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LAST YEAR THIS PROPRIETARY
LSI CIRCUIT WAS ONLY AN IDEA.
This year it made a good idea
into an outstanding product.
Our business is helping original
equipment manufacturers
exploit the advanced semicon
ductor technologies to improve
performance and reduce costs.
We do it by developing
proprietary LSI circuits for our
customers’ exclusive use. Maybe
we should be doing it for you.

If you’re trying to stay com
petitive with a new product—or
by improving an existing
product—now is the time to
consider a custom development
program. We can help you fully
understand the very significant
benefits of custom LSI.
Performance Bonuses That
Cost You Nothing! The real
beauty of LSI is the way it gives
you product design options.
Once you’ve made the decision
to develop a custom circuit,

there’s usually plenty of silicon
real estate to use in new and
different ways. You can add
performance features to the
product at virtually no incre
mental cost. In short, your
product can be much better than
a competitor’s non-LSI
equivalent.
High Yields Mean Cower
Costs. Our LSI processes are
production-proven. We get high
yields. Which means you get
lower chip costs. Plus, LSI
reduces product assembly costs.
Your product should have a
competitive edge in price.
Low Power Consumption.
LSI circuits conserve power.
Their low current requirements
often permit portability which
would otherwise not be possible.
Energy conservation in itself is a
product advantage these days.
Small Size is Only Part of
the Story. Product miniaturi
zation is the most obvious
advantage of LSI. Even if small
size seems unnecessary for your
application, don’t overlook the
numerous other benefits that
we’ve been talking about.
Circle 900 readers service card

Our knowledge of the custom
LSI approach can help you to
evaluate these potential benefits
in your own terms. LSI may be
exactly what you need. If it isn’t,
we’ll be the first to tell you.
Contact us today for some of the
answers. We’ll be happy to send
you some fact-filled material
that describes actual ways we’ve
helped other companies prosper
through the use of custom LSI.
If you’d like to talk specifics,
call Dan Hauer or Rich Koury at
(408) 247-5350.
We sell more than circuits, We
sell solutions.

MICRO

¿MÍ POWER

SYSTEMS

3100 Alfred Street, Santa Clara, CA 95050
Telephone: (408) 247-5350
Cable: Micropower
Telex: 910-338-0154 MICROPWR SNTA

TWIBLBS
S-D’s 5000A Sweeper
The Systron-Donner 5000A is the industry’s most popular sweeper,
with a long history of reliable performance. Interchangeable RF plug
ins cover the spectrum from below 100 kHz to over 18 GHz. This is
the sweeper that will keep up with your work.
S-D’s patented RF oscillator plug-ins are of the voltage or currenttuned fundamental frequency type. They deliver an extremely stable
output with very low spurious signals. Power output is flat and free
of fine grain ripple.
Compact, portable, and “permanently” calibrated, the Model 5000A
will fulfill your sweeper applications. Its solid state design assures
long term reliability... backed by a two-year Systron-Donner warranty.
For details or a demonstration, contact your nearby Scientific Devices
sales office or Systron-Donner/Microwave Division, at 14844 Oxnard
Street, Van Nuys, California 91409, phone (213) 786-1760. Abroad,
contact Systron-Donner in Munich; Leamington Spa, U.K.; Paris (Le
Port Marly); Melbourne.

specialists in frequency domain instrumentation
Designers and manufacturers of spectrum analyzers, sweep generators, coaxial,
waveguide and “Air-Strip”TM transmission line components and sub-systems.
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Meet the Best
AC Calibrationleam Going
When you put the Fluke
5200A Precision ac Calibra
tor and 5205A Precision
Power Amplifier together,
you’ll be working with a
fully programmable ac cal
set-up offering outstanding
range, superb stability and
excellent accuracy.
Now you can calibrate ac
devices up to 1200 volts rms over
a frequency range of de to
1.2 MHz. DC output of 1600 volts
is available. Current levels range
up to 200 milliamperes with a
total output power of 220 watts.
Response is a fast 0.5 second.
Both instruments are short-circuit
proof. These Fluke instruments
are the only ones on the market
to meet the safety requirements
of IEC 348. The field installable
programming capability is offered
in 8,12,16 or 52 bit formats so
the system interfaces easily with
almost any computer.

Midband accuracy is 0.02%
overall and long term stability
200 ppm for six months. Instru
ments are fully guarded and
interlocked. Phase lock and
quadrature outputs are featured.
How much?
Cost of the 5200A and 5205A
calibrator set-up in the U.S. is
$8990. That’s more than some
other calibrators. But with Fluke,
the short circuit feature alone
will give you lower cost of owner
ship. Your Fluke sales engineer
can point out other features that
make our system your better buy.
Or use either unit alone
The Fluke 5205A Power Ampli
fier is a true dual mode instru
ment usable as a stand-alone, de
coupled HV precision amplifier
and 1200 range calibrator ampli
fier. The 5205A is the only unit on
the market that can deliver
200 mA rms at 100 volts as well
as at 1000 volts. And it’s the unit
with the usable accuracy state
ment, 0.04% for 90 days at 23°C
±5°C. Fluke specs accuracy,
John Fluke Mfg. Co., Inc.

P.O. Box 43210
Mountlake Terrace, WA 98043

time and temperature span!
Gain is 100 with a midband
accuracy of 0.04%. Get de to
120 KHz and get up to 1200 volts
rms or 1600 volts de at current
levels up to 200 mA and 220 watts
output power. Price of the 5205A
alone is $3995 (U.S. price).
If you don’t need the high volt
age capability set-up, use the
5200A alone. Get outputs up to
50 mA from 100 microvolts to 120
volts with midband accuracies
of 0.02%. The instrument offers
isolated remote programming for
all functions including frequency
and amplitude. Price in the U.S.
is $4995.
Learn more about using full ac
measure power.
Call your nearby Fluke sales
engineer listed in EEM and the
Gold Book for a demonstration
or complete literature. Or if more
convenient, dial our toll-free
hotline, 800-426-0361, for data
out today.

|FLUKE|

For a demo, circle # 2
For literature only, circle # 3
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Highlights
The cover: Film carrier stars in IC production, 61

To cut labor costs, both makers and users
of integrated circuits are investing heavily in
the film-carrier approach to IC packaging.
Equipment bonds chips automatically to
copper interconnects on film base.
Cover design is by Associate Art Director
Charles Ciatto.
Good times are coming for digital watches, 54

Half the watch market will belong to digital
types by the early 1980s, predicts John Ber
gey, president of Time Computer Inc. For
continued success, he plans to turn his
company into a worldwide organization.
New C-MOS analog switch rivals bipolar type, 69

When dielectric isolation replaces junction
isolation in a C-MOS analog switch, the de
vice no longer needs expensive external
protection against power surges and over
voltages—and it still uses much less power
than a bipolar switch.
Lead/lag modules fine-tune process control, 78

Circuitry that advances or delays the arrival
of control signals can ensure that process
ing equipment will compensate precisely for
both sudden and slow changes in a process
variable.
And in the next issue . . .

Annual market forecast for the U.S., Europe,
and Japan . . . readers’ views on the EE’s
mid-career crisis . . . what the top electron
ics executives are worried about.
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Publisher’s letter
pilm carriers are the vehicle
for a major evolutionary step in
integrated circuit production.
Armed with reels of nonconductive
film, which carry copper IC inter
connection patterns, more and more
semiconductor makers are speeding
device assembly and cutting costs at
a critical production step.
Jerry Lyman, our packaging and
production editor, who wrote the
special report on film carriers that
starts on page 61. points out that the
technique enhances reliability be
cause IC terminal pads are protected
against corrosion by built-in metalic
barriers, pull strength is at least
doubled, and the copper leads,
which are some five times fatter
than bond wires, dissipate much
more heat.
“In addition,” says Lyman, “the
film-carrier method presents an en
gineer with a new option. Instead of
buying the film-carrier ICs already
in dips, he can buy them on reels or
strips of film to be soldered directly
to rigid or flexible pc boards or hy
brid substrates. In effect, the new
method has produced an IC pack
age—a frame of film—ideal for highdensity packaging.”
“One aspect of film carriers that
never made it into the special re
port,” he notes, “is the great secrecy
that shrouds film-carrier work. Since
much of the work is proprietary and
difficult to protect, many companies
simply won’t let anyone see what
they are doing. In fact, one machin
ery maker sent a crew to a major IC
maker, where they were told to do
all the final adjusting to some new
equipment in a side hallway. When
the machines were moved onto the
production floor, the installation
men were barred. They still are not

sure just how their machines are
being used.”

^he C-MOS process has made quite
1 a name for itself in digital appli
cations. Yet the approach is at home
in analog switching, too. On page
69, you’ll find an article detailing
the design considerations in apply
ing complementary metal-oxidesemiconductor technology to that
job.
Until recently, such switches were
built with junction-isolation and
were difficult to design into analog
multiplexers and other devices.
They latched-up easily, electrostatic
charges could detroy them, and in
put voltage spikes and power tran
sients could burn them out. Thus
external protection circuits were em
ployed. Now, though, with the de
velopment of another isolation tech
nique called dielectric isolation, the
design of C-MOS analog switches can
be far less of a headache.
gf any of you readers are look
ing through this issue for the prom
ised results of our questionnaire on
the experiences of over-40 EEs, you
can stop looking. It is not here.
When we scheduled the summary
for this issue, we thought we would
have about the same number of re
sponses as we had for other ques
tionnaires. But more than double
the expected number of readers re
sponded, making the statistical
chore more time-consuming. We
had better not promise the report
for the next issue, but that is our
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KEPCO

OPERATIONAL POWER SUPPLIES

OPS group IXB

OPS group X

OPS 500B (0 - 500V @ 40 mA)
OPS 1000B (0-1000V @ 20 mA)
OPS 2000B (0-2000V @ 10 mA)

OPS 3500 (0-3500V @ 10 mA)
OPS 5000 (0-5000V @ 5 mA)

THESE^HIGH VOLTAGE^ OP AMPS
are unipolar d-c power amplifiers capable of
VOLTAGE or CURRENT stabilization,featuring:
HIGH GAIN:

Open loop gain greater than 106 volts per volt.

WIDE BANDWIDTH:

Slew rate faster than 106 volts per second.

LOW OFFSET:

Input offset variations:
For 105/125 or 210/250V a-c:
For no-load — full load:
For 8 hours (drift):
For temperature, per °C:

△E/o

△I/o

<10 qv

<1 nA.
<1 nA.
<1 nA.
<0.5 nA.

<10 mv
<20 mV
<20 mV

In simplified form, these instruments can be represented as a high voltage, fixed gain
power amplifier, driven by a small-signal amplifier with variable gain.

The OPS are complete high voltage power ampli
fiers with all of the necessary d-c supplies built-in.
Their output stage is a LINEAR SERIES PASS
vacuum tube controlled by a solid state circuit
(absolutely no oscillators, SCR's or switching). As
illustrated, the output of an OPS can be controlled

over its full voltage range smoothly by a small
(0—5 K) passive rheostat supporting a mere 0—5V
or by a voltage input (your choice), which might
also be a function generator's waveform or the
analog output of a Digital-to-Analog Converter,
such as the Kepco SN Programmers.

For complete specifications and Applications Notes — contact your nearest Kepco Representative:
ARGENTINA: Coasin, S.A., Virrey del Pino 4071, Buenos Aires, Tel.: 52-5130/52-3185 • AUSTRALIA: Elmeasco Instruments Pty. Ltd.. 1 Chard Rd., Brookvale N.S.W. 2100, Tel.: 939 7944 • AUSTRIA:
Kontron GmbH & Co., KG, 1140 Wien, Ameisgasse 49, Tel.: 94 56 46 • BELGIUM; C.N. Rood, S.A.N.V., Place de Jamblinne de Meux Plein 37, Brussel 1040 Bruxelles, Tel.: 02/735.21.35 • BRAZIL:
Ambriex, S.A., Rua Ceara, 104, 2 e 3° Andares, Rio de Janeiro, Tel.: 264-0461 • BRITISH ISLES: Techmation, Limited, 58 Edgware Way, Edgware Middx. HA8 8JP, Tel.: 01-958-5636 • CANADA:
Radionics Limited, 195 Graveline Street, Montreal H4T 1R6, Quebec, Tel.: (514) 735-4565 • CHILE: Intermetra Corp. (Coasin Chile Lida.), Mac-Iver 22, Otic. 904, Santiago, Tel.: 396713 • CHINA
REPUBLIC: Uniworld, Inc., 116 Hsin-Yi Road - Sec. 2, Taipei, Taiwan, Tel.: 320247/320248 • COLOMBIA: Manuel Trujillo Venegas e Hijo, Ltda., Carrera 20, No. 37-33, Apartado Aereo' 20702,
Bogota 2, Tel.: 45 23 04 • DENMARK: Sophus Berendsen A.S., 10 Amaliegade DK 1256, Copenhagen, Tel.: (01) 148500 • FRANCE: Radio Equipements-Antares S.A., 9, Rue Ernest Cognacq 92301
Levallois-Perret, Tel.: 758.11.11 ♦ Federal Republic of GERMANY: Kontron Elektronik GmbH, Industriegebiet 1, 8051 Eching bei Muenchen, Tel.: (08165) 77-1 • INDIA: M/s Industrial Agencies,
111, Mahatma Gandhi Rd., Bombay 1, Tel: 250741 • ISRAEL: Eastronics Ltd., 11 Rozanis Street, Tel Aviv, Tel.: 475151 • ITALY: Kontron S.p.A, Via Mestre #1, 20132 Milano, Tel.: 2152741/
2/3,'4 • JAPAN: Toyo Trading Company Ltd., P.O. Box 5014, International-Tokyo, Tel.: 279-0711 • NETHERLANDS: C.N. Rood B.V. Electronics, 11-13 Cort van der Lindenstraat, Rijswijk (Z.H.)
2100, Tel.: 070-996360 • NEW ZEALAND: W. & K. McLean Ltd., 103-4 Felton Mathew Avenue, Glen Innes, Auckland 6, Tel.: 587-037 • NORWAY: Gustav A. Ring, Ringhuset, Volvat, Oslo 3, Tel:
0472 23 22 80 • SO. AFRICA: Protea Physical & Nuclear Instrumentation Pty. Ltd., P.O. Box 39127, Bramley 2018, Transvaal, Tel.: (2711) 786-1020 • SPAIN: Ataio Ingenieros, S.Ä., Enrique Larreta
12, Madrid 16, Tel.: 733 05 62/215 35 43 • SWEDEN: Teleinstrument AB, Box 490, S-162 Vallingby 4, Tel.: 08/38 03 70 • SWITZERLAND: Kontron Electronic AG, Bernerstrasse 169 (Sud) 8048
Zurich, Tel.: 01-62 82 82 • VENEZUELA: Coasin, C.A., Edificio Eguski, Av. Habana con Valparaiso, Los Caobos, Caracas 105, Tel.: 72.86.62/82.23.11 •

KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 U.S.A. • (212) 461-7000 • TWX #710-582-2631 • Cable: KEPCOPOWER NEWY0RK
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Readers’ comments
Ensuring EE careers

How to Design Your
Power Supply for $66
You get the

complete schematic diagram,

with operating and installa
tion instructions when you spend $66 for
an Abbott Model “RN” power supply.
Two years in development, this model
represents the latest state of the art in
power module design. It features close
regulation (0.1%), low ripple (0.02%),
automatic short circuit and complimentary
overvoltage protection and continuous
operation in a 160°F ambient.
and parts list

Abbott Engineers followed specific design
criteria in engineering these modules.
First, the electrical design was carefully
engineered to insure that all components
operate well within their limits, under
“worst case” operating conditions. Second,
the thermal design, including case con
struction, was carefully made to insure
that the maximum temperature limits of
all components are never exceeded. Then
the size and weight of these modules
were controlled to a minimum, without
sacrificing reliability. Finally these units
were thoroughly tested to make certain
that all design and performance specifica
tions were met.

So, you can build your own power supply
using our schematic diagram if you want
to—but we think we can build it more

reliably and for less cost, simply because
we have been doing it for ten years. Put
our power supply in your system first
and try it. Examine its performance. We
think you will be pleasantly surprised at
the quality, adherence to specifications,
and the reliability you find in the Abbott
Model “RN”.
Any output voltage from 5 to 100 volts
DC with current from 0.15 to 20 amperes
is available. Many of the popular voltages
are carried in stock for immediate delivery.
Please call us for attractive O.E.M. dis
count prices.

Abbott also manufactures 3,000 other
models of power supplies with output
voltages from 5.0 to 740 volts DC and
with output currents from 2 milliamperes
to 20 amperes. They are all listed with
prices in the new Abbott catalog with
various inputs:
60

to DC

400^,to DC
28 VDC to DC
28 VDC to 400 ¿V
12-38 VDC to 60 ¿V

Please see pages 1037-1056 Volume 1 of your 1975-76 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
or pages 612-620 Volume 2 of your 1975-76 GOLD BOOK for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

a b b o t t
LABORATORIES,

INCORPORATED

generai offices
5200 W. Jefferson Blvd./Los Angeles 90016
(213) 936-8185
Telex: 69-1398

eastern office
1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900
Telex: 13-5332
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To the Editor: Your comprehensive
article on the mid-career crises of
EEs past 40 delved into the many
problems faced by the older engi
neer, but completely ignored the
major reason for the problem—the
patent preassignment agreement.
The PPA prevents the employed en
gineer from owning title to “intellec
tual property”—his basic line of
business. Since this agreement is in
force 24 hours a day, the employed
engineer can never use his creative
engineering ability to build an en
terprise of his own that could grow
and multiply to provide income and
future security.
Nothing can be more demotivat
ing to an engineer than an employer
who claims all one’s ideas and then
shelves most of them. These ideas
are lost forever. After this happens a
few times, creative employees learn
to withhold ideas valuable to em
ployer, employee, and our entire
economy. True corporate manage
ment is reserved for managers of
people and budgets. This policy is
bleeding the life blood out of ca
reers in engineering. How can one
justify getting advanced degrees or
even keeping up with the state of
the art when the real advancements
are reserved for the management
career?
Two solutions seem most obvious:
■ The broadly worded PPA should
be banned as a restraint of trade be
cause it obviously kills a multitude
of new technical products, busi
nesses and jobs, making U. S. work
ers appear less productive.
■ Promote passage of the Moss Bill
(H. R. 5605), which would restore
the freedom to create, as well as the
incentive to do so.
If engineers were allowed to par
ticipate in free enterprise as the
above solutions would guarantee,
the often repeated complaints listed
in your article would largely dis
appear. Under present conditions,
the engineer’s situation closely com
pares to an individual trying to exist
under the rules of socialism in a
capitalistic economy—he’d starve.
Name withheld
Electronics/December 25,1975

New Honeywell portable
packs 28 channels,
meter monitoring and solid
__^^ferrite heads
all into
■
r
®©@S©©1
zT
superb
unit.
If you’ve been waiting for better features and
more capability in a portable tape recorder
— you’ve got it. The Model 5600E from
is Honeywell!
Our new portable gives you up to 28 tracks,
7 speeds, field-convertible intermediate or
wideband, solid ferrite wideband heads and
10 1 /2-inch reel capacity. There’s also a variety
of rack and shock mount configurations and
an integral de power supply option.
Our meter monitoring isn’t typical either. Not
with simultaneous monitoring of record input
and reproduce output on any channel, plus track
monitoring with rms or peak ac or de meter
coupling, and there’s more . . .
Like electronics and parts commonality with
other Honeywell portables; a 3,000-hour ferrite
head warranty and a proven transport all in a
lightweight compact package.
Get complete technical specifications by
calling Darrell Petersen, (303) 771-4700, or write
Honeywell Test Instruments Division, P. O. Box
5227E, Denver, Colorado 80217.
1'

Honeywell

For literature circle 128 on reader service card.

For demonstration circle 7 on reader service card.

spoppoo
multiplies
persecond!
That's only one reason why we sell more high-performance digital
signal processors than anyone else. But we don't stop at built-in per
formance. SPS-81's and SPS-41's are user microprogrammable, so
you can do everything you've always wanted with a signal processor.
We also have an Array Processing Library which lets you write your
program in Fortran. Since equipment and software are available right
now, you don't have to wait a long time to do either.
Another good reason for our outstanding success (more than 60 SPS
processors already installed) is user support. We have fully-staffed
field engineering offices on both East and West coasts. And a large
applications staff ready to assist you.
Every day there are more good reasons to
come to SPS. Call or write. Today.
SPS-41

SPS-81

Instruction Time

200 nsec 167 nsec

FFT Butterfly

1000 nsec 500 nsec

Quadratic Filter
Section

1000 nsec 500 nsec

Max. Burst I/O Rate 5 MHz

6 MHz

News update
■ Legislation requiring stiff secu
rity at Government computer instal
lations and limited access to individ
ual files by Government personnel
[July 24, 1974, p. 78] has been ap
proved by President Ford and has
raised eyebrows since. An inventory
of Federal record systems, not yet
completed, has turned up more than
1,400 computerized records systems,
says Ruth Davis, director of the
Federal Institute for Computer Sci
ences and Technology. She says
there are more than 700 computers
processing the 1,400 systems, out of
a total of 8,200 central processors in
the Federal inventory.
Meanwhile, the National Bureau
of Standards, parent of the com
puter sciences institute, recom
mended in August that sensitive file
systems have electronic access con
trols. But the privacy-security issue
is still unsettled. “People are going
to a software approach [using coded
messages] but it isn’t going to
work,” notes Robert Browne, a
privacy expert. “If the Mafia can get
hold of an IBM System/370, they
can do anything,” he adds.
■ While concerning itself with
computer security on the one hand,
the Congress is anxious to expand
its own network on the other. Al
though its IBM System/370-145 and
peripherals, used to keep track of
the thousands of pieces of legisla
tion proposed each year, are less
than two years old, they are already
overworked [May 10, 1972, p. 80],
So a six-mon th test starting in Feb
ruary will link 30 congressional of
fices with Federal data banks. New
Hazeltine terminals and a 370-158
mainframe, which will push the
Congress’s annual CPU rental fees
over the million-dollar mark, are
part of an experiment to see if con
gressional staffs and elected officials
can make use of the bureaucracy’s
data bases on incomes, tax formula
alternatives, and predicted revenue
growth patterns. The new hardware
will also be part of an experiment to
produce hard-copy summaries of
congressional debates within 10
minutes.
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|YEW|
A SYMBOL OF QUALITY

±0.005%
ACCURACY
DC VOLTAGE
STANDARD

The YEW Type 2552 is a programmable highprecision DC voltage standard which delivers
output voltages of 0 to ±1,200V, all at a
±0.005% accuracy. Output is set from the
front panel in 4 ranges of 1,000mV, 10V, 100V
and 1,000V by six decade dials.
Completely different from conventional volt
age divider type standards, Type 2552 em
ploys a patented PWM (Pulse Width Modula
tion) DC potentiometer which completely elimi
nates errors due to resistor drift or changes in
the contact resistance of switches with time
and temperature. Other key features include
all control by digital-coded signal, remote con
trol facility, voltage trip and current limiter.

Main Specifications

Output Voltage: 0 to 1,199.999V DC
Voltage Ranges: 1,000mV, 10V, 100V, 1,000V
Resolution: IpM
Accuracy of Output: ±0.005% of setting or ±0.001% or range
(whichever is greater)

Stability of Output: ±0.0005% of setting or +0.0002% of
range/hour

Settling Time: 500ms on 1,000mV/10V/100V ranges
60 Years of Measuring and Recording Instruments

YEW YOKOGAWA ELECTRIC
YOKOGAWA ELECTRIC WORKS, LTD. 2-9 Nakacho, Musashino-shi, Tokyo 180, Japan
Phone : Tokyo 0422-54-1111 Telex : 02822327 YEW MT J Cable Address : TLX 2822327 YOKOGAWA TOKYO
Overseas Offices: ©YOKOGAWA ELECTRIC (EUROPE) B.V., Nederhoven 17-19-21, Buitenveldert, Amsterdam, The Netherlands. Phone: 020-423194 Telex: 44-14094
©YOKOGAWA CORP. OF AMERICA, 5 Westchester Plaza, Elmsford, New York 10523, U.S.A. Phone: 914-592-6767 Telex: 25-710-567-1256
Representatives in Europe: «Belgium: COMPTOIR COMMERCIAL INTERNATIONAL S.A., (03) 32. 78. 64 «France: TEKELEC AIRTRONIC, 626-0235 «Finland: FINN METRIC

OY. 460 844 «WestGermany: NBN ELEKTRONIK, (08151) 13036 ©Italy: VIANELLO S.P.A., 5483811 «Norway: AS MAXETA, 53090 «The Netherlands: TECHMATION NV.
020-456955 «Spain: ATAIO INGENIEROS, 215-35-43 «Sweden: TELEINSTRUMENT A.B., 08/38 03 70 «Switzerland: OMNI RAY AG, 01-340355 «United Kingdom:
MARTRON ASSOCIATES LTD., Thame 2671.
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Editorial

Starting on the road to professionalism
Is it possible that a decline in professional
standards is one of the root causes of the
engineers’ somewhat-less-than-professional
status today? That opinion is held, for one, by
Eric Lidow, a European-educated engineer
who is chairman and president of
International Rectifier Corp. What’s more,
initial returns on our recent questionnaire
about the over-40 EE indicate that a wide
majority of EEs hold much the same view.
Among the points he makes about the
engineers’ lot are:
■ “Engineers are second-class citizens in this
country—they’re not treated as professionals,
but as skilled workers.”
■ “We must clarify our academic
qualifications. As they are now, degrees in
themselves don’t mean anything.”
His remarks echo what a growing number of
EEs have been saying. It is becoming
increasingly clear that the profession to which
the EE belongs is, at best, drifting and, more
likely, in a serious decline.
Many see the main problem to be the
continuing lack of a professional
infrastructure, the kind that lawyers, for
example, maintain. There are, of course, many
reasons why the supply of students entering
engineering schools, say, should not be
arbitrarily controlled.
But the present approach, with no controls
10

at all, may be in its way even more dangerous.
In times, such as the post-Sputnik years, when
engineering turns glamorous, students enter
the engineering career path. Later the lustre,
as well as the gold that created it, disappear,
leaving today’s mid-career crisis and other
problems spawned by too many people vying
for too few jobs. What’s more, the quality of
education varies widely from school to school
and from decade to decade.
The question, then, has to be asked: What is
being done now to prepare for the next sudden
demand for engineers? The answer,
unfortunately, is “nothing.”
What’s needed is a thorough-going study of
engineering as a profession—and concrete
proposals based on the study’s conclusion. In
engineering education, all standards-oriented
aspects of EE training should be reviewed—
from entry requirements through course
content to examination quality.
Not only should the Institute of Electrical
and Electronic Engineers tackle this thorny
question on behalf of its membership, but
other organizations, such as Wema and the
Electronics Industries Association would seem
to have a vested interest here, too. But,
regardless of which group takes on the project,
it must be started because it is a crucial step
toward making the profession truly
professional.
Electronics/December 25, 1975

SHOULDN’T THE COMPANY THAT
WIRES THE WORLD’S MAINFRAMES, WIRE
THE WORLD’S PERIPHERALS?

Brand-Rex has been
supplying wire and cable to
the major mainframe manu
facturers since the earliest
days of computer technol
ogy. Everything from back
panel wire, to signal trans
mission cable, to flat flexible
Tape Cable®, to intercon
necting cable. All UL and
CSA listed; all cost/reliability
engineered.
The same product
diversity is available to
peripheral equipment manu
facturers. Is your need hook
up wire? We can usually
ship it from stock. Or are you
searching for plug-to-plug
compatible interconnecting

technical assistance. No
preconceived solutions
based on a limited product
line. Because we have such
a broad capability, BrandRex engineering specialists
can always recommend the
most functional, reliable and
economical cable for your
particular requirement.
So call on us whenever
you have a wire or cable
problem. We're as near as
your regional Brand-Rex
sales engineer. Make him
part of your problem solving
team. Brand-Rex Ltd., P.O. Box
26, Glenrothes, Fife, Scotland.
Tel. (059-275) 772124.

cables? If they’re not in stock,
we’re probably processing
the specific item you want.
Of course, wire and
cable isn’t the only reason
computer people come to
Brand-Rex. They come
because we offer unbiased

BRAND-REX LTD.
A PART OF Arizona incorporate:
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Intel is the way
memory drivers and
Intel industry standard 2104,16 pin and 2107B, TL pin, 4K dynamic
MOS RAMs help you keep system costs low. Now you can save even more
with our new family of quad memory drivers and refresh controllers.
The new bipolar 3245
TTL to MOS driver is the
first quad driver that does
not require an extra 15 volt
supply or an external tran
sistor to generate and
maintain the MOS clock
level. The 3245 is a plug
in replacement for our
3235 and other MOS
clock drivers. For ECL logic
systems, choose the bipolar 3246 driver.
For CMOS and TTL logic systems where low power, battery back-up ope
ration is required, use our new CMOS low power 5234 and 5235 drivers.
To make our 22 pin RAMs even easier to use and further reduce
cost, all our new drivers feature individual address, as well as common
refresh, clock and enable inputs. And all four drivers operate without the
extra 15 volt supply or external transistor which was required with previous
designs. This simplifies
INTEL’S STANDARD 4K RAM FAMILY
Min. Cycle Time (ns), 0-70°C
Part
Max. Access Time
system design and reduces
Number Pins
Read or write Read modify write
(ns), 0-70°C
cost even more.
375
D2104-2 16
515
250
Were also announcing
D2104-4 16
595
300
425
700
D2104
16
500
350
two new refresh support
520
2107B
22
200
400
circuits. The 3222 is used
2107B-2 22
470
680
220
with Intel’s 2107B and
2107B-4 22
590
270
470
2107B-6 22
960
350
800
other 22 pin 4K dynamic

12
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to go for 4K RAMs,
refresh controllers.
RAMs, while the 3232 is designed
for Intel’s 2104 and other industrystandard 16 pin 4K dynamic RAMs.
Both of these new circuits operate
from a single +5 volt supply, help

power and reduce the number of

16 PIN QUAD MOS DRIVERS FOR INTEL 2107B 22 PIN 4K RAMs

Note: Intel 16 pin 2104 4K RAMs areTTL compatible

Worse Case
Power
Part
Input
Power
Technology
Delay & Rise Time
Dissipation
Number
Levels
Supplies
0-75°C
Channel

D3245

Schottky
Bipolar

TTL

32ns

+5.+12V

75mW

D3246

Schottky
Bipolar

ECL

30ns

-5.2,+5,
+ 12V

110mW

D5234

CMOS

CMOS

100ns

+ 12V

D5235

CMOS

TTL

125ns

+ 12V

3mW @
0Hz,39mW
@ 1MHz

required.
D5235-1
CMOS
TTL
95ns
+ 12V
Intel 16 pin
REFRESH CONTROLLERS FOR INTEL 16 & 22 PIN 4K RAMs
and 22 pin
Maximum Address
Part
Power
Pins
Inputto Output Delay
4K MOS
Used With
Number
Supply
0-75°C
RAMs are
D3222
22
12ns
+5V
2107B
helping
D3232*
24
8ns
2104
+ 5V
engineers * Available 1st quarter 1976.
cut system design costs. Now our new quad drivers and
refresh controllers make Intel 4K RAMs even easier to use.
Save dollars, save space, and eliminate extra power supplies and discrete com
ponents. Start saving now To order, contact any of our franchised distributors.
For data sheets on the new drivers and refresh controllers write our European
headquarters: Intel International, 51, Rue Du Moulin A Papier—
Boite 1,1160 Brussels, Belgium (Telex: 24814) or Intel Japan Cor
poration, Kasahara Building, 1-6-10 Uchikanda, Chiyoda-ku,
Tokyo 101, Japan (Telex: 781-28426). For $5.00 well send you
our new 288 page “Memory Design Handbook.’’ This
handbook contains applications notes and useful design
information on our line of RAMs, ROMs, PROMs and
support circuits.

intel delivers
Electronics/December 25, 1975
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The Switch Is To

People

RÇL

Air Force’s McLucas brings

hardware bias to the FAA

SWITCHES
From A Sophisticated
4

“pip”®
(“Programmable
In-Line Package”)

v\, jp

Recently sworn in as administrator
of the Federal Aviation Adminis
tration, John L. McLucas takes a
strong stand against recent industry
allegations that the FAA has too
many advanced systems in develop-

To
13 Series of Low Cost

COMMERCIAL
SWITCHES
From

r’

KEYLOCK'
SWITCHES
To

HOMING
SWITCHES
From

4 POSITIONS
To

24 POSITIONS
From

UH

1 DECK
To

20 DECKS
RCL DELIVERS
FROM STOCK
Call our hotline for prompt
service and delivery.
(201) 374-3311

RCL Electronics
General Sales Office:

700 So. 21st Street
Irvington, N. J. 07111
14
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New head. FAA administrator John L.

in a year in which Congress has cut
the agency’s over-all $96 million
R&D budget by $15 million.
“I don’t want the program to col
lapse,” says McLucas, “but I am
asking if we can rethink the whole
thing, since traffic growth has not
built up as expected.” He must de
cide Aerosat’s future by the end of
January, when international fi
nancial commitments are due.
Development of the microwave
landing system is safe, though.
McLucas points out that the pres
sures to put a ceiling on the R&D
program will require more careful
justification for each project, and
“we have support for MLS develop
ment—it is not a deployment issue
yet.” However, he is not convinced
there is a compelling need for the
curved landing patterns or im
proved interference-resistance fea
tures of C-band MLS compared to
current lower-frequency, L-band in
strument landing systems.

McLucas wants to exploit technology.

ment [Electronics, Dec. 11, p. 36].
“We have to pursue many hard
ware techniques [through the pro
totype stage] rather than eliminate
them in advance,” states the man
who for the last five years was Sec
retary of the Air Force. This could
be good news for aviation electron
ics companies anxious about R&D
cuts at the FAA.
Moreover, McLucas, a 55-yearold electrical engineer and former
president of Mitre Corp., one of the
aerospace industry’s major “think
tanks,” says he is biased toward
hardware. “Coming from a techni
cal background, I think ‘gadgets’
have a lot more to offer than has
been exploited,” he explains.
But he’ll have much less money
than he’s used to. The FAA’s total
fiscal 1975 operating budget of $2
billion is one tenth the size of the
Air Force’s treasury.
Aerosat decision. His first tough
decision as the FAA’s chief may be
to cut or delay one of its more ex
pensive projects. The international
aeronautical satellite is expected to
cost more than $100 million and
therefore is particularly vulnerable

Buying begins to pick up,
says Allen-Bradley’s Schaefer
“Nobody here is super-bullish,”
concedes Allen-Bradley’s Kenneth
C. Schaefer, “but we’re all con
vinced that the pickup in business is
real. The last two months have been
especially reassuring,” he adds.
Schaefer has spent the last several
months—since he joined the Mil
waukee-based resistor giant as diUpswing. October sales jump means good
things, predicts Kenneth Schaefer.

VACTEC
brings you
BLUE
Unlike our little
Japanese friend,
photodetectors have
always been insen
sitive to blue. Until
now.
Vactec's latest development is a new Blue Enhanced Sili
con (BES) photodiode with exceptionally low dark current
for efficient response in the blue region (200 - 400 nm).
Made in Missouri, U.S.A., it performs equally well in an
expensive Japanese SLR camera or in an American-made
colorimetric analyzer as well. And you'll like the price,
which could be as big a breakthrough as blue sensitivity.
Vactec also introduces a new line of PIN photodiodes that
operate at high voltages, low noise levels, and fast rise
times, with about half the blue sensitivity of the BES pho
todiode. For larger areas, Vactec offers a complete range
of Blue Enhanced Silicon photovoltaic cells up to 1^"
diameter.
Vactec now supplies the broadest line of photodetectors
in the industry, including:
silicon solar cells
hi-speed/low-leakage
silicon cells
• NPN phototransistors
• NPN photodarlingtons
• CdS&CdSe
photoconductors

•
•

CMOS & bi polar custom ICs
optocouplers
a)
LED/photoconductor
b)
LED/phototransistor
or darlington
c)
lamp/photoconductor
• selenium photovoltaic cells

•
•

Call or write today:

Vactec, Inc.
2423 Northline Industrial Blvd.
Maryland Heights, Mo. 63043
(314) 872-8300
15 on reader service card

A newlowfor
on-board

programing.
AMP introduced the dip switch to solid-state electronics.
Now we’ve gone still further. AMP’s new low-profile dip
switches are as low as you can get. You can use them to
program ics right-on-the-board without remote wiring.
And sandwich boards in less space, to cut packaging costs.
With our new, low-profile dip switches, cleaning boards is
easier than ever. Simply place our protective
covers or pieces of tape on the switches
and you can clean complete boards
without damage.

We’re the people who developed
a
and perfected dip switches
1
—a whole family of them—including
____________
our innovative, pluggable Hexadecimal
Rotary Switch Our experience is broader and
deeper than anyone's. At AMP we'll have
the right answers for your applications.

Bright
newlights.
Unique led dip switches are available in spst “on” or “off”
as well as momentary-contact types. They permit rapid,
visual circuit test, fault indication and programing verification.
Plus, for the first time, they permit dip packaging of leds.

Rockers are detented to avoid accidental actuation.
Switch leads and led leads are terminated independently
for circuit connection versatility.

j.g

There’s nothing quite like new AMP led dip
switches. For more details on
them, or the new AMP
j
low-profile dip switches,
call (717) 564-0100. Or
w’rite AMP
Harrisburg, PA 17105.
AMP is a trademark of AMP Incorporated

JMVIP
INCORPORATED
Circle 16 on reader service card

People

rector of marketing after 20 years at
TRW Inc.—grappling with the prob
lem of trying to grow in an economy
that doesn’t particularly want to.
“We think people are finally start
ing to let go of the stored-up buying
and are starting to buy on slower in
ventory turns,” he says, citing an
unexpected October spurt in the
firm’s sales, followed by a short No
vember that ran close to October.
“We saw a jump in October, making
it our best in 15 months,” he says.
“And almost every market segment,
except military, is contributing to
the business increase we’re seeing.”
The military market, he adds, has
remained stable through the reces
sion.
Growth. Allen-Bradley’s data on
the passive-components industry
shows that sales are down this year
by 28% to 30%, and that the indus
try expects to grow 15% to 16% next
year, Schaefer continues. “We’re not
down that far, and our expectations
for next year are somewhat higher.
That means, we hope, that we’ll
come out of this depression with a
greater market share than we went
in with,” he says.
Another plus: while the U.S. isn’t
winning back business that it lost to
offshore firms, particularly in fixed
resistors, business is not leaving as
fast any more. “We still see strong
price pressures from both Japan and
Europe, but the rate of erosion of
our market has slowed,” Schaefer
says. “I would think that, sooner or
later, inflationary pressures will
make them even less competitive.”
New Products. Allen-Bradley is
banking on strong new-product ef
forts during the recession. “Our
greatest growth will continue to
come from our cermet-resistor line,”
he says, and adds that the firm will
come out with improved tempera
ture coefficients and closer toler
ances for that product next year.
Other growth products include re
sistor networks and new poten
tiometers and trimmers. “Both of
those product groups are hooked
onto the trend to miniaturization.
All of our newer products are
smaller,” Schaefer says.
Electronics/December 25, 1975

WIMA FKC 3
100 pF and up

WIMA MKS 3
Up to 0.47 pF

Cast-moulded
capacitors

WIMA FKS 2 min
P.C.M. 5 mm

1000 pF to 0.047 pF

are an excellent aid in designing your
IC-equipped printed boards. Use the new
plug-in WIMA® capacitors which are
smaller and have regular
dimensions.
Write for our new catalogue.

WILHELM
WESTERMANN
Spezialfabrik
für Kondensatoren
D-68 Mannheim 1
Fed. Rep. of Germany
Augusta-Anlage 56
P. O. Box 2345
Tel.: (0621) 40 80 12
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UNRETOUCHED

MICROPHOTOS
Arrows indicate scars and abrasions made by
rough edge of lead frame.

Arrows indicate contact surface still smooth,
clean, free from abrasions.

22X magnification,
unretouched

Mfr'

J

OURS

THEIRS
Your IC lead frames look like
this at 30X enlargement (unre
touched). Because they are punched
out of metal, the edges are rough,
jagged and Irregular. In contrast, the
flat sides of the lead frame are
smooth, even and perfectly plated.

An ordinary edge-bearing
socket contact after 5 insertions
of DIP lead frame Contact
has been spread apart to
show inside faces of contact
IM
Notice how the contact has
IB
scars and abrasions from
IM

ROBINSON-NUGENT “sid
wipe” socket contact after 5
sertions of DIP lead frarr
Contact has been spre
apart to show inside fac
of contact. See how the F
contact—because it mat
with the smooth, flat side
the IC lead frame—reta
its surface integrity. Tf
100% greater lead frar
contact results in continu
high reliability.

rough, irregular edge of IC
lead frame. Electrical con-

tact is degraded and resistance is increased. Reliability
is obviously reduced.

Uiu
UW

V'B

Lead frame in place in an
ordinary edge-bearing
contact.

Lead frame in place I
FIN "side-wipe” conta

ROBINSON-NUGENT INTERNATIONAL DISTRIBUTORS
S. AFRICA—Future Electronics Pty. Ltd., 243 Baker
Square, Rosebank, Johannesburg 2001, So. Africa
Ph: 42-7545

AUSTRALIA—Gen. Elec. Services Pty. Ltd., 99
Alexander St., Crows Nest 2065, New South Wales,
Australia. Mr. E. A. Brettingham-Moore.. .Ph: 439 2488
BRAZIL—Macron Importacao E Comercio LTDA
Estrada DO Galeao, 2775 Grupo 215, Bloco 1, CEP,
20000, ILHA Do Governador-RJ, Brazil

CANADA—E. G. Lomas Ltd., 945 Richmond Rd., Suite
608, Ottawa, Ontario, Canada K2B8B9 Ph: 613/725-2177
WESTERN CANADA—Bowtek Electric Company Ltd.,
993 W. 8th Ave., Vancouver 9, B.C., Canada
Ph: (604) 736-1141

ENGLAND—Astralux Dynamics Ltd., Brightlingsea.
Red Barn Road, Colchester, Essex, C070SW
Ph: (0206-30) 2571/5
FINLAND—Into Oy, P.O. Box 153, SF-00101 Helsinki
10, Finland...................................................Ph: 11-123
GERMANY—Comtronic GMBH, Theodolindenstrabe
4b, 8 Munich 90, West Germany............... Ph: 643011
GREECE—General Electronics, 209 Thevon St.,
Nikaia 77, Piraeus, Greece..................... Ph: 4913.595
ISRAEL—STG International Ltd., 52 Nachlat Benya
min St., P.O.B. 1276, Tel-Aviv, Israel.........Ph: 53459
ITALY—Dott. Ing. Giuseppe De Mico, Via Manzoni
31, 20121 Milano, Italy. Mr. G. De Mico.. .Ph: 653131
JAPAN—Pan Electron, Inc., No. 1 Higashikata,
Machi Midori-Ku, Yokohama.... .-.Ph: 045-471-8811

NETHERLANDS —Mulder-Hardenberg B.V., P.O.B.
3059, Westerhoutpark 1A, Haarlem....... Ph: 023-319184
NORWAY-Holst & Fleischer, P.O. Box 2716, St.
Hanshaugen, Oslo 1 Norway..................... Ph: 69 52 90
SPAIN-REMA Leo Haag, S.A., General Sanjurjo No.
18, Madrid, Spain. Mr. Angel Murciano. Ph: 2 53 40 03

SWEDEN—Svensk Teleindustri AB, Box 502, S-16205
Vailingby 5, Sweden. Mr. Ake Johansson. Ph: 08-890435

SWITZERLAND—Electronic Components Geneva,
Ave. Eugene-Lance 11, 1212 Grand-Laney, Geneva,
Switzerland. Mr. J. R. Mottier............ Ph: (022) 431531
TAIWAN/HONG KONG—Lee Sheng Ent., 149A Chang
Chun Rd., Taipei, Taiwan.......................... Ph: 5411664

expose‘junk*socket problems
Secret of RN high reliability
*side-wipe* PIP sockets
revealed by microphotos
Here’s microscopic proof that high reliability
Robinson-Nugent “side-wipe” DIP sockets
make 100% greater contact than any edge
bearing socket on the market. This advance
design provides constant low contact resist
ance, long term dependability—trouble-free
IC interconnects. Yet RN high reliability DIP
sockets cost no more than ordinary sockets!

Get the high reliability that eliminates trouble.
RN “side-wipe” DIP sockets make contact with the
wide, flat sides of your IC leads. You get 100% greater
surface contact for positive, trouble-free electrical
connection.

WRITE TODAY
for catalog and informative
book “What to Look for in
IC Interconnects!’ Free
from Robinson-Nugent—the people who make more
kinds of high reliability IC sockets than anyone.

They’re even packaged for high reliability.
“Protecto-pak”® packaging delivers consistently per
fect RN sockets to your production line —for auto
mated or manual assembly.

Gas Sensing Semiconductor

w

SENSOR
quickly senses
even small
amount
of gas.

’75 New Models,
some with highly sensitive
CO sensor, now on the market.
Please contact the address below directly for
catalogs and price/delivery information.

FIGARO ENGINEERING INC.

3-7-3, Higashitoyonaka, Toyonaka City, Osaka 560,
Japan/Tel: (06) 849-2156
Cable: FIGARO TOYONAKA/Telex: 05286155 FIGARO J
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Meetings
Third Annual Symposium on Com
puter Architecture, IEEE, Hilton Inn,
Clearwater, Fla., Jan. 19-21.

Computing Machinery (New York,
N.Y.), Delta Towers Hotel, New Or
leans, March 4-6.

On-Line Systems, 1976-1986,
American Institute of Industrial En
gineers, Quality Jnn—Pentagon
City, Washington, D.C., Jan. 19-21.

IECI ’76—Industrial Applications of
Microprocessors, Process Measure
ment, and Failure Mode Analysis,
IEEE, Sheraton Hotel, Philadelphia,
March 8-10.

Reliability and Maintainability Sym
posium, IEEE et al., MGM Grand Ho
tel, Las Vegas, Jan. 20-22.

Design and Finishing of Printed
Wiring and Hybrid Circuits Sym
posium, American Electroplaters’
Society (East Orange, N.J.), Fort
Worth Hilton Inn, Fort Worth,
Texas, Jan. 21-22.
Data Base Systems, American Insti
tute of Industrial Engineers, Quality
Inn—Pentagon City, Washington,
D.C., Jan. 21-23.
Power Engineering Society Winter
Meeting, IEEE, Statler-Hilton Hotel,
New York, Jan. 25-30.

Modulator Symposium, IEEE, Statler
Hilton Hotel, New York, Feb. 4-5.

Wincon—Aerospace & Electronic
Systems Winter Convention, IEEE,
Sheraton-Universal Hotel, North
Hollywood, Calif., Feb. 18-20.
ISSCC-76, International Solid State
Circuits Conference, IEEE, Sheraton
Hotel, Philadelphia, Feb. 18-20.

K;

you’re whistling

to the dark.
. .. if you haven’t had your
blood pressure checked
lately. You could have high
blood pressure and not
know it. It can lead to
stroke, heart and kidney
failure. See your doctoronly he can tell.

Compcon Spring, IEEE, Jack Tar Ho
tel, San Francisco, Feb. 24-26.
Nepcon ’76 West and International
Microelectronics Exhibition, Indus
trial & Scientific Conference Man
agement Inc. (Chicago, Ill.), Ana
heim Convention Center, Anaheim,
Calif, Feb. 24-26.

Federal DP Expo ’76 (Data Process
ing in the Federal Government), In
strumentation Fair Inc. (Beltsville,
Md.), Sheraton Park Hotel, Wash
ington, D.C, March 2-3.
ACM Conference on Programing Micro/Minicomputers, Association for

International Zurich Seminar on
Digital Communications, IEEE, Swiss
Federal Institute of Technology,
Zurich, Switzerland, March 9-11.
Control of Power Systems Confer
ence, IEEE, Ramada Central Con
vention Inn, Oklahoma City, Okla,
March 10-12.
Ninth Annual Simulation Sym
posium, Society for Computer Simu
lation, Association for Computing
Machinery, and IEEE, SheratonTampa Motor Hotel, Tampa, Fla,
March 17-19.

Eleventh Annual Meeting of Associ
ation for the Advancement of Medi
cal Instrumentation, AAMI (Arling
ton, Va.), Regency-Hyatt House,
Atlanta, Ga, March 21-25.

Technical Symposium, Society
of Photo-Optical Instrumentation
Engineers, Sheraton Inn and Inter
national Conference Center, Reston,
Va, March 22-25.
spie

Vehicular Technology Conference,
IEEE, Statler-Hilton Hotel, Washing
ton, D.C, March 24-26.

Southeastcon, IEEE, Clemson Uni
versity, Clemson, S.C, April 5-7.
Second Annual Conference and Ex
position of American National Met
ric Council, ANMC (Washington,
D.C.), Washington-Hilton Hotel,
Washington, April 5-7.

Applications of Electronics in Medi
cine, IEEE, Southampton, England,
April 6-8.
Joint Railroad Technical Confer
ence, IEEE, Blackstone Hotel, Chi
cago, April 6-8.

American

20

Electronics/December 25,1975

Motor®!;¡a announc©s
the 35 A bridge price
Gl. IR? EM and Semteeh

will admit equals
their 25 A bridge price.

You’ve heard their confessions: one
avows a broad, % to 25 amp bridge
family with flame retarding material,
low AQL and 30-day delivery.
Another reports superior thermal
package characteristics. A third
touts 300 amp surge. Someone else
is a “bridge specialist”. And so on.

But we don’t think anybody will
admit coming even close to the
MDA3500’s high-current, low-cost
35 amp capability.
Like giving 10 extra amps current
handling at the 25 amp price. And
100 extra amps surge-protection at
the 25 amp price. And super
efficient, 70-watt power dissipation
at the 25 amp price.

As well as being manufactured by
the industry’s recognized bridge
leader. Who supplies a broad line of
% to 35 amp units with low AQL,
low
and flame-retarding
material. Who delivers OEMs in
30 days or less. Who guarantees
24-hour turnaround through 89
authorized distributor specialists.

You’ll have to admit our point:
superior performance at equal
cost.
When you’re through with this,
show it to one of our worthy com
petitors. They’ll probably cut their
prices and admit they’re equal.

That’ll be mighty big of them.

Motorola
35 A
Bridge Price
25-99

Gl
25 A
Bridge Price
1 99

IR
25 A
Bridge Price
25-99

Semtech
25 A
Bridge Price
25-99

EDI
25 A
Bridge Price
25 99

200 V

$2.35

$2.60

$4.40

$4.10

$4-25

400 V

$2.41

$2.68

$4.67

$4.79

$4.55

All prices latest published at time of publication.

Motorola
Bridges.
Make the
whole world de.
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Professional printed circuit boards

aUANTIFUING
HOUR OUÆLITÜ
The deciding how much quality
you can use is the problem.
We can help you to define your needs
and also provide you with
the right quality. At the right price.
¥ >ur guarantee lies in
our production facilities,
in our experience, and especially
in our men
who are used to dealing
with the diversified requirements
of the international market.
LAZINCOCELERE S.p.A.
13042 Cavaélià (Vercelli)-teL(0161) 96195-telex20039
Stiles office:
20123 MilanoA’iaMeraviâli,14-tel.(02)863054-telex35375
22

Circle 162 on reader service card

Electronics/December 25,1975

High Performance
Signal Generator
1© t© 520MHz

Standard Signal Generator MG518B

• The frequency dial setting can be made by the
manual operation and motor-drive.
• The frequency calibrator is built-in.
• The carrier frequency can be remote controlled
in conjunction with the Frequency Programmer
MH04B/B1.
• The output level can be changed over to units
of dBqV and dBm.
• Modulation can be made in AM, FM, Pulse and
AM-FM simultaneously.
• The MG518B can be used as a swept signal
generator.

Specifications:
Carrier frequency: 10 to 520MHz, 9 ranges
Carrier frequency accuracy: ±0.5%
Carrier frequency stability: < 10 x 10“6, 5 min.
period after 20min. warm-up

Output level:
—21 to 120dBq (open-circuit voltage)
— 130 to +10dBm (terminated power)
Output impedance: 50i2

Output level accuracy: ±0.7dB at >240MHz
+0.5dB at^240MHz
Modulation:
• AM: 0 to 100%, 30Hz to 20kHz
• FM: 0 to 100kHz in 4 ranges, modulation
frequency range is from 10Hz to
110kHz
® AM-FM: Combination of internal and ex
ternal modulations
• Pulse:
40dB (ON-OFF ratio), 30Hz to
100kHz
« Internal modulation frequency: 400Hz and
1kHz
Residual AM:
—60dB compared with 30%
modulation
Residual FM: < -50dB compared with 10kHz
deviation
Dimensions and weight: 195H, 426W, 450Dmm,
^33kg
Sweep: Narrow band: 0 to ±100kHz
Wide band: by means of the motor-drive
of the frequency dial

Anritsu
ANRITSU ELECTRIC CO., LTD.
MEASURING INSTRUMENTS DIVISION
SALES DEPARTMENT: 4-12-20, Minami-azabu, Minato-ku, Tokyo 106, JAPAN Phone: Tokyo (03) 446-1111/Telex: 0-242-2353/Cable: ANR1TDENK1 TOKYO
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CPM Studio

Hybrid

The future is available
now
Magneti Marelli design and produce
thick film hybrid integrated circuits
for all your needs\in any quantity')
\
at competitive price.
ft
/ (
/ J
Contact Magneti Marelli today \ \
/ /
This is a Magneti Marelli ^capability.
Representatives
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FRANCE - TEKIMEX - 13. Boulevard Voltaire - 75011 PARIS - Tel. 355.63.00 \
\ /
/
GERMANY - ELECTRONIC 2000 - 8000 München 80, Neumarkter Strasse 75 - Tel. 43.40.61 /

I

g

i
// /
I I
1

\

\

\

SPAIN - UNITRONICS S.A. - Torre de Madrid - Princesa, 1 - MADRID - 8 - Tel. 266.34.09
UNITED KINGDOM - TRANSWORLD SCIENTIFIC CO. Short Street. High Wycombe. Buckinghamshire H P.
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Electronics newsletter
Zilog, a new firm,

to introduce
microcomputer

A new name in microcomputers will surface in 1976: Zilog Inc. of Los
Altos, Calif. It was founded less than a year ago, with considerable financial
backing from Exxon Corp., by Ralph Ungermann, Federico Faggin, and
Masatoshi Shima, all former Intel Corp, employees closely involved with
the development of the 4004, 4040, 8008, and 8080 microcomputers.
During the first half of next year, Zilog plans to introduce the Z-80
system together with software and development systems. The company

is withholding details about the Z-80, but will say that it uses a quarter
to half the memory of comparable machines, while delivering 25% to 100%
more throughput. Zilog plans to make its own chips eventually, but they
will be fabricated initially by custom houses.
Ampex working
on ‘core chip’

3-d memory

ITT lists new
MOS and l2L

memory devices

Ampex Corp, has built feasibility prototypes of a 3-d memory unit it calls
a “core chip.” The devices pack 256 cores of 18 mils diameter in an area
about 1 centimeter square. The cores are lodged in a ceramic “cavity plate,”
and this plate also serves as a substrate for deposited wiring that replaces
the threaded wires usual in 3-d core memories.
Ampex unveiled the prototypes at a components exhibition staged earlier
this month by the U.S. trade center in Paris. Bernard Gillet, commercial
director of Ampex-France’s computer department, maintains the core chips
will lower core-memory prices—by how much he won’t say—and make
design of stacks more flexible. Production versions of the “core chip,”
he hints, will be 4-kilobit types with 13-mil cores. However, Ampex
officials in the U.S. emphasize that the company won’t know for months
whether the device can be produced in quantity.

Look for ITT Semiconductor to introduce several totally new products next
year. “We’ll be in low-power Schottky in 1976,” says Gerard L. Seelig,
ITT’s corporate vice president in charge of the semiconductor operation.
“We have an active program now, and we plan product announcements
in the first half of the year.”
Also coming from ITT are several 4,096-bit memory devices in both
MOS and bipolar configurations, plus a number of IZL products. Seelig
says ITT is working on “probably the most sophisticated” I2L time
piece in the U.S. “We’re not going to get involved in microprocessors

at the present time,” states Seelig, adding: “Our big growth in 1976 will
be in memory products.” Further down the road, ITT Semiconductor plans
to introduce a circuit that will allow European TV viewers to switch back
and forth between PAL and Secam transmission systems.

«

AT&T alters 900 MHz
test design;
industry objects

Electronics/December 25, 1975

AT&T wants to change the design of its $23.4 million test of mobile tele
phone service in the 900-megahertz spectrum to save almost $1 million and
“permit a more complete and realistic trial of cellular technology in Chi
cago,” it says. The changes will require an FCC policy clarification expected
“by late January,” according to an FCC staffer, because of objections filed
by Motorola Inc. and the National Association of Radiotelephone Systems.
AT&T says it was not locked to its prior design, despite Motorola and
NARS criticisms.
Ten zones, each with an 8-mile radius, would be operated in the test
scheduled in 1978 with an omnidirectional antenna for each zone, rather
than the 4-mile radii and three directional antennas previously consid25

Electronics newsletter
ered by AT&T [Electronics, August 7, p. 81]. Motorola and NARS also
object to AT&T plans to use 11.8 MHz of the 40 MHz available, claiming
the plan would use, with spacing, more than the 12.5 MHz of bandwidth
permitted by the FCC.
Carrier to close
New York office

TI to build

l2L circuits

for television

Motorola TV entry

weds l2L, ECL

Addenda
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In an austerity move, MCI Communications Corp, will close its head
quarters in New York and consolidate its corporate staff in Washington.
The specialized carrier will maintain a sales office and terminal facilities
in New York. Further cutbacks are expected, but plans are not definite
at this time, MCI officials say. Although sales of communications services
were up significantly during the six-month period ended Sept. 30 over
the same period last year, MCI reported a net loss of $13 million for
the period.

Watch for Texas Instruments to begin applying I2L to television circuits
early next year. Ready in January will be samples of an I2L remote-control
chip that decodes and processes signals from remote ultrasonic transmitters.
It will be followed in February by a horizontal/vertical countdown chip
that combines linear and I2L technologies.
The horizontal/vertical sync chip, to be designated the SN74547, will
replace a Tl-built two-chip circuit now used by a few television manufac
turers to get better fringe reception at a slight cost premium. It reportedly
also will be cost-competitive with the lower-performance discrete approach,
which captures the vertical sync signal with a simple vertical oscillator
instead of the countdown chain, though at a sacrifice in noise immunity.
Motorola also plans to wed I2L and ECL in a new phase-locked-loop and
control chip it’s designing for a standard TV tuner addressing system. Sample
devices will be ready next September on what will it will call the MC8000;
all other components required for the Motorola-proposed system are being
shown as samples or are in production now.
Other chips needed for the five-chip black box include and ECL divide-byfour prescaler, a new bandswitch IC, one of a variety of BCD-to-sevensegment decoder/drivers, and an op amp used for the tuning voltage
generator. Motorola’s Semiconductor Products division estimates that the
total cost of such a system—including two varactor diodes, two transistors,
and a pin switch for amplifying the local oscillator signal for the pre
scaler—will run between $12 and $15.

Royden C. Sanders Jr , recently deposed president of Sanders Associates,
Nashua, N.H., has bounced back with a new company bearing his name:
Sanders Technology, also based in Nashua. Its first acquisition is the former
SYS Computer Corp, of Hackensack, N.J., a manufacturer of intelligent
terminals. . . . William Baker, former general manager of Fairchild Semi
conductor’s Isoplanar bipolar memory division, who moved to Monolithic
Memories Inc. a month ago as a vice president, has resigned. Baker will
become group director of microprocessor operations at National Semi
conductor. The move is seen as an attempt to beef up National’s microcom
puter effort, because not only will Baker direct marketing, but will direct
start-up of a line devoted exclusively to MOS microprocessors.
Electronics/December 25, 1975

The biggest thing to ever hit the OEM market,
gets even bigger.
The four slot version of the Nova 3
gets pretty big. Up to 32K words of
memory. But Nova 3 doesn’t stop there. If
you want to go further, consider the 12
slot Nova 3.
It can take on up to 128K words of
memory. And our optional Memory
Management Unit makes efficient use of
all that memory, without a lot of systems
overhead.
If you’re going to need more I/O than
the 12 slot Nova 3 can give you, there’s an
optional 12 slot expansion chassis.
And if one fully expanded Nova 3 still
isn’t big enough to handle the problem, you
can add more Nova 3’s and make
multiprocessor systems. And they come
with standard off-the-shelf software.
Why do we go to the trouble of
offering such a wide range of
configurations?
So you can meet any number of
different systems requirements with the
same processor. Without buying a lot of

different spares. Without training your
people in a lot of different test and
maintenance procedures.
And so you can take your smallest
product and make it a lot bigger. Without
systems redesign. Without rebuilding your
interfaces. Without rewriting your
software.
And, no matter how small a Nova 3
you start out with, you get big performance.
Nova 3 executes instructions in only 700
nanoseconds. Or more than twice as fast
as the computers you’re apt to compare it
with.
Yet for all its bigness, there is one small
feature in the Nova 3. Price. You can get a
64K word MOS memory Nova 3 with
Memory Management Unit, Automatic
Program Load and Power Fail Protection
for just $16,800? (Ora smaller Nova 3 for
an even smaller price. A 4K MOS system
for $2,600?)
Write for the brochure.
You may discover that bigger is better.
^Single unit price before OEM and quantity discounts get figured in.

DataGeneral
Nova 3: The biggest thing to ever hit the OEM market.
«’’Data General. Dept. N1, Route 9, Southborb^Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario. Data General Europe, 15 Rue Le Sueur, Paris 75116, France.
Data General Australia, Melbourne (03) 82-1361/Sydney (02) 908-1366.
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HERMES
LOOP
ANTENNA
THREE SAMPLE SITES
ON THE NORTH AMERICAN

CONTINENT —
DIFFERENT LATITUDES
DIFFERENT CLIMATE

64°N

42.5°N

32.5°N

Gooc.
Jsteners maintain
a ow profile
Even in the solitude of the forest depths, from rooftops,
arctic tundra, swamps to sweltering tropics, ’neath snow,
sand or ice,
the Hermes Loop antenna keeps an ear to the sky.
The amazing aperiodic antenna does away with vast log
periodic and rhombic arrays - those towering antenna
farms.
In rosette configuration, the Hermes loop antenna provides
an omnidirectional broadband receiving array in space
merely 1/1 OOth that of the traditional antenna farm.
More than 53 government agencies around the world have
pressed the loop antenna into service.
A new, even more compact version is available.
2-32MHz
Only Hermes Electronics makes it.
BROADBAND

ASK US Send for our Brochure

Hermes Electronics Limited
Suite 315
2020 F Street NW
Washington, DC 20006 USA
202-296 2978
TWX 710 822 1106
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Electronics review__________________

Specifications of
16-k RAM memories
beginning to emerge
by Laurence Altman, Solid State Editor

shrinking as designs are iterated.
work for boards of 4-k RAMs will
■ Maximum standby power dissi work with 16-k boards. In most
pation: 24 mw.
cases, the same number of refresh
16-pin 4-k products so that
■
Power supply: + 12 volts, ±5 V.cycles (either 64 or 128) is required.
s Output voltage: minimum, 2.4
Moreover, the 16-k RAMs are not
memory boards may
V; maximum, 9 to 12 v.
trading off speed for density. They
be replaced one for one
■
Compatibility: TTL.
will stay in the speed range of the
Happily, semiconductor suppliers 4-k RAM, allowing users to replace
Even before semiconductor manu have learned from their chaotic ex 4-k-memory boards with 16-k
facturers have gotten their 4,096-bit perience with 4-k RAMs, where a boards when they are available.
products on stream, 16,384-bit RAM half-dozen package types vie for ac
It’s new. Making it all happen is a
samples are already appearing. ceptance. They have gone to great new n-channel RAM process that re
Once in production, they will obso pains to make their 16-k designs duces cell size. It squeezes each bit
lete all but the fastest 4-k products functionally compatible with soon- site into about 1 mil2—half the area
and dominate the main-memory to-be-standard 16-pin 4-k products. needed by 4-k designs—by placing
market until 1980.
That’s why almost everyone is using the cell’s switching transistor and
Capable of speeds as fast as 200 a 16-pin design, with a multiplexing storage capacitor one over the other
nanoseconds, the 16-k RAMs are an operation much like that of 16-pin instead of side by side as in 4-k de
impressive testimonial to the muscle 4-ks (the chip-select input is re signs. It does this by relying on a
of n-channel MOS technology. Al placed by the multiplexed address two-level conductor technique that
though semiconductor manufac bit). The same power supplies that gives the process its name—the
turers are closely guarding
double-poly (or foldedthe details of individual
gate) process.
devices, here are the key
Clearly, two levels of
^"specifications that users
access per cell—one for the
can expect from the first
transistor and one for the
parts:
capacitor—mean using
a Organization: 16,384
some form of electrical
words by 1 bit, using a
isolation between conduc
single-transistor cell.
tor planes. Most designers
■ Package type: 16 pins
went to a double layer of
(though Texas Instru
polysilicon to get the two
ments could be using a 22levels, but it’s also possible
pin version at first).
to use a metal gate for the
■ Access time: 200, 250,
switching transistor. This
300, and 350 nanoseconds.
metal-polysilicon connec
■
Cycle time: 450 ns.
tor system is what Mostek
■
Maximum refresh
Corp, used for its first 4-k
time: 2 milliseconds.
RAM three years ago, an
■ Maximum operating
ticipating the 16-k RAM’s
power dissipation: 500 to
requirements.
900 milliwatts, depending
“Even then we knew
on the speed and sense
we’d need some form of
amplifier design.
Small size. Two cells from Mostek’s 16-k ram are shown within the
double-level connection to
■ Chip size: 32,000 dashed lines. Each measures less than 36 by 17 micrometers, or half get very dense chips,” ex
square mils on average, the size of 4-k cells.
plains Bob Proebsting,

Compatibility sought with
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Mostek’s ram designer, “so we de
veloped our metal-poly ‘spin’ pro
cess. For 16-k designs we’ve
switched to double poly because it
gives us better performance in dense
arrays. Nevertheless, we think the
double-connector process we’re run
ning on 4-k rams gives us a leg
up on the industry for 16-k produc
tion. Double level is a new process
for them.”
Not quite. Most manufacturers
have been running a double-level
process in the laboratory for
months. It’s the same process type
used to build dense charge-coupled
device arrays. In fact, it’s the famil
iarity of double-level systems that
allowed manufacturers to develop a
16-k RAM process so soon after their
4-k process. “The 16-k process' is
evolutionary,” says Colin Crook, di

rector of LSI systems at Motorola
Semiconductor Products in Phoenix.
“Once the industry realized that
something like double poly was
needed for the 16-k design, we be
gan running the process. We’ve had
double-poly in design for months.”
The industry agrees that the 16-k
RAM will be around—probably as
the main-memory product—for at
least five years. According to Les
Vadasz, Intel’s vice president of en
gineering, the next level of RAM
density is probably 65-k, and that
will require substantial innovation,
both in memory design and tech
nology. “Once the single-transistorcell was introduced and double lev
els perfected, it was possible to be
gin building 16-k RAMS. Something
fundamental will be needed for 65k. But we’re working on it.”
□

Which 16-k supplier is delivering when?
For the semiconductor-memory supplier, the money is down in the highstakes 16-kilobit RAM game. And how well he plays that next big card will
determine his share of the pot over the next five years.
The pressure is enormous. Estimates are that the market in dynamic
RAMs will exceed $100 million next year and $500 million by 1980. Clearly
the first suppliers out in volume with a 16-k part that has acceptable perform
ance will dominate that market, since the 4-ks just cannot compete in cost.
The crunch has developed because the 16-k programs have moved
faster than anyone expected. Intel Corp, Santa Clara, Calif, is already sup
plying some parts to some users, and Texas Instruments, Dallas, is about to
follow [Electronics, Dec. 11, p. 26]. Although neither supplier expects vol
ume production to begin for a year at least, the prospects of even minimal
16-k production before then has forced many others to pour money and
manpower into accelerated 16-k design schedules, often to the detriment of
their 4-k production. The 16-k RAM programs among today's 4-k suppliers
are at different stages:
a Intel is now selling samples with a 16-pin package.
a Tl will have samples available in three months. Package type is still se
cret, but the first design may well be a 22-pin part that puts speed above
board density and uses no multiplexing. Rumor has it that Tl is also working
on a 16-pin version.
■ Mostek Corp, Carrollton, Texas, is aiming its 16-pin version for the sec
ond quarter.
■ Motorola Semiconductor Products, Phoenix, and American Micro
systems Inc, Santa Clara, Calif, are shooting for third-quarter samples,
also with a 16-pin part.
□ Fairchild Semiconductor, Sunnyvale, Advanced Memory Systems Inc,
Santa Clara, and Rockwell International, Anaheim, Calif, all expect to have
some parts by the end of 1976; Fairchild and Rockwell a 16-pin package,
and AMS either a 16-pin or 22-pin version.
National Semiconductor Corp, Signetics Corp, and Intersil Inc, Santa
Clara, Calif, Advanced Micro Devices Inc, Sunnyvale, Calif, Electronic Ar
rays, Inc. Mountain View, Calif, Western Digital Corp, Newport Beach,
Calif, and RCA Solid State division, Somerville, N.J, are all evaluating the
results of their programs before they commit to a time and type.
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Will 65-k RAMs use
charge coupling?
Now that 16-kilobit random-access
memory designs are well along, de
signers are looking for a circuit ap
proach that takes them to the next
level of integration: 65-k bits. Most
are convinced that today’s switchedcapacitor or single-transistor cell
won’t be good enough—it probably
will run out of gas well short of the
0.3-to-0.5-mil2 cell sizes needed for
65,536-bit chips. So while design
choices are still wide open, attention
is being focused on charge-coupleddevice techniques—especially now
that Texas Instruments has dis
closed an experimental CCD RAM
cell [Electronics, Dec. 11, p. 25],
Same process. What makes Tl’s
CCD approach so attractive is that it
lends itself easily to the same sili
con-gate process that’s used for the
single-transistor cells of 4-k and
16-k RAMs. There’s a difference,
though: the transistors themselves
are eliminated.
Known among designers as the
no-transistor RAM, the devices store
data in switchable CCD capacitor re
gions implanted beneath an MOS
gate. That makes an entire memory
cell no larger than a single gate,
which, even with today’s relaxed
fabricating rules, can measure less
than half a mil square.
Most significantly, even with this
very compact cell, no speed need be
lost, since CCD operation can be as
fast as conventional MOS transistor
switching. Moreover, by combining
the storage and transfer gates into a
single gate region, designers no
longer need to lay out two separate
gate regions, as they must for the
one-transistor cell. (Even the new
double-poly cells have two separate
gate regions.) This not only drasti
cally simplifies the cell structure, but
allows much more of the cell area to
be used for charge storage. And as
for the memory as a whole, the CCD
ram saves still more chip space by
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CCD RAM cells of varying design
rules with a 1-mil2 single-transistor
cell. Tasch is encouraged by tests
with this structure, although either
sensing voltages will need to be
boosted or a more sensitive sense
amplifier implemented. The sense
lines are very long in an array com
plex enough to contain some 65,000
sites.
□
(a) ONE-TRANSISTOR CELL

TRANSFER

Test pad. Tl’s test structure has four CCD
cells of varying sizes and a single one-tran

sistor cell, 5, used for comparison. Signals
can be sensed from even the smallest CCD
cell, which performs quite well in compari
son with the 1-mil2 single-transistor cell.

requiring only two access lines per
cell—one to the storage or word line
for writing, the other to a sense line
for reading. All of today’s RAMs
need three lines per cell.
How it works. Tl’s CCD RAM cell
achieves its simplicity through a
two-level CCD storage region built
beneath part of the gate. The cross
section (b) of the accompanying fig
ure compares a single-transistor
RAM cell (a) with a CCD RAM cell.
Here the lower storage level is
achieved by a p-type implant into
the silicon at a depth of several
thousand angstroms, while the up
per level is achieved by a shallow
n-type implant.
With this arrangement, once data
is stored in one of the storage levels,
all that’s needed to sense a bit is to
remove the potential on the gate
and allow the charge to transfer be
tween levels. This transfer charge is
sensed by an adjoining n+ region
connected to the sense line.
To write a 1 into the storage cell,
the bit-line voltage is lowered to or
near ground. This allows electrons
to flow into a potential well that fills
the storage region. On the other
hand, to write a 0, the bit-line volt
age is set high, and no charge enters
the storage region. In either case,
the word line is then turned off to
complete the write operation and
isolate the storage cell from the bit
Electronics/December 25, 1975
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TI designs device

for TV power supply
’"V

n+

IMPLANTS
BIT LINE

p+CHANNEL
STOP
(b) CHARGE-COUPLED RAM CELL

Simpler design. Charge-coupled-device
random-access-memory cell (b) is simpler
than today’s single-transistor cell (a) be
cause it switches data in the implanted re
gion under part of the gate. This eliminates
need for a transfer gate line.

line. This is the store mode.
Next, to read. With the gate volt
age off (store mode), the potential
well still exists for storing charge.
Now, when the word-line gate volt
age is turned on, the surface poten
tial in the transfer region becomes
more positive than in the storage re
gion, so that charge can flow be
tween the bit line and the storage
region. Any charge present in the
storage cell is simply dumped onto
the bit line and sensed.
Tl’s Al Tasch, who designed the
cell, says it is still too early to tell
whether TI will use his RAM cell ap
proach in future 65-k products. But
he feels that the concept is attractive
“because it results in the densities
and speeds needed for the next-gen
eration product and does it with
standard processing. Whether it’s
manufacturable in large chips with
high yields is another question.”
ti has built test structures like the
one shown in the figure, which com
pares (from left to right) several

A voltage-regulating transformer is
the fashionable way to reduce a
television set’s energy consumption
and to isolate its line voltage. Texas
Instruments, however, thinks there’s
a better way, one that will strip
some of the cost and much of the
size and weight from the power sup
ply, while providing equal or better
performance.
It’s the switching-mode power
supply, till now too costly an ap
proach because of its complexity,
turn-on problems, poor production
consistency, and radiation. But the
firm’s subsidiary in Bedford, Eng
land, has developed a new semicon
ductor that provides the high-fre
quency switching necessary to cut
the size of the power system’s trans
former and associated output ca
pacitors.
“We think the total system cost
will be about $ 1 to $ 1.50 under that
of a VRT [voltage-regulating-trans
former] system,” comments Jeff
Hendy, import marketing manager
at Tl’s Dallas headquarters. He esti
mates that TV power supplies now
cost about $11, with the VRT alone
running between $7 and $10. More
over, such systems require extensive
filtering to get rid of harmonic dis
tortion, he adds. And since VRTs op
erate at the 60-hertz line frequency,
a massive iron-core transformer
with copper windings is needed to
compensate for core losses.
New Darlington switch. In con
trast, the switching-mode power
supply that ti has designed runs at
31
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20 kilohertz, and can use a ferritecore transformer one fifth the size
and weight of a vrt’s. TI’s approach
requires a new Darlington transistor
at the switch, plus control circuitry
to sample the output and regulate
the switching period of the transis
tor to keep output voltage constant.
Hendy points out, however, that Tl
doesn’t want to sell power supplies,
only semiconductors.
Performance of the supply will
depend on the system design. But
the version Tl is showing exhibits an
output voltage variation of about
0.1% between line voltages of 100 to
130 volts; vrts typically used in TV
sets vary by about 5%, says Hendy.
“The key to the system is the tran
sistor we’ve developed,” Hendy
says. It’s a typical integrated Dar
lington-connected power transistor,
but Tl has integrated a diode across
the base-emitter junction to speed
up the long switch off times—from
about 10 microseconds in a typical

power Darlington to about 300
nanoseconds in the Tl device.
The speed-up diode is a recog
nized technique for Darlingtons
used in high-frequency switching
applications, Hendy points out. But
previous implementations have ei
ther been too expensive or have not
met their power requirements.
ti puts the diode on a substrate
that is also the collector terminal of
a high-voltage power device, mak
ing the diode essentially a low-gain
transistor, Hendy says. “The trick is
to get the gain of that transistor
very, very low, so you don’t reduce
the gain of the whole Darlington.”
The resulting device, designated the
BU180A with a collector-base volt
age rated at 400 v went into limited
production in Bedford earlier this
month. It will sell for less than $ 1 in
100,000 quantities, he says. TI has
also integrated a damper diode with
the device so it can also be used in
horizontal deflection systems.
□

Military

DOD budget for laser programs could
grow nearly 20% in fiscal year 1977
Despite strong White House efforts
to keep a lid on Federal spending in
fiscal 1977, military-laser budgets
are expected to grow nearly 20% to
almost $261 million from the
present level of just under $220 mil
lion, according to Government and
industry sources. More than half of
that growth, however, will go for in
house programs at Government lab
oratories, as military laser users
push to develop applications and
expand facilities.
Why lasers? The projected gain
for lasers was made possible “be
cause the program dollars are rela
tively small and scattered through a
score or more programs that make
them even less visible to the budget
cutters,” explains one military research-and-development budget
specialist. On the other hand, he
points out, cutbacks are proposed
for big, highly visible procurements.
The narrow and often invisible la32

ser beams are the only things that
make many of the military systems
possible. In addition to such mul
tiple programs for lasers as air-toground and ground-to-ground tar
get designators for missiles and ord
nance, he cites rapidly increasing
outputs of chemical lasers and their
potential for all-weather communi
cations, electronic warfare, includ
ing countermeasures, and potential
applications as high-energy weap
ons.
Air Force leads. Government and
industry estimates that military
laser programs, which amount to
$219.5 million this fiscal year, are
led by Air Force expenditures of
$67.3 million, followed closely by
the Army with $64.2 million. Navy
funds, these sources say, stand at
about $60 million, but are expected
to expand rapidly during the next
two years as the Navy becomes
more active in high-energy laser ef

forts, while the Defense Advanced
Research Projects Agency spends
about $28 million. Darpa is coordi
nating laser standards for all three
services, as well as coordinating
classified high-energy efforts.
Growth. The Air Force is ex
pected to retain its spending lead in
lasers in the coming fiscal year as its
budget is expanded to an estimated
$84 million, sources report. The rest
of the $261 million in dod pro
grams is expected to provide nearly
$78 million for the Army and just
under $70 million for the Navy,
while Darpa funds hold essentially
flat at $30 million.
Perhaps the biggest in-house Air
Force program involves the ElectroOptical Research Facility at Cloud
croft, N.M. Cloudcroft’s long-range,
high-resolution telescope will col
lect, record, and analyze trans
missions from the 405 B Laser Com
munications Space Flight Test
System after it is launched in late
1979. The 405B program is designed
to test a 1-billion-bit-per-second
transmission stream between orbit
ing satellites and ground stations.
For its new task, Cloudcroft will
be modified with new, high-speed
optoelectronics for beam steering,
optical detectors, and other mete
orological hardware.
Emphasis. With emphasis in all
services expanding in counter
measures, as well as target designa
tion, the Air Force’s Pave series of
programs represents one of its key
ongoing efforts. The Pave Strike
countermeasures system is now
being installed on later McDonnell
Douglas F-4 fighters, along with
Pave Tack for all-weather target ac
quisition and delivery of laserguided weapons.
Both the Air Force and Army
foresee a major laser market devel
oping in remotely piloted vehicles
for line-of-sight command and con
trol, as well as target acquisition and
weapons delivery. And the Army is
also devoting efforts to laser target
designators,
rangefinders
and
trackers, and air defense and
ground countermeasures systems.
Major Navy programs, like the
Air Force’s, are aircraft-oriented. In
Electronics/December 25, 1975

Navy develops compact
pulsed-power source
Occupying 1 % of the space of con
ventional capacitor-bank units, an
energy storage system developed
by a Naval Research Laboratory
team could provide power pulses up
to 10 megajoules.
Anthony Robson and William Lup
ton are the principal laboratory in
vestigators. In their “inertial-induc
tive generator,’’ they rely on a
rotating Faraday disk, or homopolar
generator. The system stores me
chanical energy in a pair of high
speed flywheels 4 feet in diameter
and then extracts it in electrical
form by applying a magnetic field
parallel to the axis of the wheels.
The radial current so generated
charges a storage inductor, they ex
plain. The energy-storage coil
doubles as the excitation coil, to

addition to airborne lasers for target
designation and tracking, the Navy
is considering use of lasers for
rangefinding for shipboard gunfire
control, perhaps modifying the
existing Mark 86 gunfire control sys
tem. The Navy is also studying laser
countermeasures for close-in ship
defense against attacking aircraft,
missiles, and ordnance.
□

make the system yet more compact.
Until now, capacitor banks have
provided pulsed power for highenergy systems, such as lasers, and
for electron-beam and plasma gen
erators in high-intensity radiation
sources. A capacitor bank able to
store 10 megajoules would occupy
at least 20,000 cubic feet, the labo
ratory reports, while the RobsonLupton system requires only 200.
Currently operating at about 1
MJ, the system should eventually
transfer a 5-MJ load in 500 micro
seconds. That’s equivalent to a
pulsed-power output of 10 giga
watts. Series-parallel combinations
of the basic 10-MJ module should
permit the construction of power
supplies of several hundred mega
joules, says the laboratory.

scom Air Force Base, Mass., says
that requests for proposals are to go
out by year-end, and the first instal
lations are to be started next spring.
Two approaches had to be consid
ered for going digital. One would
involve purchasing completely new
digital transceivers; the other less
costly approach would be to add
conversion circuitry being devel
oped at the Rome Air Development
Center at Griffiss Air Force Base,
Communications
N.Y., to existing analog units to
convert them to digital operation.
Parameters. The digital deb
equipment will operate at a fre
quency of 8 gigahertz with a band
width of 14 megahertz. It will have a
The Department of Defense is pre bit stream of 28 megabits per sec
paring to implement a digital micro ond, with an efficiency of 2 bits per
wave radio communications system, second per hertz, Radtke says. This
called the Digital European Back speed will effectively double the
bone, at 50 sites in Italy, Germany, present number of channels from
Belgium, and England. Upon its 192 to 384. Transmitter power will
completion in 1979, the program, be either 0.5 or 2.5 watts.
which will upgrade the existing
Present military communications
analog equipment used in tactical in Europe are in the crowded 4-GHz
situations for both voice and com region of the spectrum, and the
puter data, could cost as much as jump to the relatively uncrowded
$100 million. Col. D.J. Radtke, head 8-GHz band will ensure inter
of deb efforts at the Air Force’s ference-free transmissions. Another
Electronics Systems division at Han plus, points out Radtke, is that a

Air Force going

digital in Europe
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digital system will be easier to en
crypt to prevent possible enemy
deciphering of messages. The
present analog system doesn’t lend
itself to encryption at all locations.
Bandwidth efficient.
Richard
Northrup, chief of the digital com
munications section at Rome, points
out that the analog-to-digital con
version system, called the digital ap
plique unit, is the culmination of
three years of investigation in band
width-efficient modulation tech
niques for line-of-sight microwave
communications. An independent
full-duplex unit, it multiplexes
pulse-code-modulated analog chan
nels into a digital waveform, which
is fed to the transmitter of the
analog radio. An engineering model
of the dau, developed by Aeronutronic-Ford, has already undergone
in-plant testing, and the Air Force
has nearly completed field tests.
Using a four-level amplitudeshift-keying technique with special
filtering, the DAU effectively doubles
the number of channels over a given
bandwidth. Present analog trans
mitters send 1 bit of data per second
over each hertz in the 14-mhz band
width; the DAU puts 2 bits of data
per second into each hertz. This
modulation technique is also toler
ant of nonlinearities from the power
amplifier, Northrup says.
□

Medical

GE introduces
X-ray body scanner
General Electric Co., the U.S. leader
in X-ray equipment, has finally un
veiled its own version of the muchheralded “super” X-ray, the total
body scanner. The firm’s Mil
waukee-based Medical Systems di
vision has come up with a comput
erized tomographic scanner that’s
simpler and four times faster than
that of its nearest competitor, EMI
Ltd. [Electronics, July 10, p. 34],
Realization. “Last year we belat
edly began to realize that there was
a market [of up to $ 1 billion world
wide] for this equipment,” says Wal33
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tronics, Dec. 11,
p.26].
In essence,
computerized
tomography
uses scanned
X rays, detected
and
recon
structed by a
computer, to
build cross-sec
tional “snap
shots” of differ
ing
tissue
densities across
thin slices of the
detectors, the scan
body. Pioneered
ning is priced at
in head-scan
$615,000.
ning equipment
by EMI in Mid
dlesex, England,
in the early
1970s, the tech
nique delivers
pictures that are
more detailed
than those re
corded on film,
and with less
radiation. It also
is noninvasive,
unlike some
X-ray
tech
niques that rely
on the injection
of a contrast
material.
The GE unit,
being tagged at
$615,000, is the
ter L. Robb, the division’s vice pres most expensive to hit the market
ident. But now the firm has all but yet, but the firm feels that the fast
forgotten the first-generation head scan time justifies the price. It vir
scanner it introduced last year in fa tually eliminates a shortcoming of
vor of its total-body unit, which will earlier systems: image blurring as a
scan either heads or bodies with result of involuntary body move
low-level X-rays in an unprece ments. “The scan time of 4.8 sec
dented 4.8 seconds. It goes into clin onds is well within the time that
ical trials in January at the Univer most patients are able to hold their
sity of California at San Francisco. breath,” explains Arthur M.
GE also shipped a prototype of the Bueche, vice president of GE’s Re
industry’s first breast scanner to the search and Development Center,
Schenectady, N.Y.
Mayo Clinic in October.
To obtain such a short scan time,
GE joins more than a half-dozen
other domestic firms who un GE uses a 30°-wide, pulsed fan
wrapped new computerized tomog X-ray beam. This beam makes one
raphy systems at the Radiological continuous rotation around the pa
Society of North America meeting tient, while photons are collected by
in Chicago earlier this month [Elec a curvilinear array of 320 high-pres
In the round. Pul
sed X-ray source in
GE's computerized
tomographic scan
ner makes a single
revolution in 4.8
seconds to yield a
‘'snapshot" of a thin
slice through the
body. Directed by a
Data General Ecl
ipse minicomputer
which processes
data from the xenon
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sure xenon detectors mounted oppo
site the source. The resulting image,
reconstructed by the computer and
displayed on a cathode-ray tube,
contains 320-by-320 picture ele
ments, each measuring 1.5 millime
ters on a side.
EMI’s system, though it achieves
the same image size, is slowed down
by its reliance on both lateral and
rotational scanning motions. Its
multiple pencil X-ray beams and 30
detectors scan across the patient
each time the source-and-detector
assembly is rotated to a resting posi
tion. This occurs in 10° increments,
and a scan takes 20 seconds.
In charge of the GE system is a
Data General Eclipse minicom
puter. Early prototype units also in
corporate an Intel 8080 micro
processor as a logic controller/sequencer. “The microprocessor
controls the mechanical and X-ray
systems, it monitors the system from
a safety point of view, , and it gives
us flexibility in design—we can keep
as many parameters variable as long
as possible,” says Lonnie Edelheit,
who was project manager on the
breast scanner. But GE has hard
ware in design that will replace the
microprocessor when production
units are built next summer.
Present prototypes use an Eclipse
with 80 kilobits of core memory.
“That’s clearly too much,” Edelheit
points out, “but we don’t know yet
what kind of interface the radi
ologists want.” The scanners use a
disk operating system, with mag
netic tape for data storage.
□

Sensors use
radiated power
Because many biotelemetry units re
quire battery-powered sensing ele
ments, they are bulky and prone to
failure when implanted in a patient.
Turning to passive transponder
techniques, a University of Man
chester group in England has built a
biotelemetry system that needs no
implanted batteries and promises
monitoring applications in dentistry,
neurosurgery, and cardiology.
Electronics/December 25, 1975

Powerless. Transponder measures bit pres
sure without battery implants. Tuned circuit
oscillations, a function of pressure, are
picked up by remote receiver.

This small and potentially cheap
encapsulated transponder could
even be used for long-term monitor
ing of patients. A disadvantage is
that the receiver, which “tends to be
complicated,” would have to be spe
cially built for each application.
The first system, built to enable
dentists to register the pressure of a
patient’s bite, consists of a trans
mitter about 10 centimeters away
from a small passive transponder
placed in the patient’s jaw. A re
ceiver is also placed about 10 cen
timeters away on the other side of
the jaw.
Basically, the transducer contains
a small inductance pressure gauge
imbedded in a dental plate, a coil to
pick up a signal, a series-tuned cir
cuit, a tunnel diode, another seriestuned circuit, and a secondary coil
acting both as pickup from the
transducer and antenna to the re
ceiver. The whole unit measures 3
by 20 millimeters.
A small sinusoidal voltage from
the transmitter will cause the tuned
secondary to oscillate. That ringing
frequency, which is in direct relation
to whatever is being measured, can
be picked up by the receiver.
Transponder. The key to the sys
tem is that the tunnel diode in the
transponder acts as a harmonic gen
erator, explains Barry E. Jones, lec
Electronics/December 25, 1975

turer at the electrical engineering
laboratories. Essentially, the tunnel
diode converts the sinusoidal volt
age into “a lot of harmonics” that
can be applied to any secondary cir
cuit in parallel to the tunnel diode.
Jones likens the principle to “hit
ting several bells with the same
hammer.” The bells would all ring
at their natural frequencies. The
transponder receives at 200 kilo
hertz and sends at 10 megahertz.
Filtering. The wideband receiver
must filter noise from the system.
Jones says that to do this, it averages
out the noise by adding cycles from
the transponder’s tuned circuits be
fore it gives out its first sample or re
sult. This integration process is es
sentially digital, but the final result
is analog, although Jones is reluc
tant to describe the receiver in de
tail.
Backed by a three-year Science
Research Council grant, Jones’
group is developing a unit to mea
sure cranial pressure for victims of
concussion or brain tumors. Also on
tap is a multichannel system, which
Jones says could be built by adding
tuned circuits in the transponder.
These would operate, say, at 10, 5,
and 2 MHz. Jones also is considering
a cardiac-monitoring unit.
□

Computers

Government buys

fewer computers
Marketers of large mainframe com
puter systems endured a 33% drop
in business from the Federal Gov
ernment in the fiscal year that
ended last June, according to a re
port from the General Services Ad
ministration. And the future for
Government buys looks still
blacker, officials say.
Approximately $156 million
worth of central processing units in
the Government’s $4.2 billion in
ventory of automatic data-processing gear was bought in fiscal 1975,
compared to 1974’s $224 million.
What’s more, total CPU and
peripheral purchases also dropped

by a third, to $494 million in fiscal
1975 from $725 million in 1974.
“Government expenditures [on
data processing] have reached their
peak,” confirms Theodore Puck
orius, commissioner of the Auto
mated Data and Telecommunica
tions Service, the organization
within the General Services Admin
istration that buys about 40% of the
Government’s computer systems.
More for less. Because of re
duced budgets, users have moved
away from large units to mini
computers [Electronics, Jan. 9, p.
49], “New technology, coupled with
the smaller dollar cost of computer
power, are giving agencies more ca
pability with less computer,” Puck
orius explains. The cutback in funds
and surge of mini buys hurts IBM
Corp, and Sperry Univac, the
Sperry Rand Corp, division, but has
been a boon to Digital Equipment
Corp.
The Maynard, Mass., mini
computermaker now supplies 19.6%
of the computer CPUs in the Federal
Government’s inventory. In fiscal
1974, dec had been in second place
to Univac with a 17.8% unit market
share. IBM, which had 17.4% of the
units compared to Univac’s 17.9%,
dropped to 15.3% in 1975.
Moreover, IBM’s dollar share of
the inventory grew less than 1% in
1975, to $1.54 billion, while dec’s
share grew 33% to $98 million from
$74 million in 1974. The dollar
share for Univac and other largesystem suppliers, such as Control
Data Corp., grew about 5% in 1975,
the report says.
Down still more. Industry and
Government officials predict that
IBM’s position will continue to dete
riorate. “About three quarters of
IBM’s hardware have been in the in
ventory for five years or more, so
pressure from Congress and White
House budget cutters will make the
mini even more popular as a re
placement for hundreds of IBM 360
computers,” notes a knowledgeable
procurement officer in Puckorius’
organization. Also, the biggest civil
ian growth market, the Energy Re
search and Development Adminis
tration’s numerous computer35
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assisted research projects, is vir
tually a DEC stronghold. More than
50% of the 1,904 computers in use at
the agency are from dec, whose big
gest competitor, IBM, has only about
a tenth as many there.
Even in the military marketplace,
where more than half the Govern
ment’s 8,649 computers are located,
dec’s share is increasing. The tradi
tional military suppliers, IBM and
Univac, still remain on top, though
the two lost 30 and 26 computer sys
tems, respectively, in fiscal 1975 to
such competitors as DEC. The mini
computer giant gained 64 systems in
1975. Univac’s 25% unit share and
IBM’s 16% share of the 4,245 units in
the military inventory will be
eroded each year by DEC advances,
predict officials of the General Ser
vices Administration. However,
classified tactical systems are not in
cluded in the report and seem to be
the primary new markets for large
mainframe manufacturers.
□

Burroughs prefers
own current logic
Emitter-coupled logic wasn’t good
enough for Burroughs Corp.’s new
8Q0 family of medium- to largescale computers. To get lower power
consumption and slightly higher
speed, the company designed its
own brand of current-mode logic
and uses it throughout the 800 sys
tems [see “Meet the family,” above]
for everything from small-scale inte
grated circuits up to large-scale inte
grated gate arrays.
Half swing. The circuits, dubbed
Burroughs current-mode logic
(BCML), resemble commercial emit
ter-coupled logic in using constant
current sources. But while the out
put of ECL circuits is taken from an
emitter-follower stage, and output
swings are from 0 to -800 millivolts,
the Burroughs circuits’ output
comes from the collector and has
half the swing—from 0 to -400 mV.
This reduction in swing makes the
circuits “a little faster than Moto
rola’s MECL 10,000 series circuits,”
36

Meet the family
The three members of Burroughs Corp.’s new 800 family have one and
one-half to four times the throughput of their predecessors in the com
pany’s older 700 family, says Burroughs chairman Ray W. Macdonald. The
B 2800, B 3800, and B 4800 are aimed at users of medium-scale to largescale computers. To protect users' investments in software, the object code
of the 800 family is compatible with that of the 700 family.
Peripherals being introduced to go along with the mainframes include: a
head-per-track disk file that can store from 5.5 to 472 million bytes with a 5millisecond average access time; a disk-pack subsystem storing from 65
million to 1.04 billion bytes with 33.3-ms average access time, and another
disk-pack subsystem storing from 349 million to 2.8 billion bytes with a 30ms average access time; and a high-speed printer operating at 1,500 lines
per minute with a 48-character set. A powerful new input/output subsystem
offers up to 64 channels, each of which has its own Data Link processor,
which accepts I/O commands and executes them independently of the
central processor.
The B 4800 central processors operate at 8 megahertz and have bipolar
main memories of 200,000 to 1 million bytes with cycle times of 250 nano
seconds. Typical purchase prices range from $850,000 to $3,725,000, and
monthly lease rates range from $19,500 to $85,500.
The B 3800 central processors operate at 4 MHz and use MOS main
memories of 100,000 to 500,000 bytes with cycle times of 500 ns for two
bytes of data. Typical purchase prices range from $605,000 to $1,135,000,
monthly lease rates from $14,000 to $26,500.
The B 2800 processors operate at 3 MHz and use MOS memories of
100,000 to 500,000 bytes with cycle times of 650 ns. Typical purchase
prices go from $485,000 to $750,000, monthly lease rates range from
$12,000 to $18,500.

says Burroughs. “Raw” gate speed is
about 1.2 nanoseconds.
Another advantage, according to
Burroughs, is that the new circuits
are source-terminated with a resistor
built directly on the chip. High
speed logic circuits require termi
nated transmission lines, and the
single-resistor termination at the
source is much the easier design op
tion. ECL, which must be terminated
at the load, causes real difficulties
when single sources fan out to drive
multiple loads.
“The beauty of it is that by using
internal terminations, we don’t have
to use any external discrete resistors.
You can depend on your own
source termination rather than look
ing for the right place to hang the
terminating resistor,” says the Bur
roughs spokesman.
The new chips contain other nice
touches, according to Burroughs.
Each has built-in voltage-regulator
and temperature-compensation cir
cuits that occupy about 5% of the
chip area. By allowing the de volt
age supply to vary by as much as

30% in either direction, the voltage
regulator eliminates many decoupl
ing capacitors and allows more
ripple to be present on the de supply
lines. Yet it hardly adds to the heat
dissipated by the chips, which don’t
need cooling fins found on some
custom-designed ECL circuits.
Burroughs has checked the new
circuits out in earlier systems, where
they were used with the company’s
own complementary-transistor-logic
circuitry. The new circuits are being
manufactured at the company’s
Rancho Bernardo, Calif., semicon
ductor facility.
□

_______ Computers_______

Air Force gets nearer
self repair in space
A self-repairing computer, which
will greatly increase a space mis
sion’s chance of success, is moving
closer to the hardware stage. Under
development by Raytheon Co.’s
Equipment division, Sudbury,
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Mass., the fault-tolerant spaceborne
computer is in the latter stages of
design under a $2 million award
from the Air Force’s Space and Mis
siles System Organization (Samso)
in Los Angeles.
The goal is a computer that will
have a 95% chance of operating five
years and more in space. And the
only way to achieve this is with a
new “sub-element-redundancy”
concept, according to Capt. Larry
Kern, project officer at Samso’s
Computer Technology division. Re

lying on the miniaturization and re
liability achievable with semicon
ductor components, the new
computer has built-in backup mod
ules that can be substituted in real
time in the event of a failure.
These modules encompass inter
nal elements that are smaller than
complete subsystems, Kern points
out, but they are not quite at the
chip level. Usual redundancy ap
proaches require entire backup
computers to be substituted, but
even these lack the necessary reli

ability after the first year in space,
according to Kern.
Configuration controller. At the
center of the fault-tolerant com
puter is a configuration-control unit
that acts as a traffic director to
monitor and switch modules when a
failure is sensed. Studies have
shown that failures occur most often
in the computer memory, so it is in
this area where the sub-element re
dundancy-concept “pays off best,”
observes Kern.
In addition to 15 plated-wire-

News briefs
General Instrument sues Fairchild . . .

General Instrument Corp, of New York is suing Fairchild
Camera & Instrument Corp, on the grounds that Fairchild
developed its F-8 microprocessor from confidential infor
mation obtained from a former Gl employee. The suit
seeks a permanent injunction against Fairchild’s produc
tion and sale of the F-8 microprocessor, as well as com
pensatory and punitive damages. In its complaint, filed in
New York Supreme Court, General Instrument claims that
in 1973 Fairchild hired David Chung, who as manager of
Gl’s microprocessor development program had been
working on an 8-bit microprocessor system that Gl al
leges was the source of the F-8. After joining Fairchild,
Chung headed its F-8 development program.
Replying to the suit, Wilfred J. Corrigan, president and
chief executive officer of Fairchild, says: “We believe the
real reason for the complaint is that General Instrument is
embarrassed because it agreed to deliver an 8-bit micro
processor to a customer and after more than two and
one-half years of effort still cannot make a viable prod
uct.”
. . . and Litronix sues Fairchild, too

Litronix Inc. is also taking Fairchild to court. The Cuper
tino, Calif., firm is asking for $20 million in punitive dam
ages and trying to restrain Fairchild from using informa
tion in the possession of one of its employees, John
Haynes. Haynes was formerly a buyer concerned with
Litronix’ electronic watch business. Litronix regards
Haynes’ knowledge of vendors as tantamount to a trade
secret, but Fairchild president Wilfred J. Corrigan argues
that such knowledge was a normal part of the job. Be
sides, he says, Fairchild “neither needs nor wants what
ever trade secrets Litronix might have, if any.’’
RCA’s Satcom I goes into orbit.. . .

NASA early this month launched the first of RCA Corp.’s
domestic communications satellites—the Satcom I—from
the Kennedy Space Center at Cape Canaveral, Fla. The
three-axis-stabilized satellite with its 24 transponders can
handle twice the traffic of any commercial spacecraft
now in orbit, according to the company.
Satcom I has been designed to handle voice, video,
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and data transmissions to Alaska, Hawaii, and the 48
contiguous states. Also, telephone and public-health ser
vices will be provided through low-cost earth stations at
many small Alaska villages. RCA plans to launch its sec
ond Satcom next March, and a third is to be checked out
and stored for possible future use.
... as Canada orders its own domsat

RCA Corp, has won a $19.1 million contract from Telesat
Canada to design and build a new domestic communi
cations satellite to be delivered by February 1978. The
Canadian satellite will have 12 channels in the 4- to 6-gigahertz band, compatible with existing Telesat ground fa
cilities. Additional channels will operate in the 12- to 14GHz band, planned for the Communications Technology
Satellite, scheduled for launch early in 1976 under a joint
Canadian-U.S. program. RCA’s Astro-Electronics divi
sion, Princeton, N.J., also developed the Satcom I.
Reed picked as AF secretary

Thomas C. Reed, 41, has been nominated Secretary of
the Air Force by President Ford, as was predicted [Elec
tronics, Nov. 27, p. 59]. Reed, now Director for Telecom
munications and Command and Control Systems for the
Defense Department, should be confirmed easily by the
Senate.
Bell to test fiber-optic cable

When Bell Laboratories begins tests next March of its
fiber-optic telephone transmission system [Electronics,
Sept. 18, p. 25], the cable will contain more than 100
separate glass fibers. The field trial at Bell's Atlanta, Ga.,
facility also will probably try out Bell’s new splicing tech
niques and a recently developed connector [Electronics,
Oct. 30, p. 25],
The cable itself will be 2,000 feet long; individual fiber
ends will be joined to simulate many miles of cable. Tests
will be conducted at 1.544 megabits per second and at
44.7 Mb/s. At the faster rate, 24 one-way conversations
can be carried simultaneously, and gallium-arsenide la
ser sources will be used with feedback circuits to com
pensate for temperature effects. At the lower speed,
light-emitting diodes and silicon detectors will be used.
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Electronics review
memory modules providing approx
imately 65,000 words, there are also
nine redundant modules. Each
memory module has 4,000 32-bit
words, with 6 extra bits for error-de
tection codes and three additional
spare bits. Memory data is trans
mitted in 8-bit bytes. For other
functions, including the central pro
cessor, power supply, and data bus,
only single or double backup mod
ules are needed, says Kern.
The configuration-control unit it
self will be triply redundant, with
three separate control units on a
single LSI chip. They will operate
simultaneously in the computer sys
tem, performing identical functions
with each decision voted upon.
The actual sensing of failures in
the sub-elements is handled by a
series of switching networks—simple
sensing switches attached to each
module that determine failure when
a designated key signal is absent.
Then they shift the circuit connec
tion to a backup module.
Overall, the fault-tolerant com
puter has general-purpose charac
teristics that include 200,000 oper
ations per second, enabling it to
handle up to 60 spacecraft functions
such as guidance, power control, jet
maneuvering, and experiments. Ul
timate goals of 1-cubic-foot volume
and 30-pound weight are judged
“fairly achievable” by Kern, as is
the 25-watt power requirement.
October milestone. Next mile
stone in,the Samso project is the
completion next October of the
present “brassboard” phase. Kern
calls this phase more than a test
breadboard, but short of final hard
ware. The Air Force will use the
brassboard to complete the pro
totype specifications with which it
will solicit competitive bids for final
hardware.
In the brassboard, bulk complementary-MOS logic fabricated on
cards will simulate computer logic
and memory designs. Eventually,
Kern intends to incorporate siliconon-sapphire logic because of its in
herent radiation resistance and non
volatility; he hopes that commercial
SOS circuits will be available when
final hardware fabrication begins. □
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THENEW3403A.
OUTPERFORMS
AU QUAD OP AMPS.
EASTER SLEW RATE.
DISTORTION FREE.
Raytheon Semiconductor’s new
3403A Quad Op Amp gives you
a faster slew rate and absolutely
no output distortion, plus other
improved AC and DC character
istics. The 3403A is significantly
better than either the standard
MC3403 or LM324. And it’s pin
compatible too. Our 3403A
, is simply the best quad
op amp

from the leader in linear quads.
For complete details and
your own Quad/Dual brochure,
contact Raytheon Semiconductor
or your local distributor. For your
free, sample, write Raytheon
Semiconductor on your company
letterhead.

RAYTHEON

RAYTHEON SEMICONDUCTOR
Dept. 3403A, 350 Ellis Street, Mountain View, CA 94042
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We planned to do a hard-hitting,
gutsy comparison ad. Their specs
versus ours. Sort of a "High Noon"
for signal generators.
Then we began checking out the
competition, if you can call it that.
Our new Model 3000 signal gener
ator sells for $2,265.
Among other things, it features
0.001% accuracy, phase-lock stability,
AM and FM modulation, 20 milliwatts
leveled output power, and pro

grammable frequency capability
(at no added cost).
There are other signal generators
in the 1 to 520 MHz frequency range
that match our accuracy. But the
cheapest one is $4,300. Hardly
competition.
And although you can pay up to
$6,400 for other VHF signal
generators, none of them
offers programmable
frequency.

How can we do a comparison
ad when we're stuck with a product
this good? Not possible. So we'll just
have to be content with running non
comparison ads. And taking orders.
WAVETEK Indiana, Incorporated,
P.O.Box 190, 66 North First Avenue,
Beech Grove, Indiana 46107, Phone
(317) 783-3221, TWX 810-341-3226.

WAVETEK

Well compare our
signal generator with
the competition.
Just as soon as
there is any.
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Washington newsletter
Military to hike

aerospace sales,

AIA forecasts

FAA to require

transponders
on all aircraft

U.S. aerospace sales, bolstered by increased defense outlays, will climb
2.5% to a record $29.2 billion in 1976 from an estimated $28.4 billion
this year, according to a year-end forecast by the Aerospace Industries
Association (AIA). Nevertheless, next year’s aerospace exports are ex
pected to slip to $7.6 billion from this year’s $7.8 billion record and
industry jobs will continue to decline further to 900,000 at year’s end
from the 1975 level of 921,000. Most industry members agree that elec
tronics accounts for about one third of aerospace sales.
Inflation continues “to erode the apparent gains” in 1975 aerospace
business, AIA reports. “In constant 1968 dollars, total sales will be $10
billion less than seven years ago.” Next year’s U.S. sales in billions of
dollars (compared wtih 1975) by major categories break down to $9.7
for military aircraft ($8.9), $4.9 for civil aircraft ($6.9), $6 for missiles
($5), $3.5 for space ($3.2), and $5 for non-aerospace products ($4.4),
including basic research.

The Federal Aviation Administration will require all aircraft to have an
altitude-encoding transponder to meet a congressional mandate for a colli
sion-avoidance system, says a senior Government official. Although people
in general aviation and congressmen sympathetic to them will balk
at the $120 million requirement—a minimum $1,500 for encoders and

transponders aboard each of 75,000 aircraft, while another 45,000 craft
would have to add only $700 encoders—the FAA will say that the avionics
is necessary for even the least expensive of several suggested CAS [Elec
tronics, Oct. 30, p. 29].

FCC inquiry set
on interference

by car ignitions

ERDA scrambles

to revise program
as funds are cut

Electronics/December 25,1975

The Federal Communications Commission has launched an inquiry into
ways to cut radio-communications interference caused by spark-type igni
tion systems in motor vehicles. The new Docket 20654 was established
in mid-December after FCC receipt of a Stanford Research Institute contract
study that concludes that a 10-decibel decrease in ignition-system radia
tion could be achieved at low cost in mass-produced automobiles. The
FCC is soliciting comments and information by March 19, 1976, to support
or refute the SRI findings. Possible alternatives, are the effect of ignition
interference on television, as well as microwave, amateur and land-mobile
radio services.
Eleventh-hour changes in the photovoltaic power-cell R&D budget have left
Federal officials scrambling to revise their program. “I had anticipated about
$29 million for the current fiscal year, but all of a sudden Congress gave
us only $21.6 million, so we’ve got to review the program. We’ve made
commitments based on a larger appropriation than we now have,” notes a
senior program official of the Energy Research and Development Adminis
tration.
Congressional advocates of solar energy had authorized a budget-busting
$36.3 million photocell program for the current fiscal year, as part of a $172.5
million solar-energy program, but the plan doubled the ERDA budget request
and strained Congress’s self-imposed budget ceiling.
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Washington commentary
Commerce’s moves to expand its bureaucracy
An unreleased report from the Commerce
Department is generating strong and apparently
valid criticism inside and outside of Govern
ment. Entitled “Lowering Barriers to Telecom
munications Growth” in the United States, it
was undertaken earlier this year at the urging
of Betsy Ancker-Johnson, assistant secretary for
science and technology, and put together by a
task force from her Office of Telecommunica
tions. The 95-page draft is currently being cir
culated to industry for comment.
Fundamental to nearly everyone’s objections
is the report’s definition of telecommunications
to include home-entertainment electronics, as
well as broadband cable distribution systems,
direct broadcast satellites, land-mobile radio,
and optical-fiber networks for “non-commoncarrier use.” Equally distressing to critics is the
report’s call for increasing the role—and pre
sumably the size—of the Office of Telecommuni
cations to help “recapture” the U.S. consumer
electronics market from imports while operating
other specific programs to accelerate develop
ment of U.S. markets for other telecommunica
tions technologies. Privately, industry execu
tives who have seen the study call it “dilettan
tish,” “incompetent,” and “a blatant power
grab by OT in order to justify its existence.”

Industry’s objections
For the record, the Electronic Industries Asso
ciation urged in a letter to assistant secretary
Ancker-Johnson that ‘ ‘the report either in whole
or in part not be implemented’ ’ until its Commu
nications division can review it during EIA’s an
nual meeting in March. The EIA division says
its members allege that the study includes mis
statements as to the communications industry and
some inaccuracies and that they even complain
about some of the premises on which the report
is based. Other letters of criticism, from individ
ual companies dealing with specific segments of
telecommunications of interest to them, are
reportedly equally as strong as EIA’s.
To support its criticism of the new and ex
panded Office of Telecommunications program,
EIA invoked the White House and President
Ford’s program to reduce Federal regulation and
intervention in the free market. “This type of
Government involvement,” EIA wrote, '“runs
directly counter to the Administration’s goal of
less Government involvement and less regulation
of business.” Beyond contradicting White
House policy, EIA members “contend that tech
42

nology cannot be pushed into the marketplace;
rather, the marketplace is the pertinent factor in
determining the use of technology.”

Government complaints

Within Government, the Ancker-Johnson task
force has produced criticism within the Com
merce Department itself, the White House Office
of Telecommunications Policy, and the Federal
Communications Commission. Initially,
Ancker-Johnson proposed a single study treating
international telecommunications trade issues as
well as domestic applications. That was quickly
squelched by Travis Reed, assistant secretary for
domestic and international business, who noted
that trade issues were his turf.
At the FCC there is more disdain than enthusi
asm for the office’s move “to ensure that regula
tory decision-making processes take account of
long-term technical economic impacts by provid
ing comprehensive analyses and action recom
mendations on critical regulatory decisions.”
To staffers at the FCC and OTP, Commerce is
treading on their turf as well by trying to carve
out a new and larger role for its telecommunica
tions office. On the industry side, one communi
cations industry practitioner before the FCC
summed up reactions by moaning, “My God, I
thought the process was complicated and slow
enough already.”
Beyond treading on lots of toes, many of the
Commerce study’s recommendations reflect a
shallow piece of work. By way of “recapturing”
the long-lost consumer electronics market, for
example, the office wants “to identify innova
tions with low potential for foreign transfer and,
in collaboration with other Government agen
cies, speed their development and transfer to pri
vate-sector users.” At the same time, it would
“identify nonmarket forces which are responsi
ble for the rapid exportation of U.S. technology,
and take appropriate steps to eliminate or mini
mize the effects of these . . . forces.”
Those unconvinced that such statements re
flect no more than the high level of development
of bureaucratic gobbledygook should read the
report’s 12-point program for helping recover
that market. The first point is a recommendation
to “expand the investigation already begun,”
and the last advises “writing final report of the
program, including recommendations concern
ing the disposition of outstanding problems.”
—Ray Connolly
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20 V 5 ns variable rise

$1250
Same old 110 model number and price, but a completely new design
...with expanded capability. Systron-Donner’s Model 110C pulse
generator features 20 volts for driving logic families from TTL through
MOS, which its famous predecessor, Model 110B, couldn’t do. (May
it rest in peace.)
More good news! Thanks to its simple, clean design, Model 110C costs
$500 to $600 less than its nearest competitors! Like the 110B, the 110C
is a very sophisticated pulse generator featuring:
• Rise/fall time linear and variable from 5 ns to 14 sec. • Upper level,
lower level controls, rather than offset and amplitude (both variable
from — 20 to + 20 volts) • 50 ohm or 1K ohm source impedance • Rep
etition rates to 50 MHz • Single or double pulse output • True or com
plement output • Synchronous and asynchronous gating.

For complete details on S-D’s highly affordable replacement for the
industry’s most widely used pulse generator, call Scientific Devices
or contact S-D at 10 Systran Drive, Concord, California 94518. Phone
(415) 676-5000. Abroad, contact Systron-Donner GmbH, Munich;
Systron-Donner Ltd., Leamington Spa, U.K.; Systron-Donner S.A.,
Paris (Le Port Marly); Systron-Donner Pty. Ltd., Melbourne.

SYSTROM
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AR-700 airborne/mobile instrumentation
recorder. Compact and rugged, built to MIL
standards; modular construction for simplified
maintenance. Available in intermediate and
wide-band versions, with configurations up
to 28 tracks.
AR-1700 airborne/mobile recorder, similar
to AR-700; can be used with 14” reels.
Transport speeds up to 120 ips, and up to 28
recording tracks. Options include remote con
trol and reproduce monitors.
INSTRUMENTATION TAPE
Ampex manufactures appropriate tapes,
of the highest quality, for all the recording
products in its range. Specially developed for
Ampex instrumentation recorders are the
786 and 787 series of high-resolution wide
band tape, and the 766 series for mid-range
applications. These series are extremely durable
and reliable, and made by a superior thermo
set process exclusive to Ampex.
AMPEX INTERNATIONAL, 72 Berkeley Ave.,
Reading, Berkshire, England. Tel: 55341
Telex: 847611

Without fussing, tweaking, com
promising, your recorder has served
you through the day. Accurately,
precisely, dependably.
Ampex recorders: What every
instrumentation recorder should be.
FR-3000 - the new laboratory recorder with
exceptionally good time base stability and
gentle tape handling. FM, Direct and PCM
electronics provide intermediate and wide-band
operation, with up to 28 tracks. Featuring the
Ampex ‘Acculoop’ drive, improved heads and
superior capstan servo system, the FR-3000
is ideal for a wide range of applications from
aerospace to scientific research.
PR-2200 versatile, portable recorder. Im
proved version now offers IRIG bandwidths to
80 KHz, 1 MHz direct, and built-in diagnostic
system and FM-calibration. Front access
signal electronics cards. Designed for easy
maintenance. Available in configurations up
to 32 tracks.

AMPEX Worldwide

\MPEX

lnstrumentation;Video Cameras;Audio and Videotape Recording Equipment;Computer Tape Drives;Core Memories;Disk Drives;Magnetic Tape
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French market report
A better year ahead
after poor 1975: page 5E
Communications equipment, such as this Thomson-CSF air-traffic-control
center in Copenhagen, is biggest growth area for French electronics

Pin Diode S witches
if
i ^igi » Sl/l rite! 'line ISP zed

11

DÉ
j

at id b roa dba nd t'OVi irai

0

2

4

6

8

10

12

14

16

18 GHz

for ECM and System Design
The broadband coverage from 1 to 18 GHz combined
with a switching time of less than 10 nanoseconds, high
isolation and low insertion loss make these new devices
particularly attractive in ECM applications as microwave
switches, modulators or attenuators. The microstrip con
struction provides the benefit of inherently small size and
light weight. These Pin Diode Switches are immediately
available in SPST or SPDT with or without integral drivers
which are TTL compatible and available in either logic
polarity. Switch and driver models are available for opera
tion from positive or negative power supplies.
Write for new technical literature.
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International newsletter
Space-division race

narrows to

CGE and ITT subsidiary

Insiders say that ITT’s French subsidiary CGCT and rival group, CGE,
are the finalists in the hotly disputed competition for big space-division
switching contracts due to be awarded soon by the French telecommunica
tions ministry. In the preliminary shakeout, Philips, Siemens, and
Thomson-CSF—which has a license from Canada’s Northern Elec
tric—have been eliminated. That leaves the CGCT Metaconta system

in competition with the Japanese D-10 system and the Axe-Ericsson system,
both licensed by the CGE group. In fact, the French telecommunications
industry may retain only one space-division technology, but in that case,
some of the losers may share in Metaconta manufacture.

Facsimile system
uses plasma tube

for scanning

A multipin plasma tube provides the horizontal scan for electrostatic
imaging in a facsimile system just announced by Nippon Electric Co. In
operation, a three-phase clock steps the plasma discharge from one end of
the tube to the other to provide positive voltage on a finely spaced row
of pins that contacts the insulated front surface of the recording paper.
At the same time, negative-going facsimile-signal voltage is applied to
an electrode in contact with rear surface of paper. Electric charge is
transferred to the paper under the pin that is positive at the moment
when the back electrode is negative. Successive lines are scanned in

sequence as the paper moves. The latent-charge image is developed with
carrierless toner, and fixed by heat.
British sell

Rapier missiles

Beating out the Franco-German Roland surface-to-air missile system,
the British Aircraft Corp, has sold $375 million worth of tracked
Rapier missile systems to the Iranian army. The deal, which includes

to Iranians

support and technical assistance so that Iran can make its own missiles,
also covers identification-friend-or-foe units from Cossor, optical tracking
units from Barr & Stroud, and the vehicles from FMC Corp, in the U.S.
BAC export orders for the Rapier now total more than $800 million,
including a previous $250 million order for the Iranian air force, that had
a $40 million Marconi Blindfire radar option. Marconi may eventually,
receive Blindfire orders from the Iranian army.

French officials

The French government is considering a plan to put new muscle into
computer research and development. Industry and research minister Michael
D’Ornano hopes a streamlined R&D effort will solve the apparent paradox

push for
computer R&D

in the government’s strategy to use Honeywell Information Systems’
sales strength and brainpower to launch a vigorous French computer
industry into international markets.

There is little doubt in France that HIS and Honeywell-Bull machines
will dominate the sales of the new company that will combine the U.S.
partners with Compagnie Internationale pour 1’Informatique. D’Ornano and
his director general for industry, Hugues de 1’Estoile, have faith in
France’s well-proven track record in fundamental computer research.

They figure that when CII-Honeywell-Bull, the new combine, produces
its first coherent line of products early in the next decade, the conception,
architecture, software, and even the technology will have enough French
Electronics/December 25, 1975
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International newsletter
content to justify today’s claim that the merger “guarantees French inde
pendence. Our industry will only be what our own researchers make it,”
argues de 1’Estoile.
The government plans to use its own traditionally strong research
infrastructure to develop home-grown computer expertise that will be

controlled by the state and not by industry. At the same time, government
planners want to close what has always been a wide gap between the
fundamental research organizations and industrial R&D. As de 1’Estoile
freely admits, the model is the United States, where electronics and
computer research have flowed freely between universities and industry.

West German company
readies digital

fiber-optic link

For trial purposes, AEG-Telefunken has readied a digital fiber-optics
communications system with a transmission capacity of 100 megabits per
second. The system allows the transmission of more than 1,000 speech
channels or, alternatively, an eight-bit-coded color-television signal. Using
a multi-mode fiber, the system shows an attenuation of 8 dB per kilometer.
An injection laser transmits the pulses, while a silicon-avalanche-photodiode is used for detection. Easy-to-plug connectors with coupling losses
of less than 0.5 dB facilitate handling the optical cable. All system
components are AEG-Telefunken’s own developments. The company
won’t confirm it, but the system is certain to be used in the optical
communications trials that the German post office plans to conduct
in West Berlin in 1977 [Electronics, Nov. 13, p. 56],

German-Japanese venture

seeks share of U.S.

West Germany’s Siemens and Japan’s Fujitsu Fanuc have decided to
set up a joint venture for marketing numerical machine tool controls
in the U.S. The company, called General Numeric, will be established in

numerical control market

the Chicago area the first of the year. It will also handle servicing of the
numerical controls it will distribute as well as those that the two parent
firms have already sold on their own in the U.S., Canada, and Mexico.

Swiss to finish

The Swiss post office plans to have a nationwide radiotelephone network
in full operation by 1979. The $4.8 million system will blanket the
mountainous country with about 40 fixed stations that will eventually tie

radiotelephone

net by 1979

10,000 mobile-radiotelephone subscribers into the conventional tele
phone network. The first stations, in the Zurich area, will go into service

in 1977, and full national coverage is to follow two years later.

Danish hi-fi firm
sees bang-up year

Although most of the giant European entertainment electronics companies
remain cautious about sales predictions for 1976, the smallish Danish
company Bang & Olufsen says it expects to have its biggest year ever.

The company specializes in high-ticket precision high-fidelity products.
Booming exports and a solid home market will enable the Danish company
to kick up its turnover about 20% to $87 million for the current operating
year, which started October 1. “We’re in what we call a delivery situa
tion,” says B&O’s international sales manager Kjeld Harder. “We’re
simply having a difficult time keeping up with demand.” The biggest jump
has come from the U.S., with France also showing strength.
48
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The onlf locally-oxidised
CMOS alternative.
The only one
made in Ei p
LOCMOS 4000 is the new high- ideal transfer characteristics
performance CMOS family from
- high packaging densities
Philips Costing no more than
Circuits currently avai’able
conventional CMOS it gives you : are indicated in white in the
- higher speeds
tabte below The rema nder will
- lower static power
be available soon, so watch this
- highest noise immunity
space
- buffered, standardised outputs LOCMOS 4000 is pin-for-pin

compatible w.th the other popu
lar 4000 ranges with the big dif
ference that it’s made in Europe
To find out more write to :
Phihps Industries, Electronic
Components and Materials
Division. Eindhoven.
The Netherlands.

| HEF4001P Quad two-input NOR gate
HEF4002P Dual four-input NOR gate
HEF4011P Quad two-input NAND gate
HEF4012P Dual four-input NAND gate
HEF4013P Dual D flip-flop
HEF4O14P Eight-bit shift register
HEF4015P Dual four-bit shift register
HEF4016P Quad bilateral switch
HEF4017P Five-stage Johnson counter
HEF4018P Presettable divide-by-n counter
HEF4019P Quad two-input multiplexer
HEF4020P 14-stage binary counter
, HEF4021P Eight-bit shift register
HEF4022P Four-stage divide-by-eight Johnson
counter
HEF4023P Triple three-input NAND gate
HEF4024P Seven-stage binary counter
; HEF4025P Triple three-input NOR gate
HEF4027P Dual J-K flip-flop

HEF4104P

I HEF4029P
i

HEF4030P
HEF4031P
HEF4035P
HEF4040P

PHILIPS

Synchronous up/down,
binary/decade counter
Quad exclusive-OR gate
64-bit shift register
Four-bit universal shift register
12-stage binary counter

Electronic
Components
and Materials

HEF4042P Quad D latch

Hex inverting buffer
Hex non-inverting buffer
Eight-channel analog multiplexer
demultiplexer
HEF4052P Dual four-channel analog
multiplexer-demultiplexer
HEF4053P Triple two-channe! analog
multiplexer-demultiplexer
HEF4066P Quad bilateral switch
HEF4068P Eight-input NAND gate
HEF4070P Quad exclusive-OR gate
HEF4071P Quad two-input OR gate
HEF4072P Dual four-input OR gale
HEF4078P Eight-input NOR gate
HEF4081P Quad two-input AND gate
HEF4082P Dual four-input AND gate
HEF4085P Dual two-wide two-input
AND-OR-invert gate

HEF4049P
HEF4050P
HEF4051P

HEF4099P

Eight-bit addressable latch

Quad low-voltage-to-high-voltage
translator with tri-state output
HEF4514P One-of-sixteen decoder/demultiplexer with input latch (HIGH) HEF4515P One-of-sixteen decoder/demuftiplexer with input latch (LOW)
HEF4518P Dual BCD up-counter
HEF4519P Quad two-input multiplexer
HEF4520P Dual binary up-counter
HEF4539P Dual four-input multiplexer
HEF4555P Dual one-of-four decoder with
active HIGH outputs
HEF4556P Dual one-of-four decoder with
active LOW outputs
HEF4720P 256-bits, 1 bit/word RAM
HEF40097P Tri-state hex non-inverting buffer
HEF40098P Tri-state hex inverting buffer

HEF4D192P Four-bit up-down synchronous
decade counter
HEF40193P Four-bit up-down synchronous
binary counter
HEF40194P Four-bit bidirectional universal
shift register
HEF40195P Four-bit universal shift register

PHILIPS
Circle 103 on reader service card

PM 8125500mm-‘s. DIN A3 format
T4 ranges

PM 8120
rnW:crn
300 rrimi$ din A4 tormat
T& ranges

Whin @wry detail counts
High 0.05 mV/cm sensitivity, fast 500 mm/s
writing speed, big A3 chart size
That’s the combination that
makes the PM 8125 X-Y A3 chart
recorder the right choice for
R&D labs, where every detail of
the trace is often so important.
The high 0.05 mV sensi
tivity is adjustable in 14 steps to
1 V/cm, with variable span
overlapping each range to give
continuous adjustment.
Electronic overload protection
covers all ranges and the inputs
are both floating and guarded to
ensure high noise immunity.
Most important, the 500 mm/s
writing speed enables fast
changing signals to be recorded
accurately.
A recording accuracy of
± 0.25 % and 0.1 % reproduci
bility is ensured by the null
balance potentiometric
measuring system which has a
MOS FET chopper and DC servo
system with tacho generator
feedback.
The zero point, which is
continuously adjustable over the
full recording width, can be
conveniently checked at the
push of a button, while push

PM 8235 : multi-point recording
on 1 to 12 channels using
simple pin board programming

PHILIPS
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button selection also provides
-100 % offset.
Penlift can be remote as
well as manual. The writing
system employs nylon-tipped felt
pens. Standard drawing pens
can also be fitted directly.

of ± 3 % and 0.5 % linearity.

Comprehensive X-t range

Add-on Xt, Yt facility
The optional plug-on time base
unit PM 9814 is a sweep
generator designed to give both
models Xt or Yt facilities.
A wide range of speeds
from 0.05 to 20 sec/cm can be
obtained with an accuracy

As illustrated below, the Philips
program features a compre
hensive range of X-t recorders.
Three models have 0.25 %
accuracy and 0.35 sec response
times with a choice of single
line, double line or multi-point
(up to 12 channels).
Two other compact
recorders feature 0.5 %
accuracy and 0.25 sec response
time plus a wide range of options,
making them suitable for
OEM applications. The compact
dimensions and convenient
Z-fold paper system also make
these instruments ideal for
crowded bench work.
The Z-fold chart paper is a
feature common to all X-t
models, as is the stepper motor
chart drive.
For more information on
X-Y and/or X-t chart recorders
please write to : Philips
Industries, Test and Measuring
Instruments Dept., Eindhoven,
The Netherlands.

PM 8240/45 : single and
double-line respectively: wide
choice of input parameters

PM 8202/22 : single and
double-line. OEM and end user
facilities

Electrostatic chart hold-down
A useful feature of the recorder
is the electrostatic chart hold
down, which works for any kind
of paper and any size up to
250 x 380 mm (Din A3). Quick
chart alignment is obtained with
pinpoint light guides.
These features add up to
make the PM 8125 the ideal
recorder for manufacturing and
education as well as lab R&D.
As illustrated, a smaller format
A4 version is also available.

PHILIPS
Circle 104 on reader service card
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Market requires
large screen oscilloscopes

We offer unmatched performance
in the 200 MHz range with
TH 8207, featuring:
•
•
•
•

Our family also includes, among others:

10 x 12.5 cm screen
high sensitivity (2.6 V/cm)
exceptional spot size (0.4 mm)
short length (405 mm)

Type

Screen
cm

Sensitivity
V/cm

Length
mm

Operating
frequency
MHz

TH 8206

10x12.5

2.8

380

100

TH 8205

8x10

2.2

340

200

TH 8203

8x10

1.2

370

350

Information about ruggedized versions of these tubes and
custom electrostatic screens of larger size available upon request.

Circle 105 on reader service card

o

THOMSON-CSF

DIVISION TUBES ELECTRONIQUES 38 RUE VAUTHIER I 92100 BOULOGNE-BILLANCOURT / FRANCE I TEL.: (1) 604 81.75
Germany - THOMSON-CSF Elektronenröhren GmbH / 6 FRANKFURT/MAIN / Am Leonhardsbrunn 10 / Tel.: (0611) 70 20 99
Italy - THOMSON-CSF Tub! Elettronici SRL I Viale degli Ammiragli 71 /1 - 00136 ROMA / Tel. : (6) 63814 58
Japan - THOMSON-CSF Japan K.K. / Kyosho Building 11.9.3. Hirakawa-cho I Chlyoda-ku / TOKYO / f 102 / Tel. : (03) 264 63.41
Spain - THOMSON-CSF Tubos Electrónicos S.A. I Alcala 87 / 7o Deha I MADRID 9 / Tel.: (1) 226 76.09
Sweden - THOMSON-CSF Elektronrör AB / Box 27080 / S10251 STOCKHOLM 27 / Tel.: (08) 22 5815
United Kingdom - THOMSON-CSF Electronic Tubes Ltd I Ringway House I Bell Road / Daneshill / BASINGSTOKE RG24 OQG I Tel.: (0256) 29155 / Telex : 858865
U.S.A. - THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel.: (201) 7791004
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France awaits
a better year
after a poor 1975
by Richard Shepherd, McGraw-Hill World News, and Arthur Erikson, Managing Editor, International
FRANCE ELECTRONICS MARKETS FORECAST

Communications gear

(IN MILLIONS OF DOLLARS)

expected to set pace,

followed by computers
and consumer hardware

The recession that has plagued the
world’s economies for the past two
years or so hit France so hard that
even sales of champagne slumped in
1974. But now the corks are popping
much more frequently than they
were a year ago. A natural upturn in
the business cycle, bolstered by a
massive government spending pack
age, has the French economy
headed for recovery.
Prospects now are for something
like a real growth of 3% in the coun
try’s output of goods and services
for 1976. That pace is only about
half the growth in gross national
product that French businessmen
got used to in the late 1960s and
early 1970s, but any growth is better
than 1975’s “slumpflation.” And,
there’s a chance that 1977 will be al
most like the good old days.
What makes the outlook chancy,
more than anything else, is infla
tion. Some economy watchers say
that President Valery Giscard
d’Estaing’s stop-go economic policy
went “go” too late. They’re con
vinced the $10 billion spending will
speed the recovery so much that
next year’s inflation will surge past
the 10% hike that the cost-of-living
indexes made this year.
Electronics’ annual survey puts
French equipment markets for 1975
at just over $4.11 billion for a nomi
nal rise of 11% over the 1974 figure
Electronics/December 25,1975

1974

1975

1976

Total assembled equipment

3,707

4,114

4,755

Consumer electronics

884

976

1,112

Communications equipment

925

1,072

1,310
1,751

Computers and related hardware

1,381

1,531

Industrial electronics

189

181

197

Medical electronics

136

150

167

Test and measurement equipment

136

148

159

55

58

59

Power supplies

1,055

1,037

1,139

Passives

627

636

706

Sem iconductors

237

202

226

Tubes

191

198

208

Total components

I Exchange rat« $1 -4 4 Itancs?

Note: Estimates in this chart are consensus estimates of consumption of electronic equipment obtained
from a survey made in September and October 1975. Domestic hardware is valued at factory sales
prices and imports at landed costs.

of $3.71 billion. The forecast for
1976 reflects the expected over-all
recovery, pegging French equip
ment markets at $4.76 billion, 16%
better than the year just ending.
Market values are for consumption
in current prices at an exchange rate
of $ 1 equals 4.4 francs.
Makers of communications
equipment seem sure to set the pace
next year. They have a lusty home
market in sight—up better than 20%,
according to the survey—and whop
ping export backlogs as well. The
computer makers and the entertain
ment-electronics producers can
count on an improvement over their
lackluster 1975, too. Worst off
among equipment makers will be
suppliers of industrial electronics,
the survey suggests. Their customers
have been reluctant to invest, and
sales for the sector are predicted to

climb less than 9%. Worried largely
by the outlook for automation
equipment, CIT-Alcatel’s deputy
manager Louis Le Saget lamented
late this fall, “We just don’t know
where we are going. The orders are
not good at all so far.”
Even less sure are the French
components producers. They regis
tered declines this year—almost 15%
for semiconductors—and saw prices
plummet as well. As a result, their
market dwindled from last year’s
$1.055 billion to $1.037 billion. In
late fall, some signs of a pickup
started popping up here and there,
and the survey points to a modest
upturn for 1976 that would lift the
market to $ 1.139 billion.
Professional performance. “Pro
fessional” electronic equipmenthardware like radars, communi
cations equipment, guidance sys-
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teins, navigation aids, and radio
links—long has been a French forte.
Their worldwide reputation has
stood French manufacturers of so
phisticated electronics in good stead
during the recession. While their do
mestic market dawdled, they have
piled up whopping export orders.
Fully half of the orders booked last
year came from abroad. Judging
from business logged during the
first six months, the figure will go
well beyond 50% this year. “France
is the world’s third supplier in the
arms business,” explains Christian
Loeffler, who heads professional
electronics sales at Le Matériel
Téléphonique, “so we have benefitted from this booming market.”
Because a lot of communications
hardware goes into weapons systems
tagged for export, and because the
French Ministry of Posts and Telecommunications plans massive
spending on stored-program-control
switching, the consumption of com
munications equipment in France
will surge next year. According to
Electronics” survey, there’s a 22%
spurt in sight, to $1.31 billion from
this year’s $ 1.07 billion.
Even so, some big producers of
military hardware are edgy for the
long term. LMT’s Loeffler predicts
that military export orders will dry
up before long. “We will reach the
saturation point soon—maybe next
year,” he warns. While orders will
keep production facilities going for
another year or two, there’s keen
concern about the stagnant domes
tic market for military hardware.
One big project, though, will get
under way next year. The RITA dig
ital battlefield-communications sys
tem will involve most of the French
telecommunications companies and
LMT in particular. But “we’re wor
ried about the lack of credits for de
veloping advanced components,”
says Jacques Bouyer, the managing
director of the Philips’ subsidiary
RTC-La Radiotechnique-Compélec
and president of the trade associ
ation of semiconductor and tube
makers. In his view, future arms
sales abroad depend on keeping
ahead in technology.
The unmitigated bright spot in
6E

the outlook for telecommunications
makers is the government-run
phone network. France has lagged
well behind the rest of the indus
trialized world for years now, and
the telecommunications ministry
plans to turn heavily to electronic
switching for the catch-up effort.
Along with the time-division sys
tems it opted for in the late 1960s,
the ministry has earmarked funds
for a crash program of 300,000 lines
worth of space-division exchanges.
At year-end, Thomson-CSF, the
ITT subsidiaries LMT and CGCT, L M
Ericsson, the Compagnie Générale
d’Electricité, and Philips were wait
ing to see how the agency would
split up its business. Meanwhile,
CIT-Alcatel, part of the CGE group,
will be looking ahead to orders for
some $90 million worth of space-di
vision exchanges for 1976—more
than double its figure this year. All
told Electronics forecasts $182 mil
lion for deliveries of electronic and
semi-electronic public switching ex
changes next year.
And that’s just the beginning.
Government planners now hope
that electronic systems will take half
of all new switching business by
1980 or 1981. Around then, French
companies hope to be logging or
ders for 1 million lines a year and
installing 700,000 of them. Alto

gether, the ministry is targeting
about 19 million lines by the end of
the decade, with about 2.5 million
lines linked to electronic exchanges.
In addition to cutting down the
waiting list for telephones, the
French government hopes that a
solid telecommunications market
will foster home-grown advancedcomponents technology. They tried
to do the same with computers
through the Plan Calcul, which ex
pired this year when the govern
ment let CGE take control of Honeywell-Bull and merge it with the
Compagnie Internationale pour
1’Informatique.
Bouncing back. Computer makers
now think they are set for a rebound
from a poor 1975. Computer sales
did badly during the first six months
of the year, logging zero growth.
Not only was the economic climate
too chilly for businessmen to warm
up to new data-processing hardware
but also the “affaire HoneywellBull” overhung the market, slowing
orders for CII equipment.
After the Sicob computer show in
September, though, the market
started to perk up. According to
Electronics’ survey, the computer
sector should wind up this year at
$1.53 billion, up 11% over the 1974
figure of $1.38 billion. Mini
computers and microcomputer sysElectronics/December 25, 1975

Upbeat. French electronics companies ex
pect an improved 1975 as sales pick up.
Communications equipment, such as Thomson-CSF's relay links (left) and air-traffic
control radars (far left), is the pacesetter, fol
lowed by computers.

terns paced the fall pickup to end up
with a gain for the year of about
19%, the survey shows. Peripherals
also ran strong. “People are much
more money-conscious now,” notes
a Control Data marketing executive,
whose big computer models none
theless suffered relatively little dur
ing the economic downturn.
For next year, Electronics’ con
sensus forecast puts the market at
$1.75 billion, a gain of better than
14%. In addition to the better busi
ness outlook, the planned merger of
CII and Honeywell-Bull should be
finalized in the spring, bringing
buyers into the market.
Consumer caution. Consumer
electronics managed to register a
nominal 10% rise to $976 million
this year. Compared to West Ger
many and the United Kingdom,
where the market went into reverse,
that’s not too bad. All the same,
consumer-electronics makers in
France have chalked off 1975 as a
non-vintage year and count on a
sprightlier brew for 1976.
France has as yet not seen the
kind of color-TV buying spree that
hit its northern neighbors in the
early 1970s, and the French market
thus is young enough to rate as ro
bust. Led by color-TV sales, con
sumer electronics producers have á
billion-dollar-plus year ahead. That
Electronics/December 25, 1975

figure, in fact, will be low if consum
ers decide to start spending some of
the money they’ve been piling up as
they’ve watched the unemployment
totals get past the 1 million mark.
In the trough. Components pro
ducers, unhappily, have not been
able to hold their own against the
rip tide of recession. They started
going into the trough some 18
months ago and can’t be sure of get
ting back to a crest again in 1976.
The survey spots French compo
nents markets next year at $1.139
billion, a rise of nearly 10%.
A major “if’ is the level of parts
inventories equipment makers are
carrying. They have been working
off inventory for more than a year
and presumably are down to next-

to-nothing. But no one is sure.
Many market analysts, such as Ray
mond Genet of RTC and Michel
Guerga of ITT Components, see a
significant pickup starting in the
second quarter of 1976.
What happens after that is a mat
ter of debate. Some market watchers
are talking of an explosion of orders
from parts-short equipment makers,
shortages, and double and triple or
dering—a repeat of painful history.
At the other extreme, some fore
casters say the European economies
will start slipping back into “stagfla
tion” after a brief upturn. “In that
case,” Genet predicts, “the market
will be flat next year.”
If 1976 winds up between the ex
tremes, the semiconductor markets
almost surely will come back. They
slumped around 15% in current
money terms to $202 million, ac
cording to Electronics’ survey. Next
year, the forecast is for $226 million,
still below the 1974 level. But until
the turnaround actually comes,
semiconductor suppliers will be ner
vously watching price levels. They
have dropped between 10% and
15% this year, says Olivier Garr eta,
head of the Sescosem semicon
ductor division of Thomson-CSF. As
of late fall, the price-cutting was still
plaguing producers. “It’s still going
on,” Garreta said then.
□

West Germany

CCTV alarm system serves
8 cameras, responds to movement
The closed-circuit television system
has become virtually standard
equipment for protection against
thefts in stores, banks, parking lots,
and similar facilities. Unfortunately,
constant observation of a flickering
TV screen strains a watchman’s eyes,
especially at night when the moni-

tored scene seldom changes.
This discomfort is eliminated by a
monitoring unit that keeps the TV
screen dark so long as no changes in
the scene occur. But if the cameras
pick up any movement, the picture
automatically shows up on the
screen, and an acoustic or optical
7E

Electronics international
system alerts the watchman. What’s
more, the picture can be recorded
on video tape at the same time.
The VM 216 TV movement alarm
is being offered by a small company,
Reten Electronic GmbH, in Idstein,
near Frankfurt, West Germany. The
alarm is connected into the video
line between the cameras and the
monitor in existing CCTV systems.
The system, which sells for $ 1,900 to
$5,700, depending on the number of
cameras it serves, can be programed
for a host of other monitoring appli
cations. Among them are industrial
process control, monitoring the un
intentional escape of gases from
combustion plants, checking the
number of people or vehicles enter
ing or leaving a facility, and observ
ing scientific experiments to record
the movements or position changes
of certain objects.
Versatile. The Idstein system can
handle data from eight cameras, in
contrast to competing systems in
Europe and the U. S., which the
company says are limited to one or
two camera inputs. The VM 216 is
comparable to a small process com
puter. By means of a multiplexer,
the outputs of all cameras are
scanned at a maximum rate of 20
times per second. The video infor
mation, which is digitized and
stored, is then compared to the data
of the previous scan.
If a change in the data causes the
data to differ from the scene pre
viously stored, the unit triggers the
alarm, and the monitored scene ap
pears on the TV screen. The video
and alarm signals may be erased ei
ther manually or automatically after
a change in the scene is shown.
Programing. The digital electronic
circuitry allows the VM 216 to be
used for a variety of monitoring
tasks. It can be programed by a 16by-16-point patch-board matrix to
brighten specific areas in a display
or prevent unwanted details from
being processed.
The alarm can be programed by
push buttons to evaluate only cer
tain portions of a scene—say, the
movement of a door, but not the
changing positions of people walk
ing in front of it. In that application,
8E

markers are used to indicate where
the movement takes place.
. The memory content can be re
freshed at a preselectable rate be
tween every 40 milliseconds and ev
ery 60 seconds so that both fast and
slow movements in a scene can be
evaluated. The VM 216 provides
“extremely high resolution” and a

maximum of 16 gray shades, Reten
says. The video scene is divided into
1,024 individual picture segments,
arranged in a square matrix. The
scene is displayed and the alarm is
triggered when the average gray
shade is changed by 12% or more in
at least 0.1% of continuous picture
area.
□

Japan

Differential processing squeezes
TV signals onto telephone circuits
Business conferences are just one of
many activities expected to benefit
from a new technique for trans
mitting differential pulse-code mod
ulated color-television signals over
voice-grade telephone circuits. Sig
nals are sent at 32 megabits per sec
ond, and the bandwidth is com
pressed by about two thirds with a
resulting two-thirds decrease in the
transmission rate.
Although the picture does not
meet broadcast standards, its qual
ity is said to be comparable to that
normally displayed on home tele
vision receivers. The technique, de
veloped by the Central Research
Laboratory of Nippon Electric Co.,
is also aimed at applications in edu
cation, surveillance, and medicine.
The transmitting equipment uses
higher-order prediction to directly
encode NTSC-standard color signals
to differential pulse-code-modu
lated signals.
As in other differential-trans
mission methods, most of the band
width compression is achieved by
transmitting only the portion of the
signal that changes from scan to
scan. The equipment is designed so
that the amplitude of signals sam
pled earlier predicts the amplitude
of the signals that follow. The sig
nals that are actually transmitted
are five-bit codes that represent the
differences between the predicted
and sampled values.
Coding. Nonlinear coding en
ables reproduction of 92 brightness
levels on either side of a zero signal.
Although a single preceding sample

is adequate for black-and-white
transmission, color-television signals
require three previous samples. Buf
fer memories in identical prediction
networks at the transmitting and re
ceiving terminals make it possible to
reconstitute the differential signal at
the receiving terminal into a pulse
train closely matching the original
sample.
The rate of 32 Mb/s is used for
transmission of PCM signals on com
mercial telephone systems. PCM
color-television signal are normally
transmitted at 90 to 100 Mb/s. The
32-Mb/s transmission rate for the
5-bit code pulls the sampling fre
quency below the standard specified
by the Nyquist criterion, which re
quires the minimum sampling fre
quency to be twice the highest fre
quency in the sampled signal. If this
rule is not followed, part of the sig
nal can be lost, and spurious signal
components can create beats be
tween the TV signals and the sam
pling signals.
To increase the sampling fre
quency to the highest possible
value, the signal is not sampled dur
ing the horizontal-retrace period,
which is 10% of each horizontal line
scan. At the transmitting terminal, a
buffer memory enables a 35.3-Mb/s
PCM pulse train to be transmitted at
31.8 Mb/s. At the receiving termi
nal, the PCM pulse train is speeded
up to its original rate by another
buffer memory. Filters and conver
sion circuits at both transmitter and
receiver are used to limit signal deg
radation.
□
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SESAME
The system which
can be
adapted
to meet all your
test problems
logic

reliability
trials

acceptance

analog

Because of its simplicity of opera
tion and programming, its robust
ness and its flexibility in use,
SESAME
the modular, programmable auto
matic test system, will guarantee
the quality of your testing and
enable you to reduce your produc
tion costs.

SFENA

G3 Aérodrome de Villacoublay B.P. n 59
78140 VELIZY VILLACOUBLAY France
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Painless
In the medical school of the University of
Utrecht dental students work on sets of
teeth fixed into the mouth cavities of plastic
heads. Beside each chair are a T.V.screen
and earphone.
The professor - who is in what amounts to a
small T.V.studio - works on an identical set
of teeth. A small T.V.camera photographs
him, and the picture, along with his verbal
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instructions, is transmitted to the T.V.
screens and earphones beside the chairs.
Consequently each student has a clear view
of what the professor is doing and can
practise it himself immediately. Since the
camera has a 200 mm lens the professor can
show either the whole mouth and the
position of his hands, or an extreme close-up
of, say, the point of the drill.

Electronics/December 25, 1975

With the large classes common today, this
system has the enormous advantage that any
number of students can see exactly what the
professor is doing. Formerly, students
crowded round the professor so that only a
few could get a clear view. Those who could
went away and tried to remember what they
had seen and do the same. Working on a
plastic head, the student is free from anxiety

about causing pain or doing damage and not
troubled by such things as accumulation of
saliva or a tongue that keeps on obscuring
his view of the teeth. He can learn his
technique painlessly. We designed the entire
system.

1 The PIP system (Programmed Individual Presentation)
enables a student or trainee to learn at his or her own
speed. In fact a PIP teaching programme is a30-minute
sound movie viewed on a projector (Cassettescope) that
any student can learn to play forward and back in a few
minutes. The programmes are in cassettes so there is no
threading.
2 The diagrams in a Practonics textbook work. The student
builds up the circuits by plugging capacitors, resistors, etc.
into a transparent circuit board laid over the page. A power
supply and multimetre enable him to measure the para
meters discussed in the text.

3 Microwaves To understand microwaves students must
work with them. Forthis highly specialised teaching Philips
makes two microwave measuring benches for ten basic
microwave experiments. Brochures, supplied with the
benches, describe the experimental setups in detail.
4 The Video 10 system is a two-camera mini-studio aimed
primarily at schools and industrial training centres, enabling
students to produce their own TV programmes.
It comprises the TV cameras with accessories, control
monitors, video mixer, control unit and audio mixer,
microphone and head sets as well as power supply units,
tripod and cables. A video cassette recorder can also be
used so that complex teaching programmes can be
prepared and recorded in advance.

If you would like to know more about us, mail the coupon,
or write to Philips,
GAD-EMB-2/room 16, Eindhoven, Holland.

/

Please send me the brochure “Components for education
and training”

1

Specific interest:

i

Name:
Position:

Country/city:

1

Address:

|

Post to: Philips, GAD-EMB-2/room 16, Eindhoven, Holland.

PLEASE WRITE IN CAPITALS.
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Monolithic circuit
controls switched-mode
power supplies
by William F. Arnold, London bureau manager

High efficiency and compactness
make switched-mode power sup
plies attractive for many systems,
but these supplies usually require a
large supporting cast of components
for good performance. Taking ad
vantage of its collector-diffusion-iso
lation technology, Ferranti Ltd. has
developed and will soon market a
monolithic control circuit for
switched-mode supplies. The inte
grated circuit typically needs fewer
than 20 external components to con
trol up to 100 watts.
Ferranti expects the versatile IC,
called the ZN1066E, to open up new
markets in switching supplies. It
could be used, for example, to con
trol 5-volt, 20-ampere supplies as
well as 5-V, 3-a units.
Most switched-mode supplies are
designed to convert an ac voltage
and current to one or more de volt
ages and currents. In operation, the
input voltage of the ZN1066E is
switched on and off at a frequency
between 20 and 30 kilohertz.
Peter Krebs, new-products-definition manager at Ferranti, says the
ZN1066E packs onto an 8 5-mil
square chip many components usu
ally available only in discrete form
for switched-mode power supplies.
On the chip are a shunt regulator
and a series regulator, an oscillator,
a ramp generator, a comparator,
steering-function circuitry, two pairs
of push-pull transistor outputs, and
two amplifiers.
Collector-diffusion isolation gives
Ferranti several advantages for the
ZN1066E because the bipolar epi
taxial process gives good packing
density, almost equivalent to mos,
says Krebs. The chip area is only a
third as large as transistor-transis
12E

tor-logic circuits. Also, linear and
digital circuits can be combined on
the same chip.
Typically, to get a complete cir
cuit, Krebs says that a designer
would need only to add a bridge
rectifier to get the de current into
the chip, a dropper resistor and ca
pacitor to supply the IC, a capacitor
to serve as a stabilizing reference for
the series regulator, a potentiometer-and-capacitor combination for
generating the ramp, two switching
transistors and a ferrite-core trans
former.
Krebs defines the on-chip steering

Chip needs fewer
than 20 external
components to
handle 100 watts
function as the circuitry to deter
mine either of two modes of oper
ation obtained by a divide-by-two
gate plus five other gates. The pushpull outputs consist of a transistor
and an emitter-follower, he says.
And in open-loop configuration, a
capacitor and a potentiometer can
provide even current feed for the
ramp function.
“The ZN1066E can be used any
where there are large lumps of
logic,” declares William Mordue,
senior marketing executive. He sin
gles out computers, photocopiers,
and industrial power supplies as ini
tial sales targets. Claimed advan

tages of the ZN1066E include two
push-pull buffered outputs, a stable
oscillator, and overlap control—all
on a single chip.
Price of the IC is about $5 each in
lots of 20,000 or about $10 each for
500 units. Although professional ap
plications are the first goal, a con
sumer-grade version is planned.
Ferranti thinks the ZN1066E is
coming out in time to ride on a
wave of success for switching-mode
power supplies. The current Euro
pean market is 1.5 million units a
year and this will increase to about
20 million a year by 1980, Mordue
estimates. The UK market now is
300,000 units a year, he adds.
With the chip, a designer could
drive either two transistors or one
Darlington configuration. Typical
output in a push-pull configuration
would be 60 milliamperes. The con
troller offers two modes of oper
ation—either a 0-to-100% variable
output or 0-to-50% alternating out
puts, to switch the external transis
tors. The former is a “straight filter
ing-out,” Krebs says, while the
second mode is for dc-to-dc conver
ter and inverter setups. He notes
that the chip has automatic overlap
protection to prevent any transistor
overlap.
Among the chip’s advantages,
Krebs points out that the mark
space ratio, the fundamental param
eter of switched power supplies be
cause it determines the amount of
power going through the trans
former, is maintained indepen
dently of the supply voltage and the
temperature.
Ferranti Ltd., Electronics Components Divi
sion, Gem Mill, Chatterton, Oldham, Lancs.,
England [441]
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News from Philips
electronic components and materials
MODULAR
APPROACH

6,5 KW ISOLATOR
FOR INDUSTRIAL
MICROWAVE HEATING

TO PLCs

A new 6,5 kW isolator in an aluminium
die-cast housing is now available.
This isolator is of the terminated cir
culator type in which an integral load
can withstand the full reflected power
in the event of a short circuit in the
microwave applicator. Isolation is
better than 20 dB and the insertion
loss is better than 0,3 dB, typical
values being 26 dB and 0,2 dB respectively at 2450 MHz.

REDUCES
COSTS

Seven different types of modules are
now available for customers to build
their own programmable logic con
trollers (PLCs) inexpensively, without
redundancy. A PLC can easily be pro
grammed and re-programmed as re
quired at minimum cost. Our modular
system allows the user or the system
builder to get precisely what he wants
as unwanted capability is expensive.
A 5V power supply, a rack, and inter
connect wiring are the only extras.
The seven modules, which are formed
on Eurocards, are the input modules
IM10 and IM11, output module OM10,
central processors CP10 and CP11

(the latter without registers), non
volatile 1k program memory module
MM10, and the programming unit PU10,
which can be used to program any num
ber of PLCs.lt has also been designed to
monitor the program and the status of
every bit location in the central pro
cessor, and is so low priced that each
PLC could use one to provide continu
ous signal monitoring.
Excellent noise immunity in industrial
environments, internationally accepted
24 V levels of machine signals, and
uncritical operating margins and
thresholds are all features of the new
system.

CONTROLLED MACHINE OR PROCESS

PLC

The isolator is water-cooled and re
quires about 3 litres per minute for a
20 °C water inlet temperature. It has
been provided with mating flanges
154IEC-PDR26 for waveguide 153IECR26 and a monitoring terminal for
reflection measurements. The isolator
offers protection to the magnetron
against too high mismatches and al
lows the tube to operate optimally,
e.g. independent of load conditions,
resulting in the highest efficiency and
under the best conditions for long life.

X-BAND
MINI ISOLATORS
DECOUPLE
LOADS
Three new miniature field displace
ment isolators are now available for
X-Band frequencies. Covering a full
range of 8,5 to 9,6 GHz between them,
the new devices are only 15 mm long,
41,5 mm high and 55 mm wide.
A patented form of construction is
used, consisting of a resonant array of
copper conductors on ferrite. In the
forward direction the ferrite is mag
netically biased so that the electric
field in the ferrite is very small; in the
reverse direction the electric field is
very large. The high magnetic fields
caused by the heavy currents gener
ated in the copper conductors are
attenuated by gyromagnetic losses. An
iris filter suppresses higher modes in
the isolator.
The new isolators may be used with
X-Band Gunn oscillators which are
sensitive to frequency pulling. The
latter is directly proportional to the
value of reflection seen by the oscil
lator in its output. By inserting one of
the new isolators, the reflection refer
red to the oscillator will be indepen
dent of the load and provide greater
stability within the prescribed band
width.
The typical specification is: bandwidth
4% of fc . VSWR < 1,15, isolation
> 20 dB, insertion loss 0,35 dB,
through-going power 2 W and reverse
power 0,5 W. Production samples in
the various communication bands and
for 12,7 - 13,7 GHz frequencies are
expected to be available later this
year.

Circle 718 on reader service card

ECONOMY RANGE OF CERMET POTENTIOMETERS
The economy 482-series of cermet
trimming potentiometers for profes
sional use have a linear resistance
law, cover the range 100Q to 1 MQ
(E3 series), and feature high reliability
and stability. Their favourable perfor
mance in severe environments makes
them ideal for industrial applications.
The potentiometers comprise a resist
ance element which is printed onto a
non-conductive temperature-resistant

PHILIPS

Electronic
Components
and Materials

Electronics/December 25, 1975

ceramic substrate and cured to form
a thin conductive glass track. They are
no more than 10 mm wide and are
available in two versions for either
horizontal or vertical mounting. The
potentiometers are adjustable from
both sides and are available with, or
without, dust covers.

Circle 719 on reader service card

Circle 720 on reader service card
Philips Industries
Electronic Components and
Materials Division
Eindhoven - The Netherlands
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New products international

Made to measure for you :

inn

f

A 312-digit multimeter provides autoranging,
autopolarity and autozeroing with simple
one-knob operation. Full ac.'dc voltage and
current measurements are possible, and six
resistance ranges go to 20 milliohms. Farnell
Instruments Ltd., Wetherby, West Yorkshire,
England [443]

w» •

Indel 85 capacitors are for applications such
as smoothing of power-supply lines and
general filtering. Capacitance range is 100
to 280,000 ftF. The units have low leakage
current and a three-year shelf life. Advance
Filmcap Ltd., Wrexham, Denbighshire, Eng
land [444]

hybrid
microelectronics
Your hybrids designed and
manufactured in state-of-the-art
technology by 350 specialists working
in one of the largest hybrid plants
in Europe.

err
Alcatel

13, rue Perler, 92120 Montrouge, France
Tel. : 657.12.70 - Télex 270014 F

GROUPE CGE
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A storage tube for oscilloscopes, the E725,
offers a writing speed of 100 cm.jus at a gun
voltage of 2 kV when operated with zero
background brightness. With low brightness,
speed can be doubled or tripled. English
Electric Valve Co., Chelmsford, Essex, Eng
land [445]
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With an automatic machine called Avi-Sert,
radial-lead components can be inserted into
circuit boards without the need for preform
ing the leads, nor is a component sequencer
required. Avi-Sert can handle 20 types of
components. TDK Electronics Co., Chiyodaku, Tokyo 101, Japan [446]

Programable controller called Okipc re
places relay-logic types. Unskilled personnel
can program industrial equipment while
looking at the circuit diagram and using the
programing panel (above). Oki Electric In
dustry Co., 4-10-3 Shibaura, Minato-ku,
Tokyo 108, Japan [447]

Environmental
Transistor Handlers
New from
Delta Design

HAIL

r

CENTURION

Function tracer FT-4 can be used for auto
matic reading and conversion of analog data
into digital, as a function generator, or in
program control. It reads curve information
and stores the data in a semiconductor
memory. Riken Denshi Co., 2-5-5 Yutenji,
Meguro-ku, Tokyo 153, Japan [448]

Introducing the Centurions, Delta's new line
of environmental handlers. Centurion I •—
designed to handle quality assurance testing
of TO-92, TO-220 plastics and TO-3, TO-66
metal power devices as well as integrated
circuits. Now for the first time, manufac
turers and users can handle large runs of
devices with this compact modular unit.
Centurion I offers exceptionally fast
throughput — fully automatic or single-step
operation with up to 7200 devices per hour
at zero test time. The large chamber will
hold in storage as many as 1500 devices in
environment. Temperature range is ~55°C
to +200°C with gradients of ±3°C. And you
have the flexibility of design for your partic
ular needs.

Circle 110 on reader service card
Electronics/December 25, 1975

Standard input is Delta's bowl feed for bulk
handling. Stick and turret feeds are avail
able. Output mechanism provides up to 25
bins for bulk, or sleeve turrets for category
sort. Control data between the tester and
Centurion is logic level and in binary for
mat. Input and output signals are photo
coupled and T2L compatible. Also available
— CENTURION II, ambient handler for
transistors and integrated circuits.

Full details on request. Delta Design, Inc.,
P.O. Box 421, San Diego, CA 92112. Phone
714 - 292-5000.

Reliability problems? Ask about
Delta's full line of
Burn-in equipment.

New products international

Automatic stabilizer module for motor-driven
mains transformers provides a voltage that is
5% to 115% of the input. Module is accurate
to within +0.5 V. Mains transformers, motor
drive units, and accessories are available.
Philips, P. 0. Box 523, Eindhoven, The
Netherlands [449]

All models feature elements made of RESISTOFILM*

a flexlt le two dimensional isotroinc c< 'H ctor fe i i g
a high elect'ivat st< ttv tpa:ented process from NEI)
ALL PRECISION MODELS AVAILABLE WITH
© lineai or nonlinear functions
© multiple taps (voltage, current)
© single or multi-cup configurations
O servo or bushing mounts
© Shaft variations
O special mechanical rotation

GENERAL SPECIFICATIONS
SINGLE TURN PRECISION CONDUCTIVE PLASTIC
Diameter from 5" to 3" standard
Independent linearity ± 1 % to ± 0.05%
Travel resolution essentially infinite
Resistance tolerance . ± 1 0%
Insulation resistance > 100OMQ
Standard torque : < 0.5 in. oz
Output smoothness : ± 0.025% max.
Rotational life (servo) : > 1 0.000.000 revolutions
without catastrophic failure

Unsoldering pistol ELP60 uses injector prin
ciples: a nozzle changes compressed air
into suction. Solder is liquefied, then re
moved by suction. Compressed air blows
out solder accumulated in pistol chamber.
Ersa GmbH, 6980, Wertheim, West Germany
[450]

Typical conformity :± 0.05% standard
Dithering test at 50 Hz vibration over ± 5'
100. 1 06 cycles without catastrophic failure

PRECISION CONDUCTIVE PLASTIC LINEAR MOTION
1" 1/4-1" square case - 1/2" cylindric
Length max. 30"
Available with single or dual elements
Linear or nonlinear functions
Linearity or conformity ± 0.5%
Nominal resistance range 500 0 to 50KQ /inch
Standard resistance tolerance ± 10%
Power rating 0,5 W/inch at 25’C
ALL MODELS SPECIAL MECHANICAL PACKAGE ON REQUEST.

115 - 121, Bd de la Madeleine - B.P. 17- 06021 NICE CEDEX

A 60-GHz data-and-voice transmitter is in
tended for mobile use and for stationary ap
plications where laying cables would be diffi
cult. Unit, which allows duplex operation,
transmits several miles. Elektro Spezial, 28
Bremen, Hans-Bredowstr. 53, West Ger
many [451]

Tél. (93 ) 87.58.90 + Tx 47261
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rLogAbaxl
The Strobo-X-pack is an X-ray flash system
for analyzing rapid processes in high-speed
cinematography. Picture-taking rate is 3,000
pictures per second. Flash duration is 200
nanoseconds, and frequency ranges from 1
hertz to 40 kilohertz. Impulsphysik GmbH, 2
Hamburg 56, West Germany [452]

a ramg® of pirmteirs,
Series P47220B turn-potentiometer (two to
10 shaft turns) is designed for the controls
industry. The 25-mm length allows a long
resistance element, and therefore, good res
olution. Amphenol-Tuchel Electronics
GmbH, Deisenhofen, Munich, West Ger
many [453]

from 110 charaters/second
to 140 lines/minute
compatible with all minis of the
market

new electronic LSI generation
new hight performances head
300 millions characters
Lx 80 110 characters/second
Lx 180 180 characters/second
Lx 360 140 lines/minute
A microcomputer-based system, the Capro1, is intended to replace the minicomputer in
many process-control applications. The
modular system is based on the Motorola
M6800 microprocessor and includes several
options. INCAA BV, Graaf van Lijndehlean
2, Apeldoorn, Holland 055-217300 [454]

The leading
French manufacturer of
computer peripherals

79, av. Aristide-Briand 94110 ARCUEIL FRANCE

phone : 657.11.30
Electronics/December 25,1975

[//j OEM I
telex 270549

Circle 112 on reader service card
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COMPONENTS AND EQUIPMENTS
FOR ENTERTAINEMENT AND
PROFESSIONAL ELECTRONICS

New products international

Digital hand tachometers are suitable where
instrument-imposed torque-loading is criti
cal. One type uses frictional coupling and
imposes fractional loading torque; the other,
no-contact, no-load optical sensing. Smiths
Industries Ltd., Cricklewood, London NW2
7UR, England [455]

Four operations are carried out in five min
utes by a portable ultrasonic cleaner. The
Ultron Microcleen, which cleans electronic
and other small components, has three re
movable tanks and a heated centrifugal
driver. Nusonics Ltd., 6 London St., London
W2 1HL, England [456]

VHF and UHF tuners, synthetic film capa
citors, electrolytic capacitors, variable capa
citors, AC industrial capacitors, cyclic relais,
syncronous motors, electrical household
appliances, professional capacitors, antinoise
filtres, ceramic capacitors.
Circle 113 on reader service card

elettrotecnica

MICROFARAD

BOLOGNA (Italy) - Via M. E. Lepido, 178 - P. O. box 572 -

Using a nine-character printing head, char
acters are printed on heat-sensitive paper
with a hot-spot matrix arrangement. The
printing head consists of a ceramic sub
strate and a row of thick-film power resis
tors. ASEA-HAFO AB, S-162 26 Vallingby,
Sweden [457]

Electronics/December 25, 1975

PERFECT REGULATION
Perfect regulation in trimmers contributes to satisfactory operating precision.
Easy to state, but usually difficult to achieve.
Perfect regulation is our operating objective.
We make a wide range of trimmers for all applications.

Type

CT100
CT106-4
CT110
CT2000
CT2001
CT2002
CT205-10
CT205-207
CT205-208
CT800-209

Turns

1
1
1
1
1
1
25
25
25
15

CT800-20

15

CT910-310
CT910-20

20
20

Size

1/2”
1/2”
1/2”
1/2”
1/2”
1/2”
1/2”
1/2”
1/2”
5/16”
5/1R”

3/4”
3/4”

Power
W

Tol.
%

1
1
1
1
1
1
1
1
1
0.6
AA
1
1

±
±
±
±
±
±
±
±
±
±

Type

5
5
5
5
5
5
5
5
5
5

CT170
CT171
CT172
CT850-20
CT960-20
CT961-20
CT961-20T
CT989-20

Turns

Size

1
1
1
13
20
20
20
20

1/4”
1/4”
1/4”
5/16”
3/4”
3/4”
3/4”
3/4”

Power
W

Tol.
%

0.5
0.5
0.5
0.3
0.75
0.75
0.75
0.75

±
±
±
±
±
±
±
±

20
20
20
10
10
10
10
10

± 10
± 10

LESA

NEOHM

SEIMART COMPONENTI
Via Torino 177 - 10040 LEINT (TORINO) ITALY - Tel. (011) 9989553/9989664 - Telex: 37597
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® Trademark of SEIMART s.p.a.
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ULTRA HIGH SPEED
TRANSIENT TIME
CONVERTER
0.05^S sampling

YOUR QUESTION:
How to get accurate,

New products international

reliable:

Ultra-high-speed input waveforms can be accu
rately recorded by combining with a recorder.

□ panel-mounted and built-in
electrical measuring instruments

□ portable electrical measuring
instruments

*
•

□ thermotechnical measuring
instruments

® 1

$

i v

"
I

-

$

tce-i°o°

Binary 8 bits,
0.1/zS sampling
1-channel
TCE-1000S

• SPECIFICATIONS: (TCE-1000) 005^S

□ complete electrical laboratories
for educational and industrial
purposes

Input

1 -channel

Ranges

±50, ±100, ±200, ±500mV
±1, ±2, ±5, ±10, ±20, ±50V Full scale
1MÎ1 fixed

Input Impedance

□

single and three-phase meters

□

time switches

□

testing equipment

□ vehicular measuring
instruments

0.1. 0.2, 0.5,1,2, 5,10, 20, 50
100, 200. 500/zSec./W

Sampling Time

Ac weld-control model NRW-5T.'U consists
of a power unit and plug-in control units.
Several types of welding are available by re
placing the control unit for the appropriate
job. Input power requirement is 200 V ac,
50/60 Hz. Nippon Aviotronics Co., Minatoku, Tokyo 105, Japan [458]

1024 words

Capacity

TCED-1000
Binary 8 bits,
0.1/zS sampling
2-channel

TCED-1000S

0.05/zS sampling

• SPECIFICATIONS: ( TCED-1000)
2-channel

Input

Ranges

±50, ±100, ±200, ±500mV
±1. ±2, ±5, ±10, ±20, ±50V Full scâle

Input Impedance

Sampling Time

1MÎ} fixed

0.1. 0.2, 0.5,1, 2, 5,10, 20, 50
100, 200, 500^Sec./W

Capacity

2x1024 words

X-Y, T Recorder F-3G
Frequency-response tracer, type FCR-8, is a
broadband dual-trace instrument for mea
surement of audio and other electronic sig
nals. Ranges are 20 Hz to 20 kHz and 20 Hz
to 200 kHz. Kokuyo Electric Co., 1-361-15
Ookayama Meguro-ku, Tokyo 152, . Japan
[459]
1. Self-contained X-axis long-term sweep time base
(Max. 25hr./250mm)
2. High sensitivity (Max. 0.5V/250mm)
3. Extremely durable plastic potentiometer
4. Switchable plug-in boxes (AC, log., displacement,
frequency, etc.)
SPECIFICATIONS:

OUR ANSWER:

1.
2.
3.

Chart size: 250 x180mm
Measuring Ranges:
20,
40, 200,«V/cm, 2, 4V/cm 12 rang
Time Base:
0.5,1, 3, 6,12, 30, 60 sec/cm
3,
6,12, 30, 60 min/cm

wfcff more inform^hon. f

saser
tact
o Bell & Hi" Arell G UH Fr« dix rg. WmiGer’- env
TEL
1441
oBfl & Hqwei France »a Franc» TFL 6
'' S4

Write to the Export

Department of:
GANZ

•

/GANZx
<-------------------- '

Measuring Instrument Works
1701. BUDAPEST P.O. BOX 62.

HUNGARY

Telex: 22-4395 Ganzmeter
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Spectrum analyzer called the MS62A/B
measures wave forms in the range from 100
kHz to 1,700 MHz.and, in conjunction with
an antenna, performs measurement of field
intensity. Dynamic range is more than 70
dB. Anritsu Electric Co., Minato-ku, Tokyo
106, Japan [460]

Circle 124 on reader service card
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Wheftieir you buy
one’s, two’s...

or multitudes-

Wrttûi delivers jpwtar wflâalMflnity?
Many 0 E.M's agtee that it just doesn’t make sense to nsk the
reputation of a major piece ot equipment ovei a minor compo
nent especially. when the cost difference is so little.
It you’re one of them, we’d like to quote youi next power sup
ply cider Whether you need one unit or one hundred. North
has the product selection and the production capacity to
deliver more standard power reliability for your dollar.
To back it up. we offer the industry’s finest technical special
ists and over 4u years experience as the leader in custom powei
supplies.
Send for a catalog today, or . all 419/468-8874

NORTH?"
FIEC1RK

JOMPANV ■■■

SPlb
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WTRANSPORT!
® Low in cost (only $195 in quantity)

• Compact, reliable. Only 2 moving parts
® “Accu-Rate™”, new concept in electronic tape
speed control
© Takes only 1 voltage (14-30 VDC)
© “POPS™” cassette release
(Push to Open, Push to Shut)
Looking for transport reliability? For low power consumption,
short IRG, excellent speed control?

Then we think you’ll be impressed with our newest transport.
Check it out.

[Braemar

\ V / I L (I
'w S|

I □ Let’s arrange for a demo. Call me at

~]OoMPUTER

Devices, inc.

I’d like to know more about the new CD-200.
Send 'iterature-

Name

Title
11950 TWELFTH AVENUE SOUTH
BURNSVILLE, MINNESOTA 55337
(612) 890-6135

Firm

Address

THE DIGITAL CASSETTE PEOPLE
OVER 30,000 IN THE FIELD
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City

State

Zip
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Probing the news________________________
Analysis of technology and business developments

Preview of ISSCC excites designers
Devices to be described at February conference range from Intel’s
16-kilobit RAM to Fairchild’s 4-kilobit injection-logic RAM
by Laurence Altman, Solid State Editor

The eagerly awaited 16-kilobit ran
dom-access memory. . . . The in
dustry’s first 4-kilobit dynamic RAM
made with integrated injection logic.
. . . A 16-bit minicomputer control
ler on a single chip. ... A 65-kilobit block-addressed charge-coupleddevice memory. . . . The industry’s
first 4-kilobit static 5-volt ram. . . .
A 70-nanosecond, 1-kilobit static
ram. ... A 16-kilobit mos read
only memory built with a new
V-groove technique.
A system designer’s Christmas
list? Perhaps. But it’s also a list of
1976 development highlights that
will be presented at the Inter
national Solid State Circuits Confer
ence Feb. 18 to 20 at Philadelphia.
The ISSCC is where these and other
papers from semiconductor design
ers around the world will make their
debuts. At the moment, the confer
ence is shaping up as the best tech
nical meeting in a decade.

Two of the developments repre
sent the best in memory design for
1976. One is Intel Corp.’s 16-kilobit
RAM. The product, which the com
pany has just begun to deliver in
sample quantities, heralds a new
round of mainframe-memory pene
tration. The other is Fairchild Semi
conductor’s i2l ram, which breaks
new ground in memory design by
putting 4,096 bits of dynamic bipo
lar memory on a single chip. The
device should have a significant im
pact on the next generation of add
on and buffer-memory systems.
Champions. These two develop
ments represent two competing
technologies at their best: The Intel
RAM is built with an enchanced
n-MOS technology that uses a
double-conductor level of polysili
con that shrinks RAM cell sizes in
half, reduces power dissipation, and
maintains good switching speed in
very dense arrays. This double-poly

Which way? Of the two approaches to next-generation MOS performance—D-MOS (top) or
V-MOS—companies like AMI are backing V-MOS because of its size advantage.
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technique (see p. 29) should be es
pecially interesting to memory users
because it’s the approach being
adopted almost universally by RAM
suppliers for their 16-kilobit designs.
Fairchild’s I2L RAM is equally im
pressive—it’s the first dynamic bipo
lar-memory design. Since dynamic
designs traditionally shrink cell sizes
by reducing the number of transis
tors needed at each bit site, Fair
child’s design could signal a new
trend in bipolar memories, thereby
permitting denser arrays to dissipate
less power. Injection logic is well
suited for this circuit approach be
cause its structure is inherently com
pact, anyway—a pair of comple
mentary transistors make up an
entire cell.
Although details of the paper are
not being made public until the con
ference, Fairchild uses its Isoplanar
(oxide isolation) technique to fur
ther reduce cell size and increase
speed. This 4-kilobit RAM chip is es
timated to be no larger than 4-kilobit MOS designs and at least twice as
fast.
Threat? How much of a threat l2L
techniques are to enhanced-MOS
technology such as double-poly or
V-groove MOS also will be hotly de
bated at several evening panels dur
ing the conference; semiconductor
device specialists and users alike can
judge for themselves how much the
two technologies overlap.
For example, panelist Leslie L.
VadaSz, Intel’s vice president of en
gineering, maintains that n-MOS
performance simply will continue to
improve and slowly push bipolar
designs into a smaller and smaller
corner of the product spectrum—to
be used only where all-out speed is
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Mini. Toshiba's 16-bit minicomputer control
ler ori a single chip is built with improved nchannel silicon-gate technology. Logic
structures are very dense.

the principal consideration and sys
tem cost is no inhibition. On the
other hand, Fairchild’s Thomas
Longo, vice president and general
manager of the IC group, whose di
rection (along with research-admin
istrator James Early) led to the
4-kilobit i2l ram, maintains that in
jection logic will have a major role
in computer-circuit design where it’s
too costly to make MOS perform—
such as in sub-100-ns RAM and pos
sibly in 100-ns-per-cycle LSl-processor families.
As for i2l competing with MOS di
rectly, Longo foresees no profit in
rebuilding today’s n-MOS products
with I2L—he’s using MOS to do that.
The trick with I2L, Longo proclaims,
is to “project the moving target of
MOS performance and aim injection
logic at products out of that range.”
Aiming. Helping to find the range
of that moving target will be a half
dozen MOS developments made
public at ISSCC. Among those to be
described are:
■ A 4,096-bit static RAM from
American Micro Devices—the first
5-V static to reach that density level.
■ A 16-bit MOS ROM built by Amer
ican Microsystems Inc. with
V-groove technology that is both
denser and faster than straight sili
con-gate ROM designs.
■ A 65-kilobit block-addressed CCD
memory for replacing troublesome
moving-disk systems. This design
from Mnemonics, a new company
in Cupertino, Calif., is four times
denser than commercially available
CCD memories.
■ A 16-bit minicomputer controller
on a single chip built with an im
proved n-channel silicon-gate tech
nology. Designed by Toshiba in Ja
pan, the logic structures are so dense
that, in addition to the 16 registers,
the chip contains 255 input/output
ports and can'Address 16 kilobytes
of memory.
■ A continuously charge-coupled
random-accg^-memory (C3RAM)
cell designed by researchers at Sie
mens AG in Munich that’s only one
third the size of cells built with the
latest two-level MOS technology.
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Operating with an access time of
250 ns, this design, which combines
single-transistor memory cells with
MOS transmission lines, may well
point to the next level of memory
integration—the 65-kilobit RAM
chip.
Equally important is Intel’s new
n-MOS static ram, which breaks the
100-ns speed barrier by harnessing
depletion-load techniques to silicongate technology. The 1-kilobit de
sign, which operates directly from a
single 5-V supply, will surely com
pete directly with 1-kilobit bipolar
RAMs for a piece of the buffer and
add-on market. Its success will de
pend largely on whether a 4-kilobit
i2l design, such as the one Fairchild
is disclosing, will cost less per bit
than fast 1-kilobit MOS static de
vices. Fairchild’s production experi
ences during the next 12 months
with large i2l chips will tell the
story.
Groovy. A sleeper at the confer
ence is V-MOS—a technique some
what similar to double-diffused MOS
structures (see diagram), but an in
sulated V-grooved notch is used to

access a buried source. In essence,
the technique reduces cell sizes by
vertically integrating part of the
MOS-circuit elements. For memory
designs, this configuration reduces
cell size and increases speed by re
ducing the device’s source-to-drain
capacitance.
Despite the problems V-groove
isolation ran into several years ago
in bipolar designs, the technology is
gaining respect as a means of en
hancing MOS-logic and memory de
signs. In the academic world, re
searchers at Stanford University
and the University of California at
Berkeley have been working on it.
ami and Electronic Arrays are com
mitted to V-MOS technology in the
next round of MOS designs—for
rams and microprocessors, as well
as ROMs. Clearly, the process, which
cuts size in half and boosts speed
significantly, can perform better
than designs built by silicon-gate
methods. AMI’s ISSCC paper,
presented by device specialist T. J.
Rodgers, explains the process of
making a fully static 16-kilobit ROM,
powered by a single 5-V supply. □
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Are two efforts faster than one?
Navy divides All-Applications Digital Computer effort; one part has

target of 1980 and the other is aimed at fourth-generation system
by Ray Connolly, Military Electronics Editor

The ancient Machiavellian precept
of divide and rule is being employed
by the Navy to overcome five years
of false starts that have stalled de
velopment of a family of software
compatible computers for use in
multiple weapons systems. Now, the
All-Applications Digital Computer
(AADC) program has been divided
into two separate efforts by the
Naval Air Systems Command. The
original AADC program will move in
January to the Naval Material
Command, where it will receive
greater visibility in the drive to lead
a tri-service tactical-computer pro
gram that will truly serve all weap
ons users in the field and on ships,
as well as in aircraft.
But first, for the next five years,
there will be the newly named Stan
dard Airborne Computer program
and its AN/AYK-14(V) hardware
package. First requests for proposals
will be issued in March 1976 for 50
test systems, and selection is sched
uled for August. The test computers
are to be oriented for use with the
new Navy F-18 air combat fighter

and the Lamps (for light airborne
multipurpose system) helicopter
program.
Despite the name change, the
goals of the AN/AYK-14(V) effort
have not changed, according to the
program’s technical director, Ron
ald S. Entner. The program will
push for development of a family of
three minicomputers and micro
computers.
aadc’s role. Where does that
leave AADC? Navair officials say the
plan will enable them to concentrate
on the long-range goal of develop
ing a family of fourth-generation
software-compatible tactical mini
computers and microcomputers that
will have even broader weaponssystem applications by all military
services, aadc project manager Ber
nard Zempolich says Navair already
has an agreement to work with the
Army Electronics Command’s Communications/ADP Laboratory on the
program. Discussions on a similar
agreement are in progress with Air
Force Systems Command head
quarters.

One into four. Applications: microprocessors for a missile, minicomputers for automatic test
gear, computers for an air tactical-data system, multiprocessors for ship defense.
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The pressure for software com
patibility among military computer
systems to stem proliferation comes
from the size of Pentagon software
expenditures. Costs of software, its
operation, and maintenance are
now close to $6 billion annually,
compared to the $1 billion to $1.5
billion spent on hardware, say de
fense officials.
Whereas the AN/AYK-14(V) will
concentrate on standardization of
relatively near-term airborne com
puters and begin with proven com
ponents like core memory, the aadc
effort will embrace other weapons
applications, such as ground-based
and ship systems, as well. The com
puters will use large-scale integrated
logic and memory circuitry. Offi
cials in both the AYK-14(V) and
AADC programs are anxious to come
up with systems that will prevent
the Army and Navy from becoming
“locked in” with a single source of
supply for tactical systems and the
increased cost that such a practice
implies.
If AADC does manage to pull to
gether all three services in a unified
effort over a period of five or more
years, Pentagon sources envision an
optimum 1980s market for 4.600
systems that breaks down this way:
1,800 aircraft, 1,500 remotely pi
loted vehicles, 700 automatic test
systems, 500 surface ships, and more
than 100 submarines. Although
hardware for each application could
vary, all would be software-compat
ible and employ the new higher-or
der language, tentatively called
DOD-1. The new language, not yet
specified, is being developed by a
high-level Pentagon committee that
represents all services. The choice is
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expected to become final by mid1977.
The technological key to AADC’s
success, says program chief Zempol
ich, is the system’s architecture.
Computer architecture, he says, “in
cludes the instruction set, registers,
interrupts, and memory-address
space. Architecture does not include
hardware-implementation features
such as cycle time, instruction lookahead, memory interleaving, bus
width, or cache memory.”
Hardware-design issues need not
affect the software, he points out. “A
clear and clean distinction between
the architecture and implementa
tion details allows software to be
transported between computers with
the same architecture, even though
they may have very different imple
mentation features.”
Approach. Just what does the
Navy want? Even though AADC’s
implementation is still years away,
the Navair program, which will get
an Army deputy in January, pro
poses to use existing architecture.
The threat of obsolescence is un
likely, in the military view. “Over
the past decade or two, the vast ma
jority of increases in computer per
formance have come about through
changes in technology and hard
ware-design features—not through
changes in architecture,” Zempolich
points out. “Many so-called ad
vances in architecture—like cache
memory, instruction look-ahead,
and pipelining—are really advances
in implementation techniques for
increasing speed. Such advances are
architecture-independent and can
be incorporated into a computer
without affecting software.” As one
example of this, Zempolich cites the
evolution of IBM’s System/360 into
the software-compatible 370 series.
As for “jumping into new or radi
cal architectures,” Zempolich be
lieves that “is a risk that the military
should leave to the computer indus
try. Waiting for such undefined new
architectures which are ‘just around
the corner’ would only result in
many years’ further delay” in re
solving the military’s tactical-com
puter problems that include prolif
eration of more than 100 systems
and expensive separate software
packages. The aadc view is that
tactical military computers have not
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Licensing deals
Industry sources suspect that
Sperry Univac, as supplier for the
Navy’s UYK-7 and UYK-20 tac
tical systems, may have a leg up
in future AADC competitions to
develop a new Army-Navy family
of tactical processors. Nonethe
less, the competition will be in
tense. Pentagon officials note
that licensing arrangements de
veloping between military and
commercial computer makerslike Rolm Corp, with Data Gen
eral Corp., Hughes Aircraft with
Interdata, and Bunker Ramo
Corp, with Digital Equipment
Corp.—seem certain to provide
strong competition for Univac.
Military plans to cover the
costs of such licensing arrange
ments will be on a per-computer
basis, officials report. Royalties
on each computer manufactured
and sold are expected to be “in
the neighborhood of several hun
dred dollars per machine.”

kept pace with the commercial mar
ketplace in software and hardware
technology. “The least the military
should do now,” says Zempolich, “is
take advantage of the best of what
the technical marketplace has been
offering.”
Task. Defining the AADC archi
tecture is assigned to the Naval Re
search Laboratory (nrl) and the
Army’s Electronics Command.
Their goal is to select and validate a
computer-family architecture by the
end of 1976 from one of the seven
existing commercial architectures.
All existing proven military and
commercial minicomputers and mi
crocomputers are regarded as candi
dates. The Navy says it is not giving
special consideration to systems it
has already invested in, such as the
AN/UYK-7 developed by Sperry
Univac for the naval tactical data
system (NTDS) or the Univac ship
board AN/UYK-20, because “the
relative software investment is
small, compared to the total Navy
investment” in its more than 100
other processors. The Army has also
invested in multiple tactical proces
sors that are under consideration.
Other steps proposed under the
Army-Navy AADC plan are tied to

the following timetable, according
to the interservice agreement:
■ Award parallel competitive con
tracts by mid-1976 for highly microprogramable computers to emulate
real-time third-generation tactical
computers, as well as the preferred
architecture candidates. Also, dem
onstrate software transportability
between computers.
■ Specify, solicit, and acquire via
parallel, competitive contracts in
mid-1976 plans for hardware for
two computer-family concepts. In
puts for these plans would include
Army-Navy user application re
quirements, the selected family ar
chitecture, software transportability
for the third-generation tactical
computers, and life-cycle cost data.
■ Over-all program review at the
end of September 1977 by ArmyNavy management for a go/no-go
decision on subsequent develop
ment. If one of the acquisition plans
is approved, contract awards for ad
vanced development models would
follow in 1978 and continue for an
estimated two years.
To carry out the joint effort, Pen
tagon officials say AADC’s leaders
plan “a formal methodology”
dubbed ISDS—for integrated soft
ware development system—to con
vert tactical-user requirements into
hardware, software, and firmware
designs. Setting up the process will
require some preliminary work in it
self, including development of new,
automated software tools such as a
specification language/compiler, an
analyzer, and an automatic docu
mentation generator. Development
of the specification language has al
ready begun at Draper Laboratory,
Cambridge, Mass., under contract
to the Naval Electronics Laboratory
Center in the first quarter of fiscal
1976. A static analyzer and auto
matic documentation generator
were developed earlier at the
Draper Lab.
Results of the ISDS would re
semble those of the hardware-con
cept plan, officials explain. They in
clude specifications for new software
components as well as modification
of existing software; alternate acqui
sition plans for new or modified
software; and developing firm re
turn-on-investment estimates for
each acquisition plan.
□
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Companies

Broad digital-watch
shakeout coming
Time Computer’s Bergey
says half the makers and

assemblers will be out

of business within a year
For all practical purposes, Time
Computer Inc., the wholly owned
subsidiary of BMW Industries Inc.,
didn’t exist until 1972. It was
created to develop and market one
product, Pulsar, the first solid-state
digital electronic watch. Today,
Time Computer accounts for more
than half of its parent company’s in
come and at least one third of its
sales.
No one company dominates the
digital-watch market. But few would
challenge Pulsar’s leadership at the
so-called high end of the market
with prices ranging from $295 for its
steel-cased models to its recently in
troduced solid-gold watch-calcu
lator at $3,950.
Guiding this strategy has been
John M. Bergey, president of Time
Computer since its formation and a
corporate vice president of BMW
since last year. Before that he was
director of research. What does the
future hold for this still very young
industry? How will Pulsar manage
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to compete with the new entries into
the market? For the answers, Elec
tronics editors interviewed Bergey.
Here are excerpts from that inter
view.
Q. What is your short-term and long
term assessment of the digital watch
market?
A. All of the figures we see suggest
that there are now some 45 manu
facturers and from 70 to 80 non
manufacturing marketers of digital
watches. I believe we’ll see this
shrink to half as many by this time
next year. The reason is that a lot of
these people are simply taking ad
vantage of a rapidly expanding
market. They are not in it for the
long haul; they’re not concerned
with establishing a brand name in
the marketplace.
My long-term view is that by
1980 some 20% to 30% of all
watches sold worldwide will be
solid-state digital models. I also feel
that in the early 1980s the unit and
dollar volume will probably equal
the conventional segment of the
watch industry.
Q. Where does Pulsar fit into that
picture?
A. We want to be an important and
significant factor in the market, and
that means we must have a brand
name worldwide. This is what we
are working toward. If you look at

all the successful companies in the
field—Rolex, Omega, Timex—you
can see that they have very broad
and total worldwide organizations. I
think that’s important to their suc
cess. Pulsar must be available just
about everywhere in the world. You
should be able to get the same ser
vice for a Pulsar in Madrid that you
can get in New York.
Q. For some time, retailers would
handle digital watches, but very few
of them made an effort to promote
them or push digital-watch sales over
the counter. Has this changed?
A. They are promoting them, but we
see this mostly in the major metro
politan areas. But some of these
promotions may be misleading.
Late entries into the market, be
cause they are late entries, are play
ing catch-up, and one of the easiest
ways to play catch-up, we’re find
ing, is to support the dealers’ pro
motions totally. There’s nothing
wrong with that, of course, except
that you can’t do that kind of thing
forever.
Q. Where do you see the U. S. semi
conductor companies who are in the
digital-watch market fitting into the
market?
A. I think they’re using their inter
national organizations as a mecha
nism to establish distribution and
sales strategies. But I don’t see the
same kind of attention to detail
throughout the world by a lot of
U. S. electronics companies that I
see from some of the international
digital-watch companies. I don’t
think it will be possible for a U. S.
electronics company to be a supplier
alone and be successful worldwide.
He will have to be a supplier and a
marketer and everything that goes
with that responsibility. He can for
get about 30 days’ price protection—
that’s not a worldwide concept.
Q. What is the outlook for the Swiss
watch industry?
A. I think they ’ll be forced to par
ticipate: I think there are signs now
that their reluctance is cracking. I
look for some rather significant joint
ventures or buy-outs to get them
into the solid-state digital-watch
market. They will not depend on
imported technology or imported
components. The Swiss just can’t
import or export without adding
some significant value, they must
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Now..jn easy to assemble
contribute something to the end
product.
Q. How much time do the Swiss
have?
A. If you accept as fact that some 75
million digital watches will be made
in the world in 1980 and assume
that this represents only 25% of the
total watch production, then they
have at least until 1980 because
penetration of the market then will
be only 25%.
But with lead times and opportu
nities what they are today, I think
they have to be cranking out prod
ucts within two years with substan
tial volume and guaranteed market.
If they aren’t, the Japanese will be
right in there, filling whatever void
is left by U. S. manufacturers.
Q. At what point does Japan become
a factor?
A. Here we get back to the impor
tance of a brand name. By far the
largest watch manufacturer in Ja
pan—Seiko—is not a pioneer in the
digital-watch industry. Why? Be
cause they can afford to sit back and
let others plow the fields and plant
the seeds. They can sit on their
brand name and come in at harvest
time. Pulsar didn’t have that luxury.
In 1971, we had to play that old
game, “Bet Your Company.”
Q. In the matter of technology, are
you committed to light-emittingdiode displays?
A. Some of the new possibilities will
not have the kind of proven reliabil
ity that I think Pulsar would need to
be the first out with them. At Pulsar,
we know that a lot of things are pos
sible today. But we have to be care
ful not to get carried away with our
own technological enthusiasm. I
think liquid crystal has some fu
ture—it’s not going to die. But other
passive systems will have to be per
fected before we seriously consider
them.
Q. And integrated injection logic?
A. We’re looking at l2L pretty
closely, and we think it’s a very
strong contender for the watch busi
ness. One thing it would give us is a
lot more horsepower in the same
space, and that’s important.
Q. So far, the Pulsar name has only
shown up on digital watches. Do you
plan to diversify into other products?
A. Yes—but I’m not ready to dis
close what they are.
□
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LED Electronic
Watch Kit
the Sinclair Black Watch
kit $29.95

assembled $49.95

Practical — easily built by anyone in an even

ing’s straightforward assembly.
Complete — right down to strap and batteries.

Smooth, chunky,
matt-black strap.
Large, bright, red
display — easily
read at night
Touch-and-see case
— no unprofes
sional buttons.

Runs on two hear
ing-aid batteries
(supplied). Change
your batteries your
self — no expensive
jeweler’s service.

(Watch is supplied with attractive black wrist
band. Black stainless steel bracelet shown is
available at $4.00 extra.)
Guaranteed. A correctly-assembled watch is
guaranteed for a year. It works as soon as you
put the batteries in. On a built watch we
guarantee an accuracy within a second a day;
but building it yourself you may be able to
adjust the trimmer to achieve an accuracy
within a second a week.
The Black Watch by Sinclair Is unique. Con
trolled by quartz crystal ... powered by two
hearing aid batteries ... using bright red LEDs
to show hours and minutes and minutes and
seconds ... it’s also styled in the cool prestige
Sinclair fashion: no knobs, no buttons, no
flash.
The Black Watch kit is unique, too. It’s rational
— Sinclair has reduced the separate compo
nents to just four.
It’s simple — anybody who can use a soldering
iron can assemble a Black Watch without dif
ficulty. From opening the kit to wearing the
watch is a couple of hours’ work.

Technology T rends
P.O. BOX 732 MANHASSET, NY 11030
Please Ship me:

__ ____ Sinclair Watch Kits at $29.95 each
Stainless Steel Bands at $4.00 each

______ Sinclair Watches, assembled at $49.95 each
include $3.50 shipping and handling charge

□ Enclosed is my
check or money order for $-----------------------

Charge my □ BankAmericard □ Master Charge
Account Number

□□□□ □□□□ □□□ □□□
Bank Number OiZCO Exp Date:

ORDER NOW BY MAIL OR PHONE
Credit Card Orders Call: (516)829-5858
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Signature:______________________________ ,________
Name:------------------------------------------------------------------------

Company:_____________________________________ _
Address:________________________________________

City / State / Zip:__________________________________
New York Residents add City and/or State SalesJ^aiJ
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Microprocessors

Smoke clears over 8-bit battle
Intel appears to have won the edge in mainframe peripherals,
but Motorola’s version has found its way into instruments
by Stephen E. Scrupski, Computers Editor

In travel, half the fun is getting
there. But in 8-bit microprocessors,
it appears that half the battle is get
ting there first. And, as Intel Corp.’s
8080 and Motorola Semiconductor’s
M6800 have slugged it out over the
market for controllers of mainframe
peripherals, it appears that Intel’s
first entry, the 8008, may have
gained enough of a foothold to en
able Intel to slip in with the im
proved 8080 as the standard chip for
many computer companies. How
ever, the 6800 has found appli
cations in other areas, such as in
struments. And auto makers are
also looking at it.
There are several incentives for a
large user of microprocessors to
settle on one chip as a standard,
which all its designers then will be
encouraged to use. The first is keep
ing to a single one-time cost of char
acterizing the vendor’s chips and
approving them for use in the com
pany’s systems. This process must
be repeated for every new part and,
aside from the cost, it can be a
rather nettlesome negotiating task
and could even delay equipment de
sign.
The second is for volume buying
of just one type for lower prices. A
bandwagon effect also has practical
consequences—the company hopes
that the device chosen will also be
chosen by other users, who will also
buy in volume, thus encouraging
second sources to enter the expand
ing market and drive prices down
further.
Standardizing software. And, for
microprocessors, there is also the
advantage of software—one part as
a standard will mean that the com
pany can afford to invest in design
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and application software that will
be useful to many groups using the
device.
“Standard”
means
different
things at different firms. At Control
Data Corp., Minneapolis, it sim
ply indicates to a designer that all
the work and the costs of selecting
and qualifying the part have al
ready been taken care of. But, if a
designer can afford the time and
cost of similar procedure for another
part, he is free to specify it.
The NCR Corp.’s definition dif
fers: “We do allow the use of other
microprocessors where they’re hid
den and used only as a logic device.
But we’re forcing the use of the 8080
as a standard wherever the micro
processor wll end up being pro
gramed by our customer-service
people or by the customer,” says
NCR’s C. William Kessler, assistant

vice president for engineering and
advanced development.
Control Data started about two
years ago to investigate the thenavailable ‘microprocessor chips and
“homed in on the 8008,” says Harry
R. Benjamin, general manager of
the newly-formed small computer
development division. When the
8080 came out in early 1974, it then
was easy for CDC to move up to the
improved chip, and the 8080 is now
the standard in the company. “If the
6800 had been available when we
started looking at the 8008,” says
Benjamin, “the decision could have
gone differently.” But Intel was
there first.” Kessler notes, “The In
tel 8080 has been standard for us for
quite a few applications.” However,
“that doesn’t mean that we will con
tinue to use it for everything. There
will be future higher-speed appli-

What about 16-bit processors?
Since most original-equipment manufacturers having selected their 8-bit
microprocessors, the appearance of the 16-bit versions has added a new
element to the picture. The bigger processors are being made by Texas In
struments Inc., with its recently introduced 9900, National Semiconductor
Corp, with its IMP-16 and Pace, and by General Instrument Corp.
The 16-bit device offers several advantages to the user. It permits greater
system flexibility, increased throughput, and faster operation. But to gain
these, the designer must alter his system considerably to handle the radi
cally changed software required by the larger processors. Typically, mainframe-computer manufacturers have long lead times on planning and de
signing products, with equally long lifetimes for those products once they
are introduced.
For example, Control Data Corp.’s Harry R. Benjamin, general manager
of the Small-Computer Development division, says that the intelligent termi
nal his division is now producing contains Intel's 8-bit microprocessor, the
8080, which will probably be used at Control Data for at least the next two
or three years.
For that reason, the consensus among mainframe houses is that it’s too
early in the game to predict how widespread will be the use of the new 16bit processor chips.
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cations that will require microprogramed microprocessors.”
NCR presently is using the 8080 in
a communications adapter, but for
use between the company’s model
770 automatic currency dispenser
and the telephone line. In develop
ment are 8080-based controllers for
flexible disks and printers.
Available. At Sperry Univac
Computer Systems, Blue Bell, Pa.,
William F. Simon, director of prod
uct technology, says the situation
with the 8080 is analogous to that
with Intel’s 1103 1-kilobit RAM. The
1103, which was perhaps less than
optimum in performance, was avail
able early in the game and was inex
pensive, and it has gained wide
spread acceptance.
For current designs and nearterm future designs, says Simon,
“We feel that if an 8080 will do, we
will use an 8080 because it’s avail
able, it’s stable, it has multiple
sources, and we would rather con
centrate on a single type.”
Timing on microprocessors can be
crucial, Simon notes. Once a deci
sion is made to use one, it’s too late
for others to come in. There is a
“magic microsecond,” he says. “Be
fore that instant, it’s too early be
cause no one knows what to do, and
one microsecond after the decision
is made, we’ve already chosen, and
you can’t substitute anything.”
While the 8080 seems to have
captured the fancy of mainframe
makers, the 6800 has made some in
roads among instruments makers,
such as Hewlett-Packard and Tek
tronix. And Chrysler Corp, is exper
imenting with the 6800 for auto ap
plications.
Hewlett-Packard, which worked
with Motorola during the 6800’s de
sign phase, uses the devices in its
9815A programable desktop calcu
lator [Electronics, Sept. 18, p. 34].
Dougl Clifford, HP’s project man
ager, says the Motorola part was se
lected because of its fairly fast oper
ation, compatible chip set, and
minimal requirements for external
circuitry. “It’s in complete control of
the machine,” he adds. And the
6800 has been designed by Tektro
nix into its new 4051 Graphic Com
puting System because, says a
spokesman, “it offered better sup
port circuitry.”
□

Electronics/December 25, 1975

N© down
in rotary

switches

Unique 5-second water replacement obsoletes
other switches. Simply lift out old wafer, slip in
new wafer. No unsoldering ... no disassembling
. . . no wire removing.
CDI patented switches with dust covers are available in
sizes 2" x 2", 3"x3", and 4" x 4" with lengths to
accommodate up to 36 wafers. Switches can be custom
ized to your specifications.
Operation may be manual, motor or solenoid for use in
any rotary selector switch application. Now supplied for
numerous military and commercial applications.
Mid. under Tabei U. S. Patents 2,841,660, 2,971,066, 3,015,000, 2,956,131, 2,988,607.

CHICAGO DYNAMIC INDUSTRIES, INC.
PRECISION PRODUCTS DIVISION
1725 Diverse» Blvd., Chicago, III. 60614. Phone 312, WE 5-4600

Circle 130 on reader service card

Full RPO3 emulation at less than 1/2 the price!
Our DD-52 Disc System allows your PDP-11 to operate
30% faster with better usage of your storage capacity for
greater system flexibility.
For only $16,000.00, you can have 54.7Mbytes of unfor
mattea data storage with software transparency for
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Probing the news

You and your career

Executive laments
EEs’ low status
International Rectifier’s Lidow says decline in professional
standards hurts industry, wants educational level raised
by Larry Waller, Los Angeles bureau manager

“Engineers are second-class citizens
in this country—they’re not treated
as professionals, but as skilled work
ers.” Coming from a recently laidoff electrical engineer or a union or
ganizer, such a statement wouldn’t
be surprising, but it’s much more
unexpected from the chief executive
officer of a semiconductor firm
whose stock is listed on the New
York Stock Exchange.
Eric Lidow, chairman and presi
dent of International Rectifier Corp,
of Los Angeles, is troubled by EEs’
status because he sees its cause as
basic: the decline in professional
standards of the scientist-engineer.
Furthermore, the effect of lowered
professional standing cuts two ways,
he believes, dragging down the com
petent engineer to thé mediocrity of
the mass and hurting companies
that find themselves saddled with
ill-prepared technical personnel
who tend to make critical and dam
aging mistakes.
Lidow also believes he knows
what’s wrong: it starts with the qual
ity of science and engineering col
lege training. Basically, some
schools do such a poor job of edu
cating their students that all gradu
ates become suspect. From the point
of view of an electronics company, a
personnel department is not pre
pared to evaluate candidates from
schools out of their area. How can a
West Coast personnel manager, for
example, know whether the holder
of an MSEE degree from a Southern
or Midwestern university is quali
fied? Lidow is careful to ffote that
the best U.S. schools produce pro
fessionals. “A degree in physics or
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engineering from Harvard or any
top university still means the gradu
ate knows his field.”
In suggesting corrective actions, Crusader. Eric Lidow wants to improve EEs’
the soft-spoken executive is em status by raising standards through im
phatic about where to begin. “We proved, regulated education.
must clarify our academic quali
fications. As they are now, degrees into administrative jobs but lack the
in themselves don’t mean any tools needed to make the transition.
thing.” Since it is too much to ex
Much of Lidow’s criticism is
pect from schools themselves, Lidow shaped by his technical education in
thinks that professional engineers Europe at the technical university of
must undertake this on their own. A Berlin, where he had to put in nine
professional certifying body must semesters of study and 15 months of
examine the disorder, set educa on-the-job experience to earn his
tional standards that apply to every engineering degree. In Europe, he
school, and see that the require says, the scientist-engineer is still
ments are met. “Together with lead considered a top professional, en
ing employers, the body could list joying a salary and social prestige
the schools that comply.”
equal to that of doctors and lawyers.
While the IEEE would seem to be Technical schools virtually through
a logical organization to initiate the out the continent offer a similar cur
changes, Lidow has doubts. “It is riculum, and students receive a uni
dominated by functionaries em form education. Therefore,
ployed by utilities, who don’t under companies can be more certain
stand the problems of the electron about the quality of graduates they
ics industry.”
hire, he says.
Besides the bad experience of un
While Lidow’s firm hasn’t insti
tuted any of these changes, Lidow knowingly hiring a second-rate en
says he’s contemplating some of gineer, an electronics company suf
them. However, he adds, one com fers in another way, says Lidow. It
pany acting alone won’t have much continually loses its top technical
people, who leave to become entre
effect on the over-all picture.
Along with maintaining technical preneurs in order to develop their
standards, International Rectifier’s own ideas. “We have to find ways to
chairman wants the engineer to reward them, perhaps in letting the
have compulsory accounting and inventor participate in the results of
business courses. Without these, “he basic patents, as an incentive for
becomes boxed in with no under creative thinking,” he says. And cer
standing of the economic basis of tainly, in addition to money, the re
spect due to a recognized profes
business.”
Lidow sees this shortcoming as a sional could be a big help in
contributor to the career crisis of en keeping a firm’s most productive en
□
gineers over 40 who want to move gineers content.
Electronics/December 25,1975

What you must know
about Microprocessors
The microprocessor has permanently
changed the methods of designing
and building electronic equipment—
from process and industrial control to
computer-based designs in instru
ments, communication and consumer/
commercial equipment.
But, getting into microprocessors
is no snap. As afundamental departure
from the old familiar hard-wired logic
techniques, the microprocessor tech
nology has already produced a host of
devices competing forthe designer’s
attention, each with its own software
and hardware.
This book cuts through the con
fusion, presenting the design and
application potential of this exciting
technology in a mannerthat will appeal
to the design engineer who needs
to know how to use microprocessors
as well as the system analyst who must
assess the tradeoffs between micro

processors and other techniques
to accomplish his system goals.
Using articles from the pages of
Electronics, this book contains practi
cal and up-to-date information on
available microprocessor devices,
technology and applications— ranging
from the simplest 4-bit p-channel
MOS system to the second-generation
n-MOS 8-bit processor chips, and the
new injection logic and Schottky TTL
bipolar processor families needed for
the toughest computer-based control
applications.

UPCOMING VOLUMES
Others already planned forthe
Book series: Thermal Design,
Mini-computers in Action,
Large Scale Integration.
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RIGHT ON TARGET AGAIN

TDA2020=20 watts from a chip: hi-fi!
Meaning only 1 per cent distortion over the
audio band for a typical output of twenty watts.
All for a few hundred millivolts in. The single
or split supply arrangement lets you eliminate
costly and troublesome electrolytics.
The standard package allows easy assembly.
Thanks to thermal shutdown the heatsink
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Circle 61 on reader service card

dimensions are not critical and the integral copper
slug ensures efficient heat transfer.
No problems with loudspeaker connections
either, because the output is short-circuit proof.
The TDA 2020 shares its versatile power op
amp configuration with the lower-rated TDA 2010.
Two soloists, but a full symphony of applications.
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Special report: film carriers star
in high-volume IC production
by Jerry Lyman,

Packaging & Production Editor

Automated bonding machines can
package thousands of film-mounted
ICs per hour with great reliability
□ In a move that’s gathering momentum around the
world, more and more semiconductor manufacturers
are adopting an automated film-carrier approach to as
sembling integrated-circuit packages. For the manufac
turer, film carrier has meant lower production costs and
higher profit margins on high-volume products. For the
user, it means higher reliability at low prices.
With the technique, thousands of IC packages can be
produced per machine per hour. Using manual wire
bonding, a single worker can process about 60 chips in
the same period of time. Moreover, the wire bonds are
weak, having a pull strength of only about 15 grams,
and they also cause corrosion about their point of bond
ing, especially in plastic dual in-line packages.
The automated method derives from the Minimod
film-carrier technique that General Electric developed
in the 1960s [Electronics, Feb. 1, 1971, p. 44]. Its name
comes from its dependence on a sprocketed, nonconductive film with a copper surface etched into spidery IC
interconnect patterns. Reels of this film or tape are fed
along with specially prepared IC chips into a bonding
machine. When the tape emerges, it is studded with one
chip to each interconnect pattern, ready for bonding by
other machines to lead frames.
Alternative names for the process are film-carrier
gang bonding, beam-tape automated assembly, and
tape automated bonding. The gang bonding refers to
the fact that all a chip’s terminals are attached simulta
neously and not serially to the copper interconnects,
variously known as beams or leads.
But under whatever name, the technique lowers the
cost of the IC to the user and also enhances its reliabil
ity. First, the IC terminal pads are protected against cor
rosion by special metallic barriers. Second, the gang
bonding doubles bond pull strengths to 30 grams and
more. Third, the thick copper leads, typically 3 mils
wide by 1.4 mils thick, allow the chip to dissipate much
more heat than it could through the 1-mil wire bonds.
In addition, the film-carrier method presents an engiElectronics/December 25, 1975
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1. ICs on film. Before the highly automated inner and outer lead bonding of ICs to film carriers begins, copper must be laminated to tape
and etched into spidery interconnects, and wafers must have gold bumps added to the aluminum terminal pads of each integrated circuit.

neer with a new option. Instead of buying the film-car
rier ICs already in DIPS, he can buy them on reels or
strips of film to be soldered directly to rigid or flexible
pc boards or hybrid substrates. In effect, the new
method has produced an IC package—a frame of filmideal for high-density packaging but with easily at
tachable leads.
Today, many, but not all, IC manufacturers and users
in the U.S., Japan, and Europe have either adopted
film-carrier assembly or are experimenting with it. In
the U.S., much of the film-carrier output is small-scale
transistor-transistor-logic ICs in plastic 14-pin dips.
International companies are supplying MOS as well as
bipolar ics, both linear and digital, on reels and strips of
film. Production rates worldwide range between 1,000
to 2,500 ics per hour and are expected to rise even fur
ther soon.
Figure 1 charts the flow of a typical film-carrier or
beam-tape manufacturing process. At the heart of the
system is the inner lead bonder, so called because it
bonds the chip terminals to the copper leads at their in
ner ends, round the square hole at the center of the cop
per interconnect pattern. Conversely, the outer lead
bonder later attaches the outer ends of the leads to a
metal lead frame for dual in-line packaging. Alterna
tively, the loaded tape is placed on a reel. Note that the
nonconductive nature of the film becomes important
when the ICs are to be tested on tape.
Preparing the wafer
Standard IC wafers cannot be used for the film-carrier
process without modification. Normally thermocom
pression or alloy-type bonding is used to join the chip’s
terminal pads to the copper leads, and to protect the
pads from collapsing under the pressure, a metal bump
about half a mil high must be built up on each of them.
Moreover, these bumps must include a barrier metal
lurgy system at their interface with the die. Otherwise,
the heat will diffuse the bump metal into the die, where
it will alloy harmfully with the silicon substrate or
aluminum pad.
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This barrier system, incidentally, also seals off the
aluminum contact pads from corrosion. Thus it is one of
the factors making the chips used for film-carrier work
inherently more reliable than unmodified chips.
Many types and combinations of metals are used for
the barrier between bump and die. They mclude chro
mium, copper, titanium, tungsten, nickel, and gold. A
section of a typical gold bump is shown in Fig 2. To
form the barrier in the bump illustrated, a layer of chro
mium is placed on top of the existing aluminum pad.
Onto the chromium is evaporated a layer of copper
2,500 angstroms thick followed by a 1,000-A layer of
gold. Finally, a gold bump about 4 mils square in area
and 0.5 to 1 mil high is plated on.
An alternative way to add bumps is in use at RCA’s
Solid State division, Somerville, N.J. There, gold bumps
are built up over successive layers of silicon nitride pas
sivation, titanium, platinum, and gold.
Keeping chips in their place

After construction of the bumps, the ics in a wafer
are all tested, and any rejects are marked. Next, to allow
for individual chip handling, the wafer is stuck to some
sort of adhesive base before being sawed apart.
At National Semiconductor Corp, of Santa Clara,
Calif., for instance, the wafer is mounted on a flat sub
strate with a proprietary heat-released adhesive system
and then sawed through just to the substrate. Other
manufacturers simply attach the wafer to a plastic base
by a layer of wax before cutting it apart. In both cases,
the heat of the bonding process later on is enough to
soften the wax or adhesive and release the chip.
To anyone contemplating going into beam-type as
sembly, the choice of tape or film must seem quite be
wildering. There are three tape constructions (single
layer, two-layer and three-layer), at least eight tape
widths (8, super 8, 9, 11, 14, 16, 35, and 70 millimeters)
and four film materials (polyimide, polyester, and the
as-yet developmental polyethersulfone and polypara
banic acid).
At present, the tape used in commercial applications
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2. Adding height. To resist bonding pressures, chips used in the
film-carrier process need special gold bumps built up on their normal
aluminum pads. Metallic barrier between bump and pad protects the

aluminum from alloying with the gold and also from corrosion.

is three- or two-layer in instruction. Single-layer tape is
simply copper foil, and though some experimentation is
going on with it, it is still in the laboratory stage (see
“The film-less film carrier,” p. 64).
Three-layer tapes were used on the original Minimod,
and they are still the most widely used today. This type
of tape consists of copper foil 1.4 mils thick that is'
bonded to polyimide film with a layer or barrier of
polyester or epoxj base adhesive. Normally, the poly
imide film is bought in large rolls, coated on one side
with adhesive, and slit to the correct width. The
sprocket holes and all other openings, such as the
square holes for the IC chips, are punched out, and the
tape is then laminated to the copper foil. Next, the foil
is selectively etched into the radiating patterns that
form the IC interconnects and, as a last step, the beams
are plated with gold, tin, lead, or solder. The tapes come
in the so-called cine widths—8, super 8, 16, 35, and 70
millimeters.
A disadvantage of this tape type is the middle layer—
the adhesive, which is rated for only 20 to 30 seconds at
200° C and therefore limits the temperature at which
the tape can later be processed.

Doing without the glue

The adhesive layer is eliminated in the two-layer tape
originated by and still unique to the Electronic Products
division of 3M Co., St. Paul, Minn. 3M developed a pro
prietary method of casting a layer of 0.5-mil-thick poly
imide onto rolled, annealed 1-ounce copper foil. Sub
sequent manufacturing steps involve applying resist and
developing an image of the interconnect on both sides
of the tape, milling the polyimide chemically, and etch
ing the copper.
Views of both sides of a typical 3M tape are shown in
Fig. 3. It comes in 11- and 16-mm widths and will soon
also be available in a 14-mm width.
The temperature limitation on the two-layer 3m tape
is set only by the thermal characteristic of its cast poly
imide—about 400°C. On the other hand, the thinness of
the polyimide requires the copper foil to extend the full
width of the tape, to strengthen the sprocket holes. This
is unnecessary on three-layer tape, which is easier to
manufacture in this respect.
Electronics/December 25, 1975

3. Adhesiveless film. Top and bottom views of a two-layer tape,
manufactured by 3M Co., show layer of copper plus a layer of poly
imide film. Temperature-limiting component of this tape is the poly

imide film rather than the adhesive used in three-layer tapes.

As must by now be obvious, most beam tapes cur
rently being manufactured use as their base a polyimide
film that costs about $30 per pound. The other option is
polyester film, which costs only $3 or so per pound.
However, a polyimide-based tape can survive 400°C for
a short time, whereas polyester is limited to 160°C.
This difference is important if the film-carrier ics are
to end up in DIFs. Carmen Burns, director of National
Semiconductor’s automated assembly program, chose
polyimide “because of the temperature bonding re
quirements of molding a dip to a lead frame.” Other
companies prefer polyimide because it exhibits less
thermal shrinkage than polyester.
Nevertheless, polyester has its uses. It can serve as a
structural carrier when the IC is removed from the film,
say, in a hybrid application.
Two new film materials in development are poly
ethersulfone (PES) from ICI United States Inc. of Wil
mington, Del., and polyparabanic acid (PPA) from Ex
xon Corp. Each costs about half as much as polyimide
and is classified as a Type H (high-temperature) film,
though their maximum short-term temperatures are
lower than for polyimide—the figures are 220° C for PES
and 275°C for PPA.
Of the two, PPA is at the earlier stage of development,
and other information on its characteristics is very
sketchy. PES, on the other hand, is available in develop
mental quantities and is currently being evaluated for
use as an IC carrier by major IC and film companies. Ac-
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The film-less film carrier
The film in present film carriers preserves the configu
ration of the fragile copper IC interconnect or spicier
and acts as an insulator. But its presence adds to the
final cost of the IC. In addition, many plastics contain
metallic ions that could contaminate an adjacent chip.
For these reasons, several companies are now experi
menting with etching IC patterns on copper foil unsup
ported by plastic film.
According to Dmitry Grabbe, a staff engineer at
AMP Inc., all-copper automated bonding systems may
be less than two to three years away. These systems
will use 3-mil-thick copper foils etched from both sides
and should dissipate heat better than the 1,5-mil-thick
copper foil of present film carriers.
There are a couple of drawbacks, though. As
Thomas Angelucci, president of International Micro In
dustries, points out, “An all-copper system will not be
possible to test in process—say, at the point where all
inner bonds are made and the semifinished ICs are
reeled up. Only an insulated tape is capable of this.
Also, present-day machines are designed to run with
plastic films, not copper foil, so considerable machine
redesign may be needed."
In any case, all-copper tapes are a good possibility
for low-cost DIPs containing small-scale TTL ICs,
when these need not be tested prior to outer lead
bonding. However, for LSI chips that require testing,
two- and three-layer tapes are a better choice.

cording to Charles Miller, manager of new products at
United States Inc., it has better dimensional stability
than polyimide film, absorbs less moisture, and doesn’t
tear as easily. But it also is flammable and is attacked
by some common solvents. In addition, this new mate
rial is potentially suitable for flexible printed circuits
and flat cables.
Which tape type or tape width is best?- The proper
ICI

4. Test points on tape. A 16-mm beam tape allows on-tape testing
of chips following the inner-lead-bonding step. A test point is at
tached to each lead, but is removed before final outer lead bonding.
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choice of tape width is determined by IC die size, num
ber of leads, and the chip heat dissipation required.
Sometimes users go to large tape formats simply to pro
vide test points which are later chopped off. Figure 4,
for instance, shows a tape with 14 discrete test points
per frame interconnect pattern.
As for the relative advantages of two- and three-layer
tapes, both types are currently being used for bipolar,
metal-oxide-semiconductor, and complementary-MOS
ICs without any special problems. In fact, as Arnold
Rose, manager of packaging technology for RCA’s Solid
State division, observes, “What really counts is the cost
effectiveness, delivery capacity, and reliability of any
tape system.”
Many large IC manufacturers and users in the U.S.
and overseas choose to make their own tapes. They in
clude Texas Instruments, Fairchild Semiconductor,
Motorola Semiconductor, and Honeywell Bull.
Those who prefer to buy tape can obtain the threelayer type with copper patterns already etched on it
from International Micro Industries, Cherry Hill, N.J.,
and AMP Inc., Harrisburg, Pa. Three-layer tapes with
unetched copper foil and prepunched sprocket and IC
holes are available from Rogers Corp., Chandler, Ariz.
Only 3m Co. and AMP Inc. supply two-layer tapes.

Inner and outer lead bonding
Automation really enters the beam-tape assembly
process in the action of two complex machines, the in
ner lead and outer lead bonders (Fig. 5). Inner lead
bonding mates the IC chip to the patterned film, while
outer lead bonders fasten the tape-mounted ICs to a
lead frame or substrate ready for packaging.
If the wafers have a high yield of good chips, all these
steps can be done at extremely high speeds. The rate
can range from 1,000 to 2,500 units per hour in the in
ner lead bonder.
The type of inner lead bonding used is determined by
the metallurgy of the chip bumps and the tape beams.
A popular system uses thermocompression bonding of
gold to gold—gold bumps to gold-plated copper beams.
Here, the heat and pressure between them force the
mating parts to adhere.
Typical bond parameters for such gold-to-gold bond
ing of a 14-lead device, as supplied by Jade Corp, of
Huntingdon Valley, Pa., are: a dwell time of 0.25 sec
ond, a bond force of 1.25 kilograms (for a 14-pin de
vice), and a thermode or bonding tool temperature of
550’C. In this method, bonding temperature may fall
anywhere between 300° and 700°C, and it is held at a
constant level.
Another method, eutectic bonding or pulse soldering,
is used to bond gold bumps to tin- or lead-plated copper
beams. A temperature pulse is put into the thermode,
producing 28O°C for less than half a second and caus
ing a gold-tin alloy to form between the bump and the
plated beam.
The diagram in Fig. 6 illustrates the process of auto
mated bonding. The first step is to align the chip’s
bumps to a particular beam pattern. This normally re
quires using a microscope, sometimes in combination
with closed-circuit television. Next the bonding therElectronics/December 25, 1975

5. Manufacturing. Texas Instruments’ large-scale film-carrier automated manufacturing facility has a production rate of 2,000 ICs per hour
and, with the recent addition of improved machinery, a potential of 400 ICs per hour. Present output of this line is TTL LSI in DIPs.

mode descends and applies heat and pressure, joining
all beams and bumps at the same time and also melting
the adhesive or wax holding the chip in place. In the
third step, the thermode rises and the array of as-yet un
bonded chips is lowered, leaving the newly bonded chip
stuck to the copper pattern on the tape. Finally, a new
tape pattern and chip move into position for the next
operation.
Outer lead bonding connects a film-carrier beam to
the outside world via a DIP lead frame, hybrid substrate,
or a flexible or rigid printed-circuit board. The ideal
automated outer lead bonder should therefore have in
terchangeable heads capable of thermocompression
bonding, reflow soldering, and welding. But in fact, only
machines with interchangeable thermocompression-and
eutectic-bonding heads are at present commercially
available.
Jade Corp, has one of the few commercially available
machines that thermocompression-bonds copper beams
to a metal lead frame. It operates as shown in Fig. 7.
The bonded chip and interconnect are removed from
the tape by a punch and raised against the lead frame.
A thermode forms all bonds in one stroke. Then the
punch is retracted, and finally both the lead frame and
tape are indexed.
Once more, many manufacturers and users make
their own equipment, both inner and outer lead bond
ers. An example is the extremely large group of tape
bonding machines, shown in Fig. 5, that are in use at a
Texas Instruments manufacturing facility.
Only three U.S. machinery manufacturers currently
supply commercial bonders suitable for film-carrier
work. Industrial Micro Industries, Cherry Hill. N.J., has
automatic, semi-automatic, and manual inner lead
bonders suitable for thermocompression or eutectic
bonding. Jade Corp, has manual and automatic inner
and outer lead bonders that use the same two types of
bonding. Kulicke and Sofia Industries Inc., Horsham,
Pa., has made custom automatic outer lead bonders for
welding film-carrier ICs to DIP metal lead frames. Prices
of these bonders range from $11,000 to $33,000.
Most U.S. companies, particularly IC manufacturers,
jealously hide almost all details of their automated
tape-assembly operations. Least reticent are Texas In
struments, National Semiconductor, and RCA, while
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Fairchild and Motorola Semiconductor Products at
least acknowledge that they have film-carrier manufac
turing facilities. Bell Laboratory’s facility at Allentown,
Pa., and Honeywell Information Systems (HIS), Phoe
nix, Ariz., also maintain film-carrier manufacturing ca
pabilities.
Behind the film curtain

By acquiring the original Minimod from General
Electric’s Integrated Products department, Syracuse,
N.Y., around 1971 or 1972, Texas Instruments has by
now built up the most experience in the film-carrier
process of any U.S. firm. Since then, the Dallas firm has
invested in and modified the process extensively. Today
it makes its own three-layer, 35-mm polyimide tapes
and has developed its own bonders to turn out mainly
TTL ICs of the 14-pin variety. Production rates of 2,000
units per hour have been achieved, and newly installed
equipment is expected to increase that figure soon to
4,000 units per hour.
National Semiconductor is perhaps the second largest
producer of dual in-line packages containing film-car
rier TTL ICs. This firm’s beam-tape operation is based on
an 11-mm-wide, two-layer polyimide 3M tape, handled
by Jade Corp, inner and outer lead bonders with
thermocompression heads.
According to Carmen Burns, director of National’s
automated assembly, the Santa Clara company has
been using what it refers to call its “inner lead-bond mi
cro-interconnect system” for about two and half years.
Burns has definite views on the terminology of this field.
“It is not accurate to call our system either a beam
tape system or a film-carrier system,” he says. “Both
designations are inaccurate both when referring to our
own work and to what is going on generally. I prefer the
term automated micro-interconnection technology,
which involves connecting the small geometry of the die
to the larger geometry of the punched lead frame or
substrate with copper beams.”
He explains that “the technology that National devel
oped does not use film as a carrier. Instead the copper is
used as the carrier. The film is used to support the cop
per structure; the small film interconnects under the
copper go to individual IC DIP pads to hold them stable
during bonding and perform very little function in the
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THERMOCOMPRESSION BONDING

PICKUP

way of mechanical support” of the copper pattern.
For about a year now, RCA’s Solid State division has
been in pilot-line production of film-carrier ICs pack
aged in DIPS. In the RCA system, trimetalized chips with
gold bumps are thermocompression-bonded to a 3-M
11-mm tape etched with RCA-specified patterns. This
tape is fed to an outer lead bonder for thermocompres
sion bonding of the interconnects to lead frames. Jade
Corp, bonding machines are used. So far RCA has suc
cessfully put bipolar linear ics and complementary-MOS
chips on tape. Most of them end up in 14-pin DIPS,
though experimental 32-lead patterns have been
achieved on the present 11-mm tape.
Motorola Semiconductor Products Inc. in Phoenix,
Ariz., and Fairchild Semiconductor in Mountain View,
Calif., are both large producers of film-carrier ics, too.
But outside of the fact that each uses a 16-mm threelayer tape format, very little is known about their film
carrier operation.
Slightly more is known about Bell Laboratories’ film
carrier assembly method, which it has been evaluating
for about two years. Today, its Allentown, Pa., facility
has a developmental operation assembling Bell’s own
bipolar and MOS ICs onto a two-layer, 11-mm tape and
then into 16- or 18-pin plastic DIPS. Both bonding
equipment and tape were purchased from makers out
side the Bell System.

Outside the U.S.

INDEXING

6. Automated inner lead bonding. When a chip is bonded to a tape
pattern, the machine aligns chip and tape, a bonding head attaches
bumps to beams, and a fresh chip and tape frame are reindexed.
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In Japan, Tokyo Shibaura Electric Co. Ltd. (Toshiba)
and Nippon Electric Co. Ltd. (NEC) have both been ap
plying a modified Minimod for about 18 months.
Toshiba uses a three-layer 35-mm polyimide tape and
made all its equipment in-house. ICs are inner-bonded
with a gold and tin eutectic process. Outer ends of the
leads are solder-plated for attachment by the customer.
The final package (Fig. 8) is tape with a molded encap
sulation over the chip. Note the extra points on the
beam tapes, for use in testing or as interconnects.
Toshiba’s various film-carrier ics contain the circuitry
for the oscillator, frequency driver and pulse motor
driver of an analog electronic watch. At present, pro
duction rates are about 500 units per hour. Since de
mand is small, the finished tape is supplied to customers
in strip form rather than reels.
NEC also employs a 35-mm three-layer polyimide for
mat with similar inner lead bonding and solder-plating
of outer lead ends. Again the chip is protected with
molded resin. The finished ics, which are bipolar linear
circuits designed for cameras, are sold either in strips or
as individual devices. Production rate on NEC’s in
house-designed equipment is about 400 devices per
hour, but is expected to rise to 1,000 in the near future.
In Europe, Siemens AG in Munich, Germany, and
Honeywell Bull, Saint-Ouen, France, are engaged in
work on film carriers. Philips Gloeilampenfabrieken in
Eindhoven, the Netherlands, is also known to be experi
menting with the technology.
For nine months Siemens has been supplying cus
tomers with sample 24-pin bipolar linear circuits on
film, for use in cameras, measuring instruments and hy
brid circuits. The German company uses a super-8-mm,
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three-layer polyimide tape carrier and has already
achieved assembly rates of more than 1,000 units per
hour. It’s now about to transfer the technique into full
production. The finished products are sold in reels con
taining 1000 chips.

A hybrid approach

Of all the companies in Europe, France’s Honeywell
Bull has had the greatest experience with the film-car
rier approach. The French computer firm prefers to call
it tape automated bonding (TAB) and uses it specifically
to automate the bonding of ICs onto multilayer thick
film hybrids. The procedure is already in use for
prototype hybrid modules.
Honeywell Bull manufactures its own 35-mm threelayer tapes, using polyester (Mylar) film as the insulat
ing carrier and tin-plated copper beams as the IC inter
connect. François Gallet, manager for advanced devel
opment at Honeywell Bull, says “Mylar costs about one
tenth as much as Kapton [polyimide], and in our tech
nique the tape does not become a part of the final pack
age and thus doesn’t need the stability of Kapton.”
Strictly speaking, the film-carrier ics at Honeywell
Bull do not wind up in any kind of package. Instead, af
ter all film has been removed, the gold-bumped
mounted chips are soldered onto small alumina sub
strates measuring 1 by 1 or 2 by 2 inches and containing
three thick-film screen-printed layers of interconnects.
In essence, the substrate is a multilayer printed-circuit
board for unpackaged chips.
To date, the hybrid modules have carried bipolar
logic chips for use in a central processor. Now the tech
nique is being used for MOS memory chips and pro
gramable read-only memories and will be extended to
C-MOS. Chips with as many as 40 to 60 connections have
been mounted on substrates.
Honeywell Bull’s tape has three zones: an inner zone
that is bonded to the IC chip, a center zone that mates
with the hybrid substrate, and an outer zone that pro
vides connections for on-film testing of chips.
After inner lead bonding, all ics on tapes are tested.
Then an automatic machine developed by Honeywell
Bull gang-bonds all the beams of the central zone of the
lead frame to the hybrid’s pads, and all unwanted tape
is removed.
Back in the U.S., Honeywell Information Systems
(His) of Phoenix, Ariz., is also doing prototype reliabil
ity and testing work with the tape-automated-bonding
technology. But its operation differs from the French in
some respects.
HIS uses a three-layer 35-mm polyimide rather than
polyester, even though these chips, too, are excised from
the film and end up in hybrid devices. Bipolar digital
chips with gold bumps are gang-bonded to tin-plated
copper leads (Fig. 9), and the bonded assemblies are
spooled on reels and submitted to 100% electrical test.
The tape from these reels then passes through equip
ment that excises the chip from the film, positions the
device at a particular site on a pretested multichip hy
brid substrate, and reflow-solders the formed leads to
the substrate pads. Eventually, the hybrids end up in a
large prototype computer system. A section of a HIS
Electronics/December 25, 1975

7. Beams to lead frames. Basic elements of outer lead bonding to
a metal lead frame consist of: advancing both the tape-bonded chip
and the lead frame, punching the device from the tape and bonding
it to the lead frame, and then retracting the punch and indexing for
the next IC. Welding or thermocompression bonding may be used.

8. Thirty-five mm. Toshiba film-carrier ICs, shown on a 35-mm
three-layer polyimide-based tape, are sold to potential customers in
film strips rather than in reels. Note the resemblance to a printed-cir
cuit board and the molded encapsulation that protects the chip.
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Phoenix multichip hybrid substrate is shown in Fig. 10.
Neither the Honeywell Bull nor the HIS Phoenix outer
lead bonders are commercially available. However,
such machines, and inner lead bonders, too, are needed
in the potentially large military hybrid market.
The influence of the military

9. LSI on tape. This bipolar digital chip on 35-mm tape was manu
factured by the tape-automated-bonding process at Honeywell Infor
mation Systems in Phoenix. After inner lead bonding. ICs are
spooled onto reels and subjected to 100% electrical test.

To quote Claire Thornton, director of semiconductor
and integrated device development at the Army Elec
tronics Command (ECOM) at Fort Monmouth, N.J.:
“Fifty percent of the Army's electronics is going to be
hybrid in format for a long time to come. Most of this
material is now being made using conventional IC chips
attached by wire bonding. The military prefers beamleaded chips, but these have never been available in the
right types and quantity. Now the Army thinks that
film-carrier ICs with their substantial copper beams look
like a direct reliable alternative to beam leads.”
The Army Electronics Command is now evaluating
bids from the hybrid industry to develop an over-all in
dustry system for assembling film-carrier ICs into hy
brids. The goal is low-cost reliable gang bonding of
chips to substrates in small quantities of 100 to 1,000.
When the over-all material system and associated
techniques are developed, small hybrid manufacturers
will be able to put purchased chips directly on to film
carrier strips rather than reels, which in turn would be
gang bonded to thick- and thin-film substrates.

The next few years

10. A hybrid application. At HIS, Phoenix, reels of tape studded
with LSI devices are sent through machinery that excises each chip
from the film, forms its leads, and positions and solders it on a hybrid
substrate. The hybrid is used in a prototype computer.
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The technology of film-carrier systems still has room
for improvement. Simplification of the metallurgy of
the bumps and beam leads may be expected, possibly
quite soon. At least one IC company has already pro
duced an experimental copper-bump-to-copper-lead
bond. Others are working on all-copper tapes (see “The
film-less film carrier,” p. 64).
Extensive environmental testing is also needed to
fully establish the reliability of the method. Such test
data is often supplied to individual customers by indi
vidual firms, but has not yet entered the public domain.
The major IC manufacturers will probably go on put
ting almost all their film-carrier TTL devices into DIPS.
But as the technique spreads, more users will prefer to
purchase film-carrier ICs on reels rather than in dips.
Later, as low-cost manual inner and outer lead bonders
become available even quite small companies will be
able to buy standard and custom chips, put them on
tape, and package them just as they wish, whether in a
plastic or ceramic DIP, a thick- or thin-film hybrid, or a
flexible or rigid pc board.
Even now, film-carrier ICs soldered to flexible pc
boards are being used in digital watches and cameras. A
logical extension to this would be to eliminate the flex
ible board and to bond all the watch, camera or calcu
lator ICs to specially designed copper interconnects on
one or more film carriers. Indeed, several companies are
currently working on such a step.
Eventually even light-emitting diode displays and
their drives might also be put on film carriers. Such a
method would radically cut assembly costs of consumer
products like electronic watches and calculators.
□
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Getting the most
out of C-MOS devices
for analog switching jobs
by Ernie Thibodeaux,

Harris Semiconductor, Melbourne, Fla.

□ Although most designers appreciate the benefits of of latch-up. However, both of these JI technologies still
the complementary-MOS process for digital design, few require costly external protection circuits to guard
realize how effective the technology can be for analog against burn-out in such applications as analog-signal
switching. C-MOS analog switches, which consume less multiplexing that interface them with the outside world.
power than bipolar devices, exhibit no de offset voltage That is why JI devices are best suited for internal
and can handle signals up to the supply rails. The switching applications where the electrical environment
C-MOS bilateral property furnishes input and output can be controlled. In contrast, the inexpensive DI tech
functions, making multiplexing and demultiplexing nology, by virtue of its construction, offers analog
possible. In addition, the on-resistance of an MOS switch switching devices suitable for many inside applications,
is as low as 30 ohms—a third as much as a bipolar de as well as providing in-board analog protection for de
vice.
vices that interface with other circuits. Happily, the
Unfortunately, C-MOS analog switches, which until smaller substrate area of the DI device delivers a better
recently were built with junction isolation, have been speed-power product than the JI technology.
difficult to design into analog multiplexers and switches.
The basic C-MOS switch
The devices latched up easily, their C-MOS inputs were
destroyed by electrostatic charges, and they literally
The basic JI MOSFET transistor (Fig. 1) has parasitic
went up in smoke when confronted with input over junctions that are reverse-biased during normal oper
voltage spikes and power-supply transients. To prevent ation. However, certain overvoltage conditions can for
destruction, costly external protective circuits were ward-bias these junctions to cause high currents that
needed, and, even then, the devices latched up unless could possibly destroy the devices.
the power was turned on and off in a set sequence.
Because latch-up problems limited the use of analog
MULTIPLEXER
switches so severely, device designers focused a great
deal of attention on eliminating the condition. Recently,
the success has been noteworthy. Indeed, three new
technologies now offer latch-free analog-switch oper
ation: latch-proof junction isolation (JI), floating-body
junction isolation, and dielectric isolation (DI).
Both JI techniques are conventional processes that
have been slightly modified to alleviate the old problem
CH 1 (ON)

GATE

MUX
ADDRESS
SAMPLE

HOLD

SAMPLE/HOLD
CONTROL

+16 V
CH 16
(NOISESPIKE)

+10 V

PARASITIC TURNS ON

MUX
OUTPUT

+16 V

+16 V

SAMPLE/HOLD
OUTPUT

1. Bad. In the basic C-MOS analog switch, the parasitic junctions
are reversed-biased during normal operation. Large overvoltages,
however, make them forward-biased and draw large currents.
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2. Worse. With JI devices, noise spikes can cause channel inter
action. In this multiplexer, although channel 1 is only one selected,
noise spikes cause cross talk in channel 16, which affects reading.
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The parasitic junctions are actually npn and pnp intermittent condition, which is seldom destructive, is
transistors that are normally reverse-biased by the ap rarely isolated because it occurs only randomly.
One of the adverse effects of channel interaction is il
plied body potentials. However, because many analog
switches, and especially multiplexers, are connected to lustrated in Fig. 2. Channel 1 of an analog multiplexer
their analog sources through long lines, they are highly is selected when all other channels are off. Channel 16
susceptible to externally induced voltage spikes. For ex receives an input-noise spike that momentarily exceeds
ample, these spikes, which can often exceed the p-chan the positive supply. The sequence causes channel 1
nel body potential, V+, can inadvertently turn on a nor read-out to be + 14 V because of interaction with chan
mally off switch through the parasitic pnp transistor nel 16 just before initiating the hold command to the
sample-and-hold device. To prevent this annoyance re
(Fig. 1).
The n-channel device is similarly affected when the quires additional protective circuits that clamp each
parasitic npn transistor is turned on by a negative over channel input to a voltage below the threshold of the
voltage. This action, commonly known as channel inter parasitics to ensure that the channels remain inactive
action, causes momentary channel-to-channel shorting, under any conditions.
A more serious condition exists when the substrates
which introduces significant errors in the system. This
(p- or n~) lose their respective potentials to ground
(Fig. 3)—a condition that occurs when power to the de
vice is turned off while the analog signals are still
present. In this situation, the analog switch, which at
that point represents a diode connected through the low
impedance of the supply, draws high current from the
analog source.
This current turns on the switch through its parasitics
and shorts all channels to the output. These shorts can
easily be catastrophic in multiplexer systems that have
different power supplies for the analog source and the
multiplexer switch. An error during troubleshooting or
an inadvertent supply glitch can trigger this fault mode
and destroy the whole system. Therefore, there is ob
viously much more to system reliability than having
latch-proof C-MOS devices.

Considering latch-proof JI technology

3. Still worse. Most serious in JI switches is losing substrate poten
tial to ground. This condition, which happens when power is lost and
the analog signal is present, causes very high currents.

The standard JI process has been modified by what is
claimed to be latch-proof construction through control
of the effective betas of the parasitic transistors. A cross
section in Fig. 4(a) shows the C-MOS structure along
with its parasitic transistors and the equivalent circuit in
Fig. 4(b) that gives rise to the silicon-controlled-rectifier
latch-up problem.
Under any of the fault conditions previously men
tioned, the npn and/or pnp can trigger this quasi-dual
gate SCR into a state of high conduction. If the transistor
ft product is 1 or greater, this configuration is sustained

4. Latch-proof. Junction-isolated devices are now made latch-proof with a buried-layer configuration (a), which keeps beta of parasitic tran

sistor under unity. That kills chance for latch-up (b), which plagues devices built with older junction-isolation technology.

70

Electronics/December 25, 1975

5. Protection still needed. Although new JI devices won’t latch up, they still can be destroyed by large currents. That's why typical JI
switches, like the one shown here, still need to be surrounded by external protective components, which drive up system costs.

6. Floating bodies. Floating-body switches have degraded “off”
impedance because total capacitance (a) combines two junction ca
pacitances. In DI circuit (b), capacitances are shunted out.

7. How DI does it. Dielectric isolation eliminates latch-up by a silicon-dioxide isolation barrier between devices. This separates all ac
tive elements, eliminating interface junctions that cause parasitics.

until either the device burns up or all sources of power
are removed. By using a buried-layer configuration, as
shown in the cross section, the ft product is reduced to
less than 1, eliminating the latch-up conditions.
Again, especially in multiplexer applications, the
latch-free devices do not guarantee against destruction,
and the JI multiplexer still requires costly discrete cir
cuits around the device, as shown in Fig. 5. If an over
voltage exists, the resistor/diode circuit at each analog
input limits the input voltage to the supply-voltage
range to prevent the parasitic transistor action.
The resistors limit the overvoltage currents through
the diodes. The diodes must have a low threshold volt
age-much lower than the 0.6-V silicon-junction
threshold of the internal parasitic diodes—to ensure that
the parasitics do not turn on.
A germanium diode offers a low threshold voltage,

but its high leakage current makes it impractical, espe
cially in 0.1% systems. Therefore, in most applications,
more expensive low-leakage diodes are used.
For example, Schottky diodes meet the requirements,
but they cost about 50 cents each in volume, and the to
tal cost per multiplexer, including parts and labor, for
the discrete protection circuit may well be double the
initial purchase price of the device. Even then, its reli
ability will never approach that of an IC that has this
protection already built in.
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The floating-body JI technology

Standard JI technology allows another approach to
latch-proof device construction: a portion of the SCR
continuity is broken by floating the “body” or substrate
of the n-channel switching device. A cross section of this
process is similar to that in Figure 4(a), excluding the
71

8. DI does it. In dielectrically isolated switches, on resistance in
creases as the analog input voltage goes up. This ''modulation” of
on-resistance with input voltage automatically protects the device.

9. Winning combination. Combining bipolar and MOS tech
nologies in the same multiplexer gives built-in protection. This circuit
is typical for each channel in multiplexers H1-508A and HI-509A.

buried layer and the negative supply connection to the
p_ substrate, so that the dual-gate SCR is changed to a
single-gate device that can only be triggered by the pnp
parasitic. This, of course, reduces the latch-up probabil
ity by 50%.
To completely eliminate latch-up, as before, the />
product of the transistors is reduced to less than 1. This
accomplishment, certainly a significant improvement
over the conventional process, offers greater reliability,
but certain trade-offs must be made when the body of a
MOSFET is floated.
Nominal source-tordrain breakdown voltages are re
duced to limit the peak-to-peak signal range. Over-all
breakdown is limited by the collector-emitter break
down voltage, BVceo, of the npn parasitic transistor of
the floating n-channel MOSFET. The breakdown voltage,
BVCeo, increases with the degree of reverse-bias poten
tial applied to the substrate. With a floating body,
BCceo is minimum, so particular care is necessary when
using these devices in configurations such as single-pole
single-throw, single-pole double-throw, dpst, and dpdt,
where each side of the switch connects to opposite
polarities. The peak-to-peak handling capability is spec
ified at a minimum of 22 V; therefore, 30 V pk-pk can
not be switched with ±15 V supplies, as it can with other
C-MOS devices.
What’s more, the leakage currents of floating-body JI
devices are higher than other types have, simply be
cause the Iceo of the floating base for the npn is much
greater than the ICBo of other devices having fixed reversed-biased body potentials. The increased leakage
currents in spst switches may not be too significant.
However, in multiplexers that have the outputs of as
many as 16 switches tied together in one IC, the total
summation of currents can significantly affect system
accuracy. For example, the specification for a worst-case
16-channel floating-body multiplexer is 10 micro

amperes, and the channel on resistance is 550 ohms.
The dc-offset error would be 5.5 millivolts, representing
an accuracy to 0.55%.
Other 16-channel types specify worst-case parameters
of 500 nanoamperes and channel resistance between
550 ohms and 2 kilohms. Their dc-offset error is be
tween 0.28 mV and 1 mV, respectively, allowing ac
curacy to 0.01% or better.
Finally, the effective off impedance of the floating
body switch is degraded by the floating-body technique.
Off-isolation characteristics of a MOSFET are primarily
determined by its source-to-drain capacitance. But with
the base floating, the effective capacitance from emitter
to collector is increased by the series combination of
emitter-base and base-collector-junction capacitances
(Fig. 6a). This increase degrades the over-all off-isolation characteristics. For example, the off isolation for a
typical floating-body channel at 1 megahertz that has
RL = 100 ohms is specified to be -54 decibels, which
compares favorably with other types. However, at lower
frequencies such as 1 kHz, the isolation is only -62 dB,
compared to more than -110 dB for improved devices.
Capacitances Cj and C? for them are shunted by the
low ac impedance of the supply voltage (Fig. 6b).
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The linear dielectric-isolation technology
The linear dielectric-isolation process requires no
modifications to guard against latch-up. Its basic con
struction ensures that the SCR configuration that causes
latch-up can not exist. The functional cross section in
Fig. 7 reveals the silicon-dioxide isolation barrier fabri
cated between all parasitic transistors. This isolation al
lows each active element to be self-contained and inde
pendent with no interface junctions. At most, only
three-layer structures are permitted for each tub, so that
four-layer structures, or SCRs, are impossible. Also,
since the DI technology requires no guard bands, junc-
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±30

±33

<36

V|N - ANALOG INPUT OVERVOLTAGE (VOLTS)

10. Blocking cross talk. DI switches have minimal cross-talk prob
lems. An overvoltage of 33 V produces a cross-talk current of only 5
ns—an absolute error from channel interaction of only 6 pN.

11. Digital protection. DI devices also protect digital inputs. For ex
ample, the diodes in this circuit quickly discharge any static charge
that may appear on an MOS input gate.

tion capacitances, leakage currents, and size are mini
mized. The resulting increase in packing density per wa
fer, together with increased yields, enables these devices
to be cost-competitive with other types.
In working with DI devices, the IC designer is not bur
dened with the fixed substrate potentials found in JI de
vices. He may let the potential float, fix it to some po
tential, or even modulate it. Figure 8 depicts a DI circuit
that increases the on resistance as analog input voltage
is increased. During the off state, the substrates of both
output devices, Ni, and Pi, are at the respective supply
voltages through P2 and N2, thereby preserving high off
isolation and low leakage currents. However, when the
switch is turned on, P2 and N2 are turned off, and the
substrates of Ni and Pi are connected together through
N3. This connection increases conductance and causes a
minimum modulation of on resistance as the analog in
put voltage is increased.

D6, D7 and Q6 protect Pi while N3, D4, D5, and Q5 pro
tect Ni. If a positive overvoltage exists, Vs is greater
than V+ + 0.6 V. When the switch is off, the substrate
of the p-channel FET, Pi, is connected to V+ through P3
and diode D7 for maximum isolation and low leakage
currents in the off state. If the input voltage suddenly
exceeds V+, the source-body junction, which would nor
mally conduct, is instead clamped by transistor Q6.
The base-emitter junction conducts to hold the
source-body diode off with a source-to-emitter satura
tion voltage Vce(sat) of about 0.2 v. Thus clamped, the
switch is protected from the effects of overvoltage.
Clamp Q6 always turns on before the forward-voltage
drop of the source-body diode is exceeded because
diode D6 requires an additional forward-voltage drop
for conduction through the parasitic junction. More
over, resistor Ri limits the current flowing through Q6
when high overvoltages exist. Although Ri adds to the
total on-resistance of the channel, its associated error is
insignificant, since most systems provide high-impedance buffering anyway. For negative overvoltages, Ni is
similarly protected.
For protection when the switch is normally turned on,
the substrates of Ni and Pi are connected together
through N2, which, as described before, results in a con
stant on resistance, preventing unwanted current flow
and ensuring protection. What’s more, the protection
circuit, rated at a nominal overvoltage of ±33 V, reveals
a cross-talk current of only about 5 na (Fig. 10).
This condition represents an absolute error from
channel interaction of only 6 microvolts (Ron X 5NA)—
certainly negligible in most systems. In contrast, float
ing-body types have guarantees only that they won’t be
burned up by ±25-V overvoltage. Their manufacturers
do not make any claim against channel interaction. In
fact, channel interaction occurs readily in these devices
when the n- and p-channel thresholds are exceeded by

Designing a foolproof C-MOS analog multiplexer

In dielectrically isolated multiplexer circuits, protec
tion can be provided on the chip primarily to eliminate
channel interaction. This protection prevents normally
off channels from being turned on by parasitics from
other channels. And because this interaction is pre
vented, even worst-case power-supply faults cannot de
stroy the device. Moreover, since DI structures have no
SCR effect, protection against latch-up and power-se
quencing are not necessary. In short, DI multiplexers
with'built-in protection can withstand virtually any con
ceivable fault from the outside world.
The typical protected DI multiplexer (Fig. 9) benefits
from a combined bipolar/C-MOS technology. The illus
trated bipolar section is used to sense an analog over
voltage condition and steer current away from the para
sitic MOSFET junctions. Each of the switching devices,
Ni and Pi, has its own protection circuits. Devices P3,
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RESULTS OF DIGITAL-INPUT PROTECTION TESTS
(20 DIELECTRICALLY ISOLATED UNITS)
STRESS STEP/VOLTS

FAILURES

500

0

1,000

0

1,500

0

2,000

1

2,500

0

3,000

3

3,500

0

4,000

3

an overvoltage. For example, the n-channel device, al
though floating, would be inadvertently turned on if the
analog input exceeded the negative supply by its gateto-source threshold, which is typically 1.5 V.
Adding benefits

12. Packing it in. DI technology increases chip density of analog
switch, allowing more circuit capability per package. For example, DI
designs make possible this internal logic reference circuit in HI-200
and HI-201 switches.

13. DI performs. DI devices not only perform well, but do it with less
power. Dynamic-power-consumption data for commercial multiplex
ers shows DI device consuming only 100 mW at 1 MHz.
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Additional DI benefits are passed on to the user in the
design of the digital input-protection circuit shown in
Fig. 11. The fabrication of all components as isolated
silicon islands eliminates any possibility of latch-up.
The diodes switch fast and quickly discharge any static
charge that may appear at the digital MOS input gates.
The table gives the results of a step-stress analysis per
formed on 20 units. A total of 80% survived the 3.5-kilovolt level, and only one failed below 2 kV.
The DI technology enables a wide variety of active
elements to be integrated on the same chip to provide
maximum versatility. For example, in the transistortransistor-logic/C-MOS reference circuit shown in Fig.
12, the bipolar technology enables realization of a
simple zener reference circuit, consisting of resistor Ro
and transistors
Q2, and Q,3.
The circuit develops a stable 5-V reference for inter
facing with TTL and eliminates the need for an addi
tional 5-V logic supply. Current for the zener is supplied
through the normally on MOSFET, Pi, which can be eas
ily turned off if not needed to minimize power con
sumption when interfacing with C-MOS-logic circuits. Pi
turns off when V+ or supply voltage VDd is applied to
the reference terminal VREF to convert the IC’s power
consumption from bipolar to C-MOS level. If power is
not critical, VREF can be left open to speed switching.
In high-speed data-acquisition systems, the designer
is concerned with both quiescent power and dynamic
power consumption. If JI devices are used, the capaci
tance or leakage currents are so high they contribute a
major portion of total power consumption. That situ
ation is caused by the large-geometry parasitic junc
tions formed by the n~ junction.
In contrast, the smaller substrate area of the DI device
provides much less power drain. Dynamic-power con
sumption as a function of frequency for several 16channel analog multiplexers with ±15-v supplies is
shown in Fig. 13. The DI device consumes only 100 mW
at 1 MHz to yield the best speed-power product.
□
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Designer’s casebook
Scope display of eight signals
helps debug sequential logic
by Matthew L. Fichtenbaum
Genera/ Radio Co., Concord, Mass.

When debugging sequential logic, an engineer may
have to observe several signals simultaneously. Logical
states and the times that they change are of primary im
portance in the visual display; the exact values of volt
age levels and the duration of rise times and fall times
are of lesser importance.
Two, four, or eight digital signals can be displayed on
one of the two channels of a Tektronix 454 or similar

dual-trace oscilloscope, as demonstrated in the photo
graphs on the next page. The other channel may then
be used for triggering or for observation of a ninth sig
nal. The eight signals are treated as logic levels and are
gated by a digital multiplexer. Although this procedure
does not preserve voltage levels and wave shapes, it
does achieve maximum speed with simple circuitry.
The circuit for displaying the signals on the scope is
illustrated in Fig. 1. The 7493 divide-by-16 counter (U3)
is incremented after each scope sweep. The counter
steps through the eight inputs sequentially, and the ex
tra stage compensates for the use of every other sweep
in the “alternate” display mode. The counter’s highest
three bits select an input signal via digital multiplexer
UI, which is a 74S151 TTL Schottky type. At the same
time, the CD4051 C-MOS analog multiplexer U2 picks a
de voltage off a resistor chain. This voltage is summed

+5 V

1. Multi-trace adapter. Two, four, or eight digital input signals time-share the channel-2 trace of a dual-trace oscilloscope by means of this
circuit. The digital multiplexer selects individual digital inputs in cyclic succession, and the analog multiplexer separates their wave forms ver
tically; sweep counter drives multiplexers. Switches Si and S2 permit display of only two or four digital wave forms, instead of eight.
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2. Signal tracing. Channel 2 of dual-trace
scope is multiplexed to display eight different
logic wave forms in (a) and four wave forms
in (b). The channel-1 trace, used for trigger
ing, appears at top in both photos; it is
brighter than the channel-2 traces because
of its higher duty ratio. This simultaneous

display of several signals is convenient for
logic-circuit debugging. High and low states,
and the timing of their changes, are indi
cated accurately even though the multiplex
ing does not preserve voltage levels and
wave shapes. The multi-trace adapter circuit
is shown in Fig. 1 on the preceding page.

with the digital signal, providing a different reference
level for each trace and thus separating the traces verti
cally from each other on the screen, as shown in Fig. 1.
The 500-ohm variable resistor adjusts the magnitude
of the de offset, varying the trace separation. The
scope’s variable vertical-sensitivity control may be used
to adjust the over-all display amplitude. The 200-ohm
potentiometer is adjusted for best transient response.
Both the 500-ohm and 200-ohm pots should be cermet
or other noninductive types. The three 560-ohm resist
ors pull up the levels of the inputs to the multiplexers.
The resistor chain could be replaced by eight poten
tiometers in parallel, with their wipers connected to the
input terminals of the CD4051, for separate adjust
ments of the vertical positions of the individual traces.

Logic circuit selects
most intense signal
by P. V. H. M. L. Narasimham
Indian Institute of Technology, Kanpur, India
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If switch Si is open, the scope displays only four
traces (digital inputs 1, 3, 5, 7). If both Si and S2 are
open, only two inputs (3 and 7) are displayed.
This time-division-multiplexing of channel 2 on the
dual-trace scope of course makes the signal wave forms
less bright than the channel-1 trace. In Fig. 2(a), the top
trace is scanned eight times as often as each of the lower
eight traces, and in Fig. 2(b), channel 1 is scanned four
times as often as any one of the four offset wave forms
that share channel 2.
The circuit may be built in a small box, with appro
priate connectors to the scope and inputs. It should be
used near the logic circuit under test to minimize signallead length and circuit-loading. Only 5 volts of de
power are required.
□

In police wireless communications where each patrol
car has its own frequency, messages from the cars are
received at police headquarters via satellite receiver sta
tions to avoid blind angles, obstacles, and dead zones.
An operator at headquarters could select the best signal
from these stations by manually sampling the various
outputs from the HQ receiver and comparing their vol
umes. This method is unsatisfactory because of delays
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in switching and subjective evaluation of signals. There
fore, an automatic maximum-strength-signal selector is
needed to select the strongest of incoming signals and
connect it to the headquarters receiver. Whenever the
signal level from any unselected relaying station be
comes higher, the headquarters receiver must promptly
select that signal.
The circuit shown uses a pair of analog multiplexers
to automatically connect the headquarters receiver to
the strongest signal. The incoming signals from eight
satellite stations, band-limited to the range from 300 to
3,000 Hz, are amplitude-limited to ±5 volts peak to
peak. These signals go to multiplexer A and also go
through eight level-detectors to multiplexer B. The
channel-selector inputs to multiplexer B are driven by a
3-bit counter that counts 5-kHz clock pulses. Thus, the
signal levels of the eight incoming channels appear, one
after another, at the output of B. These levels are com
pared with the level-detected output from multiplexer
A by a 710 comparator. The output from the compara
tor controls the operation of a 7495 register.
The channel-selector inputs to A come from a register
that contains the code for the channel with the highest
signal level, as explained below. The output from B is
attenuated about 10% by the resistive voltage divider, to
give the output from A an advantage in the comparator.

The comparator’s output is high as long as the most in
tense signal is selected by A.
If propagation conditions change so that the signal
level on some unselected channel, say U, exceeds the
level on the selected channel, then when multiplexer B
is switched to channel U the output of B is higher than
the output of A. Therefore the comparator’s output goes
low. On this trailing edge, the contents of the counter
are clocked into the register so that A also selects chan
nel U. Because of the 10% advantage given to A, the
comparator’s output then becomes high again. Thus the
most intense signal is selected by A and connected to
the receiver; all of this takes place within a fraction of a
clock period.
The inputs of the comparator are buffered through
the type 741 voltage followers to avoid loading on the
level detectors and thus preserve the accuracy of com
parison. The level detectors are simple diode peak de
tectors with 2-microfarad capacitors. Their performance
is satisfactory, but they may be replaced by better level
detectors if necessary.
□
Have .ou used a microprocessor to replace either hard-wired or mechanical logic in‘a cir
cuit or made some other use of these .ersatile devices? Engineers who are just starting to
design with microprocessors .'-Duld be interested in learning about your experiences. We’ll
pa,. $50 for each microprocessor item published, as we do for all published Designer’s
Casebook ideas. Please send them to our Circuit Design Editor, summarizing the problem
and how a microprocessor provides a novel solution.

Goes with strength. Most intense signal coming from relaying stations is connected to central receiver through multiplexer A. If signal from A
is not the strongest, comparator goes low when counter clocks multiplexer B to the stronger signal. Register then changes input code to A so
that the stronger signal is connected to receiver. System allows police cars (each with own frequency) to contact HQ via satellite stations.
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Taming process-control transients
with lead and lag compensation
Circuit modules adjust the time of arrival
of control signals so that processing equipment
can counter on-going changes in process variables
by Chun H. Cho and Kenneth P. Schwarz,

□ A process-control system can smooth out both sud
den changes in stock temperature or pressure and
slow alterations in viscosity by advancing or delaying
the control signals it sends to processing equipment.
The control circuitry essentially differentiates the input
data to provide lead compensation, as it is called, or in
tegrates it to provide lag compensation.
Lead and lag compensation can improve static and
dynamic system performance in both the feedback and
feedforward modes. Lead compensation increases the
bandwidth and improves the transient response, while
lag compensation enhances the steady-state response.
For a given application, both may be combined for op
timum control. A lead/lag combination can increase the
system critical frequency and thereby permit higher
open-loop gain without jeopardizing stability.
To implement these functions, it is possible to use
commercially available modules—for a price. However,
to buy separate lead and lag modules and then combine
them would run about $1,000. A more economical and
more compact unit is the compensator that is designed
to incorporate both. For example, the unit discussed in
this article lists for less than $600.
A feedforward control system will register a change in
an input variable and cancel it out before it can affect
the output. This it does by causing a corrective change
in the manipulated variable. Take the case of a chem
ical plant where fluid stock is maintained at a constant

Fisher controls co., Marshalltown, Iowa

temperature by being passed through a steam heat ex
changer, as seen in Fig. 1(a). As the temperature or flow
of the stock increases (or decreases) upstream, the feed
forward controller adjusts the steam valve to reduce (or
raise) the temperature of the heat exchanger. That is,
feedforward gain is set so that the steady-state magni
tudes of the two temperature changes are equal and op
posite to each other.
Because of heat exchanger’s construction the process
temperature responds faster to changes in stock flow
than to changes in steam flow. Therefore, over the short
term the temperature at the outlet can vary, as Fig. 1(b)
shows, even though over the longer term the system is
in static balance. Whenever such a variation cannot be
tolerated, the delay associated with the steam flow ad
justment can be shortened by inserting a time lead into
the forward signal line. This has the effect of adding a
surplus of steam initially and then backing it off to the
steady-state requirement.
The time lead changes the magnitude of the control
signal by an increment proportional to that signal’s first
derivative. The change produces either an increase or
decrease in the signal depending on the slope of its de
rivative at that instant. In effect, the circuit anticipates
the future size of control signal needed based on the sig
nal’s present value and present rate of change. The out
put of a lead compensator will change faster than the
input until the signal stops changing, at which point the

1. Blowing hot and cold. In this typical chemical processing operation, the temperature of the fluid stock is raised when the stock passes
through a heat exchanger. However, in this particular example, an increase in fluid flow will create a 15° fahrenheit fall in temperature (a)
faster than an increase in steam flow can raise temperature 15° F (b), causing a transient drop in fluid temperature (c). This transient could
be just about eliminated if the increase in steam flow were made to precede an increase in fluid flow.
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slope is zero and the values become equal.
Lead compensation can be understood by taking the
example of a ramp input with a slope of m percent per
second (Fig. 2). In Ti seconds, the signal will change by
mTi percent. Essentially, the lead compensator eval
uates the first derivative of the signal, multiplies it by
the desired time constant, and adds the product to the
input. For the ramp, the output equals the value that
the input signal will reach Ti seconds later.
Lag occurs when the manipulated variable changes
more slowly than the input variable. With a step input
(Fig. 3) and a lag of T2, the output reaches 63% of its fi
nal value T2 seconds after the step change. The output
continues approaching the input level asymptotically,
but for all practical purposes the values are equal after
approximately four time constants.

ditioning for gain and for input and output biasing.
Therefore practical devices are more likely to be de
scribed b) equation 2 for direct (proportional) control:
v° = a (T^Sj (vi-B0 + B°

(2)

or by equation 3 for reverse (inversely proportional)
control action:
Vo = a TT ^~Ss) (Bi ’ Vi) + Bo

(3)

where a is the gain, Bi is the input bias voltage and Bo is
the output bias voltage.
. . . and how to implement them

(1 + T1S)Vi
(1)
(1 + T2s)
where Vo is the output voltage, V, is the process variable
input voltage,'Ti is the lead time constant, T2 is the lag
time constant, and s is the Laplace operator.
If Ti = 0, the transfer function is that of a first-order
lag. If T2 = 0, the transfer function is that of a first-or
der lead. If Ti = T2 = 0, the output simply tracks the
input. By adjusting the relative time constants, different
combinations of lead and lag can be obtained.
For actual process control, however, a lead/lag com
pensator would normally include additional signal con

Lead/lag compensation can be built into a control
system with relatively simple operational amplifier cir
cuits, such as the series of four modules shown in sim
plified form in Fig. 4. Figure 5 shows the details of the
lead and lag modules designed specifically for process
control applications.
Normally, the process variable is either a voltage or a
current that is converted to a voltage by a resistor in the
input line. The input module subtracts a bias (B,) from
this signal to cancel the live zero normally used in con
trol systems. Live zero refers to the voltage that repre
sents 0% of span—in process control systems conven
tionally 1 volt, with 5 V representing 100% of span.
Subtracting a 1-v bias from this input then serves to
“zero” the reading.
Control action switch S3 selects the direct or reverse
modes, that is, whether the system responds according
to equation 2 or 3. Under direct action the output in
creases for an increasing process variable, while in the

2. Early warning. Lead compensation is needed when a control
process needs changing ahead of a change in some process vari
able (heat, flow). Here, a unity-gain, direct-action compensator with
a ramp input and a lead time setting of 12 seconds (30 s) produces a
control signal anticipating the value of the input 125 (30 s) later.

3. Late comer. Lag compensation is needed when a control pro
cess must be adjusted more slowly than a changing process vari
able. Here, with a step input and a lag setting of 6 seconds, the out
put of a unity-gain, direct-action compensator will reach 63% of the
step change in input after 6 seconds.

Howto calculate lead and lag . . .
Since the same process often requires both lead and
lag compensation, the equations for both are combined
in the transfer function:

TIME (SECONDS)
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INPUT AMPLIFIER

4. Two in one. This four-module lead-lag compensator adds vary
ing amounts of lead, lag, or combinations of both into the circuit, de
pending on the resistor values selected in the lead and lag modules.
The input module zeroes the input signal and determines whether
the output will be directly or inversely proportional to the input. The
output module amplifies the output and acts as a current driver.

DIFFERENTIATOR (LEAD)

On the basis of the values shown in Fig. 5, equation 4
becomes:
-TlWe

Vd - [CFis/22)+ l][0.3s + 1]

(

In the process-control applications, it is best to limit
reverse mode the output decreases for an increasing derivative gain to less than 25 decibels. Without this
limitation, minor changes in input, particularly those in
process variable.
The central element of the input module is oper duced by noise, will substantially change the output of
ational amplifier Ab which produces a de output pro the derivative circuit. Process-control system response
portional to the biased process variable. Ai is used in a will not be affected by this rolloff, which is generally
unity gain configuration. An actual module would in well above the frequency range of interest. Rolloff is ob
clude capacitors in the input and feedback circuits to tained through Riead, C3, and C4, which are connected
limit frequency response and thereby filter out noise in into the network when switch Sia is off (position
the process variable signal. Potentiometric zero adjust shown).
This applies only to lead compensation, however.
ment on the amplifier is also desirable to compensate
When lead-lag is implemented, the limit on derivative
for voltage offsets.
The next two modules introduce lead and lag into the gain is no longer necessary, and switch SjA selects only
signal. When S2b is closed (on), the derivative function C4 in parallel with Riead. The derivative transfer func
is activated, and when Sib is closed, the integrator is tion then becomes:
added to the circuit. The time constant is the product of
-TWe
a fixed capacitance and an adjustable resistance. The
Vd ~ iCT1S/130)+l][0.3s + 1]
1 }
range of 6 to 3,000 seconds (lead or lag) has been found
A derivative circuit with time constants as large as
to cover most process-control applications.
The derivative function is generated by operational 3,000 seconds is sensitive and demands premium-qual
amplifier A2 with input capacitor Ci and C2 and feed ity components. To illustrate, an input changing as
back resistor Riead. Riead represents the resistance value slowly as 1 millivolt per second will result in a 3-V out
selected by a rotary switch from the resistance bank put when Ti is set at 3,000 seconds. To limit error, there
shown in Fig. 5. Dual field-effect transistors, also shown fore, the operational amplifier should have a high input
in Fig. 5, are inserted in front of A2 to increase input impedance and low bias current. In Fig. 5, for instance,
impedance without contributing voltage or phase inver dual FET Qi is used in conjunction with A2 to achieve a
sion. More capacitance, C3 and C4, is added across the bias current of less than 1 picoampere. (Though some
feedback resistors to limit derivative gain and make the FET-input operational amplifiers perform just as well as
circuit less susceptible to noise. When there is no lag in the A2 and Qi combination, they cost more than six
the circuit this additional capacitance is particularly im times the $3.50 of the A2 and Qi.)
In the lag module, integration is carried out by oper
portant since it protects the circuit against unwanted
ational amplifier A5 with input resistance Riag—the
output peaks. A3 is needed in the module for gain.
When the lead/lag compensator of Fig. 5 is set to in value selected from the lag resistor bank—and feedback
capacitor C5. Dual FET Q2 is used as a source follower
clude lead only, the transfer function becomes:
in the input circuit of A5 to increase input impedance
y _ _________K Rlead(Ci + C2)sVc________ ...
D
[Rlead(C3 + C4)S + 1][K2(C1 + C2)s + 1] W without contxibuting voltage or phase inversion to the
signal. A4 is included in the module to add the signals
where VD represents the voltage at point D—in this case, needed to produce the first-order effects.
The out pa t module acts as an amplifier and current
essentially the output of the differentiator—Vc is the
voltage at point C, the input to the differentiator, and K driver. The output voltage and current are determined
by the amplifier gain and bias settings. Output bias Bo is
is the derivative gain.
80
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5. Inside the lead and lag modules. This circuit, designed for process control applications, realizes the lead and lag portions of Fig. 4. A
rotary switch on each resistor bank dials in the lead and lag time constants to values between 6 and 3,000 seconds. In the lead-only mode,
C3 and C4 limit derivative gain to 25 dB to reduce circuit susceptibility to noise. When both lead and lag are used, A4 adds the lead module
output into the lag circuit. Output of the lag module is delivered to an amplifier and current driver, which sends input to the control circuitry.
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tor only (with feedback loop from A4 to A5 open) is:

V =
D

Vc
R3 + R4RiagC5s

where T2 = RiagC5s^T^

(8)

The voltage divider action of R3 and R4 in the lag
module supplies a multiplier of about 13 to the RC time
constant of Riag and C5. Because of this multiplier, a rel
atively small resistor will produce the equivalent of a
300-megohm input resistance. A dual-FET source fol
lower identical to the configuration used in the differ
entiator provides the required low bias current and high
input impedance.

From input to output

tions as in (a) through (e). A ramp in the process variable (a) pro
duces a ramp change in the output, but the output slope is propor
tional to the input rate of change. When lag only is added, wave
forms (f) to (j) occur: output approaches input asymptotically and
reaches 63% of the input value one time constant later.

set by a voltage divider; over-all gain is set with a po
tentiometer. The current driver is constructed from two
transistors in a Darlington configuration connected to
the output of As. To protect instruments connected to
the module from possible excessive input, a zener diode
could be placed across the downstream terminals of A6.
A diode is also needed on the line between the collector
of the current driver and the external power supply to
protect the transistors from accidental polarity reversal.
Output voltage at point D VD, based on values in
Fig. 5, is approximately equal to:

(1 + T1S)
(1 + T2s)

(7)

In this example the transfer function for the integra
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How the circuit operates as a lead compensator can
be understood from the waveforms shown in Fig. 6 (a)
through (e). These assume that the input amplifier is on
direct action, switch SiB is off to bypass the lag circuit,
and output gain is set to unity. If the process variable
input ramps up (a) and input bias is held constant at
1 V, amplifier Ai produces an offset inverted ramp (b).
This is applied to the inverting input of differentiator
A2, which responds with a step that’s amplified by A3
(c). The amplitude of this step is proportional to the
slope of the ramp and to the resistance R4 in the feed
back branch of A2.
Since the lag switch is off, the input resistance to in
tegrator A5 is essentially zero, and the integral time con
stant is very small. The loop around A4 and As acts as a
null servo and drives the output of A4 to 0 V, regardless
of the signal applied from upstream. The output of A4
without the component fed back from A5 would be the
waveform shown in (c) minus the one shown in (b).
Therefore, the nulling feedback signal must be the neg
ative of this combination (d). For an output bias of 1 V
and a unity gain, amplifier A6 inverts the waveform in
(d) and adds 1 V to the result (e).
Operation of the circuit as a lag compensator can be
understood by reference to Fig. 6 (f) through (j). The
waveforms illustrate operation when the input is set to
direct action, the differentiator is bypassed, and the out
put gain is set to unity.
If the process variable increases in a 2-v step (f) and
the input bias is 1 V, amplifier Ai produces an inverted
offset step (g). The lead circuit is bypassed, so the input
of A3 is 0 v.
The inverted offset step is applied to the inverting in
put of A4, where it is subtracted from the output of in
tegrator As by a null servo feedback loop. As a result,
the leading edge of the waveform in (g) produces a step
at the output of A4 (h), but the amplitude of this output
decreases because of the subtraction of the integrated
signal (i). As the output of A4 decays to zero in (h), the
output of integrator A5 approaches a constant (i). With
the output bias set to 1 v and the output gain equal to
unity, amplifier A@ inverts the waveform in (i) to pro
duce the final output signal (j).
□
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Reliability revisited:
failure-rate comparisons
are given a second look
by Lucinda Mattera,

□ Failure data does indeed bear watching, as a number
of readers of part 1 of our special report on component
reliability [“Failure data bears watching,” Oct. 2, p. 91]
pointed out. There were some distorted—although still
valid—comparisons in the article, owing to an effort to
sort out and collate varying masses of statistical data.
The problem arose when we attempted to “normalize”
the data with respect to certain base groups of compo
nents. As it turned out, the normalization procedure
was based on an assumption that failure percentages
were dependent on lot size. That is the rub, because fail
ure rates remain the same regardless of lot size. The
contrary assumption led to distortions of some of the
graphic material in the report. This article should rectify
these distortions and clarify a few other ambiguities
that seem to have puzzled our readers.
First, our attempt at normalization affected the bar
charts for relative component failure rates (Graph 3),relative failure rates for logic ics (Graph 10), and fail
ure rates for shift registers and memories (Graph 12).
With one exception, the absolute comparisons them
selves do not change, but the relative differences among
various failure rates change considerably.
Comparing components again
Graphs 3, 10, and 12 are reproduced here, corrected
and slightly modified. In Graph 3, for instance, only the
total number of devices tested, plus the over-all failure
percentage, is given for each type of component, and
the failure rate relative to that of resistors (without cor
rection for lot size) is plotted. As can be seen, transistors
would appear to be the component most prone to fail
ure, but the transistor population used for these tests
consists mostly of general-purpose and fast-switching
types. Interestingly, the percent failure for ICs is quite
high, especially as simple gates make up close to 70% of
the IC test sample. Actually all of the failure percent
ages are rather high because the data happens to reflect
the intensive screening done for a satellite program.
The revised bar chart for logic ICs (Graph 10) indi
cates that C-MOS can fail almost five times more often
than standard TTL, while ECL is less likely to fail than
TTL. (The failure data here is normalized to the percent
age given for TTL.) A word of caution, though—the pop
ulations for TTL and C-MOS are reasonably large and
represent a substantial mix of vendors and device types,
whereas the ECL population is comparatively small and
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components Editor

is made up of only about a dozen different device types.
From this data alone, then, it is unwise to assume that
ECL is always less likely to fail than standard ttl.
Looking at memories and registers
In the revised Graph 12 for shift registers and memo
ries, the failure percentages themselves are plotted for
both bipolar and MOS technologies. Because the com
plexity of these devices ranges from a few bits to well
over 500 bits, it is not meaningful to normalize the data
with respect to any single type of device. Comparisons
can be made, however, between bipolar and MOS de
vices of the same order of complexity.
For example, for shift registers, small-scale (up to 20
bits) Mos units appear to fail nearly five times more of
ten than small-scale bipolar units, while MOS large-scale
GRAPH 3: RELATIVE COMPONENT FAILURE RATES
SCREENING SUMMARY

Component

Number Tested

% Failure

Resistors

46,688

3.2

Capacitors

13,965

10.0

Diodes

3,861

10.0

Transistors

4,739

24.9

ICs

7,030

19.2

Data from NASA/Ames Research Center, Mountain View, Calif.,
for Jupiter/Saturn Satellite program
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GRAPH 9: SEMICONDUCTOR FAILURE ANALYSIS

GRAPH 10: RELATIVE FAILURE RATES FOR LOGIC ICs
SCREENING SUMMARY

SCREENING SUMMARY

Type of Semiconductor

Diodes

Transistors
ICs

Number Tested

% Failure

Type of Logic

Number Tested

% Failure

1,008,262

3.22

Standard TTL

282,238

1.4

785,807

5.26

C-MOS

107,005

6.6

3,015,544

2.57

ECL

10,859

0.4

Screens per Ml L-STO -883, class B, or Ml L-STD -750/MIL-S -19500
Based on data from Continental Testing Laboratories over one-year period

Screens per Ml L-STD -883, class B.
Based on data form Continental Testing Laboratories

registers are more than twice as likely to fail as me for the grand totals. The grand totals reflect the total
dium-scale MOS registers. The situation is somewhat re number of devices tested and the resulting number of
versed for memories—the percent failure for medium rejects found over a fairly recent one-year period.
It is interesting to note that these failure percentages
scale bipolar RAMs is approximately 2.5 times higher
than that for comparable MOS RAMs. In contrast, bipo in Graph 9 are considerably lower than the ones given
lar and MOS large-scale RAMs seem to have about the in Graph 3. This is because the screening was not as in
tensive. Although every semiconductor here was sub
same reliability.
Although the populations here are not all that large, jected to one or more standard military screens, only a
they do represent a mix of devices and vendors. As with small number were put through the full sequence of
all data, though, there are differences in the population screens required for military applications.
Two other illustrations, Graphs 6 and 7, are not af
sizes, and the number of over-all failures is affected by
the types of devices making up a group’s population. In fected by failure rates being made sensitive to lot size,
this case, the data for medium-scale MOS registers is but some of the labels should be changed to avoid con
heavily skewed by 100-bit devices, while the data for fusion. In Graph 6, the vertical axis should be called
large-scale MOS RAMs is heavily skewed by 4-kilobit de “board failure percentage,” and the curves should be
vices. The group of large-scale MOS registers consists of labeled “device failure percentage.” Similarly, in Graph
both static and dynamic units having densities of up to 7, the vertical axis represents “device failure percent
1 k. However, the population of the large-scale bipolar age,” and the curves “gate failure percentage.”
RAMs is small and contains only 1-k units.
Not true averages
Graph 9, a semiconductor failure analysis, is also re
Another clarification is needed regarding the way the
published here, in revised form, showing only the num
bers needed for the bar chart. The bar chart of the origi failure percentages are computed throughout the re
nal version contains a drawing error—the percent failure port. Except for the two time plots (Graphs 4 and 5),
for ics should be 2.57%, as indicated above the original which show mean percent failures, all other graphs are
based on failure percentages that represent the total
chart in the screening summary.
number of rejects divided by the total number of de
A word about some data
vices tested. In other words, the percent failures do nod
Caution also is required when interpreting the data in reflect true averages, which would be determined by av
the original screening summary for Graph 9. The fig eraging the failure percentages of individual lots of de
ures given for each screen represent the number of de vices.
The bulk of the data in the report is based on screen
vices subjected to that screen and how many failed as a
direct result of that screen (not necessarily an electrical ing done by independent test laboratories for compo
test). Some devices may have been subjected to only nent users. The devices tested, then, were those that
one screen, while others may have gone through sev manufacturers shipped as “good” units. So the devices
eral. Because of this the figures that indicate the num that later failed at the test labs did so due to time-re
ber of devices tested will not add up to the figures given lated causes that made them unable to meet their data-
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GRAPH 12: SHIFT REGISTERS AND MEMORIES
SCREENING SUMMARY

Type of Device

Technology

Number Tested

bipolar

36,674

2.4

MOS

24,078

11.5

50-500 bits

MOS

30,301

5.1

> 500 bits

MOS

9,756

12.2

bipolar

3,070

9.5

MOS

3,643

3.6

bipolar

1,239

5.6

14,641

5.4

Complexity

% Failure

4-20 bits

Shift
Registers

50-500 bits
RandomAccess
Memories

> 500 bits
MOS

Screens per MIL-STD-883, class B.

Based on data from DCA Reliability Laboratory and Continental Testing Laboratories

sheet specifications. Such failures were due to functional
inadequacies and/or excessive parametric shifts, or cat
astrophic faults.
Any reliability data is always a mixed bag. Doubtless
a number of the devices counted here as “reliability fail
ures” were marginal parts that could have been
screened out by tighter control at the manufacturers’
plants. But they weren’t—they were shipped by the
manufacturers as “good.” Also, with any kind of test
ing—particularly a stress screen—there are going to be
devices that are overstressed, damaged, or even de
stroyed through human error. However, such mistakes
generally account for a minimal number of failures if
the test laboratory is a reputable one.
Data sources must be sound

A far greater possible source of error is the rejection
of devices that actually are good. This is why Electronics
carefully researched its sources of reliability data,
choosing only those whose reputations are exceptional.
Granted, chances are that a few of the failures reported
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on were actually good devices. But these instances are
so few that they are not skewing the data at all. Further
more, a number of readers have indicated finding simi
lar results—or worse.
One final point should be re-emphasized. Tables 2
and 3 in the original report, which show the cost-effec
tiveness of a variety of screening programs (Table 2)
and single screening tests (Table 3), are greatly in
fluenced by prevalent failure modes, and these can vary
from manufacturer to manufacturer and lot to lot. The
data in these tables reflects a population in which many
failures were due to a lack of hermeticity. As a result,
the large number of hermetic failures is skewing the
data, and hermeticity testing seems to be a very cost-ef
fective screening measure indeed. However, at another
time, another failure mode may predominate, and her
meticity tests then would be less effective. Finally, the
test costs per part shown in these tables are average
ones and do not reflect testing costs for the actual num
ber of parts tested. These average costs are for small lots
of devices containing from 1,000 to 5,000 pieces.
□
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Engineer’s notebook________________ __ __
Logic circuit tests
wiring assemblies
by Steven Graham
Parsippany, N. J.

Before shipment or installation of wiring harnesses, the
completed assemblies must be checked to verify that
each pin of the connector at one end is wired to the cor
responding pin of the connector at the other end. Open
circuits, short circuits, and crossed wires can quickly be
detected and identified by a testing circuit consisting of
a pulse generator, a shift register, some gates, and light
emitting diodes. This circuit, shown in Fig. 1, provides
an inexpensive and effective replacement for stepping
switches, ohmmeters, and expensive analyzers.
To check a wiring assembly, the test-station operator
plugs the two connectors into the test fixture, presses the
CLEAR button if any of the LEDs is on initially, and then
presses the START button. If the harness has been wired
correctly, the LEDs turn on and off sequentially. Crossed

wires are indicated when the LEDs come on out of se
quence. A short circuit causes two LEDs to light simulta
neously. An open circuit turns the LED on as soon as the
harness is connected.
The circuit diagram shows that the 555 timer is con
nected as a free-running multivibrator with a frequency
of a few hertz. The pulse train from the 555 clocks the
flip-flops to shift the high starting pulse down the line,
feeding a high input to each NAND gate sequentially.
If a wire in the harness is not connected, so that the
input to a NAND gate is not connected to its flip-flop,
that gate stays high all the time (even when the CLEAR
button is pushed), and the LED stays on. If the wire
bundle contains N wires, then N flip-flops and N LEDs
are required. The 1-microfarad capacitor and the two
resistors connected to the 555 may be changed to in
crease or decrease the test rate.
This circuit has been used for more than a year to
check 12-wire jumper harnesses. It could be refined so
that the LEDs turn on sequentially and stay on if the
wiring is correct, and a latch could halt the sequential
shift when a fault is located. The operator could do
other things while the test proceeded; this improvement
would be especially useful for many-wire harnesses. □

Flashing the word. Test arrangement checks feed-through wiring between two connectors on harness of N wires. Correct continuity is indi
cated by LEDs flashing on and off sequentially. Crossed wires cause LEDs to flash out of sequence, a short circuit makes two LEDs flash
simultaneously, and an open causes a LED to glow continuously. Although high-threshold-logic elements are shown, TTL is satisfactory.
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21/2-digit DVM uses
quad Norton op amp
by Erdal Musoglu
Medical Computing Center, Free University of Brussels, Belgium

A compact digital voltmeter can be built inexpensively
around a quad Norton operational amplifier (LM3900).
It has a ZVi-digit display with polarity indication and a
1-megohm input impedance, is accurate to within 1%,
and is powered by a single 5-volt supply. The basic scale
is chosen as ±1.99 V.
The voltage to be measured determines how long a
counting circuit stays on. The display shows how many
clock pulses were counted during that period. The mea
surement is repeated two and one-half times per second.

The measuring circuit for the DVM is shown in Fig.
1(a). One half of a 556 dual timer, used as a reset flip
flop, generates a 2.5-hertz square wave that drives the %
LM3900 connected as an integrator. (This is why the
DVM makes a measurement every 400 milliseconds.)
When the output of the reset flip-flop is +V0C, the in
tegrator is reset. But when the output goes to 0, a posi
tive ramp is generated by integration of current enter
ing the integrator’s noninverting terminal. This current
is driven through the 150-kilohm resistor by the 2.4-V
reference voltage Vref across the zener diode. Each posi
tive ramp at the output of the integrator has an ampli
tude of more than 4 V and lasts 200 ms.
Two other Norton op amps are used as comparators.
The de input voltage to be measured is applied between
Vref and the noninverting terminal of one of the com
parators after filtering. The noninverting terminal of the
other comparator is connected to the reference point via
a variable resistor that is adjusted so that there is no

1. Measurement. Basic circuit for digital voltmeter (a) uses 2.5-Hz reset flip-flop to cycle integrator and comparators to generate gate pulse
with duration proportional to voltage being measured. Gate pulse, polarity signal, and reset output are fed to counter and display portions of
DVM in Fig. 2. If input voltage is referenced to ground, input stage (b) is used. For ac voltage measurement, converter (c) is added to circuit.
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output gate pulse when Vin = 0. The inverting termi
nals of the comparators are driven by the integrator.
The outputs from the two comparators, X and Y, are
applied to an exclusive-OR circuit. The XOR output is
used to gate on the counter in the counting and display
circuit, as shown in Fig. 2(a). The time that the gate is
on is directly proportional to the amplitude of Vin. The
XOR circuit is realized here using three NANDs and two
inverters, for reasons of economy. Polarity information
for the display circuit requires only one half of a 7474
dual D-type flip-flop.
The arrangement in Fig. 2(a) optimizes the package
count for the counter, display, and clock of the complete
DVM. Here the other half of the 556 timer is used as the
clock generator. The nominal clock frequency is 2 kilo
hertz, and the meter can be calibrated with the 22-kI2
variable resistor that modifies this frequency.
Two one-shots, which have output pulses lasting 0.5
ms and 5 ms, respectively, are used for loading from
and resetting the counters. The reset one-shot is acti
vated by the leading edge of the reset flip-flop output
that comes in from the circuit of Fig. 1(a), so the coun
ters are reset immediately after the ramp ends. Because
the reset time is quite long (5 ms), any spurious gate
outputs that occur during the fall of the ramp are ig
nored by the counter circuits; the fall time of the in

tegrator is less than 2 ms for the circuit of Fig. 1(a).
The total accuracy and stability of the DVM depend
on the frequency stability of the clock generator and on
the stability of the ramp’s slope. If stable external com
ponents (e.g. polycarbonate capacitors and metal-film
resistors) are used in these circuits, the least significant
digit is in error by only ±1, so accuracy within 1% is ob
tained. Note that the frequency stability of the reset
generator does not affect the accuracy or the stability of
the DVM. To avoid error due to the bias current of the
Norton amplifier, the source impedance must be less
than 20 kfl even though the input impedance of the
DVM is 1 Mfi.
If ground-referenced signals are to be measured, the
fourth Norton amplifier of the LM3900 package can be
used as shown in Fig. 1(b). In this case, however, it is
advisable to divide the input voltage by two—for ex
ample, by using a 2-mI2 resistor at the input of the cir
cuit of Fig. 1(b) instead of 1 mH—and to have a nominal
clock frequency of 4 kHz for better linearity.
The fourth amplifier of the package can also be con
nected as an ac-to-dc converter, as shown in Fig. 1(c),
for measurement of ac voltages.
□
Engineer s Notebook is a regular feature in Electronics. We in ite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We’ll pay $50 for each item published.
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Engineer’s newsletter
A week in Washington

If you’re into solid-state imaging devices and systems, look into a one-

on solid-state imaging

week course that has some of the top people in the field in its staff of
lecturers. The course is a repeat of one given in September at Univer

sité Louvain la Neuve, Belgium, under the aegis of NATO. This time it
will be at American University, Washington, D.C., during the week of
June 28 to July 2, 1976 (you might a]so want to stay for the Bicenten
nial weekend—the on-campus accommodations can be extended).
Course organizers are M.H. White of the Westinghouse Advanced
Technology Laboratory in Baltimore and D.F. Barbe of the Naval Re
search Lab. Contact Ms. Jennifer Murphy at American University,
Massachusetts and Nebraska Ave., N.W., Washington, D.C. 20016.
Lasers make light

of transmitting data

With the cost of cable skyrocketing to around $1,000 per 100 feet, per
haps you should consider a laser for data links spanning several hundred
feet or more. Laser links cost $5,000 to $10,000 and are particularly

amid noise

useful in industrial environments where other forms of data trans
mission may be affected by arc welders, radio interference, and the
starting and stopping of large motors. In one application, a laser data
link supplied by International Laser Systems Inc.. Orlando, Fla., picks
up information from a scanner traveling on an overhead crane and
transmits it to a receiver 600 feet away.
And you needn’t worry about anyone getting zapped. The lasers op
erate well below the level that is even minimally dangerous to users.

More on

In our Nov. 13 Engineer’s newsletter, a typographical error slipped into
the scheme for finding the resultant of two measured orthogonal com
ponents. We said the multiplier-divider should provide the function
(YZ/Z). But when Dan Sheingold of Analog Devices, Norwood, Mass.,
sent us his idea, it of course read (YZ/X).
And one other note on the Sept. 18 newsletter item that started it
all—Timothy J. Kriewall’s suggestion for finding the resultant of two
orthogonal components by modulating them with quadrature carriers,
summing the two, and demodulating the summed signal. Steve M.
Gehlbach, digital systems engineer at the University of Texas’ Health
Science Center at Houston, points out that by comparing the phase of

X + Y2 = Z-

the resultant carrier with the phase of one of the quadrature carriers,
you can find the phase angle arctan Y/X. Gehlbach says he has used

this'technique to determine reflection coefficient magnitude and phase
from a four-probe detector on a microwave transmission line.
A stopwatch

Our Nov. 27 newsletter item on using the HP-45 calculator as a stop
watch
brought a flood of responses from readers with similar ideas.
for a penny
We’re now putting them together for an upcoming Electronics Notebook,
(plus an HP-45) but we thought one neat little trick deserved mention now.
Remember that the way to get the calculator into the stopwatch
mode was to hit three buttons absolutely simultaneously? Mansoor Ah
med, of the University of Pittsburgh’s EE department, points out that
the simultaneity is easily obtained by pressing on a penny placed over
the three buttons.
Electronics/December 25, 1975
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New products

1 -k C=MOS RAMs flock to market
Activity quickens as more than a half-dozen companies design units
to compete with n-channel in point-of-sale, communications, auto jobs
by Bernard Cole, San Francisco bureau manager

When complementary-MOS ran
dom-access memories contained^
only 256 bits and offered access
times of about 1 microsecond, their
main attraction was low-power op
eration in nonvolatile applications.
But now that they have moved to
the 1,024-bit level of complexity and
their speed range is 250 to 800
nanoseconds, their near-zero quies
cent power dissipation makes them
strong contenders with static
n-channel MOS rams for small
static-memory systems in point-ofsale terminals, telecommunication
equipment, data processing, and au
tomotive functions.
That’s why more than a half
dozen semiconductor companies are
going to market with C-MOS RAMs of
various designs and configurations.
Until recently, only two companies
were widely known for their 1-kilo
bit C-MOS RAMs: Intel Corp, for its
static 650-ns, 256-word-by-4-bit
model 5101, and Intersil Inc. for its
IM6508/18, a 1,024-by-l-bit, 350-ns
static device. Competition is now
being offered by Harris Semicon
ductor, National Semiconductor,
American Microsystems Inc., RCA,
and Solid State Scientific, among
others.
In addition, Intersil is adding sev
eral new 256-by-4-bit designs to its
C-MOS RAM family, both to support
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its 12-bit C-MOS microcomputer sys
tem, the IM6100, and as support for
other systems. Intersil is also intro
ducing a 1,024-word-by-12-bit
masked C-MOS read-only memory.
However, that is only the begin
ning of C-MOS-memory activity. In
the works are other C-MOS ROMs,
first-in/first-out memories, and shift
registers. And several manufacturers
indicate that 4-kilobit static C-MOS
RAMs are but a few years away.
In the opening round of C-MOS
memories, however, Harris Semi
conductor’s first entry, for example,
is the IM85O8/18 pair of 1,024-by-lbit devices. The 8508 version will
have the same pinout as the 16-pin,
1,024-bit bipolar RAMs now offered
by several companies. The 8518 is
an 18-pin version aimed at designs
requiring latched output control or
minimum support logic. Specifica
tions on the self-aligned silicon-gate
devices are 50 nanowatts per bit in
the standby mode and 15 micro
watts per bit during operation.
Prices of the two parts in quantities
of 100 to 999 are $8.95 for the in
dustrial range and $22.40 for the
military range. These will be fol
lowed in February by a 256-by-4-bit
version, part of the IM6100 family
that Harris is second-sourcing from
Intersil.
Intersil’s 256-by-4-bit C-MOS

RAMs—the IM6551 and IM6561—
will be available in January. At 5
volts and 25°C, parts specified at
350 ns use standby power of 500 gw
and operating power of 13 mW. The
6551 is pin-compatible but not func
tionally compatible with Intel’s
5101, and the 6561 has the same
pinout as Intel’s 256-by-4-bit n-MOS
RAM, the 2111. In quantities of 100
to 999, price of the 6551 is $10.75
each and $9.85 for the 6561.
National Semiconductor Corp.’s
entry into the field in January will
be a 256-by-4-bit C-MOS RAM, the
MM54C920/74C920, a silicon-gate
device that will be available in
speeds ranging from 250 to 600 ns.
Parts specified at 500-ns worst-case
access consume 75 microwatts on
standby and 30 milliwatts in oper
ation. Another device, the
54C933/74C933, with a 1,024-by-lbit array, is in the design stage.
American Microsystems Inc.’s
first 1-kilobit C-MOS memory, the
S5101, is organized as a 256-by-4bit array and is a second source for
Intel’s 5101. It is immediately avail
able in three speed ranges: 450 ns,
650 ns, and 800 ns. At 5 V and 650
ns, standby power is 90 /J.W, and op
erating power is 80 mW. Depending
on speed and power consumption,
prices of 1 to 24 units range from
$9.30 to $14.25 each. A 1,024-by-l-
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bit array will soon be introduced.
Intersil’s 1,024-by- 12-bit masked
ROM, the IM6312, was designed for
use with the 12-bit IM6100 C-MOS
microprocessor family, but it has
several features that make it useful
in the implementation of RAMs and
ROMs in other systems. In 1 O-bit
word systems, two extra bits are left,
allowing the use of two additional
pins to select up to four other ROMs
directly and eliminating a lot of pe
ripheral addressing circuitry. Al
ternatively, the extra bits can be
used to select a bank of RAMs for ev
ery ROM they address, thereby elim
inating other components. The
IM6312 is priced at $36 each in 100
to 999 quantities, plus a $1,000 one
time mask charge.
The major thrust at RCA is in
C-MOS-on-sapphire. Currently avail
able is the NWS5001, a 1-k-by-1-bit,
150-ns, 5-V device in a 16-pin pack
age. Henry Miiller, director of
memory products, says the Solid
State division will also have avail
able in the first quarter the
NWS5040, a 256-by-4-bit, 120-ns
RAM. Also, Miiller says, RCA will be
gin sampling an 80-ns version of the
5001. Two 10-V C-MOS-on-sapphire
parts will also be available in the
first quarter, and the division will
begin sampling a 512-by-8-bit ROM
by the end of the period.
Solid State Scientific Inc. also
plans to introduce several C-MOSon-sapphire memory products early
this year. “They’ll come in fairly
rapid succession,” says Walter F.
Kalin, C-MOS marketing manager,
“and will include several configura
tions up to 1-k.”
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New products
Components

Tiny switch
handles 500 mA

onto a pc board. An isolation-voltage rating of 2,500 V rms and an iso
lation resistance of IO12 ohms suit
the 226 for the interfacing of lowlevel logic circuitry with line-voltage
loads.
Sigma Instruments Inc., 170 Pearl St.,
Braintree, Mass. 02184. Robert E. Cullen
(617) 843-5000 Ext. 344 [344]

Matrix contains
10 slide switches

Measuring only 0.28 inch in diame
ter with a volume of less than 0.02
cubic inch, the model 283 rotary se
lector switch can handle up to 500
milliamperes. Encased in a hardepoxy housing, the switch has four
gold-over-silver-plated berylli umcopper terminals for a life of at least
20,000 operations. It is offered with
two- or three-position switching and
in either black or beige. A single
000-120 fastening screw is the only
hardware needed to mount it.

A matrix of 10 interconnected slide
switches that measures only 1 by
1.38 by 0.165 inches is intended for
the crosspoint switching of logic sig
nals. The device’s gold-plated crosspoints are rated to switch 100 mil
liamperes at 12 volts de and to
handle 50 V ac, nonswitching. Each
of the 10 10-position slide switches

Transformer-coupling gives the re
lays an input/output isolation-volt
age rating of 1,500 V. Three connec
tion options are available: screw
terminals, solder pins for mounting
on pc boards, and quick-disconnect
terminals. The relays sell for $20.95
each in lots of 1,000.
Teledyne Relays, 3155 W. El Segundo Blvd.,
Hawthorne, Calif. 90250. Phone (213) 973-

4545 [346]

Wilbrecht Electronics, 240 Plato Blvd., St.
Paul, Minn. 55107. John Judge (612 2222791 [343]

Tiny relay can switch

1 ampere at 24 V de

Solid-state relay

has $6.90 unit price
Selling for only $6.90 each and
dropping to $3.80 in lots of 1,000,
the model 226 solid-state relay can
switch 1.5 amperes ac. The addition
of an external heat sink raises its
rating to 7 A. Connections to the
unit can be made by means of stan
dard push-on connectors, or the unit
can be inverted and wave-soldered

uses stainless-steel springs and goldplated copper-alloy buses. Dry-cir
cuit contact resistance is less than 1
ohm. The matrix’s plastic housing,
made of glass-filled thermoplastic,
has an insulation resistance at 10O V
de of 1010 ohms.
AMP Inc., Harrisburg, Pa. 17105. Phone
(717)564-0101 [345]

Solid-state relay

Although it measures only 0.4 by
0.39 by 0.59 inches—about 3/32 of a
cubic inch—the G2E mechanical re
lay can switch up to 1 ampere at 24
v de, with a resistive load, for half a
million operations. The relay’s annealed-steel frame, isolated from
other components by a polyesterfilm bottom plate, is enclosed in a
transparent polycarbonate cover.
The device can carry a continuous
current of 2 A and can handle an in
rush of 8 A. Its small size makes it
fast: switching time is only 5 milli-

handles 5 A at 250 V de

Capable of handling loads of up to
5 amperes at 250 volts de, the model
603 solid-state relay is offered with
two control-voltage ranges. The 6033 has a TTL-compatible 3-to-10-v de
input, and the 603-4 is meant to
work with inputs from 10 to 32 V de.
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Think
seconds. Required input power is
450 milliwatts. The G2E is offered
with nominal coil-voltage ratings of
1.5, 3, 5, 6, 9, 12, and 24 V de. The
price is less than $1 each in lots of
1,000.
Omron Corp, of America, Sales and Service,
1051 State Parkway, Schaumburg, III. 60172
[347]

240-V solid-state relay
occupies only 1.6 in.3
Capable of handling sustained loads
at 240 volts ac and housed in a
package measuring 1 by 1 by 1.6
inches, the models 1002 and 1003
solid-state relays are 3-ampere
single-pole single-throw devices
with built-in snubbers to prevent
false triggering from transients. The
normally open devices have control
voltage ratings of 3.5 to 15 V (model
1002) and 9 to 32 V (1003). Price is
$10.87 each in lots of 100, and deliv
ery time is three weeks.
Electronic Instrument & Specialty Corp., 42
Pleasant St., Stoneham, Mass. 02180.
Phone (617) 438-5300 [348]

Hybrid potentiometers have
low nonlinearity, long life

Utilizing an integral conductiveplastic tracking area and a precision
wire-wound mandrel, the Plast-OWire potentiometer combines the
infinite resolution and long life (10
million cycles) of conductive plastics
with the low temperature coefficient
(-20 to -60 ppm/’C) and low non
linearity of metals. Nonlinearity rat
ings from 0.5% to 0.025% are

offered. The potentiometer elements
are available in lengths from 0.5 to
25 inches with resistances of from 10
to 10,000 ohms per inch. Power dis
sipation is 0.75 watt per inch up to a
maximum of 5 W. Standard resist
ance tolerance is ±5%, and ±2% is
the best practical tolerance that can
be offered.
Electronic Controls Inc., 1900 Tyler Ave., S.
El Monte, Calif. 91733. Phone (213) 4449277 [349]

TOPICS

Components
The series TXR time-delay relays
by Syracuse Electronics Corp.,
Syracuse N.Y. are the first octal
plug-in units to be covered by
the Underwriters’ Laboratories
Recognized Component Pro
gram. . . . Two lines of nonpolar
electrolytic capacitors—one with
radial leads, the other with axial
leads—have been introduced by
Illinois Capacitor Sales Co.,
Morton Grove, III. ... A stan
dard line of center-tapped thinfilm chip resistors has been un
veiled by LRC Inc., Hudson,
N. H. The chips are passivated
with glass for mechanical and
chemical protection. . . . Power
Conversion Inc., Mt. Vernon,
N.Y., has announced a lithium
battery that can sustain a drain
of 1 ampere for 25 hours. The
model 660-5 has an energy den
sity of 135 watt-hours per pound.
. . . The type F69 is the first in a
series of flameproof metal-film
power resistors now being pro
duced by Dale Electronics Inc.,
Columbus, Neb. The units are
rated at 3 watts at 25°C and can
be derated for use up to 235°C.
. APM-Hexseal Corp., Eng
lewood, N. J., has applied for a
patent on a new type of keyboard
architecture in which all of the
keys or buttons on an existing
keyboard are replaced by other
keys or buttons that are molded
as part of a continuous siliconerubber membrane. Capable of
being fitted onto nearly all exist
ing keyboards, the new key
board, seal provides protection
against hostile environments.

of wtat
just on®
company
cando
to stop
pollution.
We have.
Twenty years ago some
farsighted businessmen had an
idea. To establish an organization
to combat littering. They called
it Keep America Beautiful, Inc.
Since then, KAB Inc. has led a
national movement to stop not
just littering. But pollution as well.
A movement that involves almost
70 million Americans.
To show you what companies
like yours are doing to fight
pollution, we’ve put together this
folder, “What industry is doing
to stop pollution.”
It’s a special way to celebrate
our first twenty years.
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New products
Semiconductors

IC references
are adjustable
1O-volt precision sources

can be varied by ±3%
with negligible degradation

Just a few months ago, monolithic
sources of a regulated voltage were
strictly fixed-output devices—but
not any longer. Three-terminal IC
regulators can now have a variable
output [Electronics, Nov. 27, 1975,

p. 133], and newly developed preci
sion references from Precision
Monolithics are also adjustable. The
output of these IC voltage sources,
the REF-01 series, can be varied by
±3% over their full operating tem
perature range, with negligible
change in their nominal 10-volt out
put level.
Since the units use the energy
bandgap of silicon as their refer
ence, rather than the breakdown of
a zener diode, they provide a stable
reference voltage within a few mi
croseconds of the application of
supply voltage. Their output re
mains stable to within 5 ppm/°C,
and their minimum input-voltage
range is 12 to 40 V. Power dissipa
tion is nominally 20 milliwatts.
All the units are designed to com
pensate even for second- and thirdorder error terms, so that their tem
perature coefficient remains low
over their operating temperature ex
tremes. Each chip is built with com
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patible thin-film resistors and active
bipolar devices that have special
geometries for optimum compo
nent-matching. Both temperature
coefficient and reference voltage are
calibrated simultaneously at the wa
fer-test stage by means of zener-zap
trimming, so as to avoid the surface
damage that typically occurs with
laser trimming.
Five models are available—two
(the REF-01AJ and the REF-01 J)
are military devices for operating at
-55°C to + 125°C, and three (the
REF-01EJ, the REF-01HJ, and the
REF-0 ICJ) are commercial devices
for operation at 0°C to 70°C. For
the REF-01CJ, line regulation is
0.015%/V, and supply current is 1.6
milliamperes. All the other units
have a line regulation of 0.01%/v
and a supply current of 1.4 mA.
Output voltage remains accurate
to within ±0.3% for the REF-01AJ
and the REF-01EJ, ±0.5% for the
REF-01J and the REF-01HJ, and
±1% for the REF-01CJ. Similarly,
load regulation is 0.008%/mA for
the REF-01AJ and the REF-01EJ,
0.01%/mA for the REF-01J and the
REF-01HJ, and 0.015%/mA for the
REF-01CJ. Over the full operating
temperature range, the maximum
change in output voltage is 0.06%
for the REF-01EJ, 0.15% for the
REF-01AJ, 0.17% for the REF01HJ, and 0.45% for the REF-01 J
and the REF-01CJ.
All the devices are available now.
For quantities of 100 and up, price
is $22 each for the REF-01AJ,
$10.50 each for the REF-01J, $7.95
each for the REF-01EJ, $4.95 each
for the REF01HJ, and $1.90 each
for the REF-0 ICJ.
Precision Monolithics Inc., 1500 Space Park
Drive, Santa Clara, Calif. 95050 [411]

to $13.25 in hundreds), and the
3702-2, which is rated at 70 ns and
has corresponding prices of $21 and
$14. Both devices are organized as
2,048 words by 1 bit and employ a
fully static memory cell which re
quires no refresh or charge-pump
circuitry. Like the manufacturer’s
earlier 1-k RAMs, the new memories
are being used mainly in high-per
formance add-on memory systems
for IBM System/370 computers. The
devices are available from stock.
Cambridge Memories Inc., 12 Crosby Dr.,
Bedford, Mass. 01730. Al Bargoot (617)
271-6355 [413]

Fast-recovery rectifier

is rated at 650 amperes

Rated at 650 amperes, continuous,
8,000-a surge, the 651 PDL series of
rectifiers has units with maximum
reverse recovery times of 1.5 micro
seconds at 500 to 800 volts, 2.0 gs at
500 to 1,200 V, and 2.5 ^ts at 1,000 to
1,200 V. Housed in Hockey Puk
packages, the rectifiers are well
suited for use as bypass (free-wheel
ing) diodes and in inverter systems.
They are priced at about $50 in
quantities of 10.
Semiòonductor Division, International Recti

90-ns n-MOS 2-k static

fier Corp., 233 Kansas St., El Segundo,
Calif. 90245. Phone (213) 678-6281 [414]

RAM is priced below $20
The 3702 family of 2,048-bit nchannel MOS static random-access
memories consists of two models:
the 3702-1, with a worst-case access
time of 90 nanoseconds and a small
quantity price of $19.85 (dropping

ICs control triacs
in ac power circuits
Containing a limiter/power-supply
circuit, a differential on/off sensing
amplifier, a zero-crossing detector,
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and a triac triggering circuit, each of
three ics is intended to control a
triac in an ac power circuit. Two of
the ics—the SG3O58 and SG3059—
also include provision to inhibit the
zero-crossing detector and a protec
tion circuit that removes the triac
drive in the event of sensor failure.
The basic circuit, designated the
SG3079, is housed in a 14-pin plas
tic DIP and sells for $1.65 in singles.
The added-capability 3059 is also
packaged in plastic and is priced at
$3.20. The 3058, supplied in a ce
ramic DIP, goes for $5.80. All are
available from stock.
Silicon General Inc., 7382 Bolsa Ave., West
minster, Calif. 92683. Dick Seinfeld (714)
892-5531 [416]

Reference diodes

milliseconds to perform an 8-bit
conversion, 5 ms for 10 bits, and 20
ms for 12 bits. Housed in 24-pin
dual in-line packages, the series in
cludes the model 8700 (8 bits) at
$16, the 8701 (12 bits) at $22.50, and
the 8702 at $29.50. All prices are for
quantities in the hundreds.
Teledyne Semiconductor, 1300 Terra Bella
Ave., Mountain View, Calif. 94041. Phone
Allan Colby (415) 968-9241 [415]

are extremely stable

A series of temperature-compen
sated reference diodes includes units
with maximum temperature coeffi
cients as low as 5 ppm/°C and oper
ating currents as low as 100 micro
amperes. The C8000 series device's
are offered with three operating cur
rents: 100 gA, 250 ¡nA, and 500 ¡uA—
each with a range of ±50%. The 6.5volt diodes will maintain their speci
fications from -50°C to 100°C, and
can be operated from -65°C to
175°C. Hermetically sealed in DO7
glass packages, the diodes are avail
able with long-term stabilities as
tight as 10 ppm/year.
Codi Corp., Pollitt Dr., Fair Lawn, N. J.
07410. William C. Henderson (201) 7973900 [417]

500-ns n-MOS static
RAM is priced below $10

Aimed at microprocessor and pe
ripheral-equipment applications, a
2,048-bit random-access memory is
organized as 256 words of 8 bits.
The n-MOS static RAM has a max
imum access time of 500 nano
seconds and a 100-piece price of $9
each. Inputs and outputs of the
3539-2 are compatible with stan
dard TTL circuitry. A slightly slower
version, the 650-ns model 3539, is
priced at $8.50 in hundreds. Both of
the units are housed in 22-pin dual
in-line packages. The rams are
available from stock.
MOS Products Division, Fairchild Camera &
Instrument Corp., 464 Ellis St., Mountain

Monolithic a-d converters

View, Calif. 94042. Phone (415) 962-3816
[418]

resolve up to 12 bits
A line of monolithic analog-to-digital converters consists of C-MOS de
vices that can resolve 8, 10, and 12
bits. All three converters dissipate
no more than 20 milliwatts and re
quire only a few resistors and ca
pacitors and a voltage reference to
form complete converters. The inte
grating-type converters require 1.25
Electronics/December 25, 1975

Array of eight SCRs

minimizes crosstalk

An array of silicon controlled recti
fiers from Texas Instruments In
corporated is designed for use in
LED- or display-latching, analog
switching, or crosspoint-switching.

The array, called the TCP2410, uses
dielectrically isolated material to
minimize crosstalk between the
SCRs.
The array has eight SCRs and
eight holding-current resistors on
the same monolithic chip, reducing
the number of external components
required for latching applications. It
is packaged in an 18-pin dual in-line
plastic module and is offered with
diode protection from the cathode
to the gate. For applications where
on/off control is required, the de
vice is available without diode pro
tection, in a version designated the
TCP2411. The maximum absolute
rating for applied voltage is 50 V,
with operating voltage of 20 V. The
holding current is typically 350 mi
croamperes with maximum rating of
100 milliamperes.
The units are available in sample
quantities. Delivery time for both
versions, which are priced at $2.95
each in quantities of 100 to 999
pieces, is two weeks after receipt of
order, the company says.
Texas Instruments Incorporated, Inquiry An
swering Service, P.O. Box 5012, Mail Station
308, Dallas, Texas 75222 [419]

I--------- TOPICS----------- 1

Semiconductors
A 2-kilobit read-only memory that
can be erased and programed
electrically has been introduced
by NEC Microcomputers Inc.,
Lexington, Mass. The device,
called the /J.PD454D, is an nchannel silicon-gate device with
a maximum access time of 800
nanoseconds. . . . The industry
standard 8080A 8-bit, fixed-in
struction-set microprocessor is
available from Advanced Micro
Devices, Sunnyvale, Calif., for
$29.95 in 100-piece quantities.
Called the Am9080A, the device
is a plug-in replacement for both
Intel’s 8080A and 8080 as well
as the version made by Texas In
struments. . . . Royalty rates on
its microcomputer software have
been reduced 50% by Intel
Corp., Santa Clara, Calif. Af
fected are the company’s PL/M
compilers, macro assemblers,
and simulator packages.
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Packaging & production

System defines
lines 1 ¿im wide
Laser-based photorepeater
for IC masks can handle

wafers 6 inches square

A crucial step in microelectronics
production is the precise manufac
ture of chromium photomasks. In
this process, a 10X reticle is gener
ated—by either photolithography or
optical pattern generation—and
then further reduced to 1 X on stepand-repeat equipment known as
photorepeaters. The resulting chro
mium mask has multiple integratedcircuit patterns exposed on its emul
sion.
To produce higher resolution and
accuracy in larger wafers, the D.W.
Mann division of GCA Corp, has de
veloped the Mann Type 3696
photorepeater. It can handle wafers
up to 6 inches square and uses a la
ser-metered stage-positioning tech
96

nique that provides linewidths down
to 1 micrometer.
To gain this resolution, the 3696
uses a closed-loop system of mea
suring and positioning, based on a
laser interferometer. A servomotor
provides coarse positioning of the
stage on which the wafer is
mounted—to within 25 pm of the de
sired position, after which fine posi
tioning is done—to within 0.08 pm—
with linear motors. The inter
ferometer has a servo-feed
back loop to correct the po
sition.
In the laser-metering sys
tem, the reference for X
and Y positions is the op
tical axis of the lens rather
than a fixed position. So
when the stage moves, it
moves relative to the op
tical axis, and the relative
position of stage and axis
are taken into account at all
times. GCA says this method
gives a greater probability
of accuracy in positioning.
The laser interferometer
also automatically corrects
for atmospheric changes in
pressure, humidity and
temperature, adjusting it
self every 0.5 second. The
laser is a Hewlett-Packard
model 5501 helium-neon
type.
The 3696 also includes an
automatic photoelectric fo
cusing system. A stream of
photons coming from a source
mounted on one side of the lens sys
tem is bounced off the mask to a
sensor mounted on the other side. If
the wafer moves up or down, the
sensor will detect the change, and
the whole system will move with it.
Focus can be maintained to within
±0.5 pm.
The exposable area of the system
is 6 by 6 inches (150 by 150 millime
ters), and maximum image size is 10
by 10 mm at 10 X reduction. GCA
says the resolution of 1 pm, high
stepping accuracy, and large image
size or field of view open up the pos
sibility of using a photorepeater in
fabricating surface-wave devices,
that need high resolution. The sys

tem will also allow the fabrication of
bubble memories and chargecoupled devices without photocom
position. Most photorepeater sys
tems use a lens with an 8-mm circu
lar field, but the 3696 has a 10-mm
lens that allows it to get good size
control at the edge of a 250-mil chip.
The 3696’s light source for expos
ing mask emulsions is a mercury va
por lamp. Power requirement is 110
volts at 130 amperes. Maximum
speed of the positioning stage is 2
inches per second. The unit operates
at 68°f and is vibration-isolated.
The 3696, controlled by a PDP11 /05 minicomputer and including
an environmental control chamber
and installation, will cost $237,000.
The first units will be available
about April 1976, and delivery time
will be five months.
GCA Corp., Burlington Rd., Bedford, Mass.
01730. Phone A.C. Tobey at (617) 2725600 [391]

Logic-board testers
start at $2,795

A line of low-cost digital logic board
testers is available in portable and
bench-top models. Both versions are
self-contained and perform com
plete semi-automatic board test and
fault diagnostics using the transi
tion-count method. Test capabilities
include all types of digital circuits
with certain models designed for
DTL/TTL testing only, and other ver
sions for MOS, C-MOS, ECL, and other
logic types. Requiring minimal pro
gram development because of its in
ternal test-pattern generator, the
Datatester 1500 series starts at
$2,795. Delivery time is 30 days.
Data Test Corp., 2450 Whitman Rd,, Con
cord, Calif. 94518. Phone (415) 689-3583
[393]

U-contact connectors

can carry high currents

Designed to connect two, three, or
four insulated copper wires, two
self-stripping pressure connectors
Electronics/December 25, 1975

are rated up to 20 amperes and 600
volts. Called the Scotchlok 552 (twowire) and 554 (three- or four-wire),
the connectors use 3M’s patented Ushaped contact for both cutting
through insulation and establishing
a mechanical and electrical connec
tion. The U-contact principle was
developed by 3m for telephone
hook-up work some 15 years ago;
the new connectors are an advance
in the technology from low currents
to high. Listed by Underwriters’
Laboratories and approved by csa,
the connectors are applied in a
single operation that simultaneously
pierces the insulation on the wires,
establishes electrical contact, and
encloses the splice in a tough protec
tive housing. The connectors can ac

Data handling

Redundancy
is built in
Multiprocessor system

designed for businesses
that can’t afford downtime
Most minicomputer systems are de
signed to operate singly. When a
customer demands a fail-safe sys
tem, therefore, specialized operating
software is needed to stitch two or
more computers together into a re
dundant system.
It’s much better to design a re
dundant system from the ground up
and develop standard operating-sys
tem software, claims James Trey big,
president of the fledgling Tandem
Computers Inc., Santa Clara, Calif.
And he’s pinning his hopes on that
concept with the company’s first
product, the Tandem-16 Nonstop
system, which can contain two to 16
interconnected 16-bit processors.
Such fail-safe systems are aimed
at transaction-oriented businesses
that can’t afford downtime, and the
market amounts to about $250 mil
lion a year, says Treybig. And, by
1980, the needs of such businesses
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Tool cuts and bends leads

after insertion into board

commodate wire sizes from 16 to 20
gage. The contacts are made of tin
plated, spring-tempered brass, and
the bodies are made of high-impact
polypropylene. The connectors are
available from stock.

The model TP-6 Nipper is a hand
tool that cuts and bends component
leads after they have been inserted
through a circuit board. Using no
air or electrical power, the tool is
claimed to be very easy to use and
to be able to stand up to rigorous in
dustrial use. It enables the user to
cut and bend leads securely to the
board in a single operation. A ten
sion regulator allows the selection of
a suitable force to minimize the risk
of damage to delicate components.

Industrial Electrical Products Division, 3M
Co., St. Paul, Minn. 55101 [394]

Hampton Mfg., Box 10, Southampton, Pa.
18966. Sally Pelletier (800) 523-1960 [396]

as banks, airlines, retail and whole
sale outlets, insurance companies,
and hotel/motel chains could bal
loon this multiprocessor market to
about $800 million a year, Treybig
adds.
The minimum Tandem-16 sys
tem, designated the Nonstop 204,
consists of two Schottky bipolar pro
cessors with 32,768 words of core
memory each, a 10-megabyte disk
drive, a magnetic-tape unit, an op
erator console, and 16 terminal
lines—all for about $65,000. That
system is expandable to 16 proces
sors with 512 kilobytes of memory
and up to 32 peripheral-device con
trollers per processor. The proces
sors are connected by a Dynabus, a
redundant independent-bus struc

ture with a 20-megabyte-per-second
transfer rate and built-in bus control
for automatic switch-over or discon
nect in the event of a processor or
bus failure.
Each processor also contains a
microprocessor dedicated to input/output functions. In addition,
all I/O-device controllers have dual
ports for access to two processors.
Even power supplies are redundant.
The Tandem system comes with
standard semiconductor main
memory that can support up to 512
kilobytes arranged as 22-bit words
(16 data bits plus 6 error-correction
bits for simultaneous correction of
1-bit errors and detection of 2-bit
errors). Cycle time is 500 nano
seconds. With core memory instead
of semiconductor, the system can
support up to 256 kilobytes ar
ranged as 17-bit words (16 data bits
and one parity bit). Cycle time is
800 nanoseconds.
Tandem Computers Inc., 2909 Stender Way,
Santa Clara, Calif. 95051. Phone (408) 9841800 [361]

Conversational CRT terminal
has three operating modes

The model NCR 796-401 block/
conversational CRT terminal is a
multi-speed device with three oper-
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New products
by one set of drivers and receivers in
the host system. An optional sector
generator permits the user to define
his own hard-sectored format with
storage capacities from 1.9 to 3.2
megabits. The unit contains its own
negative-voltage supply. Price is
$650 in small quantities; delivery
time is 60 days.
Remex, a division of Ex-Cell-0 Corp., 1733
Alton St., Santa Ana, Calif. 92705. Phone
(714) 557-6860 [364]

Fortran IV, including a set of Tektronix-compatible subroutines. The
basic Cono-Pac software package is
offered at no extra cost. Delivery
time is 120 days.
Hughes Industrial Products Division, 6855 El
Camino Real, Carlsbad, Calif. 92008. Phone
(714) 438-9191 [366]

Software system supports
6800 microprocessor

ating modes: conversational, page,
and message. In these modes, trans
missions from the terminal take
place a character, a line, or a full
screen at a time. The terminal pro
vides upper- and lower-case charac
ters, graphics, and local editing. It
can run at 110, 300, 1,200, 2,400,
and 9,600 baud. A total of 1,920
characters, arranged as 24 lines of
80 characters each, can be displayed
on the terminal’s 12-inch screen.
The terminal sells for $3,100, and it
rents for $130 a month. Availability
is immediate.

Latest Conographic terminal
offers selective erase
The latest addition to Hughes Air
craft’s line of Conographic graphic
display terminals is a high-resolution unit with selective erase, builtin serial interface, and a base price
of only $9,750. Like the rest of the

NCR Corp., Dayton, Ohio 45479. Phone
(513) 449-2150 [363]

Wintek Corp., 902 N. Ninth St., Lafayette,
Ind. 47904. Phone (317) 742-6802 [367]

Universal drive handles

I

hard- and soft-sectored disks

Able to accept IBM-formatted softsectored diskettes and 32-hole hardsectored disks in the same unit, a
“universal” drive from Remex al
lows the user to expand from basic
IBM compatibility to enhanced per
formance without changing drives.
The model RFD 7400E includes its
own unit-select decoding circuitry
allowing four drives to be controlled
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Consisting of a cross assembler, a
simulator, and a Fortran IV com
piler, the Wintek 6800 software sup
port system can be purchased for as
little as $2,000. The compiler, called
Wintek PL/M, is largely compatible
with Intel PL/M. Both it and the as
sembler produce relocatable code
which can be combined with pre
viously assembled or compiled pro
grams with the Wintek linking
loader and can be fed to the simula
tor, read by a 6800 system, or used
to program a read-only memory.
The cross assembler and simulator
sell for $600 each, or both for
$ 1,000. The compiler is $ 1,000.

TOPICS -------- 1
Data Handling

line, the Conographic-9 displays
curvilinear information by conic
curve generation rather than by
X-Y plotting. As a result much less
data is required, speeding image
transmission, cutting communi
cations costs between the terminal
and the host computer, and reduc
ing storage requirements at the host
computer. Also, the curves dis
played are smoother.
The fully interactive Conogra
phic-9 has a 17-inch 1,029-line
video monitor, built-in zoom/pan
capability, a joystick for graphics in
teraction, and a hardware graphics
processor for scaling graphics and
numerics. Options include hardware
for rotations, reflections, line-tex
turing, and gray levels. A wide
range of software is available in

A hardware/software system to
support users of the Intel 8080,
the /iPro 80, from /¿Pro Associ
ates, Cupertino, Caiif., is a con
venient debugging and field-ser
vice tool. ... A rugged
“intelligent” printer from Dataroyal Inc., Nashua, N.H., is de
signed for continuous use in ex
treme environments. . . . The
model 7835.7330-12 disk-sto
rage subsystem from Itel Corp.,
San Francisco, Calif., is de
signed to provide added memory
capacity to IBM System/370
model 135 (and larger) comput
ers. . . . Pro-Log Corp., Mon
terey, Calif., is now delivering its
MPS 8611 microcomputer card
which is based on the 8-bit
Motorola 6800 microprocessor.
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Geared directly to the future, our
Department of Economics offers more
than 40 forecasting tools to help
project the general economy and
industrial growth over the short and
long run.
EXAMPLES: Do you know that the
current operating rate for the chemical
industry is 86% ? For synthetic
materials, the utilization rate is 93% ?
That construction and mining
machinery new orders are expected to
be 8% higher in 1974 than in ’73? That
steel expects a 3% decline in physical
volume of sales in 1974? That
consumer income after taxes will
increase 8% in 1975?
At a modest cost, our various
services covering most industrial
segments of the economy are available
to you.
For more information write for our
booklet, ‘‘Exclusive Economic Studies,"
or phone Douglas Greenwald,
Chief Economist, (212) 997-2216.
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4 7 ohms to 560K ohms
0.03 x 0.03 x 007 Silicon
0.005 inch x 0.005 inch. Bonding
Pad Aluminum
t 1. 1,5, 10 and 20% standard.
Custom tolerances from 0 01%
TCR, * 50 ppm/^C, from -55°C to
4 150^C. Custom + 10 ppm/°C
250 mw.
For additional information
write or call

I00! Digita Drive, Hudson, N.H. 03051
Tel. 603-883-9351 TWX 710-228-1377
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SOLID STATE
SINE-COSINE
SYNCHRO CONVERTER
This new encapsulated circuit converts a 3-wire synchro input to a
pair of d-c outputs proportional to the sine and cosine of the
synchro angle.
•
Complete solid state construction.

•

Operates over a wide temperature range.

UNIT

L- L SYNCHRO INPUT (VRMS)
FREQUENCY (Hz)
FULL SCALE OUTPUT (VDC)
OUTPUT IMPEDANCE
L L INPUT IMPEDANCE
REFERENCE,VOLTAGE (VRMS)
ACCURACY SIN/COS (+25°C)
FULL TEMPERATURE SIN
RANGE ACCURACY COS
D.C. SUPPLY (VDC)
D.C. SUPPLY CURRENT

DMD
1436-1

DMD
1430-1

DMD
1403-2

DMD
1361-6

DMD
1361-4

DMD
11934

DMD
1361-8

DMD
1446-1

DMD
1193-5

DMD
11936

DMD
1361-10

DMD
1472-2

11.8
400
±10

90
400
+ 10

90
400
±3

11.8
400
+3

11.8
400
±10

cm

11.8
400
±10

11.8
400
±10

cm

11.8
400
+ 10

11.8
400
+ 10

cm

cion

90
60
+ 10

cm

cm

cm

cm

>30K
115
±6MIN

>5K
26
+ 6MIN

11.8
400
±10
C1Ì2
>5K
115
±6MIN

>5K
26
±6MIN

>5K
115
± 0.5%

>5K
115
±6MIN

>5K
115
+ 6MIN

>5K
26
+ 6MIN

>5K
115
+ 6MIN

cm

cm

>10K
26
±6MIN

>30K
115
±6MIN

95
60
±3
C1Q
>5K
115
±6MIN

+ 15MIN

+ 15MIN

+ 15MIN

±15MIN

± 15MIN

±15MIN

±15MIN

± 0.5%

±15MIN

± 15MIN

±15MIN

±15MIN

+ 15
C30MA

+ 15
<30MA

±15
C30MA

±15
C30MA

±15
C30MA

+ 15
C30MA

±15
C30MA

±15
C30MA

±15
C30MA

±15
C30MA

BANDWIDTH

>10Hz

>10 Hz

>5Hz

>10 Hz

>10Hz

>10Hz

>2Hz

>40 Hz

>5Hz

±15
C30MA
external

SIZE

1.1x3.0
xl.1

2.0x2.25
x1.4
dual
channel
unit
-40°C
to
+100°C

±15
C30MA
external
set
1.1x3.0
Xl.1

-40°C
to
+100°C

-40°C
to
+100°C

2x2.25
xl.4
dual
channel
unit
-40°C
to
+100°C

1.1x3.0
xl.1

—

2x2.25
x1.4
doal
channel
unit
-40°C
to
+100°C

2.15x1.25
x0.5

—

2x2.25
x1.4
dual
sine
output
-40°C
to
+100°C

-40°C
to
+100°C

-40°C
to
+100°C

-

NOTES

-40°C
to
+100°C

TEMPERATURE RANGE

4 QUADRANT
ANALOG MULTIPLIER
DC x DC = DC OUTPUT

>20Hz

1.5x1.5
x0.6

Model MCM 1478-1

1.85x0.85 2.01x2.25 0.85x1.85
x0.5
x1.4
x0.5
dual
—
channel
unit
-40°C
-40°C
-40°C
to
to
to
+100°C
+100°C
+100°C

4 QUADRANT SINE
ModelMSFG 1489 1
FUNCTION GENERATOR X!mIfg 1X3
FEATURES:

Model MSFG 1489-4

Product Accuracy is ±'/z%
of all theoretical product

• Provides a sine function with 1/z% accruacy
over a — 180° to + 180° range

output readings over Full
Temperature Range of
-55°C to +125°C.

•
•
•
•

Maximum Output Error
for Either
X
0, Y = 10V
Y
0, X = 10V
X
0, Y = 0
would be +2 MV over En
tire Temperature Range.

Specifications: Model MCM 1478-1
Transfer Equation: E = XY/10
X & Y Input Signal Ranges: 0 to ± 10V peak
Maximum Static and Dynamic Product Error: Vz% of point or2MV,
whichever is greater, over entire temperature range
Input Impedance: X = 10K, Y = 10K
Full Scale Output: ± 10V peak
Minimum Load for Full Scale Output: 2000 ohms
Output Impedance: Less than 10 ohms
Bandwidth: 1000Hz
DC Power: ± 15V, unless otherwise required, at20ma
Size: 1.3" x 1.8" x 0.5"
Output is short circuit protected

Excellent temperature stability
Full scale output of ± 10V DC
Scale factor adjusted by a DC signal
Hermetically sealed package

Specifications:
DC accuracy: ± 30 min of ARC or 0.5% whichever is greater
DC accuracy over operating temperature range:
± 30 min of ARC or 0.75% whichever is greater
Transfer equation: Eo = -E sin 6

E represents an external DC voltage in the range
of+ 2Vto + 10V
Input resistance: d input (pin 6) - 100K ± 10%
Input resistance: E input (pin 4) -47K ± 10%
Rated output voltage: ± 10V max at 5ma
Output impedance: <1Q
Frequency response:* 400HZ
Power requirements: ±15V DC ±1% at ± 40ma
Operating temperature range:
- 40° C to + 100°C
MSFG 1489-1
- 25°C to + 85°C
MSFG 1489 2
0°C to + 70°C
MSFG 1489-3
25°C±10°C
MSFG 1489-4

*Frequency response is specified for a ± 5V triangular input
waveform.

There is No Substitute for Reliability

GM

GENERAL MAGNETICS • INC
135 Bloomfield Ave., Bloomfield, New Jersey 07003 - Tel. (201) 743-2700

Hottest
Darlingtons

Clairex photodarlingtons give your circuit extreme sensitivity —
light currents of .6 ma minimum at .02 mw/cm2.
We test every one we make. At two light levels.
To guarantee that you get the highest sensitivity.
For low-light applications, Clairex®photodarling
tons are the best you can buy.
To reduce optical cross-talk from stray light, or
der them lensed. To make sensor positioning less
critical, order them with flat windows. Either way,
we make them of glass to reduce dust pickup.
And they’re al! hermetic
ally sealed to work longer in
the toughest environments.
Maximum dark currents are
only 100 na at 10 volts.

You can choose from six standard Clairex
photodarlingtons. Or we’ll build custom designs
to your exact specifications. Tell us the problem.
We’ll develop the solution.
When you come to Clairex, you come to the
leader, with twenty years’ experience in opto-electronic components — photodarlingtons, photo
transistors, photoconductors, opto-isolators.
Write Clairex Electronics,
560 South Third Avenue,
Mount Vernon, N.Y. 10550.
Or telephone us now at
(914) 664-6602.

CLAIREX ELECTRONICS

Circle 902 readers service card

