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A single Hewlett-Packard 8690A
Sweep Oscillator is now equivalent
to several: Its flexibility and per-
formance have been extended to
multi-band sweeping. When an HP
8706A Control Unit is installed in
the 8690A main frame, it selects
any of three RF plug-in modules
installed in an 8707A RF Unit
Holder. A sweeper/control unit can
drive up to three holders.

Push a button on the control unit
to select the band you want. Push
a second button, and in one second
you're sweeping a new range. Using
simple contact closures, band se-
lection can be made remotely. And
by using broadband coax switches,
the outputs from the RF units can

be multiplexed through a single out-
put connector.

The compact new sweeper-holder
combination is the first time-saving,
economical way to do multi-band
sweeping without having to stack
several sweepers or continually
change RF units.

Multi-band operation is a logical
extension of the convenience that
comes with the 8690A Sweep Oscil-
lator. Functional panel layout, push-
button selection of sweep functions
and operating modes, high-resolu-

HEWLETT hw PACKARD

SWEEP OSCILLATORS

tion scale—all result in straightfor-
ward, error-free operation.

Price: 8690A Sweep Oscillator,
$1600; 8707A RF Unit Holder,
$1050; 8706A Control Unit, $375.
There’s an RF plug-in covering 0.1
to 110 MHz for $950; microwave
plug-in units covering 1 to 40 GHz
in octave and waveguide bands
start at $1575. Pin diode leveling/
modulation is available for the 1 to
12.4 GHz microwave units.

For more information on how to get
extra convenience and flexibility in
multi-band sweep operations, call
your local HP field engineer or write
Hewlett-Packard, Palo Alto, Califor-
nia 94304; Europe: 54 Route des
Acacias, Geneva.

04725

If you hought a hench full of sweepers,
you couldn’t

COver more
bands than
this one does.
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bits in/volts out

10,000 TIMES FASTER THAN YOU CAN SAY HEWLETT-PACKARD

VOLTS
20 .

Digitally Program From +50 to =50

Designed primarily for fast programming by digital com-
puter, Hewlett-Packard’s new 6130A Digital Voltage
Source will deliver +50 to —50 VDC at hefty currents
up to 1 amp—in less than 100 useconds. This means the
user can program any voltage level in a +50 VDC range
at 10,000 voltage steps a second. This digitally pro-
grammable supply consists of an accurate digital-to-
analog converter followed by a fast power amplifier.
Accuracy and resolution is 10 mV.*

Complete interface, including input/output cards and
the software, is available for use with the Hewlett-
*#1 mV on the 10 V range

HEWLETT @ PACKARD

POWER SUPPLIES

2 Circle 2 on reader service card

DC. Upto1Amp in 100 uSeconds!

Packard 2116A instrumentation computer. The Digital
Voltage Source works with 8-4-2-1 BCD or binary
number inputs. Plug-in board design allows fast and
low-cost modifications to suit the coding and logic
levels of any computer. At $1500, the 6130A is the
fastest and least expensive of its kind available.

For more information, call your local HP field engineer
or write Hewlett-Packard Company, 100 Locust
Avenue, Berkeley Heights, New Jersey 07922. Europe:
54 Route des Acacias, Geneva.

—50V

21804
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News Features
Probing the News

From help wanted to jobs wanted
Pacing ultrahigh-speed computers
Automating the whole shooting match

Electronics Review

Integrated electronics: Uncoiling r-f
amplifiers; Drawing on computers
Advanced technology: A little
millimeter radar

Consumer electronics: Moog music;
Toward tubeless tv

Military electronics: Drafting
computers; Khaki kitchen
Industrial electronics: Accentuating
the negative

Instrumentation: Spotting faults; A
tv film special

Communications: Channel sharing
For the record

Electronics Abroad

Japan: Sayonara to flybacks;
Playback platter; Roundhouse swing
West Germany: Pushing polychrome;
Tunnel talk

Great Britain: Bulldog spirit; Tripling
the guard

Hong Kong: Tailoring antennas
France: Way in

Around the world

New Products

IEEE product preview

Make, buy, and now sell IC’s
Next-generation phase shifter
Reliability registers high

Tabs ease bonding

Dvm has sensitivity and range
Voltage regulation at the site

Other key products at show
Components review

IC’s divide price of multiplier
British enter U.S. connector market
Zener can take 1,000 watts
Instruments review

Digital voltmeter logs in decibels
Counter extended to 100 megahertz
Production equipment review

No fresh air for degreaser solvent
Subassemblies review

Zapping components for better IC’s
Data recorders pack it tight
Consumer products review

Tv tuner tuned to ease of repair
Varactor diodes search f-m band
Transceiver puts an FET up front
Microwave review

Buzzing drones at C band

Smaller mixer stays discrete
Cleaning up f-m broadcasts
Semiconductor review

MOS used as capacitor

Title R registered U.S. Patent Office; © copyright
1968 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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Technical Articles

Foreign exhibitors restrain enthusiasm
Overseas firms view the IEEE show as a
place to discuss technical problems rather
than a marketplace

Designer's casebook

= Adding a transformer halves uhf frequencies
= | ow-cost Schmitt trigger made with digital IC
= Bridge rectifier clips dangerous voltages

= Stretching video pulse keeps indicator on

Computer-aided design: part 14

Start with a practical IC model

A program based on component geometry,
junction characteristics, and material
properties assures a working IC on the first
design try

Robert Mammano, Arinc Research Corp.

Lighting up in a group

Batch-processed light-emitting diodes look
promising for alphanumeric displays
Lawrence A. Murray, Sandor Caplan, and
Richard Klein, RCA Electronic Components
Division

Integrated circuits in action: part 10
Linearizing sensor signals digitally

Adding bits to, or subtracting them from, a
transducer’s digital output gives simpler, less
expensive conditioning circuitry

Jacek H. Kollataj and Teuvo Harkonen,

Nokia Inc.

Skipping the hard part of radiation hardening
Straightforward equations help predict

a component’s behavior under radiation
Joseph T. Finnell and Fred W. Karpowich,
Avco Corp.

Boosting color tv's i-f performance

electronics Integrated circuits improve i-f amplifier gain
and automatic gain control
Brent Welling, Motorola Semiconductor Division
Departments
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8 People 61 Washington Newsletter
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Readers Comment

Denial

To the Editor:

Concerning the news story on
General Precision Equipment Corp.
[Feb. 19, p. 26], the statement that
the corporation may lay off 2,000
of the 7,000 employees at its Kear-
fott Group is completely erroneous.

It is particularly disturbing that
a responsible magazine such as
Electronics made no reference at
all to the true facts which had been
given its reporters by the under-
signed while giving space to specu-
lation from anonymous sources.

The facts are that as part of the
company’s continuous efforts to im-
prove operations and results, Kear-
fott Group laid off a total of about
300 employees. The layoffs were
not GpE company-wide. This reduc-
tion in work force at Kearfott is
complete. The action did not reflect
any other factors and the report
that it did is completely without
foundation.

Norman Wicks
Vice president
General Precision Equipment
Tarrytown, N.Y.

Wobbling

To the Editor:

I was amused to read the report
on the improvement of television
picture quality without adding
bandwidth [Jan. 22, p. 37].

The technique, known as spot
wobbling, is as old as television
and was used by tv stations in
their kinescope recordings prior to
the introduction of the video tape
recorder, to eliminate the line struc-
ture of the tv image.

The same idea was used exten-
sively in Europe, in deluxe big-
screen television sets for the same
purpose. If my memory serves me
well, about 12 or 13 years ago a
U.S. manufacturer introduced a crt
incorporating a pair of vertical de-
flection plates for the same pur-
pose. The frequency used was of
the order of 20 Mhz. So the idea
is not new, and the researchers
could have spared their time and
efforts.

Whether spot wobble could be
obtained by adding a “switchable

Electronics | March 4, 1968
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=all your filter needs

Only Collins offers mechanical, crystal and LC filters covering the practical spectrum from 1 kHz to 100 MHz. At Collins,
you get the filter best svited to your need — you're not limited to the best available from a single product line. The diagram
defines areas served by Collins’ computer-design program. This program means accelerated deliveries at product line prices.
Hundreds of design combinations are available immediately. Take advantage of Collins’ quality, reliability, and large-
volume, on-schedule production capabilities. For Collins’ newly published Components Portfolio, describing a complete line of
filters and magnetic products, write to Collins Radio Company, Newport Beach, California 92663. Telephone: (714) 833-0600.

Crystal Filters

With its rapidly-expanding crystal fil-
ter capability, Collins now offers all
filter types and techniques in the fre-
quency range of 20 kHz through 20
MHz, including narrow, intermediate
or wide-band — selector, sideband or
notch. Collins’ technical and produc-
tion competence ensures on-schedule
delivery and competitive prices with
Collins quality and reliability. NEW:
COLLINS MONOLITHIC CRYSTAL FIL-
TERS. New solid-state functional ele-
ments providing outstanding perform-
ance in a subminiature package.

Mechanical Filters

Collins offers — from stock — hundreds
of mechanical filter designs in frequen-
cies from 60 to 600 kHz, and with

" 60-db to 6-db shape factors as low as

1.2 to 1. Collins mechanical filters are
smaller in size and less expensive than
other filters in their frequency range.
They tolerate extreme temperature
changes and long, continuous service
without aging, breakdown or drift.
NEW: COLLINS MINI-FILTERS. Low-cost
mechanical filters in ultrasmall pack-
ages with a total volume of less than
1/10 cubic inch.

See the new mini-filters, monolithic filters and printed
circuit toroids at New York IEEE, Booths 3C11-3C13.

Electronics | March 4, 1968

LC Filters —Magnetics

Collins offers an extensive line of LC
wave filters covering the subaudio to
100-MHz frequency range including
low-pass, high-pass, band-pass, band-
rejection and other phase or amplitude
responsive networks. Other products in
the magnetics field are toroids, mag-
netic amplifiers, and saturable reac-
tors. NEW: COLLINS PCT INDUCTORS.
Printed circuit toroids transfer-molded
of hi-temp epoxy resin with leads
spaced to match 0.1 inch circuit board
grids. Collins is one of the world’s
largest suppliers of LC filters and pre-
cision inductors.

COMMUNICATION /COMPUTATION /CONTROL
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Little plug-ins make the big
difference in 50 MHz counters

When you look only at the main frame, it’s hard to find
important differences between 50 MHz counters. But when
you compare plug-ins, you’ll find great differences and decisive
advantages. Only Systron-Donner plug-ins can give you:

1. Final-answer
frequency readings
to 40 GHz.

A single plug-in, our Model 1292
semi-automatic transfer
oscillator, boosts the counter’s
frequency-measuring range to
15 GHz. Measures FM and
pulsed RF above 50 MHz. And
the complete de to 16 GHz
system (counter with plug-in)
costs only $3250. Our new Model
1298 semi-automatic T.0O. now
gives you final-answer readings
up to 40 GHz—a new record.

Contact Systron-Donner

Corporation, 888 Galindo Street,

Concord, California.
Phone (415) 682-6161.

2. Automatic
frequency readings
to 18 GHz.

Three Acto® plug-ins now
produce fully-automatic
microwave frequency readings:
50 MHz to3 GHz (P, LR S
band), 3 to 124 GHz (S ‘® X
band), and 12.4 to 18 GHz (K,

band). y

Find

measuring
¢ capability
in this

more unique

3. Time readings
with 10-nano-
second resolution.

Our latest time interval plug-in
gives you time readings with
10-nanosecond resolution—
greater precision than ever
before possible with a standard
counter.

All this unique measuring
capability can be yours today —
or tomorrow—when you buy
your basic counter from
Systron-Donner. Sixteen
different plug-ins have been
especially designed to give your
Systron-Donner counter more
measuring power at less cost
than any other system.

Circle 6 on reader service card
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delay line to the vertical oscillator
and switch it in and out of suc-
cessive frames” or by “disconnect-
ing the ground of the vertical os-
cillator and applying a small bias,
varied from frame to frame” is de-
batable. However, I fail to see, and
I guess every television engineer
would agree with me, how a
“switchable delay line added to the
horizontal oscillator” could do it.

The third listed method [using
electrostatic and magnetic deflec-
tion] is customary and not original.

The conclusion that, and I quote
once more, “The scheme improves
resolution without needing more
bandwidth” is, in my belief, totally
unfounded. As everybody knows,
the maximum vertical resolution is
a system constant and is usually
expressed as 0.7 times the active
number of scanning lines.

This resolution depends on the
focusing of the raster lines both at
the transmitting and the receiving
end and the accuracy of interlace.
It has obviously no relation to the
transmitted or received bandwidth.
This was demonstrated by Kell
some 30 years ago.

Spot wobble does not improve
resolution, it merely reduces the
visibility of the line structure of
the television picture.

Michael Robin
Montreal
= The “wobbulator” principle is not
what was described in our story.

Spot wobbling most certainly
will reduce the sharpness of raster
lines. Normally, this is accom-
plished by the use of an oscillator
in the monitor only, running at
about 20 megahertz. Because only
the monitor is involved, informa-
tion is actually displaced from its
true position, and while a pleasing
soft-focus picture is obtained, reso-

o —— — — — — — — — ——

lution is actually degraded over
that obtainable with a conventional
scan. The use of identical spot wob-
bling at both the camera and mon-
itor would, of course, improve reso-
lution, but the transmission of the
required 20-megahertz sync signal
plus video information over a 4.5-
megahertz bandwidth television
channel imposes certain practical
problems.

Because spot wobbling is not in-
volved, the methods described are
perfectly valid. As to the Kell con-
stant for vertical resolution, this
can be derived mathematically and
verified with physical instrumenta-
tion, but fails to take into account
the temporal integration character-
istics of the visual system of the
observer.

Swedish hospitals

To the Editor:

The article concerning one of our
medical computer systems in Swe-
den [Dec. 11, 1967, p. 259] is not
correct in several respects.

The system is a large-scale to-
tally integrated medical computer
system, valued at approximately
$2.5 million, five times the price
you quoted and will be the first
of its kind in the world. It will go
into the 1,500-bed Danderyd hos-
pital, one of the most modern hos-
pitals of the world and large by
anyone’s standard.

The first application will go on-
line in July 1968 and in early 1972
it will expand to include the 1,750-
bed Huddinge hospital and shortly
afterwards all of Stockholm’s fif-
teen hospitals totaling over 13,000
beds and 2 million outpatients.

W.R. McCreight
Univac
Sweden

Please include an Electronics Magazine address
label to insure prompt service whenever you
write us about your subscription.

Mail to: Fulfillment Manager
Electronics
P.0. Box- 430
Hightstown, N.J. 08520

A‘n'Am.' If you are moving, please let us know

CHANGE OF ADDRESS

mu five weeks before changing your address.
Place magazine address label here, print
your new address‘ below.

7\

To subscribe mail this form with your payment
and check [ new subscription [ renew my
| present subscription

l Subscription rates: qualified subscribers in the
U.S.: 1 year $8; two years, $12; three years,
$16. Non-qualified: 1 year $25. Subscription

| rates for foreign countries available on request.
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The Latest in
Power Supply
Technology

KEPCO, INC.

will again present its popular lecture/
film series at the New York Coliseum
(second floor) during the IEEE Show.
The theatre entrance is adjacent to
Kepco’s display, Booth No. 2F51-
2F53. Come hear qualified engineers
and scientists discuss the new opera-
tional analog for power regulators,
offset ratings and applications data.
We'll also have new product semin-
ars, demonstrations, and films.

Find out about:

Precision Power Regulators
Fast Programming

Digital Techniques

Quick Recovery Current
Regulators

Computer Power Supplies
¢ Redundant Overvoltage
Protectors

All at the KEPCO
POWER SUPPLY THEATRE

\
LA
PERATIONAL PONER SU \

; \
ANAL 100 CDI\“\_\(“

..' s
NERALILED pEN \OOF * :

\
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BOOTH 2F51

®

131-38 SANFORD AVENUE< FLUSHING, N.Y. 11352

Circle 7 on reader service card 7



Get a complete
Electronic Package
from Chassis-Trak
of Indianapolis

e

C-230 to 100 lbs.

CB to 1000 Ibs. 1000 Ser

3000 Series 5000 Series 5050 Series

Whatever your electronic packaging needs, military

“See you at or commercial, light-weight or heavy-duty,
Chassis-Trak offers a complete line of slides in
IEEE B capacities from 50 lbs. to 1,000 lbs., hardware,
Booth 1FO02 and cabinets in a wide range of styles, sizes and

materials. The Chassis-Trak of Indianapolis
name on your electronic package is your assurance
of quality-and economical versatility.

To learn more about total electronic packaging
write Chassis-Trak, Inc.

chassis |

525 South Webster Avenue, Indianapolis, Indiana 46219
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People

“We're just going to turn this guy
loose and watch,” says a Teradyne
Inc. spokesman, talking about Tage
Peter Sylvan, a
new senior proj-
ect engineer.
What the Boston
firm will be
watching is Syl-
van’s work on
improved digital
integrated cir-
cuit test techniques.

“Future testers will be computer
controlled, like other units in Tera-
dyne’s line,” Sylvan says, “but it
will be capable of testing circuits
with 100 gates or so—medium-scale
integration.” He has decided
against the inclusion of dynamic
tests, but feels “direct-current tests
of sufficient accuracy and flexibil-
ity, applied intelligently do almost
all that need be done.”

Sylvan is also an in-house con-
sultant. “I've had lots of experience
testing odd-ball devices, and some
of the test gear I had to build my-
self. So I can fit in pretty well with
what’s going on here.” With his
background, Sylvan would fit in
practically anywhere.

Sylvan, 39, graduated summa
cum laude from Bowdoin College
with a B. A. in Physics. In 1952, he
joined the General Electric Co.
where he worked until early this
year. During his 15 years at GE,
Sylvan generated 65 patent dockets,
won 15 patents, and published
about 60 technical papers. At the
same time, he laid the groundwork
for development of the unijunction
transistor, the silicon controlled
switch, and other semiconductors.

The uyr, which now sells at the
rate of more than $6 million worth
a year, was almost abandoned by
G, which had found no ujT mar-
ket. “They had looked for buyers
for a device that no one knew any-
thing about,” says Sylvan, “and
when they found none—as you’d ex-
pect—they decided to shelve it.”

But on his own, Sylvan started a
circuit development and character-
ization program and eventually
handed GE a lucrative ujr product
line. While working on ujr, he co-
authored five editions of the GE
transistor manual, the GE tunnel

T.G. Syivan

Electronics | March 4, 1968



Guide to Machlett Electron Tubes

Planar Triodes. Magnetic Beam Triodes.
Grid pulsed to 1 kw at 6 Ge. To 35 kw Pulsed ratings to 6 Mw with only 2.5

in pulse modulator service. For kw drive. CW ratings to 200 kW with only
communications, radar beacons and 0.7 kW drive.

navigation.

Pulse Modulators. Heavy Duty Triodes.
Shield grid triodes (oxide cathode) to Includes vapor cooled triodes, to 440
4.5 Mw, 80 kv peak. High voltage triodes kW CW.

(thoriated tungsten cathode) to 20
Mw with plate voltages to 200 kv peak.

High Power Tetrodes.
Vapor cooled tetrodes to 350 kw
CW for communications.

Heavy Duty Tetrodes.

Forced air cooled, water cooled and
vapor cooled for broadcasting
and communications.

Vacuum Capacitors,Variable.

RMS amperes to 75A; voltage to 15 kv
peak. Capacities from 5-750 pF to
50-2,300 pF.

Send for latest
condensed catalog

covering the entire line

of Machlett electron tubes.

Write: The Machlett Laboratories, Inc.,
1063 Hope Street, Stamford, Conn. 06907

THE MACHLETT LABORATORIES, INC.

A SUBSIDIARY OF RAYTHEON COMPANY

Electronics | March 4, 1968
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Trigate Pulse Transformers...

axial leads for
point-to-point
wiring

pin leads for
printed wiring
boards

the industry’s lowest-cost SCR triggers!

[ omam e Dependable enough for industrial
% equipment, yet priced for
i high-volume commercial applications

i

Here’s good news for designers of appliances;
lighting controls; air-conditioning and heating
controls; industrial controls. You can actually

cut costs while upgrading your present method

of SCR triggering!

o Type 11Z Trigate* Pulse Transformers offer
This breakdown - diode / transformer triggering these unique features:

circuit is a typical application for Type 11212 e
Trigate pu|s.¥r':.nsf°"':.':n_ " 1. Balanced pulse characteristics and en-
o ergy transfer from primary to secondary

and tertiary windings.

2. Minimum saturation effect to allow op-
” eration where increased pulse widths are

LN
"
il
n

'7'
AAA
yyy

required.

3. Fast pulse rise time and increased cur-
rent capability to prevent SCR di/dt
failure.

by 4. Increased energy transfer efficiency.

",1;",“ Temperature operating range, —10 C to
¥ 4105 C. 2- and 3-winding designs for half-

oftein} and full-wave applications. Turns ratios, 1:1,
This un?unction tralnslstt;lr/ttriansf:rm%_r triulelrzhllg 1:1:1,2:1, 2:1:1, 5:1. Available for use with
circuit is a typical application for Type line voltages up to 240 VAC or 550 VAC.
[T P T TN Inductances to 1mH at 550V, SmH at 240V.

For complete information, write for Engineering Bulletin 40,003 A
to the Technical Literature Service, Sprague Electric Co.,
35 Marshall St., North Adams, Mass. 01247

*trademark

SPRAGUE COMPONENTS

SPRAGUE

PULSE TRANSFORMERS INTERFERENCE FILTERS

CAPACITORS PACKAGED COMPONENT ASSEMBLIES

TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS

RESISTORS MAGNETIC COMPONENTS THE MARK OF RELIABILITY

CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS

*Sprague’ and ' (@' are registered trademarks of the Sprague Electric Co
455C-6102R3
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People

diode manual, two editions of the
GE sck manual, and a hundred-odd-
page ujr application note—which,
with his technical articles, was
largely responsible for creating the
demand for uyr’s.

Sylvan also developed methods
for measuring the stored charge in
high-speed diodes, " designed and
built much of GE’s process control,
test, and classification equipment
for tunnel diodes, back diodes, and
planar silicon diodes.

Why leave? The years at GE were
productive but Sylvan felt confined.
“Teradyne will give me more time
for product development and take
less for organization duties,” he
says.

“I dont foresee the rcc trying to
duplicate the Bell Laboratories,”
says the commission’s new chief en-
gineer, William
H. Watkins.
“But I do want
to see more ef-
forts in such
areas as long-
range planning
on the use of the
frequency spec-
trum. We are
very much interested in investiga-
ting expansion into the 10- to 100-
igahertz range.”

Watkins is careful in discussing
future plans for his office: he’s a
career civil servant and one of the
few who hold both electrical engi-
neering and law degrees. He joined
the Federal Communications Com-
mission in 1946 as an engineer and
for the past two years has been
deputy chief engineer.

Evolution. On the question of
the land mobile congestion, he notes
that the problem “has been studied
to the point of nausea.” But he
warns against expecting anything
revolutionary from his office. “Only
rarely is one able to accomplish
anything in the frequency manage-
ment area other than in an evolu-
tionary way.”

Watkins avoids offering proposals
on how the rcc might spend its
first real research money—$600,000,
which is in the current budget, and
$1 million in the 1969 budget.

William H. Watkins
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A Communications System
Test Set (VLF to HF)...

From Sierra comes the most thoroughly human-engineered instru-
ment 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 com-
bining the levels of the 10-dB and 1-dB per step attenuators. Rear-
projection 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
Electronics | March 4, 1968

Three 4-kHz channe!s 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

8388w

22)

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.

engineered for
humans (A to VB*)

PHILCO

PHILCO-FORD CORPORATION
Sierra Electronic Operation
Menlo Park, California « S4025
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NOW...TWO GENERATIONS OF

MTTL'I & Il OFFER A WIDE CHOICE OF T°L FUNCTIONS
IN BOTH FLAT-PACKS & LOW-COST PLASTIC!

TMTTL is a trademark of Motorola Inc.

~whene the priceless ingrediont & cane !
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MOTOROLA T°L INTEGRATED CIRCUITS!

OPTIMUM SELECTION & DESIGN FLEXIBI

LITY AT LOW COST!

—55° to 4+125°C 0 to +75°C
Motorola Motorola
Price Price
100-Up 100-Up
Motorola [Motorola Motorola | Motorola Motorola (F) Motorola (F)
CIRCUIT DESCRIPTION * SUHL | Type No. | Price SUHL Type No. |  Price SUHL Type No. | 1000-Up || SUHL Type No. | 1000-Up
Type No. | F.0. = 15| 100-Up (| Type No. (| F.0. =7 | 100-Up || Type No. | F.0. = 12 (P) Type No. F:0. =6 (P)

Dual 4-Input NAND Gate SG-40-02 | MC500F | $5.45 || SG-41-02 | MCS550F $4.35 ||SG-42-02 | MC400F $3.15 |[SG-43-02 | MC450F $2.50
$G-42-03 | MC400P 1.75 ||SG-43-03 | MCA450P 1.40

Expandable 4-Wide 2-2-2-3-Input| SG-50-02 | MC501F 6.00 || SG-51-02 [ MC551F 4.80 || SG-52-02 | MCA401F 3.50 |[|SG-53-02 | MCA4S51F 2.75
AND-OR-INVERT Gate SG-52-03 | MC401P 1.95 || SG-53-03 | MC451P 135
Single 8-Input NAND Gate SG-60-02 | MC502F 5.45 || SG-61-02 MC552F 4.35 SG-62-02 MC402F 3.15 $G-63-02 MC452F 2.50
SG-62-03 | MC402P 1.75 || SG-63-03 | MC452P 1.40

2-Wide 3-Input AND-OR-INVERT | SG-90-02 | MC503F 5.45 || SG-91-02 | MC553F 4.35 || SG-92-02 | MCA403F 3.15 || SG-93-02 | MCA453F 2.50
Gate with Gated Complement $G-92-03 Mc4o03P 1.75 || SG-93-03 | MCA453P 1.40
Expandable 3-Wide 3-Input SG-100-02| MC504F 6.00 || SG-101-02| MC554F 4.80 || SG-102-02| MC404F 3.50 |[SG-103-02| MC454F 2.75
AND-OR-INVERT Gate SG-102-03| MC404P 1.95 SG-103-03| MC454P 1.55
Expandable 2-Wide 4-Input $G-110-02| MC505F 6.00 || SG-111-02| MC555F 4.80 || SG-112-02| MCA405F 3.50 |[SG-113-02| MC4SSF 2.75
AND-OR-INVERT Gate SG-112-03| MC405P 1.95 ([SG-113-03| MC455P 1.55
Expandable 8-Input NAND Gate | SG-120-02| MC506F 6.00 || SG-121-02| MC556F 4.80 ||SG-122-02| MCA406F 3.50 ||SG-123-02| MCA456F 2.75
SG-122-03| MC406P 1.95 SG-123-03| MC456P 1.58

Quad 2-Input NAND Gate SG-140-02| MCS508F 5.45 || SG-141-02| MC558F 4.35 || SG-142-02| MC408F 3.15 ||SG-143-02| MCA458F 2.50
SG-142-03| McC408P 1.75 ||SG-143-03| MC458P 1.40

4-Wide 3-2-2-3-Input Expander SG-150-04 MCS509F 4.90 || SG-151-02| MC559F 3.90 || SG-152-02| MCA40SF 2.85 ||SG-153-02( MC459F 2.25
for AND-OR-INVERT Gates $G-152-03| MC409P 1.20 || SG-153-03| MC459P 1.20
Dual 4-1nput Expander for $G-170-02( MC510F 4.90 (| SG-171-02| MC560F 3.90 || SG-172-02| MC410F 2.85 ||SG-173-02| MCA460F 2.25
AND-OR-INVERT Gates SG-172:03| MC410P 1.20 |[SG-173-03| MC460P 1.20
Dual 4-Input Expander for SG-180-02| MCS11F 4.90 (| SG-181-02| MC561F 3.90 || SG-182-02| MC411F 2.85 ||SG-183-02| MC461F 2.25
NAND Gates SG-182-03| MC411P 1.20 SG-183-03| MC461P 1.20
Triple 3-Input NAND Gate SG-190-02| MC512F 5.45 || SG-191-02| MC562F 4.35 || SG-192-02| MC412F 3.15 |[|SG-193-02| MC462F 2.50
S$G-192-03| McC412P 1.75 SG-193-03| MC462P 1.40

R-S Flip-Flop SF-10-02 | MC513F 6.00 || SF-11-02 | MC563F 4.80 || SF-12-02 | MC413F 3.50 ||SF-13-02 | MC463F 2.75
SF-12-03 | MC413P 1.95 |[SF-13-03 | MC463P 1.55

AND J-K Flip-Flop SF-50-02 | MC515F 7.65 || SF-51-02 | MCS565F 6.10 || SF-52-02 | MC415F 4.40 || SF-53-02 | MC465F 3.50
SF-52-03 | MC415P 2.80 ||SF-53-03 | MC465P 2.25

OR J-K Flip-Flop SF-60-02 | MC516F 7.65 || SF-61-02 | MC566F 6.10 || SF-62-02 | MC416F 4.40 |(|SF-63-02 | MC466F 3.50
SF-62-03 | MC416P 2.80 ||SF-63-03 | MC466P 2.25

Expandable 2-Wide 4-Input SG-210-02| MC2100F 7.20 || SG-211-02| MC2150F 5.75 SG-212-02| MC2000F 4.20 S$G-213-02| MC2050F 3.30
AND-OR-INVERT Gate $G-212-03| MC2000P 2.35 |[SG-213-03| MC2050P 1.85
Quad 2-Input NAND Gate $G-220-02| MC2101F 6.55 || SG-221-02| MC2151F 5.20 || SG-222-02| MC2001F 3.80 ||SG-223-02| MC20S51F 3.00
SG-222-03| MC2001P 2.10 ||SG-223-03| MC2051P 1.70

4-Wide 3-2-2-3-Input Expander SG-230-02 MC2102F 4.90 || SG-231-02| MC2152F 3.90 SG-232-02| MC2002F 2.85 S$G-233-02 | MC2052F 2.25
for AND-OR-INVERT Gates $G-232-03| MC2002P 1.20 ||SG-233-03| MC2052P 1.20
Dual 4-Input NAND Gate SG-240-02| MC2103F| 6.55 || SG-241-02| MC2153F 5.20 ||SG-242-02| MC2003F 3.80 |[|SG-243-02| MC2053F 3.00
SG-242-03| MC2003P 2.10 ||SG-243-03| MC2053P 1.70

Expandable 4-Wide 2-2-2-3-Input| SG-250-02] MC2104F| 7.20 || SG-251-02| MC2154F 5.75 || SG-252-02| MC2004F 4.20 |[|SG-253-02( MC2054F 3.30
AND-OR-INVERT Gate $G-252-03| MC2004P 2.35 ||SG-253-03| MC2054P 1.85
Single 8-Input NAND Gate $G-260-02| MC2105F| 6.55 || SG-261-02| MC2155F 5.20 || SG-262-02( MC2005F 3.80 ||SG-263-02| MC2055F 3.00
$G-262-03| MC2005P 2.10 SG-263-03| MC2055P 1.70

Dual 4-Input Expander for SG-270-02| MC2106F| 4.90 || SG-271-02| MC2156F 3.90 ||SG-272-02| MC2006F 2.85 ||SG-273-02| MC2056F 2.25
AND-OR-INVERT Gates SG-272-03| MC2006P 1.20 SG-273-03| MC2056P 1.20
AND J-K Flip-Flop SF-250-02| MC2109F| 9.20 || SF-251-02| MC2159F 7.30 || SF-252-02| MC2009F 5.30 |[SF-253-02| MC2059F 4.20
SF-252-03| MC2009P 3.35 SF-253-03 | MC2059P 2.70

OR J-K Flip-Flop SF-260-02| MC2110F| 9.20 || SF-261-02| MC2160F 7.30 || SF-262-02| MC2010F 5.30 ||SF-263-02| MC2060F 4.20
SF-262-03| MC2010P 3.35 SF-263-03 | MC2060P 2.70

*Interchange with SUHL** | & Il types. **Trademark of Sylvania, Inc. “F'" suffix denotes flat-pack. ““P"’ suffix denotes dual in-line plastic package.

Sylvania suffix -03 numbers denote dual in-line ceramic packages.

Selection . . . Availability . . . Economy! Three good reasons why you should evaluate MTTL |
(MCtﬁOO/SOO series) and MTTL Il (MC2000/2100 series) . . . Motorola's answer to the T2L “availability”
problem.

Whether you want the low-cost approach offered by the 14-pin dual in-line plastic package — or
have more stringent temperature requirements calling for the 14-pin ceramic flat-pack (=55 to
+125°C) — Motorola now offers the TL circuit for every designer. In fact, you can choose from
24 different logic functions, offered in some 150 different types. More importantly, 15 more complex-
functti]on circuits, including a 50 MHz Flip-Flop, will be introduced in this line during the next few
months.

Now, the computer/industrial system designer can combine the top performance of this highly-
popular line with system costs that are competitive with practically any form of I/C logic. For
example, the price of the MC2009P J-K AND Flip-Flop is just $3.35, and the MC2001P Quad 2-Input
Gate is $2.10 (both 1,000-up). Production quantities are available for all types.

tMTTL is a trademark of Motorola Inc.

Check These Other Design Advantages:
@ Choice of fan-out — up to 15
o High-noise immunity — 1.0 volt (typ)
@ High-capacitance drive — 600 pF {max)
@ Low-power dissipation — averages 15
mW per gate (MTTL 1) and 22 mW per
gate (MTTL I

Evaluation units are now available from your
local distributor’s warehouse stock. For pro-
duction quantity pricing and schedules, con-
tact your Motorola field representative. Write
forogetails ... P.0. Box 955, Phoenix, Arizona
85001.

MOTOROLA Semiconductor Products Inc.
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Marshall spends
another
disappointing day
with Super-Mercury.

Marshall? He's the crankiest of the
Twelve Cranks on Pleasant Avenue. One
of the extra-picky grumps at Trygon
Power Supplies who feels good all over
only when he can pick something off our
production line and shriek, “Hey! This
isno % #&t@# good!”

So far, he's had problems with our
Super-Mercury series. Because there
haven't been any problems.

The Super-Mercury is a brand new com-
petitively priced series, the new genera-
tion of the industry-accepted, field-proven
Trygon Mercury Series: fully program-
mable wide-range power supplies, power
and value packed, offering precision Con-
stant Voltage/ Constant Current operation.
Precision performance (with up to 2000
watts output), in ranges up to 160 volts
and up to 100 amps. .005% regulation
and 0.015% stability are standard
(.005% stability optional) as is MIL Spec,
RFl-free performance. Total ripple and
noise less than Imv rms and 10MV P-P (to
10MHz). Master-slave tracking, auto-load
share paralleling and remote sensing and
programming are also standard with
Trygon's patented tracking overvoltage
protection available.

Marshall and his friends check the
dozens of Super-Mercury features that
make this series a Super-buy for you.
Now it's your turn to check on them.
Order a Super-Mercury as a starter.

PO, N

T e
F 01

Trygon Power Supplies W
111 Pleasant Avenue, Roosevelt, L.I., N.Y. 11575

Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany
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Meetings

Western Regional Technical Session,
Electrochemical Society; Hilton Inn,
San Francisco, March 7.

Conference of the American Society for
Nondestructive Testing; Biltmore Hotel,
Los Angeles, March 11-13.

Physics Exhibition, Institute of Physics
and the Physical Society; London,
March 11-14.

International Convention and
Exhibition, IEEE; Coliseum and N.Y.
Hilton Hotel, N.Y., March 18-21.

International Convention, Aerospace
and Electronics Systems of IEEE;
Warwick Hotel, New York, March 19.

Modulation Transfer Function, Society
of Photo-Optical Instrumentation
Engineers; Boston, March 21-22.

Symposium on Microwave Power,
International Microwave Power
Institute; Statler Hilton Hotel,
Boston, March 21-23.

Flight Test Simulation and Support
Conference, American Institute of

Aeronautics and Astronautics; Los
Angeles, March 25-27.

International Aerospace
Instrumentation Symposium, College
of Aeronautics and Instrument
Society of America; Cranfield,
England. March 25-28.

Quality Control Conference, American
Society for Quality Control; University
of Rochester, N.Y., March 26.

Railroad Conference, IEEE and Ameri-
can Society of Mechanical Engineers;
Conrad Hilton Hotel, Chicago,

March 27-28.

Electrical Engineers Exhibition,
American Society of Electrical
Engineers; London, March 27-April 3.

International Conference on Color
Television, Electronic Industries
Association of France; Paris, April 1-5.

International Components Show,
Federation Nationale des Industries
Electronique; Paris, April 1-6.

Business Aircraft Meeting and
Engineering Display, Society of
Automotive Engineers; Broadview
Hotel, Wichita, Kan., April 3-5.

International Magnetics Conference,
IEEE; Sheraton Park Hotel, Washington,
April 3-5.*

Meeting and Technical Conference of
the Numerical Control Society;
Marriott Motor Hotel, Philadelphia,
April 3-5.

Symposium on Engineering Aspects of
Magnetohydrodynamics, American
Institute of Aeronautics and
Astronautics, University of Tennessee,
Tullahoma, April 3-5.

Short Courses

Systems logic design, University of
Wisconsin’s College of Engineering,
Madison, Wis., March 11-15; $150.

Microwave calibration workshop, U.S.
Department of Commerce, National
Bureau of Standards, Washington,
May 6-10; $300.

Modern autematic control, Purdue
University’s Schools of Engineering
and Laboratory for Applied Industrial
Control, Lafayette, Ind.,

May 27-June 7; $300.

Call for papers

Standards Laboratory Conference, Na-
tional Conference of Standards Labora-
tories; Boulder Laboratories of the
National Bureau of Standards, Boulder,
Colo., Aug. 26-29. March 15 is dead-
line for submission of abstracts to
J.L. Hayes, Metrology Engineering Cen-
ter, naval plant representative, 1675
W. 5th Ave., P.O. Box 2507, Pomona,
Calif. 91766

Fall Joint Computer Conference, Amer-
ican Federation of Information Proc-
essing Society, IEEE; San Francisco
Hilton Hotel, San Francisco, Dec. 9-11.
May 12 is deadline for submission of
papers to Robert Glaser, technical
program committee chairman, 1968
Fall Joint Computer Conference, P.O.
Box 2309, Stanford, Calif. 94305

Symposium on Reliability, |IEEE, Amer-
ican Society for Quality Control; Palmer
House, Chicago, Jan. 21-23, 1969.
May 1 is deadline for submission of
abstracts to J.E. Condon, program
chairman, NASA, Code KR, Washing-
ton, D.C. 20546

* Meeting preview on page 16.
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ﬂe connector thing

A periodical periodical designed quite frankly to further the sale of Microdot
Inc. connectors and cables. Published entirely in the interest of profit.

standard contact spring member and
replacing it with our unique breathing
helical spring. This makes for very high
density.

There’s a variety of push-pull, thread
or bayonet hermetic seal connectors to
Mil-Specs.

Lepra/Con* mini-minis (5/32” o.d.
and 3/8” to7/16"” long) all crimp, no sol-
der connectors in seven configurations
with screw-on or slide-on designations.

Standard coaxial connectors, slide-
on, screw-on, hermetically sealed, with
bend-relief caps and enough combina-
tions to give you hundreds of variations.

Golden Crimp,* a solderless minia-
ture coax cable with a fast, four step,
double crimp assembly that’s com-
pletely moisture and humidity proof.

And Microcrimp,* the tiny crimp type
coax connector in line-cable, bulkhead
or snap-lock mounting. An easy crimp-
ing method eliminates soldering, burn-
ing or miscrimping.

The MARC 53.* A multi-unlimited-
application type high density, cylin-
drical, multi-pin connector with front
insertable contacts. It’s the only one in
that category to meet the USAF spec
MIL-C-38300A. No insertion or re-
moval tools needed.

What could be better than that?
Maybe MARC 53 RMD. Same as the
MARC 53, but with rear insertable and

“+ removable pins and sockets.

Give me your tired, your froze, your thirsty masses...

and we will rescue you brothers, from
the tremors, shakies, vapors, chills, and
foot sore wearies of the IEEE marathon.

o OE '46
Let Microdot =
rescue you from
New York.

There’ll be a beacon in the New York sky
overlooking the Avenue of the Ameri-
cas. (Sixt Evenuh t’ New Yawkuhs.)

That’s where our Rescue Mission is.
In the modestly opulent east penthouse
suite of the New York/Hilton just five
blocks over (and a block-and-a-half up)
from the Coliseum where you-know-
who will be shuffling in and out of all
those booths.

Throughout IEEE days, we will be
looking down from this exquisite hos-
pitality suite daily from 4 in the after-
noon on. We hope you’ll be there at
least once.

You may stop in for a stirrup cup
with us, or stay for the whole saddle.

If pressed, we will regale you with per-
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formance anecdotes on the you-know-
whats that we make.

Your Rescue Mission button retained
and worn at all times, is your ALL
TIME PASS any time during IEEE.
In real life the badge is neat tin, attrac-
tively painted in plain color and will
go with most wardrobes, except puce
glen plaid suits.

Your Rescue Mission button is your
constant passport. So to obtain yours,
write now, right now.

See you, starting the eighteenth of
March at 53rd or 54th and Avenue of
the Americas (depending on which di-
rection you’re cabbing or walking)
which is another way of saying top o’
the New York/Hilton.

Incidentally, it’s only fair to warn
you that as you’re relaxing about our
lush little paradise, that you can and
indeed must expect to be pitched.
Which is really all to your benefit be-
cause we have a lot of keen connectors
to talk about. And, so you won’t have
to just take our word for it, we’ll just
happen to have inspectable proofs of
what we're talking about.

High density packing is available in
our connectors. It's done with Twist/
Con,* a principle of getting rid of the

All these great things add up to bet-
ter deals for you. Old homilies like
greater reliability, longer life, more
raises, bigger promotions and a blow
for freedom.

Please buy.

Now that you’ve read this, fill in the
request for your Rescue Mission but-
ton, so that you can join us and luxuri-
ate where Heads of State have romped.

*Registered trademarks of Microdot Inc.

REQUEST FOR RESCUE

NAME

ADDRESS

cITyY

STATE 2P

[J sales rep. or [] literature on []
MARC 53 [] Lepra/Con [] Standard
Connectors [] Pin and socket con-
nectors [] whatever.

MICRODOT INC.

220 Pasadena Ave.
South Pasadena, Calif. 91030

| I
| I
| I
| |
| |
I |
| |
I |
I |
I I
I |
| I
} Incidentally, you could unload a !
| I
| |
| |
I I
I I

|
| |
I I
I I
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Nytronics Inductors
are ahead of their

F L4

time! vionicscon

® tinuous research
and development have produced stan-
dardized quality inductors with the su-
perb precision and stability to meet the
demanding requirements of tomorrow’s
circuitry. Yours today — delivered off the
shelf from a large inventory. Pioneering
is a Nytronics speciality!

WEE-DUCTOR — Magnetically shielded with
inductance range 0.1 to 180,000uH, designed
to MIL-C-15305, Grade 1, Class B. Encapsul-
ated Envelope: 0.157” diameter x .450” length.

SUPER WEE-DUCTOR/90537 TYPE — Manufac-
tured in accordance with MS90537, Molded
Magnetically shielded with inductance range
0.1 to 100,000uH *=10% tolerance. Molded
Envelope: 0.163” diameter x 0.410” length.

WEE WEE-DUCTOR — Magnetically shielded
with inductance range 0.1 to 10,000uH. De-
signed to MIL-C-15305. Encapsulated Enve-
lope: 0.125” diameter x 0.335” length.

DECI-DUCTOR — Subminiature with inductance
range 0.1 to 1000uH. Designed to MIL-C-
15305, Grade 1, Class B. Molded Envelope:
0.100” diameter x 0.250” length.

WN vIRONICS

S-M-L INDUCTORS — Non-shielded with in-
ductance range 0.1 to 10,000uH. Designed to
MIL-C-15305, Grade 1, Class B. Molded Enve-
lope: “S” Type — 0.188” diameter x 0.44”
length, “M" Type — 0.25” diameter x 0.60”
length, “L"” Type — 0.31” diameter x 0.90”
length.

VARIABLE INDUCTOR — Unshielded with ad-
justable range 0.1 to 4700uH. Designed to
meet MIL-C-15305, Grade 1, Class B. Encap-
sulated Envelope: 0.400” diameter x 0.500”
length. Vertical or Horizontal mounting.

WEE V-L — Magnetically shielded adjustable
range 0.1 to 100,000uH. Designed to MIL-C-
15305, Grade 1, Class B. Epoxy Molded 0.300”
diameter x 0.400” length.

ADJUSTOROID — Adjustable toroid available
in nominal values from 0.01Hy to 12Hy. This
unit provides stepless adjustment in a com-
pletely hermetically sealed package.

Nytronics off-the-shelf inventory also in-
cludes a wide range of capacitors, delay
lines, and resistors. Write today for com-
plete engineering data.

®

.. tor Precision Slectrone C/‘m?/“)()ﬂ()ﬂfﬁ

550 Springfield Ave., Berkeley Heights, N.J. 07922
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(201) 464-9300 TWX:710-984-7977

Meeting preview

Magnetic attraction

This year’s Intermag meeting, like
those in previous years, is no place
for the engineer seeking a broad
overview of magnetics technology.
By its very nature, the International
Conference on Magnetics, sched-
uled for April 3 to 5 in Washington,
caters to highly specialized engi-
neers. Separate sessions will cover
cryoelectronics, signal and power
control, magneto-optics, microwave
devices, memory technology, and
thin films.

Among the more exotic papers
will be one delivered by two Rus-
sian engineers, M.A. Boyarchenkov
and V.P. Zinkevich, from Moscow’s
Institute of Automation and Tele-
mechanics. They will describe the
use of toroidal cores in an analog
memory.

In another paper, C.W. Steele
and J.C. Mallinson, researchers at
the Ampex Corp., will describe
how a computer can determine the
limiting factors in magnetic tape-
bit density.

Compensate. In a related paper,
G. V. Jacoby, a design engineer at
RCA’s Camden, N.J., research facil-
ity, will describe how controlling
amplitude and phase characteristics
can compensate for signal distor-
tions caused by recording heads.

At the session on memory tech-
nology, Gordon E. Moore, director
of research and development at
Fairchild Semiconductor, will de-
liver a paper on semiconductor
read-write memories for computers,
In his paper, he will point up the
speed and bit-capacity capabilities
of this type of memory, which he
believes will be competitive on a
cost-per-bit basis with other types
by the early 1970’s.

Other papers in this session will
discuss ferrite core, planar film,
plated wire, and batch-fabricated
magnetic-film arrays. William M.
Overn, of the Sperry Rand Corp.’s
Univac division, will deliver a pa-
per on today’s planar-film technol-
ogy, which he will then compare
with ferrite core technology. The
paper’s aim will be to determine
the future of planar technology.

For more information contact A.D. Krall,
U.S. Naval Ordnance Laboratory, Silver
Spring, Md. 20910.
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Have you seen
4
the season’s
newest panel show?

You should. Because Data Technology’s new digital panel meter puts an end to the problems of meter movements. No
more parallax, needle hang-ups or needle width interpolations. [] The Data Technology model DT-340 panel meter
indicates either voltage or current with three digit readout, and 100 % overranging, and will indicate wrong polarity.
BCD outputs and external trigger provisions are standard features. To simplify calibration, both the zero and full-scale
adjustments are on the front panel. [] The DT-340 will read voltages from 100 microvolts to 1000
volts in any one of five decade ranges. [1 The DT-340 is small (2.4"” high x 5.2” wide x 7.5” deep) and
light (less than 20 0z.) and will replace practically every panel meter in existence. Its non-blinking, high
intensity display makes easy reading, even in the dark. [] Contact your local Data Technology repre-
sentative for a demonstration, or write for complete information.

Data Technology Corporation 2370 Charleston Road, Mountain View, California 94040. Phone (415) 321-0551, TWX (415) 969-9150.

“VISIT US AT THE IEEE SHOW, BOOTHS #3A51, 3A52.”
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Power semiconductors. gram from concept into production. Help
And that knowledge can you simplify circuits, lower costs or take
help you solve your most care of most anything that might be
intricate problems in short-circuiting your operation.
power. Prompt delivery’s no problem because
Our applications the Delco Radio organization is keyed
experience began the  100% to mass production: mass produc-
moment the power in-  tion of components to meet customer
dustry was born. Grew production schedules. And mass produc-
with it. And comes to you in Delco applications tion of our own end products—car radios
engineers stationed in nearby offices throughout and automatic temperature control sys-
the country. Engineers who’ve worked with people  tems. StereoTape systems. Portable mili-
in everything from TV to space technology. Engi-  tary communications equipment.
neers who'll work with you to help take your pro-  When a company is geared like this, you
know you'’ll get your parts on time.
You’ll find that Delco devices come with
conservative specs. Plus the uniform high
quality and reliability gained through our
precision high-volume production. So
you can design with confidence.

SEMICONDUCTOR DISTRIBUTORS: EAST—BALTIMORE, MD. 21201, Radio Electric Service Co., 5 North Howard Street, (301)-539-3835 BINGHAMTON, N.Y. 13902,
Federal Electronics, Inc., P. 0. Box 1208, (607)-748-8211 CLIFTON, N.J. 07015, Eastern Radio Corporation, 312 Clifton Avenue, (201)-471-6600 NEWTON, MASS. 02195, The
Greene Shaw Co., Inc., 341-347 Watertown St., (617)-969-8900 NEW YORK, NEW YORK 10036, Harvey Radio Co., Inc., 2 West 45th St., (212)-582-2590 PHILADELPHIA, PENN.
19123, Almo Industrial Electronics, Inc., 412 North 6th Street, (215)-922-5918 PITTSBURGH, PENN. 15206, Radio Parts Company, Inc., 6401 Penn Ave., (412)-361-4600
WOODBURY, L. I., N.Y. 11797, Harvey Radio Company, Inc., 60 Crossways Park West, (516)-921-8700 SOUTH—BIRMINGHAM, ALA. 35233, Forbes Distributing Company, Inc.,
1416 Fourth Ave., South, (205)-251-4104 MIAMI, FLORIDA 33142, Mountain Electronics, Division of Mountain National Co., 3730 Northwest 36th St., (305)-634-4556 RICH-
MOND, VA. 23220, Meridian Electronics, Inc., 1001 West Broad Street, (703)-353-6648 WEST PALM BEACH, FLA. 33402, Mountain Electronics, Division of Mountain National Co.,
1000 N. Dixie Highway, (305)-833-5701 MIDWEST—CINCINNATI, OHI0 45237, United Radio, Inc., 7713 Reinhold Drive, (513)-761-4030 CLEVELAND, OHI0 44125, The W. M.
Pattison Supply Co., Industrial Electronics Division, 4550 Willow Parkway, (216)-441-3000 INDIANAPOLIS, IND. 46225, Graham Electronics Supply, Inc., 122 South Senate
Avenue, (317)-634-8486 KALAMAZOO, MICH. 49005, Electronic Supply Corp., P. 0. Box 831, (616)-381-4626 KANSAS CITY, MO. 64111, Walters Radio Supply, Inc., 3635 Main
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knowledge Is power.

You'’ll find that detailed Delco data sheets FIELD SALES OFFICES

. . . Union, New Jersey* 07083 Syracuse, New York 13203 Detroit, Michigan 48202
and applications notes are written espe- Bo;()1018eChe§{nﬁ¥ Station 1054 James Street ?371:I3-{)aép7)aer6§g§nue
2 2 2 A (201) 687-3770 (315) 472-2668 -
Cla”y fOf englneers in a Standard’ easy Chicago, lllinois* 60656 Santa Mcnica, Calif.* 90401 Kokomo, Ind. 46901
to_ana|yze form. 5151 N. Harlem Avenue 726 Santa Monica Bivd. 700 E. Firmin

(312) 775-5411 (213) 870-8807 (317) 459-2175 Home Office

*Office includes field lab and resident engineer for application assistance.

And you’ll find that often we can recom-
mend suitable devices at a lower cost
than those originally applicable. Once
you get what you need, you get follow-up
service to make sure each device works
where it’s supposed to.

For more information on what’s in Delco
power semiconductors for you, contact
your local Delco distributor or Delco
sales office. See why the Kokomoans’
power is knowledge.

DIVISION OF GENERAL MOTORS

oMl | DELCO RADIO
— | KOKOMO, INDIANA

MARK OF EXCELLENCE

Street, (816)-531-7015 MINNEAPOLIS, MINNESOTA 55401, Stark Electronics Supply Co., 112 3rd Ave., North, (612)-332-1325 SKOKIE, ILL. 60076, Merquip Electronics, Inc

7701 N. Austin Ave., (312)-282-5400 ST. LOUIS, MO. 63144, Electronic Components for Industry Co., 2605 South Hanley Road, (314)-647-5505 WEST—ALBUQUERQUE
N. M. 87103, Sterling Electronics, Inc., 1712 Lomas Blvd., N. E., (505)-247-2486 DALLAS, TEXAS 75201, Adleta Electronics Company, 1907 McKinney Ave., (214)-742-8257
DENVER, COLO. 80219, L. B. Walker Radio Company, 300 Bryant Street, (303)-935-2406 HOUSTON, TEXAS 77001, Harrison Equipment Co., Inc., 1422 San Jacinto Street,
(713) 224-9131 LOS ANGELES, CAL. 90015, Radio Products Sales, Inc., 1501 South Hill Street, (213)-748-1271 LOS ANGELES, CAL. 90022, Kierulff Electronics, Inc., 2585
Commerce Way, (213)-685-5511 OKLAHOMA CITY, OKLAHOMA 73102, Radio, Inc., 903 North Hudson, (405)-235-1551 PALO ALTO, CAL. 94303, Kierulff Electronics, Inc.,
3969 East Bayshore Road, (415)-968-6292 PHOENIX, ARIZ. 85005, Sterling Electronics, Inc., 1930 North 22nd Ave., (602)-258-4531 SAN DIEGO, CAL. 92101, Milo of California,
Inc., 2060 India Street, Box 2710, (714)-232-8951 SEATTLE, WASH. 98108, Kierulff Electronics, Inc., 5940 6th Ave., South, (206)-763-1550 TACOMA, WASH. 98402, C & G
Electronics Company, 2502 Jefferson Ave., (206)-272-3181 TULSA, OKLAHOMA 74119, Radio, Inc., 1000 South Main Street, (918)-587-9124 CANADA—SCARBOROUGH,
ONTARIO, Lake Engineering Co., Ltd., 123 Manville Rd., (416)-751-5980

Electronics | March 4, 1968 Circle 19 on reader service card 19



[E3] compONeNT CAPSULE

General Electric VIM's
develop over 500 watts
to give you a better
ECM device

No other electronically
tuned device on the mar-
ket today can match GE
Voltage Tunable Mag-
netrons for power output
(over 500W) and conver-
sion efficiency (to over
70%).

Magnetic shielding vir-
tually ends degaussing
effects in GE VTM's.
Tube/equipment inter-

7i% EFFICIENCY =
POWER OUTPUT () -WATTS
500(— FOR A 6400 GAUSS MAGNET —fe000
" N
e e e
;m;,’— Ey (voLTS) —Ja000 8
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5 300/~ —{3000 o
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3
& 200} 20008
POWER- VTM OPERATION 5
e ECTROWACNET OPERATEON 2
100}~ REIY {1000
L 1 It !

2900 3000 300 3200 3300 3400
FREQUENCY- MEGACYCLES
face problems are mini-
mal—each VTM can have
an integral isolator de-
signed for your system.

Airborne  application
features are: linear elec-
tronictuning, rapid modu-
lation, minimal power
variation over the band,
temperature compensa-
tion, and light, compact
packaging.

GE VTM's are offered
in low-, intermediate-,
and high-power config-
urations for other micro-
wave applications. Circle
Number 198for more de-
tails.

* Recent developmental model

Highest volumetric
efficiency at half the
size—with GE

wet slug capacitors

GE 69F900 wet slugs meet
high-density application
needs with highest volu-
metric efficiency of any
capacitor. We halved the
military (CL64) wet slug
size, and essentially kept
its electrical and per-
formance traits.

The 69F900 hasexcellent
capacitarce retention at
low temps . . . can be

&
r

@ S

Actual
size

stored to —65C. Operat-
ing range is —55C to
+85C. It's tough too—
withstands vibration to
2000Hz; 15G acceleration!

GE's new capacitor is
fully insulated; has low,
stable leakage current.
Ratingsareavailable from
6 to 60 volts; capacitance
ranges from 0.5 to 450
uf.

CASE |VOL.
RATING SIZE |UME
50V, 30 uf
solid (CS12)  |:341X.750(100%|
wet slug (CL64).281X.681| 58%
69F900 1145X.600| 15%
15V, 80 uf
solid (CS12)  |:341X.750(100%|
wet slug (CL64)[281X.681 58%
69F900 1145X.600| 15%
6V, 180uf
solid (CS12)  |.279X.650(100%,
wet slug (CL64)[281X.641/100%
69F900 '145X.600 25%

Circle Number 232 for
more data.

Alnico 5-7 magnetic
material—a great
improvement over
Alnico 5

GE Alnico 5-7 improves
or equals performance
of conventional Alnico-5
—with reduced magnet
length, smaller cross-sec-
tion.

Alnico 5-7 has great
advantage where space
and weight must be
minimal, and high de-
magnetization resistance
is required.
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DEMAGNETIZING FORCE H(oersteds)

Demagnetization vs energy
output, Alnico 5-7

Typical applications for
Alnico 5-7 are high-den-
sity meter movements;
electron tube devices;
compact loud speakers;
motors and generators.

Let our engineers work
with you to design a
Cast Alnico 5-7 magnet
for your application. Cir-
cle Number 233 for tech-
nical and ordering in-
formation.

Specify Volt-Pac®
variable transformers
for maximum life,
minimum maintenance

Construction is the key
to Volt-Pac's optimum
performance. Here's why.

A spring-loaded, grain-
oriented carbon brush
means even contact, re-
duced wear. Self-lubri-
cating nylon bearing les-
sens voltage selector fric-
tion.

Here are more fea-
tures—Polyesterimide in-

Manual
uncased unit, exposed terminals

sulation of coil windings
gives extra reliability.
Aluminum radiator and
base evenly dissipate
heat, extend life. Gold-
plated track reduces pos-
sible heat build-up at
brush contact, minimizes
burn-out risks.

A-c voltage range of
these autotransformers
is zero to 100%, or 117%
of fixed-input voltage
without waveform distor-
tion.

Manual or motor-oper-
ated Volt-Pacs can be
ordered with or without
enclosures, and with ex-
posed or covered termi-
nals. For more Volt-Pac
facts, Circle Number 234.

Bonded heater
version of popular
7077/7486 tube
now available

The new GE16411 may
solve your most perplex-
ing oscillator problem.
This small planar triode
provides low levels of os-
cillator side-band noise.
A bonded heater addi-
tion makes the GE16411
useful under high shock,
vibration conditions.
GE16411 recently made
possible significant im-

~
R
- N
V-
Actual

size

provement in short-term,
long-term stability char-
acteristics in a spectrum-
analyzer design.

It alsc provides direct
retrofit fast warm-up ca
pability for the 7077/7468
family—about 3 seconds
to 90% of steady-state
plate current.

The new triode is an-
other example of how GE
product improvements
can aid you in designing
reliable, top performing
equipment. Circle Num-
ber 235 for more in-
formation.
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Parts illustrated approximately 34 size.

You can eliminate both the risk of ordering parts which
may not be useable, and the cost of writing your own
specs, by sending for your copy of American Lava’'s
AlSiBase Substrate specifications today.

American Lava has been the leading supplier of ceramic
substrates since pioneering them in the early 1950°s.
Certain standards have emerged from large volume
production over this span of years.

It is now apparent that the industry can benefit from
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the establishment of Class A, Class AA and Class AAA
AlSiBase Substrates and Snap-Strates. Specifications and
AQL's for the three grade levels are based on MIL
Standard 105, latest revision, Level Ii. Multiple normal
sampling will apply.

AlSiBase Substrate Specification Sheets give details of
quantity, delivery, size range, tolerances on dimensions,
holes, camber, visual defects, and other pertinent data.
These sheets can save you money by helping you specify
the lowest class level which can meet your specific needs.

66th
YEAR
OF

CERAMIC
LEADERSHIP
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Commentary

One-way street to a dead end

The electronics industry has always taken big risks to
move innovations out of r&p and into the payoff stage.
Eventual profit—in commercial or Government busi-
ness—is the spur. Traditionally, the Pentagon has not
objected to reasonable profit for its contractors, but the
Government—concerned about “war profiteering”— has
devised a one-sided policy of controls. Most irritating is
the firm, fixed-price contract in which the contractor and
the Government agree to a set price at the outset. The
businessman goes out on a limb by signing such a con-
tract. If his cost estimates are accurate he will make
money; if they aren’t, the Government will not guarantee
him a profit.

Most contractors are willing to take their chances
under this arrangement. What angers them are the post-
award audits calculated to protect the Government
against error in procurement. It’s a one-way street they
say. If an audit turns up a case of higher-than-normal
profit, new controls are added to stem the “leak.” The
result, contractors complain, is an unwieldly patchwork-
system of controls that encourages disputes and misin-
terpretations. The audit, they contend, could have been
been made before the contract was awarded.

Robert M. Ward, president of the Western Electronic
Manufacturers Association, said recently, “Whether the
Government needs a microwave radar tube for missile
detection or a laser for research in cancer treatment, it
should have the most reliable, effective product available.
Yet, quality producers are becoming so beleaguered by
the conditions imposed on selling to the Government
that their shareholders are questioning not only the
profitability of accepting Government contracts, but the
wisdom of even selling standard commercial items.”

Nonetheless, a number of firms, badly burned by Gov-
ernment defense contracts, are still obliged to enter into
them under the Defense Production Act.

At the same time that the Department of Defense has
held down profits, industry’s capital investment for de-
fense business has rocketed. Profits have dropped from
greater than 10% of total capital investment in 1958 to
less than 7% in 1966. Companies may be willing to sell
the Government products that they are making in the
normal course of commercial business, but are under-
standably reluctant to embark upon hazardous r&p proj-
ects. In particular, firm, fixed-price contracts aren’t
worth the high risks involved.

As profits on defense business decline, contractors not
involved with the Government enjoy profits well above
10% of total capital investment.

Those firms that have forsaken the defense market to
concentrate their sales to the Government’s civilian agen-
cies—for projects such as water and air pollution control,
transportation, and urban renewal—find that Pentagon-
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style procurement policies continue to plague them.

A study conducted by the Logistics Management In-
stitute for the Department of Defense pinpoints several
changes urged by defense contractors. Significantly, the
study suggests backing off on controls for high-risk
projects.

Many contractors have another complaint—they feel
that the Pentagon contract supervisors ignore the im-
portance of the profit motive. Their tendency, the con-
tractors note, is to make profit-cutting one of their
primary functions. Furthermore, contractors say that pop
negotiators are unduly influenced by recommendations
of the Defense Audit Agency.

Being accused of profiteering at the expense of the
public may wound a contractor, but being subjected to
straitjacket controls in a high-risk environment could be
fatal. Without the profit motive, the attitude toward
risk-taking could degenerate to that of many European
companies whose governments stifle competition and
innovation.

Show and tell

Shows like the IEEE provide an atmosphere in which
the attendee can relax and be more objective about his
job. Suddenly, problems that seemed unsurmountable
don’t seem so bad.

Today, few marketing executives consider the show
as a place to write orders. This is not to say that some
companies don’t do a land-office business; a few semi-
conductor makers have installed tie-lines from booth to
plant just to handle the load.

But more and more firms are considering the show as
an educational experience. Oddly enough, the Euro-
peans and Japanese have taken the lead [see story on
page 82]. In 1962, for example, Sony unveiled its first
video tape recorder at what was then the 1Re show. Using
comments gathered at the show, it developed the first
commercial model and began delivering units a year
later.

This year Sony hopes to do the same thing with a
new magnetic scale that may help it crack the numerical
control market in a wide variety of applications. Again,
Sony will use showgoers’ reactions to the prototypes as
a guide to the development of its entire product line—a
series of scales featuring linear and rotary models plus a
digital counter for readout.

One German marketing executive views the show as
a big gathering of specialists who come to discuss their
problems. “We are there to see how those problems can
best be solved and get a good feel of what’s required in
the future,” he says.

A British firm whose first crack at the 1EEE show was
last year, is back again to learn more about the U.S.
market. The firm says that inquiries from the show were
better than those at recent European shows.

All told, about 70 exhibitors from foreign countries
will participate. Japan leads with 21 exhibitors; Canada
will have 16; and West Germany and Denmark 11 each.
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Toroid selection for pulse transformers
used to be a nightmare.

But our ferrites have changed all
that.

They’re Pulse-Rated. A first for
the industry.

The only toroids with specified
characteristics for pulse
transformer applications. Not just
the usual irrelevant magnetic
properties. Each part is designated
as a pulse component, and listed
by its pulse inductance, pulse
magnetizing current and ET

product, according to ASTM
methods.

We also guarantee all parameters.
Every pulse transformer toroid we
make is 100% tested. Performance
reliability is assured from samples
to production quantities. We make
use of automatic high speed testers
to guarantee these param-
eters.

It marks the end of
trial and error spec’ing.

Especially for computer
applications. The 230 mil diameter
core is just the first in our

series of PR toroids.

For literature or samples of our
new PR toroids, write Indiana
General Corporation, Electronics
Division/Ferrites, Keasbey, N. J.
Pleasant dreams.

INDIANA GENERAL

Making Magnetics Work



TRW-RCA rivalry
boosts transistors’
power capabilities

Siliconix has MOS,
bipolar chipmates

Whiskers shave
memory cycle time

Navy calls Phoenix
antimissile missile

Electronics Newsletter

March 4, 1968

Power ratings and operating frequencies of radio-frequency transis-
tors are getting a lift from heightened competition between the backers
of interdigitated and overlay approaches. TRW Semiconductor is now
ahead in the combined ratings battle, with its interdigitated power
transistors, but the RCA Electronic Components division is about ready
to challenge that lead with an overlay design.

TRW aims to unveil a 5-watt, 2-gigahertz interdigitated transistor
at the IEEE Show, and hopes to have units handling 15 watts at 1 Ghz
and 1 watt at 3 Ghz available by late spring. RCA is shooting for the
introduction by midyear of devices handling 100 watts at 76 Mhz, 8
watts at 2 Ghz, and more than a watt at 3 Ghz.

In terms of power-frequency product, interdigitated transistors such
as a TRW device handling 50 watts at 500 Mhz lead the race, but state-
of-the-art overlays hold the separate records for highest power and
highest frequency [Electronics, Feb. 19, p. 98]. And a TRW spokesman
concedes that the firm had to derate the gain figure for its 50-watt
transistor by 20% when production runs showed the device to be “not
quite as hot” as originally thought.

What appears to be the industry’s first commercial monolithic inte-
grated circuits combining bipolar and metal oxide semiconductor transis-
tor elements have been developed by Siliconix. In producing these linear
chips, the company has gained the lead over a number of large IC makers
in the race to market the long-awaited field effect-bipolar combination
[Electronics, Nov. 13, 1967, p. 25, and Dec. 25, 1967, p. 25]. The mono-
lithics, a gating-type analog driver switch and an integrator, contain
npn and pnp bipolars, p-channel MOS FET’s, zener diodes, and resistor
elements. :

Siliconix plans to market the devices this spring, as direct plug-in
replacements for the hybrid IC versions it introduced last year. Aside
from the electrical advantages offered by the active-element combina-
tion, the prime benefit of the monolithic form will be lower cost.

A new family of computer systems that the National Cash Register Co.
will announce this week contains high-speed memories built around
metal “whiskers”—improved versions of the company’s thin-film rod
memories—and magnetic disk storage units that are part of the com-
puter. Logic in the new line, called the 615 series, is provided by mono-
lithic integrated circuits.

The Navy claims the Phoenix antiaircraft missile also has an antimissile
capability, If this capability can be proved, the Phoenix could be used
to counter the Soviet’s Styx missile, a medium-range weapon that may
be deployed worldwide, and a Soviet bomber-carried stand-off missile
that may be introduced.

Egypt used a Styx to sink an Israeli destroyer late last year, and U.S.
reports say North Vietnam has some of the missiles. If the stand-off
“missile works like the U.S. short-range attack missile (SRAM), a Soviet
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Airbus rivals split
on avionics buying

CATV firms riled
by microwave ban

It's still all relative,
even on fourth try

Dozen bids expected
on new postal order

Electronics Newsletter

bomber would be able to release a nuclear payload while out of range
of antiaircraft batteries.

Hughes Aircraft is building the Phoenix for the Navy’s controversial
F-111B. Now that it appears that the F-111B will be dropped, the
Phoenix is expected to go on a less costly fighter [Electronics, Feb. 5,
p. 60].

The two giant plane manufacturers flying the Great Airbus Race—McDon-
nell Douglas with its DC-10 and Lockheed with its L-1011—have taken
different routes to avionics procurement. Lockheed, apparently undis-
mayed by Douglas’ $400 million sale of 25 DC-10’s to American Air-
lines, is going ahead with plans to give one firm the job of integrating
and installing the L-1011 avionics gear. Requests for bids on this tall
order are now being prepared. Douglas is following conventional pro-
cedure and doing its own avionics buying,.

The FCC’s latest CATV ruling is heating up the long feud between
the agency and its critics in both the cable television industry and Con-
gress. The decision, which prohibits the industry from setting up any
new microwave relay facilities in the 4- and 6-gigahertz bands, is con-
sidered by many a further move to protect the broadcasters. The CATV
industry and the three FCC commissioners who dissented say the order
will restrain technological development and make the use of microwave
frequencies more expensive for cable tv firms.

Besides assigning new frequencies—10.7 to 11.7 Ghz—to the com-
munity antenna relay service, which transports cable-system tv signals,
the FCC has directed CATV firms to hold off on any new microwave
relays until the commission has ruled on the industry’s bid to establish
a network to relay original programs.

Scientists at the MIT’s Lincoln Laboratory have established a fourth
proof of Einstein’s general theory of relativity—the first proof that was
not suggested by Einstein himself. Using a 400-kilowatt, 7.84-gigahertz
radar installed at the Haystack astronomy facility near Tyngsboro,
Mass., a group of eight scientists carefully tracked the planet Mercury
as its orbit took it behind the sun. They were looking for an increase
of about % millisecond in the radar pulses’ round-trip time as the beam
brushed past the limb of the sun.

They found it. In experiments conducted in spring and late summer
of 1967, the sun’s gravitational field not only reduced the propagation
speed of the radar pulses, but bent the beam slightly, thus increasing
path length and travel time.

A dozen electronics companies are expected to bid on a new type of
the Post Office’s facer-canceler machine that automatically turns letters
to the address side and cancels the stamp. The cancelers would replace
Pitney-Bowes units that are partly hand-fed; Post Office officials are
understood to be unhappy with the $24,000 price tag on these machines.
They hope a new development effort will yield a lower-priced, fully
automatic machine suited to a postal “production line” that will include
optical Zip Code and address readers and sorters.
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THIS FREE NEW OPERATIONAL
AMPLIFIER HANDBOOK WILL
HELP YOU SOLVE APPLICATION
PROBLEMS THREE WAYS:

1 REFERENCE SECTION — Written by op-amp experts. In-
cludes up-to-date theoretical and practical data on the
proper selection and application of operational amplifiers.
Invaluable aid to the engineer designing with op-amps.

2 SELECTION GUIDELINES — Selection of the proper am-
plifier for every application is made easy. A new series
of handy graphs show at a glance the interactions of
various key parameters and how they affect circuit per-
formance.

3 PRODUCT CATALOG — Complete specifications (includ-
ing prices) on hundreds of operational amplifiers and
accessories. Many new products appear for the first time
in print. An op-amp for virtually every application can be
found here.

oW 7O UsE OFFSET DRIFT GRAFNS

AMONG THE NEW PRODUCTS IN THIS CATALOG

FAST CHOPPER STABILIZED AMPLIFIERS 0.2pV/°C and 0.5pA/°C, .01% settling in 1us, $165
LOW DRIFT CHOPPERLESS DIFFERENTIALS 1.5uV/°C, $65; 3uV/°C, $45; 1uV p-p noise
ECONOMY FOUR-QUADRANT MULTIPLIER 400 kHz, 0.25% linearity, $165
ACTIVE LOW-PASS FILTERS 1 to 1000 Hz, 80db/decade attenuation, 20uV/°C, $75
LOW COST OP-AMP POWER SUPPLIES miniature pc mounting, =15Vdc @ 40mA, $39 (10 lot)
AIR MAIL
Permit No. 39342
Cambridge, Mass.
INSTANT BUSINESS REPLY MAIL
No postage stamp necessary if mailed in the United States

MAIL THIS POSTAGE
PAID CARD DIRECTLY POSTAGE WILL BE PAID BY
TO ANALOG DEVICES
AND YOUR HAND-
BOOK WILL BE ON ITS
WAY TO YOU WITH-
IN 3 DAYS.

ANALOG DEVICES INC.
ACTION 221 FIFTH STREET,

CAMBRIDGE, MASS. 02142




Analog Devices now an-
nounces a complete new fam-
ily of FET operational ampli-
fiers.

These amplifiers are the result
of extensive research and the
application of today’s most
sophisticated components and
design techniques. They offer
by far the most performance
at the lowest cost of any FET
op-amps presently on the

DON’T BUY FET OP-AMPS
UNTIL YOU’VE SEEN THESE

Best performance per dollar you can buy!

LOWEST COST

$25 unit price

Low cost FET types from $25
are best values where CMRR,
voltage drift and speed are not
critical. Low price tag brings
good FET performance to
many new applications where
high cost of previously avail-
able FET op-amps has been
the major limitation.

market.
All models are in stock and
evaluation samples are avail-

BEST SPECS
2uV/°C, 3 x 105 CMRR

High gain, fast response, low-
est voltage drift and best
CMRR are outstanding features
of models 143 and 147. Chop-
per stabilized types can often
be replaced by these models
where low drift and differen-
tial inputs are required.

FAST SETTLING
0.019 accuracy <1pus

Fast settling time of models
148 and 149 make them ideal
op-amps for A/D and D/A
converters, sample-and-hold
circuits, and other applications
where speed is the most im-
portant parameter. 0.019%, set-

able. tling time of 1 ps is the fastest
available anywhere.

MODEL 141 142 143 147 148 149
OPEN LOOP GAIN 8 x 104 8 x 104 105 106 3 x 104 105
RATED OUTPUT (=+10V) 2mA 20mA 20mA 10mA 20mA 15mA
FREQUENCY RESPONSE

Unity gain, small signal 3MHz SMHz SMHz 10MHz 10MHz 15MHz

Full power response, min. S0kHz 150kHz 100kHz 150kHz 5S00kHz 1.5MHz

Slewing rate, min. 3V/us 10V/ps TV /us 10V /us 50V/us 100V/ us

Overload recovery 1.4ms 1.5ms 1.5ms 400us 15us 0.5us

Settling time to 0.01% — - — — 1us 1.5us
INPUT IMPEDANCE 1011Q 1011Q 1011Q 1012Q 10119 101192
CMRR 1000 2000 40,000 300,000 2000 15,000
TYPE AL PR AC A VB C A B C A_B. C A BRC A2 B €
VOLTAGE DRIFT (unV/°C max.) 754025 POLT 230 0T 15 5 2 5025 ' 13 30015 T
Iy, @25°C (pA max.) 50 30 30 50 30 30 30 25 K5 . 230 .15, 15 50 30 30 30 15 15
PRICE (1-9) $25 $30 $35 $30 $40 $55 $55 $65 $90  $95 $115 $135 $42 $47 $62  $75 $85 $105

INSTANT

ACTION REQUEST

Please send:

O 36 page operational amplifier catalog

DATA SHEET
EVALUATION SAMPLE

FET Model (s)

New Chopper Series

Low Drift Differentials

Four Quadrant Multiplier/Divider

Active Low Pass Filters

(0 {8 o 8 3 [ (S
8n.\m| 8.

[l Op Amp Power Supply

My interest is for:
O Immediate application
O Anticipated application
O Information only

O 1 am now using

O | expect to be using

Operational Amplifiers m}

Operational Amplifiers

My principal source of supply is

Quantity per year
1-50

0O 50-250

O Over 250

O Please add my name to AD mail list

Name Title
Company

Dept./Mail Station Phone
Address

City State Zip

)
FILL IN THIS AIR MAIL
POSTAGE PAID INSTANT
ACTION CARD FOR
YOUR FREE NEW HAND-
BOOK, ADDITIONAL
LITERATURE, OR EVALU-
ATION SAMPLES.

ANALOG

DEVICES

221 Fifth Street,
Cambridge, Mass. 02142

617,/492-6000
\ L
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Get fesh hinking

Try Augat Creative Ideas On Your IC Packaging Problem

Actually we're old timers when it comes to
handling IC's . . . been in the business since the
beginning . . . all of three years. We work closely
with the IC producers in developing our line.
That's why we have sockets tooled and available
when the producers announce new packages.
We keep our sockets and panels simple . . .
produce them efficiently. Maybe that's why our

-— Circle 28 on reader service card

prices are right. Augat has over 40 stocking
distributors backed by technical representatives
stragetically located throughout the country.
Why not find out which one is in your area. Our
experience can save you a few headaches and

a lot of money. Tel. 617 /222-2202 or write
for our complete IC folder. Augat Inc., AUGAT
30 Perry Ave., Attleboro, Mass. 02703. INC.

EEE Booth Nos. 4H12.4H14. Circle 29 on reader service card
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PATENT
ND. 2,840,635/




“Impossible!” people said. “Companies
that are bigger than Licon and older than
Licon can’t do it—why, it's just like trying
to put ten pounds of features in a five
pound container!”

K )
S

TYPE 18 (8 amp.)  TYPE 16

TYPE 26
E

|
- -
-

-E -

TYPE 36
TYPE 14 (20 amp.)

TYPE 22 TYPE 11

We took a lot of kidding. Then, after
a lot of hard work, we took our design to
the U.S. Patent Office. They don’t kid
around: If it's completely different,. totally
unique, you get what you came for. That’s
what happened: Patent No. 2,840,657.

We also took the photograph below
(TYPE 16 nearly 400 times actual size) to
show the impossible in action. Then we
started supplying just about every engi-
neer around with the switch that size-for-
size has twice the advantages of the
“standard” single break switches.

A Licon Butterfly® Double Break
Switch gives you twice as many contact
gaps, twice as many contact surfaces, two
transfer blades instead of one. Double ev-
erything (and, generally speaking, that in-
cludes double the electrical rating) in the
same size package. (If necessary, you can
even control two isolated electrical cir-

LIGON

cuits with a single switch.)

Even when subjected to extremes of
vibration and shock, this exclusive Licon
design gives substantially longer life:
twenty million mechanical cycles without
alteration of original switch characteristics!

The complete double break switch
story—and the wide range of sizes avail-
able—would fill a book. So we wrote one.
You can get a free copy by return mail just
by writing on your company letterhead to:
LICON, Division lllinois Tool ys
Works, Inc., 6615 West Irving |
Park Road, Chicago, lllinois
60634.
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Type 16

shown enlarged
400 times.
Actual size:
7/16 x 25/32.
Rated

10 amp.—28 Vdc
Meets




We figured that

it we couldnt change the
Universal Amplifier Concept
we would just go
fly a kite

In 1752 Ben Franklin slipped a key over a kite string and risked
electrocution to prove that lightning was in fact electricity. The science
of electricity has come a long way since then. Fingers and kite
strings are out. And even universal amplifiers are obsolete.
This is because Amelco has developed the world's largest family
of integrated circuit operational amplifiers. Now you can have
greater design flexibility with optimum performance in each application.
Our newest, the 809, is ideally suited for industrial applications. It is
the lowest cost, high performance Op Amp available with single
component compensation. And it's overvoltage and shortcircuit proof as well.
Others include the 808 ultra-low current drift and 2809 FET
front end. We've got a whole string of them.
The development of this family concept is another example of our
leadership and total capability in linear microcircuits. So when we
say we build more types of Op Amps than anybody,
you know we're not feeding you a line.

“n"
For quality in quantity

AMELCO SEMICONDUCTOR
ATELEDYNE COMPANY
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This painting by Kenneth Riley is one of the collection “Innovators and Leaders in the Science of Electricity,” commissioned by Amelco Semiconductor. The paintings

in this collection illustrate the dramatic achievements and discoveries of some of the forefathers of electronics ... Magnes, Volta, Franklin, Henry, Edison,

Shockley. limited reproductions of these handsome paintings will soon be made available at $25 apiece. They will serve as a reminder of the tradition handed

down by these famous men, and as a reminder that among the leaders and innovators in the world of electronics today one name is of particular current
significance. That name — Amelco.

Electronics | March 4, 1968 33
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FETS FOR
DIFF AMPS

A matched FET pair and
a constant current diode...

. . . combined with 2 resistors will produce
a high-performance differential amplifier.

The 2N5196 - 99 series of matched FETs
in one package offers tracking from
5pV/°C max . . . offset as low as 5mV . . .
input current below 15 pA. With four
tracking and drift specs, one should fit
your cost / performance goals.

Standard current-limiter diodes have
nominal operating currents between
220uA and 4.7 mA. There are many
other uses for CL diodes besides replacing
the load resistor in the diff amp circuit . . .
try one wherever you need a constant
current source.

Want data sheets and circuits?

Contact us.

[

2N5196

DESIGNER KITS

DK-5 Complete range of nine
CL diodes plus application data
S S [$29.95.]
DK-7 Four matched FETs —
one each of the 2N5196 - 99
series and two CL diodes at
............... [$84.50.]
Both in stock at any of our
franchised distributors.

NEW LOW COST FET TESTER

The S1200 Semiconductor Tester
features plug-ins for expandable
test capability, simplicity of op-
eration, and low cost.

Price: SI200 Tester . . . $960.

Price: 81201 (DC & g¢ ) Plug
in Module . . . $1335.

Siliconix incorporated

1140 W. Evelyn Ave. ® Sunnyvale, CA 94086
Phone (408) 245-1000 ® TWX:910-339-9216

i
§
i
i
1
ol
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OUTPUT VOLTAC

WHAT'S NEW FROM GR AT IEEE-68

Now make impedance-comparison measurements automatically

— The new 1681 impedance comparator system is direct-reading in
impedance magnitude and phase angle. Readout is digital in-line
with decimal point and measurement units indicated automatically.
Balancing time is )4 second. The 1681 is ideal for comparative-type
measurements such as component matching, balancing of trans-
former windings, cable testing, tracking measurements of adjustable
components, and reliability studies. The bridge can be easily used
by unskilled personnel or can be installed as the heart of a fully
automated impedance-measuring system, complete with scanners,
limit comparators, computer, or many other available accessories.
Magnitude differences as great as 100% and phase-angle differ-
ences up to 1 radian can be measured over a 2- to 20-megohm |Z|
range. Comparisons can be made to an accuracy of 0.005%.

HCAD GSCRIATOR WA N S CESIRAL WAGS

116072 SWEEP AND MARKER GENERATON » GTNIRAL RADH ( peCND MATS UBA

T4 A COMERINT DECADE FREQUENCY SYNTHESZER 0170 My

The "V" in this DVM stands for versatility — Two plug-ins and one
adaptor make the 1820 DVM one of the most versatile general-
purpose laboratory voltmeters available today. With the 1820 you can
measure ac volts from 10 uV to 200 V up to 1.5 GHz; dc volts from

5 uV to 1000 V; resistance up to 50 MQ; dc current with picoampere
resolution and ac current down into the nanoampere region. With
an adaptor the 1820 becomes a fully balanced differential voltmeter,
with better than 100-dB common-mode rejection. Proper polarity,
units, and decimal-point location are automatically indicated. Linear
or log readout can be selected. Input impedance of better than

10 M@ for dc measurements up to 220 volts virtually eliminates
errors due to loading. Basic dc accuracy is +0.1% of reading.

New Recipromatic counter throws away the range controls — Our
new 1159 Recipromatic counter combines the resolution and speed
of a period measurement with the convenience of a direct frequency
readout. All you need do is plug in the unknown signal. The 1159
measures the period and automatically computes the reciprocal
and displays the frequency. A full high-resolution six-digit reading
is always given, regardless of the frequency being measured, as
proper period multiples and clock frequency are also automatically
selected by the counter's built-in computer. Full programmability
rounds out the automatic virtues of the 1159. Measuring range is
from 0.6 Hz to 20 MHz directly, up to 500 MHz with accessory scaler
without loss in accuracy.

A digital divider for period and delay synthesis— The 1399 is a

new high-resolution programmable digital delay generator that is
also a frequency divider. With the unit's internal 10-MHz clock time
delays are available from 0.3 us to 10 s in increments of 0.1 us.

When the internal clock signal is replaced by an external signal
between 100 Hz and 12 MHz, the instrument behaves as a frequency
divider, providing frequency ratios of from 3:1 to 99,999,999:1. The
divider can be used to provide a normalizing frequency for fre-
quency-ratio counters to make them direct-reading in any desired
unit or parameter, as an event totalizer and gate to make a counter
read elapsed time, as a timing source for the generation of precision
pulses, and as a means of measuring time interval by substitution
techniques.

Two new aids for precision time comparisons — The 1124 Receiver
is a time-signal receiver for Loran-C, WWV, and CHU transmissions.
It consists of a storage oscilloscope with rf and time-base plug-ins
for quick, visual time comparisons between frequency standards
and transmitted time signals.

The 1125 Parallel-Storage Unit will accept on command up to 11
digits of time-of-day information in 2 microseconds, store and dis-
play the information, and transfer it to such slow-speed devices as
card and tape punches or printers.

' WHAT ELSE IS NEW?

a How about a totally new look in instrument design and function ?
What about a pair of random-noise generators that produce a true
symmetrical Gaussian amplitude distribution ? Would you like a new
precision uhf bridge that fills the gap between lumped-parameter
bridges and slotted lines ? How about a lazy man's SWR meter ? Or,
maybe you'd like to see a 4-Hz to 60-kHz tunable filter that will
perform as a low-pass, high-pass, or band-reject filter at the turn
of a switch?

These are just a portion of the 60 products to be shown by GR at the

Lo "o ¥ wax IEEE show. Of the 60, more than half of them are brand new.

— - W See them all at Booth 2E26-2E36.
- GENERAL RADIO
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EMI FILTER 20447 ii78

[ AR ' ' ACTUAL
SIZE

ERIE /D 10//’/7 LINE FILTERS

SMALLER and LIGHTER THAN ANY OTHER
LINE FILTER AVAILABLE /

DESIGNED FOR OPERATION IN . . .
400 Hz lines @ 85°C
60 Hz lines @ 125°C

INSERTION LOSS GUARANTEED FROM . . .
—55°C to 4+125°C @ rated current

TYPICAL INSERTION LOSS . ..

30 db @ 150 kHz TECHNOLOGICAL
80 db @ 1 MHz and up
These hermetically sealed ERIE EMI Power Line Filters represent PRODUCTS, Inc.

a substantial reduction in size and weight without sacrifice in
performance through the use of a sophisticated state of the art
dielectric. Most measure less than 1 inch long and weigh less than
S 10 grams, making these tiny Filters perfect for power supply

applications where reliability, size, and weight are design
considerations.

The broad line of ERIE EMI Filters economically provides optimum
performance for virtually any environment. For detailed specs see
your local ERIE applications engineer or write for Catalog 9000. Erie, Pennsylvania

o il
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The precision compounds deliver.

Durez® phenolic, diallyl phthalate, and alkyd molding compounds

Whether your specs call for moldabil-
ity that can give you walls as thin as .050
inch, or superior heat and chemical re-
sistance on the job, the precision molding
compounds from Durez deliver.

Durez’ broad line of phenolic, diallyl
phthalate, and alkyd molding compounds
offer the balance you want from among
these key design requirements: good
electrical and thermal properties, impact
strength, durability, relatively low cost;
heat, corrosion, and chemical resistance;
flame retardance, dimensional stability,
and retention of electrical properties after

Electronics | March 4, 1968

long periods at high humidity.

The precision compounds are now
playing a major role in electrical com-
ponent design. Ask.our sales engineers
and technical service men to check your
specific application or materials selection
problem.

Specify the precision compounds from
Durez.

For complete information on the com-
plete line of precision compounds write
Durez Division, Hooker Chemical Cor-
poration, 2003 Walck Road, North Tona-
wanda, New York 14120.

Circle 37 on reader service card
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Tuned
Amplifier/Oscillator
is Six Instruments
in One

LOW-NOISE AMPLIFIER
LOW-DISTORTION OSCILLATOR

WAVE ANALYZER

DISTORTION ANALYZER/NOTCH FILTER
SENSITIVE AC VOLTMETER

®
°
@
]
®
® ALLPASS DELAY PHASE SHIFTER

ourrut SR8

The PAR™ Model 110 Tuned Amplifier/Oscillator is a
frequency selective amplifier operating over the range
of 1 Hz to 110 KHz with Q variable from 1 to 100 (with
no gain change). This versatile unit can function as
several general-purpose instruments including:

Wave analyzer with bandwidth adjustable from 1%
to 100%.

Flat or selective AC voltmeter with sensitivity ranging
from 10 microvolts to 5 volts rms full scale.

Distortion analyzer to measure distortion levels as low
as 0.1% (as low as 0.001% when used with a second
Model 110).

Low-noise amplifier (typical noise figure of 1 dB) with
voltage gain ranging from 1 to 10%

Stable general-purpose low-distortion oscillator provid-
ing up to 5 volts rms into 600 ohms, capable of being
synchronized by an external signal.

AC-DC converter with ground-based output.

Four 600 ohm outputs, each capable of delivering 5 volts
rms into a 5K ohm load, are provided simultaneously:
a second order (resonance) bandpass; a second order
band-reject (notch) with set frequency rejection in ex-
cess of 100 dB: a second order allpass characterized
by an amplitude response which is flat with frequency
and a phase lag which increases monotonically with
frequency; and a flat output. A front panel AC volt-
meter permits measurement of any of the four outputs.

Price of the Model 110 is $1195. Export price is approxi-
mately 5% higher, except Canada. For more information,
write for PAR Bulletin T-140 to Princeton Applied
Research Corporation, Box 565, Princeton, New Jersey
08540 or call (609) 924-6835.

;PAE PRINCETON APPLIED RESEARCH CORPORATION
R
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Integrated electronics

Uncoiling r-f amplifiers

As much as radio and television
designers would like to apply inte-
grated circuits for tuned r-f am-
plification, two factors, other than
costs, have barred their use:

= The 1¢’s exhibit only modest
selectivity because stable high Q-
factors are tough to obtain with the
RC active filter elements on the 1C’s,
which lack inductors.

= And the use of external coils
to sharpen selectivity is disliked by
most monolithic linear 1c makers,
who prefer to use resistors and ca-
pacitors when possible.

Researchers at the microelectron-
ics laboratories of the University
of California at Berkeley, however,
have come upon a way to provide
highly selective circuits without
using the outside coils. Their de-
velopmental r-f amplifiers have Q’s
of 50 to 150, center frequencies in

the 10-megahertz range, and tem-
perature stabilities of about 5%
between —10° and 4-110°C.

Instead of requiring external in-
ductors, the 1c’s are shaped with
both positive and negative feed-
back loops and high-quality resis-
tor-capacitor networks. The com-
bination provides tight stability,
requires fewer active devices than
conventional means, and minimizes
the external component count,

Film finesse. The selective am-
plifier, developed by a team headed
by Graham A. Rigby, contains both
monolithic and thin-film 1c parts.
The compatible portion on which
the precision, high-value, nichrome
resistor elements are situated,
frees the monolithic from having
to provide bulky resistors and ca-
pacitors. Three external capacitors
complete the entire circuit.

Rigby expects the new 1c to form
the basic building block for pre-
mium-performance selective cir-
cuits in radio and television sys-
tems, particularly the f-m portions

+12v

\

and voltage-tunable front-ends.

He disclosed that a number of
major 1c makers, including Motor-
ola Inc., the Sprague Electric Co.,
and Rrca, have shown interest in the
circuit technique.

Although satisfied with the 1c
as a space-saving way of obtaining
high variable Q’s that are tempera-
ture stable, Rigby explains that fur-
ther changes are needed before the
chip is ready for volume produc-
tion, Foremost of these is reducing
costs so that the 1c can compete
with discrete selective amplifiers.

Other requirements include a
more thorough investigation of the
noise behavior of the circuit, and
optimizing its voltage-control fea-
ture.

Drawing on computers

Texas Instruments, a Johnny-come-
lately when it comes to Mos 1C’s,
is using computers to catch up with
the field. At the EEE show in New

10pf

4.5k § +
: 330 pf +
i Vour
4.5k 4.5k
4T—6v & i 3

On the chip. R-f selective amplifier without an inductor is formed by compatible IC’s and three external capacitors
(shown in gray). All transistors, small resistors, and 10 pf capacitors are on a monolithic chip.
Large resistors in differential stage and bridged-tee network and the 12 K coupling resistor are
on thin-film nichrome IC portion (shown in color).

~<—Circle 38 on reader service card
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York later this month, the company
will introduce the first off-the-shelf
metal oxide semiconductor inte-
grated circuits for which computers
were used to crank out the artwork
for the masks.

The new TI circuits, numbering
between six and 10, duplicate
others already on the market or are
similar,

When the company decided to
make its bid for the high-volume
Mos 1c market, it followed the pack
by generating the masks with con-
ventional manual techniques. But
TI quickly ran into trouble.

Error prone. Because of the com-
plexity of generating an Mos mask
—sometimes as many as 10,000
cuts may be necessary and as many
as 600 individual elements may
have to be defined—errors can
easily crop up with manual meth-

Electronics Index of Activity
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ods. The company found the error
rate was running as high as 30%.
And some of these errors weren’t
determined until the devices had
been made and diagnostic tests run
at final inspection.

Since turning to computer-aided
design, 11 has sharply reduced the
error rate. In fact there were no
errors in 10 sets of recent artwork,
says Charles Phipps, mos product
line manager at 11 and a key figure
behind the company’s earlier suc-
cess in bipolar 1C’s.

In Mmos 1c development, the Mos
cell is used for both active and
passive circuit elements. This,
along with its symmetry and sim-
plicity of structure (one diffusion),
makes the Mos 1c a good choice for
cap, says Phipps.

The company is now developing
computer programs for Mos 1C tests

March 4, 1968
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1966 1967 1968
Segment Jan. Dec. Jan.
of Industry 1968 1967*% 1967
Consumer electronics . ....... 957  102.9 111.1
Defense electronics . ......... 155.2 152.9 134.0
Industrial-commercial :

electronics. . ... Vi s 121.2 121.2 122.0
Tortal Industey . 135.2 135.1 126.3

Electronics production chugged along in January at about the Decem-
ber pace, inching up but 0.1 index point to a level 8.9 points above
the year-earlier figure. A 2.3-point rise in defense production offset
a 7.2-point drop in the consumer electronics segment. This decline
follows a 10-point drop in December and reflects consumer worries
about inflation, taxes, and the Vietnam war. Industrial-commercial out-
put held steady in January, down 0.8 point from a year ago.
Indexes chart pace of production for total industry and each segment.
The base period, equal to 100, is the average of 1965 monthly output for each
- of the three parts of the industry. Index numbers are expressed as a percentage

of the base period. Data is seasonally adjusted.
* Revised. e

and analysis, which should be
ready by the end of 1969. With the
over-all computer program, says
Phipps, 11 will be able to produce
complex Mos designs within six
weeks after the logic function has
been defined. This would be a far
cry from the lead time of three to
four months which were required
when manual methods were used,
Phipps points out.

Advanced technology

A little millimeter radar

What started out in Bell Telephone
Labs as a project to demonstrate
that a limited space charge accumu-
lation (rsa) diode [Electronics,
Nov. 13, 1967, p. 131] can oscillate,
mix, and amplify signals simulta-
neously has resulted in a portable,
simple, and relatively inexpensive
radar that may prove of interest to
both the military and the blind.

The developers, John Copeland,
who was first to predict the rsa
mode in 1966, and Robert Spiwak,
have built a five-pound, battery-
operated radar no bigger than a
shoe box. With the application of
microelectronics and more attention
to design, Copeland says, the size
can be shrunk fivefold. But Bell
Labs made no effort to design a
product and doesn’t intend to con-
tinue work on the radar.

Power source. The Bell Labs’ de-
sign compares with a matchbox-size
microwave radar designed by a
British firm, Telta Ltd., which sells
for $250 [Electronics, Feb. 20, 1967,
p- 296]. That unit uses a Gunn-effect
diode oscillator as its signal gen-
erator.

Telta’s design, however, isn’t
geared for use by the blind since
its return signal is measured by a
meter; Bell Labs’ unit, on the other
hand, produces a sound of varying
pitch to indicate the speed of a
moving target.

The U.S. radar consists of a horn
antenna, transistor amplifier, power
supply, speaker, the diode, and its
circuitry. It beams a 4-milliwatt, 70-
gigahertz (4 millimeter) signal at
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Electronic eyes. Doppler radar designed at Bell Labs demonstrates the use of a limited space charge
accumulation diode to simultaneously oscillate, mix, and amplify a signal. The developers say the portable unit
could be used by the military and as an aid to the blind.

objects up to about 300 feet away
and detects movement at velocities
ranging from about half a foot a
second to 40 miles an hour.

As the transmitted signal reflects
off the moving target, it shifts fre-
quency because of the doppler ef-
fect, then mixes with the original
signal in the rsa diode. For every
half wavelength of distance moved,
the reflected signal shifts 1 hertz in
frequency. At the millimeter wave-
lengths that are transmitted, the
difference frequency is therefore in
the audible range, heard through
the loudspeaker. At X band (5,000
to 10,900 megahertz), the frequency
shift would be much smaller than
at 70 Ghz for an object traveling
at the same velocity and could be
below the range of hearing.

Requiring only 4 volts power and
operating on a few hundred milli-
amperes current, the radar uses a
25 decibel-gain horn antenna to
transmit a beam with a width of
about 8 degrees. Because the rsa
diode acts both as detector and os-
cillator, there’s no need for such
components as circulators and iso-
lators, which complicate circuitry
and, especially at millimeter fre-
quencies, increase costs.

Except for the millimeter cir-
cuitry, all parts are relatively inex-
pensive, off-the-shelf items.

Simple circuits. Bell is interested
in exploring the rsa diode’s poten-
tial in millimeter superhetrodyne
detectors. Up to now millimeter
superhetrodyne receivers have re-
quired separate local oscillators and
mixers. Because the rsa diode per-
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forms both functions, it promises
simpler circuits and thus potentially
higher reliability.

Copeland predicts that rsA trans-
mitter and receiver performance
should improve in the near future
to the point where continuous out-
puts will reach one watt up to 200
Ghz.

Consumer electronics

Moog music

It’'s doubtful whether the Beatles
will be replaced by the Moog, an
electronic music synthesizer, but
before long they may be using one.
In fact, such pop music groups as
the Monkees and the Supremes are
joining several university music lab-
oratories and some composers of
electronic music in jumping on the
Moog bandwagon.

The synthesizer can be used by
performers and composers alike to
produce almost any sound or com-
bination of sounds, from a cello’s E
flat to that of a sick cat.

Music synthesizers aren’t new,
but older systems have to be pre-
programed and rely heavily on tape
editing and splicing. The Moog,
ranging in price from about $2,800
to $6,200 can either be programed
by punched paper tape or manually
controlled through a keyboard or
linear controller to produce voltage
changes.

Do-re-mi. As its inventor, Robert

A. Moog, explains it: “You start
with modules that produce raw
noise, such as oscillators and noise
generators, and connect them to
produce raw sound material. Gen-
erators turn out sine, triangular,
sawtooth, and square waveforms,
and the voltage-controlled oscilla-
tors are driven by these waves.

“The relationship between the
control voltage and the frequency
is exponential,” he goes on. “A 1-
volt increase raises the pitch one
octave. The raw sound material is
then put through the modifiers and
fed to a tape recorder. The tape
can then be edited or spliced to
produce the final composition.”

Last laugh. The 33-year-old in-
ventor developed his first synthe-
sizer in 1964. “Everyone thought
there was no market for this sort
of thing, that it was ridiculous,”
says Moog. “But last year our sales
soared to $150,000.”

The synthesizer is available in
three models. The smallest and
least complex consists of two volt-
age-controlled oscillators, two volt-
age-controlled amplifiers, a white-
noise source, a voltage-controlled
filter, a reverberation unit, a fixed
filter bank, a power supply, an en-
velope generator, and a keyboard
and linear controller. Other mod-
ules, such as envelope followers,
multichannel mixers, and filters, can
be added to form more advanced
instruments; specially designed sys-
tems are also available.

Seventy-six trombones? To use
the synthesizer as a concert instru-
ment, the keyboard can be preset
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Music man. Inventor Robert Moog is setting the tone for a
new kind of music with his sound synthesizer.

to vary the voltage difference be-
tween the keys, thus varying the
scale. In performance, as in com-
position, the synthesizer will pro-
duce sounds varying from those of
a single instrument to the sounds
of an entire ensemble,

Moog, who became interested in
electronic instruments in high
school, put himself through grad-
uate school by manufacturing and
selling Theremins, one of the first
electronic music-makers. His meet-
ing in 1964 with Herbert Deutsch,
a composer at Hofstra University,
Long Island, N.Y., gave Moog the
composers’ point of view, which he
translated into electronic equip-
ment. “The idea of voltage-con-
trolled instruments came out of the
blue,” Moog says. “Herb told me
what he wanted, and voltage con-
trol seemed to be the answer.”

The R.A. Moog Co., Trumans-
burg, N.Y., is currently working on
a small-performance synthesizer
that can be used by both instru-
mental and vocal groups, or even
by a musician-composer at home,
and will be priced at around $1,500.

Toward tubeless tv

Television companies around the
country are experimenting with a
high-voltage rectifier that may
eliminate the problem of X radia-
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tion in color receivers. The new
component may also cause some
set makers to go completely solid
state in large-screen black-and-
white and color models for 1970.

The rectifiers are designed into
voltage-multiplier circuits devel-
oped by Varo Inc. of Garland,
Texas. The firm has been sending
sample devices to tv manufactur-
ers, At least three producers are
understood to be planning to use
Varo’s device and make all solid
state color sets in 1970.

Shunt. The rectifier tube is the
only one—other than the picture
tube—remaining in some black-and-
white sets. The new device is de-
signed to replace this tube and also
the shunt regulator tube, which has

been identified as the major source
of X-ray emissions from color re-
ceivers.

Varo plans to market a straight
solid state high-voltage rectifier for
about $1.50, and the over-all volt-
age-multiplier circuit for $5.

The fast-recovery diffused silicon
rectifiers will have peak reverse
voltage ratings from 5,000 to 40,000
volts. Rated output currents range
from one to 10 milliamps in ambi-
ent temperatures to 65°C. Each
assembly includes capacitors and is
used as pulse voltage doublers and
voltage triplers.

Varo’s multiplier device will en-
able set makers to replace not only
the high-voltage rectifier tube but
also the focus diode and high-volt-
age shunt regulator tube in color
receivers, according to Jan Collmer,
product inanager for the firm’s Spe-
cial Products division.

Collmer says set makers may
save between $4 and $7 per color
set with Varo’s voltage multiplier,
because two tubes plus the focus
diode can be eliminated; and a
high-voltage cage can be shrunk.
Also, he says, various processing
steps, such as filament winding and
making sockets for tubes can be
reduced.

Last year Philips’ Gloeilampen-
fabrieken of the Netherlands intro-
duced a solid state high-voltage
rectifier in the United States; but
because of high price and other
problems the product was aban-
doned.

The potential market in the U.S.
for these assemblies is estimated at

Replacing tubes. Varo’s new solid state high-voltage rectifier (on the left) and
voltage multiplier (right) may be designed into many 1970 model tv sets.
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For your next design where there's
too little room for components and
no room for compromise...turn to
“tiny but tough"” TRW Type 608
Mylar* capacitors.

Excellent electrical characteristics
and exceptionally small size make
the Type 608 ultra-miniature a good
capacitor for exacting military and
instrument applications. Add the
remarkable record of space-proven
reliability and TRW Type 608 be-
comes a great capacitor!
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...nearly everybody!

Look at these outstanding features!
= 50% smaller than MIL-C-27287
= 414 b lead pull capability
= Mylar-foil, tape-wrapped
construction
Exceeds characteristics of many
larger units
MIL-C-27287 performance
50V and. 100V, .001 to 2.0 mfd
Temp. range —55 to +85°C; to
125°C with derating
Tolerance to £1% available

Product information is available
from TRW Capacitor Division, TRW
INC., Box 1000, Ogallala, Nebraska.
Phone (308) 284-3611. TWX: 910-
620-0321.

*DuPont's trademark for polyester film.

TRW
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Why companies
standardize on
WANG
electronic
calculators

VERSATILITY Just one basic calculator
design, the WANG 300 Series, can solve
the needs of many company operations.
On compact keyboard displays, all basic
arithmetic functions (4, —, X, +) can
be performed instantly, silently, accu-
rately by simply touching a key. Op-
tional keys produce x2,Vx, Log.x, e¥. 80
Step tab cards and plug-in card readers
can make any model fully program-
mable.

EXPANDABILITY As needs increase,
add-on compatibility makes it possible
to expand into a powerful computing
system that will branch, loop, do sub-
routines, make decisions and manipu-
late arrays.

CONVENIENCE Wang calculators are
as simple to learn and operate as a ten-
key adding machine but infinitely faster
and more powerful.

ECONOMY Wang multiple keyboard
systems cost far less per station than
any comparable electronic calculators.
In use, they can eliminate 67 to 93 per
cent of calculation time. (One leading
company reports a saving of $73,000
four months after installing Wang Elec-
tronic Calculators.)

Why not investigate? Write or call:

‘= WANG

LABORATORIES,INC,
Dept.3-H, 836 North St., Tewksbury, Mass. 01876
Tel.: (617) 851-7311

In Major Cities, Tel.: (514) 482-0737
(201) 241-0250 (313) 278-4744 (518) 463-8877
(203) 666-9433 (314) 727-0256 (601) 234-7631
(205) 245-6057 (317) 631-0909 (612) 881-5324
(206) 622-2466 (319) 365-2966 (614) 488-9753
(212) 682-5921 (402) 341-6463 (617) 851-7311
(213) 278-3232 (404) 457-6441 (702) 322-4692
(214) 361-4351 (405) 842-7882 (702) 735-5802
(215) 642-4321 (412) 366-1906 (713) 668-0275
(216) 333-6611 (415) 454-4140 (714) 234-5651
(301) 588-3711 (416) 364-0327 (716) 381-5440
(301) 821-8212 (504) 729-6858 (717) 397-3212
(303) 364-7361 (505) 255-9042 (816) 421-0890
(305) 841-3691 (512) 454-4324 (817) 834-1433
(312) 456-1542 (513) 531-2729 (919) 288-1695
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about $35 million a year.

Varo’s tv devices have grown
out of similar units made for man-
ufacturers of oscilloscopes and al-
lied equipment. These have been
running $15 to $20 each, however,
far too high for producers of tele-
vision receivers.

Collmer won’t say exactly how
his firm has lowered the costs. “We
believe we have considerable lead
time and we want to hold it,” he
points out.

Basically, Varo’s method in-
volves stacking high-voltage gold
diffused silicon junctions. Cur-
rently, solid state high-voltage rec-
tifiers are made of selenium stacks.

Military electronics

Drafting computers

The Army is dressing some com-
mercial computers in military khaki
in a program to evaluate their per-
formance on the battlefield. But
because defense dollars are being
diverted to the Vietnam war, the
Army may not get enough comput-
ers to make a complete evaluation
of the equipment.

The program, called tactical op-
erations systems (Tos), began in
1965 when the Army overhauled
its command control information
systems—1970 concept. The master
plan for introducing data process-
ing systems was then renamed
ADSAF, for automatic data systems.

To the field. Tos will bring data
processing to commanders of field
armies, corps, and divisions. It will
give them information on friendly
forces, enemy units, and fire sup-
port at their disposal—cannon and
missile artillery, tactical air forces
and naval gunfire. The other parts
of ApsaF are the tactical fire direc-
tion system (Tacfire) and the com-
bat service support system, which
will computerize logistics, person-
nel, and administrative functions
[See related story on page 171].
ApsarF is administered by the Auto-
matic Data Field Systems Com-
mand, Fort Belvoir, Va.

The Seventh Army in Europe ac-

cepted the first commercial com-
puter in January. It will be used
to work out detailed requirements
for the militarized computers and
related software. The Seventh
Army effort is limited to outlining
T0s needs for that command. The
Combat Developments Command,
also headquartered at Fort Belvoir,
is defining an Army-wide system
so that bids can be requested in
1970.

“The Army has had trouble de-
fining what it wants in Tos,” says
Lt. Col. Albert Crawford, former
chief of Tacfire engineering and
management. A fund stretchout
now would give the Army a “less
valid definition of the require-
ments” than it would like to have,
adds Col. John Ely, head of the Tos
directorate at the command post.
But he adds quickly that he doesn’t
believe a stretchout would delay
the system’s planned introduction
in 1974,

Nuts and bolts. About $20 mil-
lion was earmarked for Tos in 1965,
but that figure “has ceased to have
any significance,” Ely says. The
first increment—$4 million—pro-
vided the system that went to Eu-
rope in January. It consists of one
3300 central processor, four remote
data stations, each served by a
1700 computer, plus 18 input-out-
put devices made up of a cathode-
ray tube display and electric type-
writer,

The Control Data contract
contains two options to purchase
two more 3300 central processors,
plus additional remote data sta-
tions and input/output devices for
Seventh Army evaluation. One of
the option periods begins this
month, Ely explains, and the sec-
ond option period will begin in
about November. He doubts, how-
ever, that either option will be exer-
cised anytime soon, but points out
that the option periods are some-
what open-ended so the delay
should not affect the project.

Ely adds, however, that multiple
central processors are envisioned
“and if we don’t get more than
one, the results of the evaluation
will be degraded by that defi-
ciency.” The commercial comput-
ers being used in the Seventh Army
effort are strictly to give field com-
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4 ways to view displays
with the Tektronix Type 564

- SPiit-
screen storage
oscilloscope

The Tektronix Type 564 is virtually two instruments in one. It
offers all the advantages of a storage oscilloscope plus those
of a conventional oscilloscope.

Split-Screen Displays
An unique split-screen display area enables you to simultane-
ously use either half of the screen for storage and the other
half for conventional displays, or use the entire area for stored
or conventional displays.

Independent control of both halves of the screen permits you
to take full advantage of the storage facilities. For example, you
can use half the screen to store a reference waveform, the other
half to display waveforms for comparison. You can erase or
retain either half of the display area as you choose.

Bistable Storage Advantages

With bistable storage oscilloscopes, such as the Type 564 and
Type 549, the contrast ratio and brightness of stored displays
are constant and independent of the viewing time, writing and
sweep speeds, or signal repetition rates. This also simplifies
waveform photography. Once initial camera settings are made
for photographs of one stored display, no further adjustments
are needed for photographs of subsequent stored displays.

Storage time is up to one hour, and erase time is less than 250
milliseconds. An illuminated 8 cm by 10 cm graticule facilitates
measurements and aids in taking photographs with well-de-
fined graticule lines. Adding to the operating ease is a trace
position locater that indicates, in a nonstore area, the vertical
position of the next trace or traces.

Tektronix bistable storage cathode ray tubes are not inherently
susceptible to burn-damage and require only the ordinary pre-
cautions taken in operating conventional oscilloscopes.

Plug-In Unit Adaptability

The Type 564 accepts Tektronix 2 and 3-series plug-in units for
both vertical and horizontal deflection. Display capabilities of
these units include single and multi-trace with normal and
delayed sweep; single and multiple X-Y; low-level differential;
dual-trace sampling; spectrum analysis, and many other gen-
eral and special purpose measurements.

Type 564, without plug-in units
Rack-Mount RM564 . .
Similar electrical charactenstncs to Type 564. 7" high.

Type 3A6 Dual-Trace Amplifier Unit . . . . . .. . .$525
DC to 10 MHz from 10 mV/div to 10 V/div. 5 dlsplay modes
Internal signal delay line.

Type 3B4 Time'Base UmE . "o o o olte i i o lodis . . $ 425
Sweep speeds from 0.2 us/div to 5 s/d|v Smgle sweep. Up
to X50 direct-reading magnifier extends fastest sweep to

50 ns/div. U.S. Sales Prices FOB Beaverton, Oregon

Tektronix, Inc.
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Entire screen can be used
for a stored display.

Entire screen can be used
for a nonstored display.

Each half of split-screen
can be used independently
for stored displays.

Either half of the split-screen can be used for a stored dis-
play, the other half for a nonstored display. (Shown below).
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For a demonstration, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P. O. Box 500, Beaverton, Oregon 97005.
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now there are 3
time & tool-saving
touble duty sets

New PS88 all-screwdriver set rounds out
Xcelite's popular, compact convertible tool set
line. Handy midgets do double duty when slipped
into remarkable hollow “piggyback” torque am-
plifier handle which provides the grip, reach and
power of standard drivers. Each set in a slim,
trim, see-thru plastic pocket case, also usable
as bench stand.

5 slot tip,
3 Phillips screwdrivers

PS120

10 color
coded nutdrivers

PS7

2 slot tip,
2 Phillips screwdrivers,
2 nutdrivers

WRITE FOR CATALOG SHEET N563

®

XCELITE, INC., 130 Bank St., Orchard Park, N.Y. 14127
In Canada contact Charles W. Pointon, Ltd.
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manders experience with tactical
data processing, he says. When the
TOS requirements are finally worked
out, a new procurement will be
drafted to obtain completely mili-
tarized computers.

One thing seems certain in the
clouded Tos picture. The Penta-
gon’s demand for commonality will
play a large part in determining its
hardware. And that means the Data
Systems division of Litton Indus-
tries Inc. will have the post position
for a production contract. The divi-
sion is prime contractor for Tacfire,
and a secondary objective of that
procurement was to provide “a
family of fully militarized, general-
purpose digital equipment, plus
general-purpose software, which
can be made to satisfy other tac-
tical army requirements for App
support.” This is what Crawford
told an audience at last month’s
Winter Convention on Aerospace
and Electronic systems in Los An-
geles.

Khaki kitchen

The Army’s “chow call” now ap-
peals to a soldier’s ear, but the call
to breakfast of tomorrow could
tickle his nose. Soon, a frontline cr
may awaken in his foxhole to the
aroma of bread being baked in a
nearby field kitchen.

Hardly a secret weapon, the field
kitchen, in a program called Speed
(for subsistence preparation by
electronic energy diffusion) will use
microwaves for both cooking and
baking,

Fast food. The Army is testing
two models of Speed: a microwave
bakery that’s capable of serving a
brigade of 5,000 men with fresh
bread daily and a kitchen that can
spew out approximately 200 meals
an hour,

The Atherton division of Litton
Industries, Minneapolis, built the
ovens for Speed’s prime contractor,
the AiResearch Manufacturing di-
vision of the Garrett Corp., Phoe-
nix, Ariz. Each oven uses four 1.5
kilowatt magnetrons operating at
2,450 megahertz.

Why microwaves?

“First, it’s up to six or seven

times faster than thermal cooking,”
says Richard J. Campbell, chief of
the Army’s Natick, Mass., labora-
tories’” food service equipment divi-
sion. Microwave cooking is also
cool-no thermal insulation is
needed, making for a smaller,
lighter oven; electronic cooking is
clean and there is far less danger
of fire than with gas or gasoline-
fired equipment. Microwave cook-
ing also allows dishes to be pre-
pared in throw-away paper or
plastic trays or dishes.

Too many cooks. Speed will re-
quire half as many cooks as current
methods. It will get fresher meals
to the front lines—a big morale fac-
tor. And it will probably cost less
to run than conventional field
kitchens—it’s all electric, and pow-
ered by a turbine generator that
operates on relatively cheap jet
fuel.

Speed kitchens and bakeries can
also move with the troops—the first
company kitchens to do so since the
Civil War, according to Campbell.
They are built in pod form and can
be carried on trucks, towed on their
own wheels, or flown by helicopter.
The whole Speed system weighs
about 2.5 tons.

Like a modern fighter plane, a
speed pod is modular for quick re-
pair. It takes only three to five min-
utes to replace a magnetron and
power supply module; only 10 to 15
minutes to pull out a whole oven;
and only 15 to 20 minutes to re-
move and replace the turbine gen-
crator.

What about KP? Speed would
use prepackaged foods, have dis-
posable eating utensils, and inciner-
ate its garbage. As a further blow
to xp duty, any remaining dish-
washing might eventually be done
in an ultrasonic sink—using the
same technique now used to clean
delicate electronic gear.

When tests are complete, the
Speed field kitchen will begin a
tour of Army posts, but “it’s al-
ready been seen by more brass than
anything we've ever built,” says
Campbell. “And now the Navy and
Marine Corps are interested.
Atomic subs with nuclear power
supplies are naturals for microwave
cooking.”

A Speed kitchen is now feeding
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Power that’s simply super

Useful outputs up to 500 kW, at fre-
quencies up to 50 MHz...that’s the
story of RCA’s A2872A and A2873A,
developmental beam power tubes.
Designed for use in a variety of ap-
plications that includes communica-
tions, particle accelerators, radar
and control, these high-gain units
feature one simplified, all-internal
liquid cooling system.

Outgrowths of continuing research
by RCA in electronic and mechanical
design, A2872A and A2873A employ
the well-known superior eleciron
optics of RCA-6806 and -2041. These
designs result in excellent linearity,
a rugged stability, low RF drive voli-
ages, and exceptionally high RF
power output.
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Super Power Tube, A2873A

Only 12” x 18”, the tubes are de-
signed with a centrally located plate
surrounded by a circular array em-
ploying unitized electron optics. This
coaxial structure permits close spac-
ing, accurate alignment, and efficient
cooling. The electronic circuit design
provides low RF feedback and effec-
tive screen-to-cathode RF by-
passing.

Find out more about these RCA
super power tubes for economical
operation, high emission, and long
life. See your RCA Representative
about details. For technical data,
write: Commercial Engineering, Sec-
tion C19Q1,RCA Electronic Compo-
nents and Devices, Harrison, New
Jersey 07029.

RF Power Amplifier
Class C Telegraphy or Class C Telephony

Tentative Maximum

Ratings up to 50 MHz  |A2872A |A2873A

DC Plate Voltage 25 25 kV
DC Grid—No. 2 Voltage | 1500 | 1500 A
DC Grid—No. 1 Voltage | —400 | —400 v
DC Plate Current 25 50 A
Plate Dissipation 125 250 kw
Grid—No. 2 Dissipation | 1900 | 3800 w
Grid—No. 1 Dissipation | 1000 2000 w
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KINGSLEY
Wire and Tube
Marking Machineg

Now you can mark each wire
or piece of plastic tubing with
its own circuit number...
quickly...economically, right
in your own plant.

You reduce wire inventories
because you need only one
color of wire for as many cit-
cuits as necessary.

Simplify your assembly meth-
ods and speed production
with the same machine that
has proven so successful in
the aircraft and missile field.
Write for details.

KINGSLEY MACHINES

850 Cahuenga - Hollywood 38, Calif.

“’SEE US AT BOOTH 1J25—IEEE SHOW MARCH 18-21."
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trainees at Fort Devens, Mass.,
where they eat almost as well as
the Navy, with such things as
French toast for breakfast.

Industrial electronics

Accentuating the negative

Out of the frying pan into the dryer.
Not only are microwaves cooking
food, but they’re drying motion pic-
ture film.

A continuous processing machine
that uses microwaves to dry 35-mil-
limeter movie film has been devel-
oped by Chicago’s Reeve Electron-
ics Inc. Priced at about $10,000
each, five machines have already
been sold and six more are in the
works. Reeve is planning a similar
machine that would process 16-mm
film.

Speed up. Unlike conventional
forced-air techniques, which take
as long as 20 minutes to dry 200
feet of 35-mm film, Reeve’s micro-
wave unit needs only a scant m™n-
ute to dry the same amount of film.

A 2.5-kilowatt magnetron dries
the film uniformly from the insid>
out, much like the way microwaves
cook food. Because heated air isn’t
used, the microwave method is dust
free.

Alvin Davis, vice president of
sales for Reeve’s Microwave divi-
sion, says the company expects to
market a microwave curing system
soon for resin-impregnated glass

fiber.

Instrumentation

Spotting faults

The idea hit Philip Eisenberg as he
used an automatic money changer
at an airport. If this machine can
be taught to recognize the features
of a dollar bill, he thought, why
can’t a system be built that will
visually inspect integrated circuits?
The human eye takes a lot of time

and its judgment is fallible.

Researchers at the North Ameri-
can Rockwell Corp.’s science center
and its Autonetics division believe
they’'ve demonstrated the feasibility
of visual inspection of 1c’s by com-
puter.

Their work on the system so far
is “very preliminary,” says Robert
Osteryoung, head of the science
center’s physical chemistry group.
But Eisenberg says some I1C pro-
ducers, the Air Force, and Nasa, are
already interested.

Takes time. Eisenberg, super-
visor of special projects in the Auto-
netics physical sciences department,
is an authority on 1c failure mechan-
isms [Electronics, May 1, 1967, p.
33]. He says semiconductor manu-
facturers who supply the high-relia-
bility devices Autonetics uses in
such programs as the Minuteman 2
guidance computer and the F-111
avionics system have estimated that
visual inspection of one device can
take an hour and is only 85% effec-
tive. Autonetics officials think they
can come close to 100% with a com-
puter.

The experimental system uses a
Digital Equipment Corp. PDP-8.

The biggest task the developers
anticipate is writing the program
that will enable the computer to
spot defects and to discriminate be-
tween acceptable and unacceptable
ones. The programs now used is
described by Howard Cohen, a
chemist working with Eisenberg,
as very rough. Osteryoung adds,
however, that it has shown them
“that it is feasible to get informa-
tion into the computer in such a
way that decisions can be made”
about device acceptability.

The North American Rockwell
team describes the system this way:
the front end is an optical device—
as sophisticated as optics used in
mask-making—that looks at and
magnifies the circuit being in-
spected. The image is relayed to a
transducer, which might be any of
a number of devices: a vidicon
tube, an image dissector, a flying
spot scanner, a movable photodi-
ode, or a photosensitive array.

The controls in the system will
depend on the kind of transducer
used. A sampling oscilloscope was
used in the science center arrange-
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Get more from a
hybrid microcircutt...
and In the package

that's right.

Sometimes the best solution to a circuitry problem isn't
just an IC alone, or PC assemblies, or cordwood construc-
tion. It's a hybrid circuit from Electronic Components in a
package tailored to your needs.

EC is the only supplier that's fully qualified in all modern
production techniques and materials. That means we have
no axe to grind. You get what you really believe is right for

you—not a sales talk for a substitute.

What's more, EC’s new pilot production line can now help
you prove out new designs more completely than ever.

Why not give us a shot at your toughest problem? Get full
details from Hybrid Microcircuit Marketing Manager, (215)
355-5000, TWX 510-677-1717. Or write direct.

Electronic
Components

United
Rircraft

DIVISION OF

TREVOSE, PENNSYLVANIA 19047

See us at IEEE Booths 4F26—4G33.
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ment. Eisenberg says if the trans-
ducer is a vidicon tube, and there
are 1,000 points to be inspected on
a 40-by-60-mil die, “the control is
the device that increments the sam-
pling position of the electron beam.
If the transducer is a pin diode, the
control positions it on x and y co-
ordinates, and as soon as you get
the data from one sampling point
into the computer, the control elec-
tronically positions the diode over
the next sampling point.”

A tv film special

Movies may not be better than ever,
but their quality, as far as clarity
of image is concerned, is undeni-
ably better than anything projected
on a tv screen. Television produc-
ers until now have had to employ
kinescopic techniques to make in-
expensive motion pictures for tv,
accepting the inferior resolution as
a fact of life.

But the 3M Co.’s Mincom divi-
sion has built a system that uses
an electron beam to record directly
on film, a system the firm claims is
superior to the kinescope.

One yea vote. The new recorder
appears to meet the needs of the
tv industry. Its price—$55,000, ex-
clusive of sound equipment—isn’t
prohibitive, and the resolution
achieved is far better than anything
obtained with video tape recorders

1]

or kinescopes. The company says
the first customer for the recorder,
the U.S. Information Agency, is en-
thusiastic about the unit, dubbed
the EBR-100,

The 3M recorder can receive a
signal from a tv tuner, a television
camera, or a vtr, and transfer it by
electron-gun bombardment to spe-
cial motion picture film. The film is
coated with electron-sensitive silver
halides and can thus be developed
by conventional processing [Elec-
tronics, May 30, 1966, p. 88].

The primary advantage of the
EBR-100, according to its inventor,
Richard F. Dubbe, is that it does
the same tasks as kinescope record-
ers without needing the conven-
tional system’s phosphor screen,
glass faceplate, and optical system
to interface between the electron
beam carrying the television signal
and the photographic film storing
it. And, with an intensity-modu-
lated electron beam, he says, the
quality of the original signal is
nearly duplicated. High resolution—
1,000 lines—results from the small
spot size—0.0003 inch—of the new
unit’s electron beam.

Double trouble. Dubbe notes that
the electron-beam approach raises
a couple of unique problems: photo-,
graphic film must be introduced
into a high-vacuum system for re-
cording, and the beam builds up an
electrostatic charge on the film that
tends to deflect it.

These problems have been over-
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Now you see it. Electron-beam recorder, developed by the 3M Co., produced
the high-quality image on left. Kinesope generated fuzzy picture on right.
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Size 9 DC Motor
State-of-the-Art
is off the shelf at

The size 9 DC Permanent
Magnet Motor, .875 in. dia x
1.375 in. length, is available
open with Terminals or closed
with Leads or Terminals.
Frame is Aluminum, finish
Alodine per MIL-C-5541, with
Armature supported in Ball
Bearings.

Mounting either by Servo
Clamps or Face Mounting by
screws. Performance speeds
are available from 5000 RPM
to 20,000 RPM, at a continu-
ous running torque of .21 in.
oz. with an operating voltage
of 6-50 VDC. :
The Size 9 will meet all of the
requirements of MIL-M-8609.
Available accessories include
Planetary Gearheads, RF
Filter and Speed Governor.

Complete literature is available
by writing Electro-Mechanical
Group, American Electronics,
Inc., 1600 East Valencia Drive,
Fullerton, Calif. 92634, (714)

871-3020, TWX 910-592-1256

Electro-Mechanical Group AEM™
AMERICAN ELECTRONICS INC.

Please rush checked item(s)
[J DC Motor Design Manual
[] DC Motor Technical Catalog
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TITLE
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CITY STATE ZIP
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FREE SAMPLE
ECCOSPHERES®

o .

Micron sized hollow particles look like fine
sand. Under the microscope they appear
as in photo. The ideal filler for low weight
and high strength. Excellent electrically
and mechanically.

CIRCLE 306 ON READER SERVICE CARD

ECCOAMP

ELECTRICALLY CONDUCTIVE
ADHESIVES & COATINGS

e

New four page folder describes materials
from 0.0001 to 100 ohm-cm. Adhesive
pastes to replace hot solder, thin liquids,
silver lacquer in aerosol spray, glossy coat-
ings, etc. A complete line.

CIRCLE 307 ON READER SERVICE CARD

PLASTICS/CERAMIC
for ELECTRONICS
CONDENSED CATALOG

New folder describes product lines—cast-
ing resins, adhesives, foams, sheet stock,
coatings, silicones, microwave absorbers,
anechoic chambers, shielding materials,
etc. Post card included for obtaining more
details.

CIRCLE 308 ON READER SERVICE CARD

Emerson & Cuming, Inc.

CANTON, MASS.
GARDENA, CALIF.

NORTHBROOK, ILL.
Sales Offices
in Principal Cities

EMERSON & CUMING EUROPE N.V., Oevel, Belgium

52

Electronics Review

come, Dubbe says, by reducing the
vacuum pressure in the area con-
taining the film magazine and trans-
port to about 15 millimeters. This
cuts the strain on the vacuum seal
between the film magazine and the
electron gun and permits the use
of a simple border around the aper-
ture through which the electron
beam passes to achieve a vacuum of
about 10-* mm at the recording
aperture.

The unit can be switched from a
525-line, 60-field-per-second tv for-
mat to one of 625 lines and 50 fields
per second, making it compatible
with nearly all recording modes.

Roll ’em. Its 16-mm fine-grain
positive stock film is contained in
preloaded cassettes that hold 1,200
feet in a coaxial configuration.
When running, the film is pulled
down by a stable claw during a
blanking cycle of the electron gun,
eliminating the need for a mechani-
cal shutter mechanism. The drive
motor of the camera is locked to the
vertical synchronizing pulse of the
incoming video signal to provide a
constant and flutter-free film move-
ment through the camera.

Dubbe further notes that the 3M
system enhances picture join-up by
wobbling the electron beam verti-
cally at about 30 megahertz to
blend adjacent recorded raster lines
and eliminate spacing.

Communications

Channel sharing

For years, the land mobile industry
has hungrily eyed unused television
channels. Now, much to the alarm
of tv broadcasters, Congress is fi-
nally examining the question. Fur-
thermore, recent tests in the Wash-
ington, D.C., area have shown that
unused vhf television channels can
be used.

The land mobile industry failed
utterly to get the Federal Commu-
nications Commission to take steps
that might lead to allocating them
tv channels. The big-money tv in-
dustry, which has plenty of pull
with the rcc, wouldn’t hear of it.
Land mobile interests decided to

go the other route: via Congress.

With the backing of U.S. police
chiefs, who plead for more fre-
quency space, the land mobile peo-
ple finally persuaded John D.
Dingell (D., Mich.), to hold “panel
discussion” on “whether rcc’s allo-
cation of frequencies meets today’s
communications needs.” Dingell
heads the subcommittee on activi-
ties of regulatory agencies relating
to small business.

More pressure. As expected, in-
terests clashed sharply during the
two-day hearings. While the full
impact of the hearings is not yet
clear, they will undoubtedly put
new pressures on the Congress-con-
scious Fcc to take steps. The ¥cc
came under fire from most wit-
nesses—except those representing tv
broadcasters.

Seymour N. Siegel, director of
New York City’s municipal broad-
casting system, in listing the many
frequency problems there, de-
scribed the rcc’s attitude as “laisse
faire.” Kenneth Norton, outspoken
physicist in the Commerce Depart-
ment’s Institute of Telecommunica-
tions Services, said bluntly the rcc
should have done something in this
area 20 years ago.

Two concepts to alleviate con-
gestion were stressed: revising the
block allocation system, and allo-
cating some uhf spectrum to land
mobile. These are not new. But land
mobile interests privately said it
was significant that a Congressional
subcommittee was at least listening.

Wasteland. Siegel said New York
police and fire departments got
some spectrum by persuading the
rcc to allocate frequencies desig-
nated for the U.S. Forestry Service.
William L. Detweiller, president of
the Radio Specialists Co. of Denver,
pointed out that space allocations
to maritime services is “wasted” in
Denver and other inland cities.

Although broadcasters support
revising the block allocations sys-
tem, they adamantly oppose sug-
gestions that unused uhf channels
be earmarked for land mobile. A
new lobby, the Association of Maxi-
mum Service Telecasters, has been
established to battle any attempts
at taking tv spectrum.

Channel sharing. While most of
the debate raged over uhf, tests in
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2N5214

2N3866 2N4440 2N3733 —]\
L AM Mod.
2N5216
2N3866 2N5217 2N5216

>

A4

120W PEP
> 30W carrier

150 MHz

5 transistors

> 60W carrier
400 MHz
7 transistors

Only ITT delivers so much broadband RF power
with so few transistors

Another reason
to buy from
“The Predictables”

Is your goal circuit simplification
through higher power? Would you
like to increase reliability and
cut cost by reducing the total
number of components in your
equipment? Then ITT's strip line
RF power transistors are for you.
Two application examples are

shown above, but the possibilities
are almost endless. Here's why:
Strip line packaging gives you
lower inductance, higher power
output, broader bandwidth and
greatly improved stability. The
high BV¢go ratings of the 2N5214
and 2N5216 give you better
up modulation capabilities and
reduce the danger of damage from
transients. Resistor stabilization
provides increased safe operating
area and built-in bias stability

for class A and AB amplifiers.

Want more information? Write
for a free copy of “VHF/UHF
Transistor Power Amplifier
Design”. Want immediate delivery
of strip line transistors? Contact
any ITT distributor or your ITT
factory representative. ITT Semi-
conductors is a Division of
International Telephone and
Telegraph Corporation, 3301
Electronics Way, West Palm
Beach, Florida.

semiconductors ITT

FACTORIES IN FLORIDA ¢ CALIFORNIA « MASSACHUSETTS « ENGLAND  FRANCE « GERMANY ¢« PORTUGAL « AUSTRALIA
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Need

custom
sub-miniature
oscillators

fast?

For
logic clock
applications?

Call Varo.

Model 7003 crystal oscillator is just
78" x 78" x 38". Weighs only %2 ounce.
Extremely accurate for its size.
Stability vs. time at any constant
temperature is one part in 10 million
per 24 hours. Frequency range:

3 MHzto 100 MHz. Stability
+.005% from—55C to+125C.

Varo answers
fast.

Because our business is oscillators.
Not oscillators and ovens and
crystals, etc., but oscillators. Period.
Tell us what you need. We'll tell

you how and when. Like we’ve done
for McDonnell-Douglas, Martin,
Honeywell, R.C.A., Aerojet-Gen-
eral and others. Try us for speed.

VARO

TIME & FREQUENCY PRODUCTS
402 GUTIERREZ ST. SANTA BARBARA, CALIF.
TELEPHONE (805) 963-2055 TWX 8054497200
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Washington run jointly by the rcc
and industry, show that unused vhf
channels can be used for land mo-
bile except for one unexpected ma-
jor problem: interference with cable
systems.

The tests involved transmissions
over Channel 6—unused in Wash-
ington. The aim was to determine
interference with Channel 5 in
Washington and Channel 6 in Rich-
mond and Philadelphia. Because of
the controversial subject, engineers
are cautious about offering initial
results until all data is analyzed.
However, they do say that there is
“limited interference” to reception
of Channel 5 only when the 25-watt
base station is “close” to receivers;
they will not say precisely how
close. When it came to interference
with Channel 6, there was none
until the base station was in Fred-
ericksburg, Va., 51 miles from Rich-
mond; and in Lancaster, Pa., 58
miles from Philadelphia.

Interference with cable systems
was not initially considered. But it
was discovered there was interfer-
ence with Channel 6, which is used
by schools and apartment houses to
distribute Channel 20 and 26 uhf
signals. Full-scale tests on this prob-
lem will begin in about a week.

Although land mobile interests
are cooperating in these tests, they
are not enthusiastic, pointing out
that the big problem is of interfer-
ence from a mobile unit. Tests on
this might be scheduled later, but
nothing is definite.

For the record

Photo finish. Rca will begin sell-
ing a new version of its Videocomp
electronic typesetter. The machine,
dubbed Videocomp 70/830, gener-
ates characters at a rate of up to
6,000 per second, 10 times faster
than the 1966 version.

Overruled. Solitron Devices Inc.
has moved one step closer in its
determined effort to take over Am-
phenol Corp. A Federal District
Court judge has denied an Amphe-
nol request for a temporary injunc-

DID
YOU SAY
INSIDE?

YES!

Delevan will put
NMIER l
Inductors & Transformers

- .250
___’ Square

150 Square

inside

INDUCTORS
e Size .100, .150, .250 SQ x .065 HIGH
® | Range .015 uh to 1000 uh

e Shielded, Encapsulated, Excellent T. C.
® Meet MIL-C-15305C Grade & Class 5

TUNABLE INDUCTORS

¢ Sjze .150,..250 SQ x .125 HIGH

e | Range .10 uh to 1,300 uh

e Tuning Range 1.7 to 1

e Excellent Resolution, Non-Retractable
Tuning

RF TRANSFORMERS

(FIXED AND TUNABLE)

e Size .100, .150, .250 SQ x .125 HIGH
MAX.

e Frequency Operation — 500 KHz to
50 MHz

¢ |F & Wideband Designs Available

e 30 MHz & 60 MHz IF Designs in stock

HI-Q COILS

e Size .250 SQ x .125 HIGH

* | Range .12 uh to 1000 uh

® Q values in area of 100

* Direct replacement for toroids
e L tolerances as low as +=19%

Delevan Electronics N siean
A hd PRECISION
Corporation [ Division

INDUSTRIES INC.
270 QUAKER RD. / EAST AURORA, N.Y. 14052
TELEPHONE 716/ 652-3600 TELEX 091-293

OTHER DIVISIONS OF AMERICAN PRECISION INDUSTRIES INC.:
BASCO INC. e ELECTRO-MECHANICAL PRODUCTS DIVISION
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The world’s smallest 10 watt zener
has a 350 watt surge capacity..:' |

600% more than an ordmary on
35% more thqna‘f ) watt\

'.1/5th the weight, 1/4th the volume of a conventional
10 watt (smaller than an ordinary 400 milliwatt).

,Jr*"/ 1IiOth the weight, 1/20th the volume of a
conventional 50 watt

= 10 watt continuous rating — stud mounting

m 6 watt leaded version for mounting on circuit
boards, has same high surge capacity

= 6.8 to 100 volt range
= Low leakage current

s Electrical characteristics remain stable throughout
life, exceeding the environmental requirements of
MIL-S-19500

®
580 Pleasant St., Watertown, Mass. 02172, (617) 926-0404 ‘
LINFIRODE =

A g THE UNIQUE UNITRODE CONSTRUCTION

TO SILICON SURFACE
Ji./ With the silicon die
A metallurgically
i

| bonded between )
g) terminal pins of W@E

the same thermal
Igloe(fjfic[ient, lthe )
ard glass sleeve is
fused to the entire == @: e
outer silicon surface. P T
TERMINAL PINS METALLURGICALLY Resu“-——. a voidless,
BONDED DIRECTLY To siLicon ~ monolithic structure.

Get yourself a complete set of specs that give you all kinds

e Lo T el | A Show. of detailed information. Circle the reply card number now.
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A new way to
dependable,
compact,
low-cost, digital

COUNT AND
CONTROL

DURANT 49600 UNISYSTEM

The answer to a need for fast, accurate count or control in most
industries — machine tool, textile, wire, boxboard, electrical, paper,
lumber, printing, food, chemical, and other industries. Controls fluid
metering, batching, testing, cutting, packaging; counts cartons, coil
turns, lineal lengths, and units per bundle. Exceptionally dependable;
count always retained in case of power failure.

Compact size permits space-saving desk mount or panel mounting.
Choose 2, 3 or 4-digit predetermining and count levels. Also avail-
able in Splash and Dustproof models. Speed ranges from 0 to 30
cps (1800 cpm). Large, easy-to-read visual display

Easy push-button setting of predetermined number — preset value
always retained, always visible. Instant electric reset from panel
front, remote reset, or automatic cycle repeat. Setup and connecting
is easy, too... rear panel terminals allow 49600 to be readily applied
to a variety of operating functions.

See it demonstrated at your desk! Write for specifications.

MANUFACTURING

COMPANY

622 North Cass Street
MILWAUKEE, WISCONSIN
In Europe: Durant (Europa) N.V. Barneveld, Netherlands

Visit Booth Nos. 3A-37 & 38 at IEEE Show for Demonstration

6455
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tion to prevent Solitron from mak-
ing an exchange offer to Amphenol
stockholders.

Braided characters. The low-cost
cathode-ray tube display units to
be manufactured by Computer Dis-
plays Inc. [Electronics, Feb. 19,
p. 50], will use the braid-memory
character generators manufactured
by Memory Technology Inc. [Elec-
tronics, Jan. 8, p. 52], as did their
prototype at the Massachusetts In-
stitute of Technology.

Not only that, but the new firm
is moving in next door to MIIs
quarters in an old watch factory,
in Waltham, Mass.

Lock, stock and . . . Control Data
Corp. has announced it has come
to a preliminary agreement to ac-
quire Electronic Associates Inc., a
New Jersey manufacturer of analog
and digital computers and peri-
pheral equipment.

For sale. When Tenneco Inc., a
Houston oil company, took over the
Kern County Land Co. it also ac-
quired the Watkins-Johnson Co.,
a Palo Alto, Calif., electronics firm
specializing in microwave devices.
Now Tenneco is trying to unload
Watkins-Johnson to the highest
bidder, explaining that electronics
is foreign to its principal line of
business.

Well done. Rca has entered the
microwave cooking field with an
electron tube that can bake a cake
in under four minutes. The new
tube, weighing 8.5 pounds, will be
sold to microwave oven manufac-
turers.

All aboard. The Illinois Central
Railroad has awarded a $2 million
contract to Lenkurt Electric Co., a
General Telephone & Electronics
subsidiary, for an 800-mile micro-
wave radio communications system.
The new system will have a 600-
channel capacity.

Patented. Picter D, Davidse and
Leon I. Maissel, 18M researchers,
have received a patent for their
development of an r-f sputtering
system that deposits insulator film
on integrated circuits.
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NO CONTEST

if you’re looking for 1 to 2 watts
of continuous audio power
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See for yourself why General Electric’s silicon monolithic IC’s
can’t be beat.

No matter what your application, the PA234 or PA237 probably fits . . . and you save on
design expense. See if you can draw a path from the feature most important to you, to the
PA237 amplifier in the center of the puzzle. If you can get to the center, the PA237 is right
for you. If you want to prove it to yourself, tell us your expected application and we’ll send
you a free PA237 to put to the test. Simply tear out this page and send it with your name,
address, title, company, and PA237 application to Product Manager, Monolithic Audio
Amplifiers, General Electric Company, Northern Concourse Office Bldg., North Syracuse, N.Y.
For more facts, turn the page. »

SEMICONDUCTOR PRODUCTS DEPARTMENT

GENERAL &3 ELECTRIC
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Save design expense.
Take advantage of the PA237’s
application versatility.

Because General Electric’'s PA237
operates over a supply voltage
range of 9 to 27 volts, you can
probably use this one circuit for
most of your applications and
save money. It is capable of de-
livering up to two watts of power
to resistive or inductive loads.
(Pictured actual size.)

The PA237, shown in this circuit
, diagram, converts 8 mV of input
: signal to 2W of continuous, low

distortion output power.

IR ey

|
U

General Electric’'s PA234 gives

you the lowest total cost for a
1-watt amplifier function through
a combination of low device cost

and minimum number of outboard

P

R T AP A

components. (Shown actual size.)

PA234 audio amplifier delivers 1
watt of continuous power to a 22-
ohm load from a 22-volt supply.

R

Now you can use a single IC for most of y6ur audio applications'
by simply varying its bias.

General Electric PA237 silicon mon-
olithic audio amplifier is designed
to have its biasing network external
to the chip. Thus appropriate bias-
ing for any power supply from 9- to
27-volts is readily achieved.

External biasing permits opera-
tion with Class A, Class A-B, or
Class B output modes. The input
may be biased for voltage or cur-
rent sources as well as differential
signals.

In addition to the PA237's wide
range of supply voltage and bias
alternatives, feedback may be ap-
plied to the amplifier to allow adjust-
ment of stability, input and output

58

impedance and amplifier sensitivity.
Simple AC and DC feedback net-
works are employed to provide ex-
cellent stability with frequency and
temperature.

General Electric’s 1- and 2-watt
low-distortion amplifiers are pack-
aged in an 8-lead dual-in-line plastic
package with a tab for transferring
heat to a printed circuit board. This
means easy insertion into the P.C.
board and easy heat sinking too.
General Electric’'s PA234 is the
ultimate in low cost 1-watt mono-
lithic audio IC's. Its low cost plus
the least number of outboard com-
ponents of any audio amplifier on

the market makes the PA234 the
most. economical alternative for
achieving one watt of audio power.

Both General Electric’'s PA234 and
PA237 offer you outstanding per-
formance and top reliability in a
wide range of circuit applications.
These varied uses include phono-
graphs, dictating equipment, tape
player/recorders, and TV, AM, and
FM receivers. Plus: the PA237 can
drive inductive loads or provide
voltage regulation for 1% typical
over a 9- to 27-volt range. For more
information on how GE can save
you design expense and cash out-
lay circle number 515.
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Industry’s most predictable
UJT saves time and money.

Stand-off ratio spread +=3%!!

Oscillator frequency shift .6% max.!

(—15°C to +65°C)

GE’s D5K1 and D5K2 planar com-
plementary unijunction transistors
offer greater stability and uniform-
ity than any UJT previously avail-
able. They have characteristics of
standard unijunction transistors
except that, being complementary,
their currents and voltages are of
opposite polarity. For most

applications, polarity is
unimportant. =
The D5K1 and D5K2

combine planar and inte-
grated circuit techniques
resulting in a much tighter | 1l
intrinsic-standoff ratio dis- | !
tribution and lower satura-
tion voltage. This gives them both
a new high level of performance
predictability versus temperature.
Timing stability of 0.5% s
achievable without the necessity
of expensive temperature testing
on individual devices to deter-
mine the compensating resistor.
For more details circle number

516.

Semiconductor
Applications Seminar

Two informative sessions during the
IEEE International Convention. Ev-
eryone welcome—no tickets needed.
For those attending, free samples of
many new devices.

Tuesday, March 19
Barbizon Theatre
Barbizon-Plaza Hotel
106 Central Park South
New York City

Integrated Circuits 9:00-12:00 noon
Semiconductor Control and Power
Conversion 1:30-4:30 p.m.
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1200-volt, 400-amp

e e e e S
PRESS PAK

silicon rectifier costs less.

If you want a high power silicon
rectifier diode with the same
proved, all-diffused construction
of the A90 series, General Elec-
tric offers the A390 PRESS PAK.
The package innovation delivers
far more continuous current than
comparable stud-mounted devices,
and it's smaller, too.

The new PRESS PAK package,
using pressure contacts, allows
double-side cooling to significant-
ly reduce thermal resistance and,
therefore, increase current ratings
about 60%. Result: You get more
average amps per dollar.

Light weight, hermetically-sealed
PRESS PAK also features reversi-
bility of mounting, thus eliminat-
ing the need for special reverse
polarity units. And it complements
many SCR’s already
in the PRESS PAK
package. For
more details,
circle
number 517.

s et 5

i

Now you can custom tailor
UJT characteristics
to meet your specific needs.

With General Electric’s
D13T1 and D13T2 pro-
grammable unijunction
transistors (PUT) you can
now program unijunction
characteristics such as 7,
Rse, le, and Iv to your spe-
cific needs by adding two
external resistors.

Generally, the D13T gives pro-
grammability without increasing
circuit complexity. In fact, it often
reduces circuit cost. And the PUT
offers tight parameter specifica-
tions, high sensitivity, low unit
cost, low leakage current, low
peak point current, low forward
voltage, and fast, high-energy
trigger pulse too.

D13T2 is specifically character-
ized for long interval timers and
other applications requiring low
leakage and low peak point cur-
rent. The D13T1 has been char-
acterized for general use where
low peak point current is not es-
sential. Circle number 518.

id
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For more information on these and other General Electric semiconductor
products, call or write your GE sales engineer or distributor, or write
General Electric Company, Section 220-63, 1 River Road, Schenectady,
N.Y. 12305. In Canada: Canadian General Electric, 189 Dufferin St.,,
Toronto, Ont. Export: Electronic Component Sales, IGE Export Division,
159 Madison Ave., New York, N. Y. 10016.

SEMICONDUCTOR PRODUCTS DEPARTMENT

GENERAL @D ELECTRIC
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The Electronic Countermeasures System, a valu-
able penetration and survival tool for B-52's,
posed a tough isolator problem which was suc-
cessfully solved by Sperry.

What was so tough about the isolator spec?
Among other things were power handling capa-
bility (400W CW, 4kW peak); isolation VSWR
limited to 1.18:1; insertion loss (only 1 db per-
mitted), and RFI shielding to prevent interference
with other aircraft systems. All parameters had
to be met at altitudes up to 60,000 feet and over
the temperature range of —55°C to +55°C with-
out cooling.

Sperry met the challenge with Model No.
D-44S9, a specially engineered isolator that
helps assure the reliability of B-52 ECM.

Is there a particularly difficult isolator prob-
lem Sperry can solve for you? There's a broad
line of standard items, plus plenty of engineering
talent if you need it. For full details, contact your
Cain & Co. man or write Sperry Microwave
Electronics Division, Sperry Rand Corporation,
Box 4648, Clearwater, Florida 33518.

SRRy
MICROWAVE ELECTRONICS DIVISION
CLEARWATER, FLORIDA

When B-52’s count on ECM, they count on isolators from
Sperry ... the first name in microwaves.
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Military seeks
improved version
of Tacsatcom

Government urged
to monitor regional
frequency crowding

Air Force speeds
satellite studies

NASA astronomy
plans take shape

Electronics | March 4, 1968

Washington Newsletter

March 4, 1968

Military researchers are pushing hard for a fast start on a second-genera-
tion tactical communications satellite (Tacsatcom) even before the test
model of the first version is launched. A request for proposals on a new
and improved Tacsatcom will go out to industry in midsummer, about
the same time that the launching of the initial satellite is scheduled.

Officials explain that their rush for the new system stems from the
relative unsophistication of the first craft, which had to use whatever
technology was readily available. Another reason is that the military
wasn’t ambitious enough when it set performance and design goals for
the first craft, which is now being built by Hughes Aircraft.

While the Hughes satellite design has been frozen for months, the
military has been getting a large amount of test data from the LES-5
satellite, which has successfully tested several new tactical techniques.

Thorough studies of local radio-frequency congestion will be strongly
urged in a report to be issued next month by a joint committee of the
IEEE and the Electronic Industries Association. The panel will recom-
mend that Federally sponsored teams of 10 to 20 engineers be assigned
to congested areas to monitor the way frequency bands are being used.

The FCC now has engineers in the field monitoring the spectrum, but
primarily to detect illegal or unauthorized transmissions. One result of
the report could be an augmentation of these FCC teams; another might
be the speedier revision of the block allocation system [see story on p. 52].

The committee’s recommendations have been presented so far only
to the Office of Telecommunications Management. Top officials of the
FCC will be briefed on the report within a few days.

The Air Force surprised bidders for the 621B navigation satellite program
by scheduling award of the project’s two study contracts by May 1,
instead of next summer or later as expected. One bidder noted that this
amending of a request for proposals is quite unusual and said it shows
the Air Force is “raring to go on this one.” Between six and eight com-
panies are expected to bid as prime contractors for the system, which
will provide secure and highly accurate navigational fixes for aircraft
flying at supersonic speeds. Proposals are due today for the parallel
studies, which will be funded at $500,000 each.

The space agency’s plans for one of its major applications areas—
astronomy—are becoming clear. A new program, the National Astro-
nomical Space Observatory (NASO) has been identified, but it won’t
appear in budget requests for several years since the observatory isn’t
slated to fly until the 1978-80 period.

NASO will be an orbiting observatory designed for long life and
equipped with 120-inch telescopes that can be operated automatically
or by astronauts. The program would be the culmination of existing
efforts in this area, including the new Astronomical Space Telescope
Research Assembly (Astra). Astra, planned for launch in 1974, is sched-
uled to get into the system definition stage in fiscal 1969. It will have
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Lack of FAA funds
stalls two programs

Air command post
bids seen this year

Protection bills
face opposition

Panel on standards
gets down to work

Washington Newsletter

the long life of the Orbiting Astronomical Observatory, along with the
capability of being serviced by astronauts who will replace film and

instruments. Astra will provide better resolution and directional accuracy
than OAO, which is being readied for launch later this year.

A lack of funds in the FAA is starving two important projects. One is the
aeronautical services satellite, already held back several times because
of technical problems and confusion over policies [Electronics, Nov. 27,
1967, p. 59]. Comsat has pushed for a 1970 launching date, but this
doesn’t appear possible now. The satellite, designed to relay vhf com-
munications between transoceanic airliners and ground stations, would
require outlays by both the airlines and the FAA, whose share would
amount to several million dollars annually over five years.

The other project in trouble is the FAA plan to develop for the 1970’
an air-ground communications system in which aircraft would use a
single frequency and channel switching would be performed by ground
stations [Electronics, Jan. 22, p. 51]. The program is now being stretched
out to keep it alive, but agency insiders say it may die before it gets into
the second development phase.

The Pentagon is moving ahead on an airborne emergency command post
for its projected post-1975 worldwide military command system [Elec-
tronics, Oct. 16, 1967, p. 69] and expects to be ready to request industry
proposals by late this year. R&D costs will exceed $100 million.

Current plans are to replace the airborne command posts now being
flown aboard Boeing 707 craft with an improved system installed on
either Lockheed C-5A’s or Boeing 747’s. These planes could keep the
emergency system aloft for longer periods, and their greater size would
permit an increase in capabilities, particularly in data processing.
Chances are that more of the airborne posts will be needed after 1975
than the handful now being flown.

The fate of the so-called electronics protection bills submitted by Massa-
chusetts Republicans Sen. Edward W. Brooke and Rep. Sylvio O. Conte
is still in doubt. “All anyone’s saying is that there’s going to be a lot of
compromises,” says a Capitol Hill source. Committee hearings are prob-
ably at least a month away.

As proposed, the bills would hm1t imports of consumer electronics
goods to the level prevailing in 1966; components imports would be
pegged at the 1964-66 average. Country-by-country quotas would also
be established. The issue is thormy because while the Administration
wants to staunch the dollar drain, it opposes protectionist legislation.

v

The new interagency committee on standards, formed to centralize work
formerly carried on by many Federal organizations, is expected to set
up three task forces this week. They would study the economic effects
of standards and the relation between the Federal Government and
industrial standards-setting groups.

The committee, made up of representatives from 18 Federal agencies,
may also begin planning a metric system study that Congress might get
around to funding this session.
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All the Volts: 6kV
All the Watts: 1.okW
All the Time!

Dollar for dollar—
spec for spec—6000 Vdc
/1500 W/ +0.075% Regulation—
dependability when and where
it counts!

New Sorensen DCR-HV:

O Voltage/Current Regulation with Automatic Crossover
[0 *0.075% Voltage Regulation for Maximum Line and Load

Changes Combined
[0 All Solid State Design Featuring Reversible Polarity
Contact your local
Model \90%;2;; Output Current Range @ Ambient Sizes (inches) Sorensen representative
Number Range @ 30°C @55°C @71°C h w d Price or: Raytheon Company,
Sorensen Operation,
DCR600-2.5A 6-600 Vdc 0-2.87A 0-2.50A 0-1.65A 102 19 18 $ 875. Richards Ave., Norwalk,
Conn. 06856.
DCR1500-1.0A 15-1500 0-1.15 0-1.00 0-0.66 12Va 19 18 995. T\;)Vr;(n 710-68-2940.
DCR3000-0.5A 30-3000 0-0.58 0-0.50 0-0.33 12V, 19 18 1250.
DCR6000-0.25A | £C-6000 0-0.29 0-0.25 0-0.17 12% | 19 18 1495.

for more data on this versatile instrument . .. GAll Sorensen: 203-838-6571

Electronics | March 4, 1968 Circle 63 on reader service card 63







This is the first IC TTL.

We made it back in 63.

Since then we've improved it
36l times. And developed 380
different types. SUHL, JKs, arrays.

We're still improving it. And
every improvement is immediately

incorporated into our entire line.

That's what it takes for us to
stay ahead.

Which helps you stay ahead.

A SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS  Sylvania Electronic Components, Semiconductor Division, Woburn, Massachusetts 01801
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Today...the switch is to TEGH LABS

For high quality, precision switches desighed for long service life, industry turns to
Tech Labs. All Tech Lab switches are manufactured for rugged service and exact-
ing performance. They meet all applicable Military Specifications and are available
in a wide range of sizes and types to fit your most demanding designs.

THUMBWHEEL SWITCHES

A compact, molded, printed-circuit wafer switch for limited
space and in line readout. Modular type for either front or
back of panel mounting: Modules ¥2” between center lines,
height 2”. Single or double pole, 10 position, binary or
complementary codes, standard. Other codes available on
request. Available with adjustable stops.

e

Type 2A: An instrument control switch of the high-
est quality possible with a reasonable price. This
switch is a must for all applications where the rating
and requirements are high. Rating 5 amp carrying.
Size 134” by 2V4”. Available in all combinations with
up to 26 decks and 2 to 26 positions. Has adjustable
Stop. Solenoid operated if required.

Type 3A: A molded miniature switch used in military and
commercial applications where space is a premium and
a superior switch is required. Can be furnished with up
to 8 decks, 12 positions per deck single pole, or 6 posi-
tions double pole, adjustable stop. Rating is 5 amps car-
rying and it can be solenoid operated and hermetically
sealed. Only 1V4” diameter.

TAP SWITCHES

ATTENUATORS

We also manufacture a complete line of attenu-
ators, both audio and RF. These include poten-
tiometers, ladders, T-pads, H-pads, etc., in many
varieties of sizes. Our attenuators are approved
by the most particular users in this country.

1‘_\STEPPING SWITCHES

All our switches can be fitted with
a stepping mechanism and can be
furnished HERMETICALLY SEALED,
EXPLOSION FROOF, if desired. We
have built stepping switches with
500 positions per deck.

HEAVY DUTY
CONTROL SWITCHES

We manufacture a line of heavy duty con-
trol switches in various sizes, which are
extremely flexible in the combinations

available. These switches are particularly _i
useful where a large number of poles are ™
required.

FREE!

Send today
for our

; 24 page
When standard switches will not meet the re- -, .
quirement, we design and manufacture spe- m SWItCh

cial switches to order. Send us your specs. Catalog

SPECIAL SWITCHES

Telephone: 201-944-2221 « TWX: 201-947-4730

TECH LABORATORIES, INC., Palisades Park, N.J.

SEE US AT BOOTH NO. 3H11---IEEE SHOW.
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Printer Designs For The O.E.M.
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low cost

small size

IT
smart appearance

universal mounting

maintenance free

THEM A 1EI

Series 800 DIGITAL PRINTERS

Low cost . . . Model 812D is typical: mounting. Options permit half-rack OTHER FRANKLIN PRINTERS
8 columns, 12 lines per second, com- mounting, stacked table mounting, or | x| e pare | PRINTABLE ChamcRs
plete with electronics, power supply, remote mounting. (One chassis con- wooeL 0. | ot | pen sko, | Numemic | AP
etc. As illustrated, less than $1500. tains the print head; the other contains = = = =
g : the solid-state electronics and power 81204 2 12 v
Small size . . . Depth behind panel supply.) s . 5 -
is only 17” (less connector depth of ; 81208 8 12 v
254"). Other dimensions as shown in Maintenance free . . . For perfect per- ’:‘ZZE”’ t‘; ; :;
illustration. formance, occasionally clean the reus- 300 5 % 7
able air filter, brush out any accumu- 1200 12 [ v
Smart appearance . . . Two-tone grey. lated dust or dirt, apply two or three ::gg :: zz :
Extruded aluminum front panel—with drops of oil to the drive-motor bearings 1600 16 o v
satin finish aluminum trim. Dresses up each year, That's all. 2200 2 2 v
the appearance of any equipment. 2 2 i X
e rahia There are a lot of other features too. ZE‘; 2 :z v -
Universal mounting . . . Four rubber They're all described in Engineering 00 = » 7
feet for table mounting. Matching Data Sheet 3008. Also ask for a copy of 3200 2 D v
mounting ears for attractive 19” rack free 36-page Printer Engineering Guide. - : = M 5

FIR|IA|N|X|L|I|IN

el e o tir on o agia; A no
BRIDGEPORT + PENNSYLVANIA

A SUBSIDIARY OF MOHAWK DATA SCIENCES CORPORATION M
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OA, 1400V
ontrolled

Avalanche

...partof arange covering
I1-0 to 62-5A, 100V to

Standard types, high temperature
types, avalanche types and inverter
grades—all readily available from
Mullard at competitive prices.

Here are the details—
Average Current Ratings Up to 60A
Min. Avalanche Voltage Up to 1400V

Avalanche Types
Rated: 85°C Stud

High Temperature Types
Rated: 110°C Stud  Average Current Ratings Up to 11.5A
Max. Crest Reverse

Working Voltage Up to 400V
Inverter Types Turn off time
Rated: 85°C Stud (up to 1I0A) IOUS
(up to 62.5A) ISUS
Max. Crest Reverse
Working Voltage Up to 500V

Standard Types
Rated: 85°C Stud

Average Current Ratings Up to 62.5A
Max. Crest Reverse

Working Voltage Up to 1000V

70 Circle 70 on reader service card

Thyristors..

Every designer should have a copy of the Mullard
Quick Reference Guide containing information on thyristors,
rectifiers, stacks and modules.

Also ask to be put on the mailing list of the Mullard
Bulletin—a regular publication which gives details of new
components and applications . . . the result of extensive
research and development programs in the Mullard labora-
tories in England. Mullard employ 1,000 qualified scientists
and engineers and have six major plants, with over 3 million
square feet of floor space.

Write today for information on Mullard thyristors,
and for the name of your local Distributor.

Mullard Limited, Mullard House, Torrington Place,
London WCri, England.

U.S.A. enquiries to Mullard Inc., 100 Finn Court,
Farmingdale, Long Island, New York. 11735 U.S.A.
Telephone: (516) 694-8989 Telex: 961455

LIMI

Mullard

MOL41
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Oak’s design engineers are impatient . . . nothing is ever quite good enough. They figure
improved products today mean better circuits tomorrow. Take these: @ Oak-manufactured
Rotary Solenoids and Selectors for multiple switching functions in limited space under
severe operating and environmental conditions. ¢ Molded Pushbuttons designed specif-
ically for computers, communications and other panel equipment. @ Rotary Switches with
molded diallyl phthalate stators and rotors, Unidex"” indexing. ® Lever Switch with
molded diallyl phthalate type “A” stator for miniaturization, versatility in a small area. Plus
these—Rocker Thumbwheel, Pushbuttons, Lever and Slide Switches. Oak offers widest selec-
tivity in quality switches for industrial, commercial or military requirements. In fact, Oak has
more switches that meet MIL-5-3786 than all other manufacturers combined —over 24 switch
products. The next switch manufacturer has six. In addition, Oak offers sub-assembly service
to save you production time and costs. These are only highlights of a small part of the
complete Oak line of components. Send today for Catalog 24.

DESIGNED FOR TOMORROW’S
CIRCUITS!

IJIUHht

Ph: 815-459-5000 TWX: 910-634-3353 ' A K CABLE ADDRESS: OAKMANCO

MANUFACTURING CO.

A DivisioN oF DAK ELECTRO/NETICS coRrRP
CRYSTAL LAKE, ILLINOIS 60014
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THINKING RELAYS?

e

THINK MAGNE

(that’s all we think about, exclusively)

J

MAGNECRAFT
STOCK RELAYS

We specialize .in relays. Not only dry reed and mercury-wetted

relays, but a full line of quality, long lasting relays. There are % Tin Rlrs Yoo G By 00

Magnecraft general purpose, telephone type, time delay and ff_j

power relays, as well as coaxial relays for UHF switching. e | gol |
@M o ".i‘..“:

All Magnecraft relays are built to provide reliable performance CATALOG 269

in any application. And to insure this reliability, our demanding = TEE—8 --. | —
quality control system puts every part and assembly through re-
peated inspections before any shipment leaves our plant.

Everyone at Magnecraft concentrates on relays to provide you FREE! Product File —

with lity products, quickly delivered and at competitiv t Yours for the asking.
quality p u - q ; Y ) mp e ?OS ' Contains full details on

That's because all we think about is relays! Just ask our wives! all our stock relays.

See us in Booth No. 3J06 at the IEEE Show

Magnecraft®ELecTn.c COMPANY

5575 NORTH LYNCH AVENUE ¢ CHICAGO, ILLINOIS 60630 ¢ 312 « 282-5500
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Remember how the fluorescent tube changed things in lighting?
Crossflo brings the same freedom for design to air moving.

In size it is a wide slim wheel and scroll, actually unlimited
in width. This important configuration not only makes the Cross-
flo look different than the usual blower, but also removes a di-
mension from the air stream. Standard centrifugals have a three
dimensional air flow which is basically uneven in delivery. A two
dimensional air stream is the unique advantage of Crossflo. At
any station along the length of the wheel, the flow profile plot is
the same. The velocity of air at this point is established by the
diameter and speed of the wheel. The total volume of air deliv-
ered is then simply a function of the unit width.

Since the air stream is always perpendicular to the shaft
from inlet to outlet, there is no end clearance demand except
that necessary for mounting.

Translated into product designs this wide ribbon of air, capa-

TORRINGTON MANUFACTURING COMPANY

ble of working against pressure, can flatten evaporator coils on
auto air conditioners, wrap a refrigerator display case in a cold
blanket, permit the thinnest of wall heaters, and send a cooling
flow of air through a compact electronic unit. Torrington engi-
neers are constantly designing a great variety of Crossflo sizes
for specific applications, they have also created a completely
standard product which is delivered g e

“off the shelf”. Standard sizes are 2” x
7” and 2” x9”. For your own evalua-
tion we suggest you order a ‘‘standard”
sample, test it out, and then define your
needs to our application engineers who
can advise you as to your specific re-
quirements. From any angle the Cross-
flo is new, exhibiting features that we
believe you will like to work with.

United States:Torrington,Connecticut/Van Nuys,California/Rochester,Indiana Canada:Oakville,Ontario England:Swindon Wilts. Belgium:Nivelles Australia:Sydney
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Even if the impact strength after

THERMOPLASTIC RESIN

heat aging of NORYL-3 doesn't astonish you

L TENSILE IMPACT

I——

40

o
o

30

THERMAL AGING OF NORYL -3 AT 250°F.

20

—_
o

1ZOD IMPACT STRENGTH
FT.LB./IN.NOTCH
~
o

\
1ZOD IMPACT

TENSILE IMPACT STRENGTH
FT.LB./INZ (S TYPE BARS)

0 1000 2000 3000
AGING TIME, HOURS

4000

or the tensile strength either

15,000 14,300
TENSILE STRENGTH, PSI, AT 212°F.

10,000 1

5,000 1

NYLON 6/6 POLY- POLY- ACETAL NORYL-2 NORYL-3 NORYL  POLYSULFONE NYLON 6/6*  PPO
(30%GLASS)  SULFONE  CARBONATE (20%GLASS) (20%GLASS) (30%GLASS)
(20% GLASS) (20% GLASS)

the price will.

% AVERAGE VALUE WITH 2% WATER

COST, CENTS PER CU. IN.

4.13

NYLON 6/6 POLY - POLY- ACETAL NORYL-2 NORYL-3 NORYL POLYSULFONE NYLON 6/6 PPO

(30%GLASS)  SULFONE  CARBONATE  (20%GLASS) (20%GLASS) (30% GLASS)
(20% GLASS) (20% GLASS)

The right combination of high performance properties at the right
price has made Noryl catch on faster than any other engineering ther-
moplastic for electrical components, housings, pump components, auto-
clavable food processing and serving equipment and hot water
reservoirs. For complete data, see your GE Chemical Sales Represent-
ative or write us at our brand new multi-million dollar plant, Polymer
Products Operation, General Electric Company, Long Lane, Selkirk,
N.Y. 12158. In Europe, N.V. Polychemie AKU-GE, 76 Velperweg,
Arnhem, The Netherlands.
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Leader in Engineering Plastics
PPO® e LEXAN® ¢ NORYL® ¢« PHENOLICS

GENERAL @3 ELECTRIC
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Only ITT has laser-controlled IC mask making.

Another reason
to buy from
“The Predictables.”

Mask variations used to mean
performance variations in Series
930 DTL. Now ITT initiative has
eliminated the problem. An exclusive
laser-controlled, fully automated
mask making machine assures
absolute repeatability of masks
and of circuit performance.

ITT's machine, representing an
order of magnitude improvement
over older processes, holds mask
registration tolerances to = 122
silicon atoms (based on the crystal
lattice constant). It is tape pro-
grammed, with memory storage
capacity of 10,000 separate semi-
conductor devices, and it can
complete a matched set of up to
nine masks in as little as 10 minutes.

If you think all Series 930 DTL

circuits of the same type should act
the same, the solution is simple:
buy them from “The Predictables.”
ITT predictability also extends to
diodes, rectifiers, and silicon planar
transistors. Ask for a quote on any
or all. They are on-the-shelf at
your ITT distributor. ITT Semicon-
ductors is a division of International
Telephone and Telegraph Corpora-
tion, 3301 Electronics Way, West
Palm Beach, Florida.

semiconductors ITT

FACTORIES IN FLORIDA « CALIFORNIA ¢ MASSACHUSETTS ¢« ENGLAND ¢ FRANCE « GERMANY ¢ PORTUGAL » AUSTRALIA
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IFYOU MAKE
SOMETHING
FOR WHICH
GCC CAN'TSUPPLY
WIRE AND GABLE,

\‘\\

TR, /

OO e

YOU'RE MAKING
SOMETHING

THATDOESN'T NEED
WIRE OR GABLE.

Doyou need magnet wire,coaxial cable, Teflon* What type? What rating? No matter. General
resin-coated wire or fabric? How about cord Cable has it. Because GCC is in the OEM busi-
sets, harnesses or connectors? Or maybe lead nessandinitbig! How big? Come to booth 4J29
wire,hookup wire,audiowireorelectronic wire? and4dJ31atthe IEEE Show and see for yourself!

*Teflon is DuPont's registered trademark for its fluorocarbon resins,

GENERAL @ CABLE CORPORATION
730 Third Avenue, New York, N.Y. 10017

70003
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Now!—new advances in design and manufacture of VHF
crystal filters means even more latitude in your choice of
McCoy filters for frequency discrimination. New filters
range 35-216 MHz...35-93M Hz (bandwidths 5-100KHz),
93-150KHz (7-40KHz) and 150-220MHz (10-24 KHz).

These in addition to the previous M¢Coy range cov-
ering 5KHz to 125MHz...the most complete line of
filters in the world. You can depend on M¢Coy because
we make our own crystals with the optimum combination
of inductance, capacitance, Q and frequency stability

...the best assurance of quality crystal filters.

Whatever your requirements...sophisticated elec-
tronics; miniature size and weight for performance;
environmental stress of vibration, shock or temperature
...we’ve probably already met a similar problem.

Mc¢Coy has the fastest delivery in the industry because
our engineering, manufacturing and testing are com-
pletely coordinated. For any application...large or small,
complicated or simple...let us hear from you. Write for
full details with selectivity graph.

MCECOY ELECTRONICS COMPANY
A Subsidiary of OAK ELECTRO/NETICS core
Mt. Holly Springs, Pennsylvania 17065

Tel. 717-486-3411

‘‘SEE US AT BOOTH 3B28 AT THE IEEE SHOW, MAR. 18-21."

TWX: 510-650-3548
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Couch 2X \relays in new 1/7 size meét

MIL-R-5757D/19 in 1/25th of a cubic inch

The new Couch 2X 1/7 size rotary relay helps solve
switching problems where space and weight are criti-
cal factors. Predecessors of the Couch third genera-
tion relays delivered unfailing performance in the
missile, aircraft and space fields — and they still do.
Today the new Couch 2X offers the same high degree
of reliability in microminiature. Use them with com-
plete confidence for signal switching with other cir-
cuit board components. Each relay delivered is fully
tested. Additional screening tests are available at
your option. Couch 2X relays are made in a variety of
coil resistances, three terminal styles and in a wide
choice of mounting styles. Other products available
include: 10 amp rotary relays, ultra-sensitive crystal
can relays and full-size rotary switches.

78 Circle 78 on reader service card

2X (DPDT) 1X (SPDT)
2-pole 1-pole

Size 0.2” x 0.4” x 0.5” same
Weight 0.1 0z. max. same
Contacts Low Level to 0.5 amp

@ 30 VvDC same
Sensitivity 100 mw 70 mw
Coil Resistance 60 to 4000 ohms 125 to 4000 ohms
Temperature —65°C to 125°C same
Vibration 20 G to 2000 Hz same
Shock 75 G, 11 Ms same

Write for Data Sheets No. 9 and 10.
RUGGED ROTARY RELAYS | ;/.‘ ' Dynamically and Statically Balanced

COUCH ORDNANCE, INC.
3 Arlington Street

North Quincy, Mass. 02171

(617) 298-4147

A subsidiary of S. H. COUCH COMPANY, INC.
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Application: Shirt pocket size 1-watt
FM transceiver.

Problem: How to fit a precision two
channel, 1-watt FM transceiver into a
7" x 23" x 78" package weighing 18
ounces and still not sacrifice perform-
ance or reliability.

Solution: Ultra high density packaging
utilizing Minitan subminiature solid
tantalum capacitors.

The pocket sized transceivers carried
by policemen, the beacon-transceivers
in aircrew survival packs, and the tape
recorders in our latest space shots
have at least one thing in common —
Minitan subminiature solid tantalum
capacitors. Wherever large value capa-
citors are needed for by-passing, coup-
ling, or filtering, there is really no sub-
stitute for electrolytics. And among
electrolytics, none offers greater capa-
citance to volume ratios or greater
reliability than Minitan subminiatures.

Minitans are up to 75% smaller than
equivalent CS13 styles and up to 90%
smaller than “miniature” aluminum
electrolytics. They are even smaller
than monolithic chip ceramics and min-
iature Mylars beginning at about .05
mfd. Minitans don’t sacrifice perform-
ance and reliability for size, however.
This is why they are designed into a
growing number of portable and minia-
ture communications equipments.

Minitans operate reliably to 125°C, han-
dle 130% voltage surges, withstand
Method 106 moisture testing, and have
excellent TC's. Standard tolerances
are +=20%, +10%, and +5%. DC
leakage is typically less than .01uA per
mfd-volt. Impedance is typically below
10 ohms between 1MHz and 10MHz.

MODULAR — ‘U’ CASE

15 mfd @ 20V
040

J!(T—’ 125 Je—
i —{
T

MODULAR — ‘F’ CASE

1.0 mfd @ 20V
l —>l 165 je— i

120

i

CORDWOOD — ‘Y’ CASE

47 mfd @ 10V
——->l 125 |(— —»Iomi«—
v Sk s ©
CORDWOOD — ‘P’ CASE
47 mfd @ 20V

—>| 160 |(— —>|.o7o|<—
oy el ©

Will equipment give thousands of hours
of trouble-free life even after being
stored for months or years? We can't
guarantee the equipment, but we can
the capacitors which never require re-
forming, never leak or dry out, and
have normal life expectancies meas-
ured in the tens of thousands of
operational hours.

how to
save space in
subminiature

communications

What about voltage derating for even
greater reliability and longer life. Don't
try this with capacitors whose dielec-
tric unforms with less than rated ap-
plied voltage. But with Minitan solid
tantalums, voltage derating not only
substantially reduces leakage values
but materially increases reliability and
life as well.

Minitans are available in 11 case sizes,
working voltages to 35 volts, and capa-
citances values from .001 to 220 mfd.
A full line of non-polar styles is offered
for severe reverse DC bias applications.

Both axial and radial leads are avail-
able in both tubular and rectangular
case styles. For maximum IC compat-
ability, gold plated ribbon leads are a
standard option.

Components, Inc. offers more subminia-
ture case styles and ratings than any-
one else. Our products are designed in,
not added on. So we welcome requests
for samples, performance and reli-
ability data, and applications aid. Al-
most every catalog part can be shipped
in prototype quantities within 24 hours.

... with
Minitan®

solid tantalum
capacitors

VISIT US AT BOOTHS 4D-15-4D-17, IEEE SHOW
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COMPONENTS, INC.

MAINE DIVISION

SMITH STREET / BIDDEFORD, MAINE 04005
TEL. 207-284-5956 / TWX-710-229-1559
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About sales and sales people. About service and delivery dead-
lines. About quality you can depend on. About new products
to meet new requirements before the need becomes an emer-
gency. For example, our relays and pressure switches have
been solving industrial problems for 20 years...ranging from
small manufacturing operations to the national space program.

Whether you need a component replacement today, or a
specially-designed unit to meet a future need, count on us. We
specialize in having solutions on hand before problems arise.

And if you're tired of promises unkept and delivery dates
unmet, we invite you to investigate the production and service
facilities of Cook Electric. You'll find it's good business. With
us, performance comes before promise.

COOK

ELECTRIC

AUTOMATIC CONTROLS DIVISION
200 E. DANIELS ROAD ¢ PALATINE, ILLINOIS 60067 ¢ 312—359-2100
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to IEEE to swap ideas
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page 112
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response to radiation
page 122

IC’s improve color sets’
video i-f amplifier
page 130

Foreign exhibitors at the 1EEE show agree with many domestic
exhibitors on at least one thing: most engineers don’t come to
the convention to place orders. Yet the show turns out to be
a gathering place of specialists who want to talk about tech-
niques and problems, and the foreign firms are here to learn
as well as sell. Some European exhibitors find they get more
and better inquiries about their products at the EEE show than
they do at home. The Japanese will be testing reactions to
some promising new developments, including luminescent
diodes and a magnetic scale for numerical control.

Some of the programs proposed for the computer-aided design
of integrated circuits provide models that bear little resem-
blance to real 1c’s. But a new computer program that takes
into account only such salient device parameters as impurity
concentrations and diffusion profiles and relates them to the
desired electrical characteristics, can make cap a far more
practical tool.

Electronics Batch fabrication of light-emitting diodes
‘ may signal a new generation of alphanu-
meric displays. Such arrays might constitute
the entire instrument panel of an automo-
bile or be used to display tv channel num-
bers or the temperatures of range ovens.
Researchers have already produced experi-
mental five-by-seven arrays from single wa-
fers of gallium arsenide phosphide. On the
cover, six of these arrays are appropriately lighted to depict
a running figure.

A new digital method improves the accuracy and cuts the cost
of transducer-signal conditioning. Developed in Finland, the
method replaces the time-honored analog technique. In one
application—an industrial logger—four different types of ther-
mocouples and one resistance-temperature detector are linear-
ized on a single p-c card at a cost per function of about $20.

Testing circuit components individually to see if they can stand
up to radiation is costly and time-consuming. With some fairly
simple equations, the designer can predict components’ radia-
tion behavior on the basis of parameters measured under
ordinary conditions—an easier way to select both semiconduc-
tors and passive elements for radiation-hardened circuits.

The burden on the i-f amplifier of a color tv receiver is great.
It must provide most of the set’s gain and handle a good share
of the automatic gain control without distorting or clipping the
incoming signal. Integrated circuits have a future in the video
stage; they provide input-output isolation, simplify alignment
and give better agc than discrete components can.

Coming
March 18
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* Thin-film transistors revisited
= Infrared as a measuring tool
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Foreign exhibitors restrain enthusiasm

Most look for contacts, not sales, and some wouldn’t mind skipping

the whole thing—but the Japanese go all out

If you’re going to look for new products from for-
eign companies at the 1EEE show you’d better brush
up on your Japanese. Most European exhibitors will
be at the Coliseum just to fly their company flags.
Their attitude toward the March 18-21 show is
summed up by a West German marketing executive:

“While we consider the 1EEe the No. 1 show—
Wescon is a close second—we look at it as a place
to make contacts, not as a place to sell. So there’s
no real reason to trot out our newest devices; we’'d
rather display the familiar ones that were best
known for.” Another European executive says:

“We'd just as soon skip the whole thing. But our
closest competitors are there, so we have to be.”

The Germans are mounting an all-out assault on
American electronics shows, but they have no illu-
sions about the 1EeE show as a marketplace. Peter
Hoellein, sales director of Rohde & Schwarz, Mu-
nich, says his company has been a New York ex-
hibitor for many years and sees no reason to quit.
But, he adds, “We're not exhibiting to make big
sales. Rather, we want to take the opportunity to
show American engineers what we can do.” His
advice to firms seeking big orders: stay away. “Our
intentions,” Hoellein adds, “are different. By making
contacts with engineers and impressing them with
our abilities, we hope to help them meet specific
requirements. It's these contacts that lead to in-
quiries about our products, and finally to orders.”
He regards the show as an excellent place to pin-
point needs. “It’s really a big gathering of specialists
who come to discuss and present their problems.
We're there to see how those problems best can be
solved and get a good feeling of what's required
in the future.”

He also likes the atmosphere at the Coliseum.
“Engineers are relaxed there,” he says, “free from
tensions and removed from the troubles and anxie-
ties that plague them at their jobs. An exhibitor-
visitor relationship exists at the show that’s quite
different from that experienced when you go see an
engineer in the narrow confines of his office at the
plant.”

The British agree the Coliseum is no order-writ-
ing office. Bernard J. Haynes, group managing direc-
tor of KGM Electronics Ltd., feels the 1EEE exhibit’s

82

main claim to support is that it gives him a feel of
the American market. A small independent group
of companies with about 200 employees, KGM is
mostly making illuminated digital or alphabetical
readout devices for instrument makers. Says Haynes:

“Our first shot at the 1EEE was last year, and we're
coming back. Our previous exporting experience
had taught us that it’s vital to know the market you
want to sell in. We knew that marketing in the U.S.
was far different from marketing in Europe, and
we also knew that IEEE was a meeting place for U.S.
marketing men far more than European shows are
meeting places for European marketing men.”

Inquiries last year, Haynes estimates, were 50%
more numerous and more serious than those en-
countered at recent European shows. He attributes
this to the fact that the EEE show is a meeting place
for agents, and he was looking for agents. “If an
American is interested in your product;” he says, “he
usually comes straight on to the stand and asks about
it. On the other hand, a Briton may be interested,
but he'll prowl around at a distance trying to make
his own judgment without actually talking to you.”
Haynes believes one other plus for the IEEE conven-
tion is that it attracts fewer casual inquirers than
European shows. “The 1EEE is a good introductory
education in American selling methods.”

A bit different is the experience of the English
Electric Valve Co., part of the English Electric Co.
group and one of Europe’s largest makers of special
electronics tubes. English Electric Valve, coming to
New York for the eighth year, receives fewer in-
quiries at the Coliseum than at European shows.
But, explains sales manager Robert Coulson, this
is due to the nature of the products. “With conven-
tional components, such as tubes, U.S. buyers nat-
urally tend to think of U.S. suppliers first, and there
are plenty of those.” Also, English Electric Valve
has been concentrating on European and Common-
wealth markets for many years and is much better
known there than in America. “In the U.S.,” Coulson
adds, “an inquirer has probably made his assess-
ment of American products before he approaches
us; in Europe, we'll most likely be considered first.”

G.&E. Bradley, a British firm specializing in sub-
systems for microwave system builders, is coming
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to the show for the first time. Ken Sharpe, manager
of the Microwave Products division, explains: “It’s
unprofitable to custom-make subsystems, so we've
developed one that can be mass produced. Now,
we have to show it where the action is—the U.S.”
Many foreign companies won't tell in advance
what they’re showing. Others apparently make up
their minds at the last minute. Still others leave the
decision to their New York office and write off the
IEEE meeting as an important showplace. Within
those limits, here’s a rundown on foreign firms.

France: comme ci, comme ca

Most French companies represented are allowing
their New York offices to decide what will be put
on the stands.

Compagnie Francaise Thomson Houston-Hotch-
kiss Brandt shrugs off its display as “just a few
tubes™: power-grid tubes, uhf triodes and tetrodes,
high-gain triodes, light-sensing tubes, pickup tubes,
light image intensifying tubes, and special purpose
tubes. Compagnie Générale de Electricité talks
vaguely about “some lasers,” and Adret Electronique
admits only that it will show up.

Britain: hope springs eternal

Electronics executives in Britain have adopted a
generally thumbs-up attitude about the 1EEE exhibit.

Kem will be showing its acrylic resin edge-
lighted readout indicator. The units have 10 layers
of acrylic, each engraved with a different digit, and
10 tiny incandescent bulbs, one against the edge
of each sheet. The unit attaches to a solid state pulse
decoder made by keMm, but it also can be operated
manually. The company claims its patents make it
difficult for anyone else to equal its indicators in
using this principle. One patent in particular permits
use of a bent acrylic sheet with the row of bulbs

mounted along the back of the unit. Everyone else
has to use flat sheets, adding to the indicator’s width,
Says KGM.

English Electric Valve has found the products
that sell in the U.S., and which it therefore features
in its EEE display, fall into two categories:

= Basically standard tubes that the company
makes in high enough volume to be competitive.
The best example is a mechanically tuned pulse
magnetron intended for linear accelerators. Another
example is a long-anode magnetron also aimed at
linear accelerators.

= Special products that have no U.S. equivalent.
The best example is a high-gain transmission, sec-
ondary-emission image intensifier that can be used
for direct viewing or photographing events at very
low light levels.

G.&E. Bradley, the microwave subsystems special-
ist, found that custom construction was not only
unprofitable but also a waste of microwave engi-
neers, who are scarce in England. So the company
developed subsystems that could be volume-pro-
duced—solid state microwave sources built up of
modules to give a variety of outputs. It has taken
space at the show to promote wide sales. Says
Sharpe: “The only way a British maker of micro-
wave subsystems can hope to compete in America
is to make modules specifically designed for volume
production. Were planning to turn out 2,000 kly-
stron replacement modules per year.” Bradley’s big-
gest triumph so far came a little more than a year
ago when its U.S. agent, Edwin Industries of Silver
Spring, Md., sold a big order to Lockheed Elec-
tronics for a solid state x-band source.

West Germany: no blitz like show blitz

The German electronics industry has plans to
come on like a Panzer division at American shows
during 1968. At the EEE show, 27 com-

panies will have space in the 3,000-

square-foot central German exhibit—

notably AEG-Telefunken, the nation’s
second largest electronics firm. Some
firm’s have additional stands of their
own.

Rohde & Schwarz says the most
important item it's showing is an ultra-
high-frequency signal generator, a
new version of the firm’s so-called
SLRD model. The instrument won’t
be shown in Germany until June.

Designed for a 275-t0-2,750 mega-
hertz range, it’s intended primarily for
testing duplexers, input stages of radar
receivers, and other radar components.
A special circuit (Rr&s refuses to reveal
details) allows pulse modulation with
a simple pulse generator. Small rise
and fall times, even at a relatively low
frequency of 300 Mhz, allow pulse
scanning with microsecond pulses. A

“We'd just as soon skip the whole thing—but our closest competitors few volts suffice for 100% modulation.

are there so we have to fly the company flag too.”
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The new SLRD has a power output
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of at least 75 watts and its short-term stability is
5 xel)=5.

The device contains a varactor diode arrangement
which, along with a synchronizing unit, can give
synchronization to a quartz frequency standard at
any frequency. The short-term stability is then im-
proved by several factors of 10.

The signal generator also furnishes power at small
levels for testing semiconductor circuits. To elim-
inate spurious radiation, which cannot be tolerated
in such circuits, the SLRD features a shielded oscil-
lator in addition to an improved cut-off attenuator.

Another exhibit r&s hopes will grab attention is
a frequency and time standard called the Type
CAQA. It contains a shock-mounted 5-Mhz crystal
in the harmonic mode with high precision and small
drift in continuous operation: the company guaran-
tees precision of 10—1° and drifts of Af/f /5 x 10—10
per day and a short-term stability of Af/f /4 x 10—
for measurement times of 1 second. The instrument
is fitted with silicon planar transistors.

The CAQA delivers sinusoidal voltages of 50/60
hertz, 1 khz, 100 khz, 1 Mhz, and 5 Mhz as well as
square-wave pulses between 1 Hz and 10 khz in
decade steps. The signal-to-noise ratio is better than
85 decibels. A goniometer phase shifter that pro-
vides a digital readout adjusts the phase of fre-
quencies from 1 Hz to 10 khz, and the seconds and
minutes counter and clock movement to values
desired. The phase shifter is calibrated in units of
10 microseconds.

Also on the r&s stands will be a super high-fre-
quency range signal generator, the Type SMCI,
intended for measurements in the 4.8-to-12.6-ghz
range. It uses a reflex klystron with a tunable coaxial
cavity resonator as an oscillator. R-f energy is
brought out by a piston attenuator.

Rounding out the exhibit will be a 100-Mhz
counter, called Type FET 2, designed to measure
frequencies, revolutions per time unit, timing mark
intervals, and clock pulses in computers.

AEG-Telefunken will display a tiny transmitter
that is designed to be swallowed. Called the Heidel-
berg capsule, the transmitter is about 18 millimeters
long and 8 millimeters in diameter. After it’s swal-
lowed, the capsule transmits continuous pH (acid-
ity) readings from the patient’s stomach or intesti-
nal tract. The signals are picked up by an antenna
system strapped around the patient’s waist, and
indicated and recorded by a receiving system. The
capsule does away with tubes inserted through the
mouth.

In the capsule are a 1.9 Mhz transmitter and an
electrochemical cell which consists of a zinc and a
silver chloride electrode with a salt solution serving
as an electrolyte. The solution is put into the cell
just before the capsule is swallowed.

The pH measuring system consists of an outer
antimony ring electrode in addition to the silver
chloride electrode. The pH-dependent potential
difference between these electrodes is fed as a fre-
quency-determining measuring voltage to the tran-
sistor, an AF 128 type. The measuring voltage varies
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around 400 millivolts, depending on the pH value
in the acidity range from pH 1 to pH 7.

Sales executives at Siemens America admit they
can’t even guess how much of their $12 to $15 mil-
lion annual sales can be traced to contacts made at
the 1EEE convention. But the company feels its fairly
high Coliseum tab is worth it.

Stan F. Martens, who is arranging Siemens’™ ex-
hibit, says he wanted to take six booths but could
get only five. Last year, Siemens had four—two for
components and two for instruments.

Siemens, though, wound up with as much space
as it wanted this year. As West Germany’s largest
electrical-electronic producer, the company was one
of the first signed on for the Government-run pavil-
lion. On the national stand, Siemens will beat the

“An American walks right up and asks. But a Briton
prowls around trying to make his own judgment.”

drums for its UBL laser and for its line of oscillo-
graphs.

As usual, Siemens gives separate booths to com-
ponents and equipment.

Therell be nothing that's spanking new. But
there’ll be a showcase for one of Siemens’ biggest
U.S. money makers—a gas-filled surge voltage pro-
tector. The device sops up transients by first glow-
ing and then arcing. Protection can start as low as
90 volts or as high as 1,400 volts. The smaller units
are button types; the larger mount in fuse holders.
Siemens also will show semiconductors and an ex-
tensive line of capacitors. ;

In instruments, the accent will be on check-out
devices for communications equipment. The trend
is toward digital readout and Siemens has carried
the movement to level metering, where powers and
voltages are measured in logarithmic terms. A dig-
ital level meter can handle a range of 30 Hz to
120 khz and a digital level oscillator ranges up to
2 Mhz.

Siemens had planned to show a 75-ohm control-
able attenuator that spanned a spectrum from di-
rect-current to 2 Mhz. But the company’s engineers
couldn’t get the attenuator ready for market in time
for the 1EEE display and the unveiling has been put
off until the Wescon show.
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Canada: the neighbor brings her family

Canada isn’t counted among the big five electron-
ics-manufacturing nations, but you'd have a hard
time explaining that to a layman visiting the Col-
iseum. Repeating last year’s one-for-all plan, 15
manufacturers and the government have teamed up
to take over the Coliseum’s mezzanine floor.

The 1968 exhibitors include eight of the 14 who
participated last year. With the added seven, they
represent a cross-section of the industry: compo-
nents, equipment, and services.

Displays will range from the highly sophisticated,
such as Litton Systems (Canada) with its LN-15
inertial navigator, to the basic, such as Amphenol
Canada’s ferrite filter connector or the resistor line
of the Constanta Co. In between will be the solid
state circuitry applied to medical electronics by
Hargrave Applied Research Corp., the custom dis-
play equipment and injection luminescence re-
search of Bowmar Canada, and the antenna tuning
and phasing systems made by Geleco Electronics.

Japan: another opening, another show

Japan will put on the biggest new product show.
For the energetic Japanese, the mEEE show is a cap-
tive audience of engineers in a good mood. No Japa-
nese businessman worth his salt is going to ignore
that kind of audience—even though most of it might
be more interested in the New York nightclub cir-
cuit than any other kind.

The Matsushita Electric Industrial Co. will show
a new indium antimonide Hall generator that uses
several thin chips of InSb instead of the relatively
thick single crystal. This, says Matsushita, yields
four to 10 times the sensitivity—which is inversely
proportional to thickness—and promises to be less
expensive than conventional thin-crystal devices.

The company’s fabrication method is to deposit
a 1-to-2-micron thick InSb film on an alumina sub-
strate. Not only does this offer low noise level and
stability but it also has output voltage with the high
value of 60 millivolts per kilogauss and the low
power input of only 5 milliwatts. By using higher
control currents, the sensitivity can be increased to
several hundred millivolts per kilogauss; maximum
control current is limited to about 30 amperes.

Normally, Hall devices are made with a thickness
in the range of 10 to 20 microns by chemical etch-
ing. Somewhat thinner single-crystal devices can be
manufactured, but the yield is poor and theyre
expensive.

Matsushita says it found a way to vacuum deposit
a compound of indium and antimony, a technique
that had stymied researchers. The firm uses separate
sources for the metals and evaporates them with
a tungsten heater. Specially developed ionization
gages, which do not leave shadows in the deposited
film, monitor the evaporation rates. This data makes
it possible to control film composition and thickness.

Another new Matsushita device, to be debuted
in its 1EEE display but not yet commercially avail-
able, is a pressure-sensitive diode. Developed at the
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“The IEEE is an education in U.S. selling methods.”

company’s Electric Machine and Apparatus Labora-
tory, the diode is headed for diverse applications
ranging from a replacement for contacts under keys
in electronic desk calculators to a sensing element
in scales for weighing loaded trucks.

One of the major characteristics that distinguishes
it from other semiconductor devices is its copper
dopant, normally considered undesirable in semi-
conductors and avoided like a plague because of
the deep impurity levels given.

The firm claims sensitivity to pressure change is
100 times greater than that of previous devices, with
response extending to ultrasonic frequencies. Its
resistance change is normally greater than three
orders of magnitude. The diode’s starting material is
p-type silicon; copper is diffused into one side where
the deep impurity level causes inversion to n-type.
A silver film is evaporated onto the surface with high
copper impurity concentration to form a Schottky
junction, and a gold contact is alloyed onto the
other side.

The device is packaged in a can similar to the
normal TO-5. A sapphire stylus used to apply pres-
sure to the diode rides in a guide and protrudes
from the top of the can.

Also developed by the lab, and also using copper
as an impurity, is another semiconductor making its
debut—a switch useful for triggering thyristors,
much the same as a diac [Electronics, Feb. 19, p.
171], or as a pulse generator in electronic equip-
ment. The device has a symmetrical current-con-
trolled negative resistance with a very sharp high-
speed response curve.

N-type silicon is doped with copper, giving deep
impurities and inversion to p-type. Gold alloy con-
tacts are attached to the two faces of the silicon
chip, which gives the device superficial resemblance
to a germanium alloy transistor. Lead wires are
attached to the two gold regions. The device’s
mechanism probably makes use of an avalanche
effect.

The trigger switch can be built with threshold
voltages in the 10-to-70 range. Turnover current
is normally less than 200 microamperes. For a diode

85




with a threshold voltage of 27, the dip is to about
10 volts during switching.

Matsushita is also sending an industrial color tele-
vision camera that it bills as one of the world’s
smallest: 13% inches long, 7 inches wide, 934
high, and weighing 39% pounds without lenses.
The size—and accompanying cost reduction—is due
to a simplified optical system, the details of which
are the company’s secret, and small vidicons.

Tipping the scale

If the Sony Corp. has its way, American engineers
will be using its magnetic recording equipment for
more than just listening to Bach, Beethoven, and
Baez. Sony hopes that by 1969 its new magnetic
scale for numerical control—with applications in-
cluding automatic fabrication of integrated circuits
—will become as necessary as a slide rule.

There are a whole line of scales featuring linear
and rotary models plus a digital counter for readout.
All will be dipping a tentative toe into the market-
ing waters at the Coliseum. Sony will use the reac-
tion to guide development of the product line, which
should start to make its weight felt around Jan. 1.

This procedure, the company points out, was
tried before. The prototype of its video tape re-
corder was introduced at the 1962 me show, and
Sony used feedback gathered there to develop the
first commercial model with deliveries starting the
following year [Electronics, Nov. 14, 1966, p. 157].
Sony is not aiming to sell a limited number of scale
systems at extremely high prices. The magnetic
scale line is expected to range from position trans-
ducers competitive with moderately priced optical
transducers, such as the Tru-Rota, made by Trump-
Ross Industrial Controls Inc. for a basic price of
$192.50 [Electronics, Jan. 22, p. 168], to complete
numerical control or readout systems up to $5,000.

Sony’s marketing wedge is the replacement of
expensive and delicate optical scales with the more
rugged magnetic version. Another advantage is that
some optical devices give an analog readout, but
all the magnetic scales have a digital readout. The
development of the magnetic portion of the equip-
ment was based on Sony’s wide experience with
audio, instrumentation, and vtr’s, and with magnetic
recording tape. Logic and readouts are based on the
hybrid 1c’s and other components developed for
Sony’s desk calculators.

The basic component that serves as the com-
pany’s membership card in this new field, though,
is essentially new. It's a multigap flux responsive
magnetic head invented by Saburo Uemura and pat-
ented in the United States a year ago. Uemura’s
group started work on the head in 1960, and units
have been used in-house with numerical control
equipment developed by Sony for production of its
hybrid 1cC’s.

The flux head differs from a standard magnetic
recording head in having two sets of windings: an
exciting winding and an output winding. Thus it
can be used in measurements where the output must
be independent of speed, and where there must be

86

output even at zero speed. On the other hand, ordi-
nary tape recorders, including audio, instrumenta-
tion, and video, give an output proportional to the
rate of change of magnetic flux at the playback head
—fine for fixed-speed applications but bad for meas-
urement.

In basic operation, a sine wave current of 5 to 10
khz, or higher in some applications, is applied
to the exciting winding to saturate the core. If the
head is used to reproduce a magnetic medium that
records a square wave signal, the recorded mag-
netic flux either adds to or subtracts from flux
caused by the exciting current. Output voltage at
the head is at twice the carrier frequency, with out-
put voltage and sign dependent on the magnitude
and direction of the recorded information under the
head gap.

Information from the heads is electrically de-
tected to obtain pulses each time the head assembly
traverses one wavelength of information, or a
fraction of the wavelength, recorded on scale. By
using heads spaced so their output is in phase quad-
rature, it’s also possible to get directional informa-
tion by logic similar to that used with optical scales.
The basic linear scale has a recorded wavelength
of 200 microns, although 100-micron versions also
can be made. The head is made of alternating lam-
inations and nonmagnetic spacers, each 50 microns
thick, to give two gaps per recorded scale wave-
length. By using a counter with precise interpola-
tion, output with a resolution of 5 microns is ob-
tained. This makes the scale accurate enough for
use with numerical control machine tools.

For linear measurements, the scale consists of a
strip of berrylium copper 20 millimeters wide by
0.15 mm thick. A nickel-cobalt film about 20 microns
thick is plated to the strip to serve as the magnetic
recording medium. The basic recorded wavelength
is 200 microns. Two side-by-side heads, slightly
askew to obtain the required 90° phase separation,
reproduce information on the center 10 mm of the
scale.

The target prices, says Sony, range from $500 for
a readout with simple interpolation to $1,000 for
one with precise interpolation.

Hayakawa Electric Co. completes the lineup of
the Japanese stands at the IEEE.

Most of Hayakawa’s display will consist of estab-
lished products. But two luminescent diodes, the
GLE-502 and the GLE-102—similar to those shown
last year—are back with a few additional features:
increases in radiated output by greater than an or-
der of magnitude and lower prices. Also, the diam-
eter of the smaller unit, the 102, for mounting on
0.1-inch centers, has been reduced. The first units
had diameters almost equal to the center-to-center
spacing, and therefore were hard to mount.

Reports for this article came from John Gosch in
Bonn, Michael Payne in London, Charles Cohen in
Tokyo, and Peter Kilborn in Paris. It was written in
New York by Howard Wolff.
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Circuit design

Designer’s casebook

Adding a transformer
halves uhf frequencies

By D.E. Sanders

Electronic Communications, Inc., St. Petersburg, Fla.

The frequency of any sine, square or pulse input
signal in the 150-to-450-megahertz range can be
divided by two with this astable multivibrator. Add-
ing a transformer to the astable multivibrator yields
faster turn-on and turn-off of the switching transis-
tors, increases the maximum frequency of the oscil-
lator by 50%, and makes conventional divide-by-two
operation available over the entire uhf range. The
approach achieves uhf divide-by-two capability
without the disadvantages of prior circuits that
required specially-shaped input waveforms, more
components, higher dissipation ratings, and switch-
ing of their narrow operating-bands to cover the
entire uhf spectrum.

The frequency divider can drive a similar circuit
to achieve 4:1 frequency division if the input pad
R;, Ro, and R; is omitted on the circuit driven. One
such two-state 4:1 divider was used to prescale a
400-Mhz signal to the 100-Mhz signal required for
input into a digital synthesizer. In another applica-
tion, the divider was employed in the carrier recov-
ery portion of a phase-shift keying system’s de-
modulator.

With no input signal, the circuit oscillates at
300 Mhz because it has no stable d-c state. When
any 150- to 450-Mhz signal with a waveform sym-
metrical about zero is applied to the input, the cir-
cuit operates like an emitter-driven divide-by-two
flip-flop; the blocking-oscillator action provided by
transformer T; speeds up the turn-on and turn-off
of transistors Q; and Q., enabling the circuit to
operate reliably over the entire uhf range.

To begin the cycle, assume Q. is conducting and
Q1 is cut off. As the input waveform goes positive,
transistor Q. begins to conduct less, causing the
voltage on the collector of Q. (point B) to go posi-
tive; the positive voltage at point B is coupled
through transformer T; causing point A to go nega-
tive. The negative voltage at point A is coupled
through capacitor C. to the base of Q., causing Q.
to cut off. The positive voltage at point B also is
coupled through capacitor C;, increasing the voltage

Designer’s casebook is a regular

feature in Electronics. Readers are invited
to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.
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T|=FERROX CUBE CORE 56-590-65-
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Ly = FERROX-CUBE CORE 56-590-65-3B, 6 TURNS NO. 36

on the base of Q. (Transistor Q; may or may not
start conducting during the time the input is posi-
tive, depending on the amplitude of the input sig-
nal. Either way, the base of Q; becomes more posi-
tive as the base of Q. becomes more negative,
thereby placing Q; in a position to conduct first
when the input signal goes negative.) The peak-to-
peak voltage swing of points A and B is only about
2 volts due to leading by low impedance of trans-
former T;.

As Q; turns on, the current through coil A of
transformer T; increases in a direction that tends
to make point A more negative. Because of the
opposite polarity of T;’s windings, the current
through A induces a voltage in coil B that tends
to make point B more positive. The more positive
potential at point B is coupled to the base of Q,
via C,, increasing the conduction through Q..
The increased current through Q;, in turn, induces
a voltage in coil B that further increases the po-
tential of point B, causing Q; to conduct still more
heavily. The positive feedback continues, quickly
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saturating Q;. It is this positive feedback that speeds
up the turn-on of Q; and Q. sufficiently to enable
the circuit to operate reliably over the uhf range.

Transistor Q; remains on during the entire nega-
tive half-cycle of the input waveform and the out-
put voltage remains at ground. As the input begins
to go positive again, Q; begins to conduct less and
the cycle repeats. Since Q. is more strongly back
biased, Q- turns on first when the input goes nega-
tive again. With Q. on, the output voltage drops

about two volts, terminating the output pulse. In
this manner, a complete cycle of the input wave-
form generates a single output pulse and thereby
divides the frequency of the input signal in half.

The frequency divider can be made to operate
at lower frequencies by increasing the values of
capacitors C;, Cs, and C;. With C; and C, at
1,000 picofarads and C; at 660 pf, the circuit halved
the frequencies of input signals in the 10- to
300-Mhz range.

Low-cost Schmitt trigger
made with digital IC

By P.A. Francis and K.R. Whittington

Tube Investments Research Laboratories, London

An inexpensive digital integrated circuit can be
operated as a Schmitt-trigger level detector. The
microcircuit in the detector is Texas Instruments’
SN7360 quadruple NanD gate. Two of these gates
are cross-coupled to form a binary switch gener-
ating output pulses in response to signals exceed-

P el
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|
|
|
|
|
|
|
|
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Q
1
1
0
0
1

ing a preset threshold value,

The detector’s input threshold is adjustable
over a wide range; input amplitudes as low as 0.7
volt will trigger off to an output pulse. The de-
tector’s turn-off level can be adjusted independ-
ently so that the circuit’s hysteresis—the difference
between turn-on and turn-off levels—can be altered
as desired, regardless of the height of the input
threshold. The minimum hysteresis attained in
this circuit was 50 millivolts.

Input signals are applied to the junction of po-
tentiometers P; and P, which attenuate the inputs
and pass them to the quadruple ~Nanp gate. The
attenuated signals are waveforms A and B. Signal
B has been inverted by Nanp 1 and is applied to
NAND 3 to turn on the output pulse at time To.
Signal A is applied directly to NaND 2 to turn off
the output pulse at time T,. Signals A and B trigger
the NAND gates to which they are applied when
their amplitudes rise above or fall through the
threshold level of V volts. The threshold level for
the SN7360 was found to be 0.7 volt. A signal that
rises above the V-volt triggering level of the NanD
gates constitutes a 1 in the truth table; a signal
which falls below the V-volt level is a 0.

To begin the cycle, the circuit is in the condi-
tion described in line 1 of the truth table, that is,
A is 0 and B is 1. When an input signal is applied,
the voltage at A rises from ground level and passes
through the trigger level V at time Ty, placing a 1
on input 1 of Nanp 2. No change occurs in the
output condition of Q or Q, but the switch is now
set to the state indicated in line 2 of the truth table
and ‘is rendered receptive to changes on the other
input line, input 2 of NAND 3.

Meanwhile, the voltage at B is falling from
+V.. toward 0 volts. As soon as voltage B reaches
level V, the 1 at input 2 of NanD 3 becomes a 0
and the switch changes state—to line 3 of the truth
table—placing a 1 on output Q to produce the lead-
ing edge of the output pulse.

But the B voltage starts to rise again toward
+V.. and passes through the V-volt trigger level
at time T;, placing a 1 on input 2 of NaND 3 and
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returning the switch to the condition shown in
line 4 of the truth table: outputs Q and Q remain
unaffected. :

The A voltage, meanwhile, has been falling
toward 0 volts. At time T, the amplitude of signal
A falls below the V-volt trigger level, placing & 0
on input 1 of NAND 2; this returns the binary switch
to its initial state, terminating the output pulse.

The input threshold may be varied by adjusting
potentiometer P;. The turn-off voltage level may be
altered separately by potentiometer P,. The NaND
gate in the SN7360 triggered almost uniformly at
0.7 volt. Potentiometers P; and P, are also used
to compensate for differences in electrical char-
acteristics among differential microcircuits. A sim-
ilar circuit that would be independent of device
characteristics can be built, at greater expense, by
forming the binary switch with two operational
amplifiers. The two amplifiers would be cross-con-
nected in a manner analogous to the wiring of
NAND 2 and NAND 3.

The scope tracings show the output pulse super-
imposed on the input pulse when P is set for min-
imum hysteresis (top) and for maximum hysteresis
(bottom). The difference between on and off trigger
levels in the latter case is indicated.

Bridge rectifier clips
dangerous voltages

By Lyman E. Greenlee

Mobile Electronics Inc. Anderson, Indiana

High line voltage surges, that occur in the late eve-
ning hours override the regulation transformers in
a-c line filters. This raises the supply voltage in
line-powered equipment such as refrigerators and

freezers, and as a consequence endangers equip-
ment operation. Otherwise harmless transients in
the line riding on the boosted d-c level destroy
transistors or trigger-sensing circuits in monitor-
ing apparatus.

A bridge-rectifier and its resistance-capacitance
load, connected to the a-c line filter, keeps the
voltage in the filter at 117 v. False triggering of
intensive-care apparatus in hospitals and process-
control equipment in industry are prevented.

The a-c voltage on the secondary of T, sees the
low impedance of capacitor Cy, on the other side
of the bridge rectifier. While charging the capaci-

T
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tor, the a-c voltage in the filter is clipped down
to the maximum voltage that C,; can maintain. The
constant discharging of the capacitor by R; keeps
the voltage low, and zener diode, D;, keeps the
voltage on Cy4 clamped at 110 v.

Capacitors C; and C,, in the primary and sec-
ondary of T, level off the infinitesimally narrow
spikes that occur. Damped r-f oscillations, gener-
ated when transistors and diodes are shut off, are
removed by Cs.

Positive and negative surges are trapped by the
Thyrector diode, D, a silicon diode that acts as an
insulator up to its rated voltage and as a conductor
above rated voltage. Persistent surges fed back
from the transistorized equipment cannot be han-
dled by D.. These potential line transients are
removed by the rectifier bridge before Tj.

Because voltage drops occur in grounding cir-
cuits and cause malfunctions, the secondary of T,
and the primary of T, are not grounded.

Stretching video pulse
keeps indicator on

By Willie A. Magee*

Electro Optical Systems Inc. Pasadena, Calif.

Indicator lamps on ground-support test equipment
can be used to signal the presence of pulses at
points throughout a radar receiver. Each pulse—
the result of a properly operating subsystem—is
vividly displayed on a test panel to the attending
tester. Unfortunately, narrow video pulses, such
as those found in automatic-gain-control and coun-
termeasure circuits, must be expanded to keep the
indicator lamps on long enough to alert the tester.
A field effect transistor, gated into conduction while
the narrow pulse is slowly discharged from a ca-
pacitor holds the indicator on for 180-milliseconds.

This lamp-indicating system is as effective in
trouble-shooting pulse circuits as more expensive
systems that use oscilloscopes. It can also be in-
corporated into a portable test set for testing color
tv and f-m multiplex circuits.

* Formerly with Aerojet-General Corp., Azusa, Calif.

When the pulse is generated, it biases diode
D; and Ds into conduction. Capacitor C; charges
to the —15 volt pulse amplitude. When the pulse
returns to ground, diode D, becomes back biased

" and capacitor C; is isolated from the input.

Since the voltage on C; is greater than the break-
down voltage of zener diode, D;, the capacitor dis-
charges. As it flows through R;, R, and R;, the
discharge current develops a negative voltage
across Rj. This voltage neutralizes the positive 5
volts developed by voltage divider R; and Ry and
places the anode of Dy and the gate of Q; at
ground.

Loss of the positive voltage at the gate brings
the field effect transistor out of pinchoff and into
a low-resistance conduction region. The indicator
bulb comes on and remains on until the voltage on
C, falls below the zener voltage of Dj.

When the anode voltage of D3 returns to ground,
the field effect transistor is biased off by the posi-
tive 5 volts of the voltage divider. Turnoff of Q
and, consequently, the indicator is instantaneous
because zener diode D; behaves as a high resis-
tance when its anode voltage hits —10.5 volts.

The high negative voltage that first appears on
the anode of Dj is prevented from drawing currents
and therefore destroying the Fer by the back bias-
ing action of Dy.

o
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Do you have a “special” photocell problem?

Clairex probably has a “standard” answer
with the industry’s widest line.

If not, we can design a photoconductive cell
to meet your needs.

Helping industry solve problems involving light con- design one to meet your requirements. And don’t
trol has been Clairex’s only business since 1953. To hesitate to call on us for help in setting up your speci-
provide creative engineering to the country’s leading fications. We are frequently able to save time and
companies, we have developed the industry’s widest money for customers who consult us before estab-
line of photoconductive cells . . . over 80 standard lishing detailed cell designs.
types of CdS and CdSe units. If you'd like more information, remember, we
Standard Clairex cells provide combinations of wrote the book. Send for your copy of the Clairex
features that you need to meet most needs . . . high Photoconductive Cell Design Manual.

speed, low temperature coefficients, low memory,
high linearity, uniform color temperature re-
sponse, small size, high stability. They come in 6
hermetically sealed packages from TO-18 to TO-3.

If a special photocell is required, Clairex can

El[n]nn"lcs INC. Ml 1239 BROADWAY, NEW YORK, N.Y. 10001
®
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CA“overlay Transistors
... for Total RF Power

New Plastic Design for SSB Communications

High Power Performance at 400 MHz

75 Watts PEP Output (Min.)
@ 30 MHz,
IMD—30 dB (Max)

Intended for 2- to 30-MHz SSB
power amplifiers operating from
a 28-volt supply, this high gain
transistor is encased in RCA's
new plastic package with
isolated pin-pad electrodes. It
uses an internally mounted
diode for temperature
compensation.

Both types are in the popular,
time-tested T0-60 package. The
RCA 2N5016 is designed for
Class-B and -C rf amplifiers and
offers 15 watts (min.) at 400
MHz. The TA7036 is a higher
power version and provides 20
watts (min.) at the same

2N5016 T0-60)  frequency.

TA2758 TA7036 (T0-60)

(Molded Silicone Plastic)

Circle 26 on reader service card

Circle 39 on reader service card

High Gain UHF driver or oscillator
Microwave Coaxial Package
1 Watt Output (Min.)
@ 1 GHz, 5 dB Gain
High gain device for Class B or C
operation in final, driver, and
pre-driver amplifier stages in
UHF equipment and as a
fundamental frequency
oscillator at 1.68 GHz.
Specifically designed for L-Band
pulse radar, mobile, and
telemetry applications.

1 Watt Output with 5 dB Gain

@ 2 GHz

2 Watts Qutput with 10 dB Gain
@ 1GHz

Low-inductance package for UHF
and microwave oscillator,
frequency-multiplier, and
rf-amplifier service.

TA7003
(Coaxial Lead Package)

Circle 40 on reader service card

2N5108 (10-39)

Circle 41 on reader service card

High-Reliability types available off the shelf JAN types with off-the-shelf availability

40577 (10-5)
40578 (T0-39)
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40577 is electrically similar to
RCA 2N3118; 40578 has as its
parent type RCA-2N3866. Both
devices add to RCA’s expanding
high-reliability line which
includes 40305, 40306, 40307
(parent types 2N3553, 2N3375
and 2N3632).

Circle 61 on reader service card

JAN—2N3553 (T0-39)
JAN—2N3375 (T0-60)

Tested to MIL-S-19500/341,
these RCA “overlay” types
conform to JAN specifications
and are available right now in
quantity.

Circle 62 on reader service card
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For Military and Industrial Applications

2N5070

25 Watts PEP Output with

13 dB Gain (Min.) @ 30 MHz and 28V
2N5071

24 Watts Qutput with 9 dB Gain (Min.)
@76 MHzand 24V

The RCA 2N5070 is designed

spdecgficglly for 2-to IéO-MHz single-

sideband military and ham

%ngg;‘,’ ggjgg} transmitters. The 2N5071 is intended
as a high-power, Class B and C rf
amplifier for FM communications in
wideband and narrowband circuits.

Circle 165 on reader service card

Class A Linear Amplifier for VHF—UHF

fr = 1200 MHz (Min.)

@le =50 mA, Vg = 15V

New generation “overlay”
transistor featuring low
distortion, low noise for
wideband applications in CATV,
MATV, Class A, or linear
amplifiers with large dynamic
2N5109 (T0-39) range.

Circle 187 on reader service card

27-MHz Output Transistors for Citizens-Band Transmitters

These two new devices are
designed specifically for output
stages of 5-watt CB equipment.
The 40581 has an output of 3.5
watts at 27 MHz with Py =

5 watts; the 40582 has an output
of 3.5 watts with Py = 10 watts
and is equipped with a factory-
attached mounting flange for

23?3; ‘&%‘_g%) improved heat-sinking.

with Flange)
Circle 189 on reader service card
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Load Mismatch Protection for Aircraft Transmitters

15 Watts Output (Min.) @ 136 MHz

RCA-2N5102 is intended

as a high power device for

Class C, AM amplifier service

(for aircraft VHF) in the 108- to

150-MHz range. Each unit is

individually tested at worst-case

conditions (full modulation and

2N5102 (T0-60) o current limiting) for complete
load mismatch protection.

Circle 166 on reader service card

Famous 2N3866 Performance in T0-60 case

1.2 Watts Output (Min.)

@ 400 MHz, 7.8 dB Gain

1.6 Watts OQutput (Typ.)

@ 175 MHz, 12 dB Gain

Intended for Class A, B, or C
amplifier, frequency-multiplier,
or oscillator circuits, 2N5090
may be used in output, driver, or
pre-driver stages in VHF and
UHF equipment.

2N5090 (T0-60)

Circle 188 on reader service card

For more information on these and other RCA
“overlay” transistors, see your RCA Repre-
sentative or your RCA Distributor. For tech-
nical data on specific types, write: Commercial
Engineering, Sec. PN3-1, RCA Electronic Com-
ponents and Devices, Harrison, N.J. 07029.

Circle 190 on reader service card
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Design theory

Computer-aided design: part 14
Start with a practical IC model

With component geometry, junction characteristics, and material resistivity
included in a program, a computer can calculate their impact on circuit
performance and an engineer can design an IC on the first try

By Robert Mammano

Arinc Research Corp., Santa Ana, Calif.

Without the aid of a computer, designing a complex
integrated circuit would be well nigh impossible.
But too often in turning to a computer, designers
take into account only the circuit’s electrical param-
eters and ignore component geometry, junction char-
acteristics, material resistivity, and their impact on
circuit performance. Rarely, as a result, is the full
potential of the computer-aided design realized.

Designing a circuit is difficult enough. But de-
signing a monolithic 1c is far more complex because
the components, built on a common substrate, have
parasitic interactions that significantly affect per-
formance. If computer-aided design is to be used
to full advantage, the computer program should
go beyond the electrical characteristics to include
these interactions. One such program is the Arinc
Research Corp.’s Snap, simulated network analysis
program.

An early version of this program, now written
in Fortran 4 for machine independence, is fully de-
scribed in Electronics, July 10, 1967, p. 89. It ana-
lyzes any linear discrete or 1c circuit and permits
both d-c and steady-state a-c investigation, includ-
ing several options: nominal solutions, parameter-
sensitivity analysis, special solutions, frequency re-

The author

Robert Mammano has been active
in computer-aided design for
four years at Arinc Research
Corp., and is one of the
contributors to the company’s
integrated-circuit training
program.
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sponse plotting, and Monte Carlo statistical analy-
sis to determine circuit performance spread for cir-
cuits in production,

To effectively use the circuit’s geometry, material
resistivity, and junction characteristics, the de-
signer must first understand 1c construction.

Forming the IC

Most conventional 1¢’s start with a p-type sub-
strate. For low collector resistance, n- buried
layers are diffused into the substrate. An n-type
epitaxial material is then grown over the entire
wafer, and individual components are isolated by
a deep p-+ diffusion. The transistor base regions
and all the resistor elements are formed by a p-type
diffusion. To form the transistor emitters and to
decrease the contact resistance a high-concentra-
tion n-type material is diffused into both the base
and the collector contacts.

A passivating and insulating layer of silicon
dioxide is then grown over the entire circuit and
openings are cut where electrical contact to the
semiconductor elements are required. Next, a metal-
ization layer is evaporated on top of the silicon di-
oxide and etched to form the interconnection pat-
tern for the components.

These manufacturing processes and materials can
be defined in terms of impurity concentrations, dif-
fusion profiles, junction depths, resistivity and thick-
ness of the epitaxial layer, buried layer, base-sheet
resistances, and base width; all of which combine
to determine the electrical characteristics of the cir-
cuit components.

The importance of these factors can be summar-
ized in one word—interaction. An 1c’s collector-
series resistance, for example, is affected by the
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EMITTER COLLECTOR CONTACT

METALLIZATION

Si0y INSULATION

P BASE N+
N COLLECTOR
N+ BURIED LAYER

P SUBSTRATE

P RESISTOR
N RESISTOR SUBSTRATE

ISOLATION P+

IC cross-section. Surfaces between p and n regions cause distributed parasitic capacitances that must be
included in the computer model. Buried layer and top-surface geometry also affect final design.

collector’s resistivity, thickness, and geometry, and
the properties of the buried layer if there is one.
The resistivity also affects the capacitance of both
the collector-substrate and the collector-base junc-
tions—the higher the resistivity, the lower the capac-
itance—and establishes the voltage capabilities of
these junctions.

The epitaxial layer’s thickness also determines the
area required for the lateral diffusion that occurs
during p-} isolation diffusion. And just as resistivity
affects capacitance and resistance, base width—a
vertical dimension between the emitter and collector
—affects current gain and the frequency response
of the integrated circuit.

Layout considerations

In determining the top-surface geometry of the
individual components, the designer is confronted
with the problem of optimizing component sizes
as a tradeoff between performance and ease of man-
ufacture. Since much of a circuit’s performance
depends on the components’ geometry, the designer
must consider:

= The effective emitter perimeter that yields the
optimum current-handling characteristics;

= The total emitter area that contributes to fre-
quency response;

= The base area that determines base-collector
junction capacity and base-spreading resistance;

= The collector area that determines collector-
substrate junction capacity and collector-series re-
sistance;

® The length-to-width ratio of each resistor that,
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together with sheet-resistance value, is used to
design individual resistors.

Modeling IC components

Before a circuit’s over-all performance can be
predicted, its individual components must first be
accurately described. This description represents
the electrical characteristics in terms of the design
parameters, which should include such factors as
geometry and resistivity. For example, the a-c
equivalent circuit for a diffused resistor has an
associated distributed capacity to the n-region, a
secondary capacity to the substrate, and a pnp
transistor, Usually, the n region is biased to the
most positive potential in the circuit, which cuts

Gain sensitivity
% input % output change at 100 Mhz
Parameter change High gain Low gain

hee 20 4.9 7.9

fe 40 13.0 9.9
Curer 20 —11.2 —12.2
Re 40 —6.8 0.2
Cs 20 —5.2 0

R 40 —-1.5 4.0
R 6 1.6 3.0
Rs 6 —-0.9 —-1.5
Rs 6 -1.0 —-0.4
Cs 20 0.9 6.2
(o) 20 0.5 7t
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TOP VIEW GEOMETRY

|[= LENGTH, L‘——-l

R WHERE: R =RESISTANCE IN OHMS
Rs Rg = SHEET RESISTANCE Q/0

EQUIVALENT CIRCUIT

1H-

SIMPLIFIED MODEL

WHERE: Cq4 = CAPACITANCE / AREA
Ac = CONTACT AREA

R
M

R
NN
Cr
172 Ct

Crt=iGe [Lw+ Ac]

!

Resistor calculations. Equivalent circuit is drawn from
the top-surface geometry of an IC and indicates
distributed resistance and capacitance R and Cr,
respectively. If one end of the resistor is connected to
an a-c ground, the distributed capacitor can be
represented by a lumped element whose value is equal
to one half Cr and connected to the ungrounded end.

.30

BASE CONCENTRATION

1S 5%10'"® a/cc
BASE DIFFUSION DEPTH
IS 2.0 MICRONS

n
w
T

n
o

CAPACITY PER UNIT AREA - pf/mil2

1.00-cm

el
Y

\ =2.00 -cm
L | I iy

0 2:5 5 7.5 10
JUNCTION REVERSE VOLTAGE

125 15

Collector resistivity. Both the junction voltage and
collector resistivity affect the junction capacity of

a diffused resistor in an IC. In determining the

value of the diffused resistor, the engineer must
evaluate between increasing the resistor line width
to achieve better accuracy and decreasing it to
reduce the parasitic capacity. Increasing the junction
voltage decreases the capacity per unit area.
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off the pnp transistor and establishes an a-c ground.
Thus, the equivalent circuit is represented by the
resistor and its distributed capacity.

The circuit can be further simplified if one end
of the resistor is connected to an a-c ground. In
this case, the distributed capacitance can be re-
placed with a lumped element having half the total
capacitance.

Although adequate for most biasing and load
resistors, this approximation cannot be made for
feedback resistors that don’t have a common con-
nection. Because the distributed capacitance be-
haves as a transmission line, the RC component’s
phase shift can be significantly greater than a
lumped capacitor’s 90°. This can cause problems in
feedback applications.

The parasitic capacity of a diffused resistor stems
from the reverse-biased p-n junction between the
resistor and the n region, which acts as the isolat-
ing substrate. This capacity is a function of both
the d-c voltage across the junction and the char-
acteristics of the junction, primarily determined by
the resistivity of the n-type material.

In defining a diffused resistor the designer is often
confronted with the problem that increasing a re-
sistor’s line width improves accuracy in the d-c
value, but this also increases the parasitic capacity.
To minimize the parasitic capacity, he may turn to
an n region having a high resistivity, but this would
increase the series resistance in the transistor’s col-
lectors. An adequate model for the integrated cir-
cuit helps provide optimum compromises between
these and other factors.

Modeling transistors

A transistor model can be selected from the many
developed for discrete transistors and then modified
to include the added monolithic components. In
an equivalent circuit, these additions are basically
an increased collector-series resistance, caused by
the top contact for the collector region, and the
collector-substrate junction capacity, caused by the
reverse-biased p-n junction that isolates the tran-
sistor from adjacent components.

One of the best models for small-signal analog
circuit application is the hybrid-pi circuit, which
can be used over a broad range of frequencies. The
effects of process and geometry on this model’s
parameters are easily seen. For example, the base-
spreading resistance, Ry, is equal to the base-sheet
resistance multiplied by the length-to-width ratio
between the base and emitter contacts. The collec-
tor-base capacity, Cy/., which stems from the same
junction that forms the parasitic capacity of the
diffused resistors, is determined with the aid of
the base-area and the junction capacity-per-unit-
area curves.

The collector-series resistance, R., is determined
by the collector resistivity and the volume geometry
between the collector contact and the emitter edge
closest to the base contact. The transistor’s low-
frequency current gain and the high-frequency gain
bandwidth product are determined by the effective
base width between the emitter and collector junc-
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Designing anIC
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REQUIREMENTS

| DEVELOP
CIRCUIT
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PRELIMINARY gf;g R IS CIRCUIT
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|  moDELS

l NO

DEVELOP DO DEVICE DOES EQIVALENT
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Program flow. To desigi~é practical integrated circuit,vah engineer must specify the IC's functional
requirements and characteristics of proposed processing as input. The computer then follows the design
decisions indicated, which are those specified by the program. Final design depends on how accurately the
model represents the IC equivalent circuit in terms of geometry and electrical properties.
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Video amplifier. A preliminary schematic, shown in black
Capacitors, shown in red, are added to represent the para

tions and the area of the emitter. :

In making a design decision here, the engineer
must recognize trade offs such as transistors with
very small geometries have the highest frequency
response, they are the most difficult to process with
high yields; and although the transistor’s collector-
series resistance can be minimized by adding a
buried layer, this is a costly addition to the manu-
facturing process.

Models for integrated diodes and capacitors may
also be derived from this approach because they
are usually made from one or more junctions of a
basic transistor structure.

Designing an IC

The way these parameters can be used in an
over-all design is illustrated by the simple video
amplifier shown above. This circuit is particularly
amenable to monolithic construction since it re-
quires only transistors and resistors, yet its per-

[

'k

, is drawn by the designer for this video amplifier.
sitic conditions.

formance requirements included a frequency re-
sponse to 100 megahertz. Obtaining this response
with component geometries large enough to insure
a high yield in their processing represented a sig-
nificant design problem.

The circuit, a three-stage amplifier with feedback,
has a common-base stage that supplies voltage gain
and two common-collector stages that provide high
input and low output impedance. Over-all gain,
determined by the ratio of emitter and collector
impedances R; and R,, may be altered by changing
the effective value of Rs.

First the engineer approximates resistor values,
transistor characteristics, and biasing conditions
necessary for the circuit to meet its performance
requirements. Then he hypothesizes a preliminary
monolithic design based upon some initial process-
ing assumptions. For the video amplifier, these

, assumptions included a collector thickness of 1 mil
having a resistivity of 0.5-ohm centimeter with no

Bl

R 1 1.0k lpf,]_

S pr

1

Ri/3 Ri/3 Ry/3

C1/4—l—. c1/4-[ CWT

OUTPUT

R RL

2

Final model. After the preliminary design is drawn for the video amplifier, transistors Q., Q., and Q: are
replaced by their hybrid-pi equivalents and the capacitors and resistors by lumped elements.
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buried layers, a base-sheet resistance of 200 ohms
per square, and a resistor line width ot 1 mil.

Approximate values for parasitic capacities and
collector-series resistances are then calculated and
included to yield the equivalent circuit at the bot-
tom of the opposite page, which now shows the
parasitic elements in lumped form for all compo-
nents except Ry, a feedback resistor. Each transistor
is replaced by a hybrid-pi model.

Since R; is a feedback resistor with neither end
at an a-c ground, its distributed capacity is simu-
lated by several lumped parameters as a linear
approximation to a nonlinear function. Although
this approximation complicates the analysis by add-
ing several additional nodes to the circuit, a high-
speed digital computer makes complexity relatively
unimportant. However, this complexity underscores
the need for a computer analysis program.

To be effective, the computer program should
handle all of the individual component parameters
through special subroutines that are written to
relate the electrical parameters to design data. In
one such program, Arinc’s Snap, the parasitic ca-
pacity of each resistor needn’t be entered into the
computer directly. Instead, the capacity is calculated
on the basis of the resistor’s value, the sheet resist-
ance, the line-width considerations, and the capac-
ity-per-unit area.

Thus, a change in the collector resistivity, for ex-
ample, that affects the value of capacity-per-unit
area would apply to all of the parasitic capacities in
the entire circuit as in actual monolithics.

With Snap, the computer calculates both the
magnitude and the phase of the equivalent circuit’s
node voltages. Additional subroutines can be ap-
plied to relate these node voltages to the impedance
characteristics, the over-all gain, and the phase
shift. Moreover, such subroutines can enable the
computer to calculate gain in absolute units or

decibels.

Understanding IC properties

Circuit parameter Major contributing factors

Length-to-width ratio
Base-sheet resistance
Area (length times width)
Collector resistivity

Base width

Base width

Emitter junction area
Optimum operating current | Effective emitter perimeter
Maximum operating voltage | Collector resistivity
Base-spreading resistance |Base-sheet resistance
Base geometry

Base area

Collector resistivity

Buried layer or collector
resistivity, thickness,
and geometry.
Collector resistivity
Effective collector area

Resistor value

Resistor-parasitic capacity

Transistor current gain
Frequency response

Collector-base capacity

Collector-series resistance

Collector-substrate capacity
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Transistor model. Hybrid-pi transistor model enables
accurate circuit analysis over wide frequency range.
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Frequency response. Two gain settings, R: equal to

86.5, and 2,200 ohms, are plotted against frequency.
Response for 86.5 ohms is flat for the plot and

falls off as expected at the higher frequency end.
Response for 2,200 ohms is also flat for most of the plot
but has an undesired peak at 100 megahertz.
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Making it work

In analyzing this video-amplifier, the designer
must determine whether, with the parasitic ele-
ments, the circuit is still stable and the bandwidth
requirements are attainable. The answers can be ob-
tained by plotting amplifier gain as a function of
frequency.

First, frequency response is calculated by the
computer for two gain settings—high and low. The
high gain curve is based on the assumption that the
90-ohm parallel resistor lowers the effective resist-
ance of the 2,200-ohm R, to 86.5 ohms, while the
low gain curve is plotted with R, alone. The high
gain curve is about 8 db down at 100 megahertz,
which is short of the design goal. In the low-gain
curve, a peak occurs near 100 Mhz, indicating posi-
tive feedback.

Since both characteristics are undesirable, addi-
tional analysis is necessary to determine which cir-
cuit parameters are the cause.

A parameter-sensitivity test is applied. This calls
for the computer calculating circuit performance—
in this case, gain—as each component is sequentially
varied by a predetermined tolerance. The com-
puter thus performs a numerical partial derivative
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Gain plot. Adding a buried layer to an IC improves
the frequency response of the amplifier. Without
a buried layer curves fall off too scon.
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Line-width effect. Increasing the line width of
an IC resistor causes the gain plot to blow up.
Minimum line width is more desirable.
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Comparing transistor geometries. In the transistor at the left, the buried layer causes low resistance,
consequently only a small collector is needed. At right, a large collector is required to reduce resistance.

of circuit performance as a function of each com-
ponent.

If tolerances are properly described, both indi-
vidual component and total processing effects on
circuit performance can be evaluated. Resistors,
for example, are assigned individual and collective
tolerances based on geometry and sheet resistance.
To take account, the variation between resistors in
a given circuit, the value of the individual tolerance
is #=3%. For the collective tolerance, the value of
+20% is used to describe processing variations
that affect all the resistors in the circuit.

If the sensitivity test is performed at 100 Mhz,
the designer can easily pinpoint the parameters
causing the drop in response at high gain and re-
generation at low gain.

In the high gain configuration, there parameters
are the gain-bandwidth product, collector-base
capacity, the collector resistance, and collector-
substrate capacity, of the transistors while in the
low gain configuration, the parasitic capacity of Ry
and R. becomes significant.

Although the frequency response and collector-
base capacity of the transistors have the greatest ef-
fect, the effect is similar in both gain configurations.
What is needed is some modification to the circuit
that will increase the response under high gain con-
ditions and decrease it at 100 Mhz in the low gain
configuration.

Two candidates for improving the high-gain re-
sponse are collector series resistance and substrate
capacity, which must be made as small as possible.
The circuit’s response was initially calculated on
the basis of a structure without a buried layer, but
with a collector contact on three sides of the base
region to minimize resistance and a 0.5 ohm-centi-
meter collector resistivity. When the collector re-
sistivity is decreased, the collector series resistance
also is decreased. But this increases the value of
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Forming a histogram
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Sheet resistance. By keeping the base-sheet
resistance low, the gain response is kept flat over
the desired frequency range. Higher resistance
values shorten the flat portion of the curve. Typical
parameter variations of a diffused resistor, upper
right, are useful for predicting an over-all circuit
tolerance from a Monte Carlo analysis. In such an
analysis, the computer evaluates circuit performance
many times by randomly selecting parameter values.
For discrete components, the analysis is somewhat
inaccurate because it is difficult to get an accurate
distribution. With integrated circuits, the distribution
is considered Gaussian. Based on these calculations,
a histogram, at the lower right, is plotted.

The plot shows that a controlled process yields

the best results.
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parasitic capacity per unit for both the collector-
base and collector-substrate junctions of the tran-
sistors, and for all the resistor parasitics as well.

However, if a buried layer is added to lower re-
sistance, a high-resistivity collector material can be
used to reduce the capacity per unit.

Buried layers provide a low-impedance path
around the high resistivity material, thus enabling
a designer to build the circuit with single-contact
geometry that minimizes the area of the collector-
substrate junction. Whether there is enough in-
crease in performance to justify the added process-
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Verification. Discrepancies between curves are due to
differences in the transistor models.
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ing costs of a buried layer can be determined by the
computer if it is programed with the performance
data. For the video amplifier, a gain improvement
of about 6 db at 100 Mhz was sufficient to justify
the need for the additional step.

Since the sensitivity test pointed up the impor-
tance of the parasitic capacity of Ry and R, the
same type of analysis was conducted for the low-
gain configuration to determine optimum line-
widths for the resistors. Tradeoff between ease of
manufacturing wide line widths and stability of
circuit performance was determined from the fre-
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Yield prediction. Plots indicate the gain tolerance
of two manufacturing runs. Although close in
agreement, small discrepancies exist.
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quency-response curves. This data established the
need for 0.5-mil wide resistors for R; and Ro.

An additional item that is often of some benefit
is the optimum value of sheet resistance for form-
ing the resistors. Since this diffusion also forms
the base region of the transistors, it affects the
transistor parameters as well. In particular, tran-
sistors can be built with a significantly higher fre-
quency response if the value sheet resistance is
reduced below 200 ohms per square. On the other
hand, as the value sheet resistance decreases, the
length of each individual resistor has to increase
to maintain the same total resistance value. This,
of course, increases the parasitic capacity and de-
creases the frequency response of the resistors.

Computer data that determined the relative im-
portance of these opposing considerations are plot-
ted at the top of page 101. Although these curves
show that the lowered sheet resistance will improve
the amplifier’s frequency response, this was largely
because the use of the buried layer and the de-
creased linewidths for the resistors have already
minimized the negative factors. Since 200 ohms per
square appeared satisfactory towards meeting the
initial performance objectives, and since this was
a standard manufacturing process, it was selected

as the sheet resistance for this design.
Calculating manufacturing yield

An additional performance criteria established for
the video amplifier was that the low-frequency gain
have a maximum variation of #=0.5 db, or approxi-
mately ==5%. Because the resistors” absolute value
could vary by #=20%, there was some concern as to
whether this gain accuracy could be maintained.

To predict a tolerance for over-all circuit gain as
a function of the tolerances of all the component
parameters, a Monte Carlo analysis was performed.
This is a statistical analysis wherein a computer is
used to repetitively make a large number of com-
putations of circuit performance. Each computation
is based on individual parameter values selected at
random from preassigned distributions.

With discrete component circuits, this analysis
tends to be somewhat inaccurate due to the diffi-
culty in determining the accurate distribution for
each component. In most cases, component manu-
facturers control this distribution by a selection
process. Integrated-circuit components, however,
cannot be selected, and therefore the distribution of
each component is Gaussian.

By using component distribution data, the prob-

Preparing the artwork
Step 1

Mask generation. Details for laying out the artwork that will result in the IC fabrication masks are shown
in these six steps. Each step represents a separate stage in the manufacturing process.
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able distribution of gain as a function of over-all
manufacturing tolerances can be computed and
plotted as a histogram. This plot for the video am-
plifier indicated a manufacturing yield of better
than 90%.

Verifying the analysis

The design data generated with Snap established
the optimum manufacturing process and geometry
for each component, and provided a design that
satisfied all the performance objectives. From this,
a circuit layout was developed that led to the fabri-
cation of the production masks. This artwork de-
tailed each step in the manufacturing process.

The completed video-amplifier circuit contained
some additional components, including resistors,
which when externally connected would provide
the amplifier with fixed gains of 3, 10, 20, or 28 db;
and a pair of diodes, which vary the amplifier gain
from 3 to 25 db as they are biased into conduction.
The geometry of the individual resistors differed
considerably. Where capacity was important, small
line widths were used. Larger line widths were used
elsewhere to provide a greater probability of more
accurate tolerances.

Where the base of the transistor was connected
to a resistor, the two were diffused together to
eliminate one contact area and reduce over-all size.

Production devices from the first two manufactur-
ing lots were sampled to measure the actual per-
formance of a typical device. These measurements
compared favorably with those predicted by the
computer. Differences were attributed to the ap-
proximations included in the transistor model used
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Final product. Each tiny square in each rectangular
plate at the right represents one stage of the IC
fabrication process detailed on the opposite page.
Finished integrated circuit is shown at the left.

for the computer analysis. However, the discrep-
ancies were considerably less than those usually
found when comparing theory with actual practice.

Gain tolerance was also evaluated in the sampled
devices. Although the sample size was relatively
small—only 200—the agreement with the predicted
distribution illustrates the accuracy of computer-
analysis techniques. The nominal gain was off by
about 0.7 db, but the predicted tight gain distribu-
tion was achieved. Discounting the defective units
that were caused by factors not considered in the
tolerance analysis, the yield was 95%.

Cost of analysis

The advantages of using high speed digital com-
puters, in conjunction with general-purpose com-
puter programs, to analyze and design monolithic
iC’s are obvious. Not only can most phases of cir-
cuit performance be evaluated and modified, but
process controls can be compared with critical
parameters and potential problems identified early
in the program.

Although this additional analysis may boost over-
all design costs, the increase is significantly less
than the cost of redoing a set of production masks.
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Advanced technology

Lighting up in a group

Batch processing of arrays of gallium arsenide phosphide diodes
may presage the use of semiconductor panels as alphanumeric displays

By Lawrence A. Murray, Sandor Caplan, and Richard Klein

RCA Electronic Components Division, Somerville, N.J.

Batch fabrication of light-emitting diodes may
point the way to a new generation of alphanumeric
displays. Besides needing less space and power
than today’s vacuum-tube, electroluminescent, or
projected displays, batch-processed semiconductor
panels would cost much less than the similar ar-
rays of separately packaged diodes that have so far
been produced experimentally.

Researchers at rca have made experimental five-
by-seven diode arrays in batches, and the tech-
nique appears applicable to large-scale commercial
production. Fabricated from single wafers of gal-
lium arsenide phosphide, the injection electrolu-
minescent diodes emit dots of red light when
turned on by solid state driver circuitry, and these
dots can form any letter or number.

Work is now under way to integrate the driver
circuits on semiconductor chips through a metal
oxide semiconductor approach.

Expansion program

Wafers processed thus far have generally been
300 mils square, but sizes up to 34 inch square are
possible with the technology and the epitaxial
deposition equipment equipment now being used.
Combining such an array with Mos control cir-
cuitry could produce a complete, digitally address-
able alphanumeric display measuring about % by
% by Y4 inches.

Within a year, the fabrication equipment will be
enlarged to handle wafers up to 2 inches square.
Within the same period, a 50-by-50 array of diodes
will be processed on a 1-inch-square wafer. A 4-by-
5-inch array is expected by 1970.

The work with gallium arsenide phosphide is
sponsored by the Research and Technology division,
Air Force Avionics Laboratory, in Ohio, and was
initially directed at determining the feasibility of
using arrays of solid state light sources as alpha-
numeric displays in aircraft cockpits. The feasibility
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of the approach has now been demonstrated by the
development of the five-by-seven array.

Now Russell Runnels, contract monitor at the
Avionics Laboratory, has his long-range sights set
on a flat display panel of tiny light sources measur-
ing roughly 3%4 by 5 inches. Such a display might
be hooked to a computer aboard a plane to present
information to the pilot on, say, hydraulic pressure,
fuel supply, or temperature. Fuel, pressure, and
temperature levels could be sampled by a multi-
plexer driven by the computer; the values would be
displayed either on command or when a malfunc-
tion or dangerous condition was detected.

The dot matrix would be, in effect, a solid state
kinescope. With suitable control and driving cir-
cuitry, it could assume any function now performed
by a kinescope tube, from radar displays to alpha-
numeric message displays.

Two types of batch-fabricated alphanumeric ar-
rays are now being tested:

= The five-by-seven dot-source array on the next
page measures 200 by 300 mils and consists of 20-
mil-diameter diodes on 40-mil centers. Dot sources
have been made anywhere from 10 to 200 mils in
diameter.

* The array of 13 straight-line diodes shown on
page 108 arranged to form different alphanumerics
when various segments are energized. These lines
of light have been made anywhere from 80 to 225
mils long and 18 mils thick. The over-all array
measures 200 by 250 mils.

Divided they fall

Arrays of light-emitting diodes have usually been
put together from separate devices. Even if theyre
made from the same gallium arsenide phosphide
slice, the diodes are sawed apart early in the fabri-
cation process and are then put into individual
packages, tested, and interconnected into an array.

This technique would be practical for arrays of
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Dot array. Five-by-seven array of injection electroluminescent diodes was batch fabricated in single wafer
of gallium arsenide phosphide. The diodes are individually addressable through x-y contact lines,
which were soldered in place in earlier versions, but are now vacuum evaporated.

only a few dozen diodes at most; the cost of sepa-
rating, packaging, and interconnecting the devices
becomes prohibitive with larger amounts. Also, the
individual packages and the connections between
them prevent any close packing of the diodes.

At present, there are three injection electro-
luminescent materials that provide efficient optical
emissions when a p-n junction is forward biased
and are relatively easy to produce in large quanti-
ties: gallium arsenide phosphide, Ga(As,P); gallium
aluminum arsenide, (Ga,Al)As; and gallium phos-
phide doped with zinc and oxygen, GaP(Zn:0). The
work at rca has dealt primarily with Ga(As,P)
because, as the oldest of the three, its processing is
the best known.!

Each of these materials emits in a band that in-
cludes the red region of the spectrum, but their
light-emission wavelengths and bandwidths differ.
Gallium arsenide phosphide emits from green
through infrared—>5,600 to 9,000 angstroms, depend-
ing on the amount of phosphorus. The higher the
phosphorus content, the shorter the wavelength,
page 110. With a 45% phosphorus content, an
emission peak occurs in the red at about 6,400A,
top, page 109.

External efficiency—the ratio of visible light
energy out of the surface to electrical energy into
the semiconductor—ranges from 0.1 to 0.01%. In-
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ternal quantum efficiency—the relation of light pho-
tons generated to the injected electrons—is far
higher.

The critical angle at which light from inside the
material strikes the surface and is totally internally
reflected is also important. The smaller the angle,
the smaller the amount of generated light passing
through the surface.

The index of refraction for Ga(As,P) is typically
3.5. If the diode interfaces with the atmosphere, the
critical angle measured from the normal to the sur-
face is 16.65°. Assuming isotropic radiation emitted
at the p-n junction, only 2.87% of the light will
emerge from the top of the diode. But if the diode
were covered by a substance with a larger index
of refraction, such as an epoxy lens with a refrac-
tion index of 1.6, the critical angle would increase
to 27.29°. The efficiency of emission would thus be
improved by a factor of three—that is, 9.3% of the
emitted light would get through the surface of the
semiconductor diode,

In the eye of the beholder

With Ga(As,P), the region around 6,400 A ap-
pears brightest to an observer. Although the quan-
tum efficiency of the material has already passed its
maximum at this point, the response of the viewer’s
eye is still increasing logarithmically with decreas-
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ing wavelength.

Gallium aluminum arsenide emits at wavelengths
that vary with its composition in a manner much
like Ga(As,P), and it’s hoped that this material
may have a greater optimum brightness.?

Gallium phosphide’s output starts in the red and
goes out to the infrared. The material has a peak
intensity at 7,000 A—about the limit for the human
eye—but because it has a spectrum spanning about
2,000 A, an appreciable portion of its emission
falls in a region the eye can easily see.?

External efliciencies reported for both GaP and
(Ga,Al)As have reached 2%, considerably higher
than that of Ga(As,P). However, because these
diodes emit light at wavelengths to which the eye
is relatively insensitive, they don’t appear much
brighter than the Ga(As,P) devices. In addition, the
brightness of GaP(Zn:0) isn’t linear with current,
and the material therefore isn’t feasible for an array
of many diodes because of the way the display is
scanned—high current pulses at low duty cycles.
But the present materials processing technique is
such that should either the (Ga,Al)As or GaP prove
better than gallium arsenide phosphide, they could
be easily substituted for it. The choice of the best
material for alphanumeric displays has yet to be

made from among these materials.

To produce the dot array, mesas are ultrason-
ically cut into a layer of gallium arsenide phosphide
epitaxially grown on gallium arsenide substrate,
The process defines the boundaries of the individual
light-emitting diodes in the array. Ultrasonic cut-
ting is used instead of etching to avoid undercutting
or side-cutting the mesas.

Cutting out

A die into which the desired diode pattern has
already been machined is placed very close to the
wafer, and the ultrasonic agitation of the abrasive
slurry cuts a corresponding pattern of mesas in the
semiconducting material in about a minute.

Machining the die limits the spacing between
diodes to a minimum of about 20 mils. For greater
density, the arrays can be cut mechanically with a
saw; arrays have been cut on five-mil centers this
way.

Once the diodes have been cut, a clear glass
sheet is pressed onto the mesa structure at tem-
peratures above the flow point of the glass. The
substrate is lapped away, leaving the diodes iso-
lated from each other and held together by the
glass matrix. The glass is etched away over small

Shining examples

Any semiconductor under forward bias
emits light, but most at such low effi-
ciency that the emissions cannot be
easily detected. The light results from
hole-electron recombinations between

the valence and conduction bands
(transition I in the figure), between
low-lying energy levels (transition II),
between the conduction band and ac-
ceptor level (III), or between deep
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bination energy is

released as randomly
directed light.

levels (IV and V).

The wavelength of the emitted ra-
diation depends on the energy gap of
the material (E.—E,) or the energy
levels of the dopants (E;—E,). Peak
wavelengths for efficiently emitting
diodes vary from 9,000 angstroms
down to 6,200 A. For visible radia-
tion, the material must have an energy
gap above 1.8 electron volts (radia-
tion from 7,000 A to 6,200 A for
transitions I, II and III). When the
energy gap isn’t significantly greater
than 1.8 electron volts transitions IV
and V occur and light is emitted in the
far infrared.

Transition I is likeliest in lightly
doped gallium arsenide, II in silicon
carbide, IIT in gallium arsenide phos-
phide, IV in copper-doped zinc sulfide
electroluminescent cells, and V in zinc-
and oxygen-doped gallium phosphide.

The cadmium sulfide and zinc sul-
fide families, as well as many ternary
compounds, aren’t suitable here; they
can be made in either p types or n
types, not both.

For the transitions to be efficient
and useful, further restrictions must
be considered. The need for a small
absorption coefficient holds true for
the red line in gallium phosphide, but
not for the green line. The coefficient
is somewhat higher for the lines emit-
ted by gallium arsenide and gallium
arsenide phosphide.
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Served under glass

CAVITRON
TOOL

STEP 2

SUBSTRATE GLASS

GLASS

x v
J [P GalasPl,/ /v & i) P 4/
YW s 77y vy
// //// n Ga(As,P) ///, / //// ( ///// ///4 n /// /// ,
| GLass GLASS {4 | “eLass GaAs | GLASS
i b AR SUBSTRATE LAPPED/
STEP 5 STEP 6

Processing the array. In step 1, a gallium arsenide substrate with epitaxially deposited layers of p- and
n-type gallium arsenide phosphide is ultrasonically cut with a Cavitron tool into a pattern of mesas.

A thin layer of silicon dioxide is deposited (step 2) to serve as a passivation coating over the array,
shown in crossection. A layer of glass, selected to match the thermal properties of the semiconducting
material, is then pressed into the array under high temperature and pressure (step 3). The array is

new a solid structure of glass and semiconductor (step 4). Holes are etched through the glass into

the top of the array so that contacts can be made to the p layers of the diodes (step 5), and the excess
substrate is lapped away from the bottom of the array (step 6). The diodes, now isolated and held
securely by the glass alone, are ready for metal interconnections to be evaporated in the x direction at
the top of the wafer and the y direction at the bottom.
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Thin red lines. Thirteen line diodes are so arranged that
any alphanumeric character can be formed by lighting
the correct segment. Array measures 200 by 250 mils
and fits into a half-inch-square flatpack.

areas in the tops of the diodes and contacts are
deposited onto each row of diodes.

Contacts are then applied to the back of the di-
odes in the perpendicular direction to complete an
x-y contact matrix. The result is that any diode can
be addressed by energizing the appropriate x and y
contact lines, and any character can be displayed
by applying biasing voltages to the pairs of con-
tacting lines that will turn on the diodes in the
character’s pattern.

No blink

When the array is scanned more than 30 times
per second, the light from the display appears con-
stant. The scan is generated by the synchronous
clocking of x- and y-axis shift registers, and is
based on video information fed into x and y storage
registers. Both types of registers are built from off-
the-shelf Mmos integrated circuits.

Because of the high current requirements of the
diodes—an average of 20 milliamperes each—x- and
y-axis drivers are also needed. It’s hoped, though,
that material efficiency can be increased to the
point where a few milliamps suffice and the diodes
can be driven directly by the 1.5- or 2-volt levels
of the logic. The result would be an addressing-
driving circuitry smaller than the display itself,
circuitry that could easily fit on the back of the
panel or around its edge in three or four half-inch-
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square commercially available flatpacks.

Similar circuitry could be applied to larger ar-
rays and to the display of characters that change or
move with time.

The 13-bar segmented display is made in much
the same way as the dot matrix. The individual
segments are ultrasonically cut or etched out of the
substrate, and metal line contacts are applied to
the bars. The device is mounted in a half-inch-wide
flatpack and enclosed in a clear protective epoxy or
plastic. The process is simply controlled and reli-
able.

To light this display, parallel six-bit information
is fed into an mos tree decoder that puts the binary
data into digital form. The information is then sent
into a diode matrix that encodes it into base-13
form for driving display segments.

The displays built so far need about 50 milliamps
at 1.8 volts for each segment, and 10 ma for each
dot diode, to stand out in a lighted room. With bet-
ter materials, current should be reduced to less than
5 ma for the segments and 1 ma for the dots. The
problems at present are that material costs are too
high, and quantum and external efficiences must be
improved.

Stumbling blocks

The GaAs substrate on which the phosphide
layer is deposited epitaxially is expensive—$10 to
815 per gram. So is the phosphine used in the epi-
taxial growth reactor. A simple wafer of Ga(As,P)
can cost several hundred dollars. Four alphanu-
meric panels could be made on one such wafer, but
before this is done commercially, the cost of the
wafer must come down considerably.

Further, processing must be more carefully con-
trolled to produce uniform wafers. In particular,
variations in the thickness of the diode’s epitaxial
layers and in the surface doping levels across a
wafer must be minimized.

Techniques and equipment for processing larger
substrates must also be developed before semicon-
ductor displays can go to market. At present, the
largest wafer that can pass through the rca equip-
ment is only 1 inch in diameter. In addition, volume
has to be boosted; only one wafer can be processed
at a time with present methods.

A switch to GaP (Zn:O) might ease processing
constraints and could speed manufacturing time.
Doping levels and thickness don’t have to be care-
fully controlled with gallium phosphide because
the light the material emits has an energy far
below that of the absorption region. All light pro-
duced within the crystal gets to the surface.

The possibility of using silicon as the initial
substrate material instead of gallium arsenide is
being studied. So is the use of germanium. Besides
costing less than the GaAs, these semiconductors
can be made in considerable larger diameters.
Single silicon crystals 12 inches in diameter have
been produced, for example.

The first prototypes built by rca required more
than 100 ma of current per segment for visible out-
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put. But material produced more recently has had
quantum efficiencies 10 to 50 times better, and the
current needed to drive each segment should soon
be within the capability of mos circuitry. Although
gallium arsenide phosphide emits bright red light
at fairly low currents it’s still a relatively inefficient
material—0.1% or less now. There’s plenty of room
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Easy on the eye. With a content 459%, phosphorus,
Ga(As,P) has an emission intensity, above, that peaks
in the red at 6,423 angstroms. Eye sensitivity is also
relatively high at this wavelength, left.

for improvement in efficiency here.

Quantum efficiency isn’t really that serious a
problem, though, when doping is done properly.
Most of the energy is lost to competing energy
transitions, absorbed in the lattice structure of the
crystal, or blocked out by critical angle reflections.

The use of dopants with larger energy separa-

Graded growth

The light-emitting p-n junction in
these diodes is contained in care-
fully graded gallium arsenide phos-
phide layers grown on gallium ar-
senide in a vapor epitaxial cham-
ber. Variation of the layers’
composition serves to minimize the
crystal dislocations formed when
one material is grown on another
with a different lattice constant.

In the process, gases containing
arsenic, phosphorus, zinc, and sel-
enium are introduced into the
chamber under precise control.

The first layer is grown with a
composition running from pure
GaAs to a one that’s 55% gallium
arsenide and 45% gallium phos-
phide. After this layer takes on the
correct phosphorus composition,
the level of n-type doping with the
selenium is adjusted to optimize
the emission efficiency of the crys-
tal. Thus, the second layer is de-
posited.

After the n doping gas is
abruptly turned off, the p-type

dopant—zinc in the form of zinc
chloride—is introduced to form the
p-n junction. This layer is kept as
narrow as possible to hold down
its absorption of the light gener-
ated at the junction. After the
junction is formed, the flow of
phosphorus gas is increased and
the arsenic flow is decreased so as
to form a “window”—a region of

low light absorption. The phos-
phorus content of this region is
also graded.

Finally, the p-type gas flow is
increased to form a layer conduc-
tive enough to cause the current
injected at the contact to spread
to the edges of the diode junction.
This ensures that light will be
emitted uniformly.
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