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Copper leads reduce offset and
increase MOS FET chopper performance.

Thermal voltage generation is the number one prob- noise level of only 15 microvolts rms. O Compact,
lem you face when working in the low microvolt solid state monolithic circuitry incorporates built-in
region. Airpax engineers have chosen a specially zener protection for the drive gates. Drive signals
designed 6-pin header for the new Model IC-1  can be either sine wave or square wave. [ Appli-
MOS FET chopper that greatly reduces the offset cations include half-wave and full-wave modulators;

problem! Another Airpax component of confi- summing, comparing, and time-sharing circuits.
dence. O Maximum DC offset voltage is only 5§ O Contact an Airpax sales representative or
microvolts, and a typical value is 1.5 microvolts. write Airpax Electronics, Cambridge Division,

ambridge, Maryland 21613. Phone (301) 288-

o]
- 4600. Telex: 8-7715. TWX: (710) 865-9655.
AIRPAX ...components of confidence.

Circle 900 on reader service card

And the Model IC-1 SPDT chopper uses MOS
field-effect transistors to insure maximum
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- Dollar for Dollar—
You get more from
an HP Oscillator!
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Most ac work starts with an oscilla-
tor...why not start with the best?

And best does not necessarily mean
more expensive. It means selecting
the right oscillator for your require-
ments at the right price.

Sounds simple, until you sit down
to decide which oscillator is best for
you. Then, you have to compare your
technical requirements against what
is available. Next you make the nec-
essary trade-offs between perform-
ance and price to insure that you get
the best oscillator for your job at the
best price. Finally you have to weigh
the intangibles, like company reputa-
tion, service and reliability.

But there is an easier way!

HP has been in the oscillator busi-
ness for a long time. In fact they
invented the first stable wide band-
width Wein - bridge oscillator. And
since that time HP oscillators have
built a solid reputation for perform-
ance and reliability—in fact most of
you have used them in the past.

So, all you really have to do to get
all the information you need to decide
which oscillator is best for you is turn
to page 267 of your 1970 HP catalog.

Not only will you get information
on all of HP’s complete line of oscil-
lators...you also get the background
information to help make your choice
more meaningful.

HP oscillators give you a wide
range of choices. Frequencies start
as low as 0.00005 Hz and go as high
as 32 MHz. You can even get power
outputs as high as 5 watts.

And, if you have any questions, just
call your [ocal HP field engineer. He
will be more than happy to answer
your questions and give you any help
you may need in selecting the best
oscillator for your requirements.

Or, write to Hewlett-Packard, Palo
Alto, California 94304. We will send
you complete information and appli-
cation notes on HP's oscillators.
Europe: 1217 Meyrin-Geneva, Switz-
erland. Prices on HP oscillators start
as low as $215.

HEWLETT hp; PACKARD
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Maintainability?®

Systems maintainability is assured by Minelco’s power of 3: BITE (Built in test equipinent)
indicators that pinpoint circuit faults, say GO or NO GO. Elapsed Time indicators
that tell you how long things have been going on. Events Counters that tell you how
often they’ve happened. And Minelco is the exponent of the maintainability
component. Miniature and subminiature—in a size, configuration, and type for
every requirement—for your requirement. Minimize downtime...get up with the Big Time.

MINELCO’

SPACE AND SYSTEMS DIVISION u GENERAL TIME

NS ¢
", o
by cEwER 135 South Main Street, Thomaston, Conn. 06787
For information and specifications, contact our local representative:

Huntsville, Ala. (205) 883-0244 / Phoenix, Ariz. (602) 267-3916 / Palo Alto, Calif. (415) 326-4186 / San Diego, Calif. (714) 298-1121 / Orlando, Fla.
(305) 851-1210 / Marietta, Ga. (404) 422-8242 / Berkeley, Ill. (312) 544-7400 / Indianapolis, Ind. (317) 925-3528 / Santa Monica, Calif. (213)
451-5711 / Wichita, Kans. (316) 683-7518 / Waitham, Mass. (617) 894-9165 / Bridgeton, Mo. (314) 731-3011 / Plainview, N.Y. (516) 681-8710
Utica, N.Y. (315) 735-8341 / Columbus, Ohio (614) 231-4571 / Dayton, Ohio (531) 224-0728 / Devon, Pa. (215) 688-5157 / Fort Worth, Tex.

(817) 335-4541 / Arlington, Va. (703) 525-1191 / Beilevue, Wash. (206) 454-7922,

BITE INDICATORS ¢ ELAPSED TIME INDICATORS « EVENTS COUNTERS « ROTARY SWITCHES « TRIMMER POTENTIOMETERS
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Standard read-only memories

simplify complex logic design

Large-scale integration of semiconductors
has made standard memories practical for
use in implementing combinational and
sequential logic

Floyd Kvamme,

National Semiconductor

Designer’s casebook

= Op amps reject line noise
in a-d converter’s input

= Resistors come to light
in digital display system

= Unijunction controls oscillator
in simple underwater pinger

Market pacesetters: 1970
Electronics’ annual survey indicates a
small increase of 3.49% over the 1969 market.

Bold new inroads for the computer

as the digital era gets under way

Increased demands for peripherals, remote
terminals, minicomputers, computer-
controlled testing, and data modems char-
acterize electronics technology this year

Spotlighting major meetings
Four-page foldout offers checklist
of events through June 1970

Symmetrical ECL doubles

IC NOR function efficiently

An extra function adds to the virtues of
this fast advanced-logic family while hold-
ing delay to 0.9 nsec and power dissipation

to 35 mw

Hans-Wilhelm Ehlbeck and Herbert Stopper,

AEG-Telefunken
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As computers go, so goes electronics

If anything will make the 1970’s a “swinging decade” for
electronics, it will be computers. For the electronics business,
the computer represents both a market and a tool. The all-
pervasive nature of the computer is exemplified by its strong
insinuation into nearly every area of the electronics art with
the exception of consumer electronics—and its threat to enter
that area is clear. Furthermore, the other great common
denominator of electronics, communications, can scarcely be
discussed without considering computers. One is tempted to
coin a descriptive term linking the two. Teleprocessing does
not seem to say it all, while computications seems to lack a
certain zing.

While designers are developing next-generation computers
and computer systems, they will not go shocless as do the
proverbial shoemaker’s children, but rather will exploit com-
puters in both design and production tasks. The pundits are
guessing that upwards of $100 million will be spent each year
to develop computer-aided design (cap) programs and tech-
niques. Computer-aided testing (caT) is becoming indispen-
sible for an increasing range of components and systems, such
as large-scale integrated arrays containing several hundred
elements. The logical extension of cap, particularly in the case
of integrated circuits, is computer-aided manufacturing
(cam). The ideal case would be to specify system parameters
and get hardware topology as an output (for example, a set
of masks for an Ls1 array). Then, process-control computers
would be used to monitor and keep manufacturing steps
within limits.

On-line, interactive methods of design will surge in popu-
larity. (However, it will take improved hardware and a lot
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of savvy to use them effectively.) One indication of their
growth is a forecast that sales of graphic displays will rise from
3,000 units in 1970 to 40,000 by 1975. One designer says if
it’s not interactive, “it ain’t design.”

If one nceds reassurance that the computer market is indeed
burgeoning, it is available in a report just issued by the Die-
bold Research Program. Annual shipments of computers are
expected to reach 18,000 this year and 46,000 by 1975. The
report ties the five-year growth to the continuing sale of
medijum- and large-scale systems as well as to the introduction
and wide acceptance of minicomputers. Projections of strong
gains by minicomputers are linked to “babysitting” applica-
tions, such as life-test monitoring, turning factory lights on
and off, and controlling environmental conditions for both
manufacturing processes and factory personnel. Diebold’s
estimates for the shipments of computers for monitoring and
control applications are 5,000 units in 1970 and 22,000 in
1975. Such computers are finding their way into a variety of
instrumentation systems, as well. For example, the satellite
navigation system of the superliner Queen Elizabeth 2 uses
a minicomputer.

While the total number of small computers shipped will
soar from 13,000 to 37,300 between now and 1975, the value
of such shipments by 1975 will represent only about 5% of
the total, compared to about 20% today. What should not be
overlooked, however, is the role of the small computer as
terminals for access to larger systems, as buffers, communica-
tions processors, and controllers.

In its look ahead, the Diebold report sums up the consensus
viewpoint of technical observers with these predictions for the
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Readers Comment )

(in $ billions)

five-year period:

) Hundreds of logic functions will be crammed into one Lst

circuit chip, and circuit failure rates will reach 10—69, per

1,000 hours.

p Core memories will be supplanted by batch fabricated

memories. Access time to main memories will improve by

three orders of magnitude. Extensions to the main memory of

up to 200 x 10° bits' will be available, accessible in a micro-

second at a cost of less than one cent per bit.

) Large scale (15 x 10° byte) solid state files will cost

$0.0001 per bit.

) Recording densities will approach 10,000 bytes per inch

and tape transport speeds, 500 ips.

) Non-impact printers will ran at 10,000 lines per minute;

card readers at 2,500 cards per minute.

p Keyboard costs will be cut in half when electronic, rather

than electromechanical, connections come into widespread

use. Communications interface units will continue to decline

in cost as the Federal Communications Commission ok’s more

foreign attachments, and one 1c chip will contain most of the

adapter.

) Pulse-code modulation will be a principal means of trans-

continental transmission.

) A small-scale computer having a 16-K memory, 10 micro-

second add time, read-only microprogram memory, type-

writer, and telephone coupler may sell for as little as $6,500.
On its 25th anniversary, the electronic computer holds

forth the promise of a future that will outshine its past. And

appropriately, the computer will play an important part in

creating its own future.~D.C. @

McGraw-Hill News Service
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Cleveland: Arthur Zimmerman; Dallas: Marvin Reid; Detroit: James Wargo;
Houston: Barbara LaRouax; Los Angeles: Michael Murphy; San Francisco:
Margaret Drossel, Tyler Marshall; Seattle: Ray Bloomberg; Washington:
Charles Gardner, James Canan, Herbert W. Cheshire, Seth Payne, Warren
Burkett, William D. Hickman; Bonn: Robert F. Ingersoll; Brussels: James
Smith; Hong Kong: Kate Mattock; London: John Shinn; Mexico City: Gerald
Parkinson; Milan: Jack Star; Moscow: Jack Winkler; Paris: Robert E. Farrell,
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Electronics | January 5, 1970

Plotting impurities

To the Editor:

The article on the Copeland Wafer Ana-
lyzer [Sept. 15, 1969, p. 167] compared this
device with the plotter designed by Peter
Baxandall and marketed by J.A.C. Electronics.
In the article, John Copeland commented
that at small depths, our instrument meas-
ured an average, not the actual, density.

I can’t understand Mr. Copeland’s com-
ment. At the minimum d-c bias of 0.5 volt,
the a-c signal applied is 50 millivolts, which
induces a motion of the depletion layer con-
siderably smaller than a Decbye length. In
practice, the two instruments do precisely
the same job, which we have verified by means
of comparison testing.

Using an epitaxial layer of gallium arsen-
ide, the divergence between the two curves
is less than the quoted error of either instru-
ment, and less than the difference normally
observed between different diodes on the
same slice.

C. Hilsum
Ministry of Technology
Worcestershire, England

* Mr. Copeland’s comment was based on
information available at the time [Electron-
ics, March 31, 1969, p. 179]. Then it was
stated that the J.A.C. machine had two a-c
signals at 1 kilohertz and 100 khz, cach with
0.15 volt rms amplitude. This would mean
a peak-to-peak a-c voltage of 0.84 volt, not
a small figure compared with the bias volt-
age usced to measure profiles near the sur-
face, or for high carrier densitics. Thus aver-
aging would result. Operation at the smaller
value of a-c signal specified by Mr. Hilsum
would indeed reduce this cffect to where it
would be negligible in most normal cases.
(Both Messrs. Copeland and Hilsum are well
known in the microwave bulk-effect device
field. Mr. Hilsum, as well as B.K. Ridley and
T.B. Watkins of Mullard Research Labora-
tories, predicted the mechanism for the
Gunn effect before it was demonstrated. Mr.
Copeland is credited with first demonstrat-
ing the LSA mode of operation in bulk-effect
devices.)

Missed keyboards

To the Editor:

I was disappointed in Leon Magill’s article
on electronic keyboards [Nov. 10, 1969, p. 145]
in that he overlooked Connecticut Technical
Corp.’s 10-year history of keyboard manufac-
turing. Perhaps this is our own fault, for lack-
ing a flair for publicity. But to sct the record
straight, CTC furnishes keyboards both in
coded and uncoded form, and quotes to speci-
(continued on p. 6)
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DECODE
DRIVERS

Problem: Decode binary counter
output into separate lines to drive
indicator lamps or FET switches.

Solution: Siliconix DI132L for the
lamps, D129L for MOS FET
switches. Both drivers provide four
output channels, inputs are compat-
ible with most TTL or DTL logic
circuits, and outputs are capable of
50 volt switching.

D129L or D132L

YA D
A
B — — Vo2
B — — Vo3
A
D P

Enalile

TRUTH TABLE

Counter State Output
A B Va | Ve Vi | Vi
0 0 0 1 1 1
0 1 1 0 1 1
1 0 1 1 0 1
1 1 1 1 1 0

Write for complete data. For instant
information and applications assist-
ance, call the number below.

Siliconix
incorporated

2201 Laurelwood Rd. « Santa Clara, Calif. 95054
(408) 246-8000 Ext. 201 « TWX: 910-338-0227

* Applications Power: Providing
the product and service to make
your product serve better!
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Readers Comment

fication, which as you noted, is the
industry’s practice.

Harold M. Kneller
President,
Connecticut Technical Corp.
Hartford, Conn.

To the Editor:

I read with interest Leon Ma-
gill’s round up of the electronic key-
board industry, and I wish to com-
mend him for his candid and de-
scriptive summary of the industry.
However, I found the article some-
what incomplete as no mention
was made of the solid state key-
boards produced by Nucleonics
Products Inc. I recognize that it is
difficult to be 100% aware of all
the manufacturers in a given mar-
ket place and that this is undoubt-
edly the reason for the oversight
occuring, as it did, in the article.

Howard K. Cooper
Executive vice president,
Nucleonics Products Inc.
Canoga Park, Calif.

Not descriptive

To the Editor:

I would like to point out that
Plumbicon is a registered trade-
mark of N.V. Philips Gloilampen-
fabrieken for tv camera tubes, reg-
istration No. 770,662, dated June 2,
1964. It should not be used as a
descriptive word as occurred in
one of your articles on video tubes
[Nov. 10, 1969, p. 235].

Lucien G. Farron
New York City

i— SUBSCRIPTION SERVICE

| Please Include an Electronics Magazine address ‘
label to insure prompt service whenever you |
| write us about your subscription.
3
Electronics
P.0. Box 430
I Hightstown, N.J. 08520

| Mail to: Fulfillment Manager

. ATTACH

Telephone tie-ins

To the Editor:

Roger Kenneth Field, in his spe-
cial report on communications
[Nov. 24, 1969, p. 73], refers to
certain specifications which must
be met to connect foreign objects
to a tclephone line. I have ques-
tioned the Wisconsin Bell Tecle-
phone Co. and it professes no
knowledge of any such speccifica-
tions. What was your reference and
authority to print them, and where
can I get an official copy?

Richard McBeth
Project engineer
Ipsohpne Corp.
Milwaukee, Wis.

» The source is the AT&T Co.,
Long Lines Department, Adminis-
trator of Rates and Tariffs, 32 Ave-
nue of the Americas, New York,
N.Y. 10013. The specific document
is “Long Distance Message Tele-
communications Service,” Tariff
FCC No. 263.

Oneupmanship

To the Editor:

I want to bring to your attention
a printing crror that occurred in
your article about active filters
[Oct. 27, 1969, p. 106]. The equa-
tion for Ty has Ty = In/1 + A.
However, it should read T; =
1/n/1 + A. This would then result
in dmin = 2\/1 + A, as in your
article.

Alexander Galosi
Galion, Ohio

CHANGE OF ADDRESS 5‘
If you are moving, please let us know |
five weeks before changing your address. i

uBEI- Place magazine address label here, print l
HERE your new address below. H

i
7 -\ -]

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

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

| rates for foreign countries available on request

name
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...like more capacitance in alvminum ’lytics?

OWERLYTIC”
CAPACITORS

e Large cylindrical electrolytic capacitors for use in digital computer
power supplies, industrial control equipment, energy storage
applications, etc ® Low impedance construction e Largest

case (3” dia. x 8% high) provides 650,000 uF at 3 volts!

® Can be operated at +85 C e Tapped No. 10-32 terminals simplify
filter bank assembly e Available with or without outer plastic
INFORMATION RETRIEVAL NO. 310 insulating sleeves ® Request Engineering Bulletin 3431C

4SC9153R1

...want high volume efficiency in tubular ’lytics?

Use SPRAGUE Type 39D

POWERLYTIC
CAPACITORS

® Provide maximum capacitance in smaller cases
with axial leads ® No internal riveted or pressure connections
® Welds at critical anode and cathode terminals ® Molded

end covers e Life expectancy of 10 years or more in normal
service ® Very low effective series resistance and
INFORMATION RETRIEVAL NO. 311 leakage current ® Request Engineering Bulletin 3415

43C-9154R1

For Engineering Bulletins as noted above, write to:

Technical Literature Service, Sprague Electric Co., 35 o
Marshall Street, North Adams, Massachusetts 01247, ) s p R n G U E

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

"Sprague’ and @ ore registered trademarks of the Sprague Electric Co.
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Help exterminate

the QUADRADECAPEDE!

West Concord, Mass. - Doctors here announced a cure for
the virus streptocircuitus integratus, transmitted by the
fourteen-legged logic bug and prime cause of inflamed logic
and many chronic output diseases.

A statement released by the group said in part, "By
using the new General Radio 1790 Logic-Circuit Analyzer,
with all its active ingredients, we are now in a position to
perform 100% functional testing — on even the most com-
plex modules. The computer-controlled 1790 can test
devices with as many as 96 inputs and 144 outputs,
checking from a simple functional GO/NO-GO test to a
detailed step-by-step analysis for the debugging of defective
units, and the optional programmable logic levels permit
marginal testing!

“For only $32,500 we can’t see why any user of print-
ed-circuit boards or integrated arrays would be without one
— especially since extensive programming knowledge isn’t

Circle 8 on reader service card

required. The results have been overwhelming! In several
thousand test cases we've been able to eliminate defective
IC's and modules early in the game, thereby producing
harmony, well-being, and great cost savings in production.”

Help increase the yield and longevity of logic circuits!
Write or phone for more information from General Radio
Company, West Concord, Massachusetts 01781; telephone
(617) 369-4400. In Europe write Postfach 124, CH 8034
Zurich 34, Switzerland. Price applies in US.A.

GENERAL RADIO I
@
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Who's Who in this issue

In addition to working on high-
speed circuits, Heinz-Wilhelm Ehl-
becek, author of the article begin-
ning on page 142, has supervised
work on computer-aided mask-
making, multilayer interconnection,
and complementary MOS circuits.
He is in charge of advanced IC de-
velopment at AEG-Telefunken. Co-
author Herbert Stopper’s main in-
terest has been high-speed circuits,
first with General Electric Co.’s

A
o

\
\ W

¥ &

x._v\ &

- computer group in Phocenix, then
- with  AEG-Telefunken, and now
Ehibeck Stopper with National Cash Register Co.

Floyd Kvamune, microcircuits product manager at the Na-
tional Semiconductor Corp. in Santa Clara, Calif., was
among thosc responsible for National’s move from the red
ink to the black two ycars ago. Author of the article starting
on page 88, Kvamme worked his way through the University
of California as a carpenter. He holds a master’s degree from
Syracuse University, and has worked at General Electric
Space Technology Laboratories, and Fairchild Semicon-
ductor. A star softball player, Kvamme is a Bible scholar,
and teaches at his church one night a weck. In his spare
moments he has found time to lecture on the semiconductor
business and technology in such diverse locations as Japan.
Isracl, and Cermany—visiting all thesc nations since last
Labor Day. Kvamme

Forecasting technological trends
for 1970 was the mandate given to
Electronics” editors, who drew upon
the varied technological expertisc
of engincers and managers at com-
panies across the nation. Their
findings, and the market statistics
complied by market rescarch man-
ager David Strassler and his staff,
comprise the 36-page report begin-
ning on page 101. Art director Jerry
Ferguson prepared the cover de-
signs and supervised the layouts
symbolizing the digital techniques
that will characterize the 1970’s,
And production editor Sue Hurl-
burt and copy editors Bill Weiss
and Ed Flinn were among the be-

; hind-the-scenes people who helped
Weiss  Strassler  Flinn  Hurlburt  Ferguson polish and produce the report.

|
~
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National/ TTL

54s. 74s. Low power and Hi-rel.
O Send me the TTL tally.

O Send me your new IC catalog.

Name. Name

Title Title

Company Company

Address_ Address

City State Zip City State Zip
National/Linear National/Hybrids

Hands-down leaders in the
linear line up.

O Send me the Linear Lit Pack.

O Send me your new IC catalog.

Name

Title

Company _

Address

City

National /DTL
Old favorites. The whole 930 series.

O Send me the DTL data.
O Send me your new IC catalog.

Big performers with a chip on the
shoulder.

[0 Send me the Hybrid hypothesis.

O Send me your new IC catalog.

Name

Title

Company

Address

City

National/ MOS

ROM:s and registers, quite a bit better.

O Send me your MOS material.
O Send me your new IC catalog.

Name

Title

Company

Address S

City

National/FET

Featuring the fabulous monolithic
Dual.

O Send me the facts on your FETs.

O Send me your new IC catalog.

Name

Title

Company

Address

City

Electronics | January 5, 1970



We care enough

to send

the very best.

Buy the carload.

tabulation.

Name

National/ Transistors
NPNs. PNPs. By the numbers.

(O Send me your Transistor

[0 Send me your new IC catalog.

Title

Company

Address

City ___State

It’s

Electronics | January 5, 1970

National/Dice

The wherewithal to do your own thing.

O Send me the Chip charts.
(O Send me your new IC catalog.

Name

Title

Company______ -
Address___

City State

all in our new IC catalog.

Loaded with specs, schematics and design data. High-flying lowdown on
circuit design, performance and reliability. Best be National.

National Semiconductor, 2900 Semiconductor Drive, Santa Clara, California 95051

National /883

We put put a lot of stock in hi-rel
inventory.

O Send me the numbers on 883.
(O Send me your new IC catalog.

Name

Title

Company_
Address.
City

Reply in confidence to

National Semiconductor
2900 Semiconductor Drive

Santa Clara, California 95051

The best is right for me. Send me your

[0 New IC catalog.
Plus shortform material on

(J Transistors [] FETs [J Dice.

Name
Title
Company _
Address._
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A
SYSTEM
=~

IS ONLY AS
STRONG AS ITS

Electronics systems depend on the
smooth, integrated functioning of
every component. A system with
weak links isn‘t really a system.

ROMOHAWK

leaves the
weak links
out

Romohawk is an electronics systems
engineering company. We don’t make
weak tinks. With R & D, design, and
production facilities in-house, we
make systems and subsystems that
work. And our technical services can
keep any system working.

ECG and Central Station Monitors
engineered by Romohawk

These units make up a hospital inten-
sive care system that keeps constant
check on a patient’s condition. They
feature multiple trace CRT displays,
very high gain, low noise differential
amplifiers, and logic circuits for alarm
processing. Romohawk was able to
design, test, and produce quantities
of these units in just 90 days.

ROMOHAWK, WHERE ENGINEER-
ING IS MORE THAN INTERCON-
NECT DIAGRAMS AND PURCHASE
ORDERS.

—* ROMOHAWK
" ELECTRONICS CORP.
811 CourtSt., Utica, N.Y. 13502

315-797-5445

| 1
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Who's Who in electronics

George D. Butler

Meteorologists know that a hurri-
cane’s eye is the calmest, safest
spot. Now Electronic Industries
Association president George D.
Butler has demonstrated the phe-
nomenon once more following the
management storm that swept
through the EIA last month. The
storm broke when Butler, after six
months in office, fired Jack Way-
man from the job of Counsumer
Products division vice president
which he had held for seven ycars
fsee p. 47]. The resultant furor
appears to have left the EIA presi-
dent untouched; if George Butler
lost his cocl, it never showed.

Undismayed by the fact that he
will soon become a grandfather at
age 50, Butler is pushing ahead
with plans to bolster EIA’s position
as the industry spokesman in the
capital. Recognizing the diverse
and sometimes polarized positions
of elements within the industry—
such as those of the consumer
products free-traders as opposed to
the protectionist-oriented parts pro-
ducers—Butler plans a legislative
action group which would attempt
to resolve these differences and
consolidate now-fragmented efforts
into a strong lobbying force. This
promises to be a more visible
change in the EIA reorganization
set in motion last June when Butler
took office as the association’s first
salaried president.

Flyer. Son of a Stetson hat sales-
man, Butler earned degrecs in
chemistry and physics at Princeton,

but ultimately wound up in man-
agement, Before joining the EIA, he
had been president of the Electra/
Midland Corp. until that company
was acquired by the Transitron
Electronics Corp. Though Butler’s
job has changed, his hobby has not.
He still likes to fly his own airplane,
which he uses for sightsceing and
training pilots.

The crew-cut executive surprised
some of his detractors when he
tangled with Wayman and won.
But George Butler is trying to put
that dispute behind him. And now
he is anxious to get on with the job
of bringing industry’s positions on
a variety of issues into better focus,
and making them better known. He
feels that job is important as elec-
tronics moves into heretofore unex-
ploited markets, and becomes in-
creasingly involved with more
federal agencies.

“There’s no question that the
domestic  sector will obtain a
greater share of our natural re-
sources than in the past,” says
Butler, and the enlarging domestic
markets will be mass transporta-
tion, communications, pollution, air
traffic control, and the problems of
the cities. “It’s a real challenge for
the clectronics industry, which has
not been as active in providing
cquipment, systems, and services
in these arcas as it might have
been.”

Long look. To get a handle on
what will be expected from indus-
try in the future, Butler is institut-
ing a long-range planning group to
look at the “technological, political,
and sociological forces in the coun-
try,” and to come up with a picture
of how the industry is going to look
like in the next 15 to 20 years. The
study, he says, will take about a
year, and will encompass not only
marketing, but also the domestic
and international structure of the
industry.

“The big semiconductor houses
have often turned down customers
trying to apply new technology be-
cause they can’t always see a quick
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JEFID coMPONENTS — el m—
RELIABILITY PROVEN IN DEEP SPACE

MINUTEMAN

JFD continues to earn its reputation as
a leading state-of-the-art discrete
components manufacturer. OEM manu-
facturers — Military, Space and Com-
mercial — display their confidence by
specifying JFD for miniaturized fixed
and variable capacitors, LC networks
and tuners.

JFD components have helped make pos-
sible such sophisticated systems as —
Minuteman, guidance and control (Auto-
netics Division North American Rock-
well Corp.) — Apollo Command Module
S-band transponder and Up Data Link
and Lunar Module S-band transceiver
(Motorola Inc.) — Pioneer, deep space
data probe (TRW Inc.). These are only a
few of JFD's more dramatic application
credits.

JFD will continue to innovate and set
higher industry standards of quality and
reliability essential to ‘Space Age’ cir-
cuitry.

Use the coupon at the right to learn
more about JFD components.

PIONEER

-

"l, I. SUBSIDIARY OF RIKER-MAXSON CORPORATION
JFD ELECTRONICS CORP. / COMPONENTS DIVISION
15th Avenue at 62nd Street o Brooklyn, N.Y. 11219/ Phone 212-331-1000 » TWX 710-584- 2462

PLEASE SEND ME THE LATEST DATA ON THE FOLLOWING COMPONENTS LINES:

I PISTON TRIMMER & TUNING CAPACITORS

I MVM/VAM AIR VARIABLE CAPACITORS

I CERAMIC VARIABLE DISC AND MICROMINIATURE CAPACITORS
I STANGARD ‘LOW-COST' FIXED & VARIABLE CAPACITORS

I UNICERAM — SUBMINIATURE & MICROMINIATURE Hi Q AND H1 K FIXED CERAMIC CAPACITOR
W COMPACTUNER-MODULAR MULTIGANG TUNERS

M MINIATURE LC TUNERS

I MICROMINIATURE MTLC TUNERS

M MINIATURE TANK CIRCUITS

M METALIZED INDUCTORS

M METAL FILM & WIREWOUND RESISTORS

M LADDER NETWORKS

NAME TITLE

COMPANY

ADDRESS
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JUST HOW SMALL
CAN YOU MAKE
A SUB-MINIATURE
POWER
RESISTOR?

1 watt (actual size)
250SB tinned copperweld leads
257SB nickel leads

PRETTY

SMALL!
Consider this SAGE SILICOHM® 1 watt unit in comparison
to the vintage grid leak drip pan* pictured above. What's
more, this tiny resistor, designed to operate hot, provides
stability and precision features ordinarily associated with
the finest of low power precision resistors.

SAGE Type SB styles feature superior heat dispersion by
means of beryllium oxide cores, as first used in Advanced
Minuteman parts. Assigned wattage ratings are 1 to 15
watts at 25°C ambient, thus offering dramatic new circuit
miniaturization possibilities for commercial and regular
military applications. We welcome the opportunity to dis-
cuss your requirements. SAGE ELECTRONICS CORP., Box
3926, Rochester, N. Y. 14610. Phone: (716) 586-8010.

" *For the record, we don't make grid leak drip pans.

Precision Power Resistors

ELECTRONICS

SUBSIDIARY OF GULTON INDUSTRIES, INC.
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Who's Who in electronics

production return,” says E. David
Metz, “and it’s about time we—
the industry—did something about
it.” With that statement, Metz, 42,
the new director of the Motorola
Integrated Circuits Application Re-
search laboratory, pretty well sums
up the new charter he’s just been
handed.

Job shop. “The idea is not to de-
velop new technology,” Metz con-
tinues, “but to apply existing tech-
nology to new applications. We
hope to shorten the time scale for
a customer to apply existing tech-
nology or technology that may not
be quite ready for production. We
may push new technology into pro-
duction. We will be comparable to
a job shop that can turn out small
quantities, but with all the tech-
nology and knowhow that Motorola
can bring to bear on the customer’s
needs,” Metz explains.

The new lab is a corporate entity,
established after Daniel E. Noble,
vice chairman of the board and
chief technical officer of Motorola,
recognized the need for it. Metz
will be housed under the same
roof with, and report to, Richard
Abraham, director of advanced IC
programs for the Semiconductor
Products division at the integrated
circuit facility in Mesa, Ariz.

“I have no technological axe to
grind,” Metz says. “I want to apply
the technology the customer
needs.” The lab is so new that it
has no business yet, and Metz ex-
pects his will be a one-man opera-
tion for some time, but he brings
formidable credentials to the new
task.

Omnibus. In his 11 years with
Motorola, most recently as assist-
ant director of the Semiconductor
Products division’s Central Re-
search laboratories, he has had
pilot-line production and process-
development responsibilities. “I've
been involved in everything, includ-
ing the fundamental characteristics
of radio-frequency devices, all
kinds of processing technology, in-
cluding the photochemistry of pho-
tochemistry of photoresist. I've
done fundamental work on MOS
and I've worked on radiation re-
sistance.”
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Universal Counter and Timer
Fully Programmable
Field Replaceable ICs

Signal Level Indicators
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Beckman®

Place your order for the Model 6401 with your local Beckman representative:

Barnhill Associates + Denver, (303) 934-5505 « Albuquerque, (505) 265-7766 * Phoenix, (602) 263-i250 + Houston, (713) 621-0040 * Richardson,
(214) 231-2573 + Salt Lake City, (801) 487-1327 * BCS Associates, Inc. * Orlando, (305) 843-1510 * Greensboro, (919) 273-1918 « Huntsville, (205)
881-6220 + Williamsburg, (707) 229-6198 * Plantation, Fla., (305) 584-7556 « Burlingame Associates, Ltd. + Mount Vernon, (914) 664-7530 + New
York City area, (212) 933-5555 - Rockville, (301) 427-1255 * Bala Cynwyd, (215) 835-2080 * Syracuse, (315) 454-2408 + New York State, Enterprise
9-6400 * Moxon Electronics + Los Angeles, (213) 272-9311 * Sunnyvale, (415} 734-4352 + San Diego, (714) 274-6525 * Pivan Engineering * Chicago,
(312) 539-4838 * Cedar Rapids, (319) 365-6625 * Mission, Kansas, (913) 722-1030 ¢ Indianapolis, (317) 253-1681 + St. Louis,(314) 872-8424 + Minne-
apolis, (612) 537-4501 - Brookfield, (414) 786-1940 * Seatronics, Inc. + Seattle, (206) 767-4330 ¢ S. Sterling Company - Cleveland, (216) 442-8080 -
Pittsburgh, (412) 922-5720 « Dayton, (513) 298-7573 + Southficld, (313) 357-3700 * Yewell Electronic Sales, Inc. * Lexington, (617) 861-8620 * Easton,
(203) 261-2241 * Beckman Instruments.Inc., Electronic Instruments Division, Richmond Operations, {415) 526-7730
INTERNATIONAL SUBSIOIAREES: AMSTERDAM; CAPE TOWN; GENEVA; GLENROTHES, SCOTLAND; LONDON; MEXICO CITY; MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA
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The new small
rack and panels
with the

big difference.

Circle 16 on reader service card

Bendix is the difference.

Thedifference indistribution,
delivery and supply. The dif-
ference that means you can
get the rack and panels you
need when you need them.

A big difference. A big
advantage. But there are others.
Bendix Regal B subminiatures
are built to MIL-C-24308.
Application potentials are
practically unlimited. Use them
in switching circuits, com-
puters, business machines. In
industrial equipment, com-
munications, test equipment.
And in rack and panel modular
or printed circuit technology.

The selection of mounting
options is just about endless,
too. Choose from among .120
or .154-inch diameter, straight-
through holes, clinch nuts,
float mounts, lock posts, plain
flange and through-bulkhead
types. Neoprene spacers or
grommets. And solder or print-
ed circuits. Even a crimp ver-
sion with rear-release contacts
comes in a variety of shell sizes
and mounting configurations.
All interchangeable with exist-
ing rack and panel connectors.

For more details, write: The
Bendix Corporation, Electrical
Components Division, Sidney,
New York 13838.

Bendix

Electronics
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OMRON and the’70s.

A decisive decade.

We at Omron fully intend to impress our point on the American
market and around the world. Two points really.

First, as Japan’s largest multi-component specialist, we have avail-
able, right now, a vastrange of controls that for quality and straight
ingenuity of design has no peer.

Second point concerns our unique R&D system. It’s unique be-
cause it makes possible volume-production of proved new designs.
The system, which evolved from MIL-Q5923C and which was given
a peculiarly Japanese twist, we call PESIC.

The PESIC system combined with Omron’s talented young engi-
neers has produced an unusual capability for innovation. The results
of which you will soon be able to see and evaluate for yourself. And
one more point. Omron controls have full UL, CSA, SEC and SECV
international authorization.

Components, Control Devices, Systems. An original world of electronics,

RTo] M OMRON|

OMRON TATEISI ELECTRONICS CO.

SALES OFFICE/Toa Bidg., 5, Yonban-cho, Chiyoda-ku, Tokyo, Japan

Phone (265) 4611 Telex 232-2179 Cable Address OMRONELCO TOKYO
OVERSEAS DISTRIBUTORS: @ AUSTRALIA/H.Rowe & Co., Pty., Ltd.

@® AUSTRIA/Carlo Gavazzi-Billman G.m.b.H. @ ITALY/Carlo Gavazzi S.p.A.

@ BELGIUM/Carlo Gavazzi Belgium s.a. @ ENGLAND/Keyswitch Relays Ltd.

® FORMOSA/Hai Nan Trading Co., Ltd./Sheng Ching Trading Co., Ltd.

@ FRANCE/Billman-Carlo Gavazzi S.A.R.L.

@ HOLLAND/Carlo Gavazzi-Billman Nederland N.V.

@ SPAIN/Carlo Gavazzi-Reguladores Billman s.a. @ MEXICO/Schultz Y Cia., S.A.
@ SWEDEN/Billman Regulator ab. @ SWITZERLAND/Carlo Gavazzi-Biliman AG,
@ U.S.A./Sigma Instruments Inc. @ SOUTH AFRICA/P.J.Yelland & Co. (Pty) Ltd.
® WEST GERMANY/Carlo Gavazzi-Billman Industriezulieferung G.m.b.H.
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Describe the display storage tube you
Westinghouse will build it

Commercial airborne radar? Medical monitoring systems? Industrial
instrumentation? Military radar and sonar systems?

Name your application. Westinghouse will design and custom package a
display storage tube with unmatched resolution, controltable persistence,
and high brightness.

Westinghouse has designed and manufactured all types of DSTs for both
commercial and ruggedized military agplications for more than 15 years.
The split screen storage tube is our most recent innovation. It combines
storage and cathode ray functions in a single tube.

The Westinghouse display design/application team is ready to assist you.
For more information, write Westinghouse Electronic Tube Division, Elmira,
New York 14922, Ask for brochure SA-10249.
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Yau can be sure...if it's Westinghouse @

World Radio History



LOWEST

COST . ..
FULL WAVE

BRIDGE
RECTIFIERS &
ASSEMBLIES

IR

C

.

BRIDGE

LIL-WAVE

Burns & Towne pre-packaged
rectifier circuits represent a
significant cost savings over
individual components used in
multi-rectifier units. Yet, you
are always assured of quality
and reliability. The low cost
BFW family of single phase
full wave bridges . . . features
high current capability of up
to 2.0 amps.

Max. PRV
Part No. (volts)
BFW-50 50
BFW-100 100
BFW-200 200
|BFW-300 300
BFW-400 400
BFW-500 500
BFW-600 500
BFW-800 800
BFW-1000 1000

Call or write for full specifica-
tions and price data.

Contact FRED SEIGEL

.. BURNS & TOWNE INC.
1r 550 Old Country Road
Hicksville, L.l., N.Y. Tel. (516) 935-0522
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Meetings

Semiconductor memories fill the air

Any skepticism that you might
have had about the burgeoning im-
portance of semiconductor memo-
ries should be dispelled by a look
at the program of the 1970 Interna-
tional Solid State Circuits Confer-
ence. Two daytime sessions and an
informal discussion in the evening
will review recent developments in
random-access memories, while an-
other daytime session will be de-
voted to read-only memories.

The meeting will take place Feb-
ruary 18-20 in Philadelphia at the
University of Pennsylvania and the
Sheraton Hotel. The university and
the IEEE are the sponsors.

According to the papers that will
be given, semiconductor memories
are rapidly getting bigger, better,
and cheaper. For example, W.M.
Regitz of Honeywell’s Computer
Control Division and J. Karp of the
Intel Corp. will describe an MOS
array they’ve designed for use in
the main memory of a computer.
The array is fully decoded, and has
a 500-nanosecond read and write
cycle and a 345-nsec access time,

Faster yet is a 30-mil-square mem-
ory cell designed by D.]. Lynes and
D.A. Hodges of Bell Telephone
Laboratories. The cell employs
Schottky diodes and epitaxial sheet
resistors, In large arrays, cycle time
is expected to be 60 nsec. The
clincher: expected cost is only 1
cent per bit.

The evening discussion session
will have panel participants from
manufacturers and user companies.
They’ll discuss the potential of
semiconductor memories and the
merits of each of the various cir-
cuit types.

Other subjects to be considered
at the conference include avalanche
diode circuits, microwave transis-
tor amplifiers, computer-aided de-
sign and modeling, and acoustic
and transferred-electron circuits.
Special emphasis will be given to
display devices and to techniques
for addressing matrix displays; to-
day, the address techniques—not
the devices—are a limiting factor.

For further information contact Lewis Winner,
152 W. 42 St.,, New York N.Y. 10036.

Calendar

Winter Power Meeting, IEEE; Statler
Hilton Hotel, New York; Jan. 25-30,
1970.

Annual Symposium on Reliability,
Group on Reliability of the IEEE, Amer-
ican Society for Quality Control, Amer-
ican Society for Nondestructive Test-
ing, and the Institute of Environmental
Sciences; Biltmore Hotel, Los Angeles;
Feb. 3-5, 1970,

International Solid State Circults
Conference, |EEE, University of
Pennsylvania; Sheraton Hotel and
University of Pennsylvania,
Philadelphia, Feb. 18-20, 1970.

Second National Conference and
Exposition on Electronics In Medicine,
Electronics/Management Center,
Electronics, Medical World News,
Modern Hospital, Postgraduate
Medicine;

Fairmont Hotel, San Francisco,

Feb. 12-14, 1970.

Symposium on Management and

Economics in the Electronics Industry,
IEE; University of Edinburgh, Scotland,
March 17-20, 1970.

International Convention, |IEEE; New
York Hilton Hotel and the New York
Coliseum, March 23-26, 1970.

Meeting of the Association for the
Advancement of Medical
Instrumentation, Statler Hilton Hotel,
Boston, Mar. 23-25, 1970.

Symposium on Submillimeter Waves,
IEEE, Polytechnic Institute, Brooklyn,
New York, March 31-April 2, 1970.

Communications Satellite Systems
Conference, American Institute of
Aeronautics and Astronautics;
International Hotel, Los Angeles,
April 6-8, 1970.

Reliability Physics Symposium, |EEE;

Stardust Hotel and Country Club,
Las Vegas, Nevada, April 7-9, 1970.

(Continued on p. 24)
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- For their size, Type BB resistors pack a tremendous power
dissipating ability. Rated 1/8 watt at 70°C in a 0.0004375
cu. in. volume.

And miniaturization has not reduced reliability. Tests
prove it. They satisfy the highest level—the S level—of the
latest MIL-R-39008 Established Reliability Specifications
in all resistance values.

The key is hot molding—the Allen-Bradley way. A-B
developed and built the machines. Only A-B uses them.
They’re fully automatic. Built-in precision control. A high
degree of uniformity. Predictable performance from resis-
tor to resistor—year after year.

For immediate delivery at factory prices call your
authorized A-B industrial electronics distributor. Or write
Marketing Dept., Electronics Division, Allen-Bradley Co.,
1201 South Second St., Milwaukee, Wis. 53204. Export
Office: 1293 Broad St., Bloomfield, N.J., U.S.A. 07003. In
Canada: Allen-Bradley Canada Limited.

© Allen-Bradley Company 1969

@

1.

Exclusive

Only A-B Type BB

RCRO5 meets MIL-R-39008
ER (established reliability)
for 1/8-watt resistors

at the S level.

Shown actual size.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

EC69-80



155 NULL DETECTOR
MICROVOLTMETER

IQ KEO ey (xS PEERN .
b w1 e SERTEIRNEIEN

Look what $345 buys
inalpUVv Full Scale
DC Null Detector/Microvoltmeter

It buys you a portable performer
with 0.15 microvolt resolution. It's
handy and convenient to use. It's
rugged, too—works more than 1000
continuous hours on four carbon-
zinc batteries. It's the Keithley
Model 155—the lowest-priced elec-
tronic null detector on the market
today.

The 0.03 uv rms input noise is
quieter than any other in its price
class. Coupled with better than %2
uv per day stability and 1 megohm
input resistance at 1 uv full scale,
the 155 is ideal as a null detector
for potentiometers, bridges, ratio
devices and comparator circuits.

When the Model 155 isn’t working as

24 Circle 24 on reader service card

a null detector, it doukles as al uv
to 1000 volt microvoltmeter with 19
zero center ranges. Use it for
measuring thermocouple and ther-
mopile potentials, contact resis-
tance, making Hall Effect studies,
or whatever.

See this little giant perform. Call
your Keithley Sales Engineer for
your demonstration. Or contact
Keithley Instruments, Inc. for com-
plete details—28775 Aurora Road,
Cleveland, Ohio 44139. In Europe:
14, Ave. Villardin, 1009 Pully, Suisse.
Prices slightly higher outside the
U.S.A. and Canada.
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Meetings

(Continved from p. 22)

Meeting and Technical Conference,
Numerican Control Society; Statler
Hilton, Boston, April 8-10, 1970.

Computer Graphics International
Symposium, IEE; Uxbridge, Middlesex,
England, April 13-16, 1970.

International Geoscience Electronics
Symposium, IEEE; Mariott Twin Bridges
Motor Hotel, Washington, April 14-17.
1970.

American Power Conference, IEEE;
Sherman House, Chicago, April 21-23,
1970.

International Magnetics Conference
(INTERMAG), |EEE; Statler Hilton Hotel,
Washington, April 21-24, 1970.

Annual Frequency Control Symposium,
U.S. Army Electronics Command;
Shelburne Hotel, Atlantic City, N.J.,
April 27-29, 1970.

National Telemetering Conference,
IEEE; Statler Hilton Hotel, Los Angeles,
April 27-30, 1970.

National Relay Conference, Okiahoma
State University and the National
Association of Relay Manufacturers;
Oklahoma State University campus,
April 28-29, 1970.

Transducer Conference, IEEE;
National Bureau of Standards,
Washington, May 4-5, 1970.

National Appliance Technical
Conference, |IEEE; Leland Motor Hotel,
Mansfield, Ohio, May 5-6, 1970.

Short courses

Generalized Machine Theory Applica-
tions, |EEE; Statler Hilton Hotel, New
York, Jan. 25-30, 1970. $30 fee.

Topics in Quantum Electronics, Univer-
sity of California; Berkeley campus, Feb.
2-6, 1970. $300 fee.

Theory and Design of Reliable (Fault-
Tolerant) Computers: Protective Redun-
dancy, Diagnosis, Self-Repair, Univer-
sity of California; Los Angeles campus,
Feb. 2-13, 1970. $395 fee.

Minicomputers, National Electronics
Conference; Pheasant Run Lodge, St.
Charles, Ill., Feb. 8-11, 1970. $390 fee.

Computer Language Approach to Net-
work Analysis and Design, University of

(Continved on p. 26)
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METALS THAT TALK, SING
AND LISTEN...A SPECIAL
CAPABILITY OF CARPENTER!

ORIGCH

Electronics | January 5, 1970

The reassuring sound of a family voice
. . . the perfect fidelity of a favorite
recording . . . theatres of color that
bring lavish entertainment into mil-
lions of homes. These are the exciting
developments in the field of audio/
visual communications that all of us
can enjoy. And essential to the flawless
performance required of these prod-
ucts . . . specialty metals that make
them talk, sing and listen. Carpenter
produces a full range of electronic al-
loys used throughout industry, inciud-
ing Magnetic Core Irons, Glass Sealing
Alloys, High Permeability Alloys, Elec-
trical Resistance Alloys, Magnetostric-
tive and High Saturation Alloys, Con-
trolled Expansion Alloys, and others.
Why don’t you entertain the thought of
applying Carpenter electronic alloys to
your product? See your Carpenter rep-
resentative. Steel Division, Carpenter
Technology Corporation, Reading, Pa.
19603.

European Office: Emmastraat 39,
Amsterdam-Z, The Netherlands

CARPENTER
TECHNOLOGY
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At ICE's seminars practical experience is taught — what others have learned the
hard way. As an unbiased party, ICE evaluates all of the IC processing techniques
used throughout the industry. ICE has no hardware to promote, only sound tech-
nical information to dispense. Fees cover tuition, course materials and texts. En-
rollment is limited. For a complementary copy of “MOS Integrated Circuits — The
Designer's Dilemma” given by Glen R. Madland at WESCON 1969, write to
Robert L. McLellan, Publications Manager, ICE.

4-DAY IC ENGINEERING SEMINARS

AND ONE-DAY SPECIALIZED SEMINARS

The 4-day seminar provides a solid understanding of IC technology for both

management and engineering personnel. Optional 1-day and 14 day seminars

are offered on specific IC subjects.

DATES SEMINAR CONTENT

January 19-23 4-day engineering seminar plus 1-day seminars on COMPUTER
AIDED DESIGN and PRODUCT ANALYSIS.

February 16-20

4-day engineering seminar plus 1-day seminars on RELIABILITY
and MOS LAYOUT.

April 6-10 4-day engineering seminar plus 1-day seminars on PURCHASING/
MARKETING and MANAGEMENT.
May 18-23 4-day engineering seminar plus 1-day seminar on LSI or 1% days

on FAILURE ANALYSIS,

Registration Fees, including ICE’s Basic Technology (500 page fifth edition): $500 for 4-day
seminars, $175 for 1-day seminars, $275 for 12 day seminars. Seminar dates for the balance
of 1970 will be announced later in the year.

FOR COMPLETE DETAILS CIRCLE READER SERVICE # 504

4-WEEK IC DESIGN/

FABRICATION SEMINAR 2WEEK 1C

Covers entire spectrum of procedures
used today in the IC industry as well
as specialized techniques developed by
ICE. Laboratory periods are devoted
to student IC design and fabrication
instruction in ICE’s modern research
facility.

1970 SEMINAR DATES
February 23 to March 20
September 21 to October 16
Registration fee, including a complete
set of the five-volume Process
Compendium (1,489 pages, 831 illus-
trations), ICE’s Basic Technology,
laboratory workbook and all labora-

tory materials, is $10,000.

FOR COMPLETE INFORMATION
CIRCLE READER SERVICE # 505

PROCESSING SEMINAR

This ICE seminar provides intensive
familiarization with detailed process-
ing techniques for production of sili-
con monolithic IC’s. Course combines
classroom lectures with actual operat-
ing experience in ICE’s modern proto-
type laboratory.

1970 SEMINAR DATES
June 1 to June 12
Registration fee, including ICE’s Basic
Technology (500 page fifth edition),
Processing Notes (a complete process-
ing ‘‘recipe book’), workbook and
laboratory notebook, is $3,000.

FOR COMPLETE INFORMATION
CIRCLE READER SERVICE # 506
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INTEGRATED CIRCUIT ENGINEERING CORPORATION

4900 EAST INDIAN SCHOOL ROAD/PHOENIX, ARIZONA 85018
PHONE (602) 959-4760/TWX (910) 950-1285/CABLE ICE PHOENIX

Meetings

(Continued from p. 24)

California; Los Angeles campus, Feb.
9-13, 1970. $285 fee.

Systems Engineering Institute, Division
of Continuing Education and the
College of Engineering of the University
of Arizona; Pioneer International

Hotel, Tucson, Feb. 9-13. $250 fee.

Electronic Components, University of
Wisconsin; Madison campus, Feb.
19-20, 1970. $70 fee.

Introduction to Process Computer Con-
trol, University of California; Los Ange-
les campus, March 9-13, 1970. $285
fee.

Dynamics in Nonlinear Systems,
University Extension, UCLA,
Engineering and Physical Sciences
Extension; University of California,
Los Angeles, March 16-20. $285 fee.

Theory of Computer Arithmetic:
Algorithms and Design of Digital
Arithmetic Processors, University
Extension UCLA, Engineering and
Physical Sciences Extension; University
of California, Los Angeles, March 16-21.
$345 fee.

Cali for papers

USNC/URSI-IEEE Spring Meeting, Na-
tional Academy of Sciences, National
Research Council; Statler Hilton Hotel,
Washington, April 16-19, 1970. Feb. 2,
1970 is deadline for submission of
abstracts to Francis S. Johnson, Uni-
versity of Texas at Dallas, P.O. Box
30365, Dallas, Texas 75230.

Intersociety Energy Conversion
Engineering Conference, IEEE American
Nuclear Society; Las Vegas, Nev.,

Sept. 21-25. Feb. 1 is deadline for
submission of abstracts to Energy-70,
Box 9123, Albuquerque N.M. 87119.

Midwest Symposium on Circuit Theory,
Department of Conferences and
Institutes Department of Electrical
Engineering, University of Minnesota;
University of Minnesota, Minneapolis,
May 7-8. Feb. 5 is deadline for
submission of summaries to Prof. B.A.
Shenoi, Department of Electrical
Engineering, University of Minnesota,
Minneapolis 55455.

Applied Superconductivity Conference,
Bureau of Standards, University of
Colorado, Office of Naval Research, and
American Institute of Physics, Boulder,
Colo., June 15-17. March 1 is deadline
for submission of abstracts and
summaries to Stanley H. Autler,

Code RRA, NASA-ERC, Cambridge,
Mass. 02139,
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a little something

special for everybody

_years of experience in tl

opment of miniature industrial -

potentiometers, we've found that
many special purpose designs
soon establish an array of stand-
ard applications. Today, Centra-
lab pots are relied upon for test
and measurement instrumenta-

tion, communications, medical
equipment and other exacting
applications.

Many of your present require-
ments might be satisfied by our

Carbon composition resistance.
Bushing mounted units alse avail-
able with wirewound resistance.

Some models provide switching
capability.

Our miniature potentiometers
represent just a small share of our
entire capability, which includes
custom designs for a wide variety
of unique applications.

CENTRALAB PRODUCTS

INDUSTRIAL DISTRISUTDRS AND INTERNATIONALLY THROUGH

GLOBE-UNION INC. - INTERNATIONAL DIVISION.

SR
L/

CENTRALAB
Electronics Division
GLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

—
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The industry’s

The CMC Model 905 Frequency Meter has already
taken the country by storm. But why not. Where else
can you get 15-MHz IC performance, 5-digit readout,
a 1-MHz crystal oscillator, automatic trigger level,
simplified controls, and a convenient tilt-up stand —all
in a tiny package only 5-inches wide and 3%%2-inches
high for only $395?

But maybe a frequency meter is not for you, and
what you need is a TIM. If so, why pay $600 to $800,
when the CMC Model 915 Time Interval Meter is
yours for just $450? It offers the same 1-MHz temper-
ature-compensated crystal oscillator as the Model 905.
It triggers on positive or negative going pulses, and it
can be operated in either a 1 ys or 1 ms mode, with a
range from 0 to 99,999. Measurement starts on the

broadest

line of

A-input and stops on the B-input, and reset can be
accomplished even during the measurement operation.

Or look at the third little member of this low-cost
family —the Model 925 Electronic Totalizer. The 925
input frequency range is from dc to 100 KHz, and its
totalizing range is from 0 to 100 KHz, or 0 to 100 Hz
by internal switch selection. Trigger level is automatic,
and a pushbutton switch on the front panel resets the
count to “0” Price: only $295 — $200 less than the
nearest major competitor!

And here’s some really big news in low-cost elec-
tronic control counters. Now you may choose be-
tween CMC’s Single Preset, Model 912, or Dual Pre-
set, Model 913; and you don’t have to pay the $700
and $1000 asked by the competitors. Pay only $550
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to write home

about ...

= A
lowest cost counters!

for the 912 and $650 for the 913, and get CMC’s high
quality performance as well.

The Model 912 limit function holds “output” at
the preset number until reset manually, while it con-
tinues to count. Or, in the “recycle mode;’ it will hold
the “pulse relay output” at the preset number, then
reset to “0” and automatically resume counting. The
Model 913 performs as the 912 except that it is
equipped with two sets of limit switches for dual pre-
set operation. Both units come conveniently packaged
in boxes that are 19-inches wide for standard rack
mounting and only 3%2-inches high.

At last, here is a low-cost counter family that puts
every primary counting function within the budget
reach of every potential user. Buy one or buy a group.

The more you buy the more vou save. But now you
may select, buy, and pay for only those functions that
you really need!

For full specs, just circle the reader service card; and
for a demonstration of any or all of these products,
contact your local CMC representative.

A DIVISION OF NEWELL INDUSTRIES

12970 Bradley / San Fernando, Calif. 91342 / {213) 367-2161 / TWX 910-496-1487
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Wait no longer...
LSI is here!

(And Texas Instruments brings it.)

Here’s the dawn of a new day for
electronics.

LSI/DRA (Large Scale Integra-
tion/Discretionary Routed Arrays)
are here now! They are designed
into the LSI computer shown
(below left), This working compu:
ter was developed to demonstrate
the practicality of LSI/DRA.

But it’s more than just practical.
LSI/DRA is already economically
feasible for new designs.

TI engineers and scientists have
solved the many manufacturing
problems involved.

And they’ve been so successful
that costs—already less than for
similar functions built up from
conventional military ICs —will be
competitive with many industrial
function costs within the span of
the new product design time.

With both production and cost
problems on the way to solution,
it’s time for forward-looking manu-
facturers to start learning how to
work with LSI/DRA. Some have
already started.

It’s easier than it seems, too, be-

The Ti LSt computer (below left),
developed under Air Force contract,
employs only 34 LSI arrays to perform
the same functions as the standard T|
2502 (above left) which uses 1735

IC flat packs.

cause you don’t have to start from
scratch with a new design. TI of-
fers standard products that you
can evaluate as a starter. Here
they are:

DRA 1001
Digital differential analyzer
This integrator features high

speed (orders of magnitude above
available com-
petition), com-
plete stability,
and a one part
in 2048 output
resolution (10
bit binary plus sign)

Two DRA-1001s will provide the
incremental solution to the sine
and cosine functions.

They can operate with a typical
clock rate of 2 MHz, and they can
compute the magnitude of any
angle in less than a millisecond.
Power dissipation is only typically
2.5 watts per array.

DRA 2001 to DRA 2003
Serial-in serial-out
static shift registers
These DC to 10
MHz TTL shift
registers are
available in
three standard
types—dual 253,
dual 349, and dual 501-bit units.
Special internal circuitry gives

greatly reduced power dissipation
without loss of speed, and short
internal connections minimize
noise coupling,

Custom designs
You can evaluate LSI/DRA at low
cost with standard units, but you’ll
undoubtedly require custom ar-
rays to meet your individual de-
sign requirements. We can help
you there, too,

Many special arrays may be
made simply by providing custom
interconnection patterns on one of
the three standard logic wafers.
Other requirements may be met
with custom wafer designs as well.

Either way, TI’s computer-aided
design techniques reduce design
costs and lead time to new lows.

Get the economic story
Since economics is
the chief considera-
tion in deciding
when to go LSI,
we’ve prepared a
special bulletin that
gives you all the
facts as they appear now. For
your free copy, send a request for
the LSI/DRA bulletin on your
letterhead or business card to’
Texas Instruments In- o

corporated, P.O. Box H@

e e ot s o

LSI DRA

e —

66027, M.S. 333, Hous-
ton, Texas 77006.

TEXAS INSTRUMENTS

INCORPORATED
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NASA to deemphasize
electronics in '70's

Cost-sharing rule
draws industry fire

Electronics Newsletter

January 5, 1970

When NASA announced the closing of its Electronics Research Center
in Cambridge, Mass., the official reason was economy. But there was
yet another factor, perhaps more significant and certainly more ominous:
in the words of the space agency’s administrator, Thomas O. Paine, the
closing reflects “a general deemphasis in the role of electronics in NASA’s
future plans.” Other officials had nothing to add along this line, but
James C. Elms, director of the center, noted by contrast that one of
his prime goals would be to retain intact the skilled teams which had
been built up during the center’s brief history.

Whether NASA will save by closing the center is debatable. Its more
than 800 employees are protected by Civil Service regulations, meaning
that NASA will pay their salaries until they find new jobs. And the
agency already is on record as wanting to retain almost all of the scien-
tific and engineering crews as well as their equipment. Also, there is
serious doubt that government facilities in the Massachusetts Bay area
will be able to absorb lower level personnel.

Nor does the closing mean cancellation of the contracts, says Elms,
only a transfer of administration to other centers. Finally, the center
never was allowed to grow to its planned staffing level; it has remained
the smallest of NASA’s centers, accounting for only about 1% of the
agency’s yearly budget.

Perhaps the only immediate gain will be from sale of the $36 million
laboratory building—but even this may be too specialized a structure
for quick sale to industrial users.

Aside from government officials, few area spokesmen are commenting
on the closure. An indication of the generally apathetic public response
was a local radio station’s sandwiching of the announcement between
news of a small tenement fire and the latest feats of the Boston Bruins
hockey star Bobby Orr.

Alerted by the EIA Government Products division, some 40 defense
contractors will be training their guns on some new language in the
Independent Offices Appropriations Bill requiring cost sharing for all
independent R&D. The idea, apparently, is to persuade Congress to
amend the bill when it reconvenes January 19.

What rankles most about the new law is that it not only relates the
amount of cost sharing to the “benefit accruing” from the work, but
it requires cost sharing on all unsolicited proposals, industry’s included.

For its part, NASA has already drawn up preliminary contracting
instructions for its $3 billion R&D allotment to comply with the new
statute for all independent R&D proposals accepted, including such
things as experiments which are not planned for specific satellite
projects and other applied research. And while the new NASA rules
are not specifically retroactive, extensions or supplements of existing
contracts or grants which developed out of either solicited or unsolicited
proposals will be considered new procurements within the new statute.
NASA’s new regulations would thus preclude profit payments.

The only area of the Defense Department affected by the new law
is in civil defense. But should the initial mood of the 91st Congress
prevail into its second session, cost sharing could become a fact of
life for all agencies.

<<Clrcle 32 on reader service card 33



Tv X-ray labeling
to start Jan. 15

MOS tester features
2-Mhz datarate

Addenda

Electronics Newsletter

January 15 will be anything but a red letter day for television set
makers. That's the date after which every tv receiver made—black-and-
white or color—will have to carry a label stating that it meets the new
Federal standard of maximum allowable X-ray emission: 0.5 milli-
roentgen per hour measured two inches from any point on the outside
of the set.

The standard, the first to become law under the Radiation Control for
Health and Safety Act, becomes increasingly stringent with the passing
of time. Sets produced after January 15, for example, must comply with
the standard even if the viewer adjusts the act’s external controls in
such a way as to increase the set’s capacity to produce the deadly rays.
Sets made after June 1, on the other hand, must meet the standard even
when both external and internal controls have been adjusted in this way.
And finally, after June 1, 1971, all sets must meet the standard even
ander conditions of component or circuit failure and even if operated at
up to 130 volts.

An MOS/LSI tester that will do both d-c and functional testing at the
wafer probe point will probably be the fastest available when it’s
unveiled next month by the Macrodata Co., a new firm in Chatsworth,
Calif. President William C.W. Mow says the unit, which will cost
$235,000, gets repetition rates up to 2 megahertz down to the prober.
Today’s best for functional testing is about 30 kilohertz. The key to
the big speed boost: putting the tester’s driver/comparator only 2 inches
from the probe head, reducing the noise that can degrade the per-
formance of such testers. The 2 Mhz speed is faster than most metal
oxide semiconductor logic. Mow says the unit will test a chip with 80%
confidence.

It includes the testing station and all associated electronics (but not
a probe head), an Interdata computer with 15,000 words of memory,
plus an additional 2 million bytes of disk memory, and a teletypewriter
setup.

Mow feels testing is the key to efficient MOS/LSI design, and once
this tester is in production (shipments are expected to begin in April),
Macrodata will turn more of its resources to an automated design system
for MOS/LSI and a minicomputer that will probably reach the market
in 1971.

The FCC is holding hearings January 22 and 23 in Washington to hear
arguments on two proposals to provide additional frequency space
for land mobile radios. One is to share uhf-tv channels 14 through 20
in 25 major urban areas. The other would allocate a total of 115 mega-
hertz of additional spectrum space in the 806 to 960 Mhz band-75
Mhz to common carrier systems and 40 Mhz to private systems—in
major urban areas. . . . Manufacturers of air-ground radiotelephone
equipment have something to cheer about. After a 12-year development
phase, the FCC has finally decided such service is feasible. So as of
Feb. 16 regular service will start with 12 channels in the frequency
ranges 454.6625 to 455 Mhz and 459.6625 to 460 Mhz with 25 kilohertz
channel spacing. Up to four channels will be permitted in some major
ilir hubs, although only one licensee will be authorized in any one
ocation.

Electronics | January 5, 1970
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New phosphor system makes color bright 85°

lubes brightest yet.

mproved dusting technigues and new phosphor system
y00st brightness to 30% greater than former industry

standard.
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Fig. 1. Advance in brightness of Sylvania color tubes throughout the years.

Sylvania has traditionally led the
way in color-tube brightness. Now
we've done it again with a 309 in-
crease in brightness at no increase in
cost. The result is a tube that is com-
petitive with recently announced
“brighter” tubes, but without the
added complexity and cost.

The new color bright 85® MV tube
depends upon new developments in
manufacturing processes and basic
changes in the phosphor system to
achieve its greater brightness.

In manufacturing color picture
tubes, many other manufacturers use
the slurry technique to deposit phos-

phors. This method inherently limits
+ha siva nf tha nhaanhnar navtinlaa that

can be deposited. The result is that
the density of the phosphor powder
on each dot is not necessarily optimum
for maximum brightness. It is also
difficult to obtain a smooth, uniform
coating.

Sylvania developed and patented the
original dusting process many years
ago. Now we've refined these tech-
niques to provide an even more uni-
form distribution of Sylvania’s larger
phosphor particles. In dusting, the
photolithographic material is applied
as a thin uniform film on the face of
the picture tube. While the film is
still wet, the appropriate dry phosphor
is injected intothe system;in the form
of an air-dianereed nartienlate clond

The phosphor particles deposited on
the film are absorbed by the wet photo-
lithographic material. The result is,
in effect, a rapid-drying mixture of
uniform thickness and density. The
overall effect of the differences in
screening processes is an intrinsic
brightness advantage for Sylvania’s
unique dusting system.

In phosphor technology, Sylvania
has always been out in front. The in-
crease in brightness of Sylvania color
tubes over the years is shown in Fig. 1.
Sylvania has now developed a europi-
um-activated yttrium oxide phosphor
that gives a net increase of more than
509% in red brightness over the pre-
1968 Sylvania vanadate phosphor.
This increase was obtained through
the improvement of raw materials and
carefully controlled manufacturing
processes.

All color picture tubes use a zinc-
cadmium sulfide as the basic green

continued on next page
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How to use full adders to make binary
converters.
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Hybrid Microelectronics
How to use our versatile video amplifier.

Microwaves

These rugged tunnel diodes can really
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Diodes

Silicon high-voltage diodes can cut TV
costs.
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phosphor. Sylvania has achieved a substantial green bright-
ness increase by optimizing particle size, changing the
activator from silver to copper, and by changing the zinc-
cadmium ratio.

The basic blue phosphor for all color tubes is zinc sulfide.
By proper selection and control of the types and amounts
of activators, Sylvania has been able to increase the bright-
ness of the blue phosphor.

The net result of all of this development work is the new
color bright 85 MV, a tube that offers you a choice of more
brightness or more contrast than any competitive tube and
a balance between the two that is competitive with any
other tube on the market. Fig. 2 shows the white-field
brightness as related to glass transmission characteristics.
Note that the color bright 85 MV achieves a brightness
level of 40 foot-lamberts with 609, transmission panel.

Other features of the MV tube include a temperature
compensated shadow mask and Sylvania’s sharp focus
electron gun. But, and probably most important, all of these
advances have been attained at no increase in cost over our
previous tube. Isn’t the color bright 85 MV the tube to con-
sider in your next design?

CIRCLE NUMBER 300
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Fig. 2. White-field brightness of the color bright 85
MV as compared to competitive types.
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Fig. 3. Contrast ratio of the MV tube in comparison
with other types.

INTEGRATED CIRCUITS

How to use full adders {0
make BGD-{o-Binary converters.

Simple design gives high-speed operation,
eliminates need for clock pulse.

Conversion of binary-coded-decimal (BCD) numbers to
straight binary numbers can be simplified by using full
adders instead of shift registers which requirea clock pulse.

The design principle involved is easily understood once
the basic notation is expanded in a certain manner. For
example, the decimal number 79 can be expressed as 7 X 10
plus 9 X 1. The X 10 and X 1 are implied by position. A
complete expression for 79 in BCD is (0111)2 (10)10 +
(1001)2 (1) 10.

This value can also be represented by
(0111)2 (8+2)10 + (1001)2 (1)10. It can be seen from this
that the value of this number can be obtained by adding the
BCD bits after they have been multiplied by the proper
value of 2.

That is:

(1001)2 (1)10=0001001= 9
(0111)2 (2)10=0001110=14
(0111)2 (8)10=0111000=56

1001111="79

A general expression for a BCD character is A23+B22+
C214+D20 If we use U to represent the units character and
a T to represent the tens character, a BCD number may be
expressed as T4T3T2T1 UsUsU2Ui.

Applying these representations to the preceding table,

T U4U3U2U1
T4T3sT2T10
T4T3T2T10 O O
2625242322210
where multiplication by the proper power of 2 is obtainec
by the positions of the T’s and U’s in the addition.

This notation is used in the diagrams of Fig. 1 anc
Fig. 2. Both of these logic diagrams are designed to conver
BCD numbers to binary numbers.

The form of Fig. 1 makes use of eight/full SM-10 adder:
arranged as a ripple adder. The output of any one stage
cannot begin to settle until all of its inputs have settled
Using ripple adders is a relatively slow technique, but the
circuit is simple and its response is more than adequate
when the inputs may be coming from BCD switches. Con
version time is typically less than 100 nanoseconds.

The circuit of Fig. 2 makes use of eight SM-30 in-
dependent-carry adders and 2 SM-40 carry decoders. Ir
this configuration, the output of any stage can start tc
settle as soon as the independent carry from all preceding
stages has settled. These independent carriers settle ix
parallel and thus the conversion time is faster, typically less
than 70 nanoseconds.

Both of these systems make use of the fact that the 8th
adder does not generate a carry out. This is because T4 and
Ts can never be true at the same time in a BCD number
The same fact is also true of the last stage of the adder thaf
produces the 2 output.

These methods of BCD-to-binary conversion have the
advantages of high speed and simple design. In addition,
a clock pulse or pulse train is not required.

When using BCD number of more than two characters,
the procedure is the same. In this case, the hundreds
character, H, is multiplied by (64+32+4) and the thou-
sand character, K, is multiplied by (512+256+128 +64
+32+8). CIRCLE NUMBER 301
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Fig. 1. Simplest form of BCD-to-binary converter
uses B full adders in a ripple-carry circuit.
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Fig. 2. More complex BCD-to-binary converter uses
8 independent carry adders and 2 carry decoders to
obtain conversion time of less than 70 nanoseconds.
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We've added variety to our popular line of
compact CRT readout systems.

A few issues ago, we introduced our new 12” CRT dis-
play module. This module contains all of the electronics
needed to drive the CRT and is available with or without
cabinet. Apparently, we introduced something a lot of
people had been waiting for, because the response has
been a pleasant surprise. So far, we’ve received individual
orders for up to 1000 units.

Now, we’ve expanded the line still further to give you a
wider range of 90° tube sizes, all in the same chassis, modi-
fied physically and electrically to fit the particular tube
size chosen. The all-solid-state chassis contains circuits for
tube electrode voltages, power supplies, and video or blank-
ing amplifiers. All you supply are the input signals.

Our long experience with cathode-ray tubes and associ-
ated circuitry enables us to offer you a wide variety of op-
tions within a single standard package. For example, you
can have your choice of tube phosphors, and we can provide
anti-reflection panels bonded to the face of the tube selected.

Although the monitor chassis may look standard, we can
also make many variations in the circuitry to adapt it to
your particular needs including the addition of correction

= | Complete 12-inch monitor module
can be supplied with or without cabinet.

circuitry, for example. Systems are available for eithe:
AC or DC operation.

These monitors are suitable for rack, console or cabine
mounting. Units supplied with cabinet come complete wit}
anti-reflection panel.

Price is another advantage of our new module line. W
can probably supply a module tailored to your specification:
at a price lower than it would cost you to build it yourself

All you have to do is let us know the size tube you wan
and what your X, Y and Z input requirements are. We’ll dc
the rest. CIRCLE NUMBER 30«

CIRCUIT MODULES

New techniques cut
NAFI moduie cost.

Thick-film resistors are used in new mod-
ules to lower cost and increase reliability.

We’ve now expanded our line of NAFI modules to 82
types. Three of the latest types are the MDL line driver,
MDM line receiver, and MDN line terminator.

In the line terminator we’ve combined Standard Hard-
ware Program techniques with thick-film technology to ob-
tain a compact, reliable unit that can be produced at lower
cost.

The MDL line driver module consists of six driver cir-
cuits and a 1.3 #s one-shot circuit. Each driver is capable of
driving 500 feet of cable. When a logic “1” is applied to
both timing inputs, a 5-Volt, 1.3 #s pulse is generated
at those output terminals whose corresponding data input
terminals have been set to a logic “1”. The timing output
signal is a complementary 1.3 #s pulse, approximately coin-
cident with the other output signals.

The MDM line receiver module is designed to work with
the line driver. The module consists of six receiver circuits
with transformer coupled inputs. The output of each of
these circuits drives a flip-flop. There are two ENABLE
and two RESET inputs. Each services three of the receiver
circuits. When the ENABLE circuit is set at logic “0”, the
flip-flops are independent of the transformer coupled input
signals. Application of a logic “0” to the RESET terminals
will clear the flip-flops. The test input terminals can be used
as output terminals when use of the flip-flops is not re-
quired. Each receiver has a built-in propagation delay of
500 s so that the unit will not respond to transients.

Line terminator module uses thick-film
resistors to reduce cost and boost reliability.

The MDN line terminator is a module containing sixteer
75-ochm thick-film resistors. Each resistor is capable of
dissipating an average power of 100 mW or a peak power
of 430 mW with a 1.45 s duration.

Like the other modules in the NAFI series, these units
meet the stringent requirements of the Navy’s Standard
Hardware Program. For example, reliability specifications
for NAFI modules require a 30,000-hour minimum operat-
ing life. Also, makers of NAFI modules must maintair
their qualification through periodic testing by government
quality assurance personnel.

At our circuit assemblies facility at Muncy, Pa. we have
produced over 25,000 NAFI modules to date. As a qualifiec
supplier of NAFT modulés for the Poseidon program, we
have developed and manufactured a broad line of modules.
We’d be only too happy to give you complete specifications
on the entire line. CIRCLE NUJMBER 303




HYBRID MICROELECTRONICS

How to use our versatile
video amplitier.

Here are three applications for Sylvania’s
vide-range MS-100A hybrid microelec-
fronic unit.

Our MS-100A is a versatile 0 to 20 MHz video amplifier
that packs 700 mW of output power (175 mA of output
current) into a one-inch-square package. The three appli-
cations described here are only typical of the many uses for
this microelectronic video amplifier.

In the application of Fig. 1, the problem was to design
a unity-gain DC/video summing amplifier with 10 inputs.
The amplifier had to be able to handle large-amplitude
100-ns pulses with fast risetime and low overshoot. The
performance of the MS-100A in this application is shown
in Fig. 1 and the accompanying waveforms.

The second application required a DC/video amplifier
for a 50-ohm system. The amplifier had to have a 50-ohm
input impedance and a voltage gain of 10. It was required
that the circuit be capable of driving a 50-ohm load to
+5 Volts. The solution was to use the MS-100A as a video
power amplifier as shown in Fig. 2. The accompanying
waveform shows the large-signal, high-frequency perform-
ance of the MS-100A. The signal shown is a 2-MHz sine-
wave output into a 50-ohm load.

In the third design, a wideband DC/video amplifier was

PERFORMANCE
VOLTAGE AMP: |
BANDPASS (3d8) . DC-18MHz
L coon | RISETIME : 300§
OUTPUT SWING: =12V,

Zjn 5000
OUTPUT 2 yi<20
ey ZouTiDC):

Fig. 1. The MS-100A used as a
summing amplifier.

power amplifier.

bottom. Vertical scale:
(bottom). Horizontal sweep
50 ns/cm for both traces.

A= oUTPUT
P mn&so
L 6-15v

Fig. 2. The MS-100A as a video

Large amplitude pulse perform-
ance of MS-100A. Input is the
top scale and output is at the
1V/em

required for a non-inverting unity-gain application. The
system required that the amplifier have a high input im-
pedance and a low output impedance at video frequencies.
The solution to this design problem was to use the MS-
100A in the non-inverting configuration shown in Fig. 3.
The resulting circuit provided an input impedance of 5000
ohms and an output impedance of less than 2 ohms.

In addition to these applications the MS-100A has been
used in many other ways; for example, as a low IM distor-
tion preamplifier for 100-kHz RF signals. All IM products
in the preamplifier were down 65 dB or more with the M S-
100A driving two 1-Volt rms 100-kHz signals into a 50-ohm
load.

Another application is the use of the MS-100A as a high
speed sample-and-hold circuit with an FET gate. This
circuit was capable of sampling 200-ns pulses to 10-mV
accuracy.

A final example of the versatility of the MS-100A is its
use as a wide dynamic range, ultra-linear AM detector for
a 455 kHz IF system. This detector supplied an IF gain of
20 dB as well as 1 dB linear detection from 0 to —50 dBm
at the input.

Although the MS-100A video amplifier is one of our
growing list of off-the-shelf hybrid microelectronic devices,
we are able to provide complete design facilities for custom
devices as well.

We have the long experience in hybrid technology that
allows us to make many variations on basic designs and to
develop new designs to your specifications. QOur design en-
gineering team is ready and waiting to solve your micro-
electronics problems.

CIRCLE NUMBER 304

PERFORMANCE

VOLTAGE AMP, |
BANDPASS(3dB), DC-10MH2
RISETIME - 40nS

OUTPUT SWING . =12V
2y > 50000
Zouri<2n

PERFORMANCE

VOLTAGE AMP; 10
BANDPASS(34B): DC-18MH2
RISETIME: 30nS
OUTPUT SWING(SON): 2 8Y
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b«
QUTPUT
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Fig. 3. MS-100A in the non-in-
verting configuration.

Large-signal, high-frequency
performance of MS-100A. Sig-
nal shown is a 2-MHz sine-wave
output into a 50-ohm load. Ver-

is tical scale: 5V/cm.



DEAY

MICROWAVES

[hese rugged tunnel diodes
can really take t.

sermanium diodes use solid-structure
blanar techniques to get high reliability.

We've got a complete line of planar tunnel diodes that
:an really stand up to rugged environments. They’re ideal
for use in microwave medium-noise amplifiers, oscillators
ind as RF amplifiers in phased array radars. Typical V-I
‘haracteristics and the small-signal equivalent circuit are
shown in Fig. 1.

The planar construction contributes to the extreme rug-
zedness of these devices. All of these devices are capable

Ip =PEAK-CURRENT
Iy = VALLEY- CURRENT
Vp = PEAK - VOLTAGE

Vy = VALLEY -VOLTAGE
Vg = FORWARD-VOLTAGE

Ci (Vgias!

Fig. 1. Typical tunnel diode V-i characteristic and smalil-
signal equivalent circuit.

Characteristics of tunnel diode family

of withstanding the shock and vibration characteristics er
countered in space applications. Silicon dioxide passivatio
is used on all junctions.

As an example of the ruggedness of these tunnel diode
diode chips were subjected to cryogenic cycling. All ele
trical characteristics were tested after this treatment an
were found to be unchanged.

Physically, the diode structure remained intact and tt
passivating oxide layer did not peal or crack. Temperatu
characteristies of these diodes from 4-135°C to —195°
are shown in Fig. 2.

All of the diodes in this family are available in package
pin mounted, or in chip form. All diodes are fully tested :
the factory before shipment.

If you have a tunnel diode application, why not invest
gate this rugged, low-cost family of diodes today ?

CIRCLE NUMBER 3(

20

&
ROOM TEMPERATURE 25°C

o
»

V¢, Ip, Iy NORMALIZED TO
ROOM TEMPERATURE ( 25°C)
VALUE

V¢, Ip, 1y NORMALIZED TO ROOM TEMPERATURE { 25°C) VALUE

o200 100 (o] -100 -200

TEMPERATURE , °C

Fig. 2. Tunnel diode DC temperature characteristics normal-
ized to 25°C room temperature value.

Ipt -rj Rs C fro
Line Type* Package Type Package Type Package ma ohms ohms pf GHz
Number Number Outline Number  Outline Number  Outline «20% typ. max, max. min.
195 D5361 048 D5561 084 D5571 082 1.8 67 7.0 2.0 5.0
196 D5361A 048 D5561A 084 D5571A 082 1.8 67 3.0 0.60 25
197 D5561B 084 D5571B 082 1.8 67 6.0 0.70 15
198 D5362 048 D5562 084 D5572 082 2.7 44 6.0 3.0 5.0
199 D5362A 048 D5562A 084 D5572A 082 2.7 44 2.5 0.75 25
200 D5562B 084 D5572B 082 2.7 44 6.0 1.0 12
201 D5363 048 D5563 084 D5573 082 889 31 6.0 5.0 5.0
202 D5363A 048 D5563A 084 D5573A 082 39 gl 2.0 1.00 25
203 D5563B 084 D55738B 082 3.9 31 6.0 1.60 10
204 D5364 048 D5564 084 D5574 082 5.6 22 6.0 7.0 5.0
205 D5364A 048 D5564A 084 D5574A 082 5.6 22 1.5 1.40 25
206 D5564B 084 D5574B 082 5.6 22 6.0 2.30 7.5
207 D5365 048 D5565 084 D5575 082 8.2 15 6.0 10.0 5.0
208 D5365A 048 D5565A 084 D5575A 082 8.2 15 1.0 2.00 25
209 D55658B 084 D55758B 082 8.2 15 6.0 3.30 5¥5)

*Three basic categories are specified for each value of peak current, the type number suffix indicates the category:
Blank Suffix—General Purpose UHF ‘A’ Suffix—High Cutoff Frequency ‘B’ Suffix—Short Circuit Stabilized
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silicon high voitage diodes
can cut TV costs.

Diode tripler and quadrupler assemblies
can provide the anode supply voltage needs
of modern color sets with improved high
voltage regulation.

= ==

INPUT
PULSE
85KV

T~

FOCUS

;85:&5 Five-diode tripler stack provides

25 kV output from 8.5 kV input,

If you're trying to cut costs in TV set designs without
cutting corners, you should talk to our diode engineers.
They have developed high-voltage multiplier circuits that
may be just what you need. They’ll work with you to adapt
these units to your design.

The big advantage of designing-in our HV multipliers is
that you can eliminate the high-voltage cage and all of its
associated hardware. You also get better high-voltage reg-
ulation since the loosely coupled tertiary flyback winding
is eliminated.

The circuit of one of our triplers is shown in the illus-
tration. With an 8.5 kV input from the flyback transformer
it puts out 25 kV DC to the color tube anode and can be
loaded up to 2.5 mA output current with minimal drop in

SEE OUR
SPECIFICATIONS IN

VSV

MICROFILM CATALOG
FILE

BUSINESS REPLY MAIL
No Postage Stamp Necessary if Mailed in the United States

25 Ky DC
OL‘UY"UT

output voltage. Note that a suitable tap for focus supply
voltage is provided.

Each diode stack in the tripler circuit is carefully
matched and can be delivered mclded along with the capac-
itors in a plastic package. The resulting unit will meet all
the environmental requirements of solid state and hybrid
color sets; such requirements include over-voltage surges,
arcing, and ambient temperature conditions.

Since each application is unique, we aren’t offering these
voltage multipliers as off-the-shelf items. Our engineers
will work with you to design a unit tailored specifically to
your needs. And they’ll show you how you can cut costs in
the design of your high-voltage power supplies.
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MANAGER'S CORNER

The marketable advantage
in color tubes.

Recently two major manufacturers almost simultane-
ously announced the development of “improved” color pic-
ture tube systems. Although the systems differ slightly,
each achieves a substantial increase in brightness—and
brightness has been the name of the claim-game for the
past five years. More recently other manufacturers have
announced production plans to switch to the new system to
stay competitive.

For the first time since 1964 the Sylvania leadership in
brightness appeared to have been dramatically challenged.
This development confronted Sylvania with several prob-
lems. First of all, at the time of these developments, Syl-
vania was preparing to announce a new, even brighter color
bright 85® tube which did not employ the new techniques.
Secondly, and most important, there was the question of
what would be the marketable advantages provided by the
competing systems.

In 1964 Sylvania introduced the first rare earth euro-
pium phosphor screen which replaced the all-sulfide system
and provided bright, rich reds that unleashed the then
suppressed blues and greens. Although every other color
picture tube manufacturer has since adopted this basic
system, Sylvania has maintained a traditional leadership
in brightness. In 1964 Sylvania announced a 42 percent
increase in brightness and again in early 1968 another
23 percent white-field brightness increase was achieved.

For 1970 the new color bright 85 MV offers a 30 percent
brightness increase over the 1969 version. More important,
now that the industry has had time to compare the other
new tubes to our new tube, it is apparent that the color

bright 85 MV offers certain distinct marketable advantages
to the set manufacturer.

The first is flexibility in both brightness and contrast.
The TV set manufacturer is not locked in on a standardized
transmission panel. Where one manufacturer decides that
maximum contrast is critical, a 42-percent transmission
panel in conjunction with the new color bright 85 MV phos-
phor system will provide greater contrast than is attain-
able from any other available tube. Conversely, a 69-per-
cent transmission panel on a color bright 85 MV tube will
provide the brightest picture available to the industry. It
should be noted here that an average transmission panel
will provide brightness and contrast which are visually
very close to the other new tubes.

There is an even greater benefit in cost to set manu-
facturers. The new color bright 85 MV is being offered at
no increase in price because the vast improvements come
from a new phosphor system and improved dusting tech-
niques. The competitive tubes, on the other hand, require
extra processing steps which add substantially to the cost
of manufacturing. And this comes at a time when there is
extreme pressure on manufacturers to lower set costs:
at a time when cutting a nickel out of the price of a picture
tube is considered significant.

While the competitive systems have allowed other manu-
facturers to be brightness competitive there is still no tube
which offers a significant advantage over the color bright
85 MV. Sylvania believes our increased flexibility and lower
unit cost outweigh the value of closing the brightness gap.
The ultimate decision will, of course, be with our customers.

X Kz

J. L. Dangremond
Product Sales Manager

This information in Sylvania ideas is furnished without assuming any obligations.
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For continuous [aeing...
*k that CABLE-LACER brake
speeds the work too!

The experienced harness worker can quickly guide the hooked

needle of the Gudebrod Cable-Lacer* across narrow break-out
points between pins to grasp the loop. This is where work is
speeded first. But then, the pressure of four fingers on the
lacing break allows a swift, single pull for firm knot setting—
further speeding the job. No need for wrapping around the fist
—no need for a second pull. It all becomes a naturally fast
procedure. What’s more, the special Gudebrod lacing tape
bobbins are helpful when all-hand tying seems required!
Use Gudebrod Cable-Lacer, Gudebrod’s Bobbins for im-
proved accuracy and time saving.

*T.M. Union Special Machine Co.

Save money & time with

GUDEBROD SYSTEM “C”

For continuous lacing Gudebrod offers a four part system to
reduce your harnessing costs. The Cable-Lacer and Bobbins
are the first two parts. Add to them Gudebrod’s specially
made, case hardened, extra long, wire holding pins and the
Gudebrod Swivel-Tilt Harness Board Mount. The pins make
wire threading easier and sharply reduce the need for re-
\ dressing. The Gudebrod Mount brings any part of the harness
within easy reach. Gudebrod System ‘“‘C’”’ makes harnessing
go faster, cost less. Write for /s s SR e e
details. (For spot ties, ask
about System “‘S’’)

Gudebrad Swivel-Tilt
Harness Board Mounts
available in several sizes

UDEBROD Sy e A
&CZE&WJW (" B 1870—100 Years of Quality—1970

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107
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(A) Noisy signal to Boxcar Ir tegrator.
(B: Recovered second harmeric signal at output of Boxcat Integrator.

Problem:

Resolve laser-stimulated pulses
as short as 10 nanoseconds.

Solution:
The PAR™
High Resolution
Boxcar Integrator. |

Bell Telephone Laboratories uses the Model 160
Boxcar Integrator to study second harmonic gen-
eration from repetitively Q-switched laser beams
in crystals. Resolution of the signal of interest,
recovered from almost totally obscuring noise, is
10 nanoseconds. The Model 160 Boxcar Inte-
grator is proving valuable in many other areas
of investigation including lumineseence decay,
photobiology, microwave acoustics, pulsed mag-
netic resonance, atomic lifetime measurements
and plasma research.

If you have a problem where noisé interferes
with the recovery of repetitive complex wave-
forms, let us shew you how you solve it with
the Model 160 Boxcar Integrator (price: $3,950)
or another of our broad line of signal recovery
instruments. .

For information, write Princeton Applied Re-
search Corporation, Box 565, Princeton, New
Jersey 08540. Telephone: (609) 924-6835.

P
) A\ PRINCETON APPLIED RESEARCH CORP.

R
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January 5, 1970

White House urges reorganization
of telecommunications management

New agency would absorb National Communications System and FCC's
frequency assignment role; Commerce would manage frequency

By Robert D. Westgate

Electronics staff

A new, stronger Office of Telecom-
munications Policy (OTP) to replace
the Office of Telecommunications
Management (OTM) is being pro-
posed in a White House memoran-
dum now being circulated quietly
in the capital. The memo, signed
by Peter M. Flanigan, special as-
sistant to the President, is being
sent to the agencies involved.

The proposed reorganization fol-
lows a number of studies of Federal
communications organization, re-
organizations, and shifts of re-
sponsibilities within the executive
branch since World War II. The
most recent included the December
1968 study by the Bureau of the
Budget, and the Government Ac-
counting Office report to Congress
last summer.

Drop one job. As proposed, the
OTM within the Office of Emer-
gency Preparedness would be
abolished and “all policy functions
of that office not directly related
to emergency preparedness should
be transferred to the OTP, along
with appropriate emergency plan-
ning functions, final spectrum man-
agement authority, and National
Communications System respon-
sibilities.” William E. Plummer
would lose one of the two hats he
now wears in OEP. He serves as
OEP acting assistant director and
OTM acting director. The latter job
has the rank of special assistant to
the President, which also would be
abolished.

The memo says that the OTM’s
record reveals that its attempts
“. .. to exercise leadership in com-
munications policy have been

<—Circle 44 on reader service card

largely ineffectual. The responsibil-
ities and authority of the OTM are
questioned by agencies with oper-
ating responsibilities,” resulting
“from a number of factors includ-
ing organizational location, inade-
quate staff, and lack of clear auth-
ority.”

The memo claims, “there is now
no office in the Executive branch
with the responsibility or the capa-
bility to review the whole range
of national telecommunication pol-
icles as expressed in legislation
and in FCC policies.” It explains
that the Antitrust division of the
Department of Justice has occa-
sionally filed briefs on the com-
petitive aspects of decisions before
the FCC, but these derive largely
from antitrust considerations rather
than from familiarity with com-
munications issues. '

Future aim. The Administration
hopes that the new OTP would
provide effective machinery for
“dealing expeditiously with domes-
tic telecommunications issues.”

It admits the government had
been “grappling for several years,
with only limited success, with
such issues as ‘foreign attachments’
to the public telephone network,
cable tv, and pay tv, the possible
uses and industry structure for a
domestic satellite system communi-
cations system, and policies for
computer communications.”

During a 4-day hearing last
month by the House subcommittee
on space science and applications,
its chairman, Rep. Joseph E. Karth
(D., Minn.), continually led wit-
nesses to say that they felt one of

the reasons satellite communica-
tions technology hadn’t been used
much domestically was the absence
of a high-level (Presidential) com-
munications policy statement. For
example, the FCC now is awaiting
a report being completed by a
‘White House study group before
it rules on applications for uses of
communications satellites. The re-
port will cover the directions the
U.S. domestic satellite system
should take.

The White House memo also
isuggests that the proposed reor-
ganization might coordinate “pro-
curement and use of telecommuni-
cations facilities by the Federal
Government,” which has been
limited under the National Com-
munications System, and make
present procedures for spectrum
allocation more flexible than they
are, thus alleviating a spec-
trum shortage crisis—especially in
the land mobile radio allocations
area,

OTP duties. The director of the
OTP, appointed by the President,
“would have primary Executive
branch responsibility for both na-
tional telecommunications policies-
and Federal administrative tele-
communications,” the memo states.
The OTP’s responsibilities would
include:

» “Economic, technical, and sys-
tems analysis of telecommunica-
tions policies and opportunities in
support of national policy formula-
tion and U.S. participation in inter-
national telecommunications activi-
ties.

= “Developing Executive branch
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policy on telecommunications mat-
ters including, but not limited to,
industry organization and practices,
regulatory policies, and the alloca-
tion and use of electromagnetic
spectrum for both government and
nongovernment use.

= “Advocating Executive branch
policies to the FCC, and through
the President to the Congress; and
representing the Executive branch
in FCC proceedings.

= “Exercising final authority for
the assignment of the spectrum to
government users, and developing
with the FCC a long-range plan for
improved management of the total
radio spectrum.

» “Reviewing and evaluating the
research and development for, and
planning, operation, testing, pro-
curement, and use of, all telecom-
munications systems and services
by the Federal Government; devel-
oping ‘appropriate policies and
standards for such systems; and
making recommendations to the
Bureau of the Budget and respon-
sible departmental officials con-
cerning the scope and funding of
competing, overlapping, or ineffi-
cient programs.

= “Exercising the functions con-
ferred on the President by the
Communications Satellite Act.

= “Under the policy guidance of
the director OEP, coordinating
plans and programs for testing of,
and preparing for the use of, tele-
communications resources in a
state of national emergency.

= “Test, review, and report to the
President, through the National
Security Council, on the ability of
national communications resources
to meet established national secu-
rity requirements efficiently and
responsively.

= “Coordinating Federal assis-
tance to state and local govern-
ments in the telecommunications
field.”

Top grads. The White House
memo further recommends that the
OTP be established with an initial
strength of up to 30 professionals,
including up to 15 at “super grade”
levels (GS16 through GS18 with a
salary range of $25,049 to $33,495).
The director of the OTM would get
$40,000.

Commerce Secretary Maurice

46

Stans, President Nixon’s old cam-
paign manager, was thrown a bone
which may make him happy after
the rejection suffered at the hands
of Defense Secretary Melvin Laird
[Electronics, Nov. 10, 1969, p. 51],
when he attempted a little empire
building by trying to assume re-
sponsibility for national telecom-
munications affairs. The White
House memo suggests “the major
portion of frequeney management
direction of the OTM should be
transferred to the Department of
Commerce to provide the technical
and clerical support functions” for
a new Telecommunications Re-
search and Analysis Center as a
section under the Department of
Commerce.

If the center were established in
Commerce, 47-year-old Myron Tri-
bus, assistant secretary for science
and technology, would be in charge
of its duties, including providing a
centralized research, engineering
and analysis capability in support
of spectrum management, and—as
the memo so bureaucratically puts
it—“such other areas as may be
required.”

Last fall, Secretary Tribus let it
slip [Electronics, Sept. 1, 1969, p.
14] that he thought Commerce was
the only place for a Federal tele-
communications authority to man-
age “electrospace.” The White
House memo states that Commerce
now has a telecommunications re-
search capability, but no responsi-
bility or familiarity with communi-
cations policy. Neither the Council
of Economic Advisers nor the
Office of Science and Technology
[within Commerce] are equipped
to address the fundamental eco-
nomic and institutional problems of
the communications industry and
its regulation by the FCC, or the
problems of the government’s own
telecommunications.”

Commercial electronics

Big squirt

While air pollution is an unneces-
sary and noxious evil, a group at
Bendix Motor Components division
has found what could be a silver

lining in the smoggy clouds. In fact,
air pollution, or future state and
Federal laws setting automobile
exhaust emission levels, may open
a veritable mother lode of a market
for the Elmira, N.Y., facility—
namely, electronic fuel injection.

According to Eugene Taurman,
the division’s manager of market
planning, negotiations with Chrys-
ler, Ford, and General Motors are
in their final stages and Bendix
expects to see its system riding on
certain 1971 models, probably as
an option [Electronics, Dec. 8, p.
33].

Deja vu. Electronic fuel injection
is not new. In fact, it was this same
division that eight years ago re-
ceived patents on the basic elec-
tronic injection system, but shelved
plans for a commercial system
because the cost of the electronic
components for the system was too
high, and there was no real incen-
tive to put such a system on cars.

Meanwhile, West Germany’s
Robert Bosch GmbH, under a Ben-
dix license, introduced an advanced
version of the original Bendix sys-
tem on the Volkswagen 1600 series
in 1968 [Electronics, March 17, p.
87].

The Bendix system is similar to
Bosch’s. In fact, it even uses several
Bosch components—like the injec-
tors, fuel pump, and pressure
sensor.

In operation, fuel is pumped
from the gas tank through a filter
to a common rail, or metal tube,
which runs around the top of the
engine block and supplies all of the
injectors. An electronic control unit
varies the length of time the injec-
tors are open by varying the width
of a voltage pulse that triggers each
injector’s solenoid. A fuel-pressure
control valve maintains a constant
pressure in the rail. Further, there
is a connection from the fuel pump
to a so-called secondary, or return,
fuel line which permits the pump
to purge vapors from the system.

Checking. The injectors them-
selves are mounted at the intake
valve of each of the engine’s cylin-
ders. The control unit determines
the engine’s fuel requirements from
several sources, including a mani-
fold pressure sensor, a full-load
enrichment switch for acceleration,
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Gassed. Faced with ever-tightening antipollution laws, Detroit's automakers are
warming to the virtues of electronic fuel injection. Pictured above is Bendix
system now expected to ride on 1971 model cars as an option.

a coolant thermistor for warmup,
and an engine speed sensing unit.

The major obstacle was the fact
that “the engine compartment of a
car is one of the meanest environ-
ment for electronic components,”
says Todd L. Rachel, staff assistant
to the division’s director of engi-
neering. R-f generation, voltage
transients, and voltage variation are
just some of the terrors awaiting
electronic components near an
engine.

Transient voltages, for example,
can go as high as 200 volts, so
Bendix has tied all the electronics
in its system directly to the battery,
which effectively dissipates the
transients. Also Bendix had to de-
sign all its circuits so that they
would work with voltages that vary
between 6 and 16 volts d-c. Further,
all leads and the wiring harness
must be far enough from the sec-
ondary ignition circuit. In addition,
Rachel says, the entire system can
take up to 10 G’s of shock and that
Bendix has estimated that there is
a less than 1% rate of failure for
solder joints as well as components
for 50,000 miles of operation.
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Heat’s on. While Bendix makes
no bones about drawing heavily on
Bosch’s experiences in designing
such a system for the rear-engine,
air-cooled Volkswagen, the division
was pretty much on its own when
it came to building a system for a
front-engine American car, where
temperatures are higher and mois-
ture problems greater. Accordingly,
all components are capable of oper-
ating at a minimum of 125°C and
some as high as 200°C. Bendix also
decided to remove the 5-ohm resis-
tors that are in series with each
injector from the control box to the
wiring harness. In a car using eight
injectors, that works out to 80 watts
that don’t have to be dissipated in
the box.

Initially, the Bendix system will
use discrete components, but
Rachel says that several prototypes
have already been built with inte-
grated circuits, both digital and
linear, with considerable success.
Based on this success and the antic-
ipated cost savings, Bendix antici-
pates using custom IC’s—“probably
diode transistor logic,” says Rachel
—by 1973,

-in@

s il
C 1

Management
Who's the drummer?

Now that the long-simmering feud
in the Electronic Industries Asso-
ciation has exploded into an open
revolution, the issue to be settled
is whether the members of the
EIA’s Consumer Products division
receive full autonomy in all con-
sumer activities or form their own
association.

The conflict, brewing for some
time before George Butler took of-
fice as EIA president last June,
came to a head when Butler fired
Jack Wayman, the division’s staff
vice president for seven years. But-
ler, annoyed by Wayman’s alleged
activities aimed at splitting the
consumer group from the EIA,
sacked Wayman without notifying
division members. Many of those
members, say industry sources, are
angered by what they see as a new
attack on their independence and
are considering an association of
their own.

With Butler seemingly moving
toward a pool arrangement of divi-
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sions through such things as an
executive-level legislative council
to set overall association policy,
consumer members fear an end to
the traditional independence of di-
visions. And other groups, notably
parts and government products, are
believed waiting to see if the con-
sumer group can hold on to its
autonomy within the EIA before
making moves to strengthen their
own independence. These groups,
however, have little choice but to
stay with EIA, because their mem-
bership is broad-based and over-
laps other sectors of the industry.

Mitigating against a major split—
even if consumer products makers
want it—is the fact that many of the
larger corporate members are also
members of other EIA divisions,
often several. Thus, consumer
product members’ anger leading to
a possible split could well be
cooled at higher management lev-
els within their own companies.
This could be a source of Butler’s
greatest strength.
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1968 1968
Nov. Oct. Nov.
1969  1969% 1968
84.9 950  105.7
156.6  152.0  167.1
1299 1360 127.4
1365 1375  145.0

The issues. At a scries of meet-
ings between EIA management and
the consumer division’s exccutive
committee, the division added a
stipulation to its old list—the right
to hirc and fire its own executives.
The others: control over all division
activities in legislative, marketing,
engincering, and policy-making ac-
tivities; reduction in dues paid by
members to the EIA for basic mem-
bership; reduction of the EIA’s
seven divisions and two subdivi-
sions to three broad groups (part of
the EIA’s reorganization plan of last
June but never effected); a more
independent title, such as the Con-
sumer Electronics Association.

Unlike other divisions, the con-
sumer group is a small, very close
knit group, and considers itself a
different breed from the govern-
ment-industrial units. Thus, a de-
cision to stay or split will be made
without consulting the other
groups. Butler himself is sure the
Wayman supporters are pushing
for a split, but doesn’t see the effort

January 5, 1970

Total electronics production
continued downward in November
for the third menth in a row,
dropping one full index point from
the revised Octcber figure to 136.5.
It also was 8.5 points below the
November 1968 total.

Defense electronics was the only
component of the index to score a
one-month gain, up 4.6 to 156.6.
Industrial-commercial production
lost a substantial 6.1 points, while
the consumer sector really took a
beating: down 10.1 points from the
revised October figure.

Indexes chart pace of production voi-
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.

as any real threat to the association.

He points out that there are 24
companies in the consumer group—
only two big ones, Zenith and Em-
erson, aren’t among them—and “to
be a viable group it would have to
have 70% of them.” Butler also
warns that the EIA will exert pres-
sure to keep the sheep in the fold.
He sums up the turmoil as “im-
portant, but it’s certainly not a
crisis.”

Scorecard. EIA officials specu-
late that leaning toward a split are
RCA, Magnavox, Admiral, Philco-
Ford, and Cortron Industries. Cor-
tron cmploys chairman Charles
Hoffman of the division’s executive
committee, and is to become a sub-
sidiary of Admiral—one of the ma-
jor companies believed threatening
to resign. Expected to oppose a
new trade group are Motorola and
General Electric. The rest, notably
Sylvania and Westinghouse, are on
the fence. Those whose markets are
mainly consumer-oriented, accord-
ing to one industry source, will go
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with whomever has control of the
consumer electronics show, held
annually to preview consumer
products wares. For Wayman, the
show has been a one-man operation
for three years, grossing about
$500,000 each year.

Wayman, who is using a desk
and telephone in the office of one
of Washington’s prominent at-
torneys, has been asked by his
backers not to make any decisions
about his future until the split-or-
stay decision has been made.

Whatever the decision, says
Hoffman, “I believe we have to
stick together to have a strong
voice” in such matters as the on-
going industry problems over color
tv X-radiation with the Department
of Health, Education, and Welfare;
the issue of color tv fires with the
Product Safety Commission; and
the fight against components mak-
ers for free trade and lower tariffs.
This “strong voice” is an added
incentive for smaller consumer
makers, for whom strength is
mainly in numbers, to go along
with the majority decision.

Advanced technology

Let’s hear it

Surface acoustic waves may get on
television as integrated intermedi-
ate-frequency filters in color sets.
At least Zenith thinks so, because
it’s working on a 40-megahertz sur-

face-acoustic-wave bandpass filter
with the necessary i-f traps to re-
place the discrete inductor and
capacitor of the old tuned circuits.
But, although these surface-wave
filters  are miniature compared to
the present filter coils—0.15 inch
square vs. approximately 1.5 inches
—size isn’t the whole story. '

The main reason for Zenith’s
willingness to lay out development
money is that these surface-wave
devices need no tuning adjust-
ments. Besides, Zenith’s filters are
computer designed, allowing a vast
combination of parameters to be
analyzed. And better yet, once in
the set the filters can’t drift, the
bugaboo of the coils.

How much? Cost may be an im-
mediate factor in determining just
how fast the new filters get into
tv sets. New technologies are in-
volved—-methods of cutting piezo-
electric substrates, techniques for
depositing the metallic electrodes
of the interdigital transducer pair
—but they lend themselves to batch
processing, especially for substrate
handling. And batch-processed
components mean big savings after
the design becomes standard and
Zenith can start turning out filters
by the batch for color sets.

Zenith’s filter works like this: An
interdigital transducer pair—comb-
like metallic arrays whose finger
spacing determines the center fre-
quency—is deposited on an acous-
tic substrate such as lead zirconate,
Zenith’s choice because of its tem-
perature stability and good electro-

Waves. Encapsulated mock-up (left) shows surface wave filter
for future tv. Circuit, with its i-f amplifiers, eliminates coils in
old circuits. Each of three filters at right uses outer transducers
in series or parallel, providing single input/output pair.
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acoustic coupling. The transducer
pair, besides determining the band-
pass and trap characteristics, also
serves as the input/output, passing
only the desired radio-frequency
band. This is done by the trans-
ducer which converts the r-f to
acoustic energy at the input,
launches it down the substrate,
and recovers it at the output. In-
sertion losses can be made manage-
able, preferably in the neighbor-
hood of 15 decibels.

But amplification will be neces-
sary. Zenith has not announced
plans to use surface-acoustic-wave
amplifiers behind the filters, al-
though as these new amplifier de-
signs firm and their cost and re-
liability make them attractive, they
could be employed in later circuits.
In early models Zenith will prob-
able use monolithic IC amplifiers,
but hybrids are being considered.

Chain. In actual circuits, filters
will have to be cascaded to syn-
thesize the i-f response for color
tv. One arrangement which Zenith
is considering uses a video chain
consisting of three surface wave
video filters and a sound chain,
which shares one filter with the
video, along with an independent
audio filter. The first filter in the
chain provides both out-of-band
video rejection and moderate at-
tenuation of the sound carrier. The
second and third filter provide a
video notch at 41.25 Mhz, and to-
gether with the first filter, gives the
proper bandpass, including a notch
at 47.25 Mhz. Finally, in combina-
tion with filter 1, filter 4 provides
the proper sound-picture level.

With this arrangement Zenith
comes very close to fulfilling most
of the specifications for a color i
bandpass. In fact, when the surface
wave chain was substituted for the
standard i tuned circuit in a Zen-
ith color set, picture quality was
good.

Problems remain. Serious are
the reflections between transducer
pairs of each filter, reflections
which show up as ghosts on the
screen, Since this is a traveling-
wave device, there’s always some
echo level, and its reduction re-
quires new substrate and trans-
ducer designs. Various ways to
make the transducer operate in one
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direction only—normally interdigi-
tal transducers are bidirectional
devices—may be the answer. Fur-
ther, the use of lossy substrates
could help. One problem—the back-
wave launched by the transducer—
can be solved by angle-cutting the
substrate edges, a technique used
successfully by Zenith,

Optoelectronics -

Data bundles

When hard wires are used to ex-
tract test data from a hostile en-
vironment—such as r-f interference
and electromagnetic pulse environ-
ments—unwanted interference often
gets mixed with the signals to be
monitored or recorded for later
analysis, and it can disturb the
test environment. But fiber-optic
bundles, combined with solid state
light emitters and sensors, provide
a remedy for such transmissions
by electrically isolating the hostile
environment from the remote re-
cording equipment.

Until recently, however, attenua-
tion in the fiber-optic “light pipes”
had hobbled efficient phototele-
metry, and the data couldn’t be
transmitted more than 20 or 25 feet,
because that was about the longest
fiber-optic bundle available with
acceptable efficiency. Improve-
ments in the quality of the bundles,
plus some innovations cooked up
by engineers at the Autonetics di-
vision of the North American Rock-
well Corp., have led to develop-
ment and successful use of at least
three data-transmission systems in
the Autonetics Navigation and Con-
trols division (formerly Strategic
Missile Systems division).

Lengthy link. The most sophisti-
cated of these, in the opinion of
Ralph Bradley, supervisor of the
telemetry engineering unit, is a 70-
foot-long data-acquisition link used
to check the performance of a mis-
sile guidance and control system
in a high-energy electromagnetic
pulse environment.

The phototelemetry unit rolls an-
alog and digital multiplexing into
the same package with pulse-code-
modulation techniques to transfer
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Linking the lines. Autonetics has used 70-foot-long fiber-optic bundles to move
data in this guidance and control system in a high-energy electromagnetic

pulse environment.

data at 345.6 kilobits per second
over each of three fiber-optic bun-
dles that are linked by gallium-
arsenide infrared emitting diodes
and p-i-n photodiode detectors.
[Electronics, Dec. 22, 1969, p. 34].
Any one of these three bundles can
handle up to 106 analog signals
from the missile guidance system
being tested, plus 49 discrete digi-
tal on-off signals. The data comes
from the flight-control electronics,
inertial measurement unit, platform
electronics, and digital computer
associated with the system. The
signals include such things as a-c
and d-c power supply monitors,
thrust-vector commands, actuator
position pickoffs, and gyroscope
pickoffs.

The signals may vary in level
from 0 to 100 millivolts for some
subsystems, to 0 to 40 volts for
others. This variance requires that
signals be to levels between 0 and
5 volts before they can be accepted
by the analog multiplexer which
can handle 100 to 800 signal sam-
ples a second. Its single output
is converted to an 8-bit digital
signal by an analog-to-digital con-
verter.

Digits. “The digital signals—the
on-off data such as velocity meter
outputs and other discrete events
that cause a switch to toggle,”
Bradley says, “are conditioned and
multiplexed in a digital multirlexer
in 16 digital words of 8 bits.” The
sampling cycle is repeated every
16 words, and the words are fed
to a data converter to be time-
multiplexed with the analog data.

Two 8-bit encodings of analog in-
formation and 8 bits of discrete
data are time-multiplexed into a
27-bit word: 8 bits of analog data,
8 of discrete or on-off data, then
8 more bits of analog information
followed by 3 synchronization bits.
Finally, the serial bit stream is con-
verted into a special code for pcm
transmission to the light-emitting
diode associated with the light pipe
for this data transfer.

The other two phototelemetry
links are synchronized with the
digital computer to continuously
monitor the outputs of the accumu-
lator and instruction registers.
These two outputs let the person
running the test know what the
computer is doing at a given time
(accumulator register) and compare
it with what it was told to do (in-
struction register). These two out-
puts are also converted to a special
code for pem transmission.

Each of the three outputs, then,
modulates one of the three light-
emitting diodes. Signal condition-
ing is required to provide adequate
drive current to excite the diodes
to emit at approximately 9,000 ang-
stroms. When the diode is on, a
digital 1 is transmitted; when it’s
off, a 0 is sent. This emission is
carried through the light pipe,
picked up by the p-i-n diode de-
tector, and amplified by a linear
integrated circuit operational amp-
lifier. Then, the signal is either
recorded on tape or sent to a
“quick-look” ground station. So by
immediately examining selected
digital words that describe certain
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Chicago Aerial Industries didn’t ask us to
invent a better way to illuminate football
games. What they wanted was a three-di-
mensional, electroformed reflector head
formed to incredibly precise specifications
for a military contract. They decided we
were the only people with the capabilities
to produce what they needed.

They were right. No one can match
Buckbee-Mears ir the field of two or three
dimensional precision electro-forming. Our
mesh screens, for example, go down to four
million holes per square inch with perfect
accuracy. Line width tolerances of #.0001
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grids, optical wedges, zone plates and a
variety of micro-miniature parts.

We're equally adept at electroforming
gold, silver, copper and nickel. Any shape
you want. Besides the reflector, we produce
seamless tubing to a thickness of .005
inches for housing intricate electronic pack-
ages used in space vehicles. We make the
carefully angled exhaust pipes for aircraft
jet engines.

If it requires an intricate two or three di-
mensional shape with precision tolerances,
just ask us. Call Bill Amundson, our Indus-
trial Sales Manager, and tell him what you
need.

If we can help one bulb light a football
field, just think what we might be able to
do for you!

The world leader in precision photomechanical reproduction
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critical performance parameters of
the system, it can be determined
if the test is getting the needed
data,

Better bundles. Bradley says the
recent improvements in fiber-optics
that have allowed longer data-
transmission systems include avail-
ability of the longer bundles, plus
improvements in the coating ma-
terial for the bundles.

A highly reflective metal had
been used to coat the fibers, but it
absorbed too much light, destroy-
ing transmission efficiency. Now
the bundles, which Autonetics buys
from the American Optical Co.,
have a transparent dielectric glass
coating. The glass has a different
refractive index from the bulk bun-
dle glass, giving better reflection.

Autonetics applies an end fixture
to the bundles to act as a mech-
anical connector, and also to facili-
tate cutting and polishing the bun-
dle ends, which further reduces
reflection losses. Nevertheless, an
emitter output of about 20 milli-
watts will attenuate over the 70-
foot bundle, leaving only about
0.03% of that output at the end
of the bundle. Roughly 30% of the
power is caused by bundle end
losses, and there’s attenuation along
the bundle of 10% per foot, but
the p-i-n diode detector can still
sense the signal. “There’s not much
of a problem to detect this low-
level signal” says Bradley, “and
bring it quickly to a 1,000-times
amplifier.”

Memories

An nsec saved

Fast microprogramers are a must
in third- and fourth-generation
computers, where every nanosec-
ond counts. Each nanosecond spent
in manipulating instruction reper-
toires degrades overall system per-
formance. Optical Memory Sys-
tems, a new Southern California
firm, attacked the problem with an
optical read-only memory that is
arousing the interest of several
computer manufacturers, including
Xerox Data Systems.
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Although intended primarily as

a computer microprogramer, the
memory also has code conversion
and character generator applica-
tions. The first to be produced will
have 102,400 bits, with a word size
of 100 bits, parallel output. Other
sizes, ranging from 4,096 to 262,144
bits and a 256-bit word length, also
will be made. Access time is a con-
servative 70 nanoseconds. With a
smaller number of outputs and
multiplexing, considerably faster
access times are possible, accord-
ing to Robert L. Burr, general man-
ager of the firm.
_ Infrared. The memory uses a 32-
by-32 x-y matrix of 1,024 gallium
arsenide diodes operating in the
infrared, which are individually
addressed and selected by the com-
puter. The source diodes are driven
by 64 decoder/drivers.

When a diode is turned on—only
one source at a time is used—the
light passes through an optical
mask bearing the desired bit pat-
tern. The mask is an ordinary high-
resolution photographic plate, and
the 0’s and 1’s are created by ex-
posing a photo-emulsion on the
glass, using integrated circuit
mask-making techniques. Bit aper-
tures in the mask are 15 mils
square, with 5-mil separation and
one-bit space between words.
Opaque areas of the plate produce
a 0 and clear portions register a 1.
Opposite the source diodes, on the
other side of the mask, is an array
of 100 p-i-n diode sensors, all of
which can receive light when a
single source is turned on. Which
sensors are excited depends on the
individual gallium arsenide diode
source selected and on the bit pat-
tern on the program mask. This
means that the total number of bits
in the memory is the product of the
total number of sources times the
number of sensors.

Burr says proprietary optical
devices are used as voltage multi-
pliers to accomplish the high-en-
ergy transfer needed to excite the
pin diode array with a single
source. The secret, according to
Burr, lies in increasing the output
of the source diode to “hit” the
p-i-n diode array harder than would
otherwise be possible.

Thus the result, in the words of
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213 Third Ave.
Waltham, Mass, 02154
Tel: 617-891-8484
Semiconductor Specialists, inc.
2011 Waverly St.
Pittsburgh, Pa. 15218
Tel: 412-351-3611

SOUTHEAST
Cramer/Florida Electronics
4141 N.E. 6th Ave.
Ft. Lauderdale, Fla 33308
Tel: 305- 947-6517
Jackson Electronics Co.
P.O. Box 19837
Atlanta, Ga. 30318
Tel: 404-355-2223
Schweber Electronics, Inc.
2830 N. 28th Terrace
Hollywood, Fla, 33020
Tel: 305-927-0511
Southeastern Radio Supply Company
414 Hillsboro St.
Raleigh, N. C, 27603
Tel: 919-828-2311

MIDWEST
Electronics Marketing Corp.
814 W. 3rd Ave,
Columbus, Ohio 43212
Tel: 614-299-4161
Hamilton Electro Sales
920 S. Westwood
Addison, I, 60101
Tel: 312-543-8500
1400 W. 46th Ave.
Denver, Colorado 80216
Tel: 303-433-8551
Lew Bonn
7275 Bush Lake Road
Edina, Minn, 55435
Semlconductor Specialists, Inc,
P.O. Box 66125
Chicago, 11l. 60666
Tel: 313-255-0300
25127 W. Six Mile Road
Redford, Mich. 48240
Tel: 313-279-1000

SOUTHWEST
Arco Electronics, Inc.
P.O. Box 34772
Dallas, Texas 75234
Tel: 214-239-9123
Hamilton Electro Sales
P.O. Box 10227
Dalias, Texas 75207
Tel: 214-638-0900
1216 W, Clay St.
Houston, Texas 77019
Tel: 713-526-4661
1741 N. 28th St.
Phoenix, Arizona 85009
Tel: 602-272-2601

WEST & NORTHWEST
Elmar Electronics, Inc.
2288 Charleston Rd.
Mt. View, Calif. 94041
Tef: 415-961-3611
Hamilton Electro Sales
10912 W. washington Bivd.
Culver City, Calif, 90230
Tel: 213-870-7171
2320 6th Ave.
Seattle, Wash. 98121
Tel: 206-442-2011
5567 Kearny Villa Rd.
San Diego, Calif, 92123
Tel: 714-279-2421
340 Middlefield Rd.
Mt. View, Calif, 94041
Tel: 415-961-7000
Kimbail Electronics, inc.
350 Pierpont Ave
Salt Lake City, Utah 84101
Tel: 801-328-2075
G. S. Marshall Co.
9674 Telstar Ave.
El Monte, Calif. 91731
Tel: 213-686-1500

Electronic Capacitor & Battery Dept., Irmo, S. C.

GENERAL ELECTRIC

430-44A
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COMES WITH EVERY GE
TANTALUM FOIL CAPACITOR

Meticulous
quality
control

Is it possible to test in reliability? Hardly. It must be built in —
then tested for verification. There is no better example of this
than the GE tantalum foil capacitor. To verify its design param-
ters every unit gets 382 quality control checks during its
manufacture,

After uncompromising quality control . . . a dissipation
factor reading, capacitance test and leakage current test at
room and high temperature provide extra verification. Each
production lot is then sampled for rugged environmental test-
ing to add even more assurance of performance to product
specification.

This adds up to a tantalum foil capacitor with: (1)
low leakage current, (2) long, stable shelf life, (3) no limit
on charge or discharge current, eliminating the need for
external impedance limitation. Units available with stan-
dard elastomer seals or with high-reliability glass-to-
tantalum hermetic seals.

GE tantalum foil capacitors meet or exceed the
requirements of MIL-C-3965 and MIL-C-39006 and are
available in all specified sizes.

Choose from many standard units

Tubular Type  Rectangular Type

Voltage Ratings: 3vDC-450vDC 10VDC-150VDC
Capacitance Ratings: .5uf - 1450uf 20uf - 3500uf
Temperature Ratings: —55C to 125C —55C to 125C

Call your GE Electronics Distributor or GE
ECSO District Sales Manager, or write Section
43037, General Electric Co., 1 River Road,
Schenectady, N.Y. 12305

Electronic Capacitor & Battery Dept., lrmo, S. C.

GENERAL (%) ELECTRIC
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See Litton firs
for miniature ™

If your application involves missile guidance radar, beacons,
airborne terrain-following radar, manpack radar, aircraft
landing systems, transponders, fuzes, commercial weather
avoidance radar or airborne doppler navigation radar — Litton
offers you a complete line of miniature K-band magnetrons.

Our exceptionally broad line wifl fit into any system within
all these applications and offers you unique performance
characteristics. Qualities like low temperature coefficients.
Short warm-up time. Very short pulse width capability. Long
life expectancy and low RF interference. These features will
ensure compatible operation in the most demanding K-band
systems.

A few typical examples of our miniature line are given in the
chart below. For full details contact: Electron Tube Division,
960 Industrial Road, San Carlos, Calif. 94070. Telephone
(415) 591-8411.

Tube Type Pea'\lz1 igzi)rcv:T(Kw) Fr;(;t:‘zr;cy Tuning
L-5048 coaxial ﬁ o 15,950-16,550 Mechanical
L-5112 coaxial 2‘2_ 15,400-15.7007 1 Mechanical
L-5113 coaxial 2.2 15,400-15,700 Mechanical
L-5013 coaxial | 4.0 R 15.500-16.5& Mechanical

B L-5035 coaxial—— o ;) - 15,900-16,400 Mechanical
L-3958;0E| 90 15,500 + 85 Fixed Frequency
L-3496A 1.0 16,000-16,500 Mechanical
L-5189 1.0 14,200 *+ 150 Fixed Frequency
L-4370 T E& 13,325 + 30 Fixed Frequency

Circle 56 on reader service card

LITTON INDUSTRIES
ELECTRON TUBE DIVISION
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Douglas Maure, engineering vice
president, is that “you get the
whole enchilada—100 bits of paral-
lel output—in one shot.”

Each sensor receives a 150-milli-
ampere pulse from the light emitter,
and a high-speed IC pulse amplifier
for each sensor provides transistor-
transistor-logic level output. The
operational amplifier is a Fairchild
#A 733 and a-c preamplifier with a
15-decibel gain and a 6-nsec rise
time.

Program masks are prepared by
the company from paper or mag-
netic tape, or punched-card bit
location specifications supplied by
the customer. An important advan-
tage over other read-only memories
is that any desired mask can be
inserted in the memory in the field
for Fortran, Basic, or whatever lan-
guage is being used. The quick-
change capability is particularly
advantageous at the computer de-
sign stage when mistakes within a
large number of bits must be cor-
rected. Individual bits on the mask
can also be changed, using an x-y
microscope positioner and an emul-
sion to dissolve or add bit locations.

The 12-by-12-by-14-inch memory
costs about 2 cents per bit in quan-
tities of ‘500, but could drop in ex-
tremely large memories, Burr says.

For the record

Moving. Motorola’s Semicon-
ductor Products division has given
five men broader responsibilities
and named three of them corporate
vice presidents. They are: Thomas
Connors, formerly vice president
and director of marketing for the
division, who became corporate
vice president for marketing; John
Welty, former vice president and
director of operations and adminis-
trative services, who was named
assistant general manager of the di-
vision; Jack Haenichen, former di-
rector of operations who assumes
Welty’s former duties; Patrick
Lynch, former director of opera-
tions, who was chosen director of
operations for all discrete products
except optoelectronics, which re-

Electronics | January 5, 1970

U.S. Reports

mains under Haenichen; and C.J.
Goodman, former marketing man-
ager for the U.S.,, who succeeds
Connors as the division’s director
of marketing. Haenichen, Lynch
and Goodman are the new vice
presidents.

At the same time, Motorola
Semiconductor announced forma-
tion of the office of general man-
ager, including Welty and Stephen
Levy, general manager, who is also
a ocorporate vice president. For
Welty, the move appears especially
significant. He returned to Motor-
ola shortly after C. Lester Hogan,
Levy’s predecessor, left for Fair-
child with several associates. Welty
had been general manager of
Philco-Ford’s Semiconductor op-
erations, and now looks like the
best bet as a successor if Levy is
selected for greater responsibility.

Director. The Navy has named
RCA prime contractor for its Aegis
antiaircraft missile system, for-
merly ASMS (for advanced surface
missile system). The announcement
was made with award of the $252,-
930,400 engineering and ‘develop-
ment contract. The system will use
a variation of the General Dy-
namics Standard missile from a
standardized launcher that will
also accommodate Asroc, the anti-
submarine rocket. The Aegis radars
will use Univac’s AN/UYK-7 com-
puter [Electronics, Sept. 22, 1969,
p- 58].

Lighter, smaller. At about the
same time it was celebrating its
Aegis contract, RCA was saying
that it has opened the door to a
new generation of phased-array
radars by reducing cost and size
without sacrificing performance.
The Missile and Surface Radar di-
vision in Moorestown, N.]., credits
four innovations for making pos-
sible the deployment of portable
tactical phased-array radars for
land, sea, and air applications:

= A new feed using a parallel
power divider that’s just 1 inch
deep. Normal depth previously,
says RCA, was 28 inches.

= Smaller phase shifters attained
through heavy dielectric loading.

= A hybrid IC phase-shifter.

= A new radome design.

The most wanted
power Suppiy...
vours from TEG

TEC, the proven power supply manufacturer, now
offers its PM series plug-in modular supplies
most wanted for stringent design requirements
in industrial/military applications. Attractively
priced: dual outputs, $59.00; single outputs,
$49.00; unregulated power supply, $39.00.
Complemented by equally reliable thick-film
Hybrid Voltage Regulators. Check our custom
capability, too.

TEC PM Series

Power Supplies K
115 VAC input =
supplies. +5, +15,
-+ 200vdc output for
logic, opamps, nixies.
Totally encapsulated.

o 3
‘u’” TEC VR Series

. Hybrid Regulators

Economy Price 2X-

~  OIP package. Built-in
fold back current
I limiting. Adjustable
|tf, and fixed output

)

| voltages.* | — ..u/;—
#’L ST —— w‘é
%} ,q"'w’:\?g\ %g » 1
W 4 Y PN
‘ 4
#:

" TEC VRH Series

- Hybrid Regulators
High Performance 1
. coldweld Hermetic 1
*  Seal, metal, Dual-in- |
Line package. Fixed
:T\ output voitages.* l

*Plug-in connectors available for testing and bread-
boarding.

See our ad in EBG . . . inside front cover
We're also in EEM . . .
pages 2120-2125

P.0. Box 910
@ Boulder Industrial Park
Boulder, Colorado
(303) 442-3837
®

&= =
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Q: What will be the real growth rate of the U.S. economy in

the first half of 19707

A: -0.8%

Q: What will be the capacitor market in consumer electronic

equipment in 19727

A: $22.3 million

Q: How many tape players for automobiles will be produced

in 19707

A: 580,000

Q: How many linear monolithic microcircuits will be used in

oscilloscopes in 19707

Q: What is the best computer service market for the 1970’s?

A: 544,000

A: Facility
Management

Q: At what rate is the market for discrete semiconductors
in computer equipment declining?

A: 4.8%

What'’s the source of those answers?

MAPTEK is your source of data . . . the
world's largest computerized com-
mercial management information data
base. MAPTEK forecasts the produc-
tion of all electronic equipment (over
400 products) . .. all end markets for
electronic components and hardware
(over 350 products) . . . total markets
as well as end markets for computer
products and services . . . shipments
and value added for 60 basic indus-
tries . . . and total U.S. economic out-
look!

MAPTEK interprets and forecasts . . .
the entire technological, competitive

58 Circle 58 on reader service card

MAPTEK

What is MAPTEK?

and business environment and sup-
ports all of your tactical and strategic
planning. It helps you to react to
changing conditions, tells you how to
enhance your company’s share of a
specific market, assists you in pricing
strategies of your products, gives you
thorough knowledge of individual end
markets for your products and how to
serve their needs.

If your company has an interest in the
electronics industries or electronics
technologies, MAPTEK is your ideal
source of data and strategic guidance
in these markets. We'll be happy to

show you how to utilize this new cor-
porate planning tool, developed by a
leading technological information
company with a multi-miflion dollar
investment. Call or write MAPTEK
Administration, Quantum Science
Corporation, 245 Park Avenue, New
York (212) 986-4410 or 851 Welch
Road, Palo Alto, California (415) 327-
8400.

MAPTEK IS A REGISTERED TRADEMARK OF
QUANTUM SCIENCE CORPORATION.

@Qumd‘m Seiemee Conponation
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Room for
improvement

General Electric’s TO-5?

transistor-size sealed relays

give you more room
for increased power,
improved performance

We didn’t cut any corners on this high-reliability, transistor-size
sealed relay. We left them on so there’d be more room for a
more powerful magnet—2Y%z times more powerful.

This added power means this type 3SBS, 2PDT, 1 amp relay i
gives you higher contact forces, larger contact gaps, and

greater overtravel to minimize mechanical shifts. Shifts ACSEJEM‘
which usually increase early-in-life failures.

Though there’s more room inside to give you all these

advantages, the outside dimensions—top-to-bottom (.275")

and side-to-side (.370")—are the same as any transistor-

size relay.

So don't cut corners on your next transistor-size relay

application. Specify GE’s square Type 3SBS. For full details,

write General Electric, Section 792-45, Schenectady, New

York 12305.

GENERAL 3 ELECTRIC
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Number 5 of a Series

Tips on cooling off
hot semiconductors

As power levels go up and up and package size shrinks, circuit designers are keeping semiconductors cool
with IERC Heat Sinks/Dissipators. Reducing junction temperature gives many benefits: faster rise and fall times,
faster switching speed and beta, fewer cigcuit loading effects and longer transistor life and circuit reliability.

Thermal mating of matched transistors, such as these TOS5’s shown on
a dual LP, maintains matched operating characteristics. The LP's
unique multiple staggered-finger design (both single and dual
models) maximizes radiation and convection cooling, results in a
high efficiency-to-weight and -volume ratio.

Free

TO5's and TO18's in high density packages High power TO3's, TO66's, TO6's, TO15's, etc. four-page

can be cooled off with efficient push-on Fan can be operated with much more power Short Form

Tops that cost only pennies. T-shaped, need  when used with HP’s. These compact, light- Siat:';’g'

no board room, let other components snug-  weight staggered finger devices accommo- nd tor

. . , . your copy

gle close. Spring fingers accommodate wide  date from one to four TO3’s. Provide the today
case diameter variations. Models for RO97’s, same heat dissipation as an extrusion that'’s

Power levels of plastic power devices such as X58's, MS9’s, and
M386's can be increased up to 80% in natural convection and
500% in forced air when used with PA and PB Dissipators. PA’s
need only .65 sq. in. to mount; PB’s 1.17 sq. in. Staggered finger
design gives these light-weight dissipators their high efficiency.

Heat probtems? IERC engineers wel-
come the opportunity to help solve
your heat dissipation problems. As
the world’s largest manufacturer of
heat sinks/dissipators for lead and
case mounted semiconductors, they
can come up with a practical, low
cost solution.

RO97A and D-style plastic devices also. three times heavier and one-third larger.

Heat Sinks/Dissipators lERC %%3;

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION / A CORPORATE DIVISION OF DYNAMICS CORPDRATION OF AMERICA /135 WEST MAGNOLIA AVENUE, BURBANK, CALIFORNIA 91502
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TRW
S watt 3 GH=z
S-band transistor

...New Broadband MIC package

The TRW Gigahertz Family takes
another step forward in power
and frequency: a new compatible
series of microwave transistors,
operating at 3 GHz—the heart of
S-band. The new family includes
four devices with the highest
available output power bandwidth
and gain at 3 GHz:

PT6669 300 mW
PTe618 1.0 Watt

6 dB gain
5 dB gain

Electronics | January 5, 1970

PT6635 2.5 Watts 4 dB gain
PT6636 5.0 Watts 3 dB gain

This new common base series
is consistent with microwave inte-
grated circuits and/or conven-
tional stripline. The package is
also specially designed for low
parasitics. Like the rest of the
Gigahertz Family, they operate
from a 28 volt source.

For complete information and

applications assistance, contact
TRW Semiconductors Division,
14520 Aviation Bivd., Lawndale,
California 90260. Phone: (213)
679-4561. TWX: 910-325-6206.

Y ACTUAL SIZE

TRW
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Time-share
terminals cannow
draw their own
conclusions. .«

N,
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"r..e’
o
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@ A i
: . : 2 RN AN g W,
Now you can get instant graphics. From the new T e o T,
2

Hewlett-Packard Graphic Terminal, the most
functional advance in time-share capability since
the Teletypewriter itself.

Feed standard EIA ASCII inputs to the Graphic
Terminal and as the data arrives from the computer, it
can be plotted right along with the Teletypewriter
printing. When data transmission is finished, so is the
graph. Plugged into the Teletypewriter, the Graphic
Terminal will plot from keyboard inputs, or you can
plot with the Teletypewriter silenced by a switch.

No more waiting. No more wading through a swarm
of digits. Clear, sharp graphs help you get the picture
every time —on the spot. And give you faster, more
direct comprehension of computer solutions.

The HP terminal is simple to operate but provides
sophisticated results. No special programming
knowledge is needed. Numbers become points, curves,
circles, lines, ellipses, contours. Or business graphs
like bar or pie charts. Check out trends, study the
behavior of input functions, compare one result
with another. Design graphically with figures from
computer-resolved data.

Add a new dimension to your in-house capability.
Put a Hewlett-Packard 7200A Graphic Plotter next
to your Teletypewriter and draw a more functional
picture of the cold hard data. Your time-share service
has the facts. If they don’t yet offer the 72004,
have them get in touch with us.

HEWLETT (hp; PACKARD

S

GRAPHIC RECORDERS

11909
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Burndy presents

the complete
terminal
package.

Variety. Discover Burndy quality at competitive
prices. Three full lines of compression

terminals and splices: bare Hylug® with

brazed seam; riylon-insulated Insulug®;

and new Vinylug™, one of the best insulated
lugs made at economical prices. All

styles in inventory-cutting, range-taking sizes
for#22-10 wire. Available in bulk or convenience
type packaging for installation with any type
hand tools, or on reels for qutomatic

feed in crimping machines.

Fast, accurate hand tools that cut down on rejects,
make quality control easy. Every crimp is perfect, no
changing dies. Plier or ratchet-type, they install a

full range, bare and insulated, sizes #22-10.

Our high-speed automatic machines install up to 2,000 per hour
even with inexperienced operators. Here's the way to step up
your assembly line—even die changes taks no more than a minute,

Record-breaking delivery. Burndy has warehouses &nd distributors
from coast to coast. Complete stocks are never more than a couple of hours away.

Service back-up. Burndy doesn't just sell you terminals. We have a force of
factory-trained terminal specialists, experts on installation and tooling, too. Write
today for samples, new catalog and/or

a visit. See how Burndy's complete termi- Q B I ' R N DY
nal package works to your advantage. v Norwalk; Connecticut

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES: CANADA: Ontario / ENGLAND: St. Helens, Lancs.
BELGIUM: Mechelen / MEXICO: Naucalpan de.Juarez [ BRAZIL: Sao Paulo / JAPAN: Tokyo / Sales Offices in Other Major Cities
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L
VYSrERRY RAND

MICROWAVE IC MODULES
PROGRESS REPORT #9:
SWITCHING MODULE

Sperry Rand's PACT (Progress in Advanced Circuit
Technology) program has taken a new look at micro-
wave signal switching and developed the first com-
plex circulator module.

It began with a major system contractor’s effort to
boost the reliability of a hand-held radar by pro-
viding redundant transmitters, receivers and local
oscillators. Since a working radar set needs only
one of each, the extras ride along as spares until a
malfunction of a primary element calls them to duty.

Sperry's mission was to develop a super-reliable
switching module capable of selecting either trans-
mitter and either receiver and hooking them into the
antenna duplexer circuit. Solid state was the only
answer to the reliability requirement.

Sperry's solution is a single rectangular module,
one inch by 1.8 inch, on a substrate 0.055 inch thick.
Four circulators, a termination load and two DC
blocking elements coexist on the module. One of
the fixed circulators serves as the antenna duplexer,
shunting transmitter and receiver signal paths. The
other fixed circulator provides an antenna termina-
tion load to protect the downstream components
against bursts of reflected transmitter energy.

Latching circulators allow operator selection of
either of the two transmitters and receivers. Our
latching circulators switch with as little as 200

SPPERRY

microjoules of energy, a negligible drain on the
power supply.

Sperry’'s circulators perform well. Measurements
taken at 9.0 GHz show minimum isolation of 28 db
and maximum insertion loss of 0.7 db at 27°C. And
all four circulators do their jobs with negligible inter-
action even though they share a common substrate.

Sperry is the expert for integrated microwave mod-
ules and we welcome your system challenge. To
help start a conversation, we have a new module
planning sheet you can get free. Send for it, fill in
the blocks to describe your requirement, then send
it back and we'll be in business.

ACTUAL SIZE

Sperry Microwave's solid-state switching module provides a common sub-
strate for four circulators, two DC blocking elements and a termination load.

For faster microwave progress,
make a PACT with people
who know microwaves.

MICROWAVE ELECTRONICS DIVISION

CLEARWATER, FLORIDA
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U.S., France hold
secret computer talks

'Northrop to make
British navigation
and attack system

East Europe nations
step up purchases
of process control

Klectronics | January 5, 1970
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French and U.S. negotiators are deep in secret talks that may set
important new guidelines on an increasingly serious problem: How far
can the U.S. go in making private electronic firms the instruments of its
foreign policy? At issue in particular is whether Washington has the
right to tell foreigners how they can use electronic products manu-
factured on their own soil by local subsidiaries of U.S. companies.

The new hassle stems from 1965, when Washington denied an export
request for two big Control Data 6600 computers, which former Presi-
dent de Gaulle wanted to help develop his own independent nuclear
strike force. The French promoters of that “Force de frappe” still want
mammoth computers and the French are asking Washington to reopen
the computers dossier. The reason: three months ago Control Data began
making computers in its first Continental plant, in France near Geneva.
It will start making the 6600 in a few months, turning out about 10
systems a year for Common Market customers. Since there will be no
exporting from the U.S., can the U.S. still keep up its embargo?

Neither side will discuss the talks, though U.S. diplomatic sources
concede they have been taking place. But they decline to say how far
the French are asking the U.S. to go—whether Paris merely wants to
get a Control Data giant for its military research or whether French
officials are asking for a total suspension of the U.S. embargo in
principle. Should the French win, the looser strings to Washington
could start some U.S. electronics subsidiaries looking harder at the
increasingly attractive, but restricted, Eastern European market.

Ferranti has agreed to let Northrop produce the inertial navigation and
attack systems for the Harrier vertical/short takeoff and landing (V/
STOL) fighter when it is produced under license in the United States by
McDonnell-Douglas. The U.S. Marine Corps is buying 12 of the Harriers,
the only operational jet V/STOL in the free world today, from Britain’s
Hawker Siddeley Aviation for $35.3 million, but only can do so if future
purchases are made in America. The Ferranti system is a self-contained
unit which allows the pilot to navigate and to find and attack targets
with a wide variety of weapons. It also provides precision aiming with
automatic weapon release at the appropriate point.

The British push to sell computerized process control systems in Eastern
Europe is showing results. The longtime marketing leader, GEC-Elliott
Automation Ltd.—a division of the General Electric-English Electric
combine—boosted orders in 1969 to $17 million, over three times its
1968 sales. The company picks East Germany, Russia, Poland, and
Rumania as biggest buyers. Ferranti Ltd., which started selling seriously
in East Europe in March with appointment of exclusive Czech agents,
expects its first big order, for over $250,000, to be confirmed shortly.
George Kent Ltd. expects two complete non-computerized steel and
iron production control systems sold to Russia last year to be followed
by bigger and better orders in 1970.

Behind the boost in sales are increased emphasis on productivity in
current Eastern Bloc five-year plans and large investment in petro-
chemical and chemical refining plant requiring control systems beyond



Japan first with
quartz wrist watch

Scandinavian bank
EDP network to get
GI MOSIC's

Siemens and Fuji
expand joint
marketing plans
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the present scope of native technology. Further, East Europeans tend
to build large plants fully automated from scratch instead of in stages,
and to place large equipment orders with single suppliers instead of
distributing them widely as is Western practice. In East Germany, GEC-
Elliott is supplying the complete computer control complex, worth $92
million, for the Schwedt-on-Oder petrochemical plant, the biggest in
East Europe. The master computer and two subsidiary systems were

commissfoned last year and another subsidiary system will be installed
this year.

A Japanese company has beaten the Swiss to the market with the first
crystal-controlled electronic wrist watch. The initial model, a gold-cased
version, is now being sold for $1,250, of which about half is for the case.
The builder, Suwa Seikosha, claims accuracy is better than 5 seconds per
month and is completely unaffected by motion of the wearer. A quartz
crystal sealed in an evacuated tube oscillates at 8,192 hertz and its
output fed to a cascade of 13 dividers, which give one pulse per second
to a geared six-pole stepping motor.

But, Suwa Seikosha only has about a six-month lead over the Swiss.
Longines and a 19-company collaboration will market quartz elec-
tronic watches this year. The Longines watch will have discrete com-
ponents while the other, developed by an industry wide cooperative
research effort, will use integrated circuits. Suwa Seikosha will use
hybrid techniques in its integrated circuits.

General Instrument has won an important entree into the European
MOS integrated circuit market. Its British subsidiary has landed the
contract to supply tailor-made circuits to Sweden’s Facit for use in a
$40-million Scandinavian savings bank computer network [Electronics,
Oct. 13, p. 9E]. Facit is contributing to the system all the cashier equip-
ment, including input keyboards and information display screens.
Facit, despite its status as a leading European office equipment
maker, has not yet decided on how fast to jump into electronic calcula-
tors. It does not now manufacture its own, but sells Japanese machines
under its own label. While it will not give information on its plans for
entering electronic calculator production, such calculators are under-
stood to be on the drawing boards, and will be designed to use the
General Instrument circuits. Facit's own electronics efforts mainly
have been in manufacture of computer peripheral equipment, mostly
tape punches and tape readers, which use bipolar integrated circuits.

Look for increased German-Japanese cooperation in electronics as com-
panies in both countries try to pry open new markets. Siemens AG and
the Fuji Electric Co., two heavyweights in world markets, have just
agreed to intensify their cooperation in the electrical-electronics field.
During a recent visit by a seven-member Fuji delegation at the Ger-
man company’s Karlsruhe plant, talks centered on new Siemens develop-
ments which the Japanese firm will market in Eastern Asia. Involved
primarily are industrial measuring devices and control equipment. The
deal soon may be rounded out by a Siemens agreement to push new
Fuji products on European markets.
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Optical deflection addressing moves
holographic memory closer to reality

Japanese researchers use single crystals of tellurium dioxide
as the light-bending material; ultrasonic waves control
the positioning of light from a helium-neon gas laser

Holographic memories show great
promise as file memories, but so
far there have been many practical
difficulties blocking their realiza-
tion. One of these—addressing—is
on the way toward elimination. A
team headed by Nobukazu Niizeki
at the Electrical Communication
Laboratory of the Nippon Téle-
graph and Telephone Public Corp.
has developed an optical deflection
system for addressing the memory.

The physical effect used has
been known for about 30 years, but
until recently no reliable device
had been developed. Ultrasonic
waves are launched inside the op-
tical material making up the deflec-
tion unit and, because of the photo-
elastic effect, the material’s refrdc-
tive index is varied periodically by
the ultrasonic waves. This forms
the equivalent of a diffraction grat-
ing for light passing through the
deflection unit. And deflection of
an incident light beam can be
varied by changing the frequency
of the ultrasonic wave. Therefore,
it's possible to obtain a one-dimen-
sional scan by varying a transduc-
er’s driven frequency and a two-di-
mensional scan can be obtained by
using two sweep generators to in-
dependently deflect the beam in
horizontal and vertical directions.

Te time. The efficiency of light-
bending usually is expressed as a
figure of merit, generally quite
large for liquids. But absorption of
the ultrasonic waves by liquids is
large, and their temperature char-
acteristics are poor. Both ECL and
Bell Telephone Laboratories Re-
searchers have used water, but its
structure becomes disarranged and
results are poor.
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The Japanese researchers, in
their search for an efficient solid
material for this application, have
homed in on tellurium dioxide.
Tests of the acoustic-optical prop-
erties of single crystals of TeO,
showed that they are eminently
suited for use in deflection systems.
Large, uniform crystals can be
readily fabricated. Philips’ Gloei-
lampenfabrieken previously has
grown crystals of this material and
reported some data on their proper-

3-D. Cube of TeO: at center left is in
optical path of laser beam coming from
upper right. Acoustic transducers are
attached to cube's top and side.

ties, but the researchers believe
they are the first to use this ma-
terial in an optical deflection sys-
tem.

The deflection device for these
experiments was built around a
cube of tellurium dioxide approxi-
mately 10 millimeters on a side. On
two perpendicular faces of this
cube, lithium niobate ultrasonic
transducers are attached for launch-

ing transverse ultrasonic waves in-
side the deflection crystal.

The light source used in these
experiments is a 6328-Angstrom
unit helium-neon gas laser. The
beam from this laser passes
through the cube approximately
parallel to the third axis and is de-
flected in two dimensions by the
ultrasonic waves.

HorizZontal deflection repetition
frequency is 1.8 kilohertz, and the
vertical frequency is 50 hertz.
Sweep is obtained by varying the
ultrasonic transducer driving fre-
quercy linearly between 19 mega-

- hertz and 32 megahertz to vary de-

flection of the beam. Specific
addresses are selected by an_ on-off
pulse which amplitude modiilates
the frequency modulated signals.
The data signal has a 57.6-kilohertz
clock frequency—or 32 times the
horizontal repetition frequency.
That means the laser beam will be
deflected to 32 discrete positions
on a line. However, some time is
required for transition to the next
line because the sawtooth wave
controlling horizontal deflection has
finite fall time, and the system is
designed to produce only 30 dots
on a line. Similarly, there.are 36
lines theoretically possible, but
only 33 lines are used.

The ECL group has been able
to obtain displays with up to 70-by-
70 separate dots by this technique.
They expect to increase the fre-
quency to obtain greater bandwidth
and work for a raster with up to
100 by 100 dots. The ultimate aim
is a large-scale file memory, com-
posed of holograph pages each hav-
ing matrix of 100 by 100 bits. A
beam directed at one of these
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Display. Dot array projected on screen
gives readout of experimental system.

pages would cnable rcadout of in-
formation by photodicde or other
sensor matrix located bchind the
halograph. Further, a 100 by 100
matrix of holograph pages would
be located on one sheet of material,
and individual pages would be ad-
dressed by deflection of laser beam
to the desired page.

Great Britain

Organic MOS

For better or for worse, electron-
ics has opencd up the possibility
of an organ in every home. Sales of
clectronic organs arc showing
healthy growth, especially in the
less-expensive ranges. And to keep
profits up, some manufacturers, no-
tably Italians and Japanese, have
switched to integrated circuits in
the divider chains which praduce
the lower notes by continuous di-
vision by two of the output of a
series of oscillators tuned to pro-
duce the high notes.

New Marconi-Elliott Microelec-
tronics Ltd. is going one stage fur-
ther with an MOS integrated cir-
cuit divider which allows the series
of oscillators to be replaced by a
single oscillator. M-E claims that
this will cut costs in all organs ex-
cept the cheapest, and at the same
time make it impossible for the
instrument to get out of tunc with
itself.

Currently, organs normally have
12 oscillators producing the 12
notes in the highest octave on the
keyboard. Dividing each frequency

72

by two produces the octave below
the highest octave, and so on.
Though accurate division is simple
enough, the oscillators obviously
have to be carefully matched to
each other and maintained in
proper relationship, or the whole
keyboard gets out of tune. Manu-
facturers say that in the least ex-
pensive organs this doesn’t matter
because they’re only domestic nov-
elties anyway. But for the scrious
musician it’s a problem.

M-E plans to usc a single oscilla-
tor to generatc the highest note,
and produce each note by division
from the onc above it; dividing the
frequency of a note by the twelfth
root of two gives the note below it.
The only difficulty is to devise an
integrated circuit which will divide
by the twelfth root of two—which
is 1.059463.

Fortunately, this figure is very
close to the fraction 196/185; M-E
men say the difference when divid-
ing by the latter instead of the for-
mer is not audible. To divide by this
fraction, Bill Betts of M-E has de-
veloped a chain-code gencrator
bascd on an irregularly operating
six-stage shift register. He pro-
poses to put three chain-code gen-
erators on a chip about 80-mils
square, using about 400 p-channel
enhancement-mode MOS transis-
tors. The outputs of the threc gen-
erators give three adjacent notes,
so that four chips in scries driven
from a master oscillator will give
the 12 notes of the scale. To obtain
a complete keyboard, either simple
binary dividers can be used or the
chain-code generator chips can be
extended right down the keyboard,
one generator for each note. The
former will be cheaper, but the
phasc relationship between octave
frequencies is fixed, producing an
identical tone characteristic. The
latter is more expensive, but the
phase relationship throughout the
keyboard is random. This provides
a tonal variation similar to the
pump-driven pipe organ and which
many serious musicians prefer.

To divide successively by 196/
185, Betts feeds the master oscilla-
tor output into a 63-stage shift
register which jumps 14 stages so
that it is effectively only a 49-stage
register. He does this by detecting

a uniquc bit configuration once per
cvcle and using it to feed a jump
start pulse into the register. The
register output then is twice di-
vided by two to produce a total
division by 196. During the transi-
tion of these 196 states the follow-
ing chain-code generator is fed
only 185 states. Similarly, this sec-
ond generator passes on to the
third generator only 185 states for
every 196 states.

M-E’s chips still are in develop-
ment and won’t be ready for test
for some months. But as far as can
be scen, the price will be $4.

France

Untangling the wires

Setting up wiring schemes for com-
plex cquipment is the worst kind
of drudgery for most electronic en- -
gincers. Yet a machine or a tech-
nician has to be told to connect a
wire from point A to point B to
get the product to do what it’s
supposed to do.

Computer manufacturers have
managed to automate this tedious
job by programming it. A machine
then lays out the wiring pattern for
its new siblings. The result is
quicker work and fewer errors—but
computer makers jealously guard
the complex programs involved.
Other manufacturers have their
own proprietary programs and have
little reason to open them up to
rival companies.

A Parisian software firm now
has come up with new program
that puts computer-aided wiring
within the reach of small firms.

What’s more, the program is
available as a service or for pur-
chase. The developed, Centre Lebel
d’Etudes  Scientifiques, charges
about $900 for a typical wiring job
of 60 micromodules with 44 pins
cach. Lebel also will sell the entire
program to volume wirers. The
price tag would be about $4,000
for the basic program, plus costs
for individual tailoring.

On to America. Lebel hopes to
find an American software firm to
set up the service in the U.S., for
clients too hurried to correspond
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with Paris. The firm belicves it is
the first company anywhere to offer
such a service to all comers.

The program for users of printed
circuit micromodules, works like
this.

A client first sends Lebel in-
formation on the typa of compo-
nent technology he uses—DLT, TTL,
etc.—and gives fan-in and fan-out
data. To help Lebel’s computer
pick the shortest route and wiring
order for different wires, saving on
wire costs and cutting crosstalk,
the customer sends precise me-
chanical measurements of his mod-
ules and connectors, including
number if pins and distance be-
tween them. This mechanical and
electrical profile is used to build a
“basic library” on a Lecbel client.

Using the customer’s circuit
drawings, Lebel makes one per-
forated card for each module con-
nector, indicating the pins requir-
ing connections. A first reading
sorts out possible design errors by
telling the customer which pins
have no connections indicated.
Such an elementary check is rare
with manual tables, says Lebel.

A second reading of the punched
cards produces a wiring list, in-
cluding orders on wire lengths and
in which order they should be con-
nected. In wiring tangles of more
than one layer, it gives much more
precise instructions on wiring or-
der than is usual with manual lists,
claim Lebel officials.

The entire operation takes the
French firm about a week for a
60-module rack, compared with a
bare-minimum three weeks for
manually written lists. Moreover,
the computer results also include
a complete technical description of
a product’s wiring pattern, with
signal designations, a step requir-
ing extra work for technicians. For
clients with automatic wiring ma-
chines, Lebel can supply a
punched tape with the proper wir-
ing instructions.

No absurd work. Lebel figures
the cost of its computer-aided wir-
ing is about the same as for a
manual job, but claims its results
are more accurate as well as
quicker. “Errors in a wiring scheme
almost always are caused by a
technician confusing, misinterpret-

Electronics | January 5, 1970

ing or misreading what a design
engineer has drawn,” claims Alain
Schwartzmann, a Lebel sales engi-
neer. “That’s much less likely us-
ing a computer. OQur program lets
the design engineer be totally re-
sponsible for his wiring plan, with-
out his having to do the absurd
work of searching for pins to con-
nect.”

Fleeting image

Two French firms are mounting a
frontal attack on the small but
growing market for high-speed bi-
planar electronic cameras—a mar-
ket generally limited to basic re-
search laboratories but now
spreading into industrial R & D.

The companies, Thomson-CSF
and Sodern, an affiliate of Philips’
Gloeilampenfabrieken, are going
after the American leader, the
Beckman and Whitley division of
Technical Operations, Inc. And
they plan to compete in price, size,
and speed. ,

A prototype of the newest
French camera was unveiled at last
month’s Paris Physics Show by
Thomson-CSE. The camera aims di-
rectly at the emerging industrial
market by concentrating on easy
handling and low price. The unit
will sell in Europe for around $10,-
000, about one-third less than a
comparable Beckman and Whitley
camera—and it is only half as big as
the American competitor.

The French unit measures 14 by
7.9 by 10.5 inches and weighs 33
pounds. Unlike some cameras, it is
contained in a single compact unit
that can be easily mounted on a
tripod. Like the competition, it re-
ceives a Poloroid camera back.

Bi-planar cameras don’t take a
series of rapid-fire shots on movie
film as do high-speed electrome-
chanical units. They take only one
shot at a time—but they make it
tell, by shooting at super-high
speeds of up to 5 nanoseconds.

The bi-planar cameras are almost
entirely electronic: A lens focuses

Snapshot. Thomson-CSF electronic
camera operates as fast as 10
nanoseconds.

an image on a pulse-generating bi-
planar photocathode tube. When a
brief high-voltage pulse—10,000 to
15,000 volts—is switched across the
tube, it allows the photons that
make up the image pass through
very briefly—like a shutter—and
amplifies the photon, too.

Thomson-CSF has reduced the
size of its camera by using a con-
tact arc-gap switch to open and
close the shutter. Competing cam-
eras use such switches only to ex-
cite the tube. To time the brief
exposure they use delay lines or
cables whose length must be varied
according to the desired exposure
time. This contactless switching
greatly simplifies the electronic cir-
cuitry that must produce a brief
but steady high voltage, say Thom-
son-CSF engineers. A potentiome-
ter replaces delay lines and cables.

The camera also boasts a new
photocathode tube made by Phil-
ips’” French Radiotechnique sub-
sidiary, that gives a 29-photon gain
against the 20-photon gain of now-
standard tubes, plus wider spec-
trum response.

Since the Thomson-CSF camera
is aimed at relatively leisurely in-
dustrial snap-shooters, its quickest
exposure time is an unhurried 10
nsecs. Maximum exposure is 1 mi-
crosecond. The company expects
to sell about 100 of the cameras in
Europe over the next three years.

Sodern, which already makes
what it claims is the world’s fastest
bi-planar camera with a 5-nsec
minimum exposure, is working on
a new model that will be close to
five times faster. And it will use a
new Radiotechnique photocathode
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silicon power
transistors.

15 Amperes.
80 to 120 Volts.

The Delco Radio DTS-100 series. NPN. Triple dif-
fused. Rugged.

All the experience gained from our very high
voltage silicon power line has gone into the devel-
opment of these new transistors.

They were especially designed for the extreme
under-the-hood environment of our I.C. voltage reg-

ulator. We found 20008
these devices ideal % I
for applications re- 10}

quiring high effi-
ciency switching
or high power
amplification.

The Delco triple
sequential diffu-
sion gives the DTS-  ©°
100 series the high

SQUARE PULSES OF THE SPECIFIED
LENGTH AT REPETITION RATE OF
4 PULSES PER SECOND.
1

Ic AMPERES

T +25°C

02!

2 5  ©0 50!
Vee (VOLTS)
Safe Operating Curves

SEMICONDUCTOR DISTRIBUTORS

ALA., BIRMINGHAM . Forbes Distributing Company, Inc.
(205)-251-4104

ARIZ., PHOEN!X . Sterling Electronics, Inc. (602)-258-4531
» Hyer/Cramer Electronics, Inc. (602)-263-1112

CAL., LOS ANGELES « Kierulff Electronics, Inc. (213)-685-5511
« Radio Products Sales, Inc. (213)-748-1271

CAL., PALO ALTO . Kierulff Electronics, Inc. (415)-968-6292

CAL., SAN DIEGO - Milo of California, Inc. (714)-232-8951

COLO., COLORADO SPRINGS . L. B. Walker Radio Co. (303)-636-1661
COLO., DENVER « L. B. Walker Radio Co. (303)-935-2406

COLO., ENGLEWOOQD « Hyer/Cramer Electronics Inc. (303)-771-5285

FLA., MIAMI . Mountain Electronics, Division of
Mountain National Co. (305)-634-4556

20 50
0TS-103 |
DTS - 1041
DTS -105
OTS- 106 ———

OTS- 107

Our new
high energy
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For Switching.

energy reliability that's needed for very tough
switching jobs—resistive or inductive. The 28-volt
shunt regulator above, for example, is amply han-
dled by the DTS-103 (Veex of 80 volts). For complete
data on this circuit, ask for our application note
No. 42.

In the direct coupled audio amplifier above right,
the DTS-107 displays the excellent frequency re-
sponse, gain linearity and transconductance of this
family. This circuit is covered in our application
note No. 43.

Our solid copper TO-3 package provides maxi-
mum thermal capacitance to absorb peak power
pulses. Its low thermal resistance (0.75°C/W Max.)
assures the extra reliability you expect from Delco.

Like more information? Just call us or your near-
est Delco Radio distributor. All our distributors are
stocked to handle your sample orders.

FLA., WEST PALM BEACH . Mountain Electronics, Division of
Mountain National Co, (305)-833-5701

ILL., ROSEMONT . F-J-R/Midwest, Inc. (312)-678-8560
ILL., SKOKIE « Merquip Electronics, Inc. (312)-282-5400

IND., INDIANAPOLIS . Graham Electronics Supply, Inc.
(317)-634-8486

MD., BALTIMORE . Radio Electric Service Co. (301)-823-0070
MASS., NEWTON . The Greene Shaw Co., Inc. (617)-969-8900
MICH., KALAMAZQO . Electronic Supply Corp. (616)-381-4626
MINN., MINNEAPOLIS . Stark Electronics Suppiy Co. (612)-332-1325
MO., KANSAS CITY . Walters Radio Supply, Inc. (816)-531-7015

MO., ST. LOUIS « Electronic Components for Industry Co.
(314)-647-5505
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Kokomoan’s Regional Headquarters
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DIVISION OF GENERAL MOTORS
KNOKOMO, INDIANA

THE KOKOMOANS ARE IN POWER

N.J. CLIFTON . Eastern Radio Corporation (201)-471-6600

N.M., ALBUQUERQUE . Hyer /Cramer Electronics Inc. (505)-265-5767
» Sterling Electronics Inc. (505)-247-2486

N.Y., BINGHAMTON . Federal Electronics, Inc. (607)-748-8211
N.Y., NEW YORK . Harvey Radio Co., Inc. (212)-582-2590

N.Y., WOODBURY, L.I. . Harvey Radio Company, Inc. (516)-921-8700
OHIO, CINCINNATI « United Radio, Inc. (513)-761-4030

OHI0, CLEVELAND « The W. M. Pattison Supply Co., Industrial
Electronics Division (216)-441-3000

OHIO, DAYTON . F-J-R/Chio, Inc. (513)-278-9411
OKLA., OKLAHOMA CITY . Radio, Inc. (405)-235-1551
OKLA., TULSA . Radio, Inc. (918)-587-9123
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MARK OF EXCELLENCE

DELCO RAD/O

PENN., PHILADELPHIA . Almo Electronics, Division of

Sterling Electronics (215)-676-6000
PENN., PITTSBURGH « RPC Electronics (412)-782-3770
TEXAS, DALLAS » Adleta Electronics Company (214)-742-8257
TEXAS, FORT WORTH . Adleta Electronics Co. (817)-336-7446
TEXAS, HOUSTON . Harrison Equipment Co., Inc. (713)-224-9131
UTAH, SALT LAKE CITY. Hyer/Cramer Electronics Inc.(801)-487-3681

VA., RICHMOND . Meridian Electronics, Inc., a Sterling Electronics
Company (703)-353- 6648’

WASH., SEATTLE . Kierulff Electronics, Inc. (206)-763-1550
WASH., TACOMA . C & G Electronics Co. (206)-272-3181

CANADA, ONT., SCARBOROUGH . Lake Engineering Co., Ltd.
(416)-751-5980
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THE S000 PERM
- TOROID

NO LONGER A PIPE DREAM

That’s right. 5000 initial perme-
ability. And we mean it!

Perhaps your designs for
pulse transformers have gone
up in smoke for want of a power-
ful enough material. Well, now
you’'ve got it. And then some.
Stackpole Ceramag® 24H fer-
rite material.

Ceramag® 24H is a precision
engineered product. Exact
processing, density checks,
rigid kiln controls and precise

sintering. You get more out of
it simply because we put more
into it.

Here are a few more consery-
ative characteristics. Maximum
permeability, 6900. Tvpical. Sat-
uration flux density, 4100 gauss
and residual magnetism of 850
gauss. If curie point is significant
to your operation, how about
one of 175° C. Then there’s tem-
perature coefficient. Ceramag®
24H goes + 0.700%7° C at -25

C to 25° € and -0.450%/° C at
257 C 1o 75° C. And all of this
with a disaccommodaaticn factor
of 1.4 x 10-°.

Ceramag® 24H is ready. Are
you? Drop us a line and we'll
send you some even more in-
teresting facts about this fan-
tastic new material. And the
charts to prove it. Stackpole
Carbon Company, Electronic
Compenents Division, St.
Marys,Pa.15857.Ph:814-834-1521

- STACKPOLE

® Flectronic Components Division

ALSO A LEADER IN THE MANUFACTURE OF QUALITY FIXED COMPOSITION RESISTORS
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All 1970 markets up
except Government

Whitehead leading
list for chief of
communications

Save Apollo 17-20;
scientists urge

F--15' radar contest
due in six months

T = =

Washington Newsletter

January 5, 1970

Total U.S. market for electronics in 1970 will be $25.5 billion, according
to a preliminary forecast by the Electronic Industries Association. This
is an increase of 1.4% over last year’s $25.1 billion, despite a predicted
3.5% decline in Government spending. Any future increases in Govern-
ment spending will come in education, health, transportation safety, and
air and water pollution, EIA says. The forecast adds that the Govern-
ment will place increased emphasis on R&D work, on nendefense
problems. The consensus in Washington is that the military R&D market
for 1970 looks “grim.”

Microelectronics and semiconductor makers should get in gear for
huge increases. The EIA forecast says microelectronics markets will be
in for an increase of 58% to 750% million, with the demand for semi-
conductor products up about 60% over last year.

Computer sales are the major factor in EIA’s projected 1970 industrial
market of $7.6 billion, up 5.6%—with computers gaining 7.1% to $4
billion.

Batelle Memorial Institute sees a $200 million decline in Federal R&D
spending in 1970 from 1969, with total funding at $15 billion. Over the
next 10 years, Batelle predicts, Government R&D spending will increase
about 4% a year.

Dr. Clay T. Whitehead, 31-year-old assistant to President Nixon, is
regarded as the leading candidate to head the stronger, independent
Office of Telecommunications Policy after a reorganization of the Office
of Telecommunications Management [p. 45]. Whitehead, once re-
ported in line for the chairmanship of the Federal Communications
Commission prior to the appointment of Dean Burch, headed the Nixon
Administration’s still unreleased study of telecommunications. White-
head’s qualifications for the $40,000-a-year post include an MSEE and
a Ph.D in management, both from MIT, plus time in as consultant to
the Bureau of the Budget and to the Rand Corporation. ,

Among other recommendations, the Whitehead study reportedly will
suggest to the FCC who should own satellite earth stations.

Scientists are furious, again, at NASA. George M. Low, new deputy
administrator, has confirmed that the agency may cancel the last four
Apollo moon landings [Electronics, Dec. 8, 1969, p. 66] to pick up about
$1 billion as a start on the $10 billion space shuttle and station programs.
Scientists meeting in Boston claimed such a sacrifice would be “tragic”
and would result in “bitterness and frustration”. Extensive experiments
and instruments are being developed by scientists for use aboard the
service module that will do double duty as a Scientific Instrument
Module on Apollo 17 through 20.

Either Hughes or Westinghouse will be selected to provide a modified
fire-control radar for the F-15 after a “fly-off” which Brigadier General
Benjamin N. Bellis—the F-15 program manager—says will come in about
six months, McDonnell Douglas, successful bidder for the prime develop-

" ment contract for the air-superiority fighter [Electronics, Dec. 22, 1969,
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Myers to head
manned space flight

Comsat imperils
its Intelsat role,
AT&T’'s Houghwarns

Addenda

Washington Newsletter

p. 61], was the only competitor not firmly committed to avionics sub-
contractors. Air Force Secretary Seamans says the company turned in
a 43-page list of possible subs running to 4,000 names and located in
49 states. F-15 weapons payload will initially consist of the Sidewinder
for close combat until the ATM-82 Dogfighter missile is developed, plus
the AIM-7 for longer range. The AIM-7 is a variation of Raytheon’s
Sparrow series of which Gen. Bellis says, “We would like to increase
reliability.” Additionally, the aircraft will carry the M-51 Gatling gun
now used in the F-4, pending development of a 25-millimeter model
using caseless ammunition for which GE and Philco-Ford are now
competing. Though the F-15 will still be somewhat slower than the
Soviet Mig-23 Foxbat, some of which will be deployed this year, Secre-
tary Seamans says the McDonnell Douglas plane’s maneuverability is
expected to give it air superiority.

Dale D. Myers, 47, a veteran of 26 years in the aerospace industry, is
set to head NASA’s Office of Manned Space Flight. He will succeed
George Mueller who resigned in November. Myers now is vice presi-
dent of North American Rockwell’s Space division and manager of its
space shuttle program. In another change, NASA has announced that
John A. Whitney, 37, has been appointed assistant general counsel for
procurement.

The Communications Satellite Corp.’s “determination to interfere” in
AT&T’s overseas communications market is “seriously jeopardizing
Comsat’s role as manager” of the International Telecommunications
Satellite Consortium, charges AT&T vice president Richard Hough in
a letter to Comsat chairman James McCormack. AT&T says foreign
communications authorities, with the FCC ruling on the submarine
TAT-5 cable requiring an equal split between cable and satellite facili-
ties for service between Rhode Island and the Iberian peninsula, feel
the U.S. government is “challenging their sovereignty,” and AT&T is
finding it “increasingly difficult to pacify” its overseas partners and
obtain support for Comsat’s fight to retain Intelsat management.
Comsat has questioned if the mix of cable and satellite facilities makes
sense. With future cable investment, “satellite capacity will be standing
idle and satellite-per-circuit costs” forced higher, McCormack had said
in a letter to FCC on the argument [Electronics, Oct. 13, 1969, p. 34].

Salaries for engineers are on an upward trend, the Labor Department
says, with an average increase in 1969 of 6%. Biggest gainers were
college graduate trainees, making about $9,600 a year, up 7.1%. Program
managers, highest on the list at $24,000 gained only 3.2%. . .. Interested
parties have until Jan. 31 to file comments with the FCC on its proposed
plan to make permanent its 1966 decision on the ownership of earth
stations used in international satellite communication. That decision
states that ownership should be divided between the Communications
Satellite Corp. and the common carriers, including ITT World Com-
munications Inc., Western Union International Inc., and American Tele-
phone & Telegraph.
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SORENSEN
MODEL
QRC40-4A

_ 0-40VDC 0-4A

VOLT ADJ. CUR. ADJ.

The QRC Series solves the specification/power/volume # 0.01% resolution = 25, sec. response time = optional
problem by utilizing all silicon, series regulator tech- -~ .overvoltage protection = voltage and current regulation
niques with modern high speed transistor switching ~ with automatic crossover = remote programming and re-
circuitry. mote sensing = —20 to +71°C operating temperature.

7 models, all available from stock, cover the voitage
ranges of 0-20 and 0-40 Vdc at currents up
to 30 amperes with prices starting at $350
for model QRC 40-4A.

Features include: = =0.005% voltage reg-
ulation for line and load changes com-
bined = <1mV r.m.s. ripple (10Hz-7MHz)

For more information contact your local Sorensen
representative or; Raytheon Company, Soren-
sen Operation, Richards Avenue, Nor-
walk, Connecticut 06856.

Tel.: 203-838-6571;
TWX: 710-468-2940; @
TELEX: 96-5953. ‘
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Learn how
electronics is
working to
change the
practice of
medicine.

How much change will be brought
about by the successful applications
of the electronics technology to the
modern needs of medicine?

Will the physician without a working
knowledge of the employment of
electronics as an administrative and
clinical tool be obsolete in five years?
Will the high efficiency, high reliability
procedures predicted for the seventies
increase or decrease the role of the
individual physician? What will be its
impact on the medical team and the
medical center? Can electronics
through automation improve the
nation’s overall health levels?

These are some of the questions now
being answered by eminent physicians
and technologists in many of our
nation’s most respected institutions
where electronics is being actively
applied to benefit hospital, doctor,
and patient.

How well these programs are working,
what's right and what’s wrong with
electronics will be explored in depth
in the 2nd National Conference &
Exposition on Electronics in Medicine.

The format of the three day program
is based on the enthusiastic response
to the First National Conference on
Electronics in Medicine and the
request by its attendees to provide for
a broad interchange of ideas.

In morning sessions, authorities in
both medical and electronic disciplines
will present their knowledge and
experience on subjects of major
interest; instrumentation, computers,
information systems, monitoring,
diagnosis, therapy, and administration.
These meetings will provide the
backdrop for afternoon work-
sessions in which each attendee will
become an active participant in the
discussion of problems and solutions.
All work sessions will be conducted to
bring the maximum knowledge and
experience of the group as a whole

to each of the participants. Attendees
will have the opportunity to join at
least two of the six sessions being
offered.

While meetings and work sessions will
explore the most recent ideas with
attendees, exhibits will present
physicians and hospital administrators
with the latest hardware available,
providing an important opportunity
for demonstration and a ‘*hands-on”
familiarization of the newest features
and capabilities of electronics
products designed specifically for
medical application.
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Meetings:

Keynote address

George Burch, M.D., Ph.D., Tulane
University Medical School,

New Orleans, La.

“Instrumentation and Common Sense”
Robert D. Allison, Ph.D., Director,
Vascular Laboratories, Scott & White
Clinic, Temple, Texas.

“Computers: A New Order for Medical
Data”

Arnold Pratt, M.D., Director, Division of
Computer Research & Technology,
National Institutes of Health.

Address:

Hon. Roger O. Egeberg, M.D.,
Assistant Secretary for Health and
Scientific Affairs, Dept. of Health,
Education and Welfare.

“*Medical Engineering: Problems and
Opportunities’”

George N. Webb, Asst. Professor,
Biomedical Engineering, The Johns
Hopkins University School of Medicine.

““The Medical/Engineering Interface”
Donald Lindberg, M.D., Chairman,
Dept. of Information Science,
University of Missouri.

“‘What’s New in Medical Information
Systems”’

William Chapman, M.D., Palo Alto
Medical Clinic (Selected films will be
shown as part of Dr. Chapman’s
presentation.)

“Getting Medical Electronics from
Research into the Real World”
Irving Selikoff, M.D., Director,
Environmental Sciences Laboratory,
Mt. Sinai School of Medicine.

Address:

“*Is Science for Real? Or will the
American public ever demand the
medical care it deserves and find
true happiness?”’

Richard Bellman, Ph.D., Professor of
Mathematics, Electrical Engineering
and Medicine, University of Southern
California.

How Hospitals Evaluate and Purchase
Medical Electronic Equipment:
“Selection of cardiac care unit
monitoring equipment”

James A. Stark, M.D.

H. Aileen Atwood, R.N.

“‘Data Processing Comes to Merritt
Hospital™

Howard Scott, Hurdman & Cranstoun
Penney and Co.

*'Selecting Equipment for the Clinical
Pathological Laboratory’’

R. Thomas Hunt, M.D.

Floyd Oatman, A.T. Kearney & Co. Inc.

‘‘Boosting Hospital Efficiency through
Electronic Aids”

Oscar M. Powell, M.D.

S.R. Wickel

Work Sessions:

On-line Computer Applications.

The role of the computer in medical
record-keeping, data analysis, and
history-taking in the office and

the hospital.

Automating the Clinical Laboratory.

This session will attempt to pinpoint
the major test requirements of the
clinical laboratory, evaluate the
available equipment for automatic
testing and determine future
requirements.

Probiems in Intensive Care Monitoring.

A discussion of problems in intensive
care, available instrumentation, and
what’s needed for improved patient
monitoring.

Multiphasic Screening: Pros and Cons.

How effective are automated screening
techniques in preventive medicine for
large groups? How much data is
needed, and what associated
hardware and software are required?

Problem Clinic,

A forum at which doctors and
engineers will have the opportunity
to discuss specific medical/

engineering problems and point the
way to feasible solutions.

Buying, Selling and Maintaining
Medical Electronic Equipment.
Marketing and maintenance are key
problems in developing the role of
medical electronics. On this panel,
experts will discuss current practices
and develop ways to improve them.

Exhibits:

This year, there is a new emphasis

on exposition. One which reflects the
increasing number of electronics
products being accepted as practical,
progressive, working tools by more
and more hospitals and physicians.

Exhibits will include many products
related to the program of discussions
and work sessions. Demonstrations of
product features will help attendees
explore new applications for the latest
electronics equipment.

Here is a partial list of the companies
which will be presenting their most
recent achievements.

Avtel Corporation - Bio-logics,
Incorporated - Birtcher Corporation -
The DeVilbiss Company « Federal
Pacific Electric Company - General
Electric Company « Graphic Controls
Corporation - Honeywell, Incorporated «
Mead-Johnson Laboratories - Laser
Systems & Electronics, Incorporated -
Medidata Sciences, Incorporated -
Ohio Medical Products « Parke-Davis *
Remler Company + Richard
Manufacturing Company - Spacelabs
Incorporated « Statham Instruments
Incorporated - Technicon Corporation «
Wang Laboratories, Incorporated -

Registrants of the 2nd Annual
Conference & Exposition on
Electronics in Medicine will be
encouraged to invite their professional
associates to regular exhibit

sessions. Other members of the
medical profession in the western
region will also receive special
invitations to visit the exhibits.

Registration Fee: $150

(Includes all sessions, exhibits,
luncheons, reception, and copy of
the proceedings when published.)

Note: Only those fully paid in advance
will be admitted to meetings and

work sessions.

Mail registration and make checks
payable to:

2nd National Conference and
Exposition on Electronics in Medicine.
330 West 42nd Street, New York,

New York 10036

A number of rooms is being held at the
Fairmont Hotel for registrants. Make
reservations directly with the hotel,

identifying yourself as a Conference attendee.
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Advance Registration

2nd National Conference & Exposition
on Electronics in Medicine

February 12-13-14, 1970

Fairmont Hotel, San Francisco, California

Name Title
Address
City State Zip
Hospital or Company affiliation
Check enclosed Send invoice
Circle 83 on reader service card 83




Pick the

biggest
winner yet.

We did.
1-3301




New LSI memory is largest bipolar ever.

A1024-bit ROM with 60 nsec maximum access.

Introducing Intel Model 3301, a
Schottky-process bipolar ROM
memory with 256 x 4 organization,
It's fully-decoded and dissipates
only 0.5 mW/bit power. All inputs
are Schottky diode clamped, and all
outputs are capable of wired OR
operation.

Two “chip select” leads permit ex-
pansion to a 1024 word memory
without need for external decoding.
Addition of two quad gates allows
further expansion to 2048 words.

Memories offered as standard
products will translate ASCII-8 to
EBCDIC-8 and vice versa. Custom
units to match your truth table can
be delivered in 4 to 6 weeks.

Order now from over 40 locations.
Phone your local Intel distributor:
Cramer Electronics or Hamilton
Electro Sales. Or phone us collect
at Mountain View, California (415)
961-8080.

Intel Corporation is in production at
365 Middlefield Road, Mountain
View, California 94040.

Intel delivers.
Try us.
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Read-only memories
simplify logic design
page 88

Special report:
Starting a new
electronics decade
pacesetters

page 101
Technology

page 105

Symmetrical ECL
doubles NOR function
page 142

Surface acoustic waves
simplify decoding
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January 5, 1970 | Highlights of this issue

Technical Articles

The truth table, originally the starting point for logic mini-
mization, is bccoming the end point, thanks to continued
development of large-scale integration. This allows large
read-only memories to be programed with a truth table and
dropped directly into a digital systen.. Decsigners used to
sweat to reduce the number of costly diodes and transistors.
But with integrated circuits, 10 transistors on a common
substrate became as cheap as one, and logic designers can
now afford to throw them in by shovelfuls, concentrating
instead on interconnections and power dissipation. New
read-only memories promise to throw miniaturization out the
window altogether.

= | Electronics technology in 1970 will bear the
Electronics | unmistakable stamp of the computer to an

: unprecedented degree, as exploding de-
\ mand—particularly in the industrial and
commercial scctors—creates new applica-
tions and markets. Closcly allied with this
demand will be increased versatility of
computer cquipment and peripherals. The
Government and its agencies will continue
to fund advances in technology, although probably at a re-
duced rate. One of the biggest impact areas for the com-
puter will be manufacturing, where it will find applications
in production, testing, and shipping. And circuit design also
will reflect new and imaginative uscs for the computer as it
boosts technology.

Symmetrical emitter-coupled-logic IC’s provide two NOR func-
tions with much lower propagation delay and power dissipa-
tion than in standard ECL. When very fast switching is required
in equipment design, SECL offers high packing density and
reduced power consumption. Process technology is demand-
ing, but not exotic. Shallow diffusion yields narrow base
regions, and oxide sputtering substitutes for thermal growth
to minimize emitter dip.

Coming

Though still in its infancy, surface acoustic-wave technology
can handle sophisticated microwave signal functions. The
concluding article in Electronics’ thrce-part series tells how
some available devices, such as matched filters and variable-
period transducers, do just that.
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Standard read-only memories &

simplify complex logic design

Large-scale integration of semiconductors has made standard memories
practical for use in implementing combinational and sequential logic;
Floyd Kvamme of National Semiconductor explains how this is achieved

® Complex logic functions in control and arithmetic ap-
plications can now be implemented economically with
semiconductor read-only memories, thanks to recent
technological advances that make them mass producible
with large capacities and good yields. These applica-
tions are in addition to their classic chores of micropro-
graming, table lookup, and data conversion. As imple-
mentations of logic functions, they replace arrays or
assemblies of gates and flip-flops at lower cost and pro-
vide more efficient use of silicon real estate, without sac-
rificing the direct interface with the logic circuits in the
data path. Furthermore, theyre simpler to design than
gate arrays, and can be manufactured and tested in the
same way as read-only memories for conventional uses.
Of course, they have always been capable of acting
as combinational and sequential logic networks, but past
proposals often depended on core ropes, arrays of resis-
tors, or the like. These complex structures, as logic net-
works, were economically and technically incompatible
with the structure of then-conventional digital systems.
In general, digital systems comprise a series of regis-
ters that store data temporarily during the process, com-
binational logic that operates on the data as it passes
from register to register, and control logic that deter-
mines both when data transfer occurs and what happens
to the data during the transfer. When these systems were
built with vacuum tubes or transistors, or even with indi-

vidual integrated-circuit gates, they had to be carefully
designed to execute the desired functions, and only the
desired functions, with a minimum number of compo-
nents, The cost of these components, their physical ar-
rangement in a machine, and other gross considerations
imposed severe constraints on system organization—con-
straints that precluded the use of bulky and expensive
read-only memory structures like core ropes.

Today, large-scale integration of both logic and mem-
ory circuits has removed this preclusion. With the metal-
oxide-silicon process, read-only memories with capacities
of up to 2,048 bits per chip are in mass production, and
4,096-bit units will be available soon. In these units the
cost of individual components is almost negligible, and
packaging constraints are more likely to involve inter-
connections a fraction of an inch long rather than to in-
volve 50-foot cables under the floor.

Thus, economic incentive to reorganize systems now
exists, because these memories provide the functional
equivalent of 100 to 200 logic gates. And read-only memo-
ries are among the least expensive forms of LSI because
they comprise arrays of identical cells instead of collec-
tions of miscellancous gates randomly connected.

Nor do the technical barriers remain. MOS read-only
memories can be an integral part of a logic system be-
cause they are electrically and physically compatible
with logic ICs and have self-contained decoding and

SENSE AMPLIFIER

Logic or data. The seven-bit input can be
regarded either as an address for one

of the 128 eight-bit words, or as a

combination of seven logic variables

controlling eight independent functions.
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sensc circuitry. Before MOS and LSI arrays became com-
mon-place, read-only memories were generally treated
as subsystems because they required special control,
sense and power-supply circuitry, and were assembled
and packaged differently from logic circuits.

Although it is not a new idea, very little of a practical
nature has been written about read-only memory logic.
Therefore, the system designer will find little to guide
him in this field. One pitfall to avoid is trying to force
read-only memories into the established molds for relay
and gate logic, by using, for instance, logic equations in-
tended to minimize the number of gates or wiring cross-
overs. These do not apply to MOS read-only memories.

In conventional logic design, redundancies cost money,
and it’s well worth the time and effort to eliminate them
from the design. But the advantage offered by memory
logic lies in the fact that redundancies add little to the
cost; the designer is spared the effort and expense of try-
ing to produce a read-only memory without redundancy.
Traditional logic design techniques that delete storage
elements within each memory must be dropped in favor
of a method that reduces the number of read-only mem-
ory packages in a function. The cost of these individual
packages, and therefore the cost of the system as a whole,
is kept low by using standard production memories with
standard capacities and custom internal wiring patterns,
even though such a route would traditionally entail ex-

This is the 14th installment, and the 34th article, in
Electronics’ continuing series on memory technology,
which began in the Oct. 28, 1968, issue.
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GRAY CODE BITS
<SRAY__BINA LSB MSB

0000 | 0000- 0 ' 2 3
0001 | 0001 | Conversion. A read-only memory
0011 | 0010 l i I i containing 16 four-bit words can
0010 | 0011 EXCL EXCL EXCL convert from the Gray code to binary
o110 | otoo OR OR OR code just as well as the logic network of

three exclusive-OR circuits; the read-only
0111 0101 .

memory contains merely the truth table
Q101 | 0110 0 1 2 3 . o r .
o100 1 o111 LSB MsB  for the conversion (left). This is a simple

BINARY CODE BITS example, because both conversions
r100:4 1000 et maiae | g— 7 require only a single chip—in fact, a chip
11017} 1001 s with four exclusive-OR’s is available,
1111 11010 which would have a spare circuit left
1110 } 1011 =T over in this application.
o100 | 1100 EXCL OR X=AB +AB
* 1011 1101

oot | 1110 | |
10000 1111 8 =

pensive or incfficient designs using arrays of gates.

System development usually can be divided into six
steps: describing the system, designing the architecture,
generating the truth tables, generating the logic equa-
tions and diagrams, building the hardware, and checking
out the system. In this sequence of steps, the input for
programing a read-only memory would be a truth table,
which brings the memory’s manufacturer into the pic-
ture after the third step. But at the outset of develop-
ment, the system designer should decide where he can
use the memories, and he should be definite about this
before committing himself to a particular architecture—
that is, before taking the second step. Otherwise, he will
find himsclf asking the manufacturer for rush changes,
at great expense.

In general, a truth table lists various combinations
of a set of input variables, with one or more output func-
tions for each combination; as such, it governs the loca-
tions of 1 and 0 bits stored in the read-only memory.
Most memories contain standard groups of decode and
sense circuits flanking a standard array of MOS field-effect
transistors. Data is loaded into this array by etching away
part of the gate oxide of MOS FETs corresponding to 1
bits, so that when they are selected, they begin to con-
duct and thereby produce a 1 output. The other MOS
FETs in the array can’t conduct even if selected—the un-
etched gate oxide at each transistor is thick enough to
prevent the potential due to the gate voltage from open-
ing a conducting channel in the transistor, thus produc-
ing a 0 output.

Using a read-only memory for logic requires only a
different point of view, not a change in the hardware.
Many classic read-only memory applications—for exam-
ple, converting a word in one code to a word in a differ-
ent code—are really combinational logic functions. A net-
work that implements one of these functions generates a
specific output for each specific combination of input
variables, regardless of the network’s past history.
Viewed functionally, the memory’s input is an address
and its output is a bit or a word corresponding to the
address; but the concepts in this memory-oriented termi-
nology can be replaced one-for-one by combinational
logic terminology.

This one-for-one replacement is apparent in the 1,024-
bit memory shown opposite; it produces an eight-bit
output word when one of 128 seven-bit addresses is re-
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ceived. The seven bits in the address can be called seven
variables and the eight bits in the outpnt word can repre-
sent eight independent functions of these variables.

A programer specifying data to be stored in a read-
only memory thinks in terms of storing certain words in
certain addresses. But a logic designer working with the
same memory can think in terins of the output functions
and ignore the fact that words are stored. These two
viewpoints correspond to looking at the memory either
horizontally or vertically [see tables, pages 92-93]:

) In the horizontal view (table 1) a word at the input
produces a word at the output, and all bits in the input
word are related to those in the output word. However,
no output word is related to any other in the memory.
Here, the read-only memory performs its classic function.

) In the vertical view (table 2), the output bits for a
given input may be totally unrelated to onc another. In-
stead, bits in corresponding positions for all the input
combinations represent values of an ontput variable as a
Boolean function of the inputs. Secn in this way, the
memory is a bit-for-bit implementation of a truth table.

A third approach, partly horizontal and partly vertical,
divides each input word into subwords (table 3). This
viewpoint is more flexible than the other two aspects.

With programing variations, the horizontal view in ta-
ble 1 could represent the conversion of a communications
code such as the American Standard Code for Informa-

1,024

£ BITS
F f1
6 f2
H f3
N\ 1,024 1s
|/ BITS t5
WIRED "OR" fe
t7

f

1,024 8

1 ——— BITS

tion Interchange (ASCII) to a machine language such as
the standard Hollerith punched-card code. Or, it could
stand for the generation of an error-correcting code from
binary-coded decimal numbers or represent a micro-
program. For instance, the read-only memory can inter-
pret keyboard instructions to a business machine or con-
trol how an “intelligent” computer terminal manipulates
data when addressed by instructions from the central
processor. In each example, the data in one form ad-
dresses the stored words representing the data in the
converted form.

The vertical representation in table 2, a classic truth
table, is generally useful in logic synthesis. A logic de-
signer, beginning with a combinational function to be
implemented or with an equation, makes a truth table
that describes the function. Every combination of the
input variables should be entered. The logic sum of those
entries containing a 1 in the output column is the stand-
ard sum, which fully defines the function but is generally

- full of redundancies. Each term in the standard sum is
called a minterm.

In conventional logic design the standard sum is the
starting point for the logic designer’s most exacting task
—determining the least redundant sum. Its result, the
minimum sum, is a sum of products; each product is im-
plemented by an AND gate, and their sum by an OR
gate. An exactly parallel procedure resulting in a product

" B, ¢y b
ROM B ROM c ROM T
Az 1 Bz A 2 D2 _ .~ Brute force. A type of sequential
A3 3 C3 3 D3 ___  operation is possible simply by stringing
oy 64 BITS Ba 64 BITS Cq 64 BITS Dy ___  read-only memories together; the output
of each is the input to the next, whose
\ output is the next in the sequence. For
7 a particular input A, all the outputs
A'. As Az Ag| B By B3Bg| Cf C5C3Cq enoe would rerTIIGin fixed, and Fl)jeudo-
sequential operation would require
0.0.0/0 |[EREOSOS 0 0 (0 looking at the ouput of successive
oootfoo0o1o0jlo0o01 1 read-only memories.
ootoj001t1 0100
001101 00 0101
0100/,01 010110
. -
. L] .
o .
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Cascade. Complex logic functions can be
executed simply when small memories
are cascaded. Here (far left) only 2,048
bits define four independent functions
of 12 variables each, a task that would
require eight times as many bits in a
single read-only memory, or in parallel
read-only memories wired to act as a
single array. At the left, 3,072 bits

take the place of 32,768 in a

similar layout.

of sums is also sometimes used.

But all this hard work is avoided when the minterms
are programed directly into a read-only memory. This
can be done directly from the truth table, for each of
several functions at once, bypassing the minimization
process.

The vertical view in table 2 shows seven input varia-
bles, A through G, describing 128 different combinations
of seven events, and eight possible output functions,

shown as f; through f, for each event combination. To’

realize a function of the seven variables the designer
would simply place a 1 in the column corresponding to
that function wherever the function was to contain a
given minterm.

Each function thus contains a set of minterms that is
different from the sets contained by the other functions
and independent of them.

By using a truth table that is efficiently implemented
in the read-only memory, the logic designer avoids not
only the task of minimization but also minimization er-
rors that might creep into a gate array. For example, a
designer can save gates by reducing the expression

Z = ABC + ABC +ABT 4 ABC
to
Z = BC + AB 4 ABC.
In a read-only memory this expression, in its unreduced

INPUT
DATA

v

INTERRUPT ————»f

form, can be implemented with eight bits—eight because
the expression involves three binary variables, and
2% = 8. Minimization produces no savings, because the
minimized expression still involves three variables. On
the other hand, even the minimized expression requires
dissimilar gates—two ANDs and an OR.

Logically, if the number of minterms for a given func-
tion of n variables is greater than 2"—1, it is easier to
program the complement of the function and invert the
read-only memory’s output rather than program the func-
tion itself in the memory.

It is unlikely that very many terms would occur in an
equation in practical applications. Because control func-
tions vary widely, there is no agreement in the literature
on a typical number of minterms in a control function.
But functions like those in table 3 would probably take
about 12 gates to implement, and eight such functions
would therefore require about 100 gates. In other words,
one 1,024-bit read-only memory is generally the equiva-
lent of 100 gates; thus 10 bits in a read-only memory can
generally replace a gate in combinational logic. However,
this is a conservative estimate; it’s easy to find examples
in which three or four bits equal a gate.

One such example, which incidentally is also a simple
example of the equivalency of conversion and logic,
shown on page 89, is in changing a four-bit Gray code
representation—one in which successive values differ in
no more than one bit—into its binary equivalent. These
representations are often used where a continuously
varying quantity, particularly a mechanical one, is con-
verted to digital form. When the conversion is imple-
mented in conventional logic, it requires three exclusive-
OR gates, or a total of 15 simple gates. But a read-only
memory containing 16 four-bit words—64 bits in all—
could be programed to generaté the corresponding binary
output for any Gray-code input. In this case, 64 bits in
the read-only memory replace 15 gates in the logic imple-
mentation, so that cach gate is equivalent to approxi-
mately four bits.

Nearer to a logic designer’s interest, perhaps, is an
example such as the trigonometric lookup table (table
4). Read-only memories so programed are made as stand-
ard components for signal processors and fast-Fourier-
transform applications. In this table, an input word is a
seven-bit binary fraction that represents an angle that is
a multiple of 0.703125, which is 1/128 of 90°; the cor-

Truly sequential. A feedback loop from
at least one output to the input is
necessary for true sequential operation,
which requires knowledge of the inputs’
past history as well as their current state.

OUTPUT DATA

OUTPUT DISABLED
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Toble !
INPUT WORD OUTPUT WORD
A R A3 Aq A5 Aghy Xy Xp X3 X4 X5 X6 X7 Xg
0000000 111111 11
000000t OfOO0OtOO!
0000010 O1011100
000001 { 000tO000O0
0000t00 {01001 |
ooo0o0f{oOt!t tO0I1 10400
00001t0 OOOO11tO1
oo0O0t1t1tf 1000001 O
0001000 Ot1O01000O
0001001 O00OO1001O0
o .
L -

responding output word is the binary representation of
the sine of that angle.

In general, the number of inputs to a memory is the
logafithm, base 2, of the number of words. Thus, doubling
the number of words increases the number of address
bits by one. When applied to read-only memories that
replace logic networks, this rule seems to require a dou-
bling of memory bits with every additional variable. Not
so—several methods are available to significantly reduce
the number of read-only memories needed to perform
large combinational functions. One of the best methods
is cascading them, as shown at the top of page 90, a
technique that becomes more efficient as the number of
variables increases.

A simple example is an AND function of four variables,
ABCD. This function can be performed by 16 bits of one
read-only memory, 15 of which are 0, or by 4 bits in each
of three memories for a total of 12 bits. A 4-bit segment
in one first-stage memory would form the AND function
of A and B; the second memory would similarly form
C and D. The A-B and C-D outputs of these read-only
memories would then be the inputs to a third 4-bit read-
only memory, producing a second-stage output repre-
senting A-B-C-D.

It’s impractical actually to use read-only memories for
four-input ANDs, but this example shows the technique.
The progression in the number of bits as the number

TABLE 4 ;: =
1024-BIT SINE LOOKUP TABLE

ADDRESS DEGREES BINARY OUTPUT
0000000 | 0 | 00000000
oooooon;’ 0.7 ' 0000001 1
0000010 1.4 00000110
0000011 | 2.1 1 00001001

“ .
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Toble 2
INPUT VARIABLES OUTPUT FUNCTIONS
ABCDEFG f f, f3 f4 15 f5 f7 fg
0000000 8§ I 01 00 0
0000001 I I 0,0 1 0.0 i
0000010 81 O'F1 1+ 491 0:0
oooo0oO0!lt [#O Ot O00O0OTO
ooo0oo0t1oo0 1ot { 00T 1
000010 MOt 1 01 00
0000 110 J4:0 0.0 1= 1 051
000041 1Y |t 00 0 001 O
0001000 41t I O 1 0 00
000 1004% 0.0 1 0 0 1 O

. | L]

. .

of variables increases, shown in table 5, is much slower
than the exponential growth of a single read-only mem-
ory. Note that the first of two read-only memory levels
for a 7-input AND contains three read-only memories—
two 4-bit and 8-bit.

The cascades accomplish, with 2,048 and 3,072 bits,
functions that would require 16,384 and 32,768 bits, re-
spectively, with a single read-only memory or with paral-
lel memories. They also illustrate two other points: the
flexibility of read-only memories following the log: ca-
pacity rule, and the efficiency of a few medium-sized
memories relative to one giant—and expensive—special
memory. In the three-memory cascades, two of the in-
terim outputs are combined in an OR gate, which effec-
tively “doubles” the second memory’s capacity by reduc-
ing the second-stage inputs from cight to seven. Truth
tables permitting such combinations are easy to prepare
when the first-stage read-only memories have input sub-
words in common. Either a hardware logic gate may be
used or, as shown on page 90, the memory outputs can
simply be mixed together. Another technique uses a logic
gate at an input to “double” memory capacity; what is
actually doubled is the system’s logical flexibility.

The cascade technique’s versatility is due to the fact
that any large group of functions usually contains many
common variables or minterms. This appears in table
3, for example, in which the most significant bits of eight
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gobe Sl 0 i & e
CHARACTER  LINE OUTPUT
ADDRESS ADDRESS  CHARACTER
Ay A2A3A413| BpB3 fj fa f3fq f5 fg f7 fg
0000000 10000001
0000001 11000001
0000010 1010000
000001 1 1{001 000!
0000(l00 10001001
0000|101 1000010
0000t 10 10000 O
0000lt 11 100000 O
0001,000|l1llll1
000“00! 10000000

. .

. .

input words are alike. Likewise, in the two-memory 12-
input cascade, the shared terms combine with the un-
shared terms to drive the second memory. The principle
of the three-memory arrangement is similar. It is most
useful when a group of input variables, such as EFGH,
are common to several output functions. But cascaded
read-only memories, like cascaded logic gates, have a
longer propagation delay than does a single rank.

Many variations of these basic cascades are possible,
and they can be used in combination with read-only
memories of different sizes. Determining the best way to
rearrange the original truth tables is an ideal task for a
computer, since a great many variables must be com-
pared and shifted around to match common terms in a
convenient order. These techniques stem from the table
3 approach, which the National Semiconductor Corp.
uses to organize large conversion read-only memories and
character generators for displays.

For example, National uses the threc-memory cascade
to translate from the 12-line Hollerith code to the 8-line
ASCIL Rcad-only memories like table 3 serve as alpha-
numeric fonts, and read-only memory kits are available
to generate 5-by-7 matrixes of 1 and 0 patterns, for exam-
ple, from ASCII 6-line inputs for various types of displays
and printouts.

In this approach, the 4-bit input subword would ad-
dress a character, and the 3-bit subword would address
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a row, line or column related to that character. The 1 bits
in the first eight rows of the output matrix outline the
letter N; these bits could display the character on a cath-
ode-ray tube by gating the crt beam with output line-by-
line or column-by-column.

Assune, however, that N represented a large group
of functions containing the corresponding minterms in
the first eight sets of input variables. If the letter M
represented a different large group of functions, the f;,
fs, fs, £3, and fg columns would be identical to those for
the N-group. In this case a majority of the minterms
that could be represcnted by the input variables are, in
fact, common. These read-only memory minimization
techniques do not recreate the design and debugging
problems of gate-logic minimization. The validity of a
truth table doesn’t have to be checked out in prototype
hardware, because it is easily verified with a computer.
Prograins are available to print out truth tables from
logic expressions or vice versa, mechanizing an otherwise
tedious manual process.

Also, standard read-only memories will generate all
eight output functions for a given input combination in
about 1 microsecond. As a result, delays found in large
combinational nets are avoided, and therefore need not
be compensated with high-speed logic, which brings in
its own problems of noise, races and clock skew.

Read-only memories can also be programed to perform
a sequence of logic events, or a mix of combinational
and sequential cvents. Feedback makes the sequential
operation possible.

Any series of read-only memories can simulate se-
quential logic in a straightforward manner. For example,
the memorics shown at the bottom of page 90 are merely
programed to shift the binary value of each set of outputs
up by one from stage to stage. The collection of read-
only memories simulates a counter. Shift registers and
other sequential functions could be implemented in this
fashion, but the design would be inefficient because it
would require many read-only memories.

But only one would be necded to make a counter if
the output from the first rcad-only memory were returned
directly to its input. A binary 0000 input would gen-
erate an output of 0001, changing the input to 0001 and
the output to 0010, and so forth. To keep the read-only
memory from rippling through all its states, at least one
additional input is required for a clock pulse.

The memory is programed to generate an output for
each clock pulse that matches the other 4 bits of the
input. This match can be made to occur at the rise of the
clock pulse, at its fall, or at both.

This highly efficient counting technique employing the
clocking and feedback techniques was introduced a few
years ago,® considerably ahead of its time. It was imple-
mented with a small read-only memory—64 by 4—limit-
ing the counter modulus to eight. Modern read-ogly
memories make this counting technique much more pow-
erful. Any arbitrary number of stages can now be imple-
mented with memories of up to 2,048 bits, since addi-
tional inputs and outputs are available for carry, borrow,
and special feedback functions.

Any design of a counter, or for that matter design of
any sequential logic function, must answer several impor-
tant questions. Where does the sequence start? Where
does it stop? If it gets into a wrong or disallowed state be-
cause of noise or other perturbation, how can this condi-
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TABLE 5
NO. OF INPUTS B1TS REQUIRED BITS REQUIRED
TO AND FUNCTION IN SINGLE ROM IN 2 CASCADED ROMs
4 16 12
5 32 16
6 64 20
7 128 24

tion be detected and how can the device be forced out of
the wrong state loop?

With read-only memories these questions are answered
more simply than with conventional logic design. In fact,
starting the counter is easy—just force the address to its
initial value and bring up the clock signal. This design
avoids the additional reset input or its equivalent, re-
quired in conventional sequential circuits. And the
counter stops whenever the clock signal stops or the
events being counted stop happening; the only precau-
tion is to make sure the counter counts every event, yet
doesn’t count a single event more than once. In designs

that have many bits changing at nominally the same time, .

another problem is avoiding false sequences when the

changes involve slight differential delays—as in fact they

invariably do.

One way of solving these problems is to count in Gray
code, which easily converts to straight binary, as was
illustrated carlier. Gray-code counting is easy to accom-
plish with read-only memories, as are many of the arith-
metic techniques developed in synthesizing relay-type
logic and in avoiding race conditions that occur in asyn-
chronous counter-type logic systems.

A simple design using a read-only memory is a counter
that can count either up or down. Such a counter, shown
below, can be built with a 1,024-bit memory, so that it has
16 stable states; it can be connected to similar units to

COUNT up —— A X CARRY
COUNT DOWN Y BORROW
c
1,024
BIT D
ROM OUTPUT
E
F
G
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increase the number of states and the count range. Its
two most significant input bits are the up/down controls.
The two most significant outputs are the carry/borrow
lines, which can be connected to the count-up and count-
down lines of another read-only memory counter to ex-
pand the range. Stable states are reached as they are ad-
dressed, and the counter is drawn by fcedback into the
next stable state.

This design is basically the elementary sequential
logic circuit proposed in 1967 for implementation with
read-only memories—with two major improvements. First,
it has additional capability for generating additional
outputs, such as carry and borrow. Second, it takes
advantage of a technology—MOS—that permits far more
complex functions than this to be built monolithically,
whereas the original design used up a whole bipolar
memory for a simple counting operation. Bipolar tech-
nology’s lower component density and more complex
construction have yielded to MOS in this respect.

It is not necessary to feed back all output lines to form
new inputs. Some outputs may represent combinational
functions and some may be fed back for sequential func-
tions. In addition, the feedback loops might themselves
act as outputs to control subsequent circuits.

At first glance, these random-logic techniques seem
to require asynchronous operation, which is difficult to
control. But in read-only memories that have controls for

Up-down counter. This simple sequential
circuit, essentially similar to one first
proposed in 1967, offers two
improvements: it generates additional
outputs such as carry and borrow, and
it has basic potential for considerably
more complex functions than mere
counting.
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strobing or enabling, the strobe line can be used much
like a system clock. For instance, the outputs can be
disabled until all input transients have died away.

In a basic random-logic configuration, shown on page
91, the read-only memory performs combinational
functions, such as code conversion, with the six data lines,
while it can also perform control and sequential functions
with the A and B inputs and the W and X outputs (or
with some of the data lines as well). In normal operation,
both the interrupt line A and the reset line B are at their
0 states. Thus, the W and X output lines are also at their
0 states. In this configuration, a 2,048-bit memory can
store 256 words with 6 data bits and 2 control bits.

Now suppose an interrupt at the 1 level appears at
the A input. This causes the W line to put out a I,
alerting the ountside world that the read-only memory’s
output data is no longer valid. At the same time, the X
line goes to its 1 state, if the reset is at 0, this drives
the B input to its 1 state and causes the unit to latch.
When the interrupt signal returns to 0, the outputs
remain in their 1 states, due to the feedback loop, and
the B line remains at 1. With the memory latched, a
reset command is required before the other six outputs
can represent the data or functions programed in that
portion of the memory:.

The gate driving the B input takes the place of an
additional address or control line, and is the equivalent
of a ninth input variable. With it, the 2,048-bit read-only
memary has the same logic flexibility as one with 4,096
bits under the log, rule. The single external gate makes
the structure very easy to implement.

What the diagram shows is a normal combinational
logic net acted upon by two sequential events—interrupt
followed by reset—that stop it and then restart it respec-
tively. The read-only memory’s capacity can be used
for combinational functions, sequential functions such
as a modulus-16 counter, or in many other applications.

Many approaches have been championed as the most
efficient implementation of LSI. One way to judge their
economic merits is to compare the silicon chip areas they
need to perform the average function. For example, a
2,048-bit read-only memory can be made on a 90-by-110-
mil chip. According to our approximations, it is the
equivalent of about 200 logic gates.

There are no LSI techniques today that can put a 200-
gate random logic function on so small a chip. In fact,

Electronics | January 5, 1970

no one would propose to put even 100 gates on such
a chip. Thus chip economics favor the use of read-only
memories even if our approximation were off by a factor
of two. Forecasts of bipolar logic cells as small as 10
square mils have been made, but MOS FET storage ele-
ments have already gone beyond this level, to about
1 square mil per MOS FET. Of the 10,000 square mils on
the chip in the photo about 65% is occupied by the
wire-bonding pads, intraconnection wiring, and decode
and sense circuits. Logic arrays require similar invest-
ments in area for input-output functions. Future improve-
ments in process resolution and larger chip sizes will
greatly increase read-only memory capacity because of
the basic storage element’s small size.

Moreover, semiconductor read-only memories require
no custom enginecring, wiring, packaging or testing on
the part of the semiconductor manufacturer. Once the
user submits his truth table to the manufacturer, no
further negotiations are required. Only one mask, con-
trolling the gate-oxide thickness, is altered to program
a read-only memory. Logic arrays, by contrast, require
the manufacturer to decipher logic equations and dia-
grams, to prepare a set of production masks based on
these diagrams governing the type and chip location of
logic cells and input-output devices, and to generate
up to three metallization etching masks.

Differences in the gate oxide have virtually no effect
on the production process; that is, read-only memories
storing different data or implementing different logic de-
signs are produced identically, so it is a standard pro-
duction item. Its handling, flow, inspection, packaging,
and testing are familiar to people on the production line,
who thus don’t have to learn the distinctions between
different designs. Experience proves that this familiarity
with a single design, or with a minimum number of
designs, is not a minor point in the production of any IC.
No special precautions or instructions are nesded at any
stage during the manufacturing process, from first dif-
fusion to final test, and none need be paid for.

Perhaps the greatest benefit of read-only memory
logic comes in testing. A device with 100 or 200 gates
always poses severe testing problems: Every function
that it should perform must be verified, and every incor-
rect function that it might perform must be weeded out.
This complexity requires the logic-array manufacturer to
develop either a special tester for each array that it
builds, or a large general-purpose tester capable of testing
virtually anything in digital circuitry. Either approach
is expensive. But the read-only memory manufacturer
can use a standard tester that rapidly checks out the
memories in all applications—as memories or as logic.

Furthermore, the read-only memory need only be
tested for its combinational functions, in addition to the
usual electrical tests. Unlike an array of gates and
latches, a read-only memory sequential-logic system can
be checked out with the feedback loops open; then,
if the combinational net functions properly, the sequen-
tial net will also work when the feedback loops are
closed, because the loops simply change the output from
one combinational function to another.®
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Circuit design

Designer’s casebook

Op amps reject line noise
in a-d converter’s input

By Dusan Velasevic and Srdan Stankovic

Institute of Nuclear Sciences, Belgrade, Yugoslavia

Linc frequency noise from analog signals can con-
siderably reduce the accuracy of output signals
from an analog-to-digital converter. But two opera-
tional amplifiers can be used to separate and filter
noise from analog signals before conversion with-
out appreciably prolonging settling time.

The input signal, comprising the line frequency
noise superimposed on the analog signal, is fed
simultaneously into the two op amps. The high-

Designer’s casebook is a regular feature in
Electronics. Readers are invited to submit
novel circuit ideas and unusual solutions fo
design problems. Descriptions should be
clear. We'll pay $50 for each item published.

pass R,C; network at the input of the first op amp
filters out the analog portion and, with adjustment
of Ry and R.C. keeps the phase shift of the noise
through the first op amp constant. This op amp
inverts the noise waveform.

The second op amp acts as a summing network
for the analog input signal, its noise component,
and the inverted noise component passed by the
first op amp. The swinming network thus actually
subtracts out the noise component. Potentiometer
R can be adjusted to provide complete cancellation
of the line frequency noise.

By comparison, when a Gaussian three-pole ac-
tive filter is incorporated into an a-d converter to
reject noise, the converter’s scttling time is 200
milliscconds at 0.01% of full scale. The op amp
circnit’s settling time is 40 milliseconds with the
same rejection ratio and line frequency noise.
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Resistors come to light
in digital display system

By R.K. Sharma

Instrumentation Limited, India

A seven-segment digital display system built with
a resistor matrix is less costly and far more reliable
than a system built with a conventional diode ma-
trix. Cost and reliability advantages are attributed
to the fact that fewer components are used (21 re-
sistors versus 49 diodes).

And unlike the conventional diode system, the
newer system’s lamps glow when there is no active
input to the terminals. When a particular digit is

+7v +

to be displayed, unwanted lamps are extinguished
by a voltage applied to the digit’s input terminal.
In the conventional system, the diodes distribute
the current nceded to drive the transistors that
turn on the lamps for the desired digit. But with
the new system, high-valuc resistors are used so
that the current delivered to undesired transistors
are small enough to be negligible. The input ter-
minals of the matrix take signals from a decoder
that converts the binary-coded deecimal numbers
of a binary counter into decimal numbers.

To extinguish a digit’s lamp, a voltage greater
than the supply, V,, must be applied at the digit’s
input terminal. The current generated by V,, and
the input voltage passes through the resistors, R,,
and arrives at the bases of transistors, Q,, through
the resistors R. Transistors not connected to the
active input through an R resistor are unaffected.
This current is enough to saturate the Q,’s, whose
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low saturation voltage keeps the transistors, Qo, off
and, consequently, the lamps off.

The remaining terminals are kept slightly below
the threshold voltage of transistors Q, since V, by
itself is not high enough for turn-on. Thus Qi’s
collector-emitter voltage in the off state saturates
its respective Q.. Hence, these lamps all glow.

To display a 0, its input voltage is raised higher
than the threshold of the input transistor to lamp
G, turning it on. This, in turn, cuts off the following

transistor stages, extinguishing lamp G.

Input terminals 1 to 9 are at a voltage below
threshold and, therefore, the current delivered to
the corresponding transistor bases will be insuffi-
cient to drive these transistors into saturation.
Therefore, the Q.’s corresponding to these input
terminals will be on. Thus, lamps A, B, C, D, E,
and F keep glowing and the digit 0 is lit.

To light the digit 8, all lamps must glow. Thus,
no input terminal is needed for this digit.

Unijunction controls oscillator
in simple underwater pinger

By Frank Watlington

Columbia University Geophysical Field Station, Bermuda

An oscillator, timer, and switch connected to a
transducer produce a simple device called an
oceanographic pinger. The unit can be used to
produce sound waves underwater.

A pulse from the unijunction transistor timing
circuit turns on the 2N3055 transistor switch which
applies power to the oscillator circuit. The timer
controls the duty cycle (and, consequently, the

life of the flashlight batteries used to power the
oscillator). The unijunction circuit’s repetition rate
is determined by the 100-kilohm resistor and the
pulse length by the 560-ohm resistor in series with
the unijunction’s emitter resistance.

Oscillator pulses are applied to the inverter trans-
former which steps up their voltage and applies
the pulses to the transducer. The unit is tuned
through the two variable inductors.

The value of the components is for operation at
about 2 kilohertz, but by varying the inductors in
the feedback and transducer circuits, frequen-
cies as high as 16 khz can be obtained. If a pres-
sure potentiometer replaces the 100-k resistor in
the timing circuit, ping rate can vary with water
depth.

The transducer used is a double bilaminar piezo-
electric ceramic unit.
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for data recording.

® 10 Hzto 110 kHz

® 0.02% + 2 uv absolute accuracy
of setting from 0.1 mV to 121 V
(no need to worry about or
look for additional adders or
uncertainties; there are none)

instrument.

Weston Instruments Division,

Weston Instruments, inc.

17 Hartwell Avenue, Lexington, Mass. 02173.
(el: (617) 861-9000; TWX (710) 326-0596

ot just another
calibrator...
n ACvoltage

standard

The WESTON-LEXINGTON ACS-176 AC Voltage
Standard is the most accurate, most stable
AC Voltage Standard produced.

Here, at last, is a laboratory tnstrument that combines the accuracy
and stability of a primary standard with versatility and operating sim-
plicity needed for the rapid, precision calibration of AC test instru-
ments without external monitoring equipment. Wide voltage (0.1 uv
to 121 volts} and frequency (10 Hz to 110 kHz) ranges with in-line
digital display provide broad test flexibility for use m production and
incoming inspection. Direct indication of voitage, frequency, and %
error simplify and speed operation while etiminating human error.
Remote programming is available,
measurement ranges, together with an error measurement output

including voltage and error

e Direct indication of % error

® 0.01%/year amptitude stability
® Reniotely Programmable

® Many other advanced features

Send for complete data and specifications on this extraordinary new

a Schiumberger company

WESTON"

COMPARE!

Check the features below
against any other 100kHz AC
voltage standard.

Unparalleled performance

The ACS-176 offers the best overall
accuracy available (0.02% + 2uV
to 20kHz over its full voltage range)
and the best frequency tempera-
ture-coefficient characteristic in
its field. An important plus is its
capability for calibrating phase-
angle voltmeters with 0.1° accu-
racy to 10kHz. And it is available
with a data acquisition system
(Series 710).

Unique features:

From its human-engineéted
panel design to its extlusive
convenience and safety features,
the ACS-176 offers:

s Transient-free, rapid-settling
voltage selection.

® Large in-line numerical read-
out for repeatable, accurate,
frequency selection.

s |n-phase and quadrature
phase reference outputs for
calibrating phase meters.

= Overload-memory circuit
for safety.

m Totally fail-safe operation.

Remote programming of ranges.

For the first time;

Now you can rely on a mean-
ingful and useful totd/ accuracy
specification. Absolute Ampli-
tude Accuracy, including:90 day
stability; all calibration uncer-
tainties in traceability to NBS;
all effects of noise, cycle-to-cycle
instability, and distortion in cali-
brating average or rms-résponding
instruments; 0.1mV to 121V, all ef-
fects of line-voltage varidtion with-
in the stated tempetature limits.

1000 volt amplifier

Also available to expand these
outstanding calibration cdpa-
bilities to high voltage levels is
the KVA-121 kilovolt amplifier.
This all-solid-state add-on unit
simply and conveniently extends
the versatility of the basic in-
strument, providing full-range
calibration voltages to 1000 volts
from the same output connector.
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You Can't Get This
Kind of Performance

From Any Other Op Amp:

for $17.85"

RA-2600

Input Bias Current=2nA
Input Impedance=200 MS2

Voltage Gain = 200,000 V/V
Slew Rate = =+ 7 V/us (Av=1)
Input Offset Voltage = 2mV
Fully Compensated

Short Circuit Protected

*IOO unit price

for $27.25"

RA-2520

Slew Rate==120 V/us (Av=2)
Input Offset Voltage=4mV

Voltage Gain = 15,000 V/V
Large Signal Bandwith = 200 kHz
Input Impedance = 100 M}

Our RA-2510 has a slew rate of +*60V/us
and our RA-2500 has a slew rate of =30
V/us with similar characteristics and
equally low prices.

We’re calling our linear line the no-compromise op amps because you don’t
have to compromise your design to stay within budget. In fact, with perform-
ance characteristics such as we offer, your design job is easier, and you end

up with a more reliable circuit, too.

Get off-the-shelf delivery of these monolithic op amps that exceed hybrid
performance. We build them to full military temperature range and to comply
with MIL-STD-883. (If you don‘t need military temperature range, our com-
mercial version, 0°C to +75°C, devices are available at even greater savings.)

Ask your nearest Radiation sales engineer about our no-compromise linear line.
He’ll help you pick the best IC for the job.

Lexington, Massachusetts (617) 862-1055
Norwalk, Connecticut (203} 853-3646
Washington, 0.C. (202} 337-4914

ry

RADIATION

Daklawn, Hlinois {312) 423-6010

Dallas, Texas (214) 231-9031

Albuguerque, New Mexico (505) 268-3549
Palo Alto, California {415} 321-2280 INCORPORATED

Long Beach, California {213) 426-7687
P. 0. Box 37, Melbourne, Florida 32901 (305) 727-5430

100 Circle 100 on reader service card

SUBSIDIARY DF HARRIS INTERTYPE CORPORATION
ANCROELECTROMNICS DIVISION
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Continued
Cold Cathode Disnlay Tubes
Rear Projection Readout Devices
Light-Emitting diode displays
Rectifiers, solid state, total
Rectifiers, silicon
Rectifiers, selenium and copper oxide
Rectifier assemblies
Switches, mechanically actuated, total
Coaxial Switches
Pressure Switches
Rotary Switches
Snap-action Switches
Toggle, mercury, knife, misc.
Stepping Switches
Transducers, total
Pressure Transducers
Position Transducers
Strain Transducers
Acceleration Transducers
Wire & cable, total
Coaxial Cable
Flat and Flexible Printed Circuit Cable
Hook-up Wire
Magnet Wire

150 16.2
48 54
038 1.5

128.7 1401

97.8 1072

139 125

170 204

177.9 1951
96 108

212 230

412 46.4

585 62.8

320 341

154 180

1127 1205

337 354

323 337

330 368

137 1456

363.7 385.1
734 754
233 278

163.8 169.9

1032 1120

Federal Electronics

{millions of dollars)

FEDERAL ELECTRONICS, TOTAL
Department of Defense,
electronics portion, total
Procurement, total
Communications
Rircraft
Missiles
Mobile and ordnance
Ships
Research, development, test,
and evaluation
Operations and maintenance
NASA, electronics portion
FAA, electronics portion

AEC, electronics portion

1969
10,712

9,044
4,714
1,145
1,218
1,493

260

598

2,300
2,030
1,486
110
12

Consumer Electronics

(millions of dollars)

CONSUMER ELECTRONICS, TOTAL

Television receivers, total
Monochrome TV
Color TV

Radios, total
Home A-M and F-M radios
Automobite A-M and F-M radios

Tape recorders and players, total
Automobile cassette players
Automobile 4-track and 8-track players
Home/office cartridge players/recorders
Open reel tape recorders
Recording tape (non-industrial)

Video tape recorders

Hi-fi audio components

Phonographs

Electronic organs

Guitar amplifiers

Kits

Garagedoor openers (control devices only)

Automotive electronics

1969

4,570.0
2,708.0

522.0
2,186.0
561.4
261.4
3100
431.0
34.0
37.9
118.3
96.8
144.0
6.7
127.6
524.3
98.3
37.2
57.9
20.7
6.9

1970
10,606

9,209
4,609
1,110
1,100
1,628

266

605

2,485
2,115
1,210
118
69

1970

4,819.8
2,828.0
478.0
2,350.0
591.2
267.0
3242
493.1
38.3
40.1
124.0
103.7
187.0
9.1
144.0
513.2
102.4
40.3
64.7
24.3
95

21.0
8.1

162.3
124.5
11.3
26.5
2341
14.0
26.1
60.0
723
40.0
21.7
155.4
46.6
43.0
49.2
16.6

428.7
85.8
41.6

155.3

147.0

1973
11,514

10,062
5,097
1,150
1,285
1,725

290
647

2,700
2,265

1,178
197

1973

5,492.4
3,175.0
385.0
2,790.0
659.0
294.0
365.0
641.5
495
472
155.8
139.0
250.0
21.4
180.2
497.6
114.7
46.0
80.2
43.0
338

: Industrial and Commercial Markets

INDUSTRIAL AND COMMERCIAL, TOTAL

Test and measuring instruments, total
Spectrum Analyzers, subaudio to 1GHz
Signal Generators, up to 1 GHz
Sweep Generators, up to 1 GHz
Pulse Generators, up to 1 GHz
Oscillators, up to 1 GHz
Waveform Generators, all shapes
Waveform Analyzers & Distortion Meters
Counters, time and frequency
Timers, electronic
Pane! Meters, total
Analog
Digital
Noise Measuring Equipment, up to 1 GHz
Frequency Measuring {nstruments,
except counters
Voltmeters, Ammeters & Multimeters
electronic, DC to 1 GHz, meter indicating
Digital Voltmeters, Ammeters & Multimeters
DC to 1 GHz
Power Meters, DC to 1 GHz
Impedance Measuring Equipment, up to 1 GHz
Calibrators and Standards, active & passive
Oscitloscopes, main frame only
Oscilloscope Accessories and Plug-ins
Recording Instruments, digital & analog
Component Testers (capacitor, transistor, tube,
integrated electronics, etc.)
Power Supplies, lab type
Amplifiers, lab type

Microwave measuring equipment
{above 1 GH2), total

Microwave Phase Measuring Equipment
Microwave Impedance Measuring Equipment
Microwave Power Measuring Equipment
Spectrum Analyzers, above 1 GHz
Frequency Measuring & Analysis,

above 1 GHz other
Microwave Noise Measuring Equipment
Signal Generators, above 1 GHz
Sweep Generators, above 1 GHz
Pulse Generators, above 1 GHz
Field Intensity Meters and Test Receivers

Medical equipment, total

Diagnostic Equipment, total
X-Ray, Fluoroscopic Equipment
Electroencephalographs
Electrocardiographs
Ultrasonic
Radioactive Tracer Equipment
Electron Microscopes

Patient Monitoring Systems, total
Cardiac
Respiratory
Blood Gas

Prosthetic/Orthotic Equipment, total
Hearing Aids
Pacemakers

1969

1970

1973

{millions of doilars)

9,483.4 10,207.8 13,482.1

773.0 843.8 1058.1

14.6
20.8

8.4
11.2
22.9
14.7

59
36.1
78.0
48.0
41.2

6.8
12.7

136
29.0

32.1
6.8
14.7
16.1
117.4
27.8
65.3

26.8

16.8
22.0

8.9
138
24.0
15.6

6.5
39.7
81.3
51.1
41.7

9.4
14.0

141
32.6

36.7
7.9
16.0
19.0
121.3
30.5
69.7

30.8
67.2
8.3

97.0

7.8
14.9
5.6
14.0

111
7.0
15.1
12.0
5.9
3.6

385.5

259.8
199.3
7.1
18.4

16.0
121
23.5
14.0

6.0

89
65.3
54.0
11.3

22.5
25.6
11.4
16.8
312
21.0

8.2
498
97.8
60.7
42.0
18.7
17.1

16.2
39.6

48.9
11.4
18.3
23.7
148.6
38.2
84.0

46.3
77.6
10.0

133.2

12.0
20.6

8.1
18.7

14.0
10.1
17.0
18.2
9.3
5.2

507.1

333.1
252.0
9.5
23.0
10.0
22.1
16.5
38.1
23.5
8.5
6.1
84.4
70.0
144

Therapeutic Equipment, total
X-Ray Equipment, Therapeutic
Ultrasonic
Diathermy, shortwave & microwave
Defibrillators

Nuclear instruments & equipment, total

Pulse analysis Instrumentation

Power Supplies for Nuciear Equipment

Personal Dosimeters

Radiation Monitoring, Portable Survey
Instruments

Radiation Monitoring, Fixed Position

Detectors (all, separate unit or part
of system), total
Solid state (Semiconductors, scintiliation,

crystals, and organic phosphors)

Tubes {Geiger, gas flow, BF;)
lonization Chambers

Reactor Controls

Nuclear Instruments & Equipment, other

Computers & related equipment, total

Analog Computers, except process control
Hybrid Computers, except process control
Peripheral Equipment, tota!
Converters, Ato D
Converters, D to A
Input-Output Equipment, total
Electromechanical Devices, total
Card Readers
Readers, paper tape
Card punchers
Impact Printers
Electromechanical readout devices
Electronic Devices, total
Digital Displays
CRT Displays
Non-impact printers
Audio output equipment
Character recognition equipment
(optical, magnetic, etc.)
Mass Storage Memories, total
Core Memories
Magnetic Tape Machinery
Magnetic Drum Memories
Magnetic Disc Memories
Remote Terminai Equipment, total
Terminals
Couplers
Electronic desk calcufators

Communications equipment, total

Radio, total
Airborne, including ground links
Land Mobile
Marine Radio
Microwave Relay
Amateur Equipment

1969

1970

1973

{millions of doHars)

31.9
20.4
5.1
33
31

121.8

18.8
9.2
2.7

4.2
49

8.6

4.4
32
1.0
24.3
55.1

36.9
22.3
6.4
4.0
4.2

137.8

20.2
10.0
29

4.9
5.4

10.1

5.2
3.7
1.2
26.0
58.3

SIES)
29.8
9.2
58
6.7

195.9

24.1
17.6
4.0

6.1
8.0

149

6.8
6.0
2.1
31.0
90.2

4,942.7 5,314.5 6,892.2
Digital Computers, except process control 3,750.0 3,945.0 4,800.0

62.4
43.6
1,039.9
25.4
18.3
434.9
2338
74.2
32.8
93.1
24.3
9.4
201.1
27.6
37.4
8.0
18

126.3
297.7
45.4
69.0
36.3
147.0
263.6
153.2
1104
46.8

548.7
144.2
205.6
23.5
115.7
243

71.5
48.1

86.0
69.5

1,192.3 1,849.7

31.7
209
492.5
270.3
80.4
38.4
106.7
32.0
12.8
2222
31.5
43.1
12.3
23

133.0
327.5
51.7
74.0
39.5
162.3
319.7
197.0
122.7
57.6

576.0
151.7
210.0
25.2
122.3
27.2

422
27.3
776.4
3588
102.3
47.2
127.6
63.0
18.7
417.6
49.8
77.2
26.1
7.5

257.0
501.3
63.8
99.5
48.0
290.0
502.5
295.0
207.5
87.0

1,788.6 1,884.4 2,554.8

761.6
197.0
239.4
33.7
198.0
39.5

Citizens Band Equipment
Navigation, total

Radar

Other navigational aids

(Sonar, Loran, VOR)

Terminal & Switching
Carrier Current
Intercom
Commercial Sound & P.A.
A-M Station Equipment
F-M Station Equipment
TV Station Equipment
Facsimile
Telemetry
Modems

Lasers & equipment, total

Gas Lasers
Solid State Lasers, incl. Ruby Lasers
Semiconductor Lasers
Liquid Lasers
Laser Power Supplies
Auxiliary laser equipment,
incl. nonlinear crystals

Closed circuit television, equipment, total

Industrial CCTV
Education CCTV
Theater CCTV
Medical CCTV
CATV Equipment

Dictating devices (for business)
Power supplies, O0EM type

Industrial Operations Electronic equipment,
total

Motor Speed Controls

Welding Controls

Power Supplies {complete equipment)

Photoelectric gauges and controls

Cryogenic Equipment

Ultrasonic Cieaning Equipment

Ultrasonic Testing Equipment

Infrared inspection and gauging equipment

X-Ray inspection and gauging equipment

Nuclear Gauging and Processing

Process Contro! Computer Systems, total
Process Control Computer Systems, analog
Process Control Computer Systems, digital
Process Contro! Computer Systems, hybrid
Process control operator consoles complete
Production data-gathering systems

Machine Tool Controls, total
Point-to-Point Control Systems
Continuous Contouring Systems

Electronic controliers and programmers

Electric actuators and solenoid valves

Indicators

Recorders

© Copyright 1970 Electronics* A McGraw-Hill Publication

World Radio Histo

1969

1870

1973

{millions of doilars)

354
152.0
93.4

58.6
238.0
25.7
103.2
228.5
16.4
12.3
136.0
31.7
217.3
78.8

64.4

42.3
32
5.7
2.7
4.8

5.7

59.4
239
131.0
20.1
713
18.4
22.7
453
31.5
77.9
393.4
98.7
254.0
11
27.5
12.1
74.0
41.2
32.8
47.4
49.0
7.9
66.2

39.6
164.7
99.7

65.0
243.1
28.0
105.7
236.0
17.3
14.0
141.2
38.0
230.4
90.0

15.2
47.2

1,139.4 1,231.8

64.8
27.6
139.7
22.6
75.0
21.0
25.4
48.0
347
84.2
4222
107.4
267.3
2.0
30.1
15.4
83.0
46.3
36.7
51.9
52.4
9.3
70.0

54.0
310.2
190.2

120.0
312.0
51.2
116.0
2734
19.0
21.5
156.8
68.2
293.0
171.9

134.2

82.1
6.0
18.8
7.8
9.7

9.8

209.1

64.8
51.0

16.0
68.0

133.7

1173

1,679.7

86.1
34.2
176.0
34.0
101.4
29.5
39.9
61.2
45.8
115.0
5722
158.0
3490

38.4
23.0
150.6
77.6
73.0
72.7
62.0
134
85.7
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Peripherals

ILLUM,

POWER ON

Antennas & antenna hardware
Capacitors, total
Paper Capacitors
Film Capacitors
Electrolytic Capacitors, total
Aluminum
Tantalum
Mica Capacitors
Glass & Vitreous Enamei Capacitors
Ceramic Capacitors
Variable Capacitors
Connectors, total
Coaxial Connectors, standard size
Coaxial Connectors, miniature
Cylindrical Connectors
Rack and Panel Connectors
Printed Circuit Connectors
Special Purpose & Fused Connectors
Delay lines
Electromechanical devices, total
Resolvers
Servo Motors
Synchros
Rate Generators
Motor Generators
Fractional Horsepower Motors
Solenoids
Encoders & Decoders
Electron tubes, total
Receiving Tubes
Power and Special Purpose Tubes, total
High-Vacuum Tubes
Gas and Vapor Tubes
Klystrons
Magnetrons
TWT's, including backward wave types
Light-Sensing Tubes
Image-Sensing Tubes
(Including TV Camera Tubes)
Storage Tubes
Display Tubes, except cathode ray
Cathode Ray Tubes, except TV
TV Picture Tubes, black-and-white
TV Picture Tubes, color
Ferrite devices, totai
Computer Cores
Transformers & Chokes, except TV
TV Ferrite Components, including yokes,
flybacks
Coils
Filters, electronic, total
Active Filters
Passive Filters
Loudspeakers
Magnstic tape, total
Audio Tape
Computer Tape
Instrument Tape
Video Tape
Microwave components & hardware, total
(tubes and antennas excluded)
Microwave Ferrite Devices
Multicomponent packages, total
{two or more separate active or passive
components in a single package)
Logic Modules
Hybrid IC's Total (Semiconductor devices
and thin or thick film components
combined on a common substrate)
Digital

1969

1970

1973

{millions of dollars)

428.4
421.3
53.7
67.8
182.4
88.4
94.0
248
9.0
62.6
27.0
3765
32.1
224
136.0
79.4
52.5
54.1
18.8
577.0
9.1
328
25.9
5.2
16.5
415.2
251
47.2

4413
456.0
55.2
74.5
193.7
93.4
100.3
273
86
67.4
293
396.2
349
24.1
141.1
825
57.2
56.4
202
§02.4
103
35.4
243
5.4
18.1
427.0
27.0
54.9

518.0
515.5
57.7
98.9
210.5
102.0
108.5
24.0
7.3
814
35.7
471.8
398
336
167.8
91.9
73.2
65.5
26.7
129.7
12.1
40.6
236
6.2
21.4
508.0
368
81.0

1,387.5 1,405.2 1,473.7

191.0
3535
62.8
17.1
404
387
65.3
423

368
18.4
11.9
198
92.0
7510
331.6
20.7
217.4

82.3
11.2
53.6
4.6
49.0
113.0
205.4
61.3
77.4
36.0
30.7
119.0

22.6

251.6

153.6

58.4
36.0

174.3
361.1
60.7
16.3
39.5
379
68.4
458

384
193
13.0
218
91.3
778.5
345.7
248
221.0

87.2
12.7
51.6
6.5
51.1
120.2
2330
70.2
89.0
39.8
34.0
1263

25.7
290.0

168.5

76.2
48.4

133.7
377.3
57.0
14.0
36.3
36.0
76.0
51.3

43.0
23.6
16.4
25.7
88.7

874.0
416.0

38.5
261.2

98.0
18.3
76.6
21.2
55.4
1347
319.6
99.5
121.8
49.5
48.8
182.5

342
407.1

232.0

115.0
720
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History’

Linear
Other Multicomponent Packages, total
Active
Passive
Printed circuits, total
Single-layer Boards
Two-layer Boards
Multilayer Boards
Quartz crystals (including mounts and ovens)
Resistars, total
Fixed Resistors, total
Composition Resistors, fixed
Deposited Carbon Resistors, fixed
Metal Film Resistors, fixed
Wirewound Resistors, fixed
Potentiometers, total
Wirewound Potentiometers
Non-Wirewound Potentiometers
Other Resistors (including varistors and
thermistors)
Relays, total
Solid-State Relays
Efectromagnetic Relays, total
Contact Meter Relays
Crystal Can Relays
Dry Reed Relays
Mercury Wetted Relays
Resonant Reed Relays
Telephone Type Relays
Thermal Relays
Other Relays
Semiconductors, total
Discrete, conventional devices, total
Transistors, total
Transistors, silicon, bipolar
Transistors, germanium bipolar
Transistors, field effect
Transistors, unijunction
Diodes, total
Germanium diodes
Silicon diodes
Discrete, special devices , total
Thyristors (SCR’s, 4 layer diodes, etc.)
Tunnel diodes
Trigger diodes
Microwave diodes, total
Detector & Switching
Gunn
Varactor
Zener diodes
Microwave transistors
Multiple devices (duals, diode arrays)
Integrated electronics, total
Monolithic IC’s Total
Linear (fess than 12 gates)
Digital (less than 12 gates)
Integrated arrays, total
MSI devices (12 to 100 gates)
LS! devices (100 or more gates)
Operational amplifiers, total
Monolithic
Hybrid
Optoelectronic devices, total
Photovoltaic (solar) cells
Photoconductive cells
Light-emitting diodes
Photodiodes
Phototransistors
Special optoelectronic devices
(isolators, switches)

Continued

1969

1970

Component Markets

1973

{millions of dollars)

224
396
15.1
24.5
271.0
101.2
107.5
62.3
55.1
418.0
2208
84.3
17.8
o983
63.4
170.9
80.7
90.2

263
281.5
19.6
114.9
6.0
337
26.4
16.5
17
26.4
4.2
147.0

278
453
18.3
27.0
303.3
104.7
1182
80.4
59.0
428.7
225.2
85.5
16.3
58.4
65.0
175.5
82.9
92.6

28.0
303.0
26.3
124.9
oM,
348
30.4
19.3
2.0
27.7
5.0
151.8

43.0
60.1
26.7
334
3794
121.0
142.4
116.0
69.5
446.5
233.8
826
14.5
68.8
67.9
178.8
84.0
94.8

33.9
368.6
47.0
148.2
5.0
38.0
412
25.0
3.8
29.0
6.2
173.4

1,282.91,317.8 1,640.7

544.5
395.9
288.0
81.3
204
6.2
148.6
20.0
128.6
2358
65.2
7.0
48.7
134
13.1
0.3
8.7
56.2
7.9
28.7
502.6
397.7
82.3
315.4
74.0
67.8
6.2
30.9
27.2
37
51.9
5.8
9.0
11
519
7.3

2.2

509.8
372.7
271.2
67.4
26.3
7.8
137.1
18.1
119.0
243.7

8.4

404.8
305.4
227.5
307
34.2
13.0
99.4
9.0
90.4
292.0
93.7
9.7
40.2
26.2
24.0
2.2
14.7
63.7
23.0
20.8
943.9
630.2
182.0
448.2
255.6
206.6
49.0
58.1
45.8
12.3
91.7
8.4
142
43
10.2
158

6.7
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Bold new inroads
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as the digital era
gets under way
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® Electronics technology in 1970 will reflect the inroads
of the computer as never before. This can be seen in thé
increasing demand—particularly in the industrial and
commercial sectors—for computer peripherals, remote
terminals, minicomputers, computer-controlled testing
and manufacturing equipment, and data modems. And
largely as a result of this demand, there is little question
that this year will be one in which the versatility of such
equipment will be improved steadily. The Government,
too, will help underwrite technological advances, al-
though funding will be below that of previous years.

NASA, though heavily committed to the Apollo mis-
sions, will sponsor advances in such areas as display
technology, data processing, and laser communications.

In the communications sector, digital techniques will

e used increasingly in the 1970’s. Pulse-code modula-
tion will be used in both satellite and millimeter-wave-
guide communications and there will be a growth in
remote terminal-to-central processor communications.
The Bell System’s Picturephone service will begin in
July and will include not only the Picturephone, but a
data set for communicating with a computer; the data
set will display computer outputs on the Picturephone
screen, and, eventually, Picturephone signals will be
transmitted digitally on megabit channels.

Minicomputers—aimed at applications in process-con-
trol systems, data-collection equipment, bulk memories,
inventory control, and various industrial monitoring
functions—will help push the semiconductor technology
still further towards LSI and semiconductor memories.

The computer is also moving into the instrument field,
where manufacturers must now produce equipment that
is compatible with computers. Instrument makers will
not only make computers but also offer software.

Unquestionably, the computer will have a tremendous
impact on manufacturing, The machine will be used in
production, testing, and shipping. And, the computer will
even have an effect on how circuits are designed. Com-
puter-aided manufacturing setups will have to feed
easily inserted components. Beam leads, for example, are
ideal for such setups. Thus the computer itself will con-
tribute to technological advances.

In semiconductor technology itself, 1970 will mark the
expansion of such new products as complementary metal
oxide semiconductor circuits, Schottky-diode IC’s, sili-
con-gate IC’s, and optoelectronic circuits.
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This will be the year of both the peripheral and the mini
...and, perhaps, even a fourth generation of computers

There’s a consensus that most technological advances
from here on out will fall into the evolutionary, rather
than the revolutionary, category.

—Electronics, Jan. 6, 1969, p. 131

That statement may be just as true today as it was a year
ago. Evidence of this can be seen in minicomputers and
peripherals—two of the computer industry’s fastest grow-
ing segments—both of which represent advances that are
evolutionary in nature. But today the industry is at the
threshold of other advances in the state of the art that
are so radically different they could be considered revolu-
tionary. And, conceivably, these revolutionary advances
could herald the rise of a fourth generation of computers
far more flexible and less costly than those of the earlier
generations.

Laszlo L. Rakoczi, vice president of the Standard Com-
puter Corp., sees sophisticated subroutines simplifying
the use of the fourth-generation computer, just as micro-
programs simplified the design of the third-generation
machine.

“Where the third-generation microprograms resided in
a read-only memory,” says Rakoczi, “the fourth-genera-
tion subroutines will operate in an inner computer; its
place in the system is similar to that of the read-only
memory, and its function combines those of the micro-
programs and the software subroutines in the third
generation. In this inner computer, the ‘firm’ subroutines

106

will be available for a wide variety of applications, while
the main processor utilizes ‘soft’ subroutines in specific
programs—both replacing the fixed and invariable func-
tion of each bit in a microprogram.”

Another company, which has expertise in both com-
puter design and semiconductor technology, believes it
is well on the road towards packing so much computing
power in so few cubic inches with large-scale integration
that conventional systems will look like Henry Ford’s
Model T by comparison.

Still another system in this fourth generation could
be made up of a number of small specialized computers
interconnected in a multiprocessing arrangement. Such a
system could do the same job as one big processor, and
thus could be very attractive for avionics applications,
especially in a military environment.

“This means that a lot of little computers on the wing-
tips, in the engines, and so on, can replace a rack full of
equipment in the airplane itself,” says Albert D. Gold-
stein of the Bunker-Ramo Corp.’s Defense Systems divi-
sion. “LSI makes this possible because of its low cost and
low power dissipation.”

As for the market itself, last summer’s ripples are still
spreading as the result of the Great Unbundling. These
ripples will probably continue through most of 1970.

The Great Unbundling got under way when the Inter-
national Business Machines Corp. announced what it

New media. Punched cards produced

by the keypunches in the background
are gradually yielding to other media,
such as this General Electric Datanet-760
terminal (shown in an Internal Revenue
Service installation) for entering income
tax data into a computer.

Electronics | January 5, 1970



Back talk. With this compact IBM
terminal (right), the machine-shop
employee, or anyone lacking computer
skills, can enter data into a remote
computer, request information and
obtain a computer-compiled spoken
response on the telephone. Below, in
a similar environment, a machine
operator enters data through a
terminal, part of IBM’s new 2790
data communication system.

called a “change in marketing and pricing policies.”
This change, the separation of some software and other
services from computer hardware as salable entities, was
a radical departure from the company’s previous policies;
it was accompanied by a small reduction in the price of
hardware. By the end of the year, several major computer
manufacturers had followed suit. Just how much of an
effect unbundling will have on the pricing of both hard-
ware and software won’t be known for some time yet.
Price adjustments, especially by the independent soft-
ware firms, are likely to occur as competition matures.

Although unbundling is primarily a marketing gambit,
it could have some side effects on technology. For ex-
ample, the far-out prophets of LSI have been talking
for years about such things as hardware compilers that
would translate programing languages into machine lan-
guage—a task that thus far has been accomplished by
software only. Further development of LSI, together with
the fact that unbundled compilers are no longer free,
could bring a hardware compiler closer to economic feasi-
bility. One software function, sorting, has already been
achieved with hardware. Astrodata, Inc. exhibited a
sorter at the 1969 Fall Joint Computer Conference.

What also will affect the computer industry’s growth
will be a decision from Federal Communications Com-
mission regarding the use of communication lines be-
tween geographically separated data processing systems.
The decision should be handed down sometime this year.

“There are several directions that the FCC could take,”
says Curtis W. Fritze, vice president for corporate plan-
ning at the Control Data Corp. “Three independent net-
works probably will be allowed to develop. These would
appear to be a community-antenna-television-like net-’
work that ultimately would transmit data to and from
consumer-level terminals, a special-purpose data-trans-
mission network for high-volume data transmission and a
switched voice-grade common-carrier network for the
occasional low-volume user of data communication serv-
ices. In addition, a satellite-transmission network may
take over some tv distribution, removing part of the load
from the common-carrier network, whose capacity for
data transmission thereby would be improved.”

Over the years there has been a steady increase in the
capability of large computer systems—as much as 40%
per year, according to some observers. This growth is ex-
pected to continue through the introduction of new
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equipment and the upgrading of older machines with
new software. Some of the improvement, of course, will
be attributable to LSI.

“But customers buy throughput, not technology,” says
Control Data’s Fritze. “They look for the most efficient
system that can solve their problems, measured by their
own bench-mark programs; they aren’t interested in the
technology with which the system is manufactured.” Gen-
eral Electric takes the same view.

Analog computers make up just about the only segment
that is yet to reap any benefit from LSI—and that’s be-
cause no one seems to be doing any serious work on large-
scale operational amplifier networks or arrays. Because
analog computers are essentially interconnected networks
of operational amplifiers—linear circuits with large gains
—they rely primarily on individual IC op amps.

It isn’t difficult to see why analog computers lag digi-
tal machines when it comes to LSI. Just as the develop-
ment of linear ICs lagged digital IC’s by several years
because they required closer component control, so linear
LSI circuits are lagging digital IC’s.

Minicomputers will continue their mushrooming
growth during 1970 and beyond. Some of the leading
manufacturers—in particular, the Data General Corp., the
Digital Equipment Co., Honeywell, Varian Data Ma-
chines, and the Hewlett-Packard Co.,—are each talking
in terms of turning out thousands of machines a year.
And almost daily, newly organized firms have been en-
tering the field. But because the supply of available en-
gineering and management talent is limited, this trend
toward more new firms may abate. 4

A substantial part of these companies’ sales are to man-
ufacturers who incorporate the minicomputers in their
own products as subassemblies. These products include
process-control systems, data-collection equipment with
preprocessing capability, sophisticated displays and plot-
ters with postprocessing capability, and various kinds of
bulk-memory systems.

Data General says its Nova minicomputers are finding
applications in areas previously untouched by computer
technology. And, says the company, the impact of these
new applications will begin to be felt this year.

Minicomputers are now handling such jobs as plant-
facility control, life-test monitoring, and general baby-
sitting for machines and processes; minicomputers now
perform such tasks as turning lights on and off, and main-
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taining optimum temperatures in factory areas as activity
and environmental conditions change.

And thanks to minicomputers, traditional computer
applications are being expanded. For inventory control,
as an example, geographically separated warehouses pre-
viously depended on a central computer to keep track of
their individual stock transactions. But this was at the
expense of complexity in the central computer and costly
or time-consuming data communications. Warehouses
now are installing minicomputers, keeping track of their
own inventories, and communicating with the central
computer only for transactions involving other ware-
houses or for management information.

This is part of another continuing trend in data com-
munications, which includes not only communications
between computers, but also between a computer and
remote peripherals, and between remote access stations
and a computer operating in a time-shared or multipro-
gramed mode.

“The Fall Joint Computer Conference displayed this
trend very vividly,” points out Dounglas L. Powell, man-
ager of General Electric’s GE-600 product line sales.
“Many of the 370 exhibitors there showed terminals and
other data-communications equipment.” So many of these
exhibitors tried to demonstrate their equipment simulta-
neously, using connections to their home offices, that they
overloaded the city’s long-distance telephone facilities.
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Inner space. This computer complex
typical of many large installations, is
a battery of Univac 1108's at NASA's
Manned Spacecraft Center in Houston.
They are used to monitor and predict
occurrences during lunar flights and
other missions.

Computer output microfilm is another area that will
come on strong this year, and perhaps even stronger later
in the decade. Computer output microfilm includes both
bona fide microfilm—a sequence of images on a roll of 16-
or 35-millimeter film—and microfiche, which records from
a dozen to several hundred images on a rectangular sheet
of film no larger than 6 by 8 inches, and often smaller.
Several new models of equipment have recently ap-
peared, and their prospects are excellent. They offer a
practical way of overcoming the deficiencies of electro-
mechanical line printers, which have been a roadblock in
the production of hard copy for many years. Their chief
disadvantage, however, is the need for special equip-
ment to read them.

In addition to computer output microfilm and mini-
computers as subassemblies, other kinds of peripheral
devices are becoming practical, thanks to continued im-
provements in IC’s. These devices are capable of perform-
ance more nearly matched to the high-performance cen-
tral proccssor; they streamline the task of attaching a
multiplicity of peripherals over communication lines; in
some cases, they open the exit door for such electro-
mechanical devices as card readers and paper-tape
punches, which have monopolized the peripheral area
since the dawn of the computer age; they permit the
design of peripheral devices with some degree of “intel-
ligence” that was not economically possible previously.
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Data General’s warehouse-inventory installations are
good examples of these “intelligent” peripherals.

Another fast-growing area is that of semiconductor
memories. Any prediction of what these devices are go-
ing to do in 1970 depends on who makes the prediction.
Representatives of companies firmly committed to ferrite-
core arrays and similar technology admit that semicon-
ductor memories are making a strong challenge, but they
claim that ferrite-core arrays will continue to dominate
the market. But the-National Cash Register Co. has a dif-
ferent view. NCR has been one of the leaders in magnetic
memory technology with its rod memories, but is now
moving rather rapidly toward both MOS and bipolar
semiconductor arrays.

“Magnetic memory technology will mature in 1970,”
says Donald E. Eckdahl, vice president and general man-
ager of NCR’s Electronics division, “and the computer in-
dustry will begin a full-scale rush into large-scale inte-
gration in both processors and memories.” Only time will
tell whether semiconductor arrays will begin to displace
core arrays.

Nevertheless, both forms of memory will certainly be
affected by the growing interest in memory hierarchies,
which incorporate a large and relatively slow main stor-
age with a smaller and much faster buffer that cycles at
the same speed as the central processor. This design ap-
proach offers a new lease on life to ferrite-core arrays as
the main storage, or “backing store,” as it is sometimes
called; the buffer has been built with semiconductors
at IBM and with small fast cores at Control Data.

As the interest in semiconductor memories grows, the
interest in plated wire seems to fade somewhat. How-
ever, firms already committed to plated wire, or those in-
tensively investigating it, aren’t in any hurry to back off.
“Research in planar thin films, laser techniques, and
other main-memory media is also being carried forward
at Honeywell,” says Robert P..Henderson, vice president
and general manager of that company’s Electronic Data
Processing division. His remarks doubtless apply to many
companies. Plated wire is most likely to acquire or retain
extensive applications in the avionics field, where the
wire’s capability for nondestructive readout and electri-
cally alterable read-only operation are distinct advan-
tages. Semiconductor arrays, on the other hand, suffer
from a distinct disadvantage in this area because they lose
their stored data if power fails. The nitride process, how-
ever, promises to offset this disadvantage but requires
greater development if it is to have a significant effect on
this year’s market.

In the peripheral equipment area, further rapid growth
of optical-character recognition apparatus is predicted by
most observers. A number of such machines were intro-
duced in 1969. And sooner or later, OCR will be available
for remote conmection over telephone lines. And the ca-
pability of recognizing handprinted characters, even cur-
sive writing (connected letters), is expected within the
next few years.

Further development of bigger and faster disk memo-
ries, particularly those with removable disk packs, will
certainly be a factor in 1970 and beyond. However, the
disk-pack market doesn’t seem to be seriously affecting

‘magnetic tape equipment. On the contrary, there appears

to be a trend toward mixing disk and tape memories in a
single system, something of a rarity in past years except
in the largest installations.
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Military electronics R&D will be feeling the pinch
as tight budget squeezes major procurement runs

“Grim, very grim” is the outlook for new military elec-
tronics programs in 1970 and, perhaps, the next few
years. This outlook, a consensus of Washington ob-
servers, is based on procurement and research and de-
velopment spending levels of more than $18 billion out
of a total fiscal 1970 outlay of nearly $70 billion. Of
this $18-plus billion, between 25% and 40% is pegged
for high-technology areas led by electronics. Industry
will have to rely on this figure through June 30, after
which Congress presumably will have responded to the
Nixon Administration’s first defense spending request
for fiscal 1971.

However, the consensus is that there’ll be few big,
new production runs in the near future. As one Pentagon
source sees it, the Department of Defense will undertake
“a lot of product improvement programs and some ex-
tended R&D in electronics” in the coming year. And it
is likely to be “at the expense of some large procure-
ments, mostly in the tactical area.”

Just what is product improvement? Says one DOD
man, it’s “our word for making do with what we've got,
for making systems in hand work better. Call it up-
grading, if you like.” The military, in DOD’s opinion,
has “too many systems that aren’t performing as prom-
ised; that don’t work well separately and sometimes
don’t work at all in combination.”

Another DOD concern is electronics hardware com-
plexity. One Army Materiel Command source notes: “In-
dustry seems to have forgotten the old maxim that
weapons are supposed to be ‘designed by geniuses for
use by idiots.” Some Government people have forgotten,
too. Our orders are to change that.”

Still another impulse to simplify comes from. the
military’s desire to buy as much equipment as possible
with their shrinking defense dollar. This was the rea-
son behind the decision to simplify the avionics aboard
the F-15 tactical air superiority fighter [Electronics,
Dec. 22, 1969, 61]. But John J. Fischer, assistant
to the vice president in Autonetics’ Navigation Systems
division, notes that some Air Force buyers would like
to retain mission capability with lower-cost systems.
“They’re looking for ways to combine sensors and cut
the number of black boxes. For example, they may want
to derive doppler data from forward-looking radar,” he
says.

And the design of electronics equipment will have
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to stress reliability and field maintainability even at
the expense of size and weight. This is emphasized
by Naval Air Systems Command’s avionics chief, Joseph
Kemp, who says he expects avionics to take a more
total systems approach and “depart from requiring
the best available in favor of the best in terms of oper-
ational cost.”

While Navair will continue to do research in mi-
crominiaturization, IC’s, and large-scale integration, the
main task will be modernizing and updating such air-
craft as the S-2 and F-4. Replacing analog circuitry
with digital processors, displays, and instrumentation
is in the cards. “Any new systems will go digital,”
says Kemp, particularly in antisubmarine warfare. Ana-
log ASW sensors pose a problem, he says, because of
electromagnetic interference.

One program that would have great significance
later on involves Navair's desire to develop a single,
basic digital computer configuration to meet all the
Navy’s airborne data processing and control require-
ments [Electronics, Sept. 29, 1969, p. 73]. At present,
the Navy must maintain literally hundreds of different
kinds of computers, many tied to an individual firm’s
technology. But the planned Advanced Avionic Digital
Computer (AADC) will be built from a family of basic
functiomal modules that could use any technology,
whether already available or developed in the future,
says project engineer A. David Klein.

The modules, which will perform a variety of tasks,
could form an entire computer series—from the smallest
special-purpose machine to the very largest general-
purpose unit. And it will be possible to improve parts
of the computer by substituting new modules as ad-
vanced designs become available, adds Klein.

In other areas, Navair will be moving toward low-
light-level tv, infrared and laser sensors, in combina-
tion with its airborne radar equipment. This combina-
tion of different techniques, says Kemp, provides a
better flight profile, real-time transmission of data to
some ground or ship-based receiver as the key element.

But the $101 million slash in Navy’s current R&D
budget, leaving little more than $2 billion, contains a
number of reductions in the electronics sector. For
example, cuts were made in funds for the night vision
system known as TRIM/combined sensor vehicle sys-
tem, as well as for target development, search and res-
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cue systems, and advanced airborne reconnaissance.

Electronic countermeasures systems also are likely
to be affected by the cuts. “I see less being spent on
such equipment in 1970 than in the past two to three
years,” says Jesse R. Lien, senior vice president of
Sylvania Electronic Products. He notes that this might
not necessarily mean a less powerful ECM capability,
however.

There’ll be more R&D money to shore up areas that
have been neglected because of critical Vietnam re-
quirements, prediots John L. Grigsby, vice president
and chief engineer at the Applied Technology division
of Itek Corp. Particular attention should be paid to
integrated electronic warfare systems controlled by their
own airborne computers, he says. And he’d like to see
funds for developing phased-array antennas that could
be flush-mounted around the aircraft, eliminating the
“bumps and lumps™ needed now.

Any big changes in ECM during the 1970’s will not
necessarily occur in r-f techniques, but in LSI, Lien
feels. “LSI continually gives us more active elements
in smaller areas. I foresee the cost per bit falling by a
factor of 10 every five years for more than the next
decade.”

“This obviously means we can economically do
digitally things formerly only possible in analog for-
mats,” he adds. “Relatively simple digital processing
techniques are going to enable things like adaptive
ECM systems,” says the Sylvania vice president.

Also sitting tight on proven technology is the Army
Materiel Command. AMC’s new commander, Gen. F.J.
Chesarek, made clear not long after his appointment
last year that he won’t take chances on unproven tech-
nology such as that which led to cancellation of the
controversial AH-56 Cheyenne helicopter gunship pro-
gram with Lockheed.

Rapid technological advances Chesarek notes, “churn
up demand for large quantities of special people, and
the payoff has not been thoroughly thought out.” More-
over, Chesarek points out that, “confidence in short-
term add-on costs being quickly amortized has been
shaken” in the electronics area. Translation: an end
to quick-reaction programs.

Among the services, Army’s procurement can be ex-
pected to decline most sharply this year. Nevertheless,
its current $1.5 billion RDT&E appropriation represents
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a $54 million increase over last year—the only service
thus blessed—and, excepting night vision and other
electronic warfare systems, much of this is expected
to go toward resolving problems in existing programs.

U.S. Air Force aircraft purchases will run to $3.4
billion, just'10% below its request, for the remainder
of this fiscal year. But that is $425 million below last
year, and estimates call for further cuts for fiscal 1971.
Cutting one key program, the Advanced Manned Stra-
tegic Aircraft (AMSA) or B-1A, could do it, and sources
strongly believe this program may be stretched out
at least in these early development stages.

Some of these ideas can still be funded in R&D
of course,” the official explains, but, again, the service
is going to be choosy with an RDT&E budget of $3
billion, $307 million less than last year even though
this spending area could rise for the USAF in the sec-
ond half under a larger fiscal 1971 budget.

There is, however, a trend in navigation systems
toward augmented inertial units, with the Air Force
concentrating on simplifying doppler, inertial, and loran
sensors, integrating them, and coming up with a system
that costs less than a pure inertial system but has
equivalent performance.

Technology also seems to be catching up with
inertial systems themselves. Strapdown guidance is
beginning to take over from conventional gimbaled
platforms and although strapdown techniques are in
their operational infancy, they already have made a
sizable penetration into the booster market, according
to John W. Minor, chief engineer of the guidance and
navigation group in Honeywell’s Aerospace division.

In a strapdown system, accelerometers and gyros are
mounted directly on, or strapped down to, the body of
the vehicle. Gimbals, a major source of unreliability,
are eliminated.

A strapdown system is going into the Air Force’s
Agena vehicle, another is proposed for the Delta. And
in addition to launch vehicle use, strapdown systems
could fit the requirements of spacecraft—Apollo backup
guidance is strapdown—and air-launched missiles, says
Minor.

Still greater reliability theoretically is possible when
conventional motion-sensing components are replaced
by laser rate sensors, eliminating all moving parts.
Honeywell expects to flight-test a laser system later
this year.

But, in general, “The technology limits for reducing
navigation computer costs still aren’t being approached
in terms of the full implementation of LSI, computer
memories, architecture, software and input/output,”
says Roy Kaufold, vice president and manager of North-
rop Electronics’ Navigation department.

Honeywell’s Minor predicts that by 1975 a strapdown
navigator for commercial aircraft would weigh eight
pounds, cost $20,000 (compared with the $100,000 price
tag now); for tactical aircraft, the price would be $30,000.

Overall, the direction of military electronics tech-
nology tends to support the 1970 estimate of the Elec-
tronic Industries Association that new procurement and
R&D market opportunities will be poor for major prime
system contractors, average for associate primes and ma-
jor subsystem makers, and good for suppliers of equip-
ment, components and materials. What EIA left unsaid
was that no one’s chances are excellent.
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C/MOS and silicon-gate IC’s,
as well as Schottky devices,
could come into theirown

in solid state technology

The types of solid state devices that get designed into
electronic equipment in 1970 will be strongly determined
by two factors:

) New, controversial technologies—design engineers
will have a chance to evaluate the merits of integrated
circuits made by such diverse methods as complemen-
tary metal-oxide semiconductor, Schottky-diode, and sili-
con-gate technologies. This should help to resolve the
conflicting opinions surrounding them and to determine
whether their promise of performance, or economy, or
both, will in fact be realized.

) Availability, at last, of highly touted older devices.
Manufacturers of MOS IC’s and optoelectronic devices,
for example, have finally solved their manufacturing
problems and geared up their production facilities to
match the demand. The result: an estimated tenfold in-
crease in sales of MOS IC’s alone.

Complementary MOS IC’s seem ripe for exploitation.
Usually regarded as a memory device for military and
space equipment, C/MOS is now being considered for
commercial and industrial equipment and for linear and
control-logic applications. CMOS offers the dual advan-
tages of essentially zero power dissipation and high
speed (5 to 10 megahertz, as high as many bipolar IC’s).

However, some manufacturers feel the disadvan-
tages of C/MOS outweigh the advantages. Tom Hyltin,
manager of strategic marketing for advanced technology

at Texas Instruments, says the C/MOS advantage of ex-
tremely low power drain is offset by its complicated fab-
rication, which requires more steps than bipolar or single-
channel MOS technology. Furthermore, C/MOS requires
more chip area to perform a given function.

Hyltin feels that the National Aeronautics and Space
Administration will be disappointed in its C/MOS devel-
opment projects; he cites the hoggish area requirements
of C/MOS circuitry. “NASA will be able to buy larger
chunks of logic on a chip with other technologies,” he
predicts.

A more optimistic view comes from Gene Blanchette,
group director for integrated circuits at Fairchild Semi-
conductor: The C/MOS industry “will start moving by the
end of 1970.” At first Fairchild will make memories
and random logic, “and as I see it, linears will follow,”
Blanchette says. He sees C/MOS as primarily for the mili-
tary and aerospace industries today, but he does not rule
out eventual use in other more economy-minded market
segments.

Motorola Semiconductor Products Inc. also has plans
to get into C/MOS. During the year, Motorola will intro-
duce basic logic building blocks including various gates
and type D flip-flops, and also highly complex functions
such as a 64-bit memory, multiplexers, and a quad eight-
bit shift register. “Prices of C/MOS will remain higher
than p-channel MOS, partly because C/MOS requires twice

Pattern of the future? Intricacy of Intel’s silicon-gate mask may portend new levels of complexity—and economy—in IC's.
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the silicon area,” predicts Roger Helmick, Motorola’s
product planner for digital circuits. For the future, he
sees prices dropping, becoming competitive with those
of other logic families in many applications as C/MOS be-
comes widely accepted.

For Albert Medwin, Ragen Semiconductor’s president,
the day of CMOS in industrial and commercial applica-
tions is here already. “CMOS is already in nonmilitary
applications in the data terminal field,” he reports. “One
firm is designing a CMOS mini-computer with a 4,096-
word memory.” Medwin believes that CMOS is not sig-
nificantly more expensive than other circuitry, partic-
ularly when the overall system cost-saving advantages,
such as noise immunity, and the use of a single power
supply and clock are considered. And other firms share
his view, he says; he expects six or eight semiconductor
houses to get on the CMOS bandwagon this year.

RCA is another company that takes its C/MOS seriously.
The company is gearing up for mass production for com-
mercial and industrial applications, and predicts that
C/MOS will account for a sizable portion of IC industry
sales in a few years.

Silicon-gate technology, which became a commercial
reality in 1969, should grow steadily in popularity dur-
ing 1970. The technology affords much lower threshold
voltages, higher speeds, and greater packing density in
MOS IC’s. Both Fairchild and Intel are producing MOS
devices using the silicon-gate technique. Intel is shipping
products and Fairchild is planning to get into full pro-
duction when its new MOS facility is ready sometime in
the first quarter of the year.

According to Intel’s president, Robert Noyce, “The
immediate market for silicon-gate devices is the second-
source business. We can supply to present designs im-
mediately; 1970 will be a year of prototype orders, and
1971 will be a production year.” By then, the newer
circuits will be part of the finished design and be needed
in large quantities. Noyce sees silicon-gate devices tak-
ing over the MOS market in much the same way as
“silicon took over germanium or as the planar process
took over the mesa structure—not all at once, but at a
steady, fast growth. Silicon gate will be the dominant
technique, and that’s why we’re in it.” The market for
silicon-gate circuits will double every year for the next
several years, Noyce believes.

Texas Instruments views the silicon gate as only part
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of the broader technology of self-aligning gates. “There
are other ways that look as good or better,” Hyltin says,
“and TI is trying to decide which one.” The company is
therefore investigating all self-aligning-gate processes,
he reports, including the use of molybdenum as the gate
material and ion implantation,

Other manufacturers view standard MOS technology—
particularly on 1-0-0 crystal orientation silicon—as ade-
quate for most present needs. Ken Moyle, in charge of
MOS process development at the National Semiconductor
Corp., reports that his company “is studying the silicon
gate process in case there are certain circuits which
would exhibit superior electrical performance. But com-
pared to National’s 1-0-0 processing for most standard
products, silicon gate requires more processing steps,
needs the same chip area per function, has a lower yield,
costs more, has questionable stability and unconfirmed
reliability—but does offer improved speed.”

Sharing this view, Motorola is leaving the door open
for silicon-gate but for the present the company is
concentrating on standard low-threshold 1-0-0 silicon
logic processes. Motorola’s Helmick says: “Silicon-gate
technology offers smaller geometries and minimizes
Miller capacitances, permitting speeds of three times
those of present p-channel MOS IC’s.”

Another major development of 1969, Schottky diode
IC’s, will become increasingly available to designers dur-
ing 1970. Opinions differ, however, on the need for these
new devices. Noyce of Intel—the first company to intro-
duce them commercially—feels that Schottky IC’s offer
many advantages over conventional transistor-transistor
logic in digital systems. “If you are going to redesign,
or if you are just starting for the first time, you might
as well use the best technique: Schottky diodes offer
more design flexibility than gold-doped devices. And
they provide extremely fast circuits—almost as fast as
emitter-coupled logic.” Because Schottky IC’s don’t need
the gold doping ordinarily used to make TTL fast, device
characteristics are improved—gain is larger for instance
—and various kinds of devices slow and fast can be
incorporated on the same chip. .

Although much of the original development work on
Schottky IC designs and processes was done at Fair-
child, that company hasn’t yet introduced commercial
products. There is every indication that the company is
gearing for production, but it hasn’t announced any
timetable of device availability. In Europe, however,
Ferranti Ltd. has been quick to develop production capa-
bility. Ferranti is pleased with the performance of the
prototype IC’s that have been built, and expects to be
in volume production by the middle of the year.

Other companies are more cautious. According to TI,
it’s too early yet to draw conclusions about the overall
capability of Schottky diode IC’s. “ECL has the edge,”
Hyltin says, “it’s still the way to go when you want
ultimate speed.”

National Semiconductor and Motorola favor alternate
approaches to using Schottky diodes for speeding up
transistor-transistor logic. Helmick of Motorola acknowl-
edges that his company is experimenting with Schottky
IC’s. “But they are not without problems,” he cautions.
“We have some questions about switching reliability and
performance over a wide temperature range.”

Conversion to the Schottky process isn’t an easy task
for manufacturers; environmental cleanness and material
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purity are overriding problems. “For bipolar devices you
need aluminum that is 99.0% pure, but for Schottky
diodes, it has to be 99.9999% pure” says one manager.

Whatever the prospects for Schottky IC’s, discrete
Schottky devices are expected to flourish in such ordi-
nary applications as uhf tv mixers, as rectifiers for com-
puter power supplies and as metal plating equipment.
The big advantage here of Schottky diodes over conven-
tional p-n junction diodes is low forward voltage drop
and high rectification efficiency at high frequencies.

An increasingly popular practice in digital systems is
to use local regulation of voltage. Instead of a single
central regulator, a monolithic IC regulator is included
on each printed-circuit card in the system. Rough pre-
regulation is used, and the voltage is distributed without
excessive concern for line drop. The local regulators then
smooth out the voltage variations due to line drop and
absorb transients caused by the IC’s switching.

Robert J. Widlar. National Semiconductor’s advanced
linear circuit designer, feels that the simplicity of using
a fixed-voltage, no-external-component regulator IC “now
makes on-card regulation quite attractive.” However,
some manufacturers believe that the current-output
requirement is too variable from card to card to settle
on a single local regulator design. According to H.B.
Grutchfield, manager of technical development at Sig-
netics, “If circuit cards had remained with nothing but
TTL gates, then we would know what the current re-
quirements are, But now with medium-scale and large-
scale integration and memory devices appearing on the
cards, it’s hard to say what the current requirements
are, and so it’s difficult to design for a mass market.
And that’s what you have to do to get the price down.”

Local regulation was one of the few linear-IC appli-
cations that showed some growth in 1969. “The over-
all linear market didn’t do much in 1969 because the
new devices were not new types, just a better this or
better that,” according to Mike Markkula, manager of
linear IC marketing at Fairchild. The basic problem: “No
new markets were created,” he says. His figures show
only a 10% growth in dollar volume for linear IC’s, but
a whopping 70% growth in unit volume for 1969.

Things look much better for 1970. Markkula expects
a 15% to 20% growth in dollars. Much of this growth
will come from the consumer communications market,
Markkula believes. “Fairchild will be one of the prime
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suppliers to the tv industry” this year, he claims. Three
different tv models “will have three or so IC’s each,
and by 1971 it will be five or six chassis with five IC’s.”
One of the main reasons for this growth, Markkula be-
lieves, is the increasing attention consumer manufac-
turers pay to reliability.

Another major trend in 1969 was for system houses
—the end users—to take a more active part in design of
integrated circuits. The design interface—the relationship
between system maker and IC maker—can be expected
to shift further toward the user in 1970, at least as far
as MOS IC’s are concemed. Many IC manufacturers are
aiding their customers in developing their own design
capability. Often the system house will go far beyond
designing and will furnish the IC manufacturers with
masks—the only manufacturing services that remain to
be done are the diffusion and metalization of the wafers.

The desire of customers to do their own design may be
largely induced by supply problems, one marketing ex-
pert believes. Because of the growth in demand for
MOS circuits, manufacturers have not always been able
to keep up with their commitments. Many users con-
cluded that by doing their own design, they could at
least avoid delay up to that point in the complicated fab-
rication procedure.

TI's Hyltin believes that there is an optimum cut-off
point in customer participation. It’s wise for the user,
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Unquestioned credit. Data terminals are

a burgeoning application of digital IC’s.
Digital Data Systems’ credit-card verifier is
just one of the uses of terminal

equipment of the contenders for

the market

he says, “to generate the logic layout in computerized
form.” Beyond this point, however, the user may save
money by letting the IC vendor take over. “In the long
term,” Hyltin says, “the vendor can do the artwork
cheaper because he’s better instrumented for it.”

Basically, of course, costs are the only factor limiting
the growth of IC applications, and 1970 may see two
promising low-cost fabrication techniques, base-diffusion
isolation and collector-diffusion isolation, become prac-
tical. These techniques, which eliminate one or more
masking steps and therefore reduce costs and increase
yield over standard bipolar fabrication, were described
by Bell Telephone Laboratories several years ago, but
have never been exploited to any extent by commercial
of the division, it’s in being able to fabricate huge
manufacturers.

Fairchild’s Blanchette says that BDI and cDI will
become significant in 1970. One of the first applications
will be bipolar memories, and these will be in produc-

-tion this year, because BDI and CDI are “another step
that will get the costs down so that semiconductor
memories will be competitive with cores.”

Sylvania’s Semiconductor division also shows a strong
interest in BDI and CDI. What's the main appeal of these
techniques? According to Brian Dale, chief engineer
of the division, it'’s in being able to fabricate hugh
quantities of switching IC’s for operation in the 2 to
3 volt range. With DBI or CDI such IC’s can be manu-
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factured in huge quantity at extremely low cost, and
since high performance isn’t required of the circuits, the
processes are entirely adequate. And such circuits are
the type used by the thousands by Bell Telephone and
by Sylvania’s parent company, General Telephone and
Electronics.

However, Dale cautions, “You can’t make a direct
one-to-one replacement” for conventional IC’s. The
standard process will always give better performance.
“The new technique isn’t going to sweep the industry,”
he says. .

MOS technology is preferable, says National’s Ken
Moyle. “Bell Labs BDI and CDI offer high packing
density but not speed. We can do the job with MOS,”
according to Moyle.

In semiconductor memories, designers are moving
toward MOS for the main frame and bipolar IC’s for
scratch-pads, buffers and cache memories. “The bipolar
scratch-pads and buffers will get larger and larger in
capacity but they can’t catch up with MOS memories in
terms of packing density and power dissipation.” ac-
cording to D.C. McKenzie, manager of the MOS depart-
ment at Signetics,

The increasing importance of semiconductor memories,
whether bipolar or MOS, will precipitate some major
changes in the semiconductor industry. “Gradually we
will see ourselves moving into the memory system busi-
ness,” says McKenzie. Moyle agrees; in read-only memo-
ries, he says, “the future is in packaged functions—the
computer terminal business,” rather than in individual
IC’s. “Soon the buyer is going to want 4,096-bit memo-
ries and that’s what we’re working on.”

Moyle predicts that read-only memories will exceed
random-access, or read-write, memories this year. “Some
companies are looking for random-access memories to
take off” this year, he says, “but it’s not going to happen
that fast. We don’t see it now.” When it does happen,
there will be a significant effect, according to predictions:
“Eventually the core memory companies will take over
some semiconductor houses and produce the random-
access memories, Moyle says.

Optoelectronic devices are expected to take a hig
leap forward as devices that have been available—in
theory—for years are finally being produced in volume
and at substantially Jower prices than before. Optical
couplers, for example, composed of a gallium arsenide

light emitter and a silicon detector, have great appeal

because of the electrical isolation they provide. Such
couplers have been “available” for five years. But at
$50 to $100 per coupler, they’ve been too expensive for
ordinary application. Now says Hyltin, they are “com-
ing down to a price area under $10, where just about
every digital interface can use one” instead of an elec-
tromechanical device.

Peter Polgar, operations manager for optoelectronic
products at Motorola, concurs, noting that “1970 will
be the year when optoelectronics takes off.” Polgar says
that “with many large-volume suppliers entering the field,
and prices falling to economically practical levels, we'll
see wide expansion of optoelectronic applications and
sales.”

Monolithic arrays of sensors, for example, will be
used in character recognition equipment and tv cameras,
Polgar predicts. Growth in light-emitter applications will
be even more dramatic, chiefly in display.
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Huge computer growth will sustain the demand
for discrete components and denser packaging

Components and packaging, sometimes considered the
most prosaic of electronics sectors, are experiencing
significant changes. Though IC’s offer lots of circuitry
in a small package, customers still demand complete,
working equipment, and IC’s are only one element of
thiat equipment. The major trends in 1970 will be con-
tinued steady use of discrete components, new wiring
schemes, greater use of multilayer printed-circuit boards,
and computer-aided design applied to board layouts.

If discrete component manufacturers owe any debt
for continuing growth in the face of the mushrooming
IC market, it should be paid to the computer industry.
Computers, the fastest-growing segment of the elec-
tronics industry, consume 12% of all components, ac-
cording to Maptek, a service of Quantum Science Corp.,
New York, that provides data based on electronic com-
ponent and equipment.

Many engineers still use fixed-carbon composition,
carbon film, metal film, and cermet resistors, primarily
because they haven’t been able to get enough power
capability in IC’s. The Quantum Science study predicts
use of these components will remain at the predicted
1970 level of $14.8 million through 1972. This relative
market stability can also be attributed to increased
production of remote terminals, which will reach $3.2
million in 1972, up $1.1 million during 1969. Remote
terminals, with an average of 633 resistors in each unit,
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are expected to reach 254,000 units in 1972 (exclusive
of ‘teletypewriters), and thus will rescue almost 161
million resistors.

Remote terminals also will create a big market for
aluminum electrolytic capacitors. The value of these
capacitors used in remotc terminals is expected to
nearly quadruple from $1.1 million in 1968 to $3.9
million in 1972,

However, IC’s will take over at least one more function
previously found in hybrid form. Up to now operational
amplifiers have incorporated some IC chips as hybrid
circuits, but low cost and better performance are spur-
ring an all-monolithic trend for 1970.

One such monolithic op amp is a comparator module
available from Analog Devices in a T-100 case. Priced
in lots of 100 or more at $7.85, the unit, Model 351, is
designed for instrumentation applications, with an open
loop d-c gain of 60,000 and a 2-milliampere output cur-
rent capable of driving at least one logic load.

There is still plenty of action in such basic components °
as switches. Low-energy circuits that usually require
reed-relay switches for reliability and precision soon
may be using new gold contact switches. In one switch,
designed by Cherry Electrical Products Corp., two gold-
contact prisms, welded at right angles to each other,
offer high force per unit area and eliminate contact
closure interference from foreign particles. Operating life
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already has been measured in millions of closures, and
they offer extremely low insertion resistance. The switch
is in the Hewlett-Packard 9100-A desk top calculator.

Although much component development centers on
integrated-circuit improvements, changes are coming in
package design. For example, sales of flat-ribbon cable
used in computer equipment will more than double, ris-
ing from $10.9 million in 1968 to $24 million in 1972.

A trend toward usage of more multilayer printed-
circuit boards also is emerging. In fact, 1970 may be
the year when multilayer p-c boards outstrip single-
layered boards, especially as computers start to require
high circuit densities. Multilayer board usage will ac-
count for about half of the total p-c boards used in
computer equipment in 1972. Although engineers still
will use single-layer p-c boards, in computer equipment,
doubling their use by 1972, use of multilayer boards will
more than triple in the same period. This will be due
mainly to increased computer capacity, larger instru-
mentation systems and data processing equipment, and
new construction techniques, such as a conical-shaped
fillet, that offer all the advantages of p-c board hole
liners.

Better board layouts as well as better integrated cir-
cuits and integrated systems also are in store during
1970 because of improved computer-aided design pro-
grams. IBM, for example, uses the computer to automatic-
ally generate artwork used for producing p-c boards and
IC designs. Programs soon will be available for work-
ing with nonlinear type semiconductors, one of the things
not possible till now.

In the packaging and production outlook for 1970, the
bright star may well be copper-to-aluminum connectors.
Only the lack of suitable connectors has been holding
back extensive use of aluminum wire as a replacement
for copper. The scarcity of copper, its rising cost, and
heavy weight are among the reasons bulk users such as
telephone companies, automobile manufacturers and
aircraft producers are interested in aluminum wire. Alu-
minum weighs half as much as copper and carries 80%
of the current that the same size copper wire would.
[Electronics, Dec. 8, 1969, P. 94.]

Several copper-to-aluminum connectors will be coming
from AMP Inc. They will be applicable to solid and
stranded wire, as well as, flat-wire ribbon cable used ex-
tensively in aircraft and computer applications.
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Digital transmission

will become the trigger
for the communications
explosion of the 1970s

Rapid advances in solid state microwave power sources
and amplifiers are sounding the death knell for medium-
power microwave tubes at frequencies below C-band.
The tube industry, seeing the handwriting on the wall,
is phasing out backwardwave oscillator and klystron
work in this area. Instead, the microwave tube com-
panies are emphasizing more power, higher frequen-
cies and broader bandwidths in traveling-wave tubes.

Microwave component manufacturers are not discard-
ing all their old designs in order to plunge into the
new microwave integrated circuit (MIC) field. Instead
they are taking a careful look at this technology and
are moving ahead very cautiously. The first steps have
been taken toward miniaturizing present coaxial designs
using stripline and microstrip techniques.

The two most frequently mentioned solid state power
generation devices for operation at microwave frequen-
cies are the avalanche and Gunn effect diodes. The com-
petition between devices is keen. For example, consider
the requirements of a parametric amplifier pump source.
Airborne Instruments Labs, citing low f-m noise charac-
teristics, uses a Gunn diode oscillator as the pump in
its S-band paramp. On the other hand, American Elec-
tronics Labs claims its paramp, using an impatt diode
pump, is best. AEL contends impatt noise can be over-
come and the device can be mounted in a stripline pack-
age without any major problems.

The battle between the two devices is likely to con-
tinue until one shows a decided superiority. The Gunn-
effect oscillator offers low noise output, comparable to
that of a klystron when mounted in a high-Q cavity—
approximately 1000. And since a high-Q cavity is re-
quired to achieve the low noise performance without
reverting to phase locking, it’s difficult to incorporate
these diodes into microstrip circuitry. It operates at fre-
quencies up to Ku-band and finds most of its applica-
tions as a local oscillator and a parametric amplifier
pump. It falls short, however, when high c-w power
above several hundred milliwatts, is required.

The impatt, on the other hand, features the ability
to produce c-w powers of several watts, also in Ku-band,
but at a sacrifice of output noise. Even though compli-
cated phase-locking techniques are required to reduce
noise for certain applications the impatt finds use in
radar beacons and transmitter applications.

The Gunn effect diode and the avalanche diode are
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progressing from the laboratory into production items.
But the limited space-charge accumulation (LSA) diode
and the avalanche diode operating in the sub-harmonic
mode are still in the research stage.

The LSA diode, although it requires precise load-
ing of the primary-resonant frequency circuit to allow
the peak r-f amplitude to build up quickly, can also pro-
duce kilowatts of peak powers at fundamental frequen-
cies. The limiting factors of these devices are materials
and fabrication techniques, and until they are reliably
and economically reproduced, they will continue to live
in the lab. Frank Brand, chief of integrated electronics at
the Army Electronics Command in Ft. Monmouth, N.J.,
expressed his disenchantment with LSA for high-power
because of its extremely low duty cycle —.0001% during
pulsed operation.

“1970 will be the year of the impatt,” says Robert
Angle, manager of the microwave and semiconductor
operation at Varian Associates, “and we have developed
an automobile braking radar using an impatt diode
oscillator operating at a fixed frequency.” Varian has
sold 2,700 units to be installed in luxury automobiles in
1970. One spur to progress in this area is an FCC
decision to license the owner, rather than the manu-
facturer, as the radar operator. Varian also is working
the other side of the fence—it’s developing a solid state
traffic control radar using impatts, for police use.
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“The Gunn-effect diode is best suited as a local oscil-
lator in radar and communications systems,” says
Joseph F. White, chief engineer of Microwave Associ-
ates’ solid state products division. “This is due to its
low a-m and f-m noise, low drift, and low power require-
ments.” White has built an X-band ¢-w Gunn oscillator
featuring a 1-megahertz drift and 10-mw of output power.
He sees no reason why units with less than 100 kilohertz
drift can’t be made using conventional techniques such
as a constant-temperature oven.

However, microwave transistor technology is moving
along, too. [Electronics, May 26, 1969, p. 84]. Power out-
puts of 5-watts c-w have been generated from individual
transistor chips at 2 gigahertz at efliciencies better than
45%, while RCA is working on a 5-watt transistor at high
S-band and TRW is offering 2.5 watts at 3 Ghz for $170
each in lots of 100. [Electronics, Nov. 10, 1969, p. 33].
The octave bandwidth transistor amplifier operating
from 2 to 4 Ghz already is providing a solid state re-
placement for the low-noise, low-power traveling wave
tube amplifier. The Army’s Brand feels transistors can
be brought up to 10 Ghz without much difficulty.

Progress hasn’t been confined to new solid state power
sources. Higher output power at higher frequencies are
being sought and attained in microwave tubes, and prob-
lems such as spurious response and band-edge oscil-
lation are being eliminated. Paul A. Ridge, production
manager of medium-power tubes at Varian, feels that
solid state amplifiers have been too quick to take on
jobs that they can’t thoroughly handle, and customers
are reverting back to twt’s.

Traveling wave tube amplifiers capable of multi-
octave bandwidths as well as twta’s with ¢-w power of
500 watts at C-band and X-band are likely to debut in
1970. The biggest potential new market for twt manu-
facturers is the twta package that eliminates need for
the user to provide a power supply. The amplifier’s per-
formance can be degraded when the twt power supply
does not match the specifications set by the tube-—
ripple, load regulation, etc. “The twta manufacturer
eliminates the problems associated with electrical, me-
chanical, and thermal interfacing for the purchaser by
providing him with the complete package,” says Ridge.

The klystron is not dead, either, says a Varian spokes-
man. And for evidence he cites the new Varian X-band
klystron, which can generate c-w outputs of 1 mega-
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watt. But the future of the low-power klystron and the
backward wave oscillator isn’t rosy. Ridge feels most
of these low-power tubes will be replaced by solid
state sources in five years. Martin Schilling, vice pres-
ident for research and development at Raytheon, also
isn’t optimistic. He sees the reflex klystron restricted
to spare-parts applications as soon as 1970.

Microwave integrated circuits are finding increasing
applications—a trend that will continue into the 70’s.
Devices such as filters, couplers, mixers, amplifiers,
oscillators, and similar active and passive components
frequently appear on the market.

The reasons for this are many, but perhaps the ease
of assembly of large quantities and reduced costs
make the MIC an ideal replacement for conventional coax
and waveguide circuitry wherever practical. “The low
cost for large volumes will make MIC’s the way to go in
1970,” says Harlan Howe, engineering manager for com-
ponents at Microwave Associates. According to Howe,
so far there has been no big-volume production of hybrid
lumped element circuits on microstrip, and unless size is
the big factor, he feels there is no need to go that route.

Until an economical, high performance monolithic MIC
hits the market place, the hybrid MIC will continue to
be widely accepted for many active microwave compo-
nents such as amplifiers, mixers, power sources, and lim-
iters. The LEL division of Varian Associates is firmly
committed to the merits of this technique, such as small
size and low cost. It is using hybrid IC technology to
manufacture decade bandwidth amplifiers from uhf to
L-band, S-band log amplifiers, and constant phase limit-
ers. According to Warren Roggendorf, production man-
ager at LEL, 1970 should see the development of an
octave band hybrid IC amplifier for use above S-band.

There have been few dramatic improvements in active
microwave components other than solid state amplifiers
and sources; the mixers used today are very close to
their theoretical limits. And only when manufacturers
provide mixer diodes that have a constant impedance
with frequency will the multi-octave mixers become a
reality. But this isn’t likely to occur in 1970.

Microwave ferrite is finding new uses and is improving
performance in older devices, such as phase shifters and
yig filters. “An electronically variable ferrite attenuator
has found wide acceptance,” says Perry Smith, marketing
manager at Solitron Microwave. New materials are be-
ing developed that offer lower magnetic saturation to
yield lower operating frequencies and narrower line-
widths for higher Q’s, all at a saving to the user.

Ferrite substrates offer the prospect of building both
active and passive devices on a single substrate. Their
use in MIC’s promise better circulators and isolators.

Although still in the early stages of development,
microwave acoustic devices are showing up in signal
processing systems for radar, communications, and navi-
gation. Accessibility to tapping off the surface wave
makes them ideal for active delay lines and filters where
narrow bandpass and low loss are required.

Autonetics, a major researcher in the area, is confident
that microwave acoustic devices will replace electro-
magnetic counterparts in radar signal processing in the
next few years. One of their most advanced developments
to date is a 50-tap quartz delay line operating at 120
Mhz; bandwidth is 50 Mhz.
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With increasing air traffic
and narrowing safety margins,

airlines will be investing

heavily in electronic systems

Unless the Federal Aviation Administration and the air-
lines get moving—and very quickly—on drastically up-
graded electronic systems for air traffic control and air-
port facilities, predictions of multiple midair collisions
and mind-boggling ground congestion will be proven
tragically correct. Both the FAA and the airlines will have
to introduce “new” electronics systems—the ideas for
some of which date back as much as 20 years—at an ex-
tremely rapid pace.

The airlines, despite a current profit squeeze, will have
to shell out for several new communications and navi-
gation systems. Some of these are:

) Area navigation systems, which relieve airlane con-
gestion, particularly in crowded terminal areas, by
opening up additional routes. These are calculated in the
aircraft through signals from conventional very-high-fre-
quency omnirange (VOR) and distance measuring equip-
ment (DME) navigation stations on the ground.

) Digital data communications links, which greatly
reduce routine voice communications between the pilot
and the ground by coding the information and transmit-
ting it digitally. Intracompany communications—a pilot
reporting to his airline such data as the number of pas-
sengers he’s carrying, or the time he left the loading
gate—will be automated first. Eventually, two-way digital
communications also could be used for air traffic control
information.

) Cockpit instrumentation to " present information to
the pilot in a form he can more easily see and understand.
The cathode ray tube, with the ability, says its develop-
ers, to display just about anything demanding the pilot’s
attention, will be the basic instrument.

p Clear air turbulence detection systems which indi-
cate when an aircraft is in the vicinity of potentially
dangerous air turbulence. Ground-based radar and air-
borne lasers have been tried but an infrared system may,
after years of test and development, finally win out.

) Collision avoidance systems, being tested under the
auspices of the Air Transport Association. Significant in
the development of this sophisticated and expensive
equipment is its use of time and frequency synchroni-
zation to locate an aircraft. This technique could begin
to play a role in other areas of air traffic control by the
end of the decade.

And of course there’s the continuing effort to make
existing electronics systems more reliable and cheaper
to build, a particular emphasis in the general aviation
market. The current effort seeks to redesign systems with
medium- and large-scale integration. In the process,
functions that had hitherto been performed with analog
circuitry are being handled digitally to take advantage
of the digital nature of the IC’s.

Along with improvements made by the airlines will
come FAA-sponsored improvements to ground-based air

Picture this. First major assignment for
cathode-ray tube displays is to do the
job of a pilot's electromechanical
attitude director indicator. Combinations
of attitude and flight director data

are displayed on this Norden unit,
superimposed on a television picture of
an actual approach to a runway.

The big future advantage of crt's:

they can be programed to display

any information a pilot requires.
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traffic control hardware and procedures. Many specific
recommendations for updating present equipment were
contained in the report prepared last fall by the Air
Traffic Control Advisory Committee for the Secretary
of Transportation [Electronics, Oct. 27, 1969, p. 127].
Should sufficient funds become available, modifications,
costing between $4 and $5 billion, likely will be made in
such areas as the present radar beacon system, so that
each beacon can be addressed discretely and handle
digital data communications; phased-array antennas to
replace the mechanically scanned antennas which inter-
rogate the beacons; better use of computer programing
techniques to space aircraft approaching terminal areas,
and introduction of wide-angle, scanning-beam micro-
wave landing systems,

It can be difficult for the pilot of a giant commercial
airliner to pick out information from among the hundreds
of dials and warning lights in his cockpit. Consequently,
considerable effort is going toward improvement of data
presentation,

Main targets of this streamlining are the many con-
ventional indicating dials. Numerical readouts were
added to some of the dials several years ago. And now
vertical displays, which relate the value of a parameter
to the height of a lighted, vertical scale, also are being
developed. A pilot could, for example, quickly check a
bank of four engine-temperature indicators by seeing
whether all the strip-scales were lighted to the same
height. An out-of-step parameter would be at a different
height. Solid state light emitters, consisting of vertical
arrays of gallium arsenide diodes, are feasible and could
be ready in a few years.

But perhaps the biggest change in the cockpit will be
the introduction of the cathode-ray tube, presently con-
fined to weather radar. The crt can be driven by a pro-
gramable digital computer to display just about any
kind of information.

Initally, crt displays are being developed—by such
companies as Kaiser Aerospace and Electronics, and the
Norden division of United Aircraft—to replace an air-
craft’s attitude director indicator, an electromechanical
device that helps a pilot fly correctly.

The crt’s great asset is its flexibility—once in place it
can be used for a variety of tasks. Thus, it also could aid
in instrument landings, display critical aircraft perform-
ance parameters, and act as a display for closed-circuit
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tv systems in the airplane. And in the event of a mal-
function, it could flash a warning to the pilot immedi-
ately and even, depending on programing, direct him
out of a tight situation.

Traditionally, the airline industry has been a borrower
of technology—weather radar and satellite communi-
cations, for example. “In just about every research and
development project we've gotten involved with in the
past, some organization has at least proved its feasi-
bility,” says B.F. McLeod, director of electronics engi-
neering for Pan American World Airways.

But development of a system to detect clear air turbu-
lence represents a marked departure from the way air-
lines usually handle new technology. No other user has
proved feasibility of the passive infrared technique de-
veloped by Barnes Engineering and being tested by Pan
American, Eastern, and Trans World Airlines.

In the spring, digital data links, one of the systems
under consideration for at least 20 years, will undergo
what could be its final round of testing before being
introduced operationally. Prototype hardware will be
flown between the West Coast and Hawaii by several
airlines. Upon interrogation by ground stations, the test
aircraft—Pan American plans to outfit séveral Boeing
747’s for the purpose—will automatically transmit in-
formation on its identification, altitude, latitude, longi-
tude, windspeed, and direction, and outside air tempera-
ture. Much of this will be available automatically from
the aircraft’s inertial navigation system. And in addition,
the pilot will be able to insert preset messages.

Much of the work involved in specifying the system’s
overall signal characteristics—such features as message
format and the scheme for amplitude-modulating the
vhf carrier—has been completed. Main objective in the
flight tests is to hit upon the final hardware specifica-
tions, particularly on the best way of digitizing the pilot’s
messages. The final specification that defines the system
and hardware could be issued in time for production
equipment to be ready by the end of the year.

The big milestone last year for area navigation, an-
other 20-year-old brainchild, was the FAA’s decision to
set up 16 special routes over which the airlines could
fly and evaluate equipment. Almost all the airlines are
considering one of three types of area navigation sys-
tems, designated the Mark I, IT and III, which are graded
in increasing levels of complexity and cost.

Development of the Mark III system is, for example,
spearheaded by users of the Boeing 747 who want area
navigation for maneuvering easily in and out of terminal
areas. The 747’s on-board inertial navigation systems
furnish the position information used to drive a pictorial
display. -

The Mark I system probably would operate on the
same distance and bearing coordinates as does the pres-
ent VOR/DME system. A simple pointer, driven by a
course-line computer would indicate to the pilot the
direction he’s to fly. The Mark II system, basically a
simplified inertial system that drives a map display, is
based on what Lockheed is developing for its L-1011.

It will take another year to put together airline-ap-
proved specifications for area navigation systems, accord-
ing to David H. Featherstone, executive secretary of the
Airlines Electronic Engineering Committee. And pro-
duction hardware won’t be ready for another six months
to a year.

121



Integrated systems and LSl rate high in NASA interest
as the space effort moves ahead despite fiscal uncertainties

Despite the rosy glow at the National Aeronautics
and Space Administration following two successful
moon landings in 1969, the euphoria does not extend
to fiscal matters for the new year. Currently operating
on a budget under $3.7 billion—about $154 million less
than the previous fiscal year—the civilian space pro-
gram is hamstrung by factors beyond its control: nation-
wide inflation, plus commitment of most of its funds to
future Apollo missions.

Still awaiting the White House signal on the direction
of future space efforts, NASA officials are unsure of
the prospects. The space agency would like a budget
of at least $4.1 billion in fiscal 1971, but this is unlikely
to come about. Far more likely would be a NASA
budget in the neighborhood of $3.8 billion, a spending
level that will buy no more than last year when inflation
is taken into account.

In addition, a cost-conscious Congress, which didn’t
approve the 1970 fiscal year budget until almost half
the year was gone, is unhappy over the actual benefits
being derived from the space program and questions
NASA’s present balance of manned and unmanned
space flights.

But regardless of the budgetary outcome, the broad
scope of NASA’s shopping list of space projects is im-
pressive. While Apollo landings on the moon are slated
to continue through a 20th mission, NASA is laying
groundwork for manned earth-orbital space stations;
unmanned probes to distant planets, and unmanned
satellites that will orbit the earth collecting data on
the planet’s resources. And while these programs get
started, NASA hopes to continue sending up improved
versions of its earlier meteorological, astronomical, and
advanced technology satellites.

In manned space flight this year, NASA hopes to
emphasize both the Apollo Applications Program that
aims to put a space workshop into orbit and the
larger space station and shuttle.

If Congress elects to continue the workshop effort,
the McDonnell Douglas-developed system will be put
into orbit atop a Saturn 5 rocket in July, 1972. A three-
man crew will follow it into space a day or two later,
riding a Saturn 1B. The workshop, made from a dummy
third stage of a Saturn 5 refurbished for use as living
and working quarters, will orbit 235 miles up. It will
contain a solar observatory—the Apollo Telescope Mount
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—an airlock module, and an adaptor for multiple dock-
ings, which are being developed.

NASA’s space station, large enough for a 12-man crew,
is slated for orbit in the late 1970’s. Designed in separate
modules, or sections, the station serves as a semiperma-
nent space facility supplied by the space shuttle—a com-
paratively low-cost, earth-to-orbit-and-return vehicle that
will be reusable. Eventually, it will be expanded by add-
ing extra modules to house as many as 50 men.

Along with the station, NASA will develop the reusable
space shuttle. The shuttle will deliver experiments and
equipment to the station, rotate personnel, resupply ex-
pendables, and return cargo to earth.

Last fall, McDonnell Douglas and North Ainerican
Rockwell began program-definition phase studies which
should be completed in August. Almost half of the very
broad studies cover a long look at the station as part
of an eventual national research facility in earth orbit—
a space base—its use in future planetary travel, and at
the problems of interim and advanced logistics. Problem
areas on which NASA hopes to concentrate this year in-
clude: reducing the number of interface connections be-
tween station modules, increased life and redundancy
levels in the instrumentation, compatability of integrated
display systems in the shuttle and station, and techniques
for converting nuclear reactor energy to usable power.

Electronics desigh in the space station and shuttle will
mark the introduction of important new technologies to
the program. “It offers the greatest opportunity and chal-
lenge of the space age to date for the electronics indus-
try,” explains Robert Lovett, a NASA systems engineer
for the space station. “A lot of money will be spent to
put 12 men into orbit around the earth; their time will
be valuable, and we don’t want them to do simple, mun-
dane jobs. They also won’t be supported by a large group
of people on the ground telling them what to do, like the
Apollo astronauts.”

Thus the station will be designed to operate as auto-
matically as possible, with its various tasks, such as
arrival or departure of a logistics vehicle, or setting up
experimental modules, performed independently.

The electronics in the space shuttle also will receive
considerable attention. Four companies have already
completed feasibility studies of the shuttle and requests
for proposals are expected this month for follow-up
studies. Present demands on avionics for the space
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shuttle are within the state of the art, top Lockheed
Missile and Space officials working in that program
point out. “But it will take a helluva lot of engineering
to adapt existing technology,” they say.

Integrated electronic systems, foolproof, hardy enough
for at least 100 missions, and costly—up to $100 million
each—will take over many of the duties now carried on
by astronauts and ground control. Aim of this effort is
to reduce overall costs and increase reliability.

The complexity of the integrated systems are apparent
when all of the functions being considered for integra-
tion are listed: guidance, navigation and control, equip-
ment checkout and fault warning, crew command and
control displays, communication data link, target tracker
and sensor, environment and electrical control, and data
processing.

The next few years also will see the space electronics
debut of large-scale circuit integration. In particular,
LsI will make possible the high degree of on-board auto-
mation that’s desired.

LSI also will be designed into the computer memories
that will operate in the space environment, and will con-
tribute heavily to the high degree of on-board data proc-
essing that will be designed into space hardware. The
processing includes not only handling of experimental
data but of information needed to check out the space-
craft before launch.

It’s also expected that information will be multiplexed
over a common set of wires from one part of a space-
craft to another. This would help reduce the overall
weight of the craft by cutting down on the number of
wires.

Laser communications with its potential for wide data
bands is another new area that will get its day in space
soon. Lifetimes are now long enough and power output
high enough to make the laser a feasible space com-
munications tool, says John A. Jamieson, director of
product development and research at Aerojet General’s
Electronics division. Aerojet received a contract late last
year to develop a communications system using a carbon
dioxide laser; it will be tested aboard the ATS-F satel-
lite. With continuous power output of 120 milliwatts,
the laser should be adequate for space-earth data links,
says Jamieson. And it will operate for up to 3,000 hours.

Other areas of electronics technology that could be
applied to space uses during the next few years include
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laser ranging; electronically steered antennas, with beam-
pointing direction independent of a spacecraft’s attitude;
wide-bandwidth recording and reproducing; high-power,
solid-state microwave devices, and cooling of integrated
circuits with heat pipes.

As happened last year, there will be few suprises in
NASA’s Office of Space Sciences and Applications (OSSA).
One of the most important programs to pick up speed
this year will be the earth resources technology satellite
(ERTS) [Electronics, May 12, 1969, p. 101, Nov. 10, 1969,
p. 58], NASA should be receiving design studies in March
from TRW Inc. and General Electric, in which they
show how existing spacecraft—the Orbiting Geophysical
Observatory and the Nimbus weather satellite, respec-
tively—could be modified to meet ERTS requirements.
The companies also are evaluating orbital and ground-
based data processing requirements. By June or July,
NASA could award a production contract worth perhaps
$80 million for two satellites and ground equipment.

The big uncertainty right now, says Theodore E.
George, ERTS program manager, is design of the data
collection and processing systems. “We only have an
idea of what we want,” he explains. Another problem
area will be modification of state-of-the-art communica-
tions equipment to provide a wideband transmission
system.

NASA hopes to continue its probe of the planets next
year with orbital missions to Mars. Two Mariner space-
craft will be launched in May, 1971, arrive six months
later and -go into eccentric orbits around the red planet
for three months to a year, taking the planet’s tempera-
ture, checking its atmosphere, and mapping and photo-
graphing its surface.

The two Mariners also will provide data on Mars’
gravity to prepare for the landing on Mars in 1973 of
Viking—NASA’s most expensive—at an estimated $750
million—unmanned spacecraft.

Pioneer F is scheduled for a March, 1972 launch and
Pioneer G for one a year later to explore interplanetary
space, including the asteriod belt ‘and the magnetosphere
of Jupiter—a two-year trip, followed by an elliptical
orbit of the sun. If impacts with the asteroids don’t kill
off the Pioneers, returned data on the properties of
charged particles, magnetic fields and radio frequency
emissions 200 million miles from earth will enable scien-
tists at NASA to guide the design of spacecraft to be
used on a proposed visit to the outer planets. This bil-
lion-dollar “grand tour” program needs a green light by
next year if it’s to meet a 1979 launch window. Com-
munications problems will be especially troublesome.
For example, out near Pluto it will take eight hours for
data on the spacecraft’s performance to be radioed to
earth and for a reply to be returned. A prototype self-
testing, self-repairing computer called Star has been de-
signed by the Jet Propulsion Laboratory to run the flight
and its experiments.

A Mariner-sized Venus-Mercury flyby is also being
considered for a launch in 1973. Protection of the exte-
rior solar panels and internal instruments from high tem-
peratures—up to 1,000°C—is one of the most important
problems to be solved. One proposed design suggests
protection be provided by a metal “umbrella.” Ultra-
violet and tv pictures, atmospheric and ionospheric data,
and thermal maps will be obtained from both planets.
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Computerized control of test instrumentation
Is rapidly approaching near-universal acceptance

Everybody has a system—so much so that the drift
toward computer-controlled test systems has turned into
a stampede. Instrument makers who just recently ar-
gued that customers wouldn’t spend the money for such
systems now say the same customers are demanding the
latest in computer-controlled gear. Companies that long
have relied on the sales of bench-top instruments now
say they have no choice but to either start making com-
puter-compatible instruments or build computer-con-
trolled systems themselves. And companies already in
the systems business are talking about building their
own computers, even though a major cause of systems’
popularity has been lower small-computer prices.

Says one systems man: “People are starting to demand
the whole package from you, including software, train-
ing, and repair. And you have a much better handle
on these things if you're the one who makes the com-
puter and writes the programs.”

Another reason for the growing popularity of systems
is that instrument buyers find they aren’t so expensive
after all. If a customer will be testing identical circuit
boards and nothing else for the next 10 years, he’s better
off without a computer. But if his testing needs are
in flux, it’s a lot less expensive to change a program than
to buy new hardware.

Companies already in the systems business are plan-
ning more-complex units. For example, until now the
most complicated system made by Teradyne Inc. has
been a computer-controlled integrated-circuit tester, the
J259. But engineers at the Boston-based company are
now readying a large-scale integration tester for intro-
duction early in 1970. And Educational Computer Corp.,
already on the market with an LSI tester, will bring a
new word-generator to the IEEE show in March. Priced
at $40,000, the generator has 48 output terminals, each
capable of delivering formats of from 10 to 4,000 bits
at frequencies up to 1.5 Mhz.

General Radio Co. provides a good example of what
systems have done to the instrumentation business. The
venerable Massachusetts firm made its reputation with
highly accurate bridges and meters, packaged in char-
acteristic black leather-covered boxes. And for General
Radio to forecast their demise would be like Schlitz
predicting everyone would be out of beer. Nonetheless,
Richard Rogers, a General Radio product manager, says
flatly: “The days of the black box are just about over.
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You have to be in the systems business to survive.” And
others at General Radio say it won’t be too far into the
1970’s before more than half the company’s business will
be in systems.

Besides making their own computer-controlled sys-
tems, instrument houses also are making it easier for
customers to build their own. Rare is the new counter,
voltmeter, or other basic instrument that can’t be re-
motely controlled and that doesn’t convert its measure-
ments into a binary-coded-decimal output. And even
such sophisticated items as spectrum analyzers are being
readied for programing.

Typical of the attitude among instrument makers are
the sentiments of Bart Weitz, a marketing manager at
Dana Laboratories Inc. “I don’t think we’ll ever again
make an instrument that’s not remotely programable,”
he asserts.

In a way, Hewlett-Packard Co. is forcing many com-
panies to be systems-conscious. H-P’s big commitment
to systems has extended to setting up a separate division
to build them.

Dana’s Weitz reasons, “Every Hewlett-Packard division
is making products programable. You see a digitally
programable power supply that’s made by a division
(The Harrison division) that probably never even heard
of a computer before. Their Moseley division is mak-
ing digital plotters in place of x-y recorders. Every divi-
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sion that wasn’t involved in computer interfacing is
thinking of it now. And this is going to have an effect
on all of us becausc to be competitive everybody is
going to have to consider how easily their equipment
can be interfaced with computers or put into computer-
controlled systems.”

Robert Grimm, marketing director at H-P’s systems
division, seems to back this up. “All the new designs
throughout the company are considering programability
and adaptation for use in automatic test systems,” he
says. “This doesn’t mean all the instruments are that
way, because there’s still a tremendous market for
manual instruments. But I'd say that this is considered
in each case. And if you look at the instruments being
introduced, a much larger percentage are designed for
easy inclusion into computer-controlled systems.”

A list of system makers reads like a Who’s Who in
the instrument business. For example, Tektronix Inc.
has started putting systems into its catalog. “Prob-
ably no one has ever bought one of these systems,” says
Lang Hedrick, instrument engineering manager, explain-
ing that the listings are “just suggestive of the kind of
thing we can do.”

The John Fluke Manufacturing Co. is another estab-
lished maker of bench-top instruments that’s getting
into the systems business. “We want our whole line
computer compatible,” says a Fluke spokesman.

Time for a change. The coming of solid
state displays is paving the way for a
generation of hand-size instruments, First
to arrive is this stopwatch built with
Hewlett-Packard’s gallium-arsenide-
phosphide numeric indicator.
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Beckman Instruments Inc. has its own reason for mov-
ing into systems. “The instrument market isn’t growing
that much,” says William Smith, marketing manager
for the Electronics Instrument division. “So if what
you're in isn’t growing, you get into something that is,
something that’s a little more specialized.”

The Cimron division of Lear Siegler Inc. is yet an-
other company moving into systems. Gary Thomas, the
division’s marketing chief, reports that 25% of his busi-
ness is in systems work.

The instrument that’ll be most affected by the move to
systems is the frequency synthesizer. In earlier days,
synthesizers were valued for their precise outputs; but
in the computer age another synthesizer virtue is getting
attention—the ease with which they can be programed.
Except in applications where a sweep generator is
needed, the synthesizer will replace all other signal
sources because it fits right into computer-controlled

systems. What’s keeping them out now is the price,
which is in the $7,000-and-up range. All the large in-
strument houses are working hard to bring that price
down, and some are thinking of doing it by cutting down
output purity.

“I thought synthesizers were going to sweep over the
signal-generator market,” says Philip Goodrich, manager
of Dana’s high-frequency division. “Now it seems that
everybody underestimated the cost of developing and
making these things as low-priced instruments. But the
switch is inevitable.”

A high-quality signal generator costs about $2,000.
Many instrument makers guess that a synthesizer in the
$3,000-to-$4,000 neighborhood will take a big chunk of
the signal generator market.

The growing popularity of systems isn’t the only
thing instrument makers have strong feelings about.
There’s a lot of conviction in what they say about prices,

125



but very little agreement. Some see an inevitable drift-
ing upward caused by inflation, while others say that
with the growth of the instrument business slowing
down, competition will be fiercer and prices will re-
main stable. Still others predict instrument makers
will take a cue from Detroit and come ont with economy
models—instruments with not quite as many ranges or
capabilities, and at commensurately lower prices.

Even in systems there’s little agreement. H-P’s Grimm
says that prices will drop because computer prices are
falling. But GR marketing manager Leo Chamberlain
says prices can only go up. “Instrument makers are
going to realize that they haven’t been charging enough
for systems engineering. It’s going to make customers
mad to see this kind of rise because they’re used to add-
ing up the price of the hardware.”

As for individual instruments, many makers expect
rising prices. “I don’t see how you can come to any
other conclusion,” says Tektronix’s Hedrick, who cites
rising raw material costs. “An example of a component
that’s critical to our oscilloscopes is the new metal shield
around the cathode-ray tube,” he says. “That has a
lot of nickel in it, and if you've been reading the papers,
you know the nickel situation is pretty bad.”

Even where prices have been dropping, as in the
counter and digital-voltmeter market, there may be some
leveling off. “We've rapped the price about as hard as
we can,” says Richard Hall, chief engineer in charge of
counters at Systron-Donner Corp. “I don’t see any real
heavy price knockdowns in the instrumentation field, and
in the counter field specifically,” he asserts.

The surge toward digital displays will continue into
1970. Many makers are looking for something to replace
the ubiquitous Nixie-type tube. Solid state displays are
the best bet now. Monsanto already is building volt-
meters and counters with its own solid state displays,
but the price per digit of the Monsanto display still is
high—$48. Hewlett-Packard will get the price of its
display down to $50 a digit this year. And some of
the bigger solid state houses, Fairchild and Texas In-
struments in particular, will get into displays.

No one doubts that there’s a large demand for solid
state displays. Fred Katzmann, Monsanto’s Electronic
Instruments division chief, says that Monsanto’s entire
line will have them within 18 months. Says John Minck,
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manager of H-P's solid state display department: “Our
first display came out as a remarkably high-priced ($75
per digit) unit and we were really surprised at how
many people were willing to buy them. The thing that
struck us is the variety of people willing to pay a rather
high price; as you lock through the customer list you see
everything from machine-tool guys, to medical elec-
tronics, to the expected aerospace people.”

With the introduction of its new display in 1970 H-P
will retreat from the logic-with-display concept it em-
braced in 1968. The new unit will require the customer
to supply his own logic to drive it.

Of course, one of the big advantages of solid state
displays over tubes is that they draw far less power—
in the low milliwatt region. So, combined with inte-
graded circuits, particularly custom-designed MOS IC’s,
solid state displays portend entire new families of port-
able instruments, such as battery-powered slide rules.

Of course engineers at Burroughs Corp. aren’t sitting
around waiting for solid state displays to kill off the
Nixie tube. Late in 1969 the company introduced a new
display that uses plasma. Called Self-Scan, it’s intended
for large-capacity, stacked displays. Burroughs’ initial
target is the calculator industry.

The move to digital displays continues to put the
squeeze on makers of analog-display instruments. Latest
to feel the pressure are makers of multimeters in the
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Fast and flexible. At Sylvania’s
Semiconductor division in

Woburn, Mass. programable testers run
complete d-c checks on IC’s.
Computer-controlled systems, such as
these J259’s from Teradyne Inc., are
becoming increasingly popular because
they’re fast, accurate, and easy to
modify for for testing different circuits.

$100 to $200 bracket. Weston Instruments Div. intro-
duced a $400 digital multimeter [Electronics, Oct. 27,
1969, p. 149] recently, and other digital houses are ready-
ing their own versions.

Weston also is bent on bringing some pressure to bear
on its fellow digital-meter makers. Last March Weston
announced it had exclusive patent rights to the dual-slope
integration technique, used for analog-to-digital conver-
sion in most meters. Since then Weston has been quiet
and just a few companies have bothered to pick up a
license. Now Weston is beginning to stir; if its claims
stick, a lot of instrument houses will have troubles.

Last year Fluke built its first digital meter, the 8300A
multimeter. The company will expand its digital line,
and plans to get into the already overcrowded digital-
panel-meter market.

It seems anybody can build a dpm; it just takes some
display tubes and a handful of IC’s. The result is that
everybody from the biggest houses down to mom-and-
pop operations are turning out dpm’s. The lure is the
vast replacement market for analog meters. But nobody
knows at what point customers will get rid of their $10
analog meters and buy a dpm. Weston president Roger
Swanson says people aren’t going to pay much more
than they pay now, while Beckman’s William Smith feels
the dpm’s superior accuracy (10 times better on the
average) will loosen purse strings. The least expensive
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dpm’s sell in the $125 range, for a 3% digit meter. Tyco
will bring the price down to $100 early this year.

Another group of instrument makers facing tough
going are manufacturers of pulse generators. There the
pressure is coming from data generators, which use
digital circuits to generate pulses. In addition to doing
everything a pulser does, a data generator puts out its
pulses in an almost limitless number of formats, making
it much more valuable for testing logic circuits. Until
now though, data generators in the 10-to-40-Mhz class
have cost between $5,000 and $8,000, four to five times
more than equivalent pulse generators. But that’s chang-
ing. For example, Tau-Tron Inc. is introducing a family
of data generators priced from $2,600 down.

No area of instrumentation has been more active in
1969 than the oscilloscope market. Tektronix, the king
of the hill, came out with two new lines, the 7000 and the
5000 series which, among other things, feature character
generation on the scope face and a fiber-optic display
of scale settings. Hewlett-Packard, now the only hill-
climber of any consequence, brought out a new scope
of its own, the 183, whose 250-Mhz bandwidth makes
it the fastest scope on the general-purpose market.

Harold Edmonson, marketing manager at H-P’s scope
division, says H-P has no immediate plans to match
Tektronix’s two display systems, although he is im-
pressed with one of them. “The character generator in
particular is an interesting item,” he says. “I think it’s a
little more expensive than the world needs now (base
price of 7000 mainframe is $2,000). It’s an indication of
things to come. It could be the first stepping stone to a
computing-type oscilloscope, one that would make some
calculations and display an answer for you. But making
the character generation available is, of course, the first
step in getting some logic into oscilloscopes.”

Tektronix, trying to pass Hewlett-Packard’s 250 Mhz,
is working on a faster scope. But manager Hedrick won’t
say when it’ll be ready. “We’d be pretty irresponsible if
we weren’t working on something to fill that market
need. It’s a pretty broad usage area simply because
devices that go as fast as the 183 will measure are readily
available,” he says.

Two other large instrument houses, Monsanto Elec-
tronic Instruments and Philips Electronic Instruments,
made noises about challenging the leaders. Philips intro-
duced a new 50-Mhz scope, and promised 100-Mhz and
150-Mhz units for 1970. But Philips imports its scopes
from the company’s ancestral home in Holland and can’t
respond quickly to changes in the U.S. market. How-
ever, Philips has bought the land for a U.S. scope facility.
Monsanto also has a 50-Mhz scope, built under a military
contract; division head Katzmann says that the company
will start taking orders early this year.

Dumont Oscilloscope Laboratories also is in the mar-
ket. “Dumont” was the name of the company that
once ruled the oscilloscope business. It slipped, and
was taken over by Fairchild, and then it slipped some
more. The division recently was bought by an indepen-
dent group, and rechristened Dumont. The company
bought out its first new scope last year, the 1050, a
50-Mhz unit which has drawn considerable praise. But
Dumont’s ambitions are small. General manager Robert
Coultas doesn’t talk about challenging Tektronix and
Hewlett-Packard but about filling the gaps in their lines.
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Avalanche,Gunn diodes are coming on strongly
in the quest for better microwave power sources

If a single word could describe what the mood of the
1970’s will be, it would be communicate. In fact, the
next ten years could well be labeled the “digital decade.”
The transmission of voice, data, and video through digi-
tal modulation of high-frequency radio waves eventually
will become prevalent. Face-to-face communication will
be ushered in with the introduction of Picturephone
service in 1970, while information exchange will be
greatly expanded through the use of pulse-code modula-
tion, millimeter waves, and sateliites.

The development of new systems for safely controlled
traffic is within reach as is the ability to shrink present
communication systems through solid state circuitry.
Regulatory agency decisions have created new chal-
lenges for the community antenna and subscription tele-
vision industries, and for microwave transmission firms.

The Bell System will offer Picturephone service in
July 1970 between New York City and Pittsburgh to both
homes and industry. The enormous interest in video
telephone has occasioned a meeting of the Consultive
Committee for International Telegraph and Telephone
(cCITT) to be set for July to set wordwide standards
for future videophones. Work on video telephone is un-
derway in England, Germany, France, Sweden, Japan,
and at independent telephone companies in the United
States; Bell even anticipates that videophone instru-
ments will be offered by other American or foreign com-

panies based on the Carterfone decision of 1968, but not
in time for the New York-Pittsburgh offering. Coast-to-
coast Picturephone service is not expected until 1975,
and then only between 20 densely populated cities.

The coding format used for Picturephone transmission
is differential pulse code modulation (pem). This method
yields good motion portrayal but limits the reading of
alphanumerics to 14-point type or larger. “We are cur-
rently involved in looking for a tradeoff of motion por-
trayal for picture resolution,” says Irwin Dorros, Bell
Labs’ director of network planning. “One method under
consideration is to slow the scan rate and send fewer
pictures per second within the 1 Mhz bandwidth.”

A big feature of the July Picturephone offering will be
inclusion of a data set, described by a Bell spokesman
as a “casual crt terminal” for executive use. The 12-key
Touch-Tone dial, part of the Picturephone set, uses an
8-bit code, permitting the user to communicate with a
computer merely by pressing keys. The computer out-
puts are displayed on the screen. The busy executive, for
example, can call on the computer to perform arithmetic
computations or get stock market quotations with his
Picturephone data set. ’

“There is exploratory work going on at Bell Labs on
the next generation of Picturephone,” says William
Cagle, head of the video telephone department at Bell
Labs. “These studies include the possibilities of color

Memory protection. The curved metal
structure shields the permanent memory
sheet from the earth’s magnetic field
while being tested. The memory sheet,
comprising many magnetic dots, is used
in Bell’s electronic switching system.



Mini-filter. The miniature crystal

filter, left, is composed of four thin

quartz layers and occupies only one cubic
inch. It will replace its larger

counterpart, right, in telephone

carrier equipment.

and slow scan. There are three basic problems that must
be solved before color Picturephone becomes a reality,”
adds Cagle, “and they are a rugged color camera that
doesn’t need adjustment; the ability to transmit color
pictures using the same bandwidth as in black-and-white
Picturephone, and development of a receiver that will
produce a picture bright enough for a lighted room. We
see the development of such a Picturephone at least five
to 10 years away,” concludes Cagle.

“The computer people foresee tremendous growth in
data traffic however I think their forecast is overly op-
timistic and I believe that we are successfully keeping
up with the rate of growth,” says Lee L. Davenport,
president of General Telephone and Electronics Labora-
tories. He sees the telephone network expanding to
accommodate the communications industry, and feels
that one way to keep up with the growth of voice and
data transmission is by faster electronic switching. Bell
seems to be guided by this philosophy, too, since they
already have delivered their 100th Electronic Switching
System (ESS). GT&E has designed a system similar to
ESS and calls it EAX, for Electronic Automatic Exchange;
delivery of the first EAX is slated for 1971.

If there is a practical method of mixing voice, data,
and video transmission, pcm seems to be it. GT&E’s
Davenport, however, feels the evolution will take quite
some time. Bell’s faith in the future of pem is repre-
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sented by its development of the T-5 digital coaxial ca-
ble system with 500-megabit capacity; T-5's projected
introduction into the Bell System is the mid 1970’s."

“The use of a truly digital line, such as T-5, will make
it possible for Picturephone to displace only 96 voice
channels rather than the 400 currently displaced when
a digital picturephone signal is carried over the present
TD-2 system,” says Richard Boyd, head of the wire sys-
tems engineering department at Bell Labs.

The use of new digital filters such as polylithic filters,
and inclusion of medium-scale integration (MsI) will in-
crease the number of channels and lower per-mile chan-
nel cost for wire line carriers. The polylithic filter, com-
posed of 4 thin layers of quartz mounted in a one-cubic-
inch capsule, when used with frequency division multi-
plex will provide more available wideband channels
and paek more voice channels side by side. The poly-
lithic filter is being developed by Lenkurt Electric Co.,
a GT&E subsidiary, and should be available throughout
the GT&E system by 1971. Lenkurt feels that MSI should
improve reliability and spur the development of pem
switching and long distance transmission systems.

An all solid state device called a digital adaptive
equalizer has been developed at Lenkurt to correct
high-speed data signals instantaneously. The new device
employs large-scale integration and will operate at
speeds up to 9,600 bits per second, four times the capa-
bility of the present GT&E system.

A thorn in the side of any global pcm system has been
the different systems adopted by the US. and Europe
[Electronics, June 23, 1969, page 94]. However, a step
toward world compatibility has been taken by the Inter-
national Telephone Union (ITU), which recently agreed
on a standard of 8,000 samples/second using eight
binary digits in a time slot.

Any worldwide pem system will have to be success-
fully linked. The prime candidate for the job is the
communications satellite, with the Intelsat 4 satellites
slated to make the first global pem tests late this year.
The trial, called Spade, will use an 8,000-bit sampling
rate and the A-law, the companding law accepted by
Europe over Bell's mu-law. However, Comsat is sticking
to a 7-bit word even though member nations of CCITT
have agreed on an 8-bit word standard. Once a world-
wide digital network is operating—10 to 15 years from
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now, according to a Comsat spokesman—Comsat will
move toward a standing coding format.

Comsat also is building a time division multiple access
(TDMA) system to complement Spade. The TDMA system
with 8-kilobit sampling rate, will use the Bell-promoted
the mu-law and an 8-bit word. According to Comsat,
Spade is slated for areas with light traffic while TMDA is
designed to handle medium to heavy traffic.

The satellite transmission system of the future, now
under study at Bell Labs, will use a 30-gigahertz up-link
and an 18-Ghz down-link. The capacity of such a sys-
tem will be 40,000 voice circuit per ground station per
satellite, and with an estimate of 50 ground stations,
a satellite communications system would yield 2 million
voice circuits, more than by any other transmission mode.

The satellite also is being geared for domestic use, as
in the rush to provide communications to Alaska. A pro-
gram, consisting of the Intelsat series as well as the
Applications Technology Satellite series linked to earth
stations and microwave radio links, appears to be the be-
ginning of a domestic satellite experiment. The large
commercial earth station located in the Talkeetna moun-
tains in Alaska should be completed in 1970 and will pro-
vide the first live commercial tv in that state.

Satellite communications systems will expedite devel-
opment of a space diversity system. This will use milli-
meter-wave transmission capable of bypassing bad
weather zones, the canse of rapid signal attenuation.

The interest in millimeter-wave transmission has been
spurred by the activity at Bell Labs, which is working
on the introduction of a 40- to 110-Ghz system with
more than 100 channcls. The mode of propagation will
be the TEo; transmission medium will be circular wave-
guide with an internal helical sheath to attenuate un-
wanted modes. Two methods of solid state power genera-
tion are under study at Bell Labs. One is the impatt
diode, a transit-time device; the other is the limited
space-charge accumulation (LSA) mode of the bulk-effect
gallium arsenide diode. Scientists at Bell lean toward the
impatt because of LSA material problems.

The potential of the millimeter wave transmission
medium is quite high: its estimated capability is 232,000
voice channels is almost three times the capability of
Bell’s newest coaxial cable, the L-5, now under devel-
opment. And in the future, perhaps by the 1980’s, is
the laser with a potential 25 million voice channels.
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Pickup sticks. A multitude of CATV
antennas for vhf and uhf signals are
lined up for best reception.
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The future use of millimeter waves is relegated to the
mid 1970’s. The fact that some engineers have been
moving higher up in the frequency spectrum has not
deterred the great interest in microwave transmission.
The first field trials of the Bell System’s new TH-3 solid
state transmitter- receiver link have begun with a 300-
mile run, including 13 relays, between Dodge City, Ka.,
and Vega, Tex. The system includes a 6-Ghz repeater
with six working channels and one spare, each capable
of 1,800 message circuits for voice or data.

Microwave transmission is not limited to the tele-
phone companies and the military, as witnessed by
recent FCC decisions in the Microwave Communica-
tions Inc. (MCI) and the Community Antenna Relay
Service (CARS) rulings. The MCI decision allows private
carriers to compete with the telephone companies in
microwave transmission while the CARS decision lets
CATV companics transmit tv signals by either cable or
microwave radio. It also allows them to originate pro-
graming and accept advertising.

MCI is in the process of setting up a Chicago-to-St.
Louis microwave network for the primary purpose of
data transmission. MCI feels that competition in the mi-
crowave carrier business will substantially reduce costs
and provide better service. This opinion is not shared by
the phone companies. Davenport of GT&E says, “The
telephone companies are kept from competing with non-
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regulated firms by the regulatory agencies and could
offer far better service to the user if rate adjustments
were allowed. The lowering of rates in high traffic areas,
coupled with an increase in rates in low-traffic areas
would allow the phone companies to complete more ac-
tively.” Some telephone company engineers are doubt-
ful that MCI can offer trouble-free service to its sub-
scribers under its present set up.

The CARS decision probably will be felt by the gen-
eral public more than the MCI decision in that a fourth
network, the CATV network, is a distinct possibility. The
ruling allowing program origination will result in a de-
mand for microwave links as well as inexpensive studio
equipment. Don Smith, product planning manager for
.Microwave Associates, says “The decision has produced
an overwhelming reaction from the CARS people and the
end is nowhere in sight. The innovations are coming
along so fast that all microwave CATV equipment manu-
factured now will be obsolete in 10 years,” adds Smith.

The enthusiasm of the CATV industry is reflected in
its 25% subscriber growth rate per year and the in-
creased channel capacity now available through the
use of converters at the tv set. The “black box” con-
verter will make as many as 20 vhf subchannels avail-
able for programing. Another boom for the CATV in-
dustry will be the leasing of channels to subscribers
for industrial uses. In 1970 CATV will offer entertainment
as well as local public service programing,.

The tv surge does not stop with CATV: a recent FCC
decision would result in pay tv in 1970. The Zenith Radio
Co. has successfully tested its pay tv concept, Phonevi-
sion, from 1962 to 1968. The pay tv ruling limits the num-
ber of pay tv stations to one per city, and then only if
there are at least four commercial stations in service. The
CATV people think that pay tv already is obsolete and
feel that by the time it gets going, CATV will be so far
advanced that the public won’t be interested in pay tv.

In the consumer area, vacuum tubes are being re-
placed by solid state circuitry in most new tv’s, except
for the high-voltage rectifier and picture tube. And Mo-
torola says that its new Quasar chassis has a solid state
high-voltage rectifier.

Many new circuits found their origins in limited edi-
tion tv sets, such as the RCA 2000 series. However,
some 2000 series circuitry, such as the diode-switched
electronic tuner and channel selection controlled by com-
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Horning in. These conical antennas will
transmit downlink signals from Intelsat

4 to stations on earth. The satellite
simultaneously will carry 6,000 telephone
channels and 12 color tv programs.

puter-type logic should find their way into more of the
manufacturer’s receivers. At Zenith, some color sets have
a monolithic IC color demodulator.

Some new ideas being studied this year are Zenith’s
acoustic wave filter to eliminate filter adjustments, flat
picture displays to eliminate the cathode-ray tube, and a
laser projection system for very large screen displays.

The impact of imported Japanese television sets has
caused domestic manufacturers to lower prices but it
hasn’t had much effect on U.S. technology. For example,
use of the single-gun color tube, Sony’s Trinitron, has
not stampeded U.S. tv makers. Rather, they intend stay-
ing with the black-masked color tubes introduced last
year, such as the Zenith Chromacolor and the RCA High-
light 70. These two giants state that their tubes provide
more than 100% greater brightness than their older color
tubes and can’t see using a tube that is basically found
in small-screen sets—Sony’s Trinitron is found only in
12" receivers.

The most comprehensive communications system ever
built for commercial use will be ready for use in late
1970, when occupancy of New York’s World Trade
Center is scheduled to begin. Upon completion in 1973,
the office building complex will contain an estimated
50,000 telephones. The gigantic communications effort,
undertaken jointly by the New York Telephone Co. and
RCA, will combine telephone, computer, television, radio
and graphic information handling. Among the many
services to be provided for WTC tenants are Picture-
phone, overseas direct dialing, Bellboy personal signal-
ing, high-speed facsimile transmission, data processing,
time-sharing computer inputs, and closed-circuit tv. The
heart of the telephone system will be an ESS office to be
located in the second of the two-110 story towers.

Vehicular communications technology is being pushed
forward at a rapid pace. “Raytheon is committed to a
broad transportation systems and traffic control program
as evidenced by our Merging Control and PAS-II pro-
grams for the Bureau of Public Roads,” says Martin
Schilling, vice president for research and development
at Raytheon. Both systems use induction loop sensors
buried in the road. Their output feeds into a Raytheon
703 computer. The Merging Control System, presently
under test on Route 128 in the Boston area, allows cars
to enter a limited access highway smoothly and safely.
PAS-II is designed for installation on winding rural two-
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Let it rain. This modified trash can is

used by Bell Labs to determine the effects
of rain density on microwave
transmissions. The information gathered
is sent over phone lines to a computer

at the labs for analysis.

132

Follow the sun. The 45-square-foot mirror,
right, automatically follows the sun

as it moves across the sky. The other
equipment, left, gathers data on how

rain effects the received signals.

lane roads where passing is dangerous. The buried
sensors will feed information to the computer through
telephone lines; the computer will determine the position
and closing velocity of each vehicle within the system’s
range and send out its commands via the sensors. The
commands will actuate messages to be displayed on-
board vehicles containing PAS-IL

Vehicle identity always has been a problem in large
urban areas. Several systems attacking this problem are
being studied and tested. Motorola has installed a bus-
locating system in Chicago which can tell a controller
the exact location of each vehicle in service. However,
this system is limited to fixed-route vehicles. Raytheon
is developing an identification system employing coded
radio transmission. Operating at 450 Mhz, the system
will be tailored for municipal vehicles such as police,
fire, medical, and transportation. Schilling of Raytheon
says the system will completely eliminate the need to
ask, “Car 54, where are you?”

The problem of an acceptable standard for home video
recorders still lingers. One industry spokesman sees two
knights in armor, CBS and RCA, lances in hand jousting
over this prize. Since the FCC has no jurisdiction here,
it's anybodies guess who will win. In the wings stands
Sony with its own machine, but most observers don’t
give it much chance against the two giants.

New uses for the laser are constantly popping up. The
newest development is a color tv projection system using
krypton and argon gas lasers to project color tv pictures
filling an 8-by-10-foot screen, and in broad daylight, too.
GT&E Labs’ version is called “the only type of system
that will do the job” by Davenport. The only bottleneck
is achicving sufficient brightness from a single laser,
which would be necessary for any future installations.

The boating public also is in for new equipment as a
result of the FCC’s decision that all ship-to-shore radios
used in 1971 must operate on either single sideband
or vhf with f-m and a 25-kilohertz bandwidth. This de-
cision will make obsolete all presently used a-m and
f-m transceivers and spur development of a new line of
solid state boat radios. Raytheon isn’t satisfied to let the
boat owner off with only a radio: they are developing
an all solid state boat radar for the small craft owner.
Schilling feels that as soon as a good solid state oscil-
lator is developed in production quantities, this radar
will be feasible.
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Computer-aided manufacturing, particularly of IC assemblies,
will spur new applications for industrial-electronics gear

Up until now, the path of industrial electronics has been
largely predictable: customers stated their needs and
technology provided the answers. This has resulted in
an annual growth of from 15% to 20%. Now, however, the
picture is changing. And the real growth is difficult to
predict because it will stem from a heretofore invisible
sector—small, nonelectronic manufacturing companies.
Basically, these companies form an original-equip-
ment market that will buy electronic packages and use
them in their own equipment for resale to the ultimate
user. Locating this invisible market won’t be easy, says
the industrial electronics market development manager
of a large electronics company. It’s a matter of electronic
answers finding the unique problems of industry. By the
end of the decade, though, he figures the industrial elec-
tronics field could be as large as $30 to $40 billion.
Making themselves felt in the industrial sector over
the next few years will be electronic devices and sys-
tems that presently are confined to high-technology ap-
plications or to protected environments. Among these
are laser-based sensors, optoelectronic components and
systems, and customized 1C functional arrays to pro-
gram and control machinery. They will replace func-
tionally limited electromechanical devices, they will
provide solutions to problems that can’t be tackled any
other way, and will offer high-accuracy, high-resolution
measurements of physical and chemical variables.
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The laser has moved out of the laboratory and into
manufacturing operations, for cutting materials to high
accuracy, for aligning machine tools, and for welding
and trimming. But its versatility continues to increase.
For example, at Grumman Aerospace a laser sensor
provides measurement and control of five degrees of
freedom from one laser reference beam. This five-axis
measuring system permits alignment of complex ma-
chinery fixtures and of mockups of large, full-scale physi-
cal models.

The laser also is finding its way into the real world
of process control. One example is a laser-sensor par-
ticle-size analyzer now undergoing field trials at a copper
mine. Recently introduced by the Procedyne Corp. of
New Brunswick, N.J., the analyzer measures the statisti-
cal distribution of the size of machinery-ground copper-
bearing ore particles.

Signals from the analyzer go through a computer sys-
tem that in turn controls the ball mill that grinds the
ore, thus maintaining proper size distribution. F ollowing
the ball mill opcration, the ore enters the flotation equip-
ment that separates particles rich in copper from those
containing less of the metal. Particle size distribution
thus sets the efficiency of separation and increases
process yield.

A helium-neon laser, mounted in a sampling chamber
at the process site, produces a pulse-signal whose dura-
tion is proportional to the random dimension of a particle
as it passes through a sampling chamber and interrupts
the laser beam. In each measurement cycle the laser
scans 10,000 particles. The electronics portion of the
analyzer—comprising buffer amplifier, input-pulse dis-
criminator, logic and memory, and digital readout—sepa-
rates the 10,000 counts, or pulse-width signals, into five
classifications, between 3-micron and 2,000-micron sizes.
Each classification represents a band of particle sizes.

Optoelectronic products, including cadmium sulfide
and gallium arsenide devices, image sensors, and low-
light-level tv assemblies, accounted for about $60 mil-
lion sales in 1969. And Ed Youch, optoelectronics mar-
keting manager for Texas Instruments, predicts that total
use of optoelectronics conservatively will reach $460
million annually by the end of the decade. Proportion-
ately, the military and aerospace use of optoelectronics
will decrease, with the increased demand coming from
industrial and related applications.
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The spur to growth will not come from any particular
breakthrough in optoelectronic technology, but from re-
duced prices as volume increases and—with lower prices
—resulting opportunities to design these devices into
new kinds of end-use equipment.

Right now, says Youch, a GaAs infrared emitter
matched with a silicon detector—and mounted to form
a usable light-sensing channel—sells for about $5 a chan-
nel in 50,000-channel quantities. He predicts that with
the expected increase in chip yield of GaAs devices,
price will drop to $3. Arrays will be denser, with emitter
cells (and similarly, detector cells) separated 5 mils
center-to-center. Then an emitter-detector array will be
cheap enough to compete. with fiber optic methods of
bringing light to a detector. An added advantage to the
user, says Youch, is that an array of such channels
eliminates the production step of “tweaking” the fibers
to get a multichannel system lined up.

Cheaper optoelectronic devices thus will evolve into
more industrial and commercial equipment for mark
sensing and pattern recognition. Among these applica-
tions are credit-card and identification-card verifiers,
home and building security systems, visible displays,
automobile headlight dimmers, vehicle hit-distance sen-
sors, brushless commutators for d-c motors, shaft en-
coders, and safe optical transmission of on-off condi-
tions in potentially explosive environments.
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Building security systems may evolve into both an
engineering challenge and a fruitful market for sensors,
computers, and large-scale displays. An architect for a
large building being designed is considering installation
of optoelectronic sensors in about 500 doorways and
along hallways. Object is to keep track of how many
people are in the building at any time and to determine
in which direction they’re traveling. With the optoelec-
tronic sensors tied to a computer and display, a security
guard could identify the presence of prowlers, and the
computer could send advance signals to bring an ele-
vator to a floor when a large group starts traveling
toward the elevator bank. It also could turn off lights
and other utilities when an office area is unoccupied.

The availability of lower-cost electronics components
and subsystems will capture the attention of mechani-
cally oriented machinery makers. Unfettered by such
constraints as cam-switch arrangements of electrome-
chanical types of control systems, machinery incorporat-
ing electronic systems will be less costly and capable
of faster, more comprehensive operations. Furthermore,
signals will be computer-compatible. Actually, this trend
already has started. Most integrated circuit manufac-
turers are geared to work with end-product designers.
They have established separate engineering marketing
groups to exploit this fertile small-user industrial elec-
tronics market, particularly for the development and
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eventual production of functional arrays structured
specifically for the customer’s product.

It seems likely that going the electronics route—re-
vamping products and betting on existing or upcoming
electronic technology—will be a user-management deci-
sion. A wrong decision could put the product in jeopardy.

But user management will need good engineering ad-
vice. Generally, these machinery makers don’t have
electronic engineers on their staffs. And the electronics
field is too complex, too fast-moving, to expect that a
mechanical designer could generate the best answers.
Right now, machinery-maker customers are being
courted by semiconductor companies.

Eventually, though, the customer-executive may not
want to put all his eggs in one basket by depending on
the recommendations of a given IC maker. And he
won’t have enough work to keep an in-house staff tuned
in on the rapidly changing electronics technology. Nor,
it may turn out, will IC suppliers be able to handle the
product-design demands of customers. Thus, the 1970’s
may well see the establishment of independent elec-
tronic-design consulting firms responsible for a cus-
tomer’s complete product design; for recommending the
appropriate electronics technology; for evaluating IC
suppliers; and for establishing efficient assembly and
intermediate and final test procedures.

Computer-aided manufacturing—including p oduction,

B g b

inspection, movement, storage, and shipment—is slated to
become a way of industrial life. High-volume electronic-
component production and a few other manufacturing
operations already are being directed by digital com-
puter systems.

Technically, the use of digital computers in manufac-
turing will be much simpler than using essentially the
same computer system in the continuous-process indus-
tries—which have enjoyed about 10 years’ experience
in computer control. And financially, computer-aided
manufacturing systems will be considerably cheaper.

What these systems can do is schedule and direct
manufacture of parts and assemblies, and test them au-
tomatically. Interaction between machines along the
production line is relatively well understood. Basically,
what is involved is sequence and logic decisions for
handling discrete parts and assemblies, a much simpler
software task than the mathematical (polynomial and
differential equation) modeling required for control of
continuous-process plants like those found in the pe-
troleum, chemical, and metal industries. And because
of the step-by-step characteristics of the manufacturing
operations and the go/no-go decisions of the computer,
programing of product variations to meet customer needs
will be simple and straightforward—thus saving time
and money in changing the manufacturing line from one
product to another, but similar, one.

Above, prototype of Univac’s multilayer hybrid
beam-leaded IC module typifies up-and-coming growth
factors in industrial electronics. Units are produced

by a semiautomatic process which includes thick-film
screening and multizone furnace operations.
Computer-controlled production line is slated.
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Since most inputs to a CAM system will be high-
level signals, primarily contact closures from the ma-
chines, electrical noise in the shop should give little
trouble and thus eliminate some of the expensive elec-
tronic and computer niceties (shielding and filtering)
found in low-level signal process computer systems.

Such simple hardware and software requirements cut
prices drastically. According to William E. Ware, man-
ager of product marketing of Systems Engineering
Laboratories of Ft. Lauderdale, Fla., a digital computer
control system for a manufacturing operation will cost
only about one-half to two-thirds of an equivalent sys-
tem for a continuous process. A modest CAM installa-
tion might run to about $75,000, including the computer
and its programing but not the cost of modifying the
production line itself for computer control, he says.

While CAM is an up-and-coming technology that will
engage the interest and enthusiasm of electronics en-
gineers, again the largest application for such systems,
including computers, displays, and other electronic gear,
will be in the non-electronic industries. In the textile
industry, for example, CAM will be used for directing
and controlling weaving of patterns on looms, continuous
dying of materials, and cloth-cutting.

Although CAM will improve production of non-elec-
tronic products, it will have little, if any, impact on the
characteristics of the manufactured product. But when
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CAM gains more of a foothold in the manufacture and '
assembly of electronic products, it will strongly affect
the design and selection of components.

As an ultimate goal, what CAM can do is direct one
manufacturing setup to produce variations in assem-
blies—essentially custom products on demand—by trans-
lating sales orders through the computer to the pro-
duction machines. Thus, under computer direction, the
machines would locate individual circuits on a substrate,
make interconnections, perform intermediate and final
tests, apply protective coatings, and package the final
and complete unit.

But taking this route first means that a basic electronic
design concept must be adopted that’s amenable to
computer-aided manufacturing. One contender is beam-
lead hybrid integrated circuit construction. Here, hybrid
means putting any combination of MOS and bipolar,
thick or thin film, and linear and digital circuits on a
substrate to produce the functional equivalent of a large-
scale integrated circuit. Hopefully, production versa-
tility will substitute for customized monolithic arrays.

At present, though, only a few modest-size circuits
are available in beam-lead construction. Only a few
companies make beam-lead IC’s, and the cost of these
devices is relatively high. Even so, Texas Instruments
and the Univac division of the Sperry-Rand Corp. are
betting on beam-lead IC’s and beam-lead packaging for
use in automatically assembled and tested functional
arrays. They expect to accomplish comprehensive static
and dynamic testing, improved assembly yields, and
improved reliability because of the reduced number of
connections that have to be made at assembly.

Ultimately, predicts Pat Carney, marketing manager
for beam-lead hybrid circuits at TI, beam-lead IC chips
will be put right on a printed circuit board, resulting in a
functionally comprehensive assembly that looks like a
flat-pack.

For the large industrial company that uses a lot of
electronics in its own products, but isn’t an IC maker,
added advantages of hybrid beam-lead construction are
that the company can retain in-house engineering com-
petence and the functional security of their product
design, can keep the “added-value” in the company by
making, not buying, and can respond rapidly to varia-
tions in product demand.

A case in point is Univac. It doesn’t make IC’s but
uses a lot of them in their computers. Under develop-
ment are digital, multilayer, thick-film, ceramic modules
using beam-lead devices to create high-speed, high-
packing-density logic functions.

According to John Pastre, technical applications
supervisor of Univac’s digital equipment laboratory, it
will be possible to start producing automatically a func-
tional module in three or four days after a design is
fixed—where a package might consist of 12 to 16 beam-
lead devices per package and 70 or so packages per
module. Pastre expects beam-lead devices and con-
struction to become an industry standard.

Equipment manufacturers are starting to develop
automatic beam-lead bonding by thermal compression
techniques, and success in this area should lead to full-
scale automated production processes. At present,
though, Univac is producing prototypes of small quan-
tities of its multilayer ceramic devices in a semi-
automatic pilot plants. @
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International Communications
Conference

June 8-10

IEEE G-ComTech, San Francisco Sect.
A. M. Peterson, Stanford Research
Institute, Menlo Park, Calif. 94025
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Computer Software &
Peripherals Show &
Conference (COMPSO East)
January 19-21

New York Hilton Hotel

New York City
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February

Reliability Symposium
February 3-5

Biltmore Hotel

Los Angeles

Aerospace & Electronic
Systems Winter Convention
(Wincon)

February 10-12

Biltmore Hotel

Los Angeles

National Conference &
Exposition on Electronics
in Medicine

February 12-14

Fairmont Hotel

San Francisco

International Solid State
Circuits Conference
February 18-20

Sheraton Hotel

University of Pennsylvania
Philadelphia

March

IEEE International Convention
& Exhibition

March 23-26

Coliseum

New York Hilton Hotel

New York City

Annual Meeting of Association
for Advancement of Medical
Instrumentation

March 23-25

Statler-Hilton Hotel

Boston

International Symposium on
Submillimeter Waves

March 31-April 2
Commodore Hotel

New York City

INFO-EXPO-70
March 23-25
Shoreham Hotel
Washington, D.C.

Details on reverse side.

April

Frequency Control
Symposium

April 27-29
Shelburne Hotel
Atlantic City

Reliability Physics Symposium
April 7-9

Stardust Hotel

Las Vegas

International Magnetics
Conference (INTERMAG)
April 21-24
Statler-Hilton Hotel
Washington, D.C.

National Telemetering
Conference & Exposition
April 27-30
Statler-Hilton Hotel

Los Angeles

1.
y

May

Spring Joint Computer
Conference

May 5-7

Convention Hall
Atlantic City

International Microwave
Symposium

May 11-14

Newporter Inn

Newport Beach, Calif.

Electronic Components
Conference

May 13-15
Statler-Hilton Hotel
Washington, D.C.

Aerospace Electronics
Conference (NAECON)
May 18-20

Sheraton Dayton Hotel
Dayton

National ISA Aerospace
Instrumentation Symposium
May 11-13

Washington Plaza Hotel
Seattle

June

International Communications
Conference

June 8-10

San Francisco Hilton Hotel
San Francisco

Conference on Solid State
Devices in Industry

June 15-16

Statler-Hilton Hotel
Cleveland

IEEE Computer Conference
June 16-18

Washington Hilton Hotel
Washington, D.C.

Solid State Sensors
Symposium

June 18-19
Radisson Hotel
Minneapolis

Design Automation Workshop
June 21-25

Sheraton Palace Hotel

San Francisco
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WHATEVER YOU WANT
INA
COATER

EDWARDS

These new Edwards systems are the ultimate in vacuum
coaters. Designed to perform only as coaters, they do
everything, do it better, and change over faster. Each com-
ponent is an integral part of a complete, proven coating-
system configuration. Matched modular accessories are
accommodated in a free-standing console, allowing evapo-
rator-top work space. Edwards pumping units achieve the
lcwest ultimate vacua in the bell jar, where it counts. And
Edwards bell-jar tooling, unique in the industry, provides
top coating versatility. Twelve patented design features con-
tribute to the unparalleled performance of these systems.

Available in 12", 18", and 30” models, and the Edwards
exclusive 19” model.

Technical Papers on Film Deposition, Vacuum Technology,
and Freeze Drying gratis to interested persons. Request
list of currently available material.

PROVIDES

UNIQUE BELL-JAR TOOLING

Rototing and sphericol workholders,
lorgest ovoiloble, provide complete
uniformity, top production rote. For
multi-layer films, sequential evapora-
tion in a single pumpdown. Deposition
by resistance, electron beam, or sput-
tering. Fittings include shielded glow-
discharge rings, multiple sovrces,
shutters, others.

THIN-FILM THICKNESS MONITOR

Measures film-deposition rate ond
thickness. Woter-cooled crystal
mounts.

AUTOMATIC EVAPORATION AND
RATE-CONTROL SYSTEM
Provides fully avtomatic cycling, while

also allowing semi-avtomatic and
manual control.

FILM-RESISTANCE CONTROL UNIT

Monitors resistance films during de-
position, actuates an avtomatic source
shutter at predetermined valves.

MODULATED-BEAM #HOTOMETER

Provides control of optical thickness
of multi-layer or single-layer deposi-
tions in transmission and reflectance
modes.

EDWARDS HIGH VACUUM INTERNATIONAL LIMITED
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o WETGE High Vacuum, Inc.

EDWARDS HOCHVAKUUM GMBH
”I GRAND ISLAND, NEW YORK 14072 | EDWARDS HOCHYAKUUM

IN CANADA: OAKVILLE, ONTARIO

EDWARDS HIGH VACUUM LTD
Manor Roya!
Crawley, Sussex, England

EDWARDS ALTO VUOTO S.p.A.
Via Pisacane ang. Via Dante
Pera (M), Italy

Hahnstrasse 46, Germany
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Symmetrical ECL doubles
1C NOR function efficiently

An extra function adds to the virtues of this fast advanced-logic family while
holding delay to 0.9 nsec and power dissipation to 35 mw; SECL is described by
Hans-Wilhelm Ehlbeck and Herbert Stopper of AEG-Telefunken

® Fast and frugal, the symmetrical emitter-coupled logic
IC offers the user a two-for-the-price-of-one bargain.
It can perform two NOR functions at only a minimal
cost in propagation delay and power consumption for
the extra function. In fact, on a per-gate basis, an
SECL integrated circuit’s propagation delay is about
0.9 nanosecond—comparable to that of advanced emitter-
coupled-logic IC’s—but the SECL’s power consumption
is only 35 milliwatts per gate, against S0 mw in ECL’s.
SECL is aimed at applications in large, high-speed com-
puters and in shift registers and counters used in meas-
uring equipment.

SECL is a development within the current-mode-logic
series, and enjoys the extremely fast switching char-
acteristic of other group members. SECL is directly
evolved from emitter-emitter coupled logic. EECL differs
from ECL in having input emitter-followers and an out-
put current switch instead of an input current switch
and output emitter followers. This gives EECL (and
SECL) certain significant advantages over ECL integrated
circuitry:

p They are exceptionally stable, for instance, since base-
emitter voltage drift can’t causc deterioration of out-
put logic levels. The output logic levels depend only
on the value of the output resistors and on the current
fed to the resistors by the constant current source.

P An extra supply voltage and external bypass capaci-

CURRENT SWITCH

Z5mA¢

CURRENT
SINK

~3.5V
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tors aren’t needed for transmission line terminations.
ECL circuits, on the other hand, need an extra supply
voltage because of the voltage drop created by the
50-ohm resistor in the emitier-follower output circuit.
Since SECL doesn’t have an emitter-follower output,
there’s no voltage drop to compensate for. By the same
token, the bypass capacitors that an extra supply would
need are eliminated.

) SECL is immune to damage even if the transmission
lines and terminations are short-circuited. This is be-
cause the current through the output resistor is inde-
pendent of the resistor value.

P There’s no Miller effect, so input capacitance isn’t
multiplied by the IC. This is because there is no resistor
in the collector circuit of the output transistors.

P Finally, in an EECL circuit the capacitance of only
one inverting transistor is paralleled with the lowest
impedance in the system, whereas in ECL, the capaci-
tance of all the logic transistors is paralleled. As a result,
the RC time constant is lower in EECL and the speed,
therefore, is greater.

Because of these advantages, and in an effort to
offer a distinctive product line in the highly competi-
tive digital IC market, AEG-Telefunken has developed
a SECL product line. Available are a multifunction
gate and a line driver; other IC’s of higher complexity
are being developed.

Va

Vi (A=1)
B Y A W—
v \ -~ / L X Va (A=C)
. 4 \ Vg’ (B=C}
By
bk Ve (A=1)
P2 \ / 8. Vela-0, B=1)
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V
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- X e Ve (c=0)
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EECL and SECL have disadvantages, too, with respect
to ECL. There can be no wired-OR function, and ability
to drive capacitive loads is limited. And an ECL cir-
cuit, with its low-impedance emitter-follower at the
output, can drive a larger load than can an EECL
circuit with its 100 ohms impedance at each output.
But the advantages—of SECL, at least—can more than
compensate.

SECL differs from other EECL circuits in that a fixed
reference voltage is replaced by a floating reference
voltage in series with an additional logic input. The
purpose is to gain logic capability without sacrifice
of speed or power.

To understand this property of SECL, consider the
current switch circuit indicated by the shaded portion
of the diagram at left. A simple current switch—
with a single input tied to a fixed reference voltage—
can perform only the logic functions of assertion and

negation: C, = A and C. = A. But the SECL current
switch shown in the diagram can perform more com-
plicated functions—the so-called logic implication and
its negation:
01 = A + E

. C,=C, = AB
For the complete SECL gate on the opposite page, the
logic equations are:

Symmetry. Heart of SECL multi-function
gate is the current switch, which has a
floating reference voltage B’ and an
extra logic input B. Voltage waveforms
for various input conditions are shown
at right of circuit.
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Logic. SECL circuit on opposite page
provides the two NOR functions instead of
one, as shown here, with very little
increase in power or decrease in speed.

Cy

Cl -“;Al tAj +—]—31 1_32
Cz = Cl = Al Az (Bl + B2)

In effect, these equations show that the SECL gate
operates as two NOR gates connected as shown in the
logic diagram above. If an ideal floating voltage
source could be achieved, these two NOR functions
could be obtained with no increase in power consump-
tion or decrease in speed. In practice, of course, this'
isn’t possible; with the source resistor and current sink
in the real circuit some loss of speed and increase in
power must be accepted.

The loss of speed is due to the additional resistor
between points B’ and B in the circuit diagram oppo-
site, this resistor decreases the amount of current
flowing into the base of the transistor (the right-hand
transistor in the shaded portion of the diagram). The
current sink is another delaying factor; it represents
a capacitance which must be loaded by the driving cur-
rent. And both the resistor and the current sink con-
sume extra power as well

Nevertheless, fabrication techniques are available
to minimize these undesirable effects. In AEG-Tele-
funken’s SECL gate, the primary NOR function is respon-
sible for a propagation delay of 1.3 nanoseconds -and
power consumption of 55 milliwatts, from an A input
to a C output. The additional NOR function ‘associated
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THERMAL OXIDE

with the B inputs introduces an additional delay of
0.5 nsec and power consumption of 15 mw. The average
performance of these two NOR functions is what counts:
0.9-nsec delay at 35 mw per NOR gate. Moreover, the
process technology, while demanding, is not especially
exotic.

The important fabrication step is base diffusion; it’s
necessary to keep the base extremely shallow. When
AEG-Telefunken began its SECL development program,
computer analysis called for rather high values of fr, the
frequency at which cuirent gain equals one, and low
values of 1, the base resistance. This could be accom-
plished only through an extremely shallow diffusion,
but one with a high surface concentration of dopant
so that the dopant concentration is high in the base
region and terminates abruptly.

AEG-Telefunken obtained best results with a sheet
resistivity between 200 and 300 ohms per square for
the boron (base and resistor) diffusion, 0.2-micron base
width, and a collector junction 0.8 to 1.0 micron deep.
This produces transistors with fp as high as 1.4 giga-
hertz at Ver = 2 volts and I, = 5 milliamperes.

Aside from the base width, the transistor geometry
is not exceptional; it has two base contacts and an
emitter 32 microns long and 10 microns wide.

With shallow diffusion and high surface concentra-
tion, an emitter-dip effect enters. As the n-type emitter

144

SPUTTERED OXIDE

Little dipper. SECL process is based on
standard transistor geometry, but uses
shallow diffusion techniques. To keep
emitter dip to a minimum, sputtering,
instead of thermal growth, is used

to form final oxide.

p-Si

is diffused into the base, the boron dopant in the base
acquires a high diffusion coefficient directly below the
emitter. The base, therefore, tends to bulge out into
the collector region, as shown above. The bulge be-
comes even more pronounced later on when the circuit
is subjected to high temperature during the final oxide
growth. To minimize emitter dip, AEG-Telefunken sput-
ters the final oxide onto the silicon surface instead of
growing it at high temperature; since sputtering is a low-
temperature process, there’s little additional diffusion.

Another important consideration in SECL circuits is
stability. To prevent the oscillations that emitter fol-
lowers with capacitive loads are prone to, each input
is furnished with a 200-ohm resistor. This value gives
the best compromise between speed and stability, and
minimizes circuit input load. If the base resistors
were omitted, the total propagation delay (that is, be-
tween A; and Cs or A. and Cs in the circuit diagram
on page 142 would be reduced by 300 picoseconds.

The SECL two-NOR gate is intended to drive balanced
or unbalanced printed-wiring transmission lines with
characteristic impedances of 200 or 100 ohms, respec-
tively. It also can drive very short wires, which act as
an inductance, because the 100-ohm output resistors
attenuate the ringing caused by the combination of
wire inductance and load capacitance.

The SECL circuit family is packaged in 14-lead flat-
packs. One package contains, for instance, two dual-
NOR-gate circuits. With external wiring, this package
could be operated as a clocked R-S flip-flop.

To accommodate the full range of transmission lines
—flat cables, twisted pairs, and coaxial cables, as well
as printed wiring—a special SECL line-driver was de-
signed. This circuit has no built-in output resistors,
but by connecting an external resistor to the current
sink, it can be adapted to any load between 50 and
100 ohms per output. It is also compatible with the
various termination schemes—terminations at the front
end, rear end, or both ends (provided that the charac-
teristic impedance is more than 100 ohms), or bus lines
with high-source-impedance drivers.

Since the line driver is a differential amplifier, it can
act as a line receiver as well. And with added resistors
and supply voltages, it can be used as a lamp driver or as
a level converter for interfacing with other kinds of in-
tegrated-circuit logic. @
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Six months ago, when we came out with
our Model 1416 op amp tester, we called
it “the most comprehensive, definitive, casy-
to-use tester on the market taday.”

Which it was. And still is.

But: it couldn’t test comparators.

So now we've come out with a brand-
new tester. Which can test comparators.
And we call it—with a burst of poetry—our
Model 1420.

(The reason we don’t bother showing
the 1420 is this: it’s almost a look-a-like
for the 1410. Except it isn’t blushing.)

Like the 1410, our 1420 is a snap to
operate. You simply insert a program board,
and push a button marked *“test.” Blink,
blink, blink: the machine runs through 14

Electronics | January 5, 1970

rugged tests.* And, if a device fails any one
of them, you know to what degree—because
a screen lights up to tell you in percentage
figures!

No fiddly knobs, no mysterious me-
ters. In fact, both testers are so casy to use,
asecretary can handle them. Any secretary.
Even yours.

If you don’t care about comparators.
the 1410 is your baby. (It'll handle 75% of
the lincar IC’s around today.) Otherwise,
you want the new 1420, which takes care
of 90%. And if you opt for options, the
1400 series has a host: classification, data
logging, automatic handling, computer
calculated program values, 1% or 5% pro-
gram boards, environmental testing.

The
for both models,
ants are still grumbling.

Put these statements to the test...by
writing for specs, prices, addendum on the
whole Signetics line of testers. Better yet,
call collect to Marketing, Signetics Mea-
surement Data Division, (415) 961-9384,
for the name of our nearest distributor.

Please, please do it.

Otherwise, this ad will flunk.

price? So low
our cost account-

*The fcarsome fourtcen... 1) power consumption over-
range (greater than 200% ), 2) power consumption (less than
200¢z). 3) offset voltage (source resistance zero ohms),
4) offset voltage (source resistance programmcd), 5) + sup-
ply iLnSIllHl) 6) — supply sensitivity, 7) common mode
rejection, 8) bias current, 9) offset current, 10) gain (pro-
grammed light load), 11) gain (programmed heavy load),
12) noise.oscillation, 13) + slew rate, 14) — slew rate.

Signetics[=]

MEASUREMENT |DATA

Signetics, Mcasurcment/Data. 341 Moffett Blvd.. Mountain View, Calif. 94040/ A subsidiary of Corning Glass Works
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Meet Datapoint.
Its 20 times [aster
than other multipoint recorders.

And inﬁnitely more versatile.

This new high-speed multipoint re-
corder by Brush runs off as many as 20
samples per second on 2 to 8 patients.
So it's great for monitoring fast-chang-
ing variables in systemic and wound
temperature, heart rate, ECG and the
like.

channel selector

NEEHERNDE

Datapoint handles mixed inputs

CLEVITE from high and low level inputs. All
LEVITE L rush oataroint on one chart. Recordings come out

clear, crisp, uncluttered. And Z-folded.
You've got a choice of 12 chart speeds,
pushbutton controlled.

About that versatility. Datapoint
works in three modes: multipoint
sampling, intensified sampling, for
channels of high dynamic content, or -
continuous single channel recording.
So you get much more than just a fast
multipoint recorder. Without paying
more to get it.

And Datapoint is accurate, too. A
ful! 99.5%, enforced by a non-contact
position-feedback system. it’s a first
in this type of recorder. (But a proven
success in countless Brush direct writ-
ing oscillographs.)

Speed. Versatility. Accuracy. These
make Datapoint a new conceptin re-
cording. There’s never been anything
like it. Youw'll find more proof in the
Datapoint brochure. Send for your
copy today. Brush Instruments Divi-
sion, Gould Inc., 3631 Perkins Ave-
nue, Cleveland, Ohio 44114,

CouBRUSH
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Once pet of military and NASA,
C/MOS is now wearing civvies

Complementary technology made its reputation in high-performance

military and aerospace applications; however, manufacturers believe

C/MOS can now compete on a cost basis in the commercial market

By Peter Schuyten and George F. Watson

Electronics staff

Complementary metal oxide semi-
conductors {C/MOS), with their low
power dissipation, high noise im-
munity, and good switching speeds,
have always looked attractive to
the commercial user except for one
thing—price. But the winds of
change are blowing strong. As
more and more work is being done
on C/MOS, device yields continue
to rise while costs come down, to
the point where complementary cir-
cuits are now finding their way
into commercial and industrial sys-
temns.

Since its devclopment some
three years ago, C/MOS had been
the darling of the military and aero-
space world. Incorporating both n
and p channels on a single chip, it
gave these users power dissipation
in the nanowatt range, noise im-
munity of 40%, and speeds com-
parable to many bipolar devices—
about 10 megahertz and more. And
only the military and National
Aeronautics and Space Administra-
tion could afford it.

Now, however, suppliers and
commercial customers are starting
to realize that they can afford to
design complementary circuits into
a broad range of commercial sys-
tems—everything from battery-op-
erated instrumentation to large-
scale computer memories.

Currently product planners at
more than a few integrated circuit
houses are putting pressure on
their R&D operations to get C/MOS
out of the lab and into a commer-

-¢-=Circle 146 on reader service card
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Massive potential. Low-power C/MOS allowed RCA to put 750 devices on 145-mil/
155-mil parallel processor built for NASA’s Goddard Space Flight Center.

cial line. Such firms as Hughes
Aircraft, Motorola Semiconductor,
Gencral Instrument, Fairchild, and
Union Carbide’s Electronics divi-
sion all appear tobe trying to match
RCA, Ragen Semiconductor, and
Solid State Scientific, the three

firms generally accepted as the
leaders in complementary work.

In terms of power dissipation,
C/MOS derives some unique ad-
vantages over other IC technolo-
gics from the fact that it dissipates
significant power only during a
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change of state. One transistor in
the complementary “node” is on
and the other is off until a pulse
arrives; then cach of them changes
state. The instant of change is the
only time that significant current
flows; and with proper design, cven
this current—and hence power dis-
sipation—can be kept extremely
low, on the order of microamperes.
This transient power dissipation
results from the charging of input
and output capacitances.

The rest of the time, the node is
in the quiescent state—the driver
transistor is on, while the load
transistor is off. In this state, the
only power dissipation is caused
by the leakage current of the off
transistor. The dissipation is the
product of supply voltage and leak-
age current and is on the order of
nanowatts per gate.

In single-channel MOS circuitry,
on the other hand, when a transis-
tor is on, its load transistor is on
too. There is, therefore, a signifi-
cant power drain—a few milliwatts
per gate. In bipolar I1C’s, dissipa-
tion per gate ranges from 1 mw for
low power transistor-transistor
logic to 80 mw for current-mode
logic.

The complementary arrangement
that makes. C/MOS low in power
consumption makes it fast too.
C/MOS gate propagation delay is
about one fourth that of single-
channel MOS and clock rates as
high as 20 megahertz should soon
be possible with C/MOS.

The reason for this great speed
is the absence of the conducting
load transistor nceded in p-channel
MOS circuits. This transistor slows
P/MOS switching because it charges
and discharges very slowly com-
pared to the driver transistor.

Good judgment enters into de-
signing with C/MOS, however. It’s
necessary to be extremely careful
about fan-in and fan-out. The
speed advantage can easily be
wiped out, according to one indus-
try source, particularly if the fan-in
is too great.

Noisy neighbors. One of the most
appealing features of C/MOS to in-
dustrial users is its noisc immunity
—a particularly important charac-
teristic in the electrically noisy en-
vironments of machine tools and
numerical-control equipment. Noise
voltages as large as 40% of the
supply voltage won’t affect C/MOS;
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converter.

Although complementary metal oxide semiconductor technology is
generally associated with digital circuitry, its properties of extremely low
dissipation and good frequency response are just as applicable to analog
circuits. Ragen Semiconductor, for one, isn't neglecting analog applica-
tions. The company is building a monolithic analog to digital converter
for the Air Force Avionics Laboratory. In it, ¢/atos will be used for such
analog circuits as an operational amplifier, a comparator, an oscillator, a
voltage storage element, and a variable current source.

Essentially, the Ragen a-d converter operates by converting the analog
input to a time interval, which is then counted to produce a digital output.
In brief, the high and low comparators are set to voltages proportional
to the positive and negative inputs. Next a negative-going voltage ramp
is generated and applied to the comparators. When this voltage equals
+Vin (the positive value of the unknown voltage), a 12-stage binary
ripple counter begins counting pulses from an oscillator. When the ramp
reaches —Viy,, the negative comparator switches and the count stops. The
count time—and the count—is proportional to the input voltage. The
number of count pulses appears as a binary number at the output of the

thus for the maximum supply of
15 volts, noise immunity is 6 volts.
This is comparable to the noisc im-
munity of so-called “high-level” bi-
polar logic and considerably more
than the l-volt immunity of low-
power TTL.

Tied to this behavior is the ad-
vantage of the insensitivity of C/
MOS to variations in supply volt-
age. C/MOS can operate cven if
the supply is poorly regulated;
what counts as far as switching is
concerned is the relative threshold
voltage between the n- and p-chan-
nel transistors.

There is no doubt in the minds
of C/MOS makers that a big com-
mercial market is in the offing for

the technology; doubts do exist,
however, about cxactly where the
maket lies and when it will ma-
terialize.

For its part, RCA, which is gen-
erally credited with performing the
initial development work in com-
plementary technology, sces a mass
commercial market for C/MOS cir-
cuits, a market that could eventu-
ally grow to 60% or 70% of the
low- to medium-speed digital cir-
cuits. This market includes battery-
operated test equipment, electronic
watches, low-power instrumenta-
tion, timers, and automobile elec-
tronics. “But it’s going to take a
lot of applications work with the
customer to open this market up,”
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says Elvet Moore, RCA’s engineer-
ing manager for MOS integrated
circuits.

Currently, the market is using
everything from diode-transistor
logic to P/MOS. According to RCA’s
Frank Rohr, who heads the com-
pany’s market planning for digital
IC’s, C/MOS logic can do these
jobs better and cheaper than the
other technologies. “Of course,
C/MOS won’t compete with P/MOS
and the others in every area.
Rather, we view it as another kind
of logic, and as such, it offers cer-
tain unique advantages you can’t
get from anything else,” Rohr
points out. RCA is planning to in-
troduce a full line of commercial
C/MOS devices later this year.

On the other hand, Ragen Semi-
conductor president Albert H. Med-
win, who formerly worked at RCA
on C/MOS, sees the market some-
what differently. According to
Medwin, C/MOS will be the pri-
mary technology in large-scale
memory arrays. “If the trend is
truly toward larger and larger
memory chips, and everything
we’ve secn in the last year indi-
cates that it is, then C/MQGS is the
technology to do the job,” he says.

Medwin bases this forecast on
the power dissipation characteris-
tics of the technology. He says
“You can concentrate more func-
tions on a chip with C/MGS than
with other technologics.”

Backing Medwin up, Robert ]J.
Lesniewski, Solid State Scientific’s
technical program manager, says:
“C/MOS’s greatest potential lies in
targe high density memories. It’s
the dynamic power dissipation that
makes C/MGS attractive. If you use
a complex DTL or TTL chip in a
computer, it will begin to light up.
And P/MOS will practically burn
out. In order for semiconductor
memories to be competitive with
cores they’re going to have to get
denser and denser. In other words,
high density requires low dynamic
power, which is where C/MOS
comes in.”

But unlike Ragen, which is in-
volved only in custom C/MOS work,
Solid State Scientific, like RCA, is
developing a stable of workhorse
C/MOS logic devices.

At Motorola Semiconductor the
C/MOS emphasis is also on MSI
logic. According to Robert Frazier,
manager of digital IC design in re-
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Gentle slope. Deposition
of metal over abrupt steps
is avoided with RCA's
graded-density oxide
technique. Here,
aluminum passes over
12,000-angstrom-

thick oxide. ‘

search and development, Motorola
regards C/MOS primarily in terms
of portable equipment applications
because of the low power require-
ments and in industrial applica-
tions because of high-noise immu-
nity. He says: “The main thing
holding up the price of C/MOS is
its newness. Thesc are potentially
low-cost units. The yields we’re get-
ting now with our process are bet-
ter than they were with the sim-
plest bipolar processing, and about
the same as they are with p-chan-
nel MOS. It’s just that there’s not
yet enough volume to justify price
reduction.”

Motorola expects to have four or
five standard -circuits—gates and
flip-flops—ready for introduction in
the next three or four months.
These will be followed later in the
year by more complex functions,
possibly counter and analog-gate
functions with 20 to 30 gates. They
are also working on the design of
a 64-bit C/MOS random-access
memory, and Frazier expects it to
be introduced as a product some-
time in 1970,

In terms of battery-powered sys-
tems, Frazier cautions that C/MOS
dictates a worry Motorola didn’t
have before with other technolo-
gies—nanoampere leakage. “Pack-
aging has to be done more care-
fully because these are micropower
parts, and this nanoamp leakage
can run a battery down. The pack-

aging has to be even cleaner than
in p-channel MOS.”

Yet another caution comes from
Hughes Aircraft, where Robert
Bower, assistant manager of the
MGCS division says that in a mem-
ory, for example, if most of the bits
are sitting idle most of the time,
Cc/M\os will work well, but if the
bits are changing state often, the
lower power dissipation character-
istic of C/MOS will be substantially
reduced. Hughes is licensed by
RCA to produce C/MGCS. According
to Jack Hirshon, Hughes’ MOS divi-
sion manager, the division got
started in C/MOS by exactly dupli-
cating RCA in both its processing
and products; RCA wanted a sec-
ond source and Hughes wanted to
be that second source.

Nay sayers. For an opposing
point of view, Robert Graham,
vice president of marketing for the
Intel Corp., talks about dynamic
memory applications saying, “We
have accomplished the same
thing as C/MOS with regular p-
channel devices.” He does con-
cede, however, that for low-power
logic functions you almost have to
go to C/MOS. “But we're not in
that business.” In conclusion,
Graham says: “You can’t bring the
price down because there are too
many steps and the chips are too
big. But if the price did come
down, there could be a commercial-
industrial market for them in the
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Why just hope for laminate consistency?

Call on the Lint-Pickers!

You hope your copper-clad
laminates will be consistently
perfect and perfectly consistent.
And what you hope for, you get,
from the "'Lint-Pickers"'.

UOP Norplex is called that, you
know, because we're the finicky-est
folks in the laminating business.
Our clean rooms, with precisely
controlled temperatures and
humidity, add to Norplex product
dependability.

Special quality-control equipment,
much of it designed by Norplex,
helps assure reliable high-volume
production. And assures the uniform
quality that is guaranteed to meet
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or exceed NEMA and MIL-P
specifications. Our new, modern
plant at Franklin, Indiana, opening
soon, will add extra capacity
to turn out and speed your orders.
Most important, though, are
Norplex' skilled technicians and
workers, proud of their products,
proud to be called ""Lint-Pickers".
UOP Norplex is a division of
Universal Oil Products Company,
a half-billion dollar company busy
making life better through research

and product innovation world-wide.

For our latest catalog, contact
UOP Norplex Division, La Crosse,
Wisconsin 54601. 608/784-6070.

Bl=rm NORPLEX

LAMINATED PLASTICS

Volume ond surface resistivity testing of copper-clad
laminotes. Exterior control unit, designed by Nor-
plex, gives fast, reliable reodout.
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HANSEN’S NEW

JOOISERIES

gives you
standard Synchron’
reliability with up
to 98 oz.-in. torque

Now, without sacrificinc compact
size, you can get high tarque even
at higher speeds—from 1 to 900
RPM. Synchron® 900 Series has
thick, wide gears, specially de-
signed to give the added gear
strength that makes full use of its
power increase. Highest quality in-
strument gear train for all speeds
below 900 RPM.

The new self-starting hysteresis
motor has positive direction of ro-
tation—right or left hand. Plus ex-
tra heavy phenolic first gear for
low noise level. It can be stalled
continuously without electrical or
mechanical damage.

Added strength in bcth the rotor
and gear train enables 900 Series
to handle your toughest timing and
control jobs. Because of its com-
pact dimensions, it is often inter-
changeable with motors of lower
torque. To find out what 900 SE-
RIES can do for you, write or phone
today to have a representative con-
tact you.

HANSEN MFG.CO.,INC.
Princeton, Indiana 47570

HANSEN REPRESENTATIVES: CAREY & ASSO-
CIATES, Houston and Dallas, Texas; R. S. HOP-
KINS CO., Sherman Oaks, Calif.; MELCHIOR
ASSOCIATES, INC., San Carlos, Calif.; THE
FROMM CO., ElImwood Park, Ili.; JOHN ORR
ASSOCIATES, Grand Rapids, Mich.; H. C.
JOHNSON AGENCY, INC., Rochester, N.Y..;
WINSLOW ELECTRIC CO., Essex, Conn., Vil-
lanova, Pa., and New York, N.Y.

EXPORT DEPARTMENT: 2200 Shames Drive,
Westbury, N.Y, 11590
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small memory area—not dynamic
memories.”

Also addressing himself to price
considerations, Harry Neil, MOS
product manager for Fairchild,
says that the higher price of C/MOS
is accounted for by the increased
chip area which is due to the isola-
tion, or channel separation, that is
required to keep the n and p chan-
nels apart, and secondly, because
the two devices that are used in
C/MOS are larger than the two de-
vices that are used in single-chan-
nel MOS. Fairchild, however, in-
tends to eliminate this problem by
combining C/MOS with the silicon-
gate process. With it, the thick ox-
ide that’s used with silicon gates
also separates the p and n regions.

Fairchild’s c/Mos effort is still
in the R&D stage, and it will be
sometime before a product is ready,
according to Neil. “Using silicon
gate should bring the price down
to the bipolar level,” he says.

But ultimately, it’s the user that
determines the market. One firm
that went the C/MOS route after
first working with P/MOS is Via-
tron Computer Systems Inc, “We
chose C/MOS because it gives us
more function for the dollar,” says
Viatron’s Laurence C. Drew, direc-
tor of development engineering.
Viatron needs speed in its devices.
P/MOS can operate fast enough,
but only with multiplexing tech-
niques, Drew explains, but then
design parameters become more
critical, yields fall off, and P/MOS
becomes an expensive circuit. With
C/MOS on the other hand, he says:
“You don’t have to push the proc-
ess as much. On this basis, we find
it’s very comparable in cost with
single-phase p channel.” Viatron is
currently using C/MOS supplied by
Ragen and Solid State Scientific.

The Madatron Corp. decided on
C/MOS because it did the job
cheaper than other technologies,
and at lower power. It is using
Ragen-built custom complemen-
tary circuits in a decoder for a 2-
inch drum memory in an alphanu-
meric display system. The 70 or
80 devices normally required for
decoding were reduced to about
30 with ¢/MOS, and they interface
directly with bipolar circuitry.

The addition of n-channel tran-
sistors and the need to isolate them
electrically from the p-channel
transistors requires two extra mask-

| SCHAUER

" tolerance

| WATT ZENERS
ARE A REAL BUY!

ANY voltage from 2.0to 16.0
at the industry’'s LOWEST

PRICES!

Quantity Price each
1-99 $1.07
100-499 .97
500-999 91
1000-4999 .86

.82

THE
HI-RELIABLE!

No fragile nail heads.
Silicon junction aligned be-
tween two, parallel, offset
tantalum heat sinks . . . great
lead tension strength.

All welded and brazed

assembly.

High pressure molded pack-
age.

Gold plated nickel-clad cop-
per leads.

Write or phone for Form 68-4
for complete rating data and
other tolerance prices.

Semiconductor Division

SCHAUER
MANUFACTURING
CORP. 4514 Alpine Avenue

Cincinnati, 0. 45242

Ph. (513) 791-3030
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Electronics

Profit.

How McGraw-Hill’s new
Electronics/Management Center
can help you improve it.

We've created a unique information
system for the management of com-
panies in and around electronics.

We call it the Electronics/Man-
agement Center.

E/MC combines the specialized
experience of the publishers of
ELECTRONICS Magazine, with the
broadly-based facilities of McGraw-
Hill, one of the world’s largest cor-
porations devoted to increasing
man’s knowledge.

In thirty years of electronics
experience, we've accumulated the
background and talents to produce
the problem-solving tools you need.
The kind that are essential when
living with lasers, making your way
through the implications of Large-
Scale Integration, and meeting the
technical revolutions yet to come.

Supplement To Internal Systems
For your company, we'll plan, exe-
cute, and analyze custom projects—
to meet an objective of general, tech-
nical, or marketing management. Or
to establish a new objective.

Our system is sufficiently diverse
to serve as a prime and total infor-
mation source. Or, it can supplement
the most sophisticated company cap-
ability. In fact, it may be more effi-
cient to‘‘buy” certain kinds of infor-
mation from us than it is to “make”
it yourself.

Often, we can be faster. Or less
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expensive. Always, we can be more
objective.

Independent Technical Group

In technical matters, we can provide
important assistance without adding
overhead or over-loading your pres-
ent staff. We offer the services of a
national organization of university-
based scientists and engineers with
a long list of accomplishments.

Full Marketing Assistance
We can help you reduce marketing
risks, too.

It’s difficult to move around the
electronics industry without bump-
ing into both customers and compet-
itors in the same corridor. We can
probe new market potentials without
revealing your identity. Or conduct
research in an area not too familiar
to your own staff.

Wecandoit in a neat package that
combines access to the market with
complete maintenance of confidence.

We can also supply those complex
services you’d like to have created
outside if you could find someone
who speaks your language. Services
like seminars, to educate customers,
or train technical and marketing
staffs, or develop management skills.

Weekly News Service

Management will also find our weekly
news service an invaluable working
tool. In minimum reading time each
week, the Electronics/Management
Advisory Service can keep your
company current on the important
electronics developments around the
world. Market changes, prices, con-
tracts, finances, significant trends,
even a telephone number to call for
person-to-person consultation — all
the essentials to provide an informa-
tion base on which to make top
management decisions. For the next
week. Or the next five years.

If you believe, as we do, that bet-
ter information can help make your
company more profitable, and you
would like to know more about our
services, write to: Electronics/
Management Center, 330 West 42nd
Street, New York, New York 10036.

E/NIC

Electronics/Management Center
A McGraw-Hill Information Service
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ing steps in C/MOS fabrication.
Precautions for preventing contam-
ination must also be more elaborate
with C/MOS because of the extreme
sensitivity of n-channel transistors
to contamination.

Once these added requirements
have been mastered, however,
manufacturers claim, yiclds are ex-
traordinarily high, and as such, the
extra steps and attendent expense
are more than compensated for. It
is this high-yield potential that
prompts visions of a mass C/MOS
commercial market, whether logic,
memory, or both.

At Ragen Semiconductor, for ex-
ample, laboratory-style finessc is
used routinely in production. Wa-
fers are handled in laminar-flow
boxes within laminar-flow clean
rooms. Photoresists are filtered be-
fore they are applied to the wafers
on a rotating turntable at precisely-
controlled speeds.

RCA like other serious C/MOS
contendcrs, has devoted special at-
tention to its oxide process. The
result has been a yield-improving
technique that prevents sharp cor-
ners on the oxide step (as shown
on p. 149).

Tough steps. Indeed, it’s the ox-
ide steps that have always pre-
sented the greatest problem in
C/MOS fabrication. The oxide must
be thin directly over the gate, but
thick over other parts of the cir-
cuit to prevent parasitic transistors
from forming between the metal-
ization and the silicon. When met-
alization passes from the gate to
the surrounding region, it has to
climb a step several thousand ang-
stroms thick, and it’s difficult to
deposit reliably over such a step.

RCA, however, climinates the
problem completely by changing
the step into a slopc. Oxide is de-
posited with a graded density; it,
thercfore, is etched more rapidly
at the top than at the bottom of
the layer. The result is a far more
gentle transition between the thin
and thick portions of the oxide, and
a higher-yield fabrication process.

In short, C/MOS makers, almost
without exception, are starting to
master the various processing steps
required for complementary tech-
nology. As one industry source puts
it: ““C/MOS is no longer a black art;
it's a demanding, but controllable
and reproducible procedure.”
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Solve all Resistor
problems fast...

TALK TO THE SPECIALIST... LECTROHM

TLECT-

With LECTROHM's entire produc-
tion facilities devoted to the manu-
facture of quality power, wire-wound
resistors, we are in the unique posi-
tion to provide quick, economical
solutions to all resistor problems. As
specialists in the field, LECTROHM
knows resistors.

Whether your products require
“standard”’ or ‘custom’ styles —
fixed or adjustable types, vitreous
enamel or silicone coated — there is
a LECTROHM resistor to match those
needs precisely. To meet your pro-
duction schedules, large stocks of
standard styles in popular values are
always available for immediate ship-
ment, with special facilities geared
to fast delivery on small orders of
special values.

Whatever your resistor problems en-
tail, you will do better talking to the
specialist — talk to LECTROHM.
You'll be time and money ahead,
everytime,

[ Gamme=
1

FREE!
Full line
LECTROHM
catalog.

Send for your
copy today!

Vitreous Enameled
Fixed Resistors

Vitreous Enameled
Adjustable Resistors

Type FP Resistors

Lectrohm, Inc.

a subsidisry of
IW COOK ELECTRIC
5562 Northwest Highway, Chicago, Ill. 60630
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Mallory
designed this

DURACELL
for Bogen

We met their battery needs. What can we do for you?

When the Bogen Division of Lear Siegler Inc. designed
its solid state Pagemaster—an ingenious pocket-sized
device that enables a doctor on a call or a roving
employee to be contacted wherever he may be—they
needed a special kind of battery to power it. A battery
tiny in size yet packed with energy. One that would
far outlast ordinary batteries.
Naturally they turned to Mallory, makers of DURACELL,
the amazing long distance power cell. And Mallory made
it. A one-ounce DURACELL mercury battery that can
last up to 1000 hours and can maintain about 80% of
its energy up to two years in storage.
Among our 1000-plus existing battery types—one of
which is our high-rate (HRA-2401) Alkaline battery series
recently developed for high-drain, low temperature
applications—there may be one ready to meet your
specifications. If not, we'll design one that will.
As we did for Bogen.
For more information about Mallory battery
systems, write: Technical Sales Department,
Mallory Battery Company,
a division of P. R. Mallory & Co. Inc.,
South Broadway, Tarrytown, New York 10591.
Telephone: 914-591-7000.
{In Canada: Mallory Battery Company
of Canada Limited, Sheridan Park, Ontario.)

MALLORY

® Registered trodemork of P. R. Mollory & Co. Inc.
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Consumer electronics

Radar braking is set for market debut

Practical, high-technology system for autos features doppler radar
and IC's; may provide first big commercial break for Impatt diodes

By James Brinton

Electronics staff

I’s unnerving to sit beside a driver
as he accelerates his car hell-for-
leather at a brick wall. But it’s safer
than it used to be—if he’s driving a
car equipped with a new radar-
controlled vehicular braking sys-
tem just developed by Bentley As-
sociates of Chelmsford, Mass. It
may be the first practical radar
braking system ever made, and
could be the first big commercial
market for Impatt diodes. John B.
Flannery, the 40-year-old president
of Bentley, says the system already
is back-ordered despite plans to
build at least 2,500 units in ’70.

The system features up-to-date
technology—besides the Impatt di-
ode microwave oscillators, there
are doppler radar, signal processing
that uses frequency division and
integration over time, and IC’s—and
is sufficiently reliable and inex-
pensive to be a big seller and be
safe. Earlier efforts in this field
either were too costly to attract
buyers—especially auto makers—or
worked erratically.

“Sales are no problem,” says
Flannery, noting that his waiting
line includes one of Boston’s largest
public utilities (with a fleet of 1,000
trucks), a major East Coast auto
dealer, one of the country’s biggest
auto renters, as well as various bus
and truck lines.

Railroaded. The braking system
grew out of work Bentley did for
the Penn Central Railroad. Though
it’s a little-known fact, locomotive
speedometers are wildly inaccurate
because of the two-inch tolerances
allowed on their wheels. Thus the
axle pickoffs used to generate speed
inputs often read very high or
low, and in switching operations,
for example, an incorrectly low
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2,400 hz
WARNING SIGNAL
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| COUPLER

DOPPLER

SPEAKER
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IMPACT DIODE POWER DASHBOARD
OSCILLATOR ‘SUPPLYL-‘ CONTROL BOX
2100 mW
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b DISCRIMINATOR
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ACCELERATOR
PEDAL OVERRIDE
MICROSWITCH

TO AUTO VACUUM SYSTEM AND
BRAKE /ACCELERATOR CONTROLS

Halter for horsepower. Similar twin radar antennas (top) may appear in
your rear-view mirror soon; behind them will be the system diagramed
above, a doppler radar braking system. First units should go on truck fleets
next yeat, and the maker hopes for sales to automakers as well.
Possibly a big new auto electronics market, the system also is
the Impatt diode's first major appearance.
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speedometer reading can cause
damaged cargo. But Bentley came
up with a doppler radar system that
used the returns from railroad ties,
and it worked well. And from rails
to roads was a simple jump.

“Initially we were thinking of
speedometers,” says Paul D, Flan-
nery, 33, vice president of the firm.
“So we instrumented an automo-
bile, and sure enough, we got fine
returns from the pavement. But
when we scanned other automo-
biles it quickly became apparent
that we easily could measure the
closure rate to the car in front of
us. That’s when we had the germ
of a radar braking system.”

As developed, the system uses an
Impatt diode micowave oscillator
generating about 100 milliwatts at
10.525 gigahertz—set by the FCC.
Two horn-lens antennas are used.

The radar is pure doppler—no
range-gating circuitry is needed—
and this may account for its low
cost, $800 installed. The major
auto makers have been working on
radar braking programs for some
time, but they appeared to insist
on getting range information, a
costlier approach.

Enough. While all the Bentley
system can indicate is rate of clo-
sure with an obstacle, that’s really
all that appears to be needed.
Linked with the brakes, it’s pro-
gramed to whittle the closure rate
down to zero. In demonstrations it
stops an automobile 8 to 10 feet
from a wall, and maintains several
car lengths between cars.

Bentley’s $800 figure is based on
the predicted 2,500-unit 1970 pro-
duction. According to John Flan-
nery, “It might be possible to bring
the price down to $400 or $450 if
we can make 50,000 per year.”

Bentley plans to reach this level
—at which sales to auto makers
should take off—by selling into the
“after market.” The system would
be sold directly or through a few
dealers or franchisees, and installed
in vehicles already on the road.

Fleet sales look most promising,
John Flannery says. “One fleet
owner said the system would be
like having a third foot in situa-
tions where the driver of a heavy
truck must brake and downshift,
while double clutching and match-
ing engine and gearbox rpm,” he
notes.
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Radar control. Driver can
disable automatic braking
(above) and use his own
judgment, as when on icy
roads. The horn-lens antennas
are mounted either in front of
or behind the grill of vehicle
(left). Builders report few
blockage problems with
concealed installations as
most cars now use plastic
grillwork. Mounted at apex of
antenna held by Paul
Flannery (below) is 100-mw
Impatt oscillator.

ot o
T o
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The after market colored Bent-
ley’s design approach. The system
uses the vehicle’s existing equip-
ment as much as possible—for ex-
ample, engine vacuum is used to
pull or release cables which depress
the brake pedal and control the
throttle. “It would have been pos-
sible to have worked directly into
the hydraulic system,” says Paul
Flannery, “but we wanted no safety
or warranty problems.”

How it works. The Impatt local
oscillator supplies 100 milliwatts
continuous X-band power to a
coupler which transmits most of
it to the transmission horn antenna
after bleeding off a small amount
for the mixer-detector. Returned
radar pulses are picked up at the
receive horn and mixed with the
Impatt oscillator’s signal in a phase-
sensitive mixer-detector. Its output
is higher if the vehicle ahead is get-
ting nearer, and higher in propor-
tion to the rate of closure with that
vehicle.

This signal is amplified and fed
to a target discriminator which
uses some proprietary techniques.
Its output triggers a pulse gener-
ator which yields pulses whose
width is proportional to closure
rate. These pulses trigger an elec-
tromagnetic driver that in turn op-
erates the vacuum-powered con-
trols for brake and throttle linkage.

Since higher closure rates make
for wider pulses, the brakes are
pumped for longer durations, slow-
ing the vehicle more swiftly than
if the rate of closure were lower.
Meanwhile, the system also closes
the throttle so that brakes and en-
gine don’t work at cross-purposes.

While all this is happening, the
driver is warned of braking action
by an audio beeper in the control
module mounted under the dash-
board. High closure rates are sig-
naled by long, repeated beeps.

Do it yourself. A toggle switch
on the small control panel can cut
out all but the beeper, allowing the
driver to brake at his discretion—
on icy pavement, for example.
There’s also an override micro-
switch on the accelerator pedal
that allows the driver to momen-
tarily override the system to get
past objects—like detour signs or
slow cars—with high closure rates,
but which he’ll swerve around.

There are two modes of opera-
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What
happened when

doctors and
engineers
got together:

» Doctors told engineers how
! \ they were using electronics and

of Sorwwt Mow Vork 10036

diagnosis, treatment, and
prevention. And hinted at things
to come.

illustrations, makes pretty
informative reading on a vital
and growing market.

Here are some of the things
it contains:
! Computers: How they're joining the
N medical team. What computers are

doing in diagnosis. In communications. The small

computer as a paramedical aid.
Instrumentation: What's needed. What's available. Patient

management. Protection. Standards and safety.

Electronics in the Hospital: The surgeon, the hospital, the

instruments. What the administrator wants. Prescription for
large-scale health care. The surgery department.

Electronics/Management Center
330 West 42nd Street, New York, N.Y. 10036

D Enclosed is $12 for a copy of the Proceedings of the First National Confer-
ence on Electronics in Medicine.

D Send the Proceedings and bill me later. PO. #__ -

Name.

Company .
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revealed their most urgent needs.
Engineers described and demon-
strated their newest equipment for

Their complete dialogue, with



Ferrite Shielded Air
Core Yoke C5380. De-
signed for high speed pre-
cision character displays
(nanosecond writing
speeds). Undesirable mag-
netic coupling and stray fields
eliminated by unique shield
design.

Syntronic engineers and manufactures the

most extensive line of deflection yokes

available . . . and continually develops new

_ designs to satisfy the ever increasing

requirements of the display industry. Far large
production or custom applications get the
engineering control and production experience that
only SYNTRONIC, the yoke specialists, can provide.

syntmm’
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INSTRUMENTS, INC.

100 Industrial Rd., Addison, Iil. 60101
phone 312-543-6444

Plugs into your PC board... mates with plated conductors

Where memory without power is a re-
quirement in the design of control circuitry,
the use of the "LD” relay results in a com-
pact-low cost module. Reliability is assured
by the unique design which includes, as
standard, many features not generally avail-
able in commercial relays.

Encapsulated coil, bifurcated gold or
palladium contacts, low thermal EMF, plug-in
without sockets or soldering, iow bounce and
Chatter, series-break switching eliminates pig-

tails, permanent magnet avoids return spring
and mechanical linkage—all of which assures
continuous performance for many millions of
cycles.

Available with 6, 12 or 24 VDC 1 watt
coil (AC operation with series diode) in 2, 3
and 4 pole configuration. Series break swing-
ers permit each pair of fixed contacts to be
etched with common (Form C) or isolated
(Form A plus Form B) switching between
make and break circuits.

For data write or call 212-EX 2-4800.
Printact Relay Division, Executone, Inc., Box 1430, Long Island City, N.Y. 11101
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The indecisive impatt

The Bentley vehicular braking sys-
tem may be the Impatt diode’s
first large-scale commercial market
break. Ironically, it could penetrate
one of the hardest markets for elec-
tronics to enter—the automotive
field. But it almost didn’t make it.
Though Bentley was able to offer
the prospect of a large market, the
incentive almost didn’t attract Im-
patt suppliers.

“Fifteen or 16 months ago, when
our engineering effort began,” says
Paul Flannery, “Impatts were costly
and available only in small quanti-
ties.” Thus, when Bentley asked for
quotes on quantities in the thou-
sands, a few potential suppliers
honestly didn’t know whether they
would be able to produce either
the quantity he wanted, or whether
they could meet the price he
needed, he says.

But as a result of a concerted
effort to develop an Impatt oscilla-
tor aimed directly at commercial
applications and at low cost, Varian
Associates’ Solid State division in
Beverly, Mass., was able to ride
through the engineering phases
with Bentley and also wound up
with its first large order—for more
than 2,500 Impatt oscillators, said
to be the largest Impatt order yet.

While Varian isn’t quoting the
price offered Bentley, it’s said to
have been in the $60-per-unit
range. This represents quite a drop
from the price just two years ago
when a 100-milliwatt Impatt diode
alone cost more than twice that
figure without its mount.

tion. The “country” mode triggers
braking at a distance of 150 feet
for high-speed driving, The “city”
mode cuts in the brakes at 30
to 40 feet for driving in congested
traffic or at speeds of 25 miles per
hour or less. Though the city mode
cuts in later, the pulse generator
emits pulses three times wider than
in the country mode. Thus, Paul
Flannery claims that “if your
brakes are as good as those of the
guy in front, you can’t hit him even
if you are only a foot away—the
radar braking system’s reflexes are
measured in milliseconds.” This is
why he considers the system a po-
tential aid to the old and infirm, a
market scheduled for later penetra-
tion. What’'s more, the system
works in rain, snow, and fog.
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LTS TRIMS
CERMET
INDUSTRIAL TRIMMER
PRICES
[0

= = 50¢ each in 50,000 quantity
@ ;h 0 m 65¢ each in 1,000 quantity
P e m $1.14 each in 100 quantity

for =209 Tolerance (Add 4¢ for 10% tolerance)

Your CTS Distributor will have

Series 360 single-turn cermet both styles in stock for fast, proto-
A . . . type delivery. Production quantities
industrial trimmers provide... to you in 4 weeks.

« Setability +.03% = Top or side adjust

» Environmental performance » % watt @70° C
requirements of characteristic

See your distributor . . . call your
CTS sales engineer...or write for
complete data. We'll respond quickly.

» Tolerance to 5% CTS of Berne, Inc., Berne, Indiana
C of MIL-R-22097D = TC +150 ppm/°C available ~ 46711. Phone: (219) 589-3111.
...plus! at no extra cost over most
= 1.5% average equivalent noise of the resistance range.
resistance

s 0.5% average contact resistance

CTS corrorarion

s Compact, single-turn design Elkhart. Indiana
’ ®
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Digitally Controlled Power Sources
Include Added Systems-Oriented
Functions

Digitally Controlled Power Sources (DCPS’s) are com-
plete digital-to-analog links between a computer (or
other digital source) and any application requiring a
fast, accurately settable source of dc or low frequency
ac power. Such applications generally require more
than a programmable power supply or D/A converter
with a power amplifier — the DCPS's include these
added functions in a single compact trouble - free
package: '

INTERFACE Customized plug-in interface cards match
the Digitally Controlled Power Source to the computer
(8421 BCD or Binary).

s ISOLATION All digital inputs are floating and isolated
a ls from the floating analog output, thus avoiding trouble-
some loops between the output ground and computer

ground.

STORAGE Inputs from al! digital data lines are stored

upon receipt of a gate signal from the computer. Output

levels are maintained until a new gate signal is received
T — thus, the computer is free to perform other tasks in
onoren the interval between voltage level changes.

DIGITAL SOURCE ™
[ eraindsits FUNCTION SELECTION Selects the output voltage
range, and isolates the three input bits to the current

[:"‘“j—[|mj—r"°'|'“ ]_ u@_ ; limit D/A converter.

OUTPUT VOLTAGE D/A CONVERTER Converts one
polarity bit plus 16 BCD voltage bits or 15 binary voit-

VOLTAGE RANGE

oo age bits to an analog voltage for input to the power

- ity | sroun — outPut amplifier. Thus, resolution is 0.5mV for straight binary
) % 3 m 15885 and 1mV for BCD operation.

el
REFERENCES Provide voltage for the Output Voltage
and Current D/A Converters.

— CURRENT LIMIT D/A CONVERTER Sets current limit
l of power amplifier to one of eight values.

CIRCUIT POWER SUPPLIES Provide all the necessary
dc power — no external power supplies are required.

-

FLAG SIGNALS [ l
O COMPUTER | e e |

FEEDBACK Informs the computer when each program-
ming operation is completed and when the output cur-
rent is overloaded.

BIPOLAR POWER AMPLIFIER Programs either side of
zero or through zero without output polarity switches

®

ln On or “notch” effects, with an accuracy of 1mV, 5mV, or
10mV depending on range and model. Outputs from
—100V to 4100V with currents up to 1A are available.

compact package —

HEWLETT 7@ PACKARD

Write for Digitally Controlled Power Brochure. COMPUTER INSTRUMENTATION ~

100 Locust Avenue, Berkeley Heights
New Jersey 07922 « (201) 464-1234

AMPERES




New Products

PDP-11 rides on a unibus

Modular 16-bit computer has subsystems strung in parallel on a single data-transfer trunk;
this architecture seen as central design theme for family of DEC machines planned for 1970's

The PDP-11 is the Digital Equip-
ment Corp.’s answer to the growing
demand for 16-bit midi-computers.
It also may be a hint of things to
come from DEC in the 1970s.

The new machine is a modular
computer with its parts strung in
parallel on a single bus. With this
sort of wide-open architecture, sys-
tem parts as diverse as the arith-
metic unit and teleprinter console
are attached to the bus through
buffers. Except for core memory,
every part of the PDP-11 can di-
rectly address any other, using a
scheme based on real and imagin-
ary core locations. From the point
of view of the central processor,
for example, the teletypewriter is a
location in memory with special
properties, and the same is true
of tape, drum, or disk stores, and
digital/analog interfacing electron-
ics for other peripheral gear. In a
sense, cverything is peripheral to
the bus, which DEC calls unibus.

Modularity is physical as well
as electronic. Major subasscemblies,
such as the arithmetic unit, can be
removed and replaced in less than
3 minutes, and the computer put
back on line when power and uni-
bus connections are made. Minor
subassemblies. are on individual
circuit boards—small ones for high-
current circuitry, larger ones for
integrated circuits and low-current
circuits. Thus the machine is easily
maintained as the parts most apt
to fail are the smallest and easiest
to remove.

Such modularity means the mach-
inc can be updated almost infi-
nitely. According to a DEC spokes-
man, “DEC plans to use the modu-
larity of the machine to take ad-
vantage of the most advanced tech-
nology as quickly as this technol-
ogy becomes practical.”

The fact that the unibus-based
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machine is fully asynchronous
helps. Because there necd be no
common clocks rate throughout the
PDP-11 system, faster memories or
processors can be added whenever
necessary without upsetting opera-
tion. Also, slower subassemblies
can replace faster ones to achieve
a favorable cost tradeoff.

The Flexprint bus used in the
PDP-11 could already carry 18-bit
words, and there’s little to prevent
paralleling these Flexprint con-
ductors to create machines of al-

January 5, 1970

most arbitrary word length. Nor
is there any rule against applying
this architecture to 8- or 12-bit
machines. For the next few years
DEC can be expected to introduce
products with a family resemblance
to the PDP-11’s unibus form.
While the unified busing concept
isn’t new, only the PDP-11 seems
to be using it specifically in the
general-purpose commercial com-
puter market. Variations of the con-
cept are used for the Apollo guid-
ance and navigation computer built

Expandable. The
PDP-11, shown with

top removed is
modular in both

physical and elec-
tronic design. Major

subsystems such as
the core memory,

below, are easily
removed and
replaced.
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for the National Aeronautics and
Space Administration by Raytheon
Co. [Electronics, Jan. 9, 1967, p.
112], and the six-month-old GRI-
909 aimed at the systems control
market by its builder, GR Indus-
tries Inc. [Electronics, July 7, 1969,
p- 14].

By contrast, the PDP-11 has a
powerful central processor and
arithmetic unit (the GRI-909 has
no arithmetic unit in its standard
model). The PDP-11’s processor has
the almost unheard-of total of eight
general-purpose flip-flop registers,
any one of which can be an ac-
cumulator, stack pointer, auto index
register, or true 16-bit address reg-
ister. In addition, the processor has
two temporary storage registers.

Put to work. Not only does it
have about twice the typical num-
ber of general-purpose registers of
other 16-bit machines, but it ap-
pears to make better use of them,
by allowing almost any system
component on the unibus to have
direct-memory access. Under the
constraints of more common archi-
tectures, memory access is via the
central processor, with data stop-
ping over in the CPU’s registers
on the way into, or out of, memory.
The PDP-11's almost unlimited
memory access thus allows the CPU
to operate with fewer interrupts.

The interrupts that do occur are
adjustable through software; priori-
ties can be controlled by the run-
ning program, and some interrupts
disallowed. Some other situations
which normally would cause inter-
rupts don’t arise. This is because
instructions can operate directly on
data in the registers at input and
output devices—data can be trans-
ferred from one buffer register to
another on the bus, bypassing the
central processor (and its registers)
completely. And since each sub-
assembly attached to the bus is
addressed in the same code used to
spot core locations, no special 1/0
instructions are needed.

There are only slightly more than
60 software instructions in the PDP-
11’s instruction set, but DEC spokes-
men like Andrew C. Knowles, prod-
uct-line manager for the PDP-11,
believe that the flexibility provided
by the machine’s general-purpose
registers makes these 60 instruc-
tions equivalent to more than 400
hardwired instructions.

The rationale behind this is
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DEC’s statement that most data in
a program are structured in tables,
lists, tables of addresses, etc. Ad-
dressing modes have been engi-
neered into the PDP-11 to deal with
these common data structures.
Thus the PDP-11 addressing modes
include direct register addressing,
sequential addressing, full address
indexing, and others.

Another case in point is DEC’s
use of double operand instructions
in the PDP-11, something which
may be unique to a computer sys-
tem this small,

In addition to the usual single-
address instructions, the PDP-11
includes a repertoire of seven
double-address instructions. Such
double operand instructions can be
very flexible; MOV (move) for
example, can at various times re-
place any one or a combination of
the following individual instruc-
tions: load, store, load from table,
store in table, push down, pull up,
load index register, and output to
peripheral.

Thus, for at least part of its re-
pertoire, the PDP-11’s instruction
set is a machine language as simple
as many higher-level languages.

Catching the bus. With a large
number of devices sharing a com-
mon data-transfer bus, how does
the PDP-11 keep order? The umpire
is a control and priority arbitrator
included in—but electronically dis-
tinct from—the central processor
unit. There’s no polling of the sys-
tem; a unit requests use of the uni-
bus whenever it needs it.

When the request is made, the
controller checks the central proc-
essor’s status register, and if the
processor is between bus cycles of
an instruction execution, the re-
quester at least has a chance of
getting at the bus.

Nonprocessor ~ requests—those
from a disk memory, say—always
have first crack at the bus. How-
ever, the software in use and the
contents of the processor-status
register interleave eight levels of
processor priority between those
of devices on various bus request
lines. So the processor has the
second-highest priority (and the
lowest) plus six levels between the
other priority levels of PDP-11 de-
vices, such as peripheral equipment.

In response to a bus request,
the controller sends out a “bus
grant” pulse, and the device that

made the request prevents the
grant signal from passing down the
line to devices more distant from
the controller. Thus, devices hard-
wired closer to the processor auto-
matically have higher priorities
than those further away.

Once a device has the bus, it
holds it until its job is done, and
meanwhile sends out a “bus busy”
signal. ’

After a nonprocessor request is
made, it takes a maximum 3.5
microseconds to catch the bus. And
after the device has control, it can
transfer data at more than 20 mega-
bits per second if it has the capa-
bility.

Big fleas, small fleas. Some de-
vices using the bus will require the
aid of the processor in what are
called device servicing programs.
When such a bus request is made,
the task under way in the processor
is interrupted and the return ad-
dress for the interrupted routine
and the processor status word are
held in a pushdown list, a combina-
tion of hardware and software also
known as a last-in, first-out stack.
In the PDP-11, the list is automatic-
ally maintained for interrupt proc-
essing, making it possible for higher
priority interrupts to break into the
processing of lower priority inter-
rupt routines.

It takes 7.2 usec for the processor
to get the interrupt command and
fetch the first instruction in the new
routine (assuming there are no non-
processor bus requests). When the
interrupt routine is done, the last
instruction is “return from inter-
rupt,” and this returns the proc-
essor to the job next downward in
priority—at the top of the push-
down list. That is, it restores former
processor status and the contents
of the registers. The return to a
preinterrupt state takes about 4.5
usec to accomplish.

Even second and third level (and
beyond) interrupts can in turn be
interrupted by bus requests with
high enough priorities. This nest-
ing of priority interrupts, as DEC
calls it, can go on until all avail-
able core memory is used up hold-
ing prior processor conditions.

Judging it. Since the PDP-11 is
asynchronous, and has character-
istics like multidevice direct-mem-
ory access, it’s hard to compare it
with other machines. Even standby

(Continued on p. 185)
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over 50% more
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Prices and Defailed Specifications on Request

CODE IDENT. No. 70371 American Lava Corporation

PHONE 615 265-3411 + CHATTANOOGA, TENNESSEE 37405, U.S.A. A SUBSIDIARY OF COMPANY

For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Company in these cities
(see your local telephone directory): Boston: Needham Heights, Mass. * Chagrin Falls, Ohio * Chicago: Elmhurst, lil. ¢ Dallas, Tex.
Indianapolis, ind. *» Laurens, S.C. * Los Angeles, Calif. * Metropolitan New York: Ridgefield, N.J. * Up-State New York and
Canada: Phoenix, New York ¢ Orange, Conn, * Philadelphia, Penna. * Roanoke, Virginia * St. Louis: Lee’s Summit, Mo.
South San Francisco, Calif. * International: ¢/o American Llava Corporation, Chattanooga, Tenn. 37405, U.S.A., TELEX 558432.
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Inductors

for

(emper

UTC high Q coi
stabil

That’s a tough claim to back up!

We do it by meticulously controlling
every process variable that can affect
temperature stability of an inductor. We
pay special attention to every detail
of design and manufacture—winding
methods, materials compatibility, stabi-
lization processes, assembly and impreg-
nation—details other manufacturers
ignore. Over any temperature range you
specify, UTC inductors will outperform
all others.

Availabie from our catalog are high Q
inductors with guaranteed stability from
—55°C to 4-130°C. Adjusted inductance

ity over any temp

all
QUUIeS

jetter inductance
erature range

tolerances are as tight as =1 9% on stand-
ard inductors. Select from hundreds of
inductors made to MIL-T-27C. Jf your
specific need cannot be supplied, we'il
tailor an item to your specifications.
When your designs call for better in-
ductance stability, UTC is the answer.
Check your local distributor for imme-
diate off-the-shelf delivery or contact
United Transformer Company, Division

of TRW INC., 150
Varick Street, New ‘:’Rw
York, New York ®

10013. UNITED TRANSFORMER COMPANY




New components

Photorelay drives IC directly

Module, available with lamp or GaAs diode as light source,
can act as buffer between MOS and DTL-TTL circuits

A transducer’s output often is too
much for an integrated circuit to
withstand. A thermocouple’s sig-
nal, for example, may be too pow-
erful, or therc may be unwanted
noise in the signal at the IC’s input.
Both problems can be solved by
the isolation and electrical-output
characteristics in Digit/Comtex
Inc.’s quadruple photorelays, desig-
nated models L-911 and L-912.

Though intended as direct re-
placements for reed relays, the
modules can prevent damage where
large voltage differences exist be-
tween two systems, and they can
provide up to 7500 volts differential
isolation. They might, for example,
act as buffers between a digital
system and a signal contaminated
with voltage spikes or rf.

The modules have four optically

coupled relays which can interface
directly with diode-transistor-logic
and transistor-transistor-logic IC’s
over a temperature range of 0-75°C.,
Each relay can drive 15 1.8-milli-
amp loads, and outputs can be
tied in parallel for wired-OR oper-
ation.

Incandescent or neon lamps,
available in voltages of =5 volts
d-¢, =24 volts d-¢, and 120 volts

Relays designated bulletin 703,
type KC are 15 amp, 600 v d-c
control devices that may be
equipped with either series or
shunt coils and are available with
2, 4, 6 or 8 convertible contacts.
The relays are completely assem-
bled for direct mounting to metal
panels without additional insula-
tors or special hardware. A.0.
Smith Corp., Clark Control Divi-
sion, Cleveland 44110 [341]

Low-profile, mercury-wetted re-
lays offer unlimited life opera-
tions and bounce-free switching.
Measuring 0.550 in. from mount-
ing surface to top, they are de-
signed for p-c board mounting.
Switching time is comparable to
conventional dry reed switch re-
lays. They are suited for such
applications as process control in-
terfaces. New Product Engineer-
ing Inc.,, Wabash, Ind. [345].

Two variable air dielectric trim-
mer capacitors feature a screw
mounting for pane! or p-¢ board
mounting installation in h-f cir-
cuits. They are available in two
ratings each—from below 0.8 pf
to above 10 pf and from below
0.8 pf to above 14 pf. Q is
guaranteed to exceed 4,000 at
100 Mhz. Price in lots of 100 is
$3.85 each. Voltronics Corp.,
West St., Hanover, N.J. [342]

g

Miniature, tubular filters series
1400 are for use in aerospace or
industrial radar, navigation, com-
munication, fire control and other
systems where emi/rfi  energy
must be eliminated. They come in
L, Pi and T shapes, with voltage
ratings from 50 v d-c to 120 v
a-c. Price is from $10 to $30
each in small lots. Filters &
Capacitors Inc.,, Box 1272, San
Fernando, Calif. [346]

~-Circle 164 on reader service card
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Wirewound precision potentiometer
series 9320 features a minimum
practical resistance tolerance of

*+1% and independent linearity of

*+0.4%. The 1 13/16 in. di-
ameter series offers a standard
resistance range of —65° C to
+85° C. Power rating is 3 w at
40° C. Price in lots of 1 to 9
is $13.50 each. Beckman Instru-
ments Inc., 2500 Harbor Blvd.,

Fullerton, Calif. [343]

i

C
X

Solid tantalum chip capacitors
series T411 feature assembly
temperatures of 300°C and con-
tinuous operating temperatures
to 175°C. This is achieved by use
of a copper coating process that
prevents degradation of the chip
counter-electrode system at the
temperature utilized in hybrid cir-
cuit and thick film technology.
Union Carbide Corp., Box 5928,
Greenville, S.C. [347]

Tera-ohm resistor model 100 is
available in the range from 10°
to .10 ohms. The subminiature
devices provide controlled input
resistance for source followers,
amplifiers, JFET, IGFET, and M0OS
transistors. They also control the
discharge rate of storage capac-
itors and crystal transducers.
Price (1-15) is $8. Eitec Instru-
ments Inc.,, Box 46, Lancaster,
N.Y. 14086 [344]

Variable toroids series 81 Varoid,
tuning from minimum to maxi-
mum in 180° rotation of tuning
core, is designed for use where
high Q, low coupling and low
temperature coefficients are re-
quired. Frequency range is 50 khz
to 100 Mhz, with nominal induct-
ance values from 0.1 to 1,000 ah.
Volume price is about $2 each.
Vanguard Electronics, W. Hyde
park, Inglewood, Calif. [3481]
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AN

Dual Monolithic

NPN-Silicon-
Planar -

Transistors

MATCHED PAIRS
FOR
DIFFERENTIAL
AMPLIFIERS

Low Profile six lead TO-5 six lead epoxy

B HIGH hgg AT LOW
CURRENT
B LOW OUTPUT
CAPACITANCE <2.0pf
B hee MATCH <10%
Bl TIGHT Vge TRACKING
<5.0uV/°C
—55°C to +125°C

>200

PRICES

1—24 25up 100up
$ 380 3.20 2.55
ANCRONA CORRP

65 East 55th Street + New York. N. Y. 10022
(212) 688-6285 - Telex 223117 - TWX (710581 / 4513)
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a-c, are used in the model L-911.
Rise time is 75 milliseconds and
fall time is 50 msec. This relatively
slow-speed model is intended for
machine tool applications, where
substantial buffering between input
signal and the machine is needed.
By buffering, the software require-
ments of the machine can be sim-
plified and memory requirements
minimized, says Digit/Comtex.
The model L-912 uses a gallium
arsenide light-emitting diode, with
a 5-volt input, as a light source.
With a maximum switching time

Buffer. Quadruple photorelay can be
interface between systems of
different voltage levels.

of 5 microseconds, the unit is in-
tended for general-purpose high-
speed data transfer. One applica-
tion might be as an interface be-
tween metal oxide semiconductor
circuits and diode-transistor-logic
or transistor-transistor-logic volt-
age levels.

The company says that the mod-
ules are more reliable than reed
relays because they have no mov-
ing parts and there are no metal
connections between the relay and
digital system. Also, lifetime may
be considerably longer, since it de-
pends on the lifetime of the light
source (20,000 hours) rather than
the number of cycles.

Price of the modules is $20 each
in quantities over 1,000. Delivery
time is four weeks for the L-911 and
6-8 weeks for the L-912. It is ex-
pected that the principal customers
will be makers of small computers,
numerically controlled machines,
and other industrial equipment.

Digit/Comtex Inc., P.O. Box 272,

Weston, Mass, 02193 [349]

New components

Triac isolated
by substrate

Alumina also provides
low thermal impedance
in plastic package

Washers or disks made of Mylar,
mica, or a ceramic are used with
standard industry packages to pro-
vide low thermal impedance and
electrical isolation for triacs. A plas-
tic package developed by the Elec-
tronic Control Corp. employs an
alumina substrate for the semi-
conductor chip instead.

The company produces a line of
devices, called Quadrac, in which
electrical isolation is achieved by
glass passivation. But these have
been available only in higher-priced
packages. The alumina substrate
was used to obtain lower-cost plas-
tic packages while still isolating the
glass-passivated triac from the
copper-tab heat sink.

This increases the cost of a plas-
tic package by 20% to 25%, accord-
ing to John Munson, product man-
ager. He adds that the company ex-
pects to offset this through im-
proved yield in its production of
triac chips. The new package,
called Thermotab, will compete
with similar devices designated
Powerpak by General Electric and
Versatab by RCA.

With the package design, the
company is announcing a new line
of electrically isolated triacs with
current ratings ranging from 1.6 to
16 amps. The line also has high-
voltage capability ranging from
200 to 800 volts.

Typical prices, in quantities of
100, will be $1.06 each for 1.6 amps,
200 volts at 10 milliamperes. A sim-
ilar 25-ma device will sell for 81
cents each. At the higher-power
end, a 16-amp, 200-volt, 50-ma de-
vice will sell for $2.25 each. The
same devices with built-in triggers
will cost an additional 25 cents
each. Delivery time for all units is
30 days.

Electronic Control Corp. 1010 Pamela
Drive, Euless, Texas [350]
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Signalite Glow Lamps have
solved problems in these areas:

* Voltage Regulation & References ¢ Photo-Cell Drivers ¢ SCR Triggering
e Timing ¢ Photo Choppers » Oscillators e Indicator Lights e Counters

e Voltage Dividers o

Surge Protectors e

Logic Circuits e

Flip-Flops

e Memory e Switching ¢ Digital Readouts

Signalite glow lamps combine long life, close tolerance and economy, and are
manufactured with a broad range of characteristics to meet individual applica-
tion requiremerts. For a creative apgroach to your design problem . . . contact
Signalite’s Application Engineering Department.

/ ULTRA HIGH LEAKAGE RESIST-

ANCE. Devices with |eakage
l . resistance in excess of 10
1“ J ohms are available for circuits
h requiring this property. Such
applications would include sam-
ple and hold for A to D con-
version, and capacitor memory
systems.

SEE Signalite Application News
for TYPICAL APPLICATIONS

£ VOLTAGE REGULATORS BETTER
THAN 1% ACCURACY These
subminiature voltage regulators
are used in regulated power
supplies, as reference sources,
photomultiplier regulators, os-
cilloscopes calibrators, etc.
They are available in vo'tages
from 82 to 143 V. They are used
in multiples as regulaters in
KV ranges.

See Signalite Application News
for TYPICAL APPLICATIONS.
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PHOTO-CELL APPLICATIONS
The A074 and A083 have been
——y designed for use with Cadmium
|'Sulfide or. Cadmium Selenide
[photocells. Applications include
| photo choppers, modulators, de-
Imodulators, low noise switching
fdevices, isolated overload pro-
- tector circuits, etc. Speed of
| operation is limited oly by the
{ Jphoto-cells.

SEE Signalite Application News
for TYPICAL APPLICATIONS

NEON TIMERS The bi-stable
characteristics and high leak-
age resistance of Signalite's
special glow lamps make them
ideal as a component for tim-
ing circuits. The basic circuit
resemb’es a relaxation oscilla-
tor network.

SEE Signalite Application News
for TYPICAL APPLICATIONS

B S e -

CIRCLE 311 ON READERS SERVICE CARD

SIGNALITE

is used to communicate
new and proven tech-
niques and applications
of Signalite's neon
lamps and gas dis-
charge tubes. Signalite
Application News pro-
vides a forum for an
exchange of ideas to keep the design
engineer aware of the versatility of
neon lamps and their many applications.
Copies are available from your Signalite
representative or by contacting Signalite.

CIRCLE 510 ON READERS SERVICE CARD

p—
INCORPORATED

NEPTUNE, NEW JERSEY 07763
(201) 775-2490

A General Instrument Company

313
" - - 5
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New instruments

Thickness monitor has 0.05% accuracy

Intended for semiconductor work, instrument gauges
o]
aluminum thickness over a range of 1 to 200,000 A

Digital circuits can take many bows
for the performance of Granville-
Phillips Co.’s new film-thickness
monitor. Called the 219 FTM, the
monitor basically is a counter that
measures a crystal oscillator’s pe-
riod, converts it to a thickness read-
ing, and shows the reading in ang-
stroms on a digital display. Most
monitors that use a crystal are ana-
log instruments with analog dis-

plays, says Louis Rice, one of the
engineers who designed the 219.

Digital display alone makes the
219 more accurate, Rice points out.
Since the monitor measures period,
and not frequency, its response is
linear over a wide range of film
thicknesses.

In use, the 219’s crystal oscillator
is placed next to the substrate onto
which the film is to be deposited.

Thus the same thickness builds up
on the crystal as on the substrate.
And as the thickness increases, the
crystal’s frequency drops.

“The mass (hence the thickness)
turns out to be a linear function
of the period,” says Rice. “With
other instruments, the mass is a
function of one over the frequency
squared. So for a very small period
of time these monitors will read

X-Y recorder called Plotamatic
901-2P is a high-speed unit. It
features all plug-in electronics, a
digital time base with 1% ac-
curacy and sweep speeds from
0.2 sec/in. to 1,000 sec/in.
Sensitivity down to 40 av/in., d-c
common mode rejection in ex-
cess of 150 db, and automatic
line coding are offered. Bolt
Beranek and Newman Inc., McGaw
Ave,, Santa Ana, Calif. [361]

e B OB S >
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Wideband  synchronizer  model

WBS was developed to meet the
demands of precision swept meas-
urements. Its combination of wide
phase error correction voltage,
and interface capability with all
types of microwave oscillators
allows measurements which were
previously impossible or very costly.
Microwave/Systems Inc., 1 Adler
Drive, E. Syracuse, N.Y. 13057
[365]1
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D-¢c microvoltmeter/amplifier
model 207 is a solid state device
designed for use in applications
such as direct-reading voltage
measurement, potentiometric volt-
age measurement ot comparison;
and noninverting d-c amplification.
Accuracy is to within 3% of end
scale. Price is $825; delivery,
from stock. Cohu Electronics Inc.,
P.0. Box 623, San Diego, Calif.
92112 [3621]

thermom-

Direct-reading digital
eter TM16 measures tempera-
tures in the —20° to +300°C
range with 0.05°C reproduci-
bility and digital indication in
0.1°C increments. The temperature
of liquids, vapors, and semi-solids
such as greases and pastes can
all be measured or controlled with
the TM16. Price is $895. Mettler
Instrument Corp., Nassau St.,
Princeton, N.J. 08540 [366]

Tinsley inductively coupled double
ratio bridge 5650 is for measuring
the resistance of platinum resist-
ance thermometers. It can be
adjusted to 8 figures with an ac-
curacy of ratio measurement to
1 in 10", Temperature control of
the unit is not required, as in-
ductive ratios are not affected by
temperature changes. Southfield
Electronics, 102 Mile Rd., South-
field, Mich, [363]

Status Seeker logic test set model
ST-15 indicates logic levels and
displays pulses as short as 40
nsec in a graphic manner, A latch-
ing mode is included to detect and
capture noise spikes or a single
pulse. The unit can both generate
and detect pulses simultaneously.
Price is $95. Delivery is from
stock. Dataprobe Inc., 290 Huyler
St., South Hackensack, N.J. 07606
[3671

Phase sensitive detector model
822 has a frequency response of
lhz -to 1 Mhz. Range is 100 auv
resolution to 1 v full scale re-
ferred to input. It recovers signals
70 db below noise. Qutput stabil-
ity is better than 0.005% of full
output /°C. Time constant is 1
msec to 10 sec. Price is $770.
Keithley Instruments Inc., 28775
Aurora Rd., Cleveland, Ohio 44139
[364]

Emi filter insertion loss analyzer
is for rapid rate testing to MIL-
Std-220A. It reduces the time re-
quired to test emi filters for both

filter manufacturers’ production
lines and for final quality control,
It is also suited for incoming in-
spection and component evalua-
tion laboratories. The unit also
provides voltage drop for MIL-
Std-202, Spectrum Control Inc,,
Fairview, Pa. [3681]
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WI_1Iy National Semiconductor buys
eradyne J259’s by the dozen

National Semiconductor can
trace its considerable success as an
IC manufacturer to many factors. One
of the mostimportant s the productivity
of its testing facility, built around a
lineup of 12 Teradyne J259 computer-
operated test systems. “The Teradyne
systems,” according to Jeff Kalb, Na-
tional's TTL product manager, “give us
the economy of testing that is so im-
portant to profitable high-volume
production.”

National, along with most other
major IC producers, has found that the
J259 boosts productivity in many ways.
No other test system, for example, gives
its user as much multiplexing freedom
as does the J259, which lets National
leverage its investment by making each
J259 support several test stations do-
ing several different jobs.

Reliability is another all-important
key to productivity. National experi-
ences minimal downtime with its
J259's. Thisis as itshould be; we design
and build our equipment to work shift
after shift, year after year, in industrial
use. Teradyne systems are right at
home on production lines like Na-
tional's, where the workload is heavy
and continuous. And operation never
has to be interrupted for calibration; the
J259 has no calibration adjustments.

The J259's great versatility is also
put to good use at National. The same
systems that test wafers and packages
also generate the distribution and end-
of-life data that engineers need to con-
trol production processes and ensure
high device reliability. Production, en-
gineering, QC, and final test-all share
simultaneously inthe benefits from
National's J259's.
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A computer-operated system is
only as'good as its software, which in
the case of the J259 is the best there
is. National's J259's are orchestrated
by Teradyne-supplied master operat-
ing programs for datalogging; classifi-
cation, and evaluation. As Teradyne up-
dates and improves its software, Na-
tional is kept fully informed.
\ B\ ‘

| NN s

National's array of J259's handle
the testing of its digital IC’'s smoothly
and economically. For its linear-IC test-
ing, National has turned to Teradyne's
J263 computer-operated linear-IC test
system. _

Teradyne's J259 makes sense to
National Semiconductor. If you're in
the business of testing circuits —inte-
grated or otherwise —it makes sense
to find out more about the J259. Just
use reader service card or write to
Teradyne, 183 Essex St., Boston, Mass.

Teradyne makes sense.

Circle 169 on reader service card
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We're available—immediately

Get up to 10,000 units
of 2N3773 transistors
immediately from
Westinghouse

What's more, we'll also give
you fast service on larger
orders. As many as it takes to
fill your total requirements.
Our 2N3773, 2, 1, (TO3) is a
family of 30-amp diffused tran-
sistors for high power switch-
ing and amplifying applications.
They offer a wide selection of

voltage and gain.

For complete data— and a
large ready supply—of ary and
all these transistors, contact
your local Westinghouse Dis-
tributor (see adjacent listing) or
Westinghouse Semiconductor
Division, Youngwood, Pa.

15697.
W

You can be sure...if it's Westinghouse \ &=




Westinghouse Industrial
Semiconductor Distributors

Alabama

ACK Semiconductors, Inc.
Birmingham Phone: 205 322-0588
Electronic Wholesalers, Inc.

Huntsville Phone: 205 534-5722
Arizona

Hamilton Electro of Arizona
Phoenix Phone: 602 272-2601
Kierulff Electronics Corp.

Phoenix Phone: 602 273-7331
California

Newark Electronics

Inglewood Phone: 213 674-8440

Hamilton Electro Sales
Los Angeles Phone: 213 870-7171
K-Tronics
Los Angeles Phone: 213 685-5888
Elmar Elecronics, Inc.
Mountain View

Phone: 415 961-3611
Hamilton Electro Sales—North
Mountain View

Phone: 415 961-7000
Hamilton Electro of San Diego

San Diego Phone: 714 279-2421
Colorado

Electronic Parts Co.

Denver Phone: 303 266-3755
Hamilton Denver

Denver Phone: 303 934-5508

Connecticut
Cramer Electronics, Inc.
North Haven Phone: 203 239-5641
Florida
Cramer Electronics, Inc.
Fort Lauderdale
Phone: 305 566-7511
Electronic Wholesalers, Inc.

Orlando Phone: 305 841-1550
Hall-Mark Electronics Corp.
Orlando Phone: 305 855-4020
Georgia

Specialty Distributing

Atlanta Phone: 404-873-2521
Illinois

Semiconductor Specialists, Inc.
Chicago Phone: 312 279-1000

Pace/Avnet Electronics

Schiller Park Phone: 312 678-6310
Indiana

Fort Wayne Electronics Supply, Inc.
Fort Wayne Phone: 210 742-4346
Ra-Dis-Co.

Indianapolis Phone: 317 637-5571
Radio Distributing Co.

South Bend Phone: 210 287-2911
Maryland

Pyttronic Inc.

Baltimore Phone: 301 727-5100
Hamilton Electro Sales

Baltimore Phone: 301 668-4900
Cramer Electronics, Inc.

Rockville Phone: 301 424-2700
Massachusetts

Cramer Electronics, Inc.

Newton Phone: 617 969-7700
Schweber Electronics

Waltham Phone: 617 891-8484

Michigan

Semiconductor Specialists, Inc.
Detroit Phone: 313 255-0300
Minnesota

Semiconductor Specialists, Inc.

Minneapolis Phone: 612 866-3434

Stark Electronic Supply

Minneapolis Phone: 612 332-1325

Missouri

Electronic Components for
Industry Co.

Kansas City Phone: 816 421-8400

Circle 171 on reader service card

Electronic Components for
Industry Co.

St. Louis Phone: 314 647-5505

Hall-Mark Electronics Corp.

St. Louis Phone: 314 521-3800

New Jersey

General Radio Supply Co., inc.
Camden Phone: 609 964-8560
Angus, Inc.

Moorestown Phone: 609 235-1900
Sterling Electronics, Inc.

Perth Amboy Phone: 201-HI 2-8000

New Mexico
Kierulff Electronics Corp.
Albuquerque Phone: 505 247-1055

New York

Stack Industrial Electronics
Binghamton Phone: 607 723-6326
Summit Distributors

Buffalo Phone: 716 884-3450
Cramer/Eastern

East Syracuse Phone:315437-6671
Schweber Electronics

Long Island Phone: 516 334-7474
Milgray Electronics, Inc.

New York Phone: 212 989-1600
Ohio

Sheridan Sales

Cincinnati Phone: 513 761-5432
Sheridan Sales

Cleveland Phone: 216 524-8120
Hughes-Peters, Inc.

Columbus Phone: 614 294-5351
Mentronics, Inc.

Mentor Phone: 216 946-3058
Oklahoma

Hail-Mark Electronics Corp.

Tuilsa Phone: 918 835-8458

Pennsylvania
Cameradio Company
Pittsburgh Phone: 412 391-4000

South Carolina
Sawyer Electronics Corp.

Greenville Phone: 803 235-0438
Texas

Hall-Mark Electronics Corp.

Dallas Phone: 214 231-6111
Midland Specialty Co.

El Paso Phone: 912 533-9555
Hall-Mark Electronics Corp.
Houston Phone: 713 781-6100
Lenert Company

Houston Phone: 713 225-1465
The Altair Co.

Richardson Phone: 214 231-5166
Washington

Hamilton Electro Sales of the
Pacific Northwest

Seattle Phone: 206 624-5930

Kierulff Electronics Corp.

Seattle Phone: 206 725-1550

West Virginia

Charleston Electrical Supply
Company

Charleston  Phone: 304 346-0321

Wisconsin

Taylor Electric Company
Milwaukee Phone: 414 964-4321

Canada
Canadian Westinghouse
Hamilton, Ontario
Phone: 416 528-8811

European Headquarters
Westinghouse Electric
International, S.A.
London, SW. 1
Phone: Whitehall 2704

Westinghouse Semiconductor Division

Youngwood, Pennsylvania 15697

an approximately linear output, but
ours will read a linear output over
quite a wide range.”

The 219 has full-scale ranges of
2,000 and 20,000 and 200,000 A; it
resolves 1 A. Accuracy is 0.05% of
full scale or one digit, whichever
is higher.

Although normally calibrated to
read the thickness of aluminum,
the 219 works with any material,
such as gold or chromium, with a
density between 2 and 20 grams
per cubic centimeter. If the 219 is
to be used mostly with a material
other than aluminum, Granville-
Phillips engineers will modify the
instrument to read out the thick-
ness of that material.

But even when the 219 is set for
aluminum it can be used with other

Limit. When the displayed measurement
equails the thickness set on the
thumbwheel switches, a relay closes.

substances. “If you’re going to take
a one-time run,” says Rice, “our
instruction manual gives you a little
formula that’ll figure out what the
reading will be for the new mate-
rial, based on the relative densities
of that material and aluminum.”

Digital commands can remotely
adjust any of the 219’s controls,
making it easy to fit the monitor
into an automatic system. One of
the monitor’s front-panel controls is
a set of thumbwheel switches with
which the user specifies the film
thickness he wants. When the 219
measures that thickness, it closes
a relay. This closure can be used
to shut off the deposition device
or to start some other process.

Granville-Phillips’ marketing peo-
ple expect semiconductor houses
to supply the largest market for the
219; but at $1,355 the instrument
is inexpensive enough for labora-
tory work. Delivery time is two to
three months.

Granville-Phillips Co., 5675 East Ara-
pahoe Ave., Boulder, Colo. 80303 [369]
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IS your passive

component supplier

asreliable as
his components ?

He's fine at meeting industry | O Then it's time you learned

specifications. Even exceeding
them. But what about customer
service? Does he sometimes act
as if that's a necessary evil?
O And have you been telling
yourself that you have to put up
with this kind of an attitude in
order to be sure of getting com-
ponents that are truly reliable?

about us. We're one of the lead-
ersincomponent reliability—and

we deliver in every other area

as well. You bet we meet dead-
lines—speed samples—maintain
competitive prices—and provide

prompt technical assist- i
ance. [ If this kind of ex- {

tra reliability would be

a nice innovation, why -
not put us to the test.

Give us an urgent request for
technical assistance.Oranurgent

\ order. Write AIRCO SPEER
ELECTRONIC COMPONENTS,
St. Marys, Pennsylvania 15857.
(] Then watch us perform.

W

The passive innovators at /AIRCU opeer

Speer resistors [ Resistor and conductor paste [ Jeffers JC precision resistors [ Jeffers JXP precision resistors
and networks [ Jeffers inductors [J Jeffers capacitors [1 PEC variable resistors and trimmer potentiometers.
Circle 172 on reader service card



Data handling

Massive core memory is fast, inexpensive

Access time isas low as 2 usec, price 1.5 cents per bit
for units with capacity of 1 million or 2 million bytes

Speed costs plenty in large core-
memory systems, and the market-
ing race doesn’t always go to the
swift, When a company comes
along with a memory that is both
faster and less expensive than its
competition, it’s a sales manager’s
dream come true.

That’s the position, at least for
now, of Data Products Corp. which

pex, Lockheed, and Fabritek with
a core memory that costs about 2
cents per bit in full-core user con-
figurations, and less than 1.5 cents
per bit for the stripped versions
with minimal control interface.
Model 1720-1 has a capacity of
1 million bytes, 3-microsecond cy-
cle time and 1.75 usec access time.
Model 1720-I1 has 2 million bytes,

access time. In order to keep down
the cost of the Model 1, 18 bits are
internally multiplexed to get a 36-
bit output, and this results in a
slow speed. A 2-microsecond cycle
time will later be offered as an
option.

Fabritek and Ampex have large
core systems of similar size, with
cycle times of 2.75 and 2.7 usec

has entered the fray against Am-

Data collection equipment SDA-
770 is an industrial data acqui-
sition system for nonclerical pro-
duction workers. It is computer
controlled with multiple termi-
nals at remote sites for accurate
and timely acquisition of data
that is converted to machine read-
able form. Initial deliveries are
projected for the summer of 1970.
Sierra Research Corp., Bedford
St., Burlington, Mass. [3811]

Form stacking unit model 401
handles the paper output of high-
speed computer printers. It ac-
cepts any continuous fan-fold form
at print rates to 2,000 lines a
minute and skip rates to 80
inches a second. It takes any form,
including 11-Ib single-part paper,
in widths from 4 to 18 inches.
Price is $1,600. Advanced Termi-
nals Inc., 874 Welsh Road, Maple
Glen, Pa. 19002 [3851]
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Low-cost memory system Mempac
100 packs 98,000 bits on an 18-
in. p-c board. Designed as a read-
only memory, it is for use in gen-
eral computing and data process-
ing systems where high speed and
random access storage are re-
quired. Access time is 125 nsec.
In quantity, price of large capa-
city units is about 1 cent per bit.
Datapac Inc., 3839 S. Main St.,
Santa Ana, Calif. [382]

Digital printer mode! 5103 can be
actuated by virtually any type of
digital measuring instrument
(counter, dvm, multimeter, etc.)
regardless of BCD data format.
Operation allows an A and B or
A or B source control. Each
source can be a different BCD in-
put code. Each source can have
either negative or positive [ogic.
Systron-Donner Corp., 888 Galindo
St., Concord, Calif. [386]

a 2-usec cycle time, and 1.25-psec

High-speed data acquisition sys-
tem DRS-1168 is designed to
meet the precision requirements
of automatic and permanent log-
ging of inputs from one or several
sources, on smudgeless paper tape.
Applications include component
test and evaluation, biomedical
instrumentation, etc. Price s
$1,995; delivery, 4 weeks. Elec-
tronic Micro Systems, 1672 Kai-
ser Ave., Santa Ana, Calif. [383]

<

Magnetic tape system CONCEP/3
is a modular automatic system
for electronic data processing
peripherals. It employs a self-
threading enclosed reel of Ya-in.
tape called the Neopaq. When in-
serted and locked in place, the
tape is in direct contact with the
central capstan, the only driven
member in the system. Newell
Industries Inc.,, 795 Kifer Rd.,
Sunnyvale, Calif. 94086 [387]

respectively. Lockheed’s

models

Solid state Datatone KTCT (key-
board tone calling terminal) off-
ers complete alphanumeric cap-
abilities for computer Input,
punched card and control opera-
tions. Supplied with encoders and
power supply, the unit is designed
for use with a data or acoustic
coupler, and is compatible with
all types of tone receivers. Trepac
Corp. of America, 30 W. Hamil-
ton Ave., Englewood, N.J. [384]

Disk memory M200C is a head-
per-track type mass memory for
small computers. It comes in 4
capacities ranging from 426,000
to 3,408,000 bits and average
access time is 8.7 msec. Number
of data tracks vary from 16 to
128 with 26,624 bits per track.
Three timing racks are included,
providing a bit clock, sector and
origin pulse. Applied Magnetics
Corp., Goleta, Calif. [3881]
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Bliley
CLOCK
GECALLATGRS

1S Bllley
CPYSIals
10 Ingure
SySIem
Rellability

Our New CMO Series offers

* Frequency Range 50 Hz-25 MHz
« Custom Stability per your Specs
¢ TTL Compatible Qutput

« Operation on 5 VOC

¢ PC Board Mounting

* Low Profile Packaging

Call or write us today
with your specification requirements

W U you buy qualiey
BLILEY ELECTRIC COMPANY

2545 W. Grandview Blvd.
Erie, Pa. 16512
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. . . four large-capacity memories can be connected
in parallel to provide 8.3 million bytes . ..

Topside. Control panel sits atop
cabinets containing huge memory.

310 and 320 have a 3.2-usec cycle
time, and IBM’s model 2361-1 and
2361-11 cycle at 8 psec.

The Data Products random-
access memory is plug- and soft-
ware-compatible with the IBM 360
series, ' including the 2361 large
core-storage unit. It is directly ad-
dressable from the computer pro-
gram, and functions as an exten-
sion of the main CPU memory. As
many as four 1720-II memories can
be connected in parallel for up to
8.3 million bytes of storage. The
smaller 1720-1 provides 262K 36-
bit words when used with the 1BM
360/50, and 131K 72-bit words with
the 360/65, 67, and 75. The 1720-1I
has 524K 36-bit words and 262K
72-bit words, Both are field-adjust-
able to 72 or 36-bit word sizes.

Storage protection is provided by
dividing the memory into 2,048-
byte blocks, with a total of 512
blocks in the 1720-1 and 1,024
blocks in the 1720-I1. Four-bit keys
corresponding to each block are
stored in an auxiliary storage pro-
tect memory, and the correct key
must be supplied by the program
in order to write new information
during a store cycle, or access data
during a fetch. This prevents loss
of stored information, and allows
control of core-storage data ac-
cess.

Timing is adjustable to permit
operation with the 1BM 360/50, and
the faster 360/65, 67 and 75.

One key to the relatively low bit
cost lies in core production meth-
ods, says John Guyett, marketing
manager for mass storage systems.
A “cookie-cutter” technique auto-
matically punches out the 22-mil
lithium cores from continuous

strips of material,

“We get a higher volume than
with powder press methods, better
uniformity in core thickness and
better than 95% yields,” he says.

“Magnetics are about 80% of
manufacturing costs, and we have
been very stingy about the stack
organization, using wvery close
physical spacing on the cores and
stringing to reduce the drive line
length,” he adds.

A proprietary decode network
gives an improved signal-to-noise
ratio, and an isolation transformer
is used for balanced input to the
drive lines, Guyett says. The de-
code network also permits multi-
plexing, or overlapping, the ad-
dresses for cycle times as fast as
1 usec in some OEM applications
where sequential data from disk or
remote storage memories is used.

Organization is two-wire, 2%
D, with switching of the addressed
core by half-select currents in the
addressed x-line and y-line pair for
each bit. Each core stack module
has a capacity to 262,144 words of
40 bits, with an array of 4,096 by
2,560 cores 0.020 inch apart along
both x and y lines. A full drive cur-
rent of 850 milliamps is needed for
the core, which has a 220 nanosec-
ond switching time.

The stack is physically laid out
to permit easy access to all selec-
tion diodes without dismantling the
system. Cores are bonded to the
ground plane with a silicon-based
material that is impervious to sol-
vents. This permits cleaning the
stack to avoid contamination. The
bonding also gives precise physical
alignment of the cores, resulting in
fewer production-line errors and
reducing rework as much as 60%,
according to Data Products. In ad-
dition, thermal transfer from core
to ground plane is improved. Tran-
sistor-transistor logic IC’s are used
for all system logic. For off-line
testing of functions, the mainte-
nance panel has storage register,
data and mark register, storage pro-
tection key register, pattern gener-
ator and power supply displays,
and related controls.

Data Products Corp., 6219 DeSoto Ave.,
Woodland Hills, Calif. 91364 [389]
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Oh, you'll put it together, all right, and after a while, it'll work, more or less.
Then you'll take the prototype to engineering for board design, get it back, attach the components,
test it, make a few compromises, try it again. What you have then is an engineering model.
Then the manufacturing design. Back to engineering for debugging. More testing. Parts
procurement. Incoming inspection. Telephone calls. Late deliveries. More testing. Heartache.
Final release and the module is ready for manufacture. Maybe.

Allthis time, an already designed, fully debugged, guaranteed, computer-tested, solid
state module sits on Digital's shelf. Fifty engineers in offices around the country wait for
your call to help. Application notes, installation drawings, catalogs sit in our mail room.
Power supplies, hardware, racks are piled high in the stock room.

M Series modules are the most complete, fully compatible, fast, ail IC, TTL, inexpensive
solid state fogic available anywhere. With a few million modules in our recent history,
and a few million dollars worth of test equipment, we really know how to put them out.
Read all about them in the new Logic Handbook. Free.

COMPUTERS - MOOULES

DIGITAL EQUIPMENT CORPORATION,
aynard, Massachusetts 01754, Telephone
©17) 897-5111 / Cambridge. Mass. / New
aven / Washington, D.C. / Parsippany. Palisades
Park, N.J. / Princeton, N.J. / Rochester, N.Y. / Long
sland, N.Y. / Philadelphia / Pittsburgh / Cieveland /
Dayton / Huntsville / Cocoa, Fla. / Chicago / Denver /
Ann Arbor / Salt Lake City / Houston / Albuquerque /
Los Angeles / Palo Alto / Seattle. INTERNATIONAL,
Carleton Place and Toronto. Ont. / Montreal,

Quebec / Edmonton, Alberta, Canada Reading and
Manchester, England Paris, France ' Munich and
Cologne, Germany / Oslo, Norway | Stockhotm

Sweden / Sydney and West Perth. Australia




Guess whatournew
TWIN-LEAF connector
sides space?

saves

That’s right. This new connector takes
up very little space. For very littie
money.

You can choose from four different
centerline spacings. Two of them—
.100" and .125"—nobody else makes.
And the other two—.150" and .156"
with  bifurcated contacts—are the
same spacings as anyone else’s.

But that’s all that's the same. You
can get from 6 to 100 contacts (by
2's) perconnector. Contacts are phos-

* Trademark of AMP Incorporated
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phor bronze with gold over nickel
plating on contact area, and bright
tin plated solder posts. Our card
guides can handle two adjacent cards
at the same time. There's also the
unique stand-off feature of the con-
nector housing. It exposes the con-
tacts so you can make electrical con-
tinuity probes without damaging the
contact area.

This pre-loaded TWIN-LEAF* con-

nector has proven to be adaptable to
every mother-daughter board appli-

cation known. And its future applica-:
tions wait only for your imagination.

For more information on how you
can save money and space on all
your mother-daughter board appli-
cations write to Industrial Division,
AMP Incorporated, Harrisburg, Pa.
17105.

ANMP

INCORPORATED
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Industrial electronics

Process instruments keep the operator in mind

Using Monsanto design ideas, valve-maker Fisher Controls jumps
into the electronics business with a complete control line

Even before the Monsanto Co.
merged with the Fisher Governor
Co. last August, users and makers
of process instrumentation sus-
pected Monsanto engineers in St.
Louis were developing a line of
electronic controllers. Speculate no
longer. The Fisher Controls Co.,
Fisher Governor’s new name, has
introduced a full line of electronic
process instrumentation based on

the Monsanto design. Available
now is a family of instrumentation
for the control room—indicator-con-
trollers, indicators, recorders, and
annunciators — all mechanically
compatible to fit into modular as-
semblies, and clectronically com-
patible to work with any of the
several industry-accepted signal
levels.

To beat the high cost of control

room space and to ease the process
operator’s task of checking a large
group of instruments, the designers
opted—as have some other instru-
ment companies—for the high-den-
sity and deviation-controller con-
cepts. But Fisher has taken the
high-density concept a step further,
Instead of the customary 2- or 3-
inch width for a controller, Fish-
er’s units are only 1 inch wide by

Solid state programer 1044 is
a flexible and compact time based
unit suited for industrial applica-
tions. Four independently adjusta-
ble time periods can be arranged
for sequence, parallel and repeat-
ing functions. Repeat accuracy is
*149% of setting. Time period
adjustments are from 0.02 to 500
seconds. Industrial Solid State
Controls Inc., 435 W. Philadel-
phia St., York, Pa. [421]

4 g

Resonance-Free and jitter-free
15° variable reluctance step
motors are announced. Rated at
28 v d-c, the 4-phase motors
come in sizes 8, 11, 15, 18, 20
and 32, offer running torques up
to 35 oz. in., damping torques to
70 oz. in.,, and bidirectional
speeds up to 1,400 pps. Synchro-
nous slew speeds are up to 2,600
pps. Computer Devices Corp.,
Santa Fe Springs, Calif. [425]
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Digital readout system is manu-
factured for OEM’s. The bidirec-
tional counter displays the posi-
tion of an incremental encoder.
The encoder can be used to trans-
late virtually any motion in the
measurement of force, displace-
ment, speed, flow, etc. The read-
out then displays this measure-
ment with Nixie tubes. Data
Graphics Corp., P.0. Box 18324,
San Antonio, Texas 78218 [422]

Linear variable differential trans-
formers are for operational use
in OEM and industrial applica-
tions where a voltage output di-

rectly proportional to displace-
ment is required. The line is
designed to withstand the adverse
industrial environments of dirt,
oil, intense heat or cold. Prices
range from $15 to $190. Columbia
Research Laboratories Inc.,, Wood-
lyn, Pa. 19094 [426]

Voltage sensitive, precision relay
driver called model 552 Volt-
sensor is a bistable voltage com-
parator with dual set points and
dual outputs. It can be used as
an alarm or precision controller
in petrochemical and steam power
installations and is suited for
small precision "bang-bang’’
servos. California Electronic Mfg.
Co., P.0. Box 555, Alamo, Calif.
94507 [423]

D-¢ motor controller to Y2 h-p
series MC-1 through MC-8 is for
use with permanent magnet or
shunt d-c motors. Each control
features speed ranges from 0 to
110% of rated speed, elimination
of high current inrush per cycle
thus increasing brush life, reduc-
ing motor heating and avoiding
motor clogging. Power Concepts
Corp., 20 Broad St., Binghamton,
N.Y. 13902, [427]

Solid state drivers function as
d-c control relays for uses where
induction loads and heavy arcing
shorten electrical life of electro-
mechanical control components.
Standard devices, rated at 6, 12,
24 and 36 v d-c to 8 amps, are
available in either a phenolic
enclosure with aluminum mount-
ing plate or aluminum case.
Cutler-Hammer Inc., 4201 N.
27th St., Milwaukee, Wis. [424]

'y 3

Low-cost 5-v permanent magnet
stepper motor and logic drive
model 1D07 is designed to meet
industrial and commercial instru-
mentation requirements, It has a
starting rate of 450 steps/sec
and a slew rate of 1,000 steps/
sec. It has a step angle of 7%2°
increments and develops a torque
of 0.83 oz.-in. The AW, Haydon
Co., 232 North Elm St., Water-
bury, Conn. 06720 [428]
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ECCOAMP
ELECTRICALLY CONDUCTIVE
ADHESIVES & COATINGS
\

Q

gpccoamp
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Anesives
coat\ngs

New faur poge falder describes materials
fram 0.0001 ta 100 ohm-cm. Adhesive pastes
ta replace hat salder, thin liquids, silver lac-
quer in aerasal spray, glassy caatings, etc.

CIRCLE 516 ON READERS SERVICE CARD

CRYSTAL CLEAR EPOXIES,
SILICONES, ETC. FOR
ELECTRONICS & DISPLAY

ECCOCLEAR designates a broad line of trans-
parent casting resins useful for visual display
and inspection of electrical/electronic com-
ponents. New folder presents 11 systems,
including dig-out & repair types, complete with
properties selector chart.

-4

CIRCLE 517 ON READERS SERVICE CARD

THERMAL CONDUCTIVE
DIELECTRICS

’;F“;Ju"::-
OO Y aner L W
Electrically insulating, thermally con-
ductive . . . for bonding, encapsulating,
coating or sealing heat sinks, compo-
nents or cryogenic devices where rapid
heat transfer is desired. New four-page
folder describes materials and applica-
tions.
CIRCLE 518 ON READERS SERVICE CARD

Emerson & Cuming, Inc.
CANTON, MASS.,
GARDENA, CALIF.

NORTHBROOK, ILL.
Sales Offices
in Principal Cities

EMERSON & CUMING EUROPE N.V., Oevel, Belgium
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. . . high-density grouping, setpoint design
provide quick alert when variables go awry ...

6 inches high and 18 inches deep.
Thus, for example, a dozen instru-
ments can be stacked side-by-side
and take up only 12 inches. The
product line includes a 12-unit case
that’s prewired to accept any unit,
among them the TL101 three-mode
(universal) process controller, the
TL102 flow controller, the TL103
level controller, and the TL111 ser-
vice transfer station for maintain-
ing the customer’s control center.

In deviation control, the control-
ler’s movable scale is adjusted so
that the setpoint, the desired value
of the controlled variable, appears
at the instrument’s center. When
the measured variable is at the set-
point value, the moving pointer is
at midscale. But when any change
occurs, the pointer moves away
from its midpoint and the color that

M

Control center. An annunciator panel
is at the top, then two banks of
indicators and controllers, and two
banks of trend recorders.

is observed by the operator will
change, say from green for normal
operating conditions to red, indi-
cating trouble.

The combination of high-density
grouping and all normal operating
values set at mid-scale will tell the
operator at a glance if one or more

of the controlled variables has gone
awry.

Trend recorders also are included
in the new line. Permanently wired
to 12 inputs, six of them can be
recorded simultaneously on a con-
sistent time base. Selection of any
recorded input is done through an
integral selector switch. This switch
contains two extra positions to al-
iow, for example, recording of high
and low calibration signals when-
ever recorder accuracy is to be
checked.

The case in which individual in-
struments are mounted has quick-
connect terminals that are color
coded and labeled. The junction
boxes mounted in the field to ac-
cept the process transducer signals
use the same coding scheme. And
so does the 25-pair cable that con-
nects the field junction box to the
control room instruments. This
unique field wiring scheme, says
Don Munger, sales manager of elec-
tronic products, cuts down on in-
stallation costs and reduces wiring
“goofs” to a minimum.

Fisher will make its instruments
at the main plant in Marshalltown,
Towa. It has selected vendors for
electronic components and mechan-
ical pieces and is setting up a 13,-
000-square-foot area to assemble,
solder, and calibrate the units. Con-
trol computation and amplification
for the instruments is done with
integrated-circuit operational am-
plifiers and with discrete transis-
tors.

All are mounted—along with
necessary range switches—on a
printed-circuit board. The company
expects to be in volume production
by February. It will market the in-
struments through Fisher’s existing
distributors, who up to now have
sold control valves. But in Decem-
ber Fisher started training its 120
sales representatives on the new
electronics line.

Price? “We’ll be competitive, on
the low side,” says Don Munger.
What this probably means is that,
while there will be a price list,
Fisher may well follow industry
custom of negotiating a sale.

Fisher Controls Co., Marshalitown, lowa
50158 [429]
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FOR EXCELLENGE IN

ROTARY SWITCHES

SPECIFY GRAYHILL

® 15°, 30°,36°, 45°, 60° or 90°
Angle Of Throw

2 To 24 Positions Per Pole

Rotings Up To 15 Amps.

1 To 6 Poles Per Deck

1To 12 Decks

Diometers %, " To 21, ”

Shorting Or Non-shorting Contocts
Explosion Proof

o
, y’ .

Militory Or Commerciol Styles

Single Or Concentric Shofts

Solder Lug Or Printed Circuit Terminols
Switch And Potentiometer Combinotions
Key Lock Option

S
“v/p;i. : Homing Rotor (Bridging And
A , Shorting) Option
Spring Return Option
Power or Signol Switching
Isoloted Position (Pull-To-Turn) Option
ﬁy‘; ~ Adjustoble Stop Option
4 .";-';"1 ;:\‘-‘ For your Grayhill
5 W . Engineering Catalog
. 3 offering complete technical
data— contact

/> . 52'3-l;lillgrove Avenue
ayhifl  LaGrange, inois 60525
(o= Area Code 312, Phone 354-1040

...the Difference Between Excellent and Adequate
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For maximum frequency stability,
get Motorola oscillators.
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) Currently available
in production or prototype quantities.

When the maximum in frequency stability is required, choose fror
Motorola’s line of proportional ovenized precision oscillators. All
are enclosed in an ovenized housing where the quartz crystal and its
oscillator circuit are held to temperature changes of small fractions
of s degree.

High Stabilities. To parts in 1010 vs: environmenta! factors.

Wide frequency Range. From 60 KHz to 90 MHz normal. Ex-
tended ranges available on special order.

Wide Temperature Range. From =55° C to +195° C.

Low Aging. Less than 5 x 10-10/day.

And if you need a non-standard oscillator, let us know your
requirements. We'll design one specifically to meet your needs.

For complete information send for your free copy of Bulletin
TIC-3401 today. Write Component Products Dept., Motorola Com-
munications & Electronics Inc., 4501 W. Augusts Bivd., Chicago,

Nlinois 60651.
@ MOTOROLA

Circle 217 on reader service card

The Changing Interface

Medium and large scale integration are slated to have
major impact on the electronics industry. The effects
are already being felt — not only on systems and
component design — but on fundamental, traditional
relationships between equipment builders and com-
ponent suppliers.

Important trends that will affect your profession, your
job, your company, are explored in THE CHANGING
INTERFACE, a 150-page illustrated volume to be pub-
lished shortly by McGraw-HilF's Electronics/Manage-
ment Center.

In THE CHANGING INTERFACE, leading design engi-
neers and managers, the men responsible for guiding
their companies through the next generation of elec-
tronics, discuss the problems that LSI/MS| are stirring
up — and offer their solutions.

Here are some of the vital topics covered.

Implications of LS| on the Electronics Market

The Rationale for an In-House IC Capability

The Component Maker's Responsibility vs. the
System Builder's Responsibility

Masks and Computer-Aided Design at the Interface

The Testing Interface

How IBM and Bell Laboratories Deal with the
Interface Problem

Controversies and Future Trends in LS|

You can reserve a copy of THE CHANGING INTER-
FACE now at the special pre-publication price of $6.50
by returning the coupon below. If you send a check
now, we'll pay the cost of postage and handling.

Electronics/Management Center
330 West 42nd St.
New York, N.Y. 10036

Attn. Mr. Wayne Cowart

Please reserve my copy of THE CHANGING INTER-
FACE at the prepublication price of $6.50.

Name = Title

Company____

Company Address.

City_ ___ State.
(O Check enclosed for $6.50 [] Bill me
O Bill Company P.O. Number.
Circle 179 on reader service card 179



New semiconductors

Schottky diode has 0.5-volt drop at 50 amps

High efficiency achieved principally through use of chrome electrode;

device designed for rectification of power supplies in computers

When you think of using Schottky-
barrier rectifier diodes, rectifica-
tion of microwave devices probably
comes immediately to mind. But
now Motorola engineers have come
up with what they think is a com-
pletely new kind of device: a Schot-
tky-barrier diode for rectification
of power supplies, particularly
those used in computers.

Further, its developers cite the

MBD5500’s rating of 50 amperes;
previous hot-carrier diodes have
been doing well to reach 50 milli-
amps, they say. Art Mouyard, proj-
ect manager for hot-carrier devices
at the Semiconductor Products divi-
sion, believes the unit’s efficiency
and speed will be its strongest fea-
tures. He explains that efficiency
is best measured in a Schottky de-
vice in terms of its forward voltage

drop. At 50 amps, the MBD5500
has a drop of just 500 millivolts,
compared with 1.2 volts to 1.4 volts
for a standard p-n junction recti-
fier diode.

As for speed, Mouyard is hard-
pressed to assign a value to this
device. “Speed seems important to
a designer when he hears of a
Schottky-barrier diode,” Mouyard
says, “because speed has been

e P
“
Epitaxial npn small L&S band

transistor model MSC2010 can
defiver 10 w at 2 Ghz with 5 db
power gain at 35% efficiency, 20
w at 1 Ghz with 10 db gain at
60% efficiency and 50 w at 1
Ghz in pulsed operation. Unit is
housed in ihe Stripac package
which provides low input Q mak-
ing it ideal for broadband circuits.
Microwave Semiconductor Corp.,
Somerset, N.J. 08873 [436]

Standard MOS logic arrays are
available in two types. The 1806
variable hex gate array has a
typical propagation delay of 250
nsec; the 1808 fixed logic array,
150 nsec. Both come in 24 pin
metal-ceramic hermetically sealed
dual-in-line packages. In 100 lots,
the 1806 costs $16.20 each; the
1808, $14.10 each. Electronic Ar-
rays Inc, 901 Ellis St., Mtn.
View, Calif. [440]
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FET choppers series 2N3970,

2N3971 and 2N3972 may be used
as switches in digital applications
such as in multiplexers, commuta-
tors or analog applications like tv
equipment or oscilloscopes. Devices
offer low leakage of 250 pa, fast
switching and low pinch-off volt-
age. Price (100 up) is from $2.60
to $3. National Semiconductor
Corp.,, 2975 San Ysidro Way,

Santa Clara, Calif, [437]

Nine N-and P-channel enhance-
ment mode .silicon insulated gate
FET's are designed for chopper
applications and for low power
(37175,-6 and -7), medium-power
(3N181,-2 and -3), and high-
voltage (3N178,-9 and -80)
switching. Features are square
law characteristics and a high
ratio of off-to-on resistance. Gen-
eral Instrument Corp., 600 W.
John St., Hicksville, N.Y. [441]

Monolithic triple 66-bit dynamic
shift register MC1141 contains
1,191 p-channel enhancement-
mode MOS FET's. It is designed
to operate from 10 khz to 1 Mhz
in the temperature range of 0°
to 75° C, and features a power
dissipation of 1 mw per bit at 1
Mhz, typical clock input capaci-
tance of 80 pf. Motorola Semi-
conductor Products Inc., Box
20924, Phoenix [438]

Monolithic IC zero voltage switch

CA3059 is for 50 to 400 hz
thyristor control applications. It
includes threshold detector and
trigger circuit that pulses the
triac gate at the zero-voltage
point for reduction of rfi. The
unit, in a 14-lead dual-in-line
plastic package (0° to +70° C),
costs $1.95 each in 1,000 lot
quantities, RCA/Electronic Com-
ponents, Harrison, N.J. [442]

Silicon passivated diode controlled
switches serve as direct replace-
ments for four-layer pnpn diodes.
The two-terminal devices feature
excellent temperature stability in
switching voltage, switching cur-
rent, and holding current, with
temperature coefficients in the
order of 0.09%/° C in all charac-
teristics. Electronic Micro Sys-
tems, 1672 Kaiser Ave., Santa
Ana, Calif [439]

gL
. ESI»,

Bridge rectifier can be supplied
at a cost less than that required
for four similar rectifiers and as-
semblies, It has a 10-amp con-
tinuous rating with a standard
JEDEC TO-3 mounting case, the
rectifier being isolated from the
case, Prv rating is from 50 to
600 v. Higher voltages are availa-
ble as special orders. Atlantic
Semiconductor, 905  Mattison
Ave., Asbury Park, N.J. [443]
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E-H |
the logical solution

The E-H Research Laboratories, Inc., Amer-
ica’s leading designer and manufacturer of
pulse generators and other measurement
instruments, has teamed up with the lwatsu
Electric Company, Ltd., Japan’s foremost
manufacturer of oscilloscopes. Together
they make an ideal team to solve any of your
logic problems.

For example, the E-H 137 pulser is an ideal
stimulus source offering a source imped-
ance of 50 ohms, fast, ultra-clean, adjustable
leading and trailing edge ramps, all the out-
put levels you need for TTL and ECL logic
and 100 MHz pulse repetition frequency.

Team this up with the lwatsu 212 oscillo-
scope and you’ve got a team that’ll perform
to your utmost satisfaction for years to
come. The lwatsu 212 is the ideal wide-band
scope featuring bandwidth in excess of 200
MHz, with sweep speeds and writing rate to
match. One MQ input impedance matches
directly with the impedance level of circuit-
ry under test. This is the only 200 MHz band-
width oscilloscope featuring 1ns-/cm and
delayed sweep in one instrument. Big,
bright 6x10 cm display is another feature.

These are only two instruments from a broad
line of E-H and Iwatsu instrumentation
exclusively available from E-H. So what-
ever your logic problems are, contact an
E-H representative today for the most logi-
cal solution.

ﬂg@@ E-H RESEARCH LABORATORIES, INC.

515 Eleventh Street - Box 1289, Oakland, California 94604 - Phone: (415) 834-3030 - TWX 910-366-7258
In-Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Iwatsu Electric Company, Ltd., 7-41, 1-Chome Kugayama Suginami-Ku, Tokyo 167, Japan
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ELECTRONICS

INSTRUMENTATION

Renlronix
Loosens lhe
Tight Money
Nooge!

Rentronix reduces the tight
money squeeze consid-
erably by providing

you name-brand electronic
instrumentation and small
computers on a short-term
rental basis.

Rented instrumentation
means specific equipment
costs can be charged to
the individual project.
Rentronix has the right
equipment for any project!

1969

r§| oo

fentronix

FREE

48-page catalog covering
hundreds of electronic instru-
ments and small computers
available for short-term rental.

Renfronix

A Division of Inmark, Inc.

11501 Huff Court
Kensington, Maryland 20795
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pushed in microwave applications.
But this device is fast, too. It will
be even faster than a fast-recovery
rectifier diode.” Mouyard adds that
to test speed, Motorola reached the

limit of the best test equipment -

available, and the device showed
no change in rectification efficiency
out to 500 kilohertz.

Motorola achieves the low for-
ward voltage drop chiefly through
the use of chrome metalization; the
chrome allows a lower drop than
molybdenum or other metals.
“We’ve used this metal system for
seven years or so in zener diodes,”

7 SILICON DIODE PASSIVATION
/[ CHROME BARRIER METALIZATION

LIGHTLY DOPED n TYPE
SILICON!EPITAXIAL LAYER

/

LOW RESISTIVITY n TYPE SILICON SUBSTRATE

OHMIC CATHODE CONTACT METALIZATION

Efficient. Chrome electrode is key
to low forward-voltage drop.

Mouyard points out, “ and we know
how to etch it. In essence, it gives
us the best forward voltage drop
with the greatest productibility.”

Gold is evaporated atop the
chrome, which also is evaporated
onto the wafer rather than being
diffused. The gold provides a good
ohmic layer for soldering. The sili-
con dioxide, chrome, and gold are
laid down in that order atop a low-
resistivity epitaxial layer that en-
hances the unit’s turn-on voltage
in comparison to standard rectifier
diodes. Mouyard says the latter
devices don’t turn on until the level
is about 0.6 volt because they’re
high-resistivity devices; the MBD-
5500 turns on at 200 mv.

The hot-carrier diode dissipates
about 25 watts in the forward direc-
tion vs. 60 watts for a standard
rectifier diode. But Mouyard cites
some tradeoffs. The MBD5500’s
peak operating voltage is about 20
volts; leakage at that level is 200
milliamps. In comparison, a stand-
ard p-n rectifier diode shows just
one microamp of leakage at 400
volts, This tradeoff was made to
get the low forward-voltage drop.

But the 20-volt rating still is well-
suited to rectification of computer

and mobile power supplies where
size is a consideration, Mouyard
says. Because of the unit’s low dis-
sipation, he foresees uses in air-
craft power-supply rectification.
The lower dissipation means less
heat-sinking is required, keeping
size and weight down. It fits into
a pressfit DO-21 package, which
Mouyard describes as a rugged,
hermetically sealed, gold-plated
copper package.

Power loss in the reverse direc-
tion has to be considered in a hot-
carrier diode, but even with a
greater reverse dissipation, the
MBD5500 is better than a standard
p-n rectifier diode for total dissipa-
tion. With the 200 ma leakage at
20 volts, the power loss in the re-
verse direction is 4 watts. “That’s
worst case,” Mouyard stresses. “It
might be more like 1 watt, but this
has to be added to the forward loss
of 25 watts. So you have a total
of about 30 watts dissipation, which
is still only half that of the stand-
ard p-n device, even with its neg-
ligible power loss in the reverse
direction.”

The MBD5500 is priced at $8.50
in quantities of 100-999; from 1,000
to 5,000, the price drops to $7.65.

Motorola Semiconductor Products Inc.,
Box 20912, Phoenix, Ariz., 85036 [444]

New semiconductors

Thyristor controls
2,000 volts

Device features high
surge current and dv/dt,
300-milliamp firing current

Low component count is as much
an advantage in power equipment
as it is in computer circuitry: the
fewer the number of components,
the greater the reliability and the
smaller the assembly costs, regard-
less of application. So Westing-
house’s 2,000-volt thyristor should
be welcome news to power-system
designers; its high voltage rating
makes it possible to reduce—by as
much as 50% in some cases—the
number of series thyristors in mo-
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tor controls, starters, and directly
controlled power systems.

According to the manufacturer,
the device is the first available do-
mestically with such a high voltage
rating. D.P. DelFrate, marketing
manager for the Semiconductor di-
vision, claims that, although higher
voltage ratings are specified by
non-U.S, manufacturers, other im-
portant parameters are compro-
mised. The Westinghouse device,
however, can withstand surge cur-
rent of 6,000 amperes and a voltage
increase (dv/dt) of 300 volts per
microsecond. In addition, the thy-
ristor requires a gate current of no
more than 300 milliamperes to fire,
and the half-wave average current
is 300 amps.

The thyristor is made by diffu-
sion techniques, rather than by al-
loying. The silicon chip is mounted
in the package by the manufactur-
er’'s spring-loaded compression
bonding technique, which helps to
assure uniform post-encapsulation
characteristics and eliminates fail-
ure by thermal fatigue.

There are two package versions:
286-Y30 contains an integral heat
sink, 270-Y30 is a stud-mount de-
sign. For either package, delivery
is in two to three weeks. Price, in
quantities of 10 to 99, is $320 for
the integral-heat-sink package and
$300 for the stud-mounted unit.

Westinghouse Semiconductor Division,
Youngwood, Pa. [445]

New semiconductors

IC op amp has
FET input stage

Unit for industrial market
is one of 8 linear circuits
introduced by Fairchild

At high temperatures, junction field
effect transistors don’t do very well.
But in the industrial temperature
range, they have a high input im-
pedance and in other ways perform
better than bipolar devices. And
this is the market—industrial proc-
ess control and instrumentation—
that Fairchild Semiconductor has
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in mind for its xA740 operational
amplifier, one of eight devices that
the company says have been re-
quested by customers since it
launched its family of linear inte-
grated circuits. [Electronics, July
21, 1969, p. 144].

Besides op amps, the new IC’s
include intermediate-frequency am-
plifiers, modulators-demodulators,
and analog multipliers.

“With the pA740 we’ve made
things easier for industrial custom-
ers who formerly used a 709 op
amp with a pair of external FET’s
for the input,” says Mike Mark-
kula, Fairchild marketing manager
for linear 1C’s. The 740 has a junc-
tion-FET input stage.

All specifications for the 740
equal or exceed those of the 741—
the input current is down in the
picoamp range, and input impe-
dance is about 10-12 ohms.

Two of the new circuits are for
communications, and they make
Fairchild a second source for the
Motorola MC1495 4-quadrant ana-
log multiplier and the 1496 modu-
lator-demodulator, The 795 analog
multiplier will sell for $12 and is
intended for displays and “any-
where you have to multiply two
analog signals,” says Markkula.
The 796 modulator-demodulator for
a-m systems cosfs $4.95,

Another new device is the uA757
i-f amplifier. Jerry Zis, senior mar-
keting engineer, says its most im-
portant characteristic is that its in-
put and output impedance remain
constant with changing automatic-
gain-control voltage. This is due,
he says, to the unusual circuit that
is used as the load for the agc sig-
nal. “We use a transistor emitter-
base junction as a resistive diode
load. The agc signal controls a
current source which varies this
resistance,” says Zis, “and the
over-all effect is that the input and
output tank circuits don’t detune.”

Because too much gain in one
block could make the circuit unsta-
ble, the 757 has two gain sections
and the age can be applied to each
or both. The over-all gain is 75
decibels, and the agc range is 70
db. The 757’s price, $4.85, and its
50 db intermodulation distortion
make it suitable for use in stereo
f-m receivers.

Fairchild Semiconductor Division, 464
Ellis St., Mountain View, Calif. 94040
[351]

New printer
beats interface
problems.

$995

This newly-designed printer provides
sophisticated performance at an unusually
low price.

Model 5103 accepts 4-line BCD codes
and prints up to 21 columns as fast as
three lines per second. Options include
built-in clock for time print-out, and se-
lectable input code: 8-4-2-1 or 4-2-2-1
or 2-4-2-1.

The printer will accept data from two
sources, printing each on the same or sep-
arate lines. Reliability is enhanced by
permanently lubricated ball bearings and
a continuously rotating print drum that
eliminates the wear caused by start-stop
mechanisms. .

Print-out may be on pressure-sensitive
paper or in ink with remote selection of
black or red characters.

Price is $995 for basic 5-digit printer.
and the design facilitates later expansion
in the field.

Digital
clocks.

-

Full line of digital clocks ranges from
a compact $675 model to sophisticated
calendar-clocks with stability of 5 parts in
109 per day and provision for synchroni-
zation with WWV and WWVH.

All clocks use proven integrated cir-
cuits and all-silicon solid-state components
in order to maximize reliability. All are
designed to be integrated into systems
with remote control. Time data is avail-
able on parallel BCD outputs, and out-
put time pulses occur at intervals ranging
from 0.1 second to 1 hour.

A unique warning device prevents erro-
neous readings after power interruptions.

Send for literature,

SBYSTRON €[> > OONNER

Data Products Division,
Systron-Donner Corporation,
888 Galindo Street,
Concord, California 94520.
Phone (415) 682-6161.
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Digital Indicators by Clifton

in the Clifton family of ARINC
type, solid state, Time-To-
Go, INS and DME indicators,
we are proud to have an-
ticipated and produced ad-
vanced cockpit hardware for
the new generation of com-
mercial transports.

fmportant design ad-
vances in the areas of fault
monitoring and detect cir-
cuitry plus central dimming
capabilities are incorporated
into tne basic design.

in operation, each indica-
tor recognizes the address
of a specific function pa-

rameter, decodes the serial
BCD data, and provides a
digital display of the infor-
mation. Each basic indicator
in the family has the capabil-
ity of being converted to any
other indicator format by
simply changing a lightplate
and programmable connec-
tor. Seven segment lamp or
magnetic wheel readouts are
available for most designs.

Two basic display fam-
ilies, a 4 Digit and Dual 4
Digit configuration, are in-
cluded in the INS and DME
indicator product line. Sim-

Chronometer and Band from J. E, Caldwell Co., Philadeiphia—$1200.

Circle 184 on reader service card

ilar indicators are available
for AIR DATA applications.
A variety of indicator read-
out configurations meet all
INS, DME or AIR DATA indi-
cator requirements.

You can obtain full infor-
mation on this advanced line
of indicators which is avail-
able and now flying by call-
ing your Local Clifton Sales
Office or area 215 622-1000;
TWX 510 669-8217.

CLIFTON

DIVISION OF LITTON INDUSTRIES
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(Continued from p. 162)

specifications like cycle time don’t
mean nuch in the Unibus format.
DEC claims, however, that in bench-
mark tests against other machines,
the PDP-11 is faster on the average.
“Some competing machines do
some operations faster,” says a
spokesman, “but when all task
times are added and averaged out,
we come out ahead.”

For engineers who want num-
bers, the PDP-11's standard 4K
memory module (the MMII-E)
cycles in 1.2 usec and has a 500-
nanosecond access time. The MR
11-A read-only memory module
also has a 500-nsec access time,
and with it comes the MWI1I-A, a
128-word, 2-usec-cycling read-write
memory.

Direct-memory access can occur
at the full speed possible with the
main core memory since the Uni-
bus scheme makes multiplexing un-
necessary; the rate is 833,000 words
per second. Maximum latency time
is 3.5 psec for highest-priority bus
users.

The amount of time saved by
direct-memory access, and by di-
rect data transfer between parts of
the PDP-11 system without involy-
ing the general registers, is not
specified, and probably varies with
the individual system and appli-
cation. But it cxists, and may be
the factor that allows the pDP-11
to come out ahead in DEC’s bench-
mark tests.

The PDP-11 initially is going to
be available in two models; the
PDP-11/20, which uses the 4K core
memory and comes equipped with
an ASR-33 teletypewriter, at $10,800,
and the PDP-11/10 “dedicated con-
troller,” equipped with read-only
memory and a small amount of
read-write core. The 11/10 sub-
stitutes a turnkey console for the
full operator’s console of the 11/20.
Its $7,700 price doesn’t include a
teletypewriter.

Knowles says both machines al-
ready are back-ordered. Initial de-
liveries of 11/20’s to customers
already on the books should be in
the second quarter of 1970 with
mass deliveries early in the third
quarter. The PDP-11/10 should be
ready for deliveries late in 1970.

Digital Equipment Corp., 146 Main St.,
Maynard, Mass. 01754 [338]
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We kid you not. That's our price .. unbelicvably low
without a micron loss of quality or efficiency. Our
philosophy’s simple* no over-engineering. no idle parts
sitting—and costing—till user requirements catch up
No wonder our display terminals lead the entire field in
price performance. For further details, write for our free
brochure or call collect

Infoton

Infoton Incorporated. Sccond Ave . Burlington, Mass 01803 (617) 272 G660
Incorporating Information Research Associates, Inc
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XENON corporation b XENON & KRYPTON ARC LAMPS
39 commercial street « medford, massachusetts/02155 « (617) 395-7634

— ' FLASHTUBES & ARC LAMPS
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TYPICAL DESIGNS:

® Linear ® Helical
® "U'" Shaped ® Water Cooled
® Air Cooled ® Annular

{ TYPICAL APPLICATIONS:

® Strobe Photography ® Laser Pumping
® Copying Machines ® Beacon Lights
® Computer Printing ® Photo Chemistry

® Puiser "UV'' Bleaching, Fusing & Curing
AVAILABLE IN SOLDER SEAL OR GRADED SEAL PACKAGE

o FREE FLASHTUBE CATALOG ON REQUEST o
Specialists in the Generation of Light
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FNX-05W 3H
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METALLIZED POLYESTER FILM
CAPACITOR -*“TYPE FNX-H'"-

Sub-miniature size and oval section
ideal for space economy. Lightweight,
self-healing and with high insulation
resistance. Capacitance values up to
10 MFD. Outer wrap of tough polyester
protects against moisture. Perfect in
both transistorized and low voltage tube
circuits and others where size and cost
are paramount.

Specifications:

Qperating Temperature Range: —~40°C to +85°C
Standard Voltage Rating: 100 , 200 , 400 , 600VDC
Standard Capacitance Value: .1 MFD to 10 MFD.

Standard Capacitance Tolerance: =209 (available 109

MATSUQ'S other capacitors include:
Solid Tantalum Capacitors: MICROCAP
for hybrid ICs, Type TAX her-
metically sealed in metallic
case, TypeTSX encasedin
metalliccase and sealed

™,

e ——

* i

with epoxy resin, Type|
TSL encased in meta-
llic case and sealed
with epoxy resin

@/ Polyester Film Ca-
/ acitors: MFL

epoxy dipped, Type MFK
epoxy dipped, non inductive,
Type MXT encased in plastic

s
(—m
bte—

Type

tube, non inductive.

— 7
For further information, please write to:

MATSUO ELECTRIC CO., LTD.
Head Office : 3-5,3-chome, Sennari-cho, Toyonaka-shi, Osaka, Japan
Cable: “NCCMATSUD’" 0SAKA  Telex: 523-4164 0SA

Tokyo Office: 7, 3-chome, Nishi-Gotanda, Shinagawa-ku, Tokyo
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New materials

Low-weight fabric
acts as absorber

Eccosorb FBC is a low-weight, surface-
resistive fabric that has been formed
into an array of pyramids, thus creating
a drapable microwave absorber. The
fabric construction permits sewing to-
gether large blankets for easy handling
when used to cover sensitive electronic
gear, antennas, radomes, etc. First
member of the new series of absorbers
is useful above 2.4 Ghz, weighs 0.1
Ib/sq ft. in quantity. The material is in
the $10-per-sq-ft. price range. Emerson
& Cuming Inc., Canton, Mass. 02021
[491]

Solder creams are now available in cur-
able and noncurable formulations in a
large selection of standard and special
alloy compositions, viscosities, and
powder mesh sizes, with rosin and acid
flux bases in all degrees of flux activa-
tion. Typical uses include the attaching
of feedthroughs and dividers; bonding
of IC's to p-c boards; mounting of dis-
crete components to hybrid substrates;
selective tinning of component pads;
and for making contacts to the met-
alized area of passivated silicon device
chips. Alpha Metals Inc., 56 Water St.,
Jersey City, N.J. 07304 [492]

Silver-coated ceramic powder Silclad
G-100 may be substituted for pure sil-
ver in conductive gaskets, coatings,
plastics, etc. Typical resistance is 0.008
ohm at room temperature and less than
0.040 ohm after 1,000 hours at 500°F.
Particle size of Silclad G-100 is less
than 44 microns and its density is 14
that of pure silver. Cost is approxi-
mately 259% that of pure silver. Sigma-
tronics, Box 105, Moorestown, N.J.
08057 [493]

Easy-to-use nonflammable cleaner and
lubricant for electrical switches and
contacts is available in aerosol form.
Sprayed on electrical contact points, it
forms a long-lasting, protective film
that cleans, lubricates, and extends the
life of electromechanical components,
reducing maintenance time and ex-
pense. The thin film formed has low di-
electric properties. Crown Industrial
Products Co., Hebron, Ill. 60034 [494]

MAGNETIC
HEADS

MULTITRACK

ERASE
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PLAY

Send now for complete technical literature.

NORTON

" ASSOCIATES, INC.

10 Di Tomas Court, Copiague, N.Y. 11726
Phone: 516 598-1600
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Samples Show How

e
NEW MOLDING PROCESS

d|e oast
JOINS 2 DIFFERENT
MY PLASTICS IN A

SINGLE SMALL PART
l{}\_‘\ *» Combine different col-

ors, physical, chemical
CQJ;’ properties of different
S

&I)aniggrswi:t a single tiny
molded
PLASTICS

* Movable-element parts,
separable parts, two-
color parts, numbered
and lettered parts, com-
bination-of-materials
parts.

- = * Saves assembly costs,
enhances appearance,
) performance of your
a product.
~
/(?\; ) Write today for ‘“inter-
g mold” samples and de-
—=0"F tailed bulletin.
Coi! Bobbins

Gears & Pinions

%
GRIES REPRODUCER CO.
Division of Coats & Clark Inc.

World’'s Foremost Producer of Small Die Castings

15| Beechwood Ave.. New Rochelle, N.Y. ¢ (9l4) 633-8600
Plants in: New Rochelle, N.Y.: Warren. R.1.; Toccoa, Ga.
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New Books

On the beam

Quantum Electronics, Vols. 1 & 2
V.M. Fain and Ya. | Khanin

MIT Press, Vol. 1: 314 pp., $16.50.
Vol. 2: 312 pp., $16.50

Since the birth of quantum elec-
tronics as an independent engineer-
ing field about 10 years ago, few
authors have been able to combine
a clear treatment of the theory with
a compendium of applications use-
ful for laser design. Too often the
theory bogs down in detail irrele-
vant to applications, while the ap-
plications themselves are too brief
to be generally useful.

This has been avoided in this
two-volume edition. The first vol-
ume comprises the theory and the
second, applications. Both comple-
ment each other; taken together
they offer an unusually complete
and readable treatment. The au-
thors, both Soviet physicists writ-
ing with the laser designer in mind,
expand the theory only when its
bearing on applications warrants
the detail, and keep all applications
relevant to current systems. Mov-
ing from the paramagnetic maser
amplifier as an example of the ear-
liest realized simulated emission,
the authors discuss microwave mo-
lecular oscillators, including the
molecular beam oscillator, and
wind up with crystal, solid state,
and gas laser systems.

Particularly good is the chapter
on lasers, which comprises almost
half of the second volume. Starting
with the methods of obtaining pop-
ulation inversion by optical excita-
tion, the chapter moves into the
important area of pumping, with a
discussion of the pulsed xenon
lamp system. In this section, as
well as throughout the book, the
authors include helpful design in-
formation that balances the more
theoretical material. For example,
the pumping section includes a
design for alaser with a spiral lamp
circumscribing the crystal mounted
in the axis of the spiral. This is a
common arrangement for most
pulsed-lamp designs which allows
most of the illumination to the
crystal to be emitted from the sur-
face of the lamp facing the axis.
The authors note that this method
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provides a more uniform excitation
of a crystal than a straight lamp
employing reflectors to concentrate
the pumping energy on the crystal.
There is also a discussion of the
inherent remaining non-uniformity
due to the focusing properties of
the crystal itself, an important
pumping consideration often
omitted from general discussions.

The section on solid-state lasers
begins with the familiar ruby laser
and the conditions for lasing. In-
cluded in the ruby theory is its os-
cillation threshold dependence on
mirror angle and the emission line-
width growth with increasing tem-
perature, two important design
parameters rarely discussed out-
side of the journals.

The treatment of gas lasers is
equally complete, offering infre-
quently-discussed design details.
Included is a very complete table
of transitions in gases at which
laser action is observed; this is
hard-to-get  design  information
compiled in a concise form that
itself could be worth the price of
this volume.

The other sections on gas lasers
are equally design-oriented. In-
cluded arc a design of a gas-dis-
charge helium-neon laser with an
internal mirror configuration, sev-
eral mirror layouts with and with-
out prisms, and a layout of a
caesium-vapor laser with optical
excitation, unique among gas lasers
because of its methods of pump-
ing. Pumping is accomplished with
caesium-vapor by containing it in
a closed glass tube and heating it
to a temperature of 448 degree Kel-
vin, at which time it is cxcited by
the light of a helium gas-discharge
lamp.,

Recently Published

Computer Oriented Circut Design, ed.
F. Kuo, W. Magnuson Jr., 561 pp.,
$14.50

Explores different aspects of the de-
sign of electronic circuits using a digital
computer. Discusses network topology,
numerical analysis, state space tech-
niques, modeling of solid state devices,
graphic data processing, optimization
techniques and automated circuit lay-
out.

|
|

|
|
l
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The first
plug-in
curve

tracer
costs

I5]ess!

With U-Tech’s plug-in and console
units, any X-Y oscilloscope
becomes a curve tracer displaying
the dynamic characteristics of
both NPN and PNP transistors,
N Channel and P Channel junc-
tions, FET's, MOS-FET’s, bipolars,
unijunctions, diodes, tunnel
diodes and SCR's. You have curve
tracer capabilities, without buying
a complete curve tracer unit.

In so doing you pay up to:

13 less!

R @ & UTech plugin MODEL
; ‘ii P 681: $655.00' . for
@ .. Usewith Tekt-onixt 560
= é\‘ Series Oscilloscopes.

ml% e

L

N ="
- U-Tech conso'e

sy MODEL 683: $685.00

. For use with any X.Y

b 1 Oscilioscope.
.

U-Tech plug-in MODEL
682: $675.00 * For use
with Tektronizt 530.
540, 550. 580 Series
Oscilloscopes

Ask your distributor about these
U-Tech curve tracer units
or order direct from:

U-TECH

A DIVISION OF INDUSTRIAL PHYSICS AND
ELECTRONIECS COMPANY

4190 SOUTH STATE STREET.

SALT LAKE €ITY, UTAH 84107

(801) 262-2563

tRegistered trademark Tektronix Inc.

Prices apply to purchase and shipmerts within
U.S.A. fob Salt Lake City, Utah
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Technical Abstracts

More bits to the inch

Monolithic sequential magnetic
memories

R.J. Spain

Sylvania

Waltham, Mass.

Photolithographic techniques for
defining paths of domain propaga-
tion in thin magnetic films opens
the door for manufacturing mono-
lithic sequential memories that are
reliable and have high bit density
at low cost. The advantage of thin-
film sequential memories over other
memory systems is that they greatly
reduce the electronics and the in-
terconnections usual in random-ac-
cess magnetic memory systems.

Magnetic thin-film memories and
shift registers use easily prepared
materials which can be deposited
over large surfaces easily. Bit densi-
ties at present are about 2,000 to
3,000 bits per inch with stepping or
shifting rates above 500 kilohertz.
Increasing the bit density by a fac-
tor of 5 seeins possible before reach-
ing limitations posed either by the
increase in propagation field result-
ing from channel width reduction
or by the definition of drive con-
ductor patterns. Increasing storage
density should make possible even
higher frequencies of operation to
be reached.

Storage and retrieval of informa-
tion is effected through controlled
displacement of magnetic domain
walls. In a thin-film magnetic shift
register, for example, binary in-
formation is stored as the presence
or absence of domains of reversed
magnetization within an initially
saturated magnetic stripe. Domains
are shifted along the stripe via
specially arranged drive conduc-
tors. Information enters by forma-
tion of a domain at the input loca-
tion; the output signal can be
obtained at the readout location by
inductively sensing the movement
of the domains.

When these devices first were
made, the paths of information flow
were defined by the edges of the
stripes, which were vacuum de-
posited through an evaporation
mask. However, this method
greatly limited the storage area.
With photolithographic techniques

188

for defining domain paths, much
higher densities became possible
and more complex information
paths could be formed. This made
possible shifting devices of much
greater propagation channel length
to be constructed by winding the
paths back and forth across the
substratc in a zigzag manner and
by shifting in any given direction.
In addition, various channel shapes
could be used to perform logic
functions within the film.

Recent developments in the ap-
plication of controlled domain wall
motion in the rare-earth orthofer-
rites have extended the range of
possibilities still further. With thin
platelets of orthoferrite, it is pos-
sible to obtain cylindrical domains
which exist in, and tend to stay
in, a minimum energy state, thereby
making it possible to induce mo-
tion of the whole domain by pass-
ing a magnetic field gradient across
the domain, Such gradients can be
produced by the action of a uni-
form magnetic field on specially
shaped patterns of soft magnetic
materials. Information flow thus
can be directed and driven along
any given direction in the memory
plane through a time-varying uni-
form magnetic field, reducing the
number of high definition conduc-
tor lines needed.

Under the shift register ap-
proach, using platelets of orthofer-
rites, bit densities on the order of
10* bits per inch and shifting rates
exceeding 100 khz have been
achieved. Storage densities above
10° bits per square inch and shift-
ing rates from 1 to 10 megahertz
will be likely.

Presented at Nerem, Boston, Nov. 5.7.

Sowing an ion

Implanted components in
microcircuits

J.D. Macdougall and K.E. Manchester
Sprague Electric Co.

North Adams, Mass.

Injecting dopants into semiconduc-
tors by ion bombardment rather
than by diffusion has several ad-
vantages. It permits fabrication at
low temperatures, precise control
of shallow doped layers, and elimi-

nates lateral diffusion. Ion implan-
tation has been successfully dem-
onstrated with silicon planar boron
resistors, boron-phosphorus com-
pensated resistors, and insulated
gate field effect transistors (IGFET).

In the ion implantation process
ions are accelerated and focused
by electrodes; uniform large-area
exposure of the substrate is
achieved by sweeping the ion beam
while moving the sample beneath
the beam. Conventional photolitho-
graphic masking techniques are
used to define the device geome-
tries.

Boron implanted resistors have
been fabricated with very precisely
controlled doping levels. For a 50
kilo-electron-volt boron implant,
approximately 90% of the dopants
lie within a layer less than 0.2 mi-
crometer thick. Thus, for similar
doping levels the implanted layers
yield sheet resistance roughly 20
times higher than diffused resistors.
The sheet resistance depends on
the ion dose and changes less rap-
idly than the inverse dose. Since
this behavior is consistent with
variation of carrier mobility with
dopant concentration, the ion dose
nced only be controlled to +=10%
in order to yield precisions on the
order of 6% for-the sheet re-
sistance of the implanted resistors.

Closc temperature tracking be-
tween diffused resistors and im-
planted resistors is achieved be-
cause average doping levels in both
implanted and diffused layers are
similar. The resistor substrate re-
verse breakdown characteristics of
ion implanted devices normally are
sharp and uniform across a given
wafer; breakdown voltage for a re-
sistor fabricated in 10 ohm-centi-
meter n-silicon is 6010 volts.

The presence in a silicon crystal
of comparable amounts of p and n
type dopants considerably changes
the carrier scattering mechanisms
which determine the variation of
resistance with temperature. Super-
imposing a 110-kev implant of
phosphorus atoms on a previously
implanted 40-kev boron distribu-
tion will increase sheet resistance
as the phosphorus dose is in-
creased. There is a marked increase
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Chief Engineer
for

Small but sophisticated design
groud involving design
problems on TV Video—Color
Cameras—Pulse and Digital
Equipment—Microwave—etc.

Requires strong technical
ability coupled with ability

to motivate and channel efforts
of 15 man engineering group.

Send resume or contact:

B. Presti

Sarkes Tarzian, Inc.
Bloomington, Ind. 47401
Arez Code 812/332-7251

Circle 220 on reader service card

FREE!

HOW TO HANDLE
WAFERS, CHIPS,
SUBTRATES,

FEP Teflon* precision-molded into baskets, carriers, and
trays — perfect for processing and handling semiconductor
materials. The FEP material is virtually inert and useable at
extreme temperatures. Hundreds of types, designs and sizes.

Write for 28-page catalog containing complete specifica-
tions and technical data.

*DuPont Trademark

£ HUOROWARE.

Chaska, Minnesota 55318 « Phone 612-448-3131
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Technology Consultants, Inc.
has the | TALENT
for helping your company
profit!

Profitable growth to a position of industry leadership is
often the result of ideas developed to maximum
usefulness. But finding the skilled resources or time

to move ideas into the money market could be a
problem. TCI can help.

TCl provides a team of electronic specialists from

a vast talent pool to extend your technical capability.
They can help you solve critical technical problems
when in-house resources may be limited. Or, guide your
existing capabilities into new directions for growth,
They assume overall job responsibility. And they

relieve the financial burden of carrying a full-time
technical staff on your payroll.

A TCl team of experts ... with appropriate analytical
and technical talent...and with direct support of all
Electronics/Management Center resources is ready
to help you by participating in:

e Systems design & analysis
e Search for new products

¢ Research & development
e Technical proposals

e Seminars for up-dating
technical staffs

® Product feasibility studies

e Literature searches

Ask for our
brochure or
call direct
and arrange
for a
preliminary
meeting now.

Tevearch echalcel
e

2

*

Technology
Consultants, Inc.

An Exclusive Technical Afflilate of

E/VIC

Electronics/Management Center
330 West 42nd Street

New York, N.Y. 10036

(212) 971.3485
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