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Why 24 firms
have chosen
GR’s 1790 Logic-Circui
Analyzer
this year:

“The 1790 has the best software of all the logic testers we
surveyed.”

“Our 1790 will pay for itself in the first few months of
operation.”

“GR’s 1790 has significantly reduced the time required to
debug engineering prototypes.”

“LSI circuits are rapidly tested on our 1790.”

Still other satisfied customers have told us how much
they like the interactive mode of operation, which allows
them to prepare and modify test programs on-line,and the
tape-cassette memory for quick access to all existing test
programs. Some have mentioned the programmable logic
levels and power supplies that permit the testing of mar-
ginal conditions and boards with mixed logic families, the
control panel and alpha-numeric display scope that
simplify and speed test procedures, and the universal

device adaptors that allow all pins to be inputs or outputs
and permit checking for shorted inputs.

We can stand behind these comments because we,
too, have benefitted from using the 1790 in our own
development and production efforts. When we decided
to build a logic-circuit analyzer, we did it because the
system we needed just wasn't available commercially.
So we built the best possible analyzer for ourselves, and
we've used it for over two years to help manufacture our
products with a resulting increase in quality and decrease
in price. Now we want you to have the same advantages
from your own 1790.

The basic 1790 includes a large /O capacity (96 input
pins and 144 outputs), a high-level test language that
technicians can learn in only a few days, computer speed
(up to 4000 tests per second), and a simplified GO/NO-GO
test mode. The physical contents of the 1790 are a com-
puter with 4096 12-bit words of 1.6-us-cycle core memory,
teletypewriter, photoelectric tape reader, display scope,
control panel, logic probe, and all the needed accessories.
And the entire system is priced at only $32,500 in the U.S.

Some great new options will increase the power of your
1790 many times: programmable logic levels for mixed-
logic testing, expanded tape-cassette memory with
150,000 12-bit-word capacity, and universal device adap-
tors for testing a greater variety of devices.

Complete 1790 specifications and operating informa-
tion are available from your nearest GR District Office or
from 300 Baker Ave., West Concord, Mass. 01781. In
Europe write Postfach 124, CH 8034, Zurich, Switzerland.

GENERAL RADIO

ATLANTA 404 6336183 / BOSTON 617 646 0550 CHICAGO 312 992 0800 ' CLEVELAND 216 886 0150
DALLAS 214 637.2240 / LOS ANGELES 714 540 9830 / NEW YORK (N Y } 212 964 2722 (N J | 201 943 3140
PHILADELPHIA 215 646 8030 / SAN FRANCISCO 415 948 8233 / SEATTLE 206 747 9190 - SYRACUSE 315 454 9323
WASHINGTON, O C 301 881 5333/ TORONTO 416 252-3395 / ZURICH (051) 47 70 20
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Add counter accuracy and a tracking signal source.

Combine HP’s new 84:13A Tracking
Generator Counter with the HP
110 MHz Spectrum Analyzer and you
can make the most prccnsc complete
frequency-domain measurements ever.
The 8443A produces a visible marker
that you can place anywhere on the
spectrum analyzer display and immedi-
ately get 10 Hz resolution digital
measurement of that point. The 84i3A
is more, too: a precision signal source
that will make swept measurements over
a 120 dB range and still produce the
marker to determine any specific fre-
quency with counter accuracy.

The 8553B 8552B Analyzer itself
covers 1 kHz to 110 MHz with scans
as wide as 100 MHz and as narrow
as 200 Hz. It provides absolute ampli-
tude calibration, better than —130
dBm sensitivity, over 70 dB dynamic
range, 10 Hz resolution, plus excep-
tional stability (<1Hz I'M) and flat-
ness. The 8:i-i3A capitalizes on al
the qualities of the analyzer to function
both as an accurate frequency counter
and as a precision source for complete
swept frequenq measurements.

With the system you can make much
more precise design and production

Electronics | July 6, 1970

line measurements of filters, mixers,
modulators, ascillators, amplifiers
and RI' systems. or example, you
can now:

* measure to 10 Hz the frequency of
nanovolt signals in the presence
of much larger ones. Use the tune-
able marker to find the signal and
measure its frequency on the 8113A
counter readout. You can easily
identify IM distortion products, hum
sidebands, spurious signals, and
the like, because the 84-i3A is a
frequency-selective counter with the
analyzer's incredible sensitivity.

completely characterize devices such
as narrowkand, high Q devices with
simple, quick measurements, Use
the tracking generator to sweep the
spectrum and measure the frequency
of any point on the response curve
to 10 Hz. You can precisely measure
passband fatness and shape factor
on filters as narrow as 20 Hz, and
make swept-reflection or return loss
measurements. In other words,

the tracking generator combines with
the analyzer to provide a complete
swept test system.

* test and align RIF communications
systems with unprecedented case,
thoroughness and precision. The
high resolution and stability of the
analyzer lets you see each and every
signal, and the 843A measures
their frequency to 10 Hz. The system
is also a natural for surveillance
applications since you can scan broad
and narrow ranges, resolve all
signals of interest and count their
frequency.

Call us for a demonstration. The
system is easy to set up and you'll find
it simple to use as an oscilloscope.

If you've already got an HP 110 MHz
spectrum analyzer, you can add the
tracking generator ‘counter for $3500.
The high-resolution 8553B 8552B
with variable persistence display costs
$6750. Ask your HP field engineer

for details. Or write Hewlett-Packard,
Palo Alto, California 9430-i; Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT lhp PACKARD
SIGNAL ANALYZERS
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0.02% of range

selected . ,
" CURRENT pRECISE
REGULATION

25 ppm of output down
to 1 wA using unique
guard design.

ONSTANT
%./CURRENT

INDEPENDENT
VOLTAGE LIMIT

Preset your voltage . . .
light warns when
complying voltage
limit is reached.

3 MODELS
AVAILABLE
Model 6177B
0-500mA, 0-50Vdc
Model 6181B
0-250mA, 0-100Vdc
Model 6186B
0-100mA, 0-300Vdc

i \
P
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1 RAPID PROGRAMMING

1ms from 0 to 99% of full range

4 HIGH OUTPUT IMPEDANCE
100 to 10,000 megohms depending on range

Typical applications for HP Constant Current Sources HEWLETT 'fﬁ?"PACKARD

include: ® semiconductor testing, e.g., evaluating reverse
breakdown and V-i characteristics of p-n junctions m
measuring dynamic or incremental impedance W extremely POWER SUPPLIES
accurate four-terminat resistance measurements M testing

and sorting resistors, capacitors, relays, and meters B ™ ; — 1w
precision electroplating B analytical testing B operating \
IMPATT and GUNN Effect diodes B supplying accurate |
currents to Hall Effect devices. Write for Constant Current
Application Brochure. Mode! 6177B and 6181B: $425.
Model 6186B: $475.

Hewtlett-Packard, New Jersey Division, 100 Locust Ave.,
Berkeley Heights, New Jersey 07922.
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Readers Comment

Silver lining

To the Editor:

Your report on resistor failures
caused by the exposure of thick-
film resistors containing palladium
oxide to hydrogen originating from
storage batteries [April 13, p. 52]
is accurate. However, without some
further details, the overall impres-
sion created may be needlessly
alarming with regard to the general
reliability of thick-film systems.

It is well known that the thick-
film circuit modules used in the
1BM 360 computer series utilize
palladium-silver resistors; the re-
liability of these resistors has been
excellent. Since these modules have
been produced and used in large
quantities, it is safe to conclude
that thick-film resistors containing
palladium have accumulated more
in-service evidence of reliability
than other thick-film resistors, and
should also compare favorably in
this regard with any type of re-
sistor.

When dealing with the relatively
rare cases where exposure to hy-
drogen can occur, it should be
stressed, as your report clearly
does, that sensitivity to hydrogen
is a characteristic of, and only of,
resistor systems containing palla-
dium oxide. Essentially, all sup-
pliers of thick-film compositions
can provide exceptionally stable,
newer resistor systems which do
not contain palladium in any form
and often have many other useful
attributes as well. However, even
palladium-bearing resistors can be
protected against hydrogen by
overglazing.

Historically, overglazing was an
accepted step in the preparation of

many early types of cermet resis-
tors. Only after the remarkable im-
munity of palladium-silver resis-
tors to catastrophic failures in a
great variety of exposures (but ex-
cluding reducing environments)
was clearly proven was the indus-
try emboldened to use unglazed
resistors. It should be added in this
context that the reducing action of
certain curing agents associated
with some organic encapsulants
can also lead to severe degradation
of palladium-silver resistors. There-
fore, the manufacturer’'s recom-
mendations should be followed
closely when such encapsulants
are sclected.

Donald W. Altmaier
Public Relations Department
Dupont
Wilmington, Del.

Unharmonic

To the Editor:

An error appears in one of the
cquations in your article on third
harmonics [April 13, p. 124]. The
correct equation is B = —(b/2)
cos20t and not B = —(b/2) coset
as it is written.

Lvigi Totaro
Dallas, Tex.

Pioneer work

To the Editor:

I found your article on a stable,
field replaceable strapdown gyro in
a can [May 25, p. 106] very inform-
ative. The MIT Draper Laboratory
has been a pioneer in the develop-
ment of strapdown guidance sys-
tems. Our first effort was in 1963,
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SOLID TANTALUM CAPACITORS

RIGHT ON THE MONEY

FOR PRINTED WIRING BOARDS
IN INDUSTRIAL, COMMERCIAL,
AND ENTERTAINMENT
ELECTRONICS

AFFORDABIE

Sprague Type 196D Dipped Solid-Electrolyte
Tantalex® Capacitors cool the performance/budget
argument. Newly broadened line—now available
in all popular 10% decade values between 0.1 uf
and 330 uF. Voltage range: 4 to 50 vdc. Hard insu-
lating resin coating is highly resistant to moisture and
mechanical damage. Straight or crimped, long or
short leads. Operate to 125C with only /3 voltage
derating. Write for Engineering Bulletin 3545A.

Technical literature Service
Sprague Electric Company

35 Marshall Street P
North Adams, Mass. 01247

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

Electronics | July 6, 1970

B |  THE MARK OF RELIABILITY

Circle 5 on reader service card 5



6

NOW
HIGH-PERFORMANCE SCRs
TO MEET THE

CRITICAL NEEDS OF. ..

* Power Inverters
o AC. Motor Vaiigble Speed Drives

e Induction Heaters

o Pulse Width Modulators

-
)

-

NATIONAL
DISC PACKAGED
REGENERATIVE GATE SCRs

orovide these plus factors. ..

+ Voltages to 1000 V
+ dv/dt to 500 V/u sec.
+ Turn-off time to 15 u sec.
+ di/dt to 800 A/u sec.

+ Low power gate drive

+ Operation to 20 KHz, with
low switching losses

+ 175 and 380 amperes RMS
+ Also available in stud pack-
ages to 470 amperes RMS

* A NATIONAL® exclusive.
Patent No. 3,486,088

We welcome requests for detailed data
and application assistance. Contact . . .

NATIONAL ELECTRONICS, ING.

a varian subsidiary
Geneva, !ll. 60134, phone 312-232-4300

Circle 6 on reader service card

Readers Comment

and we are completing work on a
second-generation system.

Our first-generation  system,
which had components equivalent
to United Aircraft’s, was exten-
sively tested in the lab and field.
Our second-generation system, with
the performance of the inertial
component improved by an order
of magnitude, was delivered to the
Naval Weapons Center, China
Lake, Calif., in July 1969. We have
two modified systems under con-
struction. They include data proc-
essing for attitude and are sched-
uled for completion in the fall. An
extensive field test program for the
New England area will commence
in October. Aircraft testing will be
carried out at Holloman Air Force
Base, Alamogordo, N.M., starting
in May 1971.

John W. Fish
Assistant director,
Charles Stark Draper Laboratory
MIT
Cambridge, Mass.

Notes demotion

To the Editor:

Your description of the effect of
layoffs on the job market for elec-
trical engineers [April 13, p. 137]
was quite good except for the mis-
information regarding the job sta-
bility of EE’s who work for the
Government. I was a GS-13 elec-
tronics engineer until recently. I
now have a GS-12 rating. As has
happened before, at the first hint
of a cutback in personnel, the high-
priced engineer finds himself in the
foreground as a prime candidate
for demotion. This is my second
demotion in less than five years,
while engineers of other classifica-
tions are not considered or de-
moted. I find that this is a common
occurrence in the Air Force Civil-
ian Service.

Austin Frank
GS-12 electronics engineer,
U.S. Air Force
Seattle, Wash.

*» Electronics discussed only lay-
offs, saying that few engineers in
Government service would be af-
fected by the Defense Depart-
ment’s plan to cut back jobs.
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WIDEBAND
PHOTOFETS

Need rise time less than one-half usec, low noise and

high sensitivity? You get these with the Siliconix P236! Here’s
a circuit and a performance table showing what happens
with two of our op amps: -

s

t. <0.5 usec

RF

Ry t, t; e,” S/N
AMP (MEGQ) (»S) (»S) (pk V) (dB)
1 0.4 0.4 0.27 50
L174 11 09 0.8 3.0 60
44 1.8 1.6 12 70
1 1.2 1.2 0.27 60
LHI10! 11 6.0 6.0 3.0 70
| 44 10 10 12 80

LIGHT SOURCE: LED, 20 mA pulse located adjacent to P236 lens.

In this wideband photosensor, photocurrent flows from the gate
and becomes the input signal at the summing junction (gate
terminal). Feedback holds the gate at virtual ground, so the effect
of Cin is negligible and pulse response is limited largely by the
op amp. You can use any op amp, allowing for its response
characteristics.

For complete information on the P236-8 Series photofets
and the L174 or LH101 op amps write direct or call any of the
numbers below.

New York: Sy Levine (516) 796-4680

New England: Al La Croix (617) 762-8114

Ft. Worth/Dallas: Charlie Williams (214) 231-8151 S |

St. Louis: Jim Spicer (314) 291-3616 iliconix |nCDerra1'Ed

Minneapolis: Ed Koclfgen (612) 920-4483 2201 Laurclwood Road + Santa Clara - California 95054
Southern California: Dave Ferran (213) 420-1307  Telephone (408) 246-8000 Extension 201 « TWX: 910-338-0227
Northern California: Chuck Brush (408) 246-8000 In Europe: Siliconix Limited. Saunders Way. Sketty, Swansca. Great Britain
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Who’s Who in this issue

Curious about Sweden, Don Mac-
taggart, author of the article on
automatic test systems that begins
on page 71, spent a year there de-
signing digital controls for an
atomic power plant and the Stock-
holm subway system. A graduate
of McGill University with a Bache-
lor of Engineering degree, Mactag-
gart went to work for Sperry Can-
ada designing numerical control
and sonar gear when he returned
from Sweden. He’s now a project
supervisor with the Canadian
Maciaggart Marconi Co.

NO

KLYSTRONS

A pair of soldiers at the
Army’s Electronics Com-
mand wrote the article on
digital recorders that be-
gins on page 90. Walter
Buczek, a University of
Virginia graduate, has been
working on logic circuit
and systems design. David
Newton, a graduate of the
University of Rochester
who has worked at the
Lawrence Radiation Labo-
ratory, is doing logic and
versatile systems with capacities of Newton power supply design.

up to 300, 600 or 960 channels

More reliable and using less power
than any other equipment type,
Farinon microwave is completely

solid-state. There is no klystron.

Easy to maintain, compact, and

meet international standards for
performance over distances of more
than 1000 miles. They operate in
all bands to 7 GHz. Remodulating
repeaters provide complete base-

band access at each repeater.

With Farinon SS-series microwave,
you can have a system that exactly

matches your needs. Ask for com-

plete information on performance,

Geffe Castellano

terminal arrangements and acces-

sory gear, including fully CCITT- Mathematic and network syn- Organic photochemistry, organic
compatible multiplex. thesis were the major fields of semiconductors, and liquid crys-
study for Philip R. Geffe, author tals—the subject of the article
of the article on active bandpass that starts on page 64—are the
filters that starts on page 80. A stock in trade of Joseph A.
. veteran in network theory and Castellano, its author. Castel-
Fannon filter design, Geffe is now a fel- lano, who holds a Ph.D. from
low engineer at Westinghouse Polytechnic Institute of Brook-
Farinon Electric, 935 Washington St., San Carlos, Cal. 94070 Electric’s Defense and Space lyn, is a member of the techni-

Center. cal staff at RCA Labs.
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uDAC
QUAD SWITCH

UDAC
QUAD SWITCH

wOSB0,
R

RS, 8

uDAC
QUAD SWITCH

Thin-film resistor network includes precision metering resistors,

interquad attenuators and reference feedback resistors.

REFERENCE

HDAC...The World's First Monolithic IC D/A Converter With
12 Bit (V2 LSB) Accuracy

Analog Devices has applied the advantages of monolithic
IC design to high accuracy D/A converters. The obvious
advantages include high reliability, small size, low power
consumption, wide temperature range operation and lower
production costs. A more subtle but very important benefit
of monolithic design is that multiple emitter switch design
insures uniform current density which also contributes to
the improved accuracy of the uDAC. Furthermore, a tem-
perature compensating transistor is included on the chip
with the bit current switching transistors. As a consequence,
temperature drift effects are compensated leaving only
5ppm/°C error (actually better than discretes).

The uDAC is comprised of 4 weighted current switches
(and the compensating transistor) driven by logic input
buffers compatible with atl popular DTL or TTL logic. With
the addition of current metering resistors, each uDAC be-
comes a 4 bit D/A converter. Three such uDAC's may be
interconnected by means of simple 16:1 attenuator net-
works to form a 12 bit converter.

Complementary precision thin-film resistor networks,
also available from Analog Devices, include precise meter-
ing resistors, reference resistor, gain setting resistor and the
16:1 attenuators. These resistor networks are packaged in

Electronics | July 6, 1970

hermetic DIP or flatpacks identical to uDAC packages and
reduce construction of 12 bit converters to the simplest
possible assembly techniques. uDAC switches and resistors
will also be available soon in plastic DIP’s for low cost
industrial applications.

The uDAC components can be readily assembled on
your own PC card to build D/A and A/D converters. No
trimming or adjustments are required to obtain up to 12 bit
linearity and accuracy. Alternatively you can buy assembled
and tested converters using uDAC components directly
from Analog Devices.

Send for a free new 20 page applications manual giving
specifications and theory of operation. The booklet also
describes actual circuits and parts lists for implementing
D/A’s and A/D’s using uDAC components. Write Analog
Devices, Inc., 221 Fifth Street, Cambridge, Massachusetts
02142 or call Dick Ferrero collect on our HOT LINE —

(617) 969-3661. ANALOG |l
DEVICES 2

LINEAR INTEGRATED CIRCUITS

Circle 9 on reader service card 9
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The sweéet Heart
Of The MODEM System

One call does it all

Dial Motorola for complete data
about the industry’s most complete
line of *“ Dial-for-Data” MODEM
circuits. There’s an IC for every
stage; and they’re all available at
cost-saving system prices.

MOTOROLA Integrated Circuits

Electronics | July 6, 1970

RS-232C Line Drivers and Receivers . . . the
first and only monolithic quads in the
industry to meet this stringent EIA
spec. They're designated MC1488L and
MC1489L.

More importantly, because there’s four in
one package, you get more board space,
lower package count. And, they're directly
compatible with MDTL and MTTL logic
circuits. Both types are available right now
in the 14-pin dual in-line ceramic package.

Op Amps for Active Filters . . . to select
specific audio tones from telephone lines.
A dual op amp is the ideal element; and,
your ideal choice would be the MC1437L
{a dual MC1709C) or the brand new
MC1458G (a dual MC1741C). The latter
is internally compensated for frequency
response. Both devices cost considerably
less than two single-package op amps and
compare favorably with mechanical reso-
nators or reed systems . . . and, of course,
are much more reliable!

An RS 232C Integrated Modem System

ACTIVE SIGNAL
FILTERS CONVERSION LINE ORWER
MC1437L
MDTL
or e MC1488L
MC1458G &
PHONE rog T0
LINE —_— GiC UNE  COMPUTER
§ — 1 [control RECEIVER
MoTL
MC1845G Lol 0}
1 N

TONE
GENERATORS

Frequency-Shift Keyer . . . The MC1445G
is a dual-input, logic-controlled video
switch that can connect either of two tone
generators to an output line. It also has a
low-impedance emitter-follower output
stage.

Tone Generators . . . The MCI1550G is a
high-frequency differential amplifier that
makes an ideal, ultra-stable oscillator with
built-in bias circuitry at little more than
the cost of a transistor.

Digital Logic . . . MDTL or MTTL can be
used to control the frequency-shift keyer
and to perform other MODEM logic func-
tions. Motorola offers a complete line in
both families.

There’s a Motorola IC for every MODEM
stage; and, they’re all available “off-the-
shelf” . . . at cost-saving system prices:

T
- Price
Type Function | ¥
| J(lOO up)
MC1488L Quad RS-232C Line Driver $7.00

MC1489L | Quad RS-232C Line Receiver | $6.00
MC1437L Dual (MC1709-type) OpAmp | $3.25
MC1458G Dual (MC1741-type) OpAmp | $4.00
MC1445G /L | Dual-input F.S.K. Switch | $3.95
MC1550G {Diﬂerential Amplifier J 75¢

If you’re interested in complete
data about integrated circuits for
the complete MODEM system, sim-
ply Dial-for-Data ... (602) 962-3161.
Or write: P.O. Box 20912, Phoenix,
Arizona 85036.

MOTL. MTTL trademark of Motorola Inc

Circle 11 on reader service card 11
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Memory Bank.

The information contained in
these volumes has taken man
thousands of years to develop and
compile. And every day more is
being added. The storage capacity
of this memory system is theoret-
ically unlimited. But what about
its access time?

When the ability to retrieve
must be measured in nanosec-
onds, that’s where we come in.
Memory systems are an impor-
tant part of our business. And
our leadership in this field is
measurable through our com-
bined technical knowledge, our
production experience—and our
reputation for product quality.

Electronic Memornes is a division of Electronic Memories

Two fast examples:

The cycle time of our Nano-
memory® 2600 is 600 ns. Access
time is 300 ns. Capacity from
16K words by 18 bits to 8K words
by 36 bits. (As usual, K is 1024) .
Our Nanomemory 3650 has a full
cycle time of 650 ns and an access
time of 350 ns with capacity of
16K, 32K, 64K and 128K words
by 8 to 76 bits.

To evaluate these and other
examples of our systems line, you
should also know more about such
unique features as the field re-
placement benefits that result
from plug-in stacks. And you’ll
want to be briefed on the low

power and low component-count
requirement of our advanced sys-
tem design concepts.

Or you may want to talk with
us about standardized or custom-
ized cores for your own systems.

Or stacks for virtually any
digital storage application.

The history of EM’s experience
in memory systems is massive.
And you don’t need a library card
to check it out. Just call or write.

And watch our response time.

Electronic Memories.
Worth remembering.

& Magnetics Corporation

12621 Chadron Avenue, Hawthorna, California 90250 * Telephone (213) 772-5201

Electronics | July 6, 1970
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A new commercial
version of our
MINIATURE

ROTARY “E” SWITCH
at a MUCH

LOWER PIIICE

14

U. S. Pat. #3352979

Single deck 1 pole-24 position
to 3 pole-8 position MBB or BBM

196

in quantities
of 1,000

For ordering purposes designate serles “EC"

DELIVERY
FROM STOCK

Completely automated facihities

and mass production tooling now

makes RCL highly competitive in

commercial applications with
obsolete” wafer-type open frame

switches

Equivalent performance at much

lower prices than “instrument

type"” switches

e The smallest enclosed MINI-
ATURE ROTARY SWITCH
available with up to 24 positions
shortingornon-shortingoneach
deck.

* Upto 12 poles per deck.

¢ As many as 9 decks may be
specified.

e Life expectancy — 200,000
mechanical operations.

e Solder terminals will accept two
.032 diam. (AWG #20) wires.

Write for complete
technical information

RCL ELECTRONICS, Inc.
700 South 21st Street,
Irvington, New Jersey 07111

Circle 14 on reader service card

Who’s Who in electronics

Herman Melville would surely drop
his quill on reading the biography
of Carl O. Holmquist. The story of
the rear admiral who now serves
as Chief of Naval Research
scarcely fits the mold of a Yankee
lad sitting on the ocean’s edge pin-
ing for a ship to sail the seas. In
fact, the largest body of water
young Carl Holmquist saw prob-
ably was the Great Salt Lake in
his home state of Utah. And the
50-year-old admiral first applied for
an appointment to the U.S. Mili-
tary Academy at West Point.

But at this point, Holmquist
clearly has no regrets. He learned
to fly. And his enthusiasm proved
contagious—two of his four chil-
dren are Naval Academy midship-
men bent on becoming pilots. “I
was very careful to avoid suggest-
ing they go to Annapolis,” the Ad-
miral contends with a smile and a
wink, “but my youngest is dying to
get in.” He is 14.

Natural. His assumption of the
top Navy research assignment is
clearly to his liking as well. It fits
his background as a Ph.D.,, a de-
gree he earned in aeronautics from
Cal Tech. Furthermore, it’s a logical
step up from prior assignments as
deputy chief for research, project
officer for the new F-14 fleet de-
fense fighter, and executive direc-
tor for research and technology at
the Naval Air Systems Command
—three jobs he has held since com-
ing to Washington three years ago.

Holmquist’s present command
includes what some regard as the
most prestigious rescarch opera-
tion of any of the military services.
Characteristic of ONR’s effort to
advance the state of electronics
technology is its current goal of
developing a computer that can
sense its surroundings and re-
spond intelligently to spoken com-
mands. Directed by Charles Hen-
drix at Telluron in Santa Monica,
Calif., under an ONR contract, the
computer design is patterned on
the living nervous system’s cells
or neurons. Using artificial neurons
(or “neuromimes,” as ONR calls
them), a network of 16 of the cir-
cuits is trained by modifying its
responses through “punishment”
or “reward” signals.

Holmquist

Probably due to his academic
background, and because his ca-
reer has revolved around R&D
since 1953, Holmquist places great
emphasis on the need for basic re-
search in maintaining the balance
of power. He worries out loud
about the whipsaw effect of budget
cuts and inflation on ONR’s pro-
grams. He personally thinks that
ONR’s $120 million research bud-
get—virtually all of which goes
toward basic research, much of it
in electronics—should be dramati-
cally increased.

Many military traditions have gone
by the boards during the war in
Vietnam, so no one around Long
Binh, headquarters for the 20,000-
man First Signal Brigade, was par-
ticularly surprised when the bri-
gade’s commanding gencral and
his immediate boss switched jobs.

Moving into the top communica-
tions-electronics job out where
they’re fighting is Maj. Gen. Hugh
IF. Foster Jr. Leaving the brigade
after 22 months in the combat zone
is Maj. Gen. Thomas M. Rienzi,
who takes over—from Foster—as
commanding general of Stratcom-
Pac, Signal Corps compression of
“Strategic Communications Com-
mand—Pacific.”

Since the brigade turns up on

Circle 15 on reader service card—>



*éur voitage calibration problems:
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s Engineer to hurry on out with

6 o? Kelvin-Variey Dividers, new Fluke
O \l%r and new Fluke Reference Divider.

@ traceable calibration.

Four new pizces of gear are now ready to help you solve
voltage calibration problems with little fuss and na muss.

Basic unit is the Model 750A Reference Divider which can
be used with e:ther the seven dial Made! 720A Kelvin-Varley
Voltage Divider or the six dial Model 725A. The Model 721A
Lead Compensator is a vital accessory for the precise compar-
ison of voltage dividers.

Model 750A Reference Divider. The Model 750A is an
adjustable resistive divider with « ratio accuracy of +0.001%
of output *5 wvolts for one year. Because its accurucy is related
to saturated standard cells, the output is considered traceable
to the Nationul Bureau of Standards. Calibration can be main-
tained at better than *5 ppm of output. Price: $1,195.

Fluke. Box 7428, Seattle, Washington 98133.
Phone: (206) 774-2211. TWX: 910-449-2850.

In Europe, address Fluke Nederland (N.V.), P.O. Box 5053,

Model 720A Kelvin-Varley Divider. The Model 720A
incorporates an internal Wheatstone bridge and adjustable re-
sistors on the first three decades, making it a “self-calibrating”
ratio standard with *0.1 ppm absolute linearity. Price: $1,495.

Model 725A Kelvin-Yarley Volitage Divider. A low cost
high accuracy 1100 volt divider, the 725A offers four times the
linearity of competitively priced models. It essentially has a
“zero” power coefficient derating spec. Price: $390.

Model 721A Lead Compensator. Lead compensation, where
ratios between standard and test divider are as great as 4000:1,
is possible with the Model 721A. Mode selection for electrically
interchanging standard and test divider, as well as voltage
ON-OFF for operator protection, is provided. Price: $295.

FLUKE

Titburg, Holland. Phone: (04250) 70130. Telex: 844-50237.

In the U.K, address Fluke International Corp., Garnett Close,
Wallord WD2 4TT. Phone: Watford 27769. Telex: 934583.
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Vietnam. The First Sig,

simply is the Army’s la.

gade ever. Along with 1
tactical communications fo
troops tangling with the Viet L

in the jungles or hitting them fr,
the air, the brigade runs a nation
wide telecommunications network
that’s tied to the U.S. both by radio
and by cable. “We handle a mil-
lion phone calls a day and 100,000
messages,” says Rienzi, who, until
he headed for Hawaii and Strat-
com-Pac, ranged Vietnam in a heli-
copter.

Foster’s big job, as far as the
backbone telecommunications net-
work goes, will be to get a good
part of it turned over to Vietnamese
Army operators and repairmen.
Under the Vietnamization program,
there’s an ambitious project to
train enough ARYN (Army of the
Republic of Vietndm) personnel to
run and maintain the system by the
end of 1972. Already, ARVN signal-
ers are working alongside Ameri-
can troopers at a few mountaintop
relay sites. In one of Rienzi’s pet
projects, U.S. and ARVN signal
units are paired off under a buddy
system to speed on-the-job training
for the Vietnamese.

Rienzi has seen startling ad-
vances in battlefield hardware.
First, there’s digital transmission—
the Autodin network, for example
—and, equally important, digital se-
cure-voice gear for tactical talking.

Next on Rienzi’s list is a new
target-acquisition gear and particu-
larly night-vision equipment. One
of Rienzi’s last previous Vietnam
assignments, in fact, was as pro-
gram manager for the Army’s effort
in surveillance and target-acquisi-
tion hardware. The list is rounded
out by small radars like the PS-4
and PS-5 and the generation of
light avionics gear spawned by the
Army’s helicopter war in Vietnam.

Circle 17 on reader service card—>
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' [ " ranging data and biomedical teremetry signals
When you can't afford a “‘wrong number'... from ‘he moon. Photograph courtesy of NASA.

bring ERIE in early.

DRYY

Where are they? How are they? What do they see

and say? NASA and the world want to know. And the
only way to find out is over the special Motorola S-band
equipment on both the Command and [ unar Nm ules.
Once the Apollo Astronauts are ov

out, it's their only communications mw with E_(!.H .

It simply can't fail. That's why Motorola called

on ERIE TECHNOLOGICAL to develop the EMi filters
and Monobloc capacitors that would |

equipment perform flawlessly on ev

mission since Motorola has been involvec o ERIE TECHNOLOGICAL PROCUCTS INC

- o . 2th Street, Erie, Pennsylvania
Proof, once : n, that it pays to bring ERIE in early. 5611




GENERAL ELECTRIC

[ ] [ ]
PROBLEM SOLVERS

General Electric helps you solve the tough ones

GE has the broadest line of electronic
components in the industry. From the
tiniest integrated circuits to powerful
high performance motors, GE compo-
nents help you solve your tough prob-
lems . . . in design, in performance, in
economy. Take a look at these GE prob-
lem solvers.

New GE computer-grade

capacitor offers 50%
greater ripple current capability. GE’s
new 92F provides 30 to 50% lower ESR
for better frequency capability. High
efficiency permits reduction in size and
weight over conventional units.

This newly-developed GE capacitor
has a life expectancy of up to 3000
hours at 85C. Temperature capability up
to 120C gives increased reliability or
eliminates derating or additional cooling
Get complete specifications on this new
GE capacitor. Circle 316

Replace 200 different SCR’s

with GE's versatile C103.
This rugged epoxy encapsulated low-
current SCR comes in the TO-18 plastic
package and is ideal for tough military
and industrial uses as well as many
consumer applications.

18

The C103 is available in peak reverse
voltage ratings from 30 to 200 volts. It
combines an extremely sensitive gate
(200 xA) with a high surge capability
(8 amp) and a low forward blocking cur-
rent (1 pA). Get full details. Circle 317

GE Sintered Alnico magnets

give you high energy prod-
ucts with superior temperature stability
and physical characteristics. And only
GE can provide a complete line of Sin-
tered Alnico materials.

Sintered Alnico has its greatest ad-
vantage in applications where mechan-
ical work is required in small complex
shapes. GE materials offer up to 12000
gausses induction and 1550 oersted co-
ercive forces. For complete data or ap-
plication help, circle 318

New Hi-TECH ceramic metal

components . . . custom-

designed problem solvers. GE's Hi-TECH

line offers a variety of alumina, forsterite

and other special ceramic materials . . .

sealed to virtually any metal . . . and

custom-engineered to meet your toughest
operational requirements.

Use in severe environments, for ex-

ample, to withstand ultra-high tempera-

tures and hyperactive chemicals. ldeal
for vacuum or gas-filled devices, elec-
trical equipment or machine parts. Find
out how GE can custom design the ce-
ramic component you need. Circle 319

Get long-life portable power
with rechargeable GE nick-
el-cadmium batteries. Nominal ratings
range from 0.1 amp-hours to 4.0 amp-
hours in sealed cells and up to 160 amp-
hours in vented types at the one-hour
rate. And GE batteries are rechargeable
for longer operating life.
Get details on how to put longer battery
life into your application. Circle 320
for comptete information.

Get more magnetic perform-

ance per size and weight
with GE cast Alnico 5-7 and 9 permanent
magnets. GE's columnar grain cast Al-
nico 5-7 provides high inductions at 7.5
million energy products. Cast Alnico 9
couples high coercive forces with 9 mil-
lion energy capabilities.

Complete directionality of grain growth
permits design freedoms which were im-
practical before. Check with GE's appli-
cation experts. Or for complete details,
circle 321
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Select your indicating in-

struments from industry’s
most complete line. For measurement and
control of electrical quantities, get GE
Panel Meters and Meter Relays in the
popular BIG LOOK® arid HORIZON LINE®
styles. 1%2" edgewise instruments are
ideal for compact disp.ay problems.

And the new BIG LOOK Frequency
Meters in three ranges . 45-55Hz,
55-65Hz and 380-42CHz are now
available for engine generator sets, panel
boards and inverters. For complete cat-
alog, circle 322

New complementary power

transistors are color coded
for easy identification. GE's 4-amp NPN/-
PNP power transistors (D44C/D45C) are
molded in plastic packages to provide
tough pellet protection in the most de-
manding applications. Three round leads
fit the standard JEDEC TO-66 configura-
tion.

These color-molded transistors feature
low collector saturation voltage, excellent
gain linearity and fast switching. Apply
them in countless industrial and consumer
circuits. For details, ciicle number 323

Electronics | July 6, 1970

Let General Electric help solve your component problems. Call your nearest
Electronic Components Sales Operation Office. Or check with one of the many
authorized GE distributors. P.S. Problems? General Electric has solutions. 285-65

GENERAL @3 ELECTRIC
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with this quiet family.

Hot Molding with Allen-Bradley's exclusive
technique, gives these composition variable
resistors an unusually low noise level. And
importantly, this low noise level actually de-
creases in use. Under tremendous heat and
pressure the resistance track is molded into
place. A solid element with a large cross-sec-
tion is produced.

This important Allen-Bradley difference
means better short-time overload capacity
and a long operating life. Control is smooth,
resolution almost infinite. These variable re-
sistors are ideal for high frequency circuits.
Why should you trust the performance of

your designs or your reputation to anything
less than Allen-Bradley quality? Use the most
thoroughly “field tested” (over 20 years) vari-
able resistors available today. Quantity stocks
of popular types J, G, W and GD available for
immediate delivery from your appointed A-B
industrial electronics distributor.

For information write: Marketing Department,
Electronics Division, Allen-Bradley Co., 1201
South Second Street, Milwaukee, Wisconsin
53204. Export office: 1293 Broad Street,
Bloomfield, N. J. 07003, U.S.A. In Canada:
Allen-Bradley, Canada Ltd., 135 Dundas
Street, Galt, Ontario.

SPECIFICATIONS

TYPE J— TYPE G—

STYLE RV4 TYPE K STYLE RV6 TYPE L TYPE W TYPE GD
CASE 5/8” deep x 5/8" deep x 15/32" deep x 15/32" deep x 15/32" deep x 35/64" deep x
DIMEN- 1-5/32" dia. 1-5/32" dia. 1/2" dia. 1/2" dia. 1/2" dia. 1/2" dia.
SIONS (single section) | (single section)
POWER
at + 70°C 2.25 W 3w 05 W 08 W 05 W 0.5 W
TEMPERA-
TURE —552C to —55°C to —55°C to -55°C to —55°C to -55°C to
RANGE +120°C +150°C +120°C +150°C 120°C +120°C
RESIST-
ANCE
RANGE 50 ohms to 50 ohms to 100 ohms to 100 ohms to 100 ohms to 100 ohms to
(Tolerances: |5.0 megs 5.0 megs 5.0 megs 5.0 megs 5.0 megs 5.0 megs
+10and 20%)
TAPERS Linear (U), Modified Linear (S), Clockwise Modified Log (A), Counter-Clockwise Modified Log (B),

Clockwise Exact Log (DB). (Special tapers available from factory)

FEATURES [Single, dual, Single, dual, Miniature size Miniature size Commercial DUAL section
{(Many and triple and triple Immersion- Immersion- version of version of
electrical versions versions proof. SPST proof. type G type G
and available. Long | available. Long | switch can be Immersion- ideal for
mechanical |rotational life. rotational life. attached. proof. attenuator
options Ideal for applications.
available attenuator Immersion-
from applications. proof
factory) Snap switches

can be

attached to

single and dual.

EC70-6 @ Allen-Bradley Company 1970

&
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COLLISION AVOIDANCE
SYSTEMS

TOTAL ELECTRONIC
SYSTEMS CAPABILITY.
SPECIALISTS IN
TIME/FREQUENCY,
RADAR AND

DATA SYSTEMS
OFFERING RAPID
GROWTH.

SIERR.A

M—
RESEARCH CORPORATION
an equal opportunity employer

P.O. BOX 222, BUFFALO, N.Y. 14225
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Meetings

Hard road for circuit designers

With military users increasingly
demanding radiation-resistant sys-
tems, the task of hardening devices
falls mainly to circuit designers.
Thus is the July 21-23 IEEE-spon-
sored Conference on Nuclear and
Space Radiation Effects at the Uni-
versity of California at San Diego
aimed especially at device and ma-
terials physicists, and at engineers
involved in circuit analysis.

Of the eight technical sessions
and one symposium included in the
program, three merit special atten-
tion—two because they’re new to
the traditional program and the
third, called “Circuit Analysis and
Design: How to Radiation-Harden
Circuits,” because it’s a fundamen-
tal approach.

The two new sessions treat “Ra-
diation Effects and Quality Assur-
ance” and “Electromagnetic Pulse
—Effects and Modeling.” For the
quality-assurance session, A.M.
Briepohl of Oklahoma State Uni-
versity will deliver the invited

paper, on “Prediction of Post-Irra-
diation Reliability.”

W.]J. Karzas of the Rand Corp.
has been chosen to give the in-
vited paper on electromagnetic
pulses. His topic is “EMP: Ap-
proaches to Understanding Sys-
tems Effects.” The invited paper
for the session on circuit analysis
and design is the work of R.A. Poll,
manager of the Military Systems
division of Systems, Science and
Software, who will discuss “Ap-
proaches to Systems Hardening.”

Other sessions are devoted to
such topics as displacement effects
in materials, charge buildup and
surface effects, ionization and dis-
placement effects on devices, and
dosimetry and energy deposition.
The symposium portion of the con-
ference will consider the future of
nuclear power and inertial guid-
ance systems.

For further information contact R.A. Poll,
Systems, Science and Software, Box 1620,
La Jolla, Calif. 92037.

Calendar

Summer Power Meeting and EHV
Conference, |IEEE; Biltmore Hotel, Los
Angeles, July 12-17.

Conference on Dielectric Materials,
Measurements and Applications, IEEE;
University of Lancaster, London,

July 20-24.

Reliability and Maintainability
Conference, Society of Automotive
Engineers, the American Society of
Mechanical Engineers, and the
American Institute of Aeronautics and
Astronautics; Sheraton-Cadillac Hotel,
Detroit, July 20-22.

Conference on Nuclear and Space
Radiation Effects, IEEE; University of
California at San Diego, July 21-23.

International Conference and
Exhibition on Water Pollution Research,
IEEE; San Francisco, July 19-21;
Honolulu, Aug. 2-5.

Photovoltaic Specialists Conference,
IEEE; Seattle Center, Washington, Aug.
11-13.

International Conference on
Microelectronics, Circuits, and Systems
Theory, IEEE; University of New South
Wales, Kensington, Sydney, Australia,
Aug. 18-21.

AFMA National Conference, Armed
Forces Management Association;
International Hotel, Los Angeles,
Aug. 20-21.

Radiation Effects in Semiconductors,
Air Force Cambridge Research Labs;
State University of New York at
Albany, Aug. 24-26.

Western Electronic Show and Convention
(WESCON), |EEE; Biltmore Hotel,
Sports Arena, Los Angeles, Aug. 25-28.

Preparation and Properties of Electronic
and Magnetic Materials for Computers,
The Metallurgical Society, Statler-
Hilton Hotel, New York, Aug. 30-Sept. 2.

Application of Computers to the
Problem of Urban Society, Association
for Computing Machinery; New York
Hilton Hotel, Aug. 31.

{Continued on p. 24)

Electronics | July 6, 1970



vosesihs
1t

il

J

~]

Prickly problem solvers

Solve thorny computer memory
problemswithdiodearraysfromTI.

Unbeatable core-drivers, they
assemble quickly and cut P-C board
space requirements up to 65%!
Save time, trouble and costs. And
they’re smaller, lighter, more reli-
able, too.

Performance? They’re real stick-
lers for fast recovery, low capaci-
tance, and high forward conduct-
ance. With closely matched electri-
cal characteristics through a broad
temperature range.

Try them. They’re available fast:
Through TI distributor and factory
stocks. In arrays of 8, 16 and 20
diodes. Common cathode or anode
connections. In flat packs with 10
or 14 leads.

O
0]6]0]0101610]10,

3

kL X X X 3 3

y 3
@—j O O O+ O+ O O
’ L % 3 X X % x &%
@ No connection o-
TID 21, 7ID 22 TID 25, TID 26
e PR EEEE
D) @ 0]
ST5E2:
(@ No connection @ ii ] Ld @
TID 23, 71D 24 ® @ Nointernal connection TID 131,TID 132*

These arrays are part of TI’s pre-
ferred semiconductor line, selected
to save you time and money in
specifying discrete components.

If one of these doesn’t fill your
specific needs, TI makes custom
arrays of 2 to 20 diodes in flat
packs, 10-lead TO-5 metal-can, and
plastic dual-in-line packages.

Write for TI's brand new data sheet
covering our complete line of flat
pack and dual-in-line plastic
diode arrays. Texas Instruments,
Incorporated, P. O. Box 5012,
reader service number

MS 308, Dallas, Texas -
Q\g F
122.

75222. Or just circle
*Will become a preferred product in 1971.

TEXAsS INSTRUMENTS
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Captor is quicker

Customers tell us our shipments of standard
RFI/EMC filters are the fastest in the industry.
Captor responds quickly on custom designs, too,
with prompt attention given to problem-solving pro-
totypes. One reason for Captor’'s time saving
capability is a new environmentally controlled plant
built expressly for the production of such electronic
components as miniature EMC filters, communica-
tions and security filters, and custom designed
filters and assemblies. One section handles large
orders numbering into thousands of units; a sepa-
rate section provides fast action on prototypes and
short runs. Beat the clock . . . write for our capabili-
ties brochure today!

CAPTOR
CORPORATION

Electronics Division
5040 Dixie Highway, Tipp City, Ohio 45371, Phone: (513) 667-8484
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Meetings

(Continued from p. 22)

Association for Computing Machinery
Conference, New York Hilton Hotel,
Sept. 1-3.

International Electrical and Electronics
Engineering Conference, Korean
Institute of Electrical Engineers, Korea
Institute of Electronics Engineers,
Korea Institute of Science and
Technology, IEEE; Korea Institute of
Science and Technology, Seoul,

Sept. 2-4.

Conference on Microwave and Optical
Generation & Amplification, IEEE;
Amsterdam, the Netherlands, Sept.
7-11.

International Broadcasting Convention,
IEEE; Grosvenor House, Park Lane,
London, Sept. 7-11.

Petroleum & Chemical Industry
Technical Conference, |EEE; Camelot
Inn, Tulsa, Okla., Sept. 14-16.

Annual Technical Symposium, Society
of Photo-optical Instrumentation
Engineers; Anaheim Convention
Center, Calif., Sept. 14-17.

International IEEE/G-AP Symposium
and Fall USNC/URSI Meeting, Ohio
State University, Columbus, Sept.
14.17.

Conference on Gas Discharges, IEEE;
London, Sept. 15-18.

Intersociety Energy Conversion
Engineering Conference, IEEE;
Frontier Hotel, Las Vegas, Sept. 20-25.

Conference on Engineering in the
Ocean Environment, IEEE; City Marina
Auditorium, Panama City, Fla.,

Sept. 21-24.

Conference on Electron Device
Techniques, IEEE; United Engineering
Center Auditorium, New York,

Sept. 23-24.

Fall Broadcast Technical Symposium,
IEEE, Washington Hilton, Sept. 23-26.

Joint Power Generation Technical
Conference, |IEEE; Pittsburgh Hilton
Hotel, Sept. 27-30.

Conference on Underground
Distribution, |IEEE; Hotel Pontchartrain
and Cobo Hall, Detroit, Sept. 27-30.

Conference on Trunk
Telecommunications by Guided Waves,
IEE; Savoy Place, London, W.C. 2,
Sept. 29-Oct. 2.

Mervin J. Kelly Communications

Conference, University of Missouri and
IEEE; Rolla, Missouri, Oct. 5-7.

(Continued on p. 26)
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—their obsession with precision is solving tomorrow’s problems today.

Problems—like connectors requiring post true
positioning to within a mere .020 of an inch—won’t
stump Winchester Electronics. They’'ve been mak-
ing AccurFrame® as close to perfection as modern
wire terminating machines demand.

And this fact proves the point: Of the various types
of wire terminating connect-
ors, only the HW Series
by Winchester Electronics,
positioned in AccurFrame,

consistently meets the contact true position toler-
ances required by automatic wire terminating
machines.

Now, if that doesn’t say something for Winchester
Electronics’ AccurFrame, perhaps you have a con-
nector requirement that does. Want to take us up

on it? Write or call Win-

WINCHESTEF! ghester Eliic:lrogici, Main
treet and Hillside Avenue,
ELECTRONICS oakile, Conn. 06779.

DIVISION OF LITTON

INDUSTRIES

Electronics | July 6, 1970

Circle 25 on reader service card

25



Get your FREE power transistors from

your authorized GE semiconductor distributor

ALABAMA
Birmingham
'F.orou Distributing Co. (205) 251-4104

cumn/HunsMIIc, Inc. (205) 536-4493
Electronic Wholesaters, fnc. (205) 534-2461

ARIZONA

Pheenix
Hamilton Electro of Arizona (602) 272-2601
Kierulff Electronics, Inc, (602) 273.7331

ARKANSAS

Little Reck

Carlton-Bates Co. (501) 375.5375
CALIFORNIA

Culver

lEhnulton Electro Sales (213) 870-3301

G S, Mllrshall Company (203) 686-0141
os

gl

Klerulﬁ Electronics, Inc. (213) 6855511

Mountain View

Elmar Elcctmnlcs {415) 961-3611

Ha;nllt:n Electro Sales (415) 961-7000
a0

Oak|
Br!lll Electronics (415) 834-5888
chrul" Etectronics, Inc. (415) 968-6292

verside
goctronlc Supply (213) 6838110
Nlmllum Electro Sales (714) 279-2421
Kierultf{ Electronics, Inc. (714) 278-2112

. S. Marshatl Company (714) 278-6350
Western Radio & TV Supply (714) 2390361

COLORADO

Electronlc Parts Co. (303) 266-3755
Hamilton Electro Sales (303) “3-0551
L. B, Walker Radio Co. (303) 935

CONNECTICUT
North Haven
Cramer/Connecticut (203) 239-5641
Norwa
clnow Electronics (203) 838-4851

a
Bond Radio Electronics, Inc. (203) 753-1184

DELAWARE

Wilmington

Almo Industrial Electronics (302) 656-3467
FLORIDA

Ft. Lauderdals
Crl':ncrlflorlﬂl (305) 566-7511
stiywo!
achv!:ber Etectronics (305) 927-0511
Ll
Electronic Wholesalers, Inc. (305) 696-1620
Orland

nde
Electronic Wholesalers, Inc. (305) 841.1550
Hemmond Electronics (305) 241-8601

GEORGIA

Atlanta

Jackson Electronics Co. (404) 355-2223
ILLINOIS

Addison
Ha:nllton Electro Sales (312) 543-8500

hicage
Eloctr.onlc Distributors, Inc. (312) 283-4800
Newark Electronics Corp. (3122 £38-4411
Semiconductor Specialists, inc. (312) 279-1000
INOIANA
Evansville
Ohio vallo‘ Sound (812) 4256173
Indianapedi
raham  Electronics, Inc. (317) 6.
Semiconductor Specislists Inc. (317) 243-0271
1OWA
Cedar Rapids
Oeeco, Inc. (319) 3657551
KANSAS

Wichita
Interstate Electronics Supply Corp.
(316) 264-6318

KENTUCKY
loullvlll'
I. Burks Co. (502) 583-2871
LOUISIANA

Rllpn s ol Ll!lycm (318) 234-4507
va rl

R (504] )
sumn. Elcctmnlu, Inc. (504) 522-8726
MAINE
Portland
Holmes Distributors, Inc. (207) 774-5901

MARYLAND
Baltimore
Kann-Ejlert Electronics, Inc. (301} 8894242
Hanover
Hamilton Electro Sales (301) 796-5000
Rockville

Cramer/Washington, Inc. (301) 424-2700
Schweber Electronlcs (301) 4274977

Salisbury
Almo Industrial Electronics (301) 742-13%3
MASSACHUSETTS
ledham
erber Electronics (617) 329-2400
owton
ramer Electronics, Inc. (617) 969-7700
Spi nmlm
'| . Cushing, Inc. (413) 788-7341
aitham
Schweber Electronics (617) 891-8484
MICHIGAN
Detreit
Radio Speciafties Co. (313) 491-1012
Grand
Nt'lrknlndllshlll Electronics
{616) 452

Semiconductor Specialists, Inc.
(313) 255-0300

MINNESOTA
dina
l.ew Bonnl‘(:omp:ny {612) 841-2770

Minnsapol
s.(n‘nco)nductor Speclalists, Inc.

. Paul
Gopher Electronics Co. (612) 645-0241

MISSISSIPPL
é‘ll‘lu Mon Electronic  Supply, I
ic y nc.
(6815 540801 Pl e

MISSOURI
nsas
lldlo l.lb Inc. (816) 4210171
North Kansas Cif
ECI s.mlconductnn Inc. (816) 421-3400
University Cl
Qlive Industrial Electronics (314) 863-4051

NEBRASKA

Lincoln

Scott Electronic Supply Corp. (402) 4348308

Omaha

Radio  Equipment Co. (402) 341-7700
NEW JERSEY

Camden

Genera) Radio Supply Co., Inc.

(609) 964-8560

Cadar Grove
Hamilton Electro Sales (201) 239-0800
my
Hlmléto.:‘ Electro Sales (609) 6629337
raim
Almo plndustrlll Electronics (609) 933-3800
Pennsauhs
gumer/?tnnsylnnla. Inc. (215} 923-5950
owa
Arrow Electronics, Inc, (201) 256-7331
NEW MEXICO

Kltmm Electronics, Inc. (505) 268-3901
Sterling Electronics, Inc. (505) 247-2486

NEW YORK
utfale
ud’lld:t'ld Electronics, Inc. (716) 685-4330
n
landlrd Ellcmnicx, Inc. (607} 754.3102
Farmi
lrrow Eloctronlu, Inc, (516) 694-6800
Hauppauge
ramor/Lnn( island (516) 231-5600
Rochastes

tor
Cramer/Rochester (716) 2]
uocncshr Radio Supply Co (716) 4547800

oma Electronics, Inc. (315) 337.5400
yracuse
Cramer/Syracuse (315) 437-6671

Westhul
»chwﬂm Electronics (516) 334.7474
‘orkvill

Valloy lndustrlal Etectronics, Inc.
(315) 736-3393

NORTH CAROLINA
Charlotte
Oixie Radio Supply Co. (704) 377-5413
Ralsigh
Smnhnsurn Rldlo Supply Co., Inc.
(919) 828-2311

Winston-Salem
Elcctronlc wnoloulcn. Inc. (919) 725-8711

Rkron

un Iudlo Co., Inc. (216) 434-2171

Clacinnati

Hughes: Ptton. Inc. (513) 351-2000
and

cle
—Ionaerstandlni Electronics, Inc.
(215) 4 32-0010

wlu'ronlcs Marketing Corp. (614) 299-4161
Hughes-Peters, Inc. (614) 294-5351

ayten

ioneer-Dayton (513) 236.9900

Warren Radio Co. (419) 248-3364
OKLAHOMA

Oklshoma City

;rlu Wholesale Electronics (405) 524-4415

ulsa

Oit Capitol Etectronics Corp. (918) 836-2541

OREGON
Portland
Hamitton Electro Sales (503) 255-8550

PENNSYLVANIA
Philadsiphia
Alzo. Elcctronlcs Corp. (215) 676-6000
sbu
R.P.C. Electronics (HZ) 782.3770
Sem Iconductnr Smci ists, Inc.
g:ll) 781

uaun Electronics Co. (717) 843.3875

RHODE ISLAND
rmm
. H. Eﬂmn‘ls Co. (401} 781-8000

SOUTH CAROLINA

Columbia
Oixie Radio Supply Co., Inc. (803) 2535333
TENNESSEE
Chattanoega
Harpe Electmnlc Distributors, Inc.
(615) 21

R
Radﬁ Electric Supply Co. (615) 247-8111
mp|
Bluff City Distributing Co. (901) 276-4501
Nashville
Electra Distributing Co. (615) 255-8444

TEXAS
Dallas
Arca Electronics (214) 239-9123
Hamilton Electro Sales
Sterling Electronics (214) 357-9131
gholeulc Electronic uwly (214) 824.3001

Paso
McNicol, Inc. (915) 566
Mldlltd Speciaity Co. (915) 533.9555

Hamilton Electro of Houston (713) 526-4661
Sterling Electronics (713) 623-6600

UTAK
Sait Lake City
Kimbali Electronics (801) 328.2075

VIRGINIA
Chariottesville
Virginia Radio Supply Co. (703) 296-4184
lleh.ml
rarldlln Electronics, Inc. (703) 353.5648
canoke
Peoples Radio & TV Supply Co. (703) 342-8933

WASHINGTON
Seattle
Almac/Stroum Eloctmnlcs (206) 763-2300
Hamilton _Eiec Sales (206) 624-5930
Klomm Elcctmnlcs, Inc. {208) 763-1550
CAG Eloctmlts Co. (206) 272.3185
WEST VIRGINIA
Charleston
Mountain Electronics (304) 3428151
WISCONSIN
Milwaukes
slloc:mnllc Expeditors, Inc. (414) 374-6668
s
Marsh Radio Supply Co. (414) 545-6500
CANADA
Toronte
Canadian General Electric Co., Ltd.
537-4481

GENERAL @D ELECTRIC

FREE POWER TRANSISTORS

Present (or mail} this coupon to your authorized GE semiconductor distributor
ATTN: INDUSTRIAL SALES MGR. Please furnish 1 or 2 free power transistors shown below

TYPE VOLTAGE H;e (MIN )
low med high [ tow med hlgh
o | o O O O O
| O O O 1 O E O
NAME FIRM
POSITION _STREET CITY
STATE ZIP —Distributor Name

Offer explres August 31, 1970

Meetings

(Continued from p. 24)

Symposium on Feature Extraction and
Seiection in Pattern Recognition, iEEE;
Argonne National Laboratory, Argonne,

1., Oct. 5-7.

Industry & General Applications Group
Annual Meeting, IEEE; La Salle Hotel,
Chicago, Oct. 5-8.

Short courses

Fundamentals and Applications of
Optical Data Processing and
Holography, University of Michigan;
Crysler Center, Ann Arbor, July 20-31;
$375 fee.

Principles of Imaging Radars, University
of Michigan; Crysler Center, Ann Arbor,
July 20-31; $375 fee.

Digital Communication Systems,
University of Michigan; Crysler Center,
Ann Arbor, July 20-24; $225 fee.

Minicomputers: their Structure,
Characteristics and Applications,
University of Michigan, Crysler Center,
Ann Arbor, July 27-31; $250 fee.

Call for papers

Mexico International Conference on
Systems, Networks, and Computers,
IEEE; Oaxtepec, Mexico, Jan. 19-21,
1971. Aug. 31 is deadline for
submission of abstracts to Dr.
Roberto Canales R., Instituto de
Ingenieria, Ciudad Universitaria,
Mexico 20, D.F.

International Federation of Automatic
Control Symposium on Multivariable
Control Systems, Duesseldorf,
Germany, Oct. 11-13, 1971. Oct. 31 is
deadline for submission of abstracts
to VDI/VDE—Fachgruppe Regelungs-
techaik, P.O. Box 1139, D-4000
Duesseldorf 1, Germany.

International Federation for Information
Processing Congress, Ljubljana,
Yugoslavia, Aug. 23-28, 1971.

Nov. 30 is deadline for submission of
papers to academician V.M. Glushkov,
chairman, IFIP Congress 71 Program
Committee, Institute of Cybernetics,
Ukrainian Academy of Sciences,
Kiev-28, U.S.R.; or professor C.C.
Gotlieb, Vice-Chairman, IFIP Congress
71 Program Committee, Institute of
Computer Science, University of
Toronto, Toronto, Ontario, Canada; or
Professor H. Zemanek, vice-chairman,
IFIP Congress 71 Program Committee,
IBM Laboratory, Vienna, Parkring 10,
A-1010 Wien, 1, Austria.
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FREE SAMPLES

Celebrate GE's new NPN/PNP
transistors with a
complimentary pair

We're proud to announce the
birth of another complemen-
tary pair of power transistors
from General Electric. Housed
in GE's silicon Power Pac
package, these new 4-amp
NPN/PNP transistors are color
molded so you can tell NPN
from PNP. And for a limited
time only, you can get a pair
free. That's right! To introduce
you to GE's new arrivals,
we're offering you a pair free.
You may choose the new
Power Pac types with round

Type No. "A(,f,‘:,';'_" Ly :“zt'?sm m :“(z'im
v
e 10 | e |
SZ gy w0 | ws | o
DHC M a0 | mo | 13
DAON (PN 0.1 625 | 165
biog 00y 05 60 | 125

DAvailable in 30V NPN units only
) Available in 30V and 45V units only

Electrenics | July 6, 1970

leads or their older brothers
in the power tab package
(with flat leads). You may
even choose two that aren’t
complementary . still with
our compliments. General
Electric's complementary pairs
feature low saturation voltage,
excellent gain linearity and
fast switching characteristics.
They're compatible with either
TO-5 or TO-66 mounting and
designed for use in amplifiers
(dc-1MHz.), regulators (series,
shunt and switching), high-
frequency inverters and con-
verters and many other gen-
eral purpose controls.

mail it)

Vee(sat.) ch(sus.) hee
(max.) olts {min. or range)

lo med hi bias lo med hi

Vee e
05| 05 30 4 | 60 2v 0.

olts jamps

A 150-150 |120-360 290(D

05 1.0 |30 |45 | 60| 1v | 1.0A 10 20 25G

05 | 10 |30 45 | 60 1v 10A 10 20 25@G

250 300 | 10V | .04A 20

15 | 05 30 40| SO | Sv 2A 10K~ | 40K

60K

To get your
transistors along with a packet
of application information, fill
out the coupon on the oppo-
site page and present it (or
to your
General Electric semiconduc-
tor distributor (also shown on
opposite page). Offer expires
August 31, 1970.

sample power

authorized

220-90

GENERAL D ELECTRIC
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“Noone made a
small, quiet, medium-speed

chain printer for $9500.
So Mohawk did.”

George C. Hohl, OEM Marketing Director, discusses a new product.
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“We saw a gap in the printer field.
Either you paid a lot of money to get
a lot of speed and sophistication, or
you could pay a little and get very
little in return. We decided to aim
our printer somewhere in between.

“Chain printers are mechani-
cally simpler, easier to maintain, less
expensive. Their flat face characters
give good print characteristics, too.

“Our design requirements were
rough. We wanted goo lines- per-.
minute with such niceties as easily
changeable fonts, and yet we wanted
to sell it for less than $10K. It had to
be small, and yet we couldn’t lose
accessibility. The design engineers
grumbled, but they made it.

“The changeable font cartridge
is great—an operator can quickly
switch' the font chain—and
we're offering fonts from 16 to 128
characters.

“We designed a disposable
ribbon cartridge to make ribbon

changes quick and clean. Paper
handling 1s enclosed to stay clean,
too. And everything that could be
modularized, was modularized.

“We considered noise reduction
vital—anyone who has worked in a
printer room knows why. Well, com-
pared to other printers, you'd hardly
know this one was working.

“We're selling the printer for
$g9500 in OEM quantities, and some
variations cost even less. So you get
a lot of performance in a very little
printer—for very little money.”

Mohawk Data Sciences Corp.
Herkimer, New York

M2

OEM MARKETING CENTERS: CORPORATE (315) 867-6475; NORTHEAST (617) 891-5870; SOUTHEAST (404) 631-3443; CENTRAL (312) 298-4141; WEST COAST (213) 685-5165.
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To make the lowest-cost arithmetic
logic unit with carry lookahead built-in,

Fairchild’s new 9340 is the perfect arithmetic logic unit
for almost every application. It’s a high-speed device that can
perform two arithmetic operations (ADD or SUBTRACT)
and any of six logic operations on two 4-bit binary words
in parallel. To handle 16 bits, just hook up four 9340s.
And nothing else.

The 9340 can ADD two 4-bit words in 28ns and SUBTRACT two 4-bit words
in 33ns. The addition of two 16-bit words takes only 42ns.

The new ALU has full internal carry lookahead, and provides either
a ripple carry output or carry lookahead outputs. The speed and
flexibility of the 9340 make it ideal for other applications like multipliers,
dividers and comparators.

Input clamp diodes are used on all inputs to limit high speed
termination effects in the 9340. Input/output characteristics provide easy
interfacing with all Fairchild DT.L, TT.L and MSI families.

To order the 9340, call your Fairchild Distributor and ask for:

PART TEMPERATURE PRICE (100-
NUMBER PACKAGE RANGE (1-24) (25-99) 999)
U6N934059X DIP 0°C to 4+ 75°C $20.90 $16.70 $14.00
U6N934051X DIP —55°C to +125°C 41.80 33.40 28.00

U4M934059X Flat 0°Cto + 75°C 23.00 18.40 15.40
U4M934051 X Flat —55°C to +125°C 46.00 36.80 30.80
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you have to get serious about
MSI family planning.

We put together a family plan by taking systems apart. All kinds of digital
systems. Thousands of them.

First we looked for functional categories.We found them.Time after time,in a
clearand recurrent pattern, seven basic categories popped up: Registers. Decod-
ers and demultiplexers. Counters. Multiplexers. Encoders. Operators. Latches.

Inside each of the seven categories, we sifted by application.
We wanted to design the minimum number of devices that could
do the maximum number of things. That’s why, for example,
Fairchild MSI registers can be used in storage, in shifting, in

counting and in conversion applications. And you’ll find this N
sort of versatility throughout our entire MSI line. O Pty Generator

. . . . . 9340 — Arithmetic

Finally, we studied ancillary logic requirements and Logic Unit

packed, wherever possible, our MSI devices with input
and output decoding, buffering
and complementing functions.
That’s why Fairchild MSI reduces—
in many cases eliminates—the
need for additional logic packages.

LATCHES
9308 —Dual 4-Bit Latch
9314 —Quad Latch

REGISTERS

The Fairchild MSI family 5300 4 Bit Shit
egister MULTIPLEXERS
plan. A new approach to MSI 9328 —Dypl SBit  9309—Dual 4 A
that’s as old as the industrial revolution. o3z %ﬁ}ﬁi’?&;im.
It started with functional simplicity, 9322- ggfﬁlvt

Multiplexer

extended through multi-use component parts, and
concluded with a sharp reduction in add-ons.
Simplicity. Versatility. Compatibility.
Available now. In military or
industrial temperature ranges.

DECODERS AND

DEMULTIPLEXERS

9301 —One-Of-Ten
Decoder

9315 —One-Of-Ten
Decoder /Driver

9307 —Seven-Segment
Decoder

9311 —One-Of-16
Decoder

In hermetic DIPs and Flatpaks. o COUNTERS ST~ Becoder fDriver
. . . . 9 —Decade Up 9327 —Seven-Segment

From any Fairchild Distributor. : sa1q Do, Counter Docoder /Detver

ENCODERS 9316 —Hexidecimal
9318 —Priority 8-Input Counter
Encoder

e =

FAIRCHILD

Eaae——— =

SEMICONOUCTOR

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011  TWX: 910-379-6435
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Change your mind at the snap of a cam.

NEW FROM YOUR GUARDIAN ANGEL:
LEVER SWITCHES WITH SNAP-IN CAM INSERTS

This latest miracle from your Guardian Angel lets you change switch actuator positions
instantly . . . at any time. Any ccmbination of off, momentary or locked actuator positions
is as easy as inserting a pair of “‘programmed’’ molded plastic cam inserts.

A snappy little chore that takes maybe 20 seconds.

The new Guardian Lever Switches offer more than versatility. They are available in
non-illuminated or illuminated with color coding. Up to 4 pole, double throw per station with
switches arranged in any desired form to provide needed circuitry. (Now do you
believe there’s a Guardian Arge! watching over Engineers?)

Write for Bulletin No. E-2

P

NEW FROM GUARDIAN:
Push button switch banks

with i“udmlc?a!t)ed color Talk to your GUARDIAN ANGEL
- code uttons.

Sieek, compact at the WESCON SHOW

design with in-
i ] g N
ok, all-loek. GUARDIAN
h-to- i
bastaladse oy acionaid ELECTRIC
release. Mechanical
life? 100,000 operations!

MANUFACTURING COMPANY
1650 W. Carroll Ave., Chicago, Illinois 60607
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IBM's new series
less than startling

World pcm group
agrees on coding

Navy faces S-3A cuts
as plane costs soar
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After all the speculation about what was expected to be IBM’s “fourth
generation” computer series [Electronics, June 22, p. 33], the announce-
ment revealed little to get excited about. The two machines in the new
System 370 family are slower than two models in the six-year-old 360
line. The 370/155 has a cycle time of 115 nanoseconds, while the 370/165
has 80 nsec. This compares with 80 nsec for the 360/85 and 54 nsec for
the 360,195,

Along with the two computers, IBM also announced two peripherals
for the machines—a disk memory and a high-speed printer. The memory
~—dubbed the 3330—can store up to 800 million bytes with an access time
of 30 milliseconds. The model 3211 chain printer rips along at 2,000 lines
per minute, almost twice as fast as previous IBM printers.

As expected, the new computers have a cache, or high-speed buffer,
memory identical to those in the 360/85 and the 360/195. Also available
is an optional integrated emulator permitting the machines to use pro-
grams developed for the 360 and the older 1400 and 7000 series.

This emulator uses an extension of the 360’ read-only memory con-
cept, together with a writable control store introduced in the 360/85.
But unlike the 360, it can emulate several different machines at once in
a multiprograming mode.

Typical rental for a 155 with 768,000 bytes of main memory is around
$48,000 a month with an outright purchase price of slightly over $2.2
million. For the 165 with 1 million bytes of memory, rental runs around
$99,000 a month, with a $4.7 million purchase price. First deliveries of
the 155 will be in February 1971; for the 165 it will be April.

The new input-output gear won’t be available until late in 1971;
meanwhile, all 360 peripherals will run on the 370,

Now that AT&T no longer insists on the mu law as the standard for
international coding, digital communication via global satellite is a step
closer. After AT&T relented, members of the multiplex working party
of the Consultive Committee for International Telegraph and Telephone
(CCITT) agreed that the companding law will be A = 87.6 for satellite
communication between countries on different codes. AT&T had been
pressing for mu=255 [Electronics, Dec. 22, 1969, p. 40]. The group also
agreed on a standard international bit rate of 6.336 megabits per second.
An eight-bit word length had been approved previously.

Not only did Bell go along, but, along with the other North American
phone companies, it has agreed to recode data from A to mu for North
America. Recoding is necessary since the agreement covers international
transmission, not each nation’s digital net.

Defense Department concern over the S-3A antisubmarine warfare
plane’s escalating costs is making both the Naval Air Systems Command
and contractor Lockheed Aircraft jumpy. The first S-3A has yet to fly.
When Lockheed was selected a year ago, the Navy told the Pentagon
that 154 planes would have a unit cost of $8.4 million. The latest estimate
is that the larger purchase of 193 planes now planned carries a bigger,
rather than a smaller, unit price tag—$11.8 million—or not much less than
the larger and more sophisticated land-based P-3C ASW plane’s $12.2
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Motorola takes aim
at Harpoon radar

Data General offers
build-it-yourself
mulitiprocessor kit

Addenda

Electronics Newsletter

million. The Navy’s costs for the program, about the only one on which
Lockheed has no problems, have caused Deputy Defense Secretary
David Packard to consider cancellation. But program sources say this
consideration has been shelved pending resolution of Lockheed’s many
other fiscal problems. Unit cost of the plane to be replaced, the S-2E,
was $1.1 million for the 238 aircraft bought between 1961 and 1965.

Motorola’s Government Electronics division will propose a Swedish
“frequency agility” radar for the Harpoon missile. Officials have been
talking with Hughes Aircraft Co. about a teaming arrangement. Hughes
is seeking the prime contract for Harpoon, shipboard weapon for use
against other surface vessels.

Motorola is licensed by Philips Teleindustrie of Sweden to manufac-
ture the radar, which gives broadband, random pulse-to-pulse frequency
variations. The key component in a frequency agility system is its spin
tube magnetron; Motorola will offer tubes that operate at both X and Ku
band. A breadboard is being readied for testing.

Meanwhile, flight tests of Motorola’s “smart noise” electronic counter-
measures equipment should be completed by the first of next month.
The jamming gear confuses surface-to-air missile radars homing in on
aircraft, because it introduces noise that makes the aircraft’s active radar
emanations dificult for two or more SAM sites to triangulate. The system
is one of several Motorola has proposed to IBM for the B-1 bomber. IBM
is one of the principal competitors for B-1 avionics.

The Data General Corp. of Southboro, Mass., has developed a method of
combining two to 15 of its 16-bit minicomputers into a single multi-
processor. A marketing official says the scheme aims to combat tight
money. “This way, a customer can start with one or two machines and
build up to a 15-channel multiprocessor system.” The so-called multi-
processor communications adaptor consists of a module with multiplex,
transmit, and receive circuitry that plugs into the computers’ data
channel input-output port. Memory then is common to all machines on
the bus, and any processor may communicate with any other at data rates
of up to 1 megabyte per second. Word length remains 16 bits.

An optical character reader has been married to a computer typesetter
by ECRM Inc. of Cambridge, Mass. Keypunch or Teletypesetter key-
board operators now supply tape input for a computer at 20 to 30
words a minute; ECRM says its system can produce 500 to 6,700 words a
minute with a worst-case error rate of just 0.03%. Built around a PDP-
8/L, the system should sell for around $89,000 with software. Production
is to start in October. . . . President Nixon has named one of his special
assistants, Clay T. Whitehead, to direct the new Office of Telecommuni-
cations Policy. Whitehead was the principal architect of the reorganiza-
tion plan that led to the formation of the OTP out of the old Office of
Telecommunications Management [Electronics, Jan. 5, p. 79]. . . . Texas
Instruments is trying to sell vending-machine makers a plan that would
tie machines to a central computer over phone lines. The advantages
would be better inventory control, a burglar alarm system, and a check
against dishonest servicemen.
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The principal problem with digital V-O-M's is that circuitry (rather than readability)

limits their accuracy. Triplett has attacked that problem with characteristic thoroughness.
The result . .. a totally new circuit (patent pending) in which there is virtually

no internally-generated current from the V-O-M input circuit to affect measuring accuracy.
Triplett's Model 8000 digital V-O-M . . . the only V-O-M with this newly-developed

circuit . . . offers a true DC accuracy of 0.1% of the reading == 1 digit and an AC accuracy
of 0.2% == 1 digit. Triplett calls this “'true accuracy" because it's the same

accuracy you can achieve day-in and day-out, test-after-test, on any kind of circuit.

Quality-minded buyers will appreciate, too, the other job-matching features

of Triplett's new digital V-O-M. Like . . . automatic zeroing; AC and DC voltage
measurements from 0.1 mV to 1000 V in 5 ranges at 10 megohms input resistance; AC and
DC currents from 0.01 A to 1000 mA in 6 ranges; 0.1 ochm to 10 megohms in 6 ranges.

Sounds like it was worth waiting for, doesn't it2 Available through your local Triplett
distributor, the new Model 8000 is priced at only $575 suggested USA user net.

If you'd like the added convenience of an instant replay circuit that displays a previously-
stored reading for on-demand comparison with an existing reading, ask for the

Triplett Model 8000-A at $630 suggested USA user net. For more information, or for a
free, no-obligation demonstration, call your local Triplett distributor or sales
representative. Triplett Corporation, Bluffton, Ohio 45817.

mTRIPLETT

The World's most complete line of V.-O-M s choose the one thot's just right for you

1. True 0.1% DC accuracy. Virtuolly no kickback current*. Allows voltage measurements in high resistance circuits at stated accuracy.
2. High AC accuracy with nearly perfect AC linearity and 10 megohm input resistance.
3. Low profile design in shielded case with modular construction for ease in use and maintenance.

*There is virtually no internally gederated current from the V-O-M input circuit to affect measuring accuracy. (Patent pending on this feature).

SOLID-STATE DIGITAL ¥-0-m
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We can’t
afford to be

complacent.

Seven years ago we shook the relay world with the birth of
the TO-5 (SPDT) relay. It was quite a breakthrough in the
state of the art. Your demands for other configurations in the
TO-5 transistor can led to the introduction of magnetic latching
and sensitive relays. In 1966, we performed another relay
miracle by combining a transistor and a relay in the same TO-5
can. Would wonders never cease? We did it again in 1969
with what we fondly call our “Solid Citizen;" a series of solid
state relays for industrial and military applications.

Our competition has increased, we know this, and further

Ny

i [ ]

_

we welcome it; after all, isn't imitation the sincerest form of
flattery? We know that as long as there are unsolved switching
problems we can’t afford to sit on our little cans and
watch the world go by. We have other wonders up
our sleeves and will let the world know

when we're ready.

No, sir, no easy chairs for us. We like it this way.
We invite you to write or call and ask for any
technical assistance regarding our growing
family of little switching devices.

TO-5
Relay

"

TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250 / Telephone (213) 679-2205

36 Circle 36 on reader service card
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Happy marriage cuts current needs

Hughes researchers combine electron-beam mask exposure, ion-beam machining,

and ion implantation techniques in a microwave switch

ELECTRON-BEAM-FABRICATED
MASK IN THESE AREAS
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Putting it all together. Drawing shows relationship of diffused source and drain
bus bars to interdigitated drain-source structures. Left photo shows
implantation windows in gold mask and registration mark for scanning
electron microscope. Right photo shows fingers.

P-i-n diode switches often are
used in phase shifters for phased-
array radars, and while they offer
good r-f performance past X band
—high cutoff frequencies on the
order of 600 to 800 gigahertz—they
also require considerable bias
power. This dictates cooling of
high-current lines in a system, and
somewhat expensive solid state
drive circuitry. A group at the
Hughes Aircraft Co.’s Research
Laboratories believes it has come
up with a unique technique—the
first combination of electron-beam
mask exposure, ion-beam machin-
ing, and ion implantation—to cut
the bias current for a microwave
switch by two orders of magnitude
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compared to p-i-n switches used
for phase shifting. The develop-
ment promises to lower the current
requirements for a 5,000-element
phased array from about 50
amperes to less than 2.5 amps.
Family way. The initial device
to which Hughes researchers ap-
plied the technique is a junction
field-effect transistor modified to
work as a microwave switch, but
they emphasize that they can im-
prove their technology marriage to
produce even better devices.
Using the planar process, optical
masking, and chemical etching,
Hughes researchers would have
been limited to resolutions of about
2.5 microns. But they needed

smaller structures than that for a
closely spaced, interdigitated drain-
source structure they wanted to
superimpose  between  diffused
drain and source bus bars. Center-
to-center distances between them
would be 25 microns, but they
would have only 11 microns of
channel length. The drain-source
structures, placed at right angles
to the larger bus bars, have to be
extremely small to reduce the re-
sistance of the device, which, in
turn, raises cutoff frequency and
lowers the current requirements.

The combination of electron-
beam mask exposure and ion-beam
machining is required to make the
mask for the very small fingers.
Ranging from 0.5 to 1 micron wide,
the fingers are then ion implanted
through the mask, cutting the FET’s
on resistance from 35 ohms to about
2 ohms, while increasing capaci-
tance by no more than 10%.

Luc Bauer, a member of the
technical staff in the lab’s MOS re-
search department, says that al-
though the switch hasn’t been
tested at microwave frequencies,
he’s convinced the cutoff frequency
can be hiked to 200 Ghz from 20
Ghz. This is still less than that of
p-i-n switches, but Hughes re-
searchers are more interested in
lowering the current requirements.

This is how Hughes does it. In
his lab at Newport Beach, Calif.,
Bauer begins with a high-resistivity
p-type substrate on which an n-
type l-micron-thick epitaxial layer
is grown. Next, a thick oxide is
grown conventionally over the
wafer, and a deep p-+ gate region
is diffused in to make substrate
contact. Using a phosphorus dif-
fusion, the parallel and alternating
large n-type drain-source bus bars
are emplaced. This done, the thick
oxide is etched way and a thinner
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layer of 1,500 angstroms is grown.

At this point, Hughes researchers
depart from conventional fabrica-
tion by coating the wafer with a
very thin layer of nichrome, then
evaporating a 1,000-A layer of gold
that acts as the implantation mask
for high-energy phosphorus ions.
Registration marks for the scanning
electron microscope work are
etched into the four corners of the
mask and a positive resist layer is
placed over the gold. Edward Wolf,
senior staff chemist in the lab’s ion
physics department at Malibuy,
points out that proper registration
of the wafer at this point is critical.
The tiny interdigitated pattern is
registered using the bench marks
and a scanning electron microscope
beam, digitally controlled by a
punched paper tape containing the
small pattern.

The device is exposed with a 15-
kilovolt electron beam, then de-
veloped. Ion-beam sputtering is
used to micro-machine through the
gold layer in those areas that have
been exposed in the electron-beam
resist. The resist polymethyl
methacrylate functions as the sput-
ter mask for the gold layer beneath
it. The gold is selectively sputter-
removed two or three times faster
than the resist with a 3-kilovolt
argon ion-flood beam.

Finally, the remaining resist is
chemically removed, and Bauer
gets the wafer back to implant
phosphorus ions through the elec-
tron-beam exposed and ion-sput-
tered mask, creating the tiny
source-drain structures. The dosage
is 2 x 10 ions per square centi-
meter, accelerated by 150 kilovolts.
The gold and nichrome are re-
moved after implantation, the wa-
fers are annealed, and devices are
metalized and bonded. Finally, the
devices are packaged.

Computers

Up the UBB

Imagine a large computer digging
into a calculation as casually as an
electric drill makes a hole in a
piece of wood. That’s how Frank J.
Langley sees it—the computer
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would be treated as a tool, not an
awe-inspiring monolith.

Langley, a senior engineer at the
Raytheon Co.’s Missile Systems di-
vision in Bedford, Mass., has de-
veloped a concept he calls the uni-
versal black box, or UBB, which an
electronic alchemist might call the
quintescence of the computer. No
one admits it, but a possibility
could be the Navy’s advanced air-
borne digital computer system,
where the UBB technique could re-
place up to 35 mainframe types
with a single machine possessing
multiple capabilities.

The UBB is to computer power
as the cell is to complex life forms:
if you have a more complex job to
do, add more cells—or UBB’s. Each
UBB might consist of several LSI
circuits: a read-write memory, a
read-only memory for micropro-
gram storage, a programable multi-
purpose register wafer, plus arith-
metic and logic devices.

Fast and cheap. Langley points
out that his black boxes could be
turned out by the carload using
LSI batch fabrication techniques,
and that cost therefore could be
very low. He estimates current
parts costs of only $800 or less in
civilian form, and $2,500 or so for
versions meeting military specifica-
tions unless quantity production
could drop costs.

As Langley describes it, the UBB
would be a sort of general-purpose,
special-purpose computer. That is,
UBB’s as a class could do any job
they could hold in memory, but as
units they would be limited by
their ROM-stored microprogram in-
struction set and the amount of
read-write memory storage. How-
ever, a plug-in ROM wafer would
permit the user to change the in-
struction set to suit his immediate
need.

And his immediate need would
be all he would have to fill; with
UBB’s users would buy only the
computer power needed and no
more—one, two, or more UBB’s.
Thus users could avoid the waste
in money or computer power pres-
ent even in the smallest general-
purpose machines.

Langley envisions single UBB’s
applied as LSI testers with a test
fixture at one high-speed I/O port
and a slower printer output. Here
the UBB would match the perform-
ance of an LSI wafer against a
lookup table in memory and print
out the errors. With a different
ROM, the same UBB could sample,
edit, and format data coming from
analog-to-digital converters, acting
as a front end for a data storage
unit, or process controller.

Data preparation, in fact, might
offer a large market for such de-
vices. Today’s computerized pro-
duction lines often depend on a
single large computer, and when it
goes down, the line can, too. UBB’s
with contingency microprograms
could take over if the big machine
quit—and otherwise pay for them-
selves by acting as peripheral proc-
essors predigesting data for the
large mainframe under normal con-
ditions.

The Langley UBB also would
seem to be a natural for a feder-
ated avionic computer, missile
guidance computer, or other mili-
tary application. Instead of building
special-purpose computers for each
task, the military could build many
UBB’s and match the ROM-stored
instruction set to the application.
In fact, avionics houses—including
Raytheon—are thinking along those
lines. But there’s no unity on the
federated concept, in which a sys-
tem is designed as a unit with
components that can work indepen-

Electronics | July 6, 1970



dently. Some favor larger special-
purpose units over the federated
unit. They feel that the special
mainframe could deliver exactly
the performance desired, while a
federated approach would auto-
matically mean a tradeoff some-
where even if it were less costly.

Another life

Two years ago, when the Air Force
began upgrading its Minuteman 1
missiles to Minuteman 2’s, among
the first items to be shelved was the
Autonetics D-17B guidance compu-
ters. And while the D-17B is noth-
ing to write home about in this age
of semiconductor memories and
MOS circuitry—it’s built with dis-
crete components and has a whop-
ping cycle time of 78 microscc-
onds—it has one highly attractive
feature: price. Qualified users can
get the machines for what it costs

to ship them from Hill Air Force
Base, Utah.

With this in mind and because
the $234,000 D-17B’s still had
plenty of life left in them,
Charles H. Beck, a Tulane Univer-
sity professor of electrical engineer-
ing, acquired one with official
approval and $40 in freight charges.
After a preliminary inspection,
Beck decided the machine had an
adequate instruction repertory and
disk memory—2,727 24-bit double
precision words—and came up with
a plan for converting the machines
into general-purpose computers.
The ultimate result may be that
within four years some 1,000 D-
17B’s will be in laboratories across
the country.

Tinkering. Beck, who earlier had
converted a Titan 1 computer to
general-purpose use, received $30,-
000 in National Science Foundation
support. He came up with a $25
black box arrangement fashioned
out of a pushbutton that creates the
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Industrial-commercial electronics 130.1 131.9 132.1
Total industry 116.8 122.2 1453
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timing pulse needed to sct the flip-
flop registers and a row of switches
that set binary data words. He also
showed how, for $500, an interface
could be built for the also obsolete
Friedan Flexowriters which become
input/output units complete with
punched paper tape capability.

He is now working on the design
of circuit cards that would give the
machine the hardware divide fea-
ture that is now missing.

Last month, 64 members of the
Minuteman computer users’ group
attended the organization’s first
meeting and formed software, hard-
ware, and spare parts committees.
Many more members are expected
as Federal agencies and contractors
—and, cventually, universitics and
high schools—get their chance to
acquire the 1,000 machines that will
eventually be surplused.

In the meantime, Beck is study-
ing Defense Supply Agency surplus
bulletins in an attempt to find a
cheap source of peripheral units for

July 6, 1970

Electronics production in May took
its biggest month-to-month drop

in five years. The index was down 5.4
points from April's downward revised
122.2, and off a whopping 28.5
points from May 1969.

With all three of the index
components contributing to the
decline, defense electronics took the
worst beating—down 7.5 points.
This was its poorest monthly
showing since March 1969 when
it fell 8.4 points. Consumer
electronics sustained its second
minus month in a row to slide still
farther off the chart with a 4.3-point
drop. The industrial-commercial
sector, as usual, did better than the
other two, dipping only 1.8
index points.

Indexes chart pace of production vol-
ume for total industry and each seg-
ment. The base period, equal to 100,
is the average of 1965 monthly output
for each of the three parts of the in-
dustry. Index numbers are expressed
as a percentage of the base period.
Data is seasonally adjusted.
*Revised.
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his low-cost line of minicomputers.
He is also casting a covetous glance
at another $750 million in similar
computers now aboard Minuteman
2’s and 3’s.

Communications

Peekaboo

Picturephone’s long-awaited com-
mercial debut in Pittsburgh last
week was a mixture of the new
and the predictable. The central
panel on the fewer than 50 sets on
line at under 10 companies—12 of
them at Westinghouse and six at
Alcoa—was redesigned, and, as ex-
pected, there were problems.

The control panel is easier to
read since the unit was shown at
the Pittsburgh-New York trials in
1969. If you want to see yourself,
press the “Vu Self” (formerly
“Monitor”) button; to substitute a
bar pattern, hit “Private” (formerly
“Disable”); and if you want to cut
your voice from the receiver, the
“On” switch also has a “Quiet”
position.

Woes. The drawbacks are 1969
hangovers. A voice echo suppressor
also turns oft both voices if the par-
ties try to talk at the same time;
the camera can’t adjust to bright
light—sunshine, for example—and
it can’t dillerentiate tvpe smaller
than 14 points.

Picturephone is

costly. The

monthly charge is $160—$110 for
the service line and $50 for the set
with additional sets running $50 a
month. And after the allotted free
30 minutes of monthly calling time
is used up, charge is 25 cents a
minute. However, D.C. Burnham,
Westinghouse’s chairman, says, “If
Picturephone can save me one trip
to New York monthly, it will be
worth the expense.”

The Pittsburgh offering initiates
Bell’s plans for a nationwide Pic-
turephone network. Plans are for
intracity service in Chicago, Cleve-
land, Detroit, Philadelphia, and
Washington in 1971. The number
of sets is slated to reach 100,000 in
27 cities by 1975. The goal for 1980
is 1 million sets.

Air traffic control

Associations count

As air traffic around the nation’s
busiest terminals continues to out-
pace the development of automated
air trafic control systems, FAA
officials have been looking for a
data processing system capable of
keeping up.

Now they think they may have
a solution in associative processors,
and are readying plans for a test
of a system next year at the
Minneapolis-St. Paul International
Airport. Requests for bids on
associative processors, essentially

Getting the picture. Here’s a typical Picturephone installation in Pittsburgh.
That's the control box at left, speaker behind it.
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computers with logic at every word
or even bit location in memory,
were to go out after July 1, accord-
ing to Lawrence E. Shoemaker,
Chief of the data processing branch
of the FAA’s systems research and
development service.

Look to 1980. Shoemaker notes
that with serial data processing
equipment now being installed in
major airports, the upper limit of
aircraft that can be tracked and
identified is 300. With associative
processors, hie says, the 1,500 air-
craft expected to be under terminal
control in major airports by 1980
could be tracked easily.

Because of the power of associa-
tive processor in handling real-time
data bases, other tasks also could
be turned over to them. The FAA
data specialist sees the day when
computers will identify which
planes are on collision courses, a
task now performed by harried air
traffic controllers. He also points
out that display processing, a func-
tion performed by sequential Uni-
vac processors in the current ARTS
3 system, could be turned over to
associative processors.

Although at least six firms are
known to have performed such
work, most industry sources agree
that the Goodyear Aerospace Corp.
and Honeywell’s Aerospace divi-
sion are far ahead. Goodyear will
hold a strong hand in the bidding
because its Staran 4 processor is
already available. Honeywell, how-
ever, is working on an LSI ma-
chine that promises to be even
faster than the Staran 4’s 40 million
instructions per second, which
Goodyear hails as the world’s
fastest computer.

Besides its availability, the
Goodyear machine’s $1.5 million
price is low for such a fast machine.
Willard C. Meilander, Goodyear
Aerospace’s data processing chief,
says that the cost was made pos-
sible through the use of emitter-
coupled logic at the end of each
of the machine’s 256 word loca-
tions.

Wired. Plated wire is the storage
medium for the 256-bit words,
although a breadboard of a ma-
chine using a bipolar memory has
been built under an Air Force con-
tract. Cycle time for the plated
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New 90 Nanosecond
READ-Only Memory

90 nsec access time. 190 nsec cycle time. 10,240 bits; up to 80 bits per word. Mechanically
alterable memory conten-s—bits, words, or the entire memory may be mechanically

modified. TTL compatible.

What's more, NANOROM 90 can be directly compatible — pin for pin, space for space,

—with our other standard 326 and 500 nanosecond systems.

Get more details on the NANOROM 90. It's a natural addition to the new Engineering
Guide to READ-Only Memery Systems. Ask for it. Write Paul Rosenbaum, Memory
Technology, Inc., 83 Bostan Post Road, Sudbury, Massachusetts 01776, (617) 443-9911.

Memorvlechnology

Incomporated =
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wire is 100 nanoseconds, he says.

At this point, Honeywell cannot
project the costs of its processor,
much of which is still on paper,
says Dale Gunderson, a computer
technology section chief in Honey-
well’'s Aerospacc division. But he
notes that the use of dense MOS
chips and the logic at every bit
position made possible by LSI will
permit his machine to make an
exact-match search of all of the
bits in the processor in 300 nsec,
compared to Staran’s 100 nsec.

The basic building block of the
Honeywell machine will be 110-
by-130-mil MOS chips with 16 cight-
bit words and exclusive or logic
at each bit location. The chips,
developed for Honeywell by Texas
Instruments, will be wired together
into 256-word modules with an
external sequential adder serving
cach word. Once electronics are
added to the modules, the modules
can be tied to a control unit.

Solid state

Weather drop

The Air Force has asked Honeywell
to develop an automatic weather
station that can be dropped from an
airplane. Known as Erows—for Ex-
pendable Remote Operating Wea-
ther Station—the eight-foot, spear-
shaped system will provide weather
data from remote areas that are
inaccessible by foot or vehicle.

IToneywell’s system, which is be-
ing developed by its Aerospace di-
vision in St. Petersburg, Fla., meas-
ures wind speed and direction,
atmospheric pressure, temperature,
humidity, precipation. and cloud
cover. And it will do all this with a
four-pound solid state sensor pack-
age having hardly any moving
parts, according to Gene B. Wyatt,
technical director of meteorological
instrument programs at Honeywell.
Without moving parts, corrosion
will be less of a problem and the
package will be better able to with-
stand the shock of impact.

Thus, designers at Honcywell
will eliminate perhaps the best
known of any of the sensors found
in a weather station—the rotating
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cups commonly used to measure
wind speed. Instcad of the cups,
Honeywell will use a dual-thermis-
tor temperature-sensing unit whose
feasibility for the job has only re-
cently been proven.

Wind will blow on one thermis-
tor, while the second, protected
from the wind, will be the tempera-
ture base. As the wind blows, the
thermistor cools so that the power
needed to maintain its temperature
at the base value is a measure of
wind speed. The other types of sen-
sors in the package, including the
aneroid barometer for pressure, hy-
grometer for dew point, and bead
thermistor for temperature, have
been used before.

Most of the weight in the 55-
pound weather station is needed to
deploy and slow the unit after it
leaves the airplane and to guide
its heavy steel tip into near vertical
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impact with the ground. Following
impact, the sensor package is freed
from its supports to rotate and
level itself about a two-axis bearing.
This leveling can take place if the
station is within a #25° angle of
the vertical. A small pyrotechnic
charge then drives a metal pin into
the package to hold it steady. A
quarter-wave antenna pops up, a
receiver turns on, and that’s it.
Under order. The station makes
measurements in anywhere from
two to five minutes only after being
interrogated with a coded address
by a master control station in an
aircraft or on the ground; the rest
of the time the sensors sit passively.
Most of the measurement time is
neecded for the sensors to warm up
and stabilize. Data is collected, con-
verted to digital signals, and trans-
mitted via an ultrahigh-frequency
carrier in about 10 seconds, using
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On its way. Artist's conception of air-dropped weather station, called Erows,
under development by Honeywell for the Air Force.
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Simultaneous Positive and Negative Pulses

This 25-MHz, 10-volt, general-purpose generator
produces exceptionally clean pulses with aberra-
tions not exceeding 3%. Positive and negative-
going pulse outputs are simultaneously available
and independently variable from 0.5V to 10V.
(See photo at right.) Each output is provided with
a continuously variable baseline offset of +2V
to —2 V.

A choice of paired, delayed and undelayed pulses,
as well as a DC output is provided by the four
operating modes.

Pulse duration, period and delay are separately
variable; pulse duration from 20 ns to 400 ms,
period from 40 ns to 400 ms, and delay from 20 ns
to 4s. Mechanical coupling prevents the dura-
tion from exceeding the period for all calibrated
positions.

Risetime and falltime of 5ns (2.5Hz to 25 MHz
rep rate), simultaneous positive and negative
outputs, with aberrations less than 3%, make
the 2101 an ideal pulse source for logic testing
or wherever the need for clean pulses exists.

A demo of the 2101 will prove its merits — call
your local Tektronix Field Engineer. Have you

Tektronix, Inc.
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seen the new 7000-Series Oscilloscopes? For
complete specifications on these instruments, con-
sult your 1970 Tektronix Catalog, or write P. O.
Box 500, Beaverton, Oregon 97005.

All these new instruments are available under
our new Leasing Plan.

2101 Pulse Generator ................. $700
U.S. Sales Price FOB Beaverton, Oregon
’v committed to progress
{ ‘ in waveform measurement
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an f-m,
mode.

Maximum power output will be
10 watts peak, supplied by a lead-
acid battery. Line-of-sight range of
the transmitter is 50 miles.

The Honeywell award, from the
Air Force Cambridge Research
Laboratories, is for “several hun-
dred thousand dollars,” Wyatt says.
The company will have a develop-
mental model ready in about a year.
An earlier attempt by the Air Force
to develop the same type of station
is believed to have failed because
the unit could not survive the im-
pact.

frequency-shift-keying

Another second breakdown

A factor that’s often overlooked in
power transistor circuits is the
number of power cycles—the num-
ber of times the circuit is turned
on and off. But circuit designers
are becoming increasingly aware
that when there is an appreciable
temperature swing when the cir-
cuit is turned on, a transistor fail-
ure mechanism—thermal fatigue—
can set in and shorten the life ex-
pectancy of the equipment. Minute
cracks are induced by the rapid
change in temperature as the de-
vices goes on and off in even the
best-designed power transistors.

These cracks slowly become
larger with subsequent cycles un-
til the device is destroyed. An auto
radio, for example, is turned on two
or three times a day. If the radio
has power transistors that can with-
stand, say, 1,000 such cycles, the
radio could fail after less than a
year of service. Computer power
supplies also are prone to power-
cycle-induced failure, since they
are turned on and off a few times
every day. In fact, a computer
power supply is subjected to about
800 power cycles just during fabri-
cation and testing,

Chart. To help design engineers
cope with the problem, RCA’s Solid
State division in Somerville, N.J.,
has developed a way of specifying
a transistor’s capacity for repeated
power cycles. RCA uses a power
thermal-cycle rating chart that
Carl R. Turner, manager of power
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devices at Somerville, believes will
become as important to the power
circuit designer as the second-
breakdown-free safe-area charts in-
troduced five years ago.

RCA is gathering power-cycle
data on all its power transistors,
and will publish power thermal-
cycle rating charts—which will be
unique for each transistor type—
on all data sheets by December.

The chart plots the number of
power cycles as a function of case
temperature change for various
power dissipations. The accom-
panying diagram shows a chart for
a typical 175-watt transistor. To
use a chart, the designer starts
with a set of constraints. Say he’s
designing an 80-watt power sup-
ply that must operate without fail-
ure for at least eight years with
1,000 on-and-off cycles per year.
Suppose he decides to use two 175-
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Picture. Here’s the RCA power
thermal-cycle rating chart.

watt-rated transistors, each dissi-
pating 40 watts. The chart shows
that at this dissipation and a life
expectancy of 8,000 cycles, a case
temperature change no greater
than approximately 95°C over the
ambient is permissible. The engi-
neer can now design a heat sink
for the transistors that will limit
the temperature change to this
value.

Turner sees the new charts as a
way of placing design responsibil-
ity where the design authority is—
which is the way most power cir-
cuit engineers would like to see it.
RCA is now seeking approval from
JEDEC members so that the power
thermal-cycle rating can become
standard in the industry.

Materials

Aid for SOIS

If they could, makers of silicon-on-
sapphire integrated circuits would
gladly substitute the semiprecious
crystal spinel for sapphire. At
RCA’s David Sarnoff Research Cen-
ter in Princeton, which is doing ad-
vanced work on SOS, researchers
are convinced that spinel’s ad-
vantages—ease of polishing, free-
dom from contamination, and
closeness to the silicon crystal
structure—would significantly ease
fabrication problems. But good-
quality spinel has been in short
supply and is expensive.

Now, however, the Union Car-
bide Corp.’s Crystal Products de-
partment in San Diego has devel-
oped a process for growing
synthetic spinel economically and
in large quantities. The company
adapted the familiar Czochralski
process used to grow silicon to
growing of spinel. A small seed
crystal of spinel is introduced in a
molten mass of the material. As the
seed is slowly withdrawn, the lig-
uid spinel crystallizes and clings to
it, forming a long rod of single-
crystal spinel.

Hurdle. One of the problems the
developers encountered was find-
ing refractory materials. Spinel has
a melting point of 2,150°C, 100°
higher than that of sapphire and
uncomfortably close to the melting
point of the materials used to con-
tain the liquid for processing. The
effort was worthwhile, however, be-
cause spinel made by the Czochral-
ski technique is cheaper and purer
than that made by other processes;
it’s stoichiometric MgO- Al,Os.

Union Carbide has been so suc-
cessful that it is offering wafers of
spinel off the shelf in quantities up
to 199. Price of a wafer, with a
thin film of silicon already depos-
ited on it, is $28—about half that of
an SOS wafer, the manufacturer
says, and only 3% times the price
of a bulk-silicon wafer. The wafers
are 1% inches in diameter, but
soon will be available with the 2-
inch diameter that IC manufactur-
ers are accustomed to in their bulk
silicon wafers.

Availability of silicon on spinel

Electronics | July 6, 1970



New! A Unique CRT.
190 MHz Bandwidth...
11.5" Long.

For a long time, oscilloscope de-
signers have been looking for a
short-length CRT allowing for high
frequency measurements with good
sensitivity.

Now, with a breakthrough combination

of design and precise assembly tech-
nique, we offer the F8071—an 11.5"
long CRT operating up to 24 kV for im-
proved visual and photographic writing
speed. Thanks to a new patented deflec-
tion system featuring two quadrupole
lenses and a special “slot” lens, no trans-
mission line technique is required for opera-
tion up to150MHz.@0.2 dB.A graticule, placed
in the same plane as the phosphor, avoids
errors caused by parallax.

For the latest information on the CRT state-of-the-art,

write or call your nearest Cain & Company representa-
tive or contact us directly.
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THOMSON-CSF

Thomson-CSF Electron Tubes, Inc./50 Rockefeller Plaza/New York, N.Y. 10020/(212) 245-3900
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in quantity and at reasonable
price should be a shot in the arm
for SOS—or more generally, silicon
on insulating substrate—technol-
ogy. Although fabrication problems
diminished to the point where sev-
eral major companies, Autonetics,
Signetics, RCA, and Plessey, have
vague plans to produce SOIS IC’s
commercially, the cost of the sub-
strate material has been a deter-
rent [Electronics, June 8, p. 88].
Now, the huge potential market for
oIS, estimated at 30% to 40% of
the total $100 million semiconduc-
tor memory market in 1970, is that
much closer.

Manufacturing

Seeing infrared

Infrared profiling of printed-circuit
boards is a proven troubleshooting
and fault-location technique, but
the market for the specialized radi-
ometers used in this work has never
caught fire. Spokesmen for Vanzetti
Infrared and Computer Systems of
Dedham, Mass., feel that there are
two reasons; first, the cost of the
equipment available has been too
high—about $100,000—and second,
potential users need education be-
fore they can become customers.
Now, Vanzetti is trying to correct
for both with its so-called Inspect
system. The computer-controlled
system is pegged at about $50,000,
aimed at broad applications areas,
and is being sold with an approach
that lets the user educate himself
while solving his own problems.
The central part of Inspect is a
liquid nitrogen cooled, indium-an-
timonide diode detector. A rocking
mirror scans a spot about 0.020 inch
in diameter over the surface of
printed circuits as large as S by 12
inches in about 30 seconds, reflect-
ing heat-generated i-r into the de-
tector. A computer controls the
position of the mirror and, thus,
the location of the spot, as well as
processing the data coming out of
the detector; Vanzetti uses a 12-bit
General Automation processor.
Printout. In applications like pro-
duction control or troubleshooting,
Inspect’s Teletype printout docu-
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ments the i profile of each p-c
board. Alternately, the printout can
include only readings on compo-
nents that depart from Octal-coded
temperatures stored in memory.

These temperature readings can
be used to trace chains of hot or
cold components back to specific
failures. In practice a technician
armed with a schematic and a list
of hot or cold components can work
his way to the faulty component
or connection in less than a min-
ute. If nothing else, this cuts down
labor time.

According to company president
Riccardo Vanzetti, about 3% of
printed circuits that pass conven-
tional tests contain hidden defects
which will cause failures later. For
example, a half-watt resistor may
be substituted for a 1-watt resistor,
and though it will operate for a
time, its limited heat dissipation
will eventually burn it out, and the
component may carry others with it
when it goes. Inspect would have
noted the extra i-r emitted by the
hotter-than-normal resistor, but
clectrical tests would have detected
nothing.

For $350 per man-day, Vanzetti
engineers train customers on their
own Inspect system, and then let
them evaluate i-r in their own ap-
plications. Usually students bring
along troublesome circuits, and the
firm allows them to program the
computer to trouble-shoot.

Lines. Actually, there is far less
training than evaluation. To use In-
spect, the comporent layout of a
p-c board is transferred to x-y co-
ordinates, and the amount of i-r ex-
pected from each component or
location is noted along with normal
tolerances.

This information is punched out
on tape at the Teletype console and
fed into memory. If the emission
values aren’t known, the Inspect
system can measure and record the
values from a bogie board, getting
absolute figures by comparison with
two i-r calibration sources mounted
beside the p-¢ board.

The user then plugs in his board,
lets it reach operating temperature,
and Inspect scans it. Only the de-
partures from the norm are printed
out, and fault isolation is simple
afterward.

Components

Well stacked

For years, computer designers
have sought high capacitance at
low voltage in an electrolytic ca-
pacitor. Such a device can filter at
low and high frequencies in a com-
puter’s power supply and permit
high-frequency, high-current a-c
and d-c circuit operation.

Now researchers at the Sprague
Electric Co. have developed a
stacked structure of anode and
cathode foils separated by paper
spacers. The capacitor has been
breadboarded in two- and four-
terminal configurations with ca-
pacitances up to 157,400 microfar-
ads at 5-volt operation.

The four-lead device passes high
currents and continuously filters
a-c and interference. The unit is
terminated by stripline, which
helps assure low inductance while
providing a physical and electrical
anchoring for the foils. The units
have inductances of less than 1
nanohenry.

Eight out. Previously, a bank of
cight electrolytic capacitors was
required to provide the same im-
pedance-frequency characteristics.
Although the parallel units provide
the same electrical characteristics
as the stacked version, inductance
increases when terminations are
applied. The stacked capacitor’s
low inductance does not change
when it is properly connected to a
bus bar or similar conductor.

The anode material is pure alu-
minum foil, as are the rolled foil
devices. Voltage and capacitance
ratings are set by using foils with
various oxide-film characteristics.
The plates are about 3 inches by
4 inches. The overall unit, which
measures approximately 4 inches
by 6 inches by 2.5 inches, is im-
pregnated with conventional elec-
trolytes so that it can operate from
—20°C to +-85°C.

Since the development is rela-
tively new, extensive life tests are
yet to be performed. However, sev-
eral tests were done after 3,000
hours of operation and measure-
ments were taken at 120 hertz.

Initial capacitance was 117,000
uf; after 3,000 hours it dropped
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*Fm BETTER QUALITY AND RELIABILITY THROUGH CONTEOL

They’re Small and Reliable*

EL-MENCO DM5 — DM10 — DM15 — ONE COAT DIPPED MICA CAPACITORS

STYLE

WORKING
VOLTAGE

CHARACTERISTIC

CAPACITANCE
RANGE

DM5

50vDC

!

|

o0

___1pF thru 400pF |
27pF thru 400pF_|
85pF thru 400pF

DM5

DM10

DM15

100vVDC

m

i 1pF thru 200pF
27pF thru 200pF |
85pF thru 200pF

LO".UO'H

m

1pF thru 400pF
_ 27pF thru 400pF
85pF thru 400pF

m

| 27pF thru 1500pF j

1pF thru 1500pF

DM5

DM10

DM15

300vDC

m

852F thru 1500pF
| 1pF thru 120pF |

27pF thru 120pF |
85pF thru 120pF |

||

1pF thru 300pF |
27pF thru 300pF |
85pF thru 300pF

m

| 27pF thru 1200pF
| 85pF thru IZOQEF

1pf thru 1200pF |

DM10

DM15

500vDC

™|

| 85pF thru 250pF

1pF thru 250pF |
27pF thru 250pF |

(

-n‘clo-noo*aco-n‘clo-n,co-nco-n

M

1pF thru 750pF |
27pF thru 750pF

85pF thru 750pF
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Where space and performance are critical, more and
more manufacturers are finding that El-Menco minia-
turized dipped mica capacitors are the reliable solu-
tion. The single coat is available in three sizes: 1-CRH,
1-CRT and 1-CE.

The 1-CRH DM ‘‘space savers” easily meet all the
requirements of MIL and EIA specifications, includ-
ing moisture resistance. The 1-CE and 1-CRT units
also meet the requirements of MIL and EIA specifica-
tions, except that they have less moisture protection
because of their thinner coating; these capacitors,
therefore, are ideally suited where potting will be
used. Note: DM10 and DM15 units are still available
in the standard 4-CR size.

Specify “El-Menco” and be sure . . . the capacitors
with proven reliability. Send for complete data and
information.

*Normally, El-Menco 39 pF capacitors will yield a failure rate of less than
0.001% per thousand hours at a 90% confidence level when operated with

rated voltage and at a temperature of 85°C. Rating for specific applications
depends on style, capacitance value, and operating conditions.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC, CONNECTICUT 06226

Dipped Mica ¢+ Molded Mica ¢ Silvered Mica Films ¢ Mica Trimmers & Padders
Mylar-Paper Dipped + Paper Dipped « Mylar Dipped ¢ Tubular Paper

West Coast Manufacturers contact: COLLINS & HYDE CO.,900N. San Antonio Rd., Los Altos, California 94022

5380 Whittier Blvd., Los Angeles, California 90022

ALSO SOLD NATIONALLY THROUGH ELECTRONIC PARTS DISTRIBUTORS
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They ¢
take it.

Vibration.

Shock.

Warping.

That's what printed circuit
boards have to put up with
nowadays.

So we designed PC connec-
tors that can take it.

Not even an unfair shake (or
warp) can jar them loose.

In fact, they can withstand
shaking no matter how widely
deflected the linear direction of
the contact force.

The secret’'s a bifurcated
dual-socket contact that uses a
double-cantilever principle.

Once contact is made, it
stays made unless you want to
reposition it. And when you do,
Hughes' exclusive JacPin con-
struction lets you do it easily

can

and quickly.

Hughes PC miniature and
subminiature connectors are
available off-the-shelf in 10
sizes with 10 to 96 contacts.

Order some. And give 'em an
unfair shake.

Write Hughes Aircraft Co.,

Connecting Devices, 500 Supe-
rior Ave., Newport Beach, Calif.
92663. Phone (714) 548-0671.
TWX (714) 642-1353.
&® Connecting Devices, part of
Hughes Circuit Technologies.
Including: Contour™ Cable;
Semiconductors; Flip Chips/
Equipment; Frequency Control
Devices; Microelectronic Cir-
cuits; MOSFETSs.

! HUGHES |

If it's happening in connectors,
it probably started at Hughes.




7.6% to 108,200 uf. Equivalent
series resistance—largely responsi-
ble for the energy loss and heating
effects within the capacitor—was
kept very low, an important factor
if high currents, free from a-c, are
to be carried. Initially, the equiva-
lent series resistance measured
0.0023 ohm; after 3,000 hours it
dropped 26% to 0.0017 ohm. Initial
leakage for the unit was 670 micro-
amperes; it dropped to 250 pa after
3,000 hours—a change of 62%. Op-
crating voltages for the tests were
at 5 volts d-c.

Memories

Magic cent. ..

Demand for cheap mass data stor-
age is one force triggering the
surge in semiconductor memories
—their makers hope to use batch
fabrication to bring down the stor-
age cost per bit. But so far, the
users’ cry of “penny a bit” only
causes the makers to flinch, and
disks and drums continue to domi-
nate the bulk storage field.

But now, the Electronic Systems
division of Sylvania in Needham,
Mass., has developed with some
Navy support a new memory that
uses a magneto-acoustic effect to
store data en masse at a promised
cost of only 0.1 to 0.2 cent per bit
[Electronics, June 22, p. 34].

Sylvania calls the batch-fabri-
cated memory Soniscan and says
it packs up to 8 million bits into a
one-foot cube, a higher packing
density than possible with disks
and drums. Its read-write time is a
swift 70 to 75 nanoseconds, verg-
ing on semiconductor memory ter-
ritory, and much faster than disk
memorics. Since the memory is
block oriented, access time seems
slow at 1 to 2 microseconds, but
this still is faster than the multi-
millisecond latency time of disks
and drums.

Production. Sylvania probably
will decide about Soniscan produc-
tion this month. If the decision is
yes, production should be simple.
Developmental memory planes
have been made by depositing
magnetic, insulating, and copper
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planes on a 10-mil-thick, inch-wide
glass substrate. The structure then
is etched into 30 to 40 lines, 10
mils wide on 20-mil centers. This
is the only etch step, and because
these geometries are very large
compared to those of integrated
circuits, they should be easy to
control, allowing a predicted high
yield and low end-product cost.

Lead-zirconium titanate sonic
transducers are attached to the un-
derlying substrate ends and leads
are connected to them and to the
write-sense lines—the deposited
copper planes.

The basic storage element is a
five-deck sandwich of two mag-
netostrictive layers separated by
an insulated conductive layer.
When transducers at the end of
the substrate are pulsed, strain
waves travel down the glass. They
cause changes in coercive force,
and in flux from positive to negative
in the magnetic materials as they
pass.

Change of state. To store data in
the memory strips, the transducers
and copper strips are pulsed. The
combined effect changes the rema-
nent state of the magnetic material
where the electronic and acoustic
pulses coincide.

To read, the sonic transducers
are pulsed and the change from
positive to negative magnetism in
the films induces current in the
copper layer that is sensed as data.
After the sonic pulse, the magnetic
layers go back to their former posi-
tive or negative remanent states,
making the read-out process non-
destructive.

RCA laboratories in Princeton,
N.T.,, developed a similar system
[Electronics, April 14, 1969, p. 91]
with one magnetostrictive layer.
RCA is said to have dropped the
effort.

... attracts Navy

A magneto-acoustic  memory,
maybe Sylvania’s Soniscan, is said
to be the leading candidate for
on-line bulk storage in the Navy’s
advanced airborne digital com-
puter. Navy spokesmen say that
cost, reliability, and low weight are
major reasons for the tentative

How did
reputation
for innovation?
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That’s how.

A reputation from technical know-
how in developing better MOS
devices (RS 283), bipolar and hybrid
circuits (RS 284), discrete devices and
monolithic circuits (RS 282), fre-
quency control devices (RS 285), and
special assemblies (RS 286).
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HUGHES AIRCRAFT COMPANY
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