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New 1641 SweepFrequency Reflectometer
(0.5-to-7.0 GHz model shown)

Three-Step Sweep Reflectometry 20 MHz to 7GHz
I

Connect unknown to the input. All the

magnitude of reflection coefficient, I
sii

GR900® connector on the front panel, so

Transfers: insertion loss, attenuation,

you spend your time making measure-

isolation, gain, magnitude of coupling

ments, not connections.

coefficient, and i
sii I. Measure faster,

2.

Select what function you want to
measure: SWR, insertion loss, or both.
Make one initial calibration. No need

JO

Measure. Reflections: SWR, return loss,

•microwave "plumbing" is behind the one

easier, and with fewer errors (residual or
operational) than with any other
instrument.

to rocalibrate for function- or range-

And look at the price:

scale switching.

20 MHz to 1500 MHz, rack model: $4150

Detect. See your measurement at a
•glance over your entire frequency range;
display both SWR and loss characteristics simultaneously, without changing
connections. Accuracy is afew percent

500 MHz to 7.0 GHz, rack model: $3125
20 MHz to 7.0 GHz, rack model: $5600
(Typical storage oscilloscope required:
$1355)
Prices apply in USA only.

for all measurement modes. Residual

For more information, call your nearest

SWR's are extremely low, even in other

GR office, or write General Radio

line sizes, thanks to GR900® precision
adaptors. For instance:
Typical SWR at
Connector Type

300 MHz

3GHz

GR900

1.007

1.015

N

1.01

1.02

TNC

1.01

1.03

Company, W. Concord, Massachusetts
01781, telephone (617) 369-4400.
In Europe: Postfach 124, CH8034
Zurich 34, Switzerland.

GENERAL RADIO

Where else can you find this accuracy
and resolution ?

Circle 900 on reader service card

Trading off
ACCURACY FOR SPEED?

Get both in your system

with Hewlett-Packard's
2402A Integrating Digital Voltmeter
It doesn't make sense to keep using one of those DVMs
that forces you to sacrifice speed or accuracy, does it?
Why slow down your system to measure signals buried
in noise? And why tolerate preamp errors and delays
when measuring low-level signals?
Hewlett-Packard's 2402A Integrating DVM offers an
unequalled combination of speed, accuracy, and noise
immunity in a single instrument. No trade-offs necessary. It makes 5-digit measurements 43 times per
second, resolving answers down to a microvolt with
0.01% accuracy at full speed. You get lab accuracy at
system speed, even in noise that would slow activefilter DVM's to avirtual halt.
Full programming and BCD output are standard and
make the 2402A ideal for use with digital computers
and automatic measuring systems. Plug-in options
Electronics iJanuary 20, 1969

measure AC, frequency, and resistance with equal
ease, and afast autoranger covers all five ranges from
100 mV to 1000 volts. Price: $4800.
Isn't it time to take the trade-offs out of your system?
Start by calling your local HP field engineer for more
information. Or write Hewlett-Packard, Palo Alto, California 94304; Europe: 54 Route des Acacias, Geneva.
06817

HEWLETT ilk PACKARD
DIGITAL

VOLTM ETERS
Circle 1on reader service card
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How do you make the
best power meter
better?

Automatic zero setting, for one thing.
The new Hewlett-Packard 432A Power Meter offers
even more performance and convenience than the
well-known HP 4310. For one thing, you simply press
a toggle switch on the front panel and the meter balances to zero automatically.

less than 1
4 % for a range change. And because the
/
432A is dc biased exclusively, the thermistor mount
cable can be flexed without affecting the zero set.
The new power meter operates with the same thermistor mounts used with the 4310. And its Calibration

For another thing, the 432A offers ±1% of full scale
accuracy over an even broader power and temperature
range. This accuracy holds for all seven power ranges,
from 10 mW (+10 dBm) down to 10 p.W (-20 dBm)—
and over the temperature range from 0°C to 55°C.
Frequency coverage is 10 MHz to 40 GHz with interchangeable thermistor mounts.
Improved "zero carryover" adds still more convenience. With the HP 432A Power Meter, zero set shifts

Factor control lets you normalize the meter reading,
using the mount efficiency data supplied with each
HP temperature-compensated thermistor mount. This
assures highest overall power measurement accuracy.
Price: $495 (add $100 for optional rechargeable battery pack).
Call your HP field engineer for more details, or .write
Hewlett-Packard, Palo Alto, California 94304; Europe:
54 Route des Acacias, Geneva.

HEWLETT ithe PACKARD
MICROWAVE TEST EQUIPMENT
2
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Technical Articles

News Features
Probing the News
117

122

Solid state

Computers: SRI group is working
toward getting more mileage out of
systems
Manpower: Engineers accept layoff
risks as part of the game in defense
field

74

British IC technology:
an Electronics' special report

74

"The American Challenge" on achip
Michael Payne, Electronics London editor

78

Metalization is designed
quickly and inexpensively
P.E. Radley, Standard
Telecommunication Laboratory

81

Laser cuts masks to size,
eliminating most errors
T.M. Jackson and T.J. Rowe, STL

84

Glow-discharge unit
makes multilayer deposition easy

U.S. Reports
43

44
45
48
50
54
54

Avionics: Pressure sensor with no
mechanical parts slated for DC-10 air
data computer
Computers: Associative memories
Military electronics: Packard in the
Pentagon; VAST grows bigger
Companies: Allen-Bradley battles U.S.
on hiring Negroes
Avionics: New drone fights, too; Finding
downed pilots
Government: IBM faces antitrusters
For the record

A.W. Horsley, SIL
Circuit design

87

198

199
199
200

Great Britain: Flat cathode-ray tubes
have giant viewing screens
East Germany: Government planners
set 13% as growth goal for electronics
industry in 1969
West Germany: Self-service gas pump
takes bills as well as coins
Japan: Computer controls electrostatic
printer that issues railroad tickets
Great Britain: Portable X-ray unit
weighs only 25 pounds; Valve-cap
oscillator signals flat tire

•NAND gate counter
is cheaper to make
•FET's protect
differential amplifiers
•IC's are checked faster
with audible voltmeter
•Absolute-value circuit
needs only one op amp
Instrumentation

91

Infrared detector chart lists
materials and characteristics
Philip Shapiro, Aerojet-General Corp.

Memory

98

Semiconductor arrays get bigger and denser

New Products
135
135
140
147
147
151
151
154
156
161
161
165
165
171
171
174

In the spotlight
Harness tester checks out
1,000-wire cable in 2 minutes
Avionics power controller
handles up to 1 kilowatt
Components review
Foam dielectric lightens cable
Instruments review
Plug-in breadboard for designers
Radar tracer in one package
Tiny pulser tunable up to 1 Mhz
Data handling review
Highly readable computer display
Microwave review
Minitube puts out 1-kw pulses
Semiconductor review
IC does 4 jobs in f-m stereo
Toshiba joins consumer FET race

Title R registered U.S. Patent Office; (0 copyright
1969 by McGraw-Hill Inc. All rights reserved,
Including the right to reproduce the contents
of this publication in whole or in part.
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Designer's casebook
•Digital clock operates
in low megahertz range

Electronics International
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technology

Ury Priel, Signetics Corp.
100

MOS random-access arrays
Burton R. Tunzi, American Micro Systems Inc.

103

Cutting systems cost with MOS
Lee Boysel, Fairchild Semiconductor
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Senior staff editors

How long?

Editor-in-Chief: Donald Christiansen

Technical: Stephen E. Scrupski
News: Robert Henkel
International: Arthur Erikson
Managing editor: Harry R. Karp
Art director: Gerald Ferguson
Senior associate editor: Joseph Mittleman
Assistant managing editors: Stanley Zarowin, Eric Aiken, H. Thomas Maguire
Senior copy editor: James Chang; Senior staff writer: Howard Wolff
Department editors
Advanced technology: William Bucci, Richard Gundlach
Communications: John Drummond, Raphael Kestenbaum
Computers: Wallace B. Riley, George Weiss
Design theory: Joseph Mittleman
Instrumentation: Owen Doyle, Walter Barney
Military/Aerospace: Alfred Rosenblatt, Paul Dickson
New products: William P. O'Brien
Solid state: George Watson, Stephen Wm. Fields
Domestic bureaus
Boston: James Brinton, manager; Gail Farrell
Chicago: Frederick Corey, manager
Los Angeles: Lawrence Curran, manager
San Francisco: Walter Barney, manager; Peter Vogel
Washington: Robert Skole, manager; Paul Dickson, William F. Arnold
Foreign bureaus
Bonn: John Gosch
London: Michael Payne
Tokyo: Charles Cohen
Copy editors: Larry Miller, Edward Flinn
Staff writer: Peter Schuyten
Assistant art director: Susan Hurlburt
Production editor: Arthur C. Miller
Editorial research: Anne Mustain
Editorial secretaries: Lorraine Longo, Claire Goodlin, Patricia Gardner,
Barbara Razulis, Terry Kraus, Vickie Green
McGraw-Hill News Service
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To the Editor:
The interesting item on micronsize transistors [Oct. 28, 1968, p.
56] says the problem of high packing density in computer circuits
has been partly solved by Richard
Matta and L.C. Scala of Westinghouse Electric through the development of metharylate-type electron resists that make it possible
to fabricate transistors with 1-micron geometries by high-resolution
electron-beam exposure.
Although the process seems very
promising, the article failed to mention the time required by the electron beam to fabricate the array of
12 million transistors. This exposure time is usually one of the major limitations in serially fabricated
devices.
I would also like to point out
that metharylate-based electron resists were invented and have been
used at IBM since 1966. Transistors
of 1-micron and 0.5-micron dimensions have been fabricated using
methacrylate-type resists.
Michael Hatzakis
Thomas J. Watson Research Center
IBM

Yorktown Heights, N.Y.

Herbert W. Cheshire, Seth Payne, Warren Burkett, William Small, William D. Hickman
McGraw-Hill World News Service
Bonn: Robert Dorang; Brussels: James Smith; Hong Kong: Wes Perry;
London: John Shinn; Mexico City: Gerald Parkinson; Milan: Ronald Taggiasco, Jack Star;
Moscow: Jack Winkler; Paris: Robert E. Farrell, Stewart Toy

Rickel is right

Rio de Janeiro: Leslie Warren; Tokyo: Marvin Petal

To the Editor:
Your article "One-tube color
camera" [Dec. 9, 1968, p. 47] contains some misleading information.
Paragraph three states, "Resolution of the new color system is
about 200 lines, adequate for most
educational purposes but far short
of the 525-line broadcast quality."
Ifeel sure that the 200 lines refers
to horizontal resolution or number
of picture elements that can be resolved on any one line, while 525
is the number of scanning lines
present in most standard American television systems. The shadow
mask in most picture tubes limits
the horizontal resolution to about
400 lines anyway.
Paragraph nine mentions "an ordinary $130 1-inch 8507A vidicon."
I'd like to buy 8507A vidicons for
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New Series 54174 gates.
The 5417408-a Quad 2-input

The 54174111-a Triple 3-input

AND
• High Speed—t pd = 13 nsec.

• Low Power-25 mw/gate
• Full Fan-out of 10
• Input Diode Clamping
• Reduces Package Count

Twenty-one standard circuits and nine complex
arrays... available now from Sprague, your broad
line source for Series 54/74.
Call your distributor, your Sprague representative, or the Semiconductor Div., Sprague Electric Co., Worcester, Mass. Tel. 617-853-5000,
Ext. 316. For descriptive data, write: Technical Literature Service,
Sprague Electric Co., 35 Marshall St., North Adams, Mass. 01247.

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

SPRAGUE®
THE MARK OF RELIABILITY
'Sprague' and
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(...)• are registered trademarks of the Sprague Electric Co.
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18°

20 PPM ACCURACY
AT 23°
AND
22°

30 PPM ACCURACY

23°C

OVER

A 10°C RANGE!

24°

111111

0

28°

0

0

Model 335A

Ordinary room temperatures are just dandy for Fluke
calibrators. For instance, our Models 332B and 335A

Models 332B and 335A measure and supply dc voltages
from 0 to 1100 volts with an output of 0 to 50 ma.

are specified to an accuracy of 20 ppm at 23° C. And,
in typical room environments, accuracy is degraded by
only 10 ppm.

Accuracy is 20 ppm. Stability is 20 ppm per year. Line
variation of ±-10% under load from 0 to 50 ma will not
significantly degrade the 0.002% accuracy. Overcurrent

How accurate should acalibrator be?

present level between 1ma and 60 ma. Any voltage within the range of the instrument can be selected as an
overvoltage trip point. Ripple and noise are less than
400 rms on the 1000 volt range. Model 335A offers
an accuracy of 20 ppm used as a differential voltmeter. The Model 335A can be used as a null detector
and voltage source simultaneously with no interaction.
An output meter allows the user to read voltage or
current at a glance. Price of the Model 332B is $2295,

protection automatically limits output current at any

Naturally, every engineer wants the most accurate
calibrator he can get for his dollar. At Fluke we believe
the best price/performance tradeoff is 20 ppm. This
performance provides a 5 to 1 accuracy ratio for calibration of 0.01% instruments. At the same time, it allows
our engineers to design instruments whose accuracy can
be maintained with a minimum of external equipment.
We estimate that 10 ppm calibrators on the market today
require about $6,000 worth of extra test equipment to

the Model 335A, $2485.

keep them on line.

More information

What calibrator should Ibuy?

Your local Fluke sales engineer will be happy to go
over his "tell-all" comparison chart with you, provide
complete literature and arrange a demonstration of

If your requirements are only for a calibrator, compare
the Fluke 332B with any other unit on the market. If a
multiple purpose instrument is your need, give the hard
eye to the Fluke 335A DC Voltage Calibrator, Differen-

these units. His name and number are listed in EEM
and EBG. Or you may contact us directly if it's easier.

tial Voltmeter and Null Detector.

Fluke. Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850.
In Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Telex: 844-50237
In the U.K., address Fluke Int. Corp., P.O. Box 102, Watford, Herts, England.Telex: 351-934-583.
6
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Readers Comment
$130. American-made vidicons usually net at $200 and carry a list
price of $250.
Jack A. Rickel
Jack A. Rickel Associates Inc.
Washington, D.C.

Powerful pulses
To the Editor:
Electronics Newsletter [Sept. 2,
1968, p. 33] mentioned akiloampere
pulser being developed for powers
in the 600- to 700-megawatt range
and said, "Such powers have never
before been achieved in such short
pulses."
Sorry to shoot down that illusion.
A commercially available electron
accelerator provides apeak power
of 4.2 gigawatts (7,000 amperes at
600 kilovolts) with a pulse length
of 3 nanoseconds. It is the Febetron 706, and its applications vary
from radiation-effects studies to
high-speed photography with electrons, X rays, and super-radiant
light. There is also a 2-millivolt
version, called the Febetron 705.
These devices represent applications of newly practical field-emission electron sources.
W.P. Dyke
President
Field Emission Corp.
McMinnville, Ore.
•The article referred to the
achievement of r-f power pulses at
high repetition rates for use with
radar systems, not to the achievement of high-power electron-beam
and X-ray pulses for lab use.

Laser displays
To the Editor:
The item on our work with laser
displays [Nov. 25, 1968, p. 33] may
leave your readers with an erroneous impression of the current state
of this technology. The experimental model mentioned was delivered to the Air Force several
years ago and was accepted as
meeting the requirements and goals
of our program with Rome Air
Development Center. That model
was developed to show feasibility,
which it did, and was not intended
for extended usage.
Appreciable progress has been
made in laser-display technology
during the past two years. Much
of this progress is described in a
review article by Charles Baker of
Texas Instruments that appears in
the December 1968 issue of the
IEEE Spectrum.
A. Ray McCord
Equipment group
Texas Instruments
Dallas

Pride of ownership
To the Editor:
May we call to your attention
the fact that "Picturephone" is not
a common descriptive term but
AT&T's registered service mark for
its visual telephone.
Norval S. Ewing
General patent attorney
The American Telephone &
Telegraph Co.'s
New York

r
SUBSCRIPTION SERVICE Please include an Electronics Magazine address
label to insure prompt service whenever you
write us about your subscription.
Mail to: Fulfillment Manager
Electronics
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Hightstown, N.J. 08520
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new subscription j] renew my
present subscription
Subscription rates: qualified subscribers in the
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Completely Self Contained
Laboratory and Portable Pulse
Generators with-

100% DUTY CYCLE
•
6ns RISETIME &FALLTIME
•
SIMULTANEOUS
COMPLEMENTARY OUTPUTS
•
1Hz TO 10 MHz REP RATE
•
A/C-BATTERY
•

VARIABLE DELAY &WIDTH
•
SIZE—HALF RACK
•
WEIGHT 6LBS.
•
FROM $310.00
DELIVERY FROM STOCK

ATTACH
on

LA BE L
HERE

CHANGE OF ADDRESS
If you are moving, please let us know
five weeks before changing your address.

The CONTRONICS CPG20 0
Series provides a new dimension
in pulse generators. It is the only

Place magazine address label here, print

low cost solid state, portable

your new address below.

pulse generator series specifically designed for use with integrated circuits.

name

ontronics Inc.

address

city

state

zip code

1061 Terra Bella Avenue
Mountain View, California 94040
(415) 969-0793 TWX 910-379-6976
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SUPPRESSION
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LUNDY
lOSSYLINE'
FLEXIBLE FILTER
LUNDY "LossyLine" FLEXIBLE
FILTER is an absorptive/dissipative
low-pass microwave filter. It eliminates
undesired harmonics, EMI, and other
types of spurious microwave energy.
Provides over 100dB attenuation in the
microwave ranges from 10 MHz to
over 45 GHz.
•Voltage Ratings: 100 V to 100 KV
•Current Ratings:.5 to 50 Amps
•Temperature Range Available:
—67° C to +250° C
•Suppression at afraction of the
The

usual cost
• Extremely lightweight and minimum
size
• Performs without grounding
• Flexibility: minimum bend radius
.50 inches
WRITE FOR TECHNICAL LITERATURE

LUNDY ELECTRONICS & SYSTEMS, INC.
Glen Head, New York 11545
516-0R6-1440

8

TM 510-223-0605

Circle 8on reader service card

Jackson

Radley

Horsley

Nationalism, in case you haven't
noticed, is an important spur to
technology. And if this engineering
team at Britain's Standard Telecommunications Laboratories has
anything to say about the matter
the big American semiconductor
houses will be encountering stiffer
competition in British outlets when
it comes to production know-how.
In the series of articles beginning
on page 74, the group outlines
three closely related aspects of the
labs' processing operations.
Peter Radley, who wrote the
computer-aided design article, began his engineering career in 1965
by developing amethod for designing and producing thin-film hybrid
circuits from multicoated substrates. This led him to computer

techniques for laying out LSI.
"Jackie" Jackson and Tom Rowe
specialize in fabrication and processing. Jackson introduced micromachining techniques in millimeter-wave klystron fabrication, and
later adapted the idea to the laser
mask-making machine discussed in
the article on page 81. Rowe, Jackson's co-author, has worked on
transistor production methods and
process control; most recently, he
has concentrated on STL's computer-laser system for IC. fabrication.
Tony Horsley, author of the article on page 84, started out with
STL doing theoretical semiconductor studies. He later moved on to
work involving LSI fabrication
techniques, and is now concentrating on microwave IC's.

Turning on Philip Shapiro is no
problem. Just mention infrared detectors and you'll trigger a rapidfire exposition. Shapiro has spent
years digging into the physics and
engineering aspects of this subject.
At the moment, his job at AerojetGeneral is to put the finishing
touches on some exotic and expensive mercury- and copperdoped detectors for industrial con-

trol applications. In the past, Shapiro has applied his i
-r expertise
to the Redeye missile system, and
he proudly reports having once designed a 100-element silicon detector array. Shapiro compiled the
table of commercially available detectors on page 91 during the
course of his work since receiving
his degree from the University of
California at Los Angeles in 1961.
Electronics lJanuary 20, 1969

Blank/ Unblank
Amplifier

High Voltage
Power Supply

Phosphor
Protection
Circuit

Low Voltage
Power Supply

Static Focus
Regulator
Video
Amplifier

Tube
Mount
Dynamic Focus
Generator

Deflection
Amplifier

Dynamic Focus
Amplifier

X-Y Sawtooth
Generator

Linearity
Correction
Circuit

Very professional. Do their best work as a team. Come cheaper by the dozen. They're Beta modular
CRT building blocks. Flexible, pre-packaged, low-cost. Designed for ultimate performance and
dependability. In any CRT system. So don't fool around with do-it-yourself. After all, Beta's already
done it. And they're the best in the business. On your next job, call in the Mod Squad. From Beta.

Beta Instrument

BETA INSTRUMENT CORP., 377 Elliot St., Newton Upper Falls,
Massachusetts 02164 /Tel. 617 969-6510
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Logical
2nd source
SN5400/7400
SN5410/7410
SN5420/ 7420
SN5440/ 7440
SN5441/7441
SN5442/7442
SN5473/7473

Quad 2 gate
Triple 3 gate
Dual 4 gate
Dual 4 buffer
BCD decoder and Nixie* driver
BCD to decimal decoder
Dual J-K FlipFlop

SN5474/ 7474
SN5475/ 7475
SN5476/ 7476

Dual D FlipFlop
Quad Latch
Dual J-K FlipFlop with

SN5490/7490
SN5492/ 7492
SN5493/7493

pre-set & clear inputs
Decade counter
Divide by 12 counter
4 bit binary counter

*Trademark of Burroughs Corporation
10
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Second
to none
DM7200/8200
DM7210/8210
DM7220/8220
DM7520/8520
DM7560/8560
DM7563/8563
DM7570/8570
DM7590/8590
DM7800/8800
DM7820/8820
DM7830/8830
NH0006/0006C
NH0008/0008C

4 bit digital comparator
8 channel digital switch
Parity generator & checker
Modulo N divider
Up-Down decade counter
Up-Down 4 Bit binary counter
8 bit serial in
parallel out shift register
8 bit parallel in
serial out shift register
Dual TTL/MOS translator
Line receiver
Line driver
Hi current driver
Hi current driver

In total TTL, National is
second to none for the more
complex functions. Prime
source for agrowing series of
imaginative MSI circuits.

National
Electronics
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We'll send you full
specifications, prices and local
distributors at the drop of a
reader service card. Write for
MSI Data Pak. National
Semiconductor, 2975 San
Ysidro Way,
Santa(408)
Clara,
California
95051.
245-4320. TWX: 910-339-9240
Cables: NATSEMICON.

TTL
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Hewlett-Packard's 5245 series plug-in
counters can be extended to measure

TRANSFER OSCILLATORS The transfer oscillator lets you measure all types of signals—OW, pulsed or FM. Combines exceptional versatility with unique features.

microwave frequencies up to 18 GHz —

The HP 5257A Transfer Oscillator plug-in adds broadband sampling technique to basic counter performance. You get the wide
frequency range, from 50 MHz to 18 GHz, operation without
offset frequency, single dial tuning and direct readout .on the
counter. Automatic phase lock tolerates noisy CW and FM signals with up to 2=0.2% change. No reading is displayed if the
signal drops out or if the 5257A isn't tuned. Characteristics as
adown-converter, with arange of 50 MHz to 18 GHz, are superb.
Price: $2100.

and even 40 GHz —with the same
accuracy, reliability and ease of
operation as is common with frequencies below 135 MHz. Transfer
oscillator, heterodyne converter, or
automatic frequency divider—whichever you use, you get the easiest to use,
most versatile instrument of its kind.
Select the technique that's best for your
application, or call your HP field
engineer for his help. Compatible HP
counters start at $1800.

The HP 2590B Transfer Oscillator is a free-standing counter
accessory. It offers excellent versatility over the range from
500 MHz to 15 GHz (12.4 to 18 GHz optional). It has automatic
phase locking for OW signals and lets you observe jitter, drifting
signals and AM or FM. A precision FM discriminator is built in.
Price: $2150.
For greatest economy, the HP 540B Transfer Oscillator goes
from 10 MHz to 12.4 or 18 GHz and, while it doesn't phase-lock,
has an accuracy of 1 part in 10 7 for OW inputs. It costs only
$1150.

But to reach 40 GHz with greatest performance and convenience
use the E40-5245L. It provides all benefits of the 5245L Counter

$500; 5254B (0.2 to 3 GHz), $825; 5255A (3 to 12.4 GHz),
$1850; and 5256A (8 to 18 GHz), $1950.

and 5257A Transfer Oscillator from DC to 18 GHz. From 12 GHz
to 40 GHz a versatile HP 8690B Sweep Oscillator with the
H15-8692B plug-in (usable separately for other lab applications)
is used as the local oscillator to give uncrowded lock points, only
one harmonic number (10) to use from 20 to 40 GHz, and
accurately calibrated dial for speed and certainty. Wide phaselock range (±0.1%) measures noisy CW signals. Price: $10,500

AUTOMATIC FREQUENCY DIVIDERS This technique for CW
measurements is used primarily in automatic systems where
speed and unattended measurement capability are important,
and in production testing where relatively non-technical or in-

complete.
HETERODYNE CONVERTERS The heterodyne converter technique is used when greatest resolution is required in the shortest
time, with either CW or heavily modulated signals. HP converters cover the widest range available anywhere — to 18 GHz.
HP frequency converter plug-ins give you 1 Hz resolution in 1
to 4 seconds, without spurious responses. You simply dial upward in frequency until the meter needle indicates "tuned"—
and read your answer. Constant bandwidth cavities give easy,
consistent tuning over the entire range. With the 5255A and
5256A, you get no reading if the signal drops out or if the converter isn't tuned, and they include a prescaler for automatic
1 to 200 MHz measurements. Prices: 5253B (50 to 512 MHz),

experienced personnel are employed.
Both the HP 5260A Automatic Frequency Divider and 5240A
Digital Frequency Meter extend your automatic counting range
to 12.4 GHz and represent a significant cost savings over using
a group of narrow-band instruments to cover the same range.
An HP-developed broadband sampler is the key to this execeptional performance. Phase locking to CW signals is automatic,
readout is direct once locked on, and no tuning adjustments or
calculations by the operator are required. Readout is inhibited
until phase lock is achieved. Prices are: 5260A (counter required), $3,700; 5240A (combines the 5260A and a highperformance IC counter .... nothing else to buy), $4,750.
Call your HP field engineer for more information about HP's
complete selection of counters, plug-ins and accessories. Or
write Hewlett-Packard, Palo Alto, California 94304; Europe: 1217
Meyrin -Geneva, Switzerland.
02829

HEWLETT

hp
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Who's who in electronics

Please send me the
brand new 1969
Acopian catalog
that lists

82,000

DIFFERENT
POWER
SUPPLIES
available
for shipment
in 3days.
Name
Title
Company
Address

City
State
ZIP
ACOPIAN CORP.
EASTON, PENNSYLVANIA
TEL: (215) 258-5441
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Seamans

"I'd like to explore the military
technology inventory to see what
might be declassified for use in the
public sector," says Robert C. Seamans, the newly selected Secretary
of the Air Force.
Although this doesn't mean that
Seamans plans to search through
Pentagon archives ripping red and
orange covers off secret documents, he does mean that "before
anything new is classified, I'll want
to know why it can't be released.
Ijust don't believe in classification
of new techniques for reasons of
suspicion or just for the sake of
classification."
Apply technology. A former deputy administrator of the National
Aeronautics and Space Administration, Seamans indicates that as
head of the Air Force he intends
to apply technology to the utmost.
"I want as much cross-fertilization
between civilian and military aerospace efforts as possible. Civilian
aerospace technology is an area on
which we can draw heavily for
national defense; but it's atwo-way
street," he explains.
Assessing the U.S. research and
development situation, Seamans
feels that "the last few years have
been excruciating. Vietnam spend-

ing has deprived us of much valuable R&D, and may have cut into
our strategic posture." He would
like to foster as much new research
as the budget will allow.
One area ripe for funding, he
feels, is the manned military space
program. "The military needs to
learn and practice the arts of space,
and this means near-earth missions
and perhaps some synchronous orbits. We need a full, fast exploration of the military's potential
space capabilities to help decide
goals and requirements. One can
only borrow so much from NASA's
efforts; after apoint, different missions dictate separate paths."
The scene. One of Seamans'
former associates remarks, however, that on his way to aseparate
path, Seamans is sure to exploit
the control and guidance techniques already developed in civilian efforts for the communications
satellites. The on-board guidance
and
control
methods
already
proven in Apollo 7 and 8 will
quickly find their way into the
military inventory.
Finally, and perhaps most importantly, Seamans will be able to
deal with Congress. "He knows the
entire Government scene," says
Albert J. Kelley, another former
NASA official. "He holds the respect
of Congress."

Military services adopted the conof a central office to coordinate research and development
efforts some time ago. But their
pacific cousin, the 178-year-old
Coast Guard, seemed content to
leave things as they were. Consequently, R&D was spread out
through many offices, and hampered by low funds ($1.5 million in
fiscal year 1968.) The Service often
had to buy Navy equipment which
too often didn't fit its needs.
Recently, however, the Coast
Guard established an Office of Research and Development and chose
Rear Adm. Orvan R. Smeder, 53,
to launch it. Smeder, who was one
of the service's first helicopter
pilots, believes avigorous research
cept
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New Machlett
tetrode...
for single tube
design at
high power levels

MU 8785

MADE

IN

Vapor-cooled ML-8785 (or ML-8786,

ISA

water-cooled) is particularly suitable
for these applications:

High Power Communications
Class C Telegraphy., .to
350 kW
Linear RF Power Amplification
Class AB—Suppressed Carrier Service
to 260 kW PEP
Pulse Modulation or Amplification
40 kV
DC Plate Voltage
50 kv
Peak Plate Voltage
500 a
Pulse Cathode Current
1000 ,us
Pulse Duration
.01
Duty
Pulse Power to 15 Mw
Write today for details on these
versatile "single-tube-design" tetrodes.
The Machlett Laboratories, Inc.,
1063 Hope Street,
Stamford, Conn. 06907.

RAYTHEON
Electronics IJanuary 20, 1969

THE
A

MACHLETT

SUBSIDIARY

OF

LABORATORIES,
RAYTHEON

INC.

COMPANY
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Who's who in electronics

The
Inmates

In coils and transformers, Delevan has been
leading the pack for years. How? By
innovating. Cramming high values into the
smallest configurations takes talent ... the
highest degree of engineering talent. And,
you'll find it only at Delevan. Isn't that
really what you want?
Call us. Make us innovate for you!

Delevan Electronics
Division

11,

AMERICAN
PRECISION
INDUSTRIES INC

270 QUAKER ROAD / EAST AURORA, NEW YORK 14052 / 716 652-3600
OTHER DIVISIONS OF AMERICAN PRECISION INDUSTRIES INC.. FIASCO •PUMA • ELESIDOInECHANICAL PRODUCTS •MITEI IFR INSTRUMENT ET. -MORO CORP.
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Smeder

program is vital to the Guard's
growing role, which may grow still
further under the recommendations
of the President's Commission on
Marine Sciences.
Under the new setup, additional
research should now be possible.
Funded with $4 million for fiscal
year 1969, the Guard, is asking
Congress for $15.8 million for fiscal
year 1970. Sonic $10 million is
logged for the National Data Buoy
System, a projected network of
buoy-mounted sensing platforms
which would monitor the ocean for
the protection of ships. With the
rest of the money, the Service
want's to meet some pressing
needs, many of them electronic.
Watch the ice. High on the list
is the replacement of its 1950-vintage radar systems used for deep
ocean search and rescue operations
and for spotting icebergs whose
presence in the North Atlantic
menaces shipping during spring
and summer.
In September the Office expects
to begin a traffic control test in
San Francisco Bay. It will combine
radar tracking of ships with aradio
information network. In this system, radar and a direction finder
combine to isolate aparticular ship
when the harbor pilot identifies
himself over the radio.
Up to now this country has relied on passive navigation aids
such as buoys and lights, but if the
harbor program is favored by shipping interests, Smeder believes the
concept could "evolve to something closer to active control, like
the FAA's air traffic control. Electronics jJanuary 20, 1969

THE SPACE SAVER

This is one of our growing family of
AMP's High Density Rectangular Connectors. Its contacts are on a .100"
grid with 54 circuits in 1.800" x.700".
It has center jackscrew, non conductive backshell and cable clamp. Size
20 pins (.040 diameter) and contacts
are used throughout. Major features:
•Wire range is 20-24 and 24-30
AWG.

Circle 17 on reader service card

•Mix pins and sockets in either
half of housing.
•Contact furnished in selective
gold, full gold or tin plating.
•Five amp rating. Eight ounce maximum engagement. Half ounce separation torce. Ten pound retention in
housings.
•Cable clamp handles up to halfinch cable.

•One side-feed stripper-crimper
automatic tool applies both pins and
sockets and provides assembly Economation with speeds up to 4000
terminations per hour.
•Designed for communications, avionics, ground support, office and
test equipment.
Write for complete details to AMP
Incorporated, Harrisburg, Pa. 171C 5

INCORPORATED

Fairchild can make more hybrids in

18
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an hour than you can use in amonth.

We can make any hybrid, in any quantity, using any
method: Thick film. Thin film. Thin film on silicon.
We can make them faster than anyone in the industry. And deliver them quicker to anyone in the world.
We'll take any functions you need and package them
any way you want. Our list of hybrid components has
everything from asimple diode to acomplex LS! array.

For your less complex applications, we have aline
of off-the-shelf standard hybrids priced like discret es.
If this commitment makes sense in general, we'd
like to send you the whole story in detail. Our
brochure is called Fairchild Hybrid Microcircuits.
It can give you more ideas in an hour than
you could use in ayear. Write for it.
FAIRCHILD

Fairchild Semiconductor/A Menders of Fairchild Galen and Instrument Comoiation//313 Fairchild Drive, Mountain View, *Wanda 94010 14151 9524011 TWX: 910479-6435
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How to select the best DVM
in the medium price range:

HP 3440 SERIES

FAIRCHILD 7000 SERIES

$1275

TO MEASURE DC VOLTS
price

$1295

ranges

3

overranging

5%

20%

accuracy24 hours
3-month stability

.05% r. ± .01% f.s.

1% r.± .01% f.s.

.05%

no s

common mode, 60 Hz

30 -70 dB

not specified

normal mode, 60 Hz

30 db

30 d

10.2 megohms

1000 megohms

noise rejection

input resistance-10-volt range
TO MEASURE MILLIVOLTS
price

$1610

—

accuracy-100 mV

.10% r. ± .05% f.s.

—

3-month stability

.05%

input resistance

11

common mode noise rejection

100dB

—
megohms

autoranging-100 mV to 1000 V

—
—
—

TO MEASURE AC VOLTS (100 kHz)
price

$1775

$1725

ranges

3

4

basic accuracy

.10% r. ± .02% f.s.

auto ranging

no

common mode noise rejection

not specified

.

.10% r. ± .02% f.s.
yes
not specified

TO MEASURE OHMS
price

$1525 (incl.
mV and current)

ranges

5

5

basic accuracy

.30° r. + .01% f.s.

.05% r. ± .02% f.s.

max, voltage across unknown

1.0v

1.2v

price

—

$1895

functions

—

dc, ac, mV, ohms,

MULTIMETER CAPABILITY

current
source of data

catalog-1968

#7000 -8/67

NLS X2 SERIES

DANA 4400 SERIES

$1180

$1150

3
20%

20%

.02% r. ± .01% f.s.
not specified

30 dB
10 megohms

$1630 (incl. ohms)
.06% r. ± .05% f.s.
not s ecified

CIOLmegohms
not specified
no

$1480
4
.05%r.
yes
not specified

(FL
-75D
4

maim.

.10% r. ± .02% f.s.
yes
(60

$1630 (incl. mV)

$1795 (incl. mV and ac)

5

5

.02% r. ± .06% f.s.

r.

16v

1.2v

$2230

$1795
ohms

#002 -6/67

catalog -1968

-;-• •
MOM -

•••••••••Mrle•••••111.11.....,

o

„
The rest of the series 4400 specs are in our new brochure along with tlu se
on all the Dana Dvm's. A letterhead request will get you acopy.
Dana Laboratories, Inc., 2401 Campus Drive, Irvine, California 92-44 4
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Meetings
Electronics and medicine: on speaking terms

...MOSIM110th and

sensitivity

01 all ant

Ever see an ant move masses
larger than itself? Or the speed it
responds with at the slightest
sound?
Strength and sensitivity exactly
like our line of thermistor disks
and rods for military or industrial
use. Each is manufactured to
meet, or even exceed, the requirements of MIL-T-23648.
Rugged insulated design... high
reliability...and precise accuracy
...makes them especially suitable
for applications of temperature measurement
and control, such as transistor circuitry,
within arange of —55°C to +125°C.
Whether your application is military or industrial, there is aVECO thermistor engineered
for your requirements.

VICTORY
ENGINEERING
CORPORATION

VICTORY ROAD, SPRINGFIELD,
NEW JERSEY 07081
(201) 379-5900 •TWX 710-983-4430
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As one engineer tells it, engineers
are going to have to learn to talk
like doctors if the field of medical
electronics is going to go anywhere.
It's a sure bet, he says, that doctors are never going to learn to talk
like engineers.
One attempt to lower the language barrier will be made by the
first National Conference on Electronics in Medicine, Feb. 14-15 in
the Statler-Hilton Hotel in New
York. Indeed, one of the sessions,
led by John Truxal, chairman of
the National Academy of Engineering's committee on the interplay of
engineering with biology and medicine, will address itself to this very
question.
Potential. Sponsored by Electronics, Medical World News, and
Modern Hospital magazines, the
two-day conference will begin with
a keynote address by heart surgeon Michael DeBakey on the potential of electronics in medicine.
Following DeBakey's speech Will
be asession on computers in medicine, an area where electronics has
already made inroads. Joel Cyprus,
aTexas Instruments engineer, will
deliver a paper on small medical
computers. He'll be followed by
Dr. Morris Callen, adirector at the
Permanente Medical Group in Oakland, Calif., and an expert in multiphasic screening, who'll discuss
diagnosis with a computer.
An afternoon session on instrumentation will be addressed by
Paul Stanley, a Purdue University
physicist, and Paul Purnpian, an official of the Food and Drug Administration. Stanley is a crusader for
safety standards in electronic
equipment, and Pumpian an advocate of the proposed Medical Device Safety Act.
Hardware. The second day of
the conference will begin with a
panel discussion on the electronic
hardware needs of the modern hospital. Also included on the second
day's agenda is a session on the
systems approach to medical problems.
The final event on the program
is acritique of electronics in medi-

cine. Engineers will demonstrate
medical electronic equipment recently developed by their companies; apanel of doctors and engineers will then discuss what is
right and wrong with the wares.
Among the items slated for examination are a new computer from
the Digital Equipment Corp. and a
xerographic system, developed by
Electro-Optical Systems, for mammography.
For more information write Samuel Weber,
First National Conference on Electronics In
Medicine, 330 W. 42 St., New York 10036

Calendar
Second Hawaii International Conference,
Department of Electrical Engineering,
University of Hawaii; Honolulu, Jan.
22-24.
Winter Power Meeting, IEEE; New York,
Jan. 26-31.
International Symposium on
Information Theory, IEEE;
Nevele Country Club, Ellenville, N.Y.,
Jan. 28-31.
PMA Meteorology Conference, Precision
Measurements Association; The
Ambassador, Los Angeles, Feb. 3-5.
Tactical Missile Systems Meeting,
AIAA; Redstone Arsenal, Huntsville,
Ala., Feb. 10-12.
Transducer Conference (G-IECI),
National Bureau of Standards; Twin
Bridges Marriott Hotel, Washington,
D.C., Feb. 10-11.
Symposium on Meteorological
Observations and Instrumentation,
American Meteorological Society;
Washington Hilton Hotel, Feb. 10-14.
Winter Convention on Aerospace and
Electronics Systems (Wincon), IEEE;
Biltmore Hotel, Los Angeles,
Feb. 11-13.
First National Conference on Electronics
in Medicine, Electronics, Medical World
News, and Modern Hospital Magazines;
Statler-Hilton Hotel, New York,
Feb. 14-15.
VTOL Systems Conference, AIAA,
American Helicopter Society; Georgia
Institute of Technology, Atlanta,
Feb. 17-19.
(Continued on p. 24)
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R. J. Whalen, General Manager, IBM Boulder

Aerial of IBM Boulder complex, looking toward mountains

Assembled tape drive units for Series;360 Computer

18111: One of the great companies on Colorado's great Front Range.
Profit-minded growth companies are finding
their kind of environment in Metro Denver
and on Colorado's new Front Range of
Science and Technology—the broad span
where the high plains meet the Rockies.
IBM is one of them.
In March, 1965, IBM announced it would
build a plant to employ athousand people
near Boulder. Today, IBM Boulder includes
a product development laboratory in the
640-acre complex of ten buildings that totals
over amillion square feet of space. Employment is 4,200.
Richard J. Whalen, general manager of
IBM Boulder, says, "The decision to locate
a major IBM manufacturing facility in
Colorado has proved to be awise one." He
cites "the wonderful climate" and the "recreational facilities that will take us years of
leisure time to explore," and adds: "The
most pleasant of all our experiences has
been the success we have enjoyed in finding
such highly qualified and dedicated employees. We would not have been able to
measure ahead of time the wealth of technical and engineering talent."
Eastman Kodak is coming to the Front

( .1(
0
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Range, too. On June 27, 1968, Dr. Louis K.
Eilers, president, announced that Kodak has
acquired an option on a 2,400-acre site
north of Denver for the manufacture of
photographic products.
Target date for the start-up of Colorado
operations is set for 1972. "We plan to spend
tens of millions of dollars in developing our
new Colorado property," said Dr. Eilers.
Other growth companies with blue-chip
futures are located on Colorado's Front
Range: Honeywell, Hewlett-Packard, Martin Marietta, Ampex, Ball Brothers
Research, Shell Chemical, Dow Chemical,
Sundstrand Aviation, Bendix, Kaman Nuclear, duPont, Litton Industries, Syntex,
Irving Air Chute.
They moved here.
Samsonite, Gates Rubber, Coors, C. A.
Norgren, CF&I Steel, Great Western
United, Ideal Basic Industries began here
... and grew into industry leaders.
Why? Because of astrong scientific complex of over ahundred research and development installations that includes the
National Center for Atmospheric Research,
the National Bureau of Standards, the Joint

Institute for Laboratory Astrophysics. Because of the sunshine and the recreation
that "takes years to explore." Because of
geographic centrality and fast, economical
transportation. Because of abundant water
and low-cost power. Because of businessoriented community attitudes. And ease of
recruiting special skills.
Make profit a part of your future by
making Metro Denver and the exciting
Front Range of Science and Technology a
part of your future.
DENVER BRIEFING CENTER—If you're
interested in anew plant site, research facility, administrative headquarters or distribution center, ask for this new brochure which
gives you a broad review of Metro Denver
and Colorado's Front Range of Science and
Technology. All inquiries confidential. Write
Mgr., Forward
Metro Denver,
Dept. 232, 1301
Welton Street.
Denver, Colo.
80204.Telephone
(303)534-3211.

Mel%/117'11Z)
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Meetings

The
100,000,000,000 ohm
Nanosecond
Switch

(Continued from p. 22)

International Solid State Circuits
Conference, IEEE; University of
Pennsylvania and the Sheraton Hotel,
Philadelphia, Feb. 19-21.
West Coast Reliability Symposium,
Century Plaza Hotel, Beverly Hills,
Calif., Feb. 21.
Technological Influences on
Communications Conference, IEEE;
Washington Hilton Hotel, Washington,
D.C., Feb. 24-25.
Electric Propulsion Conference, AIAA;
Williamsburg, Va., March 3-5.
Particle Accelerator Conference, IEEE;
Shoreham Hotel, Washington,
March 5-7.
International Convention & Exhibition,
IEEE; Coliseum and Hilton Hotel,
New York, March 24-27.
Second International Laser Safety
Conference, Medical Center of the
University of Cincinnati; Stouffer's
Cincinnati Inn, March 24-25.
Semiconductor Device Research
Conference, IEEE; Munich, Germany,
March 24-27.
Conference on Lasers & Optoelectronics, IEEE; Southampton, England,
March 25-27.
Numerical Control Society; Stouffer's
Motor Inn and Convention Center,
Cincinnati, April 1-3.
Mathematical Aspects of Electrical
Network Analysis, American
Mathematical Society; Providence,
R.I., April 2-3.
Semiconductor Device Research
Conference, IEEE; Munich,
West Germany, April 11-14.
Computer Aided Design Conference,
IEEE; University of Southampton,
England, April 15-18.

This new photodiode coupled pair
offers the designer 5 ns rise and fall
times together with over 3,000 volts
isolation between input and output.
The IR emitter and companion detector are optically coupled through
clear epoxy—as seen here. The unit
is then encased in opaque epoxy for

maximum dark resistance. It's ideal
for high speed isolated switching and
high voltage isolation
For additional information and
applications write or call Monsanto
Electronic Special Products, 10131
Bubb Road, Cupertino, Ca. 95014
(408) 257-2140.

Monsanto
24

Circle 24 on reader service card

Joint Railroad Conference, IEEE;
Queen Elizabeth Hotel, Montreal,
April 15-16.
International Magnetics Conference
(Intermag), IEEE; RAI Building,
Amsterdam, Holland, April 15-18.
International Geoscience Electronics
Meeting, IEEE; Twin Bridges Marriott
Hotel, Washington, April 16-18.
Conference on Switching Techniques
for Telecommunications Networks,
IEEE; London, April 21-25.
(Continued on p. 26)
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Three 4-kHz channels of L3 carrier multiplex system. Center
channel has teletype subcarriers. Model 360A is in 12-kHz
sweep width mode, sweeping from 6.780 to 6.792 MHz.

Switch-selected meter modes, normal or expanded scale,
provide level measurement resolution of 0.05 dB. Signal
generator level increments as fine as 0.01 dB can be
readily resolved.

Frequency resolution to nearest 10 Hz in phase-locked
tuning mode is displayed on flat-plane, high-brightness
readouts. Alternative continuous tuning mode presents
frequency resolved to nearest 100 kHz.

A Communications System
Test Set (VLF to HF)...

engineered for
humans (A to VB*)

From Sierra comes the most thoroughly human-engineered instrument for HF-radio and telephone-carrier applications in today's
knob- and meter-ridden world: The Model 305/360 Communications
System Test Set.
Model 305/360 gives you ultra-bright, unambiguous electronic
digital readouts of frequency. Built-in counter automatically totals
outputs of both the coarse and fine tuning oscillators, reads out
tuned frequency with 10-Hz resolution. Attenuator levels appear in
three-digit displays, with unique logic and switching circuits combining the levels of the 10-dB and 1-dB per step attenuators. Rearprojection meters with luminous pointers permit parallax-free
viewing from any angle with easy resolution of fine-level increments.
Performance features include phase-locked tuning circuits, a
single continuous tuning range covering voice frequencies through
32 MHz, and selective bandwidths of 250 and 3100 Hz. You can
resolve signals separated by as little as 35-Hz.
Model 305/360 does everything humanly possible to keep foibles
from fouling your readings. For the brochure, write Sierra, 3885
Bohannon Drive, Menlo Park, California 94025.
Average to Very Bright

PHILCO
PHILCO-FORO CORPORATION
Sierra Electronic Operation
Menlo Park, California •94025
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Meetings

(Continued from p. 24)

Southwestern Conference & Exhibition,
IEEE; Convention & Exhibition Center,
San Antonio, April 23-25.
Electrical & Electronic Measurement
and Test Instrument Conference,
Instrumentation & Measurement
Symposium, IEEE; Skyline Hotel,
Ottawa, canada, May 5-7.
Rocky Mountain Bioengineering
Symposium; University of Wyoming,
Laramie, May 5-6.

Short courses
National Bureau of Standards seminar
on frequency and time stability,
Boulder, colo.; Feb. 18-21; $150 fee.
Electronic circuit analysis, University
of California, Los Angeles;
Feb. 24-28; $275 fee.

How are Sherold crystals
acut above the competition?
With frequency.
The right frequency. Consistently and with the low-cost quantity
production that comes from top-quality crystal technology.
Whether you order afew hundred or afew hundred thousand
crystals from Sherold, you know you'll get exactly what you
ordered — fast and accurate right down to the last MIL spec on
the last crystal. We manufacture avariety of crystals from 4kHz to
175 megaHz in numerous packages, as well as crystal filters and
discriminators. In prototypes, short orders and long runs.
In addition, Sherold has several plants geographically located
to give you specialized local crystal technology assistance.
Each has in-house facilities to meet and beat high shock and
vibration MIL specs. Whether you're looking for ahigh-volume,
off-the-shelf crystal or aprototype design, tell us about it. We'll
give you aquote. With speed. Write Sherold Crystal Products
Group, Tyco Laboratories, Inc., 1510 McGee Trafficway, Kansas
City, Mo. 64108. Or phone (816) 842-9792. TWX 910-771-2181.

Biomedical engineering materials,
University of Wisconsin, Madison;
April 17-18; $70 fee.

Call for papers
Annual
Vehicular
Communications
Symposium, IEEE; Los Angeles, May
13. Feb. 10 is deadline for submission
of abstracts to A.G. Grimaila, Whittaker
Corp.,
Electronics
Division,
9601
Canoga Ave., Chatsworth, Calif. 91311.
Workshop
on
Applied
Magnetics,
Sheraton-Park Hotel, IEEE; Washington,
May 22-23. Jan. 24 is deadline for submission of abstracts to O. Kiltie, Bal lastran Corp., Executive Blvd., Fort
Wayne, Ind. 46808.
Spring Meeting, National Academy of
Sciences, National Research Council of
the United States of America; Washington, April 21-25. Feb. 1 is deadline
for submission of abstracts to Dr. F.S.
Johnson, secretary USNC/URSI, Southwest Center for Advanced Studies, P.O.
Box 30365, Dallas, 75230.
Annual Conference & Exhibit, Instrument Society of America; Houston, Oct.
27-30. Feb. 15 is deadline for submis
sion of abstracts to Vincent J. Giardina,
director of technology services, Instrument Society of America, 530 William
Penn Pl., Pittsburgh 15219.
Nuclear & Space Radiation Effects
Conference, IEEE; Pennsylvania State
University, University Park, July 7-11.
Feb. 17 is deadline for submission of
summaries to
E.A.
Burke,
AFCRL
(CRWH) Stop 30, L.G. Hanscom Field,
Bedford, Mass. 01730.

26

Circle 26 on reader service card

Electronics IJanuary 20, 1969

M4.

Overplate for
metallographic
sectioning purposes

.
.

dr

401*

'

..

• ..r•

.

ale
;,......

4

Gold layer

7'

e

Copper alloy
contact material

Illustration is 1400X magnification
cross-section through selectively plated contact at point shown

CINCH PUTS THE GOLD
ONLY WHERE YOU NEED IT
IN THE AMOUNT YOU WANT—With Cinch selective plating you benefit
from reduced gold content and the absolute control of gold thickness at the
contact area. The result is a better connector at lower cost ...that also
helps reduce the U.S. gold drain.
In conventional barrel plating, the amount of gold deposited at any point is
afunction of the geometry of the part and cannot be accurately controlled
from part to part. To compensate, excessive gold deposits must be used,
but there is still no guarantee that every part will receive the minimum gold
plate specified, due to the random nature of the process.
Cinch continuous process selective plating deposits the same controlled
amount of gold on every contact. Only the contact area is plated, reducing
gold consumption as much as 60%.
A wide range of Cinch connectors is available with selectively plated
contacts. For information on how selective plating can provide you with
a better product at lower cost, write to Cinch Manufacturing Company,
1501 Morse Avenue, Elk Grove Village, Illinois 60007.
C.6814
MEMBER
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CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONADNOCK. CINCH-NULINE. UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT.
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INSTRUMENTATION PRODUCTS
Tens of thousands of standard
products doing very special Jobs.

PRINTED CIRCUIT BOARDS
A high quality-high production
operation using advanced equipment.

DIGITAL DATA DEVICES
The important peripherals for
today's modern computers.

INFORMATION SERVICES
An advanced software capability
just leaving the launch pad.

Astrodata's new
amplifier doesn't.

A Karate expert depends on choppers...his hard hands.
High performance low level DC amplifiers used to depend
on choppers too. But no longer.
Astrodata, by making use of the latest IC developments,
has completely eliminated choppers in the new 889
amplifier with absolutely no reduction in accuracy or
stability. No increase in drift.
The 889 is areal red belt champion. And you're the
winner with lower initial and maintenance costs—smaller

applications. Gains to 2,500. Differential input current
lower than anano-amp. Perfect for use with low level
transducers. Gain stability and linearity of 0.01%.
Important in static tests.
Choppers chopped. Price and size chopped too. As low
as $330. And twelve 889 amplifiers fit snugly in just
7inches of rack space. Even delivery is chop chop.
Better than 30 days in quantity.

Check these specs. No slew limiting to 40KHz. Settling

So chop an X on the reader card and get the full 889
story from Astrodata, who built industry's first all solidstate wideband DC amplifier 8years ago and have
delivered tens of thousands since then.

time of less than 150 microseconds. Ideal for dynamic

Astrodata—Space age technology on the industrial grow.

size—wider data bandwidth—lower noise—faster recovery
and settling time.

Astrodata, Inc.

4111111

1.>

P.O. Box 3003

240 East Palais Road

Anaheim, California 92803

Telephone (714) 772-1000
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DATA AND TELEMETRY SYSTEMS
Over 350 systems delivered—more
than 100 using digital computers.

ELECTRONIC SWITCHING SYSTEMS
To multiply the capability of the
largest communication companies.

ANALOG AND HYBRID COMPUTERS
The largest hybrid systems in the
world have been delivered by Comcor.

TIMING EQUIPMENT
Supplying the free world with more
precision Instrumentation than anyone.

Circle 29 on reader service card

'ALLEN BRADLEY HOT-MOLDED
RESISTORS ENHANCE THE QUALITY
STANDARD OF OUR DATA-RECORDERS'
Mohawk Data Sciences Corporation

--v
--

The time reduction achieved by the MDS
Data-Recorder method of computer input
preparation demands continuously reliable operation.
And this in turn demands the highest standards of performance from each and every component.

JJ_9

Allen-Bradley fixed composition resistors were a natural
selection. Made by an automatic hot-molding technique
—developed and used exclusively by Allen-Bradley—
A-B resistors afford the ultimate in uniformity. From
resistor to resistor—year in and year out—physical and
electrical properties are unvarying. Predictable. Always
of the highest order.
Performance records are equally excellent. For example,
Allen-Bradley hot-molded resistors meet the requirements of the new MIL-R-39008A Established Reliability
Specification at the highest level—the S level. And this
is true for all three ratings—the 1 watt, 1
/ watt, and
2
% watt—and over the complete resistance range from
2.7 ohms to 22 megohms.
For complete specifications on this quality line of hotmolded resistors, please write to Henry G. Rosenkranz,
and request a copy of Technical Bulletin 5000.
Allen-Bradley Co., 1201 S. Second St., Milwaukee, Wis.
53204. Export Office: 630 Third Ave., New York, N.Y.,
U.S.A. 10017. In Canada: Allen-Bradley Canada Ltd.

Typical printed circuit board used in the MDS 1101
Data-Recorder, showing the extensive use of AllenBradley hot-molded 1/4 watt resistors.

Type HB 2 Watts

Type GB 1 Watt

1Mlle

Type EB % Watt
Type CB 1
/
4 Watt
Type BB % Watt
A-B hot-molded fixed resistors are available in
all standard resistance values and tolerances, plus
values above and below standard limits. A-8 hotmolded resistors meet or exceed all applicable military
"specifications including the new Established Reliability Specification at the S level. Shown actual size.

Mohawk 1101
DataRecorder permits transcribing of data from source
documents direct to 1
4"
computer magnetic tape.
©Allen-Bradley Company, MIlwaukee, W•sconsin

Circle 30 on reader service card

EC 6821

C ALLEN-BRADLEY
MIIMIW

QUALITY

ELECTRONIC COMPONENTS

Electronics

January 20, 1969

Editorial comment

The business to be in
The golden decade would be an apt description of
the years 1958 to 1968 from the point of view of
the electronics industry. A survey by the Commerce
Department shows that five of the 10 fastest growing industries in the U.S. during this period were
either in the electronics field or allied to it. Computers led the list with a growth of 511% (compared to the 65% growth of all U.S. industry over
the same period). Cathode-ray tubes ranked next
at 460%. Sales of semiconductors increased 284%
and radio and communications equipment 212%.
In addition, radio and tv sets ranked in the top
20 (180%), as did industrial process controls
(150%).
Two of these categories ranked among the nation's top five dollar-volume gainers, too: revenue
from communications equipment and computers
rose by $6 billion and $5.6 billion, respectively.
While the bright decade just past bodes well for
the future, planners and developers must gear up
for new directions. Emphasis is shifting to aversatile integrated-circuit technology, advanced inputoutput equipment, optoelectronics, and digital
communications techniques.
•

Can the computer manage?
Engineering managers should be among the first
to bring the computer to bear wisely upon management problems. Who is more capable of analyzing
the computer's strengths and limitations? Furthermore, many engineers have agrounding in the use
of computers in design and manufacturing, experience that could be translated to the management
area.
However, some engineers are repelled by the
glamour currently surrounding "management sciences." They think the concept afad—if not afraud.
These men view the management "revolution"
as unreal, holding that management is an art that
cannot be mechanized.
For such skeptics, Carl Thomsen, a Texas Instruments senior vice president, has a warning.
Writing in the January issue of Management Accounting, Thomsen says: "An aspiring manager
10 and certainly 20 years from now without substantial training in management systems, management sciences, and the use of computers will not
realize his aspiration ...There will be the inevitable strains of obsolete managers directing subor-

Electronics IJanuary 20, 1969

dinate managers who are better qualified at the
science of managing," he goes on, but eventually
those who haven't received training in management
sciences "will be replaced by those who have."
On the other hand, Thomsen warns that those
who avidly embrace the concept of applying computers to management may lose sight of the objectives the tools and techniques should help achieve.
Management systems are ways of managing, he
stresses, not the tools themselves. Furthermore,
new computer-oriented managements will fail,
Thomsen thinks, if people feel unduly constrained
within their environments.
One solution would be to let those managers
whose actions are being constrained assist in developing the systems. This should keep the computer subordinate to the primary objective of better
management. II

Guidelines needed
When David Packard was asked to take the post of
Deputy Secretary of Defense, he felt he was faced
with "an impossible conflict-of-interest problem."
Nevertheless, the proposed solution, whereby Packard's stock would be placed in trust during his
tenure of office, has met with little opposition.
Senators sounded out by incoming Defense Secretary Laird thought the procedure acceptable.
On the other hand, an editorial in the New York
Times suggested that "the ties of ownership would
not be severed—a fact that would keep alive concern over possible conflict of interest." The Times
added: "It is no reflection on Mr. Packard's probity
or sense of duty to suggest that he should not
enter the Defense Department as a major shareholder in a company heavily engaged in defense
work."
There's precedence for both courses: Charles
Wilson and Robert McNamara sold their stock
before becoming Defense Secretary, but others in
high Government posts have simply placed their
holdings in trust.
In the case of Packard, whose devotion to civic
responsibility and to the most enlightened and
respected goals of contemporary management are
beyond question, conflict of interest is not apressing issue. But could the same be said of other
holders or seekers of public office?
What is clearly needed is awell-considered policy
that allows no options. Congress must take the
initiative in fixing such guidelines—and not only
for the executive branch but for itself as well. I III
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Now! Get 225 MHz for less than $2K
and add 3.3 GH zfor less than $11K!
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But how does the competition look?

GREEN!
Who else offers acounter that provides frequency measure-

direct monitoring of radio/TV transmitter carrier frequen-

ments up to 225 MHz for only $1975, plus the options of

cies, and for production checkout of radio transmitters. But

two plug-ins to boost the range to either 1.3 GHz for $775

now, with the addition of two great heterodyne converters—

or to 3.3 GHz for only $825? That's what you get from

and a TIM plug-in if you want it — here's a low-cost, port-

CMC with the Model 616 Counter and the new Models 631

able family that's hard to beat for application versatility!

and 635 Heterodyne Converters. But that's not all.
Look at the rugged portable design of the CMC Model
616, with its sturdy valise grip and its solid well-balanced

For the full specs on the counter and plug-ins, just circle the
reader service card. And to arrange for a demonstration,
contact your local CMC representative.

frame. Here's an instrument that's equally at home in the
lab, on the production line, or in the field. You can rack
mount it, too. And its all-silicon solid-state circuitry gives it
an extended operating range from —20°C to +55°C.
Already apopular workhorse, the 616 is in common use
for alignment of frequencies in UHF communication links,
for calibration of high frequency signal generators, for
32
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MC

A Division of Pacific Industries
12970 Bradley/San Fernando, Calif. 91342/(213) 367.2161/TWX 910496.1487
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Electronics spending
set to increase
in '70 budget plan

Budget tightening
imperils I/CNI

Goldilox faces
bearish future

Electronics jJanuary 20, 1969

President Johnson did well for the electronics industry in his final budget proposal. The Pentagon and FAA budgets were increased; NASA's
held its own.
One big question in the 1970 budget is the fate of the supersonic
transport: new funding was withheld until Boeing finishes redesigning
the plane. The defense budget is set at $80.2 billion, up about $3 billion
from 1969. Almost all heavily electronics budgets are slated for an increase, including those for electronic-warfare aircraft, missiles, the Advanced Manned Strategic Aircraft, the Airborne Warning and Control
System, and other major proposed aircraft programs.
NASA's budget is $3.758 billion, down slightly from $3.85 billion, but
leftover money will make the total about the same. The budget allows
for continued manned exploration of the moon after the first landing
and for manned earth-orbit experimentation, and sets increases for
unmanned space flight and ground-based research in aeronautics. NASA
will again try to get afirm footing for the Apollo applications program
and is asking $345 million to get five missions going.
The FAA is to get $947 million, up $74 million from this year.

The Air Force's ambitious Integrated Communications, Navigation, and
Identification System (I/CNI) is hanging by its fingernails against huge
budget pressures. It isn't yet entitled to a program office within the
Systems Command and it's funded for considerably less than $2 million
[Electronics, Aug. 19, 1968, p. 33]. Backers of the proposed system are
waiting to see how much of this money it gets for fiscal 1969 before they
proceed with preliminary design studies.
Although the idea is in the proposed 1970 budget, it still must run
Congressional hurdles. If it survives to become an established program,
there is a strong possibility that it could become a tri-service project.
Also, it looks as though the Air Force's 621B navigational satellite program [Electronics, Jan. 6, p. 67] could be made part of I/CNI.

Last spring, Westinghouse Electric's announcement of its Goldilox technique for sealing IC's set off speculation that the process would lead the
military to reclassify plastic-encapsulated IC's 1-A from 4-F. And the
company planned to use Goldilox in its major IC product lines. Last
month, however, Westinghouse's sudden announcement that its Molecular Electronics division was going out of the commercial IC business
[Electronics, Dec. 23, 1968, p. 33] made the military fear that Goldilox
would be lost.
The Naval Electronics System Command had just ordered Goldilox
IC's for -mass testing." C.E. IIolland Jr., who did the ordering and who's
been the prime mover in getting the services and NASA coordinated
on plastic IC's, says, "Right now the whole thing is up in the air. We've
reordered the IC's but we don't know if we will get them."
A Westinghouse official notes three possibilities for Goldilox: use in
certain work in Westinghouse's military systems divisions, licensing in
the U.S., and sale of the whole IC division, including Goldilox.
Goldilox processing hermetically seals IC's at the chip level so they
33
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aren't affected by the choice of packaging. The technique uses siliconnitride passivation and atitanium-gold bonding scheme and places glass
over the interconnections.

Military may fly
interim warning net
until Awacs arrives

All-solid state
color television
gaining popularity

Air Force questions
¡
use of MOS in obs
with radiation threat

34

There are those in the Air Force's Tactical Air Command who feel they
can't wait five years for the full-fledged Airborne Warning and Control
System (Awacs). So the Air Force is considering an interim network
called Ataccs, for Airborne Tactical Mr Command and Control System,
which could be in the air by 1971. But the Air Defense Command, which
would prefer to wait for Awacs proper, feels that Ataccs could siphon
off funds from the Awacs program and thus slow it down.
It was expected that the service's Air Staff Council would iron out
the requirements for Ataccs earlier this month and make adecision on
whether to go ahead with it or not. But according to one Air Force
source, the controversy will continue for at least another month because
the council has requested more technical information upon which to
base its decision.
Exactly what route the Air Force will take with Ataccs is still unknown.
One West Coast source close to the Awacs program says the Tactical
Air Command wants Ataccs so much that it's willing to go without an
overland radar and use identification-friend-or-foe equipment instead.
Another possibility being mentioned: installation of the Navy's E-2
avionics aboard aKC-135 transport. But the general feeling is that whatever route the Air Force decides to take, the aim will be to make Ataccs
as much astepping-stone to Awacs as possible.
The leading contenders for an Ataccs contract are Boeing and McDonnell Douglas, the Awacs bidders.

Producers of television sets predicted last year that Motorola would lose
its shirt trying to convince the public to pay a $200 premium for an
all-solid state color set.
They've now changed their position. In fact, they're currently working
furiously on all-solid state sets themselves. RCA brought out its first
all-solid state receiver last fall. And Magnavox and Emerson will each
come out with aline of solid state color sets by late spring—ahead of
Zenith, whose efforts appear to be temporarily stalled because of its
emphasis on an earlier program aimed at replacing hand-wired sets with
a printed-circuit design with quick-disconnect, plug-in features.
Emerson, which has long held that it wouldn't employ IC's until the
benefits could be proven, will now use six of these circuits, more than
any of its competitors. And in a related development, RCA this spring
will replace the high-voltage rectifier tube in its solid state line with a
silicon rectifier.

Air Force researchers are worried about what they call "the semiconductor industry's commitment to MOS." Because the radiation resistance of MOS circuits is inferior to that of other IC types, the usefulness
of the technology in many applications is being questioned.
One scientist says his group may soon issue a memorandum to Air
Force agencies cautioning them against specifying MOS in systems
likely to encounter radiation. Such expressions of Government concern
could slow MOS sales—only now starting [Electronics, Jan. 6, p. 33].
Electronics jJanuary 20, 1969

TTL
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from Texas Instruments
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At Hewlett-Packard, TTL from TI is taking over the tough jobs...in measurement... in computation...in analysis.
The following pages tell why, and show how TTL is helping HP better serve tomorrow's customer needs —today!

TI helps Hewlett-Packard...

head off heart attacks
before they happen
Recent events have focused attention on the "Cardiac Intensive Care
Unit" —one of modern medicine's
newest weapons in the battle
against heart disease. It is here
that diagnosis and prompt treatment enables doctors to effectively
head off fatal coronaries before
they happen. To serve this need,
Hewlett-Packard developed the
Model 7822A Arrythmia Monitor—
first of a new generation of ultrahigh-reliability, compact and lowcost medical instruments made
possible with Series 74N TTL integrated circuits from TI.
This instrument "remembers"
the normal heartbeat characteristics of a coronary patient, then
compares each succeeding beat
against the stored norm. If disturbances occur, it provides an immediate warning, enabling hospital personnel to effectively head
off catastrophic heart attacks before they happen.
Selling for under $2,000, the HP
7822A uses fewer than 75 TTL plastic plug-in packages, neatly arranged on just four PC boards.
This simplicity underlies the inherent reliability of the instrument. Circuits such as SN7473N
and SN7474N multifunction flipflops plus MSI Counters, Shift Registers and Quad Latches greatly
reduce the probability of failure.
And the rugged plastic package
was proven—by months of actual
hospital field trials and lab tests—
to have outstanding durability. For
example, one HP engineering testing program subjected the 7822A
to 6 months of continuous operation under the most severe hospital
environment conceivable: 45°C
temperatures and 95-98% relative
humidity. Not a single IC failed
during the entire 6-month period!

Typical use of
HP 7822A is shown here.
As afocal instrument
in today's "Cardiac
Intensive Care Unit,"
it is an important new
aid in the prompt
detection and treatment of potentially
fatal coronaries.

at Hewlett-Packard

TTL takes over the
tough jobs
Recently, three divisions of
Hewlett-Packard faced three difficult — but totally different — design challenges. Independently, all
three solved their problems with
Series 74N TTL integrated circuits
from Texas Instruments. Here's
what happened:
In measurement—many exclusive
MSI functions helped drastically
reduce package count and interconnections, giving life-saving
reliability to HP's new 7822A
Arrythmia Monitor.
This instrument "remembers"
the normal heartbeat characteristics of a coronary patient, then
compares each succeeding beat
against the stored norm. If disturbances occur, it provides an immediate warning, enabling hospital personnel to effectively head
off castastrophic heart attacks before they happen.
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In computation—Over 290 TTL circuits—including high speed Series
74H units—helped HP to halve the
size and trim the cost of it's lowestcost computer by another 31%. The
Model 2114A accomplishes all this
while retaining 2.0 µsec memory
performance and a wide range of
input/output options.
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TTL added values

In analysis—HP cracked atwo-year
design deadlock when they zeroedin on TTL. After two state-of-theart logic approaches were explored
without success, HP engineers
tried TTL and that turned the
trick. The Model 5400A MultiChannel Analyzer features 100
MHz clock rate, 1024 channels, and
a 2.2 µsec memory ...all this for
$9950. Nearly 400 Series 74N ICs
make it possible.
In yet another instance, the
same division significantly reduced
development time on the Model
5480A Signal Averager by building
on experience gained with the
5400A.

These successes brought bonus
benefits. Other HP divisions are
now designing new instruments
around TTL and achieving lower
development expense, better performance, reduced overall costs,
and improved reliability.
This mushrooming usage of TTL
also brings to HP the advantages
of volume purchasing... quantity
discounts and assured availability. Furthermore, inventory costs
are held down because one family
of ICs now takes the place of
several.
What are your problems? Take
a tip from Hewlett-Packard and
design with TTL from TI. You'll
likely end up with a better
product at a more
attractive price—and
probably increase your
profits to boot!

TEXAS I
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Let TI plastic ICs
tackle your
tough jobs, too.
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This circuit board contains 14 of the nearly 1000
plastic integrated circuits used in the HewlettPackard products described on these pages.

Hewlett-Packard engineers took a
long, hard look at packages as well
as circuits when they selected TTL
from TI. They considered ruggedness and reliability along with
price and availability before deciding on Series 74N TTL.

They weren't alone. More than
1500 other users and OEM's —including such companies as BunkerRamo, Systron-Donner and Friden
—have put to work more than 20
million TI plastic IC packages during the past three years.
Experience has been so satisfactory that TI plastic is the industry's fastest growing IC package
design.
The economy of plastic is only
half the story. MSI makes possible
even lower costs as well as greatly
improved reliability.
MSI means fewer packages, fewer interconnections, fewer circuit
boards...in short, fewer things to
go wrong in your systems, and fewer things to add to costs.
That's why TI's proven plastic
package—along with MSI —assures
you the lowest cost-per-function of
any logic available today.

Why not decide for yourself? This new
IC Catalog Supplement details
all TTL/MSI circuits from TI—
including flatpacks and CDIPs as well as the popular proven
plastic. Functions run the gamut
from decoders to shift registers to
active element memories—all told,
full specs for 22 MSI devices including 14 completely new types.
For your copy, plus data sheets
on other TTL circuits, just drop a
note on the back of your business
card and mail to Texas Instruments
Incorporated, P.O. Box 5012, MS
980, Dallas, Texas 75222. Better
yet, simply phone your
TI sales engineer or
authorized distributor.
•
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Let TI plastic ICs
tackle your
tough jobs, too.

This circuit board contains 14 of the nearly 1000
plastic integrated circuits used in the HewlettPackard products described on these pages.

Hewlett-Packard engineers took a
long, hard look at packages as well
as circuits when they selected TTL
from TI. They considered ruggedness and reliability along with
price and availability before deciding on Series 74N TTL.

They weren't alone. More than
1500 other users and OEM's —including such companies as BunkerRamo, Systron-Donner and Friden
—have put to work more than 20
million TI plastic IC packages during the past three years.
Experience has been so satisfactory that TI plastic is the industry's fastest growing IC package
design.
The economy of plastic is only
half the story. MSI makes possible
even lower costs as well as greatly
improved reliability.
MSI means fewer packages, fewer interconnections, fewer circuit
boards... in short, fewer things to
go wrong in your systems, and fewer things to add to costs.
That's why TI's proven plastic
package—along with MSI—assures
you the lowest cost-per-function of
any logic available today.

Why not decide for yourself? This new
IC Catalog Supplement details
all TTL/MSI circuits from TI—
including flatpacks and CDIPs as well as the popular proven
plastic. Functions run the gamut
from decoders to shift registers to
active element memories—all told,
full specs for 22 MSI devices including 14 completely new types.
For your copy, plus data sheets
on other TTL circuits, just drop a
note on the back of your business
card and mail to Texas Instruments
Incorporated, P.O. Box 5012, MS
980, Dallas, Texas 75222. Better
yet, simply phone your
TI sales engineer or
authorized distributor.
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trim the cost
of low-cost computers
by another 31%

General lab use typifies new low-cost
applications for HP 2114A Computer
—made possible by TTL technology.
Desk-top compactness and easy
accessability are IC bonus features.

Cut cost by another 31 percent...
reduce size by 50 percent...yet
retain virtually all the speed and
performance capabilities of the
existing HP lowest-cost model. This
tall order faced HP engineers when
they set out to design a desk-top,
third generation computer to
serve scientific and industrial markets. Specifically, they wanted the
new Model 2114A to sell for less
than $10,000.
An analysis of various logic types
soon cut the problem down to size.
Comparison revealed that TI's Series 74N TTL cost less than half as
much and consumed only one-third
the power of the logic family then
considered standard. Equally important, there were no serious interface problems between TTL and
the earlier logic. This assured compatibility with a wide variety of
existing HP input/output peripherals and companion accessory
equipment.
In the area of performance, HP
engineers were pleased to find that
standard and high-speed TTL logic
could more than fill the bill. And
all circuits were available in the
same plug-in plastic package.
Furthermore, the single voltage
requirement of both standard and
high-speed TTL further reduced
power supply requirements. And
noise margin and other characteristics were also compatible.
Finally, a large selection of MSI
functions was readily available.
Among more than 250 IC's in the
Model 2114A are such key circuits
as 7483N Four-bit Full Adders and
7475N Quad Latches. These paved
the way to important package
count reductions, resulting in lower cost, smaller size and improved
reliability.

crack atwo-year
design deadlock
HP 5480A Signal Averager helps
researchers pull weak signals
out of overwhelming noise

HP 5400A Multi-Channel Analyzer typifies
sophisticated new generation of
analytical instruments—made possible
by TTL integrated circuits.

HP engineers liked what they saw
when they investigated Series 74N
TTL. They had already spent two
years trying to develop the 5400A
Multi-Channel Analyzer... an advanced instrument which would
feature the fastest known AID converter (100 MHz clock rate), 1024
channels with 10 6 counts per channel, and a 2.2 µsec memory cycle.
Two state-of-the-art custom logic
approaches had been explored
without success.
With Series 74N TTL, HP found
a broad selection of standard
multifunction circuits, a reliable
plastic package, volume availability, and low cost per function —
important considerations in a design using almost 400 IC packages
and yet carrying aprice tag of only
$9950.
Performance-wise, the 74N TTL
line proved to have almost ideal
characteristics — speed, fan-out
and noise immunity.
One success leads to another.
Experience with TTL in the Model
5400A paved the way for its use in
the Model 5480A Signal Averager.
This new instrument enables scientists to see low-level repetitive
signals literally buried in extraneous noise. It also features a 1000word, 24 bit-per-word memory, and
100,000-sample-per-second sweep
rate.
Again, use of Series 74N TTL
logic substantially shortened the
overall design cycle. Although development of the 5480A Signal
Averager started two years later
than the Model 5400A, both
reached production at virtually
the same time.

at Hewlett-Packard

TM takes over the
tough jobs
Recently, three divisions of
Hewlett-Packard faced three difficult — but totally different — design challenges. Independently, all
three solved their problems with
Series 74N TTL integrated circuits
from Texas Instruments. Here's
what happened:
In measurement—many exclusive
MSI functions helped drastically
reduce package count and interconnections, giving life-saving
reliability to HP's new 7822A
Arrythmia Monitor.
This instrument "remembers"
the normal heartbeat characteristics of a coronary patient, then
compares each succeeding beat
against the stored norm. If disturbances occur, it provides an immediate warning, enabling hospital personnel to effectively head
off castastrophic heart attacks before they happen.
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In analysis—HP cracked atwo-year
design deadlock when they zeroedin on TTL. After two state-of-theart logic approaches were explored
without success, HP engineers
tried TTL and that turned the
trick. The Model 5400A MultiChannel Analyzer features 100

4•91/1191
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In computation—Over 290 TTL circuits— including high speed Series
74H units—helped HP to halve the
size and trim the cost of it's lowestcost computer by another 31%. The
Model 2114A accomplishes all this
while retaining 2.0 µsec memory
performance and a wide range of
input/output options.

4
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MHz clock rate, 1024 channels, and
a 2.2 µsec memory ...all this for
$9950. Nearly 400 Series 74N ICs
make it possible.
In yet another instance, the
same division significantly reduced
development time on the Model
5480A Signal Averager by building
on experience gained with the
5400A.

These successes brought bonus
benefits. Other HP divisions are
now designing new instruments
around TTL and achieving lower
development expense, better performance, reduced overall costs,
and improved reliability.
This mushrooming usage of TTL
also brings to HP the advantages
of volume purchasing... quantity
discounts and assured availability. Furthermore, inventory costs
are held down because one family
of ICs now takes the place of
several.
What are your problems? Take
a tip from Hewlett-Packard and
design with TTL from TI. You'll
likely end up with a better
product at a more
o
attractive price—and
probably increase your
profits to boot!

TEXAS I
NSTRUMENTS
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PULSE

WE!!

Our PG-13 high output E/I pulser will
put out -±-100 volts in the E-mode and
-±2 amps in the I-mode. PRF 1 Hz to
25 MHz. And with typical 3-1 full parameter
control to give you more flexibility.
Examples: Rise and fall times are independently and continuously variable from
10 ns to 50 ms with greater than 100:1
dynamic range between them. Positive or
negative, single or double pulses with the
width of each pulse independently variable
in the double pulse mode. Amplitude and
baseline controls continuous and independent. Delay, first pulse to second pulse,
variable from 15 ns to 500 ms.
You can gate the PG-13 or trigger it to
25 MHz or operate it "one-shot" from a
front panel pushbutton. Sync pulse, +1V,
15 ns +. Input impedance can be switchselected for 50 or 500 ohms, and you can
vary threshold and sensitivity. Output
protected against overloads and shorts;
overload indicator.
The PG-13 is solid-state, DC-coupled.
Meticulous, advanced design and construction.
For complete technical data or ademonstration, please write or phone: CHRONETICS,
500 Nuber Avenue, Mt. Vernon, N.Y.
(914) 699-4400; in Europe: 39 Rue Rothschild, Geneva, Switzerland (022) 31 81 80.
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Even adigital engineer can interface
our new analog instruments.
Analog engineers design analog instruments for analog engineers. Digital engineers aren't usually analog engineers. This
leads to problems.
Because we're involved with both D and A, we developed
agroup of instruments everyone can understand and use.
Before they were put on the market, our systems engineers
demanded that analog signals get in and out of digital equipment with blinding speed and stunning accuracy. As aresult,
here are bold statements about our new line: Our new instruments are: A. As fast and more accurate than ... B. Faster and
more accurate than ... C. Almost as fast and just as accurate
as anyone else's. Whether A, B, or C applies depends on the
instrument you choose.
Here are some of the new ways to get from analog to digital
and back again.
Multi-channel digitizers
64 channel high-level multiplexers with sample and hold amp,
plus a 15-bit A-D converter in the same chassis. Accuracy:
0.01%. The MD51 has asample and conversion time of 10
µsec for $8,250 plus $200 for each eight channels. If you can
spare another 20 µsec, you'll save $3,050 with the MD41.
Single channel digitizers
15-bit, high-level A-D converters with built-in sample and
hold amps. Accuracy is -±-0.01%. The AD51 has athroughCircle 42 on reader service card

put word rate of 100 KHz for $5,400. The AD41, though it
only costs $4,000, isn't aslowpoke. Throughput is 33 KHz.
Digital to analog conversion
The DA40 is a10-bit, 16 channel D-A converter. If you need
more channels, up to 16 DA40's can be ganged together for
256 analog outputs. Each includes address decode and channel controls, plus apower supply. $375 per channel.
One of the world's fanciest op-amps
Variations on atheme called the HT58 universal operational
amplifier include asingle-ended op-amp, differential amp, a
unity gain buffer and abuffer with gain, all for use with our
"T" and "J" series modules. Input impedance of 108 ohms and
±-40 ma. output current over avoltage range of -±-10V. Accuracy: 0.01%. Settling time: 5psec. You can adjust the gain,
zero offset, and the input offset voltage temperature coefficient. $170.
Our spec sheets meet the same requirement as our new
instruments: they're understandable
by digital engineers, analog engineers,
and anyone else who can understand
the specs above. For a complete set
of spec sheets contact us digitally, or
by using Mr. Bell's analog data trans- Scientific Data Systems,
El Segundo, California
mission device.
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Electronic pressure sensor slated
for DC-10's air data computer
Unit gains reliability with asensitive diaphragm built out of silicon
or quarts; six firms, working independently, compete for contract

For several years now avionics
suppliers have been aiming at replacing the electromechanical airdata computers in civilian aircraft
with more reliable and flexible allsolid state units. This is finally
about to happen: McDonnell Douglas is set to award a contract for
digital air data computers for its
DC-10.
One of the most important elements in the computer—which calculates factors such as altitude,
true air speed, Mach number and
static air temperature from inputs
of static and total air pressures,
and temperature—is the pressuresensing transducer. The mechanical device that's used in conventional analog systems is a major
source of unreliability.
Each of the companies that has
proposed an air-data system to
McDonnell Douglas has taken a
different tack in designing apressure sensor with no mechanical
parts or linkages. Generally they
use apressure-sensitive diaphragm

that is made of either silicon or
quartz.
•Honeywell's Aerospace division translates pressure changes
into frequency changes by using
the distributed resistance-capacitance of piezoresistive strain gages
diffused into a silicon diaphragm
to control output of a phase-shift
oscillator. The frequency output is
an advantage, says Honeywell, because information from the sensor
isn't affected by noise or the distance over which it's transmitted.
•The Instruments/Controls division of Conrac also uses piezoresistive strain gages in silicon, but
the strain elements make up the
four arms of aWheatstone bridge
and the output is a varying d-c
voltage level.
•The Navigation and Control
division of Bendix uses a quartz
diaphragm on which capacitive
pickoff plates have been placed.
The air pressure deflects the diaphragm, affecting the capacitance
between the plates, and this, in

turn, varies the amplitude of an
output a-c voltage.
•The Electronic Systems group
at Garrett's AiResearch Manufacturing also uses quartz and capacitive pickoffs, but the output is a
varying frequency.
The signal output from the transducer is then conditioned, with
either analog-to-digital or frequency-to-digital converters, and
fed into the system's computer.
Kollsman Instruments and Sperry
Rand are also competing for the
award.
These transducers, and the computer systems, are in various stages
of development. Conrac and AiResearch are probably furthest along,
having promised to deliver test
systems to American Airlines by
spring. And Conrac developed
its piezoresistive pressure transducer, called the Semiducer, about
two years ago.
Gain control. Less further along
probably are the Honeywell and
Bendix transducers. P-type piezo-

STRAIN
GAGE
DIAPHRAGM

far
Pressure to frequency. Piezoresistive strain gage diffused into silicon diaphragm of pressure sensor, left, cotrols the

output frequency of a phase shift oscillator in Honeywell's solid state device.
Electronics

January 20, 1969

43

U.S. Reports
resistive elements are formed into
an n-type circular substrate by
standard photoresistive and diffusion techniques, according to Honeywell. The rectangular elements
have a strong piezoresistivity
measured along their lengths and
a distributed capacitance with respect to the substrate that is independent of pressure. Two separate
piezoresistive elements and their
associated distributed capacitance
control the frequencies of two
phase-shift oscillators.
An emitter follower is also an
integral part of the diaphragm. The
diaphragm substrate is the transistor's collector, the diffused strain
gage forms the base, and an emitter is added. This transistor is connected to a precision divider network that couples to a wideband
amplifier to complete the circuit.
An automatic gain-control circuit using a field effect transistor
is added to limit the amplitude
oscillations and to improve the oscillator stability.
Just how many of the circuit
elements will be integrated into the
silicon diaphragm is still being
determined by Honeywell. Bendix
is relying on a 2-inch diameter
quartz, rather than a silicon, dia-

phragm because it's less affected
by temperature.
"We feel we'll get better temperature stability with our quartz
sensor than if we relied on strain
gages in silicon," says E.J. Hazen,
chief engineer of Bendix's Flight
Data department. Strain gages are
often better thermometers than
gages. Honeywell, for example,
hopes to correct for temperature
and other effects, as well as for
unit-to-unit variations, in the digital computer.
Bendix takes the a-c output voltage from the transducer and feeds
it into a16-bit a-d converter. Then
the signal goes into a newly designed general-purpose digital computer.
Fuel control. "Our computer is
powerful enough to be used in more
than just the air-data application,"
Hazen points out. "We designed it
this way so that we don't have to
develop aspecial-purpose machine
every time we have something new
to design. Right now, we're considering using the computer for
electronic fuel control as well as
for the air-data job. And a larger
version may be used in some automatic ground-test equipment."
The computer has full parallel

Point of purchase. Up-to-the-minute inventory figures can be calculated
with this system, developed by the Kimball Systems division of Litton
Industries. When aclerk rings up a sale, he feeds the punched price tag
into the machine, which then stores the data collected from the tag. Later
the machine transmits the data by telephone to acentral computer.
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add, subtract, multiply, and divide
capabilities, with a 16-bit word
length. It has three separate memories:
a nondestructive-readout
magnetic type; adiode matrix, and
a scratchpad medium-scale integration memory. The computer fits
into a 4-by-7%-by-4 7/s-inch space.

Associative memories
At least three semiconductor companies are now in pilot production
on associative, or content-addressable, memory elements. At the International Solid State Circuits
Conference in Philadelphia next
month, Richard F. Herlein and A.V.
Thompson of American Micro-Systems will deliver apaper on a64bit mOS memory that their firm is
building for NASA's Manned Space
Flight Center in Huntsville, Ala.
Meanwhile, the components group
of Texas Instruments, whose mOS
activity is sizzling, has built a128bit circuit on a custom contract,
and the company is thinking about
adapting the technology to produce
a catalog item; and Signetics, a
subsidiary of the Corning Glass
Works, has built sample units of
an extremely fast 8-bit bipolar device and expects to announce a
product in time for the IEEE Show
in March.
Single cycle. Associative memories are attractive because they can
elicit all of the words with any
given characteristic—such as 1011
in the first four bit positions—in a
single memory cycle, whereas an
ordinary random-access memory
requires that every individual
word's exact location be known in
advance, and that the location be
addressed before the word can be
read. Applications range from auxiliary computer memories, where
they can be used to increase the
apparent speed of main memories
[Electronics, Dec. 23, 1968, p. 56],
to
electronic
countermeasures
equipment, where they could be
used to identify r-f signals.
Because these memories require
that each cell have logic as well as
storage capabilities, the devices
tend toward extreme complexity.
The AMI circuit, for instance, is on
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David Packard: Can he make Pentagon decisions independently of his former business ties?

a huge chip-156 by 144 mils. It
contains 1,799 p-channel metal oxide semiconductor transistors, Herlein says. With no d-c power supply at all, the circuit requires one
microsecond to write, compare, or
read. The firm is building for
NASA abreadboard system consisting of 20 chips, plus some TTL circuits, on a printed-circuit board.
Each system will have 32 words of
36 bits, plus 3 bookkeeping bits.
Smaller and faster. Texas Instruments delivered its first circuits last
month. The chip, at 120 by 90 mils,
is smaller than AMI's. And the circuit is faster: 250 nanoseconds to
write, compare, and read. If used in
aread-write mode only (like aconventional random-access memory),
the device has an access time of
50 nsec.
H.B. Grutchfield, manager of
product development at Signetics,
says that the bipolar memory will
probably be released from the pilot
line and put in production by midFebruary. The circuit has about
100 gates on a 94-by-108-mil chip
and consists of two 4-bit words.
Chips can be paralleled to form
longer words and stacked to produce larger memories.
The Signetics device, known as
the 8220, takes 25 nsec to write an
address, and 15 nsec to compare
and to write out. It may be used
as a computer scratchpad.
Electronics IJanuary 20, 1969

of H-P's business is with defense
and Government contractors, his
decision not to completely divest
Packard's choice
himself of his interest in H-P
Six-foot, five-inch David Packard openly disturbed some Senators.
became a towering figure in the Senate Armed Services Committee
electronics industry as he and chairman John C. Stennis (D.,
partner William R. Hewlett made Miss.) promised a thorough investhe Hewlett-Packard Co. into a tigation of the "possible conflict
hugely
successful
instrument of interest."
Larger scale. Packard points out
maker (1968 profit of $20.8 million
on sales of $268 million). They that trying to sell that many shares
would have a disruptive effect on
started H-P in a garage 30 years
ago and by making it a model of the stock market and H-P. Wilson
and McNamara, after all, sold
management turned it into aworldwide company with an excellent stocks worth less than $2.7 million
reputation. Mostly because of and $1.5 million, respectively.
Packard also offered to resign
Packard's management capability
from the boards of various corpo—and partly because the strongrations, institutes, and organizawilled Packard is aself-made multitions he belongs to, a standard
millionaire in the classic Republiacceptable procedure. One of them
can ideal—Defense Secretary Laird
happens to be the General Dynamtapped him to become Deputy Deics Corp., a leading defense
fense Secretary, the No. 2 post.
contractor and maker of the conAs his confirmation came up before the Senate, however, Packard troversial F-111 swing-wing plane.
Consequently, some observers
found himself in a king-size conare raising the question of conflict
troversy. In and out of Congress,
of interest on alarger scale. Since
there is the question about his apPackard comes from one of the
pointment resulting in possible
industries that has a vested interconflict of interest. Instead of sellest in keeping military spending in
ing his shares, as former Defense
Secretaries Charles E. Wilson and hardware programs high even
Robert S. McNamara were made when the Vietnam war ends, they
question whether Packard can
to do, Packard offered to put his
make defense decisions that are
29% interest (currently worth
about $300 million) in ashort-term not influenced by his former ties.
A column by the financial editor
educational trust. Since one-third

Military electronics
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of the respected Washington Post,
Right now, PRD Electronics of
Hobart Rowen, was headlined Westbury, N.Y., a subsidiary of
bluntly, "Packard Is Wrong Choice Harris Intertype, holds the biggest
for No. 2Defense Post." Obviously, VAST orders. The recent award of
Packard's every move in the Pentaa $10.2 million letter contract for
gon will be watched closely by nine VAST systems swells the
those who fear the military-indusamount that this company has
trial complex.
earned from VAST contracts to
In the past, Packard has sharply
$49.4 million in the past 18 months.
criticized some military purchasing This figure includes research and
practices, complaining that the
development contracts. This firm
Pentagon worries too much about has even more money assured from
how much profit acontractor makes
the project: the $10 million is only
and not enough about how good about half the amount that the
his product is.
Navy will eventually pay for the
Top priority. Packard himself nine systems. In addition, the conlists the avoidance of a nuclear
tract includes an option for the
war as top priority but leaves open procurement of seven more syswhether or not this can be achieved tems.
through nuclear superiority with
Checkout The Navy is now inRussia or parity. He's also constalling seven VAST systems that
cerned with bringing weapons sys- will automatically checkout the Intems up to date and working tegrated Helicopter Avionics Systoward arms reduction so that "the tem (HMS), being developed by
U.S. and Russia could maintain
Teledyne. The seven systems will
stability with a lower expenditure be put into operation later this
in the military area."
year. PRD Electronics supplied
If confirmed, Packard could have
these systems, which use the Unia strong effect on Department of vac 1218 computer. However, the
Defense research and engineering.
nine new systems, which will be
An honors engineer from Stanford installed both ashore and aboard
University, he expresses aparticuaircraft carriers, and which will be
lar interest in military research used initially to checkout the Lingand development.
Temco-Vought A-7E, will be using
The effect his departure may the larger Univac 1219 computer.
have on H-P remains to be seen,
The VAST system, according to
but it's doubtful that the solidly the Navy, will be able to handle
managed company will misstep.
newer carrier aircraft as they come
Packard appears to have bowed
into production, including the VFX
out of active management with his
and E3C. The Navy stresses, howappointment. He said he has made
ever, that VAST will not afford total
no commitment to return to H-P automatic checkout: they estimate
when his Pentagon stint is over.
that the system will handle only

about 85% of the avionics electronics.
The Navy isn't saying how many
systems will be required, since the
amount will depend on the deployment of the A7E. However, some
Congressional sources report that
the Navy has estimated that the
cost of VAST will total about $300
million by the mid-1970's.
Over 20 years this system will
save $1 billion in avionics support
costs, says the Navy, defending its
entry into the program. The system not only reduces the number
of maintenance personnel but also
frees valuable space aboard carriers. The major advantage, of
course, is the speed of testing and
checkout [Electronics, July 12,
1965, p. 49].
No complaints. The Navy reports
that it has had no complaints from
industry on the requirements that
new avionics systems must be designed for VAST testing [Electronics, Aug. 21, 1967, p. 42].
Although former Secretary of
Defense Robert McNamara pushed
long and hard for commonality of
equipment between the services,
he lost out when it came to the
development of automatic avionics
checkout systems.
The Air Force and Navy agreed
to go their own ways in this field
because of different requirements.
The Navy equipment is designed
mainly for use aboard carriers,
while the Air Force's General Purpose Automatic Test System
(GPATS) is intended for airbase installation. One of the major fea-

VAST gets vaster
When the Navy acronym experts
came up with VAST to stand for
the Versatile Avionic Shop Test
System, they also aptly foretold
the amount of money that will
eventually be poured into the program.
It's now fairly obvious that VAST
is turning into one of the big-dollar
electronics projects for the Navy.
In addition, there's a good chance
that civilian applications of this
system will mean an additional
VAST market.
46

Testing, one,
two ... Versatile
Avionic Shop Test
System (VAST) is
growing into a
rather expensive
program. Already
some $50 million in
military contracts
have been awarded
for its procurement.
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Penny-Pincher's Pac

If you're looking for low-cost, high-performance logic
that can help you pinch pennies, see how some typical
HONEYWELL p-PAC logic module prices have
been reduced:
Unit Price*
Model
DI-320
DN-320
DF-320
FF -320
FA-320
BC-320
SR-321
AP-335

Description
10, two input NAND gates
6. multi-input NAND gates
8. three input NAND gates
8 basic flip-flops
4 clocked flip-flops
6 stage binary counter
8 stage shift register
8 half adders

New

Price

Old

New

per Function

$25.00
21.00
New
New
31.75
46.50
New
168.00

$20.00
16.00
20.00
31.00
25.00
38.00
54.00
129.00

$2.00, gate
2.66, gate
2 50/gate
3.87 flip-flop
6.25 flip-flop
6.33/stage
6.75/stage
16.12 half adder

Whether you're an OEM buyer watching dollars, or a
one shot watching pennies — see how p.-PAC modules
bring your costs down. Call your Honeywell 3C
salesman now, or write for our summary brochure.
Honeywell, Computer Control Division, Dept. 08, Old
Connecticut Path, Framingham, Massachusetts 01701.
Need p-PAC logic modules in apinch? Ask about our
72-hour Certified Fast Shipment (CFS) plan.

Honeywell
AUTOMATION

Well give you 102 more price comparisons on request.
*Inquire about our discounts.

Circle 47 on reader service card

FASTER THAN A
HOLE ASECOND!

This is an 18 station turret punch
press. Electrically linked to a
floating stylus. Trace the template, touch the button —punch
your holes.
The feather-touch stylus floats
on recirculating ball bearings.
Accurate within .005" of the
template. Eighteen punch and die
sets always ready, always perfectly aligned. Change setups fast
as you can drop in anew template.
Capacity: up to 2" dia. hole in
14 ga. steel blank up to 19" x24".
Over 500 standard and "special"
punches and dies from stock.
Custom shapes to your order.
Call your Di-Acro distributor for the big
44-page Punching Catalog.

DI-ACRO
431

cl o
v.s 'on of

LAKE CITY, MINNESOTA

4.8

19teell

EIGI-ITI-I AVENUE
55041
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tures of VAST is its relatively small
size, which is not amajor consideration for the Air Force. Emerson
Electric has recently received a
$4.5 million order for 10 GPATS.
These are in addition to five units
that have already been delivered.
Although VAST is a relatively
new program, PR1D Electronics is
already touting it as having numerous applications besides those in
Navy line duty. The company says
it can be used for in-plant testing
of avionics systems that must be
compatible with the shipboard
VAST system, and can be used for
support of third-generation avionics systems on commercial jets.

three-man panel were black leaders
and Father Joseph Groppi, the
Catholic priest who led Negroes in
open-housing marches for many
months. Last month, the panel decided that although the company
did not discriminate against any
employee because of race, neither
did it take "affirmative action" to
ensure that applicants are treated
equally. The Executive Orders says
that Government contractors must
take such "affirmative action." The
panel said that "affirmative action"
may require a contractor "to do
something more than to avoid overt
discrimination."
The panel recommended that the
Secretary of Labor order the Office
of Federal Contract Compliance
and Allen-Bradley to get together
Companies
to work out aprogram of "affirmative action."
But Allen-Bradley, in aresponse
Allen-Bradley resisting
to the panel's findings, did not
"We're not going to roll over and agree to the recommendation. Nor
play dead."
did attorneys for the Labor DepartA spokesman for the Allen-Brad- ment. Allen-Bradley says it won't
ley Co., the big Milwaukee pro- comply with a program that it
ducer of resistors, other components feels violates the law. "Treatment
and motor controls, gives this not- which takes race into account ...
so-subtle indication of the firm's has been condemned by the courts
stand on its battle with Uncle Sam and legislation alike as contrary to
over its Negro hiring practices.
the public policy of this nation,"
The battle went to the desk of says Allen-Bradley. The company
Labor Secretary Wirtz last week feels that a logical development
just as he was cleaning it out to might be that Negroes would be
make way for his successor, given preference over whites in
George Shultz.
hiring.
Crackdown. The case involves
Big issue. The Labor Departcompliance with Executive Order ment lawyers, on the other hand,
11246, which forbids racial dis- said that Allen-Bradley had enough
crimination by Government con- time to comply. They recommended
tractors or subcontractors. The barring the company from future
Department of Labor, which says Government contracts. If carried
it tried for four years to get Allen- out, this could cripple the firm,
Bradley to work out voluntary pro- which does a substantial amount
grams to hire more Negroes, of Government subcontracting.
cracked down last May. The deOne of the main issues in the case
partment's Office of Contract Com- is how Allen-Bradley carries out
pliance told the company of its its hiring. Up until last year, it's
plans to recommend that the com- said, almost all new employees
pany be barred from Government were recommended by friends or
contract work because of biased relatives already employed by the
job practices. Out of a total work firm. Almost all employees were
force of 6,500 Allen-Bradley em- white, and it's said this tended to
ploys between 30 and 40 Negroes. exclude recommendations of NeThere are about 87,000 blacks in groes. The company did virtually
Milwaukee—about 11% of the pop- no newspaper advertising for new
ulation.
employees.
Formal hearings were held, and
This is the first case involving
among those testifying before a the Executive Order that has gone
Electronics IJanuary 20, 1969

Problem: Digital Data is to be transmitted
at arate of 20MHz over three 50 O. balanced
transmission lines. Electro -magnetic coupling
must be unmeasurable Pick the best interface buffers for the lob
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THE NEW RA-245 LINE TRANSMITTER
The best IC to use at the sending end is Radiation's dielectrically isolated
RA-245. This line transmitter converts digital voltage pulses to current
pulses. The high speed CML circuits assure data transfer rates in excess
of 30MHz. Power dissipation is a constant, independent of data rate.
The balanced system virtually eliminates the adverse effects of line capacity. Electro-magnetic coupling and susceptibility is greatly reduced.
RA-245 is available in both the TO-84 flatpack and the ceramic dual inline
package. Three voltage-to-current converters are in each package. Power
dissipation is negligible when converters are not being used. So use only
one or all three. RA-245 is the Best IC for the job.

THE NEW RA-246 LINE RECEIVER
For best results, use Radiation's dielectrically isolated RA-246 at the
receiving end. This 3-element buffer faithfully restores the current pulses
to digital voltage pulses. The RA-246 current-to-voltage converter has
built-in input terminations for balanced 50 f/ lines. Outputs from each
element are suitable to drive all standard saturated logic circuits (such
as DTL, TTL, etc.).
Like the RA-245, the RA-246 is available in both the TO-84 flatpack and
the ceramic dual inline package. And you can use any or all of the converters. The Best IC for the job.
Contact your nearest Radiation sales office for further information. Ask
how the RA-245 can be used as alevel shifter. And how to use the RA246 as athreshold detector. We will help you pick the Best IC for the job.

WE MAKE THE % -%Ii%

FOR THE JOB

RADIATION
INCOPPOPATELD
SUBSIDIARY OF HARRIS INTERTYPE CORPORATION
MICROELECTRONICS

DIVISION

RADIATION SALES OFFICES: P.O. Box 476. Lexington. Mass. 02173.16171 682-1055 •600 Old Country Road. Garden City. N.Y.11530, 15161747.3730 •2600 Virginia Avenue NW.. Washington, D.C. 20037, 1202) 337.4914 •6151

W.Century Boulevard. Los Angeles, California 90045.12131670-5432 •P.O. Box 37, Melbourne, Florida 32901.13051727.5430 •International Sales: Marketing Department, P.O. Box 37. Melbourne, Florida 32901,1305) 727-5412
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LOW
COST
AUTOMATION
takes
many
forms

Our famous plug-in Cycl-Flex''- electromechanical and solid state time
and count controls cut down-time.
are replaceable in 5seconds or less
Get the facts on these and 560
other forms of low-cost automation.
Send for Catalog 15.

GW

'
Eagle Signal Division
E.W. Bliss Company

Davenport, Iowa

52803

A GULF •WESTERN COMPANY

Service-In-Depth...
Local Engineering, Stock, Repair
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U.S. Reports
this far—and lawyers in the Labor
Department feel sure that it will
probably wind up in the courts.
"We've been able to work things
out with every other company—
even in the Deep South," said one
department source. "But AllenBradley just won't play ball."

Department's Advanced Research
Projects Agency, will be subcontracted. Among the firms said to be
supplying Nite Panther hardware
are Microwave Associates, for the
tv receivers; Cohu Electronics, the
tv cameras; ITT, the covert illumination system, and Vega Electronics, the telemetry gear.
Nite Panther, an industry source
notes, may be only the first of
Avionics
many new remote-control warfare
schemes. "We ought to see aflood
Drone on
of requests for proposals this year,
with Ft. Belvoir probably leading
The Navy's drone helicopter pro- the pack, and production contracts
gram, dubbed Dash, had such seri- for several such systems by 1970,"
ous problems with its telemetry he says.
system that the Navy finally
Kibitzer. The aerospace industry,
grounded Dash and stopped buy- quite naturally, is interested too,
ing the remote-control whirlybirds and rumors of unsolicited pro[Electronics, Nov. 11, 1968, p. 74]. posals for systems with Nite PanHowever, Dash is rising again, ther-like capabilities are rife, with
sporting anew name, Nite Panther, most of these coming from teleand anew look. Nite Panther is a metry firms.
television-guided attack helicopter
Now that the Navy is committed,
that delivers bombs, napalm, and the Army will probably follow suit
rockets at targets that it illuminates with support for similar drone syswith infrared spotlights.
tems. For instance, the Army has
The telemetry problems have ap- for several years been studying a
parently been cleared up, accord- drone system made by General
ing to project sources, during the Dynamics' Convair division. This
past six months in a program at is called Lalo-Peek, and the name,
the Sperry Gyroscope Co., Great
believe it or not, stands for low
Neck, N.Y.
altitude observations—periodically
Sneaky. Because of the covert elevated electronic kibitzer. Its
illumination as well as the fact that
mission would include both tv rethe craft is much quieter than heli- connaissance and electronic intellicopter gunships or fighter planes, gence.
Nite Panther can, in the words of
The combining of tv-aided reone Vietnam veteran, "sneak in mote control, night vision, and
over a target and attack virtually
weapons delivery is catching on
without warning."
overseas, too, with Great Britain,
Specifics on Nite Panther are West Germany, and Israel interhard to come by because of the ested.
Navy's official silence on the project, but published awards indicate
that the Gyrodyne Corp. of America in St. James, N.Y., has received
Elf to the rescue
contracts totaling about $2 million.
Broken down, these awards include Because aircraft direction finders
$224,388 for a shore-based opera- measure the amplitude of the tartions and maintenance system get signal to find the source of the
(Dash flew only from destroyers); radio transmission, even the best
$498,526 for Jeep-mounted stations become
imprecise
when
the
for control of the drones; $993,543 downed pilot's signal is attenuated
for tv camera control, covert illum- by hills or jungle foliage. The
inator mount, and 1,000-line resolu- Cubic Corp. has taken another
tion tv receivers, and $345,867 for tack: it uses two sets of fixed-beam
an x-y axis camera mount.
Archimedean spiral antennas to deMuch of the work, which is said tect the phase of the signal. The
to be financed by the Defense result is a direction finder that
Electronics IJanuary 20, 1969

aluminum-cased
electrolytics
from 8U.S. capacitor
manufacturer..
at prices competitive
with the Imports.

.
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111 1Amperex has the solution to the problem

of delivering top-quality electrolytics at mass-produced prices
in production quantities, from stock.
The solution is a brand new, million-dollar, fully-automated plant
—right here in the U.S.A., in Hauppauge, New York.
Automation of production and quality control combined with a
computerized order-processing system has resulted in meaningful
mass-production economies. For the first time, you can get top-quality
electrolytic capacitors, in production quantities, from stock,
at prices competitive with the imports.
Through the use of ultra-high-purity etched foil and associated
electrolyte...plus an exclusive double-cathode tab construction, we are
producing the highest CV-product-per-can-size available.
Sealed in aluminum cans and insulated with the famous
"Amperex blue" polyester sleeves, Amperex dry electrolytics operate
efficiently from —40°C to +85°C. No other line, domestic or imported
offers the Amperex combination of smaller size, higher performance,
lower leakage and higher stability.
Amperex electrolytic capacitors are available in awide range of
capacitance and voltage ratings in both axial lead and vertical
configurations. They are packaged to suit the requirements of the user
... in oriented bulk or "ammo-pack."
For more information phone: 516-234-7000
or write: Component Division, Amperex Electronic Corp.,
Hauppauge, New York 11787.
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U.S. Reports
Cubic says is more sensitive and
accurate than conventional models.
During an Air Force test, the
receiver, called Elf for electronic
location finder, was able to track
down a target hidden by dense,
wet foliage and high trees from an
altitude of 5,000 feet and aground
range of 2.5 miles.
Under less severe conditions, a
helicopter-borne Elf has responded
to beacons out to 56 miles, according to Richard Keller, the project
manager. In one test, he says, the
system found atransmitter behind
ahill from the helicopter and without a direct line of sight between
the antennas and the transmitter.
The Air Force was satisfied with
the field tests and plans to order
the system, the company says. The
unit, developed with Cubic's funds,
will cost about $25,000.
Getting closer. Keller says the
test flights have shown that pilots
can hover their helicopters within
an imaginary circle of the beacon
signal having aradius of 10 to 20
feet at altitudes of 250 feet—the

length of the craft's rescue rope.
Keller says this advantage is especially important because helicopter
"noise" reflected in the antennas
makes conventional direction finders virtually useless within amile
of the downed pilot.
Comparing the phase differences
of areceived signal is more precise
than measuring amplitude. Conventional systems use rotating-loop
or parallelogram-type antennas to
determine the direction of the signal. With Elf, the slight phase differences between signals arriving
at the two sets of antennas (fore
and aft and right and left axes) are
calculated by areceiver-processor,
which is linked to the helicopter's
vertical gyroscope to offset errors
that result when the helicopter
pitches.
Flag down. In the cockpit, an
indicator with left-right and foreaft needles shows the pilot his position in relation to the transmitter.
When the signal is first received, a
flag on the face of the indicator disappears, telling the pilot to begin

r--..«.:7.--77,,•.,......„,...„_,..,

1 ...:,....;....,t7.:- .-.. 4

With this super-simple MT Sequence
Programmer you control up to 19 independent 10 amp load circuits in a
predetermined sequence with random inputs. The MT isolates.. interlocks... remembers.. it's almost a
computer. Should be the beginning
of every control circuit design...
eliminates many costly components.
Send for new Bulletin 910
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Where are you? Direction-finding gear developed by Cubic Corp. can home in on
SOS signal at distances of 21
/2 miles through dense, wet jungle. The range of
crew-itional gear is limited to a mile.
Electronics 1January 20, 1969

Now get
IC Op Amp power.

II

with high gain and high voltage
RCA has these two monolithic
OP AMP units for you—ready to
meet your design requirements
for high input impedance, high
gain and high power output. Only
the price isn't high! Ask your RCA
Distributor for his price and
delivery. Write RCA Electronic
Components, Commercial
Engineering, Section IC-N-1-2
Harrison, New Jersey 07029
for Data Sheet.

2K

All characteristics
below are typical

RCA-CA3033
for
12V Supply

RCA-CA3033A
for
18V Supply

Power output (8% THD)
Output swing voltage (P-P)
Input impedance
Open-loop Gain
Input Offset Voltage
Input Offset Current
Input Bias Current
Slew Rate

122 rriW
21V
1.5 Me
90dB
2.6 mV
5nA
83 nA
1.2V/us

255 mW
32V
1MO
96dB
2.9 mV
9nA
103 nA
2.5V/us

$3.95 (1000 units)

$4.95 (1000 units)
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CA3033 and CA3033A in
dual-in-line ceramic

EE

package (-55° to ±125 ° C
operating temperatures)

Rell

Integrated
Circuits
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Now in plastic packages at economy prices.
CA3033 now available in dual-in-line plastic as CA3047 at $1.95 (1000 units)
CA3033A now available in dual-in-line plastic as CA3047A at $2.95 (1000 units)
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LOW
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AUTOMATION
takes
many
forms

U.S. Reports
his search pattern.
The pilot circles until the leftright needle is vertical. Knowing he
is on course with the transmitter,
he then maneuvers until the foreaft needle is perpendicular to the
left-right indicator. This indicates
the precise point at which the helicopter is directly over anyone operating an AN/PRC 28, AN/URC 64,
AN/PRC 63, or similar radio.
Elf can be tailored to handle any
frequency, Keller says, and is designed to find radio sources regardless of modulation. It's selective
enough to distinguish between two
beacons with identical antennas,
waveforms, and power outputs.

Government
IBM and antitrust
Is 1969 the year the Government

New plug-in Cycl-Flex 2 & 3digit totally solid state I/C counters. 100 0/0
accurate. Up to 1200 counts per minute. Available in higher count rates
Easy-to-set thumb wheels.
Get Catalog 15, describing these
and 560 othér forms of low-cost automation.

We
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decides that IBM is too big?
That's the rumor circulating in
Washington and Wall Street. But
so far there's been no confirmation.
A stony silence greets callers to
the Justice Department asking
about its plans for an antitrust suit
against the giant company.
Antitrust lawyers decline to venture a guess on what form any
possible suit against IBM would
take. Normally, such suits ask for
an injunction against the companies, ordering them to halt all unlawful activities. The department
can suggest ways for the company
to be reorganized to make its operation lawful. For example, Justice
could suggest that IBM be broken
into four divisions—manufacturing,
time-sharing sales, software production, and computer maintenance.
Triple damages. A suit could be
extremely expensive to IBM. If the
case is filed and the Government
is successful in proving that the
company violated antitrust law, all
competitors of IBM could file civil
suits asking for triple damages.
In this case, the court would establish how much a company lost
due to IBM's unlawful activities,
triple that amount, and assess that
sum against the company.
Two firms have already filed
their own antitrust suits against

IBM: Control Data and Data Processing Financial & General Corp.,

a computer leasing concern. However, because the legal fees in such
a case are extremely high, it is
likely that the companies won't
pursue them now. They will hope
that the Justice Department files
in the case and uses Government
attorneys to follow it up.
If Justice does file a suit, IBM's
strategy may be to seek aconsent
decree. This would be an agreement between the Government and
the company to take some steps
that would promote competition.
A consent decree doesn't constitute an admission of guilt. Thus
the Government's case will not be
usable by the companies who file
private suits.
IBM is currently operating under
aconsent decree signed in 1956 at
the demand of the Government.
The decree forced IBM to sell some
of its punch-card facilities to end
its alleged monopoly on this business. It also required IBM to offer
its machines for sale, not just for
rent, and to split off its service bureau from its computer sales and
rental operation.

For the record
Three for the money. The Air
Force awarded Fairchild Hiller,
McDonnell Douglas, and North
American Rockwell $9.6 million
each to pursue the contract-definition phase of the ZF-15A (FX) advanced fighter development program, thus narrowing the competition to three. A single winner will
be chosen in about a year from
now.
Hot stove league. Varian Associates has built a microwave kiln
for curing tanoak, ahardwood, that
until now had defied simple, economic curing processes. The wood,
harder than ash, is being used for
baseball bats. Previous attempts to
cure tanoak required from 60 days
to 18 months, and even then the
results were uncertain; uneven curing splits the wood. The microwave
technique, in which a 30,000-watt
klystron is used, takes only four
hours. The electronic kiln is being
Circle 55 on reader service card—›-

KBEs latest edge is speed.
SUHL integrated circuits have
always had the edge in operating speed.
Now, we've added an extra edge.
Delivery speed.
We can deliver the most complete
line in the industry just as fast as we can
pluck them off the shelf.

They're there, ready and waiting.
Both SUHL Iand super-fast SUHL II.
You can get flip-flops that flip at a
50 MHz rate, gates with propagation delays as low as 6ns. And they have the high
noise immunity inherent in SUHL circuits.
Why wait for delivery from second

sources, when you can get fast delivery
from the originators of SUHL.
Sylvania Electronic Components,
Semiconductor Division, Woburn, Mass.

0
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VACTEC Vactrols
Keep up with

all the big-name
Photocell- Lamp
Assemblies
in everything
except price!
The standard of the VACTROL line is
the inexpensive aluminum case, epoxy
sealed VACTROL. Six types from
1.5v (incandescent) through 115v
(neon). Less than $1.00 in
quantities of 1000.

VACTROL is one of several photon isolators (photocell-lamp modules) on the
market. Competitors include Raysistors, Photomods, and Datacels. But none is
better than VACTROL.
VACTROL lamps are the same as competitors (we all buy from the same
suppliers). But because Vactec makes photocells exclusively, you'll find ours
provide the finest, most consistent quality, characteristics, and service.
VACTROLS combine the same photocells we supply for critical camera
applications, with the best lamps we can obtain. VACTROLS come up short in
only one department. Price. And you don't mind that, do you?
A complete line for every requirement:
LED, Incandescent, and Neon Types.

Hermetic TO-5

LED

New hermetically
sealed, welded
enclosure with
glass to metal
feedthroughs.
Between 25C and
30C more than
standard low cost
Vactrols in modest
quantities.
Available in low
voltage
(incandescent) and
high voltage (neon)
types. Bulletin
PCD 4C3.

Substitute a light emitting diode for
the conventional lamp in photon
isolators. VT 008-5 is hermetically
sealed (modified TO-8). VT 030-18A
is a TO-18 axial device, epoxy sealed.
Extremely low signal requirements
compared to conventional lamp
devices. All solid state. No filaments
to vibrate or burn out. Less than
$7.00 in volume.

VACTEC INC.
2423 Northline Ind. Blvd.

Dual Isolated
Photoconductor
LED
An isolated dual
element
photoconductive
cell coupled with
a light emitting
diode. Cell
elements track to
within 2% over
3 decades of
illumination
Expensive
compared to the
others. Useful in
making linear
isolators.
multipliers, and
dividers.
Demonstrates our
commitment to
the complete
Vactrol line.

Maryland Hts., Mo. 63042

Low Profile
TO-5 LED
Coming soon. New
TO-5 LED Vactrol
in a complete
hermetic seal like
the VT 008-5, in a
smaller TO-5
package. Similar
characteristics.
Anticipated price
less than 56.00
in volume.

Phone (314) 432-4200

Specializing in standard Cds. Cdse. and Se cells; Custom engineering for every photocell need
EBG under "Semi-Conductors" and in EEM Sec. 3700.
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Listed in

U.S. Reports
used by Tanoak Industries of Oregon.
On the surface. The Raytheon
Co., Lexington, Mass., will develop
an airborne phased-array antenna—
for communicating with military
satellites—that can be mounted
flush with the surface of an aircraft's fuselage.
Under an $887,000 contract from
the Air Force Avionics Laboratory,
Wright-Patterson Air Force Base,
Ohio, Raytheon's Missile Systems
division, has 34 months in which
to demonstrate a feasibility model
aboard a four-engine KC-135.
Micro State Electronics, Murray
Hill, N.J., a Raytheon operation,
will help build the solid state transmit-receive modules of the array.
Each module will probably also
have a diode phase shifter.
Airborne antennas now consist
of mechanically scanned reflectors
that either protrude from the fuselage or are concealed in aradome.
Such designs are not desirable because they add to the aircraft's
weight and aerodynamic drag, particularly at supersonic speeds. An
antenna that could be built conformally into an aircraft's skin
would offer great advantages.
Reportedly, such adesign is being considered for an advanced
version of the Air Force's Airborne
Warning and Control System
(AwACS). And it could be useful
in fighter aircraft as well.
'Wet NASA.' A massive Government-industry effort to develop and
protect the nation's marine environment has been proposed by the
President's Commission on Marine
Science Engineering and Resources. It called for creation of a
.
`wet NASA --the National Oceanic
and Atmospheric Agency. The new
agency would spend about $2 billion ayear by 1980 and carry out a
broad range of programs. It would
take over oceanic programs now
scattered among anumber of agencies and would absorb the Environmental Science Services Administration and other agencies.
The commission's recommendation called for spending large
sums in electronics-oriented programs.
Electronics IJanuary 20, 1969

You've never seen
total silicon power
transistor capability
like this before

MPSU01-U52
6 &8W, 460,
Uniwatt°
Reliability

2N5336-39
Compact 100 V,
60-at-2A-betaamplifying/200
nsec-L-switching

2N4918-2N5190
25 PNP & NPN
Thermopads°
for Versatility
to 10A, 300 V

2N5344-45
300 V, PNP
Switching at
Nanosecond
Speeds

2N5346-2N5477
60 W, 30 MHz
Capability with
Isolated or
Common Collector

2N4398-2N5301
30 A/200 W
Direct-Coupling or
400 Nanosecond
Switching

2N3487-92
Wide Choice of
Annular °Specs
For Hi-Rel Designs

Now let's hear it from your designer!
We're ready to show him the broadest,
standard, silicon power device line in the
industry — more than 200 units in seven
different packages and 15 individual current
ratings. It's all there in a new Selector
Guide/Design Kit including three important new application notes: AN292 on thermal response of semiconductors; AN427:

economical, 35 W audio amplifiers and
AN445 detailing pulse width modulation
for DC motor speed controls.
Send for it today.
You'll also receive complete specs on the
series shown like the new Uniwatts that fit
the 1to 8W power slot like aglove ... low-

cost plastic and high-power metal complements ... nanosecond switches ... high-beta
amplifiers ... and hi-rel parts tested to
above-and-beyond MIL-type specifications.
... all state-of-the-art capability matured
during the past year.
Encores on the way.
•Tredemerk Motorola Inc.
t5,000-up, MPSUO2

-(dew de Azieelad iefzediett ià gee!

MOTOROLA
MOTOROLA SEMICONDUCTOR
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Silicon Power Transistors

PRODUC1S INC./P.O.

BOX 20912/ PHOENIX, ARIZONA 85036
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...engineered for enhanced reliability

Poilye Swâchkg dF©w Energy
Scla Stzte Crcur,º,h,
.Provide high force per unit of contact area and ...

Whether you're designing for data
processing or instruments, office machines or numerically-controlled machine tools, low energy solid state
switching presents adifficult problem.
Now you can solve the solid state
interfacing problem with a new Gold
"Crosspoint" Contact snap-action
switch from Cherry.

.Virtually eliminate contact closure
interference from foreign particles. (Crossed knife edge configuration reduces potential
contamination area to 1% of conventional 1/
8"diameter contacts.)
"CROSSPOINT" CONTACTS CONVENTIONALCONTACTS
_ I

Precious Gold Contact Material
The solid layer of gold alloy used
in the new Cherry switches provides
interfaces inert to chemical action.
This is a required control to obtain
and maintain low contact resistance.
Initial insertion resistance is typically
below 50 milliohms.
Cherry Gold "Crosspoint" Contact Innovation helps prevent two main
causes of contact failure:
Formation of insulating chemical
films on contact surfaces and ...

Solid State Compatibility has been
applied to four basic Cherry switches:
E21 enclosed miniature; E63 subminiature; E53 low torque, and S31
open type miniature.

CROSS SECTION OF CONTACT

Gold Alloy

Mechanical interference of foreign
particles on contact surfaces.
1N, EAlloy #1

CLOSE-UP OF "CROSSPOINT" CONTACTS

A Proven Design Concept—The new
Gold "Crosspoint" Contact innovation
(two prisms at right angles to each
other) will:

The Hewlett Packard programmable
electronic calculator shown above represents the latest, most advanced design in desk top units. Each of the 63
keys in the model 9100A keyboard
uses aCherry Gold "Crosspoint" contact switch to operate arithmetic,
logarithmic, trigonometric, hyperbolic, coordinate transfer and many
other functions.

E21

E63

E53

S31

Gold 69%. Silver 25%, Platinum 6%

Long Life
Lifetime of the Gold "Crosspoint"
contact switches is measured in millions of operations. This performance
has been achieved by combining
these unique contacts with dependable Cherry coil spring snap-action
design. The low stress coil spring
mechanism has been proven in more
than 100 million applications.
Increase Your Design Latitude with
this new approach to switching low
level circuits.

FREE SAMPLE SWITCH
Write for a free sample of one of
the four Gold "Crosspoint" Contact switch types. We'll send the
switch of your choice for evaluation and testing.

FOR IMMEDIATE ACTION
Telephone (312) 831-5023

eE
CHERRY
3. 52

ELECTRICAL

PRODUCTS

CORP.

•

1656 Old Deerfield Road, Highland Park, Illinois

60035
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HELIAX
ELLIPTICAL
WAVEGUIDE
twelve
ways
to
beat
the
clock...

by eliminating planning and installation
complications of rigid waveguide

Yes, we have twelve sizes of
HELIAX® elliptical waveguide for the
microwave spectrum: 10 in stock, 2more
soon. Coverage from 1.7 to 15.2 GHz.
ndrew's unique corrugated construction makes the difference.
Makes HELIAX copper
waveguide stronger,
more flexible. Long
continuous lengths
are easily fitted to your layout. You save time
and money all down the line. Wouldn't you like
to know more? Communicate with Andrew.
Visit Andrew
Booth No. 8 at
Microwave Expo

10-68

-411.....
-0

ANDREW

CONTACT THE NEAREST ANDREW OFFICE OR ANDREW CORPORATION, 10500 W. 153rd STREET, ORLAND PARK, ILLINOIS 60462

Washington Newsletter
January 20, 1969
Navy will furnish
Cains for planes

ERTS proposals due
from Goddard soon

The Navy administrators who wanted the airborne portion of Gains
(Carrier Aircraft Inertial Navigation System) to be furnished by the
Government have won their tug-of-war with the aircraft manufacturers.
The makers had been battling to subcontract the $250 million aircraft
inertial navigation portion separately for the F-14, S-23, and E-2C
[Electronics, Dec. 23, 1968, p. 42], but the Naval Air Systems Command
has decided to let one manufacturer supply the gear for the three planes.
A two-year development contract will be awarded March 1.
Because fitting Gains production into these fast-moving aircraft programs calls for tight scheduling, the Navy is overlapping the engineering
and production contracts. The production order will be awarded in
mid-1970 with delivery slated to begin in fiscal 1971, even before the
engineering-development phase is finished. The Navy concedes that the
same manufacturer may wind up with both contracts. Present plans call
for a multiyear procurement, probably beginning with a few hundred
units each year.
Gains will use aradio link to align aplane's inertial navigation system
with the carrier's inertial system within 5minutes.

Earth Resources Technology Satellites are getting closer to the hardware
stage; NASA's Goddard Space Flight Center is putting the final touches
on recommendations covering the sensors and experiments to be carried
aboard the A and B versions, as well as spacecraft design details. Space
agency officials are expected to go along with the center's proposals,
which will be under tight security until they're released in the next few
months. However, a Goddard source says the satellites will carry "a
predictable composite of the best earth resources experiments proposed
over the last few years."
NASA hopes to move quickly on the ERTS program. "We plan to
award the construction contract shortly after the requests for proposals
are in," says an official, pointing out that many companies have already
done alot of research in this area and are ready to bid for the work on
the satellites.
One point still to be resolved is which NASA center will manage the
program. Goddard would like it, but officials at the center concede that
they're "fat" with programs; several others aren't.

U. S. to join fight

The State Department is expected to join the Electronic Industries
Association in protesting the common electronic component and equipagainst European
ment standards being drawn up by Great Britain, France, and Germany.
component standards The FIA is so worried about the consequences of atripartite agreement
being arrived at that it has established an ad hoc committee to keep an
eye on this problem. The committee is headed by Leon Podolsky, of
Sprague Electric, who is expected to go to Europe next month to meet
with the tri-nation group working up the standards. The FIA maintains
that such standards could mean a reduction of as much as 35% in
American exports to those nations.

Members of the EIA who have been pressing for import protection
are put in a rather embarrassing position by the three-nation move. In
fact, Robert Sprague of Sprague Electric has been one of the foremost
*-Circle 60 on reader service card
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Washington Newsletter
protectionist. If the standards are adopted, the American electronics
industry could face even tougher barriers than those the American
protectionists want to impose against imports.

Data-buoy contract
may be let Feb. 15

Privacy issue set
for further public
airing in House

Warranty legislation
can't be guaranteed

Addenda

62

The national data-buoy system appears to be getting closer to launch.
The Coast Guard will probably award acontract Feb. 15 for the system's
concept formulation." The order, which will cover work on sensor
design and data transmission and management, will be relatively small,
but 26 companies are bidding in hopes of getting aheadstart in this field.
A $5 million appropriation request for the buoys was rejected last year,
but the Coast Guard is now seeking $10 million in the 1970 budget. The
system, a network of buoy-mounted sensing platforms, would transmit
data on ocean conditions to satellites for relay to ground stations.

The special subcommittee on invasion of privacy of the House Committee
on Government Operations, which was so effective in stalling the
Bureau of the Budget's proposed National Data Center, is bent on taking
aclose look at other computer systems and networks this year. It plans
a series of hearings beginning in the next few weeks on existing and
proposed applications by credit agencies and state, local, and Federal
data banks. In addition, the subcommittee will check on the use of
computerized information by financial institutions and industry.
Meanwhile, the House group is awaiting the Budget Bureau's revised
plans for a National Data Center. Revised proposals for this project
will be announced by late spring or early summer; reportedly, they'll
incorporate provisions to safeguard the privacy of the individual. A
subcommittee staffer says the hearings are designed to determine to
what extent the mushrooming use of computers and computer networks
impinges on an individual's ability to lead aprivate life.

The chances of the consumer-protection bill sponsored by Sen. Warren
Magnuson (D., Wash.) appear to have been weakened by the parting shots
of President Johnson's consumer adviser, Betty Furness. The report by
her task force on appliance warranties and service said that vciuntary
steps toward improvement were being taken by trade associations and
industry; it did not come out strongly in favor of legislation aimed at
correcting warranty or service faults.
Nevertheless, Sen. Magnuson's Senate Commerce Committee intends
to hold hearings on his measure, which is the same bill he has previously
sponsored and which calls on manufacturers to give consumers a complete picture of what they're getting in the way of guarantees, warranties,
and service.
The Communications Satellite Corp., still trying to keep the doors open
for an aeronautical services satellite, will offer the airlines apackage price
for the system within the next two weeks. According to well placed
sources in the airline industry, the price will be lower than the estimated
$55 million cost of the total system. ...Watch for bills in Congress to
require that all aircraft carry crash locator beacons. The FAA investigated
the subject last year, but quietly dropped it because of pressure from
airlines and private pilots' groups.
Electronics IJanuary 20, 1969

High efficiency/High reliability
industrial and lab power supplies

The DCR Series is composed of 34 models — 9 models

matic

with power levels of 400 and 800 watts are available,

automatic recovery

from stock, at 0-40, 0-60, 0-80, 0-150 and 0-300 Vdc in
the 51/
4 " high

package

utilized

by the model

40-10A.

crossover

adjustable

current

limiting

with

optional overvoltage protection

remote sensing and remote programming.
For more information contact your local Sorensen
representative or; Raytheon Company, Soren-

Other features include:

compliance with

sen

Operation,

Richards

RFI specifications M1L-1-26600 and MIL-1-

walk, Connecticut 06856.

6181D

Tel: 203-838-6571;

»-- 0.075% voltage regulation for

line and load changes combined

volt.

age and current regulation with auto ,4

TVVX: 710-468-2940;

Avenue,

Nor-

RAYTHEON

TELEX: 96-5953

Circle 200 on Inquiry Card

The
New
Emancipator
63 KEYS TO COMPUTING FREEDOM ARE NOW WITHIN YOUR REACH!
Freedom from waiting to get on the BIG computer;
Freedom from translating your problems into
foreign computer languages;
Freedom from starvation-level computing with
under-developed calculators;
Freedom from the drudgery of manual computation.
The new hp 9100A puts heroic computing power
responsively at your fingertips...
for the unheroic, one-time-cost of $4900.
Fast core memory delivers answers
to log, trig and other keystroke functions in milliseconds.
And...in seconds you get answers to more complex computations
such as roots of afifth degree polynomial...
Fourier analysis...elliptic integrals... Fresnel integrals...
real and complex polynomial evaluation...
coordinate geometry... regression analysis...

Dynamic range 10 -"to
nearly 200 decades. Observation of
math operations on 3 displayed registers.
Up to 16 more registers for data storage.
7541.757

5.335 545 115
33.50

temporary

05

y accumulate
x keyboard

three dimensional vectors.., numerical integration
and many, many, more!
This major computing capability is compressed into
one 40 pound package.
Its only moving parts are the keys, the switches
and one decimal wheel.
No noise!

Complex and vector arithmetic
simplified with coordinate transformation keys, rectangular-topolar and vice-versa, in milliseconds.
poT

The 9100A is being delivered now
along with an extensive—and growing—program library
that puts you in control.
Examine the keyboard. Question every key and switch.
Then join the participators!
A telephone call or purchase order directed to any

Trig functions covering all quadrants and any size angle in
degrees or radians.

Hewlett-Packard sales and service office
(located in principal cities throughout the world)
will start your liberation from the tyranny and
tradition of too BIG, too slow and too weak.
If you are still skeptical or of faint heart,
ask for ademonstration.
It will affirm, assure
and delay—but only slightly
—your entry into the solid-state
of personal computing freedom. Hurry.
Being a leader has its advantages.
Hewlett-Packard, P.O. Box 301,
Loveland, Colorado 80537.
Europe: 1217 Meyrin- Geneva,
Switzerland.

9100A puts answers just a touch away!

HEWLETTei PACKARD
098120

Circle 64 on reader service card

Up to 196 program steps, each
a simple key stroke. "IF" keys
permit looping and branching
flexibility found only on large computers.
IF

Edit programs easily. Single-step
through programs to check and
de-bug. Address an individual
step and make corrections without reentering the entire program.
Program from the keyboard.
Record and store programs on
credit-card-size magnetic cards
for repeated use.

Designed for expansion. Printer,
plotter, electrical data input/
output will become available.

If all we made
were microwave tubes,
we couldn't show you
much of this equipment.
But now, tubes of any kind are frequently
just our starting point. And the end is acompletely integrated equipment sub-system. A subsystem that is usually arevolutionary advance
over its predecessors or competition.
A case in point: this one-kilowatt power
amplifier for C-Band Troposcatter Communi-

naLITTOPCîibUSTRIES;
W. ELECTRON TUBt DIVISIOW
MODEL 525
IKW CURD ROMER AMPLIFIER

cations Systems developed under the sponsorship of Rome Air Development Center of the
Air Force Systems Command.
Conventional systems use Microwave
tubes with bulky, exterior magnets. We developed an integrated Electrostatically Focused
Klystron/Power Supply package that's unique,
reliable, and surprisingly compact.
Excluding tripod and antenna, the system
weighs only 82 lbs. —in contrast to about 800 lbs. for other comparable systems. With its tough
transport case, the system was designed to meet all conditions of the tactical environment, without
interface complications.
So if the last thing you need in your integrated equipment system is aset of interface problems,
then the first thing to do is to consider the problem-solving
ability of Litton. Contact the Microwave and Video
\

Equipment Department of the Electron Tube Division,
960 Industrial Road, San Carlos, California 94070
or call (415) 591-8411.

ro LITTON INDUSTRIES
Lu ELECTRON TUBE DIVISION
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MALLORY CAPACITOR F
ACTFILE
What is the life
of a good aluminum capacitor?
Sample #7, shown below, survived 100,000 hours. It is one of a
group of computer grade aluminum electrolytic capacitors that
we put under test back in 1957.
All capacitors were operated at
rated DC working voltage, surge
voltage, ripple current and temperature range found in typical
computer type power supply
circuits.

TYPICAL LIFE TEST DATA
1250 MED 110 VOLT DC CO CAPACITORS AFfER
100.0 HOURS CONTINUOUS OPERATION AT FULL RATED VOLTAGE AT 05•C
ItérnAL SPEC. LIMITS . 1125 MED TO 1875 MFD

INN

éa

_

1000

INITIAL SPEC. LIMITS = .20 OHMS (STANDARD AT TIME OF MANUFACTURE)

20

10

INITIAL SPEC LIMITS = SOW UA (STANDARD AT TIME OF MANUFACTURE)

Sample #7 works almost as well
today as it did eleven years ago.
Mallory capacitors enjoy long,
reliable life because they are
built to exacting standards and
tested for surge voltage, vibration resistance, container seal
tightness, shelf life, and capacitance, ESR, DC leakage current

10

20

oo

eo

and electrolyte leakage.
All Mallory CG capacitors should
have a useful life of about ten
years, when operated at specified
conditions. They will last even
longer if derated in one or more
operating conditions.
Temperature Range
CG capacitors are designed to
operate within arange of —40°C
to +85°C. They have been tested
at 105°C at less than rated voltage without immediate catastrophic failure. Extended operation under these conditions,
however, will shorten their life.
Capacitance
Capacity is measured at 120 cps
and at 25°C. Tolerance of capacitors rated at 3to 150 volts is —10,
+75%. For capacitors rated at
151 to 450 volts, the tolerance is
—10, +50.
Low Temperature Capacitance
Capacitance of Mallory CG capacitors at reduced temperatures
and 120 cps does not fall below

Electronics
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60

eo

100

TIMO IN THOUSANDS Of HOURS

the following percentage of
nominal rated room temperature
(+25°C) capacity.

Rated
DC Voltage

Percent of
Nominal Rated Capacitance
—20°C

—30°C

—40°C

0-15

65

50

30

16-100

80

65

40

101 and up

85

75

50

Equivalent Series Resistance
ESR measurements are made at
120 cps and 25°C. ESR for
Mallory computer grade capacitors is very low.
Mallory wants the highest possible rating for its CG capacitors
—but not at the expense of long
life and reliable operation. The
object of all our research and
care in manufacturing and testing is to provide our customers
with the "best" capacitor. For
data, write or call Mallory Capacitor Company, a division of
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.
Circle 67 on reader service card
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"Freon"®solvents
improve reliability
and reduce costs.
-Jack

L. Steiner, Manager of Assembly Operations, Applied Dynamics, Inc.

Applied Dynamics, Inc., an analog-computer
manufacturer in Ann Arbor, Michigan, accomplished more effective cleaning of electronic subassemblies by using "Freon" solvents. In
addition, they improved quality, reliability and
reduced costs.
Applied Dynamics uses "Freon" TMC for
complete removal of rosin flux after soldering of
assembly boards. A two-solvent system,
"Freon" T-WD 602 and "Freon" TF, is used for
further cleaning of critical modules to completely
remove polar soils deposited by plating,
handling, etc.
Because of their experience with "Freon"
solvent systems, Applied Dynamics is considering additional ones.
Parts are efficiently cleaned in Branson
ultrasonic equipment specifically designed for
the application and proper handling of "Freon"
solvents.
To insure complete cleanliness before the
critical modules are inserted into the computer,
athree-tank cleaning system is being employed.
In the first tank, "Freon" T-WD 602 (a patented
emulsion of "Freon" TF, water and detergent),
removes foreign matter picked up on the production line.To remove any remaining impurities
and detergent residue, boards are then
immersed in "Freon" TF. This is followed by a
rinse in still athird tank with ultrasonically
agitated "Freon" TF.
"These systems insure complete removal of
all foreign material and are economical. Since
we started this procedure, leakages have been
eliminated," says Mr. Steiner.
"Freon" solvents may well be able to do
similar things for you, too, if you have difficult
cleaning problems to solve.
And it can cut your costs, too —because
unlike many other solvents, "Freon" needs no
inhibitors. So it is easy to clean and reuse.
Find out what "Freon" can do for you. Write
to DuPont Co., Room 7238, Wilmington,
Delaware, 19898. (In Europe, write to DuPont
de Nemours International, SA., "Freon"
Products Division, 81, Route de l'Aire, CH-1211
Geneva 24, Switzerland.)
U.S. ra.

Off. for Du Pont's fluorocarbon solvents.

111 POP) FisZWN
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AIL Type 210 Sweep '")scillato is the only one
whose markers are always 1% of swept width.
On every other sweeper,
marker presentation gets wider
as bandwidth is narrowed.
Result: a loss of resolution
when you need it most.

AILS Type 210 Sweep Oscillator
provides superior performance and
operating simplicity over a
brood range of 0.5 to 40 GHz.
Main frame price less cabinet: $1525.

Only our sweep oscillator
solves the problem. No matter
what range of frequencies you
sweep, marker bandwidth is
always 1% of the band being
swept. Even when bandwidth
is extremely narrow.
What's more, our two independently adjustable broadband sweeps, F1-F2 and M1-M2
are fully interchangeable. On
11-F2 sweep, M1 and M2 are
available as markers. On M 1M2 sweep, F1 and F2 are the
markers. Use this combination
to zero-in on an extremely
narrow band with unmatched
accuracy and resolution.
There's more. An extremely
accurate series of 15 AF
widths gives you calibrated
symmetrical sweeps about four
separate CW frequencies.

With fast, slow, and manual
sweep modes.
And we alone provide PIN
leveling over the entire range from
500 MHz up to 18 GHz with
interchangeable RF plug-ins.
The fact is, these and other
features make other sweepers
old fashioned. Best way to
know is to see the Type 210 in
action. Why not call our "hot
line" to arrange a demonstration. Dial 516-595-3216 during
East Coast business hours.

Or if you prefer, write for our
new catalog covering All's full
line of Microwave Instruments,
including specifications on the
Type 210 Sweep Oscillator.

AIRBORNE INSTRUMENTS LABORATORY
DIVISION OF CUTLER-HAMMER INC./DEER PARK, LONG ISLAND, NEW YORK 11729

COM

dL/
DIVISION

Electronics IJanuary 20, 1969

Circle 69 on reader service card

69

microtopics
product news from Phi/co-Ford Microelectronics

Radiation-tolerant
IC's now
in production

We have developed techniques for
producing dielectrically isolated
bipolar integrated circuits which can
tolerate high levels of transient
radiation. Our oxide isolation process
has proven reliability. We are now
supplying in production quantities.
Prototype quantities of gates, buffers
and flip-flops are readily available.
Write or call for a consultation on
your specific application.
Circle 502 on Reader Service Card

New packages
for LSI

Discrete circuit write amplifier at left was shrunk to hybrid version at right, in TO-5 case.

Microminiaturize your discrete circuits
the economical, fast, hybrid way
A write amplifier for magnetic tape,
when made of discrete components,
used to fill a2" x3" x 1" chassis. We
converted it to ahybrid microcircuit
that fits in a TO-5 case. Four weeks
after receiving full circuit data, we
had aprototype ready for evaluation.
In ten weeks we were producing at
a rate of 500 per month.
Performance? The hybrid version is
electrically equal, and environmentally superior, to the discrete circuit.
Cost? In volume production, the
hybrid circuit cost about the same

When you go la
...go Cerdip
Radial flat packs with 34 and 44
leads are now ready for use with LSI
circuits. Leads have .050" spacing.
Precision lapped sealing surface to
maximize sealing yields. Supplied
with brazed sealing ring and isolated
metal base. Prototype quantities can
be delivered promptly. For data on
production quantities, write or call us.
Circle 503 on Reader Service Card
70
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as the discrete, but its price included
REL and qualification ...the discrete did not.
Hybrid circuits by Philco-Ford are
the way to get complex circuits into
small packages .. .to provide voltage, current and power output
beyond the present abilities of monolithic devices .. .and to do the job
quickly, with minimum tooling cost.
We've made hundreds of different
hybrid circuits. Call a Philco-Ford
Hybrid Hunter now, for a consultation on your circuit.
Circle 504 on Reader Service Card
It pays to buy state-of-the-art logic
in state-of-the-art packaging. We
make a full line of VI, gates,
expanders and flip-flops, pin interchangeable with SUHL* II. And we
supply them in cerdip packages of
proved reliability. Both MIL and
industrial temperature ratings are
available.
For your new logic designs, why
settle for less than the convenient,
economical handling and assembly
of dual inline packaging, with proven
her meticity ?
Oh, yes, we also supply T21, in
ceramic flat packs.
'Trademark cd Sylvania Electric Products, Inc.

Circle 505 on Reader Service Card
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PHILCO-FORD CORPORATION

New avalanche
oscillator X-band
source is available
from stock

• MICROELECTRONICS

DIVISION

The Philco-Ford P8510 source is now
in full production at our Spring City,
Pa., plant. And it has more than
instant availability to recommend it.
It's highly efficient at low DC input
levels. You get 60 milliwatts of
X-band power from only 1.5 watts
DC. At higher DC input, you can

• BLUE

BELL,

PA.

19422

get up to 200 milliwatts out. The
secret of its performance is high efficiency Philco avalanche oscillator
diodes. Check the specs. Then write
to us for data and prices on our
complete line of avalanche oscillators
from 6 to 16 GHz.
Circle 506 on Reader Service Card

Specifications of the Philco-Ford P8510.
Frequency range (any 5% bandwidth): 6 GHz to 11 GHz
Mechanical tuning: 5% full power to 20% with reduced power
Power output: 60 mw min (CW)
Power input: 80 to 100 VDC, 15 to 25 ma. from constant current source
Efficiency: 3-5%
Weight: 1.5 oz.
Volume: 0.8 cu. in.
Connector: 3 mm miniature coaxial
Operating temperature: —40°C to +85°C
AM noise: typically 110 db per KHz below carrier from 1 KHz to 100 KHz
FM noise: typically 500 Hz rms per 100 Hz from 1 KHz to 100 KHz

MUS 1024-bit read-only memory costs less than 5c per bit
Systems designers: get acquainted
with the Philco-Ford pM1024 MOS
read-only memory .. .then let your
imagination run wild. The off-the-shelf
pM1024 is programmed with a sine
look-up table, and is available for

11

immediate delivery. By use of a custom mask, the pM1024 can be programmed as a look-up table for
cosine, tangent, log, exponential or
any other commonly used function.
Or a synched eight signal waveform

Pattern organization can be 128
eight-bit words, or 256 four-bit words.
Built-in chip select lets you parallel
chips to build up memory capacity.
Address decoding, memory, and output buffers are all contained on the
chip. Output buffers can drive DTL
and T2L directly.

AI

A2

12

A2

A4

83

84

A8

14

A8
816

Al6

85

A32

8.5

832

A64

87

864

Through the use of computerized
software, your custom bit pattern
is transferred to the pM1024 with
complete accuracy, and with fast
turnaround.

88

A128

A128

128 eight-bit word memory

generator with a period 128 times
basic clock frequency. Stack them up,
and you can get character generation,
provide microprogramming of subroutines, or solve recurrent equations
having variables of known interaction. The fast cycle time of the
pM1024
.short as 1 microsecond
... makes many new applications
practical.

256 four-bit word memory

Cycle times of 1and 2 microseconds
are available. We supply in full temperature rating, —55 to +125°C; or
limited temperature rating, 0to 70°C.
Circle 507 on Reader Service Card
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Helioot's
new, economy
dc voltage regulators
are onlyslœ=
Helipot's new positive (Model 809) and
negative (Model 859) self-contained
hybrid cermet units are designed to give
you high performance at budget prices.
• 5to 28 volts fixed outputs
• 0.003%/ma maximum load regulation
• 2 volt minimum AV across regulator
• 750 ma load capability
• 34 db ripple attenuation to 100 kHz
• —55° to +125°C operating
temperature range
• Add-on capabilities include: short circuit protection with an external transistor, loads over 5 amps with an external
pass transistor, and adjustable outputs
with an external resistor.
These regulators are small (1" x0.5" x
0.170" high), fully sealed (1 x10 -7 )and
compatible with flat pack and dual inline packaging. And, they're available
from local stock. For more information,
call your local Helipot sales representative or circle the reader service number.

Beckman'
INSTRUMENTS,

INC.

HELIPOT DIVISION
FULLERTON, CALIFORNIA • 92634
INTERNATIONAL SUBSIDIARIES. GENEVA, MUNICH, GLENROTHES, SCOTLAND,
TOKYO, PARIS: CAPETOWN, LONDON, MEXICO CITY, STOCKHOLM, VIENNA
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Highlights of this issue

Technical Articles
"The American challenge"
to British IC's
page 74

British manufacturers are determined to
win abigger share of the market for inteBectronics
grated circuits in their own backyard. At
present, U.S. sources are filling about 75%
of the orders. The story of how domestic
firms plan to wage the new battle of BritThe British are in the Chips
ain leads off Electronics' special report
on the state of the country's IC art. The
report continues with three technology
articles on how Standard Telecommunication Laboratories
integrates its production with computerized layouts of interconnections, a tape-controlled laser to cut masks, and glowdischarge deposition of multilayer insulation. The first technique saves time and money, the second sidesteps problems
arising from film distortion and draftsmen's errors, and the
third yields good adhesion, fast etching, and limited feedthrough resistance. Among topics to be explored in future
articles are ion implantation, bulk-effect oscillator modules,
and metal oxide semiconductor-bipolar IC's.

Acensus of i
-r detectors
page 91

Among the increasing variety of infrared detectors being
offered by manufacturers are doped semiconductor compounds made in single-crystal or multielement configurations.
This article discusses what's available and includes areadyreference table listing 24 detectors with differing performance
characteristics operating in the 0.8-to-50 micron region.

Computer memories
and semiconductor
technology
page 100

The fourth installment of Electronics' special report on computer memories zeroes in on semiconductors' position in the
technological scheme. The first article in this section catalogs who's making what; the second discusses the two basic
kinds of mos memories that are available, along with their
access characteristics; and the third goes into the principal
applications of Mos memories, as well as the cost implications of using such arrays.

r

Coming
Memory adds punch
to new calculator

Electronics 'January 20, 1969

First details on read-only memory that enhances performance
of Hewlett-Packard's new desk-top calculator without increasing machine's size. The device, alinear inductive array, stores
subroutines.
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British IC's I

"The American Challenge" on achip
U.S. firms hold about 75% of Great Britain's integrated-circuit market,
but at least one of the all-British concerns is given to talking
about "beating the pants off Texas Instruments"

By Michael Payne
London editor

The salient fact about Britain's integrated-circuit
business is that it's dominated by U.S. companies.
There are independent British IC makers, of
course, but they must shrewdly nurture their resources, pinpoint their markets, and selectively
develop the technology they need. American dominance influences their circuit designs and process
techniques, not just their approaches to the market.
The responses to the challenge are diverse:
•Marconi-Elliott Microelectronics division of the
new General Electric Co.—English Electric Co.
combine has set its sights on alarge-volume market, fully competitive with American-designed emitter-coupled logic, ITL, DTL, and metal oxide semiconductor devices. The company is dependent on
American licenses.
•Ferranti Ltd. and Associated Semiconductor
Manufacturers Ltd. have also decided on avolume
market (TTL, DTL, and mOS), but with greater
dependence on its own technology.
•The Plessey Co.'s semiconductor division,
rather than compete directly with the American
giants, is developing a capability for medium and
small runs of special designs—ECL, RTL, MOS, and
bipolar linear circuits.
Something like 75% of the total monolithic IC
market (worth about $20 million in 1968) is held
by companies that supply circuits made in the
U.S. or made in Britain with technology and
partly finished material from aU.S. associate. Texas
Instruments Ltd. is the biggest, followed by SGSFairchild (now simply SGS, but still with the Fairchild technology link), Standard Telephone and
Cables Ltd. (an ITT subsidiary), and Transitron.
Other companies that distribute in Britain but
do not manufacture there include RCA, General
Instrument, Sylvania, Signetics, Westinghouse,
Motorola, Sprague, and Hughes.
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The remaining 25% or so of last year's sales
was made by four British manufacturers dependent
to agreater or lesser extent on their own technology.
Three are completely British-owned: MarconiElliott Microelectronics, Ferranti, and Plessey.
The fourth, Associated Semiconductor Manufacturers Ltd., is owned one-third by the General Electric Co.—unconnected with the U.S. company of the
same name—and two-thirds by Mullard Ltd., which
in turn is asubsidiary of Philips' Gloeilampenfabrieken NV of the Netherlands. ASM, whose products
are sold under the Mullard name, carries out its
own research at two labs, and some is done for
it, indirectly, by Mullard's British research labs.
The Mullard labs, however, are part of the international Philips setup, and work is sometimes
taken up by other plants in the Philips group.
Similarly, the British ITT labs, Standard Telecommunication Laboratories Ltd., does work for the
ITT group as awhole and has no particular formal
connection with Standard Telephones, the production side of British ITT operations.
The situation in Britain, of course, is part of the
international picture of American technological
dominance in electronic technology. In "The American Challenge," for example, Jean-Jacques ServanSchomber said U.S. firms control 15% of consumer
electronics production in Europe, 50% of semiconductor production, 80% of computer output—
and 95% of the IC production.
No standouts
In the one-quarter of the market supplied by the
four "British" companies, no single company stands
out far ahead of its competitors. And the general
distribution seems unlikely to change much this
year.
All four companies, having opted for some de-
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Half a sixpence. MOS photodiode IC
being developed by Marconi-Elliott is
used to scan ordinary printed
characters for recognition at a
minimum rate of 2000 per second.
Chip is 0.300 inch long by 0.050 inch
wide, and contains two linear arrays,
each with 48 photodiodes, 48
amplifiers, and 48 output stages. It
provides 48 analog outputs
representing the light input.

gree of technological independence, have to cope
with afar more difficult situation than aU.S. company trying to get established in the microcircuit
business. Government money is more difficult to
come by, mainly because government spending on
military projects is on a much smaller scale than
in the U.S. The space effort, never very large, is
now negligible. On the other hand, there are fewer
firms competing for available money, and the government from time to time assists with loans or
grants not tied to specific equipment orders or
government R&D projects.
Production orders for most types of microelectronic equipment, for both military and civil use,
will always be smaller in Britain than America, so
that economies of scale in manufacture will be
harder to achieve. Because of the U.S. lead in
microcircuit technology, variously estimated at
from one to three years, and the sounder economic
foundation of the U.S. manufacturing activity, British makers operate at a distinct competitive disadvantage. The U.S. maker, whether he exports
directly to Britain or manufactures in a British
factory, can usually offer the system builder a
more advanced product or an equivalent product
with a more extensive reliability record, and can
cut prices with fewer qualms. The British maker,
however, can count on a small part of the market
committed to buying British.
Taking on the Yanks
The British manufacturers attempt to deal with
this situation in different ways. Marconi-Elliott
intends ultimately to compete with the American
high-volume producers of awide range of standard
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devices. To save the time and money an independent approach would entail, it depends heavily
on Fairchild and RCA manufacturing licenses. At
the other extreme, Plessey believes it will compete
most effectively with ahigh proportion of its output devoted to custom design. This means a
greater dependence on basic know-how, so Plessey
has had to develop its own technology with minimal dependence on licenses, and this, in turn, dictates alimited basic range of devices if effort and
expense are to stay within reasonable bounds. The
other companies have some position between these
extremes.
Marconi-Elliott Microelectronics is the amalgamation of the microelectronics activities of Marconi
Co. and Elliott Automation Ltd., resulting from the
takeover of Elliott by Marconi's parent, English
Electric, in 1967. More than any other British company, m-E has publicly committed itself to highvolume output, with a new 95,000-square-foot
factory close to the main Marconi plant in southern
England and expansion plans for the original Elliott plant in Scotland. m-E executives are given to
talking about "beating the pants off Texas Instruments" and "becoming Britain's leading microelectronics company," and it is clear that the company
will either be reasonably successful or lose a lot
of money trying.
Results to date derive mostly from Elliott's contributions to the combine: a full-scale production
line for 930 series DTL and apilot production line
of 9000 series TTL and 700 series linear devices.
(All these IC's derive from aFairchild license taken
out in 1965.)
Elliott has also contributed R&D on orthodox
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MOS devices and some work on beam leads based
on the original Bell Telephone work. The company
made experimental beam-lead bipolar circuits before joining with Marconi, but since the merger
the beam-lead effort has been concentrated on use
with MOS devices, because M-E believes its biggest
future lies with them. M-E researchers hope to make
the bond between the lead and the MOS circuit
moistureproof by developing the right sort of ion
passivation barrier. This would make hermetic
sealing unnecessary. Circuits could even remain
unencapsulated. Various passivation materials—the
only one specifically mentioned is alumina—are being evaluated, but bond testing is a long job and
there will be no quick results.
Marconi's pre-merger activity was centered
around making circuits for in-house use in Marconi
systems, including its own DTL circuit for use
in the Myriad process control computer and arange
of thin-film devices around which its Mark VII
color tv camera was designed. Like Elliott, Marconi was also doing basic work on MOS technology.
The company was building a big new plant, but
was somewhat vague about how all the space was
going to be used.
Since the merger, M-E has started production in
its new factory of RCA ECL devices, which will most
likely find amarket, at least at first, in the bigger
System 4 computers designed originally by English Electric's computer division (now part of International Computers Ltd.). The M-E combine has
integrated its MOS R&D, and full device production
will start this year with astandard range of counters, shift registers, and multiplexers, plus some
custom devices for switching automobile instrument control circuitry and others to replace reed
relays in telephone exchange switching arrays.
Currently, the most complex devices have about
400 transistors per chip. Devices with up to 1,000
transistors per chip are under development. Apart
from the beam-lead work, the technology is said
to be entirely orthodox.
M-E executives point to two factors they feel
will help them get established as high-volume suppliers. First, from time to time the U.S. suppliers
companies have fallen down badly on delivery of
diffused slices and part-finished devices to their
British associates. Since M-E will carry out all processes itself, it feels that it can guarantee delivery.
Second, control of all processes will enable it to
guarantee quality.
A Texas accent
Ferranti Ltd. is a privately held electrical and
electronics company with about two-thirds of its
$120 million turnover in process control computers,
other control systems, and miscellaneous electronic
activities. Like M-E, its microcircuit activity is
aimed at the volume market, but Ferranti is depending more on its own basic technology. Production is divided fairly equally between its own
design of high speed DTL, known as Micronor 2,
and aTTL series built to the same specification as
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74 and called Micronor 5. The use of the TI
specification indicates the influence the U.S.-associated IC suppliers have on equipment—and consequently IC—design. In the case of this TTL circuit,
the role of International Computers was important.
International selected TI's series 74 for its small
and medium 1900A computers, and set about ordering several hundred thousand circuits. Any company hoping to share in this important order had
to produce an equivalent.
Micronor 2 DTL was introduced in late 1965 as
an outgrowth of atwo-chip DTL device dating back
to 1960. The main outlet has always been Ferranti
Argus computers. Its claim to fame is apropagation
delay of only 9nanoseconds in the fastest versions
and 15 nsec in what Ferranti calls industrial versions. Its high speed is the result of gold doping.
The device isn't easy to make, because control of
the gold doping is critical for performance and for
minimizing the adverse effect of the gold on other
chip components (selective doping techniques
weren't available when the circuit was designed).
The Ferranti DTL is pin-compatible with 930 DTL
but more expensive.
Ferranti's design of the type 74 TTL circuits
is said to be entirely orthodox, apart from abasediffusion resistivity of 250 ohms per square; this
value is the same as that for Micronor 2 and was
chosen to simplify production procedures. Ferranti's range of TTL devices covers about threequarters of the functions available in TI's own
TI's

range.

An unusual process
Like everyone else, Ferranti is feeling its way
forward in MOS, and has gotten as far as delivering
quantities of a custom-built 8-bit d-c static shift
register with 61 MOS transistors on the chip. It will
operate up to 1megahertz and has parallel output
from each of the 8bits so that their state can be
checked at any time. Each output can drive aload
of 15 picofarads, except the eighth, which will
drive 45 pf. This is said to be unusually high driving capability. In development are dual 25-bit and
dual 50-bit serial-in and serial-out large shift registers that will operate up to 2Mhz, aquad adder,
and a multiplex switch. This has a common terminal and four switches, each with an on-resistance
of 400 ohms.
Like Motorola, Ferranti is unusual in using silicon nitride instead of phosphorus-doped silicon
oxide as the gate insulator; the nitride forms amore
stable barrier. An intermediate layer of oxide a
few hundred angstroms thick is inserted between
the silicon and the 1,000-A nitride layer to maintain good MOS characteristics in the device. This
process is used on all MOS and is described as a
great success.
Plessey's decision to take a different line from
all other manufacturers, British or American, and
not compete for the high-volume DTL and rn,
market has probably brought it, to date, the smallest market share of the British manufacturers. On
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est market share of the British manufacturers. On
the other hand, if the sustained superiority of U.S.
competition keeps the DTL and TTL operations of
the other three companies from ever becoming
economic, Plessey will have to write off that much
less investment. Plessey is betting that logic requirements will eventually polarize around ECL,
where speed is more important than cost, and MOS,
where cost is more important than speed.
Plessey sees the Americans remaining dominant
in high-volume standard devices, of whatever format, for along time to come, so it's developing a
relatively large capability in custom design and
small runs. At the moment this approach is tougher
going than building standard American circuits
under license. The Plessey attitude is to bet everything on an assessment of how aBritish company
can best fit in among suppliers of microcircuits to
world markets in the long term, not just to British
markets in the next few years.
Plessey's method is to use only two production
lines to build everything. RTL, ECL and linear circuits are on one line, and all MOS devices on the
other. Deposition, diffusion, photolithography, and
evaluation procedures remain constant for all devices on each line, and the only variables are the
mask patterns used in the photolithographic stage.
The principle behind this method is stated by
Derek Roberts, manager of the Semiconductor division: "It is much cheaper to invent anew circuit
solution to a problem than to develop, control,
characterize, and establish the reliability of new
processes."
Looking to the consumer
Plessey says process standardization to this extent works because Plessey IC designers make
extensive use of computers to determine the best
circuit layout and have access to alarge data bank
on performance of the processed raw material in
all conditions. As might be expected, the greatest

British IC manufacturers
Company

Affiliation

Texas Instrument Ltd.

U.S.

SGS
Motorola

U.S.

Marconi-Elliott
Microelectronics

Italy
U.K. (General Electric
and English Electric
Cos.)

Ferranti Ltd.

U.K.

Plessey Co.

U.K.

Associated
Semiconductor
Manufacturers Ltd.
Standard
Telecommunication
Laboratories Ltd.
Standard Telephones
& Cables Ltd.
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U.K. (General Electric
Co.)
Netherlands (through
Mu!lard Ltd.,
subsidiary of Philips)

U.S. (ITT)

stress is being placed on removing communication
barriers between the silicon technology specialists
and the circuit and device design specialists.
As proof that the approach is fundamentally
sound, Plessey points out that it's selling 350-Mhzbandwidth amplifiers made by its standard process
for bipolars. Plessey believes a different process
will be required only for linear circuits with bandwidths above 400 Mhz, digital circuits above 200
Mhz, and output voltages greater than 30 volts.
The standard MOS process has proved fast enough,
says Plessey, for a 24-bit dynamic shift register
with atypical speed of 3to 5Mhz and aworst-case
speed of 2Mhz; has coped with the complexity of
quad 16-bit and single 80-bit d-c shift registers,
and is good enough to produce the inch-wide MOS
channel needed for an array of six 50-ohm switches.
At present, about a third of Plessey's IC effort
is directed to circuits intended eventually for the
consumer market; this is probably a higher proportion than that of any other company. Devices
developed or under development include:
• A receiver with 1-watt output and all the active circuitry on a single chip that contains about
50 components.
•All intermediate-frequency circuitry except
block filters for atv receiver on asingle chip containing about 70 components.
•An audio amplifier for arecord player with a
5watt root mean square output.
In the military field, Plessey has aseries of chips
carrying the radio-frequency, i
-f, and audio amplifiers, single-sideband automatic gain control, and
demodulator and vogad elements, to which can be
added orthodox filters and an r-f power output
stage to make up a complete transmitter. There
are also some complex digital devices intended for
a frequency synthesizer, with about 300 components on the chip.
Like everybody else, Plessey aims MOS activity
at the industrial field, and the firm has made photodiode arrays for character recognition, shift registers and memories for computer peripherals, and
control logic for experimental electronic telephone
exchanges. Research activity includes development
of optoelectronic devices—one objective being a
solid state vidicon camera—electroluminescent
lamp arrays based on gallium phosphide, and semiconductor memory devices, including cheap MOS
arrays, silicon-on-sapphire diode arrays for readonly purposes, and ECL high-speed memories.
Imported wafers
Associated Semiconductor Manufacturers diffuses most of the silicon slices it uses, but it also
processes imported diffused slices. A little over half
of present production by value is TTL to the series
74 specification, sold for computers, telecommunications and instrumentation applications. About
one quarter is DTL, mainly similar to the Westinghouse WC 200 design but some custom designed.
The balance of IC output is made up of linear circuits, afew MOS devices and preproduction of an
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emitter-emitter coupled logic circuit (sometimes
called emitter squared logic) said to have atypical
loaded propagation delay of 2.5 nsec. This circuit
is of ASM design and development and is said to
combine high speed with low power dissipation.
The linear circuits in production include an a-m
radio receiver (without an output stage), currently
incorporated in one British domestic portable. The
chip contains mixer, oscillator, i
-f amplifier, detector, audio preamplifier, and audio driver. The
audio output stage is excluded so that the set maker
can select the output power level according to his
judgment of the market. ASM is essentially acomponent maker and where possible designs devices
to take in the widest market.
Much of ASM's R&D is on MOS techniques.
Unichannel MOS IC's in development all use pchannel enhancement mode. A number of devices
incorporating static and dynamic shift registers will
soon get to the customer evaluation stage. One development project is a64-bit read-write store in a
16-pin dual in-line pack, with acycle time of well
under a microsecond. The most complex device
in development has about 800 transistors on the
chip.
Work is also going on in Mos complementary
pair logic, but this is still at the research stage.
The problems are to obtain yields comparable to
unichannel yields and to get the same number of
functions in the same amount of space.
All-scale integration
Standard Telephone's and Cables is being built
up as ITT's leading European producer of monolithic IC's. The bulk of production is currently 930
DTL using slices diffused at ITT's West Palm Beach,
Fla., plant. The 9000 'ITL is in smaller-scale production, using 2-inch slices diffused in England.
Standard Telecommunication Labs, in along-term

R&D program in microelectronics production technology, assumes that different scales of integration
will be used for many years to come and seeks
to develop production methods common to as many
scales as possible.
Computer-aided design methods are being developed that will suit LSI, mg, and small-scale integration. Some features of multilayer interconnection techniques intended primarily for LSI are being
adapted for smaller scale MOS devices.
Other work on integrated electronics at STL is
outside the conventional microcircuit field. A longterm research program on solid state bulk effects is
seeking to produce—among other things—solid state
equivalents of microwave tubes, using extended
interaction gain, as in a traveling-wave tube, to
obtain high dynamic range and low noise. A parallel program is aimed at producing microwave IC
modules incorporating bulk-effect active devices.
Present experimental modules use ceramic substrates, but semi-insulating gallium arsenide is being developed as an alternative for frequencies
above 30 Ghz.
STL researchers believe that interaction effects
between electron, phonons, and photons, particularly electron-phonon interactions, offer ways of
cutting integrated system costs. Some passive electro-acoustic devices, such as filters and delay lines,
are at an advanced stage of development. Some
thought is also being given to the role that solid
state lasers, lamps, and detectors might play in
integrated systems.
STL meshes its IC production steps, using computerized layout of interconnection patterns, atapecontrolled laser machine to cut the photolithographic masks for metalization and diffusion, and a
glow-discharge technique to deposit insulation between the metalization layers. All these steps are
described in the three articles that follow. • •

British IC's II

designed manually.
A 39-gate discretionary layout, for example, was
completed by an Ism 360/30 (64,000-byte memory)
in about 11
/ hours. The computer produces tapes
2
to control alaser mask-making machine. A layout
for 75 gates takes about 3 hours. Preparation of
the manual data takes typically 3 hours for the
39-gate example. Depending on the availability of
the computer, total time for the conversion of the
By P.E. Radley, STL.
logic diagram to the laser control tapes is two or
three days.
Minimizing lead time and cost has always been a
The interconnection patterns are in two layers,
big problem in designing integrated-circuit inter- with most of the wiring in corridors between the
connection patterns. And the problem grows worse gates and flip-flops ("cells") that make up the
as the connections grow more complex. However, circuit; only occasionally does wiring pass over
at Standard Telecommunication Laboratories Ltd., these cells (although cells that aren't used in the
a British subsidiary of ITT, a suite of computer circuit are used as wiring "real estate"). The final
programs has designed interconnections in afifth manufacturing information is in the form of four
the time and at half the cost of manual methods. masks for photolithographic processing, defining
In fact, the programs are the only way to lay out two dielectric .and two metal layers.
the more complex circuits, which simply can't be
The suite of programs goes into action after the

Metalization is designed
quickly and inexpensively
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COMPUTER
OPERATION

MANUAL
INPUT

SLICE
TESTL

silicon wafer containing the cells has been tested
electrically. The test results are furnished either
as a photograph of the slice, showing bad cells
marked with an ink dot, or as a punched paper
tape containing data on each cell. The information
on the photo must be transferred to punched cards
or some other medium the computer can accept.
The test results are used to choose the part of
the slice that will be used for the over-all circuit.
If the interconnection pattern is predetermined,
this area can be specified as afixed arrangement
of good cells. If the pattern will be designed specially—discretionary wiring, in other words—an
area of agiven size enoompassing aminimum number of good cells can be specified.
The computer then uses the test results and the
specification of the area to be looked for to print
out a diagram of the suitable parts of the slice.
Subsequent computer processing of the design
is in three phases:
•Placement—assignment of positions on the slice
to the parts of the circuit, based on minimum wiring length.
•Wiring—allocation of a route to each interconnection.
•Output—generation of a layout diagram and
four punched paper tapes to control the automatic
laser mask-cutting machine.
The placement program requires three sets of
input data: adescription of the good and bad cells
within the chosen area, aspecification of the posi-
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Interaction. Manual inputs and computer operations
produce the design and the means of implementation.
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Two layers. The computer
generates an x-y plot of the
interconnection pattern, using
adifferent color for each
layer. The small color squares
indicate afeedthrough hole
connecting the layers.
•
•

lions of external connections and any cells whose
location the engineer wishes to fix, and a description of where each cell's inputs start and outputs
end. This third set, showing the functional relationships of the cells making up the over-all circuit,
is coded from the logic diagram. Each gate or
flip-flop, its input and output pins, and the wiring
connections are numbered. These numbers are
combined into a list, each entry consisting of the
connection number and all the points that it connects, specified by the cell and pin numbers.
The placement program processes this list to
furnish on the line printer a stylized diagram of
the area of the slice, page 79, bottom, giving the
location selected for each function. The program
also punches out a deck of cards describing the
wire space available for that placement of functions
and awiring list for the wiring program, expressed
as the coordinates of points to be connected.

with respect to an origin at the bottom-left corner
of the circuit.
The output from the wiring phase is a lineprinter list indicating the route allocated to each
interconnection and a deck of cards describing
these routes in detail.
Finishing touches

At the very start of the output phase, the computer displays the route allocation as a two-color
diagram on an x-y plotter, as shown at top, each
color representing a metalization layer. The designer inspects this diagram and decides whether
any changes are needed to prevent, for example,
electrical interference between interconnections.
At this time, any interconnections needed to join
points in the same cell are added manually over
the top of the cell.
The line changes are coded on the diagram as
additions, deletions, and groups of additions and
Routing routine
as the positions where these groups are to be reIn addition to the information supplied as the peated. The "group" and "repeat" functions are
output of the placement phase, the wiring phase used together to specifiy a set of interconnections
must be told the size, in thousandths of an inch, to form a special function from the several gates,
of the cells to be used and the allowable number for instance, within one cell and to repeat this
of wiring tracks across the cell in both the xand y pattern at different cells on the slice.
directions. The positions of the input and output
The program is run again to bring the layout
pads—the external connections—around the peri- up to date and produce another diagram. When
phery of the circuit must also be described. Each the layout finally satisfies the designer, the data
of these is specified by its x and y coordinates is used to produce the punched tapes for the
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automatic laser mask maker.
The layout shown as on the opposite page is for
the 39-gate circuit, using discretionary wiring on a
low-yield slice. The suite of programs can be used
with equal ease for afixed, regular array of cells
(100% yield of agiven area of slice).

In almost every layout the company has done so
far, the programs have completely designed the
wiring. In only one case has the suite failed to
find aroute between two points. This was due to
an error in the original data, and the connection
was easily added manually. • •

British IC's III

The conventional method of time-consuming
sketching, drafting, and cutting-and-peeling is prone
to other errors as well. Identical components can
be drawn slightly differently on the composite
mask drawing; coordinates can be incorrectly transferred from the drawing to the cut-and-peel material; essential cuts can be omitted, and areas
correctly cut may not be peeled. STL's automatic
laser mask-making procedure eliminates all these
sources of error. Although it's still possible to assign coordinates incorrectly to the features of the
mask, errors from this source are substantially reduced with the new method.
The laser is used with atape-controlled micropositioning coordinate table. The high power density of the focused laser beam etches the mask pattern into an infrared-absorbing surface film on a
glass substrate. Lines as narrow as 5microns can
be machined at speeas up to 1 centimeter per
second. STL's experience (which so far has been
limited to making masks for low-complexity IC's)
shows atenfold reduction in the time required to
go from logic diagram to finished masks. The average machining time per mask is about 30 minutes.
(Typically, six masks are needed for a circuit:
subepitaxial, isolation, base, and emitter diffusion;
contact evaporation, and interconnections.) The
more complex IC's usually have repetitive blocks

Laser cuts masks to size,
eliminating most errors
By T.M Jackson and T.J. Rowe,

SIL

Combining a laser and acomputer has solved one
of the trickiest problems in integrated-circuit fabrication: making the masks quickly and accurately.
Standard Telecommunication Laboratories' computer-controlled laser mask-making machine generates the intricate photolithographic masks needed
for the various diffusion processes and for deposition of the aluminum paths that interconnect
groups of cells.
The diffusion masks as made by the laser are
the correct size for insertion in the step-and-repeat
camera that projects an array of identical mask images on the silicon slice as it scans. The laser
masks, therefore, aren't subject to the dimensional
errors and distortion introduced by shrinkage in
the photographic wet processing required to reduce
conventional masks to the correct size.

Computerized laser. The
automatic mask-making
machine can etch
lines as narrow as
5 microns.
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of patterns; in this case the layout will be partitioned so that the blocks can be laid out as individual units on the substrate.
Machine power
The laser is apulsed helium-neon gas type with
external excitation. It puts out 250 watts of peak
power at apulse repetition frequency of 2kilohertz,
with a wavelength of 1.15 microns. The 1-inchdiameter beam can be focused to a spot variable
between 5 and 50 microns in diameter. At the
smallest diameter, the incident power density is
more than 108 watts per square centimeter.
The i
-r-absorbing film on the glass substrate is
a polymer that is decomposed to carbon by the
laser beam, then oxidized in the air to carbon dioxide. The machined area thus becomes transparent. The radiation that emerges on the far side
of the substrate quickly becomes defocused and is
allowed to disperse naturally.
The machining process is independent of the

MANUAL
METHOD

incident power above acertain minimum; in other
words, the surface film absorbs the power necessary to decompose it, and excess power is transmitted through the transparent substrate.
The line patterns are actually a series of overlapping dots. The pulse repetition frequency is
high enough to ensure clean, straight line edges
at the fastest travel of the coordinate table as it
moves the substrate under the laser beam.
A tape input provides position information for
the coordinate table and switching control for the
laser. STL's present coordinate table incorporates
an open-loop control system with stepping motors
and lead screws. The minimum increment of movement is 12.5 microns, and the positional accuracy is
±5 microns on any programed multiple of the
minimum increment. The table can move 2 inches
in each of two mutually perpendicular directions.
(A new coordinate table is now near completion;
this one uses a closed-loop control system and
measures its displacement by means of optical grat-
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Layout table. Before the laser cuts

the mask, the layout is designed

with models on a coordinate grid.

The hinged panel at top permits
design of the interconnections.

The models and the overlying interconnection
paths (marked with awax pencil or colored tape)
are arranged and rearranged until the layout is
satisfactory.
The next step is to code for the computer the
Plastic models
locations of all the models and the routing of the
Before the machine can be instructed to cut the interconnections. The model identifications (D1, T4,
etc.) and the x and y coordinates of its lower-left
diffusion masks, a layout of the IC must be designed. Plastic models of the circuit elements are corner are entered manually on aspecial form; the
used for this purpose, scaled to 400X and showing data is then punched on cards and fed to the computer. A similar procedure is followed for coding
the positions of the contacts but no other details.
Each model is coded (for example, transistor T8) the interconnection pattern, using the coordinates
to identify its type and each has a border cor- of terminations and changes in direction of the
responding to half the width of an isolation chan- interconnection paths. (This manual coding procedure could easily be automated by a digitizer.)
nel. For each model, a computer subroutine is
prepared; this contains details for the complete set Six tapes are produced: five for the diffusion masks
of masks required for the device—up to and includ- and one for the interconnection mask. Before the
computer punches out the control tapes, it plots
ing the contact evaporation mask. This need be
done only once for each model; after that, when a each mask for checking.
device is allocated to aparticular area of the cirLSI interconnections
cuit, it's referred to by its code.
The masks for the interconnection patterns for
The models are placed on acoordinate grid on
alayout table. A second coordinate grid is hinged LSI circuits are produced by the laser machine
to the table; this one, etched in aglass sheet, can from tapes generated by computer-aided design
be set down directly on the models and is used techniques. Four tapes are required for acomplete
set of interconnection masks for an LSI circuit,
for laying out the interconnection pattern. Even
with their large scale, it's important that the co- defining:
•The openings through the first insulation layer,
ordinate grids register vertically within a small
fraction of the minimum grid interval of 0.05 inch. permitting contact between the individual compoings. It will have aminimum increment of 2.5 microns and positional accuracy of -±-1 micron. With
this table a mask for a complex monolithic IC
can be machined in less than an hour.)
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nents or cells to the first metalization layer.
•The pattern of the first metalization layer.
•The openings in the second insulation layer for
contact between the metalization layers.
•The pattern of the second metalization layer.

As with the diffusion masks, the computer plots
scale drawings for checking, then punches tapes
for controlling the laser machine. All these masks
are machined to actual size; photoreductions aren't
needed. ••

British IC's—IV

easy to solve.
At Standard Telecommunication Laboratories
Ltd., glow-discharge techniques have been developed for depositing the dielectric layer between
the metal interconnection patterns. The prime advantage of this technique is that it doesn't require
high temperatures; deposition takes place at only
a few degrees higher than room temperature. The
characteristics of the integrated circuit, therefore,
aren't altered. The technique also reduces the adhesion and feedthrough-resistance problems to
negligible proportions.
The STL system uses aluminum for the metal
interconnections and a silicon dioxide and silicon
nitride sandwich for the dielectric layer.
It's one thing to build a multilayer system that
works when it is first made but quite another to
ensure long-term reliability. The STL approach

Glow-discharge unit makes
multilayer deposition easy
By A.W. Horsley, STL
Large-scale integration requires multilayer interconnections; a single metal interconnection layer
would have routes too long, devious, and complex.
Multilayers are hard to make, however; such problems as poor adhesion of insulating layers and
excessive resistance in feedthrough holes are not

AMMONIA
FLOW METER

SILANE
FLOW METER

NITROUS OXIDE
FLOW METER

1MICRON
GAS FILTER

SILICA
REACTION
TUBE -

GLOW
DISCHARGE
SLICE

CYLINDRICAL
GAUZE
ELECTRODE

NEEDLE
VALVES
R-F
OSCILLATOR
1Mhz

QUARTZ
PEDESTAL
AMMONIA
GAS

PURIFIED
HYDROGEN GAS

Low glow. IC

slice

t t

SILANE
GAS

NITROUS OXIDE
GAS

in glow-discharge chamber is

only a few degrees above room temperature. The
insulating sandwich structure is formed in the
TO VACUUM PUMP
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chamber with nitrous oxide, ammonia, and silane.
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Vertical and horizontal.
The initial work was done
in a vertical glow-discharge
chamber, but a new
horizontal machine can
process several slices
simultaneously.

evidently can withstand the test of time, because
tests on the dielectric film have produced these
results:
•The adhesion and mechanical stability are
sufficient to resist the stress of ultrasonic bonding,
which STL uses routinely in circuit fabrication.
•Immersion in liquid nitrogen causes no cracking, peeling, or electrical deterioration.
•Baking at 200°C with a 12-volt bias for 3,000
hours produces no detectable deterioration of elec-
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Test pattern. Reliability of crossovers is measured with
specially built test circuits that contain only crossovers.
Each lattice-like pattern contains 24 crossovers, and
there are more than 400 such patterns on atest circuit.
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trical characteristics.
•Thermal cycling 200 times between —60° and
+100°C has no discernible effect.
•Infrared absorption tests indicate a degree of
chemical stability that's surprising in view of the
relatively low deposition temperatures.
The sandwich itself
Silicon dioxide, the conventional insulating material used to isolate asingle-layer interconnection
pattern from the silicon below it, is etched rather
slowly even by as active a substance as hydrofluoric acid. This is not only a drawback in production but also leads to excessive etching and
passivation on those parts of the aluminum interconnection patterns exposed by the feedthrough
holes. Such films add unwanted resistance to the
interconnections and can even open-circuit them.
Silicon nitride, on the other hand, can be etched
rapidly and is compatible with glow-discharge deposition. But it doesn't adhere well enough to
aluminum to withstand STL's ultrasonic bonding.
STL combines the advantages of SiO 2 and Si3N4
and eliminates most of their disadvantages by using an oxide-nitride-oxide sandwich as the dielectric layer. The total thickness is about 1 micron,
most of which is the nitride. All layers can conveniently be deposited in a single reactor.
To form the layers, the reaction chamber is filled
with silane (SiH4). Then ammonia (to produce
Si3N 4) and nitrous oxide (to produce SiO 2) are
successively introduced into the chamber, where
a glow-discharge plasma at a pressure of 0.1 torr
is established by radio-frequency energy capad -
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INTERCONNECTING CONDUCTORS STRIPES
CAN FAIL DUE TO BREAK (SCRATCH OR NECKING
SECOND
CONDUCTOR
(2 LAYER )

SECOND
DIELECTRIC
LAYER

FIRST
CONDUCTOR
(1 LAYER )
.,

FIRST
DIELECTRIC
LAYER
).

\

(
l
Z
OAI
_A
T
I°
YrÉR

0-1-2
FEEDTHROUGH

0-1
FEEDTHROUGH

INITIAL METAL-

1-2
FEEDTHROUGH

\/
CAN FAIL (OPEN CIRCUIT )

SUBSTRATE

)

1-2
CROSSOVER

/

0-1
CROSSOVER

CAN FAIL (SHORT CIRCUIT)

DUMMY 0-1-2
FEEDTHROUGH
ACTING AS A
0-1 FEEDTHROUGH

By the numbers. The initial metalization, which provides contact to the components in the silicon, is designated
the 0 layer. The "multilayers" are the 1 and 2 metallizations.

a test pattern containing 10,000 crossovers.
Confidence in yield can be established only by
Preparing the slices
testing very large numbers of standard crossovers
STL's original work was done in a small vertical
—not by testing fewer large-area crossovers—since
reactor. A larger horizontal version that has since
it is at the edge of the crossover that the dielectric
been developed can coat several slices at once.
is most highly stressed and therefore most likely
The company has also built a "hot" system in to fail.
STL proves each crossover test pattern at 36
which a coil excites the glow discharge, resulting
in a substrate temperature of about 270°C; this
volts. A cross over passes the test if its leakage
heat isn't intense enough to damage the semicurrent is not more than 10 1 ampere, as measured
conductor, and it tends to increase the stability of on an electrometer. As a further check, one row
the chemical bonds in the oxide-nitride layer. (The is tested at 100 volts.
i
-r tests indicate that the films are more compliYields of crossovers so far have been around
cated chemically than the simple formulas SiO 2 99.99%.
and Si3N 4 suggest; they evidently contain N-H
Feedthroughs, however, are much more difficult
to test accurately. A four-terminal probe must be
and Si-H bonds and are oxygen-deficient. This deficiency tends to decrease after extended baking,
used so that resistance can be determined by passbut not if the film has been deposited in the hot ing a controlled current through the feedthrough
system.)
and measuring the voltage drop across it.
A slice spends about an hour in the glow-disVery low testing potentials (only a few millicharge chamber, for both the deposition itself and
volts initially) must be used to keep from breaking
the glow-discharge cleaning before deposition
down abarrier layer and turning adefective feedthat's essential for good adhesion of the film to
through into agood one. In fact, one of the probthe aluminum.
lems in designing a feedthrough test is deciding
To form the feedthrough holes, the film sandwich what constitutes a bad feedthrough.
is photolithographically masked and then etched.
There are three types of feedthrough, as shown
It takes 70 to 180 seconds to etch the holes; the
at top of page, and each behaves differently. The 1-2
longer period is required for films deposited in and 0-1-2 feedthroughs are much more reliable than
the hot system. Much of the time is spent etching
the 0-1 type, which has stresses in the upper dithe thin SiO 2 layers (this is why one troubles to
electric layer. This makes a 0-1-2 feedthrough in
use a sandwich rather than pure SiO 2). The time which the top layer is simply adummy connection
is still short enough to prevent appreciable etching preferable to a0-1 feedthrough. Using the dummy
also simplifies the computer-aided design proor passivation of the aluminum, thus ensuring lowgrams.
resistance feedthroughs.
It's impossible to evaluate an LSI multilayer
A typical feedthrough test pattern at STL contains 300 0-1-2 feedthroughs. Each is individually
structure by building circuits and attempting to
assess the yield, as is done with less complex cirprobed with alow-voltage, low-current source and
cuits. The LSI structure is so complicated that one
adigital voltmeter. Feedthroughs cannot be tested
in series, since the entire applied voltage will be
can't disentangle the various types of fault, let
dropped across a defective feedthrough, probably
alone estimate their number. A far better approach
is to test patterns specially designed to reveal a causing it to break down and appear good. As a
fault unambiguously. These patterns can be tested result, large-scale testing of feedthroughs is quite
in large numbers to give statistical confidence that tedious.
Yields on feedthroughs as high as 99.8% have
the required yield has been achieved.
To measure yield of crossovers, for example, STL been established. ZI
tively coupled from agauze electrode.
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Circuit design

Designer's casebook
Digital clock operates
in low megahertz range
By Peter Westphal
Vienna

A square wave generator built around a single
quad 2-input transistor transistor logic gate and a
simple transistor circuit works as a 1to 10-megahertz continuously variable clock for a digital system. Because of its good linearity, it can also be
used as a voltage to frequency converter.
The timing network is derived from the emittercoupled astable, consisting of constant current
sources Qi and Q. and capacitor C. During high
levels, the germanium diodes separate the gate outputs from the charging capacitor.
The highest frequency for a given C is determined by the maximum output gate current that
will still provide acorrect low level output voltage.
An SN7400 gate produced an output frequency of
1to 15 Mhz.

Good timing. The closed loop formed by g
1, 2, and 3 guarantees the start of oscillation.
Gate 4 acts as an output pulse shaper.

NAND gate counter
is cheaper to make
By Shalom Kass
Zimmerman-Kass Ltd., Relloyot, Israel

Ripple counters using NAND gates instead of J-K
flip-flops can be used if it's not important to achieve
high speeds. Two resistors and tvyo capacitors
added to a two-input DTL NAND gate make one
stage of aripple counter.
Assume gates B and D are initially high. When
B switches from high to low, its negative-going
voltage is applied to C and D via the input capacitors. Only the capacitor that was connected to the
low output of stagè 2, namely gate C, was previously charged. Therefore a considerably larger
negative transition is applied to this gate and
switches it high. Thus the gate with the low output
is switched high, ensuring the counting action,

Electronics
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STAGE I

STAGE 2

C=.01µf
R.270k
A, B,C,D —MC846P
Flopless. A nega
both input capacitors, but only the gate whose
output is low switches.

When the first stage subsequently switches from
low to high, the second stage is unaffected by the
positive signal.
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FETs protect
differential amplifiers
By S.P. Stranddorf
Radiometer A/S, Copenhagen

Field effect transistors of either polarity can be
connected to the inputs of IC differential amplifiers
to protect the ICs from positive or negative overvoltages.
When large differential input voltages of only
one polarity can occur, the first circuit protects
the amplifier without producing any offset voltage.
With ap-channel junction FET, large negative voltages on terminal B will be harmless. When the
differential input voltage is larger than the JFET's
pinch-off voltage, the drain-source resistance becomes very large, such that the voltage applied
to the input of the amplifier will be the differential
voltage times the ratio of R1to R1 ± R.,. 113 protects
the JFET when terminal B is positive with respect
to terminal A. If large positive voltages can occur
on B, an n-channel JFET should be used.
The following rules should be remembered when
designing the input protection:
•the JFET must be inserted in series with the
terminal that is to be protected from large voltages.
•ap-channel JFET must be used for large negative voltages, whereas an n-channel JFET must be
used for large positive voltages.
•the JFET's pinch-off voltage must be less than
the maximum permissible differential input voltage.
•the maximum voltage permitted between gate
and source and between drain and source must be
larger than the largest differential input voltage
that can occur.
The resistor R2 must be larger than
Rir(Vdiff. max./ Vi max ,)-1]

ICs are checked faster
with audible voltmeter
By Thomas F. Piatkowski
Dartmouth College, Hanover, N.H.

Ears are sometimes more useful than eyes in making electrical measurements. As an example, proper
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BOTH FETS ARE OF THE SAME TYPE
g
that is to be protected from over-voltages
guarantees safe amplifier operation.

where Vdiff. max. is the largest differential input voltage and Vi max is the maximum amplifier input
voltage allowed.
When acondition exists where large differential
input voltages of both polarities can occur, the last
two circuits should be employed. These circuits
are similar to the first circuit. In the last circuit,
both FETs are of the same polarity.

voltage levels in microcircuits can be checked
faster using an audible voltmeter. A unijunction
transistor discharges periodically through aspeaker
providing the audible output. The higher the input
voltage is to the voltmeter, the higher will be the
audio frequency out. The circuit was built to check
and debug DTL and TTL logic circuits where visual
readout is inconvenient.
The measured positive voltage is applied at El.
The high-impedance voltage divider, R2, is adjusted
so that the maximum expected input voltage places
about 1volt at the gate of the field effect transistor,
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R4
15k

R2
In

I

MPS29230

MPS2923
RI
10m

V--10v

rJQ4
2N4893

R3
10k

SPEAKER

T
25

OUTPUT FREQUENCY
250 hz
OPEN
0v 300hz
1000 hz
+5v

tb

111M111111MIIMMr
1 1111
Sounding the alarm. Qi is biased to operate in its linear region. Q. and Q. maintain points A and B at
about the same potential while diverting negligible current from load resistor R.. Q, discharges through the
speaker, sounding the audible voltmeter.

ensuring its operation in the linear region. Emitter
followers Q2 and Qa keep points A and B at about
the same potential while letting negligible current
flow through the load resistor R3. The UJT is discharged through the speaker with aperiod determined by R4, C, the supply voltage V, and the UJT's

intrinsic standoff ratio.
The adjustable resistors R2, 113, and R4 allow this
circuit to operate over awide range of input voltages and output frecluencies. R1 biases Qi negatively if El is an open circuit causing alower output frequency than would occur for apositive El.

Absolute value circuit
needs only one op amp
By Wayne Spani
San Diego, Calif.

Most absolute value circuits contain two operational
amplifiers to convert input voltages of either polarity to their absolute value—one in the inverting
mode and the other in the noninverting mode.
However, only one is really necessary.
A negative input voltage forward biases D1 and
is applied to the inverting input of the amplifier.
When the forward resistances of D1 and Da are
equal, and R5 = RI,the transfer function is E.
=. —E l.. When the input voltage is positive, the
signal forward biases D. and is applied to the
noninverting input of the amplifier. The feedback
is the same, but the amplifier operates in the potentiometric mode changing the transfer function.
If R2 = R3 .= R4 = R5, and the forward resistances
of D2 and Da are equal, then E. =
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polar. The circuit's transfer function is E. =1E1,
ipolar signals of 0.5 to 15 volts with an accu
0.1% from 0°C to 50°C.

89

Looking for Fast, High Volume
AC and DC Calibration Capability?
Whenever and wherever you need
precision, high volume calibration
capability for your calibration laboratory, production line, maintenance
testing shop — Hewlett-Packard has
an instrument that specifically meets
your requirements.
Two of these instruments—designed specifically to meet high accuracy
and high volume calibration needs—
are the hp 740B for DC and the hp
745A for AC. With either instrument,
you press abutton, turn adial and you
have an instant voltage reference!
High Resolution DC Calibration.
The hp 740B DC Standard/Differential Voltmeter delivers output voltage
to 1000 V with six digit resolution in
discrete steps of 1ppm of range. Accuracy of
(0.002% of setting
+0.0004% of range) extends over 30
days.

As a differential voltmeter, the
740B measures voltage to 1000 Vdc
with an input resistance of >10' 052,
independent of null condition. Accuracy is
(0.005% of reading
+0.0004% of range +1µV).
The 740B is also a precision dc
amplifier and high impedance voltmeter, and can be used to drive a
recorder.
Fast, Accurate AC Calibration—Cut
your ac calibration time in half with
the state-of-the-art hp 745A AC Calibrator—an excellent choice for pro-

HEWLETT â
WORKING
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Circle 90 on reader service card

duction line calibration and mainenance testing.
The 745A has a calibrated output
voltage with 0.02% accuracy. It also
has a six-digit readout, pushbutton
ranging and a continuously adjustable frequencyfrom 10 Hz to 110 kHz.
Eliminate tedious error calculations with the exclusive 745A direct
reading percent error scale.
Get full specifications on these and
other calibration instruments from
your hp field engineer. Or, write to
Hewlett-Packard, Palo Alto, California 94304. Europe: 1217 Meyrin Geneva, Switzerland. Price, 740B,
$2350; 745A, $4500.

PACKARD
STANDARDS
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Infrared hardware. A mercury-doped germanium photo conductive detector array with
reticles, mount and preamps, manufactured by the Santa Barbara Research Center.

Instrumentation

Infrared detector chart outlines
materials and characteristics
Survey lists the i
-r devices currently available from manufacturers;
trend is toward monolithically fabricated, multi-detector circuits

By Philip Shapiro
Aerojet-General Corp., Azusa, Calif.

Advances in semiconductor technology have gone
hand-in-hand with progress in infrared systems, each
stimulating the other. Semiconductor infrared detectors developed in the past 10 years have included
those in mercury-doped germanium, gallium arsenide, silicon, cadmium-doped germanium, antimonydoped silicon, mercury cadmium telluride, and the
list is still growing.
The accompanying table records the properties of
24 commercially available photoconductive, photovoltaic, and photo-electromagnetic detectors that
have peak responses at wavelengths ranging from
0.8 to 50 microns.
Electronics 'January 20, 1969

When a device is made by more than one company, the data represents industry averages. Experimental and obsolete detectors have been omitted.
An infrared system's minimum detectable radiant
power is inversely proportional to the detector's specific detectivity, ID*, defined as
D*=—
VA-- A f
NEP

where A=detector area in cm 2
f
=noise equivalent bandwidth in hz
NEp=noise equivalent power in watts, defined
as the rms infrared signal incident upon a detector

'•

43# 4..
7

•

r
'

Characteristics
IL

Si
Silicon
(pv)

Si
Silicon
(pc)

GaAs
Gallium
Arsenide
(pv)

2x1012

5x10 11

8x10 11

0.9

0.9

0.85

Detector Material
Operating Mode
Typical Peak D (cm hz I/2 watt -1 )
at 1,000 hz modulation frequency

10 12

(wavelength, in microns)
(field of view, degrees)
(background temperature, °K)
3

Best Measured Peak D* (cm hz I/2 watt -1 )
(conditions as above)
1x10 13

IDEAL PHOTOCONDUCTIVE é

S]ectral Range Exhibiting Greater Than
50% Relative Response (microns)

IDEAL PHOTOVOLTAIC"

/

•
•

sow*
•••••

5

0.6 to 1.0

0.8 to 1.06

0.6 to 0.95
295

Ncrmal Operating Temperature (°K)

295

295

F.

Operating Temperature Limits (° K);
50% peak D* degradation points

—,320

—,350

Typical Time Constant (seconds)

5x10- 7

5x10 -6

1x10- 6

Nominal Resistance (ohms)

1x 10 6

1x 10 6

1x 10 6

.004 to .5

.004 to .7

24
2

13

IS

22

20

uogeidquo3 eami

Single Detectors
Size Range — Min. to Max. (inches)

12

10

12

F-

23

19

1 X 10

Shape (round, square or rectangular)

any

Typical Package

J

TO-5/18

Flat Mount

.004
.002

.004
.001

Detector Arrays
Minimum Size per Detector (inches)
Minimum Size per Space (inches)
Dimensions — see code

D

—

1.002"

T

1 .020"
—T

Typical Detector Unit Price

9

f,h,m,r,s

Manufacturer(s) — see reference
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Spectral detectivities of manufactured
detectors tested under 60°
field-of-view and 295°K background
temperature. Theoretical values
of peak D* lie on the dashed curves.
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5-element indium antimonide array

«rt

Mosaic. A lead selenide 56-element detector array, made
by Santa Barbara Research Center, packaged in a Dewar.

TIME
b SUDARE WAVE CHOPPING

Chopped i
r. Modulation from sine and square "wheel."
77°K indium antimonide detector
by Philco-Ford is
designed for infrared tracking
Dx

CUTOFF
WAVELENGTH

XC

Ideal. Spectral response of theoretical photon detector.

4quadrant silicon mosaic
19-hexagonal element
silicon mosaic

BLACKBODY
TEMPERATURE
CONTROLLER

8-element silicon array

APERTURE PLATE

DETECTOR
DISTANCE - 1.BLACK
BODY

PREAMP

WAVE
ANALYZER

OPTICAL
FILTER
(
OPTIONAL )
CHOPPER
DRIVE
MOTOR

DETECTOR
BIAS

CHOPPER
WHEEL
Typical setup for testing i
-r detectors.
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OSCILLOSCOPE

which produces a signal-to-noise voltage ratio of
unity.
The value of D* at the detector's spectral peak is
of most interest because it allows meaningful comparisons between different detectors when specific
radiation sources, atmospheric effects, filters and optics are considered.
The typical spectral D *at the peak wavelength is
given for each detector operating under uniform conditions -- 1000-hz modulated signal radiant power,
60 degree field-of-view and an external field-of-view
environmental temperature of 295°K. The background and field-of-view conditions are noted in the
table only for background-limited detectors. With
those detectors whose limiting noise is determined
by the incident photon flux, considerable improvement in performance in Da beyond the value listed
can be achieved by using cooled narrow field-of-view
limiting apertures and cooled spectral bandpass filters. D* increases as the field-of-view decreases. For

the special case of conical field-of-view, which are
uniformly radiant, Da increases according to the cosecant of the half angle.
The prices shown are typical for asingle detector
with the typical Da listed and mounted in astandard
way. The price of aselected detector with the peak
Da called out as best measured is often more than a
factor of two higher in price than atypical detector.
For large arrays, the cost per element may drop by
an order of magnitude compared with single detectors with similar performance capabilities.
Detectors are usually cooled with cryogenic liquids, or thermo-electric coolers, or Joule-Thompson
cryostats, or Sterling cycle coolers. Many companies
supply thermo-electric coolers for the 195° to 273°K
region. For temperatures of 77°K, manufacturers are
now supplying detectors in rugged metal Dewars.
Also listed are detector temperatures at which
peak D° is degraded by 50%. This information is useful when ideal cooling conditions are not practicable.
The resistance presented is for an average size detector (1millimeter square). Reactances such as occur in photovoltaic cells have been disregarded.
Biasing in photovoltaic detectors permits control
over various parameters that are fixed in photoconductive detectors. By controlling the bias, both in
magnitude and polarity, the detector's impedance,
°Copyright 1969 Electronics
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time constant, spectral response, and peak D° can
be influenced.
New techniques in multi-element detector fabrication have come to the forefront in recent years as a
result of new requirements in systems design. Individual elements have been reduced to about 0.003
inch square for single crystalline detectors and 0.001
inch square for thin film detectors in one and two
dimensional arrays. Monolithic fabrication methods
are well developed for both photoconductive and
photovoltaic devices. Linear arrays of hundreds of
detectors are now practicable.
The mercury cadmium telluride detector is arecent device. Its spectral response can be tailored to
the 8to 14 micron region, while requiring cooling to
only 77°K. Information on this detector can be obtained from its manufacturers, Honeywell, Santa
Barbara Research Center, Texas Instruments, and
SAT in Paris.
Peak Da can be much higher than indicated when
abackground limited detector is operated with low
incident radiant flux. The peak Da of impurity activated germanium and silicon detectors, for example,
improves significantly under such conditions. When
operated as such, the detector's resistance intacciaes,
so to preserve electrical bandwidth, it is necessary
to reduce associated capacitances by moving the preamplifier and detector closer together. A cryogenic
preamplifier that operates as low as 4.2°K has been
developed to allow the two to be as close together
as possible.
Two intrinsic photodetectors, lead tin telluride and
lead tin selenide are presently receiving attention as
developmental devices. Advanced work on these two
detectors, especially lead tin telluride, is being carried on at the Lincoln Laboratories of M.I.T.
For very long wavelengths (beyond 100 microns)
work is being done with extrinsic photoconductors.
Boron doped germanium and gallium doped germanium are two such detectors. Indium antimonide has
also been found to display photoconductive effects
at these long wavelengths by changes in mobility
rather than the usual change in carrier concentration.

of available infrared -region detectors
.,
r
/1

a

6

8

7

9

10

11

12

14
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Aerojet-General Corp.
Avco Corporation, Electronics Div.
Barnes Engineering Co.
Block Engineering, Inc.
Catron Electronic Corp.
E. G. and G.
Electronic Corp. of America
Electro-Nuclear Laboratories, Inc.
Honeywell Radiation Center
Infrared Industries, Inc.
Mithras, Inc.
Networks Electronic Corp.
Philco-Ford Corp.
Raytheon Co.
Santa Barbara Research Center
SAT - Paris, France; (U.S. Representative: Elteck
Corp.)
Sensor Precision Ind.
Texas Instruments Inc.
United Detector Technology

Azusa, California
Cincinnati, Ohio
Stamford, Conn.
Cambridge, Mass.
Geneva, III.
Boston, Mass.
Cambridge, Mass.
Menlo Park, Calif.
Boston, Mass.
Waltham, Mass.
Cambridge, Mass.
Chatsworth, Calif.
Spring City, Penn.
Waltham, Mass.
Goleta, Calif.
Larchmont, N.Y.
Medfield, Mass.
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Santa Monica, Calif.
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(and read about the world's fastest IC adder.)

Signetics announces ano-kidding leadership device:
the 8260 Arithmetic Logic Element, latest addition
to our DCL family.
The 8260, now available in volume, is amonolithic gate array incorporating four full adders
structured in a look-ahead mode. The device may
be used as four mutually independent ExclusiveNOR or AND gates by proper addressing of the
inhibit lines. Here is adevice which in typical application increases speed three to four times, greatly
reduces package count and appreciably lowers
over-all system costs.
As afour-bit adder, the 8260 permits parallel
addition of four sets of data and features simultaneous (look ahead) carry on each bit within the
package. Extension of the look-ahead feature for
16 bits or more is facilitated by the 8261 Fast Carry

Extender.
Access to the 8260 from previous stagels) is
provided through five OR-ed channels, and inhibition of carry-in-data and bit-to-bit carries is accomplished by a true (active high) logic level of
The "carry-outs - available are: Internally
Generated (
EG)
;Propagated (Cy); and Ripple (
ER).
This gives the 8260 complete flexibility when used
in Ripple Carry or Anticipated Carry Adder systems.
The 8260 is available now in 24-lead flat pak,
—55 °C to + 125 °C and 0°C to +75 °C, and will
soon be available in both full MIL and commercial
DIPs.
For complete information on the world's fast.
est adder write Signetics, 811 East Argues Avenue,
Sunnyvale, California 94086. Fast!
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E24-bit Fast Adder System; 9 packages ; minimum
external connections.

Package Count

No. of Bits

8260 8261

Quad 2-Input
NAND Gates

per Bit
Ins)

Total
Addition Time
Input to Output
ins)
52

Addition
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64
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Increased speed and reduced package count for
exceed what is attainable with any other IC family.
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The 8260 Arithmetic Logic Element.

Signetics Integrated Circuits
A SUBSIDIARY OF CORNING GLASS WORKS
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SIGNETICS SALES OFFICES: Wakefield, Massachusetts (617) 245-8200; Trumbull, Connecticut (230) 268.8010; Poughkeepsie, New York (914) 471-3292; Syracuse. New York (315) 469.1072; Fort Lee, New Jersey (201) 947-9870;
Radnor. Pennsylvania (215) 687.2660; Silver Spring. Maryland (301) 9466030: Clearwater, Florida (813) 726-3734: Winter Park. Florida (305) 671.5350; Dayton, Ohio (513) 433-4133; Minneapolis, Minnesota (612) 9263256;
Roiling Meadows, Illinois (312) 259-8300; Richardson, Texas (214) 231-6344; Garden Grove, California (714) 636.4260; Burbank, California (213) 846-1020; Redwood City, California (415) 369-0333.
DISTRIBUTORS: Avnet Electronics Corp., Burlington, Mass. (617) 272-3060; Cesco Electronics, Ltd.. Montreal. Quebec, Canada (514) 735-5511. Campar Corporation at the following locations: Huntsville, Alabama (205) 539-8476;
Los Angeles. California (213) 245-1172; Burlingame, California (415) 347-8244: Hamden. Connecticut (203) 288-9276: Clearwater, Florida (813) 446-2991: Orlando. Florida (305) 855-3964; Park Ridge, Illinois (312) 692.4125;
Baltimore. Maryland (301) 484-5400; Newton Highlands, Mass. (617) 969-7140; Minneapolis, Minnesota (612) 922.7011; St. Louis. Missouri (314) 542-3399; Albany, New York (518) 489-7408; Endwell, New York (607) 723-8743;
Woodbury, New York (516) 921-9393; Fairport, New York (716) 271-2230; Syracuse, New York (315) 471.3356; Winston-Salem, North Carolina (919) 723-1002; Seattle, Washington •(206) 763.1711. Hamilton Electro Sales,
Culver City. Calif. (213) 870-7171; Hamilton Electro Sales, Cherry Hill, 71_ J. (609) 662-9337; Hammond Electronics, Orlando. Florida (305) 241.6601; Kierulff Electronics, Seattle, Wash. (206) 763-1550; G. S. Marshall, San Marino,
Calif. (213) 684-1530; Milgray-Delaware Valley, Inc., Philadelphia, Pa. (215) 228-2000: Pioneer Standard Electronics. Rockville, Maryland (301) 427.3300; Schley Electronics, Watertown. Mass. (617) 926-0235; Semiconductor
Specialists, Inc., Elmhurst, II:inois (312) 279-1000; Terminal-Hudson Electronics, New York. New York (212) 243.5200; Universal Electronics, Inc., Houston, Texas (713) 781.0421; Wesco Electronics, Inc., Los Angeles, Calif. (213)
685-9525; Palo Alto, Calif. (405) 968.3475.
DOMESTIC REPRESENTATIVES: Cover Corporation at the following locations: Scottsdale. Arizona (602) 947-4336; Denver, Colorado (303) 781-0912; Southfield, Michigan (313) 357-5369; Haddonfield, New Jersey (609) 429-1526;
Albuquerque, New Mexico (505) 265-1020; Albany, New York (518) 489-7408; Endwell, New York (607) 723-8743; Fairport, New York (716) 271-2230; Syracuse, New York (315) 471-3356; Rocky River, Ohio (216) 333-4120;
Fairborn, Ohio (513) 878-2631; Dallas, Texas (214) 363-1526; Houston. Texas (713) 667-3420. Ozark Electronic Marketing, Inc., St. Louis, Missouri (314) 423.7200.
INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain —Soeces Electronique,11, Chemin de Ronde, Le Vesinet, (5.-8-0.1 France. United Kingdom, Ireland, Sweden, Denmark, Norway. Switzerland, Austria,
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Doctors:
ADVANCE REGISTRATION
FIRST NATIONAL CONFERENCE ON ELECTRONICS IN MEDICINE
February 14-15
Statler-Hilton, New York, N.Y.
Registration Fee: $125
Name
Address
City

State

Hospital

Zip

Position

Please register the above for the ELECTRONICS IN

MEDICINE Conference
Check enclosed

Send invoice

Mail an additional registration form with descriptive
brochure.
NOTE: Attendance will be limited and applications will be
handled on afirst-come, first-served basis.
Make hotel reservations directly with the Statler-Hilton
before February 1. Identify yourself as an attendee of this
conference. A number of rooms are being held.
Mail registrations and make checks payable to:
FIRST NATIONAL CONFERENCE ON
ELECTRONICS IN MEDICINE
330 West 42nd Street, New York, N.Y.

Here's your chance to learn how electronics can help you handle
more patients and increase hospital efficiency. Tell the nation's
leading electronics firms what you really need for diagnosis, therapy, and monitoring. See the latest equipment demonstrated.

FIRST NATIONAL CONFERENCE ON
ELECTRONICS IN MEDICINE
February 14-15
STATLER-HILTON, NEW YORK, N.Y.
Presented by McGraw-Hill Publications:

ELECTRONICS /MEDICAL WORLD NEWS /MODERN HOSPITAL

CONFERENCE OUTLINE
Computers In Medicine

•Computers join the medical team
•What are computers doing in medicine?
•Diagnosis by computer
•Data processing in the doctor's office
•How to communicate with the computer
•Small computers—new para -medical aids

Engineers:
ADVANCE REGISTRATION
FIRST NATIONAL CONFERENCE ON ELECTRONICS IN MEDICINE
February 14-15
Statler-Hilton, New York, N.Y.
Registration Fee: $125
Name
Address
City

State

Company

Zip

Position

Please register the above for the ELECTRONICS IN
MEDICINE Conference
Check enclosed

Send invoice

Mail an additional registration form with descriptive
brochure.
NOTE: Attendance will be limited and applications will be
handled on a first-come, first-served basis.
Make hotel reservations directly with the Statler-Hilton
before February 1. Identify yourself as an attendee of this
conference. A number of rooms are being held.
Mail registrations and make checks payable to:
FIRST NATIONAL CONFERENCE ON
ELECTRONICS IN MEDICINE
330 West 42nd Street, New York, N.Y.

Make the most of this opportunity to help close the communications
gap between medicine and electronics. Join the world's leading
hospital administrators,

physicians, and specialists in bilateral

discussions. Help meet their real needs.

Instrumentation In Medicine
•Is it being designed and used properly?
•Achievements and barriers
•Instrumentation in practical patient
management
•Protecting the patient—standards and
safety
•Governrrient regulation

Medical-Engineering Relationships
•Why can't doctors and engineers
communicate?
•What the hospital administrator wants
Systems Engineering
•Marshalling medical resources through
systems
•Prescription for large-scale health care
•Remodelling the surgery department

Demonstrations
•Patient monitoring, and computer-aided
diagnosis systems, xerographic mammography techniques, apulmonary function analyzer, and an electric power monitor will be
demonstrated and critiqued by a panel of
physicians and engineers.

Memories IX

Semiconductor arrays
get bigger and denser
By Ury Prie!
Signetics Corp., Sunnyvale, Calif.

Memory circuits are being offered as standard products by almost all semiconductor manufacturers.
These products now cover awide range of speed,
both read-write and read-only functions, serial and
random-access operations, and such special designs
as content-addressable organizations. Furthermore,
the capacity per chip is steadily rising as both chip
size and element density increase.
Custom-designed storages are still much in demand, but they no longer dominate the market for
semiconductor memories. The shift to volume production of standard memories stems from the builtin affinity of semiconductor technology for batch
fabrication, which, in turn, is well suited to turning
out arrays of identical cells that are characteristic
of all memories.
Metal oxide semiconductor and bipolar circuits
will soon be fabricated on chips measuring 150 mils
aside or more—against the now standard sizes of
under 100 mils square. MOS circuits are decreasing
in price and increasing in density almost daily,
while bipolars are benefitting from better yields
and better circuit design.
As noted in an earlier article [Electronics, Dec.
23, 1968, p. 54], bipolar circuits' major advantage
over MOS in memory applications is speed. Because
their elements cannot be as closely packed as those
of MOS circuits, bipolars will continue to be used
in small arrays requiring high speed. The largememory field, however, is monopolized by MOS.

watts when operating at 2 megahertz (500-nanosecond cycle), and its outputs and inputs can be
connected directly to transistor-transistor, diodetransistor, or MOS logic circuits.
Philco-Ford Corp., Texas Instruments, and the
Fairchild Semiconductor division have each
brought out a 1,024-bit read-only memory, and
other manufacturers are expected to join the club.
For higher speeds, bipolar circuits must be used,
but only with increases in size, cost and power dissipation. Radiation, Inc., offers a 100-bit read-only
memory in the form of a 10-by-10 diode matrix,
and Motorola Inc. is working on a128-bit memory.
The Signetics Corp. is developing a256-bit readonly memory that works with DTL or TTL and can
be programed either at the factory or by the user.
Signetics is using a fusing link approach; the
customer defines the data stored in the memory
by melting away certain metal interconnections, or
links, corresponding to stored O's. In this new organization, access to each link can be gained with
fewer external connections than earlier fusing link
designs required.

+V

+V

Y SELECT LINE

Within speed limits
Computer designers have come to rely heavily
on read-only memories as sequence controllers, code
converters, character generators, look-up tables,
and even program storages in some cases. A readonly memory cell is an inherently simple device
for which MOs technology is ideally suited—provided the cycle time isn't less than 100 nanoseconds.
Built-in capacitance precludes the operation of individual devices at higher speeds.
American Micro-systems Inc. and the General
Instrument Corp. have both developed a readonly memory with 2,048 bits on achip measuring
84 by 106 mils. The memory dissipates 130 milli100

X SELECT LINE

SENSE AND
WRITE LINES

Standard. Originally a custom design, this bipolar circuit
is now being used routinely by several manufacturers.
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lie in processing and control rather than in the
memory field.
Of the MOS shift registers now being marketed
for memory applications, American Micro-systems
is offering three different units. One has three 66bit registers on a single chip—with the three externally connected to one another if desired—another has two 40-bit registers, and the third has a
pair of multiplexed 213-bit registers.
Philco-Ford has a256-bit dynamic shift register
from which the stored data disappears if the shifting action stops. And the National Semiconductor
Corp. offers a dual 100-bit dynamic shift register
and dual 32-bit and 64-bit static registers.
But none of these wholly mos memories work to
advantage with high-speed logic circuits. To offset
the technology's speed limitations while realizing its
savings in space and cost, mOS must be combined
with bipolar, either by putting both types of circuit
on one large substrate or by mounting the two circuits on separate chips in ahybrid package. This
approach is being investigated by Amperex, the
Solid State Scientific Corp., and Signetics, and
Siliconix has already marketed amonolithic MOSbipolar analog switch, which proves the feasibility
of this approach.
Random happenings

Semiconductor technology—both mOS and bipolar
—holds out as much promise in the field of randomacccess memories as in the read-only types. Up
to now, most of the emphasis in this area has
D4
D3 14
Li
DI 12
112 13
been on scratchpad memories—small, fast units that
Scratchpad. This 32-bit memory is one application
act as buffers between a processor and a large
of the circuit shown schematically on page 100.
random-access memory.
MoS scratchpads now on the market include a
32-bit memory from American Micro-systems, another of 32 bits from General Instruments, and a
64-bit unit with a300-nsec access time from PhilcoTI is working on a512-bit bipolar read-only memory having a30-nsec delay from the word driver in- Ford. Motorola and TI are each developing 256-bit
put to the external detector output; the interconnecmoS random-access memories.
Bipolar scratchpads have generally been develtions are made with acomputer-controlled discreoped as custom circuits and later marketed as
tionary-wiring .technique, and, in general, no two
chips are wired alike. The aim here is to utilize standard products. One example is a 16-bit memory using a coincident selection scheme and TTL
all the good cells on alarge chip and none of the
bad ones. This approach, which is unique to TI, can circuits, shown opposite. This unit is now available
be applied to any kind of large chip, but it offers a from the Transitron Corp., Sylvania, and Fairchild.
special advantage in read-only memories. Cells And Motorola has successfully combined the TTL
saturated cell with nonsaturating current-mode
defective because they're open-circuited can often
be included in the wiring as O's, while short-cir- sense and write circuits in a16-bit memory that's
cuited cells can be included as l's. The approach said to cycle in as little as 50 nsec and to dissipate
only 250 milliwatts.
thus has the potential to improve yields.
Fairchild has developed a64-bit scratchpad eleLong shift registers can be used as serial memment that has 16 four-bit words. The words are
ories in much the same way as acoustic delay lines
or even magnetic drums are used. [An article com- accessible in about 30 nsec, but the chip requires
external decoding. Signetics has an eight-bit memparing the virtues of shift registers and delay lines
as serial memories will appear in afuture issue of ory with address decoding on the same chip, and it
Electronics.] To get a sufficiently long delay, the is developing asimilar 32-bit unit that will be inshift register must contain dozens or hundreds of tegrated on a 100-by-100-mil chip, shown above.
bits, and only MoS technology provides the neces- The individual cells are essentially the same as
sary packing density on achip of reasonable size. those opposite, except that there are three address
Bipolar shift registers are being manufactured, but lines instead of two. The three-bit address picks
their bit capacities are low and their applications out one of eight four-bit words, and is decoded
=
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through the multiple-emitter structure at the cell;
the box labeled "decoder" in the diagram is actually
only abank of inverters. The 32-bit memory's access time is about 20 nsec.
These developments point to the eventual development of larger bipolar memories that will rival
MOs memories in terms of density and cost, but
exceed them in terms of speed. These improvements will result both from circuit innovations and
from adaptation to the "terrain" of an IC.
Today's largest MOS circuits are shift registers
holding a couple of thousands bits on a chip 100
mils square; the largest bipolar circuits are on chips
of asimilar size but are limited to about 100 bits—
bits, however, that are randomly accessible. Thus,
mOs density is now about 20 times that of bipolar
circuits, but carries apenalty in the form of serial
versus random access.
By the end of 1970, it should be economical
to put a thousand or more bits on chips 150 or
200 mils square, and gain access to these bits in as
little as 20 nanoseconds through bipolar circuits.
One of the major merits of integrated circuits is
the easy implementation of combinations of memory and logic—in content-addressable, or associative, memories, for example. In an associative organization, the memory is presented with a bit
pattern, or key, that may or may not be as long as
the words in the memory. The entire array is
searched in parallel, and those words whose bits
match those in the key are taken out.
These memories can be used for list processing,
information retrieval, language translation, and air
traffic control. They will also offer ahardware solution to complex software problems when their costs
are reduced.
Signetics is developing the TTL associative memory shown at right. It contains four two-bit words
on a 100-by-100-mil chip, and it can get at any of
these words in 20 nsec. It dissipates 420 milliwatts.

INPUT

-D—

ONE OF EIGHT CELLS

r---

1

r-

WRITE
ENABLE
IN VERTED_411)0-INPUT

ASSOC OR
READ /WRITE

rii

_J

L—

}DATA OUTPUTS
ASSOCIATIVE
MATCH OUTPUT

Associative. Any of these four two-bit words, all on a
chip 100 mils square, is content-accessible in 25 nsec.

Future developments will result in more complex
but lower-cost semiconductor devices. These developments include improvements in the isolation between circuits on achip, the use of complementary
transistors on asingle substrate in both bipolar and
MOS technologies, increases in yield, and greater reliance on computers in design.

Memories X

MOS random-access arrays
By Burton R. Tunzi
American Micro-systems, Inc., Santa Clara, Calif.

Large-scale integration through MOS technology
promises to enhance the performance and cut the
cost of random-access memories. Larger and larger
chips are being designed every day, and they are
leading to larger memories assembled from many
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chips on acommon substrate, driven in parallel or
separately as required by the memory's capacity.
The circuits on these chips can be either static
or dynamic. The dynamic type requires refreshing
from time to time, but its elements can be densely
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packed and it therefore lends itself to memories of
large capacity. Both kinds of circuits can include
decoding transistors on the same chip; the address
decoding can be partial or complete, but the more
complete decoding often involves a speed penalty.
With or without the decoding, both circuits can be
made compatible at input and output with diodetransistor and transistor-transistor logic circuits.
A typical single chip contains 256 individually
addressable bits, which may be considered 256
words of 1bit each. A memory with alonger word,
say of 16 bits, could be assembled from 16 of these
256-by-1 chips driven in parallel. Or amemory with
alarger number of one-bit words, say 4,096, could
be made from 16 chips driven separately.
Organized either way, 16 chips can be packaged
in about 1.5 cubic inches, and will dissipate about
2.4 watts supplied from sources of +5 and —12
volts when operating.
Two modes
Data is stored in mOs memories in either aconventional cross-coupled pair of d-c NOR gates or
in the form of acharge on acapacitor in adynamic
circuit. The charge is maintained by periodic refreshing. Such dynamic circuits dissipate very little
power and can be packed densely on asmall chip.
Either kind of circuit may be produced by
American Micro-systems' proprietary low-thresholdvoltage process, which yields transistors with
turn-on thresholds of only —2 volts. Conventional
processes produce transistors with thresholds of
5 to 10 volts.
In the d-c storage element at right above, transistors Qi and Q2 are the cross-coupled elements of
the flip-flop and have relatively low impedances.
Transistors Q3 and Q4 have higher impedances and
serve as load resistors. As their gates are permanently connected to the —12-volt supply, they are
always on. The circuit's output is the drain of Q2
coupled through decoding transistors Q5 and Qg to
a sense amplifier. This point is also the circuit's
input; data to be written comes in through the
decode transistors and forces the flip-flop into the
desired state.
This cell, with addressing lines, takes up about
40 square mils of silicon and dissipates less than
1milliwatt of power.
The dynamic storage circuit at right below is
essentially aone-bit shift register that continuously
circulates upon itself. The recirculation requires
strobe pulses, but they can have a relatively low
frequency—a few kilohertz—and need be only a
couple of hundred nanoseconds wide, for a duty
cycle of less than 0.1%. These same pulses initiate
the read-write action in the dynamic cell. Power
dissipation is roughly proportional to the strobing
frequency, and can be as small as 100 nanowatts
per bit at slow strobing rates.
With no d-c current paths in the circuit, all the
transistors can have the same impedance. This
impedance can be relatively high, and the area occupied by each transistor small. Furthermore, the
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+5v
Static. The cross-coupled transistors retain astored
bit indefinitely without refreshing.

WRITE
STROBE

READ
STROBE

WRITE
DATA
IN
READ
DATA
OUT
•—•.•
I
•=.

C5

ICi

Dynamic. Parasitic capacitance store data but require
refreshing; the entire circuit can be quite small, however.

same line can be used for both reading and writing,
saving still more area.
Data is stored in this cell as acharge on capacitor C1,which is actually only the parasitic capacitance on the line to which it is shown connected
in the diagram. Transistor Q3 is biased on if the
charge on CI is negative.
The drain of Qi is normally maintained at +5
volts, but aread strobe pulse appearing from time
to time momentarily drops it to —12 volts, thus
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turning on Qi briefly. During this short interval,
capacitor C2,which is also simply aparasitic capacitance, charges to the —12-volt level.
Some time before the next read strobe occurs, a
write strobe turns on Q2.(In the absence of other
activity, the read and write strobes occur alternately about 500 microseconds apart.) Because CI
has Q3 biased on, C2 discharges through Q2 and
Q3 to ground. After the write strobe, therefore, Ci
and C2 are oppositely charged.
Besides discharging C2,the write strobe discharges C3 through Q4—biasing Q7 off—and puts
anegative charge on C4.The following read strobe
turns on Qg and Qs; with Q7 off, nothing happens
in Q0,but the negative charge on C4 is transferred
through Qs to restore the level on C1,which may
have leaked off somewhat since the last read strobe.
The two halves of the circuit are obviously identical, and their operation is exactly reversed if C1
is initially discharged. The capacitances are small,
as are the resistances of the transistors biased on,
so that the charging and discharging can occur
very quickly.
Between the read and write strobes, C2 is always
charged to —12 volts and therefore contains no
useful information. But between the write and read
strobes, the charge on C2represents the data stored
in the circuit. At this time, therefore, the address
decoding transistors, Q. and Qy, can be turned on,
transferring most of the charge on C2 to C5.The
latter is the parasitic capacitance on lines external
to the circuit and is as much as two orders of
magnitude larger than C1 and C2.The voltage on
C5 is therefore much smaller than the one on C2,
but it is still well above the threshold of an ordinary sense amplifier.
If transistors Q. and Q, are turned on at the
time of the write strobe, C2 and C3,instead of discharging, acquire whatever voltage le-el is impressed on the output line and on C5 by awrite
driver. The following read strobe transfers the

Slower when hot. Traces are, top to bottom, input,
memory output, and load output, repeated at —55°,
+25°, and +125°C. This unusual slowing, characteristic
of MOS, follows because circuit is an RC network with
positive temperature coefficient of resistance.

104

X0

X1

X2

X3

F.

F.

F.

F.

Common address. Single transistor to access full row
increases array density and decreases output capacitance.

newly written information to C1—discharging it if
C3 is charged, charging it if C3 is at ground.
These dynamic circuits are examples of twophase clocked circuits, but other versions require
more or fewer phases. Where, for example, fourphase clocking is employed, the phase pulses often
relate to different stages and overlap in various
ways to improve circuit operation. These multiple
phases, however, place an additional burden on the
systems designer, who has to provide properly
timed phase pulses over awide area.
Two-phase dynamic storage elements have been
laid out on silicon slabs as small as 16 mils square
—less than half the area required by the d-c cell.
With such a small area, a 256-bit array can be
fabricated on a chip only 100 mils square; and a
512-bit random-access array and 2,048-bit associative memory are not far off.
Although the diagramed d-c and dynamic circuits include both x and y addressing transistors,
only one such transistor is actually needed for each
cell in the array. The other can serve awhole row
of cells, as shown above. Using two transistors on
every cell not only unnecessarily increases the area
of the whole array, but means that all the cells
must produce an output on asingle common line,
presenting alarge capacitive load.
In the 16-by-16 cell array, any one cell can be
addressed by driving one of the x and one of the
y lines. This partial decoding method requires a
minimum of silicon area and achieves the maxi-
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Yo

mum possible speed. However, it also requires 32
address input leads, and the external decoder that
selects two of these 32 leads as an address must
have asupply voltage greater than 5volts because
the gate of an mos transistor must be at least 5
volts more negative than the source and drain if
the device is to turn on. But the drain voltage in
the decoder equals the gate voltage in the array
because the two are electrically common; if the
array operates from a 5-volt supply, therefore, a
higher voltage is needed in the decoder.

Full decoding on the chip permits selection of
the x and y lines from a single binary input address—eight lines in the case of the 256-bit array.
This setup can be driven with TTL-compatible
input signals, but the extra circuits dissipate more
power, add about 100 nsec to the access time,
and take up space on the chip. The most straightforward decoder would use 32 four-input NOR
gates and eight inverters to generate the addressline complements. A more sophisticated decoding
matrix would use fewer gates but add delay. II II

Memories XI

Cutting systems costs with MOS
By Lee Boysel
Fairchild Semiconductor, Mountain View, Calif.*

The great strides made in the past year in developing metal oxide semiconductor memories—both
read-write and read-only forms—reflect the technology's potential for cutting costs.
Read-only memories are taking on many applications, including control as well as pure storage
functions; and automated mask-making simplifies
the task of reworking aread-only memory.
Read-write memories are built of pure mOS or
bipolar assemblies, or in hybrid arrays containing
both types of circuit, and are available in awide
range of capacities and speeds.
Large dynamic mOS read-only memories are now
available in sizes from 1,000 to 5,000 bits and at
projected volume prices of ahalf-cent abit. These
low costs should give these arrays jobs as microprogram sequencers, hard-wired memory subroutines, tables of data, and alphanumeric character
generators. They may also create interest in the
relatively unexplored area of random control logic.
This form of logic includes distributed controls
and common bidirectional data buses. The latter
route data from any register in a group to any
other, with appropriate input and output gating to
control their paths rather than separate connections between every pair of registers.
Distributed controls represent a new departure
from control techniques in conventional digital

systems—a departure that is becoming feasible
only with large-scale integrated circuits. The collection of logic gates in the system that control
timing and data routing would be controlled in
turn by signals that are additional inputs to the
chips, where they're decoded internally. The technique requires anumber of redundant gates, duplicated on different chips, but it sharply reduces the
number of interconnections; in LSI, interconnections cost money, but gates don't.
Both of these techniques reduce the number of
pins per package and give gate-to-pin ratios as
high as 10 or 15 to 1—thus simplifying the problem
of partitioning the system into modules.
Decentralized control
Read-only memories are ideal means for implementing random control logic, particularly in an
LSI system. For example, aread-only memory acting as asequencer can drive abank of eight parallel memories, each containing 256 words of 64
bits each. The bank's output is thus along word
of 512 bits, each of which is an input to one or
more standard logic blocks in adata-flow path.
Such decentralized control memories typically
contain about 10 bits for each gate they replace,
representing at least 90% of the total control logic
and 40% to 50% of the system's components. The

•Now with Four-Phase Systems, Inc., Palo Alto, Calif.
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Read-write memories

Type

Bits

Access
Time
(psec)

Full Cycle
Time
(psec)

1

Power
Power
Per Bit Per Chip
(mw)
(mw)

Probable
Volume
Price Per
Bit (Cents)

Pads

Chip Size
(mils)

1970

1971-72

Static p-channel

32

2

64

14

65x65

20-30

10-15

Static p-channel

64

2

2

2.5

160

16

90x90

15-25

7-12

Static p-channel

128

3

3

3

470

17

125x125

10-15

*MOS/bipolar drive & sense

64

0.2-0.3

0.2-0.3

1

32

24

70x70

8-10

3-5

*MOS/bipolar drive & sense

128

0.2-0.4

0.2-0.4

1

64

32

90x90

8-10

3-5

*MOS/ bipola rdrive & sense

256

0.2-0.5

0.2-0.5

1

128

40

120x120

8-10

3-5

*MOS/bipolar drive & sense

512

0.3-0.6

0.3-0.6

1

256

56

170x170

8-10

3-5

4cp dynamic

256

1

2

0.2

50

20

95x95

4-5

34

80

22

125x125

5-7

100

24

150x150

4cp dynamic

512

1

2

0.15

44) dynamic

1,024

1.5

3

0.1

2-3
2.5-3.5

*Hybrid subassembly

remaining control logic is combined in an array of
conventional logic gates—the same kind as those
used in the data-flow path.
This approach to random control has three benefits. First, at a half-cent per bit for the memory
and 10 bits per gate replaced, the cost is 5 cents
per effective control gate, compared to 10 to 20
cents per bipolar logic gate.
Second, in asystem designed around aread-only
memory, a2,000-bit memory can replace a200-gate
LSI array with many fewer interconnections, greatly
reducing hardware and assembly costs.
And third, meeting customer demands involves
merely specifying the contents of aread-only memory—an easy job with small risk of error, simple
documentation and testing, and no rework. Turnaround on an order for such a circuit can be as
little as six weeks, compared to several months for
a complete custom circuit.
Read-only memories as random control devices
have their disadvantages, too, of course. The biggest of these is the fact that errors can't be corrected by the addition of wire jumpers, or the
clipping of something out; awhole new mask has
to be made. Consequently, the wise course is to
simulate the system's operation on acomputer before the mask is made, or to first build the memory
out of discrete diodes and to then convert to an
moS read-only memory after debugging. Even with
this precaution, occasional reworking is inevitable.
To minimize the reworking, most mOS manufacturers either have a fully automated mask-generating system or are planning to install one. When
such a system is available, the customer supplies
the data that the memory is to contain on punched
cards or on aFortran coding form that the manufacturer converts to punched cards. These cards
are then fed into acomputer that cuts the working
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mask on a plotting table and draws a copy on
Mylar. This copy is numbered for documentation
and checking purposes because it's very difficult to
verify apattern on a working mask directly. The
computer also prints the data in tabular form,
prints coding errors if the input is in Fortran, and
generates paper tapes for automatic LSI testers.
These computer-controlled systems generate
masks rather quickly at very low cost. They keep
initial memory development costs as low as $500
on small-quantity orders and permit the customer
to receive his complete shipment only afew weeks
after placing his order. They also very nearly eliminate masking errors and circuit reworks.
Since read-only memory wafers are essentially
identical, they can be mass-produced and stockpiled in readiness for the gate mask and tester code
pattern that adapt them to a customer's requirements. Using this approach, the manufacturing
lines can produce a single high-volume item with
standard packages, test fixtures, and other accessories at very low costs.
Static and dynamic

mos read-only memories come in static and dynamic forms. Static memories read out and hold
indefinitely the word addressed by the input without clocks or strobe pulses; their projected costs
during the next few years, with the high-volume
techniques described above, are about 1 cent per
bit. Dynamic memories have outputs that must be
continuously restored at some minimum clock rate,
and it's their costs [hat are expected to drop to
about ahalf-cent per bit.
In astatic memory, the address decoder and the
memory matrix itself must be made of NAND/NOR
gates with large fan-ins and resistances. The matrix
as a whole looks like a large capacitance when
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Read-only memories
Bits

Type

Access
Time
(µsec)

Power
Per Bit
(11w)

Chip Size
(mils)

Pads

Words x
Bits

Probable Volume
Price Per Bit (Cents)
1970

1971-72

Static

256

2-3

250

75x75

16

64x4

5-7

2.5-3.5

Static

1,024

34

120

90x90

20

128x8

1.5-2.3

0.8-1.3

Static

2,048

8-10

80

125x125

22

256x8

40 dynamic

2,048

0.7-1

50

90x90

24

Variable

40 dynamic

4,096

1

20

125x125

24

512x8

viewed from the input. Charging the capacitor
through the resistance takes time, so that access
is gained to a static memory in 3 to 4 microseconds. These arrays also dissipate something like
150 microwatts of power per bit.
At the present state of the art, a 1,024-bit static
memory can be fabricated at lowest cost on a
chip 90 mils square cut from a 2-inch wafer. A
memory with twice the number of bits on asomewhat larger chip is feasible, but its greater parasitic time constant would slow its access time to
about 10 esec. Furthermore, a 90-mil-square chip
gives the maximum yields per bit under present
production-line conditions. A memory twice as
large could be built on a chip 120 to 130 mils
square, but this size isn't expected to be economical
until the early 1970's.
Dynamic read-only memories typically provide
twice the bit density, five to 10 times the speed,
and a quarter the power consumption of static
memories. The 90-mil chip can hold 2,048 bits;
again, alarger chip with more bits is feasible, but
it will cost slightly more per bit. In applications
where pin count, size, and power dissipation are
critical, however, the extra cost is justified.
Storing and fetching
Read-write MOS memories come in three major
forms: complete assemblies of p-channel MOS devices, p-channel storage cells addressed by bipolar
decoders and containing bipolar sense amplifiers,
and complementary systems using both p-channel
and n-channel devices. And they come in three
performance levels: high-speed scratchpad memories of a few bits with access times of a few
nanoseconds;
medium-speed,
medium-capacity
memories; and rather slow bulk-storage units.
The applications of high-speed scratchpads, the
oldest form of semiconductor memory, generally
justify costs of a dollar a bit. Bipolar integrated
circuits dominate this area at present, though, and
probably will continue to do so.
Medium-performance memories are most practical at today's state of the MOS art. In the range
of 32 to 256 bytes (256 to 2,048 bits), bipolar circuits are prohibitively expensive and magnetic
memories are inefficient. Typical MOS costs of 25
to 50 cents abit are therefore justifiable.
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1-1.5
0.5-1

0.3-0.5

1-2

0.3-0.5

Fairchild Semiconductor recently announced a
static p-channel read-write memory with 64 bits on
a chip 90 mils square. Each bit is accessible in 2
esec and dissipates 2milliwatts. This unit is priced
at 25 cents a bit in large quantities.
The third level—bulk storage—is the most attractive for solid state technology in terms of potential
profit, but it's also the most difficult to attain because of the entrenched position of ferrite cores
and other competitive technologies. The most common approach in this class is an array of MOS
flip-flops driven by bipolar decoders and sensed
with bipolar sense amplifiers. However, the bipolar
circuits dissipate considerable power, and the MOS
chips require alarge number of leads because they
must be on separate chips within ahybrid package.
One solution to these problems lies in the use of
aquasi-static four-phase circuit with dynamic decoding on the chip. This circuit requires a fourphase clock and continuously circulates data bit
for bit within itself. To the outside world, though,
the memory as a whole looks like a d-c circuit—
hence the designation quasi-static. The cell itself
occupies only about a third the area of a static
flip-flop, but the chip area is about two-thirds the
of a static memory with an equivalent number of
bits because of the space taken up by the decoding
circuits. This size reduction, together with the
eliminated bipolar circuits, halves the cost—but at
another price.
That price is in performance. A dynamic readwrite memory is limited to a 1-megahertz clock
rate, corresponding to a1-sec access time; its full
cycle time is just twice its access time because the
data has to be regenerated after being read out.
Nevertheless, just such amemory, holding 256 bits,
dissipating 0.2 milliwatts per bit, and containing
all decoding read-write controls and two bidirectional input-output buses, is now available. Its price
for delivery this year is about 7 to 10 cents per
bit, but this is expected to drop to about 4 or 5
cents in 1970. The mos-bipolar system's cost is two
or three times as much.
These figures, along with those quoted for speed,
may seem conservative when compared with some
recent optimistic forecasts. However, they will appear on data sheets in the foreseeable future and
are therefore quite realistic. MI II
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Surgeons needed abattery
for a"periscope"*that looks inside you.
Mallory made it.
What can we do for you?

Surgeons needed a battery. A battery
to power an amazing instrument—a fiberoptics "periscope" that lets the surgeon's
eye explore deep inside you by the light
of a small power pack. A battery that
could last through an operation. A battery that could be sealed in a power
pack and autoclaved, sterilized by steam
and pressure.
Mallory made it. The battery—a
Mallory mercury battery. It packs
enough power for hours of operation
into a cylinder less than an inch wide
and not much
more than two
inches tall. It is
cornpletely
sealed and
spark-free. And
in the power
pack it can be
4.05 volt 3-cell Mallory mercUrY
battery made for MPC power packs.
steam-sterilized
at 320° F for a period of 30 minutes

1. DOUBLE CELL TOP
2. INNER CAN
3. ADAPTER SLEEVE
4. OUTER CAN
5. CELL SEAL
[GROMMET)
6. ZINC ANODE
7. ABSORBENT
AND ALKALINE
ELECTROLYTE
8. BARRIER
9. MERCURIC OXIDE
DEPOLARIZER

mercury cell seals itself. It has a double
steel jacket, and a grommet that can
withstand internal pressures up to 300
psi. Potted in epoxy, these cells have
performed reliably powering heart pace-

For more information, please write
Technical Sales Department, Mallory
Battery Company, a division of P. R.
Mallory & Co. Inc., South Broadway,
Tarrytown, New York 10591. Telephone: 914-591-7000. (In Canada:
Mallory Battery Company of Canada
Limited, Sheridan Park, Ontario.)
It's good business to do business
with Mallory

MALLORY

makers and other medical-electronic devices actually implanted in the body for
years. Ordinary batteries may have no
place in the operating room. It's clear
that Mallory mercury batteries do.
OVER 1000 DIFFERENT TYPES

without harm.

Chances are Mallory has the battery you
need already in production. Right now

SEALED POWER
Not too long ago the thought of a
"battery" in an operating instrument
would have given surgeons the shudders.
"Batteries" were unreliable for
use inside the body. They
couldn't be sterilized.

we're making over 1000 different types
and sizes. And if we're not actually producing the one you need, we'll be glad
one to sit down with you to
design one to your
specifications.

They were too bulky.
All that changed. As
you can see from the
cutaway, aMallory

Goldberg Mediastinoscope by Medical Products Corporation, Skokie, Illinois
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New and unique.
No loose parts.
Just open hood and
insert sub-min coax or #30
through #14 contacts.
Snap shut and tighten cable clamp.

Sometimes it
takes abig mouth
to get things done.

This hood-block assembly comes ready for use without need
to assemble nuts, screws, washers, etc. This saves you time
and eliminates assembly headaches.
Hood opens wide for easy access to rear of block for
insertion or removal of contacts. Slide latches on both sides
provide for easy opening. Hood snaps shut with a positive
lock. Reduces RFI. Finger-turnable jacks with no-fumble knobs
assure faster plugging and unplugging. Available in
7 sizes. Write for bulletin giving all details on this and the
Trim Trio family of contacts.

BURNDY
NORWALK,

CONNECTICUT

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES:
CANADA, Ontare /ENGLAND: St. Helens, Lancs.
BELGIUM: Mechelen / MEXICO: Naucalpan de Juarez /BRAZIL Sao Paulo
JAPAN: Tokyo /Sales Offices In Other Major Cities

Circle 109 on reader service card

Certified
Ribt&niatell
With the Winchester MRAC series
you can intermix power, shielded signal and signal circuitry in the same
connector, plus polarizing pins. To
match your own termination requirements. And our adaptable, easily installed, readily removed contacts are
available in crimp, solder, or wire-wrap,
to match your production methods.
All certified—hoods, blocks and
contacts—to MIL-C-22857.
Which means our MRAC series is
not only adaptable and versatile, but
highly dependable. And recommended
for such applications as computers,
shipboard equipment, radar and
ground support equipment.
Let us send you specifications
and details. Including how our removable contacts offer substantial savings
in time and labor. And, great flexibility
in your choice of circuitry. Write to:
Winchester Electronics, Main St. and
Hillside Ave., Oakville, Conn. 06779.

rpm

WINCHESTER ELECTRONICS
LITTON INDUSTRIESLLI
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This high quality device selling for $6.10 has these standard specifications:
Zener Voltage (V z): 9.4 Volts ±2%
Maximum Dynamic Impedance (Z z): 15 Ohms
Maximum Voltage Change Over Temperature Range
over —55°C to +185°C): 115 mV
Average Temperature Coefficient: .005%/°C
It will be sent to you free attached to card on which all critical parameters of your
device have been recorded for you.

Operation Action Form
In what project will this device be used?
If this is a production project what quantity of Zener Reference
Elements do you anticipate using?

•

->e 'lie; I

Name:

Position .

Company:

M/S .

Street:
City:

Phone:

State:

Zip

Ext .

COMPONENTS.
SEMCOR

INC.

DIVISION

3540 W. OSBORN RD. / PHOENIX, ARIZONA 85019
PHONE 602-272-7671 / TWX 910-951-1381
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"WHEN IT COMES TO REED RELAYS,

MAGNECRAFT WROTE THE BOOK"!
After developing the largest stock of dry reed and mercury-wetted relays
on the market today, we had enough experience to write a book. So, we
did! An 80-page handbook, in fact. It starts off with a glossary of terms
and carries through to acomplete product data section. In addition, there
is information on applications and design considerations, how to specify
relays, principles of operation and testing procedures.
Free copies are available to qualified circuit designers, engineers and
others involved in the electrical or electronic fields. Write for yours. We
may never win a Nobel Prize for literature, but if they ever offer one for
advancements in reed relay development — well, that's another story.
Manufacturing Stock Relays for Custom Applications

MagriecrafFELECTRIC

CO.

5575 NORTH LYNCH AVENUE • CHICAGO, ILLINOIS 60630 • 312 • 282-5500
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Dori
risk it!

This hookup wire was wrapped around a
mandrel and heat-aged for 88 hours at its rated
temperature. When it was unwrapped, cracks
developed and exposed the conductor.
This won't happen with insulation of
Du Pont TEFLON* (TFE) .At its own high rated
temperature (up to 500 °F, depending on the
specification), TEFLON shows excellent resistance to cracking after much longer periods of
heat aging.
That's only one of the reasons we call
TEFLON the sure one. Among others: TEFLON
is nonflammable. It's inert to virtually all chemicals and corrosives. It resists solder-iron damage. And it provides weight and space savings
without sacrificing performance.
In short, when you specify insulation of
TEFLON, you minimize risk.
For detailed data on the resistance of
TEFLON to thermal stress cracking and other
hazards, write Du Pont Company, Room 6670E,
Wilmington, Delaware 19898.
Reg. U.S. Pat. Off. for Du Pont fluorocarbon resins and film.

TEFLON.. the sure one

CoUIW
Better things for better living
...through chemistry

Diode arrays •Low-power TTL •MOS SRs

Three things for sure
fromWeatherford
(Our service makes four!)
1. SURE!

TI core driver diode arrays in IC packages. Featuring planar passivated junctions,

high current (500 mA), low capacitance and fast switching, these 8-diode and 16-diode arrays, TID21 —
TID26, TID29 and TID30, offer many of the outstanding advantages
of IC technology. Such as package flexibility for high density packaging (take your choice of standard and long lead flat packs,
plastic DIP and 10 lead TO-5). And high reliability (extra
testing is standard: centrifuge, temperature cycle, gross
and fine leak, internal visual inspection). Reduced weight
and smaller size. Uniform parameters. We'll ship promptly
or for more data, circle 323 on the Service Card.

2. SURE!

Low-power

TTL that's speedy. When power sources can be smaller, product
size and weight can be reduced. Accomplish this economically
by ordering TI's low-power, high-speed TTL. These 13 circuits, a
full line available from us, feature power requirements less than
one-tenth that of comparable standard ICs. Typically, 1mW per
gate and 3.8 mW per flip-flop. And they are about twice as fast as other
ICs with similar power dissipations — 33 ns per gate propagation delay, 47 ns
per flip-flop. For complete data, check 324 on the Service Card.

3. SURE!

200 bits in TI's economical new MOS

static SR. With this latest TI entry, you have the most
bits available today in astatic SR —200— at the lowest cost per bit —
one-tenth that of bipolar registers. The new Dual 100 features aclock
repetition rate ranging from DC to 1MHz, with no minimum clock
rate and an extremely low power drain —1.5 mW per bit. The 200 bits
can be connected into asystem in two parallel 100-bit registers or the
output of one register can be converted to the other. We'll take your
order now; or for adata sheet, circle 325 on the Service Card.
For sure service, call

R. V. WEATHERFORD CO.
DISTRIBUTORS
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EQUIPMENT

PHOENIX, ARIZONA
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ANAHEIM, CALIFORNIA
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1651 State College Blvd.

69?1 San Fernando Road

3240 Hillvtew Drive

1917 North 25th Drive

714-532.6741

213 849-3451

Stanford Industrial Park

Carson Industrial Center

714.966.8461

415.321.5373

602-272.7144

San Diego, California

714-547.7521

PALO ALTO, CALIFORNIA
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SALES OFFICES
Pomona, California
714.623-1261

714.278.7400
Seattle, Washington
206.762.4200
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Sealectro RF connectors, adaptors and cable assemblies are designed and manufactured to meet the most
stringent requirements of military, space and commercial applications including MIL-C-22557 and MILC-39012, Series SMA. Microminiature Microhex connectors offer outstanding VSWR to 5 GHz ...Subminiature ConheX connectors to 12.4 GHz .. .and the
best performers of all. ..stainless steel SRM 5'connectorslwith low, low VSWR all the way to 18 GHz.
Over 350 standard connector and adaptor configurations with a wide selection of mating engagements
and cable terminations are included in the Sealectro
line to provide you with the widest selection and with
the fastest possible delivery in the industry. And . .
Sealectro maintains complete custom cable assembly

facilities staffed by trained personnel to save you
time and money.
Why not find out about Sealectro's complete RF connector line. Drop us a line or phone. Well send you
our complete set of RF connector catalogs and technical specifications.
NF COMPONENTS DIVISION

SEALECTRO

CORPORATION

MAMARONECK • NEW YORK
PHONE: 914 698-5600

TWX: 710-566-1110

Sealectro Ltd. Portsmouth, Hants, England
SEALECTI10

Sealectro S.A. Villiers-le-Bel, Paris, France

7

The proof
of the quality
of our connectors
is in their
performance
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-.126

-- .165
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% Hex
UM"
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Electronics

January 20, 1969

Circle 115 on reader service card

115

predictable

pulse
performance

•

TYPE 114 PULSE GENERATOR
WID711

from
Tektronix®
TYPE 114 PULSE GENERATOR

NEW! TYPE 115 PULSE GENERATOR

• 10-Hz to 1-MHz Repetition Rate

• 100-Hz to 10-MHz Repetition Rate

• 10-ns Risetime and Fal!time

• Variable Risetime and Falltime, 10 ns to 100 ps

• Pulses or Symmetrical Squarewaves

• Variable DC Offset,

• ±10 V into 50 .Q., Short-Proof Output

• ±10 V into 50 Ç2, Short-Proof Output

Pulses or Squarewaves—You may have either using
this solid-state generator! The compact Type 114 provides pulses with 10-ns risetimes and falltimes, periods
variable from 1ps to 100 ms and widths variable from
100 ns to 10 ms. Pulse amplitudes are adjustable from
+1 V to +10 V into 50 e. Aberrations are <5% at
+10 V into 50 ft Symmetrical squarewaves are instantly available by setting the Width control to the
squarewave position. Squarewave period and amplitude ranges are the same as for pulses. External
trigger input permits synchronizing the Type 114 output
with other events up to 2-MHz repetition rate. An
optional rack adapter provides for mounting one or
two Type 114 or Type 115 Pulse Generators in only
51/
4 inches of panel
height. Consult your Tektronix
Catalog 27 for detailed description of the Type 114
and the optional rack adapter.

This multi-purpose, solid-state generator produces
exceptionally clean pulses with aberrations less than
3% P-P at +10 V into 50 e. Pulse risetime, falltime,
width, delay, period, amplitude and baseline offset
are separately variable, permitting precise waveform
simulation. Five operating modes offer a variety of
outputs—undelayed pulses, delayed pulses, paired
pulses, burst of pulses and gated pulses. Risetimes
and falltimes are continuously variable from 10 ns to
100 ps and periods are variable from 100 ns to 10 ms.
Pulse widths are variable from 50 ns to 500 ps with
duty factors to 75% (50-ns minimum pulse separation). A continuously variable DC offset feature permits positioning pulse baseline through a range of
+5 volts to — 5 volts. Triggering is selectable, internally or externally. A detailed description of the
Type 115 Pulse Generator is found in the new supplement to your Tektronix Catalog 27.

Type 114 Pulse Generator

Type

$320

115

Pulse

± 5V

Generator

$825

U.S. Sales Prices FOB Beaverton, Oregon

To evaluate either of these pulse generators in your application, call your Tektronix
Field Engineer, or write Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005

Tektronix, Inc.
committed to progress in waveform measurement
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Probing the News

Getting more mileage from computers
SRI group is developing an experimental system to bridge capacity gap
that's attributed to users' limited experience with advanced equipment
By Wallace B. Riley
Computers editor

The computer field, for all the advances in speed and performance
that have been recorded during recent years, still has a way to go
in realizing the full potential of
machines and associated hardware
and software over a broad range
of applications. In a nutshell, the
systems design art has outstripped
the ability of owners and operators
to make the best use of what's
available to them.
That's the opinion of Douglas C.
Engelbart, who's doing something
about the situation, as well as
others in the field. He heads the
Augmented Human Intellect Research Center at the Stanford Research Institute in ,Menlo Park,
Calif. Since the early 1950's, Engelbart and his colleagues have been
addressing themselves to this capacity gap, which, he says, is
largely attributable to lack of experience. At the moment, the center's crew has designed and assembled an impressive and complex
system of hardware and software
that represents a sort of halfway
house on the road to the solution
of the problem.
The center's work is being underwritten by the Pentagon's Advanced Research Projects Agency,
the National Aeronautics and
Space Administration, and the Air
Force's Rome Air Development
Center. Earlier, the Air Force's Office of Scientific Research was a
participant.
Most observers applaud Engelbait's efforts and give high marks
to his ideas and progress to date.
And, in the main, such criticisms
as are advanced are from traditionalists or those who express
preferences for different individual
hardware elements.
Electronics 1January 20, 1969

The principles and goals of the
center's work are abstruse enough
for Engelbart, himself, to resort to
analogy when outlining them. For
openers, he compares the state of
the computer art to transportation
around the turn of the century,
when only afew automobiles were
chugging about the countryside.
Their usefulness was limited because roads were scarce and service facilities were largely confined
to blacksmith shops. By contrast,
today's cars, which come equipped
with all the equipment and instructions needed to operate them satisfactorily, are the beneficiaries of
a vast support network that includes superhighways, rules of the
road, filling stations, mechanics,
parking lots, and the like. A great
deal of practical experience has accrued from the evolving designs of
automobiles, says Engelbart. Partly
because of hothouse growth, the
same is not true of commercially
available computers.
Foreshortening. Engelbart's organization is working toward plugging the breach. To this end,
they've integrated acomputer system that includes, among other
things, an unusual display presenting the contents of afile, astandard
typewriter keyboard along with two
other input devices for modifying
the file, and aset of functions that
permits a user to add, delete, or
change information in the file almost as fast as he can think—and
far faster than an observer looking
over his shoulder can follow.
A user can work comfortably and
efficiently for hours with the system. He can compose new material
and study data already on file,
modifying or displaying it to various depths—a procedure that's

analogous to looking at labels on
file drawers, labels on folders in
one of the drawers, headings on
the papers in the folders, or the
contents of the papers. In addition,
the operator can edit, move big
chunks of data around quickly, and
make as many copies as he wants,
either in the computer or as paper
printouts, more readily than he
could with typewriter, pencil and
paper, or other media. An operator
can also work with vectors and
alphanumeries to draw pictures and

Chairman. Douglas Engelbart, who
heads SRI computer project, sits in
special console-equipped chair
developed by Herman Miller for
experimental system.
117

... most definitions of the user system
are almost laughably inadequate ...
diagrams in the file.
"The true measure of any kind
of system is its value to the user,"
says Engelbart. By this yardstick,
the center's set-up appears very
valuable indeed—at least to those
unburdened by traditional ways of
thinking about intellectual processes. But the center's track is by
no means completely clear. Returning to his transportation analogy,
Engelbart points out that "traffic
jams" could prove a serious problem for interactive computation.
"However, transportation systems
are inherently limited to two dimensions—three in the case of air
transportation," he says. "Computer systems have the potential for
multidimensional expansion, with
no limit in sight today."
Virtually all computer experience
accumulated to date centers on

equipment and associated services,
including software. What's needed,
Engelbart believes, is a vast body
of user-related knowledge to extend the level of interaction with
the system. He finds most definitions of the user system almost
laughably inadequate. And, he
says, the same is true of the interface between the user system and
the computer system.
Old school ties
For example, agreat deal of work
has been done to develop equipment and techniques that combine
advanced
electronic equipment
with the most primitive data-manipulation methods. These include
various kinds of pens and tablets
for "drawing" on a cathode-ray
tube—a situation that ties electronic
manipulation of data to traditional
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pencil-and-paper techniques. This
procedure is grossly inadequate,
says Engelbart, because the data
rate is necessarily several orders of
magnitude slower than the user's
train of thought.
Test case. The kind of problem
that must be solved in designing
auser system and its interface with
aservice system is illustrated by an
analysis of what's involved in inserting a character in a word or
adding aword in the middle of a
sentence. The task includes three
elements—the command, "insert,"
the entity to be inserted, and the
place to insert it. To design such
a capacity into a system, along
with dozens of related functions,
requires thinking several levels
above the user-system/service-system interface and even further
above specific hardware or software design details.
At the outset, Engelbart faced
the problem of just how to begin.
He realized that neither engineers
nor users could adequately define
an entire system that would prove
to be most useful. Fortunately, his
research team included individuals
with awide range of interests, aptitudes, and skills. Engelbart's
happy inspiration was to use his
staff, which now numbers 17, as
its own subject group—building,
experimenting, asking "why not
..?" and then trying something
else in a heuristic bootstrapping
operation. The staff thus develops
the tools and techniques required
to carry out its assignment, living
up to the project's goal of augmenting human intellect.

In their working system, Engelbart and his research team have
used some quasi-conventional hardware and software, together with
some unusual new design—originated at the institute or borrowed
from other organizations working
in the computer field.
At the heart of the center's project is a Scientific Data Systems
940 computer with four memory
banks of 16,384 words each. Controlling the 940 is a time-sharing
program developed at the University of California at Berkeley and
later made commercially available
by SDS.

One of the 940's distinguishing
features is its double memory bus,
Electronics
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which permits the central processor
and peripheral equipment to use
memory simultaneously in most
cases without interfering with one
another. Only when the data
sought is in the same module must
one or the other give way.
With the double bus, the displays can be refreshed without
loading down the central processor.
Since displayed information is usually in one module, while the
processor is working with another,
refreshment can be handled directly from the main memory without an intervening buffer.
Bus schedule. All the conventional and off-beat equipment is
connected to the second bus. The
former includes a fast magnetic
drum, adisk file, and aline printer,
as well as provision for eventual
connection to the Advanced Research Projects Agency's nationwide computer network [Electronics, Sept. 30, 1968, p. 131]. This apparatus has to be multiplexed onto
the second bus. The standard SDS
multiplexer doesn't have the capacity for this, so it handles only the
drum and another special multiplexer designed and built by the
center staff. A complex priority
scheme wired into the multiplexers
decides which device gets access
to the memory when two or more
conflict.
One of the unusual devices in the
system is a crt display with a
closed-circuit television link. A controller in the multiplexer drives six
conventional
display
systems,
which include the necessary character and vector generators, digital-to-analog converters, and the
like. The crt in each display, however, measures only 5 inches in
diameter and faces a television
camera that transmits the image
over a coaxial cable to areceiver,
which replaces the usual display.
The tv camera has 875-line, rather
than 525-line, resolution. In addition, such equipment is cheaper
than a scan converter.
Good deal. This approach has
several advantages. The 5-inch
crt's are much cheaper than larger
units of less precision. Some of the
saving on the tube cost goes for
the tv setup, but there are other
benefits that could be realized in
no other way. One of the most important is that the crt's need be
refreshed only 15 times per secElectronics
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Inputs. Conventional
keyboard is in
parallel with 5-key
handset, whose
combinations
correspond to
individual keys. At
user's right hand
is a"mouse," the
movements of
which on any
smooth surface are
duplicated by a
spot, or "bug," on
the display. Shown
inverted at left, the
mouse has two
wheels and aball
bearing for
three-point support.

ond. This slow rate causes aflicker
on the crt display that is severely
fatiguing to watch—for direct viewing arefresh rate of 30 per second
is a minimum and 60 per second
is preferred.
The slow refresh rate, however,
permits a single controller to generate separate displays on several
crt's, and the flickering is absorbed
in the tv camera's vidicon. A vidicon image remains nearly constant
for a short time before beginning
to drop off—as contrasted with the
nearly exponential decay of the crt
phosphor. Broadcast tv cameras
are adjusted to minimize this lag
time; the center's cameras are adjusted to maximize it. As a result,
the image is retained long enough
so that the flicker in the tv receiver
is hardly noticeable to most perscins, except where parts of the
display change rapidly.
Another advantage is that only

a single coaxial cable is required
from each television camera to its
receiver; five cables would be
needed to drive a remote display
directly. And finally, a simple
switch in the tv control system inverts the polarity of the signal. As
a result, the display is black on
white, rather than the white or
green on black that is typical of
most displays.
Animal kingdom.
The principal input device in the
system is an ordinary keyboard, of
the same type used with many crt
displays. Characters, words, or
statements, "typed" on the keyboard, appear on the display. They
may show up at the top or at a
point indicated by a"bug," aspot
serving as apointer, controlled by
a "mouse," which is a small device resting on the tabletop near
the user's right hand. The mouse
119

is supported at three points—two
wheels on perpendicular axes and
a ball bearing for stability. As the
user pushes it this way and that
on the table, the wheels turn; analog sensors detect the motion,
causing the bug to move on the
screen, in tandem with the mouse's
table track. When moving rapidly,
the bug seems to have along tail;
upon close examination, however,
the bug is seen to move in a series of small jumps, leaving afading footprint, which creates the illusion of the tail. The lag time in
the vidicon causes this; it's the
only really noticeable effect and
has no serious consequences on
the system's operation.
Most of the commands in the
system are represented by combinations of two or three characters.
When issuing commands from a

The World
can count on
Duncan
Mini-Dials
Duncan has three big series of
miniature turns-counting dials to
enable the accurate positioning of
multi-turn potentiometers. Yet despite their compactness, each dial
provides for optimum readability
— you can take precise readings
at a glance from any angle. Duncan miniature turns-counting dials
all feature positive-action locks,
and require minimum panel drilling
and mounting hardware. You can
count on Duncan for fast in-stock
delivery at the right low prices too.
Any way you look at it, you ought
to dial Duncan at (714) 545-8261
for complete information. Then,
you can start counting on us too.

CD1

Remote pickup. Closed-circuit tv
provides low-cost precision display.

SERIES 60: Inner scale graduated In fiftieths of aturn; outer
scale in full turns from 0 to 9.
SERIES 80: A 10-turn counter Indicates full turns completed; the 100-doeision scale Indicates hundredths of a turn.
SERIES 70:
DIGITAL MODEL 71: Magnifying face lens projects 3-Olgit
readout to e hundredth of a turn.
CLOCKFACE MODEL 76: Only °AC dla. is ideal for rolo.
space applications. Excellent readability to 50ths of a turn.

DUNCAN electronics, inc.
A DIVISION OP SYSTRON-OONNER CON,

2065
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Fairview Rd., Costa

M••a, California
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Tel. (714) 545-8261

• TVVX (910) 595-1120

standard keyboard, the user must
move his hands around on the keyboard and take his eyes from the
display. Both actions tend to generate confusion and fatigue. To
overcome these difficulties, the center staff has designed asmall fivekey handset that duplicates nearly
every function on the keyboard.
There are 31 ways to depress the
five keys (not counting the "allup"
combination). These correspond to
the 26 letters of the alphabet plus
five special characters in an easily
memorized code. With his left hand
on the handset, his right hand movElectronics ¡January 20, 1969

... the mouse is slated for
more human engineering...
ing the mouse and operating three
control buttons on top of it, and
his eyes on the screen, the user
can work for hours with minimum
fatigue.
At ease. One recent development
that pleases Engelbart and his staff
very much is a swivel chair that
includes the keyboard-handsetmouse setup; it was developed by
FIerman Miller Inc., aleading furniture company that has become
interested in the center's activities.
Lounging in the chair with a tv
set before him, a user can work
creatively in comfort.
The center staff has ambitious
plans for the future. For example,
it expects to enhance the system's
memory capacity through the special multiplexer and to add six
more displays. Further experimental work has also been done
with several new versions of the
basic five-key handset. One staffer
has even suggested aspecial glove
with miniature switches in the fingers. More human engineering on
the mouse appears likely as well.
At the moment, it's basically comfortable to work with, but the three
control buttons are awkwardly located for some functions.
More importantly, the center
hopes to refine the system for
group interaction, including multiple access to files for both reading
and writing information. Since
members of the groups may not be
in the same room—they may even
be continents apart—this requires
computer-controlled audio circuits.
Furthermore, with the closed-circuit tv in the display system, computer-controlled picture juggling
should be possible—complete with
such effects as split screens and
superimposed images so that different files can be compared.
One of Engelbart's more exotic
ideas is to have atv camera on the
display itself, pointing at the user
and transmitting a shot of his features to the central system. This
would permit members of an interactive group to see each others'
faces—a potentially important feature since in personal meetings
much information is often transmitted through gestures and facial
expressions. • •
Electronics IJanuary 20, 1969

If your electronics
problems are...
PEOPLE,
PRODUCTION,
and PROFITS

UTAH has

the answers
Utah offers you GUARANTEED BRAINPOWER ... an inventory of more than 4000 hard-to-find specialists, experienced
people of all kinds, eager to work for you in Utah.
An adequate and stable labor force of women and
trainable people with the vocational training facilities to
prepare them to meet YOUR needs.
One major electronics firm now in Utah reports:
Increased productivity 2.5 to 3 times.
Decreased labor turnover 2/
3 to 3/4.
... and that spells PROFITS...
That is why such firms as Univac, Litton, Sperry, General
Instrument, Signetics, and others are sold on the fact that
"This Is the Place" for profitable electronics operations.
In addition to an unlimited source of low cost raw
materials, Utah offers you:
•Many trained people in the electronics field. •An
outstanding and stable labor supply at reasonable wages.
•Training aid and research help. •Low-cost plant sites.
•Favorable freight rates. •Freeport-Export Exemption laws.
•An ideal distribution location in the middle of a market of
30 million. •Recreation, culture, scenery .... awonderful
place to live and work.
For information write:
UTAH INDUSTRIAL PROMOTION BOARD
167 Social Hall Avenue,
Salt Lake City, Utah 84111
Dept. 119
Name

Win the WE$T .. from

ItTall

Company
Type of Business
Address
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Manpower

Engineers accept the risk of layoffs
as part of the game in defense field
Attempts to form union make little headway; contractors and Government
are standing pat although the high turnover boosts costs and lowers efficiency
By Peter Vogel
Assistant editor

Shortly after Robert Talbott was
laid off by the Lockheed Missiles
& Space (Jo. in Sunnyvale, Calif.,
he noticed that one of his sons had
developed aforced laugh. "It made
my hair stand on end," Talbott
says. He knew where the boy had
picked up the habit: from Talbott
himself. "I laughed at the boss's
jokes, Ilaughed at the possibility
of being laid off, and Ilaughed at
the possibility that Imight not be
able to find another job if Iwere."
A year later, at 37, Talbott is
still looking for a job as an aeronautical engineer. Though he was
subsequently rehired after being
surplussed, Talbott spent much of
his time trying to organize aunion
among Lockheed engineers, and
was fired for cause—recruiting on
company time.
Talbott's response to being surplussed, however, is not particularly typical in bis profession. Most
engineers, probably because of the
relatively high pay scales, accept
the insecurities of working on defense contracts as anecessary evil.
Talbott and others have found that
engineers apparently aren't ready
to accept unionism as a panacea
for their problems.
Talbott claims he's been blacklisted as a result of his attempts
to form aunion—the American Association of Scientists and Engineers. But for the thousands of
other engineers in the defense field
who simply cash their severance
checks and move on, the situation
isn't quite as acute. New jobs are
found—sometimes in their own
122
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communities, sometimes at the
other end of the country. Nonetheless, there are great difficulties involved in having an essentially
transient engineering population.
And they've received more and
more attention since the mass layoffs of the 1962-64 period.
For one thing, layoffs at Pentagon contractors deplete the value
of the defense dollar. It costs an
average of $3,000 for a company
to recruit an engineer and pay his
relocation costs. These outlays are
written off to the Pentagon as overhead.
A study prepared for the Pentagon three years ago by the Stanford Research Institute concludes
that the high turnover in the de-

fense industry's salaried personnel
and the associated expenses are
"a major factor in the inflation of
research and development costs."
The SRI report also charges that
the comings and goings of engineers contribute substantially to
inefficiency in the defense industry. Richard S. Ostberg, a group
manager with the Electronic Systems division of Sylvania Electric
Products in Waltham, Mass., spells
this out: "When the end of acontract is in sight the better people
often leave for amore secure job."
Robert Kutz, a digital design engineer at LTV Electrosystems in
Dallas, agrees. "Once rumors of
layoffs get started, the whole plant
runs scared," he says. "Production
Electronics IJanuary 20, 1969

It looks like epoxy.
It costs like epoxy.

It acts like ametal can.

We've got anew case for 23 of our transistors
that makes an epoxy package act just like a
TO-5 metal can. It dissipates 4.0W at a 25°

TYPE

PRICE
(100-999)

METAL CAN
EQUIVALENT

FT3641

.41

2N2218

FT3642

.61

2N2218A

PRICE
(100-999)
.50
3.50

case temperature (500 mW in a 25°C ambi-

FT3643

.80

2N2219

.88

ent). It's mechanically interchangeable with

FT4354

.70

2N4030

5.00

FT4355

.95

2N4032

5.80

No lead bending required, no loss in relia-

FT4356

.95

2N4031

6.50

SE6020A

.63

2N3108

bility. And device performance doesn't suf-

SE6021A

1.13

fer abit. In some ways it's better. We've elec-

5E8040*
FT5040
FT5041

metal TO-5's. No circuit board modifications.

trically isolated the collector. So you can
heat sink the device right to the chassis or

SE8540*

None

.74

None

None

.56

2N5042

1.13

2N5042

2.00

None
2N2905

1.65

2N2905A

8.00
4.00

FT3644

.95

pairs. And since there's no flange, you can

FT3645

1.13

Also the isolated collector eliminates a lot

2.00

.74

use a common heat sink for complementary

even fit a heat sink over the whole device.

4.50

None

None

FT3567

.56

2N3110

FT3568

.76

2N3108

4.50

FT3569

.95

2N3109

5.50

of parasitic capacitance for better high

2N5242

.95

2N3467

6.50

frequency performance.

2N5243

1.13

2N3468

7.50

You can start saving money right now with
little or no circuit redesign because the 23
devices listed at the right are available, offthe-shelf, today, from

FAIRCHILD

Fairchild distributors.

SEMICONDUCTOR

SE7015

.56

SE7010

2.00

SE7016

.76

SE7010

2.00

SE7017

1.52

SE7010

2.00

FT3722

1.51

2N3722

7.00

• Complementary

audio output devices

Your system costs just went down.

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation • 313 Fairchild Drive. Mountain View, California 94040, (415) 962-5011 • TWX: 910-379-6435
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Offer true hermetic sealing
-assure maximum stability and life!
Delays: 2 to 180 seconds .. Actuated
by a heater, they operate on A.C., D.C., or Pulsating
Current .. .Being hermetically sealed, they are not
affected by altitude, moisture, or climate changes ...
SPST only—normally open or normally closed ...Compensated for ambient temperature changes from —55° to
+80° C.. .. Heaters consume approximately 2W. and
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Write for 4-page Technical
Bulletin No. AB-51
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Engineers often get the uneasy feeling that their employers regard them
as pawns on the corporate chessboard, worth using to gain an advantage
but expendable when the game calls for a sacrifice. And they may not
be wrong. Israel Katz, dean of the center for continuing studies at Boston's Northeastern University, believes that engineers are ill-used by top
managements who generally don't understand their importance in the
corporate scheme of things.
"Managers often don't appreciate the engineers' role in expanding a
company's horizons," he says. "As much as 10% of their investment
should be allocated to risky, speculative projects that could open up new
outlets. At the same time, engineers should also stretch, upgrading their
abilities. It's atwo-way street."
Poor grades. Katz characterizes management performance in layoff
situations as "miserable" when it comes to determining who will go and
who will stay. "There's no practicable method of determining technical
competence," he says. "As a result, managers take refuge in myths,
regarding their older personnel as obsolete and expendable. They believe
their younger staff know all the latest things and can get the company
into new areas at less cost because of their lower pay scales."
In reality, says Katz, it is the older engineers, the leaders in their
fields, who have the contacts and know the customers. "A company
generates its own competition and may well lose accounts when it lets a
seasoned hand go," he says. "Younger engineers have had atheoretical
education, but because of experience gaps, they lack the know-how to
contribute creatively. You learn on the job, not at school."
Katz says that present methods of evaluating performance are ineffective because they rely on such variables as personality or the ability to
"be agood team member." Katz has compiled ascholarly—but practical—
list of measures for determining the contribution of an engineer to business, as well as for gauging his potential for growth. Katz's criteria,
which are quantitative rather than qualitative, cover such general areas
as activity, peer-group recognition, and acceptance by customers and
superiors, as well as such specifics as the number of patents held, number of proposals submitted, and frequency of contacts with customers.
"This sort of evaluation takes more time. And it's more work than most
want to take on, so it isn't often used," he says.—Gail Farrell

goes to pot, and you can't help
worrying about when you are going to be axed."
Personal bias. Efficiency and
costs are not, however, the overriding concerns among the engineers who are laid off. For example,
Lockheed's
total
employment
dropped from 30,126 last February
to 25,500 in October, as the Poseidon missile program moved from
development to production. Between 800 to 1,000 persons were
laid off; the rest of the drop was
due to attrition. Talbott is still
bitter: "We were surplus. Like
something that's traded on acommodity exchange."
Many engineers have to move to
find new jobs. Israel Katz, dean of
the center for continuing studies
at Northeastern University in Boston, points out that they consequently cannot put down roots.
"What about the communities in
which engineers live?" he asks.

Those who don't expect to remain
in one spot, he says, will not take
part in community activities—even
though their education and experience qualify them to assume leading roles. A transient will not be
as ready to vote for, say, school
bonds. The excellence of education
in agiven area may seem irrelevant
to aman who may sooner or later
be forced to move his family.
Getting the message. There is
evident pride among corporate officials that mass layoffs, like those
that occurred in 1962-64, have not
been repeated. However, this
doesn't necessarily mean that engineers are any less migratory. Now
they're quitting before they're
fired. Sources at the Hughes Aircraft Co., Culver City, Calif., put
the matter delicately: "The need
for mass cutbacks among professionals is usually alleviated by
attrition as aresult of prior knowledge of contract termination or
Electronics
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cancellation."
Hughes officials also cite "pressures from Congressmen and others
on behalf of their constituencies"
as afactor now working to stabilize
the engineering work force. Nonetheless, R.P. Loomba of San Jose
(Calif.) State College, a professor
of electrical engineering who has
specialized in the employment
problems of EE's, points out that
the change in Administrations in
Washington in 1963, after the assassination of President Kennedy,
played havoc with the regional allocation of defense funds.
Data compiled by both SRI and
the Manpower Group at San Jose
State indicate that as many as 23%
of all engineers leave their jobs
because of terminations. (The figure does not include those who
leave ajob voluntarily before they
can be terminated. And many managers consider it too high.) "The
problem is fundamentally economic," says Mac C. Adams, deputy executive for the Avco Corp.'s
Government Products group in
Everett, Mass. "The Defense Department would have to provide
funds to prevent ups and downs
in the aerospace industry, but R&D
money has been curtailed by the
fixed budget and war production.
There can be dry spells during
which

no new weapons

systems

are coming along. Under such circumstances, companies can't afford

to keep people on. There's no
magic way of avoiding this. Government and industry are very conscious of the problem but have
learned to live with it; it's part
of the nature of things." However,
Adams concedes, "we could all
manage better."
A source at LTV Electrosystems

agrees. "Better long-term planning
and scheduling by both companies
and
Government
procurement
agencies could reduce the number
of layoffs," he says. A similar suggestion comes from Sylvania's Ostberg. "One of the traditional gripes
in the industry is the stretchout
between proposal and decision,"
he says. "If DOD were quicker to
grant awards, things would be better." Companies are caught in a
squeeze, he notes, when aproposal
they submitted has not been
funded but the engineering staff
they've assembled for the project
has to be kept intact.
Electronics IJanuary 20, 1969

"Suppliers have brought this situation to the attention of Government officials, but they seem powerless to act," says Ostberg. In
Washington, however, sources at
the Office of the Secretary of Defense see things somewhat differently. "What we're looking at is
a normal process—normal private
enterprise," says one. "There isn't
a crucial problem."
Passed buck. A spokesman in the
Office of the Deputy Assistant
Secretary of Defense for Installations and Logistics says, "I don't
think it's aDOD problem. We make
an effort to maintain as many ongoing projects as we can. When
engineers are out of work, you
might say that nature takes care of
it."
What it comes down to is that
the Government has done very little
to help stabilize the engineering
work force. But then, this doesn't
appear to be aprincipal policy objective. "Current Pentagon procurement practices are lessening
the stop-and-go aspects,» says an
official. "But the big idea is not
to soften the impact of terminations
for engineers and communities. It's
to get lower costs and higher quality for the DOD."
Defense agencies now spread a
buy over several years, purchasing
aportion of their requirements annually. However, follow-on awards
are generally put up for grabs.
Thus, a contractor may win one
year, lose the next, and be forced
to make layoffs anyway. The Pentagon also has economic adjustment procedures for large-scale
contract terminations. These were
put into play at the community
level when the B-52 run and the
F-105 contract ended. By and large,
however, the Defense Department
seems not to have heeded the conclusion of the SRI study—for which
it paid—that the high turnover of
engineers was an area to which
planners might "profitably address
some systematic attention."

Self interests
Such efforts as have been made
to stabilize the engineering work
force are largely attributable to
managements, acting in their own
best interests with an eye to both
expense and efficiency. However,
as
Sylvania's
Ostberg
says,
"There's not much industry can do

Bulova can
supply
the
crystal
you need
to match your specs!
Many years of supplying crystal control
units for the most advanced military and
space programs enable Bulova to offer
afull line encompassing virtually the
entire frequency spectrum-2 kc to 125
Mc for oscillator and filter applications.
We can supply every type of packaging
—including koldweld and glass sealed.
Our military crystals meet latest
MIL-C-3098D specifications. All
reasons why you should make Bulova
your single source of supply.
HIGH PRECISION GLASS SEALED
CRYSTALS 1 Mc to 125Mc. Available in
vacuum sealed, glass enclosures of the
HC-26/U and HC-27/U type.
Example: Precision SSB Crystals
Frequency: 1 Mc to 5 Mc
Holder: HC-27/U
Tolerance: ±.0025%
from —55°C to +90°C, or
to specification
Aging: 3 x10 .8 per week
after one week stabilization
at 75°C
KOLDWELD SEALED CRYSTALS—low
aging, high reliability, 1 Mc to 125 Mc.
Now available in TO-5, HC-6/U
and HC-18/U type cans sealed by the
koldweld process to eliminate effects of
heat and to reduce contamination.
Example: TO-5
Frequency: 15 Mc to 125 Mc
Tolerance: -±.0025% from
—55°C to +105°C, or to
specification
Aging: 1x10 per week
after one week stabilization
at 75°C
Write or call for specifications on
Bulova's complete line of crystals.
Address: Dept. E-17,

BuLova

FREQUENCY
CONTROL PRODUCTS

ELECTRONICS DIVISION
OF BULOVA WATCH COMPANY, INC.
61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000
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IMMUNITY
$1.85 per quad gate
Now you can have High Noise Immunity Logic (HNIL) with no penalty in cost!
In fact, considering all the fringe benefits like throwing out the low voltage
supply, direct lamp and relay drive, elimination of interfacing circuitry, etc.,
you're bound to save money. If you're already using HNIL, just lower the
prices. If you're new to HNIL, compare the following functions and prices:
301

Dual 5 Buffer

302

Quad 2 'Or'able Buffer

321

Quad 2 Gate

325

Dual 2, Dual 3 Gate

342

Dual One-Shot

323

2.05
2.25

1.85
1.85

4.80

Quad 2 'Or'able Gate

1.85

312

Dual JK

370

Quad D Flip Flop

4.80

303

Quad Input Interface

363

Quad Output Interface

371

Decade Counter

380

BCD Decoder

4.80
2.25
2.25

available
March

8 more
The prices are further enhanced by a complete logic family with 16 pin
packaging. For example. instead of a Quad two we offer a Quad two with
expanders on two of the gates, or a Dual 3 Dual 2, etc. We also have a
complete applications report covering not only the logic, but the entire noise
problem. We're not so naive that we believe noise immunity ends with volts,
so we've given it complete coverage in terms of power. So if you want to
learn about noise and forget about it at the same time, design with 300 Series
HNIL and ask for our new 300 Series Application Note.

Quality in Quantity
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AMELCO SEMICONDUCTOR
1300 Terra Bella Ave., Mountain View, California (405) 968-9241
Westwood, Massachusetts (617) 326-6600 •Orlando, Florida (305) 423-5833
Ridgefield. New Jersey (201) 943-4700 • Des Plaines, Illinois (312) 439-3250
Anaheim, California (714) 635-3171
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because we really have only one
customer." The net result is that
less has been done to stabilize the
situation than to make the engineers' migration easier. The root
causes of the inefficiency and cost
inflation that attend high engineer
turnover remain largely untouched.
For example, both the General
Motors Corp.'s AC-Electronics division in Milwaukee, and Honeywell Inc. in Minneapolis, go all out
to retain their engineers and scientists. If alayoff is inevitable, these
firms will try to place affected employees in other divisions or departments. If this fails, AC and
Honeywell let other companies in
the same geographic area know
what kinds of engineers and scientists are available. And when an
intercompany transfer is offered,
according to both firms, a salary
boost is almost always included.
But this doesn't mean the transfer
is a promotion or will necessarily
move an individual to a spot for
which he's suited by training and
experience.
Lend lease. Lockheed also tries
to shift its surplus engineers within
the company before letting them
go. In addition, the firm has a
unique, if modest, plan that permits engineers (especially EE's) to
go with another company while
waiting for another Lockheed job.
The program, dubbed LEND (Lockheed Engineers for National Deployment), covers only 20 or so
people at present. But engineers
have been placed temporarily with,
among others, Dalmo Victor,
Philco-Ford, and Stanford University while remaining on the Lockheed payroll.
Talbott, sitting among the stacks
of mimeographed papers that outline the objectives of his American
Association of Scientists and Engineers, says: "The DOD and defense
contractors could do something
about engineers' job stability if
they wanted to. But nobody has
put enough pressure on them."
But Talbott has no illusions
about what a union could do immediately. As a long-range objective, he hopes the AASE will be
able to win better job security for
engineers of all ages. Right now,
however, he would settle for some
standards by which an engineer
could know where he stood in a
company. At the same time, TalElectronics IJanuary 20, 1969

bott is aware of the problem cited
by arealistic colleague: "We need
astrong professional union, but it
seems to be too lower class or
some such thing for engineers to
become interested. They'd rather
take their paychecks and shut up
than be associated with labor."
Allies

Photo courtesy Electronic Tube Division, Westinghou,se Electric Corporation

NEW

All
Bausch &Lomb

STEREOZOOM®
establishes anew level of performance
We're getting glowing reports of the exceptional performance of StereoZoom 7, latest addition to the matchless
line of Bausch & Lomb Stereomicroscopes. Ten years' experience in StereoZoom building is bringing results where
it counts the most ...in actual use.
New StereoZoom 7offers you the widest zoom range,
sharpest images, highest magnification/resolution, simplest photographic setup, plus proven reliability. That's
aperformance package that can't be equalled anywhere.
But, you be the judge. Write for catalog 31-2185 and
our free demonstration offer. Bausch & Lomb, Scientific
Instrument Division, 61413 Bausch Street, Rochester,
New York 14602.

BAUSCH & LOMB
SCIENTIFIC INSTRUMENT DIVISION
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Talbott has been trying hard to
sign up the 30% of the Lockheed
engineering staff needed to get the
National Labor Relations Board to
hold a representation election at
the company. He has, however, refused to accept help from either
the AFL-CIO or the Teamsters, "If
you play ball with them, they end
up calling all the shots," he says.
"Right now, DOD and corporate
managements do this. And there's
no sense trading."
Talbott has gotten alot of support from San Jose State's Loomba,
whose studies of employment patterns among engineers since 1960
have convinced him that layoffs
are not the results of "acts of God
or natural calamities over which
man has no control." Along with
Talbott, Loomba has concluded
that layoffs are the work of men
and establishments throughout the
county and that engineers need an
organization with collective-bargaining powers to secure more control over their destinies.
Expert testimony. Loomba cites
a joint meeting of the California
Society of Professional Engineers
and the California State Employment Relations Agency two years
ago which concluded: "Engineers
should use collective bargaining to
solve problems with the employers
when other methods are found to
be ineffective."
In addition to working toward
greater job security for engineers,
Talbott's AASE would attempt to
get transferrable pension plans and
to retain other company-vested
benefits for engineers when their
assignments are shifted or terminated. The interruption of pension
plans forced by moves from company to company "may deprive the
industry of the experience and
leadership of older men," says
Northeastern's Katz. He believes
engineers may leave the defense
field for more secure jobs when
they begin to be concerned about
post-retirement benefits. ••

d

We're not handing
you the biggest line in
the industry.
We're selling it.

Everything from 14-inch Vertical Coaters to 72-inch
Horizontal Coaters. Pumping systems that provide total
performance—the optimum blend of cleanliness, speed,

You'll get the most out of your budget allocation.
But the thought we'd really like you to hold, when
you're checking out high-vacuum equipment, concerns

repeatability. Completely automatic, semiautomatic or
manual control. You decide. All you have to do is tell us
your requirements. There's a CVC coater to do exactly

CVC experience. We've been a leader in this field ever
since high vacuum became a science. That's how we
became the single source for everything you need.
Total systems, pumps, components and accessories.

the job you want done.
And that's an important point. When you have so
many coaters to choose from, you won't fall into the
trap of buying more efficiency than you need. Or less.

How can we help you? Write: The Bendix Corporation,
Vacuum Division, 1775 Mt. Read Blvd., Rochester, New
York 14603.

Bendix4 Electronics
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Circuit Design and Packaging Systems

El Control system demands reliability
D Compact packaging system reduces costs
Ci Simplified power supply drives relay systems

D Control system demands
reliability

IBM wire contact relays were originally
designed for data processing use. Now
they are also being used extensively in
machine tool and assembly applications.

maximum. The product line includes 4-,
6-, and 12-pole Form C relays, 4- and
6-pole latch models, all with compact,
solderless, pluggable mountings...with
coil-voltages up to 100 VDC.

D Compact packaging system
reduces costs

Performance

Measurements

Co.,

De-

Michigan, reports significant savings in packaging their new electronic

troit,

One of these assembly applications is a
numerically-controlled component insertion machine. It sequentially inserts
random combinations of up to 24 different types of axial lead resistors and
diodes into printed circuit boards. Such

Instructions from an 8-channel punched paper
tape provide the logic-input to the assembly
machine relay gate that employs both 6- and
12-pole IBM wire contact relays.

machines have been widely used, often
on a round-the-clock, three-shift basis,
in IBM's electronic assembly operations.
Insertion rates range from 3,000 to
4,500 components per hour, depending
upon the type of components being
inserted.
Instructions from an 8-channel
punched paper tape provide the logicinput to the relay gate. The gate employs three rows of 6- and 12-pole IBM
wire contact relays. These relays control
the movement of each printed circuit
board through the Xand Yaxis positioning of the board for each component
insertion. They also control the component feed, component insert, and cutand-clinch cycles for each insertion
operation of assembly.
IBM wire contact relays can
perform in excess of 200 million
operations with an operate
speed as fast as 4.5 ms, a
release time of 5ms
130
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recording system. The packaging
method previously employed required
two gates to mount the components in
the main console. Now, with IBM's
modular packaging, only one gate is
needed. That's because the IBM technique makes the most efficient use of
console space with compactly mounted
and connected circuit boards, relays
and hardware.
Mounting time has been saved, too.
Pluggable components, low-cost card
receptacles and interlocking card guides
have so simplified the packaging job,
that Performance Measurements now
saves 70 0/12 on the cost of mounting
hardware. Fewer and shorter wires are
needed in the compact console—eliminating three feet of 11/
2-inch cable and
shortening a second cable by eight
inches. The modular chassis gives designers freedom to experiment freely
with various mounting configurations.
It also permits easy access for servicing
and diagnostic analysis.
The same design freedom, plus significant hardware and labor savings are
available in many applications.
IBM components and packaging can
help you in timing control, digital logic
testing, telemetering, process or numerical control.

IBM's pluggable components,
low cost card receptacles
and interlocking card guides
allow design freedom, simplify
packaging and make servicing easy.

Stepdown
Transformer

Diode
Rectifier

+Vdc

Stepdovm
Transformer

115 VAC
in

115 VAC
in

Diode Rectifier
Center Tap Rectifier

Fig. 1

Diode Bridge Rectifer

Fig. 2

In some cases ableeder resistor should be placed across the capacitor; for example, to keep
the proper voltage level to all relays under conditions of minimum current draw (as with
only one relay energized).

D Simplified power supply
drives relay systems

wire contact relays operate by
direct current. This type of current is
preferred to alternating current in most
switching applications because it offers
several advantages, including:
IBM

•High speed: arequirement in many
logic circuits.
•Smaller size: for compact packaging.
•Ease of arc suppression: diode suppression can be used.
•Safety: non-dangerous voltage levels
are commonly used.
•Compatability with transistor circuitry.
The supply of DC power to the wire

contact relays may be obtained from a.
simply-made rectifier, as shown in Figs.
1and 2, either type being acceptable.
Capacitor size for a given current
draw on the supply can be determined
by the following equation:
15 000)
C = —('
V
Where C is in microfaracis
V is in volts
Iis in amperes
A guide to the selection of rectifiers
and transformers can be found in the
electronic manufacturers' manuals describing such devices. In some cases entire bridge circuits may be purchased in
one compact package.

IBM Industrial Products Marketing Dept. E12069
1271 Avenue of the Americas
New York, New York 10020
Iam interested in further information on:

IBM
INDUSTRIAL
PRODUCTS

D IBM wire contact relays
D IBM standard modular packaging system
name
position
company
address
city
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"Image-wise, how would it be if the competition found out there was some infighting
going on here?" That from George Korecht,
Public Relations, who was looking very sincere in asincere dark, vested suit. He toyed
slowly with horn rimmed glasses, waiting.
"Infighting is alittle strong, George,"
puffed Eldredge Oldadt, Senior Engineer and
Group Elder Statesman. "I realize you public
relations types are looking for words with
sizzle, but we're seeking more than aword.
What we want is aproper statement that will
exactly describe our insuperable technical
capability without resorting to polemics and
without getting boxed in by too many
parameters."
"Gad. Look, El. Igot an eight megabuck
potential going and Ineed an ad. And you
give me a klutzed up R&D nostrum." With
that, Bart Selitall, Product Manager,
slammed his notepad on the table. An aggressive, thirtyish cum laude ME from the Nevada
Institute of Technology, Bart always wanted
action. And quite frequently got it.
"Gentlemen, please. Let's get back to the
problem congruency-wise." Korecht again.
"We have several magnificently great products to cover here. And our first hang up
seems to be in describing our terminal, feedthru and programming blocks. In our headline
we need, what we in the trade call agrabber.
How would you describe them?"
"Adequate."
"Fantastically preeminent over anything
else."

The Connector Thing

in which the correct product benefit words
are sought after to inform, excite and mollify.

"Enhnhnhnhn."
"Who's the enhnhnhnhn?"
"Us. We in R&D feel that anything that
has finally been committed to production is
but amegapossibility of what ..."
"Okay. Okay. Forget that jazz. You El.
What's with the adequate bit. Have we or
haven't we?"
"George, of course it's an excellent product. With highly imaginative parameters. But
we feel with afew improvements..."
"Hey, El. Cut it out!"
"Bart?"
"Look guys. We got the greatest way to
interconnect wires in the business. Now why
don't we say so? Do you bums read your
reports? Or ever look at what the competition does or doesn't have?
"While people are taking the time to screw
down or solder connections, all they really
have to do is plug them in if they use our
modules. And ours lock. There's a little retainer doohicky in the block that really latches onto that contact. It can't wiggle out.
132

And the contact is really snug. You guys sit
around and dream perfection all you want,
but what more do you want? This terminal
junction system design has been selected by
the military as the best design for them.
Period. And why? The rated voltage is 1
kVAC at sea level and 375 kVAC at 100,000
feet in the environmental models. With the
shock and vibration guarantee of 20 G's,
2,000 Hz. The rated current is 20 amps/buss
in the size 16 contacts, and 10 amps/buss in
the size 20. And you can get as many as
seven bussing arrangements as standard.
And we'll even make special arrangements.
With these things we can give people alot
greater design flexibility. And tremendous
weight and space savings. So anywhere anybody needs to have wires tied together, we
got the greatest thing going and you pussyfoot over aword."
"Come on guys, let's agree on an adjective. Bart? El?"
"Fantastic."
"R&D?"

"Well, a modified, qualified fantastic in
your terms, that is."
"Fine, Ithink we can put that one to bed."
"Now, gentlemen. The coffee break is
almost on us. And we know what that all does
morale-wise. So let's get on briefly with the
next shot. Twist/Con."
"Well, hasn't everything that can be said
about our micromin pin and socket connection been said?" That's Bernard Weyout,
R&D. "I mean economical. High density packaging of contacts on 0.050" centers. That's
up to 420 contacts per square inch. And it's
got ahelical breathing spring that gives it
100% wiping action. The contacts are protected. And it's highly reliable. So what's to
be talked about again? Frankly, I'm sick of
it. Seems every time Ipick up an ..."
"Look, Bernard. We're tremendously sympathetic to your problem. We realize that in
R&D you're theorizing on one-kay and up contacts on the head of apin, but until NASA
has a requirement, let us get our licks in
first. All right?"
Electronics IJanuary 20, 1969

"You production cats really bug me, you
know. What do you know about creativity?
All you're interested in is money and..."
"Cool it, Bernard. Now what can we say
about Twist/Con. El?"
"Well, without going out on alimb, George,
we could really talk about our quality and
delivery. Oh, Iknow those are acouple of
hacked up words, but look, we've shipped
thousands of connectors in the last three
weeks and not one of 'em has come back.
"I hear people have complained about
some pretty sad wares. Including cracked
insulation. And poor workmanship. Even the
wrong orders. But not from us.
You know that sub min connector is really
something. Alot of people don't realize that
our Twist/ Con pin contact is formed with a
breathing helical spring and it really works
better under vibration than any other design.
"So Twist/Con is really more than acceptable as connections for IC's, interconnecting
of PC boards, and on modules with connectors
welded to hybrid circuits. Twist/Con is adaptable to 22 AWG to 30 AWG standard wires."
"Well, could you call our Twist/Con supeElectronics IJanuary 20, 1969

rior? Highly economical?"
"Well, George, both those descriptive
words are relative. We in the scientific
world look on superiority as..."
"Jam it El, baby. Ineed asales piece. I've
seen our specs and I've seen competitors.
Our Twist/Con is great. Ivote for using superior and economical."
"Agreed."
"All right, it's almost lunch time anyhow."
"Well, with qualifications ..."
"Look, team, thanks. It's really been great,
you know, the participation. The bedrock.
The nitty gritty. Now, next month we'll be
talking with Ben Efitts from personnel and
some new sales engineers about multi-pin
connectors and terminal modules. Uh, Bernard, that's ameeting Idon't think we need
R&D represented at. Thanks, fellows.
"Hello, Brenda. Will you get me advertising? Thanks, Hon. Hello, Harry. Look, the ad's
are okay. Both. Look, use terrific on the terminal, programming and feed-thru modules.
What? Right, terrific. Sure. Igot an unquali-

fied adequate out of Product Management
and if that isn't terrific Idon't know what
is. And, uh, superior and economical on the
Twist/Con. Look, do you know any other sub
min you can get contact density like 420 per
inch and at such aprice? Okay. And neither
does anybody else. Print it.
"And put in the line to write for catalogs
for the modules and Twist/Con.
"Man, like $400 bucks an hour to wrestle
over three words. Why don't they just leave
it up to PR in the first place? Then we could
come up with something like Microdot...
because."

MICRODOT

INC.

220 Pasadena Ave., South Pasadena, Calif. 91030
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for
instant
impedance
readout

Hewlett-Packard 4815A RF Vector Impedance Meter
updates making impedance measurements. It's fast
and simple. No tedious nulling and balancing, you just
touch and read positive and negative impedance
directly. Measure components, networks or probe
right into active circuits in their normal operating
environment. The 4815A speeds up testing in
laboratory, incoming inspection and production line
operations.
Application Note 86 describes many applications of
the 4815A RF Vector Impedance Meter (500 kHz to
108 MHz) and the 4800A Vector Impedance Meter
which operates in the 5Hz to 500 kHz range. For your
copy and complete specifications, contact your local
Hewlett-Packard field engineer or write: Hewlett-Packard,
Rockaway Division, Green Pond Road, Rockaway,
New Jersey 07866. In Europe: 1217 Meyrin -Geneva,
Switzerland.
Pertinent Specifications:
Frequency Range: 500 kHz to 108 MHz, continuous.
Impedance Range: 1ohm to 100,000 ohms.
Phase Range: 0to 360°.
Price: $2,650.

HEWLETTi& PACKARD
IMPEDANCE

INSTRUMENTS
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Zipping through the harness maze
System tests a1,000-wire cable in 2minutes and pinpoints
short circuits in 5seconds; control is by hand or by tape

Time, an ohmmeter, and atechnician with a lot of patience once
were all that were needed to test
out awiring harness. Meters have
changed little and technicians have
as much patience as they've always
had, but harnesses are becoming
more dense and more complex.
Companies that make them don't
want to spend alot of time testing
and they can't tolerate the inevitable human mistakes. Besides, some
harnesses are so dense and complex that they defy testing by the
man-and-meter technique.
The result of all this has been

the development of automatic
checkout systems. Many are built
in-house, but afew companies are
starting to turn them out as standard products.
The latest from Automation Dynamics, one of the companies making commercial testers, is Zip III,
a system that can perform a test
every 10 microseconds and check
out a1,000-wire cable in 2minutes.
Among other things, Zip measures resistance, makes go/no-go
decisions, looks for shorts, and
checks continuity. And the system
can be run by hand or by tape.

The pieces. Zip comes in three
parts—an input/output typewriter,
aconsole, and aswitching module.
Inside the console are the measuring instruments—bridges, voltmeters, and comparators—plus circuits
that process inputs and outputs,
and send commands to the switching module. On the console's face
are the tape reader, the operator's
control panel, and two digital displays that show which terminals in
the harness under test are connected to Zip at any given time.
The switching module consists
of relay banks that step the system

4111111111111e'
Checkpoint. The Zip system looks for
shorts, measures resistance and checks
continuity. The console (center) has the

'

Asset»

logic circuits, the tape reader and the
manual controls. Inside the switching
module (right) are banks of relays.

,111.11•1111»...
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MANUAL

DISPLAY

CONTROLS

e-- --•
0„0,
0

TAPE
READER
•

TO UNIT
UNDER TEST

INPUT
—11>

BUFFER

—Ow

STORAGE

PROGRAM

SWITCHING

REGISTE

MODULE

INPUT/OUTPUT

MEASUREMENT

TYPEWRITER

MODULE

I

SEQUENCE
CONTROLLER

LOGIC
CIRCUITS

OUTPUT
BUFFER

Looking for trouble. After receiving inputs from manual switches, tape or the
typewriter, the console sends commands to the module.

to deliver wide
range constant voltage
constant current
performance for
every lab and system
application.
• All silicon design—
precision performance
• Wide voltage ranges—
currents to 100 amps
• Positive convection
cooling—no derating
• Overvoltage and ultrahigh stability options
• Automatic load share
paralleling
• Priced from $575.
Super-Mercury from TRYGON ...the
competitively-priced series of fully programmable wide-range power supplies,
power and value packed.
Super-Mercury: Designed for bench or
rack installation with slide provisions at
no extra cost. .. in ranges up to 160 volts
and up to 100 amps. Regulation of 0.005%
and 0.015% stability are standard (0.005%
stability optional) as is MIL Spec, RFI-free
performance. Total ripple and noise: less
than 1 mV RMS; Master-slave tracking,
auto-load share paralleling and remote
sensing and programming also standard.
Write for the full TRYGON power story.
TRYGON DOES HAVE THE POWER!

TRYGON POWER SUPPLIES

111 Pleasant Avenue, Roosevelt, L.I., N.Y. 11575
Trygon GmbH 8Munchen 60, Haidelweg 20, Germany
write for Trygon 1968 Power Supply Handbook.
Prices slightly higher in Europe.
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through two switching stages—
group transfer and point to point.
The module has two 100-point
switching matrices, each with 100
reed relays, and two group-transfer
matrices, each with 40 electromechanical relays.
On the switching module's face
are rows of connectors, enough to
handle 2,000 terminations. Zip can
be expanded in 1,000-termination
steps, and the console can handle
100,000 terminations at one time.
The harness under test is connected to Zip through these connectors; the module, which is on
wheels, is connected to the console
by along cable. The result is that
the operator can take the test system to the harness, rather than
dragging the harness to the tester.
And Zip can be multiplexed—
programed to work with one set
of modules for acertain period of
time, another set for another period, and so on. This feature is
valuable if setup time for aharness
is long, if Zip is being used at more
than one point on a production
line, or if more than one type of
harness is being tested.
Checks. Zip does a variety of
tests. For one thing, it makes continuity checks, using abridge connected to an analog go/no-go reference. With a constant-current
generator, a digital voltmeter, and
a two- or four-wire circuit, Zip
measures resistance and then
checks to see if the resistance is
within tolerances.

In testing for shorts, the system
measures the low resistance path
between one termination and
ground while all terminations outside the loop are grounded.
The insulation resistance of each
conductor is obtained by measuring the leakage current from the
conductor to ground. Again, all terminations except those in the same
loop are grounded. Voltage is set
to 100, 250, or 500 volts d-c and
current is limited to 0.5 milliamp.
When there are diodes in the
harness, forward and reverse voltages are measured with advm.
Ways to run. Zip has five operating modes. In manual, all tests are
performed one at a time on command from the operator.
The auto-sequence mode allows
high-speed continuity testing. For
example, in this mode Zip checks a
1,000-wire cable for continuity in
15 seconds.
When Zip is in the tape-programed mode, an analyzer inside
the console reads the punchedpaper or Mylar tape and commands the system to check
continuity, look for shorts, measure
insulation resistance, or do all three,
depending on the program. Zip
makes go/no-go decisions, and advances the tape to the next command if the decision is go. If it's
no, the analyzer commands that
information about the failure be
printed, and then either stops the
test or advances the tape.
The search mode is used after a
Electronics JJanuary 20, 1969

Tools of
the drafting
trade.
Huh?
Strange looking drafting tools? When you know
how to use them with KODAGRAPH ESTAR Base
Films, you can save hours of creative drafting time.
Take the camera. With it and ESTAR Base Film
you can make aphotodrawing. As the name implies,
aphotodrawing is simply acombination of aphotograph and adrawing. You just photograph an existing part, assembly, model—no matter how complicated—and combine the photo with drawings on
ESTAR Base Film. Extra detail, such as connecting
lines, can be added easily on the outstanding matte
drafting surface of the film.
Tape and scissors? "Scissors drafting," of course.
With KODAGRAPH ESTAR Base Films you can de-

lete and add components of a drawing by cutting
and taping—not redrafting the whole job.
This is only the beginning. Your Kodak Technical Sales Representative will be happy to show you
something about photodrawings and "scissors drafting" — as well as some other uses of the tools of
the trade that will save you time and money. In
the meantime, for your free copy of a special
booklet detailing the many uses and variations of photodrawings, "scissors drafting," and other techniques, just write:
Eastman Kodak Company, Business
Systems Markets Division,
Kodak
Rochester, N.Y. 14650.

DRAWING REPRODUCTION SYSTEMS BY KODAK
Electronics IJanuary 20, 1969
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Probing. Cables connect the harness
being tested to the switching module,
shown above.

Look what $325 buys
in a1pf Full Scale
DC Null Detector/Microvoltmeter
It buys you a portable performer

a null detector, it doubles as a 1;Iv

with 0.15 microvolt resolution. It's

to 1000 volt microvoltmeter with 19

handy and convenient to use. It's

zero

center

ranges.

Use

it

for

rugged, too—works more than 1000

measuring thermocouple and ther-

continuous hours on four carbon-

mopile

zinc

tance, making Hall Effect studies,

batteries.

It's

the

Keithley

Model 155—the lowest-priced elec-

potentials,

contact

resis-

or whatever.

tronic null detector on the market

See this little giant perform. Call

today.

your Keithley Sales

The 0.03 /iv rms

input noise

is

quieter than any other in its price

your

demonstration.

Engineer for
Or

contact

Keithley Instruments, Inc. for com-

class. Coupled with better than 2

plete details-28775 Aurora

biv per day stability and 1megohm

Cleveland, Ohio 44139. In Europe:

Road,

input resistance at 1 /Iv full scale,

14, Ave. Villardin, 1009 Pully, Suisse.

the 155 is ideal as a null detector

Prices slightly higher outside the

for potentiometers,

U.S.A. and Canada.

bridges, ratio

devices and comparator circuits.
When the Model 155 isn't working as
rr
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short has been discovered. Zip automatically isolates the fault by
checking the low resistance path
between the conductor under test
and all other wires in the harness.
The exact location of a short can
be found in 5 seconds.
Zip can even help to write its
own program. A harness that has
been previously tested and approved is connected to the switching module, and the system is put
into the self-program mode. The
system prints out a list of loops
inside the harness. Using this list
and a function code, the operator
can quickly write atest program.
Three choices. There are three
models of the Zip system: QC-440,
QC-442, and QC 444. All can do
the tests described previously. The
440, 442, and 444 differ in the resistances that can be measured,
limits that can be set, accuracy,
and test voltages that are available.
Both the 440 and 442 operate in
the manual, sequence, tape-programed, and search modes, while
only the 444 has in addition the
self-programing capability. The
444 also comes with the teletypewriter, atape output, and adigital
display of the reading of its dvm.
And with the 444, tolerances can
be changed during the test on command from the tape.
The 440 costs $33,000, the 442 is
priced at $40,000 and the 444 at
$54,000. Additional 1000-termination modules sell for $8,800. Delivery time on any of the three is
30 to 60 days.
Automation Dynamics, 35 Industrial
Parkway, Northvale, N.J. 07647 [338]
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This 40 Amp
TRIAC
really
•controls power

heating control.

Nezc. w
.
iiretng

II

control

2N5441 and 2N5442 press-fit
types give you:

U li

•300 amp full cycle surge
capability

furnace control

•power handling capability
of 5,000 watts for 120-volt
operation
•power handling
of
capability
10,000 watts for

240-volt operation
Because aTriac can do the job of two SCR's back-to-back, the
2N5441 or the 2N5442 can virtually replace any two types in the
2N690-series or the 2N3873-series in circuits having comparable
voltage and current ratings—and with fewer components.
motor

2N5444 and 2N5445 stud types also available.

control

Please give your RCA Field Representative acall if you need
application assistance in applying Thyristors to your control
problems. Ask him, too, for pricing information—or contact your
RCA Distributor. For technical data, write RCA Electronic
Components, Commercial Engineering, Section R-N-1-2,Harrison,
N. J. 07029.

photocopying

light control

03

oc:
"r

ci
oven control
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New subassemblies

Controlling power
without interference
Zero-crossover device
uses abank of SCR's
to handle up to 1kilowatt
Just before amovie starts, the projectionist reaches for arheostat and
turns down the lights, a standard
procedure in ground-based theaters. But these days the Roadrunner and Sister George are being
screened in airliners flying at 30,000
feet. And airplane designers want
a controller that doesn't waste energy the way a rheostat does.
The search for an efficient way
to control power without generat-

the great divider
It separates special, quality capacitors from runof-the-mill components.
You see, Vitramon, Inc. produces them carefully
(but rapidly).
As aresult, only "Thin Line" Porcelain Capacitors
come with a zero temperature coefficient ...tight
0.1 pf and 1% tolerances ... a low failure rate of less
than 0.03% ... ratings to 500 vdc.
Want consistent performance
at all operating frequencies,
voltages and environments?
Then you want "Thin Line"—
because a thin line is often the
difference between circuit perfection and run-of-the-mill performance.
VV THIN LINE PORCELAIN CAPACITORS

For complete information,
request Data Sheet P10.

eat"'
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VITRAMON, INCORPORATED
BOX 544
BRIDGEPORT, CONN. 06601
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In Greater Europe Contact:
VITRAMON EUROPE
Wooburn Green, Bucks, England

In control. The SPC has both triggering
circuits and SCR's. The smaller CSO
doesn't have rectifiers.

ing electromagnetic interference
was going on before the days of
in-flight movies, of course. Leading the hunt have been designers
of military planes, which are usually loaded down with sensitive
guidance and communications systems.
But the word from a small electronics house in Marietta, Ga., is
that the search is over. The company, Omnionics, has developed a
5-ounce controller that continuously adjusts power up to 1kilowatt. And as important as its light
weight, says the company, is the
fact that the controller generates
hardly any electromagnetic interference.
With or without. Called the SPC300-1, the controller is packed into
Electronics
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Diversified Glass-to-Metal
Hermetic Seals like these...
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Require Highly Specialized
Engineering Capabilities...
(E-1 has the know-how!)

Specify E-I Sealed Terminations
for Unusual Service Applications!
How does E. I. produce aquality line of hermetic seals ?
The answer is simple. A stringent program of testing
and control! Above is shown an optical comparator being utilized to measure wire terminals for use in a
hermetic seal. Testing in this manner assures that the
finished hermetic seal will comply with all your requirements.
Available in thousands of standard types, E-I seals can
be produced in 'specials' to meet particular component
or equipment requirements.
Technical literature edited for the engineer/designer/
specifier, and containing complete data and information,
is available on request.

Sealed Terminations
Multiple Headers
Transistor and
Diode Bases
Semiconductor Bases
Compression-type
Threaded End Seals
Plug-in Connectors
Vibrator Plug-in
Connectors
High Voltage Glassbonded Ceramic
Seals
Hermetically-sealed
Relay Headers
Special Application
Custom Seals
Custom Sealing
to Specifications

Electrical Industries

A Division of Philips Electronics and Pharmaceutical Industries Corp.
Murray Hill, N. J. 07971 — Tel. (201) 464-3200
Patented in U.S.A., No. 3,035,372; in Canada, No. 523,390; in United Kingdom, 734,583; other patents pending.
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Zeroing. Turning SCR's on and off as
input goes through zero eliminates
the transients and interference caused
by sudden voltage changes.

Circle 142 on reader service card

a black box that's 3 by 1.4 inches
by 0.5 inch and connected between
the power source and the load. The
box contains triggering circuits and
a bank of silicon controlled rectifiers; coming out of the box is a
potentiometer shaft that's used to
adjust the output power level.
For designers who prefer to use
their own SCR's or who want to
keep the SCR's separate from the
control circuitry, Omnionics is offering the Cs0-300-1, which is the
SPC minus the rectifier bank. Both
models are available in 60- and
400-hertz versions.
Besides their duties aloft, these
controllers should find work anywhere else power has to be adjusted without interference. They
may be used, for instance, in telemetry stations or environmental
test chambers.
Pick one. Until now, says Dan
Matthias, an Omnionics sales engineer, designers looking for power
controllers have had to choose
either a rheostat, which is inefficient, avariable transformer, which
is heavy, or an SCR phase-control
system, which is light and efficient
but which radiates interference and
puts transients into the load.
The SPC and the CS0 are phasecontrol systems, but they use the
zero-crossover technique to fire the
SCR's. Also, the position of the triggering pulses can be adjusted,
further reducing interference.
SCR's need acertain holding current to keep them in the conducting state. To hold interference to
a minimum, the turn-on transient
Circle 143 on reader service card-*
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THE CHANGIW INTERFACE
...an IC/Systems Seminar
March 28,1969—Park Sheraton, New York
Conducted by the Electronics Management Center
The new generation of integrated circuits is produc-

Is the emphasis shifting from circuitry to systems

ing a serious communications gap in electronics

design?

design. The complexities of LSI and its implications
for systems design are shaking the traditional relationships between components suppliers and systems builders.
Engineers in every function from research and
development to final packaging must come to grips
with the continuing merger of circuit design and
process technology.
Companies considering sweeping new product
directions are aware that immediate steps must be
taken to minimize risks.
At the CHANGING INTERFACE Seminar, the men
who create, produce, market, and use components
and systems will gather to examine the important
questions together. Questions such as:
How can the systems design capabilities of the
user be coupled more effectively with the supplier's device design know-how?

How can design automation reduce the gap between systems and technology houses?
Will LSI become largely a custom market, or will
standard off-the-shelf items be developed?
How will design changes be provided for?
What is the testing interface? Who is responsible,
for how much?
The CHANGING INTERFACE Seminar has been
scheduled on the day following the annual IEEE Convention to make efficient use of your time. Plan
ahead. Make your trip to New York this March alittle
more productive. Send your reservation request to:
THE ELECTRONICS MANAGEMENT CENTER

330 West 42nd Street, New York, New York 10036
An Information Service of McGraw-Hill, Inc.

... interference at half

Time Sharizig
Economy
Model 300
Business Calculator
±,
x, 4-, reciprocals,

percentages, chain multiplication,
weighted averages, automatic
extension, etc. Two independent
adders, a product register, large
readout display and automatic
floating decimal point.

$1070. per station*
Model 310
Statistical Calculator

All the features and functions of
the Model 300 plus VT and x2
by single keystroke for r
Y,
\rir, and y1

(x+y),

x, x2,
•

$1177.50 per station*
Model 320
General Purpose Calculator
All the features and fuctions of
the Model 310 plus Log.x and e.
by single keystroke for more advanced statistical, scientific and
engineering calculations.

$1282.50 per station*
Model 360
Extra Storage Calculator

All the features and functions
of the Model 320 plus four extra
data storage registers for complex calculations without reentry of intermediate results.

$1497.50 per station*

*Four keyboards operating simultaneously from a single electronic package

...exclusively with Wang
electronic calculators
Wang offers you more performance at less cost than any
other electronic calculator available. A unique multiple.
keyboard concept lets up to four operators utilize the
electronic speed of its "brain" simultaneously like time-shared
large computers. The "brain", in a convenient briefcase-size
package, can be located anywhere up to 200 feet from the
compact keyboards. You can choose any of the four models
above for the most easily justified purchase you could make
for efficient, dependable problem solving.

-WANG
LABORATORIES, INC.

Dept. 1-H,836 North St., Tewksbury, Massachusetts 01876 • Tel. 617 851-7311

Call today for immediate trial:
(201)
(203)
(203)
(205)
(206)
(212)
(213)
(214)
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241-0250
223-7588
288-8481
595-0694
622-2466
682-5921
278-3232
361-4351

(215)
(216)
(301)
(301)
(303)
(304)
(305)
(305)

642-4321
333-6611
588-3711
821-8212
364-7361
344-9431
564-3785
841-3691

(309)
(312)
(313)
(314)
(317)
(402)
(404)
(405)

674-8931
889-2254
278-4744
727-0256
631-0909
341-6042
633-4438
842-7882
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(412)
(415)
(504)
(505)
(512)
(513)
(517)
(518)
(601)

366-1906
692-0584
729-6858
255-9042
454-4324
531-2729
835-7300
463-8877
234-7631

(601)
(602)
(608)
(612)
(615)
(616)
(617)
(702)
(703)
(713)

982-1721
265-8747
244-9261
881-5324
588-5731
454-4212
851-7311
322-4692
877-5535
668-0275

(714)
(716)
(717)
(805)
(816)
(817)
(901)
(916)
(919)

234-5651
381-5440
397-3212
962-6112
421-0890
834-1433
272-7488
489-7326
288-1695

power drops 37 db
should be as low as possible, which
means that switching should be
done as close to the crossover point
as possible. With these controllers,
the timing of the firing pulse can
be adjusted to assure a minimum
turn-on transient consistent with
load impedance arid holding-current requirements.
How much the new units reduce
noise depends on the nature of the
load. In one test, Omnionics engineers replaced aphase-control system that doesn't use zero-crossover
with an SPC in a system where a
1.4-kilowatt source was feeding a
bank of incandescent lamps. The
system's 20-kilohertz interference
dropped 37 decibels at half power
and 25 db at quarter power.
Nothi ng new. The company
acknowledges that the zero-crossover technique isn't new, but
claims that the SPC and CSO are
the only commercial controllers
that employ it. According to Omnionics, currently available zerocrossover switches are all on-off
devices. And, a spokesman adds,
the circuitry providing flicker-free
adjustment of lights in a 400-hz
system without the aid of digital
counting circuits is unique and is
being patented.
The SPC's nominal input is 115
volts rms and 9 amps, and it can
take a 400-volt surge or a 60-amp
single-cycle surge. Power dissipation is 3 watts.
Those 60- and 400-hz versions of
the SPC that operate at up to 33°C
cost $210; units working to 70°C
are priced at $233.
According to Omnionics, the
cso works with most commercial
SCR's, and the company can build
interface circuits to precisely match
controller to load and power source
or to meet unusual triggering requirements.
Like the SPC, the CSO takes 115
volts nominal and 400-volt surges,
and uses 3watts. Price is $173.
Both units draw operating power
from the power source, so neither
needs a separate supply.
Delivery time for both models is
four weeks.
Omnionics, 1111 Mountain View Dr.,
Marietta, Ga. 30060 [339]
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Series 212 Wafer

jhese are the facts that make CTS Switches the engineer's choice
NO BREAKAGE•They don't break on production lines
or on finished equipment if dropped or jarred ...CTS
glass alkyd wafers are not brittle like phenolic ...
easy to handle.
NO SHIFTING- Precision molded construction eliminates mechanical shifting of stator circuitry and
terminals.
MORE COMPACT- No spacers needed when stacking
wafers ... Maximum switching capability with minimum depth ... Smaller diameter—only 11/8" (Series
212 wafers)
VERSATILITY OF CIRCUITS- Many circuit variations
available due to varied rotor contact configurations.

External jumpers eliminated by CTS internal connectors between adjacent positions.
AVAILABILITY OF POWER SWITCHES'Available with
4 types of power switches and/or numerous potentiometers.
SUPERIOR INSULATION- Glass alkyd is superior to
phenolic insulation.
•Soldering heat can't loosen terminals.
•Meet MIL-S-3786 A&B, Style SR03
(Series 211, 212 and 215)
•Balanced contact spring.
•Natural solder barrier provided by
glass alkyd insulation.

Which Detent best fits your requirement?
Detent

Application

Type 211—Star Wheel Detent

Highest quality applications

_
Cycle Life

Switching Torque

Type 215—Double Ball Detent

Quality instrument applications

100,000

6-35" oz.

Type 212—Hill and Valley Detent

Home entertainment and low cost
instrument apolications

25,000

20-48" oz.

Type 212 ND—Die Cast Detent

Lowest cost applications

20,000

18-40" pz.

...

4-6 WEEKS DELIVERYI

CTS CORPORATION
ELKHART, INDIANA 46514

8 Phone:
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219, 523-0210. TWX: 810-294-2256

_

10-50" oz.

Western Source
CTS Electronics, Inc.
(formerly Chicago Telephone
of California, Inc.)
1010 Sycamore Avenue
S. Pasadena, California 91031
Phone: 213, 254-9141
TWX: 910-321-4060
Canadian Source
CTS of Canada, Ltd.
Streetsville, Ontario
Phone: 416, TA 6-1141
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El-Meneu

BETTER QUALITY AND RELIABILITY THROUGH CONTROL

Shown 21
/
2 xActual Size

Capacitor Problems That Require ALot Of
Self-Control...Chemically Speaking
Problem 1:
How to make sure the silver paste composition used for electrodes provides
the best results for each electrical parameter in agiven capacitor design?
Problem 2: How to improve the recognized moisture reliability of our dipped mica capacitors without adversely affecting life reliability?

Problem 3: How to upgrade the reliability of molded mica capacitors to equal that of dipped
mica capacitors so designers can take advantage of body uniformity and axial lead design?
Solution: Chemical self-control! To do this we operate our own chemical manufacturing
plant where we formulate silver pastes, phenolic dipping compounds, and epoxy molding
compounds — all under strict controls.
Result: Dipped mica capacitors and molded mica capacitors of equally high reliability that
operate up to 150°C. Send for technical literature and always insist on El-Menco brand capacitors ... your assurance of better quality and reliability through control.

THE ELECTRO MOTIVE MFG. CO., INC.
WILLIMANTIC, CONNECTICUT 06226
Dipped Mica • Molded Mica • Silvered Mica Films • Mica Trimmers & Padders
Mylar-Paper Dipped • Paper Dipped • Mylar Dipped • Tubular Paper
West Coast Manufacturers contact: COLLINS & HYDE CO., 900 N. San Antonio Rd., Los Altos, California 94022
5380 Whittier Blvd., Los Angeles, California 90022
ALSO SOLD NATIONALLY THROUGH ELECTRONIC PARTS DISTRIBUTORS
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New components

Cable weight takes adive
Foamed Teflon material is used as the dielectric;
cable can be bent and stands up well to temperature shifts
For nearly a decade, Teflon has
been used in solid form as a dielectric for coaxial cables. Because
it stands up to rough handling and
high temperatures, it has been designed into many systems.
But solid Teflon has the disadvantage of being heavy. The scientific research group at Microdot
Inc. has found a way to make

Bidirectional push-button rotary
switch called Space-Saver comes
in 8, 10, or 12 positions in all
standard codes. Life characteristics include 100,000 cycles (a
cycle consists of 720° rotation).
It carries 3 amps continuous,
makes and breaks 0.125 amp
resistive at 28 y d-c and 115 v
a-c, 0.05 amp inductive at 28 v
d-c. Janco Corp., 3111 Winona
Ave., Burbank, Calif. [341]

Teflon lose weight without losing
its virtues. Using a unicellular
foaming process, the company
makes a spongy version of Teflon
called Micro-cell, whose first appearance is in anew coaxial cable.
The company calls the cable the
lightest heat-resistant cable on the
market. A length of 1,000 feet
weighs 19.1 pounds, about one-

third the weight of a comparable
cable having a solid-Teflon dielectric. In Micro-cell, small cells of
inert gas occupy about one-half the
total volume of the dielectric material.
Besides low weight, Micro-cell
has, according to the company, the
lowest permittivity of any available
dielectric-1.4, compared, for ex-

Solid state relay SSA withstands
extreme environmental conditions
of shock, vibration, heat and
acceleration. It offers a predictable threshold voltage for pull-in
and drop-out. The contacts always
close when a minimum of 3 y is
applied to the coil, and will always
open when applied voltage is reduced to less than 3 v. Ohmite
Mfg. Co., 3601 Howard St., Skokie, III. [342]

Sealed subminiature switch for
military and industrial applications
is completely protected against
water, oil, flux and other harmful
elements within its environment.
It is available in long life (over 5
million operations), low force
(150 grams max.) ratings, handles
10 amps and has standard terminal configurations. Hi -Tek Corp.,
2220 So. Anne St., Santa Ana,
Calif. 92704. [343]

Active
bandpass filters series
DE500 with integral detector
cover the 1 hz to 10 khz frequency
range. Out-of-band rejection is
greater than 60 db. Input signal
is 1 to 5 y rms. Input impedance
is 600 ohms. Operating voltage is
12 to 15 y d-c at 100 ma. Size
is 1 x 2 x 3 inches. Price is less
than $150. Diversified Electronics
Co., 154 San Lazaro Ave., Sunnyvale, Calif. 94086. [344]

High Q r-f coils for communications equipment and filter circuits
come in values of 0.1 to 100,000
Ah in a 10% series and tunable
over a ±-10% range. The magnetically
and
electrostatically
shielded
package
is
moisture
sealed for military requirements.
Q values of 140 to 160 are typical
for inductors of 0.18 to 330 Ah.
Coil-Craft Inc., 340 Bronxville
Rd., Bronxville, N.Y. [346]

Female
terminals,
designated
Claspcon 1929 and 1881-2, speed
p-c board connections. They feature an offset seam that prevents
distortion or loss of electrical contact, even after multiple connecting operations. The 1929 mates
with a 0.045 in. square wire post;
the 1881-2, with a round 0.093
in. bead pin-type terminal. Molex
Products Co., 5224 Katrine St.,
Downers Grove, Ill. [347]

Electronic time delay relays are
offered in plug-in, plastic enclosures. Transistorized circuitry
consists of an R-C timing network
having a solid tantalum capacitor
triggering a unijunction transistor
whose function energizes an internal dpdt electromechanical relay having gold-plated, silver-cadmium oxide contacts. Vanguard
Relay Corp., 225 Cortland St.,
Lindenhurst, N.Y. [348]

RaU
Slide switches models 0141-S
(double pole, 4 position) and
G140-S (single pole, 4 position)
are 1.377 in. long and mount in
0.100-in.-diameter clearance holes
on 1.187-in. centers. Travel of
switch actuating knob through all
4 positions is 0.470 in. and from
position to position is 0.155 in.
Continental-Wirt Electronics Corp.,
26 W. Queen Lane, Philadelphia
19144. [345]
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Choose from 44 styles
of film capacitors...
There's one to meet
your exacting requirements
f.

HERMETICALLY-SEALED
METAL CASE TUBULAR CAPACITORS

_

AXIAL-LEAD

BARE METAL CASE
Style LP8, metallized polycarbonate film
Style LM8, metallized PETP-polyester film
Style LS8, metallized polystyrene film
Style AP8, polycarbonate film
Style AM8, PETP-polyester film
Style AS8, polystyrene film
Style AF8, PTFE-fluorocarbon film

Style
Style
Style
Style
Style
Style

\

LP7A, metallized polycarbonate film
LM7A, metallized PETP-polyester film
LS7A, metallized polystyrene film
AP7A, polycarbonate film
AM7A, PETP-polyester film
ASIA, polystyrene film

RADIAL-LEAD
Style LP7S, metallized polycarbonate film
Style LM7S, metallized PETPpolyester film
Style LS7S, metallized polystyrene film
Style AP7S, polycarbonate film
Style AM7S, PETP-polyester film
Style AS7S, polystyrene film

METAL CASE WITH INSULATING SLEEVE
Style LP9, metallized polycarbonate film
Style LM9, metallized PETP-polyester film
Style LS9, metallized polystyrene film
Style AP9, polycarbonate film
Style AM9, PETP-polyester film
Style AS9, polystyrene film
Style AF9, PTFE-fluorocarbon film

..)

É

EPDXY-CASE
RECTANGULAR CAPACITORS

CIRCLE 511 READER SERVICE CARD

CIRCLE 512 READER SERVICE CARD

WRAP-AND-FILL
ROUND TUBULAR CAPACITORS

WRAP-AND-FILL
OVAL TUBULAR CAPACITORS
1,¡
Style
Style
Style
Style
Style
, Style

Style LP66, metallized polycarbonate film
Style LM66, metallized PETP-polyester film
Style LS66, metallized polystyrene film
Style AP66, polycarbonate film
Style AM66, PETP-polyester film
• Style AS66, polystyrene film
‘.
CIRCLE 513 READER SERVICE CARD

nuolleelt

LP77, metallized polycarbonate film
LM77, metallized PETP-polyester film
LS77, metallized polystyrene film
AP77, polycarbonate film
AM77, PETP-polyester film
AS77, polystyrene film

CIRCLE 514 READER SERVICE CARD

f

HERMETICALLY-SEALED
METAL CASE RECTANGULAR CAPACITORS

HERMETICALLY-SEALED
CERAMIC CASE TUBULAR CAPACITORS
rerrse

Style CML, high voltage paper/
PETP-polyester film, inserted tab
construction.

CIRCLE 515 READER SERVICE CARD

CIRCLE 517 READER SERVICE CARD

I
e

Style SML, high voltage paper/PETP-polyester
film, inserted tab construction.
Style SMLE, high voltage paper/PETP-polyester film, extended foil construction.

..)

CIRCLE 516 READER SERVICE CARD

HERMETICALLY-SEALED
GLASS CASE TUBULAR CAPACITORS

Style GML, high voltage paper/PETP-polyester film, 85 C
Style GTL, high voltage paper/PETP-polyester
•
film, 125 C

ample, with 2.2 for solid Teflon.
And the permittivity is constant
over wide temperature swings. The
operating range is -65°C to
+200°C.
Bends and squeezes. Foamed
materials have been used in coaxial cable before but, says Microdot, none has the strength of
Micro-cell. This dielectric won't
crush if auser squeezes the cable
between his fingers or if he bends
it. And, adds Microdot, auser can
solder the center conductor and
the shield without worrying about
melting the dielectric.
Micro-cell cable with 50-ohm
impedance is available with center

EPDXY CASE
RECTANGULAR CAPACITORS

.
\..

Style EFX, high voltage paper/PETP-polyester film.
CIRCLE 518 READER SERVICE CARD

For engineering bulletins on the capacitor styles
in which you are interested, write to Dearborn
Electronics, Inc., Box 530, Orlando, Fla. 32802.

Electronic

(a subsidiary of the Sprague Electric Company)

S, Inc.

Foamy vs. heavy. Micro-cell cable, left,
is one-third the weight of cable
whose dielectric is solid Teflon.

conductors of 19 to 33 AWG tinned
copper; the shield is 36 AWG
tinned copper.
The price is about $180 per 1,000
feet. Microdot says that solid-Teflon cable with similar properties
costs $140 per 1,000 feet.
The capacitance of the cable is
25 picofarads per foot, and attenuation of a 400-megahertz signal
is 11 decibels per 100 feet.
The diameter of the dielectric is
0.094 inch, the diameter of the
shield is 0.117 inch, and the diameter of the jacket is 0.140 inch.
Microdot is looking at aerospace
companies as the ones most likely
to use the Micro-cell cable. Teflon
cable is in many airborne systems
now, and Microdot feels this lightweight version will increase the
use even more.
Delivery ranges from off-theshelf to 30 days, depending on the
type of cable ordered.
Microdot Inc., 220 Pasadena Ave.,
South Pasadena, Calif., 91030 [349]

1D-8100
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VOICES IN OUTER SPACE ...

another step ahead in the development of satellite communications.
Last September K.D.D. of Japan decided on FUJITSU

The resulting 700 channels per band—which is more

as the rriost qualified expert to develop and manufac-

than conventional FDMA can boast—provide distortion-

ture a new PCM-TDMA COM SYSTEM. This system

free voice communication, larger per-band capacity

employs pulse-code multiplexion with a transmission

and lower per-channel charges.

speed of 50 million bits/sec.; TASI, a time assignment

For us, it's another step toward our goal of a better

speech interpolation system which increases channel

tomorrow for

capacity; a time-division multi-access controller and

step closer to the stars.

everyone.

For humanity,

it's

another

a phase-shift keying device.

FUJITSU LIMITED
Conuntiniccition.s and

:1e( fruits

Marunouchi, Tokyo, Japan
MAIN PROIM'CTS: D Telephone Exchange Equipment
Telephone Sets
Carrier Transmission Equipment D Radio Communication Equipment ['Space Electronics Equipment
I:Data Communication Equipment D Computers (FACOM) & Peripheral Equipment El Automatic Control Equipment (FANUC) D Telemetering & Remote Control Equipment
Electric Indicators D Electronic Components & Semiconductor Devices El Auto-Radio & Car Stereo (TEN) D Marine Radar O Nuclear Measuring Equipment
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They Don't Make CRT's
Like They Used To...

Thank Goodness! Better resolution,
faster writing rates, larger display all
depend on the CRT. It is in this area
that HP has made important innovations—in fact, HP has made most of
the important contributions to improving CRT's over the past six years!
And these improvements add up to
the two most important benefits to
you — greater accuracy and easier
operation.

HP uses the post-acceleration technique in the HP 180 scope system to
provide fast writing rates, bright
traces, and a lower-powered, more
easily controlled amplifier—all contributing to the accuracy of the display. A further improvement in CRT
techniques has provided adeflection
system with unmatched linearity and
no compression. Add the internal
graticule and you have a CRT with
accuracy limited only by the human
eye.
But HP is not stopping there! A
further improvement in CRT techniques will soon bring bandwidths
for measurements of 200 MHz-300
MHz real time—and even higher!
For years, the vertical display of a
high frequency scope did not exceed
4 cm—and you probably have some
of these scopes still operating in your
lab. Obviously alarger display means
easier viewing, higher resolution and
greater accuracy— but how do you
get a larger display? You could
lengthen the CRT to increase the
distance from the electron gun to
the CRT face—or increase deflection
power and decrease sensitivity.
Or, you could use the mesh dome
magnification technique as HP has
for the 180 scope system. A wire
mesh dome is used as a precision
"diverging lens." Voltage applied to

150
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the dome creates an electrostatic
field that electronically "bends" the
beam. In the 180 series, this gives
you a vertical swing of a full 8 cm at
50 MHz and 6 cm at 100 MHz-50 to
100% more than you get in other
scopes—and the CRT is shorter than
the normal 22-inch rack depth! More
accurate, easier -to -see displays?
You bet!

bi-stable tubes—and the HP system
is far less susèeptible to permanent
burns—minor burns can be easily
erased.
Whether you choose a conventional or a storage CRT for your 180
system mainframe, you get the same
performance from any of the 180
plug-ins. At HP, storage does not
mean a sacrifice in performance!

4
Recently, HP perfected dome mesh
technology to the point of producing
ahigh frequency display monitor that
offers a full 8 inch x 10 inch display
area in a tube only 18 inches long!
Remarkable for its size, this postaccelerator CRT has a deflection
factor of only 14 volts per inch at the
20 MHz bandwidth and a rise time of
20 ns. Some CRT's require as much
as 10 volts to rise 0.8 cm!
It was a logical next step for HP to
use the mesh idea in their storage
CRT's—to bring you a single CRT
that offers conventional viewing, variable persistence of the trace, and
full storage. A second mesh that "remembers" the electron beam trace
is used next to the phosphor. At the
twist of a knob, you can adjust the
mesh memory span from 0.2 second
to minutes—to hours—to days. The
mesh doesn't "forget" even when
you turn the power off!
Why did HP use the mesh storage
CRT? We could have built a monoaccelerating bi-stable tube— but they
would offer only storage or conventional use—no variable persistence.
And there is an annoying flicker each
time a bi-stable tube is flashed with
an erase pulse. The HP mesh storage
tubes have 200 ft-lamberts of brightness-20 to 100 times greater than

Take a good look at the fieldproven HP 180 Scope System. You'll
agree CRT's are better than ever!
Check your HP Instrumentation Catalog for full specifications and prices
on the 180 scope system mainframes
and plug-ins. Or, for recommendations on a complete line of instrumentation to complement the 180
system, call your nearest HP field
engineer. Or, write to HewlettPackard, Palo Alto, California 94304.
Europe: 1217 Meyrin -Geneva, Switzerland.
089/4 A

STEP FORWARD

HEWLETTilk PACKARD
OSCILLOSCOPE

SYSTEMS

Electronics IJanuary 20, 1969

New instruments

Taking the mess out of design
Lightweight breadboard has power supply, pulse generator,
lights and drivers, and switches; it handles up to 32 IC's
Wires all over the workbench; an
exasperating search for the right
sockets; the wait until another engineer finishes a test so that his
pulse generator can be borrowed;
the transistor burnt out by awayward soldering iron. In too many
cases these are regular, though unwanted, parts of the circuit-design
process.

Audio-frequency
microyoltmeter
type 1346 is a metered, calibrated
attenuator that can be used as a
self-contained low-level d-c source
and, in conjunction with an appropriate oscillator, as a source for
any a-c waveform from 0.1 Ay to
10 y with a spectrum up to 100
khz. Output impedance is 600
ohms. Price is $250. General
Radio Co., West Concord, Mass.
01781. [361]

But a new system from a new
company, the LBB-32 dynamic
breadboard from E&L Instruments
Inc., may take a lot of the scavenging and soldering out of digital
design work. The engineer makes
his circuit by plugging the calledfor components—integrated circuits
in dual in-line packages or cans,
resistors, capacitors, diodes, ban-

Modularized electronic counter/
timer model 2802 has a range of
d-c to 12.5 Mhz. It features an
input sensitivity of 10 my from
d-c to 5 Mhz and 30 my from
d-c to 12.5 Mhz with a 250 y
overload protection. It also offers
simplified push button switching,
dual input channels, and remote
programing capability. Price is
$455. Atec Inc., 1125 Lumpkin
St., Houston 77024. [362]

Rugged construction and simplicity of the OS-12 oscilloscope
make it suitable for universities,
laboratories and production use.
Simple
operation
is
achieved
by using the minimum number of
controls and by automatic synchronization of the time base.
Bandwidth is d-c to 30 khz.
Unit is 51/2 x 71/s x 10 in.
Texscan Technical Products, 7707
Record St., Indianapolis. [363]

RC generator/indicator type SUB
is for simplifying bridge measurements and filtering out noisy signals. Owing to the logarithmic indication over a range of more
than 80 db, adjustment of sensitivity during bridge measurements
is
not
required
and
voltage
changes from 50 mv down to 1
are easily detected. Rohde &
Schwarz,
111
Lexington Ave.,
Passaic, N.J. 07055. [364]

R-f multimeter RFM-1's capability includes d-c and r-f millivolts from 3 to 1,000, db from
0 to 60, and vswr in two ranges
from 1 to 3. Swept frequency
yswr measurements at low levels
are facilitated by an internal video
amplifier with switchable gain to
50 db and 200 khz bandwidth.
Price is $98.50 with accessories.
Radiation Devices Co., P.O. Box
8450, Baltimore 21234. [366]

Three-in-one Wheatstone bridge
WB-110B
features
'170.025%
accuracy of reading. It combines
in one instrument an ultrasensitive Wheatstone bridge, a chopper
stabilized readout amplifier and a
bridge voltage power supply. It
measures from 1 ohm to 110
megohms in 8 ranges with amplifier sensitivity of 1 my full scale.
Precision Standards Corp., Box
8361, San Marino, Calif. [367]

Potentiometric
voltmeter-bridge
model 300A has 5 d-c voltmeter
ranges to 511.10 y with 1 Av
minimum steps, 8 ammeter ranges
to 5.1110 amps with 10 pa
minimum steps, and 10 resistance ranges to 511.10 megohms
with 10 microhm minimum steps.
Size is 14.5 x 7.2 x 11.3 in. Price
is $995. Electro Scientific Industries Inc., N.W. Science Park
Drive, Portland, Ore. [368]

p.

Picophotometer model 18 measures current from photomultiplier
tubes and other current sources.
Current measuring capability is
10 ita to 1 pa full scale, permitting resolution of 10 -14 amp.
The unit contains a negative high
voltage
power supply variable
continuously from zero to —1,500
v. Price is $760. Pacific Photometrics Instruments, 3024 Ashby
Ave., Berkeley, Calif. [365]
Electronics
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... acircuit with 32 IC's
can be breadboarded...

...with one of HYSOL's seven printed circuit
coatings by Spray, Dip or Brush
HYSOL, the most experienced producer of printed

circuit coatings, offers the widest range of coatings for commercial and military uses. HYSOL epoxy coatings PC12-007-M,
PC16-M, PC23-M and PC26-M meet the rigid MIL-I-46058B
requirements, and urethane coating PC22 meets NASA
MSFC-SPEC-393 specification requirements. Testing in a
complete electronic testing laboratory insures precise
quality control.
HYSOL epoxy and urethane coatings are in use protecting
circuits on military and commercial jet aircraft, aerospace
vehicles, control, communication and EDP equipment. All
HYSOL coatings are proven fungus resistant (MIL-E-5272) and
all are transparent.
Write, wire or phone HYSOL, Dept. EM-169,01ean, New York
14760, for application engineering assistance. Ask for Printed
Circuit literature.

HYSO L HYSOL DIVISION

THE DEXTER CORPORATION

152

Circle 152 on reader service card

sistors—into the LBB's pegboard.
The components are interconnected
with solid #22 hookup wire which
plugs, without soldering, right into
the board.
According to Ronald Portugal,
president of E&L, all that an engineer needs to design and test a
digital circuit is the LBB, a wire
cutter, and a wire stripper. "He
doesn't even need a scope; we all
know what the outputs of logic devices look like," he adds.
Besides apegboard, the LBB includes:
•a 2-amp power supply whose
output is variable between 2 and
10 volts;
•a pulse generator;
•12 lamps with driver circuits;
•four toggle switches and four
pushbutton switches.
And when the job won't or can't
come to the engineer, he can pick
up the breadboard and go to the
job. The LBB is 41
/ by 11 by 15
4
inches, weighs 10 pounds, and
draws 25 watts from a115-volt input.
Makeup. The LBB's pegboard,
four long connectors mounted in
the middle of the front panel, can
hold, for example, 32 14-pin dual
in-line packages.
The upper left-hand comer of
the front panel contains a voltmeter and an ammeter which display
the output of the LBB's power supply. Running across the top of the
panel, to the right of the ammeter,
is adark line. The four sockets on
this line are the power supply's
output terminals.
Also above the pegboard is a
row of 12 lights, and under each a
socket. Input resistance at each
socket is 4,700 ohms. A voltage
greater than 1.5 volts turns alight
on, and voltage falling below 0.5
volt turns it off.
Under the power supply meters
are the controls for the pulse generator, whose output can range between 1volt and 6volts. Width is
adjustable, in steps, from 1microsecond to 100 milliseconds, and
frequency, in steps, from 10 hertz
to 1 Mhz.
The output sockets for the pulse
generator lie along adark line that
runs under the pegboard. And
Electronics I
January 20, 1969

ULTRA
STABLE
CRYSTAL
STANDARDS
FOR '3,825

r

By

combining a Tracor/ Sulzert-

Model

5C

Ultra

Stable

Crystal

Oscillator and a Tracor Model 525
Frequency
have

in

standards
each.

The

ments at

Distribution

essence
at

16

a cost

525

will

Unit,

ultra
of

you

stable

$240.00

drive

instru-

1 volt —over 300 feet

away.
(NOTE: Similar time base for a counter or synthesizer costs about $700 per channel.)

CONTACT TRACOR
for your
FREQUENCY STANDARD NEEDS.
TRACOR, Inc. ,Industrial Instruments Division
6500 Tracor Lane, Austin, Texas 78721

Specialized instruments to meet your specific needs
IA-119
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wanted: "big"
insulator
problems
Solving "big" insulator problems is Lapp's specialty.
Wherever insulator requirements call for high strength,
special electrical specifications, maximum dependability
and long service ...Lapp is
the company to contact.
Lapp has been designing,
testing and making insulators
for communications installations for almost a half century. On many special jobs,
our experience provides the
basic engineering and design,
which enables us to deliver
the job quicker, and save you
money.

How "big" are the jobs
we've done? How about tower base insulators to 9million
lbs. ultimate strength with 500
kv peak wet flashover. Or,
compression cone guy insulators to 620 thousand lbs.
strength and in strings with
grading rings giving wet flashover to 700 kv peak.
Lapp also made 3 of the
world's largest RF feed
through bushings with wet
flashover of 600 kv peak, for
continuous operation at 2545
amperes at 140 kv rms at
14-30 kc. Our double-yoked
strain insulators have been
made to 240 thousand lbs. ultimate strength with awet flashover rating of 700 kv peak.
From drawing board to delivery, you can count on Lapp
when it comes to "big" insulator problems. Write for additional information, Lapp Insulator Co., Inc., LeRoy, N.Y.
14482.

Lapp
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mounted with the controls is another output plug, a BNC connector.
Also below the pegboard is a
row of switches—four toggles and
four pushbuttons — with access
sockets.
On the right side of the board is
a 22-pin connector with a column
of sockets. This is particularly useful if the circuit being designed is
to be put on aprinted-circuit card.
Below this connector are two
BNC connectors with sockets, used
to tap signals off the board.
The LBB costs $650 and delivery
time is 30 to 45 days.
E&L Instruments Inc., 61
Derby, Conn. 06418 [369]

First

St.,

New instruments

Package deal
for ECM firms
Amplitude comparators
for tracing radar signals
offered as complete units
The amplitude comparators used
in tactical aircraft to indicate the
direction of enemy radar signals
are usually assembled by makers
of
electronic
countermeasures
equipment. They buy or build the
component parts—essentially a detector, video amplifier, and video
comparator.
But Raven Electronics Inc., anticipating a large market for these
devices, is offering them as complete units. William Whistler, Raven's vice president for engineering, says that purchased separately,
the detectors alone can cost as
much as $75, and the amplifiers
have to be built from scratch. Raven will sell the complete instrument for $275 in quantities of 500.
On the side. In its countermeasures application, the amplitude
comparator is linked through areceiver to antennas on each side of
the aircraft. The device amplifies
and compares the radio-frequency
waveforms from each antenna to
determine on which side of the
plane the signal is stronger.
The company is offering three
Electronics IJanuary 20, 1969

LAMBDA ANNOUNCES
the new EE power package

with the highest power available in ahalf-rack module!
NEW
"EE" MODULE

UP TO 150 VOLTS/UP TO 33 AMPS/
ONLY $320

NEW
OVERVOLTAGE PROTECTOR

NEW
RACK ADAPTER
mounts
2 "EE" modules
or

up to 8 "A" modules
or
up to 8"B" modules

Year
Guarantee

NOW THERE ARE 7 VERSATILE 5 YEAR-GUARANTEED CONVECTIONCOOLED LM SERIES MODULES

IN STOCK

ONE DAY DELIVERY

Package EE 417'16 " x 71/
2 " x 17"

FEATURES OF NEW "EE" POWER PACKAGE
• MEET MIL. ENVIRONMENT SPECS
Specify Lambda with assurance of meeting military
requirements
•RFI-MIL-I-16910 •Vibration: MIL-T4807A
•Shock: MIL-E-4970A Proc. 1& 2
•Humidity: MIL-STD-810 Meth. 507
•Temp. Shock: MIL-E-5272C (ASG) Proc. 1
•Altitude: MIL-E-4970A (ASG) Proc. 1
•Marking: MIL-STD-130 •Quality: MIL-Q-9858
Fungus Proofing (optional):
all models available with MIL-V-173 varnish for all
fungi nutrient components at $10.00 surcharge.
• THERMALLY PROTECTED AND
SHORT CIRCUIT PROOF
• NO VOLTAGE SPIKES OR OVERSHOOT
on turn-on, turn-off, or power failure.
• WIDE INPUT VOLTAGE AND FREQUENCY RANGE
105-132 VAC, 45-440 Hz with 10% derating for 50 Hz
operation. (205-265 VAC, optional at no extra charge).
• LINE REGULATION: .05% -I- 4mV

WIDE RANGE
Model

ADJ. VOLT.
RANGE VDC

LM-EE-0-7

MAX AMPS AT AMBIENT OF: (I)
Pries

40'

50°

60°

71*

0-7

16

13.5

11.2

9.2

8320

LM-EE-0-14

0-14

10.2

8.6

7.3

6.1

320

LM-EE-0-32

0-32

5.2

4.4

3.8

3.2

320

LM-EE-0-60

0-60

2.7

2.45

2.15

1.85

320

VOLTAGE
MAX AMPS AT AMBIENT OF: (I)

ADJ. VOLT.
RANGE VDC

40' C

50' C

60' C

71°C

LM-EE-3

3 2:5%

33.0

29.0

25.0

20.5

$320

LM-EE-3-P-6

3.61.5%

32.0

26.0

22.0

18.3

320

LM-EE-4

4 ±5%

32.0

26.0

22.0

18.3

329

LM-EE-4-P-5

4.5±5 1
4
/

31.0

24.6

20.8

17.3

320

LM-EE-5

5 ± 5%

31.0

24.6

20.8

17.3

320

LM-EE-6

6 ±5./.

30.0

24.6

20.8

17.3

320

LM-EE-8

8 ±5./o

28.0

23.5

19.7

16.5

320

Model

-

Priee 1

LM-EE-10

10

±5%

24.0

20.4

16.8

13.8

320

LM-EE-12

12

±5./.

21.0

19.0

16.1

13.2

320

LM-EE-15

15

-± 5%

19.0

18.0

15.5

12.7

320

• TEMP COEFF.: .03% /°C

LM-EE-18

18

±.5%

16.5

14.8

12.4

10.1

320

• HIGH PERFORMANCE OPTION
All models available with these specifications at $15.00
surcharge:
LINE REGULATION: .01% -F 1mV

LM-EE-20

20

±5.4

15.2

13.7

11.8

9.7

320

LM-EE-24

24

±5%

14.0

12.5

10.8

9.0

320

LM-EE-28

28

±-5.4

13.0

11.5

9.8

8.2

320

LM-EE-36

36

±5%

10.4

9.8

8.6

7.1

320

LOAD REGULATION: .02% + 2mV

LM-EE-48

48

±-5./e

7.7

7.1

6.5

5.4

320

RIPPLE AND NOISE: 0.5mV rms; 1.5mV p-to-p
with 60 Hz input

LM-EE-100

100

± 5%

3.3

3.0

2.5

2.1

350

LM-EE-120

120

2=5%

3.0

2.7

2.2

1.9

360

LM-EE-150

150

±-5%

2.2

2.0

1.75

1.50

350

• LOAD REGULATION: .03% -F 3mV
• RIPPLE AND NOISE: 1mV rms; 3mV p-to-p

TEMP COEFF.: .01%/°C
NEW ACCESSORIES FOR "EE" PACKAGE
• Rack Adapters
LRA-7 •51
4 "H x 19"W x21"D. Price $70.00
/
• Chassis Slides
Add suffix "-CS" to LRA Model number and add $50.00
to price.
• Panels
51
/"x8%" Metered panel MP-50. Price $55.00
4
5,4" x8%" Non-metered panel P-50. Price $35.00
Add $10.00 for fungus proofing.
• Overvoltage Protectors
LM-OV-7
3-8V
47/
1
6"H x213/16"W x113/16"D
LM-OV-8
6-20V
47/
16"H x213/16"W x11Yie,"D
LM-OV-9 18-70V
47/
4 "H x213/16"W x 113
1
16"D
Electronics

January 20, 1969

$75.
75.
75.

NOTES:
Current rating is from zero to Imax. Current rating applies over entire output
voltage range. Current rating applies for input voltage 105-132 VAC 55-65 Hz.
For operation at 45-55 Hz delete 40"C rating. For operation at 360-440 Hz
consult factory for ratings and specifications. For 50 Hz Operation derate 10%.
2 prices F.O.B. factory, Melville, N. Y. All specifications and prices subject to
change without notice.
Write, wire, or call to order direct, for information, or for new Lambda
Power Supplies catalog. LAMBDA Electronics Corp., 515 Broad Hollow
Road, Melville, L. I., New York 11746, TEL. 516-694-4200, TY« 510-

224-6484.

LAMBDA
Circle 155 on reader service card
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models, all with the same specifications except for frequency range.
The CA-104 operates from 2.7 to
5.4 gigahertz, the CA-105 from 4
to 8 Ghz, and the CA-106 from 8
to 12 Ghz. Each has a recovery
time of 2 microseconds, which
Whistler maintains is particularly
good when combined with the
unit's dynamic range of 35 decibels
at radio frequencies. The quick recovery stems from the use of completely d-c coupling in combination
with a stabilized feedback.
Strength counts. Input-output
delay is about 50 nanoseconds, depending on signal strength. "Lowlevel signals stretch the delay
range," Whistler explains, "while
strong ones shorten it." Amplitude
error is 0.7 decibel rms, tangential sensitivity is —45 decibels
above 1milliwatt, and operational
sensitivity is —35 dbm.
Each of the amplitude comparators is 0.75 by 3.16 by 5.16 inches.
Whistler says the next version will
have thin-film hybrid components
and will be only about 0.5 by 1
inch by 2inches.

When time is
running out...
and you need
transformers
in a hurry...

Call your local Triad Distributor.
He can help you beat the clock on your new product. Make a more economical
design, and avoid production hold-ups. Because your Triad distributor has more than
1700 different items in stock or quickly available — powers, filaments, chokes, audios,

Raven Electronics Inc., 101 West Alameda Ave., Burbank, Calif. [370]

New instruments

pulse transformers, voltage stabilizers, toroidal and power inductors, wave filters, lowfrequency units, integrated circuit cards with or without connectors, and many others.
Your Triad distributor can advise you on applications, too. And if you both get stuck,
he can call in our engineering help.
So, whether you need just a few for test, or a hundred for production, don't waste
time. Just call your nearest Triad distributor. And ask for the new Triad catalog, too,
while you're at it. Triad Distributor Division, 305 North Briant Street, Huntington, Indiana
46750.

Pulses come cheap
from small source
Low-priced generator
is 4x3x2inches;
output goes to 1Mhz

Voltage Stabilizer Transformers

Commercial Grade Powers and Audios
uumesamemse
8"MUM

W
2,2 1M

4108
880
888888880 888888888
888888888 888888888
8f1V885q 8V2V88

nu.a.w.pn
Mifillherrifill
thiaddeettm

Transistor Power Supply Transformers

Triad Distributor Division
01 Litton Industries 133
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Integrated Circuit Cards

One way to keep money in your
pocket is to put apulse generator
in there too. This suggestion comes
from Willard McKinney, sales
manager at R.H. Dempsey Mfg.,
who points out that many engineers are spending up to $200 for
pulse generators for test and repair
work. These are usually much too
fancy for the application, McKinney says, but they're the only generators around that can do the job.
Now Dempsey is offering a $40
generator whose output is continuously adjustable between 40 kilohertz and 1megahertz and whose
pulse width ranges between 50
Circle 157 on reader service card-÷-

That's right—
It's a signal generator without a dial.
Instead, the frequency you set is displayed on a
digital Nixie®display—to four significant digits of
accuracy and resolution. We call this feature dd cTM
—direct digital calibration.

Using a unique, patent-applied-for circuit, ddc
automatically, directly, and continuously measures
the frequency to an accuracy better than 10 PPM,
and displays it to 0.01% ...100 PPM, or about
100 times more precisely than any dial.
These frequency measurements are crystal-clockreferenced, at all settings, and the display is
direct-reading, always, including decimal point
and units ...kHz or MHz. The frequency you see

That's not all. These new all-solid-state designs
provide for complete digital-system compatibility
—programming of both frequency and amplitude,
printout, computer control, etc.
Bulletin 900-10A reviews the theory and application of Series 900 signal generators from 50kHz230MHz. To get your copy, check the reader-service number below". ..or call or write directly.

LogiMetrics
DIVISION OF SLANT/FIN CORPORATION,
100 Forest Drive, Greenvale, N. Y. 11548;
Phone: (516) 484-2600;

is the frequency you've set—always.

Notice
anything different
about this
RF signal generator?

Attention Supervisors:
Who (besides yourself) ought
to receive our new test-engineering
quarterly, "Signals, Signs, & Settings"?
It's free to supervisors and
their senior staff. Send us
your list, on your letterhead.

Model 920, 50kHz-80MHz,
ddc to ±0.01% (100 PPM) f. s. accuracy
and resolution. Only $1,950.

.. •

,

nanoseconds and 2 microseconds.
It's called the pocket pulse generator, or PP-55, because of its size,
just 4by 3by 2 inches. The PP-55
is ablocking oscillator with afeedback loop, encapsulated in epoxy
and then packed in aBakelite case.
Power comes from a Mallory TR
177 battery.
The amplitude of the output
pulse is +5 or — 5 volts; and the
frequency range can be extended
down to 1hertz by attaching acapacitor to terminals on the back of
the device.
Low drift. Rise time of the output depends on the load; at 1
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with pre-punched

VECTORBORD,
PLUGBORDS and
Push-in TERMINALS
Make circuits the fast, easy way .. .
simply insert Vector push-in terminals
(wide variety available) and component wires
• •.•
• • •
into pre-punched Vectorbord, or use punched
•,:,.
copper clad for do-it-yourself etching; and, for
411
production, we're geared to omit the holes not required
11191
and assemble terminals, eyelets, etc. to your specifications.
Eleven patterns available with .025", .040", .062", .093" holes in
XXXP phenolic, glass silicone, glass or paper epoxy and
copper clad. Plugbords supplied in many sizes with etched pads,
.040" dia. Edge-Pins or Elco Varicori* contacts.

n.

POCKET PULSER

Save time — Save work — Save money!
°

TRADE MARK

g
rkt

Send for complete literature

ELECTRONIC COMPANY, INC.

12460 Gladstone Ave., Sylmar, Calif. 91342

M

Circle 205 on reader service card

New
Cord
Set
Kit (

Helper. The pocket-size PP-55 is
designed for repairmen and for
engineers testing circuits.

Relocation of production benches made easier!

\
WW1
158

With the new 20CSK Cord Set Kit from Wiremold, a
bench-mounted run of multioutlet Piugmold® 2000
can be converted into a portable power strip, ready
to move with the bench when production requirements change. Send for literature on this and the entire line of compatible Wiremold surface wiring systems designed to meet every power distribution need
from panel box to outlet.
e
IFEMOCO
THE WIREMOLD COMPANY / HARTFORD, CONNECTICUT 06110

Circle 158 on reader service card

megohm it's 10 nanoseconds, and
at 50 ohms it's 30 nsec. Dempsey
engineers haven't yet measured fall
times. They haven't specified longterm drift yet either, but the company says that this drift is low
because tantalum capacitors are
used in the generator. At 18 khz,
short-term drift is 10 hz/hour.
The PP 55 is the civilian offspring
of the TG5R, a generator that the
company has been building for the
Navy since Dempsey's founding
three years ago. Sailors use the
TG5R to trigger aplan position indicator during repair work.
Among the things that the PP 55
can help test, says McKinney, are
cable terminations, photocouplers,
and tunnel diodes. He adds that
the generator can be the input to
a circuit under design or the trigger for such devices as binary
logic circuits and multivibrators.
Delivery time is 30 days.
R.H. Dempsey Mfg., P.O. Box 2339,
Napa, Calif. 94558 [371]
Electronics IJanuary 20, 1969

Whether you want a wave analyzer
or a spectrum analyzer, the ambidextrous HP 3590A does the job. This
flexibility is achieved through the use
of automatic amplitude ranging,
electronic frequency sweeping, and
linear or log X-Y outputs for graphic
display.
But this dual capability is only the
start of the HP 3590A's measuring
ability. Add to this versatility the >85
dB dynamic range, highly selective
bandwidths, ac and dc programmability, and a frequency range of
20 Hz to 620 kHz. The sum of all these
improvements is increased performance and accuracy at speeds previously unattainable. Why settle for

less? With the HP, 3590A, you get
the measurements you want—when
you want them—faster and easier.
To provide the additional advantages of a special balanced input
with selectable terminating impedances of 75, 135, 150, and 600 0 —
the new HP 3591A selective voltmeter
is now available. Multiply this highly
useful input capability by the fact
that the 3591A is calibrated to indicate properly in either dB or dBm
regardless of the terminating impedance selected. One result—an
analyzer capable of making noise
and level measurements on balanced
voice frequency circuits, or on carrier systems up to 120 channels. And
this example is only one of the many
applications of an instrument designed with you in mind.

Wave Analyzer or
Spectrum Analyzer?
The HP 3590A is both!
.4

The 3590A mainframe is $3200. The
3591A mainframe is $3350. Three
plug-ins are available: 3592A low
cost slave and program unit when
used in second 3590A, $80; 3593A
with 3-digit mechanical display,
$1100; 3594A with 5-digit electronic
counter frequency display, $1600.
To get complete information on
either the HP 3590A or the HP 3591A,
call your local HP field engineer. Or,
write to Hewlett-Packard, Palo Alto,
California 94304. Europe: 1217 Meyrin -Geneva, Switzerland.
09,6

HEWLETTilk PACKARD
SIGNAL

ANALYZERS

.8
.8

2
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EH leads the pulser
field in price...

E-H MODEL 137

and performance.
If you decide to buy a pulser just because it costs less
and it solves your immediate problems, your problems
may have just begun. Before you know it, that pulser
has become obsolete and you're out shopping for another one. Need abetter solution? E-H offers it.
Every E-H instrument is designed to give you the
most advanced solution to your problems today. And
to take care of tomorow's problems, each instrument
has abuilt-in margin of performance you never see in
the written specs. That's the extra that makes an E-H
pulser extra useful in years to come.
Here, for example, is one of our newest problem

solvers — the E-H Model 137. This all solid-state pulser
has rep rates of 10 Hz to 100 MHz, pulse amplitude of
up to ±5V into 50 ohms (±-10V open circuit), DC offset of up to ±5V into 50 ohms (±-10V open circuit),
transition times of <2ns to 200 p,s, leading and trailing
edges independently variable up to ratio of 10:1, external drive requirements 1.2V pos or neg. Price, $1,950.
f.o.b. Oakland.
Call your E-H representative for a demonstration
now. And if our new Model 137 doesn't quite fit your
needs, ask about E-H's eighteen other advanced problem solvers.

E-H RESEARCH LABORATORIES, INC.
515 11th Street

• Box 1289, Oakland, California 94604

• (415) 834-3030 •TWX 910.366-7258

In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: lwatsu Electric Co., Ltd., No. 710, 2-Chome Kugayama Suginami-Ku, Tokyo, Japan
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Data handling products

Computer display is highly readable
First all-British remote terminal has 15-by-11 matrix
and sells for $6,000; production line in Canada is planned
The proliferation of computer peripheral equipment has been, up
to now, principally a U.S. phenomenon. But Ferranti Ltd. next
spring will start delivering what it
describes as the first wholly Britishdesigned and -manufactured remote display terminal.
Price of the stand-alone terminal
in the U.S. will be about $6,000,
and Ferranti claims this makes it

IBM-compatible
tape
recorder
model 70C is designed for a maximum speed of 25 ips continuous
operation, and is also available at
speeds of 5, 12 1/
2,and 18 1
/ ips.
2
It will accept up to 20 commands/sec and has the optional
capability of search forward/reverse at 75 ips. Price range is
$1,650 to $3,200. Cipher Data
Products Inc., 1219 Morena Blvd.,
San Diego, Calif. [421]

Data sets
designated
modems
4400/20H and 4400/20L are
based on a narrowband technique
of transmission. They transmit
two separate high-speed, 2,000
bit-per-sec messages at the same
time over a single telephone line.
EDP users with multistation networks can realize cost savings of
up to 50% on leased transmission
lines. International Communications Corp., Miami, Fla. [422]

.
Bulkhead-mounted,
single
line
punched tape reader model 3100
is designed for loading computers,
controlling test equipment, and
similar uses where a small tough
unit is required. It will withstand
2 g vibration from 5 to 33 hz,
and 25 g shock. Operating temperature is —40 ° to +70 °C. Price
is $1,190. Electronic Engineering
Co. of California, E. Chestnut
Ave., Santa Ana, Calif. [425]

Electronics IJanuary 20, 1969

the least expensive unit of its kind
in the world in terms of cost per
character. The price in Britain and
on the Continent hasn't yet been
determined. The company attributes the low price to use of integrated circuits and novel methods
of character generation.
Sharp image. The displayed
characters are more legible than
those generated by most displays

because the sub-raster is defined
by a 15-by-11 matrix, each position
of which corresponds to a bit in
computer memory. Conventional
units use a 7-by-5 matrix.
The terminal has 64 characters
in its magnetic storage. The unit
includes akeyboard and anew crt.
A message of up to 2,048 characters can be displayed on the crt,
then edited and transmitted over

Pictorial/graphic
digitizer
can
translate pictorial source material
into computer language and record
it directly to computer tape ready
for data processing. It features
resolution up to 1,000 lines per
in., accurate gray level encoding,
adjustable scanning aperture, and
bandwidth compression for graphic
inputs. Aeroflex Laboratories Inc.,
S. Service Road, Plainview, N.Y.
[423]

Scanner-A/D converter 013-022
is designed for use in automatic
check-out equipment and data
acquisition systems. The standard,
10-channel model is capable of
400 conversions/sec. Pin board
allows programing of 4 functions/
channel. Accuracy of A/D converter is 0.025% of full scale
±least significant digit. A. D.
Data Systems Inc., 830 Linden
Ave., Rochester, N.Y. [424]

Programable data comparator series 800 provides monitoring of
up to 100 points, with point scanning frequency of 200 khz. Programing is sequential, requiring
only a single advance signal input
to move from point to point. Data
word length is 4 BCD digits, plus
signal. Peak-to-peak amplitude of
input signals is 10 y max. Systems
Research Corp., 2309
Pontius
Ave., Los Angeles. [427]

Analog-to-digital converter model
HS-810 will assign up to 10 million 8-bit binary numbers/sec to
wideband analog signal. Codes
available are straight or offset
binary, l's or 2's complement, or
Gray. It has a maximum error of
0.2% --t 1/
2 least significant
bit
and a maximum aperture time of
0.4 nsec. Computer Labs, 1109
Valley Park Dr., Greensboro, N.C.
27403. [428]

•

Digital tape recorder model DS4130 is a compact, cartridgeloaded unit featuring IBM-compatible hub for rapid, post-flight
data processing. It includes incremental recording capability for
RZ or NRZ (1) inputs with a 200
bits-per-inch density and a character transfer rate to 200 steps/
sec. Unit measures 6 x 7 x 13 in.
Sanders Associates Inc., 95 Canal
St., Nashua, N.H. [426]
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With Tamron... on TV...
the picture is getting brighter, all over the world

I•
,1111110

On line. First all-British terminal
displays computer-generated data.

Tamron Lenses
No.

Focal
Length

Aperture

12Z4

12.5-50mm

1: 1.8

16Z4

16-64

mm

1: 2.0

15Z10

15-150 mm

1: 2.5

20Z4

20-80

mm

1: 2.5

25Z4

25-100 mm

1: 1.8

1214

12.5

mm

1: 1.4

2514

25

mm

1: 1.4

2519

25

mm

1: 1.9

2911

29

mm

1: 1.1

3611

36

mm

1: 1.1

5014

50

mm

1: 1.4

5019

50

mm

1:1.9

7514

75

mm

1: 1.4

7519

75

mm

1: 1.9

Tamron lenses for ITV at moderate cost for high
quality and proven performance. Matching the
most critical requirements of the world's leading
TV camera makers and users, they are especially
appreciated for high resolving power, freedom
from aberration, superior radiation intensity, and
no mechanical vignetting.
Manufactured by Taisei Kogaku, known particularly as the world's ZOOM specialist, Tamron
lenses are generally designed to be equipped with
manual, gear-driven and motor-driven systems.
Tamron CCTV lenses are members of the famous
Tamron family of optics in the fields of X-ray,
process, electrostatics copying, micro film, etc.
Tamron ITV lenses provide the full range from
Super-Wide angle through 10:1 Zoom.

TA I

any

TAISEI KOGAKU KOGYO CO., LTD.

KU 1385

HASUNUNA,

OMIYA.SHI,

SAITAMA KEN,

JAPAN
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a data line. Or the terminal can be
coupled to aregular telephone line
and used to interrogate acomputer
from a remote site.
The flicker-free screen measures
240 by 180 millimeters and uses a
new long-life phosphor developed
by Ferranti. It can display a message of up to 32 rows of 64 3-mmhigh characters. The refresh rate
is 50 hertz. Equipment for graphical displays can be added, Ferranti says.
Video version. A second version
of the display terminal uses a fullraster television scan with broadcast standards instead of the
subraster system. Both systems operate with standard codes. A range
of character sizes permits text, captions, and graphic displays to be
inserted into an existing videomodulated raster.
The television type will be marketed as a monitor for closed-circuit tv systems. The remote computer terminal was designed for
use in computer-controlled communications systems at airports, railroad terminals, supermarkets, and
theaters.
First deliveries will be limited to
Britain, but the company says a
second production line will be set
up in North America, probably at
Ferranti Packard in Toronto.
Ferranti Ltd., Moston, Manchester, England [429]
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Heights of
integrated circuits.
Thin films on
metals and ceramics.
Thickness
of transparent films,
foils and coatings.

411111111111k

Paper surface
characteristics.
Depth of etchings.
Roughness of
'smooth" surfaces.

Measuring
microscopic differences?
Use amicroscope.
It won't hurt
athing.

•

Completely non-destructive and amazingly accurate
measurements of surface roughness and film thickness
can be taken optically. And with such ease that even a
completely inexperienced technician can learn how in
minutes.
The instrument that does it is the ZEISS Light
Section Microscope. Its principle is simple: a razor-edge
beam of light is projected so that when viewed through
the microscope it clearly profiles the surface. Then, by
fine-tuning a reference line coupled to a micrometer,
you can easily obtain direct readings of irregularities
ranging from 0.000040 to 0.016 inch. Or find the thickness of transparent films by simply reading the
difference between the top and bottom surfaces and
factoring in the refractive index.
For permanent records or reference standards, a
camera attachment permits you to take Polaroid e or 35
mm photos.
We think we've only begun to explore the possibilities of this unique quality control instrument. If you'd
like to exchange ideas, or obtain complete information,
just write Carl Zeiss, Inc., 444 Fifth Avenue, New York,
N. Y. 10018.
Nationwide service.

EIZN

THE GREAT NAME IN OPTICS

CAR1LC
ZEISS

WEST GERMANY
ATLANTA, BOSTON, CHICAGO, COLUMBUS, DENVER, HOUSTON. LOS ANGELES, PHILADELPHIA, ST. LOUIS, SAN FRANCISCO, SEATTLE, WASHINGTON, D. C.
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...stand tall
Type X601PE Metallized Mylars

epoxy sealed! Ideal for printed cir-

Product information is available

typify TRW's stature in advanced

cuits...save space!

from TRW Capacitor Division, TRW

metallized dielectrics.

TRW offers many additional

INC., Box 1000, Ogallala, Nebraska.

They're smaller and lighter...

styles and dielectrics for demand-

Phone (308) 284-3611. TWX: 910-

metallized! Tough and rugged...

ing Military and Industrial needs.

620-0321.

TRW
164
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New microwave products

Mini-magnetron delivers 1-kw pulses
Positive-pulse design is used in a11.5-ounce source
developed for radar, fuzing and transponder applications
By capitalizing on a design technique known since the early 1950's,
Microwave Associates Inc. has developed the smallest, lightest Kuband magnetron yet, the MA-287.
Applying a positive-pulse design,
the firm has built a tube weighing
only 11.5 ounces and measuring
1.5 inches on a side. Small as it
is, the MA-287 emits pulses of 500

watts to 1 kilowatt at fixed freqencies around 16 gigahertz.
Magnetron sales manager Jerry
Simpson says that the tube is
among the most rugged available,
that it can achieve pulses only 20
to 30 nanoseconds long with nanosecond rise time, and that warmup
takes only a few seconds. And he
ascribes all these features to the

positive-pulse design.
A company spokesman says the
next smallest tube is a classified
device, 2 inches on a side and
1 pound in weight. From there,
weight increases to 18 to 22 ounces
in commercial magnetrons which
are negative-pulse devices.
The difference. A positive-pulse
magnetron differs from the corn-

Variable attenuators cover the
range from 0.5 to 11 Ghz with
essentially the same curve for bias
current versus attenuation for all
frequency bands. Insertion loss at
zero bias is 0.8 db from 0.5 to
7 Ghz and 1 db from 7 to 11
Ghz. Attenuation of 60 db for
any octave bandwidth can be attained with 20 mw of bias power.
Hyletronics Corp., Ainsworth Rd.,
Wilmington, Mass. [401]

Microwave acoustic delay
line
with 10 msec delay and 50 db loss
operates at 50 w peak and is designed for L-band. Vswr is 3:1,
bandwidth is 20%, spurious response 20 db. For S-band, loss is
65 db; for C-band, 90 db. Applications are radar checkout, altimeters, fuzes, and similar equipment. Cost is under $3,000.
Andersen Laboratories Blue Hills
Ave., Bloomfield, Conn. [402]

Preselector network is remotely
driven to preselect channels to
an accuracy of ±-1 Mhz in Xband. It is an electromechanical
device which, upon command, activates the motor drive circuit to
tune the 3 preselectors to the desired channel. The unit is temperature compensated and hermetically sealed. It weighs 27 lbs.
Gombos Microwave Inc., Webro
Road, Clifton, N.J. 07012 [403]

Ferrite 3-port circulators cover
10% bandwidths. Matching waveguide flanges from 3.7 through
15.4 Ghz, these units have 25 db
isolation, vswr's of 1.07 through
1.13 as standard with insertion
losses generally less than 0.2 db.
Magnetic shielding is available on
all 17 models of the series. Port chester Instrument Corp., 114
Wilkins Ave., Port Chester, N.Y.
10574. [404]

Computer designed DB-X-358 interdigital and comb-line microwave filters are available with
center frequencies from 200 Mhz
to 15 Ghz with 0.5% to octave
bandwidths. Typical vswr is 1.20.
Typical insertion loss is 1.0 db.
Price is $200 to $400 depending
on specifications and quantity.
DeMornay-Bonardi Div., SystronDonner Corp., 1313 N. Lincoln
Ave., Pasadena, Calif. [405]

Connectorless
attenuator
cartridges are for direct inclusion in
stripline modules or transmission
lines. They are available in several attenuation values, up to 30
db. Units operate from d-c to 10
Ghz and can be provided with
stripline, disk or other mating
configurations. They can also be
incorporated into co-ax components. Microlab/FXR, Livingston,
N.J. 07039. [406]

Miniature bandpass filter model
TSH is for telemetry applications
in the 2.2 to 2.3 Ghz transmission
band. It exhibits a wide stop band
with rejection greater than 40 db
from d-c to 1.980 Ghz and 2.475
to 8 Ghz. Rejection skirts are
typically similar to 0.1 db Chebyschev ripple. The unit measures
1 21/32 x 1 5/32 x 5/16 in.
Telonic Engineering Co., Box 277,
Laguna Beach, Calif. [407]

Double balanced mixer-preamplifiers series DM P offer r-f coverage
from 100 Mhz to 1 Ghz with local
oscillator to r-f isolation of 30
db minimum. Output capability of
+10 dbm at less than 0.5 db
compression at i-f's of 30, 60, or
70 Mhz is standard. The unit
measures 4 x 23/e x 1 9/16 in.
Price is $695. RHG Electronics
Laboratory Inc., 94 Milbar Blvd.,
Farmingdale, N.Y. 11735. [408]
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(MD enet51) Coffee eittg
FREE!

FREE!

FREE!

Evaluate our Dial-A-Source Voltage Source
and we'll send you an expensive Old English
Coffee Mug with our compliments.
We want you to evaluate the compact DialA-Source for a simple and obvious reason:
after you evaluate one we're pretty sure
Dial-A-Source

will

become your standard

reference source and you'll buy one ... and
another ... and another .
What will you be evaluating? Specs, please:
Accuracy: ±(0.0025% +5 µV)
Range: 0 to ±10 VDC
Resolution: 0.1 µV (7-decade model)
Stability: Typically ±1 PPM/day

Powercube. Magnetron only 1.5 inches

T.C.: 1PPM/ ° C

on aside can put out akw pulse.

Remote sensing; 1000 megs isolation; zero
output impedance (50 x 10 -6 ohms max);
three models; delivery from stock; from
$875 f.o.b. Mt. Vernon, N.Y., domestic.
To get started before the coffee gets cold,
write, phone or circle the number on the
reply card; we'll take it from there.
General Resistance, Division of Chronetics.
500 Nuber Avenue, Mt. Vernon, N.Y. (212)
292-1500. In Europe: 39 Rue Rothschild,
Geneva, Switzerland (022) 31 81 80.

GENERAL RESISTANCE
DIVISION OF CNRONET ,CS
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Every Engineer or Draftsman

NEW BY-BUK
CROSS REFERENCE GUIDE P-45

should have the

(supersedes By-Buk Catalog No. P-42)

WO.
CROSS Pll(ReiCE
• 0

9
•in

CIRCUll DIM

to better printed circuit
drafting.

This FREE 24 page booklet
contains color-coded standard
MIL-SPEC SIZES and design
standards ... plus a newly
added numerical index for
easy reference to over 2000
pre-cut tapes, pads, shapes,
transistor tri -pads, spaced IC
terminal pad sets and other drafting aids for
faster, more accurate, distortion-free printed
circuit master drawings.

Send for your FREE guide today!
BY-BUK COMPANY
4326 West Pico Blvd. •Los Angeles, Calif. 90019 •(213) 937-3511
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negative-pulse types in that
almost all of its components—cathode, magnetic pole assembly,
heater, and external supports—are
at ground potential. Only the anode
is positively pulsed to draw electrons from the cathode. In negative-pulse tubes, the cathode must
be isolated from other tube parts
by shields to prevent arcing.
Since the MA 287's cathode can't
discharge current to any part of
the tube except the anode, everything can be (and has been) compressed into a smaller, lighter
package. Magnetic pole pieces are
brought closer to the interaction
space between anode and cathode,
giving a more uniform field and
reducing the amount of magnetic
material needed.
The magnetic pole pieces themselves can be used to support a
new sort of cathode structure, one
supported from both ends instead
of at one end of the vacuum envelope. Spacer washers within the
magnetic pole pieces grip the cathode tightly.
Fast warmups. The assembly is
rigid; the new tube passes MIL E5400 shock and vibration specifications with ease. At the same
time, the cathode's support is
lighter, and it thus presents less
mass for its internal heater to
warm up; the tube's turn-on time
is a quick 10 seconds or less.
Warmups of less than 7 seconds
have been measured in the lab.
Having the heater at ground potential eliminates the usual need
for a bifilar transformer in linetype modulators. And obviously
mon
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a systems árent
after , the computer's moved,
you know who's going to hear about it.
.4
t

‘
b.

• • •

If you'd just as soon skip
aspicy conversation with the
Data & Systems people, have a
quiet one with Allied instead.
Allied Van Lines has highlytrained professionals who know
just how to move your
electronics equipment—safely
and on schedule.
And our Electronic Vans
are just as good as our personnel.
They have aspecial bracing
that keeps your computer from
shifting ...an air suspension
system that soaks up jolts and
bumps along the way.
Call the highly-trained
Allied Agent in your area.

lefki

ALLIED VAN LINES
We make the kind of moves
you never hear about
Circle 167 on reader service card

... anode can be biased

For performance and price it's
FIBERFIL
reinforced thermoplastics

for very short pulses...

You probably recognize the advantages of the
FRTP's—higher heat resistance, stiffness,
strength and needed dielectrics—which make
these materials so ideal for coil forms,
connectors, insulators, isolators, switch parts,
housings and mountings. But, what you may
not realize is that FRTP's are now
lower in cost, giving you superior
performance at prices equal
to, or below, inferior materials.
Why not get the facts? Write
or call Fiberfil Division, Rexall
Chemical Co., Evansville,
Indiana 47717,
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Chart-Pale
short cuts
get printed eee4,
circuit
masters
off the
board fast!
Trans-Pak die-cut symbols and Chart-Pak pressure
sensitive tapes cut time, cut cost.
Trans-Pak's unique patented "position, press and
peel" method permits fast application of distortionfree symbols.
Chart-Pak crepe paper tapes precision-slit guaranteed
to ±.002" accuracy.
Finished masters reproduce with maximum sharpness
... require minimum opaquing.
Chart-Pak's Precision Grids guarantee master
accuracy.
Using is believing ... write for free catalog showing
complete line of printed circuit materials.

o

CHRRTPRK RDTEX
ADivision of Avery Products Corp.
Santa Ana, Calif. & Leeds, Mass.
Look in The Yellow Pages under Drafting Supplies
An lapes. Charts/Business lot your dealers narne

Look In The Yellow Pages under Charts/ Business, Drafting Supplies, Tapes or
Art Supplies for your dealer's name.
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there's no problem of capacitance
between ground and heater transformer. In negatively pulsed tubes,
both these effects limit rise times
and add jitter. But the new tube's
minimum rise time is estimated to
be less than 1nanosecond and jitter less than 10 nsec.
Since there's no danger of arcing, the anode can be biased to
allow very short pulses. "Negatively pulsed tubes tend to get
gassy when biased," says Norman
Balmuth, the firm's manager of
magnetron engineering. "But the
287 has no problem here. One of
our customers biases the anode at
80% of the voltage needed to trigger a microwave pulse, and by
adding that 20% when needed, he
can get pulses as short as 20 nsec
—an important feature when high
range resolution is wanted, say in
radar or fuzing."
Retrofits?
Simpson
suggests
transponders as another possible
application for the MA-287. "It's
possible that transponder tasks
now performed at X band may be
moved upward to Ku band along
with other military systems requirements. There could be a retrofit market here, and though we
couldn't drop the 287 into an Xband socket, we'd like to sell to
builders who might make replacement subassemblies."
These builders would be able to
buy the MA-287 in lots of a thousand in about 6 months. Microwave Associates is aiming the tube
at original-equipment manufacturers and thus doesn't even have a
small-quantity price. "But the 287
should cost about $700 in OEM
quantities," says Simpson.
The firm may decide to offer a
tuner so that output frequency
could be varied; this could boost
the price 50%.
More likely is an isolator built
into the tube's output waveguide
flange. This would raise the price
about $50, but Balmuth says the
added cost would be offset by better tube protection, reduced pulling
(a type of frequency shift), and
savings in external waveguide hardware.
Microwave Associates Inc., Northwest
Industrial Park, Burlington, Mass. [409]
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Texas-size
data library
on microfilm
saves
Texas Instruments
$850/week
When a company scores 95%

TI engineers find their data fast

"hits" with their data retrieval

and often because Sweet's has

system, you know their archive of

more product data than anyone:
900,000 pages of current product

stored data is extensive.
When that company saves $850
per week retrieving that data, you
know the system gets them to the
data quick and sure.
The company is Texas Instruments.
And the data storage and retrieval
system is Sweet's Microfilm File.

data right now, with the next
bimonthly update sure to put the
total over one million. Every
update adds new data as well as
revised data from suppliers
already in the File. In the last three
updates (six months)—just under
half (47%) of our system has been
updated.

Ti's Larry Williamson pulls a full-size
worksheet print of the data he wants—
and the file stays wholly intact.

Williamson, drafting room foreman

We don't have any trouble getting
the data of all the important

We put more in, and we make it

at TI, "was that we needed afast

"Our problem," said Larry

way to find size specifications of
purchased parts. We investigated
other systems—and selected
Sweet's system."
TI installed two product/vendor
files at their plant. TI engineers go
to Sweet's 300 times a week for
data, and come away with it 95%
of the time... and in less than 5

suppliers because it doesn't cost
them anything to get in. In with as
much as they want—not just their
general catalogs, but application
data, reliability test reports,
specifications, even price and
office listings. Enough data to
satisfy the engineer no matter how
deep he has to dig.

minutes. "The retrieval of data is

(Incidentally, if you stuffed the

easy to get it out, with acomputerprinted (so we can do it every
update) index with more than
5000 product breakdowns that tell
you where the specific product
you want is, not where the
manufacturer's data for everything
he makes is generally located.
Send the coupon below and learn
more about the Texas-size savings
with Sweet's Microfilm File.

so fast," Williamson says, "that we

Sweet's product/vendor File into

estimate we will save more than

4-drawer file cabinets, you'd need

Engineers need data. The quicker

$44,000 on an annual basis. And

more than a hundred of them, and

they find it, the quicker they can

that's net savings, with the cost of

the floor space to line them up.
Sweet's is complete on a desktop.)

get back to work. We make

the system figured in."

engineers out of engineers.
SWEET'S INDUSTRIAL DIVISION

McGRAW-HILL INFORMATION SYSTEMS COMPANY

Please send a complete information package
on Sweet's Microfilm File
Name
Title
Company
Address
City
State

7¡p

Send to Sweet's Microfilm File, Dept. EL42
330 West 42nd Street, New York, N.Y. 10036
or call G. 0. Stevens collect at 212-971-3586
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Introducing THE THERMAL LOGICIAN for monitoring
several temperatures in several locations...simultaneously.
This feat of magic is performed
by a new TI multi-channel thermal switch. It's the heart of a
missile's environmental control
system. Each channel accepts input from one or more sensors and
performs logical switching functions to initiate rapid warning or
control response. With an MTBF
of 75,000 hours, it's one of the

most reliable thermal switches
ever devised.
This particular switch happens
to have five channels. Tt could
have fewer or many more. Other
options include single or three
phase design and SPST or SPDT
switching action.
This example of innovative elec-

tronic circuit design suggests
that TI's thermal magicians can
solve your next complicated (or
simple) temperature control
problem. How about it? Write
for literature to TI Control Products Division, Attleboro, Mass. 07203, or
phone (617) 222-2800,
Ext. 318.

TEXAS I
NSTRUMENTS
INCORPORATED
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New semiconductor products

IC does four jobs in f-m stereo
Besides separating audio channels, monolithic device
acts as muting circuit, automatic switch, and lamp driver
The multiplex demodulator in most
commercial f-m stereo radios performs the sole function of separating the two channels of a stereo
broadcast and routing them to their
separate audio channels. But most
modern f-m stereo radios that provide over 30 decibels of separation
also require further devices with
additional discrete circuitry. Most

Digital decoder 9311 features a
built-in enabling capability and
high speed (20 nsec through delay). The circuit is designed to
convert four digital inputs into
one of 16 mutually exclusive digital active-level low outputs. Price
is from $11.40 to $34 each,
depending on quantity, package,
and temperature range. Fairchild
Semiconductor, 313 Fairchild Dr.,
Mtn. View, Cailf. [436]

sets use alamp driver, for example,
to indicate on the tuning dial when
a high-quality stereo signal is being received.
But an integrated-circuit f-m
stereo multiplex demodulator making its debut this month provides
four functions on one 60- by 71-mil
chip—and at prices competitive
with or lower than those of discrete

Silicon zener regulators series
C4011 are 400 mw microminiature units suited for use in both
commercial and industrial products. They meet or exceed MILS-19500. The series is available in
19 zener voltages, ranging from
6.2 to 36 v. Pricing is as low as
15 cents in large quantities. Centralab Semiconductor Div., GlobeUnion Inc., 5757 N. Green Bay
Ave., Milwaukee 53201. [437]

devices that can deliver the same
performance. Officials at Motorola's
Semiconductor Products division
believe their MC1304 is the first
such device available in monolithic
form.
Clay Tatom, manager of product
planning for linear IC's, claims
the circuit "will be a real winner
in the consumer market." He says

Bipolar 128-bit read only memory
XC170 economically provides 16
custom 8-bit words and is supplied in a fast turn around cycle.
Address times are less than 45
nsec. Unit is supplied in the Uni bloc 16-pin dual-in-line package
for operation over the 0° to 75 °
C range. Price is $9.95 in 100-up
quantities. Motorola Semiconductor Products Inc., Box 20924,
Phoenix 85036. [438]

Six-ampere SC141 and ten-ampere
SC146 plastic triacs have applications in control circuits for major
appliances. They feature a molded
gray silicone package, round leads
for easy handling and mounting,
a solid copper heat sink for low
thermal impedance (2 ° C/w), and
a glass passivated triac pellet
insuring hermeticity. General Electric Co., 1 River Road, Schenectady, N.Y. [439]

•

Dual differential-input amplifier
L120 consists of 14 MOS FETs
and 12 bipolar transistors on a
single chip, 55 x 65 mils. Suited
for sample and hold, integrating
and fast voltage comparison, it
is unity gain stable with no external components. Typically, input
bias current is 20 pa, input resistance is 2 x 10 11 ohms. Siliconix
Inc., 1140 W. Evelyn Ave., Sunnyvale, Calif. [440]
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Solid state relay R160, a replacement for electromechanical relays,
combines semiconductor and IC
technology. Packaged in a 3/
4-inch
press-fit case, it is available for
actuating voltages of 6, 12, and
24 y d-c at a gating current of
35 ma. The unit will control a
power circuit of 16 amps rms at
120 v, 50 or 60 hz. Hunt Electronics, 2617 Andjon Drive, Dallas
75220. [441]

Monolithic quad voltage translator IC model 1026 is designed
to interface between standard
current sinking logic and MOS
multiplexers, and has negligible
power dissipation in the "output
high" condition. Allowable range
of the negative supply is from
—4 to —60 1/, and the output
pull-up may be returned to 64
y more positive. United Aircraft
Corp., Trevose, Pa. 19047. [442]

C-w avalanche oscillator diodes
series MA-4900 are designed to
accomplish a one-step conversion
from d-c to microwave energy,
thereby eliminating complex circuitry. Typical performance
is
represented
by
the
MA-4980
which operates over the 8.2 to
12.4 Ghz range with minimum
output of 10 mw and efficiency of
1 to 2%. Microwave Associates,
Burlington, Mass. [443]
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MDS MODEL 211OR
THE LOW-COST TAPE
PUNCH THAT DELIVERS
HIGH-QUALITY SERVICE

When the 211OR Tape Punch is connected in
your system, it will accept coded electrical
data serially by character and parallel by bit...
and record it on tape at speeds up to 30 characters per second.
For that installation requiring a compact,
reliable tape punch at low cost ... the MDS
2110R is the answer. Switches are provided
for error checking, tape backspacing, and
other functions. And there are no critical pulse
widths or regulated supply levels to worry
about.
Check out the MDS 2110R
.it's tough,
versatile and economical, and could be the
answer to your tape punch requirements.

V

IVI 0 H AM/ K

ridat
.

DATA SCIENCES CORPORATIONLJLJUM.I,

OEM MARKETING

MDS 2110R Paper Tape Punch

122 E. Ridgewood Ave

The low-cost Paper Tape Punch
that makes no compromise
with quality

7

• Paramus, N.J. 07652

Telephone 201/265-7333
Every MDS Office is an OEM Marketing Office

Digital Strip Printers • Buffered Tape Units
High-Speed and Low-Speed Line Printers

Card Punches and Readers

o
•
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DC and AC INPUT

V
OR
EPEA ¡
ERS
1
E
1
I
R
SS

• With single, 3or 10 turn pots
• Operate from 117V. 60 or 400 cps line
• Different gear ratio options
A versatile line of unitized pot Repeaters, easy to apply and
ruggedly built.
WRITE FOR OUR GENERAL CATALOG
describing our complete line of Servo Systems. Servo Ampli.
fiers and Servo Testers

INDUSTRIAL CONTROL COMPANY

CENTRAL AVENUE
AT PINELAWN

172

4.11"

FARMINGDALE, L. I., N. Y.
516-694-300
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PROFIT

from iron core research
by

PERMACOR®

Iron Core Engineers
Countless years in the research, development and production of quality iron
cores for various applications enable us
to more efficiently serve your needs in
the following ways:
• In the development of specialized
iron cores for unique product
applications.
• In providing qualified research
personnel familiar with your product and production problems including circuitry and coil winding.
• In supplying iron cores, based on
experience, that perform better,
lower product and production
costs.
Whether your problems involve military, commercial, miniaturization,
micromodular, or special applications,
let us show you why PERMACOR "Engineered Economy" has made us the
largest iron core manufacturer.
We invite your inquiry at any time
.no obligation, of course!

.4

MACOR

Division of nadir, Cores, Inc.

9540 Tuley Aye., Oak Lawn, W.
Phone: 312/GA 2-3353
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Four-in-one. IC multiplex demodulator
does extra jobs in stereo sets

at least one manufacturer of stereo
receivers has bought the MC1304.
It provides more than 40 db separation at 1kilohertz. Kenneth Wolf,
product manager for consumer IC's
and designer of the circuit, says
this is 6 to 10 db greater separation than the best high-quality f-m
stereo multiplex demodulators in
discrete form provide. And the
mC1304's price—$4.80 for quantities of 100 or more—compares favorably with a $5 to $6 cost for
similar discrete systems, according
to Wolf.
The other three things the MC1304 does are:
•An
audio
muting
circuit
squelches the interstation hiss
when tuning between f-m stations.
•A built-in stereo switch automatically switches from stereo to
monaural when the signal level
drops below that required for highquality stereo reception.
•A built-in driver delivers up
to 40 milliamps to a lamp on the
dial face.
The device is housed in a ceramic dual in-line package, but may
be offered later in a plastic case.
Tatom says it is difficult to obtain stereo separation greater than
35 db using discretes. A monolithic
IC allows better matching in the
demodulator because all the transistors are on one chip, and
matched transistor pairs are critical
in this application, he says. "You
can get stereo separation using
other methods—by using a diode
matrix, for example—but it's hard
to get agood match between parts
in the demodulator section when
Electronics IJanuary 20, 1969

SPEAKING OF STEPPERS

Series 705

PC

Suppose you built this robot. (You might as well build it to look like this one.)
Anyway, suppose you set her stride at 24 inches and controlled her gait with
a Guardian stepper (one step per step). You could program her to walk from
New York to Los Angeles and on into the Pacific ,with complete assurance
that her Guardian stepper would still be clicking away.
You have no robots on the drawing board? No matter. The important things
to remember are that Guardian steppers average over ten million operations
on the life test rack—and that Guardian makes more steppers, and more
different types of steppers than anybody else in the business.
It's a good idea to have all the specs on all the Guardian steppers in your
file. Write for bulletin F32. Guardian Electric Mfg. Co., 1550 W. Carroll Ave.,
Chicago, III. 60607.
Guardian makes the most steppers and the most dependable steppers

_
,
.
MER

MAS

GUARDIAN„W ELECTRIC
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Plugs
directly into
your PC board!
[
Plated Conductors on your PC 1
Board are the Fixed Contacts

Printac

Latching and Non-Latching

MAGNETIC RELAYS

Designed for reliability and switchBifurcated contacts, gold alloy or
ing versatility, the Printact is a unique
palladium, provide low contact resistrelay. The coil and ceramic magnet are
ance and bounce for switching low level
encapsulated in a 7
/
8"cube for environor up to 2amp. PC board layouts provide
mental protection. The magnet returns
up to 4 Form C or 8 pole single throw (4
the balanced armature and applies conForm A and 4 Form B) switching. Coils
tact pressure. In-line, series-break
for 6, 12, 24 and 48 VDC are rated 0.5
swingers afford constant impedance,
watt.
low thermal EMF, and 100,000,000 cycle
For data write or call 212-EX 2-4800.
mechanical life.
Printact Relay Division, Executone, Inc., Box 1430, Long Island City, N.Y. 11101
Circle 210 on reader service card

MICO

750 V
2

using discretes," he says.
The built-in switch, by converting aweak stereo signal to monaural, eliminates much of the noise
and distortion. These occur because of the greater susceptibility
to selective fading in the widerbandwidth stereo signal.
Besides offering a system that
has greater capability than can be
obtained with discrete systems,
Motorola engineers believe the
unit's total harmonic distortion,
which is typically 0.5%, is also
important. Also, the device can reject a frequency without external
filters, and its power dissipation is
less than 150 milliwatts. Says Tatom, "That's pretty low for a circuit that performs all these functions."
Frequency rejection at 19 khz is
25 db; at 38 khz the figure is 20
db. Wolf says these levels are comparable to those of discrete systems
for "storecast" reception—piping
the signal into a business establishment. Frequency rejection at 67
khz is 50 db, which Wolf maintains is better than is possible using
discrete systems. He says external
filters probably won't be required
for storecast reception.
The MC1304 will operate with
power supplies rated at 8 to 14
volts d-c.
Motorola Semiconductor Products, Inc.,
P.O. Box 955, Phoenix, Ariz. [444]

Pneumatic Controlled Drill Press Assembly
MANUAL CONTROLLED
MODELS ALSO
AVAILABLE

o

New semiconductors

t—i>20 NSEC/DIV.

PRECISION SPARK GAPS*
Oscillogram of one of Joslyn's spark gap
models — the 2001-28 inade specifically for
RCA—shows exact repeatability. All Joslyn
spark gaps feature:
• Ultra-fast response (nanoseconds)
• Long life
• Wide dynamic range
• Stable operation
• Insensitive to light
• No isotope prompting
• Close tolerances
• Hermetically sealed
• Negligible voltage creep
• Lightning — EMP capability available

FEATURES OF PRECISION DRILL PRESS
Quick Spindle Response
Only 50-75 lb. Air
Needed
7500 to 10,000 r.p.m.
Motor
Air-Mist System
Available

Send for Illustrated Catalogs

and dual-gate MOS unit

MICO INSTRUMENT CO.
77

Trowbridge St.

174

Cambridge, Mass. 02138
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Write today for new brochure JES-142. Joslyn
Electronic Systems, Santa Barbara Research
Park. P.O. Box 817, Goleta, California. Tel.
(805) 968-3551.

er
e:

Josum

ELECTRONIC SYSTEMS
• Patented arid Patent Pending

consumer FET race
Junction-type pre-amp

ideal for protection of magnetron modulators,
microwave stations, dc power systems, output
of dc power supplies, all types of signal and
data transmission lines, p.c. protectors, control circuits. Available from stock or custom
designed.

Sensitive
Accurate
Wide Range
Keyless Chuck
Dual Air Controls
Sturdy
Easily Ad¡usted

Toshiba joins

350
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are initial entries
Increased emphasis on field effect
transistors in Japanese-made equipment is underscored by the decision of Tokyo Shibaura Electric
Co. to market two types of FET's
that were designed for consumer
products.
A junction type for audio amplifiers features a high breakdown
voltage and alow noise figure. The
second FET is a dual-gate MOS
Electronics IJanuary 20, 1969

Need awild card
to complete your logic system?
less racks, fewer panels, less cabinets, less
...gray code logic, arithmetic/logic, pulse

space and fewer bucks in the total.

synchronizers, excess 3 counters, multi-function cards ...all the wild ones are standard
with CAMBION. Our constantly expanding

You'll want the right manual to learn the latest
rules of the game. If hardware is your require-

deck currently contains over 300 different
logic assemblies, enough to build complete

Just circle the number below or write us di-

systems without ever having to design that
special card. Fast — money-saving.
The CAMBION pack won't go out-of-Play
either. It's designed with medium scale integration capabilities built right in. The exclusive 70-pin input/outPut edge connector gives
you tighter packaging, more functions per
card, and tomorrow's product today.
All CAMBION logic assemblies are function ally and physically compatible. Because we
• — —
t•• rd vnii use fewer cards, need

ment, we've got still another book for that.
rect. They're Free, of course. Cambridge
Thermionic Corporation, 457 Concord Avenue, Cambridge, Massachusetts 02138.
Phone: (617) 491-5400. In Los Angeles, 8702
La Tijera Boulevard, 90045. Phone: (213;
776-0472.
Standardize on

MON

the guaranteed logic assemblie;

HIGH POWER

FLieiDerà
MODEL FC-351

Lorch Electronics FET Mixer Model FC351 is intended for applications which
cannot be adequately serviced by even
the best diode mixers. This FET mixer
exhibits extremely low intermodulation
distortion over its frequency range of
0.2 to 100 MHz. It operates at input
levels up to 1 watt with only 2 db compression. Double balanced construction
provides excellent isolation between all
ports.
Model FC-351 is self contained, requiring no DC connections. Volume is
less than 4 cubic inches.

SPECIFICATIONS
requency Range, all ports:
0.2 to 100 MHz
onversion Loss and
oise Figure:
9db
o-Tone lntermodulation Ratio,
RF Tones, each —30 dbm:
140 db,
3rd and 5th Order
1-Tone lntermodulation Ratio,
RF Tones, each zero dbm:
80 db,
3rd and 5th Order
nput Level for 2db
mpression:
+30 dbm
sensitization Level:
namic Range
.0 KHz bandwidth):
lation: LO to RF, LO to IF

RF to IF, IF to RF

+30 dbm
155 db
50
40
30
45
30
25

db
db
db
db
db
db

to
to
to
to
to
to

10
50
100
10
40
100

MHz
MHz
MHz
MHz
MHz
MHz

livery: 2weeks
For further information call 201-569-8282.

LORCH
ELECTRONICS
CORP.
105 CEDAR LANE
ENGLEWOOD, NEW JERSEY 07631
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... MOS device suited
to tv tuner job...
type for use in television tuners
and similar applications up to
about 500 megahertz.
The audio type, designated the
2sK30, has amaximum voltage rating of 50 volts and a noise figure
of about 0.5 decibel. The noise figure is measured at 120 hertz with
a signal-source impedance of 100
kilohms. Neither figure is startling,
but Toshiba considers the combination of the two as unusual. The
company says that the devices will
sell for about the same price as
low-noise silicon transistors, and
that it expects to be making about
300,000 devices per month by the
second half of 1969. They could be
used at the input of apreamplifier
or main amplifier, in the tone control circuit, or as aload for alownoise pnp input transistor in apreamplifier.
In this last-named application,
they act as ahigh load impedance
and increase the gain of the input
transistor.
Since each channel in a stereo
set might use one of these FET's
at the input to the preamplifier,
two in the tone control and one at
the input of the main amplifier, a
Toshiba engineer speculates that
six or eight might be used in one
set.
A typical application for the
MOSFET is as an r-f amplifier in
the very-high-frequency tuner of a
tv set. Two gates of the device are
in a cascode configuration, similar
to a dual-gate mOS unit developed by RCA. One gate is used
for signal input, the other for automatic-gain-control input. The second gate can also be used for the
oscillator input connection in mixer
applications.
Toshiba expects to market, by
next Spring or Summer, a tv set
using this FET. By the second half
of 1969, the company hopes to push
the price down to where it will
compete with bipolar r-f transistors at the same frequencies.
The company predicts that, during the second half of 1969, production of the MOSFET's will reach
between 100,000 and 150,000 units
amonth.
Tokyo Shibaura Electric Co., 2,
chome, Ginza-Nishi, Tokyo [445]

5-

"fine line" etcher
for prototypes—limited runs
Model No. 201 (illus.), etches
11' x 14" one-sided
$7
boards or one 11"x 14"
Pat. applie
two-sided board:

-----------------------------------------

ETCH YOUR OWN
PCBOARDS
AUTOMATICALLY
(in less than 5minutes) --

from this —>
to 11"x 14"
Shown Actual Size
•No cooling or venting required!
•Etches as fine as .0011
•Cuts costs in half—saves time!
•Complete photo processing instructions!
•Work is illuminated while etching!
•No patterning ... minimum undercutting!

NOW IN USE BY:
AMP, Inc.
Ampex Corp.
Atomic Energy Com.
Bendix
Charles Bruning
Esso Research
General Dynamics
General Electric
IBM
ITT
Lear Siegler
Magnavox
Micro Switch
NASA
Owens-Illinois

Sprague Electric
Union Carbide
U.S. Air Force
Western Electric
Whirlpool
M.I.T.
Oklahoma State
Purdue Univ.
Washington Uni
Univ. of Calif.
Univ. of Chicago
Univ. of Colora
Univ. of Georgia
Univ. of Hawaii
Univ. of Penn.

CYCLO-TRONICS, IN
3858 N. CICERO — CHICAGO, ILL. 606'
TELEPHONE: (312)-282-6141
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lowds Quiet
Industrial
Explosion
A state that's made one of the most successful agricultural-to-industrial transitions in history proves
there's more to prosperity than just tall corn.

A scant fifty years ago, before the advent of mass
communications, traveling vaudeville troupes were
careful to keep their material on a popular level.
Each mildly sophisticated new gag brought the same
reaction — "Sure it's funny, but will they get it in
Dubuque?" The implication was that if the humor
was broad and obvious enough for the rubes in Dubuque, it could safely be used on any stage in the country.
America has changed since those innocent rural
days and nowhere is the change more evident than in
Iowa. In 1951, for the first time in her history, Iowa's
industrial output exceeded her still-soaring agricultural output.
To the leaders in Iowa, this tipping of the scales
represented the culmination of years of guidance and
hard work. Because this industrial era in Iowa didn't
just happen — it was carefully and deliberately planned.
As World War II drew to a close, the farm states
of the Midwest found themselves in a peculiar position. Technological and biological advances, necessitated by the needs of the war, had made it possible
for one farmer to farm more land than ever before
The result — fewer and fewer farm jobs. With the
prospect of mass unemployment in the future, Iowans
began luring industry to their state.
Year by year, step by step, the state's industrial

capacity grew. At no time did the unemployment level
go above the national average.
As the years passed, Iowa's industrial recruitment
methods achieved a high level of sophistication.
Iowa's governors have traditionally taken aclose personal interest in' industrial development — many a
vacillating board chairman has found himself receiving calls from the governor's mansion in Des Moines.
Iowa trade missions composed of state business and
political leaders have jetted abroad, seeking out new
markets for Iowa products.
Probably her biggest asset, however, is her people.
Iowa colleges and universities graduate more Ph. D.'s
per capita than any other state in the union. Her work
force is intelligent, educated and endowed with typical Midwestern pride in work. Personnel Directors
privately admit Iowa plants are generally more productive than sister plants in other states.
If Iowa has a serious problem, it's her image.
Progress has been so rapid, the state's industrialization is not generally known. To many industrialists,
particularly in the East, Iowa is still one vast cornfield.
But this problem, too, is being met with typical
Iowa ingenuity. Iowa's leaders have attacked the image
problem in a unique way: by thinking of Iowa as a
corporation. High level brainstorming sessions have
produced some startling ideas. A convincing battery
of Expo-type visual presentations are being developed
for foreign and domestic trade missions. On the theory
that the best way to dispel a sterotype is through personal acquaintance, the state's tourism budget has been
radically expanded. A huge regional airport capable
of handling the yet-to-be-developed giant SST's is
under discussion. The possibility of a state professional football team has been raised.
Thus, with her industry booming, Iowa sets out to
amplify her accomplishments. And, if you've ever been
to Iowa or talked to Iowans, there can be no doubt
of her ultimate success.
Have you overlooked Iowa as an industrial site?
For details write Iowa Development Commission, 250
Jewett Building, Des Moines, Iowa 50309.

Far-sighted Iowans are already at work planning for a Midwest air
terminal in their state capable of landing the new supersonic transports. Iowa is midway between Chicago, Minneapolis, Omaha and
St. Louis.

The vast Collins Radio complex in Cedar Rapids has played a significant part in America's space program. 124 of the 500 top U. S.
companies have 446 modern plants in Iowa.
Electronics
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Cultural activities are very much apart of life in Iowa. Every major
city has an Art Center.
Circle 177 on relder service card
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New Books
Right wavelength
Frequency Modulation Receivers
A.B. Cook and A.A. Liff
Prentice-Hall Inc., 527 pp. $15

If you would like less noise and
more signal from books on f-m receivers, pick up this one and thumb
through its pages. There are plenty
of waveforms, graphs, and circuits
with good, descriptive captions.
Slanted toward the communications engineer and professional
service technician, this book can
serve as areference on avariety of
topics related to receivers; the
chapters needn't be read in sequential order.

(with three new,
forward-looking
unitized DVMs)
Trymetrics' new 4243 Digital Multimeter
with AC, DC and OHM readings—auto
polarity — full four digit —.01%

($850)

... a tremendous step backwards. And so
are the 4240 DVM ($695) and 4230 DVM
($595).
We started with our Model 4100: stored
display—precision .01%, four-digit DVM
and its full range of plug-ins for the price
of an ordinary 3-digit job—just $740 with
the ±
- 9.999v DC head; and eight other
plug-ins to choose from. For an encore,
the only way to go was down.
Down $195 to $850 for the versatile
4243

Digital

Multimeter:

DC-AC-OHMS

.01% — auto polarity ±999.9mv to
±-999.9v. Same 4-digit stored display—no
plug-ins. Sorry—unless you don't need
plug-ins.
Down again, $155, to $695, for the 4240
DVM. Same high accuracy, same stored
display, same ±-.999.9mv DC to ±
--999.9v
DC 4-digit measurements. But, no AC or
OHMS—unless, of course you don't need
AC or OHMS.
Once more, down, to $595 for the
Trymetrics 4230 DVM. Still the same precise 4-digit unit with readings ±9.999v
DC to ±-999.9v DC. Don't buy this one if
you need to measure in the low millivolts.
You don't need true 4-digit readout
with .01% accuracy at a 3-digit, .05%
price? Sorry—but we can't keep backtracking forever. May we send you our
new catalog that shows ALL our models,
all our plug-in versatility, all our reasons
for going backwards?
CR:GE,

It1HER

IN

EUROPE..

TRYMETRICS
auuseoe.,

204

Babylon

Tpke.,

Phone 516-378.2800
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Corporation

Or TRYCON

ELECTRONICS.

Roosevelt,

L.I.,

INC

N.Y.
11575
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Because it deals primarily with
commercial receiver design, it is
vacuum-tube oriented, although
field effect transistor circuits are
described. Equations in the text are
kept to a minimum ; all necessary
derivations are included in appendixes at the end of each chapter.
Modulation techniques are compared, and the effects of noise and
very high frequencies are covered
in three chapters. The remaining
sections deal with the building
blocks of an f-m receiver, such as
mixers, amplifiers, limiters, detectors, squelch circuits, and tuning
indicators.
Since detectors form the fundamental difference between a-m and
f-m receivers, f-m detection is
treated in great detail. Good explanations are given for phase-shift
detectors, such as the Foster-Seely
discriminator, which are more
widely used than slope detectors,
such as the Travis detector, because they are easier to align.
However, since both types require
some form of prelimiting, because
they respond to a-m as a result of
noise, the ratio detector, also a
phase shift type, is presented as a
better choice. This circuit has
built-in limiting.
Also interesting are the chapters
on tuning indicators and stereo
broadcasting. Proper f-m tuning
has become essential for good
channel separation and is more difficult than a-m tuning because the
operator must listen for least distortion rather than maximum volume. Tuning devices fall into three

HOW SYNCHRON®MOTORS
control this specialized

TIME-DELAY RELAY
In this special design timer aHansen
SYNCHRON Motor drives the camtype sequence timer for an electronic
time-delay relay. When power is applied, SYNCHRON runs through the
first three sequences; starts the timedelay relay, then stops. Relay performs a panel-adjustable delay
period of 180-240 seconds, then
returns power to the motor to complete the sequence. Special applications are easy to design, using
SYNCHRON Motors. How about
yours? Call or write Hansen, or your
SYNCHRON representative, for brochure and all the facts.
SYNCHRON timing and

control

motors; 168 different speeds. Right,
left or reversible rotations. 8, 20 or
30 oz.-in. torques; 220, 110 or 24
volts; 60, 50 or 25 cycles.

HANSEN
Manufacturing Co., Inc., Princeton, Ind. 47570
HANSEN REPRESENTATIVES: CAREY & ASSOCIATES,
Houston and Dallas, Texas; R. S. HOPKINS CO., Sherman Oaks, Colif. ; MELCHIOR ASSOCIATES, INC,
San Carlos, Calif.; THE FROMM CO., Elmwood Park,
III.; JOHN ORR ASSOCIATES, Grand Rapids, Mich.;
H. C. JOHNSON AGENCY, INC., Rochester, N.Y.;
WINSLOW ELECTRIC CO., Essex, Conn., Norberth,
Po., and New York, N.Y.
EXPORT DEPARTMENT: 64-14 Woodside Ave., Woodside, N.Y.
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See our exhibit at NEPCON West, Booth 362.

Monotherm® homes in.
An infantryman has only one shot at

flammable and self-extinguishing. It

Monotherm laminate used in the Red-

an enemy plane with the Army's infrared homing missile, the Redeye. So

is unaffected by repeated soldering
(30 re-soldering operations per con-

eye has proven to be 100% reliable.
For more information, mail the

he expects 100%

nection on the Redeye).

coupon today.

reliability.

Every

time. And he gets it.

It can be bent 360 degrees in any

One reason is that General Dy-

direction. It can be subjected to high

namics specified aRiegel Monotherm"

pressure multi-layering and the cir-

flexible laminate of copper and Type

cuit won't swim or rupture. Yet for all

H KaptorC for the Redeye's three
rugged printed circuits.

its strength, its weight is one-third
that of conventional wire circuits and

This Monotherm laminate with-

it requires a third of the space—a

stands 550°F soldering without de-

great advantage in the world's small-

laminating or circuit swimming.

est guided missile.

It

won't support combustion, being non-

In 21
2 years of Army use, The Riegel
/

TAYLOR CORPORATION
Valley Forge, Pennsylvania 19481
Please send me Kaptong/copper data sheets
and the Conductor and Dielectric Guide for
Riegel Monothermg.

Name
Company
Street

City

State

Zip

Monotherm' — registered trademark of Riegel Paper Corporation for
its laminations of conductive and dielectric materials.
Kaptong — registered DuPont trademark.

Riegel

— Wrifor

corporation

EXCLUSIVE U.S. DISTRIBUTOR OF RIEGEL MONOTHERM IN SHEETS AND ROLLS
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50 YEARS OF
INSTRUMENT
KNOW-HOW...

New Books

NEW

major categories: tubes that make
use of fluorescent screens; neon
bulbs that indicate correctness of
tuning by changes in brightness,
and meters that read peak voltages
or give null readings. Diagrams
and circuits of all the tuning indicators are shown and discussed extensively.
Profitable tools
Active Integrated Circuit Synthesis
Robert W. Newcomb
Prentice-Hall Inc., 292 pp., $11.95

PACKED
INA
2'/2"
CASE!
ALL-NEW
SERIES 8000

GORDON
METERS
Since 1914 we've furnished top quality instruments to science ... to industry.
Now—our latest entry! Series 8000 GORDON
PANEL METERS in popular 21
2 ", 3
/
2 " and
/
1
41
/ "sizes.
2
50 years of know-how you can heft in your
hand — or hook up to your panel displays, instruments or machinery.
Strikingly modern designs in sparkling clear
high-visibility G.E. Lexan".
Classic D'Arsonval movements with one-piece
bridge construction, high-coercive Alnico core
magnets, and spring-backed sapphire bearings
standard on all models.
PLUS customizing, if you wish.
Hook up with aGORDON METER first chance
you get. Order from your Gordon Sales Engineer TODAY!

FREE
PANEL

GORDON
METERS

BULLETIN
'014

1-800

Write Today

/Fsrpc7 G

CPI:WU:PM
.4 SUBSIDIARY OF

iNVELIAMO OVALAMICS1 CORPORAriont
5710
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KENOSHA

Si.

RICI-11,40N0,

ILL.

60071
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Linear integrated circuits have developed very rapidly in recent
years, but their developers have
relied little upon mathematically
oriented theories. However, the
geometry and electrical properties
of IC's are such that somewhat
advanced
theoretical
tools—the
state-variable theory and nonreciprocal network synthesis methods,
for example—can be profitably employed. Such linear-circuit methods
are the basis of this text, which
evolved from research conducted
at Stanford University.
State-variables make it possible
to synthesize an IC with low sensitivity to component variations
from readily available operational
amplifiers using a minimum number of capacitors. In addition, nonreciprocal network synthesis is useful for designing active-filter IC's
based on gyrators and negative-impedance converters.
A discussion of the prime elements of integrated components
and generating elements of basic
gain blocks leads off the text. Statevariable theory, active and passive
RC synthesis which includes feedback circuits are also treated. Element replacement, method comparison, distributed networks, and
quasilossless time-variable synthesis follow in the text.
The text is also supplemented
with illustrative examples and
problems. Among the features are
descriptions that reduce advanced
theories to practical form by stressing the circuits and techniques
available for solving design problems. Another quality is the logical
expository presentation of the
latest research results.

SOLID STATE
POWER
PACKS
for

regulated
low voltage
applications
f
rom

Plastic Capacitor's new LV Series
Power Packs, ranging from 12 to 100
volts DC, offer an improved solution to
today's system requirements. Models
available with DC output voltages of
12, 24, 28, 36, 48, and 100 volts with
power ratings of approximately 25, 50,
100 & 150 watts.
FEATURES INCLUDE:
• 0.01% LINE REGULATION
• 0.05% LOAD REGULATION
• 3MV PEAK TO PEAK RIPPLE AND NOISE
• NEGATIVE 0.015%/ °CTEMPERATURE
COEFFICIENT
• LESS THAN 0.2 OHMS OUTPUT
IMPEDANCE
• TEMPERATURE OPERATING RANGE OF
0°C TO 55°C
For positive proof that good things
come in small packages ... check your
power pack needs with Plastic Capacitors. Write for full engineering data
today.

PttlAtit
2620 N. Clybourn

nailm
Chicago, III. 60614

Tel: (312) 348 3735
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here's a practical way
to avoid
technical obsolescence
Are irregular hours, travel and family
obligations keeping you from
attending classes—even though you
worry about becoming technically
obsolescent ?Check into the Special
Programs in Electronics for
Engineers developed by CR El, the
Home Study Division of the
McGraw-Hill Book Company.
These are not simply courses,
but comprehensive programs in
advanced electronics offering major
electives in such fields as:

your own schedule. Free book gives
Communications Engineering,
complete information and details of
Aeronautical and Navigational,
technical material covered. For your
Television Engineering,
copy, mail coupon below or write:
Automatic Control Engineering,
CREI, Home Study Division,
Missile and Spacecraft Guidance,
McGraw-Hill Book Company,
Radar and Sonar Engineering,
Dept.
1850H, 3224 Sixteenth St.,
Nuclear Instrumentation and
NW.,
Washington,
D.C. 20010.
Control, Computers.
Industry-recognized CR El
founded 1927
Programs make it possible for you
to catch up on new developments
in electronics through study in your
own home, at your own pace,
Accredited Member at the Netipnal Home Study Council
CR El, Home Study Division, McGraw-Hill Book Company
Dept. 1850H, 3224 Sixteenth St., N.W.
Washington, D.C. 20010
Send me free brochure describing CR El Programs in Electronics for Engineers.
AGE

NAME
ADDRESS
CITY

STATE

ZIP CODE

COMPANY
TITLE
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Burn-in

Laser rangefinders—from laboratory
to field
E.J. Woodbury
Hughes Aircraft Co., Culver City, Calif.

Couch 2X 1/7-size relays
meet MIL-R-5757D/19 in
1/25th of acubic inch
The new, third generation Couch 2X
relays solve switching problems where
space and weight are critical. Thoroughly field-proven in electronic and
space

applications.

Relays

are

de-

livered fully tested. Additional screening tests available at your option.
2X
(DPDT)
Size
Weight
Contacts
Coil
Operating
Power
Coil

lx
(SPDT)

0.2"x 0.4"x 0.5"
0.1 ox. max.
0.5 amp @30 VDC

100 mw 150 mw

Resistance 60 to 4000 ohms
Temperature —65°C to 125°C
Vibration
20 G to 2000 Hz
Shock
75 G, 11 Ms

same
same
same

70 mw 100 mw
125 to 4000 ohms
same
same
same

Broad choice of terminals, coil resistances,
mounting styles. Write for detailed data sheets.
»CM ROTARY PflArS

gelliee

and Static»),[Wanted

COUCH ORDNANCE INC.
3 Arlington St., North Quincy, Mass. 02171
Area Code 617 CYpress 8-4147
A subsidiary of S. H. COUCH COMPANY, INC.
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Because of their extremely short
wavelengths optical radars offer
higher resolution than those transmitting at microwave or millimeter
frequencies. Since lasers are highly
collimated and can be made monochromatic they were ideal for radar applications. As a result, systems have been designed for tank
rangefinders, gun laying, and ballistic delivery in aircraft. These
systems should be in production
in about seven years.
In the meantime, production has
started on a low repetition rate
ruby laser rangefinder. Both the
IEEE and ASTM have formed committees to set standards for laser
radar components and measurements.
Lasers can also be used to profile terrain with very high accuracy
from planes flying at low altitudes,
map harbor bottoms, and determine the height and structure of
clouds.
While the optical and mechanical components associated with the
laser in optical radars don't present any unusual development or
packaging problems the laser itself
does.
Part of the difficulty stems from
the laser's poor efficiency. Of the
lasers used in radars, argon ion is
a few hundredths of a percent efficient, Q-switched ruby a fraction
of a percent, Q-switched neodymium: yttrium aluminum garnet
nearly a percent, and Q-switched
CO 2 five percent. However, the last
laser is still in the research stage
and its use depends on the development of practical 10.6 micron
detectors.
These low efficiencies mean that
lasers must dissipate most of their
input energy as heat. Ruby lasers
are most affected by heat. At low
temperatures their gain increases
sharply, making it difficult to maintain a single pulse output; at high
temperatures their efficiency drops.
Nd lasers are less sensitive to temperature changes; argon ions la-

Economical TEC
power aging and
life test systems
save you
time and money
Test Equipment Corporation has
for years designed and developed
sophisticated environmental test
equipment. This experience plus
total "in-house" capabilities offers both manufacturer and user
significant time and cost savings
for semiconductor burn-in and
life test.
Total "in-house" TEC manufacturing capabilities range from
printed circuit boards, fixturing
and socketing to NASA-approved
machine shop, electrical assembly and micro-welding facilities.
This makes possible extremely
fast turn-around, thus saving
valuable time and money.
In addition, TEC develops,
builds and operates for customers
complete "in-house" power aging
and test facilities capable of
meeting the most stringent
requirements.
To discover
how TEC burnin systems and
"in-house" facilities can help
you, please write
for this descriptive brochure.

Test Equipment
CORPORATION
P.O. BOX 20215, DALLAS, TEXAS 75220 •214/357 6271
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"Wisconsin sure looks good
to me -but Iwonder
what it's really like to do
business there?"

two ways to get candid answers to this key question
n Just beginning to think about expansion
to a Wisconsin business executive — off the

I Talk
le record — at his office or at yours, or on the phone.
We will help arrange this kind of get-together for you ...
through the Wisconsin Development Authority. This is a
group of more than one hundred Wisconsin company
presidents, many in the same business as yours.
These WDA members are knowledgeable, practicalminded executives who welcome candid man-to-man
discussion with you. They will answer your questions frankly.
Write us on your executive letterhead, or return the coupon, and we'll arrange this kind of meeting for you. (In
addition, we'll send you useful new booklets on Wisconsin's industrial advantages and opportunities.)

in Wisconsin? A possible move to Wisconsin? See what it's
really like to live here and do business here; "be our
guest" in your home or office— free,---through the pages
of our newspapers! They reflect our lives — day after
day, revealing everything from the price of eggs to the
status of the labor market as portrayed in classified ads.
We'll gladly send to any qualified business executive a
paper from a different Wisconsin community every day
or two — a total of 30 issues in all. We'll also acknowledge your inquiry with afact kit on Wisconsin. Write —
using your company letterhead, or send the coupon
below. (Sorry, neighbors. This invitation open to indus-

trialists everywhere, except those living in Wisconsin.)

Wisconsin
8 Good TAX-REASONS Why "You'll Like It Here"
• Wisconsin did not raise
tax rates or add new taxes
for fiscal 1967-69.
All adjoining states
raised taxes and/or
altered tax systems.
• Property tax credit on
inventories is up to 60%.
• Industry realizes an
average of 22.7% relief on
personal and real
property tax.
• Wisconsin returns 61%
of its revenues
to local governments.

Division of Economic Development, 767 State Office Bldg., Madison, WI. 53702

• We have no
capitalization tax.
• Corporate income tax
provides for two-year
net loss carry-forward
... no "poor year" burden.
• Our average unemployment
compensation tax rate
was 1.5% ... national
average 2.0% (1966).
• Per capita sales tax
of median state among
those having sales tax
was $42.35 ...
ours only $22.14 (1966).
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I'm interested in speaking with
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KIND OF BUSINESS
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ADDRESS

CITY

ZIP

STATE
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ZIP
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sers are even better in this respect,
partially compensating for their
low efficiency. CO 2 lasers, on the
other hand, are affected by the temperature of the plasma tube's walls
and must be cooled to or below
room temperature.
At

low

repetition

rates,

both

ruby and Nd lasers require average
input powers typically less than 20
3.19" x 2.50" x .750"

Power Supply
"Cornerstones"
provide a solid
foundation for
system performance.

The industry's first and still finest
miniature, precision dual power
supply is now offered in avariety
of voltage ranges and high per-

watts,

permitting

thermoelectric

cooling. But at repetition rates exceeding five a second, more efficient cooling becomes necessary,
making it difficult to use ruby lasers. Nd lasers then have the edge
because they usually can dissipate
heat above the upper temperature
specified for successful operation.
Nevertheless,
factory
found.

a completely

coolant

remains

satisto

be

Temperature changes also affect
optical alignment, thereby changing

the

laser's

mode

pattern,

formance specifications.

threshold,
slope efficiency, and
beam divergence. Known as ther-

NEW SPECIFICATIONS

compensated for if the laser oper-

mal lensing, these effects can be
• Tracking Outputs

ates continuously. But if the laser
is pulsed, complicated techniques,

• .02% Regulation
im Sustained Short-Circuit Protection
• Temp. Ranges —55°C to +71°C
• 5ysec. Response Time

such as programing the resonator,
are required. As long as the temperature remains static, or even if
the laser is vibrated, optical alignment can be controlled.

am No Output Spiking
• Noiseless
• RFI Free
• Over 40,000 Hrs. MTBF

Low efficiency also affects the
operating life of some of the la-

NEW MODELS

loading increases the failure rate
of flashlamps, for example. Signifi-

ser's

105 to 125 VAC Input

critical

components.

High

15 VDC Output—For Op Amp
Supply

cant development remains on the
design of this component.

± 18 VDC Output or ± 12 VDC—
For MIL Application

Presented at Nerem, Boston Nov. 6-8

- 22 VDC Output—For FET Amplifiers
±- 30 VDC Output—For Wide Swing
Amps

Efficient anomaly

Models available with 28 VDC, or
5 VDC Inputs.

Power generation with avalanche
diodes
Kern K.N. Chang
RCA Laboratories
Princeton, N.J.

NEW PRICES

While experimenting with silicon
avalanche diodes, researchers at

180 VDC Output—For Neon, Nixie,
and High-Voltage Amplifier Supplies

RCA

$100 in quantity.
Wire or call for more information.

1
:

PASTORIZA
I

ELECTRONICS,

INC.

385 Elliot St., Newton, Mass. 02164 • 617-332-2131
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Laboratories

behavior

of

the

found that the
devices

differed

from that of other impatt diodes.

Fast action on
custom-design
EMC Filters
from Captor!
If your EMC problem is unique,
Captor is the supplier with the fastest action on custom-design EMC
filters and filter assemblies. Our
application engineers will go to
work immediately to evolve a prototype that fulfills your mechanical
and electrical requirements and
conforms to applicable MIL specifications. Captor has the manufacturing capability to produce in
volume economically — cylindrical
or rectangular electromagnetic interference filters for all commercial
or military compliances. Also Captor offers many cataloged EMC filters ready for immediate delivery.
Contact Captor today on your EMC
problem!
Captor Corporation manufactures
miniature filters ...communications and security filters...customdesign filters, and other electronic
components.

'
LCAF:»"TC1IR
CORPORATION

They discovered that these "anom-

APPLICATION

alous mode" diodes can generate

5040 Dixie Highway, Tipp City, Ohio 45371

hundreds of watts of pulse power
with efficiencies greater than 25%.

ENGINEERING

DEPT.

Circle 216 on reader service card

Where will Matt Tate
be tomorrow?
Wherever the project leads, Matt Tate is on his way. Board ...
bench ... conference table. This young engineer sees them
all at Delco. He was there when the project came from the car
division. He'll be there when the model shop builds his prototype.
He'll be looking over the shoulders of draftsmen, mechanics and
stylists. The project's his. From start to finish. Step by step,
skill by skill, Matt Tate's growing with the job. The question is ...
can you say the same? Take agood hard look at how your
career shapes up, compared with Matt's and his colleagues' at
Delco. We need men who want every week to be a little
different. For details, call collect. Area Code 317/459-2808.
Or write: Mr. C. D. Longshore, Supervisor, Salaried Employment,
Dept. 502, Delco Radio Division of General Motors, Kokomo, Indiana.

DELCO GM
RADIO

MOOR OF Lent ENCF

AN EQUAL OPPORTUNITY EMPLOYER
DIVISION OF GENERAL MOTORS
KOKOMO, INDIANA
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just

IC And
Semiconductor
Screening ?

rip it 'or
two-way radio!
r
-

1.22

1

(CL_EVITE)
CERAMIC FILTER

SER.0 0559
MODil

:1
0_
4

Clevite's
computer-designed
TCF ceramic filter.
THE MOST EXPERIENCED
SEMICONDUCTOR TESTING
LABORATORY IN THE COUNTRY
OFFERS ACOMPLETE SCREENING AND
BURN-IN SERVICE... GEARED TO YOUR
PRODUCTION SCHEDULES
...AT A DOWN-TO-EARTH COST!
The most modern automated facilities to
handle screening of integrated circuits, semiconductor components, circuit cards—including a Fairchild 5000 IC Tester and a Fairchild
600 Transistor Tester— backed by several million man-hours of semiconductor testing experience, are now available to you at Associated
Testing

Laboratories

requirements

without

to

meet

capital

your

burn-in

investment

or

increased overhead.
Associated's comprehensive facilities and experienced staff have the capability to handle
any volume requirement—and to provide fast
turn-around to match rigorous production
schedules. And,

of course,

Associated's un-

paralleled experience in both commercial and
military testing is your assurance of optimum
screening, dependable documentation and efficient cost reducing programming.
For immediate information call 201-256-2800.
New

England: 617-272-9050, West Coast: 213-

589-9196.

ASSOCIATED
TESTING
LABORATORIES
INC. 200 Route 46, Wayne, New Jersey • (201) 256-2800
West Coast Office:
6100 Wilmington Ave., Los Angeles, Calif. 90001 • (213) 589-9196

TCF — a hybrid combination of a tuned transformer and
ceramic resonators .. .in less than 0.6 cu. in.!
Designed specifically for use in two-way communication sets
including mobile two-way, aircraft communication, aircraft
navigation SS B receiver applications and CB. The TCF combines
the input advantages of a tuned transformer with the stability
and high performance of aceramic filter. Result: manufacturers
of quality FM receiving equipment (and AM as well) get greater
selectivity at a lower cost. TCF filters are free of unwanted
responses, and input impedances are suitable for both transistor
and vacuum tube circuits.
Bandwidth
60 db (Max.)

Model Number

Gdb (Min.)

TCF4-4D10A
TCF4-8D20A
TCF4-12036A
TCF4-18G38A
TCF6-30D55A
TCF6-35060A
TCF6-12F36A

4kHz
8kHz
12kHz
18kHz
30kHz
35kHz
12kHz

PRICES:

10kHz
20kHz
36kHz
38kHz
55kHz
60kHz
36kHz (90 db)

TCF -4 models: 1-415 ea; 25—$10 ea; 100—$8.50
ea; 500—$6.75 ea; 1000—$6.00 ea; 2500 — $5.45
ea. TCF -6 models slightly higher.
(Prices subject to change without notice)

Send order or request for Bulletin 94026 to: Clevite Corporation,
Piezoelectric Division, 232 Forbes Rd., Bedford, Ohio 44146,
U.S.A. Or: Brush Clevite Company, Ltd., Southampton, England.

Ire%

n't
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Fast Delivery
on Design-Specified

( Reed
Relays
(
Coto-Coil stocks

#

ahuge variety
of the

.. 1-finest components
---- for almost every
,,.

reed relay
requirement.
Your relay may be
tailored
to your exact
specifications,
with virtually
"off-the-shelf"

t..

4%.

sr

delivery,

—and at the

e

lowest
prices.
Write for
Catalog
and Prices
of stock
relays.
For

special
requirements
give
complete
details
for
quotation.

COTO -COIL

COMPANY,

INC.

54 Pavilion Avenue, Providence, R. I. 0.'905
Tel: (401) 941-3355

Technical Abstracts

In fact, many of these diodes have
been built and tested, and several
have achieved efficiencies of 60%.
The experimental results indicate
that the anomalous avalanche diode
might make an excellent source of
high-power pulsed energy from
200 to 1,500 megahertz.
The RCA team says the rise time
of the r-f pulse depends mostly on
the circuit used, not on the diode.
What they considered well-fabricated diodes produced pulses with
rise times of from 50 to 100 nanoseconds in a properly tuned circuit. Also, pulse delay times of 100
to 200 nsec were attributed to the
pulser and the bias network used
to drive the diode.
The researchers, who concede
that the physical model of these
diodes is sketchy, found two major
differences between them and other
impatt devices. First, the anomalous diodes oscillated with transittime angles as low as 0.3 radian,
instead of the normal value of pi
radians. And the efficiencies were
almost twice those predicted for
other impatt diodes.
The anomalous diode is ap+nn+
structure. The nregion has aresistivity of approximately 5ohm-centimeters, is 8 to 10 microns wide,
and has a breakdown voltage of
160 volts. A depletion region extends across the n region, and the
diode "punches through" before
avalanche breakdown is reached.
The p+ region of the mesa-type
diode is achieved by depositing
and diffusing boron on the n layer.
The space-charge region is 25 to
30 mils thick, and the diffused p+n
junction on the diode is similar to
the abrupt-junction type.
In the course of its work, the
RCA team obtained several experimental varactor diodes that were
similar in design to the avalanche
diodes and tried them in the test
circuit used for the anomalous devices. One of the diodes gave 280
watts of peak power at 1.07 gigahertz with an efficiency of 43%.
Others, from the same batch,
worked from 425 megahertz to 1.4
Ghz and had efficiencies of 25%
to 40% for peak powers of 150 to
more than 400 watts.
Presented at

NEC, Chicago, Dec. 9-11.

small
wonder
A SERIES
SPOT

MST SERIES
DPDT

E SERIES
3PDT

men
•

MUSTANG
4 POT

Ever wonder who leads the way
miniature toggle switches? Since 19
ALCOSWITCH has pioneered and int
duced hundreds of ideas and the ne
est switch types that have set the stan
ard for miniatures.
Over half-doz
switch families are now available
choose from. Here are a few exampl
MST SERIES —Is the original a
most-copied miniature toggle switch
the world. Rated 5 amps e 115 VA
A SERIES — ALCO's newest series i
corporates the most-wanted featur
that make this your "best buy" in mi
ature toggle switches. Rated 6 am
e 125 VAC.
E SERIES —The "top of the lin
miniature with the waterproof featu
that makes it excel over all others.
amps @ 125 VAC.
MUSTANG —The miniature switc
with the standard switch appearan
having 15/32" bushing. Rated .6 am
@ 125 VAC.
ALCO continues to provide you qua
ity features without paying a premiu
such as solid silver contacts, use
better grade materials, combined mas
production techniques and latest switc
technology.

ALM

ELECTRONIC PRODUCTS, INC.
Lawrence, Massachusetts 01843
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all solid state
DVM's are
NOT the same

...look at these
DIGIÀEC

features

•4 full digits + 40% overrange

•75DB 60Hz rejection

•High speed—Reading in 80MS

•Auto-polarity

•BCD output standard

•Stored non-blinking readout

•Remotely Programmablesystems oriented

•Self check calibrator
•"Plug in" versatility

For Complete Specifications request new catalog D69

D1014 E

for

$595

Other DigiTec Solid State
Digital Voltmeters from $249.00

delivery from stock

by UNITED SYSTEMS CORPORATION

Stocking Representatives Throughout the World

918 Woodley Rd., Dayton, Ohio 45403

Phone (513) 254-6251
Circle 219 on reader service card

New

Fain-hi( um

¡rue signal Averaging
FA11,11 tEX iÍ'!IUIE11

Et

MUM

at anew low price ...
$4,400*

For more information, write

IF/413R II T E K

Instruments, Inc.

Fi

_àLL.L

k

Dept. E-19, 5225 Verona Rd., Madison, Wis. 53711

188

Circle 188 on reader service card

The newly designed
Model 1010 digital computer uses
true signal averaging rather than straight summation
or weighted average methods. Sweep speeds range
from 20 microseconds per address to 200 seconds
for a complete 256 address sweep.
It's easier to operate; even the oscilloscope and X-Y recorder outputs
are calibrated by pushbutton.

Phone: 608/238-8476

*U.S.A. and Canada
Electronics

January 20, 1969
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CASTING RESINS CHART
COMPLETELY REVISED
Fgee
.
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—
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STYCAST

00

This chart for notebook or wall mounting has
just

been

brought

comparative

up

property

castg epoxies and

to
data

date.
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It

contains
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20
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urethanes.
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ADHESIVES
FREE WALL CHART

la

Fully

illustrated fold-out chart gives complete

hesive

and

electrical

data

systems—conductive,

on

over

Solid state chopper. James Electronics
Inc., 4050 N. Rockwell St., Chicago
60618. A four-page brochure describes
the Micromodulator, a solid state chopper incorporating a pair of balanced
silicon field effect transistors and magnetic drive system. [447]
Hysteresis synchronous motors. McLean Engineering Laboratories, Princeton Junction, N.J. 08550. Data sheet
CM672 covers a line of hysteresis synchronous motors whose starting torque
is approximately the same as the running torque [448]

ECCOBOND ®

physical

Stepping motors. Sigma Instruments
Inc., 170 Pearl St., Braintree, Mass.
02185, has released three new product bulletins, each describing one of
its series of bidirectional Cyclonome
stepping motors.
Circle 446 on reader service card.

20 ad-

Microwave components. Sperry Microwave Electronics Division, Clearwater,
Fla. 33518. The 1969 edition of the
components catalog includes microwave
IC's
and
solid
state
signal
sources. [449]
Operational amplifier. Analog Devices
Inc., 221 Fifth St., Cambridge, Mass.
02142. A four-page data sheet describes the model 801 monolithic IC
operational amplifier. [450]

Press small buttons to control he
currents with a compact ALCOSWIT
Snap-action mechanisms allows qu
make-and-break along with solid sil
contacts for efficient switching ca
bilities.

NEWEST
Alco development—
the illuminated
push button Type
MSPN is made to
handle heavier
currents. Over 50
varied buttons in
colors and sizes to
fit your specific
appl ications. DPDT
only. 6 amps
gi 125 VAC.

NEW
"Mustang"
features a
miniature body
with astandard
15/32" bushing
and colored button.
High impact case.
Extra wide silver
contacts. DPDT
only. 6 amps
«i 125 VAC.

nonconductive—

liquids, powders, pastes—for electrical or mechanical applications—various chemical

types.

Circle 509 on readers service card

ECCOCOAT

SURFACE COATINGS
FREE WALL CHART

Microwave
multiplier
diodes.
Micro
State Electronics Operation, Raytheon
Co., 152 Floral Ave., Murray Hill, N.J.
07974, has available a four-page booklet describing the MS-5000 series microwave multiplier diodes. [451]
Tone signal/control systems. Trepac
Corp. of America, 30 W. Hamilton Ave.,
Englewood, N.J. 07631, has issued a
16-Dage
booklet on
Datatone tone
audio range signaling and control transmitters and receivers. [452]
Tubeaxial fan. Rotron Inc., Hasbrouck
Lane, Woodstock, N.Y. 12498. Product
bulletin E-3002 describes a 265 cfm
tubeaxial fan that will provide continuous cooling for up to five years without
maintenance. [453]

Epoxies, urethanes, alkyds, phenolics.
Clear and in colors. Some are electrically conductive. Some are in aerosol
cans. Electrical and physical properties
and application notes are included.
Circle 510 on readers service card •

Emerson & Cuming, Inc.
CANTON, MASS.
GARDENA, CALIF.
NORTHBROOK, ILL.
Soles Offices
in Principal Cities

EMERSON & CUMING EUROPE N.Y., Oevel, Belgium

Conductive composite materials. Chomerics Inc., 85 Mystic St., Arlington,
Mass. 02174, has published a fourpage brochure describing a complete
line of electrically conductive elastomers, epoxies, and powders. [454]

WATERPROOF
"E Series" made
to specifications
exceeding industry
standards.
Miniature in size,
and yet rugged.
Available as
momentary, or
Push-ON or
Push-OFF. in one,
two and 4PDT
models. 6 amps
125 VAC.

ORIGINAL
snap-action MSP
push buttons
are our smallest,
lightweight models.
SPOT and DPDT.
Rated 5 amps
(a 125 VAC.
lightweight
models. SPDT and
DPDT. Rated 5
amps ii 125 VAC.

Pulse transformers. Sprague Electric
Co., 35 Marshall St., North Adams,
Mass. Engineering bulletin 40351 gives
complete design information for the
type 55Z DST pulse transformers.
[455]
Quartz crystals. Tedford Crystal Labs
Inc.,
4914
Gray
Road,
Cincinnati

ELECTRONIC PRODUCTS, IN
Lawrence, Massachusetts 01843
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.
Don't Tell It. It Thinks It Costs A Lot More.
We designed the PG-11 to be the best allaround low cost pulser available for general purpose test, development and production use. It is. It can do just about anything it does extremely well and with
complete reliability.

variable, too: width 25 ns to 10 ms; delay
20 ns to 10 ms; amplitude 0to ±15 volts
at any rep rate including 20 MHz. Rise time
is typically 4 ns although we spec it at
5ns; fall time is 5ns or better and both of
them are this good at full amplitude or any
other amplitude.

For example, it provides ±
- 15 volt pulses,
single or double, pulse bursts when suitably gated, or one-shot pulses via afront
panel pushbutton. Rep rate is continuously
variable from 10 Hz to 20 MHz and amplitude, width and delay are continuously

So, even if it's small (4" hx8-1/2" wd x
9-1/2" di and even if you can get two of
them in 3-1/2" of rack height with our
rack adapter, the PG-11 acts like it ought
to cost a lot more than S375. But don't
tell it and it will never know.

Write or 'phone your nearest Chronetics
representative (eem) for full data and/or
avery prompt demonstration.
Chronetics, Inc., 500 Nuber Avenue, Mt.
Vernon, N.Y. (914) 699-4400. In Europe:
39 Rue Rothschild, Geneva, Switzerland
(022)31 81 80.

CHRONETICS
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The only total portable,
laboratory quality
oscilloscope.

ABC MANUFACTURING CO.
RESEARCH DIVISION

VALLEY STREAM. N.Y.
TITLE

DRAWN BY

DATE

CHECKED BY

SCALE

APPROVED BY

DWG. NO.

PROJECT NO.

LET STANPAT PREPRINT ALL
YOUR REPETITIVE SYMBOLS
sharp, crisp reproduction every time!

STANPATS are made specifically for use on drawings. Inferior imitations create endless prob.
lems. STANPAT will preprint your own repetitive
items for instant drafting. Every sheet is guaranteed to meet your exact requirements. Adhesion
is instant . . . reproduction is always perfect.
Unbelievable? Send today for free samples—judge
for yourself. Use quick-reply coupon below.
-----Telephone: 516 883-8400
faithfully serving the architect and engineer for

Send a
copy of
your own
repetitive
details...
we'll send
you a
quote!
Oyes' 2,i

years

STANPAT PRODUCTS INC.
Dept. ii, 366 Main St., Port Washington, NY. 11050
Ill Send free samples and literature. DQuote on my attached art.
Name

Title

Company
Address
City, State, Zip Code

And only $665.
Goes anywhere you need it. And at $665,* there's no need
for scope sharing. Operates from optional internal battery
or 110/220 vac 50 to 400 Hz line. Compact 81
2 "x 9" x 15"
/
size, weighs less than 20 lbs.
Features include: 20 MHz bandwidth; 17 nsec rise time;
18 sweep speeds; internal voltage calibrator; and triggering
stability over 30 MHz.
Write for Bulletin TIC 3316 to Motorola Communications &
Electronics Inc., 4501 W. Augusta Blvd., Chicago, III. 60651.
*Exclusive

of options.

MOTOROLA
Precision Instrument Products
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T
DESIGNERS
Expanding activity on long-range
programs and advanced projects
has created many stimulating
growth-assignments for Circuit Designers at Hughes.
Some of our most urgent requirements exist in the following areas:
• Development of high-power airborne radar transmitters, the design of which involves the use of
the most advanced components
• Design of low-noise radar receivers using parametric amplifiers
and other advanced microwave
components
• Design of digital radar signal
processing subsystem circuits,
including range and speed trackers, doppler filter banks and a
variety of display circuits
• Design of high-efficiency power
supplies for airborne and space
electronic systems
• Development of telemetering and
command circuits for space vehicles and communications satellites
Requirements: an accredited Engineering degree, a minimum of two
years of directly relatable experience and U.S. citizenship.
For immediate consideration, please
airmail your resume to:
MR. ROBERT A. MARTIN
Head of Employment
Hughes Aerospace Divisions
Dzr.t 34
11940 W. Jefferson Blvd.
Culver City, Calif. 90230

,
L
,I
,HUGHES
HUGHES

AIRCRAFT

i
,
!
,
J

COMPANY

AEROSPACE DIVISIONS

An equal opportunity employer—M & F

45232. A listing of low and high frequency quartz crystals in a range from
90 khz to 210 Mhz is given in a fourpage bulletin. [456]
Pressure transducer.
Electro -Science
Inc., 1502 W. 34th St., Houston 77018,
offers a leaflet on the PT-400 pressure
cell, a strain gage transducer designed
to detect pressures from 0 to 20,000
psi. [457]
Solid state products. Potter & Brumfield, Division of American Machine &
Foundry Co., Princeton, Ind. 47570. A
24-page catalog contains general information, pertinent data, selection
tables and dimension diagrams for
solid state time-delay relays, voltage
sensors and dry reed time-delay relays.
[458]
Magnetic tape cleaning. Data Devices
Inc., 18666 Topham Ave., Tarzana,
Calif. 91356, has issued a brochure
describing an innovative approach to
magnetic tape cleaning. [459]
Silicon nitride etchant. Transene Co.,
Route One, Rowley, Mass. 01969. Bulletin 122 covers Transetch-N, a selective etchant for silicon nitride films
that is important in the manufacture
of semiconductor devices. [460]
Power supply. PEK Inc., 825 E. Evelyn
Ave., Sunnyvale, Calif. 94086, has released data sheet 704 covering the
model 401A power supply for the operation of 75 watt xenon and 100 watt
mercury short arc light sources. [461]
Current probes. Components/Genistron
Division, Genisco Technology Corp.,
18435 Susana Rd., Compton, Calif.
90221. Current probes for commercial,
military, laboratory and related applications are described in an eight-page
brochure. [462]
Thermistor devices. Yellow Springs Instrument Co., P.O. Box 279, Yellow
Springs, Ohio 45387, has available literature describing a line of linear
thermistor products. [463]
Waveguide tees. Microwave Development Laboratories Inc., 87 Crescent
Rd., Needham Heights, Mass. 02194.
Catalog TH68 describes H and E plane
tees, magic tees, and miter H plane
tees covering standard EIA waveguide
sizes WR10 to WR2100 and many nonstandard waveguide sizes. [464]
P-c connectors. Amphenol Industrial
Division, Bunker-Ramo Corp., 1830 S.
54th Ave., Chicago 60650, offers a 24page catalog on a comprehensive line
of printed-circuit connectors. [465]
Component encapsulation.
Capsonic
Group Inc., 1000 Bluff City Blvd., Elgin,
III. 60120. How costs can be cut dras-
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SB-033— INTERLOC
SB-034 — MOMENTA

The ALCO modular idea is a sim
concept for the design engineer
create his own custom push button I
outs from "stock" switch modules a
assemblies.
The basic modules allow use of o
to three (or four) switches per secti
A designer may stack any number
these switch sections in a group
themselves or in conjunction with t
ALCO mating 12-segment keyboard
semblies.
Highly efficient, single pole "norma
open" reed switches are used throu
out, thus assuring reliability and
tremely long life expectancy.
For design-service assistance c
(Area 617) 686-3887.

ELECTRONIC PRODUCTS, INC
Lawrence, Massachusetts 01843
Circle 191 on reader service card

What's
the top
value in
low cost
•
matrix
sw tc ng?
•

a •

i
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Try the Telefunken OHS
individually selectable, 9 pole,
12 position ordinate holding
switch. Distributed exclusively in
the U. S. A. by Cunningham.

Ideal for educational systems,
intercom systems, many other
audio and control applications.
Brings you: 1. Compact size. Only
31
/"x21
2
/ "x31
2
/ ".
2
2. Magnetic latching. Gives
fail-safe protection against power
failure. 3. Low cost. Because of
compact design and modern
manufacturing methods.
4. Modular construction. Plug-in
units easily replaceable
simplifies maintenance, reduces
downtime.
:--------:.:—
,, --,'-'---.7.-0-

OHS

(Telefunken)

,,
,
#

Ordinate
Holding Switch
Switching systems problems? Let
our know-how in systems
engineering work for you with:
OHS (Ordinate holding) switches;
crossbar switches for general
purpose/high-performance
requirements; McKee random
access matrices for high voltage
and current; reed matrix switches
for high frequencies.
Detailed specifications available in
our new Data Sheet No. 604. Write or
call Cunningham, Carriage St., Honeoye Falls, N. Y. 14472. Phone: (716)
624-2000.

Cunningham

Subsidiary of Gleason Works
Proven capability in engineered
switch products and systems.
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EMPLOYMENT
OPPORTUNITIES

tically in standardized and custom injection molding of electrical components is detailed in a 10-page brochure. [466]

SEND NEW ADS TO:

ELECTRONICS
P.O. Box 12, N.Y., N.Y. 10036

Data communications systems. Teletype Corp., 5555 Touhy Ave., Skokie,
III. 60076. Two new eight-page brochures detail actual situations of how
data communication solves business
problems. [467]
Coaxial thermistor mount. Weinschel
Engineering, Gaithersburg, Md. 20760.
Series 1105 temperature stabilized coaxial thermistor mount is illustrated
and described in atwo-page data sheet.
[468]
Dice and wafer specifications. National
Semiconductor Corp.. 2950 San Ysidro
Way, Santa Clara, Calif. 95051, has
published a guide containing electrical
specifications, dice geometrics, substitution recommendations and carrier
information on a line of silicon, planar,
epitaxial unencapsulated transistors.
[469]

ELECTRONICS
ENGINEERS
SCHLUMBERGER -DOLL RESEARCH
CENTER has openings for Electronics
Engineers with a background in solidstate circuitry. Their research and development efforts provide support of
activities within the company. Our
problems range widely and cover such
fields as Nuclear Physics, Sonics, DataProcessing and appropriate instrumentation.
Applicants should have at least
three years experience beyond their
EE degree with lesser outside experience for an M.S. or D.Sc. background.
Working conditions are excellent and
employee benefits are liberal. The organization is small and well-equipped.
The laboratory is located in a pleasant area of Connecticut about 65 miles
northeast of New York City.

Push-button switches. Molex Products
Co., 5224 Katrine St., Downers Grove,
III. 60515, anounces catalog M300 describing its five versatile lighted and
unlighted push-button switches. [470]
Video monitors. Westinghouse Electric
Corp., P.O. Box 868, Pittsburgh 15222.
Technical data sheet 95-260 covers
video monitor types 191 and 191/R designed for general use in closed circuit
tv systems. [471]
Low-light tv camera. Westinghouse
Electric Corp., P.O. Box 868, Pittsburgh
15230. The STV-614 television camera,
designed for use at very low light levels
in commercial, industrial, scientific, and
medical applications, is the subject of
brochure DB 95-155. [472]

Please send aresume to Personnel at

SCHLUMBERGER-DOLL
RESEARCH CENTER
P. 0. Box 307
Ridgefield, Connecticut 06877
An Equal Opportunity Employer.
CIRCLE 966 ON READER SERVICE CARD
EMPLOYMENT SERVICES
Florida/Nationwide EEs, MEs, IEs ...Electronic, Aerospace, Industrial, Sales Sr Mfg.
$9-18,000. Tech Div Brodeur Personnel Service, Inc., 3947 Blvd., Center Drive, Jacksonville, Fla. 32207

SEARCHLIGHT SECTION
LEARN AVIONICS

Nickel-alloy magnetic cores. Infinetics
Inc., 1601 Jessup St., Wilmington, Del.
1982. Bulletin 86-1 provides a design
guide for selecting nickel-alloy magnetic cores for custom applications.
[473]

(Aircraft Electronics)
G.I. APPROVED
Catalog
ACADEMY AVIONICS
Stead Airport,

Reno, Nevada 89506

CIRCLE 967 ON READER SERVICE CARD
Audio driver amplifier. P. R. Mallory
& Co., 3029 E. Washington St., Indianapolis 46206. An eight-page booklet
describes the operation and applications of the MICO201 IC audio driver
amplifier for entertainment products
and industrial communications equipment. [474]
Level comparator card. Wyle Laboratories, 128 Maryland St., El Segundo,
Calif. 90245, has available a performance specifications and applications
bulletin on the MST-2 level comparator
IC card for d-c level detection, waveform restoration, pulse shaping, and
Schmitt triggers. [475]
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SURPLUS IBM EQUIPMENT

FREE catalog of powers supplies, light &
switch panels, semiconductors, test equipment, IC's, optics, etc.
GADGETEERS SURPLUS ELECTRONICS, Inc.
5300 Vine St. Cincinnati, Ohio 45217
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Your inductor RCA ANNOUNCES
sources aren't 5-DAY SEMINARS
complete
FOR ENGINEERS
without
AND SCIENTISTS
Dale's
new
catalog
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Think Dale—if you design or specify for circuits
using inductive components. Long a source of
custom-built inductors, Dale's Sioux Division
has expanded its production to include a broad
line of standard inductors and transformers.
This rapidly growing line is described in our new
catalog. It includes:
MINIATURE SHIELDED
TUNABLE 3/
8" round
and 1/
2"
square models meet MIL-C15305C, Grade 2, Class O.
MINIATURE UNSHIELDED
TUNABLE Vertically and horizontally tuned models meet
MIL-C-15305C, Grade 2, Class
B and O.
MINIATURE UNSHIELDED
FIXED Toroidal and bobbin
versions meet MIL-C-15305C,
Grade 2, Class O.
TRANSFORMERS •INDUCTORS
Hermetically sealed versions
meet MIL-T-27B, Grades 1 and
4, Class Q, R, S, V. Encapsulated versions for Grades 2and
5, Class Q, R, S, V.
SERIES RESONANT TRAPS
Combining the electrical characteristics of an inductor and a
capacitor in series. Standard
models: 10.7, 12, 14, 18 MHz.
Send for new Dale Inductor Catalog today
— for price, delivery and custom design
information phone 605— 665-9301 or write:

DALE ELECTRONICS, INC.
SIOUX DIVISION
Dept ES

Yankton, South Dakota 57078
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Here's an opportunity to engage in a 5-day program that
will review the latest advances and engineering techniques in your field. Five full days that can advance your
career—presented by RCA Institutes.
San Francisco

2/24-28

San Diego

3/3-7

DIGITAL

New York

4/14-18

COMMUNICATIONS

Washington, D.C.

4/21-25

Rochester, N.Y.

5/5-9

Huntsville, Ala.

5/19-23

New York
Washington, D.C.

2/24-28

DIGITAL SYSTEMS
ENGINEERING

Palm Beach

4/14-18

Detroit

5/5-9

LOGIC DESIGN

MODERN OPTICS

INTEGRATED
CIRCUITS

3/10-14

Huntsville, Ala.

2/24-28

Boston

3/10-14

Chicago

3/17-21

Los Angeles

4/14-18

San Francisco
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New York
San Francisco

5/19-23
6/2-6

The above schedules are subject to change.

RCA Institutes, Inc. Dept. E-19
Institute for Professional Development
132 West 31st Street, New York, N.Y. 10001
For free descriptive brochure, please check the seminar in which
you are interested.
E Logic Design E Modern Optics E Digital Systems Engineering
E Digital Communications
E Integrated Circuits
Name

Title

Company
Address
City

State
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A computer is only as good as its
software.You're fortunate. Ours makes
your life easier.
hen you buy your computer, you expect it
to work—quickly, accurately and easily. That's why Hewlett-Packard
software packages are written—and proved—in-house,
by people who are intimate with the hardware.
You don't have to be. Just take your choice of
FORTRAN, ALGOL or Conversational BASIC.
You're on the air fast.
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All HP software is delivered with your computer. Fully
documented. Not only three high-level programming
languages, but an Assembler, aBasic Control System
and utility routines. Even a special Data Acquisition
Executive.
These programs are convenient, readily useable and
efficient. And they aren't tied to a particular machine
configuration. If you change your hardware set-up—
say to handle more input/output devices—you don't
have to re-program. You just enter the modular software driver for each unit. The Basic Control System
will incorporate succeeding I/O operations.
Hewlett-Packard will teach you how to use the software package in two weeks of free classroom training. The same programs and techniques work with
any computer in the HP family. We hope you'll join
our customers who keep telling us about their good
fortune. Prices start at $9,950.
For more information about HP computers and our
proved software, call your local HP field engineer.
Or write Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.
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Japan's budget gives
big boost to avionics

French color tube
still 30 months off

Bonn may set up
technology agency

France and USSR
plan trade expansion

Look for a panoply of avionics gear to come out of Japan during the
next few years. The budget for the upcoming fiscal year earmarks funds
for Phantom jet fighters and for asupersonic trainer, both to be equipped
mainly with Japanese electronics. This development, ayear after funds
were allocated for amilitary transport, marks the start of afull-fledged
avionics industry in Japan.
Much of the hardware for the trainer and the Phantoms will be
adapted from gear to be developed for the XC-1 transport, scheduled
to make its first flight in July 1970. On the list of Japanese-designed
hardware: vhf and uhf communications gear, the VOR instrument landing system, navigation and weather radar, Tacan and Loran systems,
and marker receivers.
The XT-2 trainer will feature, at the very least, Japanese-designed
uhf communications, Tacan, and interphone systems, as will the Phantoms the Japanese will build under license.

Although work on a plant to turn out the French maskless color-tv
tube should start this year, don't look for mass production before mid1971. That's the new target date for 1,000-tube-a-day production set
by Societe France-Couleur, the company formed to get the long-overdue
tube on the market [Electronics, Jan. 22, 1968, p. 193].
France-Couleur originally hoped to be turning out the French version
of the Lawrence tube sometime this year. But the company now has
decided to develop a 110° tube rather than go into production with a
90° tube. Both have 23-inch screens. Pierre Bonvalot, the company's
engineering director, says aprototype of the wide-angle tube, 6 inches
shorter than its predecessor, should be ready by late 1969.

The West German government may set up an agency to speed the flow
of new technology into industry. The body, tentatively called the Organization for Technological Development (OTD), would mainly help smalland medium-size companies, giving them both financial backing and technical advice to get new products on the market.
At the same time, the OTD would promote cooperation between
German and foreign companies. And presumably it would work with
the defense ministry to promote fallout from military projects.

French electronics companies should have a good growth market in
the Soviet Union over the next five years.
Under anew agreement, France and Russia will double their over-all
trade by 1973. Though details of the pact still have to be hammered
out, it's known that the Russians are itching for advanced equipment.
That guarantees a good share of the market for electronics gear as
trade between the two countries rises to some $800 million annually.
Particularly well off under the new arrangement are French makers
of medical electronics equipment; a joint research program to develop
medical equipment will reportedly put heavy emphasis on electronics,
and the French are farther along in this area than the Russians.

-4—Circle 227 on reader service card
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The negotiators skirted a potential rift over color television. The
Russians have abandoned their claim to ashare in the worldwide patent
rights to the Secam color-tv system developed in France and later
adopted by the Soviet Union. The Soviets, though, will be considered
co-holders of the basic patents in their own bloc, and thus will get
royalties if undecided Eastern European countries opt for Secam rather
than for the rival West German PAL system.
Although apparently not in a hurry to push color tv, the Russians
are building about a dozen French-designed maskless 19-inch tubes a
day, and are also making shadow-mask tubes in small quantities.

Japan and France
set trade terms

Hungary may build
'French' computer

Addenda

196

Japanese electronics companies have another four years to wait before
they get awide-open crack at the French market.
Trade associations of the two countries agreed this month on quotas
for Japanese products through 1972. Thereafter, presumably, the
Japanese will face only the same barrier that others do—the common
external tariff wall of the European Economic Community.
The January accord goes back to the principles of the "gentleman's
agreement" that the Japanese abrogated in 1967 on the ground that
the French showed little zeal for marketing Japanese products. Under
the old deal, "counterpart" French electronics companies peddled
Japanese products. From now on, however, these companies will get
only 70% of the annual quotas. The rest will go to independent importers,
who the Japanese feel will hustle their wares more vigorously.
Along with this change, the Japanese will get higher quotas. For
radio sets, the figure will rise to 200,000 units in 1972 from 120,000
this year. Over the same period, the quota for components will increase
to $850,000 from $475,000.

France's state-subsidized computer firm, Compagnie Internationale pour
l'Informatique (CII), is negotiating with the Hungarian government for
a licensing deal covering CH's 10010 computer. Although CII claims
the 10010 is a French machine, it's actually based on Scientific Data
Systems' technology. CII builds SDS' Sigma series under license.
CII won't say what sort of deal it has in the works with the Hungarians.
But the word from Hungary is that the machine would be sold in large
quantities to Russia and that some Hungarian production might be
exported to France.
If the negotiations are successful, Hungary will become the second
Soviet-bloc country to buy a license for a computer from a French
company. Bull-GE, the French subsidiary of General Electric, already
has a licensing agreement with the Czech manufacturing organization,
Tesla.
The Japan Electronic Computer Co., abuy-lease firm owned by the six
native Japanese processor makers, expects to buy $2 billion of computers in the fiscal year starting April 1. Fiscal 1969 purchases come
to an estimated $1.6 billion ...In Britain, Racal Communications Ltd.—
not the Plessey Co.—will take over Control tic Communications Ltd.
[Electronics, Jan. 6, p. 2491 ...Japan will again attempt to put a
satellite into orbit about Feb. 10. Three previous attempts failed.
Electronics IJanuary 20, 1969
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Flat crt with large screen
around the bend in Britain
Picking up aU.S. technique, aBritish firm has built flat crt's
with diagonals as large as 4feet and expects to do even better

Short shrift is usually given to cathode-ray tubes when designers start
looking for ways to build very large
displays. Even for ascreen size of
only 2 square feet, a crt starts to
get bulky. Something big enough
for an airport or a railway station
—say 4by 6 feet—so far is simply
out of the question for a straight
crt display.
When the big tubes are built,
chances are the first to build them
will be Britons. A flat, and therefore potentially large, crt was proposed by Dennis Gabor of London
University in the early 1950's. Gabor didn't follow through on the
idea, but William Ross Aiken of the
Kaiser Electronics and Aircraft
Corp. did—in asmall way. He developed a 3-inch-thick tube—its
faceplate measured about 8 by 6

inches—with the electron gun
mounted on the lower side and with
deflection electrodes on the lower
and back sides of the tube.
Revived. Kaiser patented the development and then let the small,
flat tube languish—another good
idea that didn't seem to work out
just right. But six years ago Britain's National Research Development Corp. bought the rights to
Kaiser's patents and licensed
Twentieth Century Electronics Ltd.
to develop abig tube.
Twentieth Century since has
built experimental flat tubes with
diagonals of 4feet and 2feet. Tony
Krause, chief engineer of the company's vacuum tubes division, is
confident he could now build commercial tubes about 1 foot thick
with screens 4 by 6 feet.

On its back. In its experimental
versions, Twentieth Century uses
heavy glass for the screen and the
rear plate, while the walls are made
of metal. The joints are sealed
with neoprene 0-rings. However,
atmospheric pressure on the large
glass surfaces forms the better part
of the seal. Production versions
most likely would have an integral,
cake-pan-like metal structure for
the walls and rear plate, with the
faceplate sealed to the metal.
For convenience, Krause and
his crew build their experimental
tubes on ahorizontal bed and view
them in a mirror.
The bends. Flat on its back or
hanging vertically, though, the tube
will use the same scanning scheme.
The beam enters the tube at the
lower edge and starts down aline

VIEWING
SCREEN

STRIP
ELECTRODE

%If

ELECTRODE
ELECTRON
GUN
Super screen. Experimental flat cathode-ray tube, placed on its back for convenience, has a 14-by-18-inch screen viewed
with a mirror. The technique, particularly the double-deflection scheme (right) that makes possible a conventional tv raster
scan, can be used for tubes with screens as large as 4 by 6 feet. Tubes with 4-foot diagonals have already been built.
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of 11 U-shaped electrodes, normally held at a potential of 1.2
kilovolts. If the potential at an
electrode is dropped to that of the
gun's cathode, the beam bends
through 90° when it reaches that
electrode and heads toward the top
side of the tube.
The bent beam's path is equidistant between the screen and the
rear plate, which has seven electrode strips on it. These electrodes,
at right angles to the beam's path,
are normally held at 10 kv, but if
the potential on one of them is
dropped, the beam deflects onto
the screen. By varying the potentials on groups of U electrodes and
strip electrodes, it's possible to
move the beam across the screen
in anormal raster scan.
Sharp. With this two-bend scan,
focus of the beam spot on the
screen takes care of itself. The
beam comes out of the gun with a
circular cross-section. When it's
bent the first time, it flattens out
as a pipe does when it's bent at
right angles. That leaves the beam
ribbon-shaped, with its long axis
perpendicular to the screen.
The second bend then compresses the ribbon section into a
tiny spot. Because the beam always
approaches the screen from the
same direction and because it always travels the same distance
after the second bend, it is always
in focus. And since the screen is
flat, there's no distortion at the
edges to worry about, as there is
with large conventional cres.

East Germany
One, two, three, grow
For East Germany's state-run electronics industry, 1969 looks like
another very good year.
Once again, the country's planners have tapped electronics for
top priority. The output of all the
sectors that come under the wing
of the Ministry for Electrotechnology and Electronics is pegged to
rise 13% this year, and that's twice
the growth rate set for the over-all
economy. Exact targets for electronics production aren't known,
198

but it's a fairly safe bet that the
1969 rise will carry the industry
past the $750 million mark.
Guns and butter. Underlying the
expansion in sight for electronics
are continuing drives to streamline
industrial plants in the country and
to satisfy consumer demand. Another push will come from new
long-term trade agreements with
socialist countries that commit the
industry to export a big share of
its output. Then too, electronics
should benefit heavily from big expenditures for research and development, stepped up by some 25%
this year compared with 1968.
Recent political events in Eastern Europe will also affect East
Germany's economy, and electronics is certain to benefit. Many
Western analysts maintain that the
East European crisis last summer
has accelerated the shift of the
center of gravity of industrial activity from Czechoslovakia to East
Germany.
Watchers of the East European
scene also contend that East German economic planners are counting heavily on the Soviet Union to
drastically curtail the production
of military gear in Czechoslovakia
—equipment the country supplied
to other socialist states as part of
its Warsaw Pact obligations. East
German planners are particularly
counting on increased participation
in arms-oriented R&D, say the analysts. Thus, the Czechoslovakian
dilemma spells again for the East
German economy.
Priorities. Topping the list of this
year's priorities are computers and
their peripherals. Economic planners are calling for accelerated development and production of electronic data processing equipment,
with East German and Soviet Union research in that field closely
coordinated.
As expected, production of instruments and industrial control
equipment will also get top billing
this year. That, together with the
efforts in the computer field, goes
hand-in-hand with East Germany's
continuing drive to modernize and
automate plants and administrative facilities—efforts spurred by a
continuing shortage of labor and
the need to increase productivity.

Checkout counter. Modulator for
microwave link terminal gets tests
at Leipzig factory. Microwave gear is
big export item for East Germans.

Still another sector that's in for
a boost this year is communications, with systems for digital data
and for signal transmission high
on the priority list. It's especially
in television transmission systems
and tv studio equipment that
East Germany stands out among
her socialist neighbors. A large
number of tv stations all over Eastern Europe already use a lot of
East German-made gear. Also, most
of the equipment used in the "Intervision" network (the Socialist
Bloc counterpart of the "Eurovision" scheme that links West European nations) is of East German
origin.
Making marks. The main production plants for communications
gear are VEB Funkwerk Koepenicic
and VEB Rafena-Werke. Koepenick
concentrates on transmitters; Rafena-Werke is the prime supplier
of hardware for East Germany's
Electronics IJanuary 20, 1969
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microwave links—now
totaling
more than 125,000 miles—and for
most of the Intervision tv network.
An example of Rafena's output
is the transmission system RVG 960,
a long-distance f-m system that
operates in afrequency range from
3.4 to 3.9 gigahertz. It can handle
either acomplete tv channel or up
to 960 speech channels for telephone communications.
Another example is the RVG 962,
a communications system operating between 10.7 and 11.7 Ghz. It's
designed for transmitting tv signals—color or monochrome—and
for two audio signal bands. It can
therefore be used in such countries
as Czechoslovakia and Yugoslavia
where there are two official languages.

West Germany
Electronic cashier
In Germany, the introduction of
coin-operated
self-service
fuel
pumps five years ago was seen by
motorists as a boon—at least by
those smart enough to keep the
right coins in their glove compartments. But after-hours and weekend drivers who run out of gas and
change at the same time still have
their problems.
Unless they live in Hamburg,
that is. There, BP Benzin und Petroleum AG, a subsidiary of the
British Petroleum Co., has put into
experimental self-service an electronic cashier that accepts 10-mark
notes as well as 5-mark, 2-mark,
and 1-mark coins.
If the trial is successful, BP plans
to install the equipment at 100—
perhaps 200—of its 4,900 stations
in Germany. That's a nice piece
of potential business for AEG-Telefunken, whose Hamelin plant
builds the money-handling equipment, which sells for some $2,000.
Telefunken says it's the first firm
in Europe to offer such equipment
to oil companies.
Take five. Unlike "coins-only"
equipment installed right on afuel
pump, Telefunken's cash box controls five pumps. For each pumping cycle it can process one 10Electronics IJanuary 20, 1969

future at the railroad. The Tokyo
Shibaura Electric Co. (Toshiba)
has brought electrostatic printout
techniques to ticket printing and
has linked the equipment to aspecial computer. The system spews
out aticket 1second after the window clerk punches a button.
What's more, the computer lights
up adisplay showing the fare and
then records the transaction for
bookkeeping purposes.
The railroad has been testing a
prototype since May and will put
it into full-fledged service at Tokyo's Ueno station next month. This
initial installation has just one
ticket-printing terminal—with 600
station buttons—although the computer can handle up to eight printing units.
Language barrier. Many a computer could be set up to handle
this job—if the printout didn't have
to be in kanji characters. Even Japanese computer makers have sidestepped the problem; with few exceptions, they use the so-called katakana syllabary—a set of 48 phonetic symbols—for printouts.
Toshiba's printer puts kanji characters on special ticket stock by
laying down patterns of charges to
get electrostatic images that can
be fixed and developed. The character patterns are made up of
closely spaced dots produced by
switching voltages selectively onto
agrill of 252 wires spaced six per
millimeter. The grill handles the
scan across the width of the ticket;
the
stock itself is moved past the
Japan
grill for the scan along the length
of the ticket.
Fare game
It takes 143 milliseconds for the
Some of the most harried people ticket-80 mm long—to pass by the
anywhere are the men charged with wires. During this time, 13 rows
supplying the clerks at Japan's Na- of characters can be "printed." The
tional Railways with preprinted remaining 857 msec in the cycle
are used for developing and fixing
tickets.
The clerks, of course, need tick- the electrostatic image. The techets for hundreds of destinations. nique is one that Toshiba is trying
And the problem of maintaining a to perfect for higher-speed comtwo-month supply for each window puter printouts-20,000 characters
is complicated by the railroad's in- per second [Electronics, Dec. 13,
sistence that the selling window's 1965, p. 238].
The central processor that's
number be stamped on each ticket,
plus the fact that the tickets have teamed with the ticket-printing terminals is "about as complex as a
to b? nr:ntPd ;r1 tradItional "1-anj"
medium computer," according to
(nonphonetic) characters.
However, keeping track of thou- Toshiba engineers. The special masands of tickets is a job with no chine has modified diode transismark bill and 20 marks in coins;
30 marks (about $7.50) worth of
gas will fill the tanks of most
European cars.
Paper money goes into aspecial
slot where aconveyor-like arrangement grabs the bill, pulling it into
the cash box and on past ascanner.
The upper side of the bill is illuminated, and abank of photocells
below it picks up the pattern of
light and dark spots that the scanner recognizes as a good 10-mark
bill. At the same time, other spots
on the bill get a color test that
compares photocell outputs to reference color-temperature voltages.
A bill must pass both tests to be
accepted.
Scrutinized. Coins dropped into
the cash box go first through atesting unit, which checks them both
electronically and mechanically for
characteristics such as diameter,
thickness, weight, and alloy content. Eddy currents, for example,
are used in the testing for alloy
content.
Once these checks have been
run, the good coins go on to a
storage-detector unit that holds up
to six or seven coins of each denomination. An oscillator and coil
pair are used to count the coins.
The bill scanner and the coindetecting coil pairs produce voltages that are converted into pulses
to control the fuel pump.
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tor logic circuits and differs from
general-purpose machines mainly
in its memory; nearly all of it is
read-only and made up simply of
wires threaded through cores to
form transformers.
Dots and bits. About 1,100 kanji
characters can be produced by the
equipment, and the dot pattern for
each is on a 24-by-28 matrix. The
read-only memory therefore needs
about 800,000 bits for the patterns.
And about the same number of
fixed-memory bits must be added
to handle the microprogram, fare
table, station index, route table,
and discount table.. The working
memory for logic operations is a
flip-flop register much like those in
desktop calculators.
Toshiba expects to find other
customers, particularly privately
owned railways and airlines, for
its ticket-printing equipment. One
improvement it has in mind is a
magnetic backing for the ticket so
it can be coded to operate an automatic turnstile. A system with this
feature is tentatively slated for the
rapid-transit system that will be
built at Sapporo for the 1972 Winter Olympics.

tice, the pulse gets above 150 kv.
A 28-volt nickel-cadmium battery powers the unit. The battery
supply is boosted to 1,000 volts in
a transistorized inverter, and then
to 10,000 volts by a10-stage Cockcroft-Walton multiplier.

Pound wise

A tire for a big truck costs $100
or more, so it's little wonder that
all sorts of schemes have been put
forward to warn drivers when tire
pressure drops, particularly on
dual wheels. Rolling on anear-fiat
makes for very expensive mileage.
The right ticket. Toshiba's computerTrouble is, most warning devices
controlled system takes just one
have one of two drawbacks—either
second to issue a railroad ticket
they're costly and complicated or
for any one of 30,000 destinations.
they're simple but can't signal the
driver when he's driving.
A system that skirts both probSecond effort. Unaware of Field lems, however, may hit the road
Emission's
experience—or
un- soon. It beeps through a truck's
daunted by it—a small British com- radio when tire pressure drops bepany call Hivotronic Ltd. has come low apreset limit. Cambridge Conup with a 25-pound X-ray genersultants Ltd., the firm that devised
ator unit about half again the size the radio warning system, sees
of ashoe box. Like its U. S. prede- something like $50 or more as a
cessor, the Hivotronic unit gener- potential price tag if anyone decides to put the system into proates apulse about 50 nanoseconds
long at a voltage higher than 150 duction. Cambridge is solely arekilovolts. The peak current tops
search and development outfit and
1,000
amps,
developing
enough
will
license others to produce its
Great Britain
X-ray power to penetrate 2 inches brainchild.
Snap action. In the Cambridge
of aluminum. Both the British and
Have X rays, will travel
2
1
U.S. portable X-ray units use field- system, asensor capsule about 1/
If a blower keeps acting up in a emission tubes rather than the inches long and a half-inch in diameter is screwed onto the valve
remote transmitter, a quick look usual thermionic type.
Vernon Howell, managing direc- of each tire. The capsule depresses
inside is generally sufficient to pinpoint the trouble. An X-ray exam- tor of Hivotronic, attributes the the valve pin slightly so that presination? Hardly likely. So-called new equipment's lightness and sure is applied to a diaphragm in
"portable" X-ray units generally smallness to the pulse generator the capsule.
Should the air pressure drop berequire heavy and bulky high-volt- invented by himself and a collow a safe level, the diaphragm
league when both were at Britain's
age generators.
snaps back to its original position
To be sure, truly portable X-ray Atomic Energy Authority.
Basically, the storage capacitor and switches abattery supply onto
gear exists. The Field Emission
Corp. of McMinnville, Ore., has is atwo-plate parallel transmission an emitter-coupled multivibrator.
had a 65-pound, battery-operated line wound into a spiral of 15 This puts out a100-megahertz sigpulsed unit on the market since the turns; the conductors are alumi- nal that can be heard on an ordiearly 1960's. But one of the com- num, the insulation epoxy. At the nary truck radio. The actuated cappany's sales executives terms the midpoint of the spiral, there's a sule also elongates itself so that the
equipment—because of its low out- switch that can short the pair of driver can easily spot the bad tire.
Cambridge built its prototype
put—"almost useless" except for conductors. When it does, the result is a discharge at atheoretical with discrete components but exvery special applications, such as
examining the innards of liquid- voltage of twice the number of pects any production version to
fueled rockets. In his opinion, you turns multiplied by the charge volt- have an integrated-circuit oscillator. The battery is a 2-milliwatt
can get apower line from agener- age. Hivotronic uses a10-kv charge,
ator set almost anywhere you can so the discharged pulse theoreti- mercury cell, but there's no drain
cally should rise to 300 kv; in prac- except when the capsule transmits.
lug a65-pound black box.
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Sticky RFI problems?

sticiisteit

,CP.0

attach with self-adhesive,
shield RFI better
than anything else!

Panel-type
enclosure
openings can
be shielded
quickly using
STICKY
FINGERS strip.
Strip forms
own corner.

STICKY
FINGERS
adhere firmly to
door flanges,
sealing against
RFI/EMI on
closing.

At last you can get superior RFI/EMI shielding with
aberyllium copper finger strip that requires no
soldering, screws, clips, or other fasteners. A unique
adhesive, developed especially for new STICKY
FINGERS, provides an extremely tight instant bond
that "cures" and strengthens with age ... won't
creep or crawl even with thousands of closings.
And new STICKY FINGERS meet MIL Specs on
salt spray, shock and humidity cycle tests and is
unaffected by temperatures from —65°F to 160 °F!
What's more, shielding effectiveness is greater than
108 dB at 10 GHz, and 70 dB at 200 kHz magnetic!
New STICKY FINGERS are available in avariety of
surface finishes. Write today for complete
information plus afree sample.
Address: Dept. E-53

Easy to install!

Simply remove adhesive backing and rub a pen or small
screwdriver under the fingers,
assuring complete contact.

INSTRUMENT SPECIALTIES CO., INC.
Little Falls, New Jersey
Phone 201-256-3500
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PRECISION
MODEL 3K10
r—

IN

MINIATURE

HIGH VOLTAGE POWER SOURCE

50-3000 VOC. O-10 MA

OUTPUT VOLTAGE IS THE SUM OF THE DIAIeSETTINGS ABOVE 50 yOuls-.1

2500.
2000*
1500*

400.

0• 0

0-100

300.

ON

200*

1000.
500 •

• Pd

POWER DESIGNS PACIFIC INC.

PALO ALTO. CALIFORNIA

e
POWER

100 e

ON

WESTBURY. NEW YORK

Model 3K10

SOLID STATE

PHOTOMULTIPLIER
POWER SOURCE

• Continuously adjustable

to 3000 VDC

• Calibration Accuracy: 0.25%

• Ripple:

Stability: 0.01%
10 millivolts peak-

to-peak maximum •Regulati )n: 0.0025% "IC.: 50 ppm per °C
e

Output Terminals: 2 safe:y BNC output connectors

3" h x 81
2 "w x 81
/
2 "d
/

Size:

Weight: 9 lbs. "3 1
2 " h. Rack Adapter
/

available for standard 19" EIA mounting

$

390 00

fob westbury, n.y.
WRITE FOR DETAILED SPECIFICATIONS

POWER

DESIGNS,

3381 JUNIPERO SERRA • PALO ALTO. CALIFORNIA
415-321-6111 T: 910•373-1251
VV .0
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Electronics reader service
Warning: The Post Office now requires your ZIP CODE on all mail. Please_ include your ZIP CODE
number when filling out your reply card.

Use these handy post cards

r.c

•For employment inquiries fill in home address.

for more detailed information

Name

on: products advertised, new

Company•

products, new literature.

Address

All inquiries from outside the U.S.
that cannot reach Electronics before
the expiration dates noted on the
Reader Service post card, must be
mailed directly to the manufacturer.
The manufacturer assumes all responsibilities for responding to inquiries.
Electronics merely provides and clears
requests for information from inquirer
to manufacturer.
Correct amount of postage must be
affixed for all mailings from outside the
U.S.
To subscribe to or to renew
Electronics
Fill in the "For Subscriptions" area
on the card if you desire to subscribe
to or renew your present subscription
to Electronics. Send no money. Electronics will bill you at the address indicated on the Reader Service post
card.
Multi-product advertisements
For information on specific items in
multi -product advertisements which do
not have aspecific Reader Service number indicated write directly to manufacturer for information on precise
product in which you are interested.

For Subscriptions

title

[] new r' renewal
E 3 years $16.00
1 year $8.00
State

City

Circle the number on the Reader Service post card that corresponds to the
number at the bottom of the advertisement, new product item, or new literature in which you are interested.
Please print clearly. All written information must be legible to be efficiently processed.
If someone has beaten you to the
post cards, you may obtain the needed
information by writing directly to the
manufacturer, or by sending your name
and address, plus the Reader Service
number, to Electronics Reader Service
department.
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Transistor.
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Ball .002" dia., Iteration ±5%
TEMPRESS HYDROGEN FLAME-OFF TORCHES FOR LEAD-

carbide capillary tube, ready for next bonding cycle. This

BONDING MACHINES ARE STAINLESS STEEL, WITH SAP-

extreme precision symbolizes the Tempress approach to
every project ... explains why it requires 11 months to
train an operator for many Tempress production operations.

PHIRE ORIFICE INSERTS that maintain size and shape
accuracy of the 2166°C hydrogen flame. The highly polished
inner surface of the sapphire insert assures this by eliminating gas turbulence and a resultant distortion of the flame.
The end result is essentially identical gold balls on every
lead, from start to finish of a production run. 14X
magnification of operation shows flame-off torch at
left, with orifice partially visible. Gold wire, with perfectly formed ball, protrudes from Tempress tungsten

Other Tempress products include automatic scribing machines, diamond scribers, diamond lapping points, and
tungsten carbide probe contact needles.
Lead-bonding, Model DTN-1, at Union Carbide Electronics.

TEMIPRESS
Tempress Research Co., 566 San Xavier Ave., Sunnyvale, Calif.
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Frequency Muitlpliers—
High power—up to 5
watts output; up to
10% bandwidth;
from L- to S-, C-, and
X-band.

Transistor Oscil lators—
Small size—less than
1"; rugged-50,000 g;
0.25-watt output in
L- band

Transistor Amplifiers—
High power—up to
10 watts in L-band;
up to 10% bandwidth.

The name of the game is microwave integrated circuits.
RCA has them under development. From L- through
X-band. Pulsed and CW. Your choice of frequency and
power level. We use transistors and transferred electron
oscillators (TEO's). We have hybrid circuits using active
"chips" plus thin-film microstrip.
With this broad capability in IVIIC's, we can "customize"
amplifiers, oscillators, and multipliers for your particular
integrated circuit function and sub-system. RCA units
offer ceramic-microstrip construction, dimensional stability, ruggedness, reliability, ahign degree of uniformity,
and the advantages of mass production including low cost.
Call RCA. We'll be glad to help turn on your system by
reducing concepts to immediate application. For more
details, see your RCA Representative. For
technical data, write: RCA Elect. onic
Components, Commercial Engineering,
Section No. Q19-A2, Harrison, N. J. 07029.

