at Sperry Univac's
Minicomputer operation in Irvine,
Calif. Executives there see the
Chairman. Noel J. Fenton says his AEA task
emphasis on software giving the
force on foreign trade will frame proposals to
machine an edge over competitors.
make the U. S. more competitive.
"Making specific software decisions
first about Summit actually inneer or manager equity in acompafluenced the way we designed the
ny and a capital gains tax break as
800," McLagan says.
well. Often, new companies can bid
First time. The result is apackage
for employees only with stock
with features and options not preoptions because they cannot afford
viously put together by a minicomhigher salaries, Fenton explains.
puter maker. Perhaps most eye"Right behind that is some sort of catching is a module that supports
reform of the Federal Office of the Pascal high-level language,
Contract Compliance," he says. By
whose control structure and organithis, he means cutting the red tape in
zation have great appeal [Electronics,
proving compliance with Federal fair
Oct. 12, p. 81]. Moreover, Summit
employment laws without harming
handles popular languages, including
their intent, a complaint voiced by
Cobol and Fortran.
his predecessor as AEA chairman,
It also allows on-line program
Edwin V. W. Zschau [Electronics,
development, transaction processing,
Oct. 26, 1978, p. 14].
and data-base management. DistribOn patent protection for Federal
uted data-processing modules permit
contractors, Fenton acknowledges
both entry and access within the
that "we're not sure we know the system, plus communication with
answer, but we do know that it's a other mainframes, including Sperry
problem." He does not like the idea
Univac's machines and the IBM
that, after "I invent something on
370. "All these [operating features]
my own nickel, if t sell to the are something mainframe customers
Government Ihave to disclose it to are used to, but mini users have
the Government and the public." El
never had in one package at the
price," McLagan asserts.
Minicomputers
With the introduction of the 800,
Sperry Univac, one of the nation's
leading vendors of mainframe computers, permitted the first look into
the minicomputer operation acquired from Varian Associates. With
twice as much main memory (up to
Traditionally, minicomputer vendors 2 megabytes) and half the centraldesign the machine, then write the processing-unit cycle time (150
software. Not so with Sperry Uni- nanoseconds), the V77-800 fits
vac's new system, the first to emerge above the V77-600 as the most
from the old Varian Data Machines powerful machine in the V77 line.
operation acquired in June 1977.
It pits Univac squarely against

machines like Digital Equipment
Corp.'s PDP 11/70 and its VAX
11/780 and Data General Corp.'s
high-end Eclipse M/600 machines.
The smaller V77 models weigh in
against machines like DEC'S PDP
11/04, 11/34, and 11/70 and Data
General's Nova 3and Eclipse.
Eight terminals. A typical V77800 system, to be delivered beginning next July, goes for $135,000
with eight asynchronous terminals,
CPU, disk printer, and tape unit, all
Summit-operated. Summit itself
costs $6,000, with the Pascal module
pegged at $2,000 more. A data base
inquiry/update language, 077, is
available for $3,000.
When designing hardware, "software decisions made in advance not
only make it easier, but also help
boost system performance," claims
James D. Mansfield, product manager for software. One example is
higher speeds for such operations as
Fortran language compiling. Sperry
Univac "got a quantum jump in
speed here," he says, by designing a
writable control store to aid arithmetic calculations of the floating-point
processor.
But, as McLagan points out, the
16-bit processor breaks little new
ground in hardware design, sticking
with proven low-power Schottky
transistor-transistor logic and the
cache memory employed earlier by
Varian. As for the software-first
design approach, Mansfield knows
he will not be faced with an old
computer industry bugaboo.
"There's too much history of hardware being finished and then [the
company] doesn't deliver what the
buyer expects and was promised." 0

Instrumentation

Sperry Univac design

Fiber optics isolate

put software first

scope from voltage
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Every electrical engineer has been
faced with the problem of observing
on an oscilloscope a small-signal
waveform that is floating on a high
dc voltage removed from ground.
The usual solution, though inconve-
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***5 DAY
***
DELIVERY
tlielicrocomputer
**
Analog
Systems

For:
DEC LSI-11 & LSI-11/2
DEC PDP-11 UNIBUS
INTEL SBC-80 Series & NATIONAL BLC-80 Series
ZILOG MCB Series (Z-80)
MOSTEK/PROLOG STD BUS
COMPUTER AUTOMATION LSI 2, 3, & 4 Series
Precise analog I/O for any micro.
Data Translation manufactures the largest
array of analog I/O modules and systems in the
industry.
Standard interfaces for every major microcomputer. From isolated inputs to extremely
high-speed inputs. Designed to meet your most
stringent data acquisition needs in a wide range
of measurement and control applications.
Highly reliable systems in only 5 days.
Our goal is to ship the most reliable analog I/O

systems available anywhere. That's why we go
to such great lengths to ensure the highest
reliability.
Delivery? We doubt that you'll find any
company faster than DATA TRANSLATION.
We assure five-day delivery. When you order on
Monday, we deliver by the next Monday.
No excuses. No delays.
SEND for Full Technical Data or Call us.
GSA Contract No. GS-00S-64219
'DATA TRANSLATION
1Strathmore Rd., Natick MA 01760
(617) 655-5300
Telex 948474
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U.S. SALES OFFICES: AL (404) 455-7222; AZ (602) 944-5400; CA (408) 244-5508, (213) 681-5631; CO (303) 371-2422: CT (203) 622-9191; DC (301) 636-1151: FL (305)
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(404) 455-7222; TX (512) 451-5174, (214) 661-0300, (505) 532-0601, (713) 780-2511, (512) 828-2251; UT (801) 466-6522; WI (414) 567-0444; CANADA (416) 625-1907,
Authorized Distributor -First Computer. Chicago (312) 920-1050.
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nient and unsafe, is to float the
entire instrument and refrain from
touching the scope or its controls.
At the Oak Ridge National Laboratory in Oak Ridge, Tenn., those de
voltages reach into the hundred-kilovolt range, however. Engineers there
did not cotton to peering at waveforms with their hands held oh-sofirmly behind their backs, scarcely
daring to breathe. Instead, they
isolated the scope by first feeding the
waveform to atransmitter that floats
at the high voltage. Then they
converted the waveform to light
signals and sent them, via a fiberoptic cable, to a receiver and a
decoder at the scope. Such isolation
is an obvious application for fiber
optics because the cable will not
transmit the high de voltage.
Step further. The Oak Ridge engineers also converted the analog
waveform to digital equivalents and
sent digital signals over the light
pipe. This conversion eliminated a
cause for concern: analog voltageto-frequency conversion and the subsequent optical transmission produced response times on the display
that were functions of the input
signal level. For the short-duration,
pulsed signals such as the lab deals
with in its magnetic-fusion research,
this was unacceptable.
"We needed to isolate a 0-to-10volt signal superimposed on a 150kilovolt dc voltage," says Oak Ridge
engineer James W. Pearce. "This
had to go to a computerized dataacquisition system for which 8-bit [1
part in 256] resolution was acceptable. On the way, we wanted avisual
display of the data waveform."
The transmitter consists of an 8bit a-d converter, a universal asyn(UART) module, and timing logic.
(UART) module, and timing logic.
The converter's parallel digital output is connected to the transmitter
buffer register at the UART input.
The UART converts the data to serial
form and adds start and stop bits
that are recognized by the receiver.
Simple. The UART output goes to
a standard light-emitting diode
through an impedance-matching
emitter-follower transistor stage.
The diode's light then passes through
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the fiber-optic cable to the receiver
and ap-i -n diode detector.
The detector's output is amplified,
shaped, and fed to the receiver
section of another UART. There the
data is converted from serial to
parallel form. A digital-to analog
converter then converts the digital
word to an analog signal that drives
the oscilloscope. Since the UARTS do
not require precise high-frequency
stability, inductive-capacitive timing
oscillators suffice. Other power and
timing circuitry is as simple.
"We were very concerned with the
safety aspects of the system, and the
critical fiber-optic cable was tested
to see how much voltage gradient it
could withstand," Pearce says. Gradients in the cable of up to 10 kv per
centimeter were achieved without
introducing noise to the displayed
signal, according to Pearce. With
cables to the scope of about 3meters
long, the 150-kV levels he was
concerned about were safely handled. "The combination of transmitter and fiber-optic cable has proven
itself useful and could find application wherever isolated grounding is
required," he concludes.

Industrial

Farm equipment adds
microcomputers
Microcomputers are being designed
into automobiles, but into fourwheel-drive farm tractors, too? Of
course, say Massey-Ferguson Inc.
and other farm equipment makers.
The microcomputers do more than
monitor engine and equipment parameters; they also help to control
the machines. Basically they are
low-end off-the-shelf units, programmed and packaged by the electronics suppliers to replace hydraulic
logic elements and mechanical linkages that have been doing the job.
They are faster and more reliable,
boosting productivity, and they can
be relatively easily programmed with
safety and other new features. Also,
they are much less expensive to
modify for the larger and smaller

Baler. Loading operation

in Sperry

New

Holland automatic bale wagon is sequenced
by an on-board C-MOS digital control unit.

models in atractor series.
The electronics adds a relatively
slight $1,000 to $2,000 to the price
of a machine, generally in the
$45,000-and-up class. The extra features provided are, moreover, an
attractive selling aid.
Tough specs. However, Duane H.
Zeigler, senior engineer at Deere &
Co.'s Harvester Works in Moline,
Ill., points out that the tough vibration, temperature, and other environmental specifications seem to be
scaring off suppliers. For the sensors
that feed data to the controllers, "we
need military specs at automotive
prices," he says.
Massey-Ferguson in Des Moines,
Iowa, recently delivered its first
four-wheel-drive tractors to be
equipped with amicrocomputer. It is
avariation of the unit Bosch GmbH
of West Germany supplies for automotive fuel-injection systems.
On the tractor, it controls the
hitch between the tractor and aplow
or other implement, explains Joseph
L. Jessup, chief tractor engineer at
Massey-Ferguson's development laboratory in Detroit. For a plow, for
example, once the blade depth has
been set by a dashboard dial, the
microcomputer maintains aconstant
force and depth by applying signals
to solenoid-controlling hydraulic
valves at the hitch. Voltage variations from inductive sensors that are
mounted on the hitch provide the
microcomputer with the input sig-
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NEW
Impedance- Measurement
Breakthrough
The first µP-based
automatic LC tester
with:
•254 keyboard-selectable
test frequencies
• D accuracy of ±-0.0001
•C accuracy of -±0.02%
Measure L/Q, C/D, or C/ESR of
• Low-loss film and mica capacitors
requiring improved D resolution
and accuracy
• High accuracy capacitors
• Capacitors and inductors requiring
special test frequencies
• Ceramic capacitors to MIL-C-39014C
with 1-V rms test signal
• Dielectric materials

For
•
•
•
•
•

Incoming inspection
Production test
Component design and evaluation
Process monitoring
Dielectric measurements

This is the GenRad Digibridge - you've been waiting
for. You'll find new features which will simplify
capacitor, inductor and dielectric/material testing.
Now you can select any of 254 test frequencies from
240 Hz to 20 kHz directly on the keyboard. This new
feature eliminates the requirement for variable
frequency manual bridges or multiple fixed-frequency
bridges. Studies of component value or dielectric
constant versus frequency are simplified and fast.

Fast, accurate, automatic dielectric/material
measurements with D resolution to 1ppm eliminate
those slow, manual bridge measurements.
Autoranging removes the guesswork from selecting
the best measurement range.
For even more precision, automatic zeroing
compensates for stray C and G at the text fixture,
handler or test cell by asimple keyboard operation.
Automatic self-check/diagnostics on power-up provide
an in-depth check of the internal electronics and
calibration.
You can select the Ji% mode to monitor the change of a
component's or material's value versus anominal value
or initial measurement under stress. Or, you may want
to use the ten automatic limit-comparison bins for
sorting into tolerance categories. You'll like the single
bin number display for faster operator test rates.
Some other important features that make the GR 1688
attractive are keyboard lock, selectable voltage levels of
0.25 Vand 1.0 V, four selectable test speeds to 130 ms,
abuilt-in Kelvin test fixture, and an IEEE-488
bus/handler option. And there's alot more.
Make abreakthrough in your testing with the new GR
1688 Digibridge. Call your GenRad sales office.

GenRad

300 BAKER AVENUE CONCORD MASSACHUSETTS 01742 •ATLANTA 404 394 5380 •BOSTON 617 646 0550. CHICAGO 312 884 6900 •DALLAS 214 234 3357 •DAYTON 513 294 1500 • LOS ANGELES
714 540 9830 •NEW YORK (NY) 212 964 2722 (NJ) 201 791 8990 •SAN FRANCISCO 408 985 0662 •WASHINGTON DC 301 948 7071
• TORONTO 416 252 3395 •BOURNE END (UK) 06285) 2 66 11
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nais needed for its control program.
Other farm-equipment makers applying microcomputers include Sperry Rand Corp.'s New Holland (Pa.)
division and International Harvester
Inc., Chicago. Sperry is using a
complementary-metal-oxide-semiconductor controller on a new haybale wagon to help collect, load, and
stack bales of hay. Bale position is
sensed by Hall-effect switches, with
the controller linked to solenoids
that activate hydraulic valves. A
Sperry Rand spokesman says the
electronics eliminates 60% of the
mechanical linkages, cuts the work
the wagon operator had to do, and
helps load bales faster.
Deere and International Harvester
are both readying microcomputercontrolled wheat-harvesting combines. International Harvester is
working with the Automotive Products Group of TRW Inc. They have a
prototype controller that, in part,
automatically adjusts the cutting bar
to avoid objects that could damage
the equipment, maximizing grain
yield. Deere is interested enough in
electronics to have formed its own
product development group but declines to discuss its development
effort otherwise.
111

Consumer

Prospects brighten
for dual TV picture

Featuring:

•3-State Fully Buffered Outputs
•5V TTL, NMOS or CMOS to HighVoltage CMOS (12-15V)
•Dual Power Supply Inputs
•Both True and Complimentary Outputs
•Pin-for-pin with the Fairchild
F4104/34104
•LOW PRICE $1.00 in Volume Qty.
Contact the leader in tone receivers and
CMOS technology for more information
P.O. Box 13089,
Illibli.
KANATA, OTTAWA, ONT.
440 K2K 1X3
(613) 592-2122
TLX 053-4596
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Football fans and other television
addicts should be glad to hear of two
advances in the technology of putting two pictures on one TV screen.
Papers at the Chicago Fall Conference on Consumer Electronics detailed a new hardware approach to
storing a complete TV picture in
memory, with one offering two new
features: the second picture in full
color, and stop-action capability.
Such picture-on-a-picture systems
add a small, soundless inset from
another channel to the main picture,
usually in acorner of the screen. The
inset picture is stored temporarily in
memory, then read out.
So far, two manufacturers have

TV extra.

Inset picture in Hitachi TV system

has

resolution

less

than

does

the

main

picture but is adequate for its size.

marketed Tv sets that add a blackand-white inset to the main color
picture: Grundig AG of West Germany [Electronics, Sept. 1, 1977,
p. 102] and Sharp Corp. of Japan.
Both sets use circuitry by Intermetall GmbH to store the inset picture
in an analog memory made from
bucket-brigade devices, which are
inexpensive metal-oxide-semiconductor delay lines.
The two approaches at the Chicago conference attempt to improve
the quality of the inset picture. One
system, in development at Fairchild
Camera and Instrument Corp. of
Mountain View, Calif., does this by
using charge-coupled devices to store
the inset in analog form. The other,
with a digital memory for a color
inset, was developed at Hitachi
Ltd.'s Consumer Products Research
Center in Yokohama, Japan.
Two memories. Fairchild's system
is conventional in that it uses two
memories, one for each interlaced
field of the inset picture. While one
memory is storing one 120-elementby-80-line field, the other memory is
reading out the previous one. The
black-and-white inset is one-third
scale, or one ninth the area of the
large picture. The system uses
charge-coupled devices to store the
inset, rather than bucket-brigade
devices, because the signal loss of the
latter can cause a weak or "snowy"
picture. Both memories are on one
chip, another innovation.
Hitachi's use of digital memory to
store Tv pictures is not a first; it is
routine in expensive broadcast-

Electronics/January 4, 1979

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 aconversion time of 1.8ps and 0.012% linearity. It is
the smallest Hi-Rel A/ D available that also includes 3State outputs for microcomputer interfacing. With the
matching ADH-050 Video Track and Hold Amplifier a
super-fast acquisition time of 120ns is achieved.
Aperture time uncertainty is alow 500ps. Buffering and
pin programming allow many differential and singleended input options.
The 8 bit data acquisition components include the
ADH-8512 A/D Converter which features a 95Ons
conversion time. The matching SH-8518 Sample and
Hold Amplifier has a 25ns acquisition time and a60ps
aperture uncertainty.

Both data acquisition component sets are well suited
for military, aerospace and telecommunication
applications. All DDC hybrids are processed to MILSTD-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
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space suits

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

DDC speeds up
data throughput.
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studio equipment. But cost is a
major deterrent to designing a
consumer product with a digital
memory big enough to store picture
elements of an entire field with, say,
5-bit gradation.
Optical shortcut. To reduce memory size (and cost) with little degradation in picture quality, Hitachi
engineers use atechnique called linesequential coding, which is based on
the high correlation between successive TV. fields: things do not change
much from one to the next. This
technique allows all luminance
(brightness) information to be stored
in one 64-line-by-96-element-by-5bit (per element) memory and read
out three times faster through a
small buffer memory that prevents a
read-write conflict.
The 96-element horizontal resolution gives the inset picture, with one
fourteenth the area of the large
picture, the same bandwidth as the
large one. The inset's resolution is
lower, but adequate for its size.
Color data for every other line of
the inset picture is stored in aseparate 64-line-by-48-element-by-5-bit
digital memory. A one-chip, 4-bit
microprocessor controls the system
and implements features like freezing the inset picture (impossible
without digital memory).
Target cost for the electronics
package is $15 to $25, says Fairchild. Estimates are that the extrapicture feature could add up to $200
to acolor TV's price.
LI

Medical

Aids help sharpen
handicappeds' skills
A mix of engineering students and
professors from MIT and occupational therapists working at a nearby
hospital is generating electronic aids
designed to help the handicapped.
The devices help children with afflictions like cerebral palsy develop
coordination.
Creative Technological Aids Inc.
is the nonprofit organization set up
at Kennedy Memorial Hospital,
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News briefs
Midcon, turnout sparse, looks to Chicago
Despite a sparse turnout that left many exhibitors grousing, Midcon /78
officials said attendance at the Dallas affair last month was sufficient to merit
continuation of the show, intended as an annual event held alternately there
and in Chicago. The unaudited head count at Midcon's Dallas debut was
12,521, including about 1,900 exhibitor personnel, says William C. Weber Jr.,
general manager for the show's operator, Electronic Conventions Inc. Attendance had been projected by show backers to hit 15,000 [Electronics, Nov.
23, 1978, p. 28]. "We went in with alittle higher expectations than we should
have," Weber concedes now. "We just kept looking for aWescon-size crowd
and that was unrealistic." Among other things, Weber blamed timing too
close to the holidays for the lackluster turnout. A November show date has
been scheduled this year in Chicago, where the first Midcon show in 1977
also played to disappointing crowds.
U. S. firm cancels contract with Iran
Electronic Data Systems Inc., a Dallas computer services firm, canceled a
$20.5 million contract with Iran last month because the politically troubled
government was about $5 million behind in payments. Company officials say
they will hold continuing discussions with the Iranian ministry of health and
social welfare on an eventual resumption of the contract, which calls for
design, implementation, and operation of a software system to manage the
country's national health insurance and social security system. About 50
employees are leaving, but 40 remain on contracts with industry.
Minicomputer firm sets up semiconductor facility
A dedicated, large-scale-integration semiconductor design capability is a
must for minicomputer makers, concludes General Automation Inc. The
Anaheim, Calif.-based firm is setting up a microproducts operation in Phoenix, Ariz. It is intended to replace GA'S 20% interest in Synertek Inc., a
specialty LSI house sold last year to Honeywell. Named to head it as vice
president is Jack Foster, formerly national industrial sales manager for
Motorola's Semiconductor Group. The operation will concentrate on logic
required in interface modules for minicomputer systems. Also, it will upgrade
GA'S memory packages from 32 to 128 kilobits, with 16-K• chips instead of
the present 4-K devices.
Rockwell tries gallium-arsenide CCDs
The high-frequency operation possible with gallium arsenide has prompted
Rockwell International Corp.'s Science Center in Thousand Oaks, Calif., to
apply them to the construction of charge-coupled devices. The result is an
experimental 10-cell CCD that exhibits acharge-transfer efficiency of 0.9994
at a 1-megahertz rate. The cells act like Schottky-barrier gates, ensuring
low-noise operation. The Rockwell researchers used a GaAs field-effect
transistor as the charge-detection amplifier. The next step is to integrate the
two parts on a common GaAs sustrate. This could open up a whole new
technology for very high-speed analog signal processing.
Magnavox sues others on video games
Magnavox Consumer Electronics Co., Fort Wayne, Ind., last month filed suit
in Federal district court against Bally Manufacturing, Fairchild Camera and
Instrument, Montgomery Ward, and Sears, Roebuck. It alleges infringement
on its Odyssey video game patent. This action brings the total number of
companies sued by Magnavox to 16.

Brighton, Mass., to design aids for
developing motor skills. crA's "employees" have been donating time,
often as part of student projects at
Massachusetts Institute of Technolo-

gy in Cambridge, since 1974. Now
its first two products are about to
emerge.
Six months from production is a
device called a Magic Light Pen,
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When you say "deliver,"
we won't hand you excuses.
Garry IC packaging products: They're the best values
in the industry, and they come with the best delivery
dates, too.
Everything from microprocessor boards to ECL logic
boards, from dip sockets to adaptor headers including wire wrapping.
Pin us down for adate.
At Garry, we make our own pins and our own p.c.
boards and racks. And we stock the largest inventory
in the business. So when you pin us down for a delivery date, we'll give you a firm promise instead of a
shakey "maybe".

Carry's in-house capabilities are unsurpassed. We even
have our own Gerber artwork generator. And our
four plants — two in the U.S. and two overseas — give
us the flexibility of turning your order around in
minimum time.
Garry puts its promises in black and white.
Promise #1: We'll ship standard headers in 72 hours or
less. And we'll deliver up to 100,000 a week.
Promise #2: We'll deliver standard boards in 2 weeks
or less.
Promise #3: We'll turn out
any custom PC , board you
ask formn 6to 8weeks. That's
start-to-finish, at your plant
on the specfied delivery date.

égë

Not bad!
Tired of waiting. Call Garry. When you say "deliver", we won't hand you excuses.
CARRY Manufacturing Company, P.O. Box 94, New
Brunswick, NJ 08902. (201) 545-2424.
Registered trademark of Gardner Denver Co

GarRY
Manufacturing Co
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mum mommoom
Give your
pDp-illaCalendar°

When you equip your computer with aTCU-100, you'll
automatically have the date and time available when
you power up.

It's an easy way to keep track of downtime, too.
Furthermore, you can use the unit like an alarm clock.
Set it to interrupt at preset times—or at intervals as
short as 1/2048 second.
TCUs are shipped preset to your local time, but
can be set to any time you want by asimple software
routine. The built-in battery back-up is good for months
with out computer power.
For the LS1-11 user, we offer the TCU-50 — the
same reliable timekeeper without the interrupt capability. With either unit, time is cheap. The TCU-100 is
just $495. And the TCU-50 is only $325.
Time is only one way we can help you upgrade
your PDP-11 or LSI-11 system. We'd also like to tell you
about the others.
So contact Digital
Pathways if you're
4151 Middlefield Road • Palo Alto,
into -11's. We are too.
California 94306 • Telephone (415) 493-5544

DIGITAL PATHWAYS INC.
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Shock, vibration, environmental simulation ...
Screening of ICs, memories and discrete devices ...
Computer controlled component Qualification testing ...
Particle impact noise detection

(PIND) testing ...

Fabrication, loading and testing of PC Boards ...
Quick turn-around of your most stringent test requirements.

INTELLIGENT SUPPORT WHEN YOU NEED IT MOST!

ASSOCIATED TESTING LABORATORIES
Subs.chary of Waiter K.dde & Company

Inc

MODE
Burlington,

MA (617) 272-9050

Wayne, NJ (201) 473-6455

designed to give achild positive reinforcement when tracing aprescribed
path on asheet of paper. The other,
to begin tests soon at the hospital, is
called Secret Code. With it, aperson
must repeat a series of colors or
numbers in aprescribed sequence.
Made of heavy-duty plastic, the
Magic Light Pen is about the size of
a toothbrush holder. It works with
sheets of paper on which are drawn
conductive-ink, single-line patterns
of varying complexity. One sheet at
a time is fastened with metal hooks
to a lap tray with a conductive
aluminum surface and containing
electronic circuitry. The pen plugs
into the tray via aflexible cord.
The object for the child is to hold
the pen's point within the width of
the line while tracing out the
pattern. As an incentive, a light on
the pen stays lit while the pen
remains on the line, and a buzzer
sounds when the pattern tracing is
completed.
In the lap tray, a Signetics 556
dual-timer integrated circuit drives a
tone-generator chip, and atransistor
switch controls the small incandescent bulb in the pen. Everything is
powered by a 12-volt battery in the
lap tray. The pens are in a preproduction run at Goodwill Industries,
Harrisburg, Pa.
CTA'S aim is to keep the prices of
its devices down, although no prices
are set yet. This means the electronics is as simple and as inexpensive as
possible, says Robert W. Mann,
Whitaker professor of biomedical
engineering at MIT and a CTA board
member.
Yet to come. The Secret Code
device is much further off. It has six
buttons with illuminated overlays
that display such things as a color,
number, or letter of the alphabet.
Controlled by a Motorola 6802
microprocessor, the buttons light up
in arandom sequence.
The child must remember the
sequence and repeat it by pushing
the right buttons. An Intel 2708 4-K
random-access memory stores the
sequence and the responses as well.
Pushing the buttons correctly triggers a flashing red light and a
buzzer.
EJ

Leaders in Testing Technology since 1956
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SCIENCE/SCOPE

Recent test firings have proved the interchangeability of Roland all-weather air
defense systems built by the U.S., France, and West Germany.
At White Sands Missile Range, N.M., supersonic missiles were fired against computer-simulated targets, drones, and unmanned F-86 and F-102 fighters.
U.S. missiles were fired from
both U.S. and European units mounted on tanks and armored vehicles, and European
missiles from U.S. units.
Test distances ranged from 800 to 6000 meters, with targets passing the fire units at various angles, and at altitudes from 60 to 3000 m.
Next, Roland's all-weather, day/night capability was demonstrated with test
firings when the gunner could not see the target, relying on radar to track it.
The dual-mode fire-control system includes optical sight and infrared missile
tracker for fair-weather daylight operations and two-channel tracking radar for
night and both fair and bad weather.
Roland is being built by Hughes and major
subcontractor, Boeing Aerospace Co., under license from Euromissile, a joint venture of Messerschmitt-Boelkow-Blohm of West Germany and SNI Aerospatiale of France.
First test units of the Position Location Reporting System (PLRS) have been completed by Hughes under contract to the U.S. Army Electronics Command.
PLRS is
designed to keep a commander informed of the precise location and movement of
his

troops at all

control center,

times,

in all weather,

two master units

(Mils),

and over any terrain.

A command and

and 64 user units are being produced for

the Army and Marine Corps for test evaluation.
Lightweight, battery-powered user
units can be carried by a soldier, or mounted on and powered by vehicles and aircraft.
Each communicates automatically with an MU that can be moved anywhere by
truck or helicopter,
Soldier-carried units may be programmed for a position
update every 32 seconds, vehicles more often, aircraft as frequently as every
two seconds.
Hughes Radar Systems Group has career opportunities for engineers, scientists, and
programmers.
We design and manufacture many of today's most complex airborne and
spaceborne radar electronics systems, including data links, electronic warfare
systems, and display systems.
These projects incorporate microelectronics, microprocessors, solid state microwave devices, and other advanced technologies.
We
need Systems Analysts, Microwave Specialists (antenna, receivers, transmitters),
Circuit Designers (analog, digital & RF/IF), Scientific Programmers, Mechanical
Designers, Product Design Engineers, and others.
Rush your resume to Engineering
Employment, Hughes Radar Systems Group,

2060 Imperial Hwy.,

El Segundo,

CA 90245.

New product from Hughes: a new high-power amplifier, designed to operate in the
earth terminal transmitters of commercial satellite communications systems using
the new 12/14 -GHz frequency (Ku-band).
Designated Model 9225H-04, it provides
250 watts of CW output power at the 14.0- to 14.5 -GHz satellite uplink frequency
band.
Upcoming programs that will use this frequency include SBS (Satellite
Business Systems), Canada's Anik B and C, and Intelsat V.
The amplifier features
extensive monitoring capability, including the ability to switch all operational
status indicators and control switches
hour warranty is offered.

Creating a new world with electronics

HUGHES
HUGHES

AIRCRAFT

COMPANY

to a remote control.

A full-year, unlimited-

system so good you'll want it

Ent

FIRST12B
PMP
THE BEST OF BOTH WORLDS

you'll want it
FIRST because:
o proven hardware
E superior software
E worldwide installation & service
the best price/performance

PROVEN HARDWARE
Tens of thousands of PDP 11°'s are
successfully operating all over the world.
FIRSTLAB is afamily of PDP 1I®
laboratory systems, ranging from the
smallest to the largest configuration.
SUPERIOR SOFTWARE
El Benchmark tests show TWO to THREE
times the system thruput over existing
laboratory systems.
D Better human engineering makes the
system easier to use.
FIRSTLAB software is upward compatible to larger PDP 11°'s.

DIGITAL EQUIPMENT CORPORATION®
FIELD SUPPORT NEAR YOUR SITE
o Digital Equipment Corporation®, the
manufacturer of the PDP 11
°'s, has
worldwide facilities for installation
and field service.
ID The Real-Time Operating System
Software is backed up by Digital
Equipment Corporation® software support people and includes software
update services for one year.
NO OTHER LABORATORY SYSTEM
IN THIS PRICE RANGE CAN COME
NEAR FIRSTLAB PERFORMANCE.
• For complete details on our benchmark tests and specifications. write
to FIRST.
D Ask other manufacturers for their
benchmark figures and comparç them
with ours.
o then — after you have compared them all,

you'll want FIRSTLAB
FIRST because
IT'S THE BEST!
Dept. E-L-79
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(312) 9201050

computer corporation
corporate square/825 north cass avenue/westmont, illinois 60559

THE
PERFECT
DATA
DUO

Your data acquisition tasks can be done quicker, easier
and more efficiently with the TEAC R-61 and R-80 cassette
data recorders. For field work take the R-61. It is extremely
portable, easy to handle, and at the same time provides four
channels of precision recording capability even under
difficult conditions. In addition to the standard FM recording
system, two of the R-61 's channels are switchable for DR
(Direct Recording) operation for high-frequency applications.
Back at the lab you'll want to have an R-80. The R-80 is
100% compatible wth the R-61 (FM mode), so it's perfect for
processing recorded tapes for analysis. And four selectable
speeds make time base conversion a snap.
The R-61 and R-80 are a great team.
Convenience, economy, flexibility and top
performance make data recording better
than ever before.

TEAC

COMP

o%

o”

CHA.14E,_
SELICIOR

TEAC

R-80 CASSETTE DATA RECORDER
CAL —

TEAC CORPORATION. 3-7-3. Naka-cho. Musashono. Tokyo Japan
U.S.A.: B. J. Wolfe Enterprises Inc. 10760 Burbank Blvd North Hollywood, Calif. 91610 England: International Instruments Ltd.. Cross Lances Rd., Hounslow, Middy W. Germany: nbn Elektromk
Starnberg. 813 Starnberg, Max-Emanuel-Str 8 France: Tekelec Airtronic S.A., Cite des Bruyeres, Rue Carle -Vernet 92 Serves

Holland: SIMAC Electronics, Veenstraat 20, Veldhoven

Italy: A.E SSE S.R L. Cors Lodo. 47 20139 Milano Norway: Rodland a Rellsmo A S Gladengvelen 3A, Oslo 6 Sweden: Teleonstrument ab, Maltesholmsvagen 138. Vallingby Denmark:
Danbit. Plantageveo 23. 2680 Scolrod Strand Switzerland: Wenger Datentechnik. Bruderholzstrasse 45. 4053 Basel Australia: Jacoby, Mitchell Ltd P.O.Box 70, Kungsgrove. N S W 2208
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Washington newsletter
FCC looking for

A major investigation aimed at possible mandating of an improved design
for uhf television receivers and better transmission standards was launched
uhf improvements at year's end by the Federal Communications Commission, confirming an
in major effort ... earlier report [Electronics, March 16, 1978, p. 57]. Persuaded by aTexas
Instruments Inc. prototype uhf tuner that an improved receiver could be
built, the FCC voted unanimously to begin an inquiry under General
Docket No. 78-392. First comments are due by July 1, followed by replies
by Oct. 1. The TI tuner, built under FCC contract, showed that uhf
interference could be reduced using surface acoustic-wave filters and
metal-oxide-semiconductor field-effect transistors. The FCC says it will
evaluate the receiver's design, potential benefits, and cost, as well as
possible design changes, transmitter standards, and coverage protection.

...and to develop
standards for
TV performance

Navelex names two
t
o compete for
Marines' TAOC-85

Whitehead to run
new Hughes unit
for military Satcom
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Complementing its investigation into uhf TV design improvements, the
Federal Communications Commission is beginning a second inquiry to
develop receiver performance standards under General Docket No. 78393. FCC rules now require only measurement of the uhf noise figure and
related peak picture sensitivity, which the commission has found do not
consistently predict receiver sensitivity, especially in weak signal areas, and
is but one of many parameters affecting performance. Areas on which
comments are sought include: overall and interstage receiver selectivity,
dynamic range, interference rejection, an objective measure of color rendition, picture resolution, abrupt picture transitions, effect of circuit design
on apparent noise, audio performance, and cable TV service characteristics.
Also, receiver stability will be tested in the presence of such variables as
input supply voltage, vibration, movement, ambient temperature, and time
in service. June 1is the deadline for comments, with replies due by Sept. 1.

The Naval Electronic Systems Command has named Litton Industries
Inc., Beverly Hills, Calif., and Sperry Rand Corp.'s Sperry Univac
division, Blue Bell, Pa., as finalists in the competition to design an
engineering development model of TAOC-85, the tactical air operations
central system for Marine Corps use in 1985. The winner of the competition will receive afull-scale development contract in late 1979, leading to
full production in 1982 at an estimated cost of more than $75 million.
Losers in the latest competition were Hughes Aircraft Co. and Westinghouse Electric Co.

A $335 million Navy contract for military maritime satellite communications has prompted Hughes Aircraft Co. of Culver City, Calif., to form a
new subsidiary and hire a former White House aide as head. Clay T.
Whitehead, director of the White House Office of Telecommunications
Policy from 1970 to 1974, will run the new Hughes Communications
Services Inc. He most recently headed Allison Technical Services, asmall
consulting company. Hughes Communications Services will put together
and operate the Pentagon's leased worldwide defense satellite communications system using satellites now being built by Hughes Aircraft's Space
and Communications group. The first satellite is set for a 1982 space
shuttle launching.
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Washington commentary
America's 1979 programs to enhance its technological leadership
There is a common thread running through the
shredding fabric of United States relations with
the nations of the Middle East, the problems
still to be resolved with Japan, and the opportunities apparent in establishing normal relations
with the People's Republic of China. That
thread is trade—an issue crucial to the continuing growth of electronics and other high-technology U. S. industries in 1979.
Trade in electronics embraces everything
from imports of components and entertainment
products to exports of weapons. Whatever the
product or its origin, its success in world
markets is dependent upon the research and
development that preceded it. Thus it is particularly troubling to U. S. government leaders that
investments in R&D by American industries,
including electronics, continue to decline, while
the nation's negative balance of trade keeps
rising. U. S. imports of nonmilitary merchandise
exceeded exports by more than $27 billion in the
first nine months of 1978. That trade deficit was
nearly 23% larger than the year before. American exports of electronics continue to surpass
imports, but the margin of that positive trade
balance is getting smaller.
The problems overseas
Those numbers are unlikely to improve in
1979, despite President Carter's China initiative. Selling Peking the technology it wants may
very well cost American electronics manufacturers this year more in long-term investments than
they get back. Moreover, U. S. consumer electronics manufacturers are writing off the prospect of Government support for reducing import
competition from Taiwan as part of the price
they have to pay for Carter's diplomacy.
As for Japan, U. S. telecommunications
makers see little hope of persuading Nippon
Telegraph & Telephone to open that market
to American products [Electronics, Dec. 21,
1978, p. 49]. As the Stpte Department explains
in its year-end announcement that the U. S. and
Japan have reached "a comprehensive understanding on all principal issues" in the forthcoming world trade talks in Switzerland, individual non-government entities like NTT are
exempt from the negotiations.
The outlook is no better on the Middle Eastern front, where U. S. trade in electronics is
dominated by military systems plus some developing business in domestic telecommunications.
Iran's internal political problems now threaten
shipment of a variety of military electronics
systems to that country.
That is the dismal side of the U. S. electronics
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trade picture for 1979. If nothing else, it makes
it clear that America's manufacturers cannot
afford to let the question of their success or
failure in the world's markets depend on political actions over which they have no control.
That brings us back to domestic R&D, where
manufacturers have better control and where
the picture is somewhat brighter.
A few examples: the electronics industries
should find it easier to attract investment risk
capital to support more R&D this year after
having succeeded in getting the 1978 Congress
to reduce the capital gains tax. Moreover, President Carter has promised to support asustained
rate of real growth in the Pentagon's technology
base budget, reversing the decline in purchasing
power caused by inflation.
Beyond that, the White House is setting up a
Government-wide review of national policy on
industrial innovation. The President favors "specific strategies in support of selected goals,"
explains one participant. In other words, the
U. S., like competing nations, means to work
more closely with its leading industries so that
they shall remain competitive. That represents a
significant reversal of the usual adversary relationship between business and Government. It
could be achange for the better.
A new climate of cooperation
The Pentagon's William J. Perry, for one,
believes it will be. The White House review,
according to the DOD under secretary for
research and engineering, "offers a unique
opportunity to improve the climate for innovation in America." As Perry put it recently to the
National Academy of Engineering, "As people,
we still have the innovative spark needed to
conceive, develop, and market new products.
But as a nation, there are signs of stagnation—
not so much in the absolute sense, but relative to
most other industrial nations. Perhaps the most
serious signs of stagnation are in the long-term,
international exploitation of innovation."
No one can yet say whether or not this stagnation will be eliminated by improved tax and
regulatory structures, increased Federal money
for R&D, or national policies more supportive of
industrial innovation. Like the R&D they will
encourage, the success of these programs
depends on how they are carried out. None of
them can be expected to contribute directly to
the electronic industries' 1979 profits. Yet they
are all steps in the right direction, for they are
reversing the decline in R&D that has handicapped the country increasingly for more than a
decade.
Ray Connolly
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Type MD, 613D EXTRALYTIC® Capacitors
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Electronics Magazine
is part of the curriculum
for more than 2,000
electronics engineering
students.
And so is the product
you advertise there.
Anyone with aproduct or
service to sell in the Electronics
'Ibchnology Marketplace should
be communicating now with the
students in the field. Your customers today may well have first
learned about you when they
were students.
By paying to read Electronics, our student subscribers tell
you how serious they are about
their profession. They tell you
more about themselves in our
student subscriber profile study
(available from your Electronics
district manager ).
Examples:
D Over 60 per cent of student
subscribers will be out of
school and working in the
market within one year; over
40 per cent within 6 months.
They have strong opinions
about who are the technology
leaders in various product
areas.
Student years are formative years. Right now, students
are deciding which companies
they want to work for and buy
from. Advertising in Electronics
will help form those decisions
in your company's favor.

Electronics Magazine
1221 Avenue of the Americas
NewYork, N.Y. 10020

Student readership.
Another reason your ad sells best in Electronics.
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THE COOL ONE
DOES EVERYTHING
THE 21117 RAM DOES
BUT ON 1/5TH THE POWER!

The Cool One is the industry standard HM6147LP.
This high-speed static CMOS RAM offers total function compatibility with the standard 2147, 4K x1, 18 pin
RAM, but with one very important advantage ... it
operates on one-fifth the power. Just 75mW active
10µ,W standby to be exact. It runs cooler to let your
system run cooler.
You get TTL compatibility in all areas. Including input, output and operation on asingle +5V power supply.

Cycle times equal access times — 55ns/70ns
maximum. Plus automatic power down and completely
static operation.
The Cool One, the HM6147, is ready for immediate
delivery in either plastic or ceramic package. If lowpower consumption is one of your system needs...
invest in asure thing. Call us and start cutting your
cooling and power supply costs today.
For further information call, (800) 323-6713

Hitachi. The sure thing.
Hitachi America, Ltd., Electronic Devices, Sales and Service Division
707 W. Algonquin Road •Arlington Heights, IL 60005 •(312) 593-7660 •TLX 20-6825
Representatives: CA, San Diego, Littlefield & Smith, (714) 455-0055 •
CA, Santa Ana, Ricol, (714) 557-6543 •CA, Sunnyvalle, Quadrep, (408)
733-7300 • IA, Cedar Rapids, PMA Corporation, (319) 362-9177 • IL,
Rolling Meadows, Sumer, (312) 991-8500 •IN, Indianapolis, Electronic
Sales & Engineering, (317) 849-4260 •KS, Overland Park, PMA Corporation, (913) 381-0004 •KS, Wichita, PMA Corporation, (316) 264-2662 •
MA, Burlington, Mil-Bern, (617) 273-1313 • MD, Cockeysville, Robert
Electronics, (301) 766-6374 •MO, Maryland Heights, PMA Corporation,
(314) 569-1220 • NJ, Tenafly, ABC Electronics, (201) 568-2354 • NY,
Fayetteville, S.F. Foster, (315) 637-5427 • NY, Webster, S.F. Foster,
(716) 265-2072 •NY, Williston Park, ABC Electronics, (516) 747-6610 •
OH, Cleveland, Bear Marketing, (216) 659-3131 •PA, South Hampton,
Campbell, (215) 322-6630 •TX, Dallas, Data Components, (214) 3584288 • TX, Houston, Delta Components, (713) 783-6848 • WI, Milwaukee, Sumer, (414) 259-9060 •Canada: Ontario, RFQ, Ltd., (416)
627-1445 •Quebec, RFQ, Ltd., (514) 694-5724.
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Distributors: CA, Chatsworth, Jaco, (213) 998-2200 •CA, Gardena, Bell,
(213) 515-1800 • CA, Mountain View, Time, (415) 965-8000 • CA,
Mountain View, Jaco, (415) 969-5101 • CA, San Diego, Jaco, (714)
565-7515 •CA, Torrance, Time, (213) 320-0880 •FL, Fort Lauderdale,
Time, (305) 974-4800 •IL, Chicago, Bell, (312) 982-9210 •MA, Natick,
Future, (617) 879-0860 •MA, Woburn, Time, (617) 935-8080 •NY (LI),
Hauppauge, Jaco, (516) 273-5500 • NY (LI), Hauppauge, Time, (516)
273-0100 •PA, Clifton Heights, Time. (215) 622-2500 •WA, I3ellvue, Bell,
(206) 747-1515 • Canada: Ontario, Future, (416) 663-5563 • Ontario,
Future, (613) 820-9471 •Quebec, Future, (514) 735-5775.
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RCA first in CMOS.
The go-everywhere pP now has
ado-everything design aid.
Now you can quickly and economically
prove out the RCA 1800...our costeffective, environmentally rugged, CMOS
microprocessor.
Our new COSMAC Micromonitor
CDP18S030 is acomplete portable ¡LP
system diagnostic tool. The best tool, in
fact, to perform breadboard debugging
and factory checkouts and field tests
without additional diagnostic equipment.
The Micromonitor can take instructions
electronically, supply hardcopy or CRT
display through your terminal, and
become more powerful via our COSMAC Development system with floppy disk.
Prototype debugging. Simply plug the CPU of your system under test into the
Micromonitor. You now have control of both hardware interfaces and program execution. You can plug memory into the Micromonitor to emulate ROM. Using the keyboard
and display, you can start/stop, examine any portion of the system, and make changes.
Unique automated testing. The Micromonitor can be used with any of its configurations to provide the factory test system you require.
Field service. Its self-contained package is designed to be carried easily to any
place RCA 1800 microprocessor systems
7
are in operation.
RCA Solid State, Box 3200
Operation software. An optional
Somerville, NJ 08876
Micromonitor Operating System (MOPS)
Tell me more about why the Micromonitor is one
CDP18S831 gives you an extended set
of commands. MOPS, on the COSMAC
Development System with floppy disk
option, helps the Micromonitor do everything from simple terminal-Micromonitor
dialog to fully automated system testing.

more reason to go RCA 1800. My microprocessor
application is:

Name
Title
Company
Address

RCA 1800. Our systems are go.
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ab division
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links communications

Hitachi adds
new processor for
distributed system

Industry takes to
Bath technique of
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Although government efforts to salvage Tandbergs Radiofabrikk A/S
failed late last month, Norway's state-owned electronics manufacturer will
continue to build data terminals for Siemens AG under a contract that
accounts for about 50% of its terminal production. A reorganization of
Tandberg's data division is under way, with 40% to be held by the state
industry fund and 20% by each of three other partners, Kongsberg
Vaapenfabrikk, Norsk Data, and Simrad. Siemens has stated its wish for
continued delivery of data equipment by Tandberg. The division also hopes
to go on producing electronics for educational applications.

Instead of tying subscribers into the usual central switching facility, anew
concept for acommunications network would link them by aglass-fiber
loop. A group of West German firms, headed by the Heinrich Hertz
Institute of West Berlin, is developing components for the system, a
working model of which will be ready for trials at the West Berlin institute
by mid-1980. In the decentralized system, the subscriber's equipment
establishes the connection. When a party is called, the signals travel
around the loop past the various tie-in points. A microprocessor constantly
monitors the loop and, at the desired party, recognizes and picks out the
correct call signals and makes the connection. Use of fiber optics allows
broad-band communications that could support videotext, teletext, video
telephone, and other services.

Joining the parade of manufacturers bolstering their distributed processing
schemes with additional offerings, Hitachi Ltd. has unveiled amultistation
processor for use with a Hitachi mainframe host and up to 15 intelligant
work stations under the Hitachi Network Architecture (see related story
on p. 70). The HITAC L-320/60 uses 4-bit-slice logic with a 16-bit word
length and has 96 kilobytes of 16-K chips plus 32 kilobytes of firmware in
main memory, regardless of the number of stations. Additional stations
require no extra memory because each station has an 8-bit processor with
48 kilobytes of memory, in addition to a keyboard and 1,920-character
display. For ¥310,000 amonth, auser will get central-processing unit with
memory and firmware, 9.2-megabyte disk, 243-kilobyte floppy disk, one
work station, and a120-character-per-second serial printer.

Among companies talking about nonexclusive licenses on the patented
technique for digitally encoding speech developed at Bath University are
Racal Electronics Ltd. and International Telephone & Telegraph Corp.
Racal is interested in its application for military communication systems,
and ITT reportedly in its use for speech-recognition systems. The technique, called time-encoded speech (TES), promises four CCITT standard
speech channels in a single 64,000-baud digital link or one mobile-Q
radio-quality voice channel in abandwidth of 5kHz [Electronics, Aug. 17,
1978, p. 68]. Racal has already begun an independent research program
into TES and is backing two other techniques, including one under development at Edinburgh University. The Bath group is also expecting acontract
from the Royal Signals and Radar Establishment, Malvern, to develop a
microprocessor-based real-time encoding and decoding system.
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International newsletter.
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Scandinavia wants
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When the Nordic Public Data Network starts up in November, the first
major system to use it will be an on-line cash-dispensing system. Twelve
Swedish commercial banks, together with agroup of cooperative banks,
have just placed a $37 million order for 11 c0-Honeywell-Bull Mini 6
series computers and special application software, plus an almost $13
million order for 302 terminals manufactured by Chubb and Son Ltd. of
the UK and sold by Philips. Any of the branch-located terminals will be
able to access any customer's account. Though trials will be made on a
limited number of terminals, some 400 should be in operation by 1980.

Nippon Electric Co. has developed abubble chip with 135-kilobit capacity
in a20-pin dual in-line package similar to that used by Texas Instruments
for its 92-kilobit chip. The chip is now being delivered in sample quantities
inside the company, and will be sold to other customers as a discrete
component or as one of four on a memory-system board with generalpurpose peripheral ics starting the first quarter of this year. Its majorminor loop configuration is organized as 768 22-byte blocks, including
redundant bits. Bubble diameter is 3.2 gm, and the chip measures 6.9 by
8mm. The four-chip board has an average access time on the order of 3or
4ms and acycle time of 15 ms.

West Germany's post office, which will introduce its version of viewdata
service in 1982, has picked ITT subsidiary Standard Elektrik Lorenz AG
(SEL) to head a consortium of firms that will develop centers for the
service. The centers will contain the data-processing equipment for monitoring and controlling incoming calls, as well as the data bank for storing
the information that subscribers may seek. After considering proposals
from several companies in West Germany, the post office decided in favor
of SEL'S concept because of its partly decentralized nature: instead of only
afew, many viewdata centers will be spotted throughout the country.

The drive by semiconductor houses around the world to acquire the
technology for very large-scale integration has turned out to be aboon for
the French instrument maker Cameca, asubsidiary of Thomson-csF. The
world leader in ion analyzers has received more orders for its latest
machine, the IMS/3F, from semiconductor-research establishments than
from traditional customers like geological and metallurgical laboratories.
Japan's Musashino Electrical Communication Laboratory already has one
of the $470,000 machines, and IBM Corp. is just putting one into service
at its Fishkill, N. Y., facility. The machines analyze the wafer-doping
profiles of successive 50-angstrom layers with impurity concentrations as
low as several parts per billion.

A Nordic consortium has been formed to bid for aproposed TV satellite
that would cover Denmark, Finland, Norway, and Sweden. A decision on
the satellite—called Nordsat — is expected in 1980. The consortium plans
to invest about $1 million on designing the bird. Included in the group are
Saab-Scania AB and L. M. Ericsson of Sweden, Christian Rovsing AS and
Elektronikcentralen AS of Denmark, Kongsberg Vapenfabrikk A/S and
Elektrisk Bureau A/S of Norway, and Nokia Oy of Finland.
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The only alternate timebase
portable scope for under $1500.
In the field or the lab, the PM3214 gives instant
and unambiguous measurements comparable
to more expensive scopes.
Solve your budget problems and
your measurement problems with
the PM3214 25 MHz/2mV dual
trace oscilloscope. For only $1445 4;
see both the Main and Delayed
Timebases at the same time—
eliminating confusing back and
forth switching to find delayed
timebase position. The calibrated
delayed timebase has a completely separate control section
which includes trigger source
selection. The bright display
appears on alarge 8x 10cm
screen for easy reading even
under adverse lighting conditions.
Triggering facilities include
AC, DC, TV and an Auto position that derives its trigger
from the peak value of the incoming signal. Trigger selection is available from either
channel, as well as from line
or external sources. Check
the illustration to see how
logical grouping of controls

Mreliminates mistakes in the selection of the
triggering source and mode.
The power supply of this lightweight (18.5
lbs.) portable is double insulated to eliminate ground loop problems and inaccurate
measurements caused by hum and spurious signals.
No one gives you more for the price
than Philips.

For More Facts or a Convincing
Hands—On Demonstration, use our
toll-free hot line number, (800)
631- 7172 in the continental U.S.
In New Jersey, please call collect,
(201) 529-3800. Or contact Philips
Test & Measuring Instruments,
Inc., 85 McKee Drive, Mahwah,
New Jersey 07430.
*U.S. Domestic Price Only.

MIN
Test & Measuring
Instruments
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TELECOMMUNICATIONS
• Telephone Switching Equipment
• Communications Measuring
Instrumentation
• Teleprinters
• Telex Equipment
• Facsimile Transmission Equipment
• Time Products
• Flexible Disc Drives
• OEM Non-Impact Printers
• Fiber Optic Cables
• Optical Fibers
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• Automotive Test Equipment
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• X-Ray Diffraction Equipment
• X-Ray Spectroscopy Equipment
ELECTRONIC COMPONENTS
• Capacitors
• Ferrites and Accessories
• Memory Products
• NTC/PTC Thermistors
• RFI Components
• Germanium, Silicon Transistors
• Zener, Varactor Diodes
• Hall Generators
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Responsible growth is contributory, not merely
competitive. This philosophy has guided Siemens well
in its 130-year growth to become one of the world's
largest electrical engineering firms with annual sales
exceeding $12 billion.
Siemens in America, backed by world-wide manufacturing and technological resources as well as by
increasing U.S. manufacturing and product development facilities.., is thus able to offer the highest quality
products reflecting the best of European craftsmanship and American know-how.
Everything that we offer is in turn solidly
supported by anationwide network of 40 sales and
service offices.
Electrical and electronic components, instruments, and systems for medicine, science and industry

mad

are the areas in which we have adapted the
best of these products to the demands of the
U.S. market.
We have grown to be acompany with over 3,000
employees and sales of nearly $300 million today,
and if we were to include affiliated companies and
joint ventures, the totals would increase significantly.
The Siemens response to the American market is
broadly beneficial to our growing American family
of employees, business associates, and customers.
We are pleased not only to compete today, but to
contribute today and tomorrow—responsibly.

Siemens Corporation

Department 04/00, 186 Wood Avenue South
Iselin, NJ 08830, Telephone: (201) 494-1000

Siemens in the U.S.
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Electronics international
Significant developments in technology and business

Paging system
broadcasts nationwide
on fm radio channel
nation's geography, as well as some ing with existing stereo program
of Denmark and Norway.
reception. Televerket's solution was
Political approval for use of the to add an extra subcarrier in the fm
Sweden's existing network;
existing fm radio transmission sys- broadcast transmissions.
commercial service performs
tem was easier to obtain than might
The frequency of the paging
have been expected. Televerket han- subcarrier is 57 kilohertz (±6 hertz)
avariety of tasks
dles transmission of all programs and the frequency deviation caused
broadcast by the Swedish Broadcast- by the subcarrier is ± 3 kHz. When
The Swedish penchant for solitude— ing Corp., the sole radio and televi- paging signals are transmitted simulimmortalized by Greta Garbo's "I sion broadcasting company in the taneously with stereo programs, the
vant to be alone" —suggests that nation. Three channels, called pro- 57-kHz subcarrier is phase-locked to
Sweden is amost unlikely place for a grams, are broadcast over fm, all of the 19-kHz stereo multiplexed pilot
nationwide personal paging system. them stereo. For the paging system, signal.
Each 52-bit paging code consists
But the Swedish Telecommunica- Televerket uses the third program,
of two blocks of 16 information bits
tions Administration, Televerket, which plays popular music.
According to Oesten Maekitalo, and 10 parity check bits. To broadhas launched just such a system,
using the existing fm radio network who heads Televerket's Radio Labo- cast a subscriber's code, the paging
for signal transmission.
ratory, a major problem in using the subcarrier is product-modulated by a
Known as MBS (for mobilsoekning, fm band for transmitting additional signal obtained by phase-modulating
mobile searching), the system has information was finding a way to a 1.187-MHz (±0.1-Hz) tone with
been in planning for almost 10 years. modulate the signal without interfer- differentially coded binary informa Now the first subscribers have
signed up and bought pocket page
receivers. Televerket operates the
service, which cost $1.5 million to
KEY
LOGIC
POCKET
BOARD
CONTROL
TELEPHONE
DATA-BUS
develop and install, on a purely
RECEIVER
NETWORK
INTERFACE
f=1
commercial basis.
MEMORY
It charges a one-time sign-up fee
DISK
PROCESSOR
of $23, plus a quarterly fee that
ranges from $15 to $85, depending
MEMORY
MEMORY
on the type of paging service
DISK
required. There is a charge of about
7cents—the cost of two local phone
calls—for each paging. In addition,
VOICE ANO
the subscriber purchases a pocket
TONE
DATA BUS
MODEM
GENERATOR
INTERFACE
ITRANSreceiver for about $900.
'MITTER
Recycled. Setting up a transmisMEMORY
sion network dedicated solely to
CONTROL
I
paging would have been economicalPANEL
I;
ly prohibitive in thinly populated
MEMORY
Sweden: 8million Swedes are spread
MODEMout across a nation the size of the
TELEPHONE I
PROCESSOR AND INTERFACE SYSTEM
NETWORK I
state of California. So Televerket
— — — — — — — — — —
— — —
decided to use the 87-to-104-megahertz band of the fm radio network, Paging.. After caller dials in subscriber's code, it is converted into a 52-bit binary code by thé
which covers some 99% of the central processor. Code is used to modulate the paging subcarrier.

System broadcasts over

l
i
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tion. A 1in the original binary infor- grammable read-only memory. An back feature. Expected to gain type
mation causes a phase shift of 180 °, LED readout displays up to 12 digits approval soon are Sonab of Sweden
while a0means unaltered phase.
for subscribers who opt for the call- and Sabra of Finland.
D
Televerket offers seven different
paging services—from the simWest Germany
plest—transmission of an audio or
visual paging signal—to the most
sophisticated, in which the caller's
number is displayed on alight-emitting-diode display on the receiver.
In the middle is a system that
enables acaller to dial the subscrib- In their anxiety to keep up with the ready for the challenges of VLSI
er's paging number and then dial in U. S., government after government design and fabrication. "For our
the number for the subscriber to call in Europe is helping semiconductor VLSI activities we have installed the
back. The caller's phone number, firms prepare for the very large-scale latest research, development, and
which is stored in acentral computer integration technology of the 1980s. production equipment available on
for two hours, is repeated to the So when acompany gets set for VLSI world markets," says Heinz Riissle,
subscriber in synthesized voice form without government financial help, group general manager for ITT
when he dials the central exchange. the effort becomes noteworthy.
Semiconductors worldwide. The liAnother option is aprivacy code that
One such company is Intermetall neup includes modern data-processprevents unauthorized callers from GmbH, lead house of the ITT Semi- ing gear for circuit design, a new
paging the subscriber.
conductors Group, based in Frei- electron-beam system for mask makGetting in touch. To page some- burg, West Germany. Probably the ing, and equipment for processing
one, the caller dials a four-digit only semiconductor producer in Eu- 4-inch wafers—all installed in superentry number, then the subscriber's rope that has thus far financed its clean environments.
six-digit number. If the subscriber VLSI efforts entirely on its own, the
In the design center, a model 400
has additional services, such as the group has dished out more than $13 Prime Computer is being used in an
call-back display or a privacy code, million during the past two years to approach that, says Reesle, should
the caller then dials in these digits.
get itself into harness for the future. halve VLSI development time, even
The signals from the telephone Additionally, some $5 million to $7 when circuits become more complex
network are sent to acentral proces- million are cùrrently being spent for and exhibit increasingly higher levels
sor, aMotorola M/6800, over adata further VLSI projects.
of integration. Because the computer
bus interface and a logic controller,
Facilities. In the group's new six- takes on an active role in circuit
which checks and processes all story research and development fa- design, Reissle prefers to call the
incoming calls and calls in progress. cility, centers for computer design, approach "computer design" instead
There are 15 data-bus interface units mask making, and diffusion stand of the conventional computer-aided
in the system nationwide, each
equipped with disk memory. After
processing, the information is sent
through modems to transmitters
located throughout the nation.
Receivers. At the subscriber's end,
the receiver scans the 87-to-104MHz frequency range every 10
seconds. It is designed so that it
automatically tunes in for reception
of a radio paging call by searching
for and locking onto the special MBS
system identification code. This feature is necessary because third
program transmission is on various
frequencies in different areas.
The first manufacturer to gain
Televerket's type approval on a
receiver is Japan's Mitsubishi Electric Corp. The Mitsubishi receiver
has a complementary-metal-oxide—mom
semiconductor microprocessor with Clean job. Inspector checks circuit in super-clean environment of mask-making center at ITT
programs stored in a c-mos pro- Semiconductors new research and development facility in Freiburg, West Germany.

Intermetall GmbH goes it alone

in developing very large-scale integration
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Zeiss Optics...Precision„.Durability...
for Production,QC, and R&D.
ese
.
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130 interchangeable
objectives No eyestrain—
Greatest operator
comfort.

Circle

The Universal—the most
universal microscope
Time-proven in R&D, quality
control, and failure analysis.
Full interchangeability for the
most sophisticated techniqués,
use of 35mm and large-format
cameras. TV. automatic scanning
stages, and photometer lend true
universality to the UNIVERSAL.

Standard 20 T—
the workhorse
Compact, rugged
semiconductor
microscope with
4x4" traveling stage
for the production
line, inspection.
Removable
specimen
holders for
easy loading of
masks and
wafers.

115
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Epi-Microscope—the
best buy on the market
A small and versatile
upright incident-light
microscope for production, OC. and R&D. Can
be mounted on various
stands or attached to
any machinery. With
special objective, working distance up to 19mm
for up to 300x
magnification.

rp
warps.
Accepts
35mm and 4x5"
cameras, Polaroid®

et)

.

Ultraphot—camera
microscope
The only, all-enclosed
system for micro- and
macrophotography at
continuous magnification
from 2.5x to 3,200x in
brightfield, darkfield.

Circle 116
*

Light-Section
Microscope—cuts a
profile, nondestructively
Measures thin-film
thickness, layers in
wet and tired state,

e

Circle 111

I

Circle 113
7

Circle 118

Solidscope 6x6—
specially designed for
the electronics
industry
Superstable microscope with extra-large
6x6" traveling stage for
inspection and OC
of masks, wafers,
packaged chips.

Stereomicroscopes DR and DV 4
—high resolution at economical
prices
2 fixed magnifications or 1:4
finest zoom optics with widefield
eyepieces give exceptionally
brilliant, flat, and sharp images.
Precise binocular alignment is
easy on operator's eyes.

le ee Ied
r
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Write for
10-page catalog:
"From Slice
to Circuit." circle 117

Circle 114

Axiomat—the 21st century camera
microscope
An upright or inverted microscope,
according to choice, with 35mm and
4x5" fully automatic cameras built
in. Stability and optical quality
have no equal.

Circle 112

Carl Zeiss, Inc., 444 5th Avenue, New York, New York 10018 •(212) 730-4400
Branches in: Atlanta, Boston, Chicago, Houston, Los Angeles,
San Francisco, Washington, D. C.
For catalogs, see "Test & Measuring Equipment" (white pages)

THE GREAT NAME IN OPTICS

Nationwide Service
ZEISS
Nis
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design. The technique, he says, cuts
the time needed for data comparison
from months to a few weeks. Moreover, the computer is not yet being
fully exploited. Faster access is
possible, as well as refinements in
circuit optimization.
Working at adisplay terminal, the
designer feeds the data for circuit
layout into a computer. From then
on the computer takes over. Using
an extensive software package, it
produces a magnetic tape that
contains all data for the layout of
masks needed for fabricating singleor multi-layer circuits.
The display terminal permits the
designer to carry on a virtually
direct dialogue with the computer.
From a magnetic-tape data carrier,
which stores circuit elements ranging from simple networks to highly
integrated memories, the designer
can pick out the element he needs
and display it on the terminal. If
necessary, he can then simplify,
supplement, or correct the element
and finally instruct the computer to
use it in producing layout data for
the mask.
The software package ensures that
changes the designer makes in the
circuit topography are correctly
transferred to the affected circuit
layers. It also ensures that no chip
area is wasted. Furthermore, it
optimizes circuit design with respect
to both testability and manufacturing yield.
Fabrication. A piece of equipment
ITT Semiconductors officials consider a gem is their $2.5 million electron-beam exposure system from the
U. S. firm ETEC Corp. Called Mebes
(for manufacturing electron-beam
exposure system) and one of the first
delivered to Europe, the system is
installed in the company's maskmaking center. It can trace structures as fine as Imicrometer with an
accuracy of 0.125 µM.
ITT engineers are already producing visi circuit masks on the Mebes
system by feeding computer output
data from the design center's computer directly into the electron-beam
equipment. This bypasses two steps:
drawing a layout with plotting
equipment and the subsequent pho-
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tographic reduction process. The
masks will be used not only at Freiburg but at facilities in the U. S., the
UK, and in France.
Experimental work is now aimed

at using the computer data for direct
writing on the wafer using Mebes.
Advances in photo-resist chemistry
must still be made before direct writing will be aviable proposition.
CI

Japan

NEC intensifies distributed processing effort
with N4700 system for ACOS mainframes
Now that all the mainframe manufacturers have introduced their philosophies for distributed processing,
they are scrambling to get real
systems to market to bolster these
theoretical frameworks. Nippon
Electric Co. is now realizing its
scheme, called Distributed Information Processing Network Architecture, or DINA, with the introduction
of the N4700 system.
NEC compares its system with IBM
Corp.'s 8100, over which it claims a
price-performance advantage. But
the firm is quick to point out that the
4700 is not initially aimed at hookups to II3M systems. Rather the firm
wants to expand its business among
present users of NEC and Toshiba
Corp. ACOS 77 series mainframe
systems with an enhanced functional

equivalent of the 8100. And although the 4700, like the 8100, is
capable of stand-alone operation,
such sales will not be stressed.
The 4700's operating system resembles that of NEC'S MS series
minicomputers, except that it has
been optimized for distributed processing by means of DINA, which
NEC considers astep in the direction
of unifying its various operating
systems. The operating system executive links with both user-facility
and system-development software,
enabling the operating system to
control protocol to facilitate interconnection of units and file transfers,
while offering multiprogramming
and single-batch—processing.
Switching capabilities and the
ability to work with sensor-base

COMPARISON OF NEC 4700 AND IBM 8100 SYSTEM
Low end
IBM 8130

High end
N4740

IBM 8140

N4750

Processing speed
ratio (Average
instruction
execution time)

1
(3.3 ps)

1.4
(2.4ps)

1.7
(2.0 ps)

1.7 to 1.9
(1.4 to 2Al t

Main memory cycle
time per word

1,200 ns

700 ns

800 ns

465 ns

Cache memory
(access time
per word)

—

8 kilobytes
(200 ns)

Maximum memory
size

512 kilobytes

512 kilobytes

512 kilobytes

1megabyte

Floating point
computation
hardware

—

option

standard
(some models)

option

Instructions

112 standard

124 standard
62 supplemental

112 standard
30 supplemental 2

156 standard
30 supplemental

Maximum
communications
lines

10

16

15

32

Maximum work
stations

24

32

24

64

Notes

1. Higher speed and shorter execution time for N4750 result from full utilization of cache memory,
2. Supplemental instructions for 8140 are for floating point arithmetic.
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Whaddya' mean it's ahandheld multimeter
that...sorts, tweaks circuits, probes logic?

112111111111M
The Calcumeter's LIMITS Display Mode—unique "analog - readout from a$389 digital multimeter.

Revolutionary new
Calcumeter outperforms
any 31/
2-digit DMM—
without ac power—
under $400!
R

Think of how you can save valuable
time with the remarkable Calcumeter's
LIMITS Display Mode: Simply key in
high and low limits to the Calcumeter's
memories, then push the LIMITS program key; thereafter every measurement
you take in volts, amps or ohms automatically appears as a"floating" bar on
the display, between the programmed
limits. Below limits reads out "—Error,"
overlimits simply "Error."
For sorting you have 8proportional
segments formed by the display periods.
When tweaking signal levels, you simply
watch the limits bar approach the desired
value. To probe logic you set 0.5V and 6V
limits; the floating bar gives you zeroes
and ones.
The Calcumeter's automatic warning
beeper tone helps also, as it sounds off
on "Error. Limits display and measurement is just
one of 6special measurement modes on
the Calcumeter. plus amyriad of manipulative advantages made possible by
its Cmos microcomputer control. Basic
features include:

31
2 -digit DMM—Autorange or fixed
/
range; continuous or hold measurements
(up to 1,000,000 single measurements
from one 9-volt battery!): versatile display
control enables you to shift into engineering notation, scientific notation or fixed
decimal in 8digits.
Specifications—Volts: 10 µV sensitivity
through 1000 Vdc, 750 Vac; Ohms: 0.111
resolution through 20 Mil; Amps: 10 µA
resolution up to 200 mA (to 20 amps
with accessory shunt). Basic accuracy:
0.25% dcV.
Special Measurement Modes:
Scaling and/or offset—Mx+b key programs constants to automatically scale
or offset any measurement, or both.
Automatically converts readings into
meaningful engineering units of pressure, temperature, etc.
Digital averaging—Allows you to average nth measurements and program
away noise or increase resolution.

Decibel voltage—Display each
measurement referenced to a
programmed value in decibels.
Display (dBV)=20 Logic) measurement
stored value.
And INVERSE conversion, PERCENT
DEVIATION and HI-LO LIMITS.
Plus 11 special math keys: 27r, 1/x, x2,
x, xy/(x+y), xy/(x—y), 10x, ex, ye,
LOG, LN.
And the ability to store and move data
to five different memory locations!

Data Logger Option
operates off Data Port
Anyone desiring automatic data printout
will want ESI's optional Data Logging
Printer that plugs into the Calcumeter's
data port. Sampling can be adjusted from
3seconds to 3hour intervals.
Other options include atemperature
probe, RF probe, current shunt, battery
eliminator, current probe and foot switch.

SEND FOR COMPLETE 12-PAGE COLOR BROCHURE
or call this toll free number 800-547-5637
You can order direct for a2-week free trial.

Direct all inquiries to:
MICROMETRICS, Inc.
9450 SW Barnes Rd.
Portland,OR 97225

EMn
ELECM0
SCIENTIFIC

Manufactured and guaranteed by
ELECTRO SCIENTIFIC
INDUSTRIES. INC.
Portland, Oregon
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information and perform control
functions makes the 4700 useful in
integrated data-processing systems.
The host and distributed processing
system computer can also turn each
other on and off, load programs, and
supervise each other.
Aggressive. In comparing the 4700
to the 8100, NEC not only claims
higher performance and lower price,
but also two months' earlier delivery—June 1979. Memory chip
capacity is perhaps the only area in
which the firm does not claim to be
ahead, and even there NEC says its
16-kilobit chips make for faster
memory cycle time (see table for a
comparison of low- and high-end
N4700 and IBM 8100 systems).
As for the software for the new
system, it has been completely
unbundled and is available on the
same rental basis as the hardware.
As a result, a minimum N4740
system can be had for ¥242,000 a
month, almost 10% less than acorresponding IBM system would cost in
Japan. Such asystem would include
cabinet and central processing unit,
256 kilobytes of memory, 1-megabyte floppy disk, 40-megabyte disk,
firmware, a communications and
line control unit, and aseries printer
with control unit. Four keyboardand-cathode-ray-tube work stations
raise the price to V326,000 amonth,
while software increases the overall
price to V376,000 amonth. Price for
comparable IBM equipment is said to
be ¥406,000 amonth.
Hardware. Internally, the N4700
technology is similar to the MS
series, being built around the same
4-bit slice CPU, 700-gate transistortransistor-logic circuits, and
metal-oxide-semiconductor devices
of up to 3,000 gates used as peripheral controllers.
Maximum file capacity of both
the 4740 and 4750 is two 1-megabyte floppy disks plus eight 80megabyte disks, or roughly 640
megabytes. The 80-megabyte disks
are also available in a version that
adds 0.96 megabyte of fixed-head
disk. Data rate of the 1-megabyte
floppy disks is 62.5 kilobytes per
second; for the 80-megabyte disks it
is 1.198 megabytes per second. NEC
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also offers 20- and 40-megabyte
disks with the same data rate.
Sales will not be a solo effort:
NEC-Toshiba Information Systems,
ajoint venture with Toshiba Corp.
that sells ACOS mainframes to
Toshiba's customer base, will
also sell the N4700. Most sales will
be to Japan Electronic Computer
Co. Ltd., the government-backed
joint venture of Japan's six mainframe makers that buys computers
from the manufacturers and rents
them to users. NEC says it may sell a
few systems outright, but does not
expect direct sales to be an important part of the market.
D

meet this criticism head on. According to Tony Rundle, who has been
taken on to strengthen the company's in-house software capability,
there is a full development program
under way leading to a full floppydisk operating system. Options will
be added to the basic board, which
for its $400 comes with a program
monitor stored in a 1-kilobyte readonly memory, 2kilobytes of randomaccess memory, video modulator for
connection to the user's television, a
cassette interface, programmable
16-line input/output, and a custombuilt 48-key contactless keyboard.
Coming is a32-kilobit RAM board,
a new data bus, a buffer board, an
erasable programmable ROM board,
Great Britain
and E-PROM programmer. To keep
costs of its data-bus-extension system low, Nascom engineers plan to
use industry-standard single-sided
development boards and edge connectors for 77 uo lines. This bus
hardware is much cheaper than the
With few extra pounds lying around, double-sided boards and connectors
the British received early attempts to needed for the S-100 bus, says
market personal computers without Rundle, undeterred by the growing
enthusiasm. But when Kerr Bolrand number of S-100 users.
and John Marshall introduced their
Soft options. On the software side,
Z80-based board-computer kit a Tiny Basic will be supplemented
year ago for $400, 7,000 buyers with Basic packages from Microsoft
thought the price was right.
Co. of Albuquerque, N. M., that can
The pair's Nascom Microcomput- fit on a floppy disk or in 8 kilobytes
ers Ltd. scored well by moving fast of ROM. Bolrand is so confident that
and selling hard at atime when most the company will grow that a $1.5
American systems were in an alto- million order has been signed with
gether different price-performance Mostek Ltd. for additional compocategory. But now that the first inex- nent kits. Also, when the current
pensive board-computer imports— development program has been comlike Ohio Scientific's Superboard 2 pleted, he is talking of bringing
from Abacus Computers Ltd., and Nascom to the U. S.
Synertek's VIM computer board—
But first the company will have to
are finding their way into the fight it out on the home market to
market, will it prove too hot for one maintain its niche. Observers agree
of the few surviving UK manufac- that the industry shakeout will
turers of personal computers?
continue and that its tempo is quickThe company is not unused to ening. But the UK government is
taking heat. Its reputation was now committed to spending over
tarnished by an inability to deliver in $110 million on paying up to $4,000
the early months. Then competitors of free consultancy to companies
pointed out that the company looking at ways to use microprocesoffered only the most rudimentary sors in new products. The market
hardware, making even the most should therefore mature fast, makelementary programming tasks labo- ing the New Year critical in
rious, and that few promised options Nascom's bid for respectable old age
were available.
in the face of the American personIn 1979, Nascom is aiming to al-computing invasion.

Battle of boards

begins in Britain
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WHAT A
LIGHT SHOW!
Litronix displays.

They comprise one of the broadest
and most dazzling product lines in
the industry. We have sizes from 0.11" to
1.0' Standard to high brightness light
outputs at 5mA to 20 mA. Four different
colors. Five different constructions.
Available in DIPS or sticks. And a
Character
Size

Part Number
(Series)

Product
Description

.I1

DL-34M

multi-digit magnified
monolithic

.15

DL-44M

multi-digit magnified
monolithic

DL-10A

single digit
hybrid

.27
.30

DL-700

.30

DL-300

.43

DL-7000

.50.

DL-500

Colors

tremendous capability to produce in large
volumes and at competitive prices.
We've already sold over 40 million
displays, and we're going stronger
than ever.
For the best display of lights in town,
call or write Litronix, Inc., 19000
Homestead Road, Cupertino, CA 95014.
(408) 257-7910.

Character
Size

Part Number
(Series)

S1.58

.50

DL-520

two digit
reflector

2.45

.50

DL-4500

multi-digit array
reflector

DL-720

two digit
light pipe

.630

DL-740

single digit
light pipe

2.55

Price'

4.65

.510

Product
Description

Colors

Price°
$1.25
1.25
I

1.60

single digit
light pipe

1.50

single digit
reflector

.90

.80

DL-840

single digit
reflector

1.75

1.30

.80

DL-6800

multi-digit array
reflector

1.75

DL-3100

multi-digit array
reflector

2.30

single digit
filled reflector
sin gle digit

reflector

.95

1.0

'Prices are per digit in red only for 1000 unit quantities.

litronix
AN AFFILIATE OF SIEMENS

THE LIGHTS FANTASTIC
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HIGH RELIABILITY DI PSOCKETS .1
Robinson Nugent aside-wipe"
DIP sockets make 100% greater
contact than any edge bearing
socket on the market.
This 100% greater contact with the wide, flat
surface of your IC leads is your guarantee of
unmatched reliability. This RN "side-wipe"
contact provides constant low contact resistance. No edge-bearing contact can possibly
deliver this long term dependability. This
designed-in reliability of RN DIP sockets is your
assurance of trouble-free IC interconnects—
yet they cost no more than ordinary sockets.
Put an end to troublesome junk sockets!
Get your copy of the new R-N "Short-Form"
Catalog of production DIP sockets—both solder
and wrap-pin. It is available now from R-N—the
people who make more kinds of high reliability
IC sockets than anyone.

IC Lead frame in place
in an ordinary edge
bearing contact. The
rough, irregular edge of
the IC lead can scar and
abrade the socket contact.
Electrical contact is degraded, resistance is increased and reliability
may be impaired.

IC Lead frame in place
in R-N "Side-Wipe"
contact. Here the
smooth, flat side of the IC
lead mates with the contact. Contact surface integrity is maintained,
socket reliability is greatly
enhanced. And you pay
no more for this R-N reliability.

[

Get the high reliability that eliminates
trouble. RN DIP sockets make contact with
the wide, flat sides of your IC leads. This
provides 100% greater surface contact
for positive electrical connection.

WRITE TODAY for latest R-N "Short Form" Catalog of R-N production DIP sockets.
Contains full specs, dimensions and material data. Get yours now.

.701,1211:50/11/
ARTFEEffe

800 East Eighth Street •New Albany, Indiana 47150 •Phone: (812) 945-0211 •TWX: 810-540-4082
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the pricertere
paying for junk!
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"We can help you
put quality behind
your nameplate:'
"Our new OEM Product Selector shows you
how we can do that. It's arepresentative crosssection of our OEM product line, and it
features some of our most popular products.
"As one of the world's largest suppliers of OEM equipment,
Control Data knows what your customer is looking for.
"Quality, price, performance, reliability and support service.
"Control Data products are built with high-quality components,
designed with advanced technology and engineered for
performance.
"But prove for yourself that Control Data quality—built into
every product we manufacture—delivers price/performance
advantages that give your products the competitive edge. Test.
Evaluate. Compare.
"Then check our OEM Financing, Maintenance and Spare
Parts—all designed to make it even easier to put our experience
behind your nameplate. And to help you establish aquality
marketing position for your entire line.
"So send for your OEM Product Selector today. The sooner
you do, the sooner we can work together on putting our quality
behind your nameplate. Write us at HQN1II, RO. Box 0,
Minneapolis, Minnesota 55440. Or call us at 612/853-76007

OD

CONTROL DATA
CORPORATION

More than acomputer company

Dale C. Showers
Vice President 0.E.M. Marketing
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"Only one D11) socket
gives you ethe best
features. And more.
New DIPLOMATE—
horn AMR"
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The new low profile Diplomate
combines the best engineering features
with AMP's own exclusive contact
design innovations. Here are some of
its outstanding advantages:
I. Metal-to-metal-to-metal contacts
with dual side-wiping action ensure
low contact resistance and excellent
electrical reliability.
Unique closed bottom design
prevents solder wicking and flux
contamination for complete
contact protection.
3. Exclusive tapered lead-in ramps in
large target area make IC insertion
faster and easier. Diplomate
PC board insertion is also easy
and compatible with virtually any
automatic insertion equipment.
4. Anti-overstress contact design
preserves contact spring integrity

he
le

for continuous, long-term
reliability.
New Diplomate sockets help you
get the most from your designs in
many other ways:
• Higher densities. Low profile
packages are stackable end-to-end
for more circuits in less space.
• Built-in reliability. Meets Computer
Industry and EIA RS415
specifications as well as U.L. 1410
flame retardant specifications.
• Full variety of sizes. Complete
family of sizes available ranging
from 8to 40 positions.
• Complete technical support. Solid
engineering aid is yours for the
asking from AMP. And it's
available worldwide.
There are more reasons why new
Diplomate is the better way,
including its competitive prices.
For more information, just call
Customer Service at (717) 564-0100.
Or write AMP Incorporated,
Harrisburg, PA 17105.

/

AMP is a trademark at AMP Incorporated
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Programmable 11 58/59
Specialty Pakettes
Civil Engti

Programmable 1158/59
Specialty Pakettes
Electronic Engineering

20

value
2FREE software
pakettes with
purchase of
aTI-58.

with purchase
of aTI-59.

See coupon.

See coupon

$10

REBATE

TI Programmable 58

TI Programmable 59

Special offers make this the time to buy a
Texas Instruments programmable.
Buy a TI-58 and choose two free
software Specialty Pakettes from
TI, a$20.00 value. Select from: Electronic Engineering. Civil Engineering. Fluid Dynamics. Blackbody
Radiation. Oil/Gas/Energy. 3-D
Graphics. Mathematics. Statistical
Testing. Marketing/Sales. Production Planning. Astrology.
TI Specialty Pakettes are convenient notebooks containing readyto-use programs written by professionals in many fields. Each pakette includes step-by-step program
listings, applications notes and
sample problems. Just key in the
program you need and you can put
it to work right away.'
Specialty Pakette programs are
easy to use with the powerful TI-58
key programmable. Up to 480 program steps or up to 60 memories.
Over 170 functions and operations.
TI-58, only $125.00*.
Buy a TI-59 and get a $10.00 rebate from TI. The TI-59 is a computer-like programmable with up
to 960 program steps or up to 100

memories. Over 170 functions and
operations. Plus magnetic card
read/write capability. TI-59,
$300.00*.
Ready-to-use programs for both
the 58 and 59 are available in Solid
State Software ." libraries featuring plug-in micro-memory modules.
The Master Library Module is included, with 25 programs in math,
statistics, finance and conversions.

Twelve optional libraries are available in fields like engineering, investments, business and statistics.
See your dealer to choose the TI
programmable that's right for you.
Use the coupon below to take advantage of special savings during these limited
time offers.
t
Specialty Pakettes do not include plug-in modules or magnetic cards.
'U.S. suggested retail price.

El I've bought my Il -58, please send me these two free TI pakettes:

1.

E-179

2
I've bought my 11-59, please send me my $10.00 rebate.

Texas Instruments will fulfill the offer you
have selected above when you: (1) return
this completed coupon. including serial number, (2) along with your completed customer

Send to: D-58/59 Special Offer, P.O. Box
53, Lubbock, Texas 79408.
Name

information card (packed in box), and (3) a
dated copy of proof of your purchase verify-

Address

ing purchase of aTI Programmable 58 or 59

City

(whichever is applicable) between January 1
and February 28, 1979. Items must be post-

State

marked on or before March 7, 1979, to
qualify for this special offer.

Calculator Serial Number

_Zip
(from back of calculator)

Please allow 30 days for delivery. Offer void where prohibited by law. Offer good in U.S. only.

J

Texas Instruments technology —bringing affordable electronics to your fingertips.

TEXAS I
NSTRUMENTS
© 1979 Texas Instruments Incorporated
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Probing the news
AnalysIs of technology and busIness developments

Riding the surface acoustic waves
That's what researchers in U. S. and Britain are doing as they
harness surface-skimming bulk waves to reach higher frequencies
by Harvey J. Hin din, Communications & Microwave Editor, and Kevin Smith, London bureau manager

To operate communications systems
at higher frequencies requires,
among other things, acoustic-wave
devices that are smaller, hence more
difficult to manufacture. But researchers in the U. S. and Great
Britain are working on new parts
that would permit operation at higher frequencies at no decrease in size,
and they are doing this by turning a
problem-causing secondary effect of
surface acoustic waves into an asset.
When a conventional SAW is
launched along the surface of a
piezoelectric substrate, a second,
speedier bulk wave also propagates
in the substrate itself. If this wave
reflects off the bottom, it can
degrade frequency response or cause
spurious responses in filters and
oscillators. It is this effect that the
researchers are seeking to turn to
their advantage.
For example, scientists at the
Royal Signals and Radar Establishment in Malvern, England, say that
devices using the new surface-skimming bulk wave (ssBw) phenomenon
not only offer improved frequency
response over conventional SAW devices, but have low attenuation, good
temperature stability, and insensitivity to surface contamination as well.
In particular, the group, headed
by M. F. Lewis, has produced highstability quartz-crystal oscillators
and bandpass filters with frequencies
up to 2.3 gigahertz. This figure
could be further extended to 3GHz
with present-day photolithographic
techniques, they say. That is about
1.6 times higher than the highest
SAW frequency possible with ST-cut
quartz. And, adds Lewis, all this is
done with the same technology used
for conventional SAW devices.
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In conventional SAW devices, because the bulk acoustic wave travels
at up to twice the speed of asurface
wave confined to a depth of one
wavelength, its reflection from the
bottom surface can produce an
unwanted response in the surface
transducers. This response is minimized by roughening the bottom
surface or by tilting it to skew the
reflected wave.
But Lewis and his colleagues realized, as did Reynold Kagiwada and
his team at TRW Inc.'s Defense and
Space Systems group, Redondo
Beach, Calif., that the frequency

response of SAW devices could be
greatly extended by exploiting the
reflected wave rather than suppressing it. So they reversed normal practice and looked for quartz-crystal
orientations that could give zero
piezoelectric coupling to surface
waves but that would launch the
bulk wave at a shallow angle to the
surface.
Taking cuts. A family of quartz
cuts that supports such surfaceskimming bulk acoustic waves is the
rotated Y-cut class, in which propagation takes place at right angles to
the X-axis. Also, for asmall range of

Only one. With this TRW SSBW device no passband exists other than the fundamental
frequency band. Its transducer center-to-center separation is 500 wavelengths at 248 MI-lz.
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DE MONST RATE D SSBW CAPABILITIES

cut angles-33° to 38° and 48° to
Center frequency
55°—the temperature coefficient of
delay is small. These cuts, Lewis
Fractional bandwidth
says, are similar to the well known
AT and BT cuts of conventional
bulk-crystal oscillators, but their
Insertional loss
roles are inverted because in the new
devices propagation is on the surface
Sidelobe suppression
rather than perpendicular to it.
Says Lewis, "The temperature
coefficient of surface-skimming bulk
40 dB — 3 dB bandwidth ratio
waves with these crystal orientations
and cuts should be comparable to
Temperature coefficient of delay
those of bulk crystals." One further
advantage of the new devices stems
from their insensitivity to surface
contamination, indicating that they
are probably two to three times less
prone to aging than conventional
nite advantage because of their highSAW devices. This means they could
er wave velocity. The velocity allows
be packaged in low-cost plastic.
wider transducer fingers to be used
At the Philips Industries' Refor a given frequency; this has
search Laboratories in Redhill, the
obvious manufacturing advantages."
devices will soon be investigated for
Some of the results for various
use in military systems. Meanwhile,
SSBW delay lines—another commuthe phenomenon is being heavily
nications system signal-processing
investigated in the U. S.
component—are shown in the table.
Complementary devices. At TRW,
This and other data lead Kagiwada
solid-state technology manager Kagto say that - SSBW devices promise to
iwada and his group have been workreplace both bulk crystal and SAW
ing on the new effect independently
devices in many future systems."
of Britain's Malvern group. Though
No more multipliers. Interest by
Kagiwada agrees that "more basic
military agencies has so far been
understanding is needed" he says
confined to the Electronics Research
that "for certain applications we can
and Development Command at Fort
make devices now. For example, we
Monmouth, N. J., where research
can energy-trap the wave. This
physicist Ted Lukaszek of the Elecmeans that we know how to launch
tronic Techniques and Devices Laband control the energy to keep it
oratory is sponsoring the work at
close to, but below, the surface so TRW. This situation will change
that the propagation loss is kept to a shortly, he says—for example, the
minimum." Kagiwada notes that the
Air Force has expressed interest.
Malvern people can also energy-trap
Lukaszek's interest is in the possithe waves but do not appear to have
bility of making very stable fundabuilt as many filters.
mental oscillators using the skimOne of the advantages of the
ming wave approach. Currently, for
SSBW approach is that it and SAW
applications requiring the limits of
filters appear to complement each
stability and minimal drift with
other nicely. Present SSBW filters
time, low-frequency (megacycle)
have insertion losses that are almost
bulk-wave oscillators are used with
comparable to those of SAW devices.
their output multiplied up to the
For narrowband applications, howdesired frequency in the microwave
ever, their improved temperature
region. The multipliers generate
stability is an advantage. If temperaphase noise and require external
ture stability is not of interest, then
power —two undesirable features.
SAW filters are better—at least at
A partial solution for these drawthe lower frequencies.
backs has been to use a higher
From about 1GHz up, Kagiwada
frequency conventional SAW oscillanotes, "the SSBW devices have adefitor, but its stability has not been as
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10 MHz — 2.3 GHz

0.3% — 2%; 6.5% using lithium tantalate

13 dB

> 55 dB

1.4

0 for first- and second-order coefficient

SOURCE

TRW INC

good as the classic lower-frequency
bulk devices. The SSBW oscillator
should provide system designers with
higher oscillation frequencies and
better stabilities than the SAW
devices. Lukaszek is quick to point
out, however, that though that is a
reasonable supposition, it has not yet
been fully proved with data.
Lukaszek is doing some in-house
testing of his own and hopes to let
another contract to build an actual
oscillator when the present equivalent circuit and modeling work at
TRW is done. He is also interested in
studying the various different materials that can be used as asubstrate
in order to determine which if any is
best and under what conditions. For
example, he notes, the new piezoelectric material berlinite is being
studied by researchers at the University of Maine.
Still under development. Potential
oscillator applications is the prime
interest of Don Lee at the Raytheon
Research Center in Waltham, Mass.
According to senior research scientist Tom Parker, the in-house supported work has centered at 400 to
500 MHz. Researchers there have
been concentrating on fundamental
understanding rather than on pushing an upper frequency limit; they
have worked in a range where standard lithography was available.
Among the items of interest here, as
in the other organizations, are the
various cuts, orientations, and materials that can be used to implement a
SSBW device.
El
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Advanced Microcomputer Development System

IstP e and away
--

Futuredata introduces
the development system
that sets you free.

This newest
development in
relocating macro-assemblers and
development systems sets you free to
disassembling symbolic debuggers.
cope with the expanding world of
CPU, CRT and keyboard are all neatly
12P-based product design. Free to design integrated in one compact, mobile
with the 8086, 8085, 8080, 6800, 6802
station to liberate more of your bench
or Z-80 and free to add many other
space. It's the universal, compact,
processors soon. This system puts
state-of-the-art AMDS — Advanced
universal hardware and software
Microcomputer Development System.
development capabilities at your
Futuredata, 11205 S. La Cienega Blvd.,
fingertips: real-time in-circuit emulation Los Angeles, CA 90045. (213) 641-7700
to 5MHz, real-time 48-channel logic
TWX: 910-328-7202.
analyzer, up to 2megabytes of disk
memory, and every software aid,
including high level language compilers,

(futureeete,
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THAT'S RIGHT.

No-

Maxi-Switch introduces its new line of 6000
Series Mechanical Switch Keyboards with
microprocessor control. The series is based on
Maxi's new low-profile mechanical switch
conservatively rated at over 10 million
operations, but tested for several million more.
Gold plated "cross" type contacts produce
reliable switching, and resist hostile
environments.
To this excellent switch Maxi has added a
revolutionary microprocessor encoding
approach. The microprocessor handles all of
the usual keyboard functions such as key
coding, rollover and scanning. It also includes
a "smart debounce" that all but eliminates
keyboard failures due to contact bounce, and
an "electronic hysteresis" circuit to prevent
switch tease failures. In addition, the
microprocessor provides user options such as
N-key or 2-key rollover, repeat/auto repeat,
positive/negative data and strobe, and even

parallel or serial output for RS-232
communications. Smart!
Since all of these features are done with
microprocessor software, they don't add to
keyboard cost. That means maximum design
flexibility and reliability at an amazingly low
cost. That's intelligent!
Interested in finding out what this new
keyboard can do in your application? Check
EEM and contact your nearest Maxi-Switch
representative — now located worldwide. Get
the word on 6000 Series keyboards.

Erhardt & Jost Electronic
Rossligasse 2
CH 4450 Sissach
Switzerland
TLX 64937 (ERJO CH)

lnternix, Inc.
Naito Bldg.
7-2-8 Nishi Shinjuku Shinjuku Ku
Tokyo, 160
TLX J28497 (FETO)
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•
9697 EAST RIVER ROAD • MINNEAPOLIS, MINNESOTA 55433
(612) 755-7660
TWX 910-576-2690
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Memories

64-K CCDs face an uncertain future
Bright promise as replacements for 64-K RAMs is fading fast
because they are difficult to build and are costly

by Wesley R. Iversen, Dallas bureau manager

Will the 64-K charge-coupled-device and Toshiba Ltd., have canceled or pressure from the slower but denser.
memories now coming on stream go postponed plans to market a 64-K 256-K bubble memory devices comthe way of earlier generation I
6-K CCD part. Only Texas Instruments ing on stream will "make it one hell
CCDs? Those parts never reached
Inc. and Fairchild Camera and of afight for the CCDs.
their widely projected mass-market
Instrument Corp. are firmly com"That's not to say there are not
potential because they could not mitted to the technology.
applications. But the large market
compete against faster dynamic ran"The projected demand would that we were trying to go after two
dom-access memories (RAMS) that have diverted too much of our capac- or three years ago with a64-K CCD is
had also reached 16-K densities.
ity — which was already con- just not there any more."
Bets are still being placed. But a strained—away from the very highIt was only Intel that pursued that
growing consensus among semicon- volume, high-profit lines," explains market: displacing dynamic RAMs in
ductor manufacturers seems to favor Jim Oliphant, applications and strat- computer main memories. Fairchild
aversion of the latter scenario.
egies manager for Intel's Memory and TI see a mass market for CCDs as
As they did with earlier CCD Components division in Aurora, Ore. buffer memories linking faster but
memories, device makers have found
Intel scuttled plans for its 64-K CCD more expensive main memories with
the 64-K parts difficult to build. This design last summer.
slower but cheaper disk and magnethas stretched out product develop"At the 64-K level, we now think ic-tape storage files.
ment times and once again allowed
RAMs are going to be right on top of
Also, there are special memory
dynamic RAMs to narrow the density CCDs," Oliphant says. Additional
markets where CCDs' cost disadvangap. Moreover, the
tage does not loom
cost per bit for the From Texas. At Texas Instruments, production of the TMS 3064 64-K CCD has large, such as pointserially accessed CCDs reached 10,000 units amonth. TI says demand exceeds ability to supply.
of-sale terminals and
does not have the fourvoice synthesis/recogfold advantage exnition systems. But
pected over the ranmost manufacturers
dom-access parts.
agree that, for peneMore than two
tration into the bufferyears after first 64-K
memory mass market,
samples were delivthe cost per bit must
ered, the charge-transbe three to four times
fer parts are now at
cheaper than the fastinitial volume-producer dynamic RAMs.
tion levels. Since 64-K
"We started out
RAMs are scheduled
about a year ago
for initial production
thinking we could
early this year, many
make a CCD part
industry sources now
priced at about a
think the market winfourth of the cost per
dow has closed on the
bit of dynamic RAMs.
64-K CCDs.
But now it looks like
Several companies,
you're doing darn
including Intel Corp.,
well if you can get
National Semiconduchalf the cost per bit,"
tor Corp., Motorola
says David Ford, straSemiconductor Group,
tegic memory marketNEC America Inc.,
ing manager at Mo-

1ilI:.IiII
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Incredible,
but true!
10 Watts
1to 1000 MHz

ULTRA-WIDEBAND
AMPLIFIER
Amplifier Research again leads
the way with its new Model
10W1000, an ultra-wideband
amplifier that delivers 10 watts
of linear power from 1to 1000
MHz—more power and bandwidth than any other amplifier
of its kind. In fact, as the "next
generation" in ultra-wideband
amplifiers, Model 10W1000 offers you 21
/ times the power of
2
its predecessor, the Model
4W1000.
Versatile and unconditionally
stable, this high-performance
amplifier can be used with frequency synthesizers or swept
signal sources to provide highlevel outputs for RFI susceptibility testing, NMR spectroscopy, antenna and component testing, general lab applications, and other uses.
For complete information on
our 10W1000 and other W
Series amplifiers, write or call:
Amplifier Research
160 School House Road
Souderton, PA 18964
Phone: 215-723-8181
TWX 510-661-6094

ampunen
et ResenncH
86

Circle 86 on reader service ca d

Probing the news
torola's Integrated Circuits division
in Austin, Texas.
Motorola had announced plans to
second-source Fairchild's F464 design, but stopped selling the part
following "disappointing yields" on
initial production runs, Ford says.
The company is continuing limited
research and development production, but has "significant doubts"
that acost-effective 64-K CCD can be
produced, he adds.
Lost advantage. For the critics of
ccps as a memory technology, such
cost shortcomings were predictable.
The single-transistor storage cell
technique used is essentially the
same as that now used in dynamic
RAMs, they point out. Thus the cost
advantage over the earlier threetransistor RAM cell has disappeared.
While it is true that CCDs do have
an inherent density advantage over
RAMs, it is difficult for them to gain
a cost advantage because a much
larger RAM market volume allows
that part to move down the learning
curve much faster. CCD memories
seem to be "a technology trying to
find a home that just can't quite
make it," sums up Barry Borgerson,
research and technology planning
director, Sperry Univac, Blue Bell, Pa.
Universally, delays in 64-K CCD
products have been attributed by
manufacturers to nothing more than
the normal problems expected during production start-up on any new
metal-oxide-semiconductor (mos)
product. Despite the process similarities to RAMs, a lack of actual CCD
processing experience has made the
move from design to the production
line atraumatic experience.
Company spokesmen also single
out CCD problems associated with
soft errors caused by alpha particles
at the 64-K level. Indeed, that was
one factor in a recent decision by
Nippon Electric Co. to delay its 64-K
CCD program, says Jim Kelley,
memory product marketing manager
at NEC America's plant in Wellesley,
Mass. The company, which had
planned to second-source Ti's TMS
3064, has placed the project on "a
low-priority basis" and plans a final
decision late this month, he says.
Despite the doubts of others, TI

and Fairchild say they are firmly
committed to the CCD memory
programs. They are looking ahead to
the 256-K level, and they also claim
astrong demand for the 64-K parts.
At Fairchild, where initial F464
sampling began in late 1976, production shipment levels are still running
"under 10,000 parts per month,"
says Gunnar Hurtig, group marketing director for large-scale integrated circuits. "But if we had the
parts, we could be shipping 200,000
to 250,000 units per month."
Though Storage Technology
Corp. and Memorex Corp. are the
only two major firms to announce
buffer memories with 64-K CCDs,
Hurtig claims "several major commitments" from other companies
will probably be announced soon.
Total market demand is likely to
reach 4 million units this year and
could range from 8 million to 12
million during 1980, depending on
price cuts, he predicts.
Average 1978 selling price for the
F464 was in the $30 per unit range,
or about 50 millicents per bit. By
1980, Hurtig expects the price to
drop to the 10-millicent-per-bit
range, which he says will be sufficient to compete successfully against
dynamic RAMs.
Demand high. At TI, George
Robillard, mos memory marketing
manager, declines comment on potential market size, noting only that
"the demand for the 64-K CCD is far
in excess of our ability to supply it
over the forseeable future." The
Dallas company's TMS 3064 has
reached "initial quantity production
levels," with current shipments
amounting to more than 10,000
units per month, he says.
Since the part is currently "being
marketed on a controlled basis," no
price figures have been published. TI
is negotiating sales of the 3064 "on a
customer-by-customer basis," he
says. Robillard does predict that
"the 64-K RAM will quickly overtake
the 64-K CCD as a cost-effective,
viable memory part because the
RAM market is so much larger and
its volume will build much faster."
But the 64-K CCD part must be
viewed as "a stepping stone in the
evolution of the technology." Like
Fairchild, TI currently has a 256-K
version on the drawing board.
El
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FLUKE'S MICROPROCESSOR-BASED
SCANNER IS COMPATIBLE WITH EITHER
IEEE 488 OR RS232.
Or scans automatically without a
controller!
That's right — the new Fluke 2204A
scanner is so flexible you can use it
for R&D applications like component research, life-cycle and environmental testing, quick-change
production line test set-ups, and
even precise process monitoring
jobs that demand the highest possible reliability.
System building block
When you build your system around
the 2204A, you have amainframe
capacity up to 100 channels, and
scan speeds up to 125 channels/second. Whatever capacity you need
up to 1000 total channels is easily
provided by chassis extenders.
Choose from either general purpose (2-wire) or low thermal (<1 j.tV,
3-wire) relay scanner cards. Both
switch up to 170 VDC and have excellent high frequency AC response.
We provided for convenient
four-terminal ohms measurements, and high-accuracy temperature
measurements
through an exclusive isothermal

input connector.
When it comes to checking out
or trouble-shooting your system,
you can do it conveniently and
quickly in the manual mode right
from the front panel of the 2204A.
The whole system can be synchronized by using the scanner's output
trigger pulse.
Now, about what
voltmeter to use.
The 2204A and our 8502A 61
2 -digit
/
voltmeter make an ideal pair that
we call the 7600A system. The combination of these two precision instruments gives some unique system advantages that no other scanner/DVM combination can provide:
•Utilization of the maximum speed
potential of the scanner on the bus,
afforded by the 8502A's high speed.
•Excellent noise rejection due to
the 8502A's unique digital filtering
characteristics.
•Scanner data that can be massaged
without acontroller. The 8502A's
strong math capabilities plus scal-

ing, offsetting, peak reading, and
"hi-pass-lo" decisions give you immediately useful information, with
no additional computation necessary.
•Time and money savings, because
the 7600A system comes factory
tested and shipped together, with
all the cables and connectors you
need. And at no increase in cost
over individual instrument prices!
CALL (800) 426-0361, TOLL FREE'
or contact any of the 100 Fluke offices
and representatives, worldwide. In
the U.S. and countries outside Europe write: John Fluke Mfg. Co., Inc.,
P.O. Box 43210, Mountlake Terrace,
WA 98043, U.S.A.
In Europe, contact: Fluke (Nederland) B.V., P.O. Box 5053, Tilburg,
The Netherlands. Telephone: (013)
673973 Telex: 52237.
•Alaska, Hawaii, Washington residents — please call (206) 774-2481.

FLUKE

The Fluke 2204A IEEE•compatiblc scanner
¡tool— aperfect match for the Fluke 850M DVM.
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Fairchild
proudly introduces
lower standards.

o

The company you
look to for industry
standards has just
reached an all-time
low: A second generation of BIFET Op
Amps that combine
the lowest cost and
the lowest noise in
the industry
These monolithic
BIFET operational
amplifiers come in
your choice of single
mAF771,duali.LAF772
or quad µAF774.
With matched ionimplanted
JFET
inputs on
the same
chip.

The Fairchild Learning Curve
$1.40
Plastic
Vos = 10mV
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The Industry standard bearer.
Fairchild has been in the Op Amp spotlight for 14 years. We were
establishing "learning curves" and creating "miracles" in Silicon Gulch
long before the industry started talking about them. A list of Fairchild firsts
includes:
1964 gA702 world's first monolithic Op Amp
1965 µA709 first industry standard Op Amp
1968 µA741 first internally compensated Op Amp
1969 µA725 first quad input instrumentation Op Amp
1970 µA740 first monolithic FET Op Amp
1976 µAF356 first BIFET in plastic
1977 gA714 first low-cost precision Op Amp
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In short, we know our
way around an Op Amp.
It's no accident that our
second generation BIFET
Op Amps are the best you
can buy.

Quadruple
the benefits.
All our BIFETs— single,
dual and quad alike—
have quadded JFET inputs.
This substantially improves
the matching of input
devices which results in
improved input offset voltage distribution and yield. And in dual and quad
Op Amps, quadding improves channel separation by reducing the effects of
thermal gradients on the chips. All of which meansa more cost-effective0pAmp.

Specs speak louder than words.
Our second generation Op Amps feature typical performance specs like
50 pA input bias current. 25 pA
offset current. 13 V/ps slew
rate. And 3.0 MHz bandwidth.
Maximum ratings
include ± 18 Vsupply
voltage. -± 30 V
differential input
voltage. And
operation over
the full military
temperature range
when required.
For the complete
lowdown on our
new i/AF771,
µAF772 or pAF774
Noise Comparison
BIFETs, contact your
(Low Cost device)
Fairchild distributor
or representative today.
Or use the direct line at the
bottom of this ad to reach our ou MI
Linear Division direct. Fairchild
tall
Camera and Instrument Corporation, Box 880A, Mountain View, California
94042. Tel: (415) 962-4903. TWX: 910-379-6435.

md:mi

962-4903
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Data General at 10: all's well
Company nears half-billion-dollar mark by paying attention
to near term and letting long term take care of itself
by Lawrence Curran, Boston bureau manager
In the Boston area—the cradle of the
minicomputer industry —the minicomputer companies that seem to be
getting the most attention now are
Digital Equipment Corp. and Prime
Computer Corp.
But that does not seem to bother
Edson de Castro. The president of
Data General Corp. has his Westboro, Mass.—based company in its
strongest position ever as its embarks
on the second decade of its history.
In fact, little seems to ruffle the
enigmatic and understated de Castro. In looking back over the first
decade, which ended Sept. 30, de
Castro says, "We've made a lot of
progress, but we're entering an era
where the data-processing industry is
becoming more homogeneous. We're
competing with IBM and all the rest,
so depending on who we compare
ourselves with, we either have along
way to go or we're in pretty decent
shape."

But de Castro does not like to look
too far ahead in his planning. One
industry observer says that whereas
DEC's philosophy involves substantial long-term planning, with the
view that the short term will take
care of itself, "Ed seems to tend to
his knitting, concentrating on details
for the short term, figuring that's the
way to be around over the long
term."
Not that Data General is not
monitoring advanced technologies.
Indeed, that is one of the responsibilities of Carl D. Carman, vice president of engineering. He has research
and development programs going in
both charge-coupled-device and bubble memories, although he is actually betting on bubbles as "the more
significant device" for mass storage
in the long run.
But the short-term attention to
detail obviously has not hurt Data
General. In the year ended last Sept.

30, it had sales of $379.9 million and
should approach the $500 million
mark in fiscal 1979. More convincingly, the company has the highest
gross profit margins in the minicomputer industry, consistently between
20% and 22%, compared with 13%
and 17% for DEC, according to
investment bankers Bache Halsey
Stuart Shields Inc.
There are a number of contributing factors to Data General's recent
success that de Castro is counting on
to get the second decade off to a
solid start. The management team is
balanced, with a resulting balanced
emphasis on engineering, manufacturing, marketing, and maintenance.
Do it yourself. Another factor is
the company's move to vertical integration, which contributes to profitability. It makes its own microprocessors and random-access memories in
a Sunnyvale, Calif., plant that will
soon encompass 90,000 square feet.

DataGen's players. Company president Edson de Castro, left, says he has a balanced team to lead Data General into its second decade. On
that team are Carl D. Carman, center, vice president for engineering, and Paul Stein, vice president for manufacturing.
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It also manufactures its own peripheral equipment, except for highspeed line printers.
Product-line breadth and compatibility are additional pluses for Data
General, ranging from a singleboard version of the microNova
microcomputer through the just
introduced, aggressively priced Nova
4 line of small to medium systems
(see p. 206) up through the supermini-class Eclipse M/600 [Electronics, Feb. 2, 1978, p. 40].
Sharing. Portions of most of Data
General's processors go through
common production lines at several
feeder plants before final assembly
in two facilities. Paul Stein, recruited from Burroughs Corp. three
years ago and now vice president for
manufacturing, is a firm believer in
product commonality and the idea of
dedicating manufacturing facilities
to processes, not individual product
lines.
Data General is not often a technological pioneer, although, consistent with its belief in vertical integration, it was the first to establish its
own semiconductor capability. But
while the semiconductor industry is
tooling up for production of 64-K
random-access memories, the Sunnyvale facility is knocking out the
less-risky 4-K parts.
R&D. The company does not skimp
on research and development, however, spending a robust 10.1% of
revenues. Engineering vice president
Carman says development programs
in the first decade were predominantly aimed at exploiting known
technologies to bring a better price
and better performance to the minicomputer market.
Now, he's looking ahead to atime
when bubble memories have enough
attributes for mass-storage applications to offset their present lowvolume, high-cost status. He does
not think bubbles will be "significant
devices" for another two to three
years, "and Imight say that again a
year from now, but they'll be the
winning technology for mass storage
over the long run."
Pushing software. But the fastestgrowing beneficiary of Data General's development dollars is software.
William E. Foster, director of software development, says that more
than a third of all R&D is in soft-
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ware. Foster, recruited from competitor Hewlett-Packard Co., points out
that over the past two years the software R&D effort has more than
doubled, "and it's still going up—
growing faster than any of the
company's other R&D areas."
As for markets served, another
fairly recent recruit from Burroughs,
Rowland H. Thomas Jr., vice president for product marketing, says the
company wants "to maintain apresence in the areas in which we've
traditionally been strong —0Ems
[original-equipment manufacturers],
systems integrators, and more recently, business data processing."
With all these apparent financial,
management, manufacturing, and
market strengths, are there any
weaknesses in the Data General edifice? For one, the company has yet to
announce a computer with 32-bit
architecture, as have rivals DEC and
Systems Engineering Laboratories
Inc., but Data General officials do
not seem overconcerned, maintaining that there is still alot of mileage
left in the 16-bit architecture
through innovative logic and memory design.
For another, though the company
made a thrust into distributed data
processing with some recent new
Eclipse processor and software enhancement announcements, it still
does not have anetworking software
package, as do DEC, Prime, and
Hewlett-Packard.
Both the 32-bit machine and
network software are undoubtedly in
the works, but de Castro will not say.
He does say that networking is in its
infancy, with standards and protocols just being defined, "so Idon't
think we're late in not having a
networking package; we have a
strong interest in it."
Good marketer. The consensus of
the investment community seems to
be that there are no real chinks in
the Data General structure. Typical
are the comments of William Becklean, a vice president of Bache
Halsey and manager of the firm's
technology group in Boston. He says
Data General is a "tightly and well
run company, and agood marketing
company. They do a good job of
assessing what the needs of the
market are and have developed products to meet those needs."
E

VOLTEK

Mini Switching Modules
Model

Output

2011

5V.0.5A

2031

12V•0.25A

2081

±12V.0.1A

2071

± 15V• 0.1A

Size
51VVx 19H
x 41Dmm
(2 - W •0.75" H
x 1.63" D)

Source Voltage :115Vac t10%
Output Voltage Variation: +5%
(combined)

Mini

DC—DC Converters

Model

Output

6211

5V •250mA

6231

12V•150mA

6261

±-12V•50mA

6271

±15V• 50mA

Size
51Wx 19H
x41Dmm
(2 - Wx 0.75 - H
x 1.133D)

Source Voltage: dc5V or 12V or 24V
Output Voltage Variation: ±
(combined)

Triple Output

Switchers
Output

Model
RM1F -104

•5V• 2A, ±12V•0.2A

RM1F -106

+5V• 2A, +15V•0.2A

RM1G- 104

+5V-3A, +12V.0.3A

RM1G- 106

+5V•3A, 115V•0.3A

Source Voltage: 115Vac +10%
Regulation( line): +0.1%
Regulat ion( load): 0.5%
Ripple & Noise: 50mVpp
Overvoltage Protection: provided at

- 5V

VOL TEK CORP
6-2-18, Nakanobu, Shinagawa-ku,
Tokyo, Japan 142
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Electronics abroad

China poses problems, opportunities
Group just back from IEEE-sponsored trip says interest
is high in computer and semiconductor technology
by Anthony Durniak, Computers Editor

With the pending normalization of
relations between the United States
and the People's Republic of China,
vast new markets may open for
American manufacturers, notably
the electronics industries. A group of
U. S. computer scientists who recently toured China say the opportunities may be especially good for
semiconductor and computer manufacturers—if the Japanese don't get
there first.
"One of the tenets of Maoism was
self-reliance," notes tour member
Harvey Garner, professor at the
University of Pennsylvania's Moore
School of Electrical Engineering in
Philadelphia. "To a large degree,

that has carried over to all areas,
including electronics and computers.
But now there are efforts to look
outside."
Barry Borgerson, director of research and technical planning at
Sperry Univac, Blue Bell, Pa., agrees
that the Chinese are going outside to
buy technology. This change of attitude will be especially noticeable in
high-technology fields such as electronics, because "on the average
they're 15 years behind the West in
technology. We're such a fastmoving target that they'd fail to
catch us, and in fact would lose
ground, if they tried to develop these
capabilities entirely internally."

The inscrutable market
Ask makers of semiconductors and instruments for their estimate of the
opportunities in China and they generally reply with a version of "Who
knows?" A spokesman for National Semiconductor Corp. notes that the
U. S. has had diplomatic relations with the USSR for 30 years and that
market has not exactly broken any records.
Texas Instruments Inc. does not expect immediate sales in computer,
telecommunications, or consumer products with high average-unit costs. A
spokesman does see possible opportunities in areas such as industrial
controls and test equipment. Hewlett-Packard Co. has been selling —mostly
instruments—to China since 1973. But orders for equipment such as
computers that require licenses have been sparse because "to comply with
regulations, the Chinese would have to specify where the equipment is going
and for what purpose," says Lee Ting, HP's area manager for the Far East.
On Taiwan, native manufacturers of television sets are more concerned
with U. S. import restrictions than with America's new diplomatic initiative. Of
American companies assembling parts on Taiwan, the one with the biggest
stake in the island's future is General Instrument Corp. Of its 23,000
employees some 12,000 work in its three Taiwan assembly plants, and a
major new facility is planned that will manufacture components, primarily for
telecommunications applications. The company expected the diplomatic
realignment, says Frank G. Hickey, chairman. "It changes nothing as far as
our intentions or operations are concerned." Equally sanguine is Oak Industries Inc. of Crystal Lake, Ill., which has announced a $2.5 million expansion
of its facilities on Taiwan.
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Indicative of the change was the
tour in October at the invitation of
China's engineering society. It was
coordinated by the Institute of Electrical and Electronic Engineers and
its Computer Society.
On the month-long visit, the group
toured universities, computer research centers and manufacturing
facilities, and semiconductor fabrication plants in six cities. As the tour
members begin collating their notes,
an image of technology antiquated
by Western standards emerges.
Solid state. In semiconductors, the
Chinese are at about the small-scale
integration level, using primarily
Schottky transistor-transistor logic,
with some 10-K emitter-coupled
logic being developed for use in new
computer families. There is some
development work in metal oxide
semiconductors, including complementary-mos and c-mos on sapphire, but reportedly no parts are in
production.
In general, production techniques
are primitive, with little automation
and excessive handling of the wafers
and parts resulting in low yields,
Borgerson says. "The most surprising thing was when we toured the
semiconductor facilities we put on
clean gowns, bootees, and caps. Yet
the rooms themselves are not airconditioned and have the windows
open."
The computer hardware is called
the DJS family, but the fourth
ministry of machine building, which
controls all electronics in China, has
apparently done little to coordinate
architecture throughout the product
line or the country. "They build the
computers at various facilities,
usually associated with a neighbor-
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Guess who makes
the industry's most popular
multi-turn trimmer?

The Spectrol Model 43!
Take a look at the components on
almost anybody's PCB's, and you'll probably
find Spectrol "gold" shining at you. Chances are it will be
our 3/4-inch Model 43 rectangular cermet trimmer. Although it has
been around a few years, its popularity goes on and on.
Why not? We think it's the best designed, low-cost,
industrial cermet trimmer you can buy...and
most of you continue to agree with us.
No delivery problems! Available offthe-shelf from the factory or
your local distributor!

SPECTROL ELECTRONICS GROUP
UNITED STATES

Spectrol Electronics Corporation

UNITED KINGDOM
ITALY
GERMANY

P a Box 1220, City of Industry, Calif. 91745, U.S .A. •(213)

Spectrol Reliance Ltd.

SP Elettronica SpA

Spectrol Electronics GmbH

ss4-6565 •TWX

(9)0) 584-1314

Drakes Way. Swindon. Wiltshire, England •Swindon 21351 •TELEX. 44692

Via Carlo Piscane 7, 20016 Pero (Milan) Italy •35 30 241 •TELEX: 36091

Sales Office, Oberauerstrasse 15, 8000 Munich 70 West Germany • (089) 7145096 •TELEX: 05-213014

Circle 93 on reader service card

NEW!
(< 1ma)
/

24 PIN DIP

CMOS
CRYSTAL
OSCILLATOR

// ,i' /

L22R1— L22R3 — Series

THE OUTPUT OF THIS HYBRID CRYSTAL OSCILLATOR CONSISTS OF A FUNDAMENTAL FREQUENCY
AND ALL TWELVE BINARY DIVISIONS OF THE
FUNDAMENTAL FREQUENCY. THE FUNDAMENTAL FREQUENCY IS AVAILABLE IN THE RANGE OF
500 Hz TO 8 MHz.
FREQUENCY TOLERANCE
L22R1K, L22R3K ±.001%
+20 to +40
L22R1R, L22R3R ±.0025%
0 to +50
L22R1M, L22R3M ±.005%
—40 to +85
L22R1B, L22R3B ±.005%
0to +50
L22R1W, L22R3W ±.02%
—40 to +85
L22R1V, L22R3V ±.05%
—55 to + 125
SUPPLY VOLTAGE 5Vdc to 15Vdc
SUPPLY CURRENT <1ma at 5Vdc
5ma at 15Vdc
Dimensions 0.2" H x 0.8" W x 1.37" L
THE

CONNOR-WINFIELD CORP.

um

West Chicago, IL 60185, USA
Phone: (312) 231-5270
TWX: 910-230-3231
Cable: CONWINWCGO
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Bowmar's
New Look
in Tactile
Feedbac
Keyboards

TACTIFLEX

Bowrnar's new "Tactiflex" flat-surface custom
keyboards are ideal for any configuration from a
basic keyboard to complex total systems.

•Tactile response so vital to quick and positive
contact • Flat, spill-resistant surfaces for ease of
maintenance • Unlimited overlay graphics include
colors, sizes, shapes and nomenclatures to meet
functional and aesthetic demands with a limitless
variety of customized designs • Special advice and
assistance in keyboard problems

•

Bovvmar

Bowmar Instrument Corp.
8000 Bluffton Road • Fort Wayne, indiana 46809
(219) 747-3121
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Handy. Technician in Chinese semiconductor plant handles wafers—literally. Chinese
seek to buy technology in such areas.
ing university," says Borgerson.
"But they actually retool the design
at each one. None of the components
are identical, and the circuit boards
are not interchangeable."
Limited memory. Most of the
machines resemble Western minicomputers in power, according to the
visitors, but are larger and are
limited to main memories of between
32,000 and 64,000 words.
Only one machine of the 40 or 50
they saw had a disk drive. A 20megabyte unit, it was at the national
academy of sciences in Peking, attached to acomputer with an operating speed of 1 million instructions
per second. "It has 11 platters and
20 recording surfaces," Borgerson
says. "But each platter is ameter in
diameter and mounted on ahorizontal shaft 2 meters long." Average
access time is 50 milliseconds.
With a lack of computers and
memory capacity, software development has also been severely hindered. The visitors report a lack of
operating systems, no multiprogramming or interactive capabilities, and
alimited amount of software in what
few programming languages are
available. "The Chinese are just
starting to use higher-level languages, but operating systems are
still primitive," Garner says.
The Chinese realize their technical shortcomings, however, and are
trying to overcome them, the visitors
report. Their libraries are stocked
with U. S. publications, although
there is apparently a problem in
getting the information translated
into Chinese.
LI
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Beat the odds on early-life failures with PEP.
And get the tightest AQL's in the industry.
From the quality leader. lèxas Instruments.
Lower your total system cost. Decrease field service. Decrease incoming test costs.
PEP, the Product Enhancement
Program from Texas Instruments,
provides off-the-shelf IC's with enhanced quality and higher reliability. With PEP you:
•Reduce or eliminate incoming IC
inspection
•Improve yields through assembly

•Reduce field returns and service
PEP 3 and 4 provide 100% burnin to accelerate the integrated circuit through early operational life,
when IC failure rates are the highest, to the period where the failure
rate typically reaches less than
0.0005% per 1000 hrs... atypical IC
MTBF of 23 years for a system
containing 1000 PEP ICs.
PEP processing is offered on
GUARANTEED AOL %

TEST

CONDITION

BIPOLAR LOGIC

BIPOLAR MEMORY

PEP 1. PEP 3 PEP 4 PEP 1. PEP 3 PEP 4
Continuity

100C

Functional

O'C to 70:C

DC Parametric

0-Cto 70 C

AC Parametric

25 C(Note 2)

0.015

0.015

0.10

0.10

0.65

LINEAR
PEP 1. PEP 3

PEP 4

0.015

0.015

0015

0.015

0.25

0.25

0.10

0.10

0.65

0.65

0.25 (Note 1)

0.25

065

100

1.00

100

1.00

Fine Leak

1x10 'Leak Rate

NA

0.65

NA

0.65

NA

065

Gross Leak

Step C-1

NA

0.40

NA

0.40

NA

040

Mechanical Defects

Critical

0.10

0.10

0.10

0 10

0.10

0 10

Major

1.00

1.00

1.00

1.00

100

100

(Note 3)

(Note I)

Notes:
(1) For linear devices. a0.25% AOL at 25°C and a0.65% AOL at 70°C apply.
(2) Sampled and guaranteed.
(3) Critical mechanical defects are those which affect device functionally. Major defects include problems not affecting functionality.

Linear, Bipolar Memory and Bipolar Microprocessor, as well as all
TTL families including Low Power
Schottky (74LS), Schottky (74S),
and Standard TTL (74)... in either
plastic or ceramic DIP.
The new PEP now offers in all
popular TTL families:
•100% high temperature functional, continuity, and parametric testing
•Industry's tightest AQL (0.1%
AQL cumulative for parametric,
functional, and continuity)
•2% burn-in PDA on PEP 3(Plastic) and PEP 4(Ceramic)
For the complete story on updated
PEP processing, and a copy of the
new PEP brochure, contact your
local TI field sales office or
authorized TI distributor. Or,
write Texas Instru
ri o
ments Incorporated,
P.O. Box 225012, M/S
308, Dallas, Texas 75265.

TEXAS I
NSTRUMENTS
© 1978 Texas Instruments Incorporated
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Japanese get abase in Britain
Joint venture of Hitachi and GEC is prelude to attempt
to capture greater share of European color TV market
by Kevin Smith, London bureau manager
In little over ayear since Hitachi UK

Ltd. was forced by union and industry pressure to cancel plans for a
television manufacturing unit in
Britain, the Japanese consumer electronics giant has acquired aproduction base there. It has joined Britain's General Electric Co. Ltd. to
form a new company: GEC-Hitachi
Television Ltd.
The deal follows hard on the heels
of a similar joint venture between
the Rank Organization and Toshiba
Ltd. under which Rank Radio International will initially manufacture at
its factories in the west of England
monochrome Tv sets and audio
systems that were formerly imported
from Toshiba. Both Sony Corp. and
Matsushita Electric Industrial Co.
Ltd. had established production
units in the United Kingdom before
the outcry from the native industry,

already working at only 60% of
capacity, slammed the door on
further invasions.
At first glance, the move to joint
ventures suggests that the Japanese
executives have become sensitive to
the protectionist backlash that their
hugely successful export machine
arouses. But a longer-term perspective suggests that these latest moves
are the prelude to a campaign to
wrest a greater share of the European consumer electronics market
from the market-leading Philips'
Industries group and from the top
German consumer electronics manufacturers.
In the video cassette recorder
market, for example, the war is
already on. Philips is losing market
share as European suppliers clamor
for licensing agreements with each
of the main contenders. On its home

The tube plot thickens
The British government has enthusiastically welcomed joint ventures like that
between General Electric Co. Ltd. and Hitachi, seeing in them extra jobs, a
strengthened home industry, and the prospect of increased exports. But
other set makers and component suppliers are not so enthusiastic. In
particular Mullard Ltd., the British subsidiary of Philips' Industries of the
Netherlands, has repeatedly warned of the dangers of an over-reliance on
components from other than Common Market sources.
Fueling its arguments, it has pointed to the anomaly of Japanese TV sets
selling on the UK market for at least $200 more than British-made sets while
their tubes sell competitively. Now, with a Hitachi tube plant coming on
stream in Finland with an eventual 800,000-unit annual capacity, the battle
will be joined for control of the all-important tube-manufacturing industry, on
which control of the TV set industry itself rests.
But the once-outspoken Mullard officials refuse to rock the boat on the
latest collaborative deals. "GEC are good customers of ours and we hope
they will continue to be so," comments one spokesman. However, there is
an obvious though unvoiced fear that GEC might eventually swing its
purchasing to Japan. Patrick Sansom, managing director of GEC (Radio and
Television) Ltd. comments, "We have bought tubes from both sources and
will continue to do so."
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ground, Philips' share of the Dutch
recorder market will be around
20,000 systems out of atotal market
of reportedly 40,000. In the UK,
sales are expected to be around
100,000 units next year.
There are two powerful reasons
for the UK to become the market
base from which to attack the European color television market. The
first stems from the PAL system
developed by AEG-Telefunken and
used in most European countries
(France uses Secam). The PAL
license limits exports to no more
than the number which a subsidiary—in this case, Japanese—supplies to the local market. And while
the UK market is the second-largest
in Europe, with color sales this year
of 1.85 million sets, the country has
a fragmented and weak indigenous
industry.
This weakness has also made
British manufacturers unable to
withstand Japanese competition.
The condition is highlighted in a
Boston Consulting Group Ltd. report commissioned by the National
Economic Development Office
(NED0), a government-union-management body. It spells out in stark
terms the economies of scale enjoyed
by Japanese companies.
In Japan, several manufacturers
build more than 1million sets ayear,
while in the UK seven indigenous
suppliers scramble for the 1.85million-set market—and Philips and
Thorn Industries already have 20%
each. Just as significant, comments
the report, Japanese manufacturers
have the purchasing power to
demand that component reliability
from suppliers that has won them an
enviable world reputation.
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General Instrument Bridges
can improve product quality
and lower production costs!
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Whether you're using bridge rectifiers in your new
designs or in your existing production runs, you
can save money with General Instrument bridges.
We sell more low and medium power rectifiers and
bridges than anyone. And every one of our customers
has compared and evaluated our bridges against those of
other bridge manufacturers, and they went with value —
GI quality plus GI low prices. We know that if you
compare GI bridges to those you're presently using,

-

you'll go with the value leader too — and that means
General Instrument.
No matter what your application, there's the right
General Instrument bridge for you — from 0.75 to 35
amps. Also available in center tap and voltage doubler
configurations. Get all the facts. Send for your free
General Instrument Bridge Catalogue.
Then you'll see why we say...

"judge for yourself and save. ,,

GENERAL INSTRUMENT CORPORATION
DISCRETE SEMICONDUCTOR DIVISION

600 West John Street, Hicksville, New York 11802 (516) 733 -3333
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Speed isn't the only reason
our LSI testers
are moving so fast.
Sure, speed is important when you're testing
complex LSI and VLSI devices, but there are
alot of other factors to consider before you
spend ahundred, two hundred or three hundred
thousand dollars for asemiconductor test
system. Things such as: How soon do Irecoup
my investment? Is the system powerful enough
to meet my testing needs as they become more
complex? What and how much software support
can Iexpect? How about training, application
support, installation and service?
These are all valid questions that you should ask
of any test system manufacturer before you

make adecision to buy. We'd like to give you
some of Fairchild's answers.
Is the system powerful enough to meet my
testing needs as they become more complex?
With the fast moving pace of semiconductor
technology, you have to be careful that today's
effective tester doesn't become tomorrow's
white elephant. This won't happen with Sentry. ®
Today, Sentry systems will routinely handle
microprocessors, peripheral chips, bit slices,
phase lock loops, RAMs, ROMs, shift registers,
universal asynchronous receiver/transmitters
(UARTS) and digital hybrids in technologies

41011

such as NMOS, PMOS, CMOS, SOS, ECL,
DTL, TTL and I
2L.
And your Sentry system will keep pace with the
technical requirements of tomorrow's most
complex devices as well. Devices such as high
performance, extended function microprocessors,
large memory circuits and the most versatile
special purpose devices are well within the
testing capability of the Sentry.
How soon do Irecoup my
investment? Testing costs
are rising fast. But today,
thanks to Sentry's
throughput, 196K
computer memory
and real-time multiprocessing capability, this
cost can be reduced,
despite the increased
complexity of your devices.
Determining the effectiveness
of your investment, however,
is difficult. It depends upon the
device or devices to be tested,
the extent of testing (functional,
parametric, dynamic, etc.),
number of multiplexed stations, system architecture and
ahost of other factors. With over
2000 test systems installed throughout
the world, Fairchild is in aunique position to
evaluate your needs. Our application and
systems engineers will help you determine the
most effective and economical solution to
your present and future requirements. Just
give us acall.
VVhat and how much software support can
Iexpect? As the undisputed leader in semiconductor testing, Fairchild offers the broadest
range of software. It includes problem solving
software such as general-purpose utility programs, debugging aids, analysis/characterization
programs, FACTOR enhancements and peripheral
control routines for delivering management
information; Device test programs for virtually
every type, class and family of semiconductor;
and Systems operating software to control all
the internal system functions, housekeeping, test
data exchange between peripherals, processors
and memory and the self diagnosis routines
to verify its own operating integrity. And all
Sentry systems feature ahigh level of source
program compatibility to minimize programming
costs as you increase or expand your Sentry
test facility.

How about training, application support,
installation and service? Our products made
us number one in the semiconductor test
industry. Our service keeps us there. Training
centers in the U.S., Europe and Asia have taught
over 5000 engineers and technicians the latest
in LSI and VLSI testing techniques. Our worldwide application staff will help you develop test
programs to suit your requirements so your
Fairchild system is productive from the moment
it's installed. And our field service group will be
close by to keep your system running.
What if Ihave adedicated memory testing
application? Fairchild's Xincom Ill can handle
your most exacting memory testing requirements: static and dynamic MOS, bipolar and
CCD devices. It can be used in production and
incoming inspection for qualification testing or in
the QA department and engineering labs for
complete circuit characterization.
The Xincom Ill features Fairchild's unique
distributed architecture that controls up to eight
test satellites, each with two heads. This means
that you can do real time foreground testing
of up to 16 different devices simultaneously; a
capability unmatched by any other memory tester.
And, while this testing is going on in the foreground, you can utilize Xincom Ill's background
capability for program development, data analysis
and logging and for printer/CRT interaction.
Here's where speed is really important. The
unprecedented demand for Sentry and Xincom
systems has us working three shifts already.
To assure the 1978 delilvery of your system,
you'd better hurry. Just mail the coupon today or
better still, give us acall. Fairchild Test Systems
Group, Fairchild Camera and Instrument Corp.,
1725 Technology Drive, San Jose, California 95110
(408) 998-0123

Fairchild: First in LSI testing
Please send data on the following: Sentry V D
Xincom Ill D

VII CI

VIII Ell

I'd like to talk with a Fairchild engineer.

My testing needs include:

_

_

Name
_
Company._
Address

_

City
Area Code

State_
Phone

bp _
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When you're searching for
• Ceramic Capacitors

• Switches

• EMI/RFI Filters

• Potentiometers

• Thick Film Circuits

• Trimmer Resistors

Centralab offers solutions.
But Centralab is that kind of supplier.

When you're searching for just the right electronic
component,

total

We're an electronics company. We offer you more

capability to appreciate your problem and inter-

which

manufacturer

has

the

than just switches, or just capacitors, or just any

act to help? In the maze of electronic component

other single type of component. Our application

suppliers there are precious few who have the

experience — for whatever the function — from

technical expertise to serve all electronic mar-

circuit board to front panel — has created an ideal

kets with both standard and custom designs on a

customer/supplier interface to help you when

worldwide basis — with high volume capability

you're searching for solutions to electronic com-

for production quantities or immediate delivery

ponent problems.

through a network of industrial distributors.

Write for our catalog of solutions to your component problems.

Produced qou need

‘iteuir lteetide Ccilta

AM lb.
MIL
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CENTRAL_AB
ELECTRONICS DIVISION
GLOBE-UNION INC
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Alittle knowledge about
computers can be expensive.
Alot can be free.

era
1. The inside story on how our full
PRODUCT LINE makes the difference
to you.
Reader Service #701

2. How Commercial ECLIPSE
Systems answer the diverse demands
business makes today on adata system.
Reader Service #702

2h

3. The secret of having computer power where
your business needs it. Our book on CS/40
SMALL BUSINESS SYSTEMS tells.
Reader Service #703

to
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Busines
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4. Describes seven important SUPPORT SERVICES that get systems
up and running, then keep them there.
Reader Service #704

5. Find out how our Real-Time Disc
Operating System SOFTWARE can get
you on-line fast, and keep you there.
Reader Service #705

6. IT'S SMART BUSINESS to
know how our way of doing business
benefits our customers.
Reader Service #706

7. How OEM's solve the dilemma of
keeping their system costs down with our
NOVA 3COMPUTER FAMILY.
Reader Service #707

8. What you need to know about getting
everything for aDATA ACQUISITION
and CONTROL system from one place.
Reader Service #708

9. The last word in microprocessorbased microNOVA systems with full
16-bit NOVA architecture.
Reader Service #709

9.;

10. The amazing story behind our unique
heuristic MULTI-PROGRAMMING
operating system.
Reader Service #710

11. What to do when you need fast,
fast access to MASS STORAGE.
Reader Service #711

12. NOVA 3systems, software and
support let you customize asystem to
your application.
Reader Service #712
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13. A wealth of information about how
our computers are being used in actual
APPLICATIONS.
Reader Service #713

14. Wonder what sets the benchmark
for big performance computer systems?
Wonder no more, it's ECLIPSE S/230.
Reader Service #714
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15. Is there asensible way to use computers
in DATA COMMUNICATIONS?
The message comes through clear.
Reader Service #715
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16. What's the most you can expect to get from 17. You want terminals that work the
same way you do? You want the facts on
amid-range mini today? What you get with
an ECLIPSE S/I30— the standard setter.
our DASHER TERMINALS.
Reader Service #716
Reader Service #717

18. Our whole SPARE PARTS
catalog. They're too important to be
kept amystery.
Reader Service #718

Mail to: Data General, Westboro, MA 01581
Yes, I'd like to pick your brains. Please send me the brochures Ihave circled.
I'm in ahurry. Have your sales representative bring in the brochures 1have circled.
Brochure numbers: 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Name

Tub

Company
Address
City

19. 1978 was avery good year. Our
ANNUAL REPORT could be
good for you.
Reader Service #719

Tel
State

Zip

Data General Corporation. Westboro, MA 01581, (617) 366-8911. Data General (Canada) IA.. Ontario. Data General
Europe. 61 rue de Courcelles, Paris. France, 766.51.78. Data General Australia, (03) 89-0633. Data General Lida..
Sao Paulo, Brazil, 543-0138. Data General Middle East, Athem, Greece, 952-0557. 0 Data General Corporation. 1978.
Nova and ECLIPSE are registered trademarks of Data General Corp.. 1978. DASHER is atrademark of Data General Corporation.
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Data General

I......We make computers that make sense.......1

"Them" is our brand new Model
166. It's a0.0001 Hz to 50 MHz pulse/
function generator with more
capabilities than you'd expect in one
portable, low-cost package.
Its afull-fledged pulse generator
with sophisticated width and
transition controls for digital testing.
Its asweepable function
generator with sine, square, triangle,
ramp and hcrverwcrve outputs for

analog applications. And these
outputs are available in avariety of
triggering and sweep modes.
Its output pulse and functions can
be amplitude and frequency
modulated with an AC signal—or
amplitude and frequency controlled
with aremote DC signal.
Naturally, all of these same
features are available if you want to
buy acouple of instruments. But why

clutter up your bench when one of
Them can do it all?
Them only costs $1,695.
Wcrvetek, 9045 Balboa Avenue,
P.O. Box 651, San Diego, CA 92112.
Telephone: (714) 279-2200
TWX 910-335-2007
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13% growth
to push world
equipment sales
past $136 billion
I: A world of uncertainty lies ahead for the electronics
industries in the United States, West Europe, and Japan.
The strain of getting the general economies of these
countries to lift off is beginning to tell: the U. S. faces
inflation and a possible recession; West Europe is
exhausted trying to reach growth targets; and Japan has
given up attempting to hit an unrealistic economic goal.
The recent oil price increases announced by the Organization of Petroleum Exporting Countries have therefore hit
these industrialized nations at a bad time. The initial reaction has been that higher-priced oil will increase the inflationary pressure worldwide.
Consequently predictions for electronics consumption
this year must be hedged somewhat against the possibility
of at best slow growth in the industrial nations' Gross
National Products. Nevertheless, electronics growth will
easily outpace Gross National Products in these markets
even if there is a slowing of consumption. Right now there
is a good deal of momentum carrying into the New Year,
particularly in the data-processing equipment markets. In
fact, computers and related hardware will lead in dollar
value for all three of these markets. And continued expansion of computers will boost other products, especially
microprocessors and integrated memory circuits in the
semiconductor category.
Total electronic equipment consumption for this year
should be $136.7 billion, according to the annual survey of
world markets conducted by Electronics. This works out to
be a 13% increase over the 1978 total of $121 billion. The
largest consumer, the U. S. electronics equipment market
is expected to hit $76.4 billion this year, compared with
$67.3 billion last year, the Electronics consensus reveals.
Though a 13.5% gain, the number is a slight decline from
last year's 14.3% growth rate. For Western Europe the
figure is $37 billion, an 11% increase over 1978, which
also registered a 11% jump. Total Japanese domestic
consumption of electronics equipment will increase by $3
billion to reach $23.4 billion, a boost of 15% compared
with 1978's 13.8% growth.
In the U.S., even the bullish electronics companies are
anticipating some slowdown. However, there appears to
be much less fear of overcapacity and inventory imbalance than there was during previous slow-downs. Whether
this confidence is well-founded or merely whistling past
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the cemetery will probably not become evident until much
later this year.
Well established as the biggest U. S. market, the dataprocessing category is set for a very healthy jump of 19%
this year. This increase, according to the Electronics
survey, should put computers and related equipment at
$29.3 billion, well ahead of the second-place $19.9 billion
slated for Federal electronics spending. (Computers for
Government applications are probably buried in both
totals, however.) The momentum in this market promises
to drive data-processing equipment even farther ahead of
the pack, so that by 1982 it will hold down almost 42% of
the entire U. S. electronic equipment market.
Leading the way in the U. S. data-processing market are
the well-established disk memories plus two relatively
young product categories—word processing and distributed processing. In the last of these, the blend of communications and computers is creating new potential growth
expected in the 1980s.
Not to be overlooked, of course, is the $19.9 billion in
Government electronics outlays expected during the
coming calendar year. This sector would be a likely spot
for the Carter Administration to counter a possible recession. Therefore, when the fiscal year budgets emerge later
this month, there may be even more dollars designed to
make the incumbent look good in time for the election.
The picture in Western Europe varies from country to
country, but the general outlook is for GNP growth in real
terms of just under 3%. As usual, West Germany will carry
the ball with a GNP growth rate of 4%. West Germany is
similarly far out in front in electronics equipment consumption, with $11.35 billion this year. Then come France at
$8.01 billion, the United Kingdom at $5.22 billion, and Italy
at just under $4 billion.
Among market segments, computers rule the roost in
Western Europe, too, gaining ground in good times and
poor times alike. Computer sales will take the lead this
year by a solid $824 million over the previous leader,
consumer electronics. Total sales are projected to be
$12.94 billion, a 14.3% growth over 1978. This increase
follows a 14.5% jump last year.
Determined to meet a promise of 7% gain in GNP, the
Japanese government of former Prime Minister Takeo
Fukuda pushed economic stimulators, but was able to
reach only 5% to 6%. And new Prime Minister Masayoshi
Ohira has abandoned the 7% goal for this fiscal year
ending in March. Japan's successes in the 1960s and
early 1970s have propelled it into a new league economically, and it will probably have to adjust to this change
with acomplete structural reorganization.
The electronics market is already undergoing change as
the once-dominant consumer electronics sector matures
in certain products and the data-processing portion of the
domestic market moves into the leading position. In addition, the Japanese computer companies are coming of
age, depending less on government subsidies and preference-rate loans from government banks and competing
toe to toe in the country's increasingly open market.
Computers and related equipment are expected to grow
by 17.5% this year to $9.2 billion. In contrast the consumer group will increase by 12.7% to $8 billion. Thus the
stage appears to be set for Japan's anticipated entrance
into serious computer exports.
Reprints of this set of three market reports are available at
$4 each. Write to Electronics Reprint Department. P. O.
Box 669, Hightstown, N. J. 08520. Copyright 1979, Electronics, a McGraw-Hill publication.
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U. S.
MARKETS
12 Seldom have the straws in the market winds been
blowing in so many directions. The electronics industry's
order books, inventories, and production levels all look
good. Also, the consensus of the annual Electronics
market survey is for a total U. S. electronic equipment
consumption growth of $7.6 billion, or 13.5% above 1978.
Last year, total electronic equipment growth was 14.3%.
So conditions appear favorable, despite problems hanging over the general economy that disturb the electronics
outlook. One worry, which the recent oil price increases
have exacerbated, is whether there will be a general
recession, defined as two consecutive quarters of decline
in the Gross National Product.
Another worry: if there is a real downturn in the second
or third quarter, as some analysts predict, will electronics
demand have enough momentum to carry through the
year? Therefore, even though recession is not reflected in
order books now, everyone is nervous. Once inventories
begin to pile up, stagnation can set in pretty fast.
Thus it is with frequent glances over their shoulders at
the economic situation that electronics marketers draw up
this year's estimates. Different market sectors will plow
through the year at different rates, and each will react
differently to a recession, if it comes.
For example, the computer industry, coming off a good
year in 1978, should have enough strength to make another good showing in 1979 — up 19% to $29.3 billion. The
consumer sector, however, may be more susceptible to
the eddies in the economy since consumers often respond
to both inflation and recession by not buying. Nevertheless, the Electronics consensus puts sales at $15.4 billion,
agrowth of 9.7%.
Communications, pegged at $4.3 billion, should grow
by 11.6% if whatever recession may occur is not too
severe. The industrial electronics sector is quite sensitive
to the economy, indicating a modest increase on the year.
Equipment for testing microprocessors and large-scale
integrated memories will move the instruments sector.
Accentuating the positive, semiconductor marketers
expect the 1978 boom to last into this year long enough to
cushion a slow-up in the second half. Growth in components, though, appears less vigorous, although acouple of
categories like liquid-crystal displays and thick-film resistor networks will pull up the rest.
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COMPUTERS

A top performance, no matter what
After astrong 1978, virtually all segments of the U. S.
data-processing, peripheral equipment, and office equipment industries expect to complete a healthy 1979—no
matter what the general economy does. Hardware
purchases reached $24 billion last year and are expected
to grow asolid 19% to $29.3 billion this year. But should
the economy slow down in the second and third quarters,
as projected, the industry is not sure its markets will
retain their strength into 1980.
Leading the way into 1979 will be two relatively
young markets—distributed data processing and word
processing —and that old reliable, disk memories. Fueled
by IBM's endorsement with its new 8100 system as well
as by decreasing hardware costs and stable, if not
increasing, communications costs, the distributed processing market is expected to grow 30% ayear.
Because such an amalgam of mainframe, minicomputer, and terminal hardware is marketed in the name of
distributed processing, estimates of market size vary.
But Norman Zimbel, aresearcher with Arthur D. Little
Inc., Cambridge, Mass., estimates the market for
complete distributed network products alone to have
already reached some $400 million and to top $5 billion
by 1983. Rallying around the cry of office automation,
computer companies are peddling the "office of the
future" and aggressively pursuing its major component,
the word processing market. And they have good cause,
since word processing is estimated to be a $1 billion
market now, growing between 20% and 30% ayear.
Two-sided floppy disks pick up speed
With virtual-memory operating systems gaining in
popularity and additional computers being scattered
around in distributed processing and word processing
systems, demand for on-line storage is experiencing similar strong growth. The market demand for on-line disk
and tape subsystems is estimated to be growing at some
30%, by market researchers International Data Corp.,
Waltham, Mass. Leading the way are the newer
Winchester technology disk drives packaged for minicomputer systems and the double-sided, double-density
floppy-disk drives. And the market for the traditional
single-sided, 8-inch floppy disk, which grew a dramatic
46% between 1977 and 1978, is expected to slow this
year to only 6% growth, according to James Porter,
publisher of Disk/Trend Report, Mountain View, Calif.
Among other peripheral products, data-communications
terminals, primarily cathode-ray-tube units, are continuing ahealthy 22% growth.

business computer to be introduced by IBM, the
System/38, the small-system market is expected to
continue the 40% growth it experienced last year.
Although now the smallest part of the entire computer
industry market, the personal and desktop computers are
just now finding their niche, primarily as small computers in offices and for businesses with less than $1 million
in revenue. Now about a $260 million market, it will
grow at some 90% annually, according to Creative Strategies International of San Jose, Calif.
The previous glamour growth market, minicomputers,
is finally starting to show signs of slowing down. However, to the minicomputer industry, famous for its more
than 40% annual growth rate, adownturn means growth
rates of "only" 25% to 30%. And even though minicomputers may be particularly vulnerable if economic conditions force users to cut back on capital spending, it is
seen as a cyclical slowdown rather than a technical or
product problem.
The stalwart mainframe market, now at some $2.7
billion, will grow at some 15% in the New Year. Once
again, IBM's moves, primarily with its 303X line of
computers first delivered last year and the rumored
E-Series expected early this year, have stimulated the
overall mainframe market. The other U. S. mainframers— Burroughs, Control Data, Honeywell, NCR, and
Sperry Univac —all reported record backlogs going into
the New Year. Analysts warn, however, that backlogs
are subject to order cancellation or delayed delivery—
actions that tiers may take, if the economy slows down
and forces them to postpone capital expenditures. The
impact might not be felt until next year.

1977 1982
WORD PROCESSING
SYSTEMS

Small computers getting bigger sales
Other rising stars in the computer industry are small
computer systems and personal and desktop computer
systems, or as some call them, "the small smallbusiness-computers." Stimulated by the latest small
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1977 1982
SMALL BUSINESS
COMPUTERS

SOURCES

1977 1982
DESKTOP
COMPUTERS

CREATIVE STRATEGIES AND ELECTRONICS

Office of the future. Efforts by various compaiiies to automate the
office

are

stimulating

the

growth

of

several

computer

market

segments—word processing, the small-business-computer portion of
the small-system market, and personal or desktop computers.
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CONSUMER

Slower growth in the downturn
Following 1977's 17% jump in domestic sales, most
consumer electronics manufacturers entertained the
notion that the growth rate last year would have to
slump. Actually the slump was more of asmall dent, as
consumption of consumer electronics hardware rose 16%
to $14.03 billion.
And as 1979 begins, manufacturers find themselves in
a similar position—torn between their hopes and the
expected pressures of inflation and recession. In that
context, Electronics projects that U. S. consumption of
consumer electronics equipment will rise by 10% to
$15.39 billion.
Focusing on the more dynamic segments of the
market, better-than-average growth looks possible in
home video cassette recorders (47%), microwave ovens
(25%), video games (29%), and automotive electronics
(22%). Eroding those gains somewhat will be color television, which should level off this year after a recordbreaking performance in 1978.
Varied outlook
The forecast for other consumer products is as varied
as the products themselves. The New Year will be aflat
one for calculators, electronic watches, and high-fidelity
audio components; a rebounding year for black-andwhite TV and radio; and a year for testing the waters
with newer items like projection TV, personal computers,
fancy telephones and video-disk players. Nonvideo
games and toys, especially radio-controlled and educational products, should continue to score points this year.
For the second year in arow, color television was the
big success story. More than 10 million sets were sold in
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Diversification. By 1982, sales of new consumer electronics products (VCRs, microwave ovens, video games, etc.) will surpass those
of traditional gear (TV sets,

radio, audio equipment, etc.) Total

domestic consumption should hit the $20 billion mark.
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1978, breaking the record of 9.3 million sets sold in
pre-recession 1973. This translated into $3.91 billion in
sales, a 12% increase over 1977 and a far cry from the
modest 1% gain predicted at this time last year.
Despite this sparkling sales performance, the color TV
industry is struggling to be profitable. Some brands are
running in the red, while others are walking atightrope
between price hikes and rapidly rising costs of labor and
materials.
Competition among U. S. manufacturers for the
domestic market, which intensified when a quota on
Japanese imports was imposed two years ago, should
reach a fever pitch if the U. S. extracts similar agreements from Taiwan and South Korea. At any rate,
manufacturers expect aslight falloff in sales.
Video cassette recorders had a disappointing 1978,
their first complete year as an established market. About
400,000 units made in Japan for both U. S. labels and
Japanese competitors were sold last year, a good deal
under the 500,000 to 750,000 that were predicted. Total
unit sales this year should be at least 600,000 units.
Strong support for VCRs as ado-it-yourself entertainment medium will come from video cameras. A mild
price war should help sales considerably; however, the
market is still too new to make accurate guesses on how
many units will be sold.
Well done in microwave ranges
Another big-ticket item that should continue cooking
this year is the programmable microwave oven. Look for
more than 3million units to be sold, for atotal market
value of $1.5 billion. Litton Microwave Cooking Products of Minneapolis, Minn., sees market penetration
reaching 16% by the end of 1979.
This year will be astrong one for automotive electronics. Sales of established products like voltage regulators
and electronic ignition systems will be flat at best, or
possibly fall off a bit as the prices of semiconductor
components drop.
In contrast, sales of engine- and emission-control
hardware that use electronic fuel injection, fuel
metering, and spark advance to cut pollution and
increase fuel economy should grow by 20% next year.
This market should explode in model year 1981, when 10
million American cars will need $30 worth of semiconductors just to comply with tough Federal standards for
emissions and economy.
Home computers face a critical year. At year's end,
few marketers were willing to project sales figures for
1979, citing the impact of technological heavyweight
Texas Instruments' expected entry into the field.
Attracting the average consumer, as well as the small
business user, means that producers have to concentrate
on making more software available and standardizing
interfaces with input/output devices.
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COMMUNICATIONS

Sending out favorable messages
The signals in the communications sector indicate another good year in 1979, up 11.6% over 1978 to reach a
sales total of $4.3 billion. This projection will hold only if
the midyear slump that many economists are predicting
does not turn into amajor recession.
Leading the way this year will be the continued
growth of digital communications, plus the oncoming
rush of fiber optics and multifeatured telephone sets for
the home implemented by inexpensive large-scale integrated circuits. As usual, there will be complex legal
cases engaging the industry. The growth of both the
regulated and unregulated telephone industry will
continue to be clouded by the legal maneuvering in the
courts, the Federal Communications Commission, and
the Justice Department. A scorecard is needed here to
help keep track of who's serving whom with what papers.
In addition, AT&T with its Advanced Communications
System, IBM and partners with their Satellite Broadcasting System, and Xerox with its XTEN (for Xerox Telecommunications network), all competing for the "office
of the future" market, promise further complications.
Meanwhile, Congress is overhauling the Communications Act of 1934, and the result could dissolve the FCC
as aregulatory agency.
Further competition for AT&T comes from the exceptional growth of the non-Bell firms. They have developed
a strong lobbying organization of their own, the North
American Telephone Association, which has overseen a
phenomenal growth of 25% in sales in 1977 to 1978 and
expects to see a further growth in 1979—mostly in
private branch exchange systems and key stations and
systems. They already account for 7.9% in total lines and
12.1% in total systems installations.
All the observers of the telephone interconnection
industry seem to feel that substantial growth is expected.
For example, PBX systems will experience an average
annual increase in sales of over 20%, according to the
National Association of Regulated Utility Commissioners (see figure). Moreover, the total interconnection
industry growth this past year is estimated at 25%, says
NATA's research department survey of 98% of the manufacturing marketplace.

into digital form and vice versa will be necessary for a
long time. Many users are in no great hurry to convert
because they have not recouped their initial investments
and the traffic volume does not justify it.
High-speed digital data-handling machines such as
facsimile will show a 16% growth as business customers
prepare to connect to either the AT&T, SBS, or Xerox
office communication systems. However, the really big
cash commitments will be delayed until users have a
clearer idea of what companies will supply what services.
Fiber-optic applications continue to grow with new
installations in both the commercial and military sectors.
A hot area here is ready-to-go general-purpose data links
that the user just hooks up and plugs in. This market
alone should almost double in 1979 to $42 million,
whereas it was almost nothing in 1977.
At the same time that this growth is proceeding,
suppliers are complaining that widespread sampling and
prototyping is the chief source of sales. Many devices are
being sold in small quantities to systems houses for
investigation purposes only, because no one wants to be
caught unaware of the new technology. But these small
and slow purchases are affecting the bottom line. Of the
more than two dozen link suppliers, one or two have
already dropped out of the business, several more are
talking of doing so, while others are looking to distributors to handle their marketing.
Lots of talk
The citizens' band market has not just ground to a
halt but backslid 10% to $297 million. Farther up the
personal communication scale, both old and new ham
radio enthusiasts are being lured by expensive, multifeature transceivers that are appearing all over the place.
The price tags reflect the increased capabilities of the
devices and growth is projected here at 9%.

Digital impact coming
The rise of all-digital systems in both satellite and
terrestrial communications will help the digital datahandling and interface equipment makers, especially
those will put out items that will allow users to keep up
their substantial investments in analog equipment.
Earth-terminal and associated equipment manufacturers
will also see a rise in their volume to $132 million, but
modem people will probably see aslowdown in growth,
from 7.3% last year to 6.8% this. Though digital technology itself is booming, full system implementation is a
slow and costly process and converting data from analog
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Growth area. Outpacing many segments of the communications
marketplace, sales of private branch exchange and key systems are
forecast to increase at rates of 25% and more. This growth reflects
the aggressive marketing of the independent telephone companies.
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INDUSTRIAL

Business will turn slower
The industrial electronics sector ground out asurprisingly good year in 1978, and hopes are high that these firms
can put together another satisfactory year in 1979
despite the more slowly turning wheels of the economy.
Last year saw total sales of industrial electronic gear
reach $2.12 billion, up 14% from 1977. Industrial electronics manufacturers expect this positive momentum to
carry them far enough into the new year to predict
another 14% increase to $2.41 billion by year's end.
Of greatest concern to industry suppliers is the general
health of the domestic economy, which largely determines the availability of capital. Real growth of only 2%
in the Gross National Product is predicted for 1979;
moreover, some analysts say that President Carter's
recent decision to slow the economy by raising shortterm interest rates will cause a mild recession in the
middle two quarters of this year. On the other hand, the
economy showed considerable underlying strength last
summer, when it was able to expand despite interest
rates that were already rising to near-record levels.
How will these economic factors affect the larger
segments of the industrial electronics market? Numerical controls for machine tools, which registered ahealthy
17% jump in sales last year, should show a respectable
increase of 10% in 1979. Sales of energy-management
electronics, still gathering steam after a slow start,
should post a 33% gain. And process-control electronics—controllers, recorders and computer-based systems—should also do a brisk business, bringing in 14%
more dollars than last year.
Modest increases in capital spending planned
One of the reasons that industrial-electronics manufacturers are optimistic about 1979 is the anticipation of
a 10% increase in capital spending by industry in general. According to the McGraw-Hill fall survey of capital
spending, released last November, durable-goods manufacturers will spend 12% more for plants and equipment
than they did in 1978, while makers of nondurable goods
plan to invest 9% more capital. Inflation will erode both
figures severely, however, and limit the overall real
growth to 2%.
A good barometer of the mood of American business
activity is the huge chemical-process industry. Although
chemical manufacturers plan to increase capital spending by 9%, suppliers of process-control electronics are
projecting a 14% rise in sales, less if capital is tight.
These suppliers base their prediction on continued
success for microprocessor- and minicomputer-based
distributed control systems. These systems appeal to
operations-conscious manufacturers because their installation does not disturb production; all that is needed are
hookups to existing field transmitters. Also look for the
Volkswagens of this market, single-board computers, to
flourish as more and more users demand programmabili-
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Giant steps. As digital electronics revolutionizes American industry,
more production machinery will be controlled in positional increments, rather than continuously. Microprocessors, both in components and systems, will play amajor role in this transition.

ty by their operations personnel.
Microprocessors and minicomputers have continued
their invasion of the numerical control field, too, and will
eventually drive open-loop machine-tool controls into
extinction. This past year, however, hard-wired controls
held their own in admirable fashion. As vendors look
forward to an equally good year in 1979, they also point
to inventory shortages at domestic machine-tool manufacturers as the reason that many foreign suppliers are
penetrating the U. S. market and bringing their electronics with them.
Sales of energy management systems and motor
controls should both benefit from the skyrocketing cost
of energy. Energy-intensive industries are countering
higher electric-utility rates by minimizing demand with
computer-based load-shedding systems. Just beginning
to blossom is interest in microprocessor control of motors
for greater overall energy efficiency. The vast number of
installed motors in this country guarantees at least a
healthy retrofit market for years to come.
Electronic pollution-monitoring equipment will also do
well in this, and subsequent years, thanks to the efforts
of Federal, state, and local environmental-protection
agencies. Increasingly stringent air- and water-pollution
standards will create ademand for more sensitive instruments to measure ever smaller quantities of industrial
pollutants ever more accurately.
Second in importance to the microprocessor in industry's analog-to-digital conversion is data-acquisition
equipment for continuous and discrete processes.
Because of that importance, look for sales to jump a
healthy 21% this year and afurther 29% by 1982.
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INSTRUMENTS

Prosperity from microprocessors
too, whether or not users want specialized testers.
However, lower-cost, bench-top microprocessor and LSI
testers are already having noticeable impact on the ATE
market and are likely to have even greater effect should
money become tight.
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ATE trends. As integrated circuits and the boards holding them
increase in complexity and servicing costs, and as their use spreads
to fields like automotive electronics, more and more makers and
users are turning to automatic test equipment to ensure reliability.

Testing the economic climate, the instrumentation industry figures to record a mild growth this year to $2.4
billion, which is 11% over 1978. However, a number of
product categories should get different readings from
those voiced by the majority and in fact look forward to
a better-than-average 12 months. These high rollers all
have as their focal point hardware based on the microprocessor and associated large-scale integrated circuitry.
Hoping to cash in again on the good fortune of semiconductor manufacturers, the suppliers of the automatic
test equipment for ics and circuit boards, with combined
sales of $243.4 million for 1978, expect total sales for
1979 to reach $271.3 million. The main thrust is being
supplied by the board testers, whether functional, incircuit, or combined types. Increased board complexity
and rising servicing costs between them should catapult
sales to $139 million from $120 million and the rate of
growth to 15.8%.
Another ATE segment expected to cash in on the
expanding applications in both the industrial and
commercial area is linear IC component testers, which
should experience a marked improvement in sales. This
category is expected to grow to $19.1 million this year.
In addition, the demand for faster and larger memories, coupled with agrowing desire to test at the actual
speed, has created new market opportunities for IC
component test equipment capable of meeting these
needs. According to the Electronics survey, these testers
should log sales totaling $39.2 million for the year.
Large general-purpose LSI testers are also expected to do
well, growing to nearly $60 million in 1979. The arrival
of very large-scale integration will add to this segment,
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The general test and measurement instrument area
surpassed everyone's expectations this past year, reaching $1.6 billion. Mixed feelings around the industry as to
a slowdown this year have been emerging since last
summer. And it seems no one wants to jinx this year by
saying when the deceleration may start or how damaging
it might be. One reason for uncertainty though is the
considerable number of order backlogs likely to stretch
out into the New Year. Observers feel that the industry's
momentum will help prevent any drastic changes so that
even the most ardent skeptics feel that the 11.4% rate
will hold.
Both low-cost and system digital multimeters, which
reached nearly $75 million in sales last year, should
continue doing well. This should also be another good
year for counters, both frequency and universal types.
Signal sources, especially synthesizers, will exhibit a
steady growth, as will spectrum analyzers, thanks to the
microprocessor which has made them easier to use and
more precise. Data-logging instruments are also experiencing amarket expansion due to increased use of IEEE488 programmable equipment for automatic testing.
Oscilloscopes keep growing at a steady pace with a
9.4% rate expected in spite of the boom in competing
logic analyzers that saw sales of $32.5 million last year
and will near $45 million in the coming year. Fieldservice equipment still exhibits a tremendous potential
for growth in years to come, as do the test and measurement instruments needed for optics.
The medical equipment market should improve this
year because of increased acceptance by users. In addition, hospital administrators have become adept at
preparing the certificates of need required by the Federal government for high dollar purchases, so that approval
scores are improving. Sales of medical electronics are
estimated to reach $1.7 billion this year.
Another active market area, analytical instruments,
posted an 11% growth rate last year and gives all indications of performing equally well for the close of the
decade. Topping the list of achievers in this market is the
chromatography segment with agrowth rate of 15% for
1978 and the same rate projected for the New Year.
One of the significant reasons for the general optimism regarding the market in analytical instruments is the
increasing application of microprocessor control in them.
The microprocessor, besides cutting test times and minimizing operator errors, can cut the user's costs and
makes it possible to add data analysis and storage.
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SEMICONDUCTORS

How long can the boom last?

1979

1980

1981

1982

1983

1984

Bubbles up. Sales of bubble memory chips will begin exponential growth next year that could carry on for five years before
flattening out as the devices are designed into small computer and
office equipment. Most will be in new—not replacement —markets.

Rolling along on the momentum imparted last year by
boom-level sales of integrated circuits, the semiconductor industry should come up with an affirmative answer
to the question of whether the good times will last. At
least, it's affirmative through the first half—after that,
most analysts agree, there will be acooling off.
As aresult, the Electronics survey indicates the growth
rate to be significantly less than last year; a 12.9% gain
to $4.043 billion. The market once again will ride on the
coattails of integrated circuits, which are expected to be
up by 17.8% in 1979 to $2.845 billion. As last year,
discrete semiconductors will retard overall growth,
running just slightly better than flat for 1979 with sales
of $961.6 million.
By comparison, 1978 was solid-state pleasure. Total
U. S. consumption was $3.581 billion, up a whopping
17.6% from the previous year. That sum folds asluggish
9% rise in discrete semiconductors of $0.96 billion into a
bountiful 21% surge to $2.416 billion for Ia.
Although early indicators like lead times and
suppliers' book-to-bill ratios as yet offer no clues, many
manufacturers anticipate that order slowdowns could
occur early in the second quarter, foreshadowing amild
sales dip. In fact, it will be the strength of 1979's
first-half continuation of last year's boom that will bear
the burden of any losses during aslowdown.
Despite the slowing, it is likely that semiconductor
manufacturers would continue to sell strongly, swelling
equipment makers' inventories. The reason is market
share: it's almost easier for chip makers to come back
from a recession than to build up market share in good
times. This tactic could bring on overcapacity in parts
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like standard and low-power transistor-transistor-logic
families, with stilted sales of $415.8 million from last
year's $385 million, and discrete transistors, with flat
sales of $469.7 million over $468.8 million.
Overcapacity will not be a problem, however, in the
hotter metal-oxide-semiconductor areas where double
ordering has been more of a concern. These include
16,384-bit dynamic random-access memories and 16-K
erasable programmable read-only memories, as well as
ROMs and fast static RAMS. In general, mos memories
will do best of all, with dynamics up 17.7% to $302.5
million, statics up 25% to $235.7 million, and EE-PROMs
up 33% to $122.5 million.
The 64-K RAms appearing late last year and early this
year will not be in heavy production until the latter part
of 1979 but, being closely compatible with 16-K parts,
they will enjoy short design-in times and rapid acceptance. That means the 64-K will catch up with 16-K sales
in a few years, and it is expected, in fact, that by 1982,
the market for the 64-K will catapult to $200 million—
nearly 33% of the entire mos dynamic memory market.
Consumption of microprocessors rocketed last year,
with total families up 53% to $234 million. Though
lacking last year's ebullience, they will grow 37% to
$319.9 million. That sum comprises steady shipments of
commodity 4- and 8-bit microprocessors and microcomputers, as well as the newer 16-bit chips. With the 16-bit
microprocessor business expanding this year to encompass several new devices, the market will undergo the
growing pains associated with new-product support.
Single-chip microcomputer sales will gather speed,
almost with the luster of last year's nearly 68% growth in
sales to $32 million—a good 59% rise to $51 million.
Caught up by the excitement
As for linear devices, analog-to-digital and digitalto-analog converters that are microprocessor-oriented
will experience big growth. Of the $31.2 million market
this year, an estimated 50% are in that category, mostly
in the 10-to- I
4-bit resolution area. An ever-increasing
shift from modular products in favor of hybrids and ics
will result in hybrids capturing a 30% to 40% share of
the market and monolithics grabbing close to 50%.
Microprocessor-related sales growth for such discrete
semiconductors as rectifiers, power transistors, and
thyristors will show a rise from $220 million to $235.3
million, a7% increase for 1979. Small-signal transistors,
on the other hand, will drop at a faster clip than was
expected, from $158 million to $141 million.
Magnetic-bubble memories will for the first time see
heavy production this year, with consumption of the
expensive parts hitting $25 million as manufacturers
start designs of new products that use them. But it will
not be until 1980 (see graph) that bubbles will begin to
look like areal market.
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COMPONENTS

Some parts do well
The growth of electronic equipment markets has not
only fueled microprocessor and chip memory sales, but
has fired up passive components as well. Thus the decline
that ayear ago some feared would hit components sales
toward the end of 1978 did not materialize. Instead,
healthy sales have continued into this year, but the next
12 months will border on amild recession.
Overall, the Electronics survey pegs components at
$7.7 billion for 1979, an 8.4% gain over asolid 1978. In
the discrete semiconductor category, the growth rate is
expected to be flat this year. Here, too, the decline
predicted for 1978 did not materialize, despite the
continued inroads on these parts made by integrated
circuits. Growth was 9% last year. Next year, however,
the percentage growth will slow down dramatically
across the board (see graph).
In multidigit displays, liquid-crystal displays will grow
at a rapid pace, rising from third place in the display
spectrum with $25 million in sales in 1977 to first place
by 1982. Light-emitting diodes are shrinking from 37%
in 1977 down to 26% of the market by 1982, with total
sales of $66 million.
A dramatic increase can be seen in charge-coupled
imaging devices, which are expected to enjoy an astonishing revenue growth of 112% between 1979 and 1982.
Also, laser diodes, to be used in large quantities within
fiber-optic communications systems, will attain a 133%
revenue growth in the same period.
Thick-film resistor networks will show a faster rise in
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Slowdown. Whereas real GNP growth should slow only by 1.7%, the
drop in growth in semiconductor and passive components is more
dramatic. The 1978 semiconductor pace of 17.5% will give way to
12.9%. while components will slow by 3.7%.

growth than their thin-film and discrete counterparts.
Last year, $71.3 million of thick-film devices were
shipped as compared to $59.5 million in 1977. Some $78
million is expected this year. Meanwhile, thin-film types
are expected to increase by 9% from $11.2 million to
$12.2 million.

FEDERAL

Looking good
Use of Federal spending as a means of leveraging the
national economy is a well-established political tactic,
and it has rarely been more evident than in the $19.9
billion in Government electronics outlays expected
during the coming calendar year. Spending is calculated
not only to help counter apossible recession, but also to
make the Carter Administration look good.
For example, the 9.4% rise in total electronics outlays
is the same as 1978, which gives suppliers a bit more
than 2% in real market growth, if inflation can be held in
check. Federal spending specialists like to cite the
percentage gain as one that "provides economic stability," as promised by President Carter, and in itself "a
check on inflation." But alook beyond the totals reflects
other goals as well:
• Military electronics, with nearly $18.1 billion, still
accounts for more than 90% of the Federal total. But the
$8.5 billion proposed for electronics procurement will
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rise no more than 7.6% from the 1978 level.
• Engineering development will account for more than
half of the Pentagon's new research, development, test
and evaluation money, as a variety of tactical weapons
like cruise missiles and tactical communications systems
for North Atlantic Treaty Organization use have
advanced to that stage.
• The $32 million boost in electronics spending by the
National Aeronautics and Space Administration represents only an inflation-lagging 4%, although it is still a
marked improvement on the 1% gain of 1978. Much of
the new money will go on R&D for satellites, air traffic
control, avionics, and so on.
• Money spent by the FAA will rise nearly 8% to $454
million, nearly double last year's increase.
• At the Department of Energy, a$15 million increase
in outlays to $102 million will be mostly a 17% boost in
photovoltaics.
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U.S. MARKETS
FORECAST 1979
Market estimates represent industry-wide consumption (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 redefined. Therefore, these totals are not directly comparable to those of previous years.

COMPONENTS
(millions of dollars)

1977

1978

COMPONENTS, TOTAL
Resistors, total
Fixed. total
Composition
Deposited-carbon
Metal-film
Wirewound
Variable, total
Potentiometers, wirewound
Potentiometers, nonwirewound
Trimmers, wirewound
Trimmers, nonwirewound
Thermistors
Resistive networks. total
Thin-film
Thick-film

8,388.1
509.4
191.0
50.0
20.0
68.0
53.0
215.7
30.0
90.0
23.1
72.6
33.0
69.7
10.2
59.5

7,1382
554.2
203.5
51.0
21.5
75.0
56.0
232.2
32.4
97.0
22.8
80.0
36.0
82.5
11.2
71.3

Capacitors, total
Paper
Film
Electrolytic, total
Aluminum
Tantalum
Mica
Glass and vitreous enamel
Ceramic, except chips
Variable
Chip

898.0
84.0
90.0
273.0
133.0
140.0
30.0
5.0
171.0
16.0
27.0

1022
88.2
98.0
310.5
153.0
157.5
32.0
5.4
216.0
16.5
36.0

0962
89.3
100.0
335.0
176.0
159.0
34.0
54
243.0
17.0
42.5

1210.3
97.0
112.0
361.0
181.0
180.0
32.0
4.3
330.0
20.0
54.0

Relays, total
General-purpose

MO
106.5

5317
114.5

5911
125.5

8118.8
151.0

1977

1978

1979

1982

(millions of dolars)
SEMICONDUCTORS, TOTAL
Discrete serniconductors, total
Clodes
Seal
Rectifier
Arrays
Zoner, total
Voltage regulator
Reference
Special-purpose, total
Microwave, total
Varactor (less than 1GHz)
Tunnel
Transistors, total
Bipolar, total
Small-signal (less than IW)
Power (I W or more)
Rf and microwave
Field-effect, total
Junction. total
Small-seal
Power
MOS, total
Small-seal
Power
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3,046.2
880.0
329.9
42.0
165.0
16.9
69.0
50.0
19.0
37.0
290
7.0
1.0
430.1
3930
151.0
196.0
46.0
37.1
23.5
23.0
0.5
13.6
13.2
0.4

3,581.1
959.2
358 9
45.8
179.8
18.4
72.3
51.6
20.7
42.6
34.0
7.5
1.1
468.8
428.3
158.0
219.0
51.3
40.5
25.5
25.0
0.5
15.0
14.5
0.5

1979

1982

7,7342 9,5142
581 2 670 3
208.1
226 8
38.4
48.0
23.1
28.4
79.0
92.0
58.0
68.0
243.9
281.6
32.7
34.3
128.2
104.2
23.0
25.1
84.0
94.0
39.0
47.2
90.2
114.7
12.2
14.7
78.0
100.0

4,043.0 6,043.4
9616
995.5
359.4
333.3
46.8
40.0
180.1
150.0
19.0
16.5
71.5
69.0
51.0
50.0
17.0
19.0
42.0
57.8
36.0
48.0
8.1
8.5
1.1
1.3
469.7
500.2
427.0
450.0
141.0
100.0
234.0
285.0
52.0
650
42.7
50.2
26.7
32.2
26.0
31.0
0.7
1.2
16.0
18.0
15.4
16.5
0.6
1.5

Telephone-type
Crystakan
High-sensitiety
Rf
Reed
Stepping and impulse
Time-delay
Solid-state
Other

26.0
47.0
26.0
80.0
35.0
4.5
22.0
24.0
127.0

28.0
51.0
29.0
88.0
39.0
4.0
23.8
27.4
135.0

30.0
54.0
32.0
97.0
44.0
3.6
27.1
32.9
143.0

37.0
59.0
42.0
102.0
66.0
2.7
33.3
43.8
163.0

Switches, total
Small-movement snap-action
Lighted
Push-button
Tag*
Slide
Rotary
Coaxial
Thumbwheel
Dual in-line
Keyboard, single-key
Keyboard, assemblies
Solid-state (including Hall-effect)

4312
75.5
65.0
60.0
25.0
22.0
50.0
12.0
20.0
22.0
15.0
50.0
15.0

4802
80.5
78.0
63.0
28.5
23.3
52.0
22.4
26.8
25.0
61.5
19.0

514.4
87.0
89.0
66.0
30.2
24.7
54.0
9.7
24.6
30.6
31.0
75.6
24.0

748.4
105.0
136.0
77.0
350
29.4
59.0
7.8
32.7
39.0
43.0
132.0
43.0

Magnetic, total
Computer memory cores
Transformers. chokes (except TV). total
Laminated
Toroidal
Pulse transformers
TV components
Rf coils

3990
20.0
272.0
1750
59.0
38.0
60.0
17.0

382.8
19.0
297.0
194.0
63.0
40.0
61.0
15.8

MU
18.5
314.0
204.0
67.0
43.0
61.6
14.7

455.0
12.0
368.0
233.0
82.0
53.0
63.0
12.0

1,124.0
120.0
371.0
60.0
16.0
IZO
52.0
97.0
14.0

1,201.0
111.6
386.0
59.0
17.2
45.0
56.0
102.0
14.8

1,288.5
104.0
401.5
58.0
18.5
60.0
107.0
16.0

1,344.8
62.0
454.8
56.0
22.8
59.0
74.0
122.0
18.0

35.0
15.0
40.0
26.0
607.0

37.0
14.0
41.0
23.4
680.0

39.0
13.0
42.0
21.0
762.0

47.0
9.0
47.0
130
815.0

108.5
10.0
5.0
22.0

120.5
10.7
6.2
25.3

1314
11.5
7.3
29.6

MU
140.0
9.4
37.3

105.0
15.0

114.5
17.0

115.0
17.5

140.0
22.0

1,996.7
578.6
5.1
26.5
350.0
112.0
238.0
36.0
161.0
152.8
65.8
57.3
50.0
7.3
8.5
6.4
2.1
19.0
68.0
60.0
623.4
375.4

2,416.2
639.4
4.8
24.6
385.0
162.5
222.5
43.0
182.0
234.0
96.8
85.4
70.0
15.4
11.4
7.0
4.4
32.0
105.2
75.0
770.9
449.5

Electron tubes, total
Receiving
Power and special-purpose, total
High-vacuum
Gas and vapor
Klystrons
Magnetrons (including cross-field amplifiers)
TWTs (including backward-wave)
Let-sensing tubes
Image-sensing (including 1V camera
and image-intensifier)
Storage
Cathode-ray (except TV)
TV picture, black-and-white
TV picture, color
Microwave hardware, total
Mixers
Detectors
Amplifiers

Thyristors
Protection devices (including varistors)
Integrated circuits, total
Standard logic families, total
RU
DTL
TTL, total
Schottky
Standard
ECL
C-MOS
Microprocessor families, total
CPUs, total
MOS. total
8-bit
16-bit
Bipolar, total
Bit-slice
Full CPU
One-chip microcomputers
LSI peripheral chips
Dedicated LSI logic
Memories. total
Random-access. total
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48.0

2,845.2 4,716.4
702.2
922.2
4.2
4.3
24.2
21.4
415.8
509.0
200.0
301.0
215.8
208.0
49.0
72.0
209.0
315.5
319.9
776.6
130.3
281.6
118.0
255.0
90.0
165.0
28.0
90.0
12.3
26.6
7.6
9.6
4.7
17.0
51.0
94.0
138.6
401.0
100.0
220.0
950.9 1,661.2
540.3
918.7
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(millions of dollars)

1977

1978

1979

1982

Passive components, total
Waveguide
Coaxial and stripe-line
Switches, total
Waveguide
Coaxial and strip-line
Ferrite devices, total
Isolators
Circulators
YIG devices
Power limiters

34.0
8.0
26.0
9.5
3.0
6.5
23.5
6.5
11.0
6.0
4.5

37.6
8.6
29.0
10.2
3.2
7.0
25.1
7.5
11.8
5.8
5.4

41.2
9.2
32.0
10.9
3.4
7.5
26.6
8.6
12.7
5.3
6.3

47.8
11.3
36.5
13.4
4.2
9.2
30.3
10.7
15.6
4.0
8.1

Readout devices, total
Discrete, total
Gas-discharge
Incandescent
Fluorescent
Light-emitting diode
Multidigit, total
Gas-discharge
Segmented
Dot-matrix
Incandescent
Fluorescent
Electroluminescent
Light-emitting diode
Liquid-crystal

154.2
44.2
3.0
4.2
2.0
35.0
110.0
38.5
13.5
25.0
1.0
2.2
2.3
41.0
25.0

193.7
47.3
2.4
4.5
2.1
38.3
146.4
51.0
16.0
35.0
0.9
3.7
46.7
41.0

225.9
51.0
1.9
4.8
2.3
42.0
174.9
59.5
17.5
42.0
0.7
4.3
4.2
53.2
53.0

304.3
48.3
1.6
5.9
2.8
38.0
256.0
89.5
18.5
71.0
0.0
4.6
5.9
66.0
90.0

Transducers, total
Pressure
Temperature
Motion, linear
Motion, angular
Torque
Vibrating)

224.0
121.0
7.0
25.0
15.0
21.0
35.0

288.7
140.0
8.0
30.3
28.0
21.4
39.0

298.9
162.0
9.0
31.8
30.0
22.1
44.0

4211
250.0
16.5
37.0
37.0
24.3
57.0

Crystals, total
Discrete crystals, total
Communications
Color TV
Watches
Filters
Assemblies (including mounts and ovens)

911
40.8
18.0
2.3
16.0
4.5
57.0

90.1
40.1
21.6
2.7
11.0
4.8
59.0

102.9
41.9
26.4
2.8
7.6
5.1
61.0

107.9
46.9
29.0
3.1
8.7
6.1
61.0

filters and networks, total
LC filters
Electromechanical filters, total
Crystal
Ceramic
Other
Rh and emi filters
RC networks
Delay lines

151.0
40.0
42.0
32.5
7.0
2.5
45.0
11.0
13.0

158.8
40.8
43.5
32.5
8.0
3.0
46.3
12.0
14.0

190.9
41.6
44.6
33.0
8.3
3.3
47.4
13.0
14.3

178.9
43.7
50.7
36.0
10.4
4.3
50.7
16.5
15.3

Dynamic, total
p-NOS
n-NOS, total
1-K
4-K
I6-K
64-K
Static, total
Bipolar
n-NOS
C-NOS
Read-only, total
Mask type (NOS)
Fusible-link (bipolar)
Erasable progammable type
Ultraviolet (E-PROM)
Electrical (EE-PROM)
CCDs
Magnetic-bubble devices
Shift registers
Linear ICs, total
Analog switches
Operational amplifiers
Instrumentation amplifiers
Comparators

187.7
9.7
178.0
18.0
135.0
25.0
0.0
127.3
57.0
53.3
17.0
216.0
70.5
74.5
71.0
65.0
6.0
4.0
4.3
23.7
424.4
33.0
90.0
3.0
17.0

261.3
4.3
257.0
20.0
100.0
137.0
0.0
188.2
76.0
87.7
24.5
275.8
93.5
81.3
101.0
92.0
9.0
12.7
12.2
20.7
505.4
34.0
103.0
4.5
22.0

304.6
2.1
302.5
15.0
71.0
209.5
7.0
235.7
89.5
114.7
31.5
348.5
121.0
90.0
137.5
122.5
15.0
19.0
25.4
17.7
571.2
35.8
110.0
6.0
23.0

558.0
0.0
558.0
2.0
20.0
286.0
200.0
360.7
130.0
183.7
47U
596.5
204.5
122.0
270.0
230.0
40.0
40.3
91.0
14.7
843.4
47.2
146.0
14.0
28.0

Pass**
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3.1

Hybrid and modular components, total
Operational amplifiers
Instrumentation amplifiers
Isolation amplifiers
Data conversion, total
D-a converters
A-d converters
Multiplexers
Sample-and-holds
Converter subsystems
Data-acquisition boards
Functional circuits
Signal sauces (including oscillators)
Active filters
MiscelLanecus custom functions

257.2
17.6
2.5
1.7
56.0
26.5
23.0
2.0
3.0
1.5
3.4
10.0
2.0
7.0
157.0

257.7
20.0
3.0
2.0
71.4
33.0
29.4
2.5
4.0
2.5
7.5
11.0
2.4
8.4
182.0

358.4
22.0
3.5
2.5
810
37.0
34.0
3.0
5.0
4.0
10.6
13.0
2.6
10.2
211.0

5081
30.0
6.0
4.5
127.5
53.0.
51.0
5.0
7.0
11.5
14.5
15.0
3.4
13.0
295.0

Connectors, total
Coaxial. total
Standard size
Miniature
Cylindrical, total
Standard
Miniature
Subminiature
Rack-and-panel
Fused
Printed-circuit, total
Card-insertion
Two-piece, metal-to-metal
Rat-cable
Fiber-optic
Flexible-circuit
Special-purpose

871.5
70.0
54.5
15.5
189.0
62.5
79.5
47.0
163.5
15.5
109.5
80.0
29.5
59.0
1.0
4.0
60.0

787.7
75.0
58.0
17.0
206.0
67.0
85.5
54.0
190.0
18.0
130.5
96.0
34.5
73.0
1.1
4.6
69.5

894.4
715
60.0
19.5
223.0
70.5
90.0
62.5
214.5
19.0
136.0
100.0
36.0
82.0
1.2
5.2
74.0

1,150.5
910
70.5
28.5
298.5
85.5
114.0
99.0
295.0
23.5
191.0
129.0
62.0
135.0
10.0
6.0
92.5

Printed circuits and
interconnection systems, total
Printed circuits, total
Rigid boards, total
Single-sided
Double-sided
Multilayer
Flexible circuits
Interconnections, total
Sockets and socket panels for DIPs
Backplanes
Prototyping boards

802.0
470.0
420.0
70.0
250.0
100.0
50.0
127.0
55.0
72.0
5.0

792A
569.5
512.5
78.5
282.0
152.0
57.0
156.3
68.8
87.5
6.6

110...
606.0
541.0
76.0
290.0
175.0
65.0
195.0
86.0
109.0
8.8

992.0
715.0
625.0
99.0
316.0
210.0
90.0
263.0
123.0
140.0
14.0

Wire and cable, total
Coaxial cable
Flat cable
Hook-up wire
Multiconductor, shielded
Multiconductor, unshielded
Fiber-optic cable

472.0
140.0
124.0
97.0
64.0
37.0
10.0

511.0
155.0
133.0
105.0
60.0
38.0
20.0

582.0
170.0
143.0
113.0
57.0
39.0
40.0

714.0
221.0
164.0
124.0
63.0
44.0
100.0

Voltage regulators
Timers
Other
Data conversion, total
D-a converters
A-d converters
Multiplexers
Sample-and-holds
Interface
Communications
Entertainment
Consumer product ICs, total
Calculator chips
Watch chips
Game chips
Other

35.0
37.0
7.0
22.4
9.6
5.0
4.4
3.4
50.0
40.0
90.0
157.5
56.0
46.5
32.0
23.0

45.5
42.0
9.5
30.9
15.4
7.0
4.8
3.7
62.0
48.0
104.0
191.5
55.0
50.5
46.0
40.0

52.0
48.0
12.0
40.4
21.2
10.0
5.2
4.0
76.0
60.0
108.0
216.0
54.0
56.0
52.0
54.0

73.0
65.0
24.0
91.2
53.0
27.0
6.2
5.0
114.0
95.0
146.0
283.0
52.0
80.0
83.0
68.0

Optodectronle devices, total
Photovoltaic (solar) cells
Photoconductive cells
Light-emitting diodes
Laser diodes
Photodiodes (including arrays)
Phototransistors (including arrays)
Optically coupled isolators

169.5
9.0
6.0
100.0
0.5
5.0
14.0
35.0

205.7
11.3
7.4
120.0
1.5
7.5
16.0
42.0

236.2
12.3
8.5
140.0
3.0
8.4
17.0
47.0

341.5
17.0
11.5
200.0
7.0
11.0
20.0
75.0
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INDUSTRIAL AND COMMERCIAL MARKETS

INDUSTRIAL AND COMMERCIAL. TOTAL
Test, measuring, and analytical
instruments, total
Test and measuring equipment, total
Analog voltmeters, ammeters, multimeters
Digital multimeters. total
31
/-digit and below
2
41
/-digit and above
2
Multimeter accessories
Current probes
Temperature probes
Panel meters. total
Analog

1977

1978

1979

1982

30,084.7

35,048.0

41.037.6 59.908.2

1,865.0
1,381.0
18.0

2,142.6
1,603.2
178

2,381.8 3,153.8
1,786.3 2,345.2
173
169

Counters, time and frequency
Microprocessor-development systems
Logic analyzers
Logic probes
Word generators
Oscilloscopes. total
Non-plug-in
Plug-in main-frame only
Accessories and plug-ins
Network analyzers
Spectrum analyzers
Frequency synthesizers
Function generators
Signal generators
Sweep generators
Pulse generators
Oscillators
Waveform analyzers, distortion meters
Power meters, below microwave frequencies
Calibrators and standards, active and passive
Noise-measuring equipment.
Temperature-measuring instruments
Phase-measuring equipment
Field-intensity meters and test receivers
Antenna-pattern measuring equipment
Amplifiers, total
Impedance bridges
Recorders and plotters. total
Strip- and circular-chart
X-Y
Magnetic-tape
IC testers. manual
IC testers. automatic
Component testers, manual
Component testers, automatic
Pc-board testers. total
Bare-board
Completed assemblies
IEEE-488 bus controllers
Microwave impedance-measuring equipment
Microwave-power measuring equipment
Microwave wavemeters
Microwave modulators
Specialized test equipment
Automotive diagnostic equipment
Communications test equipment
Nuclear spectrometers
Radiation-detection and -monitoring. total

67.5
28.2
39.3
2.3
0.7
1.6
93.0
67.0
26.0
49.2
70.0
25.0
2.0
1.0
192.5
116.0
47.5
29.0
20.0
47.5
35.0
23.5
54.6
41.0
13.0
14.0
30.0
3.4
24.0
8.1
20.0
23.0
7.0
5.0
30.0
13.0
148.0
60.0
20.0
68.0
8.4
94.4
21.0
33.5
86.0
6.0
80.0
30.0
18.0
7.1
0.8
1.2
538.0
265.0
230.0
24.0
19.0

Analytical instruments, total
Chromatographs. total
Gas
Liquid
Spectrophotometers, total
Infrared
Ultraviolet-visible
Atomic absorption
Other
Mass spectrometers
Nuclear magnetic-resonance spectrometers
pH meters and ion-selective electrodes
Thermal analyzers. total
X-ray analysis
Other

484.0
111.0
76.0
35.0
159.0
30.0
46.0
31.0
52.0
30.0
18.0
29.0
15.0
42.0
80.0

539.4
128.6
86.6
42.0
180.0
33.0
52.0
35.0
60.0
35.4
19.1
31.0
16.3
45.0
84.0

595.5
98.0
50.0
198.6
36.3
58.0
40.3
64.0
41.0
20.2
34.0
17.7
48.0
88.0

140.0
90.0
259.0
43.0
80.0
57.0
79.0
66.0
23.0
44.0
22.6
62.0
102.0

78.0
27.0
60
22.0

893
32.0
6.0
23.0
20.0
8.5

102.9
38.1
7.0
24.6
23.0
10.2

160.2
71.4
10.0

Digital

Lasers and related equipment, total
Gas lasers
Semiconductor lasers
Other (ruby, neodymium-doped. etc
Laser power supplies
Modulators

116

ITO
7.0

74.6
32.1
42.5
2.8
1.0
1.8
102.6
73.7
28.9
54.5
93.0
32.5
2.1
1.2
210.5
125.9
55.0
29.6
22.0
57.0
42.4
26.5
60.8
48.0
14.5
15.8
33.0
3.8
26.6
8.5
22.0
25.0
8.0
5.0
36.0
13.0
164.5
66.0
24.5
74.0

8.6
114.8
22.0
37.7
128.6
8.6
120.0
37.5
20.0
7.8
0.8
1.4
624.4
294.0
283.0
26.4
21.0

83.0
35.8
47.2
3.8
1.4
2.4
109.8
77.4
32.4
59.1
110.0
45.0
2.2
1.8
230.3
136.6
63.2
30.5
24.0
66.0
47.7
31.0
66.5
53.0
16.0
17.7
37.0
3.4
28.7
9.5
25.2
28.2
9.1
5.0
44.0
13.0
177.5
72.6
25.5
79.4

8.8
120.8
20.0
41.4

150.5
11.5
139.0
46.9
22.0
8.7
0.8
1.6
725.0
326.0
348.0
29.0
22.0

148.0

102.2
44.8
57.4
5.7
2.1
3.6
130.6
85.1
45.7
76.8
155.0
82.5
2.5
3.0
277.3
174.5
68.3
34.5
32.0
95.0
58.2
39.5
84.2
70.5
21.2
20.5
42.6
5.4
36.2
13.4
35,5
36.2
11.4
6.0
52.0
15.0
220.8
97.0
32.5
91.3
9.3
194.4
19.0
42.0
212.0
20.0
192.0
78.8
28.0
10.8
0.8
2.0
1.167.0
430.0
675.0
36.0
26.0
808.6
230.0

300

32.0
16.8

(millions of dollars)
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
Disk pack
Fixed-disk
Combination fixed/cartridge disk
Flexible-disk
Reel-type magnetic-tape
Cassette magnetic-tape
Cartridge magnetic-tape
Input/output peripherals. total
Card-read/punch
Hie-speed line printers
Medium-speed printers
Low-speed serial printers. total
Impact
Nonimpact
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 registers/terminals
Credit-authorization terminals
Electronic scales
Banking systems, total
Automated terminals, cash dispensers
Teller terminals
Industrial systems
Other specialized terminal
Office equipment. total
Nonconsumer calculators
Word processing
Dictation
Copying
Facsimile
Electronic typesetting
Accounting/bookkeeping
Printing/duplication

1977

1978

20,793.3
8,035.0

24,573.6
9,842.5

150.0
2,655.0
2.730.0
2.500.0
925.0
355.0
570.0
520.4
300.0
110.0
190.0
220.4
150.0
70.0
0.4
2.218.8
750.0
450.0
350.0
120.0
525.0
20.0
3.8
1.557.1
120.0
92.0
450.0
280.0
220.0
60.0
73.0
140.0
295.0
21.5
49.0
11.6
25.0
290.0
125.0
20.0
67.0
78.0
1.163.0
115.0

Communications equipment, total

1982

29,281.6 44,169.6
12.303 019.620.0

360.0
486.0
178.0
160.0
18.0
24.0
975.0
328.0
260.0
42.0
26.0
175.0
40.0
135.0
72.0
400.0
5,109.0
200.0
800.0
228.0
1.760.0
30.1
225.0
1,236.0
630.0

583.0
228.0
192.0
36.0
25.0
1,092.0
368.0
286.0
51.0
31.0
177.0
60.0
117.0
82.0
465.0
5.730.0
240.0
1.000.0
257.0
1.936.0
38.0
245.0
1.327.0
687.0

460.0
5.320.0
3.360.0
3.163.0
1,635.0
637.0
998.0
690.8
396.0
114.0
282.0
294.8
167.0
126.0
1.8
2,785.5
735.0
760.0
400.0
227.0
636.0
23.1
4.4
2.194.0
108.0
132.0
700.0
446.0
361.0
85.0
114.0
185.0
378.0
19.0
68.0
15.0
29.0
275.3
113.0
17.3
77.0
68.0
1.773.0
139.0
1,332.0
632.0
700.0
276.0
230.0
46.0
26.0
1.238.0
414.0
315.0
62.0
37.0
192.0
70.0
122.0
93.0
539.0
6.387.0
288.0
1.200.0
285.0
2.130.0
48.0
267.0
1,420.0
749.0

3,406.2
1,564.0
45.0
30.0
739.0
50.0
375.0
180.0
166.0
14.0
45.0

3,852.5
1.707.0
49.0
32.0
883.0
54.0
330.0
194.0
179.0
15.0
50.0

4,301.2 5,422.4
1.800.4 2.285.0
53.0
69.0
34.4
42.0
958.0 1.356.0
59.0
76.0
297.0
216.0
211.0
260.0
194.0
240.0
17.0
20.0
56.0
66.0

846.0

Radio. total
Aviation mobile (including ground support)
Manne mobile (ship and shore stations)
Land mobile (mobile and base stations)
Amateur
Citizens' band
Microwave (complete system, incl antennas)
Analog
Digital
Broadcast

262.5
3.800.0
3.030.0
2.750.0
1,274.0
476.0
798.0
590.9
338.0
112.0
226.0
252.9
158.0
94.0
0.9
2.492.6
728.0
608.0
385.0
168.0
578.0
21.5
4.1
1,821.0
114.0
110.0
560.0
352.0
282.0
70.0
91.0
161.0
315.0
20.0
58.0
13.0
27.0
282.6
119.0
18.6
72.0
73.0
1.448.0
126.0
1,069.0

1979

486.0

1.150.0
9.800.0
4.470.0
4.200.0
3.001.0
1.274.0
1.727.0
903.0
528.0
98.0
430.0
375.0
162.0
208.0
5.0
3.463.0
540.0
1,155.0
440.0
443.0
846.0
28.0
11.0
3,627.6
93.0
228.0
1.368.0
605.0
469.0
136.0
225.0
280.0
654.0
16.0
102.0
21.0
35.0
263.0
100.0
14.0
94.0
55.0
3.116.0
153.0
2,434.0
1,234.0
1,200.0
489.0
397.0
92.0
40.0
1.884.0
597.0
419.0
104.0
74.0
259.0
122.0
137.0
155.0
873.0
8.292.0
500.0
1.830.0
388.0
2.500.0
84.0
350.0
1.740.0
900.0

Electronics/January 4, 1979

(millions of dollars)
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 (nonconsumer)
Data-communications equipment. total
Modems. total
High-speed (2.400 b's and over)
Low-speed (less than 2.400 b's)
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
Power supplies, total
Encapsulated
Modular
Open-frame and card
Lab and bench
Medical equipment, total
Diagnostic. total
Tomographie X-ray
Other X-ray
Electroencephalographs
Electrocardiographs
Ultrasonic scanners
Automated blood analyzers

Electronics/January 4, 1979

1977

1978

100 0
147 0
370
358 0
340 0
180
200
11 0
160
310
350
865 0
165 0
700
950
800
680
420.0
132.0
97.0
225.2
97.5
145
120
300
410
950
15.0
300
26.0
240
32.7
250
77

115 0
154 0
460
398.0
374 0
240
240
220
190
400
370
1.042 0
177 0
770
100 0
960
880
540.0
141.0
113 5
250 0
106 4
158
140
322
444
107 6
160
366
290
260
360
270
90

132 0 200 0
162 0 178 0
640
83.0
443 0 493.0
411 0 440.0
320
53.0
29.0
52.0
42.0
147.0
22.4
37.0
465
60.5
390
48.0
1244 0 1.520.0
189 0 233.0
820
101.0
107 0 132 0
115 0 199 0
114 0 150 0
675 0 745.0
151 0 193.0
132 0 187.0
276 9 331.9
116 1 139.2
170
21.2
164
23.0
346
400
481
550
121 3 145 5
170
210
450
600
313
32.0
280
32.5
395
47.2
295
35.0
100
122

1,853.9
166.0
263.5
40.0
4.0
915
128.0
46.0
14.4
249
4.9
1.8
101.8
74.8
270
503.6
176 2
327 4
70.0
800
82.7
70.2
12.5
11 3
204 6
119 7
849
50.0
12.5
224 5
182 5
42.0
37.4
12.0
10.2
152

2,117.5
175.0
307 9
40.0
57
107.2
155.0
51.5
16.0
27.9
5.5
2.1
113.2
83.0
30.2
598.0
205 0
393.0
80.5
855
109 0
91.0
180
12.9
219 5
131.7
87.8
550
15.7
238.2
192.0
462
55.6
16.0
18.0
216

2,413.7 3,075.4
187 0 210.0
339 5 436.0
410
11.0
7.0
10.0
114.0
190.0
177 5 225.0
574
67.7
17.8
19.4
310
36.6
62
8.7
24
3.0
123 5 156.0
905
116.0
330
40.0
722.0
930.0
258 0 360.0
464 0 570.0
918
110.0
97.5
116.0
122 0 182.0
103.0
160.0
190
22.0
14.4
18.0
235 3 273.0
144 9 165.0
90.4
108.0
60.5
76.0
19.0
26.0
269.8
341.7
219.0
274.0
50.8
67.7
74.0
133.0
21.0
38.0
23.0
33.0
300
620

390.0
90
260 0
112 0
90

434.4
10.0
280.0
134.0
10.4

1,462.0
803 0
300 0
230 0
130
360
60.0
90.0

1,555.9
773 4
200 0
280 0
140
389
648
972

1979

480.1
11 2
302.0
155.0
11.9

1982

674.0
140
453 0
190 0
170

1,733.8 2,245.8
877 5 1,131 1
220 0 286.0
342 0 458.0
150
18.0
42 0
53.0
700
870
105 0
132.0

(millions of dollars)

1977

1978

1979

1982

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

60.0
14.0
135.0
402.0
127.0
275.0
84.5
400
85
11.0
25.0
37 5
90
18.0
10.5

64.0
14.5
158.0
494.6
134.6
360.0
88.2
26.8
9.4
12.0
30.0
41.7
10.0
18.9
12 8

68.5
15.0
164 0
545.7
142.7
403 0
100.1
40 5
10.4
13.2
36.0
46.5
11.1
19.8
15.6

80.1
17.0
184.0
734.0
1700
564.0
131.0
54.0
125
16.5
48.0
65.7
110
27.7
25.0

Automotive electronics, total
Voltage regulators
Emission-control systems
Electronic ignition systems
Fuel-injection systems
Fuel-metering systems
Safety systems

237.0
220
70 0
112 0
150
120
60

282.0
22 0
102.0
115.0
23.0
130
7.0

343.0
23.0
150.0
117.0
29.0
140
10.0

807.0
25.0
245.0
127.0
50.0
220.0
140.0

(millions of dollars)

1977

1978

1979

1982

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

16,638
14,963
7.051
1.205
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
111
63
397
III
286
87

19,920
18,086
8.533
1.356
2.319
2.857
538
1.663
6.283
3.270
850
454
267
121
66
428
112
316
102

24,460
22,258
10.684
1.697
2.895
3.478
683
1.831
7.732
3.842
972
582
343
165
74
506
125
381
142

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
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 dectronics products, total
Antennas. TV. and radio
Home video players/recorders
Home video cameras
Video protectors
Electronic organs, other instruments
Intrusion alarms
Electronic assembly kits
Microwave ovens
Smoke detectors
Telephone-answering devices
Electronic games
Calculators. hand-held
Electronic watches
Digital clocks
Home or personal computers
'Includes docnestvnlade eouvrent

12,135.0
4,031.5
552 5
3.479 0
3,664.5
972 0
572 0
155 0
417 0
400 0
317 0
969 0
307 0
225 0
48 0
389 0
1.2002
206 3
3,346.0
150 0
141 0
11 0
80 0
350 0
166 0
750
800 0
60 0
20 0
400 0
643 0
400 0
40 0
10 0

14,030 15,393.6 21,402.2
4,465.8
4,197.0 5,186.2
560 2
536 8 516 2
3.905 6 3.660 2 4.670 0
3,879.2
4,141.6 5,073.0
978 0 1.110 0
907 0
475 0
520 0 565 0
800
150 0
150 0
325 0
370 0 485 0
458 0 545.0
432 0
342 4
321 9 380.0
1.145 7 1,350.0
1.0568
350 0 410.0
319 0
258.8
282 0 367.0
38 7
27.0
43.0
475 0 546.0
4360
1.4800 1,998.0
1.362.0
211 0
216 0 235 0
4,473.0
5,702.0 9,568.0
147.0
129.0
137.0
442.0
960.0
301.0
45.0
120.0
30 0
485.0 1,400.0
210 0
433 0 784.0
390 0
204.0
255 0 4-46.0
122.0
84 0
92.0
1.2000
1.500 0 2.250.0
71 0
850
149.0
25.0
35 0 100.0
617 0
840 0 1.515.0
665 0 678 0
655 0
472 0
566 0 680 0
64 0
88 0 152 0
34 0
65.0
21 0

otl-shore products sold under U 5 labels. and domestv and

foregrplabel Imports
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EUROPEAN
MARKETS
Like weary marathon runners slowing down as they agonize
up a long, hilly stretch, the economies of Western Europe
generally don't have what it takes to maintain the pace this
year. Changed economic forces around the world are limiting
growth in Western Europe despite a general desire to keep
the output of goods and services on astrong upward climb.
One crucial change, of course, was the spurt in oil prices,
now five times what they were five years ago. The end of
cheap oil signaled the end of strong economic growth for
Western Europe—it had averaged 5.5% during the high-flying
late 1960s and early 1970s.
But oil was not all. Some traditional basic industries in
Western Europe—particularly steelmakers, textile producers,
and shipbuilders— ran into double trouble. As markets
around the world went soft, they found themselves up against
lethal new competition, mainly from Far Eastern countries.
The resulting layoffs swelled European unemployment rolls,
already at recession levels.
In easier times, governments could cope. They created
jobs by channeling money into their economies. But now
there is so much danger of excessive inflation—except in
West Germany and Switzerland—that governments cannot
chance it. What is needed, really, is a thoroughgoing restructuring of the West European economies—creating whole new
industries to take up the slack of traditional ones condemned
to falter, then perish.
But that will take several years, at least, if it can be done at
all. Meanwhile, there is a worrisome pile of U. S. dollars
overhanging the currency markets that are essential for world
trade. Even more unsettling, potentially, is the underlying
political situation, which is far from stable: in most West
European countries, about half the people want to stick with
the existing free-market economies and the other half want to
extend the socialist philosophy.
It is easy to understand, then, why forecasters in Western
Europe are not coming up with high growth numbers for the
year ahead, whether their predictions are generated by
sophisticated computer models or by hunch. But the foreground is much brighter than the background, so by and
large they now think that the output of goods and services
will expand a little more than it did in 1978, when the growth
in real terms was under 3%. McGraw-Hill Inc. economists, for
example, currently predict a 2.9% growth this year, just a
shade better than last year's 2.7.%.
If the predictions hold, most of the credit will go to the
front-running economy in Western Europe, West Germany,
where the mild reflation program put together last year by
Chancellor Helmut Schmidt's coalition government seems to
have taken hold. "Confidence among industrialists is picking
up and is combining with that of the consumers," says
Manfred Beinder, chief economist at the ITT subsidiary Stan
dard Elektrik Lorenz AG. That should be enough, West
German economists think, to push growth to a respectable
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4% this year. And when business does well in West Germany,
the same can usually be said for its two small neighbors,
Belgium and the Netherlands.
France, second in economic weight in West Europe,
currently has about as much inflation as the country can
stomach, so Premier Raymond Barre cannot push the economy too hard. Still, the Organization for Economic Cooperation
and Development now says growth in France will run some
3.5% in 1979. Italy could match that growth rate, too. There
will be lesser gains, presumably, in the United Kingdom, the
Scandinavian countries, Spain, and Switzerland.
Business in general, then, should not be too bad this year
despite the fundamental uncertainties for the long haul. And,
as always, sales of electronics hardware will expand at a
considerably faster pace than the economy overall. Nonetheless, the growth rate for equipment seems set to ease slightly
and that for components to contract noticeably, according to
Electronics' annual survey (p. 127).
The survey, carried out in 11 countries last fall, forecasts
that equipment markets for 1979 will run some $37.01 billion.
That is a rise of 10.9% over the figure for 1978, estimated at
$33.38 billion. This year's growth will thus run the same as
that logged last year. (For the survey, recipients were asked
to estimate national markets for components and equipment
in local currencies at current prices. These estimates were
converted into dollars at the exchange rates in effect in late
November 1978. No attempt has been made to adjust
market prices for inflation, and for that reason the
true rise is less than the figures indicated for most categories
of products.)
Although integrated circuits seem set for a reasonable rise,
components markets will not be as buoyant this year as they
were last, the survey suggests. Sales of components for 1979
will add up to an estimated $8.74 billion, a 6.5% climb.
WEST EUROPEAN ELECTRONICS EQUIPMENT MARKETS

West Germany

1977

1978

1979

9,488

10,313

11,348

France

6,249

7,120

8,066

United Kingdom

4,465

5,061

5,682

Italy

3,047

3,531

3,956

Benelux

2,389

2,546

2,739

Scandinavia

2,056

2,179

2,351

Spain

1,461

1,637

1,799

907

995

1,070

30,062

33,382

37,011

Switzerland
Total
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hike to $1.20 billion for terminals.
For some markets, the figures for minis and small
systems will look low. "The rate in the Scandinavian
countries is 30% or more," estimates Peter Bonne,
marketing manager for Norsk Data AS, a fast-growing
Norwegian computer and terminal maker. "Larger
minis are nibbling at the lower end of the mainframe
market," he contends.
The growth should stay high for some time. Per JensComputer makers continue to carry off their own particular economic miracle in Western Europe. Even when en, sales manager for data systems for Philips Data
business falls in a country, they manage to keep their Systems AS in Denmark, pegs the rate at better than
sales there on the rise. "The sector is anticyclic 25% now. It will stay there for the next two or three
compared with the general economic cycle," is how years and then surge as small computers, their prices
Terrence Stones, director of planning at Honeywell dropping some 10% to 15% a year, tap a new layer of
Information Systems (UK) puts it. And when there is customers. In much the same vein, Fulvia Sala, market
some growth in the country, they manage to exceed it as research chief for Honeywell Information Systems Italia
spA, points out that there are some 30,000 manufacturfar as their own business goes.
A track record like that inevitably leads to the front of ing companies in Italy that have yet to buy acomputer
the pack, and that is exactly where computers and and 15,000 small commercial firms that rate as potential
related electronic office equipment will wind up this customers for minis as well.
The proliferation of small systems, however, does not
year —by a good $820 million, according to Electronics'
survey. Sales for this sector are projected at $12.94 signal the demise of large systems. "The minis are
billion, a solid 14.3% gain above the estimated $11.32 coming in alongside mainframes in distributed processbillion for 1978. To be sure, this growth rate runs a ing systems," notes Heiner Blâsser, computer systems
shade under the estimated 14.5% logged last year, but manager for Hewlett-Packard SA in Switzerland. And
the difference is not worrisome. After all, apace of 14% Jochen Rfissner, a marketing specialist for Sperry
Univac, the computer division of Sperry Rand GmbH in
is not bad.
The big lift is coming from minicomputers, small West Germany, maintains that alot of large companies
systems, and terminals. Minicomputers—not counting figure a giant can do the job better than a battalion of
original-equipment versions, which lose their identities midgets. Siemens AG, too, has thumbs up for large
when put in large systems—should soar 27.1% this year computers; it is adding two new large-computer families
to some $1.22 billion, according to the chart. The to its hardware lineup.
The flurry in minicomputers and small systems has hit
percentage gains for small systems and terminals are
less, but still considerable. The forecasts: a 19.0% jump most Western European countries at about the same
upward to $2.00 billion for small systems and an 18.3% time. And since large-systems sales rebounded last year

CnMPUTERS

Running against the grain
to take the sales lead

Moving. Data communications and data terminals are two hot markets in Western Europe. Computers and related equipment will be worth
almost $13 billion and communications $7 billion. Seen here is Telex electronic switching system EMX 1010 from Siemens AG.
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as expected in West Germany, the growth rate among
the major national markets is similar.
West Germany, of course, has the highest numbers for
computers and electronic office equipment —$4.34
billion forecast for 1979, a hefty 15.5% above the estimated $3.75 billion for 1978. France, the UK, and Italy
are much smaller markets, but they are not lagging
terribly behind in growth. The UK, for example, will
clock a 14.8% gain this year to reach $1.91 billion. Italy
should move up almost as much-14.7%. As for France,
computer markets there are forecast at $2.89 billion, for
again of 12.5%.

CONSUMER_
Color TV loses a step
as market growth slips
Throughout Northern Europe, color television screens
glow in millions of living room windows. But in many
countries there are few windows left to light. The market
for color television, the mainstay of consumer electronics, is growing at aslower and slower rate.
As aresult, consumer electronics this year will lose its
traditional place as the biggest money sector among

Good view. Video cassette recorders like Grundig's SVR 4004 are
expected to offset the slowing of color TV sales in northern European
countries. However, the Japanese are also moving in on this market,
which is estimated to reach $289 million this year.
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West Europe's electronics industries. Last year, sales of
consumer hardware ran $11.41 billion, according to
Electronics' survey, roughly half a billion dollars better
than the -computer sector. But for the year ahead the
consumer market is tagged for a modest 6.1% rise. At
$12.11 billion, then, consumer electronics slips back to
become number two.
Though its growth has slowed, color iv is still big
business. The survey forecasts sales of $5.91 billion for
1979, compared with $5.56 billion for 1978. That works
out to a6.3% gain, but it is well below the near-10% rise
that the chart shows for 1978, when the market caught
fire largely because of the World Cup soccer matches
transmitted by satellite from Argentina.
Hi-fi hardware, the second biggest market chunk, will
slow, too, but not as noticeably as color TV. For hi-fi, the
1979 market is forecast at $1.58 billion, up 11.4% over
last year's $1.42 billion; but last year's rise from $1.26
billion amounted to a 12.7% gain. Black-and-white Tv
sales will decline this year, continuing the trend. For
radios, flat is the word overall.
There is no mystery about why the slowdown for color
TV. Saturation has settled into the markets in West
Germany, the United Kingdom, the Benelux countries,
and Scandinavia. And this year there is no big sporting
event to draw the dwindling number of first-set prospects
into dealers' showrooms. What is more, replacements
and second sets don't amount to much yet. "They won't
have a real impact on the market until 1980 or so,"
judges Johanna von Ronai-Horvath, head of market
research at West Germany's tri' Schaub-Lorenz.
It is not the same story elsewhere. France got off to a
slow start in color television, and the market, far from
being saturated, should continue on astrong uptick this
year. The survey suggests sales of $986 million, up a
respectable 13.5% over the $869 million for 1978.
Italy started even later than France—colorcasts did
not start officially until 1976, although the market was
actually launched a couple of years earlier by "pirate"
transmissions from neighboring countries—and so the
bloom is still on.
Inevitably, the southern countries will join their northern neighbors on the list of saturated color TV markets.
Set makers in Western Europe then will have to put up
with slow-growing markets heavily dependent on replacements and second sets. And second-set markets
obviously have their drawbacks. People ordinarily opt for
low-cost small-screen sets, so that less money funnels
into the marketplace. And it is precisely in small-screen
portables that the Japanese producers, now turning up in
Western Europe in some force, are strongest.
So European set makers need anew product to tonic
their markets. The first obvious candidate is the video
tape recorder, or as market leaders Philips' Industries of
the Netherlands and Grundig AG of West Germany
would prefer, the video cassette recorders. Sales of VCRs
this year will run close to $300 million, Electronics forecasts. To meet the demand, Grundig put anew plant in
production last year and Philips is rushing completion on
a $135 million facility in Austria to supply European
markets. Also, Japanese suppliers, seeing solid market
shares later on, have been shipping heavily to their
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European outlets, especially in the UK.
Still, it is too early to judge the staying power of video
tape machines after the almost-certain fast run-up in
sight as the well-heeled Western Europeans acquire
theirs. "The product is still not fully defined and its uses
are not clear," says a top economist at Philips' central
planning organization in Eindhoven.

COMMUNICATIONS
Up over 15%, market
will be fastest growing
Business for communications equipment makers in
Western Europe sometimes wanes as governments hold
back on investments in telecommunications networks
during national belt-tightening programs. But more
often business waxes as the networks expand to keep
abreast of demand for telephones and Telexes. At the
same time, there is added push when the telecommunications operations add new services.
"Technology is leading to amerger of systems," says
Cees Kok, marketing manager for Philips Telecommunicatie Industrie By, headquartered at Hilversum, the
Netherlands. "The telephone, Telex, copying, facsimile,
and computer markets will integrate as the 'office of the
future' evolves," he explains.
Although the office of the future will not be here this
year, the extended services the networks are either offering or getting ready to offer account in part for the
strong rise expected for communications hardware sales.
And since the sector includes equipment that winds up in
planes, tanks, and warships, it is doubly solid. The survey
forecasts that the markets will run $7.23 billion this
year, up from $6.26 billion last year. That is ajump of
15.6%, making communications the fastest growth sector
on the chart.
For communications equipment in particular, the label
"West Europe" signifies acollection of national markets,
since the government agencies are normally patriotic
purchasers. Thus the outlook varies considerably from
country to country. This year again, the three largest
countries will have the strongest markets. At the bottom
end of the list come the Benelux countries, where the
market will be flat, at best.
In West Germany, the Bundespost, which runs the
phone network, will boost its total spending by 9% this
year to $4 billion; a big chunk will go for electronic
hardware. Most of the money is earmarked to improve
conventional services like telephone and Telex, but some
will go into new systems like cable TV, viewdata, and
fiber-optic links. Then there is Telefax, which started
with the new year. Private investments in communications gear, too, are on the rise. All told, then, the West
German markets for communications gear are forecast
to swell to $1.57 billion this year from a 1978 level of
$1.31 billion.
There is asurge in store for French communicationshardware producers as well. The postal and telecommu-
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nications authority continues its drive to build up the
phone network to 20 million lines by 1982, with aheavy
accent on electronic switching. Electronics' survey shows
an increase for semielectronic and electronic telephone
exchange equipment —to $578 million this year from last
year's $333 million. Carrier equipment, though, will
drop off slightly from the estimated $302 million.
French defense-equipment suppliers like ThomsonCSF and Avions Marcel Dassault—Breguet Aviation SA
have books bulging with export orders, and their home
market is reasonably strong. Thus there is plenty of
demand for radars, navigation aids, and radio equipment. Add this hardware to that destined for telecommunications uses and the total for the sector becomes
$2.22 billion, a stunning 20.7% over the $1.84 billion
that is estimated for 1978.
In the UK, too, communications equipment markets
have a solid ring. Last year, they totaled $1.22 billion,
according to the survey. They are forecast to move up
14.1% this year to $1.40 billion. The reasons for the rise
are much the same as they are on the other side of the
English Channel — heavy spending for semielectronic
switching ($273 million, according to the survey, mostly
for TX E-4 exchanges) and big exports of defense equipment. What is more, aspurt in private electronic switching systems seems to be in the making.
The end is nowhere in sight. There is Prestel, the
telephone-television information service originally called
Viewdata, coming along. And the British Post Office has
its renewal program, too-12 million lines of stronger
step-by-step exchanges to replace by 1995, many of them
by an integrated digital telephone network. The first
contracts for System-2, as the post office calls the digital
network, reportedly will be let this year. They will
presumably cover the first two exchanges, which the BPO
wants to cut over by 1981.

TEST AND MEASUREMENT
Three-year sprint
expands new markets
"I have the feeling that the growth rate for test and
measurement instruments will be roughly the same in
1979 as in 1978 for Western Europe," says Ab de Boer,
director of Philips' Science and Industry division in
Eindhoven, the Netherlands. The feeling is generally
shared among those in the business surveyed by Electronics. The forecast: sales this year of just under $900
million, up 10% over the estimated $817 million for
1978. That will be just awee bit more growth this year
than the 9.7% logged last year and will make it three
good years in arow for the instrument markets.
There is no argument either over where the growth is
coming from. Even though private investment levels are
low and test equipment budgets pared to the minimum,
product innovation is propelling the market upward.
For instance, there is a strong rise in data domain
instruments, spawned by new needs of equipment design-
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ers who put microprocessors into their hardware. Sales
of digital logic probes, analyzers, and like instruments
will spurt almost 25% this year, the survey indicates. But
some market watchers feel that estimate is not enough.
"Data domain instruments are going up at least 50% a
year," maintains Peter Kohl, instruments marketing
manager for Hewlett-Packard SA, Switzerland. Whatever the rate, the market looks so attractive that Philips,
which has developed a batch of these instruments for
in-house use, plans to start putting them on the open
market this year.
Automatic test equipment will bound up again this
year, too. The survey pegs the rise to $91.5 million,
23.5% over the 1978 figure. The reason is obvious:
testing has become so complex and so costly that powerful computer-based systems are the only answer.

COMPONENTS

Running in step
during alull
Except perhaps for biorhythm addicts, no group watches
its cycles as closely as components makers. And these
companies all know that at the moment the cycle looks
overripe, particularly for semiconductors. But the woes
that components makers traditionally suffer when the
cyclic curves top out and start down probably will not be
as severe as before, because the high overcapacity that
made the declines so precipitous in earlier cycles so far
has not manifested itself. And longish delivery lead times
add ameasure of comfort.
These sentiments are reflected in the survey results,
which predict components markets totaling $8.74 billion
in the 11-country region this year, up from $8.21 billion.

MARKET REPORT EXCHANGE RATES
(The Idle, below we', used to conveu tEsiiopnaus ClIliencles to
Belgium:

30.5 francs/dollar

Denmark:
France:
Italy:

U.S. clonal s)

5.30 kroner/dollar

4.50 francs/dollar
855 lire/dollar

Netherlands:
Norway:
Spain:
Sweden:

2.10 guilders/dollar

5.10 kroner/dollar

72 pesetas/dollar
4.40 kroner/dollar

Switzerland:

1.75 francs/dollar

United Kingdom:
West Germany:

51 pence/dollar 1pound =$1.951
1.95 marks/dollar

That is a6.5% increase—adequate at best but well under
the 8.6% rise that was logged last year over 1977's total
of $7.6 billion.
There are no particular surprises in the components
chart. Sales of integrated circuits will set the pace in
growth among the big-money categories. But it will not
be an exceptionally fast pace. Integrated circuits are
pegged at $1.32 billion for 1979, compared with an
estimated $1.18 billion for 1978. That works out to arise
of just under 12%, well off last year's 16%. As expected,
microprocessors and memories will outstrip linear Ics
and logic circuits for growth, but not match them in
sheer money volume.
Discrete devices figure to stay in the doldrums. Therefore, for semiconductors overall the growth figures
become even less impressive: amodest 8.3% rise to $2.45
billion.
As for passive components and electromechanical
parts, they still outsell semiconductors and tubes
together. Forecast at $4.45 billion this year, they
account for slightly better than half the components
markets in West Europe.
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Automation. Microprocessors are gaining alarger and larger role in process-control equipment and machinery. Here, SMP80 microcomputers
from Siemens are being installed in bottling and filling equipment at alarge West German beverage machinery maker.

JAPANESE
MARKETS
No sumo wrestler could have as formidable abattle as Japan
has had in grappling with its economic foes—slow growth,
yen-to-dollar value 4luctuations, and falling exports. Determined to meet its promise of a 7% gain in Gross National
Product in 1978, the Japanese government threw itself into
the contest with economic stimulators, but at year's end was
having little success in moving the big, listless economy. To
some it appeared that Japan Inc., the team of industry and
government that gave the country ared-hot growth streak in
the 1960s and early 1970s, was losing its grip.
This year could bring a return bout, particularly if the
important American export market loses steam in the second
and third quarters. A lot depends on ifs—if exports revive, if
the currency settles down to a realistic value somewhere
between v200 and $220 to the U. S. dollar, if the government's recovery program succeeds, and if domestic demand
increases. But the 7% Gross National Product growth will not
be reached even with the change in leadership from Takeo
Fukuda to Masayoshi Ohira.
Japanese economists point out that the country has
entered anew era economically, especially since the oil crisis,
and that it is therefore necessary for the island nation to
realign its industry. However, this notion may take along time
to be realized.
On the brighter side, Japan's electronics markets look
better than the general economy. The Electronics survey
(p. 127) projects a growth of nearly 15% for equipment
consumption this year, slightly better than the percentage
last year. The total for 1979 is $23.4 billion, though that figure
is of course much inflated by the decline of the dollar in the
last 12 months. (The exchange rate used in this report and in
the table is $200 = $1.) But the concern over exports
continues. The manufacturers may not know the worst until
the next quarter, when they close their fiscal year and absorb
the cumulative effects of the ups and downs of the yen during
the fourth quarter of 1978.
In the major domestic market segments (see graph),
purchase of data-processing equipment, including office
machines, will grow by 17.5% this year in dollar terms,
surpassing the once-dominant consumer electronics sector.
Consumer products, suffering perhaps most of all from a
combination of domestic blahs and overseas market
constriction, should edge up on the home front by 12.7%.
Communications is expected to gain 9.5%, modest for this
category; industrial, an excellent 23%. Dollar volume will
increase by 7.5% for test instruments.
In the components categories, consumption of integrated
circuits has swept further ahead of discretes, as expected.
This year, according to Electronics' survey, consumption of
ICs will be worth $1.66 billion, and sales of discretes will total
$1.16 billion, for an overall semiconductor total of $2.8
billion. That means that the percentage of growth for ics this
year is estimated at 18%, while discretes will pick up by only
4%. Passive components will also register a 4% growth. The
total in this category will be $4.2 billion.
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CONSUMER

Multiplex TV, hi-fl
prop up unsteady markets
Japan's consumer electronics companies, it seems,
always find something to keep up their hopes and their
domestic sales. Last year it was home video tape recorders (called video cassette recorders in the U. S.). This
year it is multiplexed television broadcasting, which
brings the home TV either stereo or bilingual sound (one
language on each of two audio channels when fitted with
adapters, tuners, and extra speakers). Also in the offing
are additional fm broadcasting stations that promise to
encourage hi-fi audio sales.
Otherwise, the Japanese makers have little to cheer
about this year. With household saturation well past
90%, color TV sales are bumping along at over 5 million
units per year-5.4 to 5.5 million in 1978, 5.5 to 5.8
million units this year— and are expected to hit 6 million
only in 1980. Replacement sales are probably a little
ahead of second- and third-set sales, although the small
sets (those with screens measuring 14 in. or less diagon-

Where the yen is. With total electronic equipment sales of $23.4
billion this year. Japan's electronics industries are expecting a 15%
gain, led by the data processing and office equipment sector. Dollar
values were computed at 4200 = $1, the rate at publication.
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VTR to the rescue.

Consumer electronics companies are depending

on rapid growth of video equipment, such as these VHS units being
produced by Matsushita, to help relieve the saturated color TV
market. Domestic VTR sales are expected to be $1 billion.

ally) are still well ahead in percentage of units sold.
Set makers are continuing a year-old trend of putting
premium features such as microprocessor-based tuning
systems into new models in order to boost their price. As
a result, the dollar value of color TV sets sold this year
will increase almost 5% to $2.5 billion, despite flat unit
sales. Multiplexed TV, broadcast on a limited basis since
October, fits right into this trend. The set makers plan to
cash in on it by building multiplexed sound into 18-in.
and 20-in, color receivers and pricing them at $1,160 to
$1,270. And both they and hi-fi audio marketers will be
selling adapters and tuners priced at $175 and up to
$530, respectively, for retrofitting present sets.
In 1981, the Electronic Industries Association of
Japan predicts, the multiplexed feature will be found on
over half (3.78 million) of the 6.3 million TV sets it
expects to be sold. For this year, it predicts sales of 1.2
million such sets, and for 1980, 2.4 million.
At home, the video recorder market is still growing.
The good news is that producers managed to avoid a
domestic price war by following the same tactic as in TV
receivers—stuffing in features such as programmable
timers to push up prices. The bad news is that sales have
fallen short of expectations in the important U. S.
market. At the beginning of 1978, the EIA-J predicted
there would be 1.4 million VTRs produced in Japan,
500,000 for domestic consumption and the rest for
export. But apparently actual domestic sales were about
450,000 units last year and should climb to only 750,000
to 800,000 units this year, somewhat under the 1million
originally projeted for 1979. Total household saturation
at the end of 1978 was only between 2% and 3%; this
year it should be at about 7%, pushing to 10% next year.
All of the VTR makers have now introduced home
color cameras that should begin to move this year.
Estimates of sales for this year range from 10,000 units
up to 50,000 units, indicating uncertainty about how well
the color cameras will go over.
Hi-fi audio products, which took an unheard of dip in
sales last year, should stage a mild recovery in 1979.
Even in the worst of past economic times stereo sales
have been vigorous, but with total saturation of stereo
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equipment approaching 60%, some slowing of growth
was expected. Recently, though, the youthful buyers who
are the stereo market's foundation have become less
dependable. Moreover, the 15-to-24 age group in Japan
has shrunk by 20% since 1970, though it should pick up
again.
So the equipment makers are appealing to adifferent
market —the 30-to-39 age group that is more interested
in lower-cost easy-to-operate systems than are the audiophiles in the youth market. All the manufacturers have
introduced small components: Pioneer Electronic Corp.
brought out its Mini Component line, for example, and
Matsushita Electric Industrial Co. its Concise line. Also,
most of the companies have introduced in Japan tuner,
amplifier, and deck combinations common in the U. S.,
again to appeal to this older buying group that does not
go for the complexity, space requirements, and higher
costs of separate components.
Besides multiplexed TV broadcasting and the sales it
means for some audio manufacturers, more fm stereo
stations are due to start broadcasting, which should also
encourage equipment sales. Overall, hi-fi component
sales this year should approach $1 billion, according to
the Electronics' survey.
As for other consumer products, the outlook is mixed.
Microwave range sales have been stalled at about 1
million units. There were 900,000 sold last year, and 1
million to 1.5 million should move this year.
The market for extra-thin calculators and calculatorclock combinations has been rolling along at a 10million-unit level domestically. The watch market, on
the other hand, has done a complete flip-flop in the last
year: low-price pressure is now a factor in digital
watches, which was not the case a year ago. Moreover,
another newcomer, Sanyo Electric Co., has now entered
the market, which the established watch companies have
had pretty much to themselves. And Timex has reentered the Japanese market with a line of digital models.
Other newcomers are likely to appear this year, some
armed with low-priced units made in Hong Kong.
Although the liquid-crystal digital models are creeping
up on the quartz-crystal analogs, the latter still hold
about a four-to-one numerical advantage: quartz-crystal
sales, analog and digital, account for some 90% of all
men's watches and 70% of women's watches.

COMPONENTS_

One-chip microprocessors
pace big IC advance
Integrated circuits gave abig boost to the semiconductor
market last year, while as usual widening their sales lead
over discrete circuits. Future growth in discretes appears
to be confined to power devices, including rectifiers for
new microprocessor systems and devices not easily incorporated into ics.
Overall, Electronics' market survey shows that 1c
consumption in Japan increased by almost 20% in 1978
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and is forecast to grow by about 18% this year. The
biggest jump in 1978 was in microprocessors, which
increased by awhopping 74%, led by 4-bit one-chippers
for consumer electronics. New last year were single-chip
microprocessors with on-chip analog-to-digital converters. For instrument and industrial applications, however,
the 8-bit 8080 and its derivatives continue to head the
list. Growth will subside to somewhat less than 30% this
year because there are fewer new applications. Next
year, though, could see another big jump as Japanese car
manufacturers adopt microcomputers for a variety of
uses including engine fuel-management systems and
dashboard controls.
Consumption of metal-oxide-semiconductor memories, for use with both microcomputers and mainframes,
was up over 37% last year and will run about 30% this
year to over $214 million. Introduced this year will be
16-kilobit dynamic memories operating from a single
5-volt supply and also high-speed 4-K static memories
like the 2147.
In programmable memories, 2708-type 8-K devices
lead the field, though this year 2716-type 16-K devices
should begin to have an impact. Leader in the 2716 type
is now Toshiba Corp., but Nippon Electric Co., Hitachi
Ltd., and others, including U. S. companies, will challenge its position this year.
Last year marked the start of demand for chargecoupled-device and bubble memories, although applications tend to be specialized. Bubble memories, for example, are used by Nippon Telegraph and Telephone Public
Corp. in telephone exchanges but not in time-shared
computer systems. Consumption this year will still be
under $10 million for each of these categories but serious
growth is expected in afew years.
In other ics, calculator chip sets, once the star of
large-scale integration, are still growing to $128.8
million but have been passed in value and growth rate by
both microprocessors and memories. Coming up strong
behind the calculators are watch chips, which grew by
31% last year and promise to run up by 16% this year to
over $71 million.
As for logic circuits, demand for general-purpose bipolar devices is both larger and growing faster than for
complementary-MOs, although c-mos consumption increased more than 10% last year and will increase even
more this year. New applications of bipolar logic are
mainly in low-power Schottky. Also increasing, although
usage is smaller, are sales of 4-bit-slice microprocessors.
Quantity demand for discrete devices is growing somewhat faster than dollar figures indicate, because prices
are falling. The total consumption estimated for 1979 of
$1.16 billion is just 4% ahead of last year.
Big guns in the tube department are picture tubes for
TV and data terminals, microwave cooker magnetrons,
and camera tubes. High-resolution color tubes that can
display 80 or more characters per line used in data
terminals are helping the picture tube makers boost sales
while the color TV market has been in the doldrums. But
CCD and mos sensors should greatly erode the rapidly
growing market for vidicons in the home video-camera
market in the next few years. And various types of
field-effect-transistor devices, both junction and mos
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types, will have an impact on power tubes. New highvoltage bipolar power transistors recently announced by
Mitsubishi Electric Corp. may also enter.

COMPUTERS

Japanese battle each other
awaiting IBM's next blow
The domestic growth rate in computer consumption has
definitely slowed—in part because of saturation, in part
because of the stale state of the economy, and in part
because many users are waiting for IBM to introduce its
so-called E series of mainframes. Dollar gains for
computer systems will be 11.5% this year, compared
with 10.9% last year. However, the data-processing and
office equipment sector as a whole will move up over
17.5% to $9.2 billion.
As usual, the Ministry of International Trade and
Industry is playing arole in computer development. Even
as the VLSI joint research project is running its course,
mm has requested funds to sponsor continued efforts by
the five Japanese companies involved, this time to develop software and peripherals. Software, the manufacturers admit, may be the hardest task the Japanese have
had to tackle in their race to match American programming know-how.
Meanwhile, changes are occurring in the market.
Although the companies, Fujitsu Ltd., Hitachi Ltd.,
Nippon Electric Co., Mitsubishi Electric Corp., and
Toshiba Corp., were able to cooperate to some extent on
the development of their current lines, they are competing against each other in marketing as vigorously as they
are against the Americans. For example, after Fujitsu
introduced the large-scale M-200 series, its partner and
ardent competitor Hitachi came out with its own version,
the M-200H. NEC and Toshiba, formed Nippon-Toshiba
Information Systems as ajoint venture, yet NEC continues to compete against NTIS in the marketing of its ACOS
series.
Another sign of the changes is that all the domestic
makers are now openly reducing their use of Japan
Electronic Computer Co., the joint computer-financing
organization, and setting up their own rental plans.
When Hitachi first announced it was pulling out of JECC
acouple of years ago, the other members were reluctant
to go along. But now Fujitsu has cut JECC financing to
about half of its rental program, or less than 18% of its
total business. NEC uses JECC only when a customer
demands it, and then only for ACOS leases; Mitsubishi,
too, finances only its high-end machines through JECC.
Hitachi, meanwhile, has almost completely pulled out.
As in the U. S., the market in small-business machines
is growing thanks both to new users and to present users'
adding machines to branch facilities. Another solid
growth area is electronic cash registers. Although the
number of competitors has been increasing, NCR Japan
Ltd., the NCR Corp. subsidiary, still has the largest dollar share of market because of its dominance in higher-
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priced machines. However, domestic companies are
beginning to take over the low-end ($300—$400)
markets.

COMMUNICATIONS

Electronic exchanges
keeping phone lines busy
For some years now, Japan has been preparing for
volume use of data communications, as evidenced by the
annual consumption figures. This year, for example,
electronic telephone exchanges, data-communications
equipment, and facsimile equipment will move up hand
in hand in the communications market. Domestic
purchases of public electronic exchanges will climb from
$292.5 million to $337.5 million, data-communications
equipment from $162.5 million to $181.5 million, and
facsimile terminals from $202.9 million to $250.6
million, according to Electronics' consensus.
Last year was the first that semiconductor memories
were used across the board in Nippon Telegraph and
Telephone Public Corp. electronic exchanges. Use of the
memory made these exchanges competitive with small
crossbar exchanges for the first time, rather than only
large ones. Continuing a multiyear program, NTT
purchases will be heavily weighted in favor of electronic
exchanges, with crossbar exchanges used mainly to
expand existing installations.
In the five years extending through 1982, most stepby-step exchanges will be torn out and replaced by
electronic exchanges, as will some crossbar toll
exchanges. Altogether, some 800 electronic exchanges
will be installed, for both new business and replacement
of step-by-step, providing a steady income for the telephone company's favored family of suppliers.
This March the D50 exchange will go into service on
the DDX, or digital data exchange network; it is similar
to the DIO, but with time-division switching facilities
added. Packet switching will also be added at the end of
June.
The markets chart shows that facsimile terminal
consumption increased by almost 26% last year and
should show asimilar increase this year. Unit sales will
increase by several times that amount, though, as prices
fall. Facsimile is made to order for the written language
in Japan, so that continued rapid growth is assured.

INSTRUMENTS

Revaluation changes rules
of price-cutting contest
Marketing test equipment became a whole new ball
game last year as Yokagawa—Hewlett-Packard Ltd. cut
most prices by 30%, Sony Tektronix Corp. cut prices up
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to about 20% on its competitive products, and John
Fluke Manufacturing Co. pushed inexpensive digital
multimeters. All of this price action by the Americans
was courtesy of the falling U. S. dollar, which won them
an artificial price advantage in Japan.
Many Japanese manufacturers either redesigned or
were in the process of redesigning their instrument lines
last year to meet this American challenge. Thus, the
increase in the percentage of units sold exceeded the
7.5% increase in sales dollars last year. A slightly smaller
gain is forecast for this year.
Although still asmall market, digital logic analyzers
registered the biggest sales increase. A better than 30%
rise last year will be followed by asimilar one this year.
Microcomputer development systems, till now the
preserve of semiconductor manufacturers, will be another new business for instrument manufacturers.
Recorders, which are being attached to more and
more test systems, rose almost 13% in 1978 and promise
to climb by 15% this year. On the face of it, oscilloscopes
would look like another natural for growth: more are
being used for computer and microprocessor servicing;
higher-frequency models are being developed for designing with higher-speed logic families; and more digital
readouts are being added. But prices have come down,
damping growth to 7.4% last year and about the same
this year. Several companies report that they have
greatly reduced their business in special test systems
because it did not pay. Yet automated test systems are
proliferating.

INDUSTRIAI
Better than expected, thanks
to machine-tool controls
Considering the dull state of Japan's heavy industries,
the industrial sector had a better than expected growth
of 12% in dollar terms last year, with 23% expected for
this year. But the rise was due mainly to a75% spurt in
microprocessor-based machine-tool controls. This year,
machine-tool controls should again lead the way with a
43% gain in consumption.
The large process-control market was in the doldrums
with amodest 5% gain last year and 6% forecast for this
year. There are few new industrial capital investment
projects in Japan now and perhaps 50% to 60% of sales is
to replace present controls.
Among the few exceptions are storage and distribution
systems for oil and petroleum products. Hokushin Ltd.,
for example, has installed acomputer-based system for a
gasoline distributor.
With the change in customers, controls manufacturers
have changed their philosophy. Until recently they tried
to make deluxe instruments regardless of cost, and quality was perhaps excessive. Now, like the test equipment
producers, they will redesign to cut costs while maintaining the best features. The outlook, therefore, may not be
completely bleak even with the more expensive yen.
III
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JAPAN/EUROPE MARKETS FORECAST 1979
JAPAN
1977

1978

WEST EUROPE
1979

1977

1978

1979

7,189.6

7,833.1

8,403.9

7,555.1

8,207.0

8,737.1

PASSIVE AND ELECTROMEMANICAL
Capacitors, fixed
Capacitors, variable
Connectors, plugs, and sockets
Fiters, networks, and delay lines
Loudspeakers. OEM type
Microphones. OEM type
Microwave components
Potentiometers, composition
Potentiometers, wirewound
Printed-circuit boards
Quartz crystals (including mounts and ovens)
Relays (for communications and electronics)
Resistors, fixed (including wirewound)
Resistors, nonlinear
Servos, synchros, and resolvers
Switches (tor communications and electronics)
Transducers (pressure, strain, temperature, etc.)
Transformers, chokes. coils. TV yokes, and flybacks)

3,801.0
886.7
59.6
170.5
276.3
64.0
290.0
17.4
360.0
84.0
250.0
249.2
11.0
269.5
16.3
796.5

4,021.0
890.4
60.4
176.2
288.4
64.0
312.1
17.9
413.0
77.6
300.0
252.3
12.5
288.0
19.0
849.2

4,199.6
841.0
60.3
184.4
307.6
29.8
324.8
18.4
465.0
67.2
375.0
250.3
12.5
308.0
23.7
931.6

3,895.6
829.2
55.9
524.8
84.5
185.3
45.4
190.1
57.1
483.1
88.3
337.0
291.3
40.5
52.2
235.7
_
393.4

4,178.8
874.0
58.4
581.2
90.8
201.1
49.3
184.1
56.0
545.3
96.6
366.3
290.3
44.8
58.0
258.5
424.1

4,447.9
920.9
59.5
642.1
95.7
217.2
50.6
188.0
56.3
599.7
103.8
382.7
293.9
47.1
67.0
271.3
452.1

SEMICONDUCTORS, DISCRETE, TOTAL
Microwave diodes, all types (above 1GHz)
Rectifiers and rectifier assemblies
Siral diodes (rated less than 100 mA, including arrays)
Thyristors (SCRs, four-dyer diodes, etc.)
Transistors, bipolar power (more than 1-W dissipation)
Transistors, bipolar small signal (including duals)
Transistors, field-effect (power and smaT -skine
Tuner varactor diodes
Zener diodes

1,048.3
11.0
221.9
122.1
76.8
234.7
305.8
28.1
18.8
29.1

1,118.6
13.1
245.5
128.8
89.6
244.5
300.5
40.5
23.5
32.6

1,164.9
14.3
258.5
125.4
99.0
263.1
288.1
51.5
29.0
36.0

940.9
20.7
183.0
84.3
110.0
178.7
263.7
22.1
28.9
49.5

975.5
21.9
191.7
86.9
113.8
188.7
265.4
25.0
29.6
52.5

1,008.6
24.0
203.0
87.5
120.1
198.5
264.4
27.2
29.8
54.1

SEMICONDUCTORS, INTEGRATED CIRCUITS, TOTAL
Hybrid lCs, al types
Linear ICs (except op amps)
Op amps (monoktlic only)
Loçic circuits, bipolar
Loçic circuits, MOS and C-MOS
Memory circuits, bipolar
Memory circuits, CCD
Memory circuits, mapetic-bubble
Memory circuits, MOS and C-MOS (except microprocessors)
Microprocessors (includes CPU, memory, and I/0 chips)
Calculator chip sets
Watch and clock chip sets
Other special-purpose circuits

1,175.0
102.9
260.7
39.4
165.1
112.0
27.1
1.3
119.6
70.2
150.3
46.6
124.8

1,409.4
114.4
275.5
44.5
191.6
124.1
31.6
3.0
3.0
164.8
122.4
119.6
61.3
153.0

1,660.1
128.5
316.0
55.0
219.0
140.2
39.6
9.0
9.0
214.8
157.2
128.8
71.2
171.8

1,018.8
103.6
238.0
49.9
211.1
166.9
37.8
130.9
41.8
8.2
20.5
10.1

1,183.2
116.9
260.4
56.7
228.8
198.2
44.2
165.5
67.2
8.7
23.8
12.8

1,324.0
129.0
283.0
61.8
240.4
223.6
50.1
193.5
91.1
9.1
26.8
15.6

SEMICONDUCTORS, OPTOELECTRONIC, TOTAL
Circuit elements (photoconductive cells, photodiodes, etc.)
Discrete light-emitting diodes
Readouts
Photovoltaic (solar) cells

179.9
25.8
49.4
103.8
0.9

218.6
28.2
65.5
123.6
1.3

260.3
33.6
77.5
141.2
2.0

92.3
30.8
22.3
36.4
2.8

106.2
34.5
25.0
43.2
3.5

119.3
37.0
28.0
50.1
4.2

TUBES, TOTAL
Cathode-ray tubes (except for TV)
Camera tubes and image intensifiers
Photomultiplier tubes
Power tubes (below 1GHz), vacuum. total
Power tubes (below 1GHz), gas or vapor
Microwave tubes. total
Cooker magnetrons
Receiving tubes
TV picture tubes. black-and-white
TV picture tubes, color

985.4
11.7
36.5
13.0
29.2
5.5
13.5
54.8
7.5
75.3
738.4

1,065.5
13.3
38.3
9.0
29.5
5.5
14.5
55.0
8.5
83.1
808.8

1,119.0
14.8
45.2
9.3
28.0
5.0
15.0
65.0
7.0
88.4
841.3

1,607.5
43.2
39.9
25.0
45.0
52.6
109.9
60.9
85.2
1,145.8

1,763.3
48.9
44.3
27.1
48.5
56.5
118.6
54.8
81.3
1,283.3

1,837.3
54.4
47.4
29.1
51.2
61.2
129.8
48.2
73.9
1.342.1

17,877.2 20,342.3 23,388.0

30,062.4

33,381.7

37,010.6

10,558.3
622.7
138.2
1,257.1
_
452.0
260.4
1,109.4
565.3
_
792.9
5,056.8
27.9
79.9
155.7

11,412.8
668.4
144.4
1,416.3
472.3
237.9
1,135.0
602.1
_
767.6
5,562.6
43.5
163.4
199.3

12,111.4
669.5
150.7
1,577.6
479.7
240.8
1,143.6
634.7
717.8
5,911.7
59.8
289.1
236.4

COMPONENTS, TOTAL (millions of dollars)

EQUIPMENT, TOTAL (millions of dollars)
CONSUMER, TOTAL
Audio tape recorders and players
Citizens' band transceivers
Electronic ranges (microwave ovens)
Hi-fi equipment
Musical instruments (organs, electric guitars, etc.)
Phonographs and phono radio combinations
Pocket calculators (four-function, personal)
Radios (including car radios)
Radio/recorder combinations
Radio/TV/recorder combinations
TV sets. black-and-white
N sets. color
Video games
Video tape machines (consumer)
Watches and clocks, electronic

6,430.0
485.9
9.7
297.6
892.3
403.3
162.6
257.6
220.6
488.3
72.5
119.4
2,209.1
10.0
351.1
450.0

7,112.8
507.8
9.4
292.9
889.2
404.7
155.6
277.7
223.7
594.9
70.7
129.4
2,388.3
10.0
608.5
550.0

8,019.1
528.8
11.8
311.4
948.5
433.8
155.3
253.8
226.4
531.1
76.7
136.9
2,504.3
10.0
1.089.3
800.0

JAPAN
1977

1978

COMMUNICATIONS, TOTAL
Broadcast
Cable TV
Closed-circuit TV
Data communications
Facsimile terminals
Fber-optic communications
Intercoms and systems
Microwave relay
Navigation ads, except radar
Paging (public and private)
Radar (airborne, ground, and manne)
Radio communications (except broadcast)
Telephone switching, PABX'
Telephone switching, public'
Telephone and telegraph carrier
Video recorders and players (nonconsumer)

2,004.2
77.8
17.5
63.2
137.0
161.6
1.8
39.7
145.0
53.7
20.0
123.0
376.3
16.9
264.0
480.0
26.7

COMPUTERS AND RELATED EQUIPMENT, TOTAL
Data-processing systems. total'
Microcomputers (basic chassis value less than $1,500)
Mini (system value less than $50.000)
Small (up to $420,000)
Medium (up to $1,680,000)
Large (up to $3,360,000)
Giant (more than $3,360.000)
Add-on memories
Data acquisition
Data entry/output
Data storage
Data terminals
Bectronic office equipment
13ing and accounting machiles
Calculators, office type
Calculators, scientific type
Copying machines
Dictating machines
Word processing
Point-of-sale
INDUSTRIAL, TOTAL
Inspection and gauging equipment (X-ray. infrared)
Machine-tool controls
Motor controls
Photoelectric controls
Pollution monitoring
Process-control systems
Ultrasonic cleaning arxl inspection
Welding (with électronic controls)

WEST EUROPE
1979

1977

2,342.9
87.3
93.7
76.2
162.5
202.9
2.8
46.8
155.0
59.0
22.0
131.7
348.5
28.0
292.5
603.8
30.2

2,566.5
98.0
101.1
89.2
181.5
250.6
6.3
54.3
160.0
61.2
25.0
140.5
334.3
38.8
337.5
652.4
35.8

5,480.4
177.2
39.5
163.7
140.5
146.9
208.4
501.4
28.3
850.8
1,123.9
258.4
709.5
1,131.9

6,256.2
194.4
43.3
175.9
165.9
158.7
240.7
537.3
35.8
920.7
1,250.5
320.5
1,099.6
1,112.9
-

7,230.0
208.0
46.8
195.7
203.5
174.2
249.0
610.1
35.7
992.5
1,385.8
449.8
1,529.4
1,154.5
-

6,766.2
3,808.7
100.0
238.0
549.2
980.0
1,187.0
754.5
185.0
93.3
302.5
1.047.5
616.7
732.5
87.5
75.0
45.0
525.0
80.0

7,869.1
4.225.0
112.5
328.3
635.6
1,080.0
1,287.0
781.6
205.0
117.8
422.8
1.225.0
751.5
830.0
90.0
80.0
60.0
600.0
92.0

9,248.5
4,711.7
137.5
330.2
749.3
1.176.7
1,437.1
880.9
225.0
149.3
474.9
1,367.5
1,204.3
1,010.0
100.0
85.0
75.0
750.0
_
105.8

9,886.0
5,622.0
28.9
784.7
1,409.6
1,804.4
1.135.9
458.5
69.7
157.2
795.3
808.6
2.253.7
802.2
399.6
173.7
674.0
60.3
143.9
179.5

11,320.1
6,344.4
40.3
959.8
1,679.0
1,955.4
1,219.1
490.8
77.8
172.9
886.9
1,014.7
2,610.9
900.2
488.7
210.8
800.4
64.6
186.2
212.5

12,935.0
7,258.0
60.0
1,219.8
1,998.8
2.135.1
1,313.7
530.6
86.5
185.5
985.5
1,200.5
2,977.6
1,010.0
472.7
251.0
933.4
67.3
243.2
241.4

1,227.3
50.0
100.0
180.0
107.9
659.0
130.4
-

1,377.7
55.0
175.0
185.0
117.0
692.7
153.0
-

1,695.3
65.0
250.0
187.5
129.5
735.0
328.3
-

1,876.0
48.8
131.9
73.9
36.4
30.1
1,472.7
30.1
52.1

1,973.7
54.1
147.9
76.4
39.9
31.8
1,540.5
30.9
52.2

2,153.2
58.5
171.6
79.0
43.2
25.5
1.687.3
33.0
55.1

MEDICAL, TOTAL
Diapostic equipment (except X-ray)
Patient-monitoring
Prosthetic
SurçOcal support
Therapeutic (except X-ray)
X-ray equipment, diagnostic and therapeutic

547.5
105.2
39.6
31.7
18.3
22.7
330.0

615.7
129.6
47.9
35.9
20.0
25.0
357.5

682.0
151.1
56.5
40.9
21.7
26.8
385.0

1,234.1
253.7
112.0
105.8
62.7
699.9

1,300.9
274.1
125.8
114.7
67.1
719.2

1,360.2
286.8
138.3
1220

POWER SUPPLIES, TOTAL
Bench and lab
Industrial heavy-duty
OEM and modular

107.3
25.0
21.3
61.0

128.5
35.0
23.0
70.5

1581
45.0
25.8
88.0

281.3
28.3
90.8
162.2

298.9
31.2
96.4
171.3

319.6
33.6
103.6
182.4

ANALYTIC INSTRUMENTS, RESEARCH OR CUNICAI, TOTAL

386.2

440.9

517.1

TEST AND MEASUREMENT, TOTAL
Amplifiers, lab type
Analog voltmeters, ammeters, and multimeters
Automatic test equipment (IC, component, and board)
Caâtrators and standards. active and passive
Counters and timers
%dal knic analYzefs
Digital multimeters
Microwave test instruments
Osallators
Oscilloscopes and accessories
Panel meters
Phase-measuring equipment
Power meters
Recorders
Sew' generators, analog
Signal generators, synthesizer
Spectrum analyzers (audio to 1GHz)

309.5
8.6
35.0
22.0
10.0
16.3
3.3
13.9
7.2
22.8
56.9
34.6
2.4
2.8
28.6
22.7
7.0
12.9

332.7
9.5
36.0
24.1
10.3
17.8
4.3
15.1
7.4
24.0
61.1
36.1
2.7
3.1
'32.3
24.2
7.4
14.5

340.6
10.4
37.4
27.0
10.8
19.4
5.7
17.2
7.6
17.8
65.6
37.1
3.1
5.8
37.1
26.1
7.8
1.6

744.7
11.1
51.2
61.4
14.8
42.4
19.8
40.1
63.5
22.1
132.5
93.7
2.7
89.4
42.5
20.9
36.6

817.0
11.5
54.8
74.1
15.5
46.2
24.9
43.4
69.0
23.6
144.4
101.9
3.4
95.3
45.2
24.0
39.8

898.8
12.2
57.6
91.5
16.5
49.8
31.0
46.9
76.0
24.3
158.4
109.3
3.7
102.1
48.7
26.6
44.2

99.0

121.7

160.1

AUTOMOTIVE, TOTAL

1978

1979

73.1
740.0

.Dectronic or sernielectronic. Includes stand-alone mikomputers but not computers that are kneel parts of process-control and suinta systems. -No estimate available.
Figures in this chart we based on inputs obtained from an 11-country survey made by Electronics in September and October 1978. They show consensus estimates for consumption of
components. valued at factory prices, used to produce equipment for both domestic and export markets aid for consumption of electroric equipment, with domestic hardware valued at
factory sales price aid imports at landed cost.

The ROMs you need.
When you need them.

On-time delivery puts the
punch in our total family of
ROMs. With the organization
you need —8192x8, 4096x8
and 2048x8— including our
new 30Onsec 2316B-3. At
Synertek, we know there is no
product area where service and
responsiveness to your needs is
more important than in mask
programmable ROMs.
That's why two years ago we
pioneered aunique dual capability—first mask programming for
lowest cost and smallest real
estate, last mask for fastest delivery
to meet critical production schedules and get you results now. We
can even combine first mask
and last mask to get you into production today—and still save you
money tomorrow.
Pin compatibility on our 16K,
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Static Read Only Memories.
32K and 64K ROMs gives you
built-in future memory expansion
capability. All it takes to upgrade
your system's ROM capacity for
new applications is to replace our
16K ROMs with our 32K ROMs or
replace our 32K ROMs with 64K
ROMs. And you can usually do
it with no hardware changes.
When you buy ROMs from
Synertek, you know you're buying
total service. Contact us now for
samples, data sheets and our comprehensive folder, "Synertek
ROMs ASAP" Synertek, Inc.,
3001 Stender Way, Santa Clara,
California 95051. (408) 988-5611.
TWX: 910-338-0135.

SY4600
SY2316A
SY2316B
SY2316B-3
SY2332
SY2364

2048x8 or 4096x4,
55Onsec
2048x8, 55Onsec
2048x8, 45Onsec
(2716 compatible)
2048x8, 30Onsec
(2716 compatible)
4096x8, 4-50nsec
(2716 compatible)
8192x8, 45Onsec,
24 pin

Synertek, Inc.

Circle 129 on reader service card
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64-pin QUIP keeps
microprocessor
chips cool and
accessible
Three-part design has low
thermal resistance; readily
removable chip-carrier has
exposed contacts to ease testing
by William Lattin and Terry Mathiasen
Intel Corp, Aloha, Ore.

and Steven Grovender
Minnesota Mining and Manufacturing Co., St. Paul. Minn.

30

D Now that a single silicon chip may contain up to
100,000 transistors and have well over 60 input/output
pads, both semiconductor and system manufacturers
have been forced to reconsider how to package such
large-scale integrated circuits. The need for achange is
particularly pressing in the case of microprocessors,
which are now appearing as complex, 16-bit units.
The 64-pin quad in-line packaging system developed
jointly by Intel Corp. and 3M Co. meets all the requirements of these increasingly powerful microprocessors.
Compared with the 40-pin ceramic dual in-line package
that has been standard for most commercial microprocessor applications, the QUIP is much smaller yet has a
larger chip cavity-400 mils square. Its thermal resistance (35°C per watt) as well as its pin-to-pin capacitance
(5 picofarads) and lead resistance (0.5 ohm) are so low
as not to limit chip density, speed, or ability to interface
with transistor-transistor logic.
As for manufacturability and testability, the QUIP is
sturdier than the 64-pin DIP and capable of being probed
while actually mounted on the printed-circuit board.
And that board can be the low-cost, two-sided kind
because the QUIP% pins are on 100-mil centers.
Structurally, as shown in Fig. 1, the QUIP is a threepart system, consisting of aleadless ceramic chip-carrier,
a leaded socket, and a metal clip. This metal clip holds
the carrier in place face down in a 64-pin socket and
dissipates heat generated by the LSI device.
The QUIP is shorter than the 64-pin DIP, 1% inches
versus 3'/8 inches. This results in shorter internal metal-
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ized conductors on the chip-carrier surface.
The 64 metalized contact pads do not terminate on the
socket-interface (bottom) surface of the chip-carrier but
extend up the side to the carrier's top surface, where
they can be probed during operation of the device.
The chip-carrier contact pads make a gas-tight
connection with the spring-loaded contacts of the socket
by making awiping motion against the gold-plated chipcarrier pads. This occurs during carrier-to-socket assembly via pressure supplied by the retaining clip (Fig. 2).
Both the carrier contact pads and the 64 socket contacts
are situated in two rows of 32 on 50-mil centers, but they
emerge as four staggered rows of 16 pins on 100-mil
centers to facilitate use with standard pc boards.
None of these design details is arbitrary. All solve
specific packaging problems, perhaps the most important
of which is the need for low thermal resistance (Om).
Thermal and electrical considerations
Semiconductor designers are restricted by apackage's
thermal resistance because it boosts junction temperature but must not do so beyond a maximum consistent
with chip reliability requirements. Junction temperature
is determined by the ambient temperature plus the product of the chip's power dissipation and the package's
thermal resistance. But the denser the chip circuitry, the
more power it needs to dissipate, and the more heat its
package needs to dissipate.
DiFs require heat from the chip to flow through the
base of the chip cavity and up round its sides before it

can leave the package. In contrast, the QUIP inverts the
chip-carrier so that the LSI chip is mounted directly
adjacent to the metal retaining clip. This allows heat
from the chip to flow straight from the carrier into the
metal clip. The chip can easily dissipate 2 W without
exceeding an operating junction temperature of 170°C.
The nominal thermal resistance of carrier and socket is,
as mentioned, 35°C/w.
The reduced lead resistance and lower pin-to-pin
capacitance of the 64-pin QUIP, as compared with the
64-pin DIP, are due to its shorter length: the metalized
traces on the chip-carrier traverse a shorter distance
before connecting with the socket contact.
Too high alead resistance would affect the 0 level of
transistor-transistor logic. When achip has to drive TTL
interface circuitry, the interface will see any voltage drop
between the chip and the pc board. The standard TTL
level is defined as 400 millivolts; so for convenient interfacing the lead resistance of the package must be less
than 0.5 ohm—the 64-pin QuIP's specification.
Lead-to-lead capacitance can degrade the performance of metal-oxide-semiconductor microcomputers
when driving large off-chip capacitance loads. To minimize this problem, the QUIP'S pin-to-pin capacitance is
less than 5pF.
Besides improving electrical performance, the shortness of the leadless chip-carrier increases its mechanical
strength. This plus the lack of leads to be damaged
ensures higher yields from the packaging process.
Another physical characteristic of the carrier —its

1. QUIP. A combination metal clip and heat sink, a leadless rectangular ceramic chip-carrier, and a zero-insertion-force socket are the three
components of the Intel/3M quad in-line package. The carrier I/O pads are on 50-mil centers, the socket pins on 100-mil centers.
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THREE LSI PACKAGING SYSTEMS COMPARED
64-lead quad in-line

64-lead dual in-line
System

Chip-carrier
3M =ST 80232TA

Socket
RN =ICN649S5G

Combination

Chip-carrier
3M =ST 88364BC

Socket
3M =3534000

Combination

Board area

3.5 in?

2.1 in. 2

Approximate height above board

0.300 in.

0.350 in.

Circuit-board pad spacing, center to center

0.100 in.

0.100 in.

Method of attachment to board

solder

solder

Package removal from socket

difficult

simple

Nominal thermal resistance in still air (0 JA I

35°C/W

35°C/W

Nominal resistance of longest lead

1.1 St

0.3 SZ

Nominal capacitance of longest lead at 1MHz

7pF

3 pF

Die cavity size

0.325 x0.325 in.

Gold thickness

60 pin.

30 pin.

Approximate cost per lead in
10,000-unit quantity

8.1 ç

3.8 g

Availability

special order

readily
available

Burn-in socket information

0.400 x0.400 in.

RN =SB -25-HT burn-in strips,
not zero-insertion force

2. Chip down. This sectional view illustrates how the spring-loaded
contacts of the zero-insertion-force socket wipe against the carrier's
pads. The chip-carrier is mounted face down in order to make a
shorter thermal conductive path between chip and metal heat sink.

11.9 1

60 pin.

30 pin.

5.2 1

5.3 ti

readily
available

readily
available

10.5 1

3M =3.62-0000 zero-insertion force socket,
available

the carrier's pads when under pressure from the metal
clip. Levering the clip off with, say, a screwdriver is
enough to release the carrier and allow it to be replaced
with another (Fig. 3).
For ease of manufacture the system is completely
polarized. The carrier cannot be inserted in the socket
without proper orientation, having been mechanically
keyed to prevent this. The socket is also keyed by the
staggered pins, so that it cannot be reversed when being
inserted in the pc board.
The staggering of the socket's leads on 100-mil centers
optimizes layout even on low-cost two-sided boards. The
carrier's two rows of 32 leads on 50-mil centers are
converted through the socket into four rows of 16 leads
on 100-mil centers. Thus copper traces of standard width
pass easily between the pins, yet the board has apackage
density of one using 50-mil centers.
Easy to test

large chip cavity—means it can cope with the larger
microprocessor chips that are becoming common.
Measuring 25 mils deep as well as 400 mils square, it
accepts the thicker die made from 4-inch wafers.
Being leadless, the chip-carrier makes a zero-insertion-force socket possible. In the past, chip packages
with high pin counts suffered from the force required to
insert them into their sockets. Only a few insertions
could be made before the board, socket, or carrier was
damaged. In the 64-pin QUIP, however, the socket has
spring-loaded pins, and these simply push hard against
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Finally, for test purposes, the chip-carrier is provided
with a special set of probe contacts on the top side, to
supplement the ones on the bottom that make contact
with the socket. These probe contacts are left exposed by
the metal clip, so that the engineer can make electrical
measurements on the chip while it is operating in its
socket —an impossibility with other leadless packages.
From a semiconductor manufacturer's point of view,
the 64-pin QUIP has two outstanding advantages. First,
the carrier has no leads that can be bent or broken
during the difficult handling and testing stages of manufacture—and incidentally, this leadlessness also elimi-
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68-lead Jedec standard square
Chip-carrier
3M =SR 88568AA

AMP

Socket
Combination
P771506
1.4 in?
0.500 in.
0.050 in.

screw
simple
50°C/W
0.1 12
2 pF
0.350 x0.350 in
80

p

I
n.

4.4 c

special order

in prod. quant.
prototype stage

3. Dismantling. Only an ordinary small screwdriver is needed to lever
off the retaining clip of the QUIP. The leadless carrier can then be

unknown

nates all the manufacturing steps associated with lead
frames. Second, the carrier is mechanically very strong,
being about half the length of a64-pin DIP yet made of
the same high-quality ceramic.
Being both leadless and inherently strong, it lends
itself to automatic gold-ball bonding, which increases
productivity by afactor of three over manual ultrasonic
aluminum-wire bonding. Also, the alloy seal between the
carrier and the cavity lid provides hermeticity and takes
place at a much lower temperature than the glass-seal
interface used with such package as Cerdips.
Chip users benefit, too
From a chip user's point of view, it is best to compare
the QUIP with both the DIP and the leadless ceramic
chip-carrier (see table). Evidently, its major competition
will come from the square leadless ceramic chip-carrier
known as the Jedec type, which occupies an even smaller
board area and has slightly better lead resistance and
capacitance specifications.
However, the Jedec carrier was originally designed for
reflow-soldering to ceramic substrates, so that it is hard
to solder to a pc board having avery different thermal
coefficient of expansion. So aspecial socket is made for
it by AMP Inc. A screw and nut hold this socket's
contacts against the pc board's pads, both being on
50-mil centers. This contact density, plus the carrier's
smallness, makes the Jedec package excellent for largehigh-density multilayer boards. But it requires specially
designed boards and as yet no automatic handling equipment is available for it.
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slipped off two keyed posts molded into the socket. A microprocessor emulator or tester may be plugged into the empty socket.

The QUIP, on the other hand, can be used for either
complex multilayer boards or low-cost two-sided pc
boards. Moreover, since it has an integral socket with
wave-solderable leads, it is directly applicable to a twosided board and can use much of the computer-aideddesign board-layout and automatic-insertion equipment
developed for applying DIPS to such boards. In addition,
the QUIP will use 40% less board space in two-sided pc
board applications.
It appears the microprocessor will be the ubiquitous
computing element of the future, and the new QUIP has
been designed specifically for microprocessor applications. It will let relatively unsophisticated users construct
microcomputer systems on low-cost pc boards for such
applications as home computers and appliance controls.
For instance, releasing the retaining clip is enough to
remove the leadless chip-carrier. Then a cable and
connector from amicroprocessor emulator or tester may
be plugged into the socket for either control or diagnostic
purposes. For debugging and maintenance, there is
access to all the pins of the LSI microprocessor from the
top of the pc board via the probing pads.
The QUIP is already available from one of its codevelopers, 3M Co. [Electronics, Oct. 26, p. 309]. The
other co-developer, Intel Corp., plans to market adevice
packaged in a64-pin QUIP some time in 1979 [Electronics, Aug. 31, p. 41]. Also available from 3M are hightemperature burn-in sockets that will allow the 64-pin
leadless carriers to be placed on burn-in boards. To be
developed soon are cables and connectors for mating an
empty QUIP socket to an emulator or tester.
CI

133

Designer's casebook

Filter levels output swing
of Wien-bridge oscillators
by Maxwell G Strange
Goddard Space Right Center, Greenbelt, Md.

Although the output of atunable Wien-bridge oscillator
normally exhibits a large change in amplitude as a
function of frequency, astandard active filter will hold it
to within ±0.2 decibel over a ±20% frequency range. In
this application, the filter's response is set to compensate
for the amplitude variation of the oscillator. Most alternative amplitude-stabilization circuits tend to draw high
power, create appreciable sine-wave distortion, or stabilize slowly.
The technique can be easily implemented at any
frequency over the operating range of the oscillator,
since the filter's component values are easy to calculate,
being inversely proportional to frequency. The circuit
shown was designed to control the speed of a 60-hertz
Stability. Active filter's roll-off characteristics compensate for oscillator's inherent amplitude change with tuning, keeping output level
within ±0.2 dB in range of interest. Sine-wave distortion is also
dramatically reduced—from 1% at oscillator output to 0.1%.

22 kn

100 ks2

)
1 OUTPUT
48
74 Hz
10 V PEAK TO
PEAK

100 1(12 DUAL
1%

(FREQUENCY)

180 kn
1%
1N41481

11N4148

ALL CAPACITORS: 50 V POLYCARBONATE

1100 kn
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respectively, are set to compensate for the oscillator's
amplitude variations. In general, the slope of the filter's
amplitude response is made equal in magnitude but
opposite in sign to that of the oscillator's response.
The graph shows the overall output to be expected
compared with the individual oscillator and filter
responses. In addition to amplitude compensation, the
filter provides good rejection of harmonics. Thirdharmonic distortion is an order of magnitude below that
achieved by the oscillator alone.

synchronous motor over arange of 48 to 74 Hz. It is used
to adjust the tape speed of arecorder in the lab to that of
an airplane's recorder so that the data can be recovered
from airborne equipment that lacks a frequency-regulated power source.
Two diodes and a resistor at the oscillator's output
provide soft limiting in order to confine the amplitude
swing of the sine wave. The signal is then passed through
the low-pass filter. To flatten the output amplitude, the
filter's cutoff and its damping factor, adjusted by R and

Unlike more popular timers such as the 555, the
Supertex SD I
A can provide long time delays because it
does not load down the timing components. The input
impedance of its comparator input, to which the timing
components are connected, is 10'' ohms, enabling timing
resistors of up to 10 12 S
2to be used. To avoid problems
associated with capacitor leakage, however, resistor
values of up to 2.5 x 10'°
and a 10-microfarad nonelectrolytic capacitor have been used to yield time
constants of 10 hours or more.
When the start switch is opened, capacitor C, charges
through resistor R, (see figure). The timing period ends
when the potential at the junction of R, and C, has fallen
to half the supply voltage. The period is approximately
0.69R,C,. This time can be varied by placing a potentiometer (50 kilohms to 50 megohms) between pin 2 (pin

Smoke-detector chip
generates long time delays
by J. Brian Dance
North Worcestershire College, Worcs., England

Long, repeatable time delays are attained with this
circuit, which uses a single low-power complementarymetal-oxide-semiconductor chip usually found in smokedetection systems. A small number of additional passive
elements are used, though only three of them—the
timing components and a load resistor—are actually
required for operation.

A smoking timer. Special-purpose chip, for smoke detectors, can serve as one-shot, providing longer delays than popular timers, such as the
555. SD1A's input does not load timing network, enables setting of time constants to more than 10 hours. Versatile chip also has provisions
for flashing LED to check chip operation during long time intervals and for sounding alarm (1:1,) if battery voltage is low.

7- 14 V
19 V NOMINAL)

5

13)

v,„„

LED

START

HORN OUT

6
14)

14

SD1A

IC IN

IN/OUT

CLOCK
11,
1

GND
7

16)

4

LV REF
1

110)

1
1

_L-

PIN NUMBERS IN BRACKETS FOR DIP PACKAGE
PIN NUMBERS WITHOUT BRACKETS FOR TO-100 PACKAGE
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WHEN HEWLE 11-PACKARD WANTED
TO PROTECT THEIR MEMORIES,
THEY REMEMBERED US.
When acomputer
loses power, its volatile memory goes blank.
Plain, simple, and costly.
It doesn't have to
happen.
Because Gates Energy
cells and batteries provide dependable standby
power. They furnish the
energy when the local
power company can't.
That's why more and
more major computer
manufacturers are making Gates an integral part
of their products.
Our energy cells have
outstanding capability for float

charging. So, they're always at peak
power for emergency situations.
And, for portable instrumentation, Gates Energy cells offer safe,
reliable sealed lead-acid construction and extended discharge
service.
Learn more about Gates
Energy. Send for our comprehensive information
packet full of design data,
spec sheets and application
notes. Circle our Reader
Service Number, or write us
directly.
Gates Energy Products,
Inc., 1050 South Broadway,
Denver, CO 80217. Phone
(303) 744-4806.

GATES ENERGY

12 of the dual in-line package) and the supply.
At the end of the timing period, the voltage at the
input/output port rises to V DD —0.5 volts. The horn
output falls to near zero, serving as acurrent sink for the
load, RL,which may be an alarm or just a resistor. The
horn output can sink at least 300 milliamperes.
A light-emitting diode connected to the appropriate
port of this versatile chip can be made to flash every 40
seconds during the timed period if a 10-microfarad
capacitor is connected to the clock pin. The flashing
provides a useful indication that the circuit is operating
during long timing periods. The frequency of the flashing is controlled by the value of CIor can be adjusted by

connecting a potentiometer between the clock pin and
for decreasing the period or between the clock pin
and ground for increasing the period.
The SD1A also includes a circuit for sounding the
alarm every 40 seconds if the supply voltage is low
(below 7V). Here the low-voltage reference pin, LV REF,
has been grounded so as to disable this feature.
The cost for the SDI A is $2.50 in the TO-100 package
version, and $2 in the DIP. The manufacturer does not
yet have authorized distributors for the device, however,
and thus at this time the SDI A can only be purchased in
lots of 50 or more directly from Supertex, 1225 Bordeau
Dr., Sunnyvale, Calif. 94086.
Li
V DD

Opto-isolated detector
protects thyristors
by Charles Roudeski
Ohio University, Athens, Ohio

Although gating a thyristor with short pulses greatly
reduces the gate and driver dissipation, failure of the
driving logic can turn on the thyristor full time, possibly
destroying it, the driver, and their supply. Described here
is an opto-isolated zero-crossing detector that generates
a 100-microsecond pulse each time its 60-hertz powerline input traverses through zero. Besides isolating for
the logic element, the circuit terminates the generation
of pulses if almost any detector component fails.

Most of the line voltage (see figure) is dropped across
the 10-kilohm input resistor before it is rectified. The
25-microfarad capacitor charges during most of the
60-Hz cycle, but the 2N2907 transistor is held off by any
full-wave rectified voltage above 2.3 v.
As the line voltage drops to about 4.5 v, the transistor
begins, to turn on and the capacitor discharges through
the 4N26's photodiode, sourcing about 14 milliamperes.
This produces a pulse centered about the zero crossing.
Wider pulse widths are obtained by reducing the value of
the 15-k9 resistor. If a longer rise time is tolerable, the
33-k0 resistor in the base lead of the optocoupler's
phototransistor can be eliminated.
The 3V zener establishes the reference voltage for the
circuit.
LI
Designer's casebook is a regular feature in Electronics. 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. We'll pay $50 for each item published.

Protection. Zero-crossing detector uses optocoupler for gating of thyristors by power line. Output pulses, produced 120 times per second as
input voltage traverses through zero, last 100 µs. Output of 4N26's phototransistor will be zero if most any element in detector fails, thereby
protecting thyristor, driver, and supply from damage that would be caused by activating the thyristor continuously.

1N914

PI

2N2907

10 kS2

120 Vac

15 kS2

vc

100 D

VARO RECTIFIER
BRIDGE (DUAL
IN LINE PACKAGE)

+
3V 11-'

25pF

4N26

33 kD

/10 kl2
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Your search is over...
Professional quality, fully tested low-power and receiving tubes
are still available from THOMSON-CSF.
We know they aren't "the latest word in state-of-the-art technology", but we also know that there are
still alot in use in equipment all over the world. And they're even being designed into some new units.
Following its well established policy of maximum service to the customer, THOMSON-CSF still
offers many top professional quality, fully tested tube types in the following families:
• 7- and 9-pin, miniature types • subminiature types • low-power and relay-receivers tubes
• rectifier tubes • discharge voltage-regulator tubes •thyratrons
•thermal relays • ionization gauges
Circle 138 on reader service card

TFIOMSON-CSF
THOMSON-CSF ELECTRON TUBES /750 BLOOMFIELD AVENUE /CLIFTON NJ 07015 /TEL. :(201) 779.10.04 /TV« :710.989.71.49
France -THOMSON-CSF Division Tubes Electroniques /38, rue Vauthier /92100 BOULOGNE-BILLANCOURT /Tel. :(1) 604.81.75
Germany -THOMSON-CSF Elektronennahren GmbH /Leerbachstr. 58 /6000 FRANKFURT am MAIN.1 /Tel. :(0611) 71.72.81
Italy -THOMSON-CSF Tubi Elettronici SRL /Viale degli Ammiragli 71 /I-00136 ROMA /Tel. :(6) 638.14.58
Japan -THOMSON-CSF Japan K.K. /TBR Building /Kojimachi 5-7 /Chiyoda-Ku /TOKYO /7-102 /Tel :(03) 264.63.41
Spain -THOMSON-CSF Tubos Electronicos S.A. /Calle del Segre. 17 MADRID 2 /Tel. :(1) 250.84.07
Sweden -THOMSON-CSF Elektronnir AB /Box 27080 /S 10251 STOCKHOLM 27 /Tel. :(08) 225.815
United Kingdom -THOMSON-CSF COMPONENTS AND MATERIALS Ltd /Ringway House /Bell Road /BASINGSTOKE RG24 OCIG /Tel •(0256) 29155 /Telex :858865

Designing fail-safe
microprocessor systems
In critical applications, hardware or software
can be added to put the finger on faulty components
by Dan R. Ballard,

Telex Computer Products Inc., Tulsa, Okla.

D The microprocessor is finding itself in some tough
spots these days—high-reliability space and military
equipment, nuclear power plants, and medical lifesupport systems, to name afew. In such applications, the
microprocessor system is required to detect a failure so
that it can shut down all or part of the system, provide
warnings or alarms, and possibly switch in back-up
systems. The designer can choose from among several
methods of fault detection, including self diagnosis,
external detection hardware, and redundant systems.
Which scheme is to be preferred depends on system
architecture, system size (including cost and power
requirements), and how critical an undetected fault will
be. For systems using asingle microprocessor where cost,
size, and power must be minimized and where additional
memory is available, aself-diagnostic approach may be
the best solution. Self-diagnosis has the advantage of
allowing system fault detection, with the memory
required for diagnostic programs being the only additional financial overhead.
Self-diagnosis
In self-diagnosis, the microprocessor checks itself
using diagnostic software. Diagnostic programs should
test or exercise as much of the microprocessor system as

possible, and they should provide a high level of confidence for a fault-free system. Each functional block in
the microprocessor system should be tested with adedicated diagnostic program. When the diagnostic routines
for the microprocessor central-processing units have
been completed successfully, diagnostics for randomaccess and read-only memory, programmable input/output ports and peripheral devices should be performed. In
more sophisticated systems, diagnostic programs may be
stored off-line in mass storage devices and loaded for
diagnostic testing. In such systems, the diagnostic software can be used to locate afaulty large-scale-integrated
device, memory chip, input/output port, and so on.
As aminimum, the diagnostic software should detect
single bits stuck at a 1or 0on address and data lines, the
system control and decoded chip-select lines, the microprocessor internal registers, and the microprocessor
arithmetic-logic unit. Once the processor has successfully performed these minimum tests, more exhaustive tests
for multiple failures, timing problems, intermittent
faults, and RAM pattern-sensitivity faults can be
attempted. These kinds of tests will require larger
amounts of program memory and may have to be stored
externally to the system in amass storage unit.
Self-diagnostic programs are normally executed

INSTRUCTION WEIGHT MATRIX (8080)
Attributes
Instruction

Timing cycles; address, data
and control lines; other flags

Carry
flag

Weight

Registerimmediate

Registermemory

Move immediate (MVI)

1

0

0

W,

Store indirect (STAX)

0

1

0

W2

Input (IN)

0

0

0

W3

Output (OUT)

0

0

0

W4

Add memory (ADD, M)

0

1

1

W5

Save program-status word (PUSH PSW)

0

0

0

We
W,

Call subroutine (CALL)

0

0

0
Total weight
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TO SYSTEM

TEST

CONTROL BUS

MICROPROCESSOR

DATA BUS

ERROR
DETECTION
LOGIC

ERROR

ALARM
LOGIC

•

ALARM

ADDRESS BUS

RESET

CONTROL

RESET

RESET

1. External hardware. In those instances where software alone cannot be used to test a microprocessor system, hardware must be added. In
this simple example, the error-detection logic warns the alarm logic if a line in the system bus is stuck high or low.

following apower-on, start-up, or reset of the microprocessor system. During normal operation, atimer or other
external event may be used to interrupt the microprocessor, possibly suspend operation, and perform the diagnostic test. It is possible to have some tests running
continually in a background mode while the microprocessor is not doing any other useful work. For example, a
program performing a check on the contents of ROM
could be allocated the lowest interrupt priority. A memory self-check would then be performed continually unless
interrupted by a higher-priority request for the microprocessor to perform other tasks.
There is one fundamental problem with self-diagnostic
programs, and the system designer must continually
beware of it. Simply stated, a fault may prevent a
microprocessor from detecting another fault. The system
designer must recognize this problem and attempt to
design or program around it. The best way of doing this
is to determine the most reliable instruction and the most
reliable functional unit of the microprocessor. These
most reliable instructions and functional units are then
used to test the less reliable instructions or functional
units. When aless reliable instruction or functional unit
has been successfully tested, this instruction or unit may
be used in further system testing. Using this approach,
one can proceed to test the entire microprocessor system.
To determine the most and least reliable instructions
for agiven microprocessor, aweight matrix is developed
as shown in the table. Each row of the test matrix
represents a microprocessor instruction. Each column
will represent some attribute of the microprocessor;
there should be acolumn for each instruction type. Some
•
examples of instruction types are:
• Data transfer instructions—register to register, register to memory.
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• Arithmetic instructions—add, subtract, increment
or decrement register or memory.
• Logical instructions—AND, OR, shift, rotate, complement register or memory.
• Branch instructions—conditional or unconditional
jump, call, return.
• Stack, input/output instructions— i/o, stack control.
There should be acolumn for each address, data, and
control line, and one for each timing cycle (T 1, 2,
T3 . . . TO. Each flag bit should also have acolumn.
For each instruction, a 1 is entered in the weight
matrix under a particular attribute if that attribute is
used or altered by aparticular instruction. The number
of Is in a row determines the weight of that particular
instruction. The instruction with the least weight is then
the most reliable.
1.

Weigh out
After constructing a weight matrix for each instruction, a similar matrix can be generated for each functional unit in the microprocessor. Functional units,
which will form the matrix rows, include adders, incrementers, registers, program counters, stack pointers,
index registers, and the like. The matrix will have four
columns to include the number of gate levels, feedback
paths, instructions, and clocks used per device. Once
again, the sum of a particular row then determines the
weight of the corresponding functional unit. The largest
weight indicates the most complex and thus the least
reliable functional unit. Using the most reliable instruction and functional unit, the CPU may be exercised from
the most to the least reliable of its elements, until the
chip is found to be working.
If the microprocessor is found fault-free after testing,
the next step is to test the system memory. Memory
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More complex tests can be used to evaluate memories.
faults can be detected by a number of different techCyclic redundancy checks (CRCs) are one such class of
niques including parity check, check sum, and pattern
tests. One example of aCRC is to perform amathematichecking methods.
A parity bit appended to a memory word can be a cal calculation on the data using a special generator
polynomial. The result of this manipulation is then
valuable aid in diagnostic testing. A parity error will
stored in a known location, as is the check sum. When
indicate that abit has been dropped or added. There are
the memory is tested, the same polynomial is applied to
two problems that restrict the use of parity checking in
the data and the result is compared to the previous value.
microprocessor memory systems. First, a parity check
may not detect multiple dropped or added bits in a This technique is useful for checking ROM and can be
adapted for use with RAM when aknown test pattern is
memory word. Also, most off-the-shelf microprocessors
loaded into the memory.
have no provision for parity bits in the instruction
The third and most common method of memory testcoding. Thus, a parity check cannot be used to test the
ROM containing the microprocessor's instructions. For a ing generates a pattern of Is and Os, writes these in the
memory, and then reads the contents of the memory to
custom or microprogrammed microprocessor, parity
detect bad lines or cells and dropped bits. Current literachecking provides agood fault-finding tool.
An extension of the parity check is the concept of a ture on RAM testing contains anumber of algorithms for
RAM testing. The following example is a simple test
check-sum word for testing a block of system memory.
algorithm for RAM chips having square memory arrays.
The check sum is calculated by performing some arithFirst, write a test word (Ill ...1or 000 ...0) in
metic operation (like addition) on each of the words of
location (i, i) which corresponds to the address of a
program memory in the particular block of program
diagonal element in the storage array. Then write the
memory under test. This result is stored in a predeterbinary opposite into all other locations in the memory.
mined memory location that is the check sum for that
Read the RAM data output and repeat this with a new
memory under test. This result, called the check sum, is
value of iuntil all data read back is different from the
stored in a predetermined memory location for that
data put in. Since diagonals are used, the addresses are
previously calculated check sum. This method will detect
easy to generate and remember. This test will detect Is
all single-bit errors as well as some multiple failures.
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2. One at atime. Often in amicroprocessor system the high-order address lines are decoded to select memory or input/output devices. Here,
four read-only memories are chosen in this way. The one-and-only detector shows the gating necessary to insure uniqueness.
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3. Time for a test. As a microprocessor executes a given instruction
in a specific amount of time, this period can be measured to check

4. Redundant. In very critical applications, one can often afford to

the processor's operation. Timer 1interrupts the CPU (a). If the CPU

use duplicate hardware. In this scheme, the microprocessor, memory

does not reset both timers in time, timer 2triggers the alarm. The last

and I/O chips are identical. The comparator makes sure both sides

instruction of the service routine (b) is used to reset the timer.

do the same thing. The CPUs must be synchronized at startup.

or Os stuck on data-in and -out lines, address lines, row
and column decoders of the RAM, and faults in the RAM
storage elements.

monitors to insure that the system clock is running, bus
integrity checkers to detect a 1or 0stuck on the address
or data bus, and various combinational and sequential
circuits for checking memory and ho peripheral devices.
In some critical applications, it is necessary to test the
error detection circuitry itself. The system designer must
provide amethod of injecting faults into the error detection logic and monitoring the alarm logic to insure that
the fault was detected and the alarm activated. Under
test conditions, it is necessary to block the output of the
alarm circuit since it is undesirable to shut down the
microprocessor.

External hardware
In some cases, it may be undesirable to use exhaustive
diagnostic programs for fault-finding. An alternative is
to use additional external circuitry for error detection.
This approach will negate the requirement for additional
memory to run diagnostic programs, decrease the time
required to detect a fault, and lessen the dependence on
correct microprocessor operation for fault detection.
A microprocessor system incorporating external hardware for error detection is shown in Fig. I. The errordetection logic monitors the various address, data, and
control signals of the microprocessor. When an error is
detected, the error signal is latched into the alarm logic.
In atypical application, the alarm logic might inform an
operator of asystem error and shut down the processor.
In this example, the alarm logic forces the microprocessor into its reset state.
Figure 2 is a block diagram of a microcomputer
system that uses a two-to-four-line decoder to select one
of four ROM devices. In this case, the error detection
logic will detect more than one chip select (CS) activated
at any one time. A logic diagram of this one-andonly-one detector is shown in the shaded portion of Fig.
2. The error signal generated by the error detector is
used to reset the microprocessor. Other types of error
detection circuits for microprocessors include clock
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Time out
Since microprocessors require a certain amount of
time to perform a particular task, the time elapsed
during the performance of an operation can be measured
to determine if the processor is functioning properly.
With timers and time-out counters now available as part
of peripheral 1/0 devices and single-chip microcomputers, this type of error detecting is easy.
The simplest use of atimer is shown in Fig. 3a. In this
application, the programmable timer generates an interrupt periodically after some relatively long time interval,
ti.Timer T2 will generate an alarm and shut down the
microprocessor system if timers Ti and T2 are not reset
by the end of time interval t
2.The timer is checking to
see if the microprocessor is "awake" and capable of
responding to interrupts. Figure 3b depicts a slightly
more sophisticated monitoring circuit. Any interrupt

Electronics/January 4, 1979

5. Two CPUs. In large systems, duplication of all the hardware may not be possible. This figure shows a system where only the CPUs are
redundant. The bus paths, however, must be controlled. In this example, three-state butters do that job.

appearing on the interrupt request line of the microprocessor starts the timer. The last instruction of each
interrupt service routine is used to reset the timer. If the
last statement in the service routine is not executed
before the terminal count of the timer is reached, the
alarm circuitry is activated and shuts down the microprocessor system. Care must be taken in initially setting
the timer if nested interrupts are allowed.
The programmable timer can be teamed with system
software to provide error detection. Upon entering a
routine or subroutine, the programmable timer is loaded
with avalue that will allow it to reach its terminal count
slightly after completing the routine. The last instruction
in the routine should be used to reset the timer.
With the decreasing cost of microprocessors and
single-chip microcomputers, it becomes more attractive
to build redundant systems. In aredundant system, two
identical logical units operate in parallel. For error
detection, the outputs of the two units are compared. If a
comparison error is detected, an alarm is given and both
units are shut down. Figure 4 is a block diagram of a
redundant microcomputer system consisting of singlechip microprocessors and a device which represents
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ROM, 1/0, and timer functions. In this case, the processor, memory, and 1/0 are identical and comparators
provide error signals to the alarm logic. Care must be
taken to synchronize the two processors during arestart.

Redundancy
In larger systems, it may not be feasible to duplicate
all memory and 1/0 devices. Figure 5is ablock diagram
of such a system, where only the microprocessors are
redundant. This approach is attractive since it is much
easier to test memory and vo rigorously than it is to test
microprocessors. The microprocessor's requirements for
self-diagnostics are removed since the two microprocessors are checked by the comparator logic. In Fig. 5, the
three-state buffers B1, B2, and B3 are controlled by the
read/write logic of the microprocessor.
While redundant systems will ensure detection of most
faults, there remains one class of faults that is undetectable. Since programs are common to both microprocessor systems, asoftware fault (where the system performs
in an unexpected or undesirable manner) can still occur.
Therefore, reliable software is as necessary for aredundant system as for any other.
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What makes Northern Ireland work for
the electronics industry?
More than 40 firms in the industry are at
work in Northern Ireland today. Companies
headquartered in the U.S., Europe, and Great
Britain are engineering everything from
appliances to sophisticated components.
The industry is long established. Support
services are in place for research and development as well as for manufacturing. And there
are special grants available to help you turn
R&D into profitable products.
There is no shortage of skills in the
work force of Northern Ireland. American companies who have come here
find that people bring to work not only
experience, but also adeep sense of
company loyalty, agood labor relations
record, and positive attitudes toward _
attendance and productivity.
New arrivals also find transporta
tion links and st-class telecommunications that mait easy to do business
in the ok
.11 arket or anywhe
2.

.
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else. And nowhere in the EEC is there a
better overall package of incentives to help
anew venture succeed.
Find out how the people and the province can work for you. Get the facts from Reg
Browne or George McLaren at the Northern
Ireland Industrial Development Office in New
York. They can quickly tailor an offer of assistance to suit your plans. Call (212) 593-2258.
Or write: NIIDO, British Consulate-General,
150 E. 58th Street,
New York, NY 10022.
Kieran Fitzpatrick works.
An apprentice for the past
year, he's building acareer
in electronics with Grundig.

Northern
Ireland
works.
4,

Circle 144
on reader service card

The 64-K RAM:
which way to refresh?
A 256-cycle scheme halves the number of sense amplifiers,
but breaks ties with the present generation of 16-K RAMs
by Bill Johnston,

National Semiconductor Corp., Santa Clara, Calif.

0 Now that the 64-K level for random-access memories
has been reached, several such devices will be on the
market within a year and more will follow soon after.
Besides quadrupling memory density over 16-K RAMS,
these new parts will have alower cost per bit —0.05 cent
or less—but they will demand careful thought in providing for refreshing, since manufacturers are divided on
this key aspect.
Some will use 512 sense amplifiers to refresh the
memory array; that means a 128-cycle, 2-millisecond
refresh, the scheme that present 16-K parts use. Others
will halve the number of sense amplifiers, thereby
doubling the number of refresh cycles and the refresh
period. (Texas Instruments uses this scheme in its
recently unveiled TMS 4164.) But system designers can
cope with this variation by thinking through the problems of dynamic-RAM refreshing thoroughly and providing for the alternatives.
Sense and refresh
Dynamic-RAM refreshing is accomplished by sensing
and restoring the voltage levels present on each cell in
the memory array. This is done a row at a time, so that
the number of cycles required is equal to the number of
rows. Referring to Fig. 1, first a column line is
precharged to the drain-supply voltage, VDD ,and the
reference, or "dummy," cells are discharged to ground
(the circuitry responsible for charging and discharging is
not shown).
After the column has been selected, a row is chosen
through address multiplexers. With a 256-cycle 64-K
device, this means the storage capacitors (C s) of 256
cells are connected to the 256 column lines. At the same
time, a row of the dummy cells is selected on the
opposite side of the differential sense amplifiers. The
sense amps amplify the signals on the column lines, thus
restoring the data on each cell of the selected row.
The signal detected results from the voltage division
between the cell capacitor, Cs, and the column-line
capacitance, CL.This signal is differentiated from the
level established on the opposite side of the sense amplifier by the voltage division between 1
/Cs and CL.The
2
sense amplifier detects a difference of ± '/2V, depending
on whether a digital 1(+ 1
/V) or adigital 0 (— 1
2
/
2V) is
stored on Cs,where V is the voltage change on the
column line due to the transfer of charge between Cs and
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CL and is inversely proportional to Cl/C s, which is
called the attenuation ratio.
During a read or write cycle, the column decoder
selects one column. The cell chosen by the coincidence of
this column and the selected row has its data switched
onto the input and output buses during a read operation
or has new data written in from the uo buses during a
write operation.
This technique of refreshing arow at atime requires a
minimum of one sense amplifier per column. Of course,
ROW 0

ROW 127

_L
Cs

REFERENCE
ROW

6-3-1-1H

COLUMN
LINE

-DUMMY CELLS

6—

COLUMN 0
DECODER

INPUT/
r OUTPUT
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e—

COLUMN 255
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I
II
/
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v..
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V
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T

REFERENCE
ROW

—•
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1. Refreshing. To refresh a 256-cycle 64-K RAM, the column lines
are precharged to Voo and the dummy cells are discharged to
ground. A row is chosen through multiplexers and a reference row is
selected on the opposite side of the sense amps. Column-line signals
are then amplified, thus restoring the data on each cell in that row.
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Refreshing changes
The first significant breakthrough in reducing the cost of
metal-oxide-semiconductor random-access memories
was the development of dynamic memory storage, which
allows a digital 1or 0to be stored via ahigh or low voltage
on a capacitor. But since charge eventually leaks off a
capacitor, data must be sensed before it is lost and then
restored, to provide auseful memory.
Initially, dynamic RAMs used a capacitor in a threetransistor cell as the storage vehicle. The next major
innovation was the single-transistor cell. (The three-year
lapse between the three- and the one-transistor cell was
primarily due to the lack of a sense amplifier capable of
detecting millivolt signal levels from the memory matrix.)
This cell consists of one transistor and a capacitor and
occupies less than half the area of the three-transistor cell.
It resulted in a memory matrix that did not have an
amplifier built into every cell, which was the case with
earlier MOS memory configurations. This allowed 4,096

the column lines can be arbitrarily divided into
segments, but each segment then requires a separate
sense amplifier. Or the number of rows could be
increased, but the number of cycles required to refresh
the memory increases linearly with the number of rows,
and more cycles means more system time is lost to
refreshing the memory.
Figure 2shows the effects of memory organization on
refreshing. It also shows how the length of the column
varies with organization. This is an important consideration because the column-line capacitance is directly
proportional to the length of the column line. As aresult,
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bits per chip and required 64 refresh cycles every 2
milliseconds.
No single breakthrough accounted for the integration of
16 or 64 kilobits per chip. Improved input/output buffers,
clocks, sense amplifiers, and so on, have simplified
support circuitry and enhanced performance. Process
advancements like ion implantation, multiple levels of
polysilicon, and other refinements have reduced the die
size. Furthermore, developments in photolithography,
such as electron-beam-mask making and projection alignment, have allowed the number of bits per square mil to
increase by a factor of 64. The curves in both graphs will
shift to the left in the next few years, probably to the point
where a64-K RAM will be only twice the size of a 1-K part.
The 16-K MOS dynamic RAM resulted in a refresh of
128 cycles every 2 ms, twice that of the 4-K RAM. The
refresh requirement of the new 64-K parts, however, is yet
to be firmly established.

the attenuation ratio must be consistent with the sense
amplifier's ability to reliably detect the charge stored on
an individual cell.
The 64-K dilemma
The 64-K dynamic-RAM designs currently in process
(samples of some are already available) use either a
128-cycle, 2-ms refresh or a 256-cycle, 4-ms refresh,
depending on the technological capability and the design
and processing expertise of the individual company. As
far as system utilization is concerned, there is no difference between the two, since the percentage of time the
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2. Organization.

The

number

of

refresh

cycles and the length of the column lines in a
dynamic RAM vary with the chip's organization. The column-line capacitance is directly
proportional to the length of the column line,
and this capacitance dictates the sensitivity
of the sense amplifier.

cannot wait for the 64-K dynamic RAM to mature. The
problem they face is how to design the refresh into their
systems without having to redesign later around the most
cost-effective product.
No semiconductor manufacturer will provide both
128-cycle and 256-cycle refreshing on the same chip.
That would require the larger die of the 128-cycle
approach and would further complicate the design to
allow selection of either scheme.
No problem
3. Easy. Identical circuitry can be used for either 128-cycle, 2-ms or
256-cycle, 4-ms refreshing for the 64-K RAM, provided a single trace
is added to the printed-circuit board (dashed line). The 8th bit from
the counter is unconnected for 128 cycles and attached for 256.

memory is being refreshed is the same for both.
For example, a 128-cycle refresh every 2 ms with a
375-nanosecond cycle means refreshing 2.4% of the
time, since:
128 X375 X10 -9
2x 10 -3
x 100% = 2.4%
The same percentage of time is required for a 256-cycle,
4-ms scheme with a375-ns cycle:
256 x
4X
375
10-3
X 10-9

x 100% -= 2.4%

This means that die size, which is directly affected by
the way the chip is organized and therefore refreshed,
will be the overriding economic consideration, just as it
has been for all metal-oxide-semiconductor RAMS.
Process improvements, test innovations, and so on, will
lead to the smallest die in volume production. But users
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Fortunately, the solution is not only simple, it is also in
effect free, since it does not add to system costs. Identical circuitry can be used for either the 128-cycle, 2-ms or
256-cycle 4-ms refresh for the 64-K RAM, provided the
designer adds asingle trace to the printed-circuit board.
This solution is shown in Figure 3. The first seven
outputs of an 8-bit binary counter are used for refresh
addressing. The eighth output (the most significant bit)
is unconnected for 128-cycle refreshing and attached for
256-cycle use.
The refresh counter is clocked 128 times during a
2-ms period. The most significant bit of the counter
could be connected to the multiplexer or to the RAM with
no change in operation. The state of this line is a "don't
care" for 128-cycle refreshing. When the connection is
made, the implementation is exactly that needed for
256-cycle refreshing. In both cases, the counter is
clocked 128 times every 2ms, for atotal of 256 times in
4 ms. The refresh function is identical and independent
of the mode of refreshing required by the 64-K RAM.
Either distributed (transparent) or burst (bursts of 128
cycles every 2 ms) refreshing can be accomplished with
this design.
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Engineer's notebook
Digital strain gage
eliminates a-d converter
by N. Bhaskara Rao
LI.V.C.E, Electrical Engineering Department, Bangalore, India

An up-down counter and several logic elements are used
here to transform signals from a strain-gage transducer
into acorresponding digital output suitable for driving a
display. Replacing the analog-to-digital converter normally required for this application, the counter circuit
not only costs less but, more importantly, uses standard
logic devices normally found at hand in the lab.
A 555 timer, A I,is used as an astable multivibrator
(see figure) whose on time is Ta =0.685(R, +12 2)C and
whose off time is Tb = 0.68512 2C, where 12, and R2 are
the resistances of two discrete transducer elements
mounted on acommon surface. Their values vary directly with the amount of strain applied. In this case, the
nominal values of RI and R2 are 120 ohms. Resistor ris

5V

a 2-12 potentiometer that is used to zero the circuit (no
output from the 555) under no-strain conditions.
RIand R2 are wired so that RI— R2 becomes apositive
value when astrain is applied to them. When the output
of A l is high, the 74192 counter (A z)advances up at a
rate of f/2, where fis the circuit's master clock frequency and f/2 is derived from flip-flop A3.
When A l is low, the 74192 counts down at arate of f.
Thus, at the end of one cycle, the net counter reading
will be N = Ta(f/2)— Tbf, or:
N = 0.685f(R, —12 2)C/2 = K(R 1-12 2)
where the scale factor, K, equals 0.3425fC. Therefore
the amount of stress becomes known when RI— R2 is
determined. K can be set to any value by the proper
choice of f and C. As seen from the equation, the
sensitivity of the circuit increases as K is made larger.
As A l moves high at the start of the next cycle, one
half of the 74123 dual one-shot, A4, is triggered and
clocks the 7475 quad latch, A5.Thus the latch stores the
contents of A2.A6 converts the 4-bit binary input into a
seven-segment output for the display. The other one-shot
in A4 then clears Az,and the new count cycle begins. III
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C-MOS tester checks
for assembly errors
by Joseph G. Gaskill
Solid State Scientific Inc., Montgomeryville, Pa.
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Detecting most faults in complementary-metal-oxidesemiconductor devices due to errors in packaging or
because of burnout while in actual operation, this tester
can check virtually all the elements in the present c-mos
logic family. The unit needs only to perform a set of
simple open and short tests at each pin of the device to
quickly check for chip failures.
Assembly-related rejects and in-circuit failures are
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Checking C-MOS. Tester checks for defects in C-MOS 4000 series devices. Device under test is placed in the appropriate test socket, the
rank switches set as given in table, and the start button depressed. Test results appear as active-high signal at pass or fail output.
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Now. An ACIA and Baud Rate Generator
combined on asingle chip.
For only $6.95.

Our SY6551, the newest
member in the 6500 family.
It's the world's most comprehensive Asynchronous
Communications Interface
Adapter. Here's why: on-chip programmable baud
rate generator...15 programmable rates up to 19.2
kilobaud ... small size because we've not penalized
the asynchronous communications user with
unneeded synchronous protocols & conventions...
full compatibility with both 6500 and 6800 microprocessors...and all it requires is asingle +5V
power supply.
Other features:
•Requires only astandard 1.8432 MHz external
crystal
•Non-standard user-provided baud rates at 16X
external clock frequency (up to 125 kilobaud)

•Parity (odd, even, none, mark parity,
space parity)
•Double-buffered transmitter and receiver
•Half or full duplex operation
•Serial echo mode
•Interrupt feature and status register
•And more
Whatever your communications application —from
intelligent terminals, serial peripherals and CRTs
to remote data concentrators, POS. terminals,
bank terminals and more—the SY6551's built-in
versatility delivers.
Contact Jerry Demsky or Mel Berger, Synertek, Inc.,
3001 Stender Way, Santa Clara, California 95051.
(408) 988-5616. TWX: 910-338-0135.
1,000 piece price SYP6551.

•Stop bits: 1, 11
2 (5-bit word) or 2
/
•Independently selected transmit and receive baud
rates
Circle 150 on reader service card

Synertek, Inc.

SWITCH SETTINGS FOR C-MOS TEST SET
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predominately caused by or result in internal shorting of
wires between leads or open bonds to device pads and
packaged posts. The detection of these failures is relatively simple for c-mos chips because each input and
output port is connected to two diodes internal to the
device, one forward-biased with respect to the positive
supply voltage and the other back-biased with respect to
the negative supply. Hence it is necessary only to check
whether each diode is opened or shorted. This, in principle, is simple to do.
Most c-mos devices have at least 10 active ports,
however, and consequently it becomes a problem to
detect failures in many diodes while performing the
minimum number of measurements. The proposed solution arrived at for testing c-mos devices having up to 16
pins is shown in Fig. 1.
Briefly, A2 serves as a gated oscillator operating at
100 kilohertz for stepping A3, the 4017 decade counter,
when the start button is pressed. A3 generates a strobe
for circuit timing and also advances A4, the 4024 binary
counter, so that each location of the 4515 1
-of-16-line
decoder can be addressed.
The decoder sequentially steps once through A6—A13,
the quad analog gates, each of which is wired as a
double-pole, single-throw switch. The output ports of the
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4515 can thus provide avoltage for testing the diodes at
all pins of the device under test.
Any transmission-gate output port connected to a
shorted diode will move low. Open diodes will cause the
output to float. The results of each individual diode test
are monitored by window comparator A16—A17. The
comparator's output is then latched by Ala and passed
into either the pass or fail gate at the output.
Switches SIA —S7A, SIB—S7B, and S1—S4, the so-called
rank switches, which are connected to the test-socket
pins, must be set accordingly to check the particular
device desired. Required switch closures are presented in
the table for all 14- and 16-pin 4000-series devices
produced by Solid State Scientific Inc.
Note that the 28-diode matrix connected to the rank
switches must be individually switched into the circuit of
the particular device under test. The matrix is wired so
that if there are any unused (inactive) pins in the device,
the diodes will simulate the device's diodes; the openshort test may therefore be performed at each pin of the
device without generating an erroneous response (that is,
an open-circuit indication).
111
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
saying engineering time or cost. Well pay $50 for each item published.
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Learn to
write right

Prose lovers,
unite

HP offers
show-and-tell
on scopes

Guide lists
off-beat Items

152

It is difficult enough to communicate engineering information to engineers
who are not expert in the field, but communicating it to nontechnical
audiences is an order of magnitude worse. Just this problem will be
addressed in atwo-day seminar sponsored by the Communications Skills
Center, Box 74, Newfield, N. J. 08344. And while the center does not
claim that it will make you abest-seller writer in 15 hours of class plus an
overnight assignment, its staff feels that it can transfer basic skills and
progress at a more rapid rate than is possible in conventional courses.
Quick information on cities and dates is available by calling (800) 4484511, ext. 696, or (800) 962-1480, ext. 696, in New York.

The general-purpose calculus-level language Prose (Problem Solving Executive) has become so popular that a users' group is being formed.
Interested persons use the language to solve numerical problems in many
different areas because it does not require specific solution methods or
algorithms—they're already built into the system. Frank Pfeiffer notes
that "while Prose cannot compete with specific languages for the simulation of electronic circuits or devices, they cannot compete with Prose in
optimizing models of circuits or in fitting models of circuits or devices to
experimental data." Contact Frank at Bechtel Power Corp. 12400 East
Imperial Highway, Norwalk, Calif. 90650 if you're interested, or call him
at (213) 864-3567.

Whether used for a refresher course or initiation into oscilloscope operation, technicians and engineers will find the going a little easier with a
brand new series of video tapes from Hewlett-Packard. Three 1
2 -inch
/
tapes, entitled "How to Use an Oscilloscope," cover theory and practical
applications of the latest equipment, including variable-persistence and
storage scopes, among other topics. Cost considerations ($900 for the
series) suggest classroom or library use. For more information ask for the
brochure from the company at 1507 Page Mill Rd., Palo Alto, Calif.
94304.

Working electrical engineers will welcome the Guide to Scientific Instruments sponsored by the American Association for the Advancement of
Science. This catalog of laboratory instruments and equipment and names
and addresses of manufacturers includes those uncommon gadgets that are
needed only occasionally and not covered by the better-known directories.
Typical categories range from stereo microscopes and crystal slicers for the
semiconductor-fabrication laboratory to space simulators for satellite testing and spectral-emission charts for laser designers. The 193-page guide is
available from the Association at 1515 Massachusetts Ave. NW, Washington, D. C. 20005, either as part of yearly membership privileges or for
$6.00.
Harvey Hindin
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Why buy a
technical computer
from astranger...

when you can buy one
There are alot of technical computer manufacturers, but none has created so many measurement and
computation products for the factory and lab as HewlettPackard. From audio oscillators and spectrum analyzers
to computerized systems for satellite checkout, HP equipment has been doing the job for engineers and scientists
since 1939.
This experience pays off for you with the
HP 1000 computer family. Our HP-IB interface bus, for
example, makes it easy to use data from our instruments
for sophisticated computations and control. And our
experience with computer links on our own factory floor
helped us develop powerful networking software for yours.

Different computers
for different needs.

data base management software on any HP 1000.

Cutting the cost
of capturing data.
Whether setting up a full-scale factory information system or aone-computer test station, you want to
collect your data as easily and inexpensively as possible.
That's why we wrote IMAGE/1000, our DBM capability,
and DS/1000, our networking software. And that's why
we designed the HP 2240A Measurement and Control
Processor and
HP-IB, our
IEEE-488
standard

So you don't pay for more computer than you want,
we offer arange of HP 1000s to match different jobs around
your lab and factory. From the economical M-Series, with a
650 ns cycle time, through the fast E-Sei ies, to the powerful
350 ns F-Series, with floating point processor.
They're fully compatible, so you can use
the same programs and operating systems if you
move up to another model or when you switch a
computer to another task. You can
expand them all to 2MB of main
memory at the extremely low price of
3.1 cents abyte. They use FORTRAN,
BASIC, Assembly and Microcode languages. And, when you need to collect
and access information easily,
you can run our

rl

g

22805HPDS21
160

from. Hewlett-Packard.
interface, for use with 200 HP instruments. As well as a
wide variety of general purpose interface cards, ranging
from AID converters to a16-bit relay output register.
In adata collection system using terminals, our
Multipoint interfacing package keeps communication
costs down. You can string multiple HP display stations or
graphic terminals on asingle line.

Getting the
whole picture.
We're making it
easier for you to get agraphic
look at your data with software developed for use with
HP output devices. Graphics/
1000, combined with our

UUI

graphics terminals, printers and plotters, is an important
aid in research and engineering data plotting, electrical
and mechanical design, and presentation of management
and production data.

The HP 1000: afamily
that grows on you.
Your search for compatibility is further simplified
by our wide range of peripherals. You can build systems with
printers and printing terminals, CRTs and data input devices,
disc and tape drives —all manufactured by HP. They work
together smoothly, without making you do alot of interfacing work. And you can be sure of quick single-source
service whenever you need it.
So why don't you get together with acompany
that has 25,000 technical computer installations to its credit?
We're listed in the White Pages of your phone book. Or write
for complete information about the HP 1000 family to
Hewlett-Packard, Attn. Bob Puette, Dept. 642, 11000 Wolfe
Road, Cupertino CA 95014.

HEWLETT ikl

PACKARD
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Circle 155 on reader service card

reuse hybrid circuit yields.
The SOT-23 package by Ferranti provides 100% fully tested
transistors, diodes and varactors, plus:
• Reduced assembly costs• Increased production rate U Lower inventory cost
More reliable connections U Semiconductor rework without degrading
electrical performance 3 Individually branded parts U Mechanically rugged
Extensive range of devices available: TRANSISTORS General purpose, switching, low noise,
medium power, Darlington, high frequency, high voltage DIODES Switching, zener, varactors,
Schottky, dual/single.
----""''''''''""'"""

SOT-23 Package Outline

11
111111111,1111111111agar._

Dimensions in millimetres

NW: 1
•

25Max

41

SOT-23 package shown magnified 4X
2.9 Max.

FERRANTI
better by design

Identification Code

FOR COMPLETE SPECIFICATIONS, CONTACT:
FERRANTI ELECTRIC, INC.,/SEMICONDUCTOR PRODUCTS
87 MODULAR AVENUE, COMMACK, NEW YORK 11725
PHONE: (516) 543-0200/ TWX. 510-226-1490

Circle

156 on reader service card

TRI-STATE
5MHz &10MHz
DRIVERS
t15V output. drive
30V peak-to-peak.
TR 30nS. 200 pF load.
Tri-State output ±
-15 to
—12V. with 50nS disable
time. Neat for test fixturing
where an output voltage
waveform is the stimulus to
the input terminal of an IC
under test.
For data sheets on these
and all the growing E-H
family of driver, comparator
and switch modules use the
reader service number. Or
write E-H International. Inc.,
515 Eleventh Street,
Oakland, CA 94607.
Phone: (415) 834-3030.
TWX: (910) 366-7258.
Circle 356 on reader service card

RS232C
Paper Tape Transmitter
50-9600 baud

Computer compatible

RS 232 /Current loop or parallel outputs available
5-8 level tape, 7-11 frames per character
Stops and starts on character at all speeds
Uses manual control or x-on, x-off
90-260 volt, 50-60 Hz power
Even or odd parity
Desk top or rack mount
A ddmaster Corporation
416 Junipero Serra Drive

San Gabriel, California 91776

Telephone: (213) 285-1121
Circle 121

on reader service card

Here's aminiature e2 digit portable
multimeter that delivers extraordinary
performance and value for only $189.
Real miniature portability
Here is true miniature portability
that delivers lab performance wherever you take it. And you can take it
anywhere. The 175 operates from AC
line, or rechargeableNiCad batteries
for 6hours of in-spec operation.
Add this to the remarkably small size
13/
4"H x5
/'W x31
2
1
/"D, 34 cu. in.,
2
weight 22 oz. (4.45 x13.97 x8.89cm,
552cc, .63kg.) exceptional operating
temperature characteristics, rugged
construction ... and you can see
that this is real portability.
Data Precision proudly presents a
0.1% accuracy multimeter that brings
the same high performance and value
to 31
/ digit portable instruments
2
that our Model 245 brought to 4/
2
1
digit multimeters. The same levels
of reliability, the same small size, the
same great convenience and flexibility. The Model 175 has it all... and
more for just $189.00.*

*Price U.S.A.

•Automatic Zero
•100% Overrange

Right at home in the lab
Connect the 175 to an AC line and
you have agreat bench instrument.
It's always recharging when line
connected and ready to go into the
field whenever you need it.

g
=

FOR A DEMONSTRATION,CIRCLE 154
FOR ADDITIONAL INFORMATION,CIRCLE 157

Visit us at MIDCON at Booths #329-331.

•Easy to Read, Big, Bright Display:
0.43" LED display for easy reading in
dim light or bright light.

•Hi/Lo Resistance Measurement:
Measure resistance in two modes.
Hi excitation 2.5V (exceeds semiconductor forward threshold) and
Lo excitation 300mV (below silicon
junction threshold), for in-circuit
resistance measurement without
turning on semiconductor junction.
No need to unsolder resistor.

High performance
The Model 175 gives you 32 ranges of
measurement capability, six functions, 0.1% DCV accuracy guaranteed
for one year, and 100 microvolts
resolution. You can measure DCV
from ±
--100 microvolts to ±-1000V,
ACV from 100 microvolts to 500V
with afrequency response of 30Hz
to 50 kHz, DC Current from ±-100
nanoAmps to ±
-2A, AC Current from
100 nanoAmps to 2A with afrequency
response of 30Hz to 50 kHz, Resistance from 100 milliohms to 20
Megohms in two excitation voltages.

And the Model 175
gives you alot more.

•Overload Protected
•Overload Indication
•Recharging Indication
•A Complete Package:
accessories supplied include:
rechargeable NiCad battery module,
line cord recharger, test leads carrying case and documentation.
DATA PRECISION CORPORATION,
Electronics Avenue, Danvers Industrial
Park, Danvers, MA 01923, (617)
246-1600 TELEX (0650) 921819.

Actual size, front view.

iDATA PRECISION

...years ahead

How to impress
Accounting
Give them a CRT display they can
sell with pride. You can do it by
simply specifying a Syntronic
commercial stator-wound yoke.
They are precision yokes with
correction magnets built-in and
preset to eliminate geometric
distortion. On the production line
they cut set-up time to a bare
minimum. What's more, you
eliminate the necessity for buying
magnets and mountings. Everyone
in Sales really appreciates a
product with salability measured in
ideal geometry and resolution.
Besides, you'll be credited
with lowering the rate of rejects
caused by TV type yokes that fall
short of standards your customers
have set.
You know, abetter display sells
faster —the first time and
all the time.

Complete Line for every Industrial & Military
Display in Production Quantities or Custom
Designed to your specific requirement.

That's the department most likely to
be impressed by "bottom line" results.
And, why we've developed a lower co
commercial stator-wound yoke. It doe
(we admit) cost more than the ordinary
type saddle yoke, but results in the most
favorable "bottom line" figure.
You can prove that to yourself. Finis
filling in the column below:
Ordinary
TV type yoke

Syntronic
Yoke

Cost of yoke

Ask Syntronic
price

Cost of correction
magnets

(not necessary)

Cost of hardware
to hold magnets

$

(not necessary)

Cost of labor to
attach magnets

(not n

Cost of labor to
adjust magnets

(not

Cost of replacing
rejected yokes
that fall short of
meeting customer
standards

S

(not necessary)

Cost of recycling
product that does
not meet Q.A.
standards due to
yoke deficiencies

S

(not necessary)

Cost of field
service to make
adjustments to
satisfy customer

S

(not necessary)

Extra sales expense
and "persuasion"
necessary to sell
non-competitive
displays

(not necessary)

"Bottom line" total $

Ironic in/burned/. inc.
100 Industrial Road, Addison, IL 60101

Phone: (312) 543-6444
158

Gircie

1b8 on reader service card

K inAtutnento.

inc.

100 Industrial Road, Addison, IL 60101

Phone: (312) 543-6444
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The dawn ofa new generation
of product performance.

A little over ayear ago, Dow Corning
quietly changed the state-of-the-art of the electronics industry.
We changed it with aproduct so unique, so
totally outstanding, that it overshadowed all existing technology.
The product was Dow Corning 631
silicone/epoxy molding compound.
And it marked the dawn of anew
generation of product performance.
We looked at the advantages of
silicone. We looked at the advantages of epoxy. And brought them
together to make the world's first successful
silicone/epoxy molding compound.
Dow Corning 631 gives semiconductor
device manufacturers the compatibility, moisture
resistance, and ease of molding of silicone,
coupled with the strength, strong lead seal, and
salt-spray resistance of epoxy. What it means to
semiconductor devices is unmatched reliability

and exceptional performance.
isfe
In almost any electronic product. Computers.
Telecommunications equipment. Auto electronic
devices. Almost an_ything.
For the past year, almost every
major semiconductor manufacturer
in the country has been testing
Dow Corning 631 And the initial
reports indicate that 631 is everything we designed it to be: strong,
compatible, reliable.
Experience the dawn of the
new generation of product performance for yourself. For more information about
what Dow Corning 631 silicone/epoxy molding
compound can do for your products, write
Dow Calling
Corporation,
Department
B-8578, Midland, -Michigan 48640.

DOW CORNING

©Copyright Dow Corning Corporation 1979.

Circle 159 on reader service card

Patented single-control tuning and simplified channel
selection make this 520MHz
synthesized signal generator
a lot easier to use. Its low
price makes it a lot easier
to buy.

ThE othEr
synthEsizEd signal gEnErator
just bEcamE obsolEtE.

The Racal-Dana 9081 is asuperior
concept in signal generators:
synthesized performance with
analog tuning. It's the easiest
synthesized signal generator in
the world to use, giving you maximum precision and accuracy with
hands-off control. At under $4500,
there's nothing else on the market
that even comes close.
The 9081 has full amplitude,
frequency and phase modulation
capabilities, with automatic leveling over afrequency range from
5MHz to 520MHz.
Radio communications testing was never easier. You can
change frequency in channelrelated steps by using either the
main tuning control or the patented channel step switch.
There are many advantages
to the 9081 in tuning, accuracy,
stability, flexibility, portability and
sheer excellence. Get the whole
new story on synthesized signal
generators. Call or write for more
details.
Racal-Dana Instruments
Inc., 18912 Von Karman
Avenue, Irvine, CA
92715. Telephone:
714/833-1234.

RACAL-DANA

Circle d160 for Product Demonstration
Circle d135 for Literature only

New products

System cuts cost of LSI testing
Fairchild's medium-priced Sentinel tester can work with
programs originally developed for its large Sentry system
by Robert Brownstein, San Francisco regional bureau
Basically, there are two types of
equipment for testing large-scale
integrated circuits: very expensive
engineering-oriented systems, which
are not really suitable for highvolume testing; and much less costly
dedicated benchtop units, whose
main drawback is lack of flexibility.
The large gap in price and performance between the two is one that
Fairchild Camera and Instrument
expects to fill with its new Sentinel
test system.
The general-purpose tester sells
for considerably less than the Tektronix S-3280 and Fairchild's own
$200,000-plus Sentry system. At the
same time it is better suited to highvolume applications, according to
the company. "That's where IC
manufacturers are feeling some
pain," says Gary Ure, Sentinel
marketing manager. "They have to
keep increasing the scale of integration and productivity, but keep
prices low because of competition.
Therefore, they have got to reduce
their testing costs."
"The $30,000 benchtops look good
at first because of their low initial
price, but there are hidden economics that crop up—like the lengthy
development time," Ure claims.
"For asingle device like an 8080, a
benchtop provides a valid turnkey
test solution. But if auser wanted to
test another device with it, he would
have to go through a lengthy development sequence again."
Whereas Sentinel's base price of
$85,000 is significantly higher than
that of benchtop testers, Ure feels
the system's development and device-flexibility strengths more than
compensate. "Fairchild has more
than 75 percent of the LSI market
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using its Sentry testers, and those
users have spent millions of dollars
developing programs for Sentry.
That investment remains intact because nearly all of those programs
can be used for Sentinel with very
minor changes. That has an enormous effect on development time
and test cost."
Sentinel's flexibility comes from
its kinship with the general-purpose
architecture of the Sentry system.
To change from one device to another, the user changes the program,
but needs to make little if any
change in hardware other than swapping performance boards.
Sentinel's operating system, asubset of Sentry's Mastr multitask operating system, has been streamlined
for production testing. New pro-

grams are developed on Sentry using
Fairchild's Factor high-level language and then loaded onto flexible
disk.
Older Sentry programs are revised
with the support of Sentnl utility
software, which denotes any statements that Sentinel will not support.
Once the programs are on disk, they
can be loaded into Sentinel via its
flexible-disk drive.
Identical nucleii in both Sentry
and Sentinel (see diagram) ensure
software compatibility. Each has the
FST-2 general-purpose central processing unit arranged in 24-bit word
widths. Sentinel's CPU comes standard with 32 kilowords of memory
and can be expanded to as much as
196 kilowords.
The high-speed Schottky logic

FST-2
CENTRAL
PROCESSING UNIT
32'k-BY-2481T MEMORY

FLOPPY
DISK

VIDEO
KEYBOARD
TERMINAL

SUMMARY
PRINTER
CONTROLLER
SEQUENCE PROCESSOR MODULE
WITH LOCAL 4•K MEMORY

STATION
CONSOLE

3
DEVICE
POWER
SUPPLIES

LL
PRECISION
MEASUREMENT
UNIT

RESPONSE
UNIT

L
FORMAT
UNIT

TIMING

(8 CLOCKS)

àrià

LSI TEST HEAD
(30, 44, OR 60 PINS)

Compatible. Because the CPU and controller of the Sentinel are the same as those of the
older Sentry system, existing programs can be run on the new machine with few changes.
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Call your Amphenol
North America
Distributor
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ARIZONA
Liberty Electronics
Phoenix
6021 249-2232
Cetec Mo'Ironies
Phoenix
,6021272-7951
CALIFORNIA
Bell Industries
Sunnyvale
i408, 734-8570
Cramer Electronics
Irvine
17141 979-3(X)0
(213) 771-8300
Elmer Electronics
Mountain View
4151 961-3611
Kierullf Electronics
Los Angeles
1213) 725-0325
San Diego
17141 278-2112
Liberty Electronics
El Segundo
12131 322-8100
San Diego
(7141 565-9171
Cetec Moltronics
San Diego
17141 278-5020
South Gate
12131 773-6521
Sterling Electronics
Santa Clara
14081985-7411
COLORADO
Elmer Electronics
Commerce City
13031 287-9611
Newark Electronics
Denver
13031 757-3351
CONNECTICUT
Connector Co.
New Haven
12031624-0127
Wilshire Electronics
Hamden
1203) 281-1166

microcode embedded in Sentinel's
controller also mirrors similar circuitry in the Sentry system. The rest
of the hardware, however, was completely redesigned with low cost and
high performance as primary objectives, according to Ure.
The test head and test control
console are housed in a table separate from the FST-2, assorted power
supplies, precision measurement
unit, and high-speed controller. Two
types of test head are available: an
Lsi unit for wafer sorting or finaltest operations, and a high-speed
head for more stringent qualityapproval or final-testing tasks. Each
can be ordered with 30, 44, or 60
pins, and Sentinel will interface with
one or two; however, they must be of
the same type.
Sentinel can perform functional
tests at up to a 10-MHz rate as well
as carry out dc parametric tests at
up to 1,000 per second. Its controller
is the key to the rapid functional test
rate because it performs on-the-fly
changes in definition, reference voltage, and data drive modes while
keeping failure records and inverting
data patterns where formats dictate.
The controller's eight registers and

FLORIDA
Cramer Electronics
Orlando
130 51 894-1511
Schweber Electronics
Hollywood
(3051 927-0511

sequence processor module carry out
those changes. Moreover, this module can nest subroutines up to 16
deep and can supply clock bursts.
Controlled by four registers
loaded by the FST-2, Sentinel's
precision measurement unit carries
out dc parametric tests by applying
voltages or forcing currents at a pin
location and sensing the current or
voltage reactions at the same pin. In
addition, when called upon by selftest diagnostic software, the measurement unit performs tests on
Sentinel itself.
The basic $85,000 system includes
CPU, controller, the measurement
unit, power supplies, station console,
a standard 8-in, flexible diskette
drive, video keyboard terminal, and
150-line-per-minute 80-characterper-line electrostatic printer. Added
CPU memory options and interface
to Fairchild's Integrator II host
computer can run the tab up to
$200,000.
First demonstration of Sentinel is
scheduled for this month with first
system delivery slated for April.
Fairchild Camera and Instrument Corp., Test
Systems Group, 1725 Technology Dr., San
Jose, Calif., 95110 [338]

GEORGIA
Arrow Electronics
Doraville
(404) 455-4054
Cramer Electronics
Norcross
(404) 448-9050
ILLINOIS
Bell Industries
Chicago
(312) 982-9 210
Klaus Radio. Inc.
Peoria
(309) 691-4840
Newark Electronics
Chicago
(312) 638-4411
Ohm Electronics. Inc.
Palabne
1312) 359-5500
Schweber Electronics
Elk Grove
(3121 593.2740
INDIANA
Graham Electronics
Indianapolis
1317)634-8202
Genesis Electronics
South Bend
12191 287-2911
KANSAS
Interstate Electronic
Wichita
3161 264-6317
Wichita Aircraft
Wichita
13161 838-1421
MARYLAND
Arrow Electronics
Baltimore
13011'247-5200
Cramer Electronics
Gaithersburg
13011 948-0110
Pioneer Electronics
Gaithersburg
13011948-0710
MASSACHUSETTS
Cramer Electronics
Newton
(617) 969-7700
Industrial Components Corp
No Wilbraham
'413) 596-3854
Kieruff Electronics
Billerica
1617) 935-5134
Schweber Electronics
Waltham
6171 890-8484
Wilshire Electronics
Burlington
,6171 272-8200
MICHIGAN
RS Electronics
Livonia
.3131 525-1155
Wedemeyer Electronic Co
Ann Arbor
313,665-8611

MINNESOTA
Arrow Electronics
Edina
612( 887-6400
Cramer/Bonn Co.
Edina
612 ,835-7811
Newark Electronics
Minneapolis
612 331-6350
MISSOURI
LCOMP Electronics
Kansas City
18161 221-2400
Maryland HIS
13141 291-6200
Olive Electronics, Inc.
St Louis
13141 426-4500
Welter* Radio Supply
Kansas City
18161 531-7015
NEW JERSEY
Radio Electric Service Co
Pennsauken
(215, 925-6900
Schweber Electronics
Somerset
)201) 469-6008
Wilshire Electronics
Clifton
,
201} 340.1900
NEW YORK
DRW Electronic Corp
Farmingdale
1516) 249-2660
Genesee Radio Parts Co.
Buffalo
(7161873-9661
Harvey Electronics
Binghamton
1607) 748-8211
Progress Electronics
Plainview
15161433-1700
Schweber Electronics
Westbury
(516) 334-7474
Simcone Electronics
Rochester
(7161 328-3230
Summit Distributors
Buffalo
1716) 884-3450
NORTH CAROLINA
Cramer Electronics
Winston-Salem
(919) 725-8711
OHIO
Pioneer Electronics
Cleveland
'216) 587-3600
Dayton
(5131 236-9900
Schuster Electric Co.
Cincinnati
15131 984-1600
Schweber Electronics
Beachwood
12161464-2970
OKLAHOMA
Electro Enterprises
Oklahoma City
(405) 478-1752
PENNSYLVANIA
Almo Electronics
Philadelphia
1215) 698-4000
CAM-RPC Indus. Electronics
Pittsburgh
(4121 782-3770
Pyttronic Industries
Montgomeryville
(215) 643-2850
TENNESSEE
Electra Distributing Co.
Nashville
61f, 329-3971
TEXAS
Allied Electronics
Ft Worth
817 336-5401
Hamilton/Avnet
Dallas
214, 661-8661
Sterling Electronics
Dallas
(2141 357-9131
Houston
17131627-9800
Texas Instrument Supply Co.
Dallas
12141 238-6862
UTAH
Diplomet/Alte
Salt Lake City
1801) 486-4134
Standard Supply Co.
Salt Lake City
i
801i 486-3371
WASHINGTON
Bell Industries
Bellevue
'206' 747-1515
Liberty Electronics
Seattle
206 , 453-8300
WISCONSIN
Electronic Expeditors
Milwaukee
4141228-8100

CANADA: Distributors in major cities
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Fiber optic
connectors.
Off the shelf.
All you want.

•
-•,‘

mphenolTM 906 Series single fiber
connectors are available now.
Available everywhere.
Now you can get true innovation in fiber optic technology. The single fiber
connector is here in the Amphenol 906 Series. And it's in stock, in quantity.
Find everything you need in Amphenol 906 Series single fiber
connectors. Plugs. Adapters. Receptacles. Polishing tools.
And the 906 Series gives you improved system performance and minimal
insertion loss. Plus compatibility with all popular cables.
The same world-wide, off-the-shelf availability applies to Amphenol 905
Series bundle connectors and complementary products.
Ask, too, about the availability of our 801 Series multichannel
connectors. With 4- and 8-channel configurations. Environmental
sealing. MIL-Spec shells.
We make innovation easy to obtain. And well work with you to come up
with even newer ideas for your special fiber optic interconnection needs.

actual size

For more information call the sales office or distributor nearest you.
Or contact RF Operations, Danbury, Connecticut.
Circle 163 on reader service card
BUNKER
RAMO

AMPHENOL NORTH AMERICA
General Offices: Oak Brook, Illinois 60521

Sales Offices: Atlanta (404) 394-6298 • Boston (617) 475-7055 • Chicago (312) 449-1880 • Dallas (214) 235-8318 • Dayton (513) 294-0461
Denver (303) 758-8033 • Detroit (313) 722-1431 •Greensboro (919) 275-8644 • Houston (713) 444-4096 • Indianapolis (317) 842-3245
Kansas City (913) 764-1541 • Knoxville (615) 690-6765 • Los Angeles (213) 649-5015 • Minneapolis (612) 835-4595 • New York (516) 364-2270
Orlando (305) 647-5504 • Philadelphia (215) 657-5170 • Phoenix (602) 265-3227 • St Louis (314) 569-2277 • San Diego (714) 272-5451
San Francisco (408) 732-8990 • Seattle (206) 455-2525 • Syracuse (315) 455-5786 • Washington. DC (703) 524-8700
Canada: Montreal (514) 482-5520 •Toronto (416) 291-4401 •Vancouver (604) 278-7636 • International: Oak Brook. Illinois TELEX 206-054

•
'Committing yourself
holding your breath for
For all the dramatic success stories, the idea
of custom LSI still scares the pants off alot of people.
How can they be sure of getting delivery in time to
meet their marketing deadlines? Why should they
trust the future of anew product to asingle supplier?
Why not play it safe with microprocessor systems?
What about cost?
In the twelve years since making our first
custom MOS chip, AMI has heard it all. And we've
turned many hard-nosed skeptics into true believers,
with scores of extremely successful products to
show for their conversion.
Still, the questions are asked. And, as the leader
and chief innovator in this complex field, we'd like to
answer them.

"Why take chances on asingle supplier?"
There have been cases where two MOS companies
were hired to work on the same project. But that kind
of expense really isn't necessary if you pick the
right MOS company in the first place.
To begin with, their engineers should be able to
assess your application to see whether custom is
the most cost-effective approach. As AMI makes a
variety of standard parts, too (4, 8and 16-bit
microprocessors, memories, telecommunication and
consumer circuits), we're in agood position to make
an unbiased appraisal. We can show you whether
pure custom would give you the most for your
money. Or whether astandard system would do the
job. Or maybe asystem based on astandard
microprocessor with custom peripherals would give
you the best of both worlds.
If custom's the answer, we can design your
proprietary circuit from scratch. Or, if you have the
know-how, you can do the design and we'll do the
manufacturing. (This "customer tooling" approach
can satisfy your second source requirements, if you
have any.) A third option is ajoint development
venture where ateam from your company and ateam
from ours work together to build LSI circuits for
families of products.

to custom LS! is like
nine months:

1

If you think just any custom company could
have written this book, think again. It touches
on several areas that set AMI apart from the rest. The
number of options. The shortening (by about a
third) of the design cycle using our SLIC method
(Symbolic Layout of Integrated Circuits). And an
advanced project management system that allows us
to track your circuits from initial logic to computerized testing of every chip.
It also touches on some of AMI's applications'
history, showing how far we've come in the past
decade. We've made anti-skid and miles-to-empty
circuits for the auto world. Sewing machine, kitchen
range, washer/dryer and microwave oven controls
for the appliance industry. Chips for phones, video
"Custom's too damn expensive':
games, televisions and electronic organs. And a
This is one of the great LSI myths. Obviously,
broad spectrum of EDP applications, from keyboards
the front-end engineering costs are higher than
and displays to memory management systems.
pulling standard parts off the shelf. But there are
The list goes on and on. But, compared to the
several reasons why custom can end up cheaper in the
potential uses of custom LSI, it's afairly brief prologue.
long run.
Every day we come up with exciting new solutions
First, you're only paying for what you need.
to antiquated electromechanical or MS! problems.
As opposed to amicroprocessor system where you
Why don't you come and explore these possioften have to buy more capability than you'll ever
bilities with us? Write or call AMI Custom Marketing,
use. That makes custom more cost-effective in your
3800 Homestead Road, Santa Clara CA 95051.
system. And remember, quantity prices of custom
Phone (408) 246-0330. Or at one of these regional
circuits follow asimilar volume curve as standard
sales offices: California, (213) 595-4768; Florida,
products.
(305) 830-8889; Illinois, (312) 437-6496; Indiana,
But, when you get right down to it, the value
(317) 773-6330; Massachusetts, (617) 762-0726;
of acustom circuit lies in its uniqueness. Its ability to
Michigan, (313) 478-9339; New York, (914) 352-5333;
give your product features that nobody else has.
Pennsylvania, (215) 643-0217; Texas, (214) 231-5721;
That advantage is priceless.
Washington, (206) 687-3101.
We'll send you our new brochure. Or, if
We wrote the book on custom LSI.
you prefer, give you a
And, as the pioneer in this field since 1966, we keep
detailed 30-minute pre
lthCu
rewriting it. We've now published acomprehensive
sentation right in your
re '
new brochure on the subject titled "AMI's Six Step
office.
You'll
soon
see
how
Program for Success in Custom LSI'.'
to get the jump on the
These six steps are: 1) Considering all the
competition without hold-'factors; 2) Looking at the custom options; 3)
ing your breath at all.
Selecting the right MOS/LSI process; 4) Designing the
best circuit; 5) Fabricating the optimum device;
6) Testing for reliable performance.

In atechnology this complicated, all MOS
companies sometimes run into design or production
problems. But keep in mind that AMI has far more
experience than anyone else. With more than 1200
different circuits under our belt, we know what will
work and what won't. That's one reason we average
less than seven months from firm specification to
fully-tested LSI circuits—the fastest turnaround in
the industry. As we work in 25 variations of four
major processes, we don't have to bend your
application to fit any production limitations. And we
have plants in California, Idaho and Korea to build
you all the product you need. (Some of our custom
clients use more than amillion circuits ayear.)

AMI

AMERICAN MICROSYSTEMS, INC.

New products

Microcomputers & systems

SLIDE

SWITCHES

All enclosed
and wave
solderable
6 TYPES

Detented and momentary
spring return

• Two or three positions.. .One
or two rows of contacts!
II Designed for simplicity and
reliability—you can depend on
them for long-life performance!
• Simple construction! No rivets.
staking operations or adhesives
used in the entire switch.
• Ideal for communications
equipment, instrumentation,
stereo equipment and thousands
of other applications.
Our unique All Enclosed Slide
Switches save time—insure against
flux migration and offer protection
during wave soldering operations.

5-V board controls
minifloppies too
Compatible with SBC 86/ 12
controller supports
soft-sectored diskette drives
Intel's iSBC 204 universal flexiblediskette controller is the first board
to exploit the features of its 8271
programmable floppy-disk controller
chip. It is also Intel's first rotating
memory controller compatible with
mini-floppy as well as floppy disks.
The board will work with the recently announced iSBC 86/12 singleboard computer, as well as with
other Multibus products.
Because the new board replaces
much of the bipolar logic used in
previous disk controllers with metaloxide-semiconductor devices, it requires substantially less power and
operates from asingle +5-v supply.
The board is capable of supporting
virtually any software-sectored, single-density standard or mini-floppy
diskette drive. It can control two
drive surfaces (two single-sided or
one double-sided drive). With the
addition of a second Intel 8271
controller chip, as many as four
drives can be supported.
In addition to IBM's standard 3740
formats, the iSBC 204 controller can
accommodate sector lengths of up to
4,096 bytes, as well as minifloppy
formats. The operating characteristics (track-to-track access and head-

loading and head-settling times) are
programmable by the user. Moreover, the controller can read, write,
verify, and search on either asingleor multiple-sector basis.
The heart of the board is the 8271
chip. On-board data-separation logic
performs standard frequency-modulated encoding of the data. This
eliminates the need for external
separation circuitry at the drive
itself. Data transfers may be of a
direct-memory-access or non-DMA
variety. Another Intel device, the
8257 DMA controller, manages DMA
transfers and signals the master
iSBC processor when a transfer is
completed.
The 8271 is capable of executing
high-level commands, which simplify
software development for the system. Cyclic-redundancy-check characters are also generated and
checked automatically. As a result,
two tracks on each surface may be
designated bad and logically removed (ignored) from the diskette.
All diskette operations are initiated via standard input/output port
operations through an iSBC singleboard computer. In a typical sequence of events, the controller is
first programmed with system software to be compatible with the operating characteristics of the selected
drive. The diskette is then formatted
under program control. If DMA is to
be used, the starting memory address and the mode of transfer are
specified. Finally, data transfers
occur in response to commands from
the central processing unit.
Once adiskette-transfer operation
is under way, the 204 plays the role
of a bus master and sends data over

WRITE FOR CATALOG SL,
or contact us for other switching
needs Rotary, Programmable.
Push-Button. Keyboard, and morel

The Switch Experts"

standard grigsby.
920 Rathbone Avenue
Aurora, liiiçiois 60507
Phone: 312/844-4300
TWX: 910-232-3138

Dept.

14

IN EUROPE: W. Gunther GMBH
Virnsberger Strasse 51. D 8500 Nürnberg 1.
West Germany • Phone 0911/65521
Telex' 822351 vegu d
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What brings
GB new
yprocessor precision
supersensitive
performance to
interrupter module.
your workhorse?

Equipment from computer peripherals to machine
tools can now take advantage of precision µ processor
performance with General Electric's H21 series
interrupter modules. Compatible with popular logic
systems from CMOS to relays, these new high
current, high voltage modules have been optimized
to improve resolution and accuracy, and provide up
to 25MA minimum specified output and 55V blocking
capability.
The H21 and H22 modules provide aconsistent
light beam with maximum
FULL Imm GAP
STRONGER
dimensions of 1mm x
VALOX.
APE RATURE S.
HOUSING
1.5 mm.
lmm MAX
WITH
POLARITY
There are 24 types of
INDICATOR
H21 MOUNTING
interrupter modules
FLANGE
available, 12 transistor
detectors and 12 darlingH22
ton detectors. Transistors
LEAD
MOUNTED
feature low saturation

voltage (< 0.4V at 1.8 MA) and darlingtons high
output current, (>_ 50 MA at 1.5V). All with the
high performance you need in measurement systems
and mechanical/electronic interfaces.
Supersensitivity. Improved resolution and accuracy.
All part of General Electric's new optimized interrupter modules. For adesign specification sheet
and free sample, write to General Electric Company,
West Genesee Street, Auburn, NY 13021. Or call
Bob Brewster (315) 253-7321 X420, or contact your
authorized distributor.
222-12

There's more to
any GE semiconductor
than meets the eye

'Registered Trademark of General Electric Company

GENERAL
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New products
the Multibus at high speed. The CPU
need not be involved until the transfer is complete. Termination can be
indicated by the generation of an
interrupt on the bus or by the recognition by the CPU of a"done" bit."
The iSBC 204 is supported by the
diskette file system available with
RMX/80, Intel's real-time execu-

tive. Files may be created, deleted,
or changed, and file names may be
symbolic in nature. Data can be
accessed from files either sequentially or directly. An unlimited number
of files can be open simultaneously
and multiple tasks may be read to
the same file at the same time.
The system can also be used with

Intel's high-level languages. Using
the structure provided by the
RMX/80 Disk-File System, the Basic-80 disk-based interpreter provides facilities for the storing and
retrieving of data as well as
programs. The formatted input/output capability of Fortran-80 also
provides for easy filing and access of
data. The iSBC 204 is available now.
It sells for $650.
Intel Corp., 3065 Bowers Ave., Santa Clara,
Calif. 95051. Phone (408) 987-8080 [381]

Static memory for LSI-1 1
uses single 5-V supply
Users who would like to improve the
reliability of their LSI-11, LSI-11/2,
or PDP- I1/03 computers can now
do so by using a truly static memory
board, which eliminates the extra
circuitry required for memory refresh. Configurable for a maximum
of 16 kilowords of 16 bits each, the
standard dual-size VML1116 fits in
a single option slot from which it

You've worked hard
on your product It really is a
better mousetrap. It solves areal
need and it's the best there is. Put it in acase that says
The Best loud and clear. A Zero Centurion Elite' case.
The Centurion Elite is recognized all over the world as the
premium case for technical equipment Not just because
it looks impressive-but because it gives your instrumentation
all the protection and security of aportable vault.
If you'd like to take recognition one step in adifferent
direction, there's also the Centurion LogoliteTM case. The
Logolite is an economical case that allows you to display your
embossed logo on the outside while protecting your
equipment on the inside.
Both cases are available for two-week delivery in awide
variety of sizes.
Ask for afree demonstration. This is one trap you'll be
glad you fell into.

ZERO

We make you look good.
Zero Corporation •Burbank, CA 213/8464191 •Monson, MA 413/2675561
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Call Me, I'm Interested 168
Mail Catalog 63

draws 2.5 A at 5v, the only power it
requires.
Available in 4-, 8-, 12-, and 16kiloword configurations, it is addressable in 4-kiloword increments.
Using TMS 4044 4-K-by-1 -bit static
random-access memories, the
VMLI I16 provides access times of
250 ns, so that cycle time for the unit
is actually faster than the central
processing unit requires.
A fully populated low-power
board is priced at $950 in single
quantities and is available from
stock; discounts are available on
large orders. It is unconditionally
warranteed for one year and has a
minimum projected mean time be-
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Power-One has the best looking
power supplies in the world.
(...but who really cares.)
We suspect you share our feelings. We
superb craftsmanship and clean, efficient design. However,
compared to performance, price, and reliability, "good
looks" has to take a back seat.
But isn't it nice to find products like Power-One openframe power supplies that actually offer all these desirable
features? The good looks you can see for yourself, so let's
talk about what really counts.

Talk about prices.., it's still 1973.
It's true. 95% of our standard models are priced the
same today as they were five years ago. Take our B case
models, for example. In 1973 they sold for $24.95. Today,
they're still $24.95... and holding! Amazingly, Power-One
open-frames were price competitive in '73. Think what
they are today.

Talk about reliability...we burn them in
so they don't burn out.
Every single unit bearing the Power-One label
undergoes afull functional test, followed by a 2-hour
burn-in, plus a final full functional test. We repeat — every
single unit! Compare this to other manufacturers who
conduct only a single operational test. That's why no other
open-frames match ours for long life and overall reliability.

models.

selection...we have 84 standard

Without adoubt, Power-One has the broadest selection
of"off-the-shelf" open-frames in the industry — 84 different
models. Single outputs, duals and triples ... plus new
Floppy-Disk and Microprocessor series. And these are
all off-the-shelf standards, ready for delivery when you need
them. Last year alone, we delivered over 100,000 of these
standards — on time! That makes
Power-One the largest producer
of open-frames in the world.

Talk about catalogs...
we've got abeauty.
It's all new, and all inclusive.
Complete specs, dimensional
drawings, and prices on every
standard model. So don't delay.
Get your free copy now.
Also, for off-the-shelf
delivery in your area, call us for
the location of your nearest
Power-One distributor.

0

"‘Think_about

D.C. POWER SUPPLIES
Power-One Drive •Camarillo, CA 93010 •(805) 484-2806 •TWX: 910-336-1297
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VICTIM
SELECTIVITY

THERMISTORS
Selectivity, not just a word but a
reality at VECO. SensiChips!thick
films, beads and probes in awide
variety of sizes and resistances.
Try us, you'll like VECO quality
and prices.
VICTORY ENGINEERING CORP.

VIciory Fla SphreeId. N J 07081
TWX 710-983-4430 Tel 201-379.5900

New products
tween failures of 50,000 hours.
Computer Extension Systems Inc., 17511 El
Camino Real, Houston, Texas 77058. Phone
Gary Wagner at (713) 488-8830 [384]

MOS boards operate
at 4-MHz clock rates

Circle
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FREE

Washer k*
Catalog'•

lane

and

Sample Pack

•

Catalog lists 3000 sizes of
non-standard washers and spacers
available without die charge
All metal washers are flat and tumble
de-burred. They are made immediately to
your order from existing dies. Materials
certified if needed.
Boker's complete stamping capability
includes tooling, welding, metallurgical lab,
assembly. and quality control. Let us give you
a quick quote.

•
Ie>

OD's from
.086" to 1.936"
ID's from
.027 'to 1.637"
Thicknesses:
.005" to .125"
Any stampable
material

For your convenience our complete catalog
is reprinted in ThomCat. Look under BOKER'S
in Volume 9.
Satisfied customers from coast to coast.

BOKERFS, INC.
3104 Snelling Ave. So., Mpls., MN 55406
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Stamping
Specialists
Since 1919.

Time was when a designer looking
for 4-m Hz system rates narrowed the
field to bipolar-based boards. These
days, however, he can look to metaloxide-semiconductor devices, particularly if he wants to upgrade an
existing mos system.
The latest set of 4-MHz mos
boards includes three cards: a
Z80A-based microcomputer board,
a floppy-disk controller, and a memory board. The first, appropriately
dubbed the Z-80A MPB, contains
not only the microprocessor but also
the interface for a line printer and
two independent full-duplex serial
communications channels, as well as
adirect-memory-access controller.
Sixteen programmable input/output lines on the card directly interface it with a line printer, and
replaceable buffers can be programmed by jumpering for threestate printer control. Communications interfaces are compatible with
RS-422, -423, and -232 channels,
and they are baud-rate programmable. The DMA function can be
used for block transfers and data
search control.
The single-board floppy-disk controller, Z80A FDC, provides direct
control of up to eight single-density
floppy or minifloppy drives. Although designed to mate with Shugart 400, 450, 800, and 850 drives,
the control and data ports can be
programmed for individual design
needs. Functionally compatible with
the Z80 MDC, it allows files written
on 2.5-milz systems to be upgraded
immediately to 4-m Hz operation.
The Z80A RRM can be filled to
the chocks with both random-access
and read-only memory. Starting at
16 kilobytes, the board can be populated with up to 64 kilobytes of RAM.
Four on-board sockets can accept a
maximum of 8 kilobytes of 2716-

Phone 612-729-9365
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Statek 10-350kHz
QUARTZ CRYSTALS...
best for frequency control

-•,7
One fits the watch...
the 19 standards and over 350,000 others
fit wherever you imagine

consult EEM/GOLD BOOK for

First, imagine small. Because
Statek Crystals are small ... approxi-

... today, next year or long-term. In
fact, the 100x improved aging and

specifications.

mately 1/10 the size of conventional

accuracy of the CX series eliminates
costly alignment and "zeroing-in':..

Orange, California 92668, Telephone:

low frequency crystals. They employ
the tuning fork crystal technology
Statek introduced, then perfected for

for alife-time.

the watch industry. Thus, the small
68e* cost ... the lowest cost, high
volume, crystals available for discrete

selection problems either .... 19
standard frequencies, plus Statek's
precision laser tuning that lets you

or hybrid use ... world-wide.

pick from over 350,000 others.

Next, they're accurate. Much

(714) 639-7810 TELEX 67-8394

And you won't have frequency

•100k qty

STATEK

If you have an immediate volume

more accurate than any LC or RC

application, contact the factory for

oscillator or frequency control network

samples or specific information. Or
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Statek Corporation, 512 N. Main,

INNOVATORS

Circle 171
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AN AD-MU
MAGNETIC SHIELD
IN A GLASS
BOTTLE???

New products
type programmable Roms. The entire board can be powered from a
single 5-v source, thanks to an onboard dc-to-dc converter that supplies —5 and + I2V.
In single quantities, the microcomputer, the disk controller, and a
I6-K memory are priced at $695,
$495, and $850, respectively.
Zilog Inc., 10340 Bubb Rd., Cupertino, Calif.
95014. Phone (408) 446-4666 [383]

Yes, Ad-Vance is often asked to do the tough and/or unusual in
magnetic shielding. But no one has asked us to put ashield in abottle
—yet!
Bring your magnetic shielding problems to Ad-Vance's Problem Solving Magnetic Shielding Specialists. Find out why customers say their
shielding problems end at Ad-Vance.
Ask for NEW 48-PAGE Time-Saving Reference Data/Catalog on Magnetic Shielding Techniques & Problem Solving.

mad

AD-VANCE MAGNEFICS, INC.

Microcomputer teaches
repair as well as use
Besides educating engineers in how
to operate it, the 5036A instructs
them in how to repair it, which is a
much rarer talent among teaching

625 MONROE ST, ROCHESTER, IND. 46975
(219) 223-3158 TWX 810 290 0294
The Magnetic Shielding Specialists
Circle

127 on reader service card
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OUR LATEST

CATALOG

of miniature switches
>4.

Our 52 page catalog
describes and illustrates
the complete line of

C&K Components'
miniature switches.
It includes toggle,
rocker, and lever
handles, printed
circuit mountings,
snap-acting and
alternate action
pushbuttons, 6AMP and 10 AMP
power, subminiature and
microminiature pushbuttons,
illuminated, slide and thumbwheel
switches, how-to-order information and alisting
of C&K distributors and international
representatives. Send for your free copy now!
The Primary Source Worldwide.
C&K Components, Inc.
15 Riverdale Avenue, Newton, MA 02158
Tel: (617) 964-6400. TELEX: 92-2546, TWX: 710-335-1163
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microprocessors.
Called the Microprocessor Lab,
the microcomputer is based on the
popular 8085. The $800 system has
a six-digit light-emitting-diode display, a hexadecimal keyboard, a
speaker, and 1 kilobyte of userprogrammable storage space.
Individual system components
have been laid out on a color-coded
block diagram to help users visualize
amicrocomputer's operations and its
functional organization. The clearly
marked data, address, and status
lines have associated LEDs so that,
when the lab is operated in the
single-step mode, students will be
able to see what each signal line is
doing during amachine cycle.
To teach troubleshooting, the
5036A works with a model 5024
troubleshooting kit, which contains a
logic probe, a logic pulser, and a
current tracer, and a model 5004
signature analyzer. Both the $625
5024 and the $990 5004 are
intended for field use, as well as for
instruction. Faults can be injected
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Now, all the best feature of low cost,

low energy, lighted pushbutton switches in asingle line.
Licon's Series 05 and 05-6 Series LPB Switches are your most reliable,
economical answer to awide variety of complicated lighted pushbutton switch
requirements.
They're the ideal LPB's for applications requiring low level switching and
economy. Proven, bifurcated silver plated contacts. Recognized for long,
self-cleaning wiping action. No expensive gold contacts.
These amazing little switches are highly versatile. Momentary and maintained
action styles plus lighted and non-lighted versions. Maintained action switches
offer "dual indication," light and lens position.

O

And look at our light savers' exclusive design. Smooth, pleasing "feel". Snap-in
bezel mounting for rigid retention. .110 quick disconnect or PC board terminals.
Rainbow of colored lens cap choices. U.L. Listing.
05 Series LPB's fit .625 square panel hole size; accept low cost T13
4 wedge
/
base lamp. Relamp from front panel. 1Amp., 125 VAC rating. Compatible L.E.D.
version complete with L.E.D. display lens.
05-6 Series LPB's mount in .750 square panel
cutout. Use versatile front panel replaceable T13
4
/
flange base lamp. 1or 3Amp. versions, 125 VAC
rating. Lens barriers available.
For full details, contact your local Licon
Distributor, or call or write for our Switch Catalog:
LICON, 6615 West Irving Park Road, Chicago.
Illinois 60634. Phone (312) 282-4040.
TWX: 910-221-0275.

LICON

c, Illinois Tool Works Inc. 1979
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Salesman Call

Grayhill puts the seal
on Rocker DIP Switch
customer satisfaction
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Total sealing
capability now available
including asealed base
without price premium
The Grayhill DIP switch now
has another important difference: each SPST switch is
potted as part of the assembly process, to provide a
more professional and economical bottom seal, with
maximum seal integrity. Flux
entry during wave soldering
is totally prevented; contamination is eliminated: reliability is enhanced; and
prices are unchanged...
there is no cost premium for
this improved performance
on our regular SPST rocker
DIP switch line.
Grayhill also offers 3 topside sealing options, for
raised or recessed rockers—
a tape seal, applied at Gray hill; cards of tape seals, for
your application; or re-usable protective covers.
Grayhill Sealed Base Rocker
DIP Switches are available
SPST, from 2 to 10 rockers,
off-the-shelf, from Grayhill or
its nationwide distributor
network. Detailed information in Bulletin #288, free
from Grayhill.

TOTAL SEAL
DIP SWITCH

Á
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the Oil ference between Excellent and Adequate
561 Hillgrove Ave •La Grange, Illinois 60525
(312)354-1040

BY POPULAR
DEMAND!

New products
into the system by means of plug-in
jumpers.
Monitor programs for the Microprocessor Lab reside in read-only
memory. They include a self-test
program, demonstration programs,
and a signature-analysis test program that exercises all system nodes.
The teaching aid comes in a briefcase accompanied by a 20-lesson,
50-hour course. Delivery time is 12
weeks; the 5024 and 5004 are available from stock.
Hewlett-Packard Co.,

Inquiries Manager,

1507 Page Mill Rd., Palo Alto, Calif. 94304
[387]

MS-215 Dual Trace
Miniscope

With Rechargeable
Batteries & Charger Una

$435

•15-megahertz bandwidth.
•External & internal trigger.
•Auto or line sync modes.

Single-board unit serves

•Power usage —.

four floppy-disk drives

•Battery or line operation.

Designers who would rather have
their Z80-based computers served on
a single board can turn to the
90F/MPS, which can be configured
for either 2.5- or 4-miiz operation.
Among the smorgasboard of features
it offers are up to 65 kilobytes of
dynamic random-access memory,
I kilobyte of static RAM, 14 kilobytes of ultraviolet-light—erasable

t1191911111mimm

I

- -

1

11

•2.9" H x6.4" W x8.0" D.
Non-Linear Systems, Inc.
Ortenotor ol fee digital voltmeter.
Box N, Del Mar, Calllornla 92014
Telephone (714) 755.113.1 TWO 910.322-1132
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programmable read-only memory,
and an enticing multidensity floppydisk controller.
The controller lets users support
as many as four floppy or minifloppy
single- or double-density drives, providing direct memory access, multiple-track transfers, and data scanning. Also included are a PROM
programmer, four programmable input/output ports and counter-timer
channels, an RS-232 or 20-mn serial
port with selectable baud rates, and
a PROM-resident system monitor
with debug capabilities.
With 16 kilobytes of dynamic
RAM, single boards cost $1,295.
Delivery time is 30 to 45 days after

Wide Band, Precision
CURRENT MONITOR
With aPearson current monitor and an oscilloscope, you can measure pulse or ac currents
from milliamperes to kiloamperes, in any conductor or beam of charged particles, at any
voltage level up to amillion volts, at frequences
up to 35 MHz or down to 1Hz.
This video monitor is physically isolated from
the circuit. It is acurrent transformer capable of
highly precise measurement of pulse amplitude
and waveshape.
Whether you wish to measure current in a
conductor, aklystron, or aparticle accelerator,
it is likely that one of our off-the-shelf models
(ranging from 1
/
2" to 10%" ID) will do the job.
Contact us and we will send you engineering data.
PEARSON ELECTRONICS, INC.
4007 Transport St., Palo Alto, Calitornia 94303, U. S. A.
Telephone (4151494-6444
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AUTOMATICALLY INSERTABLE

capacitors
MICROMATIC
FILM
CAPACITORS

BLUE DART'
CERAMIC
CAPACITORS
IdindS T001 Works Inc
1978

•11W specializes in meeting the ceramic and film capacitor needs for a broad range of automotive, data
processing, consumer electronics, industrial and telecommunications equipment applications.

•PAKTRON'S MICROMATIC Capacitors provide unique construction benefits to the user. Each and every
capacitor features lead concentricity, excellent lead contact and uniform size for years of trouble-free
performance. Three versions available: polyester, polypropylene and polyester polypropylene
combination. 120 pf to 15 mfd capacitance range. Tape reeled upon request for automatic insertion.

• EMCON'S BLUE DART Capacitors offer high reliability in a tiny size. Tighter miniscus control provides leads
free of excess coating. 10 pf to .12 mfd capacitance range. Three styles available — General Purpose,
X7R and COG (NPO). Tape reeled to insert automatically

fiIrrt r'rt nrir'itnre

PAKTRON
A DIV'S,

•
.

TOOL 1Ah

900 Follin Lane. S.E.
Vienna. Virgin° 22180
Phone 1703)281.2810 TWX 710-833-05h.

Contact your
local distributor
Call or write for
our capacitor catalogs ...
I1W Electronic components sates Division,
6615 west Irving Pct Rood. Chicago Illinois 60634
Prone (312)282-7383 TWX 910-221-0275

'rr."!e' raPaCitOrS

EMCON
.

100L WORKS INC

PU Box 81542.11620 Sorrento Volley Rood
San Diego, Callforna 92138
Phone 17141 450-4355 TWX 910-322-1130

IN EUROPE: ITW-ATECO GMBH ELECTRONICS DIVISION Franz Pruller Srs 15 Munchen 80 West Germany •Tel (089)483021. Telex 522288
IN ENGLAND: HW LIMITED ELECTRONICS DIVIS1ON 4Oxford Rood East -Windsor Berkshire SL45DR England •Tel tAindscx 57721-9. Telex 847716
IN ASIA: 11W PAKTRON LIMITED BullOng B8-73, Kocheoung Export Processlng Zone Koohpung Iowan •Tel 824146-8 Telex 7111211W PAX

Circle #132 for Ceramic Capacitor Details
Circle #175 for Film Capacitor Details

You know Hamlin
reed switches
Now get to know
Hamlin reed
relays.

New products
receipt of order by the company.
Quay Corp., P. 0. Box 386, Freehold, N. J.
07728. Phone John Lacatel at (201) 6818700 [385]

ANSI/ECMA-type recorder
tapes 2megabits quickly

41111101111%. tge.1 ..
....

Hamlin has long been Number One
in reed switches. Now make Hamlin
your Number One choice for PCB and
dual in-line packaged reed relays.

Compatible with ANSI or ECMA
recording standards, the model 7648EU is a high-speed recorder that
can provide over 2 megabits of storage on asingle cassette. The recorder, whose transport has only two
moving parts, simplifies interfacing
by responding to command and
status words, which control 8-bit
parallel data transfers.
Data can be recorded in variable
block lengths and, by means of an
automatic reversal feature, on both
tracks without physically reversing
the tape The unit reads and writes
800 chai, ,
..:ters per second, has readafter-write capability, and rewinds
and searches at rates of 100 in./s.
Delivery time for the $865 recorder
is two weeks.

Hamlin reed relays are hermetically sealed in epoxy with a
choice of Form A, B or C
contacts; diode or electrostatic
shielding optional. These are
available as dry reed or mercurywetted, no-bounce operation.
One mercury model permits
operation in any position —
aHamlin first!
All Hamlin reed relays can be
driven directly with TTL and
CMOS,logic and provide total
isolation between input and
output circuits. The epoxy
encapsulation provides high
vibration and shock immunity
and gives total protection to the
coil and contacts in hazardous
environments.

Memodyne Corp., 220 Reservoir St., Needham Heights,

For More information,
write or call:
Hamlin, Inc.,
Lake & Grove Streets,
Lake Mills, WI 53551
Phone: 414/648-2361
TWX 910/260-3740

Phone Kevin

Software assembles
over 1,000 lines per minute

INCORPORATED
1448
Circle 176 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.
176

Mass. 02194.

Corbett at (617) 444-7000 [386]

MACRO-80 is an 8080/Z80 assembler that incorporates most of
the features commonly found in
mainframe assemblers without sacrificing speed or memory space. The
14-kilobyte assembler, which comes
packaged with a linking loader,
library manager, and cross-reference
facility, can assemble over 1,000
lines per minute.
The software supports a complete
Intel standard macro instruction
facility, with nesting of macros
limited only by memory. The package is priced at $200 in single quantities, with discounts available for
original-equipment manufacturers.
Microsoft,

10800 N. E.

Eighth, Suite 819,

Bellevue, Wash. 98004. Phone Steve Wood
at (206) 455-8080 [388]
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More cost efficiency..

Introducing
Series III SOLID STATE KEYBOARDS
Now: Ferrite Core Reliability At Lower Prices
less. The SS3 is designed with
fewer parts, lower profile and exceptional feel while maintaining
excellent resistance to environmental factors. This combined with a
100 million cycle life test rating
offers unsurpassed cost efficiency.

You have our word on
quality—Cortron
More cost efficiency
you can put your
finger on...
Just imagine, asolid state keyboard
at a price you can afford that delivers MTBF's in excess of 40,000
hours, is unaffected by contaminants, has excellent resistance to
static discharge and EMI, plus high
speed operation without "misses."
Well the keyboard professionals
have done it again—the Series III
keyboard.
That's right, the SERIES III will
provide cost efficiencies you can
put your finger on. It's designed to
increase operator productivity and
performance under demanding

operational and environmental
conditions. This means cost efficiency for you—reduced downtime, lower repair cost, fewer service calls, satisfied customers, and
lower prices. That's total value!

It's in the unique
SS3 ferrite core
keyswitch
We've built our reputation on ferrite core switching technology. And
once again, we've advanced our
technology through the unique SS3
keyswitch.
Like its proven and successful
predecessor, the SS3 keyswitch is
mechanically simple and contact-

RD

All Cortron® Series III Solid State
Keyboards are 100% inspected and
tested to insure your specifications
are met. We're so sure of our reliability that we have extended our
warranty to 2full years. Let us convince you.
We've touched on a few of the
many cost efficiency benefits that
Cortron Series III Solid State
Keyboards offer you and your customers. There's much more we can
talk about. For full cost efficiency
details and our Cortron Series III
Solid State Keyboard brochure,
write or call Cortron, A Division of
Illinois Tool Works Inc., 6601 West
Irving Park Road, Chicago, Illinois
60634. Phone (312) 282-4040. TWX:
910-221-0275. Toll free line: 800621-2605.

CORTRON
A DIVISON OF IL, ,NUS

,
A,OHnN

N,

THE KEYBOARD PROFESSIONALS
Copyright: © Illinois Tool Works Inc. 1978
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'Our Ambient
Handler Will
Handle
Your DIPS
And Your
Payback

4te

... Fast!"

...It's MCT's Series 2608
The MOT Series 2608 is the answer to reducing the costs of today's high
volume DIP handling requirements.
The Series 2608's 10,000 DPH speed (at zero test time) and 8 output
categories provide efficient handling of devices with afast return on investment
dollars. Because of its high speed, the Series 2608 will often eliminate the need
for additional IC testers and operators. Its increased productivity often justifies
the replacement of less efficient DIP handlers.

Series 2608M
8,500 DPH
Expanded Input
Ambient Handler

The Series 2608 is versatile. It handles devices with from 8 to 40 leads.
Changeover kits allow you to handle .3, .4 or .6-inch wide devices. You can
even purchase an optional 13-track input reservoir for even greater operator
productivity.
Series 2604
5.000 DPH
Ambient
Temperature
Handler

Series 2608E
7,000 DPH
Elevated Temperature
Handler

178

The Series 2608 is reliable. Five-million cycle contact life ... self-lubricating
bearings ... wear resistant surfaces... 'leads up' cycling of devices to virtually
eliminate jamming ...all assure that the 2608 will be up and running so you
won't be running to call your serviceman.
The Series 2608 is just one of our many fine IC handlers. It is fully supported
with installation, service and operator training programs. Find out for yourself
why we're the leader in handling
equipment. Contact MOT, Inc., P.O.
Á aorni7onen
Box 43013, St. Paul, MN 55164 or
call (612) 482-5170.

Circle 178 on reader service card
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Aroma! Amber Relays
solve PC board cleaning
problems.

$11&,erjer,e5.?
e
Aromat's leak-free Amber
Relays are N2 gas-filled
and sealed in plastic so they're simple
to clean with most degreasers and
detergent cleaners, without affecting the
maximum contact reliability of the relays.
In addition, Aromat's vacuum
annealing production process completely
outgasses all plastic parts, thereby
completely eliminating any possible contact
contamination.
Aromat can help you substantially
reduce your labor costs! Just use Aromat
Amber Relays on your PC board in
conjunction with automatic wave soldering.
The total savings are even greater
when you use Aromat Amber Relays.
Aromat Amber Relay prices are right in line
with standard non-seal types.
Aromat Amber Relays. When you want
maximum reliability and maximum savings.
And only Aromat makes them.

Series

Contact
Form

Rating

Style

Size

RS

1Form C

1Amp

Half size

(.787Lx.394Wx.394H)

NF2E

2Form C

2Amp

Flat pack

(1.165Lx.772Wx.425H)

NF4E

4Form C

2Amp

Flat pack

(1.165Lx.953Wx.425H)

K2E

2Form C

2Amp

Cradle type

(.929Lx.748Wx1.181H)

K4E

4Form C

2Amp

Cradle type

(1.157Lx.748Wx1.181H)

K6E

6Form C

2Amp

Cradle type

(1. 370Lx.748Wx1.181H )

HC1E

1Form C

5Amp

General purpose

(1.097Lx.827Wx1.280H)

HC2E

2Form C

3Amp

General purpose

(1.097Lx.827Wx1.280H)

HC4E

4Form C

2Amp

General purpose

(1.097Lx.827Wx1.280H)

Relays for Advanced Technology

013
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Contact Your
Aromat Representative
or Distributor Today.
Aromat Corporation:
250 Sheffield Street
Mountainside, NJ 07092
(201) 232-4260

Aromat
Member of Matsushita Group

Circle

Mid-Western Office:
311 Lively Blvd.
Suite 1
Elk Grove Village, IL 60007
(312) 593-8535
Western Office:
10400 North Tantau Avenue
Cupertino, CA 95014
(408) 446-5000

179 on reader service card
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Get asixth worker free
for every five you hire!
In Corpus Christi, labor productivity is so
high it's like having a sixth worker gratis for
every five you put on the payroll. Value added
per wage dollar is nearly 20 per cent above national average.
A large force of people eager to work for
you is ready and waiting; training is available
at local colleges and technical schools.
And there are many other reasons you'll find
it easy to operate more profitably here. The
Texas business climate is rated the best in the
United States by the Fantus Company, a
leading facilities location consultant. You pay
no state income taxes, either corporate or personal. Living costs are among the lowest in the
country. The average unemployment insurance
tax rate is very low.
Business considerations alone make Corpus
Christi a sound choice, but we also offer a
delightful dividend: the great lifestyle natural
to a year-round vacationland. You'll enjoy
surf, sunshine and a semi-tropical climate, plus
fabulous fishing, sailing, hunting and countless
other recreational opportunities.

Circle 180 on reader service card
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Please send me more information
I on industrial sites and the Corpus
Christi area.
Name
Title
Company
Street
City/State
Zip

Brodie Allen, Director
Corpus Christi Industrial Commission
P.O. Box 640- MC
Corpus Christi, Texas 78403
(512) 883-5571

Available now for sale or lease: buildings
ranging up to 50,000 square feet.
Long-term financing can be arranged.

Corpue Chiiili
Sparkling City-by-the-Sea

HONEYWELL'S 5600E.
ITS MONITOR METERS ASSURE THAT YOU
WON'T COME BACK EMPTY-HANDED.
When you take the versatile 5600E to the field you have
the best possible chance of getting the data you need.
Because built-in meters let you monitor your record and
reproduce signals right on the spot. In fact, you can view
two inputs or outputs or simultaneously monitor the
input and output of any channel.
Conventional recorders require that you set up,
calibrate and then carry along areproduce amplifier for
every channel to be monitored. But with the 5600E,
asingle reproduce amplifier can be used to monitor all
channels.

So if you need up to 32 channels of laboratoryquality record or reproduce capability in asingle compact
unit, call Darrell Petersen at (303) 771-4700. He can help
you choose the wideband or intermediateband configuration that best meets your requirements.
Or write for technical data sheets on the 5600E
and afree illustrated brochure that describes all of
Honeywell's magnetic tape systems, oscillographic
recorders and signal conditioning modules.
Honeywell Test Instruments Division, Box 5227,
Denver, CO 80217.

WE'LL SHOW YOU ABETTER WAY.

Honeywell

Circle 181 on reader service card

COME ON
UP TO...
"SIL-PADS 400":
THE SUPERB
SOLID STATE
HEAT SINK
INSULATORS...
TEST 'EM!

UL
FILE
0E59150

Overcome your heat-sink problems
by using "SIL-PADS 400. Eliminate
messy grease and fragile mica or
plastic film by using this exclusive
development of the Bergquist
Company.
"SIL-PADS 400" are thin but tough
layers of thermally-conductive silicone rubber and fiberglass
(laminated together). Cut-through,
tearing, and breaking problems are
gone. Assembly time is reduced; no
more solder contamination; consistent heat transfer performance.
"SIL-PADS 400" are successfully
used in thousands of applications.
Many standard configurations;
also custom capability.
FREE SAMPLES,
TECHNICAL DATA,
and LITERATURE!

BERDIJUIST
5300 Edina Industrial Blvd.
Minneapolis, MN 55435
Phone (612) 835-2322
TWX 910-576-2423
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New products
To prevent this, Siecor fills the space
with a viscous polyurethane compound of its own devising. The selfhealing compound is soft enough to
allow necessary fiber movement.
Whereas general-purpose cables
that do not have to face harsh environments are usually supplied withCable construction eliminates
out the buffer filling, telecommunistrain on fiber elements,
cations-grade cables, available in
versions for duct, aerial, and plow-in
prevents microbending losses
applications, are. The construction
of these cables allows them to
To successfully challenge its copper survive field conditions, and permits
competition overall, fiber-optic ca- easy installation by typical field
bles must take first prize in the long workers, rather than engineering
distance run. The fiber challenger personnel. The cables can withstand
must not only be cost-competitive, over 200 lb of pull during installabut must also overcome environmen- tion and aconstant load of about 65
tal antagonism and the strains of the lb during active life.
long pull. In its latest series of all
At 820 nm, the optic fibers have a
dielectric, multiple-optic-fiber ca- maximum attenuation of 6 to 8
bles, Siecor believes it has found the dB/km, depending on type. They are
great light hope.
available with 3-dB bandwidths of
The cables are designed in such a from 200 to 600 MHz at Ikm. The
way that the optic elements are not cables are priced at approximately
subjected to any load, an accom- $1.50 per fiber per meter.
plishment achieved through clever Siecor Optical Cables Inc., 631 Miracle Mile,
construction. The load-bearing Horseheads, N. Y. 14845. 14011
member of the cable is an external
jacket of Kevlar or steel. Inside, a
central core of steel or glass fiber is
GaAs-GaAlAs laser diode has
surrounded by buffer tubes of Halar
300, a chemically and mechanically extremely long lifetime
nonaging fluoropolymer. This material exhibits the necessary resistance
The fundamental principles for
to common solvents, oils, and acids the fabrication of double-heteroand is nonflammable.
structure injection laser diodes have
Inside each buffer tube is an been known since the early 1970s,
optical fiber with an outside diame- yet conquering unreliability in the
ter much smaller than the inside devices has proven difficult.
diameter of the tube. The actual
Armed with refined production
length of this fiber is longer than the processes, a newly formed New
buffer tube, and the excess is taken Jersey company, General Optronics,
up by spiraling the cable inside the is producing a single-mode galliumtube. Thus, enough slack is provided arsenide-gallium-aluminum-arseso that the cable can be stretched nide device, called GOLS-1, that has
without the fibers' experiencing a projected operating life of over
strain.
100,000 hours.
If the space between the buffer
That projection was the result of
and the fiber were allowed to remain more than 26,000 hours of ambientempty, water would eventually find temperature testing at 5-mW continits way in after the cable was uous-wave output, which also proinstalled. When temperatures vided the statistical knowledge that
dropped below freezing, the ice 99.7% of all device failures occur
formed would create sufficient pres- within the first 100 hours. Thus all
sure to pinch the fiber, considerably units receive a 100-hr burn-in.
raising its attenuation—a failure
In addition to lifespan, the diode
mode referred to as microbending. exhibits improvements in threshold

Communications

Optic cables
take hard pulls
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TM 500 Pulse Generators give
you the capabilities you need
and the flexibility you want...
from Tektronix.
Look around, you'll find our TM 500
Pulse Generators used in just about
every application—including radar,
biomedical research and digital
design.

w.

de.

gap
1-4/
•
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.11

And because they're part of the
TM 500 family of configurable instruments,
you can mix and match these generators with over
40 other compatible instruments including scopes,
DMMs, counters, and even adigital delay. They slip
into the TM 500 mainframe of your choice: rackmount,
benchtop or travel lab.
And there's something else of value that comes with
these TM 500 packages: asophisticated array of
control functions that let you handle complex pulse
requirements with ease. For instance, the 50 MHz PG
508 features double and delayed pulse control.
Independently variable rise and fall times.
Independent pulse top and bottom level controls. Plus,
atrue 501/ output impedance for clean waveforms into
high impedances, ideal for CMOS applications.
From the powerful PG 505, you can get up to an 80 V
output from a4kil surce. And when you add the
capabilities of our 250 MHz PG 502 and our 50 MHz
PG 501, you can choose aTM 500 Pulse Generator to
tackle almost every electronic measurement
application. And, to generate complex waveforms, two
or more TM 500 Generators can be combined in a
single mainframe.
•
For Technical Data circle M183 on Reader Service Card
For Demonstration circle 0139 on Reader Service Card
For Immediate action, dial our toll free automatic
answering service 1-800-547-1512

t

•
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How can we help you? Call the
Tektronix Field Office nearest you.
To request acopy of the TM 500
Catalog, call our automatic
answering service (toll-free)
number: 1-800-547-1512. In Oregon,
call collect: 644-9051. In Europe:
Tektronix Limited, P.O. Box 36. St.
Peter Port, Guernsey, Channel
Islands. •

TM 500
Designed for
Configurability

iëktronixo
COMMITTED TO EXCELLENCE

). • k -•
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New products

Give your
PDP-11 some BankSwitched ROM
Eill
be t

E

rmad
means rapid access and permanent storage.

One board gives you 16k of ROM or EPROM
(using Intel 2716's). You can add as many boards as
you like, using manual or program control to enable
the memory in banks as small as 4k.
You can program the EPROM's in place on your
PDP-11 or use the handy remote programmer. Either
way, you'll stretch your system capacity with no fuss —
and at very low cost. Only $895. And the remote
programmer is just $250. In case you don't need bank
switching, we have a24k ROM system with conventional
addressing for $450.
By the way, you can get equivalent capability for
the LSI-11.
So contact Digital
44ifr
Pathways if you're
4151 Middlefield Road • Palo Alto,
into -11 4s. We are too.
California 94306 • Telephone (415) 493-5544

DDIGITAL PATHWAYS INC.

Circle 184 on reader service card

From Electronics Magazine Book Series.
Zero-risk trial offer.
Electronics Book Series
New Product Trends
in Electronics,
Number One

111111belt

Beceatcs
¡colt Senen

From Now H. ,ducts," stateof-the-art materials and
equipment, arranged according to function. $14.95

Name

Title

Signature

184

Send me
copies of "New Product
Trends in Electronics, Number One" at 614.95
per copy
Discounis of 40% on orders of 10 or more copies.
must be fully satisfied or you will refund
full payment if the book is returned after tenday trial examination.
ID Bill firm

LI Bill me

Charge to my credit card:
C] American Express D Diners Club
C.
]Visa
D Master Charge

Street
City

General Optronics Corp., 3005 Hadley Rd.,

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

U Payment enclosed

Corparly_

State

Zip

Acc't No.

current, turn-on sharpness, and
mode stability. Essential to these
improvements is the carrier confinement technique used. Other devices
have used an oxide mask to create a
confining channel, which allows electrons to spread in the crystal area
directly below it. The new laser
diode instead saturates the region
surrounding the channel with deeply
implanted protons, creating welldefined confinement channels.
The stripe-geometry laser's cavity
measures only 8 microns in width by
380 microns long and, at 25 °C, its
threshold current is in the 80-to-100mn range. Boosting the current to
between 100 and 120 mn produces a
continuous-wave output power of at
least 5 mw at each specially coated
mirror. There is access to both
mirrors, so that the output of one
can be used as the input to a
current-regulating circuit that can
stabilize both outputs.
The wavelength of the output is
nominally 830 nm (800 to 870 nm on
special order), and operating voltage
is 1.5 to 2 V. At 5mW continuouswave output, the GOLS-1 is guaranteed for aminimum of 10,000 hours.
With differential quantum efficiencies of 40% to 50%, the unit
performs with a bandwidth of better
than 1.2 GHz. Second-order harmonic distortion is below 40 de at
70% modulation biased at 2.5 mw
output per mirror.
The $1,000 chips come on a
by- 7/
32-by- 1
/-in. specially plated heat
4
sink that allows access to both
mirrors. Coupled with the chip
geometry, the heat-sink design provides a thermal resistance for the
unit of 20°C/w.
Delivery time for the GOLS-1 is
from stock to two weeks.

Date exp._

South Plainfield, N.

J. 07080. [403]

Mixer-preamplifier lowers
noise to hear smaller signals
Designed as front ends for monopulse receivers in new or existing
radar systems, three-channel versions of the Quiet series of mixer-

On Master Charge only,
first numbers above name
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It has come to our attention
that some designers are still using
discrete EMI/RFI filters
((<

And that's ashame.
Because Cannons connectors with integral filter contacts save as much as 75% on
space and weight. Increase system reliability. And can cut your
total installed costs by 40% and
more.
Filter connectors from ITT
Cannon Electric are available
in rectangular and circular,
miniature and subminiature
configurations. To meet commercial, ARINC and MIL
specifications. For computers
and communications systems,
medical and test instrumentation, aerospace
and automotive
applications.
Filtering is available on all or
any contacts within the connector. A ferrite
tube surrounding
the contact forms a
series inductor within
aconcentric, selectively-coated ceramic
tube which forms the
capacitors of api-filter.
Completed connectors, like the computer I/O configuration
shown, aren't much larger than the standard
connector, yet provide typical attenuation of
70 dB. They eliminate the components, wires
and "dog box" that you've had to deal with,
Electronics/January 4, 1979
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Discrete

JIM
Cannon

Computer I/O filters
e."

and all the engineering, assembly
and testing that go with them.
And Cannon filter connectors can reduce your total installed costs by 40% or more.
Now that you know, there's no
excuse not to use them, so
contact your nearest ITT
Cannon field office today.
ITT Cannon Electric, International Telephone and Telegraph Corporation. 2801 Air Lane, Phoenix. AZ 85036,
telephone (602) 275-4792.

toó
111111111110 -

CANNON ITT

Six decades on the leading edge of interconnect technology.
Circle 185 on reader service card
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Exclusive Sheldahl
WsWITCH ® kit

New products

Only
With scissors, modify this .030
thick, non-tactile panel into a2-16
key, water and dust-resistant
switching module. Prototype kit
includes: design guidelines,
complete instructions, a
Sheldahl FLEXSWITCH®,
flexcircuit connector, press-on
nomenclature and RFQ checksheet. Available in production
quantities at reduced prices.
Pressure sensitive back
Mail to: Sheldahl Electrical Products DMsion
P.
O.Box 170, Northfield, MN 55057

Please send me
FLEXSWITCH kit(s). For each ordered
Ienclosed check or money order for $10.00.
Name
Company
Address
City

Title

Sue

Sheldahl

Zip
Soccer Switch biz:
Slut to goind

C
IOSSEZOrt

REOUE NC T COUNTER

WHERE ELSE
BUT DAVIS?

>04•••

S 003 -7El LI FI

100% quality, 50% saving:
500 MHz and 1GHz Counters with built-in preamp
Series CTR-2A Frequency Counters exceed the highest quality
standards demanded by electronics industries, communications, ham radio, research labs, technicians, and service. Yet
cost only half the price of other commercial counters. How
does Davis do it? Advanced design and production techniques.
That's the Davis difference. One year warranty on assembled
units, 90-day on kit components.
2 RANGES: 500 MHz Kit $249.95
1 GHz Kit $399.95
Assembled $349.95
Assembled $549.95
• Preamp 10 my e 150 MHz
• Period Measurement (Opt. e $15.00)
• 8 Digit .3" LED Display
• Input Diode Protected
• High Stability TCXO ±- 1 ppm • Selectable Gate Times. .1 & 1sec.
• Oven Controlled Crystal ± 5 ppm (Opt. (if $49.95)
OPTIONS: 43" LED
$10.00
10 sec. Time Base
$ 5.00
12 V!DC
10.00
Handle
10.00
Order direct from factory. Add $3.00 for shipping, $1.00 extra
for C.O.D., and 7% sales tax in N. Y. State. Payment by check
(certified for C.O.D.), money order, Master Charge, VISA.
Credit-rated company P.O. accepted. Money back guarantee
if returned in good condition in 10 days. Kits returnable only
unassembled.
For more information, request FREE DESCRIPTIVE LITERATURE, or for in-depth preview, send $5.00 for 32-page INSTRUCTION MANUAL. Detailed, illustrated. Credited against
purchase of either unit.
DISTRIBUTOR INQUIRIES INVITED

Affordable quality is the Davis difference.

DAVIS ELECTRONICS
636 Sheridan Drive, Tonawanda. N.Y. 14150
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• 716/874-5848

preamplifiers provide noise figures
as low as 5 dB. Coupled with the
mixer-preamps' low standing-wave
ratios, typically about 2:1 in their
operating bands, the noise figure
reduces the minimum discernable
signal level.
The gain- and phase-matched
models are available for use in C- or
X-band systems; for example, the
IRRDM5.9/30-3C covers the 54to 5.9 GHz band. That mixer's intermediate-frequency output has a
bandwidth of 10 MHz centered at
30 mHz and is 20 dB above the
radio-frequency input.
Isolation of its 13-dBm local oscillator's signal from the rf input, typically 25 dB, is guaranteed to be
greater than 20 dB, as is the device's
image rejection. Furthermore, gain
and phase drift are within ±0.5 dB
and ± 50, respectively. The $5,200
C-band unit is deliverable in about
11 weeks.
Both multichannel and singlechannel members of the Quiet series
can be supplied for frequencies in
the 1-to-10-GHz range. Units with
higher power output and i
-f gain
control are also being offered.
RHG Electronics Laboratory Inc., 161 E. Industry Court, Deer Park, N. Y. 11729. Phone
(516) 242-1100 [404]

40-dB power divider
covers 2to 26 GHz
Designers working in the super-highfrequency range can now turn to a
single unit, the model 2090-6202-00,
to divide power over most of that
band. The 2-to-26-GHz divider, with
a maximum input power of 40 dBm,
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FC's
We've done
one better, better.
VI

+VCC
RB

SCALE
FACTOR

-IN
+IN

PULSE
WIDTH

GND 1
CURRENT
OUTPUT
PULSES

GND 2
PULSE
OUTPUT

IIN

RL
VREF

+VCC

-VCC

The 4151 was the
first multi-function
,VFC offered by
'Raytheon. It's alows.65
cost accurate means
(100+1
of converting an analog
signal to apulse train of proportional
frequency.
The 4151 gives you the option of
connecting it up the way you need.
Make a VFC, FVC. or a voltagecontrolled pulse generator. Combined with alittle external logic, the
possibilities are endless.

The 4152 was the
next generation of
VFC to come from
«Raytheon. It's a
4151 and more. It has a
1100+1
linearity capability of
+1% max. Both current source and
voltage references have guaranteed
maximum temperature coefficients
of ±100ppm/°C and a maximum
one-shot stability rated at
±5Oppm/° C. Add an external op amp
and you get linearity of ±0.05%
max. and a total gain T.C. of
±150ppm/° C.
The 4152 has awide bandwidth of
greater than 100 kHz, and is DTL,
TTL and CMOS compatible, making
it an economical answer to your
data conversion needs.

See for yourself. Use the handy
coupon, or give us acall today. We'll
do the rest. Raytheon Company.
Semiconductor Division, 350 Ellis
Street. Mountain View, CA 94042,
(415) 968-9211.

The 4153 is
the latest improvement on
, VFC's offered
'by Raytheon. It
puts LSI technology
to work for you. It has
ahigh linearity capability of ±0.01%
max. at 10 kHz operation and is high
speed, 250 kHz min. All you need to
make it work are 2resistors and 2
capacitors. It has fully contained
buried zener reference and on chip
op amp.

S3.25

1100+1

The 4153 has a total gain T.C. of
±150ppm/°C (including reference,
one-shot and current source IC's).
The 4153 now makes precision
analog-to-digital interfacing an
economic reality.
1

Tell me more ...
D 4151 VFC

D 4152 VFC

D 4153 VFC

Other Products
Name
Title

RAYTHEON

Company
Address
City/State/ZIP

Semiconductor Division
Electronics/January 4, 1979
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For the engineer
too busy to redesign
the electronics wheelD.AMA.BOOKS.

...an exclusive system that speeds and
simplifies the finding, reviewing
and comparing of electronic devices.
When it comes to searching data on electronic devices,
its already done. The DATA. BOOK System has replaced
traditional methods, filling your recurring reference
needs in a totally new way.
They're characteristics guides computer-produced to provide
an instant source of definitive information. No more
poring over data sheets and manufacturers' catalogs.
Time is too valuable. To yourself. To the project.
Freed from unnecessary hours of search time, your job is suddenly far easier, yet the results, far more productive.
Discover how the D.A.T.A.BOOK System, with its standardized
format for comparing characteristics, gives you optimum device
selection or replacement — practically instantly. Cuts reference
time on worldwide Microcomputers, Integrated Circuits, Discrete
Devices, and Optoelectronic components from hours to minutes.
Here are all the answers you need to sources... electrical
specifications.. logic and package drawings.. full technical
tradeoffs.. for all Commercial, Military, and industry-standard
JEDEC, Japanese and European devices. At your fingertips.
Request FREE folder fully illustrating the 7 ways D.A.T.A.BOOKS
can make your job easier, yet more productive, by eliminating
unnecessary hours of data searching. It details our 30-day free
trial offer that could change your search methods forever.
Just call, write, or circle reader request number.

D.111.11.13C,01(.

D.A.T.A., Inc. A Cordura Company
45 U.S. Highway 46, Pine Brook, N.J. 07058
Telephone: (201) 227-3740
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has a minimum 20-dB isolation
between output ports, which are
arranged in a tapered strip-line
configuration that provides two-way
isolation.
The maximum insertion loss varies
linearly with frequency: 0.4 +0.1f
dB, where fis the frequency in GHz.
Moreover, the voltage-standingwave ratios are quite low: only
1.35:1 from 2 to 11 GHz and just
1.70:1 from 11 to 26 GHz. Also, the
device is relatively small, about 4 by
1by 0.4 in., and lightweight, 2.9 oz.
The 2090-6202-00 costs $350 in
quantities of one to nine pieces and is
deliverable from stock to four weeks.
Similar devices that provide octave,
multi-octave, and decade frequency
coverage also are available.
Microwave Component Division, Omni Spectra Inc., 21 Continental Blvd., Merrimack,

N. H 03054. Phone (603) 424-4111 [406]

10-piece kit dials
44 12-digit numbers
A kit consisting of 10 semiconductor
components in dual in-line packages
can be used to construct a telephone
repertory dialer capable of storing
up to 44 12-digit numbers. Called
the Fairdial component set, it is
based on the CET 200 telephone
controller circuit, built with planar
n-channel metal-oxide-semiconductor technology, and includes two
1-kilobit random-access memories,
two complementary-mos gate circuits, and five transistor-transistor
logic chips.
The set allows dialing of 10 or 20
pulses per second or 12 digits in less
than 1s. In single quantities it sells
for $35.
Fairchild Camera and Instrument Corp., 464
Ellis St. Mountain View, Calif . 94042 [407]
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Pressure
gets our family uptight.

Circle 189 on reader service card

Press-fit is the way to go for reliable
solderless backpanels. And we've gone
astep further.
We've put press-fit contacts into a
one-piece discrete connector. That
means your only assembly work is to
press our connector into your board.
We can give you acomplete choice of
post grid dimensions as well as connector length. You specify the plating—selective gold or solder, gold dot or overall.
With our system you can replace individual contacts without disturbing others.
GTE Sylvania has over two decades
of backpanel experience. As your single
source with total system responsibility
for completely assembled, wire wrapped
and tested backpanels, we offer maximum reliability at the lowest total
applied cost. That's why we're uptight
about press-fit.
GTE Sylvania, CPO, Box 29, Titusville, Pa. 16354. Phone 814-589-7071.
Remember, good interconnection systems run in our family.

SYLVANIA

CilD

Remember DEC's RI(05?
Daim;11 ,111 'uonjuinil uftujillud

DEC doesn't:

The old RK05 was recently replaced by the
new RL01, and as disc drives go, the price
is nice.
Until you figure in the cost of converting
all your media (to media that you can get from
only asingle source), and the cost of the new
controller, new software and the entirely new
support situation that you'll be facing.

Plessey never forgets:

We'll continue to support your RK11e-based
systems.
If you need acontroller, just slip the
Plessey Hex board PM-DC11/A into your
PDP-11® mainframe or our Quad PM-DCV11
into your LSI-11® or our Micro-1. Plessey controllers and drives are fully compatible with
DEC's RK11, but much less expensive. We've
been selling them for years, and have no plans
to stop now.
If you need more storage, just add one or
more to our PM-DD11 disc drives. They're
enhanced versions of the RK05, faster and
smaller, but fully hardware, software and media
compatible with your systems, so you can continue to use your existing cartridges. And
they're available now for agreat deal less than
the DEC equivalents.
Supporting our customers with the right
products, prices and deliveries has made us the
largest independent supplier of DEC-compatible
peripherals. Our product line presently includes
add-in/add-on core and semiconductor memories, cartridge disc systems, floppy disc
systems, mag tape systems, complete computerbased systems, and awide variety of backplanes,
expansion chassis and other accessories.
We're the only real alternative to DEC
for all your miniperipherals, acomplete single
source. For all the details, please contact the
nearest Plessey sales office today.

ePlessey Peripheral Systems
17466 Daimler, Irvine, California 92714, (714) 540-9945
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IMO
ADVANCED OPTOELECTRONIC PRODUCTS

Now you
doe have to approach panel
design in aroundabout way
OUR REVOLUTIONARY
NEW RECTANGULAR
LED GIVES YOU A
CHOICE OF HIGH
EFFICIENCY COLORS.
The "Legend Lamp" series of
indicators from Monsanto brings
you anew shape for modern
industrial panel design .
plus aselection of three high
efficiency colors (red, yellow,
and anew, brighter green). It's
the perfect design answer for
alegend backlight, apanel
indicator or ahargraph meter.
You can add symmetry and
efficiency to panel design
without crosstalk problems.
The unique design of our Legend
Lamps utilizes aspecial plastic
to house the LED assembly, so
that no light is emitted from the
sides or edges of the unit. All
of the light is concentrated on

the viewed surface. Lamps
can be stacked, side-by-side in
an Xor Ydirection without light
interference between units.
And mounting becomes asimple
operation with aspecial
2-piece grommet.

We'll send you afree sample.
Write today, on your company
letterhead, for afree sample.
Please indicate desired color.
We'll also send you full
specifications.

MV5X124 POP IN

maw

RED
IVW57124

Anew dimension in light output.
You're assured of uniform
illumination across alarge
emitting area (.15" x.25"). This
new package makes maximum
use of emitted light, minimizing
unusable light. Light output is a
very bright 4millicandelas at
20 mA (red and yellow) and
3mcd for green. That's up to
3times the output of other
rectangular lamps.

YELLOW
MV53124
GREEN
MV52124

Monsanto Commercial
Products Co.,
Electronics Division,
3400 Hillvievv Avenue,
Palo Alto, CA 94304.
Telephone: (415) 493-3300.

FIRST IN LEO MATERIAL AND TECHNOLOGY

Monsanto

Circle 191
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Datanetics.
Keyboards. Our research says you
may not know us...yet. You should.
We have the best line of keyboard products
around. From standard 75 key keyboards stuffed
with innovative features at low prices...to custom
keyboards...to key switches...to our unique, ultrathin touchboard.Tm
And we 100% test every Datanetics switch
and board before it goes out our door, so you
don't need to.
Circle 192 on reader service card

ehave abunch of major customers who
swear by us...not at us.
That says alot. But there's more. Send for
our free product selection guide. (If you don't
mind alittle horn-tooting.)
Keyboards... natiletiCS
18065 Euclid Street, Fountain Valley, California 92708
Telephone: (714) 549-1191 TWX: 910-596-1301

Compare these two lens systems.
Until Perkin-Elmer introduced
the Micralign Projection Mask
Alignment System five years ago, all
manufacturers of projection systems
used refracting optics. Most still do.
Complex refracting optics
Refracting optics can involve as
Typical refracting system lens arrangement
— 16 optical elements.

many as 16 separate lenses. Such
complexity has several drawbacks. In
spite of antireflection coatings, the
individual lenses scatter light.
Imperfections in the glass scatter light.
And all this scattered light affects
image quality. It limits the use of
negative photoresist. In addition,
standing wave effects make the
system hard to use.
Simple reflecting optics
Note the contrast with the Micralign
reflecting optical system. Its simple
design employs only three reflective
elements, no refracting lenses.
Scattered light is near zero. Ghost

The MICRALIGN all-reflecting folded projection system
— three optical elements.

images are eliminated, image quality
is enhanced.
This all-reflecting system has no
chromatic aberrations. The optics are

telecentric, maintaining magnification at 1:1 even if the focal planes shift. Either positive or negative photoresist is practical.
Reflecting optics combined with advances in electronic and mechanical designs have made thé Micralign instrument the
choice of 65 semiconductor manufacturers at 100 sites worldwide. Learn more about how the Micralign instrument can
bring efficiency and economy to your operations. Write Electro-Optical Division, Perkin-Elmer Corp., 50 Danbury Road,
Wilton, CT 06897. Or phone 203-762-6057.

REFLECTING OPTICS.
WHY YOU GET BETTER
PERFORMANCE
WITH A Micralign
SYSTEM.
TM

Model 140— the third-generation
MICRALIGN instrument.

PERKIN-ELMER
Electronics/January 4, 1979
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USC UPCCIREPC
CONNECTORS
Draw Pull and Screwlocking. Built to
MIL-c-55 302 and Commercial Specifications Printed Circuit and Related Applications. REPC Connectors are Removable,
Re Entrancy, Crimp Contact Types.

New products
Industrial

System profiles
temperatures
for processes

o
1 of over 20,000 Connector
Manufactured. Send today for
REPC-A. Series 32 -page Catalog.

Types
UPCC-

U.S. COMPONENTS, INC.
UI

Heed ,rigincering (icsign
35 Carlough Rd.
Bohemia, N.Y. 11716
(516) 589-8080

Cable. COMPONENTS, NY K
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NEW &
DAZZLING!!!
MS-15

Generating temperature profiles for
thermally critical processes by traditional means—taking readings at various
points in the process and plotting
them—is atime-consuming chore. Furthermore, this task generally has to be
repeated whenever achange is made at
one point in the process so that its
downstream effects can be seen. Thus,
fine-tuning asystem and monitoring its
performance requires an inordinate
amount of costly effort.
A simpler, real-time means of
performing this function is offered by
the Profiler, a temperature-monitoring
system that can simultaneously display
the temperature at up to 60 points in
one or more processes. Outputs from
type J, K, T, R, S, E, B, or C thermocouples are multiplexed to one of the
unit's four possible connectors, each of
which can handle 15 channels. These
inputs, which can cover the range from

— 200° to + 2,328 °C, are displayed
simultaneously on a 12-in, cathode-ray
screen with 12 vertical divisions,
giving a thermal profile.
The green-phosphor screen's vertical
sensitivity can be set for 100 °,10°,1
°,
or
0.1 ° per division; it is continuously variable by vernier and provides a resolution of 0.2°. Horizontal sensitivity, or
channel width, is adjustable continuously, allowing users to set the display for
the required number of channels.
A calibration knob moves the profile
vertically with respect to a reference
line, and the temperature at the point or
points of intersection is displayed on a
four-digit light-emitting-diode thermometer; users can calibrate the
Profiler to an accuracy of within ± 1° C
or F. The vertical-position knob shifts
both the reference line and the profile in
unison.
The system's vertical and horizontal
outputs allow permanent records to be
made with an external plotter or alarms
to be triggered when limits set by the
reference line are exceeded. The Profiler can also be configured in a dualtrace version to display a synthesized
profile with the measured one.
The unit, 17.5 by 16.5 by 18 in.,
requires 115-v, 60-Hz power and weighs

Miniscope

With Rechargeable
Batteries & Charger Unit

$318

•15-megahertz bandwidth.
•External & internal trigger.
•Auto or line sync modes.
•Power usage —<15 W.
•Battery or line operation.
•2.9" H x6.4" W x8.0" D.
Non-Linear Systems, Inc.

Originator of the cheat voltmeter.
Box N, Del Mar, California 02014
Telephone (714) 755-1134 TWX 910-322-1132

194

Circle 141 on reader service card

Electronics/January 4, 1979

The last time you saw areally new
bench/portable DMM was 1972.
That's the year our 8000A was
introduced. Its custom LSI and solid
owner benefits quickly established
it as the world's leading DMM.
Now, look at the new 8010A
and 8012A: single-chip CMOS designs for problem-solving in the
eighties!
RAZOR-SHARP LCD for large,
no-strain answers at first glance—
in any light.
TOUCH AND HOLD probe
option, so you can thread your way
through acomponent jungle and
capture the reading you need.
FUNCTION POWER: 22 ranges
of AC and DC volts and current,
six ranges of resistance, and three
ranges of conductance — the missing function on other bench multimeters.
CONDUCTANCE RANGES
for noise-free leakage measurements
to 10,000 Mf2. A valuable function
for bench-testing boards and components, conductance also measures transistor beta (using abias
resistor) and light intensity (by using
aphotocell).

Circle 4195 for literature
Circle 164 for demonstration

OVERLOAD-PROTECTED —
like no other DMM, including rejection of 6000V transients and up
to 600V applied to the current terminals.
HONEST AC ANSWERS derived from aFluke hybrid true rms
converter. You'll even see the difference on your AC line between
the correct value and what your
average-responding meter reads.
And 50 kHz bandwidth won't let
any significant distortion products
go unmeasured. Plus, 10 times the
basic response you may be limited
to now!
SPECS YOU EXPECT from
Fluke—like -±0.1% on DC for one
year. Both models available with
rechargeable batteries, and backed
by the same solid warranty and
worldwide service that helped make
the 8000A the industry standard.

LEADERSHIP HAS TO BE
EARNED. And we're committed
to keeping the price of your confidence as realistic as possible. Like
$239 for the 8010A with a10A current range, and $299 for the 8012A
with two extra-low ohms ranges
that allow measurements from
0.0010 to 10,000 MO — making
it the widest range ohmmeter available!
Contact one of the more than 100 Fluke
offices and representatives, worldwide, or
CALL (800) 426-036P TOLL FREE. In the
U.S., and all countries outside Europe, write:
John Fluke Mfg. Co., Inc., P.O. Box 43210,
Mountlake Terrace, WA 98043, U.S.A.
In Europe, contact Fluke (Nederland)
B.V., P.O. Box 5053, Tilburg, The Netherlands. Telephone: (013) 673973. Telex:
52237.
Prices U.S only.
•.\
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FLUKE

A NEW SERIES OF
VACUUM RELAYS DESIGNED
TO REPLACE THE HV REED.
Here's a new series of ground isolated vacuum relays that are
ideal for Hl REL applications in communications, medical and control
electronics. Look at what this new series has to offer in either SPST,
or SPDT configurations:

New products
approximately 44 lb. Without thermocouples, a 15-channel Profiler is priced
at $6,000 and a60-channel system costs
$7,150. Delivery time is presently six to
eight weeks.

D Low contact resistance—less
than 20 mr).

Kazmierowicz Instrument Co., 26546 Aracena

Higher power handling
capacity than reed relays—up
to 10 A rms at up to 7KV, and
operating frequencies from
DC to 76 MHz.

770-9891 [371)

Dr., Mission Viejo, Calif. 92691. Phone (714)

Sources calibrate IR
thermometers to 2,200 °C

D Available in both
latching and nonlatching models.
D High
reliability
—on the
order

of 10 6 operations.
If you are designing airborne or backpack
digital RF antenna tuners or couplers, radar pulse
forming networks, TWT power supplies, safely
grounding circuits for defibrillators and surgical
stitchers, or any application that calls for a highly
reliable HV relay—then find out more about the new
RF 40, 50, and 60 Series of vacuum relays from ITT
Jennings. Contact us at 970 McLaughlin Avenue,
San Jose, CA 95122, (408) 292-4025.

JENNINGS ITT
VACUUM TECHNOLOGY FOR TOMORROW HERE TODAY.

Land Instruments Inc., P. 0. Box 1623, Tullytown,

Pa.

19007.

Phone (215) 943-7882

[374]

Programmable limit switch
speeds assembly lines
With three-digit thumbwheel
switches, users of the Z-237 programmable limit switch can set the
on and
limits for two processes on
an automated production line. The
switch-programmable limit controller can replace such devices as cam
limit switches with semiconductor
logic, thus eliminating failures duc
to mechanical wear while increasing
the speed at which assembly lines
can be made to operate.
Adjustable from 0 to 60 v ac, the
optically isolated output derives
from an open-collector transistor.
(Output load is specified at time of
order.) The pulse width of the output
can vary from 50 ms to 15 sand duty

otr
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HOPE

The project
aship launched.
First there was the hospital ship S.S. HOPE, now retired.
Today HOPE is on established project which has corned
its goal of improving health through education to 24
developing countries of the world and the United States.
Give to,

1110

PROJECT Deportment R
1111E Washington. D.C. 20007

196

A line of temperature-calibration
sources for infrared thermometers
and optical pyrometers covers the
range from 20° to 2,200 °C. Three
basic units cover the full temperature span. A liquid bath is used from
20 ° to 200°C, two types of blackbody furnace operate from 200° to
1,450°C, and a tungsten strip lamp
with an optical bench serves from
800 ° to 2,200°C.
The liquid-bath source has a total
temperature uncertainty of ± 2°C.
The tungsten-lamp system has a
maximum error or ±0.s% of temperature. Various versions of the
black-body furnaces have uncertainties ranging from ± 4° to ± 7°C.
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NEW FivanurreSEMI-AUTOMATIC
CABLE TIE INSTALLATION TOOL
Fast Harness Fabrication
System Lowers Installed Cost

isoe'

al Lightweight, fast, easy to use:
Just insert tie in tool and squeeze trigger. The PSA1M pneumatic tool automatically
wraps cable tie around bundle, tensions and cuts tie flush in less than asecond.

II Maximum bundle diameter 1.30"

PSA1M tool for bundle diameters up to 0.82"; PSA1.5M for 1.30".

• Part of complete wiring harness system by Panduit Corp.

1
1
WIDUIT„„,

ASK FOR FREE DEMONSTRATION
AND COST ANALYSIS

ELECTRICAL PRODUCTS

GROUP

Tinley Park, IL 60477 •Phone: (312) 532-1800 •In Canada: Panduit (Canada) Limited

Visit Panduit at NEPCON WEST, Booth 110
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You're looking at the
reason our workers are
among the most
productive m the country.

South Dakota farms. They're the reason
why South Dakota workers out-produce
the national worker by 74%.
In a recent survey, for example, while
the average national worker accounted for
$43,000 worth of goods and services, the
average South Dakota worker accounts for
$75,000.

Rural upbringing.
The secret is the good old, All-American
work ethic that comes with growing up on
afarm, as many of our workers have.
When you're used to rising at 5 a.m.
every morning, rain or shine, and dealing
with every problem the best way you can whether it's sick livestock or uncooperative
machinery -you don't carry any illusions

about somebody else carrying your weight
for you.
You know how to work, and you prove
it every day of your life.

Avery surprising state.

South Dakota workers proved it in arecent
national survey, when the Fantus Company
rated all 50 states on the quality of their
work force.
South Dakota workers rated EXCELLENT. That rating, based on such factors
as citizenship, work attitudes, and stability.
is agood indication of why South Dakota's
work stoppage rate is consistently among
the lowest in the country.
And it's agood indication of what rural
upbringing can do for awork force.
For 'sore information. complete and return coupon to
South Dakota Industrial Division. Suite El. 620 S
Cliff Ave.. Sioux Fails. S.D. 57104. Or cal1605-339-6779

NAME
COMPANY
ADDRESS
CITY
STATE

ZIP

PHONE
I
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If this magazine
is worth your time,
ifs worth 58e.

Drop off the routing list. Avoid the Perils of Passalong. Get your own
fresh, unclipped copy mailed to your home or office. $15 (58e per
issue) for aone-year U.S. subscription. ($17 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.
198

cycle can be specified from 30% to
70% of the operating cycle.
Supplied with an internal timerclock, the Z-237 can also use an
external clock with a rate of up to
30 kliz. The Z-237 takes power from
either 110- or 220-v lines and is
priced at under $1,000.
Zonic Technical Laboratories Inc., Industrial
Systems Division, 8927 Rossash Rd., Cincin-

A rating of excellent.

—7

South
Dakota

New products

nati, Ohio 45236. Phone (513) 891-6390
[373]

Transient generator disturbs
line for up to six cycles
The model LTG-110 is a solid-state
line-voltage transient generator that
can produce typical power-line disturbances such as sags, surges, and
drop-outs for periods of from onehalf to six cycles. Sags and surges of
10% and 20% can be selected by
switch, as can total drop-outs. The
LTG-110 can also be connected to
an autotransformer to generate other
transient levels.
Transients can be repeated at
intervals from 0.3 to 10 seconds or at
random using a push button. The
start of the transient is synchronized
with either the positive or the negative half of the power-line cycle. An
advanced trigger pulse for an external oscilloscope's sweep lets users
monitor line voltage starting a single

4444444

1•••••011

OOOOOOOOO

,

•

eldi.. -Yam«

Electronics/January 4, 1979

Identify
assembly faults
on small
PC boards

FAST
with GenRad's
22301
In-Circuit
Test System

LOCATE
• Solder Shorts • Missing Parts • Backwards Parts
• Opens • Wrong Parts • Out-of-Tolerance Parts
Involved in small PC board production? Here's
some good news. Since most PC board faults originate
during assembly, now you can perform reliable electrical inspection on individual components and circuit
paths. Gen Rad's 22301 detects these faults fast and
accurately. With basic faults eliminated, functional
testing is greatly simplified. Just think of the new
savings that will be realized.
WHY YOU'LL LIKE IT • Automatically prints
out faults • Rapid testing with 64-pin matrix scanner, expandable to 128
• Flexible interfacing to
bed-of-nails or probe fixtures • English-language
macro-instruction keyboard for easy user programming
• Versatile computer-controlled performance
at aprice you can't ignore.
There's also the GR 2270 In-Circuit/Functional Test
System and acomplete line of functional PC board test
systems. Find out how over 60 years of test and measurement experience can work for you. Call Gen Rad.

4
1
k

GenRad

300 BAKER AVENUE. CONCORD. MASSACHUSETTS 01742 •ATLANTA 404 394 5380 •BOSTON 617 646-0550 •CHICAGO 312 884-6900 •DALLAS 214 234-3357 •DAYTON 513 294-1500 •LOS ANGELES
714 540-9830 •NEW YORK INY) 212 964-2722. INJ) 201 791.8990 •SAN FRANCISCO 408 985-0662 •WASHINGTON. DC 301 948 7071
•TORONTO 416 252-33950 BOURNE END UK) 06285) 266 11
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You get a
much better performance
when the maestro is
aSHARP SM-4.

New products
cycle before the transient is introduced.
The generator can drive loads of
up to 1KW and is priced at $1,150.
Delivery time is six weeks.
Power-Science Inc., 7571 Convoy Ct., San
Diego, Calif. 92111. Phone Edward Cooper
at (714) 292-4322 [375]

Line monitor senses
under- and over-voltages

Low power consuming 4-bit one chip C-MOS microcomputer for
direct interface with Liquid Crystal Displays (accurate time
control with crystal oscillator)
Our little SM-4 delivers a perfectly-orchestrated performance from
all kinds of instruments—from calculators to vending machines.
And it's not only versatile, it consumes very little energy. Since it
contains high RAM/ROM capacities, static shift register, 15-stage
divider and other peripheral circuits on one chip, it can be mass
produced at a substantial reduction in cost. So at Sharp, we've
already put our little semiconductor to work directing the operation
of such products as our electronic tape processor and clock-

Two line monitors—the models
829R and 829T—directly sense the
voltage on the ac line and react when
it exceeds upper and lower limits,
which are adjustable by means of
potentiometers molded into the monitor cases. The model 829R reacts by
switching a single-pole, doublethrow relay, whereas the 8291 activates an optically isolated open collector transistor. The transistor
can be connected to any voltage
from +4 to +32 v dc. Principal
applications of the Linesensors are in
the protection of computers and
instruments from brownouts and
high-voltage surges. The 829R and
8291 are priced at $68 and $89.
Calex Mfg. Co., 3355 Vincent Rd., Pleasant

calculators. So look over the numbers behind the SM-4 performance.

Hill, Calif. 94523. Phone Ron Kreps at (415)

We think you'll like this little maestro so much you'll end up asking
for encores.

932-3911 [376]

'¼
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Transmitter measures
liquid level in tanks
ROM capacity
RAM capacity
Instructions

2268 bytes x8 bits
96 words x4 bits
54

Subroutine level
Input port

1 level
6 bits
41 bits

Output port
Input/output port
Divider

4 bits

Drive circuit

15-stage divider with reset
LCD internal drive circuit

Others

(external RAM drivel
Internal crystal oscillation
circuit, internal low voltage
detection circuit, single
power supply (-3V Typ.1.
60-pin quad package

offlorhoeth000,

•

System Construct,on

Applications

•Clock-calculators
•Programmable remote controls
•Programmable digital timers
•Programmable timing systems
•Multi function telephone sets
•Cameras. etc

For further information, write to:
Mr. Nobukazu Yagi. Sales Representative

SHARP ELECTRONICS CORPORATION
10 Keystone Place
Paramus. New Jersey 07652
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Designed specifically for the dairy
and food-processing industries, the
model LL liquid transmitter uses a
flush-diaphragm strain-gage transducer to produce a 4-to-20 -mn
signal proportional to its hydrostatic
head pressure. The unit can be used
in liquids as hot as 425T and is
offered with either clean-in-place
fittings or a hot-tap installation
package. The price of the model LL,
including a companion digital indicator that can be calibrated for
direct readings in liquid height,
volume, or weight, is $1,500.
Sensotec

SHAIRF'

Inc.,

1200

Chesapeake

Ave..

Columbus, Ohio 43212. Phone Jack A. Feil
at (800) 848-6564 [377]
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specs with

ferrite
agap
gapped
your
cores.

We'll design a core for you that stores exactly the energy you need. And we'll give you
all the other advantages of Ceramag sintered ferrite cores: High resistivity, low coercive force, high flux density, high permeability, high frequency, and cool, low-loss
operation in all power-transfer applications. Ill A high-efficiency Ceramag core saves
energy and weight in state-of-the-art chokes, filters, power inductors and transformers,
electronic ignition systems, fluorescent light ballasts, and, of course, switched-mode
power supplies. • Send for our Hanna Curve for Ceramag 24B—the right ferrite. It'll
help you custom fit our EC, Eand IEC pot cores to your power-supply choke needs.
• Call or write: Stackpole Carbon Company, Electronic Components Division,
St. Marys, Pa. 15857. Phone: (814) 781-1234.

eSTACKPOLE

k
tielrsitonns

"...And for higher performance,
we'll specify Harris Data Acquisition
componente

Harris high performance
components assure superior
speed and accuracy.
Now Harris can provide you
with acomplete selection of data
acquisition products—from op
amps to digital-to-analog converters — with the highest performance available anywhere.
It's what you expect from
Harris—the leading supplier
of monolithic sample-and-hold,
high performance multiplexers
and switches. And producer
of the first 12-bit monolithic
D/A converter...which has
led to the most advanced family
of DACs in the industry.

Harris data acquisition components provide the high speed,
high accuracy and high throughput you need for processing fast
signals in all types of applications
—military, aerospace/ avionic,
instrumentation, industrial process
control, and others. lb get top
performance in your data
acquisition systems, all you have
40 to know is Harris. For fast facts,
i
e"rd
call the Harris Hot Line, or
write: Harris Semiconductor
Products Division, Box 883,
Melbourne, Florida 32901.

HARRIS DATA ACQUISITION PRODUCTS
DIGITAL-TO-ANALOG CONVERTERS
The fastest, most accurate monolithic DACs available. Monotonic
over temperature. Designed for minimum glitches.
HI-562 —12-bit, 200 ns to 0.01%
HI-5612-12-bit. 150 ns to 0.01%
HI-5610-10-bit, 85 ns to 0.05%
HI-5608— 8-bit, 50 ns to 0.19% •
ANALOG-TO-DIGITAL CONVERTERS
12-bit ADCs soon to be introduced will offer precisions and conversion speeds in microprocessor-compatible versions.
HI-5712— 12-bit. 6 ps conversion•
HI-5812— 12-bit. precision'
CMOS ANALOG MULTIPLEXERS
Latch-proof. Single/Differential, 8/16 channel. Overvoltage protected versions can withstand transients up to 1000 volts and inputs
of ± 20 volts greater than either supply.
HI-506A/7A
—16-channel. overvoltage protected
HI-506/7
—16-channel
HI-508A/9A — 8-channel, overvoltage protected
HI-1818A/28A— 8-channel
HI-1840
—16-channel, high Z. overvoltage protected
CMOS ANALOG SWITCHES
Two popular series feature several latch-proof configurations with
high-speed, low-on-resistance, and low-power versions.
HI-200/201
—DuaVQuad, 180 ns, 55 ohms, 15 mW
HI-5040 series-370 ns. 25 ohms. 1.5 mW

HARRIS HOT LINE!
1-800-528-6050 1Ext. 455
(Al ,ell I
rye lexcept Ilau all i( Ala..1,41 fur phone nomlwr
Harr, •ales of we..ithorlied tlistrIbullor or ex
literature .er

ire

MONOLITHIC SAMPLE-AND-HOLD
Low droop rate coupled with fast acquisition time furnishes the
speed and precision needed for 12-bit systems.
11A-2420-4 ps to 0.01% acquisition. 5 pA drift current
VOLTAGE REFERENCES
iNvo new laser trimmed + 10 volt references offer industry milestones
in precision and stability.
HA-1600— + 10 volt. ± 1pprnrC
HA-1610— + 10 volt, ± 5 ppmrC
SIGNAL CONDITIONERS
New precision BIFET op amps to complement the Harris highperformance line. Laser trimmed for low offset voltage.
HA-5100/5110 — Wide band BIFET
HA-5150/5160—High slew BIFET*
FAST-SETTLING OP AMP
The fastest monolithic true op amp in the world has superior settling
times for voltage output DACs.
HA-5190-100 ns to 0.01%. 200 V/ps Slew
COMPARATORS
A family of fast quad comparators is coupled with a soon-to-be-introduced. high-speed precision single comparator for use in ADCs. The
4950 will give true 12-bit accuracy with no sacrifice in throughput.
HA-4950-35 ns response, with 100 pV resolution'
'lb be introduced

Harris Technology
...Your Competitive Edge

rin

_/12.1.11

HARRIS
SEMICONDUCTOR
PRODUCTS DIVISION
A DIVISION OF HARRIS CORPORATION
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Best by test
after test.
You're doubly sure
of quality with twice tested
Bussefuses.
This small dimension
glass tube fuse may look
good to you. And to us.
But looks aren't enough
at Bussmann.
That's why Bussmann
quality control involves
more than aquick visual
inspection. Or testing a
random sample from our
production line.
Instead, Bussmann
tests every one of these
fuses twice. Once for
resistance, to measure
electrical performance.
Then again for dimensions,

to make sure the length
and diameter are right.
Few manufacturers
test each and every small
dimension glass tube fuse
they make. Even fewer test
each fuse both physically
and electronically.
Our tougher testing
assures that the Buss
fuses you buy will perform exactly the way you
want them to. When you
want them to.
It also explains why
Buss fuse quality is in a
class by itself.

MCGRAW-BISON
Bussmann.
The Protection
Experts.

Bussmann Manufacturing Division
McGraw-Edison Company
P.O. Box 14460
St. Louis, Missouri 63178
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METHODE PUTS
A LITTLE SOPHISTICATION
INTO EVERY BUS BAR DESIGN.
Methode has been the leading producer of bus bar systems for over 15 years. Mostly because our engineers keep coming-up with tailor-made designs that have it all over cable
harnesses. Our OMNY-BUS' bar designs eliminate intermittencies, cross-talk or stray
EMI, and they permit highly simplified field service.
We have designed and manufactured bus bar systems from 1 to 21 layers ...weighing
from 1/2 ounce to 200 pounds ... in lengths from 4 inches to 100 feet.
Talk to Methode about your power distribution problems ...chances are, we've been
there before.

hue -Electronics, Inc.

Interconnection Integrity for over 30 years.
Interconnect Products Division
1700 Hicks Road
Rolling Meadows, IL 60008
(312) 392-3500 TWX: 910-687-0760
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Lab Accuracy
Volksmeters

+. 9. '7

New products
Computers & peripherals

Li

New Novas

MOOEL LM-44
•

VAC

VIDt

quo

WO

AC4,4

ee° Mû

cut costs

10

DCmA

Three minicomputers use

LM-4A

$250
0.03% Accuracy
LM-40A
$209
0.1% Accuracy
•Measures VDC, VAC,
Ohms, DCmA & ACmA.
•Auto zero & Polarity.
•Battery powered with
charger unit included.
•1.9"H x2.7"W x4.0"D.
•Large 0.3" LED display.
Non-Linear Systems, Inc.
Onponalor el the Orgael

VOifillefef

Box N. Del Mer, Cal,fornle 92014
Telephone (714) 755.1134

TWO 91.•322.1131
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Check
•Transistors
*Capacitors
•Diodes
•IC's

là

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 temperature with a thermo-couple probe.
Model 810 Thermo-Probe does both.
Reads out directly in °C and °F on a
large 41
/ -inch meter.
2

MTI

MICRO-TECHNICAL
INDUSTRIES

r
e,

P.O. Box 287 South Laguna. CA 92677
_I
TELEPHONE (714) 545-3734

mil
1

\la"
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TWO 910 596-1325 MICROTECH LEE))
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bipolar technology to
increase speed up to 50%
Last month's announcement of a
family of three Nova 4computers by
Data General Corp. [Electronics,
Dec. 21, p. 26] should serve notice of
three facts to customers and competitors alike. First, where recent
Cobol-based Eclipse system introductions from the company have
been targeted mainly at end users in
business data processing, there is no
intention to overlook the strong base
of original-equipment makers for the
Nova line, who have so far installed
more than 25,000 units.
Second, with the price structure
for the three models, Data General
has shown that it intends to be
among the most aggressive vendors
of small computers. Finally, the
move shows that the firm will not
stand idly by while companies with
machines that emulate the older
Nova 3but cost less chip away at a
market Data General created.
The entry-level machine is the
4/C, which puts on a single board
what previously required three in the
Nova 3: 16 kilobytes of metaloxide-semiconductor main memory,
hardware for automatic restart and
automatic program-loading on power failure, and a console interface,
but no console. The price of the basic
version is $2,500, compared with
$4,350 for a similarly equipped
Nova 3.
There is also aNova 4/S and 4/X,
with prices ranging to $14,300 for
small configurations of the latter, or
to almost $57,000 for a large 4/S
that includes a 20-megabyte disk
and a 180-character-per-second
printer.
John Scanlon, manager of product
marketing programs, says the Nova
3 model 4, the least expensive entry

in the Nova 3 family with 64 kilobytes of main memory, sells for
$7,550. The comparable Nova 4/C
is $3,500.
Of the higher-level new machines,
he says, "Up until a month ago, a
Nova 3/D with 256 kilobytes of
main memory sold for $27,000. A
Nova 4/X with same features is
$14,300 with 14 input/output slots,
whereas the earlier machine has 6.
The new one is also 50% faster." He
says the Nova 4 line can perform a
register-to-register operation such as
an addition, amove, or acomparison
in 200 ns.
These are bipolar machines, built
around the 2901A bit-slice processor—which accounts for the speed
improvement —and transistor-transistor logic. All three models are
available in either a 5'/4-inch-high,
5-slot chassis or a 10 1
/-inch-high,
2
16-slot chassis.
All incorporate popular features
of the Nova 3, including microprogramming, 16-bit architecture, hardware stack and frame pointer, highspeed direct memory channel, and a
16-level priority interrupt structure.
All three have extensive internal
diagnostics initiated when power is
turned on or restored.
Scanlon expects the new models to
compete with Digital Equipment
Corp.'s PDP-11/03 and -11/04 at
the low end and with some members
of the PDP-11/34 family at the high
end. As for the market, he sums it up
this way: "The Nova has typically
been an OEM machine, and these will
be, too. But we move alot of Novas
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Mount aZEBRA-STIK m
Connector
on any LCD
1-2-3
1. Remove release
paper
2. Secure ZEBRA-STIK
connector to
back of LCD.

3. Position on P.C.
board to make
contact.

ZEBRA-STIK is designed for prototype
applications. It can be installed
quickly without special tooling.
Choose one of our standard ZEBRA
connectors for production.

ECKNIT .
Send for
free samples.

129 DERMODY ST

CRANFORD, N.J. 07016
(201) 272-5500

Circle 207 on reader service card

MOM ENCLOSURES

We give you more than
just good looks ... like quality,
service, price!
Through years of experience
we've put together acomprehensive, high quality, competitively
priced line of modular enclosures
for either heavy-duty or
commercial applications of
electronic, testing, audio and
electrical equipment.

through systems houses to end users
for small-business applications because they can use Fortran and business Basic languages." He looks for
high-end Nova 4s to find similar
applications using the same languages.
Deliveries of the 4/S and 4/X
begin in 90 days, with 4/C deliveries
in 180 days.
Data General Corp.,

If one of our modulars won't do the
job we'll modify, redesign, or
custom build to your requirements.
And at no extra charge, we can
provide enclosures in just
about any color and finish you'd
like ... and give you on-time
delivery! Also, we invite you to ask
about our ENGINEERING
EVALUATION PROGRAM.

Route 9. Westboro,

Mass. 01581 Phone (617) 366-8911 [361]

Fast array processor
WRITE FOR
FREE CATALOG

Equipto for quality

Equipto Electronics Corporation
403 VVoodlawn Ave. •Aurora. Illinois 60507

Phone: 312/897-4691
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SUPER MINIATURE

Dimens

on mm

Neon Glow Lamps
Circuits Volts
AC 105 -125
Series Resistance
150KS2
Nominal Current
0.3mA
Total Flux
20mIm MIN.
Average Life Hours •
•
•30,000

1111 Imm

NL -8S
60

mm

CLEAR-GREEN
Fluorescent

New products

Glow Lamps

Circuit Volts

AG crüC 105-125

Series Resistance
Nominal Current
Total Flux(Mi N.)
Avg. Life Hours

331(12
I.6mA
AC:120m1m.DC:130mIm
NL-35 G
AC:30.000 DC.40.000

Circuit Volts
Series Resistace
Nominal Current
Total Flux
Avg. Life Hours

AC 105-125
271(12
1.5mA
90mlm MIN.
20,000

1
.6.o r

22mm

sells for only $7,500
Array processors are usually costly
special-purpose computers that can
perform certain specialized computations much more rapidly than
general-purpose computers can.
Typically, they are used in conjunction with host computers for which
they handle such tasks as fast
Fourier transforms for radar and
sonar signal processing.
Because their price tags range
from about $30,000 well into six
figures, array processors are not
generally regarded as high-volume
items. Officials at Analogic Corp.,
however, think there is a large,
untapped market among originalequipment makers for versatile, relatively inexpensive array processors.
They have done something about it
with the introduction of the AP400.
Fully programmable, the AP400
comes in a standard rack-mountable
cabinet that stands only 5.25 in.
high. It can perform 10 million
complex floating-point, high-precision computations per second and
will cost just $7,500 to $9,000 in
original-equipment quantities.
As one performance benchmark,

• MAIN PRODUCT
NEON GLOW LAMP, XENON FLASH LAMP,
RARE GAS, DISCHARGE LAMP.
MINIATURE: BLACK-LIGHT, UV-LIGHT,
FLUORESCENT COLOR-LIGHT.

NL-21 G

ELEVAM ELECTRONIC TUBE CO., LTD.
NO

17-8CHUO 2-CHOME OTA-K1.1. TOKYO JAPAN

TELEPHONE: 03(774) 1231

--

5

EXPORT DIVISION :JAPAN NANOTRONIX CO., LTD.
OTA-KUIOKYO. TELEPHONE. (031775-4811 TELEX 246-6583 JNANOX
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Once you compare our new 191 digital multimeter to ordinary 51
2 -digit DMMs, we think you'll readily
/
agree that it outclasses its class. For good reason.
The 191 is a±200,000-count DMM capable of 0.004% accuracy and 1µV/1mQ sensitivity. It delivers
unsurpassed accuracy faster, because firmware in the 6802-based µcomputer has replaced slower, less
precise analog circuitry.
Displayed data is updated at the fastest rate of
digit change readable by the human eye-4 conversions
per second. Settling time of 0.5 seconds is easily half that
of the 191's nearest competitor.
The µI) combines both charge-balance and single-slope conversion techniques. Every displayed
reading is automatically corrected for zero and gain drift.
If you've ever had to contend with the frustration of potentiometer zeroing, you'll appreciate the 191's
null function. Automatic arithmetical correction of residual error is standard. With atouch of the button
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effectively attenuates noise by displaying arunning average of the
.
8previous readings. Yet it instantly displays input

changes of 10 digits or more.
Another exclusive of the 191 is 2and
.
4-terminal measurement from 1m52 to 20MQ across six ranges. Simply
adding
ding two more sense leads automatically enables
es Kelvin
in measurements.
changing input terminal links or even pushbutton settings.
teuld, finally, since µI3design reduces component count, the 191 requires less servicing and calibration,
increasing reliability and stability.
At $499 without plug-in ACV, the 191 is today's performance/value
leader in 51
/ -digit DMMs. A year from now most people will agree.
2
But you probably don't need that much time to make up your mind. And we're ready to help you with a
demonstration or additional information. Call 800-321-0560. In Ohio, 216-248-0400.
Next year you'll be glad you did.

KEITH LEY

Circle #209 for literature

M

Circle #148 for demonstration
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191 DIGITAL MULTIMETER

INPU 1

VAX

1.210,
MAX

,OV
PtAK

DC
ONLY

POWER

SUPPLIES
•FERHORSONANI•
SWITCHEll REGULATED
•SEMES- REGULATED

•

•

•

STANDARD & CUSTOM

;.

Send For Catalog 578
All Products
Completely Mf rd. In The U.S.A.
A Division Of Technology Development Corp.

NJ(

•

P.O. BOX 50 E
DAYTON, NJ -08810

(201) 329-4011 •TWX 710 480-5674
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NO BRIDGE
TOO
FAR.
Gentron spans the entire
spectrum of SU? bridge
circuits
HereS our newest family
addition: the 15-amp and
25-amp Bseries. Bridges the
gap where small size, low cost,
high thermal efficiencies are
required. Choose either
interconnect option: wires or
fast-on terminals. The B series
features the proven and
reliable POWERTHERM
process.
A call will bring complete
information and our new color
catalog. Dial (414) 351-1660.
Or write us today.

GENTRIDIV CORPORATION

New products
the unit can perform a complex,
1,024-point fast Fourier transform in
7.4 ms. Chairman Bernard Gordon
says that is faster than the same
computation done by array processors priced at $40,000 or more.
Adding to its attractiveness, the
AP400's arithmetic section can also
be quickly reprogrammed to do various other functions, such as logarithms, exponentials, or an FFT
followed by alogarithm.
"Most people in the array processor business don't have analog backgrounds, as we do," Gordon asserts.
"So we decided there was a major
untapped market waiting for us if we
could develop a powerful machine
that would sell for less than $10,000
and include an analog capability."
Users may order wide-dynamicrange, low-noise multichannel dataacquisition circuitry, of which Analogic is a leading supplier, plus
substantial data-memory expansion
beyond the basic 4,096 words of 24bit bipolar random-access memory.
The processor employs a 24-bit
mantissa and 16-bit exponents, and
typically operates in a block-floating-point configuration. Gerald Shapiro, technical director for array
processors, says most other array
processors have some pipelining in
the arithmetic sections to boost
throughput, such as pipelining the
multipliers and adders on a bus.
"We're different in that the whole
arithmetic section is a pipelined
structure," he notes.
This architecture, combined with
a control processor, command and
address buffer, and a pipelined
command decoding section, provides
the speed and flexibility to handle
various arithmetic functions, instead
of the usually limited, repetitive
functions of most other array processors currently available.
In a single 1.92-s period, the
AP400 can carry out four multiplications and 12 additions, while
simultaneously doing several table
look-ups and logic operations. The
processor is supported with software
that includes an extensive library of
host computer function calls, an
assembler for additional software
development, and a virtual front-

6667 N. Sidney Place •Milwaukee, Wisconsin USA 53209
210
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Behind all these pretty faces...

beats aheart of coiled stainless steel.

No Cherry snap-action switch has ever died of a broken

in and installed. So far.

heart. Because there's a coil spring at the heart of every
Cherry switch that expands and contracts again and

Cherry snap-action switches are available in gold
crosspoint design for low energy switching. In general

again and never gets tired. Or breaks. Compare that to the
stamped spring many switch builders use. The kind of
spring that gets tired ...and breaks. (Snap. Drat!)
This stainless steel coil spring mechanism not only in-

purpose, miniature and subminiature designs. In low
torque. Light force. Open or enclosed. Panel mount
pushbutton. And more.
For free catalog of all the Cherry switches, just circle

sures long life, it provides large overtravel to make our
switches quicker, easier to design-in and to install. Which
is why more than 300 million of them have been designed-

direct line number is 312/689-77
switch sample of your choice.

ORE

the reader service number below. If you're in a hurry, our
... and we'll throw in a

CHERRY ELECTRICAL PRODUCTS CORP.
3608 Sunset Avenue, Waukegan. Illinois 60085

SWITCHES and KEYBOARDS — Available locally from authorized distributors.
Electronics/January 4, 1979
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Berg's Clincher connector
mass terminates flat conductors
quickly and reliably.

The "Clincher" on flat conductor, flat cable.
The "Clincher" is asuperior connector system for
flat conductor, flat cable or flex circuits. It offers high
reliability and the lower applied cost of mass termination.
With the "Clincher," all of the flat conductors are
terminated simultaneously, within 15 seconds. Cable
stripping is not required. The "Clincher" system offers
asubstantial reduction in total installed cost over
individually terminated conductors.
The "Clincher" design uses Berg's proprietary
PV* receptacle, aconnector of proven reliability for
over adecade in data processing and telecommunications applications. The dual-metal construction of
the "PV" provides ahigh normal force to assure highly
reliable mechanical and electrical performance.
Berg's "Clincher" accepts a 1to 2oz. copper
0.062" wide cable. It is stackable on 0.100" centers

The "Clincher" on flat conductor, flex circuitry.
in double-row configurations for dense packaging.
The "Clincher" mates with 0.025" pins or standard
Berg headers to form acomplete interconnection
system.
Rely on Berg for quality performance to meet
your most demanding application needs. For a
brochure describing the "Clincher" system, write
or call:
The Du Pont Company, Berg Electronics Divison,
New Cumberland, Pennsylvania 17070.
Telephone: (717) 938-6711.

C01121* ELECTRONICS
BERG

*Du Pont Trademark
212
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New products
panel handler for interactive software diagnostics. Deliveries will begin March 1st.

"The Allen%iBradley
Disconnection."

Analogic Corp., Audubon Road, Wakefield,
Mass. 01880. Phone (617) 246-0300 [362]

Lower-cost 303X memory
adds up to 16 megabytes
With the ARM-303X, Ampex Corp.
has entered the latest round of the
IBM-compatible memory competition. Designed and manufactured by
the company, the expandable memory for IBM's 303X systems sells for
$50,000 per megabyte, a third less
than IBM's own recently announced
add-on memory.
The addition of this plug-compatible system rounds out a line that
already includes add-ons for the 360
and 370 systems. The new singlecabinet memories are field expandable to 16 megabytes in 1-megabyte
increments using 256-kilobyte
boards. They come in 3031 and 3032
versions, which have four-way interleaving, and a 3033 model which
uses eight-way interleaving.
All units consist of aframe, power
supply, cooling units, error-detection
panel, and boards for interface logic,
memory timing, control logic, and
memory. The initial 2-megabyte systems consume 0.9 kvA and each
incremental megabyte pulls an additional 0.4 kvA. The systems can be
leased for a monthly charge of
$2,400 per megabyte including
round-the-clock service.
Ampex Corp., 200 N. Nash St., El Segundo,
Calif. 90245 [363]

Tailorable computer offers
greater processing power
Engineering and laboratory research
personnel attracted to the configurational concepts of the recently introduced M INC [Electronics, Nov. 9,
p. 175] but whose applications require greater computational power
may find their needs fulfilled by the
DECIab-11/MNC system.
Like its smaller sibling, the top-
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New Design
Versatility, Flexibility
...and Plenco.
The Bulletin 1494V Variable Depth
Flange-Operated Disconnect
Switch, manufactured by AllenBradley, Milwaukee. In 30 and 60
ampere sizes this heavy-duty
horsepower rated disconnect
switch features dual-purpose
terminals and is designed for
fusible and non-fused installations. UL Listed and CSA
Certified. The molder: Lapcor
Plastics, Manitowoc, WI.
The molding compound
selected for the switch: Plenco
509 Black Electrical Phenolic,
formulated for wiring devices and
electrical control applications.
Offers fast cure, good dimensional

stability and good heat resistance. Performs well in compression, transfer or injection molding
methods.
Next design or production
molding problem, make the right
connection—call Plenco at
(414) 458-2121.

FeL.E. I\1 CC>
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.
213

EN VIRONMENTAL
CHAMBERS
FOR QUALITY
ASSURANCE &
PRODUCT
RELIABILITY
TESTING

AGREE
Circle ?G."

Tenneyzphere
Circle 266

•THERMAL SHOCK
• LIFE & THERMAL
CYCLING
• BURN—IN

Benchtop Series
Circle

Test parameters range
from straight temperature
to temperature in combination with humidity,
altitude, vibration
or pressure.

Thermal Shock
Circle 265

I
HE LARGEST AND MOST EXPERIENCED MANUFACTURER OF ENVIRONMENTAL EQUIPMENT

m
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ENGINEERING, INC.
EC-1

1090 Springfield Road. Union. New Jersey 07083 12011 686-7870 •12121 962-0332

.)
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of-the-line system permits users to
customize acomputer to their needs
by using as many as eight modules of
seven different types. It, too, offers a
VT101 video display terminal, or
purchasers may choose a LA36
DEcwriter Il for data display.
The DEclab-11/MNC, however,
uses twin R101 disk storage units to
provide a standard 10-megabyte
storage capacity. Its PDP-11/03
comes with 64 kilobytes of semiconductor storage capability. In addition, software for the system includes ANSI-standard Fortran IV
and a package of Fortran subroutines such as peak and envelope
processing, fast Fourier transform,
and power spectrum analysis.
The DEclab-11/MNC is priced
from $21,000, and delivery time is
approximately 60 to 90 days.
Digital Equipment Corp., Maynard, Mass.
01754 [365]

Thermal printer for OEMs
sells for $595 or less

CREATIVE COMPUTING magazine is Number 1 in hardware, software and system
evaluations. In-depth, through evaluations
give you the facts before you
buy. Creative Computing was
the first to review these now
popular systems:
Radio
Shack TRS-80, Exidy Sorcerer, VideoBrain, Heath H-8,
Bally Basic, OSI Challenger, and many others.
More important, we also review peripherals
and software from independents as well as

WHICH
PERSONAL
COMPUTER
IS FOR
le0U 9
manufacturers.

CREATIVE COMPUTING has long been No. 1 in
applications and software for micros, minis, atr1
systems for homes, schools and

wH

ARE
you
GOING
TO DO
ITH IT ?

small business.
Loads of
applications every issue. Sub
scriptions: 1 year $15, 3 years
$40. Foreign, add $9/year surface postage, $26/year air.
Order and payment to: Creative Computing,

Attn: Anne
P.O. Box 789-M, Morristown, NJ
07960. Visa and Master Charge acceptable by mail or phone; call 800-631-8112
9 a.m. to 5 p.m. EST (in N.J. call
201-540-0445).

CREATIVE COMPUTING also publishes the most popular book of
computer games in the world, Basic Computer Games — only $8.50
postpaid. If you'd like a catalog of software (tape cassette, floppy disk),
books, games, and T-shirts for computer enthusiasts, write "catalog" on
your order and we'd be happy to send you one free

creative computinq
214
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The T-80M is a dot-matrix thermal
printer that prints at a speed of 80
characters per second. Intended for
incorporation in terminals produced
by other manufacturers, the unit
includes the print head assembly,
servomechanisms, and servoelectronics. It requires only an external transistor-transistor-logic control signal
and power to become operational.
The unit can print graphics with
70-dot/in, resolution as well as
5-by-7-dot--matrix characters. Typical character format is 80 columns
per line, 6 lines/in. The printer uses
8.75-in, thermally sensitive paper —a
standard size available from a number of commercial chart paper
suppliers—and its print head can be
replaced by an operator.
In lots of 100 or more, the 10.5by-4.75-by-7.09-in. printer sells for
$595, and further discounts are
available in larger quantities. Delivery time is 30 days after receipt of
order.
Dataproducts Corp., 6219 DeSoto Ave.,
Woodland Hills, Calif. 91364. Phone Al Erikson at (213) 887-8451 [369]
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2,685 answers

to power supply questions.
Answers to better power and thermal efficiency. Answers to size and
weight reductions. Answers to available off-the-shelf covered/open frame
power supplies and transformers. And price and delivery answers.
These and many more answers can be found in our three product
catalogs. And they're yours. Free. Just circle reader card number. Better
yet, write or call Abbott. The Power Supply Specialist.
Power Supply Catalog — Comprehensive 60-pager describes our full line
of 1,573 hi-efficiency, hermetically sealed, single and dual output power
supplies and switcher modules. Inputs of 60 and 400Hz and DC are
available with outputs from 3VDC to 740VDC, 1to 250 Watts. Prices start
as low as $174 for 2-4 units.

Circle Card Number 260

Industrial Power Supply Catalog — Some 279 of our low cost, high quality
OEM power modules are detailed in this 16-pager. Includes covered/
open frame, AC to DC single, dual and triple output versions, with outputs
from 5to 36VDC, 0.5 to 320 Watts. Plus DC to AC converters with 50
and 60Hz outputs. Priced as low as $35 for up to 24 units.
Circle Card Number 261

Transformer Catalog — We specialize in custom transformers, and this
20-pager gives you detailed information on how to specify for your exact
requirements. It also covers .over 800 standard military, industrial and
miniature pcb transformers, including 60 and 400Hz, single phase input
units. Prices for standards start as low as $5.10 for up to 9 pieces.
Circle Card Number 262
See Power Supply Section 4000, and Transformer Section 5600, Vol. 2, of your EEM
catalog; or Power Supply Section 4500, and Transformer Section 0400, Vol. 2, of your
GOLD BOOK for complete information on Abbott products.

abbott

transistor

LABORATORIES,

INCORPORATED

General Offices
5200 W. Jefferson Blvd., Los Angeles 90016

Eastern Office
1224 Anderson Ave., Fort Lee, N.J. 07024

(213) 936-8185 Telex: 69-1398

(201) 224-6900 Telex: 13-5332

How to meet European
suppression regulations
without getting alot
of interference.

European countries have stringent interference suppression regulations for power line connected equipment What's more, similar
regulations are under consideration right now in the U.S.
Are you familiar with the requirements of VDE, SEV, EL, OVE and
the other European agencies? Does your product meet all the requirements? And, how can you be sure?
Simply contact World Products, Inc., RIFA Division. We offer a
complete family of across-the-line and line-to-ground suppressor
capacitors that meet all the European specifications. Also asingle
package incorporating all three capacitors in adelta configuration.
We even have anew product line to meet the newlEC 65 across-theswitch suppression requirements.
In addition, extensive test facilities are available to qualified customers for evaluation of product interference levels.
If you want your product to meet all the European suppression
requirements, go with the capacitor line that's number one throughout
Europe.
Contact World Products, Inc., RIFA Division, 7625 Bush Lake Road,
Minneapolis, MN 55435. Call (612) 835-2117.

WORLD
PRODUCTS
INC.
216
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PME 271 SERIES Interference suppressor
capacitors shown actual she.

I'm interested in knowing more
about your interference suppression
capacitors which meet all European specifications.
My specific application is:

Name

Title

Company

Dept

Address
City

State

Zip

Phone

World Products, Inc., RIFA Division,
7625 Bush Lake Road, Minneapolis, MN 55435
Electronics/January 4, 1979

Still handcuffed
by disk & drum storage?

-

atir

Unshackle your system with
EMIR MINIM
Don't handicap your system with yesterday's
technology. Enhance throughput. Improve reliability. Virtually eliminate service downtime. Decrease system
life cycle costs.
Megabyte makes it all possible!
Zero latency from high-speed,
random access. Non-volatile core
storage. No moving parts to wear
out. Modular design for fast
maintenance. It all adds up to
higher system performance at
lower total life cycle cost.
Megabyte is the lowest cost, nonrotating, non-volatile random ac-

cess mass storage medium available in the
marketplace today. It contains one million bytes
of reliable core memory on asingle
pluggable module. A complete
four megabyte system with your
interface requires only 17.5" of
chassis space.
Don't obsolete your system! Go
with modern, all electronic Megabyte storage. Maximize your system performance and extend its
economic life.
Call or write
us today for
full details.

EMIR

EMM CSD The OEM Systems Division of Electronic Memories and Magnetics Corp.
12621 Chadron Ave., Hawthorne, Calif. 90250 • (213) 644-9881
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Look FoRThE ERA MARI(

i)
ThE ERA Loqo HAS BECOME MORETI-IAN
IdENTiFiCATiON FOR AN ASSOCiATiON. I
T'S

ThE Symbol OFAN INdusTRy.
In an industry of superlatives. In an industry
of change. Manufacturers' representatives
have provided the stability necessary for
true growth.

not in it for the "fast buck" or a promotion
to the home office. His objective is to
develop his territory into the best marketplace possible.

With each new surge of technology. With
each new product innovation, the manufacturer's representative has translated the
needs of his customers to the capabilities
and the disciplines of his manufacturer.

MARKET YOUR PRODUCTS
THROUGH MANUFACTURERS'
REPRESENTATIVES.
They are cost/effective. You not only can
expect greater market coverage, but also
better customer penetration. And that's a
tough combination to beat!

MANUFACTURERS'
REPRESENTATIVES HAVE COME
OF AGE IN THE
ELECTRONICS INDUSTRY.
Today the manufacturer's representative
is an entity, a company with long range
goals and objectives. He works his territory
to develop every potential prospect into a
profitable customer for his principals. He's

218

THE MARK OF A PROFESSIONAL
Look for the ERA logo when talking with
representatives. It indicates the mark of a
professional. He belongs to ERA to learn,
and for the opportunity to interface with
other representatives like himself. It shows
he cares.

Circle 218 on reader service card

It also shows that he is part of amarketing
force responsible for selling over seven
billion dollars worth of electronic products.
For a complete package of material about
why you should be using manufacturers' representatives write or call their association.

ere

More than an association — aphilosophy

Electronic Representatives Association
233 E. Erie, Suite 1003
Chicago, Illinois 60611
312/649-1333
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tr-om Texas Instruments

Slash equipment costs with
monolithic switching regulators.

You can improve equipment performance and reduce costs with
monolithic switching regulators
from the broad line offered by
Texas Instruments.
TL494 PWM
switching regulator
A high efficiency regulator for general service. The TL494 features:
•Single-ended output to 500 mA
•Push-pull output to 250 mA
•40-volt operation
•Dead time control
•Double-pulse protection
•Dual high-gain amplifiers
•Easily synchronized
*Low cost...100-piece price $2.88
New TI.495 PWM regulator
with on-chip zener
In addition to all the outstanding
features of the TL494, the new

TL495 includes an on-chip zener
for applications where input voltage exceeds 40 volts.
For extended applications, an
output steering control provides
external control of the pulse steering flip-flop.
TL496 power controller for
battery-powered products
This new monolithic controller
contains both a switching regulator and a series regulator to
provide a 9-volt output with only
two external components (inductor
and capacitor). It can operate from
either a 2-cell battery or a-c input.
Features include:
•3-volt battery input
•9-volt output
•100-mA output current
•Automatic battery charging
•Low cost...100-piece price $0.72

And there's more...
The TI line of switching voltage
regulators also includes the
TL497A and 5G3524. These circuits
are complemented by the overvoltage sensing circuit MC3423 and
the temperature compensated
voltage reference TL431.

Free brochure
A new 16-page brochure (CL-366) gives
full information on
all TVs power supply
control circuits. For
your copy, write
Texas Instruments
Incorporated, Post
Office Box 225012,
M/S 308, Dallas,
Texas 75265.

TEXAS I
NSTRUMENTS
© 1978 Texas Instruments Incorporated
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New film resistor replaces
precision wire-wounds.

Non-inductive precision
resistors for power
switching circuits.

Off-the-shelf precision
decade voltage dividers.

gene?"

1111111Mmiii
ere.»

Caddock's Type TF
Low TC Ultra-Precision
Film Resistors.

Caddock's Type MS
Power Film Resistors.

Utilizing Tetrinox'm film technology, the
Model TF 050 N resistors combine TCs as
low as 5 ppm/°C. values from 2 Megohms
to 10 Megohms and tolerances to ±0.1% to
surpass the performance of high-value wirewound resistors.

Caddock's patented Non-Inductive Design
in power ratings from 2 watts to 15 watts
assures minimum voltage transients in all
types of power switching circuits.
High stability Micronoe resistance films
operate to +275°C and years-long load-life
tests demonstrate extended-life stability
better than 0.05% per 1000 hours.

Caddock's monolythic design and noninductive resistance patterns eliminate fragile. 'high-L' coiled-wire construction.
Laser production techniques keep these
Type TF resistor prices below the basic
material cost of fine resistance wire!

Caddock's Type 1776
Precision Decade
Resistor Voltage Dividers.
When used as a10 Megohm input voltage
divider, the Type 1776 family can provide
high accuracy voltage division in ratios of
10:1, 100:1, 1000:1 and 10,000:1.
The Type 1776 is available in 14 standard
in-production models, and OEM quantity
prices are low.
For Type 1776 data, circle Number 105.

For Type MS data, circle Number 103.

Firm Type TF data. circle Number 101.

CADDOCK Resistor Technology
solv i
ng

problems across the board!
100 Megohms in a

High temperature, miniature
axial-lead resistors.

miniature package.

High stability resistors for
very-high voltage control
and measurement circuits.

BEM

Caddock's Type MM
Precision Film Resistors.

Caddock's Type MG
High Voltage Resistors.
Caddock's Type MK
Precision Film Resistors.

The Type MM is afamily of precision film
resistors in amolded silicone case that is
rated at .12 to 3.0 watts and at operating
temperatures as high as +275°C.
Many years of use and testing have
demonstrated outstanding reliability in geophysical 'down-hole' instruments, heart pine makers and advanced aerospace systems.
For Type MM data, circle Number 102.

Precision values to 100 Megohms in aminiature CK 06 case make the Type MK ideal
for low current designs.
These non-inductive resistors find wide application in high-impedance analog circuitry.

High voltage probes and control circuits
make wide use of Type MG resistors for precision high voltage regulation and high voltage measurements.
Long-term stability — plus proven reliability
— have also made these precision resistors
first choice in communications satellite voltage control circuits.

For Type MK data, circle Number 104.

For Type MG data, circle Number 106.

Caddock's latest General Catalog provides complete performance data and
specifications on over 100 models of these outstanding 'problem-solving' resistors.
For your copy, just write or call to Caddock Electronics, Inc.,
3127 Chicago Ave., Riverside, Calif. 92507—Tel: 1714) 683-5361

HIGH PERFORMANCE FILM RESISTORS
220
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New products
Packaging & production

Unit increases
yields by
cleaning wafers
An important cause of rejects in semiconductor manufacturing is particles
that remain on semiconductor wafers
after sawing or scribing. To eliminate
this cause of bad circuits, Laurier Associates has developed its model WS-180
wafer scrubber. The unit not only
increases yields by cleaning the wafers,
it also reduces manual handling of the
wafers during cleaning—a potential
source of damage.
A typical operation of the WS-180
goes as follows: a wafer is mounted on
the machine's turntable, which begins
to rotate. Then deionized water is
sprayed onto it and a brush begins to
scrub the surface. Next detergent is fed
into the water to assist in the removal of
debris. Finally, the wafer is rinsed and
spun dry.
At the end of the cleaning cycle, air
pressure elevates the wafer for easy,
safe removal. The exact sequence of
events is programmed and can take

from 30 seconds to 6minutes.
The WS-I80 can handle both taped
and untaped wafers with diameters up
to 5 in. It comes with a micrometer
adjustment for varying the brush height
and a plexiglas.s cover for visual monitoring of the cleaning process. Lifting
the cover during a cycle automatically
shuts down the machine.
Designed to be bench-mounted adjacent to sawing or scribing equipment,
the WS-180 measures 21 in. long by 20
in. deep by 17 in. high and weighs 85
lbs. It draws 1A from astandard 115-v,
60-Fiz line. Delivery time is eight weeks
after receipt of order, and the price is
$5,300 each.
Laurier Msnriates Inc., Executive Drive, Hudson,
N. H. 03051. Phone (603) 889-8800 [391]

Laser scribes substrates
up to 0.4 in. thick
The 1080S computer-controlled laser system can scribe ceramic substrates as thick as 0.4 in. Moving at
speeds of up to 10 in./s, its motordriven table can be positioned to
within ±0.1 mil/in. of travel. The
fixed yttrium-aluminum-garnet laser
can scribe straight cuts parallel to
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Like the performance you II find
in the 25-MHz D67A A real
bench-top work horse with dual
trace, calibrated delayed
sweep. 10 mV div sensitivity,
and abig 8 x10 cm crt display
All for only $1 660 Ideal for the
researcher, erigineer, educator,
or service technician
There are eight other TELEQUIPMENT Instruments combining the performance you'd
expect from adivision of Tektronix with the high value you
demand in low-cost instrumentation Storage models, battery
powered portables, low-cost
basic oscilloscopes, and even
an inexpensive curve tracer,
Priced from $495* to $1,995*
And TELEQUIPMENT Instruments are now sold through
stocking distributors offering
local availability, service,
warranty repairs and models
previously not sold in the
United States
For proof of Teleguipment s
performance and the name of
the Teleguipment Distributor
nearest you write Teleguipment U.S. Sales. (43 000) PO
Box 500. Beaverton, OR 97077
or call (503) 644-0143
'Suggested U S list price
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Joining the switching
regulator bandwagon?
We've got just
the capacitor you need.
Stop wasting power with linear regulator power
supplies. Switching regulators can increase
efficiency by as much as 40 percent. What's
more, they dissipate as little as 10 percent of
the heat.
When you use Mallory capacitors, you are
assured of the features you need in switching

regulators: low impedance—low ESR—Iow inductance. All these qualities combined with
high ripple current capability. Besides our
recently introduced THF tantalum capacitor,
we have afull line of aluminum electrolytics for
these applications.
Let our Mallory Help-Force guide you to the
capacitors that fit your needs. Tell us your requirements and we'll help you select the right
one. At the right price. Call your local Mallory
sales representative. Or contact Help-Force
headquarters at (317) 856-3731 for detailed
specifications.
Mallory Capacitor Company, a division of
P. R. Mallory & Co., Box 1284, Indianapolis,
Indiana 46206.
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Instant Access to All
American and
International

Data
Communications
Standards
Presents all 89 relevant
data communications
standards promulgated by:
•ANSI

•CCITT
•EIA

New products
two perpendicular axes, straight cuts
at 45° to these axes, and circular cuts
of specified center and radius. The
table comes in sizes from 4to 12 in.
square.
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Quantrad Corp., South Normandie Avenue,
Torrance, Calif. 90502 13931

•ISO
•FTSC

Dual handler tests

Mus... descriptions of each
of the standards groups
;Ind... relational charts of
similar interfacing standards
produced by each group

e

0.3-, 0.4-, 0.6-in. DIPs

1133 pages
Edited by
Ilarold C. Folts
and
Harry. R. Karp

Order today using Ns coupon!
Return coupon

T
O:
Data Communications Standards
PO. Box 669
Hightstown, New Jersey 08520
Send me __ _ copy (copies) of DATA
COMMUNICATIONS STANDARDS
(099782-9) on a 10-day money-back
guarantee. Iunderstand that if Iam not
absolutely satisfied, Imay return the
book(s) within ten days at no further
obligation. Otherwise, McGraw-Hill will
bill me S165. for each copy, plus applicable sales tax, shipping and handling
charges.
Check enclosed
Bill me
Bill my company
Company
purchase order

Actually two independent handlers
in one housing, the 346 Twin
Magnum dual environment handler
has two inputs that feed devices in
dual in-line packages into atemperature-controlled chamber. There, the
components' temperature is controlled to within ± 1°C from —55° to
+150°C by a microprocessor-based
controller. The soak time, or time
required for a device to reach test
temperature, is selectable from 1to
99 s.
When the DIPS reach the correct
temperature, they are tested and
moved into acommon sorter assembly for separation into five categories. There are two reservoirs for
each of the categories and two additional reservoirs for parts to be
retested. The handler can also be
operated in asingle-track mode with
11 sorting categories and one retesting category.
Also available is the model 7830,

eee

Like the reliability you'll get
when you take the 15-MHz 034
with you on aservice call. A
dual-trace, battery-powered
portable, the D34 is built to take
the rigors of on-site service and
bounce back for more. It's atop
choice for servicing business
machines and communications
gear.
Reliability is no accident with the
D34 or the 8other instruments
built by Telequiprnent, adivision
of Tektronix. A family of high
value oscilloscopes priced from
$495' to $1.995'. TELEOUIPMENT Oscilloscopes are engineered for reliability from the
earliest stages of design. Circuits require minimum calibration and components are chosen for off-the-shelf availability.
stability and long life.
And TELEOUIPMENT Instruments are now sold through
stocking distributors offering
local availability, service,
warranty repairs and models
previously not sold in the
United States.
For facts on Telequiprnent reliability and the name of the Telequiprnent Distributor nearest
you write: Telequipment U.S.
Sales, (43/000), PO. Box 500,
Beaverton, OR 97077 or call:
(503) 644-0143.
'Suggested U.S lust price

SAVE MONEY! Enclose payment in full, plus
local sales tax, and McGraw-Hill pays all
regular shipping and handling charges.
Ten -doy money -back guarantee still applies
Nome

ÍTÉLEQUIPMENT
bin.% rol Tatfonn U X lid

,

Title
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Company
Address
City

State

Zip

This otter subject to acceptance by McGraw-Hill
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Plug into an IE System 390 for your ATE Solution.

Instrumentation a
Engineering
To find out more about I
E

Circle 224 on reader service card

System 390 and how it can
optimize your board test
capabilities, call or write
Instrumentation Engineering, Inc.,
769 Susquehanna Ave., Franklin Lakes,
N.J. 07417, Tel: 201 891-9300

ELECTRONICS
REPRINTS

No ol

New reprints

copes
wanted

R-801 World market report 1978 24 pp
$4.00
R-734 Microcomputer families expand
20 pp. $4.00
_ R-730 Special Report — Automotive

New products
which tests 0.3-in, devices and can
handle 6,500 DiPs per hour at zero
test time. Its temperature range is
from —73° to + 150 °C, and the soak
time is the same as for the 346.
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Sym-Tek Systems Inc., 4140 Morena Blvd.,
San Diego, Calif. 92117 [395]

e

electronics gets the green light
10 pp $3.00
_ R-728 Flexible circuits bend to designers' will 10 pp $3.00
R-724 Special

Report —Technologies

Adapters offer aid in
packaging ECL systems

squeeze more performance from
LSI 22 pp. $3.00
R-722 Demands of LSI are turning chip
makers towards automation 12
pp $3.00
_ R-720 How EEs Feel About Engineering —3-part series 26 pp $5.00
R-718 Display makers strive to refine

A family of adapters for mediumand large-scale integrated emittercoupled-logic devices, when used
with Mupac's line of ECL panels and
rack assemblies, offers design engineers a complete high-frequency

their technologies 8 pp $3.00

Books
R-803 New product trends in electronics— Electronics

Book

Series

333 pp $14.95
R-732 Memory Design—Microcomputers to Mainframes—Electronics
Book Series 180 pp $12.95
R-726 Design Techniques for Electronics Engineers—Electronics Book
Series 370 pp $15.95
R-711 Circuits

for

electronics

engi-

neers: 306 circuits in 51 functional groups—Electronics Book
Series 396 pp $15.95
R-704 Thermal

design

$5.00
_ R-701 Applying

in

electronics

microprocessors—

Electronics Book Series 191 pp
$9.95
__... R-608 Basics

of

Data

Communica-

tions—Electronics Book Series
$12.50
_

R-602 Large Scale Integration—Electronics Book Series 208 pp
$9.95
R-520 Microprocessors—Electronics
Book Series 154 pp $8.95

Payment must
accompany your order
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

Mupac Corp., 646 Summer St., Brockton,

Like the economy the 5-MHz
S61 offers A single-trace
basic-value oscilloscope priced
at $495* the S61 is ideal for education. consumer products servicing and other applications
where the most performance is
required for the least dollars
The same value can be found in
the rest of the TELEQUIPMENT
Test and Measurement Instrument Family . Eight oscilloscopes and one low-cost curve
tracer combine the features
you'd expect to find in high-price
models with the economy you
demand Prices start with the
S61 at $495* and end with the
10 MHz DM 64 Storage oscilloscope. an excellent value at
$1.995 All from Telequipment a
division of Tektronix
And when it comes to long-term
economy. you can count on
Telequipment snew network of
stocking distributors who offer
local availability, service, and
warranty repairs to help cut the
costs of owning instrumentation Plus models previously not
sold in the United States
For facts on Telequipment
economy and the name of the
Telequipment Distributor
nearest you, write Telequipment U.S. Sales. (43 000). PO
Box 500, Beaverton, OR 97077
or call (503) 644-0143
'Suggested U S list price

TELEQUIPMENT
o,

Mass. 02402 [394]
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without large ovens, hot plates

asubsKluno nl Teknonn Inc

•

,

Thermal-cycling system works

Make check or money order payable to Electronics

packaging system. Adapters with
provisions for decoupling 48-pin
quad in-line and 24-pin Nisi packages plug directly into a group of
16-pin socket locations and appropriate power pins. Delivery is from
stock to three weeks; in quantities of
1to 99, they sell for $5.50 each.

ke•

•seitat•

Design engineers who perform
benchtop tests of components to
military specifications usually use
large ovens, hot plates, or probes for
thermal cycling. The T-2100H hightemperature forcing system eliminates these auxiliary units.
To test a device, the user need
For Technical Data circle #342 on Reader Card
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Grinnell has your display...

from low cost imaging and graffics
to full color image processing
Our modular, solid state systems
can meet your computer display
requirement, easily and economically.
And, they're intelligent. Every
system has acomplete alphanumerics and graphics package, and
a powerful instruction set that simplifies programming—no need for
complex macro-instructions and
high order programming languages.

There's also achoice of standard
resolutions: 256 x256, 256 x512,
512 x512 (30 Hz or 60 Hz refresh)
and 1024 x1024. Plus plug compatible interfaces for most minis.
Options include overlays, function memories, pseudo-color tables,
zoom and pan, independent cursors with trackball and joystick
controls, split-screen, image toggling, and real time digitizers that
grab and store images and sum
consecutive frames.

Grinnell displays are already
used for tomography, ERTS imaging, process control, image processing, animation and much more.
All systems drive standard TV
monitors.
So before you choose adisplay
system, let our experts show you
how to maximize performance and
minimize cost. For details, and/or
aquote, call or write.

GRINNELL SYSTEMS
2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100
Circle 226 on reader service card

Electronics
Series

New products

Book
Mag

Croe,

memory
design
memory
design
memory design:
MICROCOMPUTERS

Oscreope

II; Mil um

TO MAINFRAMES
memory
design
memory
design
Bectronics
iksók Series

The Memory
Book
Now available

The new technology, devices, and
applications you can use to meet
specific memory design goals.
Compiled from the pages of
Electronics Magazine. Memory
Design: Microcomputers to
Mainframes, 180 pages, $12.95.
Order today, and don't forget the
other valuable books in the
Electronics Magazine Book Series
listed in the coupon below.

9Sece.
eeCS
only plug it into asocket and place a
Thermotest fixture over it. A stream
of dry air or nitrogen is forced
through the hose to the fixture and
over the component. The system first
raises the temperature of the gas to a
selected temperature between 0° and
150 °C and then sustains it in the
fixture to within ± 1°C. The flow
rate of the gas is manually adjusted
by turning a knob on the front panel
of the T-2100H.
Thermotest fixtures accept devices
regardless of configuration. A standard fixture, the PF-1, measures 3.2
in. diagonally and 1in. high. Prices
range from $70 for the PF-1 to
under $1,000 for custom units. The
T-2100H sells for $3,250, weighs
30 lb, and measures 17 by 17 by 9in.

•Electronics Book Series
IP.O. Box 669, Hightstown, N.J. 08520

Thermonics Inc., 528 Weddel Dr., P. 0. Box

11. Send me
copies of "Microprocessors"
Iat $8.95 per copy.
2. Send me
copies of "Applying Micro:processors" at $9.95 per copy.
3. Send me
copies of "Large Scale Inte1gration" at $9.95 per copy.
l4. Send me
copies of "Basics of Data
Communications" at $12.95 per copy.
5. Send me
copies of - Circuits for Electronics Engineers" at $15.95 per corn.
16. Send me
copies of "Design Techniques
for Electronics Engineers" at $15.95 per copy.
7. Send me
copies of "Memory Design:
Microcomputers to Mainframes" at $12.95 per
copy.
8. Send me
copies of "New Product
Trends in Electronics, Number One" at $14.95 per
copy.

(408) 734-4490 [396]

Discounts of 40% on orders of 10 or more copies
of each book.
Imust be fully satisfied or you will refund full
payment if the book is returned after ten-day
trial examination.
D Payment enclosed

D Bill firm

D Bill me

60284,

Sunnyvale,

Calif.

94088.

Phone

Slant-fin heat sinks
come in strip form
The 5700 slant-fin heat sink is available in strips of 1to 39 units and can
be used with devices housed in TO-3
and -66 packages. Individual sinks
are 2.43 in. wide by 1.5 in. long.
Delivery time is three to four weeks
after receipt of order.
Aavid Engineering Inc., 39 Cook Cf., Lacon-

Like the service and support
you II get when you purchase a
CT71 Curve Tracer from one of
Teleguipment snew stocking
distributors
These distributors offer off-theshelf delivery, service, technical
support, warranty repairs and
credit card purchasing in
selected areas for the CT71 and
the eight oscilloscopes in the
TELEQUIPMENT Instrument
Family . The kind of treatment
you expect when buying lowcost instrumentation
And the scopes themselves feature the value and performance
you dexpect from Teleguipment, adivision of Tektronix
Priced from $495* to $1,995,'
TELEQUIPMENT Oscilloscopes feature dual trace,
delayed sweep, storage, and
battery power, in bench-top,
low-cost, and portable
models Bandwidths from 5MHz
to 25 MHz
Get the facts on Telequipment
and the people that can help you
get the most out of your instrumentation Write Telequipment U.S. Sales, (43 000), PO
Box 500, Beaverton, OR 97077
or call (503) 644-0143
'Suggested U S list price

TELEQUIPMENT
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Charge to my credit card:
D American Express
D Visa

D Diners Club
D Master Charge

Acc't No.

Date exp.

On Master Charge only,
first numbers above name
Name

Street

•Signature

L ______

State
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Quality and performance have
made Zenith the standard of the
home electronics industry for
sixty years. And our track record
continues. Not only is Zenith the
leading producer of color TV
receivers but our black and white
sets have led the market for
twenty years.
And now the same commitment to quality, reliability and
technical innovation that has
earned our leadership position in
television, is available to you in our
CRT displays. We proudly introduce the Zenith D-12 12-inch
diagonal CRT display.
ADVANCED COMPONENTRY—
LONG TERM RELIABILITY.
Zenith's engineering expertise and
production experience combine to
give you the kind of reliability
you need.
Reserve Capacity. Components in the CRT display are
designed with reserve capacity for
low maintenance and continued
reliability.
Special Deflection
Transformer. The Zenith CRT
display is equipped with aZenith
designed and built deflection
transformer. It not only gives a

M

Ma,

1
••1110.

1

ZENITH ENGINEERS
WORK WITH YOU.
Zenith believes in application
engineering. We're willing to make
•your problem our problem, and
put our engineering and technical resources to work on it.
We'll even align our CRT
display to your specs.
NO ORDER TOO BIG
OR TOO SMALL.
Rest assured that no matter
how large or how small your CRT
display order, you will be accommodated in the Zenith tradition. A
tradition that begins with apromise
of on-time delivery. A tradition that
has provided care and quality to
our customers for over half a
century.
This is just the start of something good. The 12-inch D-12 CRT
display is only the first in aseries
from Zenith. Talk to us about your
requirements for other screen
sizes as well.
For further information and
specifications, write CRT Display
Engineering Division, Zenith Radio
Corporation, 1000 Milwaukee
Avenue, Glenview, Illinois 60025.
Or call 312-773-0074.

IrrA

consistent scan, but it is also
imbedded in epoxy for long-term
reliability and the elimination of
audible high frequency squeal.
Fewer Controls. The Zenith
CRT display is precision engineered. No linearity controls are
required and the CRT display's
vertical and horizontal synchronization is automatic.
The Zenith Adjustable Frame.
Zenith engineering has already
solved what can be abig hassle.
With our adjustable frame, we can
mount the CRT at virtually any
angle you want, without having to
have aframe custom-made.
These are just afew of the
many value plusses you'll find in a
Zenith CRT display.

The quality goes in before the name goes on

228
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Samtee Electronic
Hardware
SAM SHINE, PROP

NEVER AGU
SURCHARGE

GU ARANTEED
P RICING
no Surprises

GOOD
DELIVERY

when
promised
"We'll give you old-fashioned personalized service:"
The customer comes first at Samtec ... and our
growing OEM and distributor accounts really appreciate it. We believe that service follow-up, delivery and pricing promises are meant to be kept
— and we work hard to see that they are.
Why not give us a try and see how trouble-free
personalized service can be?

*below

Cable Plugs

Get our New 32-page catalog today—complete
with all specs and ordering data. See what a
difference personalized service can make!

810 PROGRESS BOULEVARD, NEW ALBANY, INDIANA 47150
PHONE 18121 944-6733

Electronics/January 4, 1979

TO Sockets

Socket/Terminal Strips

DIP Sockets

Cable Strip Connectors

Adaptors

1978-Samtec, Inc.

Circle 229 on reader service card
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Full Line
Coil Forms and Bobbins
Check our huge volume of stock bobbins first And, if this
selection isn't enough, we can design to your specific needs.
You have agreat deal of latitude in design because ITT Thermotech has its own internal tool making department and
offers a full variety of highly automated injection molding machines ranging in size from 1
/ ounce to 16 ounce
2
capacity. We also mold non-burning U.L.
approved materials.
At 1
-17 Thermotech we have been perfecting our service to you, each year, for
over a quarter of acentury
Phone or write us. We'll happily
send you our updated catalog. We also
would appreciate the opportunity to give
you an estimate.

ITT THERMOTECH
1202 South Fifth Street, Hopkins, Minnesota 55343, (612) 933-9400

Circle 230 on reader service card

PLUGBORCIS OFFER MORE. . .
• Unique time saying bus patterns

• Easy to wire hole and pad patterns

• Press-fit wrap-posts & solder terminals

• .042" diameter holes on .1" grid

• Many board and contact sizes

• P.C. plug or flexcable connections

4493-1 ANY DIP, $17.46. Accepts
all DIPs. Offset power and ground
planes. 36/72 contacts. 4.5" x 9.6"
(6.5" also available). 22/44 contacts
also offered in both sizes.-

tittft:22711 :
111111111 :ntft1=2::::111tittSttillitedffàfiltlISIMI:Inifftlfftt'

¡rim

e

8804 ANY DIP, $21.95. Accepts
all D IPs. Offset power and ground
planes, 50/100 contacts spaced .125."
S-100 size.•
4112-5 PAD BOARD, $12.23. Pad
per 3 holes. Ground plane on backside. 4.5" x4.5" or 4.5" x6.5" or
4.5" x9.6". 92/44 contacts spaced
0.156".
8802-1 PAD BOARD, 521.95. Pad
per 2 holes, each side, peripheral
buses. 50/100 contacts spaced at
.125", S-100 size.'
8801 PAD BOARD, $19.95. Pad per
each hole, each side, peripheral buses.
50/100 contacts at .125". S-100 size.'

pcca.r.
bclam

8801-1, $14.95. No pads — just holes.
50/100 contacts at .125". S-100 size.

'

'S-100 size is 5.3" high by 10" wide.
VECTOR ELECTRONIC COMPANY
12460 Gladstone Avenue
Sylmar, California 91342
Phone (213) 365-9661
TWX (910) 496-1539
Send for new data.

230

FULL LINE OF SUPPORTING PRODUCTS
receptacles, interconnect products.

Card cages and enclosures for all Plugbords, mating

Prices subject to change without notice.
N-

Patented Vector P184 1ool is three times faster for interconnecting wrap-post designs. $30.00.

o

o

Our toll-free numoer wmcn cali oe used oy customers outside of California is 800-423-5659

Circle 344 on reader service card
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Most chip capacitors look alike.

You can tell
they're "VITRAMON"
by the quality.
Quality is the sure
way to distinguish
one ceramic chip
capacitor from
another.
And you can also judge quality
by the name of the manufacturer.
When the name on the chip
capacitor is "VITRAMON",
you have no doubts
about quality. (Heart
pacemakers incorporate them.)
"VITRAMON" Chip
Capacitors have been around adecade
—and today they're the most widely
used around the world.

Why? Because we build them in
11 body sizes, with three dielectrics,
for microwave and VHF/UHF applications, with silver-ribbon
•ig
leads and part markings.
All ceramic chip capacitors might look alike—
but they're not. The
-----_.----high-quality
chips are built
by Vitramon,
Incorporated.
Please give us acall
and we'll explain why.

d

Vitramon North America
Division of Vitramon, Incorporated
Box 544, Bridgeport, Conn. 06601
Tel: (203) 268-6261

Vitramon Limited (London)
Vitramon GmbH (Stuttgart)

Electronics/January 4, 1979

Vitramon France S.A.R.L. (Paris)
Vitramon Pty. Limited (Sydney)
QC' Corporation (Farmingdale, N.J.)

Vitramon Japan Limited (Tokyo)
Vitramon do Brasil (Sao Paulo)

Circle 231

on reader service card
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BOLD-VUEl‘
21/
2", 3
1
/
2"

CENTURY SERIES
11/
2", 2
/"
2
1
31
/ ", 41/
2
2"

LONG SCALE
31
2 ",
/
41
/ " Round
2
31/
2" Century

WIDE-VUE
11/
2", 2
/"
2
1
31/
2". 4
/ ", 8"
2
1

Panel meters

DESIGNER SERIES
31
2 ”
/
.4
1
/
21
,

stock or special

RUGGED SEAL
(Metal Cased)
31
/ ". 41/
2
2"
4x6"
RECTANGULAR
21
2 ", 3
/
1
/
2"
41
/"
2

DIGITAL PANEL
METERS
Low Cost
series 2860
Deluxe series
2850, 2852

IM PSOM haS

Analog, digital, or Ana-Led, if it's made, Simpson makes it.
Over 1500 styles, sizes, ranges. If it's a special, we'll make it for you.
ROUND
(Commercial
and MIL spec)
21
/ ", 31/
2
2"
41/
2"

EDGEWISE
3v2"

Mil./1.1.

«am MY,

EDGEWISE
Barrel Type
11
/ ". 21
2
/"
2
2

9

t

t

t

41•11Pél.

1
nn

%IL

STACKABLE
EDGEWISE
11/
2". 2
/"
2
1

ANA-LED
SOLID STATE
PANEL METERS
Bar or
dot display

CONTACTLESS
METER RELAYS

SEE YOUR SIMPSON DISTRIBUTOR
OR WRITE FOR FULL-LINE CATALOG

Ç

RUGGED SEAL
31/
2", 4
2 "
/
1
4x6"
EDGEWISE
31
2 "
/

single or double setpoint
models available in DC
microamp, milliamp, millivolt,
AC ampere, AC voltage and
temperature ranges.

ArdiiAnti

(INSTRUMENT

1211'
THAT STAY ACCURA-TI

INDUSTRIE

SIMPSON ELECTRIC COMPANY
853 Dundee Avenue, Elgin, Illinois 60120
(312) 697-2260 • Cable SIMELCO • Telex 72-2416
INDUSTRIAL
EQUIPMENT
GROUP

Circle 232 on reader service card
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LAMBDA ANNOUNCES THE WORLD'S
FIRST LINE OF 20KHz WIDE RANGE
SWITCHING POWER SUPPLIES.

LE Series for laboratory, systems and test equipment use
0-7.5 volts, 0-100 amps, $1200.

45% smaller by volume and 46% more amps per dollar
than an equivalent SCR switching power supply.

5YEAR GUARANTEED

LAMBDA ELECTRONICS

LE SERIES
20KHz WIDE RANGE
SWITCHING POWER SUPPLIES
For use in laboratory, systems and
test equipment

45% smaller by volume and 46% more amps per dollar
titian an equivalent SCR switching power supply.

Outstanding Features
Guaranteed 5 Years
Designed to meet military
environment MIL-STD-810C
Digital Meter Readout

OUTPUT RATINGS FOR LES -F SERIES
MAX. OUTPUT CURRENT AT T AMB
MODEL

REGULATED
OUTPUT
VOLTAGE

40 °C

50 °C

60 ° C

71 °C

PRICE

LES -F-01-0V

0 TO 7.5V

100A

83A

66A

47.5A

$1200

LES -F-02-0V

0 TO 18V

47.5A

41A

32.5A

23.5A

1100

LES -F-03-0V

0 TO 36V

24A

20.4A

16.5A

12A

1000

LES -F-04-0V

0 TO 60V

15A

12.8A

10.3A

7.5A

1200

Note:

Maximum output current applies over entire output voltage
range.

Convection cooled, no fans or
blowers

Constant voltage/constant
current
Overvoltage protection — built
in on all models

SPECIFICATIONS OF
LE SERIES
DC output and rating

OVERVOLTAGE PROTECTION ADJUSTABLE
RANGES -LES -F SERIES.

Refer to the table.

MODEL

Regulated voltage
regulation line

regulation load

0.02% + 2 mv for line variations
from 105 to 132 vac (or 187 to 242
vac on 'V' options, 205 to 265 vac
on 'VI' options).
0.02% + 2mv (LES-F-01, 02)
0.02% + 4 mv (LES-F-03, 04) for
load variations from 0to full load.

remote programming
resistance
200 11/volt nominal
remote programming voltage volt/volt
ripple and noise
10 mv-rms; 50 mv pp for
LES-F-01
15 mv-rms; 100 mv pp for
LES-F-02,03,04
temperature coefficient
(0.02% + 50 µv)/°C

Constant current
(current regulated line and load)
automatic crossover.
voltage range
As shown in table.
current range
5% to full load current.
regulation line
05% + 50 mA (LES-F-01, 02)
0.5% + 20 mA (LES-F-03, 04) line
variations from 105 to 132 vac (or
187 to 242 vac on 'V' opts, 205 to
265 vac on 'VI' opts).
regulation load
05% of '(max) for load changes
from 5% to rated DC voltage.

AC input
line

power

efficiency
soft start circuit
input current

105-132 vac (47-63 Hz) standard
input (derate output current by
5% at 50 Hz)
1250 watts max at 0.6 P.F. at
maximum output voltage, high
line.
Minimum 60% at maximum output voltage.
Limits inrush current at turn on to
200% of full load peak current.
25A rms max.

Ambient operating temperature
Continuous duty from CYC to 71'0 with appropriate deratings
(40°C to 71°C—see table).

Storage temperature range

VOUT

ADJUSTABLE OVERVOLTAGE
PROTECTOR RANGE
VOV (min)
VOV (max)

LES-F-01-0V

0TO 7.5VDC

3V

10V

LES-F-02-0V

0TO 18 VDC

6V

24V

LES-F-03-0V

0TO 36VDC

9V

47V

LES-F-04-0V

0TO 60VDC

12V

70V

EMI
Conducted EMI conforms to MIL-I-6181D.

Cooling
Convection cooled—no fans or blowers.

Input and output connections
Heavy duty barrier strip and output studs on rear of chassis.

Meters
Digital panel meter standard on all sets monitors output
voltage/current by means of avolt/amp selector switch.

Controls
DC output controls
coarse and fine voltage adjust and coarse current adjust on front
panel
Overvoltage protection
overvoltage trip point set by screwdriver adjust on front panel.
Power
on-off switch on front panel.

Remote sensing
Provision is made for remote sensing to eliminate effect of power
output lead resistance on DC regulation.

Fungus proofing
All units are rendered fungi inert.

Options
Price
Qty.
1-14

Price
Mixed
Models
Qty. 15
and up

Price
Single
Model
Qty. 15
and up

12%

12%

10%

12%

12%

10%

AC input
Add
Suffix

For Opera.
don at:

-V

187-242 VAC
(47-63 Hz')
(derate current 10%)
205-265 VAC
(47-63 Hz')

-V1

—55°C to +85°C

*derate 5% at 50 Hz operation

Overload protection

Accessories

Thermal
By self resetting thermostat
Electrical
External overload protection—adjustable, automatic, electronic
current limiting circuit limits output current to preset value. Current limiting settability to 105% of rated current via front panel
adjust.

Chassis slides (KHT-34-003)

Overvoltage protection
Built in, adjustable overvoltage protection standard on all sets.
When preset voltage is exceeded, the overvoltage protector
crowbars the output and removes the inverter drive. See table for
OV range on each unit.

Weight
net: 40 lbs
ship: 50 lbs

Size
Standard Fpackage size 3 15/32" x 19 x 16 1/2" (H xW xD)

Guaranteed for 5 years
5 year guarantee includes labor as well as parts. Guarantee
applies to operation at full published specifications at end of 5
years.

COMPARE THESE
•
SWITCHING POWER SUPPLIES •
NEW LE SERIES USING
20KHz SWITCHING

LK SERIES USING
SCR SWITCHING

5 3/16"
35/16"

LK-350-FM

LES-F-02-0V
0-18V

VOLTAGE

0-20V

47.5A

CURRENT

35A

SIZE

53/16 x19 x16 1/2

WEIGHT

95 LBS

CONSTANT I/CONSTANT V

MODE

CONSTANT I/CONSTANT V

DIGITAL METER STD

METERS

ANALOG METER STD

OV BUILT IN

OV PROTECTOR

OV OPTIONAL

$1100

PRICE

$1181 (WITH OV)

3 15/32 x19 x16'

2

40 LBS

Compare the new LE Series features
to any other power supply.
• Designed to meet military environment MIL STD 810C
• Digital meter readout
Convection cooled, no fans, no blowers
• 5year guarantee
• Constant voltage/constant current
ALambda staffed sales and service offices
ATLANTIC REGION

FAR-WESTERN REGION

CANADA

Melville, New York 11746
515 Broad Hollow Road
Tel. 516-694-4200
TWX .510-224.6484

Carson, Calif. 90746
20601 S. Annalee Ave
Tel 213-537-8341
TWX -910-346-7649

Veeco Lambda Ltd.
100C Hymus Blvd
Pointe-Claire, Quebec-1-19R 1E4
Tel 514-697-6520

NORTH-EASTERN REGION
exington, Massachusetts 02173
2 Militia Drive
Tel 617-861-8585
TWX 710-326-7558

SOUTH-WESTERN REGION610-422-3029

TWX:

Dallas, Texas 75231
6950 Winchester

Veeco Lambda Ltd.
P.O. Box 501. Postal Station K

Tel 214-341-5130
TWX 910-861-9048

Toronto. Ont.. M4P 2G9
Tel 416-486-0794
TWX: 610-422-3029

MID-WESTERN REGION

NORTH-WESTERN REGION

Arlington Heights, III. 60005
2420 East Oakton St.. Unit
Tel 312-593-2550
TWX: 910-222-2856

Sunnyvale, California 94086
599 N Mathilda Ave.
Tel 408-738-2541
TWX •910-339-9243

LAMBDA

ELECTRONICS

DIVISIN
ION of

(t,,T/,

INSTRUMENTS

Even aquick glance at the face of
our new Model 3003 tells you it's no
ordinary signal generator.
Right away you can see the
unique internal and external
modulation features, such as the
provision for complex or
simultaneous modulations with
AM-AM, AM-FM or FM-FM.
The 3003 gives you twice as many
modulation frequencies as most
other generators. Besides the
standard frequencies of 400 Hz and
1KHz, you can choose and pre-set
two more frequencies between
100 Hz and 10 KHz. And like other
models in the 3000 Series, this one is

meter. For extra readability and
accuracy, you get two AM scales
and four FM scales. Everything is so
clearly labeled that learning to
operate the instrument takes only a
matter of minutes.
One thing you can't see on the
face of the 3003 is the price. At alow
$3,350, we're really hiding one of its
accurate to 0.001% over the entire
most attractive features.
1MHz to 520 MHz range. (We also
Wavetek Indiana, Inc.,
have aunit that goes down to 1KHz.) 66 N. First Ave., P.O. Box 190, Beech
But the main thing you'll notice is Grove, Indiana 46107. Telephone
how convenient the Model 3003 is to (317) 783-3221, TWX 810-341-3226.
use: internal or external FM
deviation and AM modulation are
easily set on the big front-panel
Circle 237 on reader service card
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Performance
is written
all over our face.

3056 Vertical pen recorder

(1, 2or 3 pens)

3061 Multi -pen recorder
(6 or 9 pens)

....are different

Through our long-standing practice of
manufacturing high-quality products
combined with modern technology, we
have successfully developed acomplete
line of new recorders different from other
competing instruments. What's the
difference? The important differences
are in the mechanical engineering and
overall design philosophy. Every
recorder can give you the combination
of durability, reliability and convenience
you expect for years to come.
The facts are:

motors (Type 3056).
Fully-modular construction based on a
motherboard.

Choice is yours:
High-performance versatility from 1- to
3-pen vertical recorders (Type 3056)
Recording width: 250mm, Accuracy: ±0.25%,
Pen speed: 800 mm/s, Voltage ranges: 5pV/cm
to 5V/cm in 19 ranges or 0.5mV/cm to 5V/cm
in 13 ranges, Chart speeds: 60cm/min to 2cm/h
in 8 speeds (controlled by built-in fork oscillator),
CMR: 140dB.
Multi-channel tracing versatility from 6- or
9-pen flatbed recorders (Type 3061)
Recording width: 250 mm, Accuracy: ±0.25%,
Pen speed: 800 mm/s,Voltage ranges: 0.5 mV/cm
to 5V/cm in 13 ranges, Chart speeds: 60cm/min
to 2cm/h in 14 ranges (controlled by built-in fork
oscillator), CMR: 140dB

Ease of use
The world's easiest-to-load chart
recorders
U.S. Patent No. 3,946,406
(Type 3061).
High-quality disposable pens replace
in seconds with no mess.
Versatile remote control options.
Portability
Durable, yet compact and lightweight.
The largest, the 9-pen Type 3061,
weighs only 25 kg and measures less
than 38 x57 x28 cm. Type 3056 is
half the weight, half the volume.

High performance and reliability
Conductive plastic potentiometers.
Overrange-protected pen drives.
Wear-free brushless dc servo

Our new recorder family also includes welldesigned 1- to 3-pen flatbed recorders,
DIN A3, A4 and 250mm x250mm
X-Y recorders.

Over 60 years of quality instruments

YEW
YOKOGAWA ELECTRIC WORKS
Corporate Headquarters

9-32, Nakacho, 2-chome, Musashino-shi, Tokyo 180, Japan

YOKOGAWA ELECTRIC WORKS, LTD.

Telex: 02822-327 YEW MT J

Overseas Offices

YOKOGAWA ELECTRIC (EUROPE)B.V.

YOKOGAWA CORP. OF AMERICA

Nederhoven 17-19-21, Bultenveldert. Amsterdam, The Netherlands
Phone. 020-423194 Telex 44-14094 YEW NI_

5Westchester Plaza. Elmsford. New York 10523. US A
Phone 914-592-6767 Telex. 25710-567-1256
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Phone: Tokyo 0422-64-1111

Cable Address: TLX2822-327 YOKOGAWA TOKYO

YOKOGAWA CORP. OF ASIA PTE. LTD.
Sun° 805 World Trade Centre. No 1. Mantune Square. Singapore 4
Phone .2729537 Telex .RS 26137 YASSIN

DIGITAL IMAGE PROCESSING

NEW & BEST-SELLING
BOOKS from
WILEY-INTERSCIENCE
DATA COMMUNICATIONS
Facilities, Networks, and Systems Design

Dixon R. Doll

Brings together the basic technology of both the communications and
computer industries. Discusses regulatory economic and technical
issues which impact users and suppliers of communications-based
computer systems. Includes dozens of proven cost saving and part
improvement ideas which have been widely used in the author's
consulting and educational practices.
493 pp.
(1-21768-9)
1978
$25.95

IEEE STANDARD DICTIONARY OF
ELECTRICAL AND ELECTRONICS TERMS,
2nd Ed.
A revised, updated, and expanded new edition of the best-selling,
authoritative dictionary of electrical and electronics terms. Contains
20,254 entries including over 7,000 new and revised terms, 136
laser/maser terms, over 50 new data bus and CAMAC terms,
numerous terms from 25 new nuclear standards, 377 newly approved
entries, and, for the first time, a listing of 10,000 acronyms currently
used in the electrical/electronics/computer fields of business, industry, government, and the military.
882 pp
(1-04264-1)
1977
$37 50

VARIABLE IMPEDANCE DEVICES

Edited by M.J. Howes & D.V. Morgan

International experts cover the physics, technology, and applications
of the p-n junction diode and the Schottky barrier diode. Presents
basic theory of operation and examines, in detail, fabrication and
characterization. Considers such important applications as mixers,
detectors, and electronically tuned oscillators.
approx. 304 pp.
(1-99651-3)
Jan. 1979
$33.50 (tent.)

OPTICAL FIBERS FOR TRANSMISSION

John E. Midwinter

A broad introduction to fiber communications, covering underlying
theories of propagation in multimode step index and graded index
fibers with emphasis on physical modes in practical situations. Also
discusses mode coupling; the performance of joint sections; mode
and materials dispersion; techniques for preparing optical fibers and
factors controlling their loss and bandwidth; techniques for measuring, jointing, and splicing; optical fiber cables; optical receivers; and
more.
approx. 416 pp.
(1-60240-X)
Feb. 1979
$24.95

SURFACE WAVE FILTERS
Design, Construction, and Use
Ldited by Herbert Matthew

Experts in the field describe the new class of signal processing
devices based on ultrasonic propagation in solids. Shows how these
devices work, how they are made, and how they are best used in
practical situations. Includes many practical examples of actual
applications and design methods.
521 pp
(1-58030-9)
1977
$32 50

CHARGE COUPLED DEVICES AND
SYSTEMS

William K. Pratt

An encyclopedic, yet easy-to-read coverage of the field of digital
image processing. The first three parts of the book provide readers
with the necessary mathematical and conceptual background. The
last three parts concentrate on the three application areas: image
enhancement and restoration; image analysis; and image coding. The
total presentation is quantitative and detailed, and readers should be
able to apply information to immediate job tasks. Includes many
photographic examples of pictures processed by a variety of digital
image processing techniques
750 pp.
(1-01888-0)
1978
$35.50

COUPLING TO SHIELDED CABLES

Edward F. Vance

Examines current problems of coupling to shielded cables, providing
a working reference for engineers and designers of signal transmission and power lines. Using a transmission line analysis, it examines
the shield transfer impedance and transfer admittance characteristics
of commonly used shields. Relates shielding properties to weave
characteristics of braided-wire shields.
183 pp.
(1-04107-6)
1978
$17.50

ELECTRONIC DISPLAYS

Sol Sherr

Presents the theory, technology, and engineering practice of modern
electronic display elements including light-emitting diodes, liquid
crystals, and others. Covers the physiological and psychological
aspects of display perception, guiding readers towards the most
effective and economical selection, design, and application of modern
electronic display for any given purpose
approx. 592 pp.
(1-02941-6)
Feb. 1979
$26.50 (tent.)

PASSIVE AND ACTIVE MICROWAVE
CIRCUITS

J. Helszajn

Component rather than system oriented, this book incorporates
examples of the most important devices used in microwave engineering. Topics include scattering and immittance matrices, passive
networks, classic nonreciprocal ferrite devices, gyrator circuits, circulators, and semiconductor devices.
274 pp.
(1-04292-7)
1978
$27.50

THE SEMICONDUCTOR MEMORY BOOK
Intel Marketing Communications
This new book is the most extensive collection of Intel memory
specification, application and reliability information available in a
single volume. It also includes detailed information on the use of the
2416 in asystem environment
524 pp.
(1-03567-X)
1978
$14.95 Paper

THE 8080/8085 MICROPROCESSOR BOOK
Intel Marketing Communications
This volume provides a comprehensive collection of specifications,
application notes, reliability reports, and other vital information on the
8080/8085 microprocessor family of circuits.
approx. 512 pp.
(1-03568-8)
1978
$12.95 Paper

Please send the books indicated for
15-DAY FREE EXAMINATION.
(Restricted to the continental U S and Canada.)
Mail to: WILEY-INTERSCIENCE
P.O. Box 092, Somerset, N.J. 08873
Payment enclosed, plus sales tax. Wiley pays postage/handling. We normally ship within 10 days. If shipment cannot be
made within 90 days, payment will be refunded.
ID Bill me.
D Bill firm or institution.

Leaders in the field develop the concept of integrating the device
physics with the circuit problems, examining physics and technology
together with applications of electronic engineering. Deals with
concepts of charge storage and charge coupling in the devices;
presents an in-depth outline of relevant technology; and examines
applications to signal processing, memories, and imaging.
approx. 304 pp.
(1-99665-3)
March 1979
$33.00 (tent.)

0(1-21768-9) Doll. ...$25.95
D(1-99665-3) Howes/Morgan.,
0(1-04264-1) IEEE ...$37.50
Charge
$33.00''
ID (1-99651-3) Howes/Morgan/
0(1-01888-0) Pratt .. $35.50
Variable
$33.50*
(1-04107-6) Vance. $17.50
CI (1-60240-X) Midwinter
D (1-02941-6) Sherr. . $26.50'
D(1-04292-7) Helszajn $27 50
$24.95
0 (1-58030-9) Matthews
$32.50
ID (1-03567-X) Intel/Semiconductor
Paper $14.95
D (1-03568-8) Intel/ Microprocessor
Paper $12.95

Avai able at your bookstore or write to Nat Bodian, Dept. 092A-3497.

AFFILIATION

Edited by M.J. Howes & D.V. Morgan

NAME
WILEY-INTERSCIENCE
adivision of John Wiley & Sons, Inc.
605 Third Avenue
New York, N.Y. 10016
In Canada: 22 Worcester Road, Rexdale, Ontario
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ADDRESS
CITY

STATE /ZIP_

Forthcoming title, price tentative. Do not send payment; we will bill you.
L Prices subject to change without notice.
092 A3497-51
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Now you can sound off
right from your
printed circuit boards.
The Mallory
Sonalert Signal.

VIBRATION-PLUS
COMPLETE TESTING SYSTEMS

A,

Sine or Random Vibration up to: 5,000 pound force,
1,800 pound payload, 2,000 Hertz frequency.

PLUS: Automatic Multi-channel System Control

This new Sonalert design gives you a choice
of three medium loud sounds — continuous,
fast pulse, or slow pulse at 2900 Hz. It will
even give you pulsing or continuous sound

PLUS: Total Systems Engineering
PLUS: Temperature/Humidity
PLUS: Customized Fixturing
PLUS: Data Acquisition

in the same package. You can spec it into
just about anything in which you need sound.
And its pin mounting makes it easy to insert
and solder into printed circuit boards. Units
may be hand or wave soldered.

THERMOTRON WILL
DO IT ALL FOR YOU!
Design, Install
and Service a
Totally Integrated
System.

Mallory Sonalert Electronic Signals are
available direct, or through authorized
Mallory distributors in U.S., Canada and
overseas. Give us a
hearing. Write or call.
P. IR. Mallory & Co. Inc.,
Box 1284, Indianapolis,
Indiana 46206.
(317) 856-3731.

SIMI II Humnr, Stiket (Introutor of the Yew • 1'177

(newt'',

THERMOTRON INDUSTRIES
DYNAMIC SYSTEMS DIVISION
11001110T1•001

KOLLEN PARK DRIVE, HOLLAND, MI.49423
PHONE (616) 392-1492 /396-1727
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THIS INERT
GAS OVEN
PAYS FOR
ITSELF IN
GAS
SAVINGS
ALONE
(AND SO DO OUR 21 OTHER MODELS)
Whether you pick a 1.5 cu. ft. bench model with manual gas
control on up to asophisticated 24 cu. ft. chamber with automated programmed operation — your Blue M Inert Gas Oven
can pay for itself just in gas savings. Not to mention even greater
savings by avoiding postprocessing cleaning and other costly
operations. For use with non-flammable Nitrogen, Argon, Helium
and CO 2 ,and non-flammable forming gas mixtures.

MALLORY
240
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Temperatures to +316°C. (+ 600°F.) and +593°C. (+ 1100°F.)
regulated by Blue M's patented proportioning controls. Heli-arc
welded gas-tight superclean stainless interiors and overtemperature protection typify quality features. For others, write:
Blue M Electric Company; Corporate Headquarters: Blue Island,
Illinois 60406.

BLUE

IVI
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Products newsletter

Amplifiers use new
error cancell ation
technique

Tektronix
adds Basic
to 8002

Watch for Intersil Inc., Cupertino, Calif., to introduce apair of monolithic
amplifiers. CAZ, which stands for commutating auto zero, is anovel
technique for cancelling errors caused by noise, temperature effects, and
long-term drift, according to Skip Osgood, marketing manager for the
company's data-acquisition products group. One of the new chips, the
ICL7600, is a 14-pin operational amplifier. The other, the ICL7605, is an
instrumentation amp in an 18-pin package. Both will be available this
quarter. The op amp will be priced at $6.50 each in hundreds; the
instrumentation unit will go for $15 in the same quantities.
CAZ

Users of the model 8002 microprocessor development lab by Tektronix
Inc. can now develop code for the 8080, the 8085, and the 8080 subset of
the Z80 using Basic high-level language instead of assembly language
[Electronics, Oct. 26, p. 147]. A Basic compiler on aflexible disk is now
available for $900, according to Roger Hokanson, product marketing
manager at the Beaverton, Ore., firm. Tek's Basic is a subset of ANSI
minimal Basic with high-level language addressability of input/output
ports and registers. What's more, it adds an extra 35 error messages to the
8002's list of 90, Hokanson says.

Analog Devices

A newly packaged temperature sensor from Analog Devices Inc.'s Semiconductor division, Wilmington, Mass., fits into places aTO-52 can could
shrinks temperature never hope to make. The AD590 is now available in a flat pack that
sensor ... measures 0.23 by 0.105 by 0.056 in. Designated the AD590F, it has a
maximum error of 5°C at 25°C and is typically linear to within 0.02°C
over the range from 0° to 100°C. The fast-responding device sells for $3.50
and is available from stock.

...and
second-sources

Also new from the division is athree-chip second source for Burr-Brown's
DAC85 — the military version of the popular DAC80. The new
ADDAC85 is linear to within 3/4 least significant bit over its full range.

the DAC85

The digital-to-analog converter sells for $52 each in hundreds in its
current-output form and for $54 each for the voltage-output version,
which contains an output operational amplifier.

34 opto-isolators

An extensive series of popular opto-isolators is being second-sourced by
Motorola Semiconductor Products Inc., Phoenix, Ariz. Both phototransistor and photodarlington types are included in the list of 34 devices, all of
which are housed in standard six-pin plastic dual in-line packages. The
devices, which were originated by General Electric, Litronix, Monsanto,
and Texas Instruments, are all tested to a peak ac isolation voltage of
7,500 vfor 5seconds—considerably higher than the originators' specifications. All other parameters are tested to the originators' specifications,
conditions, and limits. Small-quantity prices for the Motorola units range
from 90¢ to $1.90; for quantities of 100 to 999, the range is 75¢ to $1.60.
Delivery time varies from immediate to eight weeks.

second-sourced
by Motorola
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Cartridge shot
travels the length of agun barrel
while a16-bit Plessey Miproc
executes over14000 instructions.
If your application needs afast real-time processor
or you have to cope with high data rates, then you
need Miproc. The same goes for very fast interrupt
response times. Because Miproc is the fastest there
is. Anywhere.
Only Miproc has the dedicated get-up-and-go
microcomputing power to free you from the
hassles of DIY, and all that entails.
In industrial, university, military and government applications around the world, Miproc is
handling all kinds of high speed computing tasks
that would otherwise need multimicro systems.

0

It's now available in commercial and military
versions, with an extended range of memory cards,
processor enhancements, digital and analogue
interfaces and software development tools. With
its 250 nanoseconds macroinstruction cycle and its
ability to handle data at 10 megawords asecond,
context changes in less than 2microseconds,
Miproc is the straightforward approach to nononsense high speed processing. Discover today
how Miproc can make life easier for you by
contacting your nearest Plessey Microsystems
sales office.

PLESSEY
MICROSYSTEMS

Plessey Microsystems Inc.,19546 Clubhouse Road,Gaithersburg, Maryland 20760.
Iblephone: (301) 840 9455 & 948 2791 TWX: 710 828 9708 & Irvine,California (714) 540 9931.
France:Paris (01) 776 43 34. Holland: Nocrdwijk 01719 19207. Germany: Munich (089 )23 62 270.Japan: Eiji Kitahara, Tokyo 244 3782.UK:lbwceeter (0327) 50312.

e
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NEI RES1I T FILM'
position-sensors re paving
Detroit's way to better
performance &
lower cost

Our EGR, TAS and TPS position-sensors perform
smoothly, accurately and noise-free for up to 250
million cycles. They feature RESISTOFILM (U.S.
Patent #3,457,537), ahard, smooth conductive
plastic film which is bonded to aflexible hightemperature substrate.
What RESISTOFILM does underhood,
it can also do in many other parts of avehicle. By connecting 12 VDC across the terminals and connecting the pick-off wiper
to your indicator or microprocessor, you
can sense within 0.05% the position of
any automotive part having relative
motion. Examples: brake shoes &
cylinders (masters & individual),
shock absorber plungers, brake
pedals, pistons, crankshafts, camshafts, throttles, valves, chokes,
floats, springs, knobs, wheels,
gears, antennas, steering
wheels
RESISTOFILM can be
flexed, punched and
bonded. It operates in oil,
diesel fuel, and gasoline. It features low
noise, infinite resolution, multi-million
cycle life, tight linearity, and low cost
in volume production. It can
improve the
performance

ru

doe

1
.

.'.i
.
„ of position-sensors ranging from simple to complex.
i
One of the more complex devices supplied
by NEI is the L-Jetronic high performance fuel
injection control. This application required a
non-linear function with aslope ratio of 40:1
and aproportional accuracy of 1% in minimal space. NEI engineers developed a
4-segment exponential function element
with padding resistors which allow for
calibrating the entire fuel injection system. Computer-assisted design techniques were used. RESISTOFILM
was used for the variable resistive
element and the padding resistors.
Devices such as this and our
EGR, TAS and TPS positionsensors have demonstrated the
worth of RESISTOFILM in
underhood applications. May
we discuss other requirements with you?
FREE ON REQUEST:
"Precision Position-Sensors in Automotive Applications," a paper
presented at the
1978 SAE Congress & Exposition by William
Wheeler, Laboratory
Manager, NEI
R&D Dept.

new england instrument comp an
KENDALL

LANE

NATICK.

MASS

01760

•

TEL

617-873-9711

•

TWX: 710

6-0398

The leading precision potentiometer manufacturer offering molded conductive plastic. wirewound. conductive film & hybrid technologies

Circle 243 on reader service card

Performance Makes
Electrical! Electronics
Plastics
Profitable
NPE/79 will be the largest and
most comprehensive Plastics
Exposition ever staged by the
U.S. plastics industry. From June
18-22, 1979, more than 500 companies from all over the U.S.,
Canada, Mexico, Europe, the Far
East and South America will be
introducing their most up-to-date
advances in plastics materials,
processes, machinery, instrumentation in Chicago's McCormick
Place. A concurrent Conference
will feature authorities reporting
plastics industry developments,
new technology, new marketing
opportunities. The combination
package will show you how plastics' performance can mean profits for your company.
The diversified electrical electronics industry consumed 1.6 billion pounds of
plastics in 1977 and current demands
point to 2.65 billion by 1980. Projections
call for utilization of 6.8 billion pounds by
the turn of the century! New developments in high performance plastics will
help spur a 40% increase in the business machine sector by 1980. Data processing equipment manufacturers comprise a practically bottomless market
segment. Plus new plastics wire cable
insulating materials for construction,
mass transit, nuclear power uses ... illustrate numerous imaginative concepts
being rendered practicable by plastics.
Come see it all at NPE 79—the latest
material'process innovations—revolutionary design modes—newest production techniques.

Plastics
for
Profits

Single Low Fee Covers All Events
A single economical registration fee entitles you to unlimited access to the 1979
National Plastics Exposition plus all 16
seminars of the National Plastics Conference. Both events are held in McCormick Place. Unlimited two-way free bus
service between major Chicago hotels
and McCormick Place is also included.

Plastics
Conference—
Electrical Electronics
Update
The concurrent 1979 National Plastics Conference will feature authorities from the electrical electronics and plastics industries reporting the latest developments in
technology as well as new marketing opportunities. Learn about
emerging trends in major application areas, including computers
and business machines, small and
large appliances, home entertainment products, as well as the Impact of new insulation standards. A
special plastics course will be conducted daily.
Register in Advance
By registering in advance, you pay a
discounted fee of $7.50 (vs. $10.00 onsite), and avoid the registration line
when you arrive at the Exposition. Write
now for complete registration materials
to address given below.
See an Entire Industry
Under One Roof
At NPE, 79 you will see the exciting new
developments that have been taking
place in plastics since the last Show in
1976—all under one roof at one time.
Every industry sector will be represented. Write to NPE, 79, The Society of
the Plastics Industry, Inc., 355 Lexington
Avenue, New York, New York, 10017, for
your pre-registration kit.

1979
National
Plastics
Exposition
June 18-22, 1979
McCormick Place
Chicago, Illinois
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Sponsored by:
The Society of the
Plastics Industry, Inc.

107

Electronics/January 4, 1979

Rugged enough to ride the rails in all weather — a
MAP criss-crossed the country on a railroad flatcar
helping a major automobile manufacturer acquire
and process shock and vibration data in real time.
Back in the lab, MAP controlled a hydraulic shaker
system for modeling and simulation of the actual
roadbed conditions.
More than 200 MAPs are installed worldwide.
Many are operating in diverse
rugged environments. Aboard
a Mai
geophysical exploration vessels, in
trucks, and in aircraft, MAP's reliability under stress is being proved
again and again.
MAP is more than an ordinary
array processor.
It's a fully
software-supported intelligent coprocessor with fast FORTRAN con- -

trolled I/O Scrolls for real-time data acquisition.
MAP's unique architecture minimizes host overhead and produces either real-time or continuous
multi-user processing with up to 40-megabyte
transfer rates. MAP is cost effective too — typical
systems start under $30,000.
MAPs are being used in image processing,
medical research, scientific computation, seismic
exploration ...
sonar,
radar,
speech, acoustics, communications, simulation ... and much
more. Get the facts on MAP — call or
write for specifications, pricing, references or ademonstration.

Mess

Photo courtesy of MTS Systems Corporation

ImIPT

CSP Inc.

209 Middlesex Turnpike
Burlington, MA 01803
(617) 272-6020

(C) 1978 CSP Inc

What can arailroad ride tell you
about Array Processing?
MAP' is the only Array Processor that functions
in real timewall the time.
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the printer for you

New products/materials
A meltable protective coating is suitable as amasking material for terminals and stand-offs and similar
applications before potting, dipping,
and impregnating. Based on amodified and stabilized cellulose acetate
butyrate, Eccocoat MH-10 can also
be used as a removable protective
coating on tools and other items. The
material is nontoxic and noncorrosive to such metals as brass, lead,

computer output/business systems/
multiple forms/data acquisition/
CRT hard copy/graphics
A new 80 column matrix print
mechanism leads the line of reliable
printers manufactured by Victor. The
Model 80 was designed to support a
broad number of applications, including most business systems and
graphics requirements. Provides outstanding legibility combined with
proven reliability.

steel, and zinc. Eccocoat MH-10 will
melt at temperatures from 340° to
350°F (171° to 177°C); at 350°F, it
has a life expectancy of 300 hours.
Tensile strength is 1,400 lb/in.' The
melt can be easily stripped away
with a sharp knife. It sells for
$3.25/1b in quantities of 25 lb and
is available from stock.

The Model 80 provides avariety of
features normally found only on expensive printers or as costly options.
Built-in graphics capability with bidirectional paper movement under
control of aprecision stepper motor.
Built-in choice of friction or sprocket
paper feed is another Victor standard as well as the famous Victor
matrix print head.
Eighty columns wide, the Model 80
boasts atrue throughput of more than
100CPS with bi-directional printing.
The new, low-cost Victor ribbon
cartridge assures you of ink free
fingers when making ribbon changes.
Paper loading is apleasure with the
new swing back platen, especially
designed forour demanding customers.
These Victor dot matrix printing
mechanism designs are among those
used in more than 500,000 Victor
print mechanisms in use today.
Our staff of Application Engineers
are at your disposal when your engineering staff requires support for
designing an "80" in your system. For
the "80" or most matrix printing requirements including specials, contact us by phone or mail the attached
coupon.
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Emerson & Cuming Inc., Dielectric Materials
Division, Canton, Mass. 02020 [476]

VICTOR DATA PRODUCTS/JOHN TULLIO
3900 N Rockwell, Chicago IL 60618

Ceramic wear parts, after curing,
exhibit ahardness of 6on the Mohs
scale, which is comparable to tool
steel. They can be polished to a
6-gin. finish and are good for such
applications as computer tape

312 539-8200

Send technical literature
CI 80 column printer
O All Victor's print mechanisms
Name
Company
Street
City
State/Zip
Phone_

reader service card
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When You Need
aThumbwheel
Switch That's...
EXTRA RUGGED!

Switchcraft's
all-metal Metal-Mite fills the bill. Only .500" wide.
Remove or replace modules without dismounting
switch. Low cost, too!

SMALL!

That's the rear mount
with .960" mounting centers
Large easy to read dial characters Many output codes
and special designs available. Mil-approved materials
-Littel-Thumbwheel"

SEALED!

Series LTS gives you environmental
protection. Features "0“ ring on shaft... rubber panel
gasket... RN sealant... dust and moisture resistant
construction. Clear windows sonically sealed.

MODULAR! FLEXIBLE!

There's more
than 40 decimal, BCD. BCO, hexadecimal codes
with Metal-Mite-2. Circular PCB mounting expands
termination options All metal modular construction.

Choose aSWITCHCRAFT
Thumbwheel Switch

SW

I

F

CHCR

A

F

T

They're colorful, too.

Choose from seven dial colors to match panel and
operational color codes
Switchcraft Thumbwheel Switches feature up to 20
stations.. .8. 10. 12, or 16 positions... double end
detent tactile characteristics For complete details
call or write for our Thumbwheel Switch Catalog
Switchcraft Inc., 5555 N. Elston Avenue, Chicago. IL
60630, 312792-2700.

ealiklUit
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When Joe Bruno heard
we were famous for our custom work'
he brought us his '87 Chevy;
,

e

Sorry Joe. It's custom MOS/LSI.
Chances are that in the fifties you were into custom
cars WO —who wasn't? But today you're designing
systems, and custom means MOS/LSI.
If you're presently in production or breadboarding a
system with discrete components and a batch of SSI
and MSI integrated circuits, our high-density MOB
processes will usually enable us to put your whole
system on ONE CHIP at great cost savings. We've got
high-voltage P-MOS technologies, as well as C-MOS
capability. But, where we really shine is in our
high-density n-channel silicon-gate COPIAMOS"
technology, which virtually all our customers are
now specifying for their high-performance, low-cost
custom requirements. If you also need quick
turn-around on mask-programmable options and

patterns, we can combine COPIAMOS" with our
most recent technological breakthrough CLASP"
(which stands for COPLAMOS Last Stage
Programmability) to provide the solution.
Standard Microsystems is a total-capability
supplier—all design engineering, wafer processing,
assembly, and test is performed in our modern,
Hauppauge, New York facilities. Our processes are
usually compatible with current state-of-the-art
processes used throughout the industry. Not only
can we start your design from scratch, but we can
enter the custom cycle at any point. If you have
masks, we can process wafers, generate test
procedures, assemble devices and final test.
So, the next time you have aneed in the custom area,
just peel out to Standard Microsystems and tell 'em
Joe sent ya.

STANDARD MICROSYSTEMS CORPORATION

dra
m
Mr' 35 Marcus Boulevard, Hauppauge, New York 11787 (516)273-3100 TWX :510-227-8898

The largest manufacturer of MOS/LSI data communication circuits
Circle 248 on reader service card

New products/materials
guides, chemical pump parts, jigs,
and fixtures. Aremcolox ceramic
wear parts are made to customers'
blueprints. The material is also
available in unfired rods and plates
that can be processed by the user.
Aremco Products Inc., P. 0. Box 429, Ossin-

t
>"

ing, N. Y. 10562 [478]

A silver epoxy, Epo-Tek l-120F is a
good electrical conductor and can be
flexed through 180°. It has avolume
resistivity of 0.07 to 0.09 me-cm
when cured at 150°C and a sheet
resistivity of 1.3 rnSl/sq/mil. The
two-component material can be
cured at I50°C in 10 min or at 100°C
in 60 min. Pot life of the mixed
epoxy is four days at room temperature; storage life of the unmixed
materials is one year at room
temperature. One-ounce evaluation
kits sell for $27, and delivery is from
stock.
Epoxy Technology Inc., Marketing Department, P. 0. Box 567, 14 Fortune Dr., Billerica, Mass. 01821 [477]

Foam microwave absorbers can be
used outdoors or where the absorber
will be in contact with fuel, lubricants, or hydraulic fluids and is
particularly useful in airborne applications. The material can be made
into large blankets that can be
draped or wrapped around radomes,
antennas, or other structures. Standard-size sheets of Eccosorb AN-W
are 2ft by 2ft (0.6 m by 0.6 m) and
from 1
/
4 to 41
/ in. thick. The fabric is
2
a self-extinguishing material and
complies with MIL-C-20696. When
used with Eccobond 87H, the
absorber can be bonded to itself,
metallic surfaces, or fiberglass laminate radomes.

Digital Equipment Corp.

Data General Corp

PDP-11, NOVA
INTERDATA
users
handle your Tape and
Disc System needs...

...with performance never before available

Emerson & Cuming Inc., Microwave Products Division, Canton, Mass. 02021 [480]

• Software Compatible for PDP-11. Nova
Interdata
• Embedded design
• 9Irk 800/1600 bpi. 7Irk 200/556/800
bpi intermixed
• 12.5 to 125 ips

• Software Compatible for POP-11
8. Nova
• Embedded design
• Top Load (5440) 8. Front Load (2315)
• Up to 20 mb per drive

WRITE FOR COMPLETE INFORMATION

ziEl+ western peripherals

T

M

(714) 991-8700 •TWX: 910 591-1687 •Cable: WESPER
1100 Claudina Place, Anaheim, CA 92805
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18th JAPAN ELECTRIC MEASUREMENT 8
CONTROL INSTRUMENHEIMATION
EXHIBITION

TIMMS
Sti11 S
Tait

It is our honor to invite you to visit the 18th Japan
Electric Measurement & Control Instrument-Automation Exhibition.
Products displayed will feature the latest electric measuring instruments and automation systems.
Taking into consideration the large volume of trade
between your country and ours, we are certain that
these products will greatly interest you.
Our member manufacturers earnestly hope that you
will see the exhibits, and also meet the various industrial representatives.

i
i

NEWLY
DESIGNED

i

JUN.5th(Tue)-8th(Fri),1979

I,

SNAP-IN SOCKETS
FOR
TO-3 &TO-GG

10:00A.M. —5:00P.M.

OSAKA MUNICIPAL EXHIBITION HALL
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JEMINIA

The most complete line

1.

17

of transistor sockets
and mica insulators in
the industry. Our sockets
are designed for the
TO-3 and TO-66
transistors. Available
from stock. Introducing

%we

• I
II

Pl

•••

our latest design in
printed circuit sockets
plus an extensive line of
snap-in sockets.
Sockets are available in
the latest UL approved
materials.

NEW FREE CATALOG ON REQUEST

KEVS -TC)NJE

ELECTRONICS CORP.
TWX 710-581-2861 CABLE-KEYELCO
49 BLEECKER STREET, NEW YORK, N.Y. 10012 212-475-4600
250
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NEW X-YRECOR
e li
e
N

MORE RELIABLE
LESS EXPENSIV

5

BECAUSE...

es:

"THE POT IS NOT"
A capacitance
feedback transducer
replaces the
potentiometer
and slidewire -

No more
slidewire
cleaner

be

neatly eliminating
the most troublesome
components in X-Y
servo systems

No more
slidewire
lubricant
No more
slidewire

Prices start at S970.*

houston
instrument
ONE HOUSTON SQUARE
(512) 837-2820

* US Domestic Price only

Send today for complete information on
the Series 100 8' ,'2" x 11" recorders — a
new concept in low cost X-Y recorders.

DIVISION

OF BAUSCH& LOMB*

AUSTIN, TEXAS 78753
TVVX 910-874--2022

Rochesterleen 6 8240 Gistel Belgium
EUROPEAN HEADQUARTERS Phone 059/277445 Telex Bausch 81399

-the

recorder company'

Circle 251

For rush literature requests or local sales office information only. persons outside Texas call toll free 1.800-531-5205
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Pioneer-Venus Spectacular
Congratulations to the NASA team for
this space spectacular!
DCA Reliability. Laboratory, as the
NASA/Ames "Parts Manager" .for
the Pioneer-Vepus program, was
responsible for • Tectenicai Cánsultationli Parts Selection •
• Screening requirements
.a Central parts.'-coptractor for
the scientific e5merimenters.

Over 5000 line items (120,000 devices)
were consolidated, procured and rescreened by DCA. This .effort, alone,
resulted in the removal of over 9000
discrèpant parts. A surnmary of.the
test results* can be. made
available upon request. As •
the leading high-relleility
suppiier;,DC/e-is today
actively intiolvel:in 'most •
prominent spadeirrograrns..
•

•

•
DCA Reliability Laboratory
••
975 Benicia Avenue, Sunnyvale;
.
086 (ea) 245-7100
. CA94
.
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Twice as large as life

I
t
Tre

Known in all the best circuits
The dedication to reliability makes Tansitor the first or
only choice for those applications where tough
environmental or electrical conditions exist.

The ranges include dipped, chip, subminiature, solid,
all tantalum, wet tantalum and foil types and extends
from 0.001 to 3500 mfd ;2to 450 volt. Write or 'phone
for further data.

Tansitor tantalum capacitors
252
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Tansitor Electronics, Inc.
West Road, P 0. Box 230, Bennington,
lermont 05201 Phone (802) 442-5473
TWX (710) 360-1782
Tansitor — reliable in so many ways
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Lees talk
business.

Good business. Profitable
business. Your business.
We can help. With decades of
research and development
behind us, Hi-G remains dedicated to providing premium
quality electrical and electromechanical products at
affordable prices. Combining
advanced design with highly
automated production gives
you more for your business
dollar. All the way down the
Hi-G product line.
With fastfit" RF connectors from the Cambridge
Products Division. Solenoids

from the Magnetec Division. Flagship 1"and Q.P.L.
relays from the Relay Division. Time delay relays and
LIQUA-SENSE" liquid
level sensors from the Electronics Division. Multi-layer
PC boards from the Defiance
Division. And professionalgrade transformers from the
Merrimack Division. If it's
made by adivision of Hi-G,
it's made right. And that
makes good business sense.
For us. For you.
Let's talk about your special requirements. How we

can meet them with economical, highly reliable Hi-G
products. If you mean business, let's talk. Call
Alvin Lukash, President.
(203) 623-2481.
Hi-G Incorporated
580 Spring Street,
Windsor Locks, CT 06096.

Let's talk business.
Circle 253 on reader service card

New literature
Materials. "Advanced Materials for
Electronics," a 1,32-page catalog,
describes, lists the properties of, and
explains how to use such products as
adhesives, cleaning preparations,
conformal coatings, diffusants, cathode coatings, etchants, microwave
materials, plating solutions, potting
compounds, and junction coatings.
Transene Co., Route One, Rowley,
Mass. 01969. Circle reader service
number 421.
Microcomputers. Designed for laboratory, educational, and home use,
the TRS-80 microcomputer is the
subject of a 20-page "TRS-80
Microcomputer Catalog." It gives
the specifications and explains Level
Iand Level II Basic languages. The
brochure also contains information
on the TRS-80 expansion interface,
TRS-80 minidisk system, and
TRSDOS, which is the software

needed to operate the disk system.
Radio Shack, a Division of Tandy
Corp., 1400 One Tandy Center, Fort
Worth, Texas 76102 [422]
Thermal shock chambers. Described

in an eight-page brochure are 64
standard test equipment models designed to transfer test specimens
automatically between hot and cold
zones with either air or liquid as the
medium. Three different test equipment types are discussed and compared: vertical thermal, rotary thermal, and liquid-to-liquid thermal
shock chambers. Topics that are
covered include the requirements of
military standard testing, the difference between thermal shock and
temperature cycling, the economics
of gas versus mechanical refrigeration, and the advantages of air-to-air
and liquid-to-liquid testing. Safety
and construction features are given.
Ransco Industries, 2221 Statham
Blvd., Oxnard, Calif. 93030 [423]
Personal computer components.
More than 100 components, including microprocessors, memories, cath-

The new way to do
Prom Programmin
Software Personality,n" E-H's
contribution to the science of
prom programming, makes
it possible for one smart
machine to handle all types
of EPROM's, current and contemplated, without the hassle
(and expense) of extra sockets
and personality boards. No
hardware. No hassles!
If you are working with
NMOS EPROMS—either in
development work or production—our new Software
Personality technique for
doing the programming will
save you money. And time.
And hassle.

Two keystrokes tells our
programmer which Software
Personality you want,
4K to32K ... up to 128K.
No personality boards. No
new sockets.
Our Flex-Pin Matrix'!" lets us
control all device programming environments with
software. When you change
manufacturer or device
density, all you have to change
is the Software Personality.
Two keystrokes. Simple. Fast.
At no extra cost!
Also, features that are
expensive options on some
systems are included in ours.
At no extra cost. 2K x8RAM,
for instance. Extensive move,
list, and alter address
operations. Fully buffered and
powered-down (cold) sockets.
And an easy-to-use serial I/O
port to talk to other systems.

Save up to $1500!
Hardware Personality (Theirs)
Prom Programmer (Plus
accessories required) .
about $4,000
Software Personality (Ours)
E-H Model 4Prom Programmer (no accessories
needed) ... $2,495*
Use coupon for free Cost
Comparison booklet.
Get all the facts on the new
E-H Software Personality
Programmers. Return the
coupon for the data sheets
and avery informative price
comparison of hardware and
software personalities in prom
programming. For immediate
information, please use our
hotline, 015) 834-3030.
Ask for Tina Bilhorn.

*U.S. domestic price only

•

ode-ray-tube controllers, light-emit- Components and power-supplies.
ting-diode displays, floppy-disk in- Useful for design engineers, the
terfaces, serial and parallel inter- fourth edition of "DC Motors, Speed
faces, sound synthesizers, analog Controls, Servo Systems" contains
interfaces, and printer interfaces, are technical information on these proddiscussed, along with diagrams for ucts and discusses optical encoders
each, in a29-page brochure, "Semi- in depth. To order the handbook,
conductor Components for the Per- send $1, along with a business card
sonal Computer Industry." National or company letterhead, to ElectroSemiconductor Corp., 2900 Semi- Craft Corp., Box 664, Hopkins,
conductor Dr., Santa Clara, Calif. Minn. 55343
95051 [424]
Circuit protection. "The Choice of
Packaging and production. Several Protection" is a 24-page technical
brochures contain specifications and booklet that discusses various technitechnical information on different ques for protecting circuits. It
types of electrical and electronic features a section on magnetic
terminations. The brochures include circuit breakers and also contains
"Plugs and Sockets," "Standard Rail- information on fuses and thermal
Mounted Terminal Blocks," and breakers. Topics in the magnetic"Moduflex Crimp Pin Terminal Sys- circuit section include short-circuit
tems." Weidmuller Terminations capacity, battery let-through curInc., 4326 Eubank Rd., Richmond, rents, transient tripping, motor proVa. 23231 [425]
tection, SCR motor drives, measuring

The Model 16B, the only programmer
capable of doing data manipulation
and volume production. It programs
16 EPROMs in one operation. Before it
programs the devices, it checks them
for proper insertion, continuity, shorts,
and opens.

inrush currents, and environmental
conditions. The publication also has
numerous graphs, tables, and illustrations. Airpax, Woods Road, Cambridge, Md. 21613 1426]
Rubber. "Precision Extruded Rubber

E-H International, Inc., 515 Eleventh Street, Oakland, CA 94607.
TWX (910) 366 7258
Please send data sheets on Model 4and the Model 16B Prom
Programmers—the new way to go. Also send your FREE booklet,
"Cost Comparison of Prom Programmers."
Name

Title

Company
Address

I'm in something of ahurry. Please have one of your sales offices
phone meat(

The Model 4, with its device
flexibility, low cost and small
size, make it ideal for both
software development and field
service applications. It includes
in-circuit emulation (ICE), an
important feature to enhance
your software development and
check-out capabilities.
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The
Indicator
With aMemory

e

•

‘ e\Pj\
The P35 panel mount memorizing indicator from
Ferranti-Packard
The P35 features:
• Long life (100 million operations minimum)
• Excellent visibility (light reflecting disc)
• Choice of 5fluorescent disc colors
• Enclosed housing
• Simple mounting
A 1 millisecond, 250 mA current pulse sets
or resets the disc, status is retained
indefinitely by remanent magnetism.
Uses include:
Transient recorders, Industrial process
displays, Contact status indicators, Field
equipment.

Actual Size

Discover how you can use the P35 indicator—Fill
out the reader service card or write direct today.
When clear displays count, specify:

PACKARD,

256

Shapes," a 208-page catalog, contains profiles of both solid and cellular materials and is available from
Minor Rubber Co. Inc., 49 Ackerman St., Bloomfield, N. J. 07003
[427]
Test and measurement equipment. A
directory lists 912 of the leading
manufacturers of test and measurement equipment. It is separated into
three major sections: a product
section, which lists the names of the
major manufacturers by product
area; company profiles of the 30 top
manufacturers of test and measurement equipment; and information on
each of these 30 companies. There
are 84 different product categories
covered, including spectrum analyzers, frequency synthesizers, signal
generators, oscilloscopes, counters,
panel meters, and printed-circuitboard testers. The directory sells for
$75. Marketing Development, 402
Border Rd., Concord, Mass. 01742.

-.......

FERRANTI

New literature

Ferranti-Packard Limited
Electronics Division
6030 Ambler Drive
Mississauga. Ontario
Canada L4W 2P1
Telephone: (416) 624-3020
Telex: 06-961437
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Industry standard. "Electromagnetic
Susceptibility of Process Control
Instrumentation," PMC33.1-1978,
is aguide for establishing acommon
reference to evaluate the performance of industrial process-control
instruments when subjected to electromagnetic fields such as those
generated from radio transceivers. A
classification of environments for
anticipated electromagnetic fields
and test methods for evaluating the
instruments when used in these environments is included. The standard
sells for $2 a copy. It can be
obtained from Process Measurement
& Control Section Inc., 370 Lexington Ave., New York, N. Y. 10017
Microcomputer analog iice systems.
A 74-page catalog gives technical
specifications, prices, and ordering
information for Data Translation's
line of products. Described are the
microcomputer analog input/output
systems for Digital Equipment
Corp.'s LSI-11/2 and LSI-11; Intel's SBC-80; Computer Automation's LSI-1, -2, -3, and -4 series;
Zilog's Z80 MCB and MCS series,
and National Semiconductor's BLC80, IMP, and PACE families. A
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EMULATION/
SIMULATION
OPTION;
Allows you
to generate
your own test
programs
without buying
an expensive
stand-alone
system.

ADVANCED FAULT
RESOLUTION (AFR)
OPTION: Isolates and identifies any faulty component
by part number and Incite

HIGH-SPEED CLIP
OPTION: Permits faster,
more accurate testing of
sensitive, high-speed hoards
by mi ll i
l
nizing cross-talk
and loading.

REAL-TIME OPTION:
Pt
shigh-speed testing
of microprocessor—and ISI
based hoards.

ANALOG
OPTION:
Greatly simplifies the
testing of both
analog and
hybrid hoards.

One year on-site warranty
on entire system.

You're looking
at a
CAPABLE
.
"' Tester
from
ComputerAutomation.
But what's more important,
you're looking at an automatic card
tester that's truly modular in design.
And that makes it totally different from any other brand
of tester on the market today.
Designed-in modularity means no matter how complex
your boards become, they can't outgrow aCAPABLE Tester.
Designed-in modularity means the end of expensive
overbuying, too. Because with aCAPABLE, you simply buy
what you need —when you need it.
An Ample Example.
Take our CAPABLE Tester Model 4100. It's perfect for
fast production-line testing and fault isolation. While keeping overall costs down.
What's more, you get all the basics. A powerful
ComputerAutomation LSI-2 computer. 32K words of memory. A rugged floppy disk drive. A full-function CRT. Plus
acomprehensive software package that includes computer
Guided Fault Isolation (OFT), Fault Detection Verification
(FDV) and Automatic Fault Isolation (AFI).
Where you grow from there, though, is entirely up to you.
You can keep things small, relatively specialized. Or,
you can build your CAPABLE up into amodel like the

4400 (as shown) to test complex boards containing LSI.
VLSI and microprocessor components.
No more growing pains. Ever.
The CAPABLE's designed -in modularity makes it
remarkably easy to add-on whatever you need. More programmable pin modules. Real-time testing. Advanced
Fault Resolution (AFR). Or an analog test option.
You can even expand your CAPABLE into afullblown Logic Simulation System and develop your own
test programs.
Best of all, no matter how far you grow, ComputerAutomation provides you with all the operating software
you need —absolutely free —including enhancements,
updates and new features.
So, before you buy an automatic card tester that will
literally stunt your growth, look into the CAPABLE Family
from ComputerAutomation.
We have away of growing on you.

Irj%

ComputerAutomation
Industrial Products Division

We're making history in ATS.

O.

2181 Dupont Drive. Irvine. California 92713. 17141 833-883e
call one of the following regional offices in: Bloomfield, NJ, 1201) 338-8870, Des Plaines, IL )3121 297-1606. Santa Clara, CA 14081985-6800.
District offices located in Dallaa,17C; Widtharn, MA; Falla Church, VA; Santa Ana, CA; Kettering, OH; and Toronto, Canada. In Europe. CAI. Ltd .
44-27324140. CAI. G m b H..49-61033627.
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ACCESS! TEST!
Aerospace and Avionics

New literature
family of busable data-acquisition
modules, special-purpose digital-toanalog converters, a programmable
real-time clock for DEC's LSI-11,

DIT-MCO
INTERCONNECT
TEST
SYSTEMS

•-•
MICROCOMPU ER
ANALOG 1/0
SYSTEMS

Dataorocessing

and a selection of dc-dc converters
are also described. Data Translation
Inc., 4 Stathmore Rd., Natick,
Mass. 01760 [428]

Field Proven
Automatic
Interconnect Test
Systems For OEM
Quality Control And
Overhaul/Repair
Functions

DIT-MCO, the recognized leader in interconnect test systems
has more test system and access fixtures in field use than the
next five test system manufacturers combined!
DIT-MCO generates the total package. Programmable
testing, maintenance and diagnostic procedures. Hardware
with voltage and speed variables to verify electrical circuit paths of PC boards of all types, wired backplanes,
harnesses, wired racks or assemblies, and other multiple
point circuitry. Access fixtures to dramatically reduce product to tester interface time and total test time. Personnel
with little or no computer training can be taught in a short
time to operate any of the systems.
Call or write today for an in-person description of the full
benefits of testing with a DIT-MCO system!

DIT-MCO—The Difference in Testing.

DIT-MCO
INTERNATIONAL
5612 Brighton Terrace
Kansas City, Missouri 64130
Telephone (816) 444-9700
Telex Number 42-6149
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European Technical
Representative
Radix House
Central Trading Estate
Staines, Middlesex TVV18 4-XA
England
Telephone (0784) 51444
Telex Number 935023

A-d and d-a peripherals. Highlighted
in a 12-page brochure is the SineTrac series slide-in analog-to-digital
and digital-to-analog peripheral
boards for minicomputers and microcomputers. The brochure outlines
the SineTrac concept and gives
performance specifications common
to all models. A block diagram for
the ST-PDP is also provided, along
with a user-oriented selection guide
for each series. Ordering information is given. Datel Systems Inc.,
1020 Turnpike St., Canton, Mass.
02021 [429]
Silicones. "Guide to Dow Corning
Products" summarizes silicones used
in 21 major industries for such applications as appliance design and
maintenance, chemical and petroleum processing, and metal fabrication. The 40-page guide also contains product-selection tables that
contain descriptions, benefits, and
applications. Dow Corning Corp.,
Midland, Mich. 48640 [430]
Switches. Information on more than
300 different switches is contained in
a32-page catalog. Some of the products include slide, snap-action, rotary, rocker, and paddle switches, as
well as klipsocket lamp holders, and
panel indicator lights. Chicago
Switch Inc., 1714 N. Damen Ave.,
Chicago, III. 60647 [431]
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Plasma technology has come into
its own at Interstate Electronics!
To respond to new requirements
and to meet increasing demand, we
have rounded out our plasma product
family by adding glass panel production. Our new panel manufacturing
source is solidly in production to meet
all of your program requirements.
This means immediate availability to you of "off the shelf" plasma
display panels and heads, as well as
all of the other products in our plasma
display family.
You now have acomplete source
for plasma products—Display heads,
terminals, special-requirement

products, and panels
Call today for complete details
on availability, quantity, prices and
special sizes. Write or call Don Poulos,
Product Manager, Interstate Electronics

Corporation, 1001 East Ball Road, PO.
Box 3117, Anaheim, CA 92803. Telephone (714) 635-7210.
Remember, that's Interstate
Electronics—specialists in information
processing and display for more than
20 years.

INTERSTATE
ELECTRONICS
CORPORATION
SUBSIDIARY OF

.Ti

AIL

(

Information Processing and Display.
Systems. Products. Sert ices.
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ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

CLASSIFIED SALES REPRESENTATIVES
Atlanta
Boston
Chicago

404/892-2868
Jim McClure 617/262-1160
Bill Higgens 312/751-3733

Sales Manager—Mary Ellen Kearns-212/997-3308
Cleveland
Dallas
Denver
Detroit

Mac Huestis
Mike Taylor
Shirley Klotz
Mac Huestis

216/781-7000
21g/742-1747 Houston
303/837-1010 Los Angeles
313/873-7410 New York

Mike Taylor
Ana Galaz
Larry Kelly

713/659-8381
213/487-1160
212/997-3594

Philadelphia
.Dan Ferro .215/568-6161
Pittsburgh ....Dan Ferro .. 412/391-1314
San Francisco Peter McGraw 415/362-4600
Stamford . ..
William Eydt 203/359-2860

POSITIONS VACANT

A Place for
IC's and Hybrids
Portland, Oregon that's the place. We've been building custom IC's and Hybrids for the
last 10 years. Our current line includes bipolar, E(7L. N•MOS and C-MOS Processes.
If your interest lies in low volume, high performance custom devices and you desire to
work with a wide variety of processes and interface with engineers ranging from
manufacturing to instrument designers, let's talk.
Current Positions include:

Hybrid Product Engineers
Hybrid Designers
Hybrid Process Engineers
Bipolar Process Engineers
-metalization
-photolithography
-ion-inplantation

Bipolar Process
Engineering Manager
Test/Trim Engineers
-device/circuit
characterization/test
-wafer probing

Laser Wafer Trimming Engineers
Located near Portland, Oregon, Tektronix Inc. develops, manufactures, and markets
internationally recognized precision electronic measurement instruments, computer
peripherals and related electronic instrumentation.
For these or other opportunities, please send your current resume to: Roy Epperson,
Tektronix, Inc., P.O. Box 500, W35, Beaverton, Oregon 97077 or call 1-800-547-1164.
An Equal Opportunity Employer m/f/h

Faculty Position in Electrical
Engineering. The preferred area is
Power Systems, but all others
considered. An earned doctorate in
Electrical Engineering is preferred,
but an M.S.E.E. with considerable industrial experience should apply. You
will be expected to teach undergraduate and graduate level courses.
Salary commensurate with qualifications. Assistant Professor position
renewable 9-month contract to begin
August 16, 1979. Applications accepted until position filled. Contact
Dr. Virgil Ellerbruch, Head, Electrical
Engineering, South Dakota State
University, Brookings, SD 57007.
Phone 605-688-4526. An equal opportunity/affirmative action employer.
Electronics Engineer to design and
implement new circuitry, to update
existing equipment, and to participate in the maintenance of awide
variety of mass spectrometers, computers, and other scientific instrumentation. B.S. or MS. in EE or
physics, or Ph.D in Chemistry with
experience in electronics is required.
Minimum salary: $14,400 per year,
starting January 1, 1979, or at a
date thereafter suiting the successful candidate's need. Applicants
should send resume, graduate
transcript. and names of three
professional references to M. L.
Gross, Dept. of Chemistry. Univ. of
Nebr., Lincoln, NE 68588 by January
1, 1979. An Equal Opportunity-Affirmative Action Employer.
Electronics Engineer (Sr. Level)—
Background in signal processing,
instrumentation, ultrasonics/acoustics. Should have good theoretical
background but must be practically
oriented. Research & Development
laboratory. Send resume Energy &
Minerals Research, P.O. Box 409,
Kennett Square, Pa. 19348, Attn:
Mr. Don Culp.
Engineers—discrete,
personal,
reputable national fee paid placement serv. Murkett Assoc. Box 527,
Montgomery, AL 36101.

EMPLOYMENT SERVICE

'Mamma

COMMITTED TO EXCELIENCE
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M.E.s, I.Ls, (Ls, Ch.Ls—Let our
search firm represent you to our
clients nationally and overseas. If
you are seeking a more prestigious
position with increased responsibilities and a better Future, send a
resume or request aposition profile
and at no charge we will provide you
with
interview
opportunities.
Register in our exclusive Executive
Search Program. All replies strictly
confidential. All Fees employer paid
at Management Recruiters, 1900
Point West Way, Suite 281, Sacramento, CA 95815.1916) 920-0441.
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The Department of Electrical Sciences and Engineering of the
University of California, Los Angeles, has the following faculty
positions open:
Integrated Circuits and Applied
Electronics: This position will require aPh.D. or equivalent research
experience in various areas of solidstate device and circuit electronics
Teaching and research ability are
essential

At AMECOM...
innovation starts with your ideas.

Solid-State Electronics: This position is in the areas of the physics of
electron devices. Ph.D. and astrong
background in solid-state device
physics with demonstrated research
experience are required.
Interested and qualified applicants
should contact the Chairman, Electrical Sciences and Engineering
Department, UCLA, 90024. The
University of California is an equal
opportunity/affirmative
action
employer.

HOUSTON, TEXAS
ELECTRONIC DESIGN
AND
PROJECT ENGINEERS
Ihe automatic control systems segment of
our industry is expanding and is currently in
need of individuals with analog/digital
design capability. Microprocessor exper
ience a major plus on both R & D and
product design. Competitive salaries and
benefits.
For further information, contact Russell
Ballentine or John O'Dell at

(713) 621-9050
All Fees A,sumed By Client Compani,

RSONNf L Si RVICA S

458 Houston Natural Gas Building
1200 Travis
Houston, Texas 77002

rA

ENGINEERS —MANUFACTURING

ationwide Placement Service.
Our clients pay all fees and interview
Nationwide
expenses.
All transactions conducted
in strict confidence. Send resume to:

E. J. Stephen
If, ( In SEARCH 4 ,on PI ACE Mt 's
IRI SIMI- •40.11 •

•11,111•41. DI 19/01

1301) 7986861

ELECTRONICS ENGINEERS
Specializing in the placement of
Electrical Engineers Nationally. All fees
company paid. This is only apartial listing. Send resume.
Project Mgr.
30K Power Eng.
23K
Design E.E.
21K Controls Eng. 23K
Instrumentation 22K Systems Eng. 22K
Sr. Systems
25K Facilities
25K
Project Eng
22h Mechanical Des 24K
COREY ASSOCIATES
Suite 230. 105 Wolf Rd.. Albany. NY
12205

EMPLOYMENT SERVICES
Electronic engineering growth positions with clients located nationally
Our service is enhanced by the fact
that Iam an EE with 20 years in in•
dustry and over 10 years in placing
professionals on an employer fee
paid basis. Send your resume to Joe
Torcassc Director, J. Anthony 8.
Associates.
PO
Drawer
AD.
Lynchburg. OH 45142. 513/364.
2305.
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And ideas
are what we're all about.
We've earned international recognition for
our breakthroughs in state-of-the-art
electronic warfare and advanced
telecommunications. If you're acreative
professional who thrives on fresh ideas,
take time now and start a professional
conversation with us.
We're looking for people who like to think,
and we give them time to develop
productive thoughts to their fullest
potential. We specialize in solutions to
hard problems, the kind of solutions that
come from innovative ideas.
Positions of uncommon potential exist now
in these areas:
ANALOG OR DIGITAL PROCESSING
•LSI application
•High speed data conversion
•Power supplies
TELECOMMUNICATIONS SYSTEMS
DESIGN
•Advanced digital subsystems including
TDM
•RF and analog subsystems including
frequency synthesis and FDM
techniques
•Microprocessors and related real-time
operating systems software
•Voice switching systems

ELECTRONIC WARFARE SYSTEMS
•State-of-the-art ESM/ECM
•Signal processing
ELECTRONIC WARFARE
PROCESSING — HARDWARE
• Microwave subsystem design
•Circuit design — RF, video, analog, high
speed A/D converters
•EW digital subsystem design — signal
sorting, microprocessors/microcontroller
design, computer interfacing
RF
•Microwave communications and
receiving systems
•High sensitivity DF receivers
•Solid state microwave component
design
Besides excellent compensation, benefits
and acreative professional environment,
we're located in a pleasant Maryland
suburb with your choice of city, mountain
or water living and recreation.
Call or write Bill McAmis (301) 864-5600
Amecom Division,
LITTON SYSTEMS, INC.
5115 Calvert Road, College Park, MD
20740
An equal opportunity employer M/F/H.

Amecom Division

LITTON
SYSTEMS, INC.
261

Engineering
the Office
of the Future
We are apioneering group of engineers
and computer scientists working on an
innovative application of computer technology to the office of the future. The
design and implementation of the Electronic Office requires an unprecedented
multidisciplinary application of the latest
digital hardware integrated with the most
advanced software techniques available.
Guided by aunique understanding of the
potential of office automation, we are
developing an ambitious digital business
system; apioneering effort with strong
emphasis on the system's human interface. We offer exposure to the entire range
of current electronic technologies. Computer engineers will find special opportunities
to apply their talents to the first new application of digital computer technology in at
least adecade. Some areas of particular
interest are:

If you currently
earn between
$15,000 -$36,000
we've got a better
job for you ... NOW!
Several new contract awards have created numerous, immediate.
long term career opportunities for degreed. technical professionals
We are only interested in top caliber, creative individuals with
proven records of success in engineering, management &
consulting. Locations are nationwide
Opportunities include technical/management consulting, project
management. R&D. test and systems evaluation Major contract
areas include Communications. Satellites. Weapons. Intelligence.
Computer, Energy and Aerospace systems All positions require
U.S. CITIZENSHIP, MINIMUM OF ABS degree (MS/Ph.D
preferred), and a minimum of one year experience in one or more
of the specific areas listed below
• Minicomputers
• Microprocessors
• Software development
• Signal processing
• Digital systems

•Command &Control

• Radar Systems
•Communication Systems
• EW/SIGINT/ELINT
• Microwave Systems
• Electromagnetics
.Fire Control Systems

If you want to join one of the fastest growing firms in the
country. call Robert Beach. Vice President. collect at
1301)762-1100 or. if you
prefer, send your detailed
resume. in confidence Well
make you an offer you can't
refuse

WALLACH
assoclates, Inc.

WALLACH
connection

Your career

Equal Opportunity Employer Agcy

1010 Rockville Pike
Box 6016
Rockville, Maryland 20852
(301) 762-1100

•Distributed System Architecture
•Logic & Microprocessor Systems
•Analog & Digital Circuits
•Data Comm and Common Carriers
•RF & Optical Transmission Links
•Office Terminals
•A /D Conversion & Signal Processing
•Reliability & Fault Tolerance

Our attractive Connecticut location offers a
quiet New England environment with
abundant recreational opportunities and
large metropolitan areas within easy
reach.
Unparalleled opportunities for career advancement with our rapidly expanding
group can be investigated by sending your
resume to:
Manager, Professional Employment
Department E-14
Burroughs Corporation
105 Newtown Road
Danbury, Connecticut 06810
An Equal Opportunity Employer M F

Burroughs

26?

SPECIALISTS FOR

ELECTRONIC ENGINEERS
Hundreds of growth opportunities
tor talented engineenng prolesserkys

qPjW2
--24-56:1-/6e41f5C0(age'cY
Iso networkookeeAstriZfe Ltd.

ELECTRONIC ENGINEERS
INDIVIDUAL CONTRIBUTORS TO EXECUTIVES
As one of the most widely known specialist recruiting firms for
the electronics and computer industries we offer you what most
of our competition can't —
Nationwide Contacts
Telephone Interviews
Our more than 200 client companies throughout the country are
very willing to save you valuable time by thoroughly discussing
the position with you via the telephone. You interview only with
those who can excite your interest and meet your salary demands.
Even though all costs are paid by our client companies. YOU are
our only concern and we can save you valuable time in your desire
to improve yourself.
DICK RAY, PRESIDENT
CAREER CONSULTANTS
540 MEADOW ST. EXT., AGAWAM, MA 01001
413-789-0907

•
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CREATIVE ENGINEERS

Have you become just aface in the crowd?

Raychem can change all that!
Raychem challenges your creativity to exploit new technologies and
develop innovative products! We encourage outstanding performance and are quick to reward it! Our unique philosophy — providing
you the opportunity to create your own environment — encourages
excellence in individual performance.
We are an extremely successful, Multinational Corporation ... the
World Leader in radiation chemistry of polymers. We have developed
a wide range of heat shrinkable insulation, connectors, corrosion
prevention and wire products for the electronics, military and aerospace markets.

San Francisco Peninsula

•PRODUCT MANAGER/WIRE and CABLE
TRANSMISSION LINES

•

We need an aggressive self-starter with demonstrated ability in the electronic
transmission line area to lead an effort in developing our capabilities in EMI,
EMP, balanced lines, low loss, etc.
Reporting to the Director of Marketing, you will be in charge of developing
design, product, pricing and marketing strategy for this expanded product line
in Raychem's Wire and Cable Division. A minimum BSEE, is required as is indepth knowledge of transmission line technology and the electronics industry in
general. Your strong technical expertise coupled with effective managerial ability
are key qualifications for this position.

•CABLE DESIGN ENGINEER/WIRE &CABLE

•

Excellent opportunity to , a creative, aggressive technical Professional to
assume responsibility for the design of cables, interpretation of customer
specifications and the direction of the development of general technical expertise
in our rapidly expanding Multiconductor Cable area.

Our ideal candidate will have indepth design experience in all aspects of multiconductor cable manufacturing as well as the ability to interface productively
both with our customers and Raychem's technical, sales and manufacturing
personnel.
Reporting to the Technical Services Manager of the Wire and Cable Division,
you will direct the activities of an innovative group of Design Analysts, Sample
Makers and Draftpersons. BS/Engineering and extensive experience in cable
design and manufacture is required.

•TECHNICAL SERVICES ENGINEER

Become involved in the design of transmission lines and other high frequency
interconnect systems and in the product testing of transmission lines especially
shielding. You will research and recommend purchase of laboratory test equipment and will consult with our Sales people and with customers on transmission
line issues.
You must have a MSEE with special emphasis on transmission of high frequency
signals; knowledge of shielding and general wire and cable principles essentiaL
Good communications skills are necessary as you will be asked to make technical presentations to our Customers.

Raychem's 25% annual compounded growth rate since our inception
in 1957 is indicative of our commitment to maintain and improve our
leadership in the industry. We offer above average salaries, excellent
benefits and ahealthy, stimulating environment.
Please send your resume, including salary history, to Bernie
Shapiro, Human Resources Dept. 7420/EL, Raychem. 300 Constitution Drive, Menlo Park, CA 94025. (415) 329-4500. An equal
opportunity employer.

Raychem

A Multinational Corporation responding to the technological needs of
the Telecommunications, Process. Energy and Electronics Industries. MMEM110
Electronics/January 4, 1979
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Energy Industry

esident
h sposition is no place

o the tentative manager.
The company, $5 million, 1978 revenues with a
healthy backlog and four year history of
developmental losses, is man emerging high-technology industry that has immense potential for
significant growth. However, it will leave anumber
of players exhausted both financially and technologically. The committed, well managed survivors
will participate in major identified markets over the
next five years and beyond.

You are a dynamic, aggressive, positive
thinker with results oriented controls background, we have a challenging position
with unusual compensation and rewards.
Our 12 year old, Southern California company has experienced 30%/per year
average growth and is currently embarking
on a major expansion.
Send your resume, attention:
V.P./Manager

This level of success requires the talents of avery
professional, strong and persistent executive who
has already demonstrated the ability to get the job
done in the midst of uncertainty, rapid technology
change and the continual pressure of tight
operating budgets.
Prior experience with asemiconductor device
manufacturer is amust. Operating management
with full P&L responsibility is amust. A proven and
distinct marketing orientation is amust. A Board
member presence is amust. A survivor-winner,
risk taker, strategist mentality is amust.

SEMCO INSTRUMENTS, INC.
11505 VANOWEN STREET
NO. HOLLYWOOD, CALIF. 91605

The rewards for success will be significant. The
compensation package with performance
incentives should be in excess of $120,000, plus
major stock option grants.

TELEPHONE 213/982-1400

If you are prepared to step up to aserious
managerial challenge and opportunity, please
submit pertinent background information to Box
P-8381, Electronics, Class. Adv. Dept., P.O. Box
900, NY, NY 10020.

SR. MMHG EWE
ENGINEERS
BE BOLD!

challenges

Step up to new responsibility and
at VERSATEC ... on the

San Francisco Peninsula
Unusually stimulating opportunities exist for Senior Manufacturing Engineers in the Electrical and Mechanical areas.
Familiarity with MRB, CCB, tool design, manufacturing processes and production line problem solving essential.
Position requires BSME and min. 5years solid experience.
Let us tell you more about VERSATEC. Our uniquely strong
employee-oriented environment provides full latitude to
creative professionals ... our top compensation ... our
FREE benefits which include Dental & Retirement Plans,
effective on your 1st day of employment ... and our plan
for continued growth &success.
Please send your resume, including salary history,
to: VERSATEC, 2805 Bowers Ave., Santa Clara, CA
95051. 408/988-2800. An equal opportunity
employer M/F.

NOW IS THE TIME ... TO HIRE
ASTUDENT THIS SUMMER.
First, it's later than you think,
with schools closing on different
semester schedules, and students torn between lining-up
"sure" jobs now or gambling
that something in their chosen
field will come along later.
Second, and most important,
it's in our industry's best interest to encourage and hold
its life-blood by providing practical experience in their future
profession.
And, since there'll always be
more applicants than openings,
you'll be able to select the cream
of the crop, then evaluate them

with an eye towards hiring, when
as coveted graduates, the job
market might be in their favor.
Because we believe this program is of mutual benefit to
both employer and employee
alike, we again offer our services as aclearing-house.
Just fill out and return the
coupon below, and we'll include
your organization in a free listing to be sent to Placement
Directors and Department Heads
at leading colleges and universities across the nation.
They'll post it, and the students
will contact you directly.

Free summer help listing
MAIL TO ELECTRONICS POST OFFICE BOX 900 NEW YORK NY 10020
NAME/TITLE ,
of individual to be contacted
ADDRESS: 'Mailing address of your personnel off ice
ORGANIZATION: (Firm, Company, Government Agency or Institution

w"""VERSATEC
M

r

A XEROX COMPANY

TYPE AND NUMBER OF STUDENTS SOUGHT:
Technician

Electronics

Avionics

Other: Draftsman, etc.:

Note: Last date coupons can be accepted for this year's student mailings is

264
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Do you feel
like just
rilother face
in the crowd?

COME TO CPI!
We are an international leader in the development of peripheral equipment for the
rapidly expanding computer industry and we are taking some innovative steps
along the path to success.
This is an environment where professionals and their achievements are most
visible. If you are unafraid to move out, beyond the crowd, we will see you at CPI.
We have immediate career opportunities for:

PRINCIPAL MECHANICAL ENGINEER

Product Development
Five years' engineering experience, including 3 years in electrophotographic
mechanical development, is desirable. A BSME is necessary. Will be involved in the
project planning and mechanical design of a high speed non-impact printer;
technically direct the supporting design, drafting, and laboratory personnel from
design debugging to initial production phases; and act in vendor negotiations.

SENIOR MECHANICAL ENGINEER
Degree coupled with 4-6 years' product design experience and asound working
knowledge of printer products design/manufacture is desirable. Must be familiar
with mechanisms, structures, electronic packaging, cooling, value engineering,
and manufacturing processes as they relate to product performance and cost. Will
be responsible for maintaining design control of aspecific product line providing
design support to manufacturing and field engineering. Involvement encompasses
test formulation and supervision, while providing leadership to designers, drafters
and technicians in the implementation of design revisions.

ELECTRICAL ENGINEERS
The candidates we seek will have experience in one of the following areas: logic
design, DC servo systems design, DC power drives circuit design, DC power supply
design, or adesign of microprocessor based controllers for computer peripherals.
A minimum of 3 years' experience coupled with a degree is required. Will be
involved in the design and development of complex printer control systems.
These positions offer exceptional career potential, competitive salaries and
excellent benefits. For confidential consideration, please forward your resume,
including salary history, to: Dr. Donald Swatik, Director of Engineering.

...where you can be
heads above the crowd!
05)

COMPUTER PER1PHERALS,INC.
a subsidiary of
CONTROL DATA CORPORATION
1480 N. Rochester Road -Box E-31
Rochester, Michigan 48063
313-651-8810, Ext. 232
Affirmative Action Employer
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ELECTRONIC ENGINEERS
ELECTRONICS ENGINEERS, $15,000445,000. Choice entry-level to
management positions immediately available in Pennsylvania &
national locations. We have been placing electronics engineers for
more than 14 years, and have established contacts with many of
the leading companies in the nation. Reply in strict confidence to
J. G. Weir, President, WEIR PERSONNEL SERVICES, 535 Court St.,
Reading, PA 19603 (215/376-8486).

»IKE YOUR
HOME IN ME
MOUMAINS WI771
Hewlett Packard
Come to the majestic mountains of
Colorado and take advantage of aunique
opportunity: challenging career with one
of the foremost electronics companies
AND the opportunity to enjoy living in a
small community atmosphere.
At Loveland, Hewlett-Packard develops,
manufactures, and markets state-of-theart measurement instrumentation in the
fields of; volt meters, circuit board test,
signal analyzers, signal sources, and
distance and angle measuring devices.
Hewlett-Packard currently has career
opportunities in research and
development, marketing, manufacturing,
and quality assurance -and are looking for
engineers who have expertise in:
• Component Application
• Reliability Engineering
• Analog/Digital Circuit Design
• Product Marketing
• Signal Processing
• Semiconductor Processing/Device
Design
• Manufacturing Engineering
• Technical Writing
Hewlett-Packard's Loveland facility is
located in the foothills of the Rockies, just
ashort drive from Denver and close to
famous Estes Park. Loveland, Colorado is
acommunity of 30,000 people; atown
which offers affordable housing, top rated
recreational areas, and excellent
academic opportunities.
If you'd like to spend your future with a
dynamic, growing electronics company
and experience the joys of small town
living, send your resume to: Judy Neetz,
Hewlett-Packard Company, 815 14th
Street, S.W., Loveland, Colorado 80537.
Equal Opportunity Employer Dedicated to
Affirmative Action

DESIGN ENGINEERS to $30K. Central Penna. Design connectors/
terminals,
E/M
components.
Outstanding
relocation
package.
Prompt confidential reply. MECK ASSOC. PERSONNEL, 1517 Cedar
Cliff, Camp Hill, PA 17011 (717/761-4777).
MICROPROCESSOR to $28,000. New companies & new mgmt positions in computer & P.O.S. terminals for design, project & mfg
E.E. Very urgent needs. Call Jim Mann, ARTHUR PERSONNEL, 8
Forest Ave., Caldwell, NJ 07006 (201/226-4555).
ENGINEERS, $17,000-$35,000+. From our Gateway to New England
location. We have access to hundreds of positions from Metro NY
to Maine. Openings in design, applications, systems. ACCESS
GROUP, Ill high Ridge Road, Stamford, CT 06905 (203/356-1166).
BSEE/ELECTRONIC DESIGN ENGINEERS, $15,000435,000. Immediate, desirable upstate New York & nationwide. Junior to senior
project management. In confidence send resume or call James F.
Corby, President, NORMILE PERSONNEL ASSOC., INC., 5 Leroy St.,
Box 110 Westview Station, Binghamton, NY 13905 (607/723-5377).
PRODUCT PLANNER, $24,000432,000. BSEE with some graduate
work. 5 yrs engineering plus 5 yrs marketing or planning exp.
Semi-conductor knowledge. Contact SELECTABILITY, INC., 1011 E.
State St., Box 4087, Rockford, IL 61104 (815/964-0078).
ELECTRONICS ENGINEERS, $17,000-$24,000. Desirable Midwest and
national locations for immediate design & applications positions.
Contact
Keith
Baldwin,
ANGUS/BALDWIN
ASSOCIATES,
2337
Victory Parkway, Cincinnati, OH 45206 (513/961-5575).

the nation's leading engineering placement network
911 •ositions listed are tee-paid

NATIONAL
PERSONNEL
CONSULTANTS

Electronics

MEDICAL
ELECTRONIC DESIGN
As an established leader in the field of diagnostic imaging
with arecord of success spanning over 60 years, the Picker
Corporation has outstanding design positions for the development of several new x-ray products. These positions offer
excellent professional growth in an area utilizing state-of-theart electronics.
We are seeking professional Design Engineers with aminimum
of a Bachelors Degree in Electronic Engineering and three
years experience in the design of sophisticated electronic
products utilizing both digital and analog circuit design techniques. A knowledge of design utilizing micro-processor
technology is highly desirable.
If you are qualified, dedicated to excellence and interested in
an environment offering excellent growth based on your
ability, send your resume to:

Don MacArthur
PICKER CORPORATION
595 Miner Road
Highland Hts., Ohio 44143
An Equal Opportunity Employer. /A/F /H

PICKER
HEWLETT àk PACKARD

ONE OF THE CIT

COMPANIES

Quality Health Care For HumanKind

16E)
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Electronics Magazine
Book Series

1. Microprocessors
What you must know about
available microprocessor
technology, devices, information, 4th printing. $8.95
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

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

7. Memory Design: Microcomputers to Mainframes
The technology, devices, and
applications that link memory
components and system
design. $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

8. New Product Trends in
Electronics, Number One
From "New Products," stateof-the-art materials and equipment, arranged according to
function. $14.95

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

Electronics Book Series
P.O. Box 669. Hightstown, NJ 08520
1. Microprocessors
Send me
copies at $8.95 per copy.
2. Applying Microprocessors
Send me
copies at $9.95 per copy.

:
1
11
rtri

If after my 10-day free-trial examination tam not fully satisfied Iunderstand
that my payment will be refunded.
D Payment enclosed
D Bill firm
D Bill me
Charge to my credit card:
D American Express
El Diners Club
D BankAmericard/Visa
Master Charge'
Date Exp.

3. Large Scale Integration
Send me
copies at $9.95 per copy.

Acct No.

4. Basics of Data Communications
Send me
copies at $12.95 per copy.

*On Master Charge only first numbers above name

5. Circuits for Electronics Engineers
Send me
copies at $15.95 per copy.

Name

8. Design Techniques for Electronics Engineers
Send me
copies at $15.95 per copy.

Company

7. Memory Design: Microcomputers to Mainframes
Send me
copies at $12.95 per copy.

Street

8. New Product Trends in Electronics
Send me
copies at $14.95 per copy.

City

Discounts of 40% on orders of 10 or more copies of each book.

Signature
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Title

State

Zip
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REPRINTS AVAILABLE FROM ELECTRONICS
No of
c091.
wanted

_

_

Books

_

R-803 New product trends in electronics- Electronics Book Series
333 pp $14.95
R-732 Memory design-Microcomputers to mainframes-Electronics
Book Series 180 pp $12.95
R-726 Design Techniques for Electronics Engineers: 293 time-saving

_

_

_
_

_

$9.95
R-520 Microprocessors- Electronics

_

Book Series 154 pp $8.95
R-011 Computer-aided Design 135 pp

_

method 6pp $2.00
R-705 Powering up with linear ICs 12

_

_

Articles

_

R-815 Higher power ratings extend VMOS FETs' dominion 8pp $2.00
R-813 Data-link control chips: bringing

_

pp $3.00
R-703 Special
report -memories
16 pp $3.00

satellites 8pp $2.00
R-430 Choosing the right bipolar transistor model for computer-aided
design 20 pp $3.00
R-428 Designing with low-cost lasers 6
pp $2.00
R-424 Microprocessor applications 28

_

pp $3.00
R-422 A microprogramable minicomputer 8pp $2.00
R-420 Computerized text-editing and
typesetting 8pp $2.00
R-418 Computer analyses of rf circuits

_

8pp $2.00
R-414 The ion-implanted

R-702 World market report 1977 24 pp

R-324

_

_

up printed wiring 10 pp $3.00
R-801 World market report 1978 24 pp
$4.00

_

R-734 Microcomputer families expand

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.

dard interface 12 pp $3.00
R-432 An update on communications

special report 24 pp $3.00
R-610 Special report on hybrid-circuit

R-809 New methods and materials stir

Make check or money order payable to Elec-

R-506 The case for component burn-in
7pp $2.00
R-434 Designing systems with the stan-

R-406

_

Payment must
accompany your order

_

phisticated designs 8pp $3.00
_R-612 Fiber-optic communications

$3.00
R-811 Multiplexing liquid-crystal
plays 10 pp $3.00

electronics gets the green light
10 pp $3.00

R-508 Designing microprocessors with
standard logic 12 pp $3.00

R-412

_

20 pp $4.00
R-730 Special report -Automotive

_

$4.00
R-616 Special issue-technology update $4.00
R-614 Power supply choices for so-

order to data protocols 10 pp
dis-

R-510 Bipolar advances with Pt_ microprocessor 8pp $2.00

R-712 Special report -large-scale integration 16 pp $3.00
R-710 Personal computers mean business 8pp $2.00
R-708 So you want to be a consultant
6pp $2.00
R-706 Low-cost dual delayed sweep

$4.00

_

R-716 Special report -Japanese wave
in semiconductor technology 24
pp $3.00
R-714 Special report -active filter
technology 6pp $3.00
R-713 Electron-beam lithography
draws fine line 10 pp $3.00

Electronics Book Series 191 pp

_

pp $3.00
R-720 How EEs feel about engineering-3-part series 26 pp $5.00
their technologies 8pp $3.00

_

microprocessors-

$9.95
R-608 Basics of Data Communications-Electronics Book Series
303 pp $12.95
R-602 Large Scale Integration-Electronics Book Series 208 pp

receiver design 6pp $3.00
R-512 Design of circuits for dangerous
environments 4pp $2.00

R-718 Display makers strive to refine

tional groups-Electronics Book
Series 396 pp $15.95
R-704 Thermal design in electronics 52

pp $5.00
R-701 Applying

squeeze more performance from
LSI 22 pp $3.00
R-722 Demands of LSI are turning chip
makers towards automation 12

ics Book Series 370 pp $15.95
R-711 Circuits for electronics engi-

_

conductors 12 pp $3.00
_R-518 Special issue-productivity
$4.00
R-514 Eight ways to better radio

ers' will 10 pp $3.00
R-724 Special report -Technologies

ideas in 48 chapters-Electron-

neers: 306 circuits in 51 func-

R-728 Flexible circuits bend to design-

technology 19 pp $3.00
R-606 Special issue-Making
microprocessors $4.00

R-410

it with

Charts
R-516 Electronic symbols $2.00
R-213 Electromagnetic spectrum (up-

R-526 How reliable are today's compo_

nents 16 pp $3.00
R-524 Special report on bipolar large-

_

scale integration 12 pp $3.00
R-522 Special report on power semi-

n-channel

process 6pp $2.00
Liquid cooling of power semiconductors 6pp $2.00
Special report on passive components 16 pp $3.00
Designing with the new logic,
C-MOS and bipolar 16 pp $3.00
Semiconductor memories are
taking over data-storage applications 16 pp $3.00

_

dated 1976) $3.00
R-326 Optical spectrum (6-page report
and chart) $3.00

USE THIS PAGE AS YOUR ORDER FORM
Cost of orders
Plus 10% handling charge
TOTAL AMOUNT ENCLOSED

Mail your order to:
Janice Austin
ELECTRONICS REPRINTS

SEND REPRINTS TO

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

Name
Company

Dept

Back issues now available:
1960 to 1969, $5.00 each
1970 to 1973, $3.00 each

Street

1974 to 1977, $4.00 each

City

268

State

Zip

Electronics/January 4, 1979

Programmable, high speed
and great performance
plus
the ultimate spec: $1675.

l

WM WM WM 111111111. WM MIR Ma
18

MODEL 501J
Optional: 488 Interface (GP IB)

Compare the specifications and features
of the Model 501J high speed Programmable DC Voltage Calibrator with
any competitive model, and you'll see it
meets or beats everything else on the
market spec for spec. Then look at the
bottom line. You'll see why we call our
$1675. price* the ultimate spec!
Call Bob Ross at (617) 268-9696 while
supplies last at these prices.
E LE CT RON IC
DEVELOPMENT
CORPORATION

Specifications (depending on options)
High Speed: 50µS switching and
setting time
High Accuracy: ± 0.005%
Current: from 10nA to 10 Amps DC
Outputs: ±0.1V to --t-1000 VDC
rri, Logic. BCD Code. Serial or
Parallel.
Options: Binary, ASCII Code,
IEEE 488 Buss Interface.

11 Hamlin St., Boston, MA 02127, Tel: (617) 268-9696

*USA price only.

Circle 345 on reader service card

New
Pressure
Transducer
Catalog

&di,
Abair °Q..> •
*al% i
e
ee

_/.11,_1_111M111111111A111%.
efeit.regleg%
If you measure pre sibr
ima
sure, you'll want
this condensed
catalog. It
describes
awide
range of
pressure transducers and related
instruments. All units
are built to exacting quality standards for reliable,
trouble-free operation in the
toughest environments And at
prices you have to like Send
for catalog of stock models
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When nobody's got
just what you need in
Magnetic Materials

PERNIAG S
Got It!
In stock. Off-the-shelf. 24-hour
delivery. Grinding to your prints.
Engineering assistance. Fabricating
facilities. In addition. PERMAG has
exotic, exclusive hard-to-get items.
Complete facilities for measuring.
testing. and producing special
materials. 8modern plants stocked.
staffed, and equipped to meet your
every requirement.
Write for new catalog.
IN THE MAGNETIC FIELD
PERMAG IS NO. 1.

Consult your Yellow Pages to,
address and telephone number
ol Permag near yOu

4Hartwell Place. Lexington, Mass. 02173
617-861-7450 TWX 710-326-0672

Circle 136 on reader service card

Circle 346 on reader service card
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New from Electronics...
when you can't
afford to reinvent
the wheel.

design
tec ni ues
foR electRonics
engineeRs

Electronics

Here's just asampling of the
vast range of useful information
you'll have at your fingertips...
• How to use soluble masks to protect pc boards
from solder.

Book Series

• How to reduce IC FET op-amp input bias currents.

• 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 aprogrammable calculator to analyze
filter designs.

• 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 afrequency counter to meas,ure capacitance.
• How to evaluate high-energy pulse effects on materials.
• How to operate alogic gate as aflip-flop.
• How to choose the right detector for rf power
measurements.

• How to compute response of RLC networks with a
short program.

• How to measure the access time of bipolar read-only
memories.

• How to eliminate stray signals in remotely gain-switched
op amps.

• How to test power supplies quickly and cheaply.

• How to chart power losses for hybrid-combined
amplifiers.

• How to get the most out of adigital 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.
II

Electronics Book Series
P.O. Box 669, Hightstown, NJ 08520
1. Microprocessors
Send me
copies at $8.95 per copy.
2. Applying Microprocessors
Send me
copies at $9.95 per copy.

itnilr

If after my 10-day free-trial examination Iam not fully satisfied Iunderstand
that my payment will be refunded.
12 Payment enclosed
D
charge to my credit card:
D American Express
C] BankAmericard/Visa

Bill firm

D Bill

me

Diners Club
0 Master Charge'

3. Large Scale Integration
Send me
copies at $9.95 per copy.

Acct No.

4. Basics of Data Communications
Send me
copies at $12 95 per copy.

'On Master Charge only,first numbers above name_

5. Circuits for Electronics Engineers
Send me
copies at $15.95 per copy.

Name

IL Design Techniques for Electronics Engineers
Send me
copies at $15.95 per copy.

Company

7. Memory Design: Microcomputers to Mainframes
Send me
copies at $12 95 per copy,

Street

8. New Product Trends in Electronics
Send me
copies at $14.95 per copy•

City

I Discounts
270

of 40% on orders of 10 or more copies of each book.

Date Exp.

Title

State

Zip

Signature
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Addmaster Corporation
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•
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177

•

FIVRE S.P.A.

Creative Computer

214
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John Fluke Mfg. Co.
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271

American Microsystems Inc.

•
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Amp, Inc.

15

CSPI

245
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DATA. Books

188

164-165
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Data Display

160

76-77
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Datanetics

192

Data Precision

157
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210

Data Systems Design Inc.
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Grayhill, Inc.

174

Grinnell System•
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176

38

Data Translation (DATATION)

276
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Associated Testing Laboratories
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Date Instruments

DCA Reliability Laboratory

252

Davis Electronics Div. of Digital Instruments

186
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Bell 8, Howell Co.

275
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Digital Pathways, Inc.

Berg Electronics Division of Dupont

212
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Bergquist Company

182
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240
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258
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159

Hewlett-Packard
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EH International
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170
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Bourns, Inc.

4th Cover
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Burr Brown Research Corporation

253
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Cardion Electronics

Electronic Development Corporation
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181

Houston Instrument

251
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Electronic Navigation Industries

3rd Cover
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Electronic Measurements
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Electronic Representative Assoc.

218

Elevsm Electronic Tube Co. Ltd.

208

EMM/CMP

217

Emcon and Paktron Division of Illinois Tool
Works, Inc.

175

•

Hughes Aircraft

53

a

PLC Data Device Corporation

49

•

Instrument Engineering

26

10-11

220

6E-7E

Intech
Carroll Manufacturing

9

Function Modules

Intel Special Products Div.
Centralab Electronics Division

100-101

Intellig•nt Systems Corporation
•

Cherry Electrical Products

211

•

Citizen America Corporation

273

Fairchild Systems Technology

98

C 8 K Components

172

Fairchild (Semiconductor Operations
Division)

88-89

Computer Automation, Inc. Industrial Prod.
Div.

257

Conner Winfield Corporation

•

Control Data Corporation

;

Corpus Chrinti Industrial Commission
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Interstate Electronics
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Vector Electronics
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Victor Data Products
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Victory Engineering
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Minthorne International
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Fast, 10-Bit Monolithic
A/D Converter
The Ferranti Model ZN432 is atruly
complete successive approximation A/D
system with 20 sconversion time
guaranteed.

FUNCTIONAL DIAGRAM
SHAPE

REF

OV

IO UT

Features:
II On-chip reference, reference amplifier,
comparator, D/A converter and logic
• Bipolar or unipolar operation
U Parallel and serial binary outputs
• TTL/CMOS compatible
• Diffused resistor network, no trim
required
• Guaranteed monotonic over operating
temperature range
• Commercial and military temperature
ranges available

VERP AT
better by design

00.

co
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FOR COMPLETE SPECIFICATIONS, CONTACT -FERRANTI ELECTRIC, INC /SEMICONDUCTOR PRODUCTS
87 MODULAR AVENUE. COMMACK. NEW YORK 11725 /PHONE: (516) 543-0200
Circle 273 on reader service card
MMMMM

IBM

nil

MIMI

Buzzzz.

(Write for new catalog.)
t

7 ,40,

e•
RMB

The Intecolor 8080 Development System Gives
You Total In-House Control. You probably already

IMB

SMB

Solid state electronic MICRO-BUZZER from
CITIZEN: High reliability, competitively
priced with immediate delivery.
A

complete range:

CITIZEN AMERICA
CORPORATION
1710 -22nd St.
Santa Monica,
CA 90404

SAAB 1.5, 6, 12, 24, VDC
FMB 3, 6, 12, 24, VDC
11,48 (Intermittent) 6. 12, VDC

Name
Company
Address

Toll Free (800) 421-6516
In Calif. (2131 829-3541

City

TWX: (910) 343-6450

Zip

Circle 354 on reader service card

State
Phone

realize that an in-house development system
would give you alot more control, flexibility and
efficiency.
You may not realize that now you can afford
one. Our new low-cost 8080 development system
features a19-inch, 8-color data entry terminal
with an Intel 8080 micro computer. A110 CPS bidirectional desk top printer. A dual mini disk drive
and our 2708/2716 PROM programmer. It also
includes asophisticated ROM-based Text Editor
and Assembler. And as an option, aFORTRAN
compiler with double precision by Microsofte
Call 800/241-9699 toll-free for ademonstration.
(In Georgia, call 404 '449-5961.)
Color Communicates Better

Intelligent Systems Corp.,
5965 Peachtree Corners East Norcross, Georgia 30071
Telephone 404 449-5961 TWX: 810-766-1581

Circle 355 on reader service card
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Advertising Sales Staff
Advertising sales manager: Paul W. Reiss

THE NEW
T-50 AND T-5J

TWO LOW COST, QUALITY
SWITCHES.. ENVIRONMENTALLY
SEALED .. ABOVE AND BELOW
KEYBOARD MOUNTING PANEL
T-5Q (Unlighted) T-5J (Lighted) Designed specifically for keyboard use in
environmental extremes of water, dust and temperature the T-5Q and T-5J
incorporate a tight-fitting neoprene boot that seals all internal switch parts
above and below the keyboard mounting panel. Both switches feature low
cost (5000 quantity price of the lighted T-5J, including lens and diffuserless lamp, is 99c), high switch-to-switch reliability, long life (20 million
cycles), excellent performance characteristics and ratings and full freedom
in style, color and function. Phone or write for detailed catalogue and
sample.
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MECHANICAL ENTERPRISES •INC

1221 Avenue of the Americas, New York, N.Y. 10020
(212) 997-4371
Atlanta, Ga. 30309: Michael Charlton
100 Colony Square, 1175 Peachtree St., N.E.
(404) 892-2868
Boston, Mass. 02115: Frank Mitchell
607 Boylston St.
[617] 262-1160
Chicago, M. 801311
645 North Michigan Avenue
Jack Anderson [312) 751-3739
Robert M Denmead (3121 751-3738
Cleveland, Ohio 44113: William J Boyle
[716] 586-5040
Dallas, Texas 75201: John J. Uphues
2001 Bryant Tower, Suite 1070
[214) 742-1747
Denver, Colo. 80203: Harry B. Doyle, Jr.
123 Speer Blvd. #400
(303) 837-1010
Detroit, Michigan 45202: Jack Anderson
1400 Fisher Bldg.
[313) 873-7410
Fort Lauderdale, Fla. 33308: Michael Charlton
3000 N.E. 30th Place
[305] 563-9111
Houston, T
77002: John J. Uphues
601 Jefferson Street, Dresser Tower
[713] 659-8381
Los Angeles, Calif. 90010: Robert J. Rielly
Robert E Boedicker, 3200 Wilshire Blvd., South Tower
[213) 487-1160
Minneapolis, Minn. 55435: Robert M. Denmead
4015 W. 65th St.
[312) 751-3738
New York, N.Y. 10020
1221 Avenue of the Americas
John Gallie [212] 997-3616
Matthew T Reseska [212[997-3617
Philadelphia, Pa. 19102: Matthew T. Reseska
Three Parkway
[212] 997-3617
Pittsburgh, Pa. 15222 Matthew T. Reseska
4Gateway Center
(2121 997-3617
Rochester, N.Y. 14534: William J. Boyle
1175 Pittsford-Victor Rd., Pittsford, N.Y.
[7161248-5620
San Francisco, Calif. 94111: Don Farris
Dean Genge. 425 Battery Street.
[415] 362-4600
Paris: Patrick Mouillard
17 Rue-Georges Bizet, 75116 Paris, France
Tel: 720-73-01
United Kingdom & Scandinavia: Robert Ghey
34 Dover Street, London W1
Tel: 01-493-1451
Scandinavia: Andrew Karnig and Assoc.
Kungsholmsgatan 10
112 27 Stockholm. Sweden
Tel 08 51 68 70 Telex: 179 51
Man: Luigi Rancati
1via Baracchini, Italy
Phone 86-90-656
Brussels:
23 Chausses de Wavre
Brussels 1040. Belgium
Tel: 13-73-95
Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27c, Germany
Phone 72 01 81
Tokyo: Tatsumi Katagiri, McGraw-Hill
Publications Overseas Corporation,
Kasurnigaseki Building 2-5, 3-chome,
Kasumigaseki. Chiyoda-Ku, Tokyo, Japan
[581)9811

Business Department

8000 Forbes Place •Springfield, Virginia 22151 •(703) 321-8282 •TWX 710-832-0942
GERMANY Neumuller GmbH UNITED KINGDOM Devlin Electronics, Ltd. ITALY ISAB, S.P.A.
SWITZERLAND DIMOS A.G. HOLLAND Logic Control Electronics B. V.
FRANCE Tekelec Airtronic AUSTRALIA General Electronic Services. Pty. Ltd. SPAIN Ceinsa

Circle 270 on reader service card

1978 EBG:

Thomas M. Egan
Production Manager [212] 997-3140
Carol Gallagher
Production Manager International
[212] 997-2045
Betty Preis
Production Manager Domestic
[2121997-2908
Roberta Cummings
Production Manager Related Products [212] 9972044
Thomas Kazich, Production Assistant
(212) 997-2843
Frances Vailone
Reader Service Manager
(212) 997-6057

Electronics Buyers' Guide
Completely new listings of
catalogs, new phone numbers,
new addresses, new manufacturers, sales reps, and
distributors! The total market in
a book—four directories in one!

rElectronics Buyers' Guide

1221 Ave. of the Americas
New York, N.Y. 10020
Ves, please send me
copees) of 1978 EBG.
I've enclosed $25 per copy delivered in the USA or
casada.
I've enclosed $35 per copy for delivery elsewhere ($47
if shipped by Air). Full money-back guarantee if returned
in 10 days.
Name

To insure prompt delivery
enclose your check with the
coupon now.
)7 ,1

Classified and Employment Advertising

Company

Frank Eberle, Manager
[212] 997-2557

Street

L.City

H.T. Howland, General Manager
[212] 997-6642
Regina MOM, Directory Manager
[212] 997-2544
Roberta Cummings, Production Manager
[212] 997-2044
Thomas Kezich, Production Assistant
[212] 997-2843
Frances Valione, Reader Service Manager
[212] 997-6057

State

Zip

Electronics/January 4, 1979

Direct "On-The-Spot" Testing

Let a CEO' Direct Print Recorder be your test system. CEC 5-164 Recording Oscillographs are
used in on-the-spot oil and gas transportation tests because they are convenient,
transportable, accurate and reliable. The user is offered a selection of plug-in modules for
signal amplification, attenuation, strain gage bridge conditioning, or input voltage
suppression. What you get in return is a real time, hard copy
record showing events of interest from steady state to
CEC Division
rapidly varying conditions. For complete
information on CEC Direct Print Recorders
E
contact us at 360 Sierra Madre Villa,
c Bell & Howell 1979
Pasadena, California 91109. (213) 796-9381.
CEC is aregistered trademark of Bell& Howell

I
BELL

HOWELL

Circle 271 on reader service card

ALCO's TT Series, the industry's broadest range of subminiature switch products designed specifically for PC
applications. All switches fit into standard 0.1"
grid patterns. We offer toggles, slide switches
and pushbuttons in achoice of 1, 2, and 4
pole. Lighted types too, in various
combinations per your selection.
Our engineering and production
groups can provide custom

4

switch designs promptly and

lir

economically resulting from
our unique compatible design.
Write or call customer service and
ask for our 100 page catalog and
necessary sample. Order directly
from us or through our network

In
• lei

of stocking-distributors.
TT Series made and patented in the U.S.A.

FILCIMINITCH
ALCO ELECTRONIC PRODUCTS, INC.
1551 Osgood Street, North Andover, Mass. 01845 U.S.A. Tel: (617) 685-4371
A subsidiary of Augat, Inc.

Electronics/January 4, 1979

Circle 357 on reader service card
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ENVIRONMENTAL
SYSTEMS

Quality Controlled Environmental Rooms

Sexy Skanners
to detect
small stuff.
.001 inch and smaller.
Coaxial fiber optic design puts
the phototransistor
in the tip away
from lamp or LED heat
for negligible drift.
Response time from skanner té
amplifier output in
ii•/ .
5 microseconds.
\
And there's more.
•Widest selection of subminiature
photoelectric sensors ever offered.
ptrols and automation systems
' eratch.' clay shipments.

er

SEND FOR MORE INFORMATION

Constant Temp. and Temp./Humidity Cycling,
Bio-Cold, Burn-in, and Metrology Rooms
Working Cold Labs •Deep Freeze
Variable Temp. •Humidity Simulation Shelf Life Testing
Contamination Controlled, Incubation, Stability
Testing and Drug Mfg. Rooms

Standard sizes, low cost, quality Walk-In
Rooms. Standard temperature ranges
from —40 C, —20 C, O C, all with high temperature capability of +93 C. Control stabilities of -' 0.15 C. Standard sizes from 4' x
4' to 12 x 16'. Constructed of interlocking
modular type panels of sandwich construction, superior insulation for peak efficiency.
Several choices of surface finishes. Options
include controlled humidity between 10%
to 98% n2% RH, recorders and automatic
programming with cams, step timers, microprocessors. Rooms can also be adapted
to various degrees of cleanliness according to Federal Standard 209.
Associated also offers a complete line of
packaged environmental chambers from
1
/
2 ft.
to 64 ft. working volumes. Ovens,
liquid CO, or LN, cooled, mechanical cascade refrigeration systems to —73 C, humidity chambers, thermal shock, and
A.G.R.E.E. From Bench Top to Walk -ln, talk
to Associated, the leader for over 25 years.

SKAN A1MATIC

CORP,

PO. BOX S. ELBR1DGE, NY. 13060
PHONE 1315) 689-3961

Circle 358 on reader service card

For maximum warning and minimum size, you can't buy
abetter audio indicator than our new Series Al-250.
Features include Piezo transducer, P.C. PIN or flange
mounting, low power consumption, and a4KHz, 89 dbA
sound pressure rating at one foot. Get full details on
the Al-250 and our entire line of Audio Indicators
by contacting Projects Unlimited, Inc., 3680 Wyse
Road. Dayton. Ohio 45414.
Phone (513) 890-1918.
TWX 810-450-2523.

projects
unlimited
d.

4mo

OUR NEWEST
ING

ASSOCIATED
ENVIRONMENTAL SYSTEMS
SL,bsidiary of Walter Kidde & Company, Inc.

KIDDE
360 MERRIMACK ST., LAWRENCE, MA. 01842
(617) 683-9501 •TWX 710-342-0765
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Circle 272 on reader service card

Circle 359 on reader service card
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Complete entire card.
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.

Reader Service
For additional information
on products advertised,
new products or new literature,
use these business reply cards.
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Subscriptions &Renewals

To aid the manufacturer in filling your
request, please answer the three
questions.

Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.

orm set mu cor so cm err ast tau err we clot sir rev err we ma cmc so so us Rat Ma

January 4,

This reader service card expires April 5, 1979

1979

NAME

a

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 responsibilities for responding to inquiries.

Please print or type.

TITLE
COMPANY

PHONE (
STREET ADDRESS (Company 0

or home 0 Check One)

CITY

ZIP

STATE

Was This Magazme Personally Addressed to You , 0 Yes 0 No

Industry classification (check one):
aO Computer & Related Equipment
b0 Communications Equipment & Systems
cD Navigation, Guidance or Control Systems
dIll Aerospace, Underseas Ground Support

eD Test & Measuring Equipment
fD Consumer Products
gD Industrial Controls & Equipment
hD Components & Subassemblies

j DI Independent R&D Organizations
k0 Government

Your design function (check each letter that applies):
Your principal Job responsibility (check one)
xD Ido electronic design or development engineering work.
t CI Management
yD Isupervise electronic design or development engineering work.
V CI Engineering
zD Iset standards for, or evaluate electronic components, systems and materials.
Estimate number of employees (at this location):

1. C under 20

2. 0 20-99

3.0 100-999

4. 0 over 1000

1
2
3
4
5

16
17
18
19
20

31
32
33
34
35

46
47
48
49
50

61
62
63
64
65

76
77
78
79
80

91
92
93
94
95

106
107
108
109
110

121
122
123
124
125

136
137
138
139
140

151
152
153
154
155

166
167
168
169
170

181
182
183
184
185

196
197
198
199
200

211
212
213
214
215

226
227
228
229
230

241
242
243
244
245

256
257
258
259
260

271
272
273
274
275

348
349
350
351
352

363
364
365
366
367

378
379
380
381
382

393
394
395
396
397

408
409
410
411
412

423
424
425
426
427

438
439
440
441
442

453
454
455
456
457

468
469
470
471
472

483
484
485
486
487

498
499
500
501
502

703
704
705
706
707

718
719
720
900
901

6
7
8
9
10

21
22
23
24
25

36
37
38
39
40

51
52
53
54
55

66
67
68
69
70

81
82
83
84
85

96
97
98
99
100

111
112
113
114
115

126
127
128
129
130

141
142
143
144
145

156
157
158
159
160

171
172
173
174
175

186
187
188
189
190

201
202
203
204
205

216
217
218
219
220

231
232
233
234
235

246
247
248
249
250

261
262
263
264
265

338
339
340
341
342

353
354
355
356
357

368
369
370
371
372

383
384
385
386
387

398
399
400
401
402

413
414
415
416
417

428
429
430
431
432

443
444
445
446
447

458
459
460
461
462

473
474
475
476
477

488
489
490
491
492

503
504
505
506
507

708
709
710
711
712

902
951
952
953
954

11
12
13
14
15

26
27
28
29
30

41
42
43
44
45

56
57
58
59
60

71
72
73
74
75

86
87
88
89
90

101
102
103
104
105

116
117
118
119
120

131
132
133
134
135

146
147
148
149
150

161
162
163
164
165

176
177
178
179
180

191
192
193
194
195

206
207
208
209
210

221
222
223
224
225

236
237
238
239
240

251
252
253
254
255

266
267
268
269
270

343
344
345
346
347

358
359
360
361
362

373
374
375
376
377

388
389
390
391
392

403
404
405
406
407

418
419
420
421
422

433
434
435
436
437

448
449
450
451
452

463
464
465
466
467

478
479
480
481
482

493
494
495
496
497

508
509
510
701
702

713
714
715
716
717

956
957
958
959
960
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This reader service card expires April 5, 1979

1979

TITLE

NAME
COMPANY

PHONE (
STREET ADDRESS

(Company 0 or home 0 check

one)

CITY

ZIP

STATE

Was Th,s Magazme Personally Addressed to You', 0 Yes 0 No

Industry classification (check one):
a _ Computer & Related Equipment
bO Communications Equipment & Systems
cD Navigation, Guidance or Control Systems
d0 Aerospace, Underseas Ground Support

eD Test & Measuring Equipment
fD Consumer Products
gD Industrial Controls & Equipment
hD Components & Subassemblies

j 0 Independent R&D Organizations
kD Government

Your design function (check each letter that applies):
Your principal job responsibility (check one)
xU Ido electronic design or development engineering work.
t 0 Management
y0 Isupervise electronic design or development engineering work.
D Engineering
z1=1 Iset standards for, or evaluate electronic components, systems and materials.
Estimate number of employees (at this location):

1. 0 under 20

2.0 20-99

3.0 100-999

4. D over 1000

1
2
3
4
5

16
17
18
19
20

31
32
33
34
35

46
47
48
49
50

61
62
63
64
65

76
77
78
79
80

91
92
93
94
95

106
107
108
109
110

121
122
123
124
125

136
137
138
139
140

151
152
153
154
155

166
167
168
169
170

181
182
183
184
185

196
197
198
199
200

211
212
213
214
215

226
227
228
229
230

241
242
243
244
245

256
257
258
259
260

271
272
273
274
275

348
349
350
351
352

363
364
365
366
367

378
379
380
381
382

393'108
394 409
395 410
396 411
397 412

423
424
425
426
427

438
439
440
441
442

453
454
455
456
457

468
469
470
471
472

483
484
485
486
487

498
499
500
501
502

703
704
705
706
707

718
719
720
900
901

6
7
8
9
10

21
22
23
24
25

36
37
38
39
40

51
52
53
54
55

66
67
68
69
70

81
82
83
84
85

96
97
98
99
100

111
112
113
114
115

126
127
128
129
130

141
142
143
144
145

156
157
158
159
160

171
172
173
174
175

186
187
188
189
190

201
202
203
204
205

216
217
218
219
220

231
232
233
234
235

246
247
248
249
250

261
262
263
264
265

338
339
340
341
342

353
354
355
356
357

368
369
370
371
372

383
384
385
386
387

398
399
400
401
402

413
414
415
416
417

428
429
430
431
432

443
444
445
446
447

458
459
460
461
462

473
474
475
476
477

488
489
490
491
492

503
504
505
506
507

708
709
710
711
712

902
951
952
953
954

11
12
13
14
15

26
27
28
29
30

41
42
43
44
45

56
57
58
59
60

71
72
73
74
75

86
87
88
89
90

101
102
103
104
105

116
117
118
119
120

131
132
133
134
135

146
147
148
149
150

161
162
163
164
165

176
177
178
179
180

191
192
193
194
195

206
207
208
209
210

221
222
223
224
225

236
237
238
239
240

251
252
253
254
255

266
267
268
269
270

343
344
345
346
347

358
359
360
361
362

373
374
375
376
377

388
389
390
391
392

403
404
405
406
407

418
419
420
421
422

433
434
435
436
437

448
449
450
451
452

463
464
465
466
467

478
479
480
481
482

493
494
495
496
497

508
509
510
701
702

713
714
715
716
717

956
957
958
959
960
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If the cards below have already been used,
you may obtain the needed information

Reader Service

by writing directly to the manufacturer,
or by sending your name and address,
plus the Reader Service number and issue date,
to Electronics Reader Service Department,
P.O. Box No. 2530, Clinton, Iowa 52734.

IMMIM MIMI MOM IMMII Milli OMB MIR IMMIM OMB OM MR 11.11 MIMI MI MU 111111

OM MIMI OMNI OM' OM MIMI MIMI MIMI MUM

1111.1 MIMI' 11.11 UM MIMI MIMI MUIR MI

IMIMM

MIMI

MIIII

Affix
Postage
Here

Electronics
P.O. Box No. 2530
Clinton, Iowa 52735

IMMIM

IMMIM MEMO MIMI MUM MIMI MUM MUM IMIMM MIMI UM MOM MIMI Ma MU

IMMIM

MIMI MIMI 1•11

Affix
Postage
Here

Electronics
P.O. Box No. 2530
Clinton, Iowa 52735

The Power Elite
•

'

Or

i
114.,

.,

V7
.

_
_

e rffteriair
."

•

.•

•

me. •
r

el9e0;11"R

.

: se

•

Ileye

ENI truly is the Power Elite. In
fact, when you want the ultimate
in power flexibility, there's simply
nothing finer in all the world.
And our instrumentation can meet
all your application needs. for RF
signal generator amplification.
RFI /EMI testing. signal distribution. RF or data transmission,
NMR/ENDOR, ultrasonics and
more.
ENI's selection of Class A
power amplifiers is unsurpassed,
combining afrequency spectrum

of 10 kHz to 1GHz with power
outputs that range from 300
milliwatts to over 4,000 watts.
Rugged. compact and versatile.
these power amplifiers can
be driven by virtually any signal
source. They're completely
broadband and untuned. amplifying inputs of AM. FM. N. SSB
and pulse modulations with
minimum distortion. The unconditional stability and failsafe
design make them impervious to
severe load conditions (open or

short circuit), delivering their
rated power to any load, regardless of match.
Clearly, when it comes to
meeting your power amplification
needs. ENI is in aclass by itself.
For detailed technical specifications, ademonstration or our
latest full-line catalog. write:
ENI, 3000 Winton Road South.
Rochester, New York 14623.
Call (716) 473-6900, or Telex
97-8283 ENI ROC.

ENI

The World's Leader in Power Amplifiers
Circle 901 on rid

i
nter

card

Bourns
Resistor
Networks.
Put to the Test — From incoming
inspection of the raw materials through
final inspection prior to shipment,
Boums DIP and SIP resistor networks
are stringently tested to assure the
highest quality possible.
First article inspection is performed
at every key manufacturing step. All
parts are laser- trimmed to their correct value and then 100% inspected. Rejects are sorted out,
eliminating many latent defects. Only parts passing inspection are assembled and then subjected to an additional 100% parametric
test. This electrical test is followed by another QC inspection prior to shipment.
Designed In Quality — Inside and out, Bourns resistor networks are designed
to deliver superior performance and trouble-free operation. Inside, the Boums exclusive KRIMP-JOINT
lead frame termination design provides both a
mechanical and electrical bond that assures reliability. Outside, a proprietary
molding technique eliminates the mold gate, resulting in adimensionally stable,
thermoset plastic package.
Auto-Insertion — Inserting molded Bourns DIP and SIP resistor networks is the
same as inserting IC s. No changing of adjustments is necessary on the automatic insertion equipment.
Superior Performance — Bourns resistor networks offer superior load life, better thermal shock performance and lower, more uniform tempco.
Verified quality, competitive pricing, distributor availability, a broad line of both
DIPs and SIPs, and excellent delivery. Put Bourns Resistor Networks to the test.
Call or write today for your new catalog. Or, see the OEM directory (Volume 2.
pages 3639 -3645).
TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 12155 Magnolia Avenue,
Riverside, CA 92503. Phone: 714 781-5415. TWX: 910 332-1252
European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar, Switzerland.
Phone: 042 33 33 33. Telex: 78722.

ZIONIPIM
simpimmemig.
For Immediate Application — Circle 120

-41
For Future Application — Circle 220
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