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Suppose you wanted an Automatic RLC Bridge

that could measure up to 2 M resistance, bility; 120-Hz and 1-kHz test frequencies;

2000 H inductance, and 0.2 F capacitance, 5-terminal connections to preserve a basic
plus equivalent series resistance and leak- 0.1% accuracy; a built-in 0 to 3-V bias or
age current. A bridge with 5-digit resolution external bias to 600 V; optional remote

for reactance and resistive readouts, auto- programmability and data output.

matic decimal point and units of measure-
ment; a 20-measurements-per-second capa- And prices that start at $4,450. (in U.S.A.)

Where could you possibly find such a bridge?

Rs
CsBs CsD Ls
120H: Thétz 120Hq titte “7OHe WkHz

N NGLE NEAS A31E MEAS RATE

) R ATFAG, L

1683 Automatic RLC Bridge by

R General Radio Concord, Mass, 01742 Europe: Postfach 124, CH 8034 Zurich, Switzerland

|
ATLANTA 404 633-6183 / BOSTON 617 646-0550 / CHICAGO 312 992 0800 / CLEVELAND 216 886 0150
DALLAS 214 637-2240 / LOS ANGELES 714 540-9830 / NEW YORK N.V.) 212 964-2722 (N.J.) 201 943-3140
PHILADELPHIA 215 646 8030 / SAN FRANCISCQ 415 948-8233 / SEATTLE 206 747-9190 / SYRACUSE 315 454.9323
WASHINGTON, 0.C, 301 B81.5333/ TORQNTO 416 252-3395 / ZURICH (051} 47 70 20
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Add counter accuracy and a tracking signal source.

Combine HP’s new 8443 A Tracking
Generator,/Counter with the HP
110 MHz Spectrum Analyzer and you
can make the most precise, complete
frequency-domain measurements ever.
The 8443 A 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 8443 A
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 | 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 FM) and flat-
ness. The 8443 A capitalizes on all
the qualities of the analyzer to function
both as an accurate frequency counter
and as a precision source for complete
swept frequency measurements.

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

Electronics | August 31, 1970

line measurements of filters, mixers,
modulators, oscillators, amplifiers
and RF systems. For 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 8443A
counter readout. You can casily
identify IM distortion products, hum
stdebands, spurious signals, and
the like, because the 8143A is a
frequency-selective counter with the
analyzer’s incredible sensitivity.

* completely characterize devices such
as narrowband, high Q devices with
simple, quick measurements. Use
the tracking generator to sweep the
spectrum and measure the f requency
of any point on the response curve
to 10 Hz. You can precisely measure
passband flatness 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 systen.

* test and align RF communications
systems with unprecedented case,
thoroughness and precision. The
high resolution and stability of the
analyzer lets you sce each and every
signal, and the 8443 A 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 vou'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 9:1304; Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT ﬁ PACKARD

SIGNAL ANALYZERS
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What makes this
the best low-priced

digital printer
you can buy?

Printing wheels, not drums. Each wheel

is interchangeable so you can alter

any individual column and include special
characters at minimal cost. Tailor your
printer to your individual needs.

Prints with or without ink. Rotating ink
roller means reliable ink printing. No
intricate ribbon advance mechanism. If
you'd rather use pressure-sensitive paper
and no ink, just take out the roller.

10 lines /second printing. Prints ten
columns three times faster than any other
low-priced printer. Free your system

from long print cycles.

i,

‘“[ 50554 D BT
g 1 (D] i ? ‘°I?ITAL RECORDEY

Field-proven heavy-duty mechanism. It’s

the one used for years in our 20 lines/second
printer so at 10 lines it’s just coasting.
Moving parts are held to a minimum. In

a word, what you get is reliability.

Price: $1150 complete. Beat that value!

For the full story on this great new
economical, flexible HP 5055A Digital
Recorder, call your nearby Hewlett-
Packard field engineer. Or write to
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT ﬁ PACKARD

02012




n
ec ronlcs Volume No. 43 Number 18 August 31, 1970

Features

Probing the News

87 Solid state: Bell bipolar process ready

90 Manufacturing: IC printing

93 Packaging: Plastic MOS set to go

94 Space electronics: Shuttle faces woes

97 Computers: Old reliables find new
takers

U.S. Reports

37 Lasers: C-w diode laser at
room temperatures
37 Integrated electronics: Better
beam leads and laser scribing
38 Avionics: Shrink a computer
for aviation market
39 Air traffic control: Satellites
vs. superbeacons
39 Solid state: Hybrid frequency
synthesizer saves p-c cards
40 Lasers: Dye laser puts out
over wide band
40 Space electronics: Lunar
Rover guidance system
41 Computers: System for Congress
42 Communications: Reactions to low-cost
Bell modem; ESS called problem-free
44 Companies: Ampex eyes
semiconductor memories
44 Memories: NRMEC set for market
46 Microwave: Radiation detection
with diode system
46 Government: Hazards of radar exposure

Electronics International

135 Great Britain: Color tv camera
checks itself

136 West Germany/Canada: Fancy
flight recorder

136 Japan: Vertical pnp

137 Great Britain: Microwave effect

138 The Netherlands: Betting on
two cores per bit

New Products

103 In the spotlight
103 Minicomputers penetrate N/C field
107 Dot-display unit challenges scopes
in digital-circuit checkout field
111 Instruments review
111 Wideband recorder
fits in attache case
112 No-frilis counter has low price
114 Data handling review
114 Code your own keyboard
117 Versatile terminal is simple to use
119 Packaging and production review
119 Checking out ICs in their real world
120 Die bonder gives accuracy of 1 mil
122 Precision scriber reduces waste
127 New materials

Title R registered U S. Patent Office: ©® cooyright
1970 by McGraw-Hill Inc. Al rights reserved,
including the right to reoroduce the contents

ot this puotication in whole ot in part.

<~ Circle 2 on reader service card

Packaging 56

and production

Advanced 60
technology

Circuit design 68

Solid state 72

Computer-aided 78

12
22
33

Articles

Point-to-point wiring gains

new popularity among DIP users

It’s easier and cheaper to update circuitry
if point-to-point wiring replaces multilayers
for short runs of DIP arrays

Stephen E. Scrupski

Packaging and production editor

Optical waveguides bring laser
communications closer

Thin film guides of transparent glass
point the way to optical circuits

for signal processing

J.E. Goell, R.D. Standley, Tingye Li
Bell Telephone Laboratories Inc.

Designer’'s casebook
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m Field effect transistor
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Complementary MOS and bipolar

make it together on a single chip
Complementary circuit takes eight masking
steps, but saves real estate; device

drives heavy capacitances at high speeds
with little power loss

Fred J. Link

NASA Goddard Space Flight Center

and Robert Cook and Robert J. Lesniewski
Solid State Scientific Corp.
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op amp lets designer run worst-case and
statistical analyses quickly
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Honeywell Inc.
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Readers Comment

Hospital safety

To the Editor:

I.read your article on safety .in
medical instruments [Feb. 17, 1969,
p. 92] with great interest as I was
about to become involved in that
exact topic. In June 1969, the
Health, Education and Welfare
Department, through the Michigan
Association for Regional Medical
Programs, approved a project,
which has been renewed until Au-
gust 1971, to conduct a survey of
electronic devices used in special
care areas. As a result of that grant,
Dr. Henry Green, the project di-
rector, and I have encountered
many facets of the medical elec-
tronic safety questions raised in
your article.

So far, we have surveyed 12
hospitals in the Detroit area to
document the type and occurrence
of malfunctioning ~ and misused
equipment in special care areas
such as the cardiac care unit. The
equipment we investigated was not
necessarily newly purchased, nor
did it always represent the most
up-to-date model. However, it was
assumed to be reliable and was,
in fact, used daily as a diagnostic
or therapeutic device in patient
care. During our survey, we were
not interested strictly in equipment,
but also in the special care facility
itself, which we examined from the
standpoint of patient safety.

We tackled the investigation of
hospitals on a quality versus quan-
tity basis. Depending on the size
of a particular hospital we may
have spent up to two weeks collect-
ing data on equipment and its
proper utilization by the medical
staff. We found pacemakers that

would not pace, monitors whose
specifications fell below those rec-
ommended by the American Heart
Association, defibrillators incapable
of defibrillation and various other
assorted facts. Since our discov-
eries, we have attempted to report
them in a discrete fashion. There
does not seem to be one specific
area where blame can be laid. The
manufacturer certainly has an obli-
gation for his equipment, but the
hospital administrator must share
responsibility for maintenance.

In an effort to begin a solution,
we presented our information to the
Inter-Society Commission for Heart
Disease Resources. Our report
generated so much enthusiasm
within that organization that a
study group was formed on the
topics of instrument design, safety,
and maintenance. -

The purpose of the group is to
make recommendations which will
lead to improvements in the design,
maintenance, and utilization of
these devices. We hope the media
for such changes will include the
certification of manufacturers and
inspectors of this equipment, edu-
cation of medical personnel con-
cerning safe and cffective use, sug-
gestions for legislation, and, in
some cases, direct and specific rec-
ommendations that a given device
or technique be modified.

One of my prime concerns, how-
ever, is not only to generate enthu-
siasm in the medical profession,
but also to encourage cooperation
among engineers involved in medi-
cal electronic equipment. Physi-
cians alone will not solve the im-
mediate problems.

G.E. Hieb
Project engineer,
Cardiac Care Unit Surveillance
Project
Southfield, Mich.
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Best for Hybrid Circuits...

.« PIPS
OF
CHIPS....

DOMINO" Molded

Solid-electrolyte Tantalum Capacitors

Designed for hybrid circuit and low-profile flatpak
printed circuit board applications. Fully-molded
construction for superior mechanical and humidity
Excellent stability. Compatible with

automatic insertion equipment. Available with and

protection.

without extended tab terminals.

Write for Engineering Bulletin 3532,

.‘0 :0 * o"

--e ....

MONOLYTHIC
Chip Ceramic Capacitors

Ofter a unique combination of high volumetric
efficiency, wide selection of capacitance ranges and
body formulations, and moderate cost. Excellent
adherence of metallized terminations eliminates
problems often encountered with other chip ceramic

capacitors. Available in four EIA-preferred chip sizes.

Write for Engineering Bulletin 6200.

Technical Literature Service

Sprague Electric Company

35 Marshall Street
North Adams, Mass. 01247

“
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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 National sells
MOS than Fairch
Tl and Signetics

Guess which one
is selling shift

registers at
a penny a bit.




id, Motorola,

iombined.

REFRESH MEMORY

Who else? NEW

National just came out with ™

the MM5016, a bipolar compatible
512-bit dynamic shift register with a five
dollar price tag (in quantities of 100).
"The MM5016 should interest designers of CRT
refresh memories, radar delay lines or fast
access drum memories. And engineers looking
for a small and stable replacement for glass
and magnetostrictive delay lines.

Now guess who's selling 600ns ROM's.

National again.We just introduced the
MM5240, a bipolar compatible, 2560 bit
character generator that offers you
off-the-shelf standard fonts in addition to its
blazing speed.We've priced the MM5240
at $30.00 (in quantities of 100) and now await
orders from people involved in character
generation, random logic synthesis,
micro-programming and table look-up.

What else?

Well, National recently introduced still
another MOS, the MM5001. The MM5001 is

= CHARACTER  Z AXs
== GENERATOR J MODULATION
MM 5016 MM 5001 O
51 BiT REGISTER DUAL &4 BIT REGISTER CRT
z DME5T0 | s cReeN
LINE ADDO:‘ES;/' MMsqu
ELECTRONIL
4 25060 BT ROM

a dual, 64-bit dynamic shift register. Like the
MM5016 and the MM5240, it’s bipolar
compatible. It costs just $10.80 (in quantities
of 100), and you'll find the MM5001 handy in a
variety of data handling and computer type
applications.

All three of National’s new MOS products
have application in CRT refresh memories.
We’ve written an application brief to give you
all the details. The brief awaits you now at
your National distributor. So do the products.
National Semiconductor Corporation,

2900 Semiconductor Drive, Santa Clara,
California 95051/Phone (408) 732-5000,
'WX (910) 339-9240.
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Design breakthrough in FM-IF systems:

two new RCA IC’s for
more performance,with fewer components

Two new RCA Linear IC’s now offer you a
brand new approach to FM-IF system
economy and performance. The CA3076
(high-gain |F amplifier/limiter) and the
CA3075 (IF amplifier, limiter, FM detector,
and audio preamplifier) have been de-
signed to bring you an IF system with
dramatic reductions in external compo-
nents. And—to make the total economics
of your system attractive—RCA has priced
the CA3076 at $1.60 (1,000-unit level) and
the CA3075 at $1.40 (1,000-unit level).
For your applications in communica-
tions receivers and high-fidelity equip-

All components required for a typical IF strip are shown in this illustration.

15 uV input
for limiting

CA3076 IF ampl/limiter

80 dB (typ.) with 2k load

Input limiting voltage: . .50 sV (typ.)
Freq. capability: ....... Up to 20 MHz
Package: ............. 8-lead TO-5

Price: ................ $1.60 (1000-unit level)

Circle 8 on reader service card

ment, with FM IF’s requiring bandwidths
to 20 MHz, here are some highlights on
these two new RCA types:

The CA3076 has an input limiting
voltage (knee) of 50 .V (typ.) and 80 dB
(typ.) gain with 2-kilohm load at 10.7 MHz.
It contains an integral voltage regulator,
for operation at power supply voltages
from 6 V to 15 V.

The CA3075 limits with an input volt-
age of 250 .V (typ.) at 10.7 MHz. It has
low harmonic distortion and excelilent
AM rejection—55 dB (typ.) at 10.7 MHz.
Differential peak detection permits single-

coil tuning. The CA3075 incorporates an
audio preamplifier with 21 dB (typ.) volt-
age gain, and an integral voltage regu-
lator, for operation at power supply volt-
ages from 8.5V to 125 V.

For further information, see your
local RCA Representative or your RCA
Distributor, or write: RCA, Commercial
Engineering, Section 70H-31/CA42, Har-
rison, N.J. 07029. International: RCA, 2-4
rue du Liévre, 1227 Geneva, Switzerland,
or P.O. Box 112, Hong Kong.

IF Ampl/Limiter

FM Detector

IF Ampl/Limiter

Audio Preamp

2 volts audio
output
(Ri=12kQ)

CA3075 IF ampl/limiter, peak detector, and audio preamp

Integrated Circuits

Voltage gain (audio preamp): ................ 21 dB (typ.)
Input limiting voltage: . ......
Freq. capability: ............
Package: ..................
Price: .. ... ... oot o

............... 250 uV (typ.)
............... Up to 20 MHz
............... 14-lead DIP (formed leads)
............... $1.40 (1000-unit level)




Who’s Who in this issue

Li Goell

With three Ph.D. degrees and 22 years of cxpericnce
at Bell Labs among them, Tingye Li, J.E. Goele, and
R.D. Standley are eminently qualified to write about
the optical waveguide technique deseribed in the
article on page 60. Li, who holds a Ph.D. from North-
western, joined Bell Labs in 1957. He heads the

Reid

Circuit design is the tie that binds the authors of the
article on C-squared MOS starting on page 72. Fred e
Ling is with NASA Goddard Space Flight Center,
where he tests and designs telemetry systems and
C/MOS circuits. Both Robert Cook and Robert J. Les-
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Standley

repeater  techniques  research  department. Gocell’s
doctorate was awarded by Cornell. A five-year Bell
veteran, he's worked on millimeter wave communica-
tions and optical I1Cs. Standley received his Ph.D. from
the Illinois Institute of Technology. Since 1966 he’s
done rescarch on thin film optical techniques.

A worst-case design-problem for a
government agency led to the de-
velopment of the accurate com-
puter model of the linear opera-
tional amplifier described in the
article on page 78. The author, Ray-
mond Reid, has ben promoting the
use of computers for this tvpe of
analysis ever since. Reid is a grad-
uate of Texas A&M. In 1959, he
joined Honevwell Inc. in St. Peters-
burg, Fla. His work there includes
worst-case and radiation analysis
of discrete and integrated circuits
for Minuteman 3 computers.

niewski are with Solid State Scientific Corp., where
Cook is manager of the MOS department and Les-
niewski heads the technical program, which is respon-
sible for development of new MOS products in LSI
momories and their related circuits.
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GENERAL ELECTRIC

S

PROBLEM SOLVERS

Solve your motor application prohlems
with General Electric’s versatile,

“custom engineered” induction motors

Now you can combine all
the application benefits of
a motor specially designed
to your requirements with
the advantages that come
with a “catalog” item.

How? By choosing the GE
induction motor design
features that satisfy your
special electronic applica-
tion needs from the many
options available, such
as . .

e four different construc-
tion and mounting
styles . ..

® three bearing systems...

® nine different electrical
types . ..

® and four insulation
systems.

The result is the versatil-
ity of design to meet your
needs in a standardized
motor. This custom engi-
neering design approach
means you can be sure
that the GE motor you
choose will be compatible
with your product’s de-
sign—both electrically and

Electronics | August 31, 1970

mechanically. Here are
just some of the choices
that make this possible:
Construction types—Rigid
steel shell either open or
totally enclosed. Cast alu-
minum or steel endshields.
Assembled with through-
bolts or GE's patented
process for manufacturing
Unitized® motors. End-
shield, through-bolt, solid-
base or resilient-base
mountings.

Bearing systems—Vari-
ous sleeve or ball bearing
design combinations.
Electrical types—Split-
phase, capacitor start,
permanent-split capacitor,
shaded pole, polyphase

and a complete line of
reluctance-synchronous

motors. Available in single
or dual rotation and in-
stantly reversible designs.
Insulation systems—Class
A, B, F and H insulating
materials cover the range

of temperature require-
ments.
Get the full story on

how these reliable, versa-
tile induction motors can
help in your specific ap-
plication. Call your near-
by GE Electronic Com-
ponents Sales Office to-
day, or write to Section
727-27, General Electric
Company, Specialty Motor
Department, Fort Wayne,
indiana 46804.

P.S. Motor problems? Gen-
eral Electric has solu-
tions!

GENERAL @D ELECTRIC
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Who’s Who in electronics

Plenty of publicity but few com-
mercial applications—that’s been
the story of liquid crystals. Thus,
as one of his first official acts upon
assuming ccmmand of RCA’s Solid
State division, William C. Hittinger
set up the Solid State Optoelec-
tronics division and placed Edward
O. Johnson, 50, in charge.

But commercial liquid crystal ex-
ploitation is only one phase of
that operation. Other technologies
under the optoelectronics banner
include infrared-emitting diodes,
solid state injection lasers, photo-
cells, and tunnel diodes. In fact,
according to Johnson, the new
group encompassing all these areas
will now be like a little company
within a big one. Previously all
these activities were scattered
throughout the Solid State division.

One potential market for this
“little company,” comments John-
son, who previously was manager
of engineering technical programs
for RCA’s Electronic Components
division, is “law-and-order” elec-
tronics. The whole field of intrusion
alarm systems—silicon detectors in
particular—is just really starting to
open. But as Johnson points out,
the larger companies—RCA included
—have been rather slow getting
into the business on a system basis.
One reason, says Johnson, is the
difficulty in assembling the talent
necessary for such a new venture.
Instead, Johnson’s operation will
be supplying hardware to the small
houses that have been formed
solely to take advantage of this
market,

Other markets targeted by the
optoelectronics group include pho-
tocells for street lights, oil burners,
and the like; tunnel diodes with
switching speeds in the picosecond
range, and, of course, liquid crystal
displays.

As Johnson sees it, one of the
weakest areas in electronics right
now—hence, one worth exploiting—
is displays. The advantages of
liquid crystals are well known: they
don’t wash out in sunlight; they
can be made into large or small
displays, and they require little
power.

Johnson says that his group
should have its first commercial
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Johnson

products within a year, possibly
within six months. Currently, says
Johnson, his team is working with
specific customers on an assort-
ment of products, although he
won’t say what. As for the much-
talked-about dot matrix display us-
ing the crystals, Johnson sees that
development as quite far down the
line—as much as 10 years away.

Looking back on his career, Alan
J. Grant, new executive vice presi-
dent at the Aerojet-General Corp.,
sees it as having been shaped by
people, rather than specific inci-
dents. “What makes me happy is
working for someone from whom
I can learn something,” he asserts.
The 44-year-old Grant, one of two
executive VPs at the El Monte,
Calif., firm, is responsible for the
Electronics and Environmental Sys-
tems divisions, along with the Ad-
vanced Products group.

Of Grant’s hiring, an Aerojet
spokesman says, “We needed
someone with management and
technical experience to head up
what we think are some of the
most exciting parts of the company
and make them grow. They have
much more potential than they’ve
demonstrated.”

Aerojet management is counting
on him to exercise what he de-
scribes as his forte: developing new
equipment based on electronic and
mechanical disciplines. Grant came
to Aerojet from Fairchil Camera
and Instrument Corp., where he
was a group vice president. There
he was exposed to two “tutors:”
Fairchild President C. Lester
Hogan, “one of the most inspira-
tional leaders I've known and who
has the backing of one of the great
men in new technology,” Sherman
Fairchild, chairman,

Before joining Fairchild, Grant
was president of Lockheed Elec-
tronics Co., where he worked with
Lockheed chairman Daniel Haugh-
ton, “one of the best business man-
agers I've ever met.” Grant started
out at what was to be the Auto-
netics division of North American
Rockwell Corp., and moved up to
become vice president and general
manager of the then Computer and
Data Systems division, “People en-
gineering became my thing in
1959” at Autonetics, Grant says,
“and that’s when I decided to be
a professional manager.” The edu-
cation of Alan Grant continued
when he became president of Lit-
ton Industries’ Guidance and Con-
trol Systems division. “The Litton
experience provided the best fi-
nancial education I've ever had,”
Grant notes,

Now he’s hoping to put it all
together for Aerojet president Jack
H. Vollbrecht, “who has the high-
est business principles I've found
and who has a team of the highest
professionals.” Vollbrecht took over
at Aerojet last November and
changed very few key people, so
Grant observes “Now I have to
match the technical depth to the
growth opportunities.”

Those opportunities are opening
up in forward-looking infrared sys-
tems and satellite sensors at the
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Besides turning the corner
on high volume produc-
tion, North American
Rockwell Microelectronics
Company has developed
innovations to make cus-
tom MOS devices at the
lowest prices in the indus-
try. For one thing, all MOS
chips are home grown.
Economies result from
in-house control at every
stage.

And cost effectiveness is
only one of many customer
appeals.

The only house where
everything’s in-house.

Today, NR-Microelec-
tronics is the only company
with total capab111ty to
transfer a RITTTTITm
multiplicity
of circuit
functions
into a smgle i’ e
MOS/LSI 1 FeR
deviceand
then mass-produce them.

With our versatile com-
puter equipment, we've de-
signed more logic capability

=y
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HIGH

into a given circuiton a
larger chip than other semi-
conductor manufacturers.

Prices guaranteed,
product guaranteed.
We're ready to pro-
tect our customers
with guaranteed prices %2
for the number of
years required. ,
And if we design the
custom circuits you
use, we're prepared to
guarantee that they’ll
be yours exclusively.
Does anyone need

200,000 MOS/LSI devices

a month?

In our Anaheim plant
are two custom processing
lines: medium volume and
high volume—the latter is

A

PRODUCTION,
__LOW COST
CUSTOM MOS/LSL

now producing atamonthly
rate of 200,000 plus.

Firm commitments will
more than double this pro-
duction in 1971.

But we have substan-
tially greater capacity. . .
which is being increased
daily by processing inno-
. . vations.

So we're
¢ ready for
)y moreorders
—both
medium
& high
volume
custom

Our
telephone
number is
(714) 632 2231 Ourzip code
in Anaheim, California,
is 92803.

North American Rockwell
Microelectronics Company
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RCL’s NEW
RESISTOR
CATALOG

the industry’s most exten-
sive and most accurate
compilation of engineering
information on wire-wound
resistors

PRECISION/HI-SPEED
POWER/WIRE-WOUND
RESISTORS

including: beryllium oxide
core power resistors . . .
22 special temperature co-
efficients from —50 PPM
to 46000 PPM . . . sub-
miniature precision resis-
tors . . . ladder and sum-
ming networks.

Write for your free copy today!

ELECTRONICS, INC.
700 South 21st Street

Irvington, New Jersey 07111
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Who’s Who in electronics

Electronics division; in medical and
biological systems plus microwave
systems and surface-effect ships in
the Advanced Products group, and
in such things as water purification
and waste management systems in
the Environmental Systems divi-
sion. Aerojet officials admit that
they’re often regarded as a pro-
pulsion company. By acquiring
Grant, widely known in the clec-
tronics business, they hope to
further change the image.

Hardly unusual is Fred Chernow’s
belief that electrical engineering
students should be confronted with
real-world problems to solve in a
real-world environment if they’re
preparing themselves to work in
industry. However, the 38-year-old
educator has an unusual opportun-
ity to offer his students practical
preparation.

In fact, Chernow, professor of
electrical engineering at the Uni-
versity of Colorado in Boulder,
Colo., is director of the technical
staff at Boulder’s University Instru-
ments Corp. University Instru-
ments, an equipment manufacturer,
was formed earlier this year as an
affiliate of the KDI Corp. of Cin-
cinatti, which sponsors research
work at the university to the tune
of $250,000 a year. University In-
struments has granted rights to
manufacture and market some of
the hardware that’s grown out of
that relationship.

“KDI has helped by giving us

freedom in using research funds
so that we can select bright young
undergraduates for lab jobs,” Cher-
now says. Some of them have been
working on wide bandgap semi-
conductors for light emission and
detection in the photoconductive
semiconductors and devices lab-
oratories, of which Chernow is
co-director. In the process, they’ve
made no small contribution to
the cadmium sulfide device work
on which University Instruments
draws for an optical communica-
tions link that’s being readied for a
test in a CATV application.

Chernow teaches a course in sta-
tistical thermodynamics for junior
and senior EE students. “The class-
ical engineering curriculum may
use books that are a couple of years
old and give the student no contact
with the real world,” he says. “Ex-
aminations often become a question
of who can memorize best and who
got the best sleep the night before.”
In his course, Chernow gives the
students a sheet with all the for-
mulas they’ll need for an examina-
tion a week in advance, but he
doesn’t want them memorized.

“There may not be only one
right answer,” Chernow says. He
likes to throw in a hooker occasion-
ally. “We might ask them some-
thing like this: ‘If you drop an
olive into a martini containing so
many cc, how much will it change
the entropy of the universe?”
Turning more scrious, Chernow
points out that he spends the last
three wecks of the course on semi-
conductors: “I try to get them to
understand the properties of mate-
rials and they wind up understand-
ing p-n junctions through statistical
thermodynamics.”

An ion implantation machine de-
veloped Dby students and faculty
members and which University In-
struments plans to market, is an-
other outgrowth of KDI-sponsored
research. Chernow says it will be
much smaller than commercially
available implanters because it
uses a unique mass Sseparation
technique. University Instruments
also is readying two other product
lines for the market: real-time opti-
cal spectrometers and liquid elec-
trostatic high-voltage generators.
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' LOW OFFSET
: Source Followers
with DUAL FETS

Get near unity voltage gain impedance transformation, low
offset voltage and low temperature drift with these Siliconix duals.

Here’s a high-Z-to-low-Z example:
The lower FET is the constant-
. current generator, the upper is the

1t source follower. Offset voltage is
, ’T: wr -[ given by VGS} = IDlRl = ID2 R'_) =VGS'_).
T F The devices typically perform this way:
Typical Typical Voltage Output
Oftsct Drift ¢, max. Gain BW Resistance R, =R,
DEVICE (mV) W/ O | (Vpp) (Av) (MH2) (R.) (©)
2N5519 i5 80 27 98 5.6 3.000 2,000
U235 25 100 28 98 7.0 3,300 2,000
U257 100 27 98 18.0 1,200 1,000

And these are typical gain-frequency plots:

0
1
2
3
4

YOLTAGE GAIN (dB)

T 2N5519

1

Ry PRESENT-

| 1

FREQUENCY (MHz)

100

0

YOLTAGE GAIN (dB)

Ri PRESENT

U235

1

-Ry SHORTED

—

New York: Sy Levine (516) 796-4680
New England: Al La Croix (617) 769-3780

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

St. Louis: Jim Spicer (314) 291-3616
Minneapolis: Ed Koelfgen (612) 920-4483
Southern California: Dave Ferran (213) 420-1307

Northern California: Chuck Brush (408) 246-8000
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FREQUENCY (MH2)

For complete data and supplementary information
on Siliconix duals, write or call any of the numbers below.

100

YOLTAGE GAIN (dB)

FREQUENCY (MH2)

Santa Clara

'Siliccmix iIncarporated

2201 Laurclwood Road
Telephone (408) 246-8000 Extension 201 + TWX: 910-338-0227

In Europe: Siliconix Limited. Saunders Way. Sketty, Swansea. Great Britain

California 95054




Now don’t get us wrong. Our
salesmen are great guys and they’ve
made us the world’s largest power
supply company. But when it comes
to our modular power supplies, they
do very little selling. And we don’t
blame them because they would rather
sell $1,000 instruments than $89
modular power supplies.

Yet, people have bought over
25,000 of them (ranging from 0 to 330
Vdc—to 300 watts). And 65% of
these are repeat orders. Why? Before
you turn the page, may we quickly
give you six hard-nosed reasons:

1. We're the most experienced

° , in the industry — 26 yearsin this
O“r e“gl“e ers business. 2. When it comes to the acid
test of any power supply — response
’ PY time — we out-perform all others:
h ave to do a gOOd lOb 20— 35 us. 3. In all critical specifica-
J tions, ours surpass all others. (For
instance, our regulation is ==0.005%
beca“se for line and load changes, ripple is
300,V rms—3 mV p-p.) 4. Our
supplies require no heat sink in
our sa esmen don t‘ ambients to 71°C. 5. Our modular
power supplies and accessories are
UL listed. 6. We inventory more
power supplies than most manufac-
turers sell in a year. (And we burn in
every one for 48 hours before we
shipit.)

Those are the same reasons why
the industry has bought over $150
million worth of Sorensen power
supplies.

And those are the same reasons
why you may want to consider
Sorensen the next time you consider
power supplies. For complete informa-
tion on any of our power supplies (or
for our 124-page Power Supply Hand-
book and Catalog) call our Applications
Engineer, Steve Charleston (collect)
at (203) 838-6571, or write to him at
Sorensen, Richards Ave., Norwalk,
Connecticut 06856. Circle 200 on
the inquiry card.

Sﬂl‘ ensein

POWER SUPPLIES

AN OPERATION OF RAYTHEON CO.
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We've got a whole bunch
of transistor stands!

ALABAMA

SCHWEBER ELECTRONICS
Huntsville

Tet: 205-539-2756

e
i \‘\\

g g S o g g T i

P S S T

CALIFORNIA

EX AVNET ELECTRONICS HAMILTON /AVNET  G. S, MARSHALL COMPANY -
o Culver City ELECTRONICS EIl Monte <
D Tel: 213-836-7200 Mountain View Tel: 213.686-1500 3 INDIANA <
HAMILTON Tel: 4159617000 G. S. MARSHALL COMPANY SICOLORADORN } SEMESEINE <
ELECTRO SALES HAMILTON/AYNET  San Diego HAMILTON JAVNET b4 Indianapolis q MICHIGAN
Cuivar City ELECTRONICS Tel: 714.278:6350 ELECTRONICS be [ <
Tel: 213.870-2171 San Diego G. S. MARSHALL COMPANY byl 3 O : SPECIALISTS. INC.
Tel: 7142792421 S -t Tel: 3034338551 e 2 2 SRS S R SRECAtI ST SEas
Tel: 4087321100 CRAMER/DENVER Tel: 313-2550300
i . %
Te: 303-758:2100 SHERIDAN SALES CO.
of: 303 Southfietd
Tel: 313.358-3333
o I

ILLINOIS
F-J:R ELECTRONICS
CANADA Rosemont

AVNET ELECTRONICS  R.A.E. INDUSTRIAL
OF CANADA. LTD. ELECTRONICS. LTD.

Tel: 312:678-8560

HAMILTON /AVNET ELECTRONICS
chiller Park

Toronto Vancouver CONNECTICUT Tel: 312-678-6310 § MARYLAND
Tel: 416: 789.1838 Tel: 604.253.8494 CRAMER ELECTRONICS, INC, SEMICONDUCTOR HAMILTON /AVNET ELECTRONICS
AVNET ELECTRONICS ~ SCHWEBER North Haven e e
aF l’:'AN?DA. LTD. ELECTRONICS Tel: 203-239.5641 cago Tel: 301-796-5000
antreal Toronto Tai:312:279-1000 SCHWEBER ELECTRONICS “
Tel: 514-381-9126 Tet: 416.925.2471 Rockvilte h
Tel: 301.427.4977
CRAMER/WASHINGTON &
Rockville

Tel: 301-424.2700 b

A AAAAAAAAAAAAAAAAALd GEORGIA W.mmmml.ﬁ“
YT Y YYYYYYYYYYYYTYTY Y Y Y CRAMER ELECTRONICS, INC.
be * Attants \
b ¢ FLORIOA * Tel:404-451.5421 .
¥ roweLLFLORIDA HALL MARK ELECTRONICS 3 —
4 Orlando Orlando L\ &
4 Ter: 305.423.-8586 Tel: 305.855.4020 +
4 CRAMER FLORIDA, INC. SCHWEBER ELECTRDNICS 4 ., MASSACHUSETTS
4 Fort Lauderdale Hollywood & CRAMER ELECTRONICS. INC.
4 Tel: 3055667511 Tel: 305.927.0511 p KANSAS = 5':.7“’9‘;;7700
* N JAVNET & i
244999004004444440001 B s SCHLEY ELECTRONICS CORP.
TEITTTIIPIPPIPITTIOIOYTYTTY TaviIics 2 atertown
Tel: 913.362-3250 Te1:1617:924:1500,
SHWEBER ELECTRONICS,
o Waltham 3

Tel: 617-891.8484
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At The Sincere Transistor & Diode number appear on this page.

Company, business is booming. So much so And I've made the same promise to all

that we can’t supply the whole country my transistor stand operators.“Boys,” I

from our place on Fairchild Drive in told them,“I'll guarantee to fill your orders

Mountain View. in 24 hours or less; you take it from there.
So, we've made a deal with some nice And, boys...be nice to the customers, like

people all over the country to distribute I taught you.”

our stuff. The Sincere Distributors. They're
Now, instead of calling the factory such nice boys.

direct, you only have to phone your local % /E,.w
Sincere distributor, whose name and d'&éf’

TEXAS
ARCO ELECTRONICS INC.
alles

’ D
/ Tel: 214-239-9123

HAMILTON/AVNET ELECTRONICS &
- Houston
Tel: 713-526 4661

NORVELL ELECTRONICS. INC.
Oallas.

\
{

o N

WASHINGTON
HAMILTON /AVNET ELECTRONICS
Seattle
Tel: 206-624-5930
KIERULFF ELECTRONICS
Seattle

Tel: 214-357-6451
NORVELL ELECTRONICS. INC.
Houston

A

Tel: 206-763-1550

Tel: 713-774-2568

ARIZONA
NEW JERSEY '..: TENNESSEE
HAMILTON JAVNET ELECTRONICS CRAMER/ARIZONA LOUISIANA = POWELL ELECTRONICS. INC
Cherry Hill Phoenix STERLING = l. Fayetteville
Tel: 609.662.9337 Tel: 602:263-1112 GUECTHONICS :l: Tel: 615-433-5737
SCHLEY ELECTRONICS CORP. HAMILTON JAVNET CORPORATION =
Rutherford ELECTRONICS New Orleans =
Tel: 201.935-2120 Phoenix Tel: 504-522-8726 =~
Tel: 602-272-2601

PENNSYLVANIA o
POWELL -
ELECTRONICS, INC =:
s

++4
b 4 + Philadelphia
MINNESOTA . <+ OHIO P e Tel: 215-724-1900 A
HAMILTON JAVNET < SEMICONDUCTOR 9
ELECTRONICS 4 F.1-R ELECTRONICS SHERIDAN SALES CO. 9 B SPECIALISTS, INC =
Minneapolis NEW MEXICO 4 Dayton Cincinnati L 4 . Pittsburgh =
Tel: 612-920-5866 CRAMER ELECTRONICS 4 Tel: 513-278-9411 Tel:513-761.5432 4 g Tel 412:718-8120 =
SEMICONDUCTOR v Albuquergue %" SCHWEBER ELECTRONICS  SHERIDAN SALES CO. 9" G  SHERIDAN SALESCO. g9
SPECIALISTS. INC 4 Tel: 505-265-5767 4 Clevetand Cleveland + 3 Pittsburgh +
Minneapolis 9 Tel. 216.333.7020 Tol: 216524 8120 9 = Tel 412.243.6655
Tel 612 866-3433 4 < < 1
ob-b-6---6-6-6-6-6-0-0-6-4-0-b-0-0-4 & A 'mw
i ABASASALALALLALLLAANS

\ \
gmwmwwwww NEW YORK gﬁﬂﬂ%ﬁ@%

MISSOUR! CmAMER ELECTRONICS HAMILTON JAVNET ELECTRONICS UTAH & \
5 HAMILTON JAVNET e ¢ vester Syracuse g g
iz ELECTRONICS =N Te  £275.0300 Tel: 315.437-2641 S CRAMER ELECTROMICS &3 \m
= — g CRAMER ELECTRONICS, INC.  SCHWEBER ELECTRONICS p Sait Lakwals K
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Everyone talks
correed reliability,




here’s the way it looks.

Switches under glass.

The heart of every AE correed is a reed switch
consisting of two overlapping blades. For protec-
tion, we seal them inside a glass capsule. But only
after we pull out all the dirty air and pump in a
special, pure atmosphere. That way there’s no
chance of contact contamination or oxidation. Ever.

Notice our terminals are one piece. A special
machine delicately forms them to precision toler-
ances. It’s a lot of work, but one-piece
terminals have dis-
tinct advantages over
the two- and three-
piece kind.

For one thing, there’s
no extra joint so you’re
always assured of a positive
contact. Also, one piece
terminals are more reliable when the correed is
used to switch low-level analog signals. That’s be-
cause thermal EMF is reduced to practically zero.

A different kind of bobbin.

Since we go through so much trouble with our
correed capsules, we designed a special bobbin to
protect them.

It’s molded of glass-filled nylon. (You know
how plastic chips and cracks.) Moisture and hu-
midity have no effect on this stubborn material.
No effect means no malfunctions for you to worry
about. No current leakage, either.

Running the full length of the bobbin are a
series of slots. They pamper the capsules and keep
them from getting damaged or jarred.

And to help you remember which
terminal is which, we mold the terminal
numbers into the end of the bobbin. You can
read them at a glance.

Little things mean a lot.

Reliability means that we pay attention to the
little things. Like the tiny pressure rods we use
in every miniature correed. They’re placed at

each end of the bobbin, across the one-piece ter-
minals. What they do is prevent stresses from
being transmitted from the terminals to the reed
blades. This keeps the contact gap right on the
button. All the time.

The contacts are normally open. To provide
them normally closed, we employ another little
device—a tiny magnet. It’s permanently tucked
into a slot next to the reedcapsule. The magnetic
action keeps the contacts normally closed.

Coiled by computer.

Once all the parts are secure in the bobbin, we
cover them with protective insulation. Around
this, we wind the coil. You can be sure the coil
winding is correct. It was all figured out for
us by computer.

Our next step is to protect the coil.
We do that with more protective

insulation.

A coat of iron.

On top of the insulation goes a layer
of annealed iron. It acts as a magnetic shield and
minimizes interaction between coils. Also, it im-
proves the sensitivity of the entire unit. A coat
of iron is standard on all AE correeds.

Finally comes super wrap.

To wrap it all up, we use some very special stuff.
A layer of mylar laminated material.
It’s so tough we guaran-
tee it to withstand all
cleaning solvents
known to man.

It’s attention to detail that helps us keep our
miniature relays miniature. Now we’re just wait-
ing to show you how perfectly it measures up to
your specifications. Automatic Electric Company,
Northlake, Illinois 60164.

AUTOMATIC ELECTRIC

sussiDIaRY oF GENERAL TELEPHONE & ELECTRONICS

Circle 21 on reader service card
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movable
Microwave.

Moving around? New Farinon TR-
2500 microwave speeds and sim-
plifies the extension of voice and
data circuits to temporary locations.
And you can take advantage of
mobile licensing in the 2450-2500
MHz band. Equipment can be moved
when and where you like without
re-licensing.

Meeting normal industry standards
for telephone or data transmission,
you can operate up to 12 high-
quality voice channels. A complete
terminal (including multiplex) can
be mounted on a portable rack or
in an outdoor cabinet.

Because TR2500 is a true micro-
wave system, you get the privacy
and high quality of microwave trans-
mission. And since TR2500 operates
in a mobile band, you have the con-
venience of mobile licensing. Move
with TR2500.

Talk to Farinon.

Farinon

Farinon Electric, 935 Washington St., San Carlos, Cal. 94070

Circle 22 on reader service card

Meetings

Making waves

Undeterred by NASA’s shrunken
budget, this year’s symposium of
the IEEE’s Group on Antennas and
Propagation will give undiminished
emphasis to space topics. That’s
where much of the theoretical ac-
tion remains—as well as a great
deal of practical activity. The first
session of the meeting, which will
be held Sept. 13-17 in Columbus,
Ohio, will have seven of its nine
papers on space-related topics and
an entire session of the Institute of
Scientific Radio Union is devoted
to millimeter-wave propagation ex-
periments using the ATS-5 satellite.

Propagation through plasmas
also will receive its share of atten-
tion. Here the emphasis is on the
environments encountered by re-
entry vehicles, but several papers
will discuss auroral and solar-burst
phenomena. A session on wind and
rain effects will cover frequencies
through 34.8 gigahertz and another
on ionospheric disturbances will
concentrate on the lower regions of
the spectrum. Antiballistic-missile
topics are represented by several

papers, among them one on UHF
auroral backscatter (Bell Labs),
one on electromagnetic pulse tests
of phased-array elements (GE),
and three papers relating to back-
scatter from re-entry vehicles.

Phased-array technology is rep-
resented by, among others, a paper
on very-wideband arrays, another
on an X-band reflective array, and
one on a sidelobe-reduction tech-
nique. Large-aperture antennas
will be discussed by several speak-
ers, with emphasis on sidelobe con-
trol and the design of feeds and
subreflectors. Several sessions will
be devoted to the theory and prac-
tice of propagation over and
through various media. One paper
will discuss point-to-point commu-
nication on the moon, another will
cover wave propagation in dense
forests, and two others will dis-
cuss the equally difficult urban en-
vironment, with emphasis on multi-
path problems.

For further information contact D.L. Moffatt,
Ohio State University, Box 3115, Columbus,
Ohio 43210.

Calendar

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.

Annual Solid State Devices Conference,
IEE; University of Exeter, England,
Sept. 15-18.

Conference on Gas Discharges, IEE;
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.

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

Government Microcircuit Applications
Conference: GOMAC, Department of
Defense, Army, Navy, Air Force, NASA,
Department of Commerce, National
Bureau of Standards, Post Office
Department; U.S. Electronics Command,
Fort Monmouth, N.J., Oct. 6-8.

Symposium on Microwave Energy,
(Continued on p. 24)
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ELC

Here’s one answer.
Actual size.

Use Elco Series 6309 card-edge connectors and you can
condense the connectors for ten pe boards into 17.1
square inches. Without paying a premium for the privilege.

That’s one thousand contacts. On .100” centers. Ready
for wrapping. Easy.

But that’s only one answer. We have eighteen others.
With contact spacings of .100”, .125”, .150”, or .200”,
accommodating from 14 to 100 contacts in eight different
basic configurations.

And that’s not counting our Mojo ™ (.150”) modular
connectors, which obligingly, inexpensively, change their
size to suit the job at hand.

Ready to accept your boards. Ready to be mounted
on metal plates, frames, and boards and with their tails
wrapped for whatever little thing you’re making. (We
can even do that job for you.)

You’ll find all our little helpers in the Elco Card-Edge
Connector Guide. Call, write, wire or TWX us for a copy.
Elco Corporation, Willow Grove, Pa. 19090.
215-659-7000; TWX 510-665-5573.

Or Elco Pacifie, 2200 Park Place, -w'
El Segundo, California 90245.
213-675-3311; TWX 910-325-6602.

Card Edge
Connectors

b

Circle 23 on reader service card
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Champagne
= quality 3
RFI/EMC
filters -
at beer prices

A toast! May you and your products benefit from
finer, lower-cost filters from Captor Corporation.
Captor combines knowledgeable application en-
gineering with a quality assurance program that
extends through every manufacturing step from
order entry to final packaging. Costs are closely
controiled because production is geared to a spe-
cific electronic components family: miniature
RFI/EMC filters, communications and security fil-
ters, and custom designed filters and assemblies.
Captor's new environmentally conditioned plant is
designed expressly for fast, efficient manufacture
of this integrated product line. Write for our capa-
bilities brochure today and drink in the whole story.

CAPTOR

CORPORATION

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

Circle 24 on reader service card

Meetings

(Continued from p. 22)

International Microwave Power
Institute, Scheveningen, Holland,
Oct. 7-10.

American Society for Information
Science Meeting, Sheraton Hotel,
Philadelphia, Oct. 11-15.

International Telemetering Conference,
Electronic Industries Association,
Instrument Society of America;
International Hotel, Los Angeles,

Oct. 13-15.

Systems Science and Cybernetics
Conference, IEEE; Pitsburgh, Oct.
14-16.

Digital Computer Applications in
Engineering Sciences in Turkey, IEEE;
Istanbul Technical University,

Oct. 14-17.

Short courses

Antennas, George Washington
University; Washington, D.C., Sept.
21-25; $300 fee.

Basic R&D Management, Pennsylvania
State University; University Park, Pa.,
Oct. 4-9; $200 fee.

Computer Aided Design Synthesis of
Aerospace Design, University of
California at Los Angeles; Boelter Hall,
Oct. 19-23; $310 fee.

Call for papers

National Conference and Exposition on
Electronics in Medicine, Medical Worid
News, Modern Hospital, Postgraduate
Medicine, Electronics, McGraw-Hill
Publications; Sheraton-Boston Hotel
and John B. Hynes Civic Auditorium,
Boston, April 13-15, 1971. Sept. 15 is
deadline for submission of abstracts
to Dr. John Truxal, Institute Professor
at Polytechnic Institute of Brooklyn,
New York.

Operator, Engineer and Management
Interface with the Process Control
Computer, Systems Engineering and
Applications Committees of the
International Federation of Automatic
Control, American Automatic Control
Council, the Instrument Society of
America, and Purdue’s Schools of
Engineering; Purdue University,
Lafayette, Ind., August 1971. Oct. 1
is deadline for submisson of abstracts -
to Symposium Committee, Purdue
Laboratory for Applied Industrial
Control, Purdue University.

Circle 25 on reader service card—>



I'A n y
hot-molded
dual variable resis -

Here's the most compacttwo section variable I
sistor currently available—the new AIIen-Bra&
dual Type GD.It's one-halfinch in diameterand onl
a fraction of an inch longer than the popular sing

section type G control. The case is dust-tight as
well as watertight. BBoth resistance tracks in the dual
Type GD are solid, hot-molded elements, which provide
long operating Iife. As with the single Type G, the
noise level is low initially and actually decreases with
normal use. Adjustment is smooth at all times with
virtually infinite resolution. And low inductance per-
mits operation at frequencies far beyond the usable
range of wirewound controls. min addition to standard
application, these new dual Type GD controls are
ideally suited for use in compact attenuators. Dual
Type GD controls are available with nominal resﬁto.
values from 100 ohms to 5.0 megohms. You can get im
ate delivery at factory prices from your authorized ‘
trialelectronics distributor. Orwrite: Marketing Dept
Div., Allen-Bradley Co.,1201 S.Second St.,Milwaukee,’ .
Export Office: 1293 Broad St.,, Bloomfield, N.J., U.S.
In Canada: Allen-Bradley Canada Limited.

_J -




Customn Cable
Constructions
by Chester

Proof of Chester’s ability to produce plastic coated multi-conductor cable con-
struction to customer requirements is reflected in part by the production samples shown
on these pages. Though only representative of the thousands of “‘specials” made for
our many customers they graphically prove Chester’s ability to translate a wide range
of special multi-conductor needs into dependable and practical cable constructions.

When standard cable constructions will not suffice, Chester’s vast resources,
technical skills and manufacturing facilities are placed at your disposal to manufacture
conductors, insulations and jackets to meet your most exacting requirements.

Whatever your multi-conductor cable needs, check first with Chester. We know
you'll be more than pleased with the expeditious and thorough handling of your reguest.

@

CITIES SERVICE
COMPANY

AL RESOLACE COMPANY




RECORDING STUDIO: Audio sound
cable: 25 shielded pairs, stranded copper
conductors, low loss insutation, twisted
with uninsulated drain wire, isolated alu-
minum tape shields, cabled, PVC jacket.

TV CAMERA MFR.: Camera control
cable for Audio and Video signals: a com-
posite of PVC and polyethylene insulated
conductors, cabled, overall braid shield,
PVC jacket.

AIRCRAFT SIMULATOR MFR.: Control
cable: 12 triples shielded jacketed,
stranded copper conductors, PVC insu-
lated, individual shield jacket calor
coded, cabled overall PVC jacket.

ELEVATOR MFR.: Control cable: 35 con-
ductors, stranded copper, PVC insulated,
conductors coded by colors and printed
numbers, cabled with open binder; indi-
vidual conductors U/L listed.

INTERCOM EQUIPMENT MFR.: 250
conductor inter-office communication and
signaling cable: solid bare copper, PVC
insulation, paired, cabled, PVC jacket;
U/L listed,

ELECTRIC UTILITY CO.: Station
control cable for general use: 37 conduc-

tors, stranded, polyethylene and PVC in- .

sulated, color coded, cabled, overall
tough PVC jacket; per NEMA/IPCEA Spe-
cifications.

LARGE CITY: Communication cable: 50
pairs, polyethylene insulated, cabled, con-
tinuous layer of copper shielding tape, PVC
jacket; per spec. IMSA-19-2, 600 voits.

LEADING SHIPBUILDER: shipboard
cable: stranded conductors, nylon-jacketed
PVC insulation, pairs shielded and jack-
eted, cabled, PVC jacket, and aluminum
braid armor overall; per spec. MIL-C-915.

U.S. GOVERNMENT: Coaxial cable:
type RG-218/U, solid copper conductor,
polyethylene insulated, copper braid
shield, PVC jacket; per spec. MIL-C-17/79.

BROADCASTINGCOMPANY : Remote
control broadcasting cable: stranded con-
ductors, polyethylene insulation, pairs &
triples shielded and jacketed, cabled, PVC
jacket overall.

COMPUTER MFR.: Computer control
cable: 55 conductors, stranded copper
conductors, PVC insulated, formed into 7
groups of 7 conductors, cabled, PVC
jacket; U/L listed.

MACHINERY MFR.: Bus drop cable: 3
PVC insulated stranded conductors, with
split uninsulated grounding conductor,
cabled, overall PVC jacket; U/L listed;
per NEC.

CHESTER CABLE

OPERATIONS

CITIES SERVICE COMPANY
CHESTER, NEW YORK - 10918

PHONE: (814) 468-2141 TWX (814) 463-9801
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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.

28

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 xA). 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 compiex
shapes. GE materials offer up to 12000
gausses induction and 1550 oersted co-
ercive forces. For complete data or ap-
plication help, circie 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. Ideal
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 complete 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® and HORIZON LINE®
styles, 1%2“ edgewise instruments are
ideal for compact display problems.

And the new BIG LOOK Frequency
Meters in three ranges . . . 45-55Hz
55-65Hz and 380-420Hz . . . 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, circle number 323

Electronics | August 31, 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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By 1979, newspapers

will be printed in your living room.

You won’t have to roll up the carpet. Or even
cover up the furniture.

Because all it will take is a compact print-out
unit attached to an ordinary tv set.

When vou're ready for the stock market
closings, ball game scores or movies listings, vou'll
51mpl\ push a button.

Instant newspaper. And you'll be able to get
any part of it, or all of it, any hour of the day or

ght.

The fact is, the products of electronics
technology will be doing more for our lives
tomorrow than kamcm does for us today.

Automated highways will drive our cars.
Home computers will cook the food and wash the
clothes. Electronic health maintenance programs
will even help us avoid illness.

Who are the master minds masterminding
these changes?

Our readers. Engineers and technical
managers who must keep abreast of all fast-
chanmnu dev dopmcnts [ndustry-wide and
world-wide. Which is why they come to us.

Every two wecks, Electronics magazine
presents them with a complete, up—to—thc—nunute
picture of the state of the technology.

Last vear alone, Electronics prcscntcd SIX
times as much information on consumer electronics
as any other publication in the ficld. And twice
as much on communications.

If vou expect to be part of the future, speak to
the men who are working on it today.

Electronics, a McGraw-Hill market-directed
publication.

Our readers are changing the world.
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We've got the dope
anies at Spring Joint.

Twenty-six companies were in
on it. They didn’t breathe a word.

You wouldn’t either, if you had
something special going for you to
give you lower development costs,
quicker start-up, and more competi-
tive pricing.

We won't tell you who thesc
companies were.

But we will tell you their secret.

Every one of them utilized ad-
vanced, off-the-shelf MOS circuits
from the same source— Electronic
Arrays.

Fifteen of these 26 companies
were less than three years old, which
points out that EA’s broad line of off-
the-shelf MOS registers, ROMs, Read/
Write RAMs and logic arrays are
especially suited to companies needing
low-cost product development and
sure-fire delivery.

Now that we have your ear,
we’d like to keep you clued in. Whis-
per the password — MOS —to your EA
distributor or representative. Or write
directly to the source: Electronic
Arrays, Inc.,501 Ellis Street, Mountain
View, Calif. 94040. (415) 964-4321.

|\

electronic
arrays, Inc.



National to expand
tri-state TTL line

Sylvania halts work
on Soniscan memory

Capital bind squeezes
minicomputer firms
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National Semiconductor plans shortly to introduce two more bus-organ-
ized TTL circuits. Conventional TTL can’t be used in a bus-organized
system without modifications that seriously impede their operation,

The three-logic-state devices—off, on, and disconnected—have an equiv-
alent NAND gate at their outputs, with a switching device on the chip
that effectively disconnects the entire chip from its load. This permits
them to be connected into a bus-organized system, in which a common
output line is directly connected to the outputs of several circuits in
parallel, and results in improved system modularity and reduced design,
assembly, wiring, and testing costs.

The two MSI circuits join a quad-D flip-flop introduced earlier this
year by National. One is a party-line driver, which can send output sig-
nals along a line up to 900 feet long. Standard TTL, in comparison, can
go just 10 inches. The other new circuit, a demultiplexer, is similar to
the quad-D flip-flop except that it has no storage.

Sylvania Electronic Systems has abruptly halted work on its Soniscan
magnetoacoustic bulk memory system and observers are wondering
if the firm hasn’t scratched a possible winner in the commerical mass
memory sweepstakes.

Not only are those working on Soniscan upset and confused, but
the Navy also is puzzled. After a glowing report from the Naval Air
Development Center, the Naval Air Systems Command became inter-
ested in Soniscan for its Advanced Airborne Digital Computer.

Not only is Soniscan’s packing density high at 5,000 bits per cubic
inch, but also its cost could be as low as 0.1 to 0.2 cent per bit.

Officially, Sylvania is re-evaluating its approach to marketing Soniscan.
The possibilities are: to continue to develop the scheme internally, to
split the effort off as a partially owned new venture, or to stop develop-
ment entirely. A decision probably won’t be made for about two weeks.
If Soniscan is cancelled or spunoff, it will be done primarily because
the company is tightening its spending in the R&D area, observers say.

The capital crunch is beginning to take its toll of fledgling minicomputer
companies. Two Santa Ana, Calif. firms appear to be on the ropes, and
one of them, Computer Development Corp., may already have been
counted out just three months after announcing its cd 200 machine.
The unit was to sell for $3,500 with 1,000 bytes of core memory [Elec-
tronics, May 11, p. 168]. Now, a recorded message greets telephone
callers, informing them that the firm’s number is no longer in service
and that there is no new number. It’s known that Varian Data Machines
has considered buying the rights to the cd 200, “but nothing has been
consummated,” says Varian Data Machines president George Vosatka.

Omnicomp Computer Corp., which announced plans for a more
sophisticated machine, the Omnus 1, to sell for between $5,000 and
$6,000, “should have closed down six weeks ago,” says one company
principal, but has been hanging on without major financing as long
as possible, hoping to find backers. “We’ll either have to sell the product
rights, sell the company, or close down very soon,” says this source.



Four-Phase Systems
set to introduce
super minicomputer

National taking
new look at
silicon gate MOS?

Navy chooses Army
antenna array for
sub-to-satellite link

Data General slates
new minicomputers

Electronics Newsletter

A tabletop computer with “throughput” approaching that of an IBM
360/30 is about to be introduced by Four-Phase Systems. The System
IV/70 gets its power from a large instruction set—120 major instructions
plus a host of minor ones—and the use of LSI on a scale much greater
than in commercially available hardware [Electronics, Feb. 16, p. 109].

The processor consists of just 12 LSI devices on a single board: six
read-only memories, three random logic, and three byte slice circuits.
Unlike most minicomputers, the instructions include several for character
manipulation with most oriented toward business applications.

Its most significant application is expected to be in controlling crt
displays. Most present display systems show only what the computer
sends them. But replacing such “dumb terminals” with a stripped-down
IV/70 can halve the cost, the company says. Such terminals, in addition,
would be a full-fledged general-purpose computer, capable of running
several background programs and a full complement of input/output
equipment as well. This approach makes possible performance that can’t
be approached by anything on the market except perhaps at 40 times the
cost, the firm claims.

When Intel and Fairchild Semiconductor introduced silicon gate MOS
products [Electronics, Sept. 29, 1969, p. 88], National Semiconductor
brushed aside their claims for the process, saying that it could do the
same things with its 1-0-0 process. But now, a year later, National may
be changing its tune. The company has hired Thomas Klein, an engineer
who was heavily involved in silicon gate processing technology at Fair-
child Semiconductor.

National’s official stand still is that they will not change over to silicon
gate devices in the near future, but the speculation is that the firm’s
new random access memory products will employ the technique.

The Naval Underwater Sound Laboratory, looking for a submarine-
mounted antenna array for tactical satellite communications, has chosen
a type of planar array originally developed for the Army by ITT’s Defense
Communications division.

The new award for delivery of a preproduction model of the
AS-(XU-1)/BRA array is worth $100,000. The antenna will operate in
the 7.2- to 8.4-gigahertz band. The version built by ITT for the Army’s
Satellite Communications Agency was a two-board sandwich of strip-
line corporate feeds and printed dipolar radiators. The Navy array, like
the Army’s, will use dual, circular polarization, but will aim at 19- to
90-decibel sidelobes and aperture efficiencies in excess of 60%.

Data General Corp. will introduce two lower-priced models of its 16-bit
minicomputer line at the Fall Joint Computer Conference Nov. 17.
They'll be an extension of the present machines, compatible both in
hardware and software with the Nova [Electronics, Dec. 9, 1969, p. 76]
and the Supernova [Electronics, Nov. 10, 1969, p. 116]. Pricing will be
in the range of current eight- and 12-bit machines, but performance will
be in line with today’s more powerful 16-bit computers—a combination
the company expects to achieve by using LSI including some circuits
not now used in minicomputers.

Electronics | August 31, 1970



All toroids look alike.

We developed the concept of pulse
rated toroids 1o eliminate tedious se-
lection problems. Now we’ve devel-
oped new materials. Fully proven.
Component tested. So you get guar-
anteed performance over a tempera-
ture range of 0° to 60° C.

Pulse-rated toroids not only sim-
plify your selection process, they
practically eliminate scrap. So you
get 100% vyield in your pulse trans-
former production.

Specifications provided for every
pulse-rated toroid include pulse in-

Indiana general <=

ductance, volt-microsecond product,
and temperature behavior under
pulse conditions.

Parylene-coated pulse-rated to-
roids in sizes and specifications to
suit your design requirements are
now available for off-the-shelf deliv-
ery. Want some? We welcome the
opportunity to send you samples.
And hot-off-the-press spec sheets.
And to consult with you about your
design problems. Write Indiana
General, Electronic Products, Keas-
bey, N. J. 08832,

a division of Electronic Memories & Magnetics Corporation

Electronics | August 31, 1970
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Our PULSE-RATED toroids really are alike.
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Photocells 3x€ tb.o expensive
for my application

New low-cost design
offers many new
application possibilities

Plastic encapsulated cells are now readily available in 4 sizes from .170
inches to .435 inches in diameter...and they’re as rugged and nearly as
reliable as hermetically sealed cells for many applications.

Look again at the applications where you thought photocells were too
expensive. We’ll send you free samples if you'll tell us why you need them:
Call (914) 664-6602 or write Clairex®, 560 South Third Avenue, Mount
Vernon, New York 10550.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX CORPORATION

Circle 36 on reader service card
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C-w diode lases at room temperature

Bell's gallium arsenide narrow-junction device opens

way for use in wideband optical communications

What may go down as the most
significant achievement in semicon-
ductor lasers this year has hap-
pened quietly. At Bell Laboratories,
rescarchers have obtained continu-
ous operation at room temperature
from a double heterojunction, gal-
lium-arsenide alloy, injection laser
—and at current densities low
enough to make this laser feasible
for applications previously denied
it. Up to now, the intense heat gen-
erated during the lasing period al-
lowed only pulse operation.

Operating continuously at room
temperature, the injection (diode)
laser makes an ideal source of opti-
cal energy for small signal applica-
tions. It is small, can be fabricated
by standard diode fabricating meth-
ods, and, unlike solid state and
gas lasers, can be modulated di-
rectly, without the use of inefficient
electro-optic crystals. This ease of
modulation is particularly valuable
for optical communication and sig-
nal processing systems, where com-
plex wideband data must be trans-
mitted on optical carriers and
processed at optical frequencies.

With this new development, Bell
is rapidly getting together all the
pieces of an optical communication
system. Work is well ahead on
thin-film optical ICs that could form
the basis of an optical repeater
channel. An extensive effort is in
progress to obtain efficient long-
haul optical transmission from opti-
cal transmission lines, similar in
concept to Bell’s trial guided-milli-
meter-wave system. The room-tem-
perature diode laser could supply
the needed link.

Continuous opcration at room
temperature was made possible by
improved methods of liquid phase
epitaxial growths, with which nar-
rower active regions can be
achieved. And because the optical
cnergy is confined more efficiently

Electronics | August 31, 1970

to the lasing cavity, lower current
densitics are required for useful
output. In fact, Bell's laboratory
samples have GaAs p-layers, less
than 1 micron thick, that during
continuous room-temperature heat-
sinking operation allow current
densities as low as 1,000 amperes
per square centimeter for special
square diodes and as low as 1,600
A/em? for Fabry-Perot structures,

In the past, current densities as
high as 6,000 A/cm? were common.
Moreover, measured output of 20
mw at these low current densities
was at a figure that is quite re-
spectable when you consider that
100 mw would be a suflicient
power level for most communica-
tion applications. Outputs ap-
proaching this requirement should
result from optimization of these
experimental  techniques — better
heat sinking, narrower junctions.

Bell’s diode is a new four-layer
structure, with an alloy laver
(Al,Ga;xAs) on cither side of the
GaAs active p region, to achicve
the better confinement. Doping
concentrations of the various layers
were instrumental in obtaining the
low current density in the narrow
region. The layers were grown on
polished and etched (111) and (100)
faces of an n-type GaAs substrate.

Integrated electronics

New style beam leads

After trying for 18 months to use
the beam-lead process pioneered
by Bell Laboratories for MOS/LSI
arrays and finding it wanting, engi-
neers at North American Rockwell
Microelectronics have come up
with a different approach.

What NRMEC engineers had to
do was get around such problems
as sputtering the platinum, tita-

nium, and gold on MOS devices.
And to get rid of the extra masking
step required in back-etching chips
apart, they went to laser scribing.
They had run into trouble when
they tried to sputter platinum-tita-
nium-gold onto the contact pads,
and in sputtering the same metal-
ization system over the silicon di-
oxide layer of the devices, explains
Ronald E. Harris, NRMEC’s man-
ager of beam-lead development.
“We were getting increases in
threshold voltages that couldn’t be
annealed out of the MOS devices,”

gt

N?-’J:l

Tight fit. Interleaving of beam leads
shows how closely the chips can be
placed in NRMEC's process. Shown
are shift register chips measuring
180 by 216 mils.
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Harris states. “So we switched
from sputtering to filament evapora-
tion of chromium and gold with
palladium between them. In mak-
ing these changes and going to
an MOS process, we've essentially
come up with a new process com-
pared to the Bell Labs’ method,”
he adds.

But what he believes is really
unique at NRMEC is laser scribing
from the back of the 10-mil-thick
wafers instead of back etching,
which he says is a burden because
it dictates an extra masking step,
wastes silicon, and can lower yields
if the etchant spreads laterally.

The yag laser, x-y positioning
table, and controls were bought as
individual components and put to-
gether in a system that runs at 10
inches a minute. A two-inch-diam-
eter wafer can be scribed in several
minutes, Harris says, if the dice are
large. The system is controlled so
that the laser beam penetrates
about nine mils through the back of
the 10-mil wafer, reported incor-
rectly earlier as 10-micron wafers
[Electronics, Aug. 17, p. 34].

In depositing gold beam leads on
gold metalization, NRMEC has re-
tained the silicon-nitride passiva-
tion of the Bell Labs technique be-
cause it works well with MOS
devices, too. Thus, with gold metal-
ization, NRMEC performs the nitride
passivation step, and etches con-
tacts through the nitride and silicon
dioxide below it. The chromium-
palladium-gold deposition follows,
and then the metal runs are defined
by masking and etching. Next
comes reactive deposition of
another silicon dioxide layer, and
an etch through that down to the
beam area, which allows gold plat-
ing of the beams till they are a half
mil thick.

Gold beam leads are also being
put on wafers metalized with
aluminum. But in this add-on proc-
ess, a second vacuum deposition is
required after the initial aluminum
deposition, to lay down the beams.
The aluminum interconnects are
put down atop the nitride layer,
and silicon dioxide is deposited
over them, The oxide is etched
through to the aluminum contact
areas, then the wafers go back into
vacuum deposition. They get a
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chromium-copper-gold system that
forms the layer onto which the half-
mil-thick beams are later plated
after masking and etching have de-
fined the precise metal runs.

The medium-volume production
line on which the beam-lead laser-
scribed wafers are running could
process 8,000 wafers a month, not
necessarily all beam-lead and laser-
scribed devices. The parts it is
presently producing are used in
military systems made by Auto-
netics,

Avionics

Little giant

What does Honeywell hope to ac-
complish by miniaturizing and
ruggedizing its old reliable DDP-
516 computer and calling it the
HDC-6017 Plenty. With the military
general-purpose avionics market
expected to reach at least $100 mil-

Rugged. The HDC-601, with TTL
logic card shown. Plated-wire
memory is in covered package
to left of logic.

lion through 1975, Honeywell hopes
to bite off a big chunk for itself by
bracketing, in one unit, a wide
range of that market’s computer
requirements plus a lot of extras
[Electronics, Aug. 17, p. 34].

One of Honeywell’s strongest
selling points is the wide accept-
ance enjoyed by the 516 in both
its standard and previously rug-
gedized versions. More than 800
are in use around the world, many
by government agencies. Now that
Pentagon purchasing rules have
been rewritten to read “fly-before-

buy,” the 516’s three-year history
of successful multipurpose use is
a big asset. Another is its exten-
sive software library that can be
used without modification for the
601.

The company’s first success has
been with the Air Force’s AN/ASN-
101, Gimbaled Electrostatic Air-
craft Navigation System (Geans),
an inertial navigator with accuracy
believed to be around 0.1% of dis-
tance flown. Geans is being con-
sidered for the B-1 bomber and on
Awacs, and the 601-P (plated-wire
memory) has been approved as the
Geans guidance computer.

The Air Force also is planning to
use it on a reconnaissance and tar-
get-location program. The first
601-P has been delivered to Honey-
well’s Minneapolis facility for use
in the latter program and, under a
$5.3 million contract from Air
Force Systems Command at
Wright-Patterson AFB, Honeywell’s
Aerospace division will manufac-
ture three of the Geans guidance
units, each comprising an inertial
platform, a 601-P, a platform/com-
puter interface unit, and a control/
display input device.

Honeywell  engineers  have
slashed the 601’s weight to 30
pounds from the 516’s 250 pounds.
Size reduction has been even more
dramatic: the miniaturized unit oc-
cupies only 0.7 cubic foot, shrunk
more than 40:1 from the 30 cubic
feet of the 516. Power consumption
also has been slashed—to 122 watts,
compared to 1 kilowatt for the
standard 516 and 1,400 watts for
the even larger ruggedized 516.

Available software, which would
cost just under $1 million to dupli-
cate from scratch, includes Fortran
IV compiler; symbolic-to-binary
coding translation; input/output
data formating; real-time on-line
executive; a scientific routines pack-
age; a subroutine library; and
utility, test, and diagnostic pro-
grams.

The 601 also is compatible with
the full line of 516 peripherals—
magnetic tape, disk and drum
stores, paper-tape punch and reader
units, punched-card readers, line
printers, teletypewriters, and an al-
phanumeric display terminal with
a 16-line, 1,024-character capacity.
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Anyone with a 516 and some of
these peripherals can check the
601’s performance before investing
in one, or having ordered one, can
write and debug new software well
in advance of hardware delivery.

The 601 features parallel organ-
ization, 16-bit word length, mem-
ory size from 8,000 words to 32,000
words in 8,000-word increments,
0.5-microsecond memory access
time and 1 psec and 19 psec, re-
spectively, The unit is designed
around MSI circuits mounted on
plug-in boards and using transistor-
transistor logic. Signetics’ series
8000 TTL ICs are used widely, as
are comparable lines from Fair-
child, Motorola, and Texas Instru-
ments. )

Air traffic control

Satellites vs. beacons

Satellites will be pitted against
superbeacons in a high-level debate
between a White House panel and
the Federal Aviation Administra-
tion. The President’s Scientific Ad-
visory Committee (PSAC), whose air
traffic control panel is headed by
satellite proponent Richard Garwin,
will shortly release a challenge to
the FAA’s proposed use of an air
traffic control radar with a data link
capability. The agency is support-
ing superbeacon development rec-
ommendations of its Air Traffic
Control  Advisory = Committee
(ATCAC) [Electronics, Aug. 17, p.
1117,

The PSAC role stems from its re-
view of the ATCAC two-year analy-
sis of U. S. air traffic control needs
which was completed last year
[Electronics, Oct. 27, 1969, p. 127].
Although PSAC will not recommend
that satellites be substituted for
beacons, its expected criticism of
radars with data link capability is
already being interpreted as a back-
door plea for accelerated develop-
ment of air traffic control satellites,

A source on the panel says that it
“does not see eye to eye” with the
FAA on its proposal to develop the
superbeacon radars during the next
six years, but is expected to recom-
mend that the FAA continue to use
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its present beacon system. As soon
as a data-link capability is needed,
he adds, the panel will recommend
that a dedicated data-link system
be installed. And one strong candi-
date for the communications func-
tion is satellites, he says.

“We’re not saying use satellites,”
the source states. “We’re asking:
what is the state of technology in a
number of advanced areas? What
does it do best?” Costs are very im-
portant, he points out, yet the sys-
tem laid out by the ATCAC com-
mittee for the 1980’s is highly labor
intensive. The cost of a satellite
system, on the other hand, is un-
known.

Ben Alexander, the chairman of
ATCAC, views satellites differently.
“Adding satellites would do noth-
ing for the crunchier areas of air
traffic control,” he says. The
“crunchier” areas are air traffic
saturation at major areas, the
serious risk of midair collision, and
the general lack of automation.

“I believe that with our recom-
mendations we can very, very com-
fortably cope with air traffic growth
for the next 20 years,” Alexander
says, and adds that this improve-
ment can be made at a very low
risk—something that can’t be said
for satellites.

Nor could satellites cope with
synchronous garbling of trans-
ponder signals, caused by the over-
lapping of replies in high traffic
areas, which remains one of the
largest single problems in air traffic
control. According to the ATCAC
chairman, it could be solved if de-
coder-equipped planes were inter-
rogated for altitude and identity
link during the superbeacon’s dead
cycle. These planes, most of which
would be commercial craft, could
then decline to respond during the
beacon’s area search cycle, elim-
inating what is a major source of
garble.

Once the data link was operative,
the channel could also be used to
warn aircraft away from collision
courses, he adds, With satellites,
however, neither problem would be
addressed. “Satellites are unreal-
istic and too expensive,” Alexander
says. If money is available for satel-
lites, “it should be put into auto-
mation.”

U.S. Reports

Solid state

Hybrids pack it in

Though MOS in general and mem-
ory elements in particular have
been attracting most of the atten-
tion lately, Fairchild Semiconduc-
tor’s hybrid group is making a bid
for some of the limelight. The
group has been working on a fre-
quency synthesizer for telecom-
munications equipment, a complete
system that will be packaged in
four 30-lead flatpacks with an up-
per frequency limit of 200 Mhz.
Says one Fairchild engineer,
“The best available method of se-
lecting frequencies until now has
been to use a prescaler, combined
with discrete devices, on about
three p-c boards. But with our ap-

Card. Frequency synthesizer
uses one p-c board instead
of the three usually needed.

proach, the four hybrids and the
crystal, coils, and other compo-
nents will all fit on one board.”

In operation, the synthesizer con-
trols the frequency of a local
oscillator by means of a phase-
locked loop, which links a voltage-
controlled tuner and oscillator, a
logic prescaler, a programable di-
vider, and a reference divider and
oscillator.

The tuner-oscillator is a two-
stage, grounded base r-f amplifier
with muxer, local oscillator and in-
tegrator sections, It is voltage tun-
able in two bands over a range of
80 Mhz to 150 Mhz, and has a
sensitivity of better than 1 micro-
volt. Tuning is provided by two
sets of matched varactor diodes,
each of which may be switched in
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parallel for band selection. Auto-
matic gain control range is 100 db.

The prescaler is a multilayer
emitter-coupled logic circuit ca-
pable of prescaling down from 150
Mhz. It has programable prescale
division ratios of 5, 10, and 20. A
pulse-swallowing technique per-
mits the ratios to be programed to
a 5/6,10/11, or 20/21 combination,
which allows the system reference
frequency to remain unaltered.

The divider operates at 10 Mhz
and provides synchronous count-

ing and parallel entry. It supplies

three decades of program counting,
two decades of pulse swallowing,
and a frequency phase comparator
latch, all in the same package. In-
corporated in this circuit are five
MSI binary-coded decimal counters.

The reference divider-oscillator
contains a programable reference
divider and interface circuitry. It
provides synchronous counting and
parailel entry.

All four circuits were combined
with other Fairchild ICs to form a
complete 3 to 150 Mhz rccciver.
The whole design took much less
time than would have been possi-
ble with discretes. And Fairchild
engineers feel that the building
block technique will allow the syn-
thesizer to be used in other appli-
cations, such as instrumentation
and special test gear.

Lasers

Tuning with tint

When researchers started experi-
menting with dyes in liquid lasers
some five years ago, the goal was
to broaden the range of emission.
Glass and gas lasers were notorious
for emitting only at narrow lines
and, though this was good for re-
search, more practical endeavors—
like communications and optical
signal processing—needed wide-
band emission.

So when liquid lasers, laced with
inorganic dyes and sometimes
called chemical lasers, were made
to lase over a band as wide as 400
angstroms, the work appeared to
be on the right track. Now re-
searchers at Bell Labs, using a
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chemical reaction that occurs within
an organic single-dye liquid mix-
ture, have managed to achieve
pulse emission continuously tun-
able over roughly half the visible
spectrum—about 1,700 A, in fact—
which is better than four times
that previously reported.

The colors range from yellow to
ultraviolet, the peak power of about
45 kilowatts occurs at the blue line
of 4,900 A, and the pulse widths,
following the pump, are 10 nano-
seconds. Over the entire emission
band, pulse power averages 5 to
10 kilowatts. Higher powers are
available if bandwidth is sacrificed
—say down to 1,000 A.

An organic dye such as 4-mcthyl-
umbelliferone is put in an acid so-
lution. When suitably pumped
with, for instance, a nitrogen laser
at 3,371 A, a chemical reaction oc-
curs between the dye molecules
and the hydrogen molecules in the
acid, and produces some dye mole-
cules in a form different from those
normally excited. Each of these two
states of the dyc molecules emits
in its own characteristic spectrum.
By adjusting the concentration of
hydrogen ions in the liquid, the
rate of reaction can be manipulated
and thus the relative concentration
of new and normally excited dye
molecules can be controlled.

This means that controlled quan-
tities of both molecular forms exist
simultaneously during each lasing
period, permitting emission over
both bands of the two forms. A
conventional diffraction grating
setup is used to tune the laser
to any frequency in the band.

There are still problems. One is
the heat absorbed from the pump
energy, which by causing local
changes of refractive index in the
liquid tends to blow it apart. This
restricts the energy that can be
pumped into the liquid (about 120
kw) and thus limits the pulse rate
or duty cycle to about 10 pulses
per second. By increasing thermal
conduction out of the liquid (flow-
ing it transversely to the pump
beam), the system can, however,
be driven at 100 pps.

Around the corner for dye lasers:
electrical wideband tuning, which
will make any frequency in the
band available instantaneously.

Space electronics

Guiding Rover

Man’s ability to go to the moon
and return with a high degree of
accuracy is no guarantee that he
can navigate with similar precision
on thc moon’s surface. So to make
sure the astronauts get back to
their lunar module after surveying
the moon’s surface in the Lunar
Rover—an activity scheduled for
Apollo 17—the Boeing Co.’s Seattle
electronics group has built a so-
phisticated navigation system for
the Rover. In fact, one Boeing en-
gineer says that it might be the
most complex navigation system
ever put on what amounts to a
“dune buggy.”

The Rover’s navigation system,
which can best be described as 