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Active filters need no inductors: page 109 :‘%i” L
Detecting bad IC’s: page 120 A McGraw-Hill Publication
Faster low-frequency measurements: page 123 Selow: Fourth dimension aide in

threshold logic design, page 94
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Not with the linearity and flatness of the new
hp 675A Sweeping Signal Generator!

SWEEPER—You know the swept response you'-e getting is the
true picture—because the hp 675A provides you with a linearity
of <0.5%, output flatness of .15 dB, low residual FM of <70
Hz peak, and a continupus range of 10 kHz to 32 MHz!

The start-stop sweep has =1% end point accuracy and the
center frequency sweep hascalibrated AF steps up to 10 MHz.
The low frequency drift of <1 kHz/hr. eliminates the need to
individually calibrate each sweep setting. The 39 dB calibrated
output has 1 dB step resolution,

If you need crystal marker accuracy in your display, you can
get oplional fixed frequency crystal and crysta. controlled har-
monic (comb) markers, The 675A has horizontal tiltand marker
width and amplitude controls. with both external and internal
detectors, markers are added after the signal has passed
through the device under test.

Unique vertical blanking eliminates RF switching transients
that could affect your device response.

SIGNAL GENERATCR (CW)—The 675A has CW dial accuracy
of =0.5% of full scale, <60 Hz rms spurious FM, 1 kHz setta-
bility, calibrated output in 10 and 1 dB steps, and an output
monitor for an ideal signal generator. It can be amplitude mod-

-<~-Circle 900 on reacer service card

ulated internally or externally from O to 50%. External FM has
a sensitivity of 1 MHz/V,

PROGRAMMABILITY—The external frequency control permits
analog programming of discrete frequencies, sweptfrequencies
and frequency modulation over the entire band. Amplitude can
also be externally controlled over a 6 dB range.

Take the mystery out of your plots. Get the complete story
on the new hp 675A Sweeping Signal Generator from your hp
field engineer! Or, request a copy of our data sheet from
Hewlett-Packard, PaloAito, California 94304, Europe: 54 Route
des Acacias, Geneva. Price: ho 675A, $2250.00; markers and
detectors optional.

087/16 &

HEWLETT .ip, PACKARD

SIGNAL SOURCES
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is bad business!

Here’s the first compact instrument package for fast measurements:

18802

Circle 2 on reader service card

group delay at IF and baseband

modulator and demodulator linearity and sensitivity
IF gain, bandwidth and insertion loss

spectrum analysis at IF

If you work with microwave links or in satellite or tropo-
scattering communications systems, is there a better way
to make group delay linearity measurements?

Yes.

The new Hewlett-Packard 3701 Microwave Link Analyzer
is the first single-package instrument that allows you to
make the crucial measurements in a microwave link.

The 3701 can resolve group delay to 100 picoseconds.
It can check out up to 1800-channel systems at IF. It can
determine sensitivity and linearity of both modulators and
demodulators. It has an IF response flat within +0.1 dB.

If you design, operate, install or maintain microwave
links, you'll find your work in group delay easier, more ac-
curate and more economical with this new microwave link
analyzer. For ali the information, call your local Hewlett-
Packard field enginear or write Hewlett-Packard, Palo Alto,
California 94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT hp’, PACKARD

[
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Designer’s casebook
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= Gated semiconductors clean a-c switching

= Pulse generator is supply and temperature
independent

Active filters: Part |

The road to high Q's

Large inductors can be eliminated from low-
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networks form the basis for active filter design
Arnold Meltzer, George Washington University
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measurements

A counter circuit measures period first, then
converts to frequency for fast, accurate
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Readers Comment

Outdated

To the Editor:

In the light of 1968 technology,
the 1964 photograph that accompa-
nied “Plastic IC’s still 4-F” [April
15, p. 45] is an anachronism.

The circuit in the photograph had
been covered with a silicone-poly-
mer, Dow Corning 1400, due to in-
troduction into the process at that
time of a smaller-volume package,
togcther with failure simultaneously
to reduce the volume of polymer
from that which had been used
with the previous, larger package.
As a result, the silicon wafer and
part of the interconnection wires
were covered with the DC 1400
polymer. Normally, the DC 1400
had been put around the bar and
below it and used to coat the inter-
connection wires lightly. It had not
normally cncapsulated the wafer,
nor had it submerged all or part
of the interconnection wires.

This excessive amount of DC
1400 contracted during tempera-
ture-cycling of the device and
snapped the interconnection wires.
This was, and still is, a recognized
characteristic of this silicone poly-
mer varnish.

C. Gordon Peattie
Components Group
Texas Instruments Inc.
Dallas

Fast multiplier

To the Editor:

The general idea of our 500-Mhz
coaxial line fast multiplier project
has been reported correctly in your
article  “Pacing  ultrahigh-speed
computers,” [March 4, 1968, p.
165]. However, two errors should
be corrected:

An interface to an IBM computer
has neither been constructed nor
is it planned for the immediate
future.

For a 50-bit digital memory, a
high-quality coaxial line of 4 inches
diameter would appear rather
bulky and costly. In fact, the
big cable shown to your reporter
has been used for a totally different
project; namely, tcmporary storage
single-event waveforms for display

Electronics | May 27, 1968



Only from Sprague Electric!

TYPE 137D TANTALEX'
SINTERED-ANODE TANTALUM CAPACITORS

High-Temperature Solder
Guaranteed for Operation

Organic Spheroid
Provides Insurance __
Against Capillary Leakage

Lacquer Dip
Prevents Discoloration

Wire-To-Pellet
Weld Guarantees
Pellet Dimensions

Fine Silver Cuse/

Cathodic Etch

and

Patented Platinization
Guarantee
Capacitance

Stability

Lead Weld
Buried in Eyelet

to 175C

N
All-Welded
Termination

\

20x Normal Life Provided
by Unique, Patented
Hermetic Seal

Roll-Over Compression
Gives Unitized Construction
to Withstand High Shock
and Vibration

Time-Proven
PTFE Seal

—— Patented

Gelled Electrolyte
Eliminates Leaks

I —————Capacitance Values to 1200 uF

I

Voltage Ratings to 150 VDC

Positive ““3-Jaw Chuck”
Anti-Vibration Spacer

WHY SETTLE FOR LESS?

For complete technical data, write for Engineering Bulletin
3703A to Technical Literature Service, Sprague Electric Co.,
35 Marshall St., North Adams, Massachusetts 01247.

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS

TOROIOAL INDUCTORS
ELECTRIC WAVE FILTERS

INTEGRATEO CIRCUITS
THIN-FILM MICROCIRCUITS

£e.7136
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CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUNO MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL OIGITAL CIRCUITS

®

SPRAGUE

THE MARK OF RELIABILITY

—
Sprague’ and '@' are registered trademarks of the Sprague Electric Co.
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First counters
to operate

automatically across
the VHF gap.

Until now you couldn’t make simple, automatic frequency measurements from
100 to 300 MHz without a special VHF plug-in. The extra plug-in was clumsy
in the lab. And when switching plug-ins was impossible—as in automatic
console systems—the VHF gap was unavoidable. Now two self-contained
Systron-Donner counters span the VHF gap,

operating automatically from DC
to the microwave region.

Non-stop DC to 12.4 GHz. The VHIF

gap is filled by a built-in prescaler in this new Thin
Line counter. The instrument operates just like a
simple frequency counter across the board from
DCto124 GHz.You merely connect the signal and
read the final answer on the display. Built with
IC’s to take only 1-3/4" of rack space and operable
by remote control, it is the ideal instrument for
automatic systems.

..t WO more reasons

to check with
Systron-Donner
before you buy.

Non-stop DC to 3 GHz.New ACTO®

plug-in with built-in prescaler carries this counter
across the VHE gap to 3 GHz with fully-automatic
operation. The new broadband plug-in can be re-
placed by others to raise the frequency range to 40
GHz, to measure very noisy signals, to measure
FM and pulsed RF, to read time interval, etc. This
is the best available wide-range laboratory counter
—the root of a system that can accomplish nearly
everything possible with counter instrumentation.

SYSTRON @ DONNER

888 Galindo Street, Concord. California 94520.



in a sampling oscilloscope.

Finally, it would be in order to
acknowledge the valuable contri-
bution of Gilbert Vuilleumier, a
doctoral candidate at Geneva Uni-
versity, and to mention that funds
for devceloping the demonstration
model have been obtained from
Eidgenossische Stiftung zur For-
derung schweizerischer Volkswirt-
schaft durch wissenschaftliche For-
schung.

Daniel Maeder

Professor
School of Physics
University of Geneva
Switzerland

Mission possible

To the Editor:

In a story on Litton Industries’
Magna-Badge [April 15, p. 63]
there’s a statement that the identi-
fication card “would be difficult for
even the gang from  television’s
“Mission Impossible” to forge.”

T disagree. First, regardless of the
magnetic recording media, the card
could be reproduced  without a
great deal of difficulty. Second. the
remanent polarization of the mag-
netic moments (1's and 0°s) is casily
identifiable, to which fact anvone
versed in the art of magnetic re-
cording will attest.

The distinet disadvantage of a
magnetically coded card and the
like, is in its very substance. Tt is
well within the realm of possibility
and probability that this tvpe of
device could find itself near a mag-
netic field of sufficient flux to cither
alter or destroy the information
content, rendering the card uscless.

On the other hand, the storage
capability (130 to 800 bits) coer-
tainly is attractive, especially if the

mechanices of the system do not be-
cone a problem.

Carl A. Budde
President
Diginctics
Clendale, Calif.,

* The story doesu’t say it’s im-
possible, just difficult and extremely
costly,  Morcover, it would take
some zap to wipe out the informa-
tion on the card!

Tire-testing computers

To the Editor;

This corporation has supplied 77
tirc-uniformity  testing computers
within the past two vears. Assum-
ing some deliveries  from  other
manufacturers it can safely be de-
duced that the total number of sys-
tems delivered in the last two years
substantially execeeds the 100 re-
ferred to in your article “Sorting out
the tires” [March 18, p. 125].

In the discussion of tirc-uni-
formity correction, or tire grinding,
that is on page 129 of the article,
the authors say that this process is
“now being developed.” Actually,
the process of correcting tire non-
uniformitics by grinding was de-
veloped by Clarence Hofelt and
John Corl of General Tire & Rubber
Co. and was announced in late
1967. The present instrimentation
and control system for this process
was designed and developed, and is
now manufactured solely by 1DC.
The development of this control
system was initiated by IDC some
1S months ago.

E.R. Racder
Vice President
Information Development Corp.
Akron
Ohio
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I PROBLEM: switch high level signals with l

minimum drive voltage.

our

Ryee

215

- —20¥ < ¥y <420V

REQUIRED: Selcct FET to switch
+15 V signals . . .
drive voltage is +20 V. Use either a
MOS or a junction type.
GIVEN: ¢gp... £20V
Available supply voltages... =20V
Maximum r yyp) allowed ... 150 2

maximum available

P

I

I

| . ©
... g s
i

|

I

g
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Vg O +1S
:‘: r
Ve OFF 18

I SOLUTION: Junction FETs are available
I in various ranges of Vp and ryy .. This
provides a trade-off between drive volt-
age and ON resistance. A good choice
l for this application is the 2N4393:
Vp max: =3V
I gsion) Max: 100 £
The required drive voltages are:
Veorp = =19V

l Veony = H15V

Pinched to pick a FET? Contact us for
applications help . . . and our FET
@ switch data packet.

|
S - 1
.. =

l Siliconix mcurpurafed'

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



New from Spraguve!

5 Times the Resistance of
a Conventional Metal-Film Resistor

of Equal Size!

Maximum
Resistance

Wattage

Type Rating
Extended-Range
Filmistor | 1/10
Resistor

Conventional
Metal-Film | 1/10
Resistor

1.5 MQ

0.3 MQ

EXTENDED-RANGE FILMISTOR
METAL-FILM RESISTORS

Substantial saving of space in all wattage ratings —
1/20, 1/10, 1/8, 1/4 1/2, and 1 watt—with
absolutely NO SACRIFICE IN STABILITY!

Extended-Range Filmistor Resistors now offer, in addition to accuracy . . . sta-
bility . . . reliability . . . resistance values in size reductions which were previously
unobtainable. Size and weight advantages of Filmistor Resistors now make them
ideal for applications in high-impedance circuits, field-effect transistor circuits,
etc. Many designs which previously had to settle for the higher temperature
coefficients of carbon-film resistors in order to obtain required resistance values
can now utilize the low and controlled temperature coefficients of Filmistor
Metal-Film Resistors.

Other key features are =1% standard resistance tolerance, low inherent noise
level, negligible voltage coefficient of resistance, and tough molded case for
protection against mechanical damage and humidity.

For complete technical data, write for Engineering Bulletin

7025D to Technical Literature Service, Sprague Electric Co.,
35 Marshall Street, North Adams, Massachusetts 01247.

SPRAGUE

SPRAGUE COMPONENTS

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL OIGITAL CIRCUITS
MAGNETIC COMPONENTS

PULSE TRANSFORMERS

THIN-FILM MICROCIRCUITS CERAMIC-BASE PRINTED NETWORKS
INTERFERENCE FILTERS PULSE-FORMING NETWORKS

ASRe6139 “$prague’ and '@' ate registered trademarks ol the Sprague Electric Co.

RESISTORS
CAPACITORS
TRANSISTORS
INTEGRATEOQ CIRCUITS

THE MARK OF RELIABILITY
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People

Beam-lead metalization technology
is under intensive development at
Motorola, says Eugene Blanchette,
the company’s
new director of
integrated-cir-
cuit operations.
The fine pat-
tem defini-
tion needed for
beam-lead met-
alization has to
be demonstrated
he adds, but if
Motorola chooses to use the tech-
nology it could be a production
reality in eight months to a year.

New product development, ac-
cording to Blanchette, is one of the
reasons for the recent Motorola re-
organization, which elevated him to
his new position. Motorola is now
producing 35 times as many IC’s as
it was in 1965, Blanchette says,
“And we want to keep growing at
that rate. But once you get larger,
the rate of new product develop-
ment begins to slow down. Manage-
ment becomes too involved with
current business. The question be-
comes one of how much should we
produce next month, instead of
what new products should be in-
troduced.”

Grouping talent. Some of the new
product managers, who share
Blanchette’s former duties, have
more than one of the division’s
lines, which encompass resistor-
transistor, diode-transistor, transis-
tor-transistor, and emitter-coupled
logic, and linear circuits. Metal
oxide semiconductor devices and
memories have been split off from
the other lines and linked for the
first time. Under this kind of re-
organization, much more of the
available talent is brought together,
he notes.

Blanchette, who was born in In-
dia and educated in Britain, suc-
ceeds Stephen Levy, a corporate
vice president, who became assist-
ant general manager of the Semi-
conductor division.

Blanchette

In the three years that George H.
Didinger has been the Signetics

Electronics | May 27, 1968



«gool” Power Rectifiers

A Family of Bridges, Doublers and Center Taps.

The ALPAC Family is a complete line of silicon
bridges, doublers and center taps. These power
rectifiers offer PIV ratings from 50 to 600 volts,
with an average output current from 5 to 250 amps.

Al ALPAC devices offer the superior thermal
characteristics of aluminum cases. TERMINALS ARE
COMPLETELY INSULATED.

Internally, all ALPAC units utilize double Tungstaloid
pin rectifiers electrically and thermally bonded

to the terminals. ———— =

ALPAC Family is economical, small and easy to mount.

The entire ALPAC Family is field tested and available
for immediate delivery.

San Francisco—941 E,Chartesfon, Suite 10,Palo Alto,California 94303
(415) 328-8025

Chicago — 140 N, La Grange Road, La Grange, Illinois 60525

(312) 352-3227 / TWX: 910-683-1896

Dallas — 402 Irving Bank Tower, Irving, Texas 75060 / (214) 253-7644
New York — 116-55 Queens Blvd,, Forest Hills, New York 11375
(212) 263-3115 / TWX: 710-582-2959

Boston — P.0. Box 264, Woburn, Massachusetts 01801

(617) 935-5595

European Sales — Bourns A. G. Alpenstrass 1, Zug, Switzerland

(@42) 4 82 72/73

Electronics | May 27, 196&

Introducing ALPAG “Jr.”
[ “u [d

-l

(" ——— =" | ™

ACTUAL SIZE

The smallest silicon bridge rectifier in the family.
Measuring only .750” square and .225" high.
These devices are ideally suited to contro!
circuits, converters, power supplies, etc.

ALPAC Jr. offers PIV ratings of 50 to 600 volts
with an avarage output current of 5 amps. Thermal
resistar.ce is 5°C/watt, maximum.

/ SEMTECH'

CORPQORATION

€52 Mitchell Road, Newbury Park, California 91320
(305) 498-2111, (213) 628-5392 / TWX: 910-336-1264
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RK09 MIL - R - 39002

RA10 MIL-R-19

PT 3C

Quiet

please . . .

ohms

ENR

at
work

5 ohms Equivalent Noise Resistance is virtually unknown
in a potentiometer. But Waters has a couple of pots in the
JP/2 and PT 3/4C with maximum ENR of 5 very quiet ohms.
Engineered to endure, they'll outlast just about any applica-
tion they're specified for. And then show negligible de-
gradation in end-of-life tests. They'll give greater plus-
e ! values in industrial applications over wide temperature
ranges in all environments. Both conform to Military Speci-
fications yet can be had in a hurry. Because we keep them
in stock. Pricewise, they're as competitive as bread at the
supermarket. A note will get you the entire story!

STANDARD SPECIFICATIONS

Jp/2 PT %4cC

Resistance Range

20 2 to 20K

25 Q to 20K

Standard Resistance Values

100, 200, 500,
1K, 2K, 5K, 10K

50, 100, 200, §00,
1K, 2K, 5K, 10K

Independent Linearity

+3%

+3%

Equivalent Noise Resistance

5 2 Max.

5 ) Max.

Temperature Range

650 to . 150°C

-65° to . 1500C

Power Dissipation Rating

2w @ 85°C derated
to 0 at 150°C

2 w @ 85°C derated
to 0 at 150°C

NEW CATALOG
Send for your copy today.

“RELIABLE POTENTIOMETERS
& COMPONENTS”
A request on your company letterhead
will bring you a copy of Waters new
Potentiometer Catalog by return mail.

10 Circle 10 on reader service card

WATERS

AVAYA| MANUFACTURING INC.

WAYLAND, MASS. 01778

Waters Manufacturing, Inc., is a member of
Etectronics Industries Association.

People

Corp.’s marketing manager, he
has seen the
company’s for-
eign sales climb
steadily. “I
would like to
sce it double in
thc next threc
years,” he says.
And expectedly
so. Didinger has
been named manager of the re-
cently created Signetics Interna-
tional.

The importance of Didinger’s
new assignment can best be
weighed against the feeling among
somc company officials that Sig-
netics is aiming for a foreign mar-
ket that will account for 30% of
its total sales. Last year, this sub-
sidiary of Corning Glass Works
rang up sales of about $23 million
—all in monolithic integrated cir-
cuits.

In the company’s table of or-
ganization, Signetics International
is on a par with the marketing,
R&D, and operations departments.
And like his counterparts, Didinger
reports directly to James F. Riley,
Signetics” president,

Build up. For the most part, the
company’s overscas sales have
been handled by its representa-
tives. One of Didinger’s first jobs
is to sct up his own sales force.
Also high on Didinger’s list are
manufacturing plants both in Eu-
rope and the Far East. The com-
pany alrcady has an assembly plant
in Seoul, Korea, but this plant isn’t
under Didinger’s jurisdiction be-
causce its production is geared pri-

Didinger

marily for the United States
market.
Despite  Signetics’  increasing

forcign sales, the 43-year-old de-
partment chief beliecves the com-
pany hasn’t been doing as well as
it should. Riley agrees. “To do
business, you must participate in
the world market,” says Signetics’
president. “And to achieve growth
in this arca, you must make some-
one directly responsible for it,” he
says.

Adds Didinger wryly: “Since I
did the most complaining, Jim gave
that responsibility to me.”
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Looking for Fast, Easy AC and DC Calibration?

Simply press a button, turn a dial on
one of these instruments, and you
have convenient, fast and accurate
ac and dc calibration. With the wide
choice in total calibration capability
offered by Hewlett-Packard, you can
select the versatility and conven-
ience best suited to your applica-
tion. For complete specifications on
these easy-to-use ac and dc calibra-
tion instruments and others in the
hp line, see your Hewlett-Packard
Instrumentation Catalog or call your
nearest hp field engineer. Or, write
to Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 54 Route des
Acacias, Geneva.

The Most Accurate AC Voltmeter in
the World! The hp 741B AC-DC Dif-
ferential Voltmeter/DC Standard
really is sixinstrumentsin one pack-
age—with 5-digit resolution. It is a
dc standard, an ac differential volt-
meter, a dc differential voltmeter,
a floating dc voltmeter, an ac volt-
meter—and a power amplifier. That
is versatility! Price, $1875.

0.0029%, Accuracy DC Standard—
the 740B delivers highly stable ac-
curate voltages to 1000 V with six-
digit resolution in discrete steps as
smallas 1 uV. ltalsois a differential
voltmeter with > 100 Q input resist-
ance, independent of null. Price,
$2350.

Instantly Available 0.02% AC
Voltages make the hp 745A AC Cali-
brator an excellent choice for cal-
ibration and maintenance testing of

HEWLETT ﬁ PACKARD

WORKING STANDARDS

Electronics | May 27, 1968

large volumes of ac instruments.
The six-digit readout 745A also has
push-button ranging with continu-
ous frequency selection from 10 Hz
to 110 kHz and calibrated output
voltages from 100 4V to 110 V. For
fast production checkout, the 745A
has a direct reading percent error
scale. Price, $4500.
Complemental Instruments for DC
Standards Use include the general
purpose =2 ppm hp 735ADC Trans-
fer Standard ($375) and the battery-
operated hp 419A DC Null Voltme-
ter ($450).

098/17
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One company
is developing the
top reputation for
integrated circuit
reliability
in the huge military
aerospace projects.
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Any engineer
can tell you who.

MOTOROLA SEMICONDUCTOR PRODUCTS INC.
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new automatic

tester speeds
production
checkout of

cables, connectors,

harnesses

this 40 Ib. portable
high speed test set
checks continuity
or insulation at
up to 1200 tests

per minute

The AP-502 is a true lightweight
automatic tester that saves time,
cost and headaches of cable, con-
nector and harness checkout. Its
compact, yet rugged and reliable
design makes it ideal for every
test situation—incoming inspec-
tion, production, quality control,
field site locations. The tester is
powered by 110 volts or internal
rechargeahle battery. Automatic
sequencing, direct readout of
fault locations and simplified
operation speed testing hy un-
skilled personnel.

Teleproducts, Inc.

351 New Albany Rd.. Moorestown, N.J. 08057
(609) 235-6227

Circle 14 on reader service card

Meetings

Communications agenda: a broad spectrum

The engineer attending thc Inter-
national Communications Confer-
ence will find it hard to decide
which of the seven or so parallel
sessions to attend. The meeting has
a broad appeal to all segments of
the communications industry—man-
ager and cngincer alike. However,
only a few of the 166 papers being
given are significant from a techni-
cal point of view. Instead, the main
emphasis at this vear’s conference,
in Philadelphia June 12 to 14, is on
feasibility studies, cconomic ap-
proaches, surveys, and predictions
about satellites, educational televi-
sion, and electronic switching.

Carl A. Armstrong, deputy direc-
tor of telecommunications manage-
ment on the President’s telecom-
munications taskforce, will describe
the role of satellites in domestic
and international communications,
and James McCormack, chairman
of the Communications Satellite
Corp., will give his views on what
satellites can do for educational sys-
tems. Paul A, Miller, an assistant
secretary of Education in the De-
partment of Health, Education, and
Welfare, will present a paper on
Government plans for clectronic
educational systems.

Foreign flavor. The conference
has a lot more foreign contributions
than usual. A leading Soviet space

expert, N.T. Petrovich of the Elec-
trical Engincering Institute of Com-
munications in Moscow, will dis-
cuss present and future Soviet ef-
forts in deep space communica-
tions. Lester C. van Atta, NASA's
assistant director of electromag-
netie research, will then discuss
probable U.S. deep-space communi-
cations cfforts planned through the
1980’s.

In a session on world switching
systems, Georges Goudet, president
of the Laboratoire Central de T¢lé-
communications, and H, Benmussa,
of the Compagnic Générale de Con-
structions Téléphoniques, will de-
scribe a fully antomatic clectronic
data-switching system that receives,
stores, analyzes, routes, or files in-
coming messages.

Erno Acs, a scientist at the Re-
search Institute for Telecommuni-
cations in Budapest, will survey
the use of pulse-code modulation
hehind the Tron Curtain. He will
also describe a pem address-code
switching network in which a sam-
ple is characterized by a code and
the terminal point by the time slot
in which the code is transmitted.
The address-code system is ob-
tained by inverting the roles of the
code and the time position.

For more information write R.S. Caruthers,
ITT, 320 Park Ave., New York, N.Y. 10022

Calendar

Aerospace Instrumentation Symposium,
Instrument Society of America; Statler
Hilton Hotel, Boston, June 3-5.

Instrumentation Symposium,
Instrument Society of America’s
Aerospace Division; Statler Hilto!
Hotel, Boston, June 3-5.

Product Assurance Conference and
Technical Exhibit, American Society
for Quality Control, |EEE, Standards
Engineers Society; Hofstra University,
Hempstead, L.t., June 7-8.

International Communications
Conference, IEEE; University of
Colorado, Boulder, June 9-11.

International Air Cargo Forum,
American Institute of Aeronautics and

Astronautics; San Francisco,
June 10-12.

Vacuum Metallurgy Conference, Ameri-
can Vacuum Society; Beverly Hilton
Hotel, Beverly Hills, Calif., June 10-13.

International Conference on
Communications, IEEE; Sheraton
Hotel, Philadelphia, June 12-14.

American Society for Engineering
Education Meeting; University of
California, Los Angeles, June 17-20.
Electromagnetic Compatibility

Symposium, IEEE; Berkeley Cartaret
Hote!l, Asbury Park, N.J., June 17-19

(Continued on p. 16)
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A periodical periodical designed, quite
frankly, to further the sales of Microdot con-
nectors and cables. Published entirely in the
interests of profit.

Arnouncing the interuuption of an
dmportant commencial, fon an even
momm one.

Our cage door was rattled last week by a
harassed engineer type who was sprout-
ing cables and connectors and holding a
large sampler that was sloppily stitched
with

LOVE FOR SALE

We quoted him section 404.5 of the penal
code just to be on the safe side, and
invited him in.

He said he was from the cable assem-
bly department. And we said whose? And
he said Microdot’s. And we said Hmmm.
And he said there's a lot of people that
don't think of Microdot as a cable assem-
bly housc and he'd like to do something
about it like write an ad.

So we said fine, what would it be about
and he brought out a fat stack of papers
and said here, and we said forget it. but if
you could tell it to us like it is in about
twenty seconds we'd tape it. So he did.
And we were so impressed. we thought
we’d play it back to you. It's darned inter-
esting. Ready? (And remember. he's not
a professional and he talks fast. but we
think the points came across.)

TaKE oNE— LOVE FOR SALE

“Not enough people have thought of
Microdot as being in the cable assembly
business. But we are. because we make
cables and connectors. We're also very
experienced in cable assemblies.

“And we'll assemble all sorts of funny
combinations. Our cables. somebody
else’s connectors. Some of our connectors
with someone else’s. Mix and match’’

‘We turned off the recorder. “You mean
we'll assemble competitive stuff?”

“Sl]rc:,

“Docs the Pres know?”

“Sure”’

“Okay!'

SIDE ONE
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1ake Two— LOVE FOR SALE _sioe one
“Where was I. Oh, I was saying

MICRODOT IS IN

The idea is we can assemble cables for a
lot less than people who try to do it themn-
selves because we know what we're doing.

There are no set-up charges. And we'll
even make up one assembly. And we can
really save people a lot of money if they
nse our conneciors.

“Another thing. people not only save
maney, but they can be sure their assem-
hlies will be right. We figure why should
they rake a chance on their learning
curve and build. say thirty assemblies.
and have ten mayhe turn out not so hot?
OQur way you order thirty, vou get thirty
that work”

“You're running out of time’’

“Okay. Real quick. Hey ot there. Why
buy connectors one place, cable another,
and assembly in a third? The cost in

MICROMIN RFQ FOR FAST FAST ACTION.

| To Microdot Inc., 220 Pasadena Ave., So. Pasadena, Calif. 81030

Dear Pricecutters:
| Name

| Please accept this abbreviated

form as a gauntlet flang at you Company.
| as a challenge, challenging your
low, low assembly price claim. Title
| {J Job to quote on, attached. Address
| {J We have something in mind. i
You should get in touch. L
State_

paper work alone would drive your
comptroller grayish. With us it's one P.O.
One big savings. We've cut costs on cable
assemblies not the performance just the
cost. How's that?”

THE CABLE ASSEMBLY BUSINESS
'AND AT CUT RATE PRIGES.

END OF TAPE

“Okay;’ we said, “‘but you didn’t explain
the Love for Sale bit. It was a sneaky way
to get us interested in your pitch’’

“Oh, it truly is love for sale. We love
our work!’

A guy with dedicated humor that
crumby can't be all bad. We told him
we’d see what we could do about spread-
ing the word. So, to test if anyone is
interested in low cost cable assemblies,
we're running this microminiaturized
RFQ. The whole idea seems to be worthy.
If you agree, write in. We'll respond

immediately.
@

MICRODOT INC.

__Phone

Circle 15 on reader service card
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SERIES

SOLID CARBIDE

GIRGUIT BOARD

D

Choice of 58 drill sizes from No. 80 to 14"
ALL WITH COMMON 14” DIAMETER SHANKS

for precision drilling
with every drill size!

You can now maintain location and hole size tolerances
to extremely close limits . . . at drill feeds up to 15 feet
per minute! The unequalled rigidity of solid carbide
plus the added support of V3” shanks gives maximum
deflection-free performance in drilling all diameter cir-
cuit board holes. All drills precision ground with unique
four facet drill point configuration. Common 14” shank
design eliminates need for collet and bushing inventory
for each drill size. Your Metal Removal distributor
provides vital sales and engineering liaison . . . call

him or write for Catalog D67.

THE METAL REMOVAL COMPANY
1859 West Columbia Avenue * Chicago, lllinois 60626
Plants Located in CHICAGO/LOS ANGELES/SAN JUAN

MASTER TOOL AND WHEEL MAKERS FOR THE WORLD
END MILLS / DRILLS / REAMERS / BURS / SPECIAL TOOLING
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Meetings

(Continued from p. 14)

Microelectronics Symposium, IEEE;
Sheraton-Jefferson Hotel, St. Louis,
June 17-19.

Meeting of the Institute of Navigation,
King Hall, U.S. Naval Postgraduate
School, Monterey, Calif., June 19-21.

International Symposium on Optimal
Systems Planning, International
Federation of Automatic Control; Case
Institute of Technology, Cleveland,
June 20-22,

Summer Power Meeting, IEEE; Sheraton
Dallas Hotel, Dallas, June 22-27.

Consumer Electronics Show, Electronic
Industries Association; Americana and
New York Hilton Hotels, New York,
June 23-26.

Short Courses

Silicon controlled rectifier control
fundamentals, Milwaukee School of
Engineering, June 10-14; $150 fee.

Automatic manufacturing and the
trends in numerical control, Purdue
University’s Schools of Engineering
and Laboratory for Applied Industrial
Control, Lafayette, Ind., June 10-14;
$150 fee.

Computer-aided circuit design,
University of Michigan, Ann Arbor,
June 10-14; $200 fee.

Call for papers

Symposium on the Applications of
Sea-Going Computers, Marine
Technology Society and the Scripps
Institution of Oceanography, La Jolla,
Calif., Jan. 13-14, 1969. Sept. 30 is
deadline for submission of abstracts to
Dr. John Mudie, Applications of Sea-
Going Computers, Scripps Institution of
Oceanography, P.O. Box 109, La Jolla,
Calif. 92037

Symposium on Applications of Ferro-
electrics, |IEEE; Catholic University of
America, Washington, Oct. 10-11. July
1 is deadline for submission of ab-
stracts to H. L. Stadler, Engineering
and Research Staff, Ford Motor Co.,
P.0O. Box 2053, Dearborn, Mich. 48121

Conference on Laser Engineering and
Applications, IEEE; Washington Hilton
Hotel, Washington, May 26-28, 1969.
Jan. 17 is deadline for submission of
abstracts and summaries to William B.
Bridges Sr., Hughes Research Labora-
tories, 3011 Malibu Canyon Rd,,
Malibu, Calif. 90265
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At $2995, this signal

Not everyone needs the performance of our
1003 Standard-Signal Generator. But those

generator COStS @SS who do need it lose money if they settle for

than those costing

half as much.

anything less. Why ? Because the stability,
accuracy, and resolution of the 1003 are as
much as an order of magnitude better than
those of any other instrument in the 67
kHz-10-80 MHz frequency range. it has
molorized tuning, programmability,
convenient 2-to-1 range switching, fast
settability, and limited sweep capability, to
name a few operating conveniences. These
are all features that enable you to make
better ineasurements faster. In applications
where hundreds of measurements are made
daily, the cost of measurement time saved
with a 1003 mounts rapidly. That's why the
initial cost of the 1003 becomes less
significant as you take a closer look at the
"big picture.

Here are a few specific examples of how the
1003 can produce real savings:

* The motorized tuning and programmable
frequency selection of the 1003 can cut
measurement time in half. On a one-shift,
production-line basis (at a $3 per-hour
wage) this amounts to savings of $12 per
day . .. $60 per week . . . over $3000
per year.

¢ The high resolution and stability (1 ppm
per 10 min., typically) in the face of range
switching, rf level adjustiments, and load
variations mean you don't have to buy a
countier 1o set and monitor frequency. If
you're already using a $2500 counter, the
1003 frees it for use elsewhere.

ERCY RANY

-, ©
ol

e

¢ The 1003 is virtually unaffected by power-
line fluctuations; frequency will vary less
than 1 ppm as a result of 4.10% line-
voltage changes. You don’t have to buy a
voltage regulator, so you save money.
¢ All solid-state circuitry means a cool-
running instrument that consumes little
power and is not as likely to break down
as a tube-type instrument. Low downtime
means ycu save money.
e Warmup drift is low and of short duration,
so the instrument is usable at 8:15, not
9:00 A.M. You waste little time, so you
save money.
We could go on and on with how and why
this instrument performs the way it does,
but you have to put the 1003 through its
paces yourself to appreciate fully its
convenience and performance. So why not
do just that? Write or call the GR Sales
Office nearest you for the loan of a
demonstrator and evaluate the 1003 yourself.
There's no cost or obligation. For more
information on the 1003, write or call Gereral
Radio Company, W. Concord, Massachusetts
01781, telephone (617) 369-4400. In Europe:
Postfach 124, CH 8034, Zurich 34,
Switzerland.

GENERAL RADIO
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Do you want
to go LLSI now?

If you really want LSI now, grab
the next plane to Mountain View,
(It lands in San Francisco.) It’s the
quickest, least expensive way to get
LSI into your system.

Plan to bring along your blueprints.

And be ready to answer a lot of
questions. We’ll need to know what
you have in mind for sub-systems,
functions and specs. And, don’t be
surprised when we ask “why”’ a
couple of times. It’s all part of
Fairchild’s systems approach to
complex circuitry.

We’ll take your requirements and
match them against our family of
fundamental building blocks. We’ve
got LSIs (and MSIs) that work in
any digital logic system. The most
advanced circuitry on the market.
Offspring of computer-aided design
and double-layer metal technology.
And, they’re all so versatile, we can
probably give you a counter that
has a dozen other applications in
your system.

18

But, you’ll only be able to build half
a system with standard building
blocks. To finish the job, you’ll

need interface devices to tie the whole
thing together. And, here’s where
Fairchild can really save you time
and money. We don’t have to custom
design each LSI interface circuit.
We use Micromatrix'"'-a unique
cellular array that’s completed when
we add your specific interconnection
pattern. Your specs customize the
entire array for your system.

Of course, there’s a lot more to the
story. But, you ought to hear it in
person. Just call your Fairchild
salesman. He knows the flight
schedule to San Francisco.
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Or do you want
to think about it?

We’ve got an LSI design Kkit. It’s
based on our new 4500 Bipolar
Micromatrix Array — the first device
in a highly versatile LSI family.
The 4500 is an eight-cell array that
can be customized for virtually any
function. All it needs is your inter-
connection pattern. You can
determine the pattern by designing
your own Micromatrix array
with our Kkit. You can buy a
kit from your Fairchild
distributor for
about $100. And, in a
couple of months, we’ll see you
in Mountain View.

FAIRCHILD

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and instrument Corporation 313 Fairchild Drive. Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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When a Triac needs a Diac...

Try your Triac Leader! You've asked for it...and we have it.
To complement the largest Triac line in the industry, we've
added the trigger diode. RCA’s new silicon Diac (1N5411) is

packaged in a hermetic DO-26 case. It has a typical

break-over voltage of 32 volts, with a symmetry of =3 volts.

Manufactured by the same RCA assembly line that has
produced millions of lead-mount rectifiers, our Diac is

available right now in production quantities at attractive low

prices. We think so much of the new 1N5411, we would like
you to try one free in your AC-control circuits. Just mailin
the coupon foryour sample. Of course, there’s no obligation.

Circle 22 on reader service card
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RCA Electronlc Components
Commercial Engineering Department

Section CN5-4 FREE

Harrison,N.J. 07029

Gentlemen
I'd like to use an RCA Diac with my Triac. Please send me my free

-sample.

Name

Title_
Application
Company__

City__
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Editorial comment

Hard line on software

Designers and users of computers are trading accu-
sations on who’s responsible for the continuing in-
adequacy of software and debugging procedures.
The users blame designers for not designing soft-
ware along with the hardware, and for failure to
build in debugging aids. The designers counter
with the charge that users balk at paying for such
refinements and won’t wait the extra time required
for their inclusion.

Both sides are in agreement, tacitly at least, that
their common enemy is management. Designers and
users hint that management, by pursning unrealistic
delivery schedules, is basically at fault—a charge
that has considerable justification.

A consensus surfaced at the Spring Joint Com-
puter Conference where heated, productive debate
was the order of the day. There was agreement on
the need for action by computer designers and im-
plementers to eliminate the years-long debugging
periods, to which users have becomne resigned.
Among many proposals advanced at the mecting,

An emerging solution

In the end it will be large-scale integration along
with its handmaiden, computer-aided design, that
will help solve many of the hardware and software
problems now blocking computer developers. Both
LSI and CAD have been underrated for the long
term, if overrated for the short term.

In just a few years, arrays of as many as 500 gates
and 1,000 bit shift registers will be commonplace.
Lst will make possible the substitution of structnred
logic for random logic, by means of active rcad-only
memories, and will permit greater use of buffer
memories with input/output cquipment. Further-
more, LSI may usurp the office business machines
market as those machines become more complex,
and it will simplify the application of error correc-
tion for digital communications.

But none of these exciting goals will be reached
without growing pains. The design, layout, and
checkout of LSI will become so complex that manual
methods will be passé; the computer’s assistance
will be vital. Already one major 1C manufacturing
company, to expedite its entry into LSI, won't let
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these seem most promising:

= The use of designed-in event recorders o pro-
vide a history of operation and make debnugging
casier.

= The ability to alter and expand a system while
it is in operation, in effect permitting “live” debug-
ging, This is not to be confnsed with on-line de-
hugging as it is interpreted by some implementers—
as providing simply a “programer’s testbench.”
Other experts continme to press for the wider use of
diagnostic programs during the debugging period.

= A reappraisal of support systems. Too heavy
cmphasis on designed-in administrative or “man-
ager” systems may lead to their use as a crutch.

= More rigorous simulation of a svstem before it
is hnilt. This is not a new idea and the question it
raises has not yet been answered. Can a simulated
system really be debugged?

The problems, admittedly complex, do not defy
solntion. In fact, we believe that the answers are
standing in the wings just waiting for their cue.

its development engincers use manual design tech-
niques, althongh manual intervention is permitted
while programs are in the experimental stage.

In some arrays, interconnections take up most of
the surface, leaving as little as 15% for active de-
vices. Multilayer arrays may cut down that imbal-
ance. LST designers sometimes face the problem of
organizing a variety of different elements within
one array to make them more universal in applica-
tion, a challenge that encourages close liaison with
system designers,

With LSI, semiconductor vendors encroach upon
the digital subsystems business; they expect the
new breed of engineer to use LSI subsystems as to-
day’s engincers use transistors. Because the design
and organization of arrays is so closely linked to
system design LSI customers will find it necessary
and profitable to work hand in glove with the IC
vendor, Indeed, the obstacles to a better generation
of computers may be removed only when LSI de-
signers, computer designers and implementers, and
customers tackle the problems together.
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NEW ERA IN FERRITES

New shapes, new materials, and
new processes are ready for engi-
neers and designers who are bold
enough to use them.

New techniques let us make
shapes never possible before, pro-
viding you with virtually complete
design freedom.

Our Pulse Rated Toroids are
another IGC first. We've calculated
toroid parameters like pulse induct-
ance, pulse magnetizing current,
and ET constant and listed them in
black and white, for guaranteed per-

formance on each and every part.
We’'ve stretched size limits in both
directions to open new applications.
From the world’'s smalilest pot core
(0.125” 0.D., 0.035” thick), to ferrite
plates as large as 1"x2"x6".
Products already using ferrites are
being improved. And new ferrite
applications are springing up all
over. Success stories
include: omnidirec-
tional antennas, micro-
miniature transformers,
transistorized ignition

systems, fluorescent lighting, read-
only memories. And more.

Discover it all. Our bulletins on fer-
rite materials, shapes and applica-
tions are a great place to start. if you
have something specific in mind,
send your requirements. Write Mr.
K. S. Talbot, Manager of Sales,
Indiana General Corporation, Elec-
tronics Division/Ferrites, Keasbey,
New Jersey.

INDIANA GENERAL

Making Magnetics Work



Hughes unit to be
IC second source

NASA, Pentagon
writing IC specs

Federal panel set up
to study plastic IC’s

‘Low-cost,’ complex
navigator is sought
for Lockheed airbus

Electronics Newsletter

May 27, 1968

Watch for Hughes Semiconductors to become an important second source
of bipolar integrated circuits in the next few weeks. The first step will be
;o introduce 27 circuits in Sylvania’s SUHL 2 line of transistor-transistor
ogic.

The division, in Newport Beach, Calif., is stocking devices now and will
probably follow the TTL line with diode-transistor-logic circuits similar
to those of the Fairchild 930 series. On the linear side, popular operational
amplifiers such as the Micro A709 will appear soon.

All this action, plus an ambitious new-product effort in the MOS FET
line purchased from Raytheon last November, reflects Hughes’ determin-
ation to turn from custom and engineering work to high-volume produc-
tion.

Concerned over the reliability of their microelectronic purchases, the
Pentagon and NASA are developing specifications specifically for inte-
grated circuits. Until now, the mil specs have been nothing more than
extensions of those for discrete semiconductors. The new documents are
expected to cover bipolar and MOS monolithics as well as hybrids.

NASA is also initiating a program for assessing the way makers screen
out defective or marginal IC’s from their production lines.

An ad hoc committee composed of members of the three military services,
NASA, and the Defense Electronics Supply Center will meet in mid-June
to plan future programs for testing plastic-encapsulated IC’s. The group
will also lay the groundwork for permanent committees that will examine
in detail the use, testing, and development of plastic-packaged devices.

The decision to form the panel came out of a closed-door meeting this
month of Defense Department and NASA representatives [Electronics,
April 15, p. 45]. The consensus among these officials was that plastic-
encapsulated devices generally cannot be recommended for military or
space use at this time, but that they hold promise for the future and that
this is reason enough to coordinate Government agencies’ testing and
R&D efforts in this area.

One representative, C.E. Holland Jr. of the Naval Electronic Systems
Command, said those present at the session felt there was no urgency
about getting plastic-packaged circuits into military and space gear and
that the major responsibility for devising an acceptable package rests with
the electronics industry. The closed-door meeting followed a day of pre-
sentations by semiconductor manufacturers and users, including TI, Sig-
netics, GE, Fairchild, Westinghouse, Motorola, Autonetics, IBM, and
Hazeltine.

Lockheed-California has asked 12 avionics firms to quote prices on a
“low-cost” inertial navigation system for its L-1011 airbus, but hasn’t
specified just how low the cost should be. The industry was generally sur-
prised at Lockheed’s request for more than a dozen outputs; the feeling
was that because the system would be getting inputs from en route sta-
tions equipped with VOR (very-high-frequency omnirange receivers) and

~Circle 24 on reader service card 25



No IBM 1800
in 1969?

Hughes has designs
on an Intelsat 4

Fairchild unit chief
gets long furlough

Electronics Newsletter

distance-measuring gear, it could do its job by generating outputs for
only pitch, roll, platform heading, and perhaps vertical reference.
A source at one of the companies contacted by Lockheed estimates

that the inertial-navigation system might be priced anywhere from
$50,000 to $70,000.

IBM’s decision to move the production of its model 1800 process-control
computer from San Jose, Calif., to Boca Raton, Fla., may well be its first
step toward phasing out the 1800. Rumors in process-control circles indi-
cate that IBM marketing strategists are considering ending the 1800 line.

The 1800 has enjoyed a respectable share of the market. Users, how-
ever, want systems that can be time-shared but still offer efficient soft-
ware and memory utilization.

One computer-control specialist, who apparently became disenchanted
with the IBM 1800 for his customer’s direct digital-control application,
predicted that IBM’s next version of a control computer will be based on
the 4 Pi computer [Electronics, March 6, 1967, p. 171] designed for mili-
tary avionics use by IBM’s Federal Systems division. He’s concerned that
the new computer, which he estimates will be available in late 1969, may
not be software-compatible with the 1800. However, an IBM spokesman
denied the company is now planning a new process computer.

Meanwhile, besides moving the 1800 operations to Boca Raton, IBM
has transferred some process-control specialists to regional offices.

The granddaddy of the communications satellite builders, Hughes Air-
craft, is going all out to win the Comsat contract for Intelsat 4. Comsat is
not yet committed to the Intelsat 4 program.

Hughes has proposed a synchronous spacecraft with two sets of anten-
nas; two antennas would pack 3,000 watts of effective radiated power
into their steerable “spotlight” beams for areas of heaviest communica-
tions traffic. The spot beams would be 4.5° wide and would use satellite
antennas 8 feet in diameter. Hughes believes the high effective radiated
power would allow quality reception with ground antennas as small as
30 feet in diameter. The other two planar arrays would serve areas not
covered by the spot beams. The satellite could handle 6,000 two-way
telephone conversations or 12 color-television channels.

The 12 linear broadband channels would have 40-megahertz beam-
widths, and the spot beams would deliver 36 dbw effective isotropic
radiated power; the earth-coverage beams would provide 24.3 dbw. The
satellite would be spin-stabilized and weigh 2,430 pounds.

After a week of hemming and hawing, Fairchild’s Instrumentation divi-
sion finally announced that its top executive, Victor Grinich, is leaving
the company for a teaching “sabbatical” of a year or so. But whoever
replaces Grinich won’t have a temporary job; Grinich, a research-oriented
scientist and one of the founders of Fairchild Semiconductor, will not
be head of the division when he returns.

He is the second Fairchild Instrumentation executive to leave this
month. A week earlier, Charles Askanas resigned as head of the sys-
tems group, which makes integrated-circuit test equipment. Askanas
is currently acting as a Fairchild consultant but is expected to join another
company within weeks. He has been succeeded by Dean Mack.
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These panel meters represent the
three most significant advances in
meter design made in recent years.
It is no coincidence that they are
products of Weston, undisputed
leader in display. Weston devel-
oped the projected moving pointer
which did away with parallax and
gave you full scale readings as low
as 2 microamperes for the first
time in an edgewise meter. Then
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First with projected pointer meters
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First with digital panel meters

came the projected moving scale
by Weston, offering 1% accuracy,
hairline resolution and 8 inches of
scale in a 2%-inch case. And in a
slightly larger case, we offer the
equivalent of a 30-inch scale with
digital readout (analog motion).
The latest Weston achievement is
the all-electronic digital panel
meter, providing unprecedented
accuracy and solid-state reliability

Illllll!("s
L3

First with projected scale meters

in a compact OEM styled package.
Such products reflect the kind of
leadership that has earned Weston
a reputation as “‘the number one
innovator”’ in display technology.
WESTON INSTRUMENTS DIV.,
Weston Instruments, Inc., Newark,
N.J. 07114, a Schlumberger company.

WESTON'
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Some companies are in the wire business.




General Cable is in the magnet wire, lead wire, cordset,
coaxial cable, harness, hook-up wire,
Teflon resin-coated wire, Teflon resin-coated fabric,
and audio and electronics wire business.

For information or. how General Cable’s complete line of OEM products can help you, write:
General Cable Cerporation, Section 700-01, 730 Third Avenue, New York, New York 10017.

*Teflon is DuPont's trademark for its fluorocarbon resins
GENERAL @) CABLE CORPORATION



Scotchpar’s producer uses more supporting players
than any other big name film producer.

3M Company has the largest sales and durable. It also has high dielectric
force—all engineers and insulation strength, great temperature stability, and
specialists calling exclusively on the resistance to moisture and solvents.

electrical market—to make sure
scorcHPAR® polyester film turnsina
stellar performance for its customers.

Our men help capacitor manufacturers

get the right kind of scorcupar film for
their product—they can choose from
They're supporting a great film. a complete lineup of thin films down to

It’s thin, tough, transparent, flexible .25 mils, plus scorcHPAK® film if they want
heat sealable features.

They work equally hard for manufacturers
who use sCOTCHPAR film as insulation in
transformers, motors, wire and cable.

With all these men on the job, we still work
harder than anybody else helping electrical
men get the most out of polyester film.

All because we want our SCOTCHPAR film
to win over a very critical audience.

3M Company, Film & Allied Products
Division, 3M Center, St. Paul, Minnesota

*Scotchpar 3M

BRAND FOLYESTER FiLM

— a8
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Ball .002” dia., lteration =5%

TEMPRESS HYDROGEN FLAME-OFF TORCHES FOR LEAD-
BONDING MACHINES ARE STAINLESS STEEL, WITH SAP-
PHIRE ORIFICE INSERTS that maintain size and shape
accuracy of the 2166°C hydrogen flare. The highly polished
inner surface of the sapphire insert assures this by eliminat-
ing gas turbulence and a resultant distortion of the flame.
The end result is essentially identical gold balls on every
lead, from start to finish of a production run. 14X
magnification of operation shows flame-off torch at
left, with orifice partially visible. Goid wire, with per-
fectly formed ball, protrudes from Termpress tungsten

carbide capillary tube, ready fcr next bonding cycle. This
extreme orecis.on symbolizes the Tempress approach to
every project.. . explains why it requires 11 months to
train an operator for many Tempress production operations.
Other Tempress products include automatic scribing ma-
chines, diamond scribers, diamond lapping points, and
tungsten ca-biage probe contact needles.
Lead-banding, Model DTN-1, at Union Carbide Electronics.

TEMPRESS

Te npress Research Co., 566 3an Xavier Ave., Sunnyvale, Calif.
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This has to be
the broadest
wiring system

TERMI-POINT* Products: the most complete line
ever designed for one termination technique. In-
cludes flatpack receptacles. DIP headers. transi-
tion blocks, bus bars, modular interconnection
systems, connectors, two-piece and one-piece
printed circuit connectors of nearly every size and
type. Uniform terminations save time, money.
Heart of system: unique TERMI-POINT «clip “irons’

*T:ademark of AMP incorporated

wire against post, provides insulation support, strain
relief. Spring memory of clip resists vibration,
shock. Gas-tight connection. Reliability second to
none. Clips removed without electrically affecting
any circuit. Non-destructive testing ard easy sarv-
icing done with simple tools. Post densities to
100" on centers. Three standard post sizas. Posts
used over and over. Many types of wire: stranded.



point-to-point
in the world.
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ANMP TT7Z

solid, flat cable, etc. (Sizes 30 thru 18 AWG)
Bulk wire plus very high speed applicaticn tool-
ing equals lowest applied cost of any wiring system.
For fastest means of wiring parels, AMP provides
a TERMI-POINT Automatic Wiring Machine with
speeas of over 1000 wires an hour (even an posts
up to 35% off center)—plus egually reliable Hand
Tools Write AMP Incorporated, Harrisburg, Pa.




BELOW: Stampeding herd of bul! elephants in a futile attempt to crush the indestructible Type 04 Four Lite Illuminated Pushbutton Switch.

LICON’S

(ADVENTURES)

him handle
10 amps 30V.

and his Type 18
double break
sub-subminiature
switch. Tom
Thumb is only
31, inches tall.
but the switch

is perfectly
formed.

Phenomenal double
break switch
performs 20 million
mechanical cycles!
(Enoughtomake anyone's
head spin. Heh, Heh.)

e i

Hresenting
Shieeba Sheeba,
the show
stopper/starter
that excited a
continent by
fittinginto (gasp)
small places.
Known world
wide as 01700
lighted switch

Giant color poster of Sheeba Sheeba in a dancing Egyptian container. To get
your free life size color poster, write on your letterhead to: Licon Division,
Illinois Tool Works Inc., 6615 W. Irving Park Rd., Chicago, Ill, 60634,
Or circle no. 104 on the response card in the rear of this magazine,




RIGHT: The Incredible Wazuma, master of disguise. Diabolically unrecognizable as a Ty-oe 44 indicatos.

CIRCUITS
unmanageabie circuits tamed by a single
Type 04-570 spap-in illumicated

P s

I The
Pro>imity
Performers.

Type 14
basic switch -

in actual use l
on the high

intensity > othing touches

| their a-t. But
~othing has to.
They work
| anyway ! Licon
70-700 Series.
] 1,000 cycles
f per n inute
activa:zed by
any ferrous or
non ferrous
metal -coming
within /, inch.

NOW T[}{IERE S A SWITGH

(Illustrating L:con’s flexibility
in engraving and hot stamping to t LICON
meet everyane's desires ). Division Illincis

. Tonl Works Ine.




We build

connectors
around filters,
so you won't have

to build filters

around

connectors.

36 Circle 36 on reader service card

Used to be, you had to build a
filter around connectors to keep
out EMI (electromagnetic
interference.) Now Bendix is
building its connectors around
filters to settle the problem once
and for all.

New Bendix® filter-connectors
are an entirely new concept.
Each pin is surrounded with its
own miniature ferrite filter. The
benefits of making the filter an
integral part of the connector
are obvious. You save space,
weight and production costs.

(A Bendix filter-connector costs
about a third less than a
filter-box setup.) You eliminate
two out of three solder joints.
And you wind up with a
superior mechanical structure.
That’s important for improving
the performance and reliability
of today’s highly complex
electronic equipment.

Readily available filter-connec-
tors include those intermatable
with the Bendix Pygmy® Series
(Mil-C-26482), Bendix JT Series
and Bendix LJT Series (Mil-C-
27599 and Mil-C-38999). Others
are on the way. We’ll design
filter-connectors to meet your
specific requirements, of course.
For details, write: Electrical
Components Division, The
Bendix Corporation, Sidney,
N.Y. 13838.

Bendix

Electronics
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Your gain.
One milliwatt to one kilowatt with a
single TWT amplifier.

Because of its high gain characteristics, Litton’s new L-5126
traveling wave tube enables you to eliminate intermediate drivers
in certain systems. Your additional gain? The reduction of the size,
weight, cost and complexity of your system while improving
reliability.

The L-5126 is a broadband traveling wave tube which provides
1.0 kilowatt minimum peak power output with 60 db minimum
gain over the frequency range of 7.0 to 11.0 GHz. It may be
driven to full power output by a standard signal generator,
sweeper, ot any conventional signal source. The L-5126 has a
metal-ceramic vacuum envelope for reliable performance under
the environmental extremes of MIL-E-5400, Class 2 environ-
ments, making it ideal for airborne and other similarly demanding
applications. It is conduction cooled up to 1% duty and utilizes
low cost Alnico periodic permanent magnet focusing. Its unique
design and internal construction result in open and short-circuit
stability. Tubes with comparable performance are also available
at C-band. For additional information on the L-5126 and other
M Liccon TWT's, write Electron Tube Division, 960 Industrial Road,
Ml San Carlos, California 94070 or call (415) 591-8411.

2500 T T T T T T T
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; | { 4 SATURATED POWER
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O AT e Tk
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7.0 8.0 9.0

10.0 11 0 12.0 7.0 8.0 9.0 10.0 11.0 120 I
| FREQUENCY Gc J FREQUENCY Ge

LITTON INDUSTRIES
ELECTRON TUBE DIVISION

Length 15.69 inches.
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Who can make an active
difference in your equlpment?

We can. By supplying you with carbon composition
resistors backed up by the most advanced Estatlished
Reliability program in the industry. Plus metal film
resistors that are truly ‘szcond generation.” Plus
precision resistor networks custom-tailored to your
precise needs. Plus variable resistors and trimmer pots

that are mechanically superior to any others on the
market today. Plus inductors and capacitors that aie
equally significant. Plus something extra in the way of
experienced technical service. If you have a passive
component prob'em, tell us about it. Chances are,
we've already solved it.

T o

\
/

The passive 1Innovators

®
at Airco Speer.
/AI RCU SPBBI‘ E|BC1I‘UHIC EUIIIPUHBHTS include Speer resistors, Jeffers JC precision resistors, Jeffers JXP precision

resistors and networks, Jeffers inductors and capacitors and PEC variable -esistors and trimmer potentiometers.
St. Marys, Pa. 15857 . Bradford, Pa. 16701 « DuBois, Pa. 15801. Toronto 15, Ontario.
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Systems Technology is engaged in solving a wide
variety of sophisticated technical problems related
to advanced electronics, control and information
systems, and electronic components at the rapidly
expanding Fort Worth Division of General Dynamics.
Within this department, effort is divided among
several major areas of technology.

Radar and Navigation Systems. This area pertains
to design, development and test of airborne radar,
navigation, guidance, and fire control equipment.
Research in fundamental electromagnetic propa-
gation, transmission, and scattering is also
conducted.

Electronics Systems. This activity is related to
penetration aids equipment. It includes design and
development of such systems as radar homing and
warning, electronic counter-measures (ECM), IR
detection, etc. Antenna design and fabrication is
also a vital part of this work.

Information Processing and Sensor Technology.
This covers technical fields and applications where-
in the prime objective is acquisition and/or analysis
of information. It includes displays and simulation,
information processing, data analysis, and com-
puter programming for both ground and airborne
equipment.

R e

SYSTEMS TECHNOLOGY

Electronic Installation and System Design. This
work includes design of electrical power generation,
conversion, and distribution systems. Electrical wir-
ing and installation of all avionics equipment is a
part of this function.

Aerospace Ground Support Equipment (AGE).
This work involves effort directed toward design and
development of AGE which maintains and adjusts all
avionics systems.

Aerosystems Laboratories. These laboratories pro-
vide support in such areas as electronic equipment
design and fabrication, microelectronics design and
development, F-111 avionic systems integration and
testing, and flight test instrumentation design, de-
velopment, and fabrication.

Find room for thought and career potential . . .
and room for better living in smog-free Fort Worth,
where the cost of living is low, and where metro-
politan advantages exist alongside year-around out-
door recreational areas in a mild climate.

Call Collect — 817-732-4811, Extension 3551;
or send a resume of your education and experience
to Mr. J. B. Ellis, Industrial Relations Administrator-
Engineering, General Dynamics, Fort Worth Division,
P. 0. Box 748E, Fort Worth, Texas 76101. An
equal opportunity employer. U. S. citizenship re-
quired.

GENERAL DYNAMICS

Fort Worth Division
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We've been copying
er people’s designs for 17 years.

And they love us for it.

After all, we're custom fabricators.
And ifwez didn’t copy designs exactly,
we wouldn't be doing our job.

We do it every day. On transistor
leads, computer memory core frames,
connectors, pen caps, aerosol spray tips,
razor blade dispensers, integrated circuit
frames.

You name it,we copy it. To your pre-
cise specifications.

Whether it's precise stamping of
high»to|ermce, miniature metal shdpes.

Or precise molding of intricate plas-
tic parts.

Or precise forming of wire for crit-
ical electronics.

Orprezise combiningof metsls, olss-
tics and wire into complex assemblies.

And we've got nine plants, :he most
advanced equipment, and the best en-
gineers and diemakers around to do it.

We'll even help you design the oart.
Then we'll build the dies, produce the
paits, and do the assembly. A perfect
copy every time.

That means you get the parts ycu
want,thc wWdy you want them, whenycu
want them-—probably at less zost then
you could do it for yourself.

So the next time you come up with 4
great newdesign, give us a call sndwe'll
copy it.

Sylvania Metsls & Chemicsls, Parts
Division, Warren, Pa. 1636¢5.

TOM FAR

bYLV ANIA
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Investigate
Random or
Periodic
Processes
with
Correlation
Function
Computers

CHANNEL
B

A

\Aj PRINCETON APPLIED RESEARCH CORPORATION
R

PAR™
MODEL

| 4 READOUY M
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onr T
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ERATION MODE OUTPys
E CiTy

Correlation functions occupy a cardinal position in
modern information theory and are basic to the analysis
of random or periodic processes and the complex sig-
nals they produce. In many application areas, autocor-
relation analysis allows noisy periodic or random signals
to be defined, whereas crosscorrelation can determine
the degree of conformity between two different noisy
signals as a function of their mutual delay.

PAR™ Models 100 or 101 Correlation Function Com-
puters simultaneously compute 100 points of the auto-
or crosscorrelation function in real time over delay
spans from 100 microseconds to 10 seconds. The Model
101 includes the capability for insertion of fixed delay
increments ahead of the 100 computed points of the
function, thereby providing greater resolution. The
correlation function readout which mnay be obtained
continuously as it is computed, is available at various
rates consistent with the speed of the external readout
device, e.g. oscilloscope or X-Y recorder.

Vibration analysis, radio astronomy, laser research,
geophysics, radar, plasma physics, aero- and hydro-
dynamics, and biophysics are only a few of the fields
where correlation techniques are useful.

Price of the Model 100 is $8,500. The Model 101 is
priced at $9,500 to $12,900. Export prices are approxi-
mately 5% higher {(except Canada).

For additional information, write Princeton Applied
Research Corporation, Box 565, Princeton, New Jersey
08540 or call 609-924-6835.

CORRELATION FUNCTION COMPUTER
0
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READOUT ¢

COMPUTATION
PERIOD T PRECOMPUTATION

PERIOD

958{30w
N *
(Om JEap
y T

POwER




May 27, 1968

]
E I t R " Volume 41
ec l onICS GVIeW Number 11
i ; TO RECEIVE MIXERS
Military electronics ’ HORIZONTAL POLARIZATION
=z
o
Halt step I {7 g5 MAGNETRON
[ = > =
There’s not much doubt now that z | 5| JOUPLEXER
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the next big step in aircraft radar | ADIATION s ol <
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scanning antennas with clectroni- | >z ||
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cally phased arrays. But not cvery- > 2 | [cowearator
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rays is around the corner. > = El5
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Scveral companics are hard at > = 1S
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work on a half-step approach to a : 5
complete solid state radar driving
an array with a conventional micro- seam steerinvel = nc

wave tube. This is in contrast to
Texas Instruments” approach in its
Mera system, which uses a solid
state driver and a ferrite phase
shifter for cach radiating clement
in the array.

TI's mcthod appeals to the Air
Force becausc of the space it would
save in an aircraft—one radar could
handle the work now being done
by two or more. However, the Air
Force also has contracts with the
Raythcon Co. and the Emerson
Electric Co., which arc building
phased-array flight hardware il-
luminated by a single-point source
of microwave cnergy. Flight tests
of the Ku-band scts may begin this
year.

Rooftop tests. Meanwhile, the
General Eleetric Co’s  Acrospace
Electronics  department in Uticea,
N.Y., is developing, with its own
funds, a system it calls Masar (mul-
timode airhorne solid state array ra-
dar). Work started last vear, and
G plans to hegin rooftop tests on
its X-band sct carly in 1969, with
flight tests possibly later that year.
Raythcon and Emerson will ground-
test later this year, and TI is ex-
pected to deliver the first Mera set
to the Air Force in the fall.

Emerson, Raythcon, and GE all
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Demitask. Rather than go all the way with solid state, General Electric
and others are using conventional microwave tubes to drive solid state
elements in an electronically phased array radar system.

say that TI’s Mera approach is lim-
ited by ecxisting technology. Mi-
chacl Briana, manager of Ray-
theon’s phascd-array program, fecls
that the multipliers TI is using to
generate the X-band power have
already been surpassed by Gunn
and avalanche diodes that weren'’t
available when the Mera program
was started.

Along with TT, Emerson and Ray-
theon use ferrite phase shifters. GE,
on the other hand, feels that ferrites
should be avoided because of tem-
perature instability; it’s using digi-
tal diode shifters.

Iowever, spokesmen for both
Raythcon and Emerson say they
have solved the temperature prob-
lems and have qualified their ferrite
shifters over the wide temperature
range required by the military spec-
ifications. O.B. Mitchell, project
manager of Emerson’s program,
says he prefers ferrites to diodes
because they are better understood,
require less control power, and have
proven power-handling capabilities

—particularly for the latching type
ferrites.

Back to normal. Raythcon’s Bri-
ana says his team has built four
phased arrays—some using ferrite,
some using diodes. They have found
that the ferrites arc more reliable:
when they arc overloaded they just
saturate and return to normal. Di-
odes, on the other hand, burn out,
he said.

All three systems produce more
power than Mera, which has a peak
of 600 watts. GE’s systemn, says
Robert L, Williams, the project en-
gineer, generates a peak of 100 kilo-
watts, and the diode phasc shifters
can take 300 watts pcak and 4 to 6
watts average.

Emerson says that its system also
has a peak of 100 kw and that cach
clement can handle 3 kw peak and
10 watts average.

Raytheon’s system, points out
Briana, can also generate 100 kw,
but cach clement can handle up to
200 watts peak and 6 to 7 watts
average. Briana says this is more
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than adequate for the military’s
current needs.

Modular air computer

Designing an clectronie intelligence
or clectronic warfare system with
the airborne computers currently
available is a tough job. The single
processors limit what such a system
can do, and the addition of special-
purposc hardware to handle various
applications boosts its complexity,
cost, and weight.

One company that has had to
face these problems in designing
several large-scale clectronic intel-
ligence systems has undertaken a

major in-house effort to build a
computer that will go a long way
towards solving them. TRW Sys-
tems in Redondo Beach, Calif., is
now proposing its EW 20/24 com-
puter for many upcoming military
programs. Though it won’t identify
any of these, it’s known that the
company is working on a jamming
system that would be carried in
light aircraft.

Businesslike. LElectronic warfare
systems have to handle large
amounts of data in real time to find
such emissions as continuous-wave
radio and radar, classify the sig-
nals, pinpoint their origin, and jam
their transmission. The job is closer
to business data processing than

Big bird. Two-story experimental satellite, Tacsat, under construction by the
Hughes Aircraft Co. for the Air Force, will provide the equivalent of 10,000
two-way telephone channels. The 1,600-pound, spin-stabilized tactical com-
munications satellite is to be delivered late this year for launch into a 22,300-
mile synchronous orbit. Tacsat will carry three antenna systems: five helical
ultrahigh frequency antennas, two microwave horns for X band, and a bi-
conical horn telemetry and command.

44

to the conventional tasks of av-
jonics systems. Most airborne com-
puters are designed for scientific or
mathematical computations where
complex cquations are solved with
only moderate data input. Their
limited input/output capabilitics
and processing power just aren’t
suited to clectronic warfare or in-
telligence requirements,

TRW proposes to build a mod-
ular digital computer that can be
organized as a multiprocessor.
Each of the system’s basic building
blocks—memory, central processor,
and input/output processor—would
be physically separate; the i/o
processor could move large blocks
of data in and out of the memory
independent of the central process-
or, and the modules, TRW says,
could be arranged to satisfy almost
any computing requirement of a
system,

“If you use the computer to get
data in and out, you don’t have
much time to do analysis,” explains
Gerald E. Clark, an engineer at the
company’s  guidance laboratory.
“So we remove the input/output
time load from the program,” he
adds.

In the works. The design has
been completed, the memory built,
and the arithmetic/control  unit
breadboarded. A prototype is ex-
pected to be ready in about six
months for flight testing.

The computer is breadboarded
with Texas Instruments’ 5400 series
transistor-transistor-logic integrat-
ed circuits, but TRW plans to go to
large-scale integration, according to
Clark. Just what LSI direction the
company will take is to be decided
in the next few weeks. “We may
have to go through some intermedi-
ate step and use in-house facilities
for the prototype,” he says.

If TRW gets a contract that re-
quires it to deliver by the end of
the vear, the system will have to
use IC’s, Clark notes. But he pre-
dicts that within two vears the EW
20/24 will incorporate LSI. This
would lower the cost of the logic,
but wouldn’t significantly affect the
equipment’s size, which is generally
determined by connector require-
ments. And this system, with its
modularity and organization, needs
a lot of connections.

Electronics | May 27, 1968



Electronics Review

The smallest Evw 20/24 system—
one central processor, one input/
output processor, and one memory
module—would now fit in a stand-
ard rack 10% inches wide, 17%
inches deep, and 7 inches high. It
would weigh about 30 pounds and,
using integrated circuits, consume
180 watts.

Four-bit differences. The central
processor will be able to handle
word lengths of cither 20 or 24
hits—the difference being an 11-bit
or 15-bit opecrand, or transfer
address. Most entrance and return
transfer orders will take 2 micro-
scconds. Short instructions, such as
add and subtract, will be done in
4 psec, multiply in 29 psec, and
hardware divide in 55 pscc. A self-
contained, 24-bit hardware inter-
rupt register eliminates the need
for additional interrupt processing
software. Up to 22 different inter-
rupts can he accepted by the proc-
eS$Sor,

The i/ o processor is to be a small,
simple unit that will be able to re-
fresh a display with new computer-
generated information, and  digit-
ally tune, scan, and extract informa-
tion from an r-f recciver. It will
have a parallel (24-hit) transfer rate
of up to 70 kilohertz and serial
transfer rate of up to 200 kilo-
hertz.

The memory has a capacity of
8,192 words of 20 or 24 bits, a 0.7
usec access time, and an eflective
over-all evele time of 2 psec, It uses
22-millimeter ferrite cores in a 2V-
dimension arrangement. Sinee any
processor’s speed depends on how
fast it can get instructions and data
from the memory, TRW has divided
the memory into small, self-contain-
ed modules that can be simultane-
ously accessed in parallel, Each
processor could address any word
in up to four memory units.

TRW is looking beyvond clectronic
warfare and intelligence applica-
tions for the W 20/24, Multiproc-
essors represent the next generation
of airborne computers, Clark says,
and the company is also aiming its
system at such jobs as command
and control, guidance and naviga-
tion, weapons fire control and de-
livery, antisubmarine warfare, air
weather  systems,  and  in-flight
checkout,
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Companies

Moving into ghettos

Despite pleas by political and civil
rights leaders for industry to create
more jobs in the urban ghettos, the
responsc has thus far been disap-
pointing. Among the few firms that
have reacted favorably are two elec-
tronics companics—a small one
that’s barely getting started and
two giants.

Armed with only $57,000 in cap-
ital and a handful of guaranteed
contracts from the nearby Hewlett-
Packard Co., a recently formed elec-
tronics firm is rising in the slums
of East Palo Alto, Calif. One of the
large firms, North American Rock-
well Corp., has formed a subsidiary
that will concentrate on hiring peo-
ple classified as unemplovables
from Los Angeles’ Watts area. And
across the continent, the Interna-
tional Business Machines Corp. is
opening a plant in the squalid Bed-
ford-Stuyvesant section of Brook-

Training program. Negro-owned
electronics plant offers jobs to
ghetto residents.

lyn, New York.

Labor pool. The West Coast firm,
East Palo Alto Electronics Inc,
was formed by seven San Franeisco
cngineers, six of whom are Negro.
Thomas Turner, the firm’s presi-
dent, is recruiting workers from
welfare rolls. Aside from using its
13,000-square-foot plant for manu-
facturing, the company will offer
vocational training to neighborhood
residents.

“There are many advantages in
operating a business in the ghetto,”
says Turner. Not the least of which
is rent. Outside the ghetto, the
company would have had difficulty
paying for 3,000 square fect. “These
are new buildings,” he says, “with
$20,000 worth of wiring and elec-
trical work alrcady in. There was
another clectronics firm located
here, but the fear of the riots has
driven many good businesses from
the arca.”

The initial production staff con-
sists of 15 women, most of whom
have been trained by local voca-
tional rehabilitation agencies, Tur-
ner explains.

“Some of them,” says Turner,
“even have prison records, and, as
far as I know, we’re the only ones
who'll hire them.”

The company’s first contract fol-
lowed an agreement initiated by
David Packard, Hewlett-Packard’s
chairman. “There are a number of
Hewlett-Packard instruments and
modules that are produced only in
small numbers,” explains Turner;
“we’ll get them in kit form, as-
semble them, and test them to H-P
standards.”

Planning growth. Although the
company is seeking all forms of
clectronics subcontract work, Palo
Alto  Electronics, according to
Turner, hopes to start manufac-
turing its own devices and instru-
ments within a year. Products will
include compact voltage regulators,
along with a line of standard, plug-
in power supplies; solid state in-
duction heating devices; seven-
channel solid state monitor scopes,
and a scries of heavy-duty plating
machines controlled by silicon con-
trolled rectifiers.

North American Rockwell’s new
subsidiary, Nartrans, will train and
employ up to 175 ghetto residents
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from the Watts area. The subsidiary
will run an 82,000-square-foot
plant in the city’s central district.
Nartrans will teach its employees
such skills as drawing, typing,
drafting, and keypunching.

Meanwhile, IBM has leased an
ecight-story building for the produc-
tion of computer cables and har-
nesses. The company expects to
start production at the new plant
within the month with a workforce
of 100. By 1969, IBM hopes to cm-
ploy at lcast 300 pcople at the
Brooklyn plant.

Solid state

Si;N, for MOS FET's

The inherent instabilities of metal
oxide semiconductor field-effect
transistors (MOS FET’s) have kept
them from winning as much accept-
ance among designers as junction
FET’s. But now the Semiconductor
Products division of Motorola Inc.
says it has overcome MOS FET in-
stabilitics by using silicon-nitride
passivation. And the new technique
carries a bonus: better yields.

Motorola officials think the de-
velopment will increase MOS FET’s
share of the FET market to 40% or
50% in a few years from about 20%
now.

The greater yields and volume
from silicon-nitride (SizN4) passiva-
tion will help cut MOS FET prices.
AE. Corwith, Motorola’s product
planner for radio-frequency devices,
noting that the average price has
dropped to about $2.50 from $3.75
last year, says the new technique
should reduce the price to about
75 cents by 1970-71.

At least for now, however, the
new devices will be priced the same
as conventionally passivated MOS
FET’s. Robert Borawski, manager of
high-frequency product operations,
says the new technique has doubled
yields at the test-probing stage of
manufacturing.

Silicon-nitride passivation tech-
niques for MOS FET’s have been in
development at Motorola for about
two years. The Bell Telephone Lab-
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oratories is credited with discover-
ing that such passivation would
work on MOS FET’s, but Motorola
spokesmen say it is the first to
introduce it as a standard produc-
tion technique for all discrete lines.

Borawski says that silicon-nitride
passivation was first phased into
production last November and that
all Motorola’s MOS lincs are now us-
ing the technique. F.P. Huntsinger,
product marketing group manager
for r-f and FET devices, is replacing
all MOS FET stocks of distributors
with the new devices.

Unwelcome migrants. With MOS
FET’s, as with any MOS device, most
of the electrical activity takes place
within a few microns of the surface.
Thus any surface contamination in
the bulk silicon, especially sodium
ions, changes the electrical charac-
teristics. At high temperatures the
ions can become highly mobile and
migrate through both the usual sili-
con-dioxidc passivation layer and
the gate. The migrating ions invert
p material to n material, causing
undesirable conduction at zero bias.

Huntsinger notes that this usu-
ally occurs with a positive voltage
on the gate, so the process can be
reversed by putting a negative volt-
age on the gate.

Corwith points out that this in-
stability has limited MOS FET’s
mainly to switching functions.
“These are on-off circuits in which
you don’t have to worry about
threshold voltages,” he maintains.
“Now, we can offer a MOS FET that
operates over a broad temperature
range, and the designer won’t have
to worry about shifts.”

Storage temperatures for the de-
vices have typically been from —65
to 4175°C; the new passivation
technique will extend the upper
limit to 200°C. MOS FET’s were for-
merly pretty touchy around 200°C
because of the speed of sodium-ion
migration, Huntsinger says, and
military people want reliable opera-
tion at 200°C. Until now, he says,
customers have been small-volume,
sophisticated buyers who kncw how
to deal with the sensitivity of the
transistors. Corwith says demand
for cascode-type devices has in-
creased, especially since RCA intro-
duced the 3N140 MOS FET last year.

“This type of device with nitride
passivation,” he says, “would really
go big for the front ends of tele-
vision sets or f-m radios—or com-
munications gear generally. You
can apply automatic gain control to
one gate and a signal to the other
and get good dynamic range.”

A secret. In discussing how sili-
con-nitride passivation is accom-
plished, Borawski will say only that
the technique allows the use of all
existing processes. How and when
silicon nitride is applied is the key
to the process and is proprietary,
but silicon dioxide is still used on
top of the bulk silicon, because sili-
con nitride would cause an exces-
sive surface charge at the semicon-
ductor-insulator interface.

The silicon dioxide also serves as
a photo mask. A cross-section of
one of the new MOS FET’s before
ctching would show a bottom layer
of bulk silicon covered with silicon
dioxide. On top of that comes sili-
con nitride, and finally a top layer
of silicon dioxide used as an etch
resist, which is removed before
metalization.

Silicon-nitride thickness is within
the 1,000-angstroms range, Boraw-
ski says. The compound has twice
the dielectric constant of silicon di-
oxide, according to Motorola engi-
neers, so the silicon nitride is made
thicker than the silicon-dioxide
layer to preserve the device’s ca-
pacitance characteristics. These are
spccified to be the same as those of
a MOS FET passivated with silicon
dioxide only.

Motorola engineers say silicon ni-
tride gives a far more uniform pas-
sivation layer than silicon dioxide,
whose thickness varies from a few
hundred angstroms to whatever
maximum is desired—possibly about
750 angstroms. Silicon nitride’s uni-
formity allows Motorola to specify
a gate-to-source breakdown of 50
volts for a typical device, compared
with 15 volts for a MOS FET pas-
sivated with silicon dioxide.

Over Niagara. Some of the new
components have completed 1,000-
hour life tests. Roger Lohn, man-
ager of silicon transistor reliability
engineering, says n-channel and
p-channel devices have been tested
with both positive and negative bias
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Flicker-Free CRT Storage

NEW
Storage Display Unit
from TEKTRONIX.

The Type 611 Storage Display Unit is designed to
furiction as a computer console ana remote termi-
nal readout device. With X, Y, ana Z inputs pro-
vided by peripheral equipment, this new instrument
presents flicker-free displays of alphanumeric and
graphic informatior: without refreshing.

T¢PE 611
;ToRASE 0 SPLAY UNIT

The Type 611 Storage Display Unit features an 11-inch,
magnetically deflected, bistable storage display tube.
This new storage tube offers high information density
and excellent resolution on a 21-cm x 16.3-cm screen.
4000 characters, 90 x 70 mils in size, may be clearly
displayed with good spacing. Resolution is equiva-
lent o 400 stored line pairs along the vertical axis
and 300 stored line pairs along the horizontal axis.
Dot settiing time is 3.5 us/cm + 5 s and dot writing
time is 2C xs. Time required to erase and return to
ready-to-write status is 0.5 seconds. Operating func-
tions are remotely programmable through a rear-panel
connector. A “Write-Through” feature provides an
index to tne writing beam position without storing new
informaticn or altering previously stored information.

Type 611 Storage Display Unit ................... $2500
U.S. Sales Prices FOB Beaverton, Oregon

For a demonstration, contact your nearby Tektronix field engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005.

Nearly half of our effort devoted
lo development and production
of speciatized components
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Couch 2X 1/7-size relays
meet MIL-R-5757D/19 in
1/25th of a cubic inch

The new, third generation Couch 2X
relays solve switching problems where
space and weight are critical. Thor-
oughly field-proven in electronic and
space applications. Relays are de-
livered fully tested. Additional screen-
ing tests available at your option.

2X 1X
(DPDT) (SPDT)

Size 0.2"x0.4”x0.5” same
Weight 0.1 ox. max. same
Contacts 0.5amp@30VDC same
Coil

Operating

Power 100 mw 150 mw 70 mw 100 mw
Coil

Resistance 60 to 4000 ohms 125 to 4000 ohms
Temperature —65°C to 125°C same
Vibration 20 G to 2000 Hz same
Shock 75 G, 11 Ms same

Broad choice of terminals, coil resistances,
mounting styles. Write for detailed data sheets.

o,
RUCGED ROARY RELAYS | g Dpnamicaty and Staticaly Balanced

[%

COUCH ORDNANCE INC.

3 Arlington St., North Quincy, Mass. 02171
Area Code 617 CYpress 8-4147
A subsidiary of S. H. COUCH COMPANY, INC.
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conditions at greater than the rated
gate voltage. Most of these tests
are at high temperatures, 200°C
for long-term reverse-bias tests and
for short-term storage and gate-bias
tests.

Corwith likens the reverse-bias
test to “running a power boat over
Niagara Falls.” The Motorola engi-
neers say that all conventionally
passivated MOS FET's would prob-
ably fail the reverse-bias tests at
high temperatures after 50 to 100
hours. The failures may not be cata-
strophic, but characteristics would
drift as much as 20%, which can
mean failure in a circuit.

A number of companies have
been using silicon-nitride passiva-
tion of MOS FET’s in the laboratory.
Westinghonuse Electric Corp.. for
example, uses it for integrated cir-
cuits in the Goldilox process. The
Westinghouse Molecular Electron-
ies division introduced the devices
at the TEEE Show in March.

Besides silicon nitride, the West-
inghonse 1C’s get a top layer of si-
lane glass that is said to hermeti-
cally seal the device, and company
officials think this development may
help crack the military’s resistance
to plastic-packaged semiconductors,

Avionics

Breaking the logjam

Under heavy pressure from the air-
lines, which are impatient with the
delays that have plagued the Aero-
nautical Services Satellite, Comsat
is drawing up a new request for
proposals (RFP). Tt will call for a
very-high-frequency — system  for
communications only, but the re-
quest could break the logjam: that
has delaved the program for four
vears.

Reasons for the delay were first
technical, then financial, and finally
political. Advances in the state of
the art now make it possible for the
power requirements to be achieved.
And the airlines, in desperate need
of satellite service, are reportedly
ready to put up a sizable share of
the satellite’s development costs in
advance. The only hang-ups that

remain are in the realm of interna-
tional politics. But even these are
likely to be overcome.

Report withdrawn. Airlines and
airframe  manufacturers are cven
now studving copies of a carcfully
leaked report on the satellite, pre-
pared for Comsat by the Philco-
Ford Corp.’s Space and Re-entry
Systems division. A description of
the report was scheduled to be de-
livered at the American Institute
for Acronautics and Astronautics’
Communications Satellite Systems
Conference in San Francisco in
April, but was withdrawn at the
last minute at Comsat’s insistance.

Based on a ninc-month study of
transoccanic traffic density antici-
pated in the 1970°s. plus communi-
cations and navigational require-
ments and technical forecasts, the
report makes two main points:

» Within 10 vears, it will be nec-
essary to reduce the separation be-
tween aireraft lanes from the pres-
ent 120 nautical miles to 60.

» Tt will take 10 vears to get an
L-hand surveillance system opera-
tional. Vhi, the other proposed fre-
queney range will not be accurate
~nough to maintain 60-mile separa-
tions.

Privately. Comsat is very happy
with the report—cven though Com-
sat's commitment to Intelsat, the
international consortium of which
it is the biggest member. dictated
that the report be kept confidential.
But the enthusiasin secems strange
in view of the fact that the report
cautions that if no immediate action
is to be taken to develop such a sat-
ellite. the need for it would hecome
acute hefore the equipment became
available.

A risk. The fact that Comsat is
now writing an RTP suggests that
it is willing to let the airlines rush
in where it fears to tread. Comsat.
as a member of Intelsat, must con-
sider foreign objections to a vhf
system. The airlines can override
those objections. But in so doing.
they would run the risk of a French
complaint to the International Tele-
communications  Union.  France
could argue that an Atlantic vhf
satellite would violate its frequency
rights.

The Comsat RFP will ask for four
communications channels, cach
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with an cffective radiated power of
200 watts. Presumably, it will be
modeled on the Acronautical Radio
Inc. (Arinc) communications satel-
lite specification that was to be ap-
proved at the May 22-24 Airline
Electronic Enginecring Committee
meeting in Miami.

Arine, the company that among
other things handles transoceanic
communications via high-frequency
radio, reportedly suggested infor-
mally to Comsat that it issue the
RFP now.

Two years ago, the requirement
for four 200-watt channels in a 300-
pound satellite (the Thor-Delta
hooster’s weight limit), frightened
away most satellitc makers. One
manufacturer likened the power-
weight constraint to “putting an
clephant in a Piper Cub.” Since
then, improvements in both solar
cells and antenna design have
hoosted d-¢ power and antenna gain
so that effective radiated power has
been quadrupled.

Severe restraints. But mere tech-
nical ability to handle satellite com-
munications isn’t reason enough to
pnt up a communications satellite.
The guidelines set forth in the
Philco study posed severe restraints
on the nature of the service to be
offered.

The guidelines: that two services
be  considered, communications
only and communications plus sur-
veillance; that two frequency bands
be considered, vhi (118-136 mega-
hertz) and L-band (1,540 to 1,660
Mhiz); that a service, once initiated,
be sustained for a period of 10 years
or more to be applicable worldwide;
that an operational surveillance sys-
tem in either frequency band be
limited to that band worldwide; that
any system providing surveillance
must also provide communications
in that band (although it may also
offer communications in the other
band); that both vhf and L-band
scrvices are permissible in the same
satellite, and that a communica-
tions-only system would not be
worthwhile in L-band.

The guidelines led Philco engi-
neers to suggest five possible types
of service:

1. The vhf communications only.

2. Vhf communications with sur-
veillance through Omega or iner-

tial navigation plus position deter-
mination from the communications
satellite.

3. Vhf communications plus vht
surveillance.

4. Vhf communications plus L-
band communications, with I-band
surveillance.

5. L-band communications plus
L-band surveillance.

The only compatible configura-
tions for adjacent ocean areas arc
the first and second or the first and
fourth, Philco indicates. The RFP
now being written by Comsat is for
the first service. A timetable drawn
up by Philco indicates that the car-
liest possible date that a vhf-only
communications service could begin
operational evaluation would be
carly 1970, and that it would not be
fully operational until mid-1971.

Deadline for the SST. Develop-
ment of aireraft equipment, and in-
stallation on the world’s airlines,
would not permit the fourth service
until mid-1977 to early 1979, the
Philco report says. By that time, the
supersonic transports, which will
have even smaller separation re-
quirements, will be in operation,

It was because of this time con-
straint that the airlines are pressur-
ing Comsat for at least a start on
the aeronautical satellite. The first
satellite may cost from $5 million
to $15 million, with replacements
running from $3 million to $5 mil-
lion cach; and because of the poli-
tical questions, the first bird may
well go over the Pacific rather than
over the more heavily traveled At-
lantic. The Japanese and the Aus-
tralians aren’t as opposed to a vhf
system as are the French.

The first system will reportedly
drop the microwave link between
ground station and satellite that
had been a part of previous propos-
als, and nse vhf for all links.

First AIDS

After spending several years study-
ing various plans to install a com-
plete malfunction system aboard
aircraft, the Air Force finally got
around this month to awarding a
contract for a demonstration model.

A team led by the Garrett
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Corp.’s AiResearch division and
comprising Serendipity Associates
for mathematical modeling and the
McDonnell Douglas Corp. for air-
frame modifications will begin a
26-month, $1.93 million program to
develop an Airborne Integrated
Data System (AIDS) for bombers.
The prototype will be tested on a
B-52H.

The AIDS group, at Wright-Pat-
terson Air Force Basc in Ohio is
aiming the development effort to-
ward the retrofitting of B-52 and
B-58 aircraft now flying as well as
future bombers. The Advanced
Mamned Strategic Aircraft (AMSA),
being pushed hard by the Air Force
and some members of Congress,
is a likely candidate, said one Air
Force official in the AIDS group.

Red tape. The delay in going
ahcad with a prototype system
stemmed partly from the current
tightness in R&D funds. Also, ac-
cording to an Air Force engincer,
the program had to be looked at
by just about cveryone in the serv-
ice.

AIDS will monitor all subsystems
on the B-52H as well as the air-
frame. It will determine when a
malfunction occurs and decide
what unit must be replaced, thus
reducing maintenance time.

The companies will spend $500,-
000 for an initial 12-month study
to sort out critical subsystems,
identify line-replaceable units, and
select the key paramcters to moni-
tor, according to Paul L. Ford,
leader of the group. The companies
will decide whether AIDS should
usc a central on-board computer
or put the monitoring and decision-
making clements at the equipment
to be tested. They will also de-
cide how to display and record the
data.

After the Air Force approves the
initial study phase, the Garrett
team will begin designing the sys-
tem.

AIDS vs. CITS? Once the Gar-
rett system is designed, however,
there may be some question
whether it should go into the
AMSA. For about three ycars, IBM
and the Autonetics division of the
North American Rockwell Corp.
have been working on a Central
Integrated Test Subsystem (CITS)

for the AMSA. [IBM’s approach to
this system, called automatic self-
test, was described in Electronics,
May 13, p. 78.]

Autonctics and IBM are also
working on the avionics for the
proposed bomber, but their CITS
work includes the nonavionics sub-
systems. CIT’S philosophy calls for
doing as little system testing as
possible, picking out the param-
eters to be tested that can give the
most data.

Donald E. Picratt, the AMSA
project engincer in charge of mon-
itoring the CITS work, says one
study shows that CITS can reduce
the number of test points on the
hydraulics system by 30% to 70%.
“We're testing functions, not black
boxes,” he said, adding that the
idea is to “climinate the brute-
force approach of testing every-
thing.” Failure-mode effect an-
alyses arc now being run, he said.

Garrett is apparently working to
integrate its system into the B-52H
with equipment already on hand—
an approach that could limit the
system if it ever competes against
CITS for AMSA.

Government

Patent bill not pending

The Federal budget squeeze and
the President’s decision not to seck
a new term have killed patent re-
form legislation for this session of
Congress.

Commerce Department lobbyists,
acting for the Patent Office, have
stopped pushing to get a bill voted
before the new Congress is scated
in January.

The budget-tightening steps will
prohibit the hiring of the 60 cxam-
iners the Patent Office wanted.
Many of the reforms advocated by
the Patent Office depended on this
increase to spced processing of
patents. And the office may not even
be able to replace any of its 1,200
examiners who may leave.

President Johnson’s decision not
to sceck re-election is slowing patent
reform because the top four officials
at the Patent Officc ave Presidential
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Precise control... .
high spectral efficiency...long life...

the reasons David W. Mann Co. chose EG&G Xenon Flashtubes for new IC photomask production system.

David W. Mann Co., a division of GCA
Corporation and a leader in the produc-
tion of precision IC photomask equipment,
uses an EG&G pulsed Xenon Flashtube

in their new Type 1480 Photorepeater,
The EG&G Xenon Flashtube is the only one
that meets the stringent operating
requirements demanded by the Mann
system, It provides precisely controlled
variable intensity and flash duration
needed for accurate exposure. It assures
high spectral efficiency and energy
balance to aid in razor-sharp edge defini-
tion. And, EG&G pulsed Xenon Flashtubes
are designed to provide the longest,

most reliable life,

Electronics | May 27, 1968

EC&G specializes in the design and
manufacture of complete pulsed Xenon
Flashtubes for use in such diverse
applications as laser stimulation, photo-
tyresetting, flash photolysis, photocopying,
stroboscopy, warning beacons, osciilo-
graph recorders, and medical reseaich,
EC&G pulsed Xenon Flashtubes are
available in linear, air and liquid cocled,
helical, U-snaped, and coaxial type
designs. Envelope materials are quartz,
soft glass, ar hard glass. Energy inputs
range from 0.1 to 25,000 watt-seconds
with operating voltages from 400 volts to
3.5 KV. Light output encompasses the
entire visible spectrum and extends into
UV and IR ranges.

EG&G also supglies chokes, trigger trans-
formers, power supplies, and trigger
modules. We'll even design any special
flashtube circuitry your application

may require.

If you'd like more information on EG&G
pulsed Xenon Fiashtube Systems, or for
that matter on any of our products,

such as thyratrons, krytrons, spark gaps,
transformers, chokes, trigger modules,
photodiodes, picoammeters, or light
instrumentation, write: EG&G, Inc.,

166 Brookline Avenue, Boston,

Mass. 02215. Telephone: 617-267-9700.
TWX: 617-262-9317.

EG:G

ELECTRONIC PROOUCTS OIVISION
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NO HOLES
IN OUR
LOGIC.

MicroVersaLOGIC is the com-
plete and compatible line of IC
logic cards for today’s de-
manding applications. De-
signed by systems engineers
for systems engineers, pwL is
the practical line, easy to use,
tested and proven in countless
applications.

And MicroVersalOGIC cards
right now cost you no more
than ordinary cards.

AT e

In addition to conservative 5
mHz rating, the complete
MicroVersalLOGIC line gives
you all the ready-made build-
ing blocks you need for any-
thing from a register to an en-
tire digital system, including
plug-in power supplies and a
broad line of system assem-
blies and accessories.

Let us send you our 40-page
catalog, which will give you all
the facts and possibilities of the
MicroVersaLOGICline. Just
tell us who and where you are.

@varian data machines
a varian subsidiary

1590 Monrovia Ave . Newport Beach, Calf 92660
(714) 646-9371 TWX (910) 596-1358
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appointees who are sure to change
if a Republican President is elected
and may change if another Demo-
crat is clected.

Different ideas. A ncw commis-
sioner and his licutenants may have
different ideas about patent legis-
lation. The commissioner under a
Republican administration, for in-
stance, may be expected to favor
the reform bill being offered by
Sen. Everett M. Dirksen (R., I11)
and the American Bar Association.

In view of the new developments,
Sen. John L. McClellan (D., Ark.),
chairman of the subcommittee on
patents, trademarks, and copy-
rights, has decided to hold off push-
ing his compromise bill through the
Senate. The McClellan bill, which
now has Administration support,
doesn’t differ significantly from the
Dirksen bill,

However, legislative experts now
say it should be relatively casy to
get Congressional action carly in
the new session.

While Congressional action on
patent reform is held up for at
Jeast six months, the Patent Office
is trying to streamline some of its
operations.

Time savings. It’s setting up a
procedure  that gives inventors
some protection similar to a patent
and avoids some of the cost and
time associated with the issuance
of patents.

To get protection under the new
procedure, the inventor must waive
all rights to royalties, but hc’s
assured that no onc else will be
awarded a patent for the same
thing.

Under this “protective publica-
tion,” the inventor applies to the
Patent Office just as though he was
asking for a patent. An abstract of
200 words or less is printed in the
Patent Office’s Official Gazette, and
drawings are inserted in the search
files. The usual Patent Office exam-
ination isn’t made, although exam-
iners make sure that the abstract
isn’t advertising, frivolous, scandal-
ous, against public policy or sub-
ject to national security controls.

Patent Office officials don’t ex-
pect the defensive publications pro-
cedure to help individual inventors.
Its value will be to large companies
who have no desire to sell royalties,

but must be assured that no one
clse can cver be awarded a patent
for their developments.

Open season. The cffective date
for the new procedure was May 1,
but a six-month open season has
been declared. Anyone with a pat-
ent application on file will have
until Nov. 1 to decide if he would
like to shift his application from
the regular patent file to the defen-
sive publication file, if the first ac-
tion on the patent hasn’t been
taken.

For all new patent applications,
the applicant will have eight
months to decide if he wants to go
after a patent or defensive publica-
tion. When an application is ac-
cepted for defensive publication, it
will immediately become public,
and the abstract will be published
in the Official Gazette.

It now takes the Patent Office
two to four years to process a pat-
ent application. Defensive publica-
tion can go into cffect in wecks.

Patent Office officials predict that
as many as 10% of the 90,000 ap-
plications it receives annually may
be filed for defensive publication.
This would significantly reduce the
agency’s work load.

Patent lawyers, however, predict
that the procedure will be rarely
used. Lawyers who profit from full
patenting fees, are unlikely to ad-
vise its use. Two earlier attempts
have been made to short-cut patent
procedures, the lawyers point out,
and both failed Dbecause they
weren’t used.

Space electronics

Starry-eyed mosaic

The tracker that locked onto the
star Canopus to guide the Mariner
spacccraft to Venus last year used
an image-dissector tube as its
photosensitive clement. The tube
weighed about 12 ounces and dis-
sipated about 0.15 watt. Now re-
searchers at the Autonetics division
of the North American Rockwell
Corp. have developed a solid state
photomosaic device they believe
can do the same job—but with sub-
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Military and aerospace
equipment demands proven
reliability. Thatsw
Dytronics specifies capacitors
of MYLAR

Dyvtronics Co. Inc., of Columbus.  components we select. Hundreds MYLAR has high tensile and dielectric
Ohio. makes Primary Phase Angle of our Primarv Phase Angle Standards  strength. Its unexcelled thinness has
Standards that are used all over the are in military usage. and we are not enabled manufacturers to reduce size
world in all temperature extremes. aware of a single failure of capacitors and weight in capacitors.

Iach precision unit uses 70 of MYLAR. awe feel that this is Isn’t that reason enough for vou

capacitors of NMIYLARY B e —" | evidence of both the reliability  to consider capacitors of MYLAR in

polvester filin. Why -m 4 S 1 | and performance of NIYLAR vour designs? For additional informa-

MYLAR? Here's what Paul e ¢y 7§ g | and we find that capacitors of tion write to Du Pont. which offers the

Rvan, President. had ro e “ 47 | MvLARcostabout the same thinnest. most versatile range of

to sav: “Military and major BedIITY! as those made of paper.” capacitor dielectric materials available.

aerospace facilities cannot [1g g 5 - P . MY LARoffers thermal Address: Du Pont Co.. Room

attord equipment failure. as ’ stahilitv from =70°to +150°C.,  5852B. Wilmington. Delaware 19898,

and we must be sure of the ‘."-.: LERY S8 plus excellent resistance to '
8Leo o -4 most chemicals and moisture Mm MYLAR S

ML)

| 88.p 'ﬂ' elid
“~2!’,\{_; o

A tvpical part of the Primary Phase Angle Standard
shown above with four capacitors of MYLAR (green).
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Design Brochure
Cable Assemblies & Coaxial Delay Lines

¢ W Tmes i‘
This 4-page brochure details speci-
fications and multiple design pos-
sibilities of cable assemblies and
coaxial delay lines. It also follows
through with evaluation, produc-
tion and test procedure info.

For your copy write or phone:
Times Wire & Cable, Wallingford,
Conn. (203) CO 9-3381

Circle 502 on reader service card

Seamless Metal Tube
Sheathed Coaxial Cable

ﬁ___‘“—“ 2.
L o r——

Times® new semiflexible coaxial
cable with seamless aluminum
tube sheath conductor is available
in two standard versions:

1. ALUMIFOAM? — Foam poly-
ethylene dielectric where pressur-
izing isn’t practical.

2. ALUMISPLINE® — Air dielec-
tric where pressurizing is practi-
cal. These cables offer more isola-
tion—at 80 < db more than ordi-
nary coax. Uniformity average —
VSWR 1.1 or less. Stability — 10
times better. Lower loss — 30%
less. Pulse reflection — less than
1%. Less distortion. Also avail. in
solid dielectric and high temp. con-
structions.

For prices & data write or phone:
Times Wire & Cable, Wallingford,
Conn. (203) CO 9-3381

Circle 503 on reader service card

Connectors for
Solid Sheathed Cable

Only one step required to use the
new one-piece TIMATCH® Con-
nector with its own pat. CoilGrip”
clamp—just unpack it. Its reus-
able and repeated assembly and
disassembly does not impair either
the RF or physical characteristics
of the connector or the cable.
Available in all popular sizes and
fits all metal tube sheathed coaxial
cables.

For prices & data write or phone:
Times Wire & Cable, Wallingford,
Conn. (203) CO 9-3381
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stantial savings in size, weight, and
power,

The experimental device made by
Autonetics” navigation systems di-
vision is 25 mils square, weighs
about as little as a conventional
integrated-circuit chip of that size,
and dissipates only about 1 micro-
watt when a 1-volt bias is applied
to the mosaic with light intensities
of about 10 foot-candles per photo-
sensitive  element.

The device could perform other
pattern-recognition tasks, says
James Cross, a member of the tech-
nical staff in the electro-optics re-
search group. But he notes that
since the group’s primary function
is to support the navigation sys-
tems division, “we’re pretty much
star-tracker oriented” in thinking
about applications. And Cross
doesn’t rule out the possibility that
such a photosensitive mosaic could
represent a step toward a solid
state vidicon.

Better idea. Autonctics engineers
decided four years ago that com-
mercially  available  materials—
particularly  cadmium  sulfide—
weren't good enough to give them
the solid state photomosaic they
songht. Cross says cadmium-sulfide
vacuum-deposition techniques had
to be refined before the mosaic
could be made.

Cadimium sulfide is the photo-
sensitive material in the thin-film
sandwich that has evolved as the
latest version of the light sensor.
The compound changes resistivity
when light strikes it, and Cross
calls it the ideal detector for visible
light from 0.51 to 0.65 micron.

Most of the photoconductors
used today have surface-effect
detectors, as did those produced
by Cross’ group in the early stages.
Such a device is made by vacuum-
depositing a layer of cadmium sul-
fide 2 to 3 microns thick on a glass
substrate, and then vacuum-de-
positing 1netal electrodes on top
of the cadmium sulfide. The small
arcas between the electrodes in
which the cadmium sulfide is ex-
posed serve as the photoconductor.

Too small. “But because an elec-
trode is needed on the device sur-
face for cach cadmium-sulfide
detector,”  Cross  explains, “we
ended up with only tiny slits of

photoconductors. The detectors
were good but the active areas were
too small, so we switched from
surface-effect detectors to volume-
effect detectors.”

The substrate is still glass. A
layer of tin oxide about a half-
micron thick is vapor-phase-de-
posited on it and photo-etched to
form lines a half-mil wide, with
half-mil spacing to yield electrode
lines on l-mil centers.

A layer of cadmium sulfide 2 to 3
microns thick is vacuum-deposited
on the first clectrode layer. Then
comes a diffusion step in which
gascous impurities are used to give
the cadmium sulfide its photosen-
sitivity. After doping, a top layer
of tin oxide a halt-micron thick
is  vapor-phasc-deposited  and
photo-ctched to form electrode
lines perpendicular to those in the
bottomn eclectrode layer.

Still slow. An active detector is
formed at cach intersection of elec-
trodes, giving a much higher den-
sity of active regions than could
be achieved with the surface effect.
The narrowest center-to-center
space for surface-effect detectors at
Autonetics was about 3 mils. The
latest mosaics have 25 electrode
lines per side, for a total of 625
active light-sensing elements.

For one of the photomosaic de-
vices, the typical current across
the load resistor varies from three
times 102 ampere when the
detector is in the dark to three
times 10 in bright light.

The device hasn’t yet been tried
in a system. But preliminary test-
ing showed uniform sensitivity of
about =10% and a response time
of about 100 milliseconds when
illuminated with light intensity
varying between 0.1 and 1 foot-
candle. Cross says surface-effect
detectors have response times in
the tens of milliseconds, and he’s
confident that the Autonetics
photomosaic sensor will reach the
same levels.

Gain in gain. Photoconductor
gain in the cadmium sulfide is far
better than that possible with
present junction devices used as
light sensors, Cross maintains.
Gains of 100 to 200 are being re-
ported for junction devices; the
solid state photomosaic could de-
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Silicon
Power

PNP.

of Age
N 68

NPN Hee
RCA PNP Type [ Complement [ Vero (sus) [ lc | Pr| @ —50mA @ —500 mA | Pkg
\ A | W
2N5415 2N3440 —200 | —-1] 10 30-150 - TO-5
2N5416 2N3439 —300 —-1]10 30-120 — TO-5
2N5322 2N5321 ~75 -2 | 10 - 30-130 TO-5
2N5323 2N5320 —50 -2 |10 - 40-250 TO-5
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Featuring high-voltage capability

up to 300 volts. This is the year of PNP
at RCA as the industry’s silicon

power leader sets up a program that
successfully meets your product
needs for complementary designs in
commercial, industrial, and military
applications.

For example, do your high-speed
switching and linear amplifier designs
need PNP power with 300-volt
capability? Check RCA’s new 2N5415
and 2N5416. If you’re working with
audio amplifier and industrial power
switching circuits, try 2N5322 and
2N5323. They're “beefed-up’’ versions
of the popular 2N4036.

There’s more coming in ’68. Look for
low-cost silicon power PNP audio
devices with gainupto 1.5 A, Prof 5 W
—at economy levels that really count.
Watch, too, for types with Ic=5 A

and Pr = 45 W.,..and voitage handling
capability up to 75 V. Details from

your RCA Representative or your

‘RCA Distributor.

Technical data from Commercial
Engineering, Section CN5-4, RCA
Electronic Components,
Harrison, N.J. 07029,
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5%

SINGLE AND MULTICHANNEL
COMPACT ANALOG MODULES

These compact, one to six chan-
nel recorders offer the reliability
and accuracy demanded by indus-
trial and medical applications.

3-M-3

Approx.
$825.00

Approx.
$2,000.00

We offer you our unique capabilities in
the custom recorder field. Write or tele
phone for complete information on the
modules best suited to your needs

ME"E

MECHANICS FOR ELECTRONICS
Telephone (617) 864-8130
152 Sixth St., Cambridge, Mass. 02142

58 Circle 58 on reader service card

Electronics Review

liver a gain of a million.

Cross says his group might be
able to produce prototype devices
in six to cight months. Although no
formal proposals have been made,
Autonctics will be looking for Air
Force or NASA sponsorship. The
group hasn’t spent much time on
readout techniques, but in the
earlier surface-effect work, an array
of metal oxide semiconductor
transistors was used as an amplifier
in the detectors” package.

APT to grow

Ever since 1963, when the Tiros 8§
satellite began automatically trans-
mitting pictures of the carth’s sur-
face to ground stations, scientists
have been using the pictures to
predict weather, chart hurricancs,
and perform meteorological re-
research. The prime users have
been NASA, the Air Force, and the
Environmental Sciences Services
Administration (ESSA).

But now, interest in Automatic
Picture Transmission is booming
in other quarters, and both the
space agency and industry sce a
growing market—ranging  from
schools to local television stations
—for APT equipment. And do-it-
vourselfers in the U.S. and else-
where have been building  their
own APT recciving stations for as
little as $400.

The major reason for the grow-
ing intercst is NASA’s long-term
commitinent to APT; the agency will
definitely be using the system for
at least another five years, and
some officials say the period could
lengthen to a decade or more. The
system is used on all ESSA and
Nimbus satellites. And NASA plans
to relay APT pictures from future
orbiting Nimbus satellites to Ap-
plications Technology Satellites so
that a Nimbus on one side of the
globe can pass pictures to the ATS
on the other side. Right now, plans
call for relaying Nimbus E pictures
to the ATS-F satellite.

Hobby project. Scveral wecks
ago, a publication entitled “Con-
structing  Inexpensive  Automatic
Picture Transmission Ground Sta-
tions” was released by NASA’s Of-

fice of Technology Utilization. The
book details how an APT station
can be put together for $300.
Charles H. Vermillion, the author
and man in charge of ground-sys-
tem development at the Goddard
Space Flight Center, has already
received dozens of inquiries on the
book. The information-seekers
have ranged all the way from firms
considering  production of APT
equipment to a home for the aged
that has already started work on
its station. Vermillion points out
that there arc many jury-rigged
APT stations already in operation.

One such station was built by
John B. Tuke, a Scot, who made
an APT recciver out of surplus
parts. Another APT station has
been built in Turkey, and a man
in Princeton, N.J., put one together
using a rolling pin for a picture
drum.

Tohn Stein, sales manager for
Muirhead Instruments Inc., Moun-
tainside. N.J., a commercial pro-
ducer of APT equipment, says
there’s a hot market in surplus
Navy AN/TXC-1 transceivers, which
talented amateurs can convert into
APT receivers.

Commercial APT equipment is
also Dbeing produced by several
other firms. The Eleetro-Mechani-
cal Rescarch Corp., College Park,
Md.. has begun selling sets for
$5.000, while others, including
Muirhead, have been producing
costlier equipment for the Air
Force and NASA,

Vermillion says at least a half-
dozen firms are readying APT
equipment—ranging from kits for
hobbyists to sophisticated $5,000
to $10,000 units—for the market.
Muirhcad’s Stein savs that the
Navy is shopping for shipboard
APT cquipment and that colleges
are starting to buy the equipment
to train meteorologists. Muirhead
delivered one system to the Uni-
versity of Miami and expects other
college orders shortly.

Fishing market. Stein, who con-
cedes that the competition will be
getting tougher, says the market
is large and includes tv networks,
foreign governments, private re-
scarch organizations, and fishing
flects.

Vermillion says, “Space photog-
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You have probably replaced
your High Voltage Rectifier Tubes
for the last time.

New Silicon“Doorbell”
Rectifier Modules just plug in,
last almost forever,

save you lots of money,

and let your equipment

keep its cool.

e Modules with current ratings from 0.67 amps to 6.6 amps,
and PIV’'s from 2.5 KV to 15 KV just screw together to
permanently replace over 50 different types of tubes.
Ratings to over 100 KV.

¢ Reduce cabinet temperatures by 60°F to 100°F — pro-
long the life of your other components.

* Reduce power consumption by eliminating filament.

¢ Designed by high-voltage engineers who built in tremen-
dous capacity to handle overload surges.

® Only void-free, whiskerless, controlled avalanche, indi-
vidually fused-in-glass Unitrode diodes are used.

For fast action, call Fred Swymer COLLECT at (617) 926-0404

Send for Bulletin N-130A. It's 16 pages of really com-
plete specs, diagrams, pictures, cutaway drawings, ap-
plication dope, case histories, and direct replacement
data. CHECK 315 ON INQUIRY CARD.

WNI ==

Copper
heat sink

Threaded insert
mates with base

for stacking . .
Shunting capacitor
14-28 threaded stud formed by package

~ Filled epoxy
encapsulant

Anti-corona ring

UNITRODE CORPORATION + 580 Pleasant St., Watertown, Mass. 02172 » Telephone (617) 926-0404 +« TWX (710) 327-1296
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introducing
a new versatile
phase angle voltmeter
for production test

North Atlantic now brings you a new group of solid-state Phase Angle Voltmeters
for precision phase-sensitive nulling applications in production test and ground
support equipment.

Designed for versatility, they feature measurement of the vector components (in-
cluding phase) of complex AC signals at 4 discrete frequencies from 30Hz to
20KHz. Operating frequencies can be rapidly changed without calibration by direct
plug-in replacement of frequency modules and harmonic rejection filters. Full
operating performance is maintained over a bandwidth of +5% and with 10X
signal input overload.

The unit illustrated is the Model 214A. Also available are the Model 214B with
reference isolation, and Model 214C with both signal and reference isolation.

North Atlantic’s sales representative in your area (see EEM) can tell you all about
these units as well as other Phase Angle Voltmeters and Phase
Sensitive Converters.

NORTH ATILLANTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 « 516 —681-8600

®
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raphy is here to stay and APT is
the beginning. Nations will need
APT equipment to train interpreters
and meteorologists.” He adds that
when carth resources and other
photographic satellite programs get
off the ground, the APT system will
have trained a whole generation
of interpreters.

Currently, the Government of
Mexico is using APT equipment on
loan from NASA to establish a na-
tional metcorological system. The
Mexicans plan to lock at all the
uses of APT and determine how
pictures can be distributed na-
tionally so that current data can
be used by fishing fleets, airports,
local weather stations, and scien-
tists. According to Vermillion, the
Mexican studies may be crucial in
showing other countries the value
of massive dissemination of space
photography.

Computers

Automated technician

“Lab technicians are scarce, and
engineers aren’t willing to stand still
for the sort of tedious, cautious, and
often repetitious work we need in
today’s research,” says Harold
Posen. This is one reason why solid
state physicist Posen has develop-
ed what he called an automated
scientific laboratory at the Air
Force Cambridge Rescarch Labor-
atories, Hanscom Field, Mass.

An example of the sort of experi-
mentation going on at his lab is
Posen’s own work on the atomic
structure of materials. With the aid
of X-ray diffraction, he is trying to
come up with statistics showing the
probability of a given element oc-
curring in a given place in a mole-
cule or crystal lattice.

Patient computer. But the method
of diffraction analysis Posen is
forced to use is one which takes a
long time, extremely sensitive X-ray
detectors, and a great deal of data
reduction. Since computers have
plenty of patience, are as accurate
as their programs, and process data
rapidly, Posen obviously opted for
a computer to run the lab.
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“This is onc of the latest steps in
the evolution of the computer as
a scientifie tool,” he savs. “At first,
digital computers were treated like
giant desk caleulators: then as om-
nivorous  data-collection  devices.
Now, we hope to develop what is
almost a symbiotic relationship be-
tween the computer and the experi-
nient.”

The 11BN series 1800 computer
Posen is using is programed to keep
a running check on experimental
results, to rectify errors in the ex-
perimental set up, and to signai
when something unusual occurs. Tt
controls nearly cvery facet of the
experiment, and all the experiment-
al equipment,

Time saver. As an cxample of
how it might rectify an otherwise
wasteful experimental error, Posen
says that the computer could moni-
tor the number of X-ray impacts at
a scintillation counter and either
add or subtract attenuation from
the path of the Xeray beam to bring
the count closer to predicted levels,
Thus. much valuable experimental
time could be saved.

In Posen’s Neray diffraction ex-
periments. the experimental condi-
tions are unchanged for times
ranging from minutes to hours,
leaving the computer little to do
but note the counting rate from the
X-ray detector. Thus, Posen is plan-
ning to add more experiments to
his super-technician’s workload as
quickly as programing can be de-
veloped and proven,

Among Posen’s candidates for au-
tomnation arc: Hall-eflect measure-
ments, mass spectrometry, electron-
spin resonance, and crvstal strue-
ture analysis in semiconductors.

Communications

Sound out of sight

Anyone who has watched a Barbra
Streisand television special knows
that she doesn’t stand still for long.
Her activity makes it tough to kecp
a microphone both close to her and
out of the picture,

After a Streisand tv special about
threce ycars ago, the Columbia
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Theonly
. thing this
discriminator

lacksis .

Serious, price
competition

o

35 Hz2 CD

The SCD-5 phase lock loop discriminator represents the latest addition to the
DEI F/M product line. Switchable toop filter bandwidths for operation within
MI's of one and five are supplied as standard filters. Constant time delay
input filter provides data distortion less than 0.3% at DR = 5.

The small size of the modules permits five discriminators to be installed in
a standard 19-inch housing assembly with a panel height of only 3% inches.
Over 50 discriminators can be accommodated in a standard 72-inch rack.

Using all silicon transister and !C circuitry, the SCD-5 is available with digital
output and is priced under $850.

For further information on what the SCD-5 has to offer, contact the DEI sales

office nearest you.

Defense Electronics, Inc.

PRODUCERS OF

RESEARCH
DEImn NEMS-CLARKE DEVELOPMENT
EQUIPMENT MANUFACTURING

ROCKVILLE, MARYLAND (301) 762-5706; TWX: 710-828-9783; TELEX: 089602 « LOS ANGELES,
CALIFORNIA (213) 670-4815 » INTERNATIONAL: ROCKVILLE, MARYLAND o CABLE: DEIUSA;

INTELEX: 64102 « Sales Rpresertatives: Reme, [taly » London, England = Madrid, Spain « Tel Aviv, Israel =
Bromma, Sweden * Rijswijk, Hollanc « Xola, Germany + Paris, France * Zurich, Swilzerland « Oslo, Norway
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only

the ALL-NEW 620 & 640

BELL GAUSSMETERS
offer

yvou these combined features
for Increased Versatility

able from stock.

MODEL 640
GAUSSMETER
All solid-state—
1000X scale expan-
sion — 5V AUX out-
put standard.

MODEL 620
GAUSSMETER
All solid-state auto-
matic battery take-
over in case of line
power failure, Avail-

i

PRECALIBRATED PROBES ™ new imaginative design

permits changing probes without recalibration (probe and instrument are programed).

Temperature Compensated Probes — with =0.005%/ °C temperature

N

dependence make possible a stability not formerly available in medium
priced gaussmeters,

High Accuracy — 0.5% FS to 10 kG and 1.0% FS to 30 kG (possible without
reference to cal magnet).

True Zero & Field Polarity — measure direction as well as magnitude.
Probe Versatility — 15 standard transverse, axial & multi-axis probes.
Direct & Independent meter readout of ac and dc fields.

1V Calibrated Output at front panel output jacks.

1000X Scale Expansion with automatic zero center meter
reading in incremental mode (640 only).

T

‘ F. W. Belf, Inc.

DONOCTHh W

——

All this and a Gold Seal
Probe Guarantee, too!

1356 Norton Ave.
Columbus, 0. 43212
Ph. 614-294-4906
TWX: 810-482-1716

‘‘BELL PRODUCTS for

PLANNED PROGRESS"/ — 77
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Broadcasting System—having spent
more than it liked rchearsing boom-
mike technicians without climinat-
ing boom shadows in the picture—
decided that it needed a better
wireless lapel microphone.

Because those now available op-
erate at about 27 megahertz, their
signals are especially susceptible
to interference from fluorescent
lights, automobile ignitions, and
other sources. Also, fidelity is poor
because the mikes transmit only
a part of the full audio bandwidth,
making the relayed voice sound
muflled or distorted.

Uhf and f-m. CBS brought the
problem to Microwave Associates
Inc., Burlington, Mass., which de-
vised a relatively high-fidelity,
broadband wircless transmitter,
called Portamike, operating in the
ultrahigh frequency range at 950
Mhz.

According to Jack Fackler, the
project engincer, the Portamike is
a miniature microwave broadcast-
ing station with a range of about a
quarter of a mile, It uses frequency
modulation for freedom from in-
terference and transmits almost the
whole range of voice frequencies:
30 to 12,500 hertz, =0.5 decibels—
a frequency-response curve flat
enough to mect most hi-fi stand-
ards. Audio distortion is only about
1% at most.

The Portamike is all solid state,
with discrete components, and runs
for a minimum of six hours on its
battery pack. Fackler’s engineers
have designed it to operate from
13 to only 8 volts to keep it on the
air despite failing batteries.

Lowering the boom. The 10-
ounce, 6-inch mike resembles a
cigarctte package with a couple of
mike inputs and a radio-frequency
output connector at one end.

Only a prototype has been de-
livered, but it has performed so
well that CBS has ordered six more,
and Donald W. Smith, sales engi-
necring manager of Microwave
Associates, sces a market in the
making. “If the quantity material-
izes, we might well make them a
regular part of our product line,”
he says.

Although therc would be com-
petition from the wircless mikes

selling at $500 to $1,000, Smith fig-
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These are the sketches
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at solve the problems

«~ 100 MH.

Padhi
i
|

esighers

who are looking for
frequency multipliers.

You don’t have to buy individual diodes and spend valu-
able time fiddling with various configurations to get the
performance you need in a CW multiplier. The new
Hewlett-Packard SRD modules are casily and cfficiently
transformed into CW frequency multipliers when taken
from a resistively terminated circuit and terminated in
a resonant circuit. Simple, fast and cconomical. The
sketches above tell the story.

At the top is HP's coaxial microwave comb generator
module (50 ohm). The second line shows the module
driven by an oscillator /amplifier of either 100, 250, 500
or 1000 MHz, resulting in a “comb’™ spectrum when
terminated resistively. Py is indicated in dark blue.

The bottom sketches show what happens when the SRD
module is terminated in a resonant circuit. The Py line
simply becomes the original Py, increased by = Qp. The
resulting resonant spectrum is shown at the right.
Simple?

For receiver applications, testing systems, ECM, radar,
airborne systems, surveillance systems—the versatility

Electronics | May 27, 1968

of the HP 33002 family gives you new simplicity in a
time-saving, moncy-saving module to meet your har-
monic generation needs. Miniature size and rugged, all-
solid-state construction gives reliable performance, at 4
input frequencies, with or without connectors.

Your local HP field engineer can provide you with addi-
tional technical details and specifications. Application
Note No. 920, Frequency Multiplication With Step Re-
covery Diode Circuits, tells the whole story. Or writc
Hewlett-Packard, Palo Alto, California 94304; Europe:
54 Route des Acacias, Geneva. 0715

HEWLETT ﬂ, PACKARD

SOLID STATE DEVICES
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Only the best

panel meters have

dual slope integration

N A I N

actual size

DC MICROAMPERES

API's new
digital panel meter i

Bulletin 61 has
full details

means the meter maintains its +0.1% accuracy
(DC voltage) over long periods of time.
Erroneous signal transients are eliminated also.

There are other digital panel meters, but
this one has an exceptional combination
of attributes. It doesn’'t flicker annoyingly. It
counts fast and it reads fast, so that you are
always seeing an up-to-the-split-second signal.

AP!'s digital meter not only looks pretty,
butits required panel space is only 3 inches
high and 4Y% inches wide. It has no ‘*iceberg’’
configuration behind the panel. Standard
ranges begin at O to 20 microamperes DC and
0 to 200 millivolts DC.

List price: $320.00

PN
l INSTRUMENTS CO.

CHESTERLAND, OHIO 44026 + (CLEVELAND-216) 729-1611 « TWX: 810-427-9230

In Canada: Oshawa, Ontario + {416) 576-1541
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ures that Portamikes offer enough
performance to warrant a higher
pricc. How much higher will de-
pend on the market. “IWe need to
sell at least 200 to 300 of these de-
vices to get our price down into the
$2,000-t0-$3,000 range,” says Smith.

He's optimistic about such a
market, having received many re-
quests for information in the past
month or so from broadcasters. In
discussions with prospects, Smith
says, he has found that the Porta-
mike might allow studios to cut
production costs by doing away
with boom mikes entirely.

Smith isn’t limiting his efforts
to tv. Stage productions and pos-
sibly even films are also on his
list.

For the record

Precursor. The first NASA test and
training satellite (TTS-1) re-entered
the atmosphere this month, ending
its five-month mission. The tiny
satellite gave NASA a chance to
completely check out the manned
spaceflight network for the forth-
coming manned Apollo missions.

TTS-1 was used with the new
unified S-band equipment for a se-
ries of complete simulations of
manned missions. Another TTS will
be launched shortly.

Stitched. The Singer Co. and the
General Precision Equipment Corp.
have signed a merger agreement
and are awaiting the word from the
stockholders.

Takeover. Pending stockholder
approval, TRW Inc. will take con-
trol of Clevite Corp., Cleveland, a
maker of electronic assemblies, in-
struments, and metal products.

Better late . . . Following the Mo-
hawk Data Sciences Corp. and
Honeywell Inc., thce International
Business Machines Corp. has come
out with its own keyboard-to-mag-
netic-tape units [Electronics, April
15, p. 193]. The new units are the
model 50 magnetic data inscriber
and the model 2495 tape cartridge
reader.
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Philco-Ford puts logic in a box
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Creates a true micromodule for the IC Age

You may have worked with circuit modules before, but
none like these. Unlike some others, micraomodules from
Philco-Ford’'s WDL Division make full use of advanced
IC technology. They accept all existing monolithic ICs
using thin-film and discretes only where riecessary. They
embody functional circuits of great comglexity, opening
the way to far more effective systems packagingdensities.

Digital and analog micromodules from WDL employ
compatible logic up to 40 MHz in standard DTL, T°L
and MOS circuits. They include some of the most sophis-
ticated designs in today's state-of-the-art. Numbered
among these are multiplexers, operaticnal amplifiers,
D-to-A and A-to-D circuits, and many computer inter-
faces. Over 200 types exist to meet your requirements

ADD (Automated Design and Documentation) This Philco-Ford computer-pragramming serv-
Ice generates system documentation at a cast significartly below that of hand-preparad equiva-

lents. The computer program error checks design input data

sequence of wiring instructions, calculates w re lengths, provides wire lists sorted by length and
by name, and maintenance lists. The prograni 'savailakle to all users of Philco-Fordmicromodules.

You canservice a micromodular system—from a single
connector plate to complex rack-mounted arrays —with
consummate =2ase. Clearance holes in the module cover
provide front-panel access to all input / output terminals
(no more 1-cuble-shooting from the back). Color-coded
labels identify logic familizs at a glance.

These sare micromodules have performed with dis-
tinction in major military and space-support programs,
notably at NASA's Manned Space Flight Center in
Houston. They are prover!

For comlete information, request Data File 151. Wirite
Product Sales Manager, WDL Division, Philco-Ford Corp.,
Mail Statior C-41, 3939 Fabian Way. Palo Alw, Cali-
fornia $4503. Orcall (415) 326-4350, extension 5981.

PHILCO

PHILCO-FORO CDORPORATION
WDL Division - 3833 Fabian Way
Pezlo Alto, Calfornia - 94303

optimizes th= asrangement and
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Centralab
ffLittle Giant?” Microglass
Zener Regulators

Centralab’s Little Giant zeners thrive in tight
spots. Their performance and competitive
pricing have opened new product miniaturization

possibilities in entertainment, industrial and high
reliability military and aerospace applications.

Our 400 mW regulator has a zener voltage

breakdown of 6.8 through 200 volts; the 1 watt
from 6.8 through 200 volts; and the 1.5 watt
from 6.2 through 200 volts. So the Little Giants
do a big job in crammed quarters. What else?
They're tough. So tough that gruelling tests of
acceleration, mechanical and thermal shock,
vibration, lead and body strength, temperature,
humidity, salt spray and altitude leave them
unscathed. Centralab’s Little Giant zeners.
Real crowd pleasers.
FOR MORE INFORMATION ON DIODES,
SOLAR CELLS AND READOUT DEVICES,
WRITE CENTRALAB TODAY. THESE
CENTRALAB PRODUCTS ARE MARKETED
DIRECT TO MANUFACTURERS AND THROUGH
CENTRALAB SEMICONDUCTOR DISTRIBUTORS;
INTERNATIONALLY THROUGH GLOBE-UNION
INC. — INTERNATIONAL DiVISION.

CENTRALAB
Electronics Dmision
GLOBE-UNION INC

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

M-6822
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The more complex
the data system gets,
the simpler Cimron
can make it for you!

Let’s face it. You shouldnt have to be an elec-
tronics genius just to understand a system like
the one shown here. You don’t have to design the
system to know what you want it to do—or to
use it. That’s where Cimron comes in. And the
more complex the problem, the simpler Cimron
can make it for you. That’s what we're here for.
To provide the expertise in this specialized field
so you don’t have to do it yourself.

The Model 1130 Production Test Applications
System shown here monitors 100 channels of input
signals, measures and records the data. It happens
to employ a Cimron DVMI with converters, a scan-
ner, a serializer and a digital recorder. It could
have been designed to solve your special problems
as easily. For help, call Cimron collect at (714)
276-3200, or write Department B-112, 1152
Morena Boulevard, San Diego, California 92110.

_—— I
ciMmzxOoN - | — o f i
|

pe=
A Division of 14 ';“
Lear Siegler, Inc. | /
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From idea to hardware in 50% less time, at 30%
less cost, and with the highest degree of accuracy
in the industry!

Completely eliminates heating problems associ-
ated with backplane wiring.

<« 36 card assembly of “blue
chip” logic cards, showing
readily accessible color coded
test points for all functions.

Data Technology ' b = 3
has the answer with R ! ' Jarnfiy X — :
automated logic card 7 p ’
chassis wiring. Write
for complete informa-
tion on this unique pro-
duction technique that
will slash costs, shorten the
time span between concept
and completion, and put doc-
umentation in a new
perspective.

‘a/\

A Typical backplane wiring for Data
e Technology's “blue chip” logic cards. Three card
Automated logic card chassis wiring is . . .
another example of the total service cages‘ WIt}'l up to 2’000 ‘IOglC functlons catl
package provided by Data Technology. be wired in ore operatlon.

Data Technology Corporation, 2370 Charleston Road, Mountain View,
California 94040. Phome (415) 964-2600, TWX (910) 379-6476.
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From Monsanto
130,000,000

discrete frequenci

with almost perfect

9
MONSANTO DIGITAL FFEOUENCY SYNTHESIZZR MODEL 3I0A

RIABLE DECADE
DRIVE SELECT FTTENUATOR

Computer-aided design and integrated-circuit
construction in this new Frequency Synthesizer
bring a new level of perfection to signal generation.
The new “4th generation” Model 3100A Digital
Frequency Synthesizer obsoletes just about every
current concept of general purpose signal sources,
Pick yvour frequency from 0.01 Hz to 1.3 Mz in
0.01 Hz steps. The result signal purity you can
get only from Monsanto, with a sta-
bility of 1 part in 10 duy. Other re-
finements include: intermally supplied
vapid or slow sweep and provision for

@ ©® O

external sweep: dc coupled output permitting inter-
nally supplied offset; continucus control ¢f output
level over a 90 dB range; provision for amplitude
modulation; and, in the remotely programmable
version, switching time of less than 20 microseconds.
Best of zll, you can put this better wav of signal
generation to work for vou for ¢nly 83,950 *. Call our
field engineering representative in your area for full
technicaldetails, or contact usdirectly at:
Monsanto Electronics Technical Ctr., 620
Passaic Ave., W. Caldwell, N.J. 07006.
Ph. (201) 228-3800; "T"WX 710-734-4534.

Monsa nto (. 5. Price, FOB West Caldwell, N. J
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ARGUS NEEDED A BATTERY

WITH MUSCLE ENOUGH

TO ZOOM, DRIVE MOVIE FILM

AND CUE PEOPLE IN—
ALL AT THE SAME TIME.

MALLORY MADE IT.

WHAT CAN WE DO FOR YOU?

Argus needed a battery. A battery to take
on three demanding jobs at once in the
new Argus 816 automatic movie camera.
A battery to drive thousands of feet of
movie film at a constant rate. A battery to
power a zoom lens in and out smoothly
time after time. A battery that could keep
a cue light burning brightly even as it
was meeting these heavy current drains.

Mallory made it.The battery—a DURACELL®
alkaline battery. It packs over 1800
milliamperehours of energy in its slim,
“AA"-size steel container. It can maintain
approximately 85% of that energy up to

2 years in storage. And it has the added
advantage of being readily available at
retail outlets throughout the world.

CONSTANT VOLTAGE
There's another battery in the Argus 816—

® Registered trademark of P.R. Matlory & Co. Inc.

70 Circle 70 on reader service card

a Mallory mercury battery no larger than
a dime. [t wasn’t that four jobs would
have been too many for the hard-working
alkaline battery, but that the mercury
battery does the job so much better. The
job: supplying steady voltage for the
movie camera’s electric eye system. As
you can see from the graph, the mercury
battery keeps the voltage steady, for two

VOLTAGE DISCHARGE CURVES
(VOLYAGE VS.TIME)

EREEE l{ 11

I/

VOLTAGE
[
g1 1A

© 0~
S @0

—1- :I‘ .T‘.

12

T
Haniszd

0 3 s

6 9
DAYS OF SERVICE

continuous weeks under test conditions—
actually, years in the operation of the
camera.

OVER 1000 DIFFERENT TYPES

Chances are Mallory has the battery you
need in production. Right now we're
making over 1000 different types and
sizes. And if we're not actually producing
what you need, we'll be glad to sit down
with you and design one to your
specifications.

For more information, please write
Technical Sales Department, Mallory
Battery Company, a division of P.R.
Matlory & Co. Inc., South Broadway,
Tarrytown, New York 10591. Or phone
us at 914-591-7000. (In Canada: Mallory
Battery Company of Canada Limited,
Sheridan Park, Ontario.}

MA[_]_OR 1t’s good business to do business with Mallory
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Not all latching relays
this small are reliable.

HL Latching Relay

This one is. Here’s why.

First, the design. No other half crystal case latching
relay, according to major users, can match its mag-
netic structure and its ability to meet the most strin-
gent specifications.

Second, the meticulous production procedures we
follow (our Intensified Control and Reliability Pro-
gram] exceed industry standards. All assembly, ad-
justing and hermetic sealing are confined to our spa-
cious clean room, replete with sophisticated air con-
ditioning, laminar air flow work stations, ultrasonic
cleaners, a Royco particle counter and a double air
lock entrance.

Third, realistic verification of performance —in-
cluding random vibration testing — is without dupli-
cation in the relay industry. For complete information,
talk with vour local P&B representative or call Potter
& Brumfield Division of American Machine &
Foundry Company, Princeton, Indiana.

HL SERIES ENGINEERING DATA

Description: Dual coil, polarized. magnetic latching ({Single coil,
polarized relays avatlable on special order)

Contact Arrangement: OPDT (bifurcated, gold-plated silver-alloy)

Contact Rating: Dry circuit to 2 amperes & 28V DC, resistive

Contact Resistance: 50 milliohms before life; 100 milliohms max, after
100,000 operations at maximum rated load

Expected life: 100,000 operations minimum at rated load

Pick-up: Dual coil—150 milliwatts (approx.)

Shock and vibration immunity:

Shock: 150g for 11 milliseconds No contact

Vibration: .195" D.A. fronf 10 1o 55 Hz, opening in
30g, 55 to 3,000 Hz. either

Random Vibration: In excess of .4g¢/Hz. armature
20 to 2000 Hz position

assembled, adjusted and sealed.

-3}/ .

Partial view of clean room where HL relays are

ess is used to seal headers to cases.

5__!,'2

Sealing in controlled atmosphere fol-
lows evacuation in vacuum ovens.

Hermetic seals of HL relays are verified
with radio-active krypton 85.

AMF | POTTER s BRUMFIELD
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PACT program
circulators prove
power handling
ability up to

8.5 kW

" hw
X ey
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L 3

ACTUAL SIZE

Sperry's PACT (Progress in Ad-
vanced Component Technology)
program has achieved outstanding
results in the development of micro-
strip ferrite circulators. PACT engi-
neers report considerable progress
in loss reduction, bandwidth, and
power handling capability.

In the power area, laboratory work
has already demonstrated Sperry
circulators’ ability to handle as much
as 8.5 kW at X band. Improved power
levels are achieved by doping the
YIG substrate with small quantities
(2%-5%) of dysprosium. While the
higher power levels are achieved at
the expense of somewhat higher in-
sertion loss, PACT engineers feel
that dysprosium doping offers great
promise for high power applications.

Improvement in bandwidth/loss re-
lationships has been equally gratify-

SPERRY

MICROWAVE IC
PROGRESS
REPORT #2

ing. Isolation of 20 db or better with
insertion loss of .5dborlesshasbeen
achieved with a single device across
a 40% (6.5-9.5 GHz) bandwidth.

PACT engineers feel that the rea-
sons for such improvement are about

T

T
FREQUENCY 8 5GHz
SUBTRATE TWICKNES-0%% %

INSERTION LOSS ( DB)
°

[ SO S ——

BEAK POWER INPUT [ WATTS)

POWER CURVE
equally divided between selection
and handling of substrate material
and improved design of the micro-
strip conductors.

Substrate selection has been ap- |

proached on a lowest possible loss
basis; no other circuit parameters are
considered at that stage. As a result,
Sperry has learned that a thicker sub-
strate is useful. Instead of the 25 mil
substrate common in earlier micro-
strip work, PACT designers have
gone to a 55 mil substrate and the
added thickness contributes to de-
monstrably lower insertion loss.

T 7
SoLATION
30— +——+ = <~ T -1

AT TENUATION (08}

2
-t

O B0
L FREQUENCY (GH:1)

BANDWIDTH CURVE

Bandwidth has been substantially
increased by the addition of matching

MICROWAVE ELECTRONICS DIVISION

CLEARWATER, FLORIDA
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stubs to the deposited microstrip
structure. Considerable work has
gone into determination of optimum
size and location for the stubs, and
these efforts have been extremely
rewarding.

PACT efforts have resulted in a
number of microstrip circulator de-
signs which cover a combined fre-
quency range from 1.5 to 13.0 GHz.
All circulators in the group share the
desirable bandwidth and low loss

>

CICFTatane
o W
Libhdhd

VARIOUS CIRCULATOR SIZES AND
DESIGNS COVER 1.5 TO 13.0 GHz
characteristics described above. To
date, PACT has concerned itself pri-
marily with fixed bias devices, but
recent technical evidence indicates
that the program wiit shortly produce
latching circulators with comparable

capabilities.

If you would like more information
about progress in microwave inte-
grated circuit modules, contact your
Cain & Co. representative or write
Sperry Microwave Electronics Divi-
sion, Sperry Rand Corporation, Clear-
water, Florida.

For faster microwave progress,
make a PACT with people
who know microwaves.
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NASA buttons lip
to preserve ERTS

Dominick’s round:
bids on Army radios
undercut RCA price

Air Force to expand
its Mallard role.. ..

Electronics | May 27, 1968

Washington Newsletter

May 27, 1968

The Earth Resources Technology Satellite (ERTS) program has taken
on an air of mystery. NASA’s assistant administrator for public affairs,
Julian Scheer, has slapped an embargo on all news of the project, and
neither NASA headquarters nor Goddard Space Flight Center (which
will presumably manage the program) are talking.

A clue to the agency’s reasoning may be found in the fate of the In-
terior Department’s much-heralded Earth Resources Observation Satel-
lite (Eros). Washington sources say Eros died of a case of bad public
relations. Boasts about the craft’s ability to determine the world’s
resources caused other countries to label it a spy satellite. Insiders say
an alarmed State Department and the nation’s intelligence agencies
then exerted pressure to halt the project.

The final bell was sounded for the program last week when the House
Appropriations Committee struck down the Interior Department’s fiscal
1969 request for slightly over $1 million to keep Eros alive. NASA
undoubtedly has taken the lesson to heart. It doesn’t want to make a
false step with the ERTS program, for which a $12 million outlay has
been approved by the House Appropriations and Authorization Com-
mittees,

Sen. Peter Dominick (R., Colo.) has scored a coup in his campaign to
end the awarding of military contracts on a noncompetitive basis. In
his latest tilt with the Pentagon, Dominick discovered that the Army
was buying AN/PRC-77 manpack radio transceivers and RT-841 trans-
mitters from RCA at a noncompetitive price of about $1,000 a unit. At
the Senator’s insistence, the embarrassed Army put the contract up for
bids; the prices submitted were generally almost half the original cost,
and even RCA cut its figure.

Among the lowest bidders was an Israeli firm, Tadiran Israel Elec-
tronic Industries. Tadiran has been producing radios almost identical
to the U.S. equipment for Israeli use and for export to Europe.

Award of the order, which could run to about $19 million over several
years, will be delayed because of the political problems surrounding
the presence of an Israeli company in the picture, and because one of
the bidders is complaining that its competitors weren't qualified to
submit proposals. Dominick estimates that the competitive bidding
will save the taxpayer as much as $15 million.

The Air Force may wind up as one of the biggest partners in the Mallard
project—the four-nation tactical field communications system for the
1970’s. Originally launched as an Army program, Mallard soon attracted
Air Force and Navy attention [Electronics, Oct. 30, 1967, p- 48]. And
now, as result of Vietnam experience with interservice tactical com-
munications, the Air Force is indicating an increased interest in the
project. Col. F.J. Hickman, who’s in charge of the Air Force’s 407L
tactical air control system, says, “Mallard will be our next major step;
we aren’t taking any piddling little steps any more.”

This interservice borrowing is not a one-way arrangement. The Army
now plans to obtain its own version of the Air Force’s 407L. Bids are
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... ascommon
switching specs near

Hughes proposes
‘leftover’ satellite

War profit probe
seen unlikely ...

... as softened
Renegotiation Act
leaves committee

74

Washington Newsletter

due early next month on the system, the heart of which will be 10 AN/
TTC-30 electronic switching centers. The leading contender for the
awards, which should amount to between $5 million and $10 million,
is the North Electric Co., Galion, Ohio, supplier of electronic switching
centers for the Air Force version.

The 407L will be used to link detection, tracking, and display facilities,
and to control aircraft. Each of the centers built by North Electric under
a $25 million Air Force contract is housed in two shelters designed for
transport by helicopter or plane, and provides fully automatic switching
of up to 475 programable four-wire line and trunk terminals.

Agreement on common triservice specifications for electronic tele-
communications switching gear is expected in about three months. In-
dustry and the military believe that the move will speed the introduction
of electronic switching centers for tactical communications. Heading
the interservice negotiations is Army Maj. Gen. Paul A. Feyereisen,
director of the Mallard program.

The Hughes Aircraft Co. is proposing that NASA let it build an extra
Applications Technology Satellite from parts left from the construction
of the first ATS series. The spare would be called the “ATS-2B Prime”
and could be readied, Hughes says, in 12 to 18 months. It would be
primarily, a meteorological observation craft and could be mounted
piggyback aboard an ATS launch vehicle. NASA headquarters and
Goddard Space Flight Center are now looking into the Hughes proposal.

Observers are betting that this session of Congress won’t set up a special
House committee to investigate Vietnam war profiteering. They further
believe that the proposal by Rep. Henry Gonzalez (D., Texas) won't have
much of a chance next year if a peace is negotiated. Gonzalez has been
one of the few in Congress to raise the question of war profiteering. He
and Wright Patman, another Texas Democrat, last week tacked onto
the bill renewing the Defense Production Act an amendment directing
the General Accounting Office to conduct a study of the advantages
of uniform accounting by defense contractors. Although the move hasn’t
attracted much public attention, industry is sure to make an all-out
effort to defeat it. Such a study might lead to a law requiring uniform
accounting, a law that would make the detection of excess profits much
simpler.

Industry can chalk up a major victory in the softened Renegotiation
Act reported out of the House Ways and Means Committee last week.
Although the panel extended the life of the Renegotiation Board to
three years from its former two, it held out against efforts to expand
the board’s powers. Under the House bill, the board still can’t review
the profits of contractors doing less than $1 million business annually;
the committee rejected a move to drop the level to $500,000. In addition,
the committee ruled that a company has to sell 50% of product line
commercially before an off-the-shelf price can be established. Previously,
only a 35% share of commercial sales was needed.
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Sorensen modular power supplies
3% 3% x 7, :0.009% regulation
58900

any questions ?
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[1 Model QSA48-.4 Power Supply,

shown actual size, illustrates the com-

pactness of the Sorensen QSA Series.

New off-the-shelf models cover the

range to 150 volts.

(1 All silicon transistor design—con-

vection cooled—operating tempera-

tures up to 71°C.

[0 Requires no external heat sink—

mount in any position.

[0 Lowest ripple of any modular sup-

plies—300 wV rms.

(] Best voltage regulation— = 0.005%

line and load combined.

[ Lowest prices—$89 to $149.

(] Overload and short circuit protec-

tion.

[] 20 ws response time—no turn-on/

turn-off overshoots.

[0 Three sizes in each voltage range

depending on power level—all are

rack mountable with optional 32" rack

adapter.

(0 Remote sensing and remote pro-

gramming—capable of series/parallel

operation.

[J Any further questions? For QSA

details or for other standard/custom

DC power supplies, AC line regulators

or frequency changers contact your

local Sorensen representative or:

Raytheon Company, Sorensen Opera-
tion, Richards Avenue,

Norwalk, Connecticut
06856. Tel: 203-838-6571
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Introducing
the most versatile
vidicon camera
ever built -

Cohu’s new 3200 series!

IT’S A CCTV CAMERA — compietely self-con- IT'S A BROADCAST CAMERA, TOO! Add a
tained. Just add a single coaxial cable to any “mounts-in-minutes” 5-inch viewfinder and the
video monitor and it’s ready to operate. Want Cohu 3200 is ideal for studio, education, or
high resolution? Plug in one of four optional remote applications. An optional film chain
integrated-circuit sync generator boards for adapter further enhances its versatility and
525-, 729-, 873-, or 945-line scan patterns. provides all necessary remote controls.

Circle 76 on reader service card

For prices, delivery and full details, contact
Cohu engineering representatives in major
cities throughout the United States and Canada.

ELECTRONICS, INC  Box623

e ayr o001
L IVISION Phone: 714-277-6700
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hot-molded trimmer for
close circuit board stacking

o
%E‘ by W
| ?J

With wheel for
side adjustment

Basic Type Y unit
shown actual size

With attachment for
horizontal mounting

With attachment for
hor zontal mounting and
wheel for side adjustment

NeW Type Ys.ingle turn trimmer is especially designed for

use on printed circuit boards. It has pin-type terminals for use on boards
with a 1/10" pattern. And the new low profile casily fits within the com-
monly used 3/8” space between stacked printed circuit boards.

For greater operating convenience, the Type Y can be supplied with
an optional thumb wheel for side adjustment, or an optional base for
horizontal mounting, or bath. The Type Y enclosure is splash-proof as well
as dust-1ight, and the metal case is isolated to prevent accidental grouading.

While featuring a new low profile, this new Type Y triinmer retains the
popular Allen-Bradley solid resistance element, which is produced by A-B's
exclusive hot-molding technique. With virtually infinite resolution, adjust-
ment is smooth at all times. Being essentially noninductive, the Type Y
can be used at frequencies where wirewound units are inadequate. The
Type Y is rated 1/4 watt at 70°C and is available in resistance values from
100 ohins to 5.0 megohms. Standard and special tapers are available.

Let us send you complete specifications on this newest addition to the
Allen-Bradley line of quality electronic components Please write: Allen-
Bradley Co., 110 W. Greenfield Ave., Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Ltd. Export Office: 630 Third Ave., New York,
N. Y, UC.5A. 10017.

1067€+3

4‘E‘:>

New Type Y with handy

snap-in panel mount,

supplied with spacers for use
on panels up to %" in thickness

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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How to use the Singer model SSB-50-1
Spectrum Analyzer to monitor tone level

in a multiplexed communications system

A high resolution spectrum

o analyzer allows monitoring of
any number of multiplexed
channels without repetitive meter
readings or painstaking adjust-
ments. As a first operating step,
the analyzer's accurately cali-
brater frequency dial is precisely
tuned to the center frequency
of the channel.

chéebbey

The high resolution of
the Singer Model
SSB-50-1 provides
this clear display of
the multiplexed
channel. The ampli-
tude of each sub-
carrier is shown as a
function of frequency.
The display
demonstrates
complete

operational readiness
at a glance . . .

A selector knob sets the frequency scale
in one of five settings from 15Hz/ division
to 1.4KHz/division. Interlocked circuit
functions in the analyzer automatically
optimize the display for any setting of

the frequency scale.

. .. but often a subcarrier level changes

o with a resulting communications malfunc-
tion. This display on the CRT shows

that one subcarrier’s
level is down 12 db.
Another is over the
predetermined 5
acceptable level. °

Because the entire spectrum is
continuously visible on the display, a
lost channel shows up instantly .. . A

frequency range of 10Hz to 40 MHz
makes the Model SSB-50-1 an
invaluable tool for this application
and for general laboratory

or field use.

Model MF-5/CA-5-1 ) smoem e !
Spectrum Analyzer -
display section
(features high
resolution/low
distortion and 70 db
dynamic range)

Model RF-8 Tuning

Head (highly stable

LO with coarse and

vernier two speed

tuning from 2 MHz

to 40 MHz . . . usable
to 200 MHz)

Model TTG-3 Two-
Tone Audio Generator
20-20,000 Hz
frequency range and
IM distortion of less
than 70 db for
testing single
sideband
transmitters

Panoramic’

SINGER

Extending Converter ‘ : *’.//» = INSTRUMENTATION

(extends the tuning The Singer Company, Metrics Div.,
range down to 10 Hz) 915 Pembroke Street, Bridgeport, Conn. 06608 (203) 366-3201
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THE NEW IDEAS

TRIGGER 1N 2
L2

TRIGGER INY

t TRIGGER IN3
v,

IN SEMICONDUCTORS. A 6-3tage MOS-FET bi-stable frequency divider, PD455, is now
available for consumer and industrial applications. The PD455 utilizes p-channe’ enhance-
ment mode technology. It features stages internally connected in groups cf 12-3 for
design flexibility, short circuit protection, zener protected inouts and 0 to ImHz tozgle

frequency. Typical applicatiors include: musical instruments,

long-term timing circuits

and low frequency oscillators Rely on General Electric for advanced MOS-FET dircui’s.

Circle No. 90.

IN TUBES. We've built thousands of separate planar
tube designs for industrial and military applications.
Each offers effective operation in oscillators to x-band
(9.6gc) in extremely adverse environments such as
artillery and missile fusing and other critical require-
ments. You expect such high performance and applica-
tion flexibility from GE—world leader and innovator in
planar tubes. And, you'll find similar extra values in every
GE tube and allied product, including power tubes,
compactrons, pressurized reed switches, photo cells,
and display devices. Circle No 92,

IN RECHARGEABLE BAT-
TERIES. Top reliatility ot GE
nickel-cadmium cells cermits
use for aircraft emergency
lighting. High current dis-
charge, vibration resistance
ar2 other features. GE sealed
cells offer extra values in
rechargeable portable power.
Ci-cle No. 93.

IN CAPACITORS. GE we! slugs offer
lowest leakage current, smallest size per
volt-mfd of any electrolytic capacitor. In
applications with h gh volt-mfd reguire-
ments, GE wet slugs can often replace
physically larger solid tantalums—with-
out increasing cost! Circle No. 91,

IN SEALED RELAYS. At GZ, quality be-
gins in research and cortinues through
final assembly. Clean-room manufactur-
ing, all-welded construction, test after
test on parts and finished product—
they’re just part of our total effort to give
you relays to rely on. Circle No. 94.

For the new ideas in electronics, look to General Electric—

your best sirgle source for electronic components

285-39

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL @B ELECTRIC
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The perfect data acquisition system:

HP has exactly what you want... at
the price you want.

Hewlett-Packard's data acquisition
line spans the complete capability
spectrum—all with off-the-shelf
availability. From inexpensive data
systems to on-line data reduction—
and everything in-between.

Your standard system is tailored
to your own specific measurement
needs. No costly special engineering
before you take delivery. It’s field-
proved, and the safest buy in

80 Circle 80 on reader service card

the industry. Prices range from
$8,000 to $47,000.

The popularity of the HP 2010
Series demonstrates the flexibility
of HP data acquisition systems;
over 500 in use today. The new
2012 Series now adds unmatched
speed, accuracy and noise im-
munity to the HP line. HP systems
offer up to nine different output
devices, including printers, type-
writers, tape and card punches and
magnetic tape recorders.

HEWLETT @ PACKARD

HP also has combined a measuring
system with an HP computer in the
standard 2018 Data Acquisition
Systems. These systems give you
full control of your measurements,
with on-line, real-time answers.

Looking for the perfect data
acquisition system? You can save
time and money by calling your local
HP field engineer or writing
Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des
Acacias, Geneva.

06809

Electronics | May 27, 1968



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

DESIGNED FOR TOMORROW'’S
CIRCUITS!

J U UL J U UL

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

MANUFACTURING CO.

A ovision oF OAK ELECTRO/NETICS Gomp
CRYSTAL LAKE, ILUNOIS 60014
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<, insolving EMI problems
- %

77  ERIE subminiature

" ENI FILTERS
TODAY . .. Erie EMI FILTERS are solving
electro-magnetic interference problems in NIKE-X,

POSEIDON, F-111, MINUTEMAN, APOLLO,
C-5A, PHANTOM 1lI...and even in sewing machines.

Why not tell us your ENlI problem?

Our Filter performance, compactness and superjor design
...plus Erie’s volume production facilities are unique in the industry.

Look with confidence to ...

Write for complete specifications and
Catalog 9000 . . . or Call (814) 456-7084

‘V.’J’)/ ; \ \Q'/’ \ : ¥y :

sy N : = A~ N ; e ? iy

RN i R {,&S \ S < / / - o~
B A -, . A i \ I rie, Pennsylvania
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Burndy Vinylug:

The little cost saver.

The way it performs you'd never
guess the price. This newly de-
signed terminal puts a permanent
crimp in your wire. And in your
cost.

Engineered with all of Burndy's
know-how, Vinylug delivers Burndy
dependability in full measure. Ten-
sile strength exceeds UL require-
ments and temperature rise is far
below U L limits.

The vinyl insulation is color-
coded for quick size identification,
and the shroud is designed to pro-
vide afirm support for a wide range
of cakle diameters.

Vinylug one-piece body is con-
structed of high-conductivity cop-
per, tin plated for lasting corrosion
resistance. Chamfered edge per-
mits easy entrance of stranded and
solid wire into crimp area.

Four tongue styles: ring, fork,
flanged fork and square are avail-
able in loose piece and continuous
strip. Solices, too. Stud size:1-3.

i

Burndy tooling is recommeanded
as the quickest and easiest way *0
install Vinylug. Our plier and rachet
hand tools let you install all sizes
and types without changing cies.

HYTOOL® Y1IOME-4 Plier type
tool featuring wire cutter, stripper,
insulated and uninsulated crimp
grooves to install terminals and
splices. Excellent for hard to rezch
jobs.

HYTOOL MR8-89-1 Rachet con-
trol production type hand tool of
lightweight aluminum construc-
tion, featuring slide action locator,
designed to install fullrange of tar-
minals and splices, wire range:
22-10. Crimp grooves designed to

Y10ME-4

Y-MRE Ll

close insulaticn support at the
same time it crimps.
Circle 83 on reader service card

HYTOOL Y-MRE Rachet control
type hand tool which installs termi-
nals and splices covering a specific
wire range. Designed far working
in confined areas.

AVMZ2-1 for volume production,
our Automatic Vinylug Machine in-
stalls up to 2,000 per hour.

8URNDY

We proudly offer to serd you
free samples of our new Vinylug.
We're sure you'll like the finished
look it adds to your product. We
know you'll like the price.

II_FREE SAMPLE
| BURNDY/Norwalk, Connecticut
I am curious about the little
| cost saver. Please send me
|2 free Vinylug Sample
| Pack and the new
Burndy Vinyiug/Vinylink™
: catalog. K
| Name & Title____

| Company __ - _ A
Address___ — N

BURNDY

Norwalk, Connecticut
INTERNATIONAL SALES HEADQUARTERS AND
MAI.UFACTURING FACILITIES: CANADA: Scarboro, Ontario

IF/‘L_APD St. Helens, Lancs, / MEXIC Navcalpan dz2 Jaurez

JAPAL yo / Sales Otfices in Other Majo Cities



THERE'S ONE
MAIN REASON
WHY THIS
TEMPERATURE/

HUMIDITY
CHAMBER IS
BETTER THAN
COMPETITION’S

(IT WORKS)

Don't laugh. If you've ever had to use a competitive tem-
perature/humidity cabinet, you know we aren't joking.

Take controls, for example. With competition, you've
probably run into out-moded on-off types. Not only is per-
formance poor, but these systems also have a maze of
complicated mechanical linkages between the programmer
and recorder — wonderfully intricate nightmares that take
an advanced degree (of education or experience) just to
keep operating.

(Blue M uses the patented POWER-O-MATIC 60® Satu-
rable Reactor Proportioning Control System which not only
provides unmatched performance, but is a snap to operate.
A child can do it.)

Then there's the compressor. Competitive systems slam
on and cut off, causing a noticeable variation in chamber
conditions every time. High maintenance, too.

(Blue M's compressor operates continuously for longer
life, and performance is geared exactly to the operating
temperature needs of the chamber at all times.)

Almost every chamber manufacturer has his own water

SEND FOR FULL INFORMATION

A BLUE M

84 Circle 84 on reader service card

system: spray, steam injection, etc. While they do get water
into the chamber, often it's in the form of mist or drops —
hardly humidity. And they need constant attention.

(Blue M uses a reliable solid-state water leveling system
and an exclusive vapor-pressure system. Efficient and no
trouble.)

We could mention the cost-cutting construction you have
probably run into. (We don't skimp. We even include an
elapsed timer to record the actual number of hours the
cabinet operates — something that might frighten competi-
tion.) And so on.

But the main point we want to make is simple: Blue M
Temperature/Humidity Chambers do work as specified. They
easily meet every current MIL Humidity Spec, for example.
Everything about them has been designed to make sure they
do . .. with a minimum of trouble and expense to you. And
we're prepared to prove it to you with actual performance
charts, data and demonstrations anytime you say.

Blue M builds the finest temperature/humidity chambers
in the country.We challenge anyone to show us a better one.

BLUE M Enginconing Company

A DIVISION OF BLUE M ELECTRIC COMPANY

Corporate Headquarters:
_BLUE ISLAND, ILLINOIS 60406
Offices strategically located to serve you.
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What in the world do Cherry Precision Switches do?

Operate a vending machine?
Select an E33-90H

what do you
want them
to do?

Qirrysserein ¢

I
|
v

+.

Program a computer?
Design with C10-20A

Start the clothes drying?
Incorporate an E19-00M

Start a photocopier?
Include an E51-00B

Begin recording?
Start with an E61-10H

Turn on a can opener?
Choose an S30-00W

Start the coffee brewing?
Actuate an S30-20W

Tune a TV?
Use an E33-00K

Operate a projector?
Utilize an E13-00E

Check your figures?
Add an E16-00M

Trigger a typewriter?
Employ an E62-10A

Activate turn signals?
Specify $S25-00T

If the project on your Lo wrd incorporates a switch, the odds are about 7,582 to one
that Cherry can give you the switch that will do the job best. We're awfully fussy
about precision and reliability. And most people find that Cherry switches provide

more value. Maybe that's why design engineers specify over

55,000 Cherry switches every working day.

CHERRY §¥

CHERRY ELECTRICAL PRODUCTS CORP. «

Electronics | May 27, 1968

Check our complete line.
Send for the new pocket-size SWITCH
Cherry "Switch Selector Guide”. | SELECTOR

|
cnznne®
1656 Old Deerficld Road o Highland Park, lllinois 60035

DESBN |
ENGINEER'S
| PRECISION

GUIDE
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We have something
for no-nonsense

design engineers

who want to make
the best investment
in IC logic assemblies.

Design with CAMBION® IC
Logic Assemblies. You get more
for your money . . . more func-
tions on every logiccard . . . an
exclusive 70-pin input/output
that lets you bring more functions
through to the outside world.
With this unique connector
capability, we’ve developed both
standard and those hard-to-find
cards . . . grey code logic, arith-
metic logic, counters, decoders,
registers, comparators . . . all the
odd-ball assemblies you need.
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BCD counters with decoder/Nixie drivers

“Reg. U.S, Pat OfF
*Trademark, Burroughs Corp.

Standardize on CAMBION . ..
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Look at these advantages:

SPEED — IC logic assemblies with speeds to
25 MHz.

NOISE — Exact component location with precision
etched interconnections achieve “short-leads” and
prevent signal cross-coupling. BCD counters with
decoder/Nixie* drivers all on a single card are but
one example.

PACKAGE DENSITIES — 70-pin input/output,
plus a great array of complex functions and you've got
what it takes for high-
est density packages.
(You use fewer cards
this way, too.)

VARIETY — Over
250 card types for diffi-
cult applications.

DELIVERY —Im-
mediate . . . from stock

.. honestly.

DOCUMENTATION 1 !
— CAMBION’s new logic manual has the data in-
cluding application and helpful reference formulas.

NO-NONSENSE — Make the
best investment i IC logic assem-
blies. Send {0 iiew manual.
Cambridge Thermionic Corporation,
447 Concord Ave., Cambridge,
Mass. 02138. Phone: (617)
491-5400. In Los Angeles,

8703 La Tijera Boulevard. Phone:
(213) 776-0472.

c CAMBRIDGE THERMIONIC CORPORATION
AMBION

the guaranteed logic assemblies
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Can you use a
O50ppm 1'CC capacitor
at1/e the price

and 1/9 the size
of an N.PO. Ceramic?

+1

g
&
£

0 —

KEMET Flat Kaps areavail-

The new KEMET®FKC §
*10% Flat Kap isless 3

-1

able off-the-shelf (and

than Y2 the size and V2 the

there arenodeliveryprob-

price of a 0.1#f N.P.0.» Lpr—p—t—-

ceramic capacitor.

For closer tolerances, the savings are even
greater—the price adder for a 1% FKC is just
14 of most N.P.O. ceramics.

This mini-sized KemeT Flat Kap s achieved
through the use of parylene, the unique thin
film plastic dielectric developed by Union
Carbide. ‘

The 0+=50ppm TCC is built into the capacitor
by using a temperature compensating solid
impregnant which locks the capacitor to-
gether and improves stability. Aluminum foil
is used for electrodes instead of high cost
precious metals such as platinum.

TEMPERATURE /CENTIGRADE
KEMET FKC FLAT KAP CAPACITANCE CHANGE WITH TEMPERATURE

lems) in compact rectan-
gular epoxy cases.

+75° 41000 F125°

Specifications are: Capacitance and Voltage,
.001xf to .1nf at 50VDC—; Tolerance, 10%,
5%, 1% Standard—custom tolerances avail-
able on special order—; Retrace and Drift,
0.2% typical—; Operating Temperature
Range, —55°C to +125°C—; IR, 100,000
megohms at 25°C—; D.F., 0.3% at 25°C
1KHz—; Humidity Test, Shock and Vibration,
and Temperature and Immersion, per MIL-C-
55514.

The new FKC Flat Kaps, from Union Carbide,
The Discovery Company.

UNION
CARBIDE

E,



When your IC bugs out, chances are the heat’s on!

88

Devices packaged in Dow Corning® silicone mold-
ing compound are physically and electrically stable
—even after long term exposure to both high heat
and humidity. Derating, a practice common with
organic packaging, is not necessary. In fact, you
can design for high device and component density
by using silicone molding compound. One manu-
facturer of glass package power diodes reduced
the part to 1/30th of its former volume. Sizes from
1/5th to 1/3rd smaller can be obtained by using
silicone molding compound in place of other
plastics.

Little moisture absorption. Silicone molding
compounds when exposed for 1000 hours to 93%
RH at 70 C showed an average weight increase of
0.32% with the greatest increase being 0.5% and
the least being 0.17%. Five organic plastics had
average weight increases ranging from 1.0 to 2.1%
—an average of nearly five times greater than sili-
cone molding compounds under the same test
conditions.

No cracking. Unlike other thermal setting plastics,
Dow Corning silicone molding compounds are
virtually unaffected by thermal shock. For example,
a power resistor molded in Dow Corning® 307
compound was cycled repeatedly from —65 to
350 C without damaging the packaging material
or the component.

Will not burn. Silicone molding compounds are

Circle 88 on reader service card

inherently nonburning. Thus, components and de-
vices packaged in silicone molding compound do
not constitute a fire hazard. No flame snuffers are
used—a source of ionic contamination for devices
packaged in organic materials.

Corrosion free. These silicone molding com-
pounds are free of ionic contaminants which may
contribute to metallic corrosion when operating
in high humidity and influenced by voltage bias.

Competitive price. Costing only a fraction of a
cent per device, Dow Corning silicone molding
compounds enjoy a substantial price advantage
over metal cans ... glass packages.

Manufacturing economies. Transfer molding
enables manufacturers to package devices and
components with a minimum of manual labor and
supervision. Good mold release and minimum
flash assure high production rates . . . reduced
deflashing costs. These manufacturing advantages
make silicone molding compounds totally com-
petitive with organic plastics.

So why be bugged by device failures because of
a cheap plastic package? Specify Dow Corning®
brand silicone molding compound, and get the
best package protection in your electronic equip-
ment . . . lets you keep your cool. For technical
data, write: Dept. A-8472, Dow Corning Corpora-
tion, Midland, Michigan 48640.

DOW CORNING
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This buffer has a 10MQ input . . .

- >
ouipuT

N

but the circuit can be improved

Lﬁ —
OuTPUT

. .. oritcan be optimized!

AN

J

Now all 709 circuits can be optimized by using the
NEW compensationless RA-909.

This pin-for-pin replacement eliminates extra components and offers performance
better than the very latest versions of the 709.

It's possible to achieve an equivalent input im-
pedance of 10MQ or better and provide unity gain
with a maximum error of .004% with the buffer
illustrated on the left above. But why not get the
same performance with less components? Use the
new RA-909.

Design it in or use it as a replacement. Available
in the popular eight pin TO-5 configuration and
the TO-86 flatpack, both having blank pins where
the 709 and 101 require compensation so that
existing compensation networks will not affect the

Sales Offices: 600 Oid Country Road. Garden City. NY. 115630, (516) 747-3730
20037,(202) 337-4914 — 6151 W _Century Boulevard. Los Angeles, Calif. 90245, (213)670-5

32901, (305) 727-5430
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RA-909. Eliminate possible failure sources and
get better performance for a comparable price. You
can expect improvements such as a slew rate of 5
volts per microsecond; power dissipation of only
52 milliwatts; transientresponse of 40 nanoseconds
(10 to 90% points) with a 200 millivolt output
into a 2KQ , 100pF load in the worst-case unity
gain configuration; and a maximum equivalent in-
put noise of 5 microvolts rms. Yes, five microvolts!

Contact your nearest Radiation sales office for
further information.
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The end of the non=portable portable

Mark 220 by Brush...
a talented new-generation re-
corder with a 25,000-channel
pedigree. Behaves like its fa-
mous grand-daddy, the Mark
200, butweighsonly 25 pounds.

chart speed mm/sec
e 28

JUU0J

Delivers traces that are unbe-
lievably sharp, 99!2 percent
accurate. Solid state electronics
provide position feedback pen
control . .. no springs, no

strings. The new Mark 220

has two channels for analog

Dim;:nsions: 13.06” x 9.12" x 7.56". recor d in g ’ tw 0 fO r even t S.
Maximum sensitivity 1s one el

) —
millivolt per chart division, P—t‘i—:?'“wrﬁ_ir%ﬁ;@m)—fmﬂ
buttherecorder is electrically i 7
protected from overloads as high as 500 volts. Pressurized
writing puts smudge-proof traces into paper, and there’s
enough ink in the throwaway cartridge to last for about
Theowawsy ik e nees. 2 thousand miles. Less than $1800
7 will put you in business with this
fine instrument .. .and it’s light

enough to take anywhere. Call for

{2 | a demonstration of the remarkable
Mark 220 . .. and if you wish to keep the unit we’ll
swap it for a P.O. number. Clevite Corporation, Brush
Instruments Div., 37th & Perkins, Cleveland, Ohio 44114.
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Leader in the
World of Displays

BURROUGHS, THE LEADER, is continuously evaluating
all types* of display devices and systems to provide the best
possible displays for your application.

Whether your requirements are for present display

devices or for displays not yet developed or conceived, come
to the leader . .. Burroughs. We have been solving

display problems for over a decade.

WHAT ARE YOUR DISPLAY REQUIREMENTS?

Call or write: Burroughs Corporation, Electronic
Components Division, P.O. Box 1226, Department A2,
Plainfield, N.J. 07061 Tel: (201) 757-5000.

Burroughs @

*[lustrated, for your information, are some present and
fu(pre display devices. Some are of Burroughs manufacture
while the rest are manufactured by other companies.
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Electronics A computer’s logic costs can be cut as much
as 0% with threshold-logic gates. Engi-
neers at RCA who devised an integrated

threshold gate about a year ago have now

gone further, combining the gates into large
., arrays. One of the fundamental tools of

logic  design, especially  with  threshold
gates, is the four-dimensional hypercube,
shown on the cover. The basis of carlier
Karnaugh and Veitch maps, the hypercube offers a technique
to simplify logic functions.

Low Q’s and bulky inductors are the major drawbacks of
LC-filter circuits carmarked for low-frequency applications.
But this isn't truc for active filters. Greater values of Q are
achieved with active filters in which transistors are used with
the passive RC elements to simulate the inductor’s character-
istics. And since the active filters can be made in integrated-
circuit form, they can be much smaller than conventional LC
filters. Tu this article, the first of a series on active-filter design,
three basic configurations are described: operational amplifier,
gyrator, and negative-impedance converter.,

Users of integrated-circuit flip-flops have trouble testing
them. The devieces come in such a variety of types and shapes
that users are often faced with a choice between inadequate
testing or huge outlays for automatic cquipment. Engincers
at Honeywell’s Acrospace division got around the problem by
designing an adapter that converts their d-¢ tester for pulsc
checks and costs only about $1,500.

Most recent counter developments have been directed toward
higher frequencies. But accurate low-frequencey measurements
are often needed, too. And a high-frequency counter is just
too slow to give the needed accuracy at low frequencies. New
counter circuitry described in this article measures low fre-
quencies in two steps: it first makes a conventional period
measurement and then uses this information to convert the
clock frequency to a high frequency that’s proportional to the
input frequency. The result is fast, high-resolution measure-
ments of frequencies as low as 1 hertz.

Computer designers may work at the state of the art of com-
puter technology, but too many basic things continue to go
wrong with industrial computer control. These problems can
nullify all the sophisticated effort put into the process applica-
tions. An industrial control expert comments on some inade-
quacies of today’s control computers and tells how small
problems can have major effect on a system.

In the next issue we begin a series of articles on microwave
integrated circuits with an examination of the entire field.
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Computers

Threshold logic will cut costs,
especially with boost from LSI

When experimental gates go into production they'll yield savings
of as much as 50% over conventional Boolean and majority circuits;

design can be tricky, but some configurations are quite straightforward

By Robert O. Winder

RCA Laboratories, Princeton, N.J.

Manufacturers of small parts lcarned long ago that
weighing their output was faster and cheaper than
counting each part. They pour parts onto one
side of a balance that suddenly tips when the total
weight exceeds a critical level just below a pre-
determined threshold.

The same principle is used in threshold gates:
they measure a total instead of counting its parts.
Designers of logic systems will be able to cut costs
as much as 30% Dby using such gates when they
becowe available, However, the gates, uulike the
smiall-parts balances, have two critical levels: above
and below the threshold.

The day of connnercial production has been
brought closer by an interdivisional group at RCA.
Last ycar the group developed the fivst integrated
threshold gate that was compatible with conven-
tional Boolcan gates. Now they’ve devised a cell
from which Jarge threshold-gate wrrays might be
built. They’'ve also developed networks for com-
mon logic functions that are simpler and more
compact than the equivalent networks made from
Boolean gates.

Individual threshold gates will cost wore, but
they’ll produce savings because fewer will be
needed for specific control, register, und processing

The author

Robert O. Winder is a miember of
the technical staff at RCA’s
David Sarnoff Research Labora
tories near Princeton. He has

a doctorate from Princeton
University and has been with
RCA since 1957.

94

functious. This will make connections simpler. And,
as noted, the devices can be incorporated in large
integrated arrays.

A threshold gate produces an output only when
its inputs cxceed a prescribed value, or threshold.
Each input may have a different value or weight—
one unit, two units, and so on. The output is 1 when
the suni of the input weights cquals or exceeds the
threshold und is 0 otherwise. The threshold gatc
is thus a generalization of the majority gate, whose
inputs all have the same weight and whose thresh-
old is half the number of inputs.

Cost and siinplicity aren’t the only advantages
over conventional Boolean gates. For example, the
designer can often muake direct use of the charac-
teristics of a function. If he's designing, say, a par-
ity checker whose output is 1 when the number of
inputs is odd, he need be concerned only with the
total number of input pulses. T the designer used
Boolean gates, he would have to determine which
inputs were 1 and which 0 and include a Boolean
gate for cvery possible odd combination of inputs.
‘Lhe parity checker, of course, is only an example;
the output of many other fuuctions depends only on
the number of inputs, not which is which.

Theory of design

A sound basis for logic desigu with threshold
gates has been established over the past eight or
10 years. At least three books, more than 100 pa-
pers, and many doctoral dissertations have been
written, principally concerned with the following
three areas:

= Determining what characteristics of a given
function permit it to be realized with a single
threshold gate, and what the best set of weights
would be for a onc-gate realization. Analogous
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studies in Boolean logic deal with minimization
—removal of redundant terms from algebraice ex-
pressions,

* Determining how functions that aren’t realiz-
able with one gate can be best realized with sev-
cral gates under various constraints—for example.
using only gates with the same threshold. or lim-
iting the number of inputs per gate.

= Tnvestigating such aspects as the number of
threshold functions. their characteristies. and tables
of optimal weights,

Boolean to majority to threshold

Just as threshold logic is a more useful and gen-
cral version of majority logic. majority gates are
generalizations of the conventional Boolean gates
that computer designers have been using for 20
vears or more.

Any logic gate—Boolean. majority. or threshold
—separates all possible input combinations into
two classes. indicating one class by output 0. the
other by 1.

For the familiar Boolean AND gate, one class
consists of only a single combination—where all
inputs are 1. and the output is 1—and the other
class contains all other combinations. Similarly,
an OR gate recognizes the single combination—all
inputs 0=by providing a 0 output. and for all other
input combinations provides a 1 output. These
aates, together with the NOT or complementing
gate, and including NOR and NAND, which produce
the complemented outputs, are called Boolean gates
because they correspond to the basic operations -
and - of Boolean algebra.

While a Boolean gate separates one  specifie

Majority rule

lioﬂl'samolg wxyz

__0 1 2 3 4
(Djor 0 1 1 1 1
@la=b=c=1 0 1 1 1 1
BGla=b=1, ¢c=0] o 0 1 1 1
@a=1,b=c=0| o 0 0 1 1
Gla=b=c=0 0 0 0 0 1

pattern from all others, the majority gate (MA])
separates the input patterns into two classes con-
taining scveral patterns. Tt generates a 1 when
most of its inputs are 1. and 0 when most are 0.
Of course. the gate must have an odd number of
inputs to prevent an even split.

The majority gate can do more than a Boolean
gate, in several respects. Tirst, by considering some
inputs to a MAJ gate as control inputs, the function
performed by the gate on the remaining inputs can
be varied electronically.

Capacity for logic

For example. compare a four-input OR gate with
a MAJ gate having the same four inputs, W, X, Y,
and Z, plus three control inputs, A, B, and C, as
shown at the bottom of page 97. Various combina-
tions of A, B, and C establish four different functions
of W, X, ¥, and 7, as in the table above. Adding con-
trol inputs to the OR gate doesn’t provide such flex-

More logic, fewer gates

With Boolean gates, design is quite
casy but requires several gates. For of the three inputs is 1. An axp gate
example, the parity function for three

AND x'—4 May

Y —d

7 —]

variables is 1 when an odd number

recognizes cach of the four cases in

i

which the function is 1; the appro-
priate inputs represent 001, 010, 100,
and 111, respectively. Then an onr
gate produces 1 if one of the axp
gates recognizes its assigned pattern.

Majority gates have more logical
power than Boolean gates, but de-
signing with them is usually more
complex. The parity function requires
three gates—one with the input-vari-

MAJ

AND X' —=] MY

OR

AND
->PARITY

AND

Boolean gates

Threshold gates

able complements, one with a some-
what arbitrary choice of one comple-
mented variable and two true, and
onc that mixes these with the remain-
ing true variable.

Only  two threshold gates are
needed for the parity function. The
simplest threshold gate, which has
weights of 1 for each variable, won’t
work, regardless of the threshold level.
What's needed is a way to change
the main gate’s threshold, depending
on the number of input 1’s. A three-
input gate with a threshold of 2 does
the job if it drives the main gate with
a weight of 2 and a threshold of 3.

F=PARITY

PARITY
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ibility. This greater logical capacity usually means
that fewer gates are needed to realize any given
computer function.

In the table, line 2 shows the effect of setting
all three control variables equal to 1. With seven
inputs in all, a majority is determined by four. Thus
only one more 1 input produces an output of 1, so
that the OR gatc is duplicated. In the same way,
line 5 represents the AND function. Lines 3 and 4
represent other useful functions.

One input of a logic gate permanently connected
to a constant value may be assumed to reduce the
capability of that gate, If such a permanent con-

%é % )
i
=B
o1 b
: |
=3 ~H
;|
NS % Bl
] [l
g .
oo

0t

~-Sv

Threshold gate. Integrated circuit is first of its
type competitive with Boolean logic.
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nection is made to one of three inputs of a MAJ
gate, it becomes a two-input AND gate. This doesn’t
work the other way; realizing a three-input MAJ
function with Boolean logic requires four gates.

From the “voting” function of majority gates,
the generalization to threshold gates is natural.
Some inputs merely wield more power—more votes
—than others. A threshold for an affirmative vote
can be at any level-not necessarily at a simple
majority. For example, the threshold may require
a two-thirds majority.

The decision-making in a threshold gate consists
of two parts: a summation of those weights that
correspond to inputs with value 1, then a compari-
son of this sum with the gate’s threshold.

Any real number—fractional, irrational, negative,
or zero—can be used as a weight. However, only
positive whole-number weights and thresholds
need be considered. Zero-weighted inputs are the
same as no input at all, and an arbitrary set of
weights can always be transformed into an cquiv-
alent set of whole-number weights. Furthermore,
negative weights can be eliminated by using the
appropriate complemented input signals.

Integrating the gate

The integrated threshold-gate circuit developed
last year by T.R. Mayhew of RCA Defense Elec-
tronic Products has five input switches, shown at
left, each of which compares an input voltage with a
reference voltage and routes current from one of
two buses to an emitter resistor. A differential cir-
cuit connected between the two buses switches one
way or the other depending on the relative voltage
levels on the buses. The reference voltage originates
in a voltage divider and is stabilized by an emitter-
follower circuit. The same divider also controls two
transistor clamps and two diode clamps that estab-
lish upper and lower voltage levels on the buses.

Early threshold-gate circuits added input volt-
ages or currents directly through resistor inputs,
following the appropriate Kirchhoff law. These cir-
cuits had several limitations that prevented them
from being developed extensively:

* They required close tolerances on components
and power supplies, to distinguish reliably between
the various levels that could appear on the summa-
tion lines.

» They werc relatively sensitive to noise on the
signal lines, because it could cause the threshold
to be exceeded at the crucial moment.

» They usually cost a lot more than contemporary
Boolean gates, because of the close tolerances and
the measures taken to suppress noise.

But monolithic silicon circuit technology has
completely changed this situation. It overcomes
the carlier difficulties in several ways:

[] Component and power-supply tolerances are
less important, because the current units generated
by the various inputs are summed separately and
the two results compared. As a result, although the
circuit’s operation is affected by basc-to-emitter
voltage differences in different transistors, it doesn’t
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Two gates. A five-input threshold gate and a three-input
majority gate fit in one dual in-line package.

depend critically on the actual values.

[ The units of current are developed through re-
sistors whosc ratios arec more important than their
absolute values. In integrated circuits, resistor ra-
tios arc casily held to =2% or better; with this
tolerance, four out of seven votes arc casily dis-
tingnished from three of seven, and majoritics of
ninc or 11 inputs arc probably feasible.

[ Each input controls its own current switch;
the quantity summed is an internally generated
unit of current rather than the input voltage itself.
This isolates the decision point from the inputs,
establishing a very good noisc immunity.

[ Threshold-gate circuits with monolithic silicon
cost only slightly more than Boolean-gate circuits.

The integrated current-mode threshold-gate cir-
cuit has been made in small quantitics at the Elec-
tronic Components and Devices division of RCA
in Somerville, N.J. The gatc’s input weights arc
2,2,1,1,1, and its threshold is 4. Thus the logic func-
tion performed by the gate is

AB 4+ (A + B) (CD + CE -+ DE).

The two inputs with weights of 2 have emitter re-
sistors half the valuc of the others, so the sum of
all the weights is 7. The gate’s detailed design has
been previously reported.?

Better noise immunity

The gate, like current-mode Boolean gates, re-
quires a —5-volt power supply and signal levels of
—0.8 and — 1.6 volts. Both truc and complemented
outputs are available. Compared with current-mode
logic, power consumption is slightly greater and
speed—15 nanoseconds worst-case delay with a 103-
picofarad load—is slightly lower. Pilot production
indicated that yields comparable to thosc of con-
ventional current-mode circuits could be expected
in full-scale production.

The noisc immunity is better because the circuit
has two stages of gain—the input switch and the
decision switch. This results in a very steep trans-
fer curve; for all but 85 millivolts of the 800-mv
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Boolean adder. Nine gates are required to realize
a full one-bit adder in conventional logic.
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Threshold equivalent. A full adder requires only one
threshold gate and one majority gate.
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Variable function. The control inputs A, B, C alter the
logic function performed on W, X, Y, Z electronically.
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Hypercubes and threshold design

Geometric tcchniques make designing  with
threshold gates a lot casier, just as they do with
Boolean gates. With a “map” of a function, the
designer can casily recognize thosc functions
that individual threshold gates can realize. Fur-
thermore, as he builds up a network that realizes
a designed function, the map technique shows
him how to avoid intermediate functions that
can’t be rcalized by individual threshold gate
circuits.

Most designers of Boolean logic are familiar
with Karnaugh maps and Veitch diagrams—two
related techniques that depict functions geomet-
rically and show how they can be most economi-
cally built, Both techniques can be used with
any number of variables, but their best-known
form represents functions of four variables.

Fourth dimension. For these they use a four-
by-four array of 16 cells corresponding, on the
one hand, to the 16 possible combinations of four
binary variables, and, on the other, to the 16 ver-
texes of a four-dimensional hypercube.

A hypercube can best be understood by gen-
cralizing from the more familiar two- and threc-
dimensional cases.

A square is a 2-D cube—four straight lines of
equal length joined at right angles in a plane.
The cube has four edges and four vertexes; its
“faces” are undefined in 2-D.

A 2-D representation of the familiar 3-D cube,
which has six faces, cight vertexes, and 12 cdges,
is simply two squares placed side by side, over-
lapped, or one inside the other, and four straight
lines that join corresponding vertexes. The two

squares are two of the cube’s six faces; the other
four are formed by the joining lines, and are nec-
essarily distorted because the 3-D figure is repre-
sented in two dimensions.

Cover story. In the same way, a 4-D hyper-
cube can be represented as two 3-D cubes side
by side, interlaced, or onc inside the other. Eight
straight lines join corresponding vertexes. These
form six parallelepipeds or truncated pyramids
(depending on the representation used), which
represent six distorted 3-D cubes. These six and
the two original cubes have a relationship to the
4-D hypercube that is the same as that of the six
square faces to the 3-D cube.

A 2-D representation of a 3-D representation of
a 4-D hypercube appears on the cover of this
issuc. The plane cutting the hypercube divides
the vertexes representing 1 outputs from those
representing 0 outputs.

No flats. The hypercube, or, in general, the n-
dimensional cube, is also useful to designers of
threshold logic. An n-dimensional cube has 2¢
vertexes, which can be made to correspond to the
2n combinations of n binary variables. The cube
can be flattened into a 2-D plane in various
ways. Boolean logic designers use one flattened
representation as a Karnaugh map; threshold
logic people prefer a different representation to
preserve certain geometric propertics that are
lost in the Karnaugh map.

In the accompanying diagrams, 3- and 4-D
cubes are shown relative to a set of coordinate
axes parallel to the cube edges; these axes estab-
lish both the relationships between the variables
and the edges and the orientation of 0 and 1 posi-
tions. For four variables, two 3-D cubes appear

input swing, the outputs are virtually certain to
be within specifications—more than —850 mv or
less than —1,540 mv. The comparable OR/NOR
gate’s outputs are ordinarily out of specification
during 205 mv of the 800-mv signal swing.

This gate has been slightly improved recently
and packaged with a three-input majority gate in a
standard 14-pin dual in-line package. This two-gate
circuit, in the block diagram at top left on page
97, is the basis for most examples in this article.
Because the chip is bigger, this dual package
costs about 25% more than the comparable dual
current-mode OR/NOR gate.

Comparisons of Boolean and threshold gates in
such computer parts as adders, registers, counters,
and control units will be made here. Similar com-
parisons, using discrete circuits, have been made
clsewhere.?

Nine Boolean gates, at top right on page 97, are
required for a straightforward Boolcan full adder,
which has three inputs—two bits and a carry—a
sum output, and a carry output. More sophisticated
adders have been designed that use fewer Boolean
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gates, but the designs are usually based on as-
sumptions that offsct the saving in gates.

Only two threshold gates (center, p. 97) arc nec-
essary for an cquivalent full adder. In this case, us-
ing the integrated two-gate package, both true and
complemented outputs are available, so the true
inputs can be used in both blocks. Then the com-
plementary output of the three-input gate drives
the weight-2 input of the other gate,

Even though the actual gate has weights 2,2,1,1,1
and a threshold of 4, it can be used in the full adder,
which calls for weights 2,1,1,1 and a threshold of
3. How this is done isn’t as obvious as using only
thrce inputs of a four-input OR gate. The technique
(top left on p. 100), depends on the fact that differ-
cent sets of weights can be used to realize any given
threshold function. For example, a gate with
weight 3,2,1,1 and threshold 4 is equivalent to one
with weights 2,1,1,1 and threshold 3. In either case
the function realized is

A(B + C +D) 4 BCD

as the reader can easily verify. Other convenient
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side by side, with the fourth axis shown sepa-
rately from the other three.

To represent a function on the diagram of a
cube, the vertexes corresponding to those com-
binations of the variables for which the function
is 0 arc marked with a circle; vertexes corre-
sponding to 1-values arc marked with an X. For
example, the threc-variable parity function is
at top right, and the four-variable function
A(B 4 C -- D) 4+ BCD is at center right. This
is the function cxecuted by the threshold gate
shown on page 100, top left.

The importance of this representation can be
stated in terms of a mathematical theorem:

If any four vertexes of an n-dimensional cube
form a parallelogram in which one pair of diag-
onally opposite points is marked X and the other
0, then the function represented requires two or
more threshold gates, regardless of the number
of variables.

Converscly, if a function has a specified output
for all combinations of its input variables and
contains no such parallelogram when represented
in a multi-dimensional cube, only one gate is
necessary. This converse theorem holds true only
if there are fewer than nine variables.

Proofs of thesc theorems, and extensive devel-
opment of related ideas, appear clsewhere.?

Many such parallelograms appear, at least po-
tentially, in a hypercube. They include the faces
of the individual 3-D cubes, diagonal planes cut-
ting pairs of opposed faces, and several other
groupings.

No such parallelogram can be found in the
diagram illustrating A(B -+ C 4 D) + BCD, in-
dicating that a single gate can realize the func-

(0,1} 3 (1,1,1)
(0,0,1)
(1,01}
Y (0,1,0)
j' $ ) {1,1,0)
—»X (00.0} (1.0.0)
Parity function in three variables.
O 4
c o
C N Ve
B & ©
- A

Typical one-gate function in four variables.

Parallelogram (shaded) shows this function needs two
gates.

tion. But the parity function has many such par-
allelograms—for example, any face of the cube.
The function AB + CD, directly above, has just
onc parallelogram, so it requires two gates.

cquivalences are at top center and right, page 100.
Equivalences between threshold gates have been
thoroughly investigated and are described else-
where.?

The ordinary full adders calculate cach carry in
terms of a preceding carry. Most fast computers
usc some type of carry look-ahead—a calculation
of several carries in parallel, Any carry look-ahead
function can theoretically be performed by a single
threshold gate [sce “Hypercubes and threshold de-
sign,” p. 98], but RCA’s 22,1,1,1 gate can look
ahead only one bit position. However, a hierarchical
arrangement using only 90 gates can add two 32-bit
numbers, for cxample, in a total of five gate dclays.
The comparable Boolean gate look-ahcad adder
requires nine gate delays and uses 329 gates with
as many as five inputs. Thesc adders are too big
to illustrate in detail 4

Registers

Divcet feedback of a threshold gate’s output to
onc of its inputs allows the design of very cfficient
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storage circuits. In a Boolean circuit, such direct
feedback would lock the gate permanently.

The simplest example is a single majority gate
connccted as a set-resct flip-flop. Two conventional
interconnected NOR gates are neccessary, as shown
in color diagrams on the following page.

A gated flip-flop, however, is of more practical
interest. This circuit, having first been reset, ac-
cepts data only when a control signal is present. The
Boolean network requires an isolating gate to per-
form the extra function, but the threshold gate de-
sign simply incorporates additional inputs, as shown
at the bottom of page 101.

In this circuit, when R = S = 0, R = 1, so
that the two 0’s and two 1’s cancel each other. Two
of the three remaining inputs are fed back from
the output, constituting a majority; they maintain
the gate’s stable state, cither 0 or 1. When R be-
comes 1, the four 0s force the output uncondition-
ally to O—the gate is reset.

After R returns to 0, S becomes 1. This gives
three 0’s, including the output fed back, that cancel
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Equivalent networks. A given function often has two or more realizations in threshold logic, using the same or
different gates. These are three examples of available choices. Many other equivalences exist.

+ SET
—RESET

> + OFF

# + ON

SIGNS +, — SHOW LEVEL OF BINARY ;0PPOSITE LEVELISO

+SET

—» +OFF

+ON

—RESET

Flip-flop. One gate driving itself stores one bit, just as do
two crcss-connected Boolean gates.

three 1’s, leaving the gate output to be determined
by the signal on the bus. Finally, restoring S to 0
returns the gate to the stable state, where it main-
tains the same output regardless of subsequent
changes on the bus. (Although the circuit calls for
threshold gates, the diagram shows majority gates
with the multiple-weight inputs tied together.
These diagrams arc generally easier to understand
than if each block had little numbers representing
weights on the inputs. The representation also ap-
pears in subsequent diagrams in this article.)

A third important class of flip-flop allows data
to be set in without an initial reset. This operation
is sometimes known as a “jam transfer.” A Boolean
network requires an isolation gate for this function
and requires both true and complementary bus sig-
nals to be present. A threshold-gate equivalent de-

The hotter the better

In the threshold-gate cell being developed at
RCA for large arrays, the output is independent
of the base-to-emitter voltages of the cell’s tran-
sistors, and the circuit’s operation improves as
the temperature increases. The following analy-
sis shows why.

For convenience, let A stand for the base-to-
cmitter voltage and assume that all Vpg's are
equal. R, represents the effective load resistance
—the parallel combination of all the collector re-
sistances on the reference side.

If n is the total weight of all the inputs, and if
m of these are at the binary level 1, then the
remaining (n — m) are at 0 and (n — m) units
of current are delivered to the load resistance.
The unit of current is

(— B — A+ 2B)/R = (B — A)/R.
Thus the output voltage is
[— (@ — m)Re(B — 4)/R] — A
If T is the threshold value and the critical cross-
over value is equal to m, or m = T — %%, then

the output should equal —B, the reference
voltage:

[-@-T+HPR. B —-4)/R—a=—-B
Algebraic manipulation shows that:
R.=R/(a— T+ %).

When T = (n - 1)/2, as in the majority gate,
then R, = 2R/n.

This value of R, is independent of A—that is,
at the output’s critical transition point, the Vyg
at the input switch is exactly compensated by the
Vyx: of the output emitter follower.

For the two worst cases m = Tandm =T —
1, giving outputs 1 and 0 respectively, the output
values are:

R B—-A
[‘(D‘TH*%)' @-T+) ~ R ]‘ 4

1
—“<B—A>[1*‘zn—_z'm]“A
B—A
=—B= o Tor 1

Thus the margin of the output—how much it
differs from the reference —B—increases with
temperature, since A decreases. A circuit whose
threshold and total weight were too close to-
gether would be unreliable without an ample
margin. The margin is also less if the reference
level is less, and is approximately inversely pro-
portional to the difference between T and m. For
example, with B = 1.0v,A = 0.7v,forn — T = 1
we have a margin of ==0.10v.

With this margin the function AB(C + D) can
be easily realized in a single threshold gate. Its
input weights would be 2, 2, 1, 1; the value of n
is 6 and T is 5.
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signed by KR, Kaplan of RCA requires only one
bus signal: however, like the Boolean network, it
also requires another gate, either an AND or thresh-
old gate. The basic configuration can be used in
several other types of register systems.

A triggerable flip-flop is the basic unit in a binary
counter—it changes state every other time its single
input changes state. Realizing such a function with-
out capacitors or indnctors, to keep operation inde-
pendent of input signal timing, requires six Boolean
gates or three threshold gates.

Going through stages

Ring counters with an odd number of stages have
a particularly straightforward threshold-gate real-
ization. They require one threshold gate per stage
or input cycle to be counted. For example, a three-
stage counter shown at right can be made with
three 3-input majority gates.”

At any given moment, alternate gate outputs are
() and 1 respectively: of course, since the number
of stages is odd. two adjacent gates somewhere
along the Tine have the same outputs—00 if the in-
put is 0. 11 if the input is 1. When the input
changes, the right-hand member of the equal pair
reverses value, thus becoming the left-hand mem-
ber of the next pair. This shifting moves twice
around the ring to complete one cycle.

In one design of an even-stage counter, onc gate
of an odd-stage counter is replaced by a five-input
gate that looks ahead for the two equal outputs
and reduces the ceycle period by one trigger cvele.
Other designs have also been worked out.

Another family of ring counters uses a more
natural counting system but requires gates with
more inputs. Only one stage’s output is 1 at a
time when the clock input is 0. When the clock
input hecomes 1, the next stage to the right turns
on: when the clock returns to 0, the original stage
turns off. A four-stage counter using this principle
requires threshold gates with weights 2,1,1,1,1,1 and
therefore can’t be built with the same package used
in previous illustrations. Ring counters of any num-
ber of stages can be built following this design.

Shift registers

A double-bank shift register, in which one bank
of flip-flops temporarily stores data while the other
is being reset in preparation for a right or left
shitt, can be made with the gateable flip-flop stages
shown Delow. The basic design requires tour con-
trol lines—a set and reset line for cach of the two

~SET——=] orR Jo——+1 oR +OFF
—DATA BUS ———=
OR +ON
—RESET —
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OUTPUT 1

—

INPUT

QUTPUT 2

r———VOUTPUT 3

Simple ring. The pattern shown here can be repeated
to make a ring counter of any odd number of stages.

X
SHIFT
RESET *+

1

banks of flip-flops.

A simpler shift register with only one control line,
shown above, has been designed by RCA’s Kaplan,
but it requires a third threshold gate in each bit
position. When hoth reset and trigger lines are
at 0, the register stores data normally. If two ad-

= X{ '

— Xi+{

Shift register
position. A
single control
line shifts data
from an
adjacent position
under control

of gate C.

COMP, QUTPUT

+SET
—RESET -

0
+ DATA BUS —

p———= OUTPUT

Gated flip-flop. Basic flip-flop, shown on page 100, requires only
extra inputs to do what requires extra gates in Boolean design.
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jacent bit positions are equal, a signal on the trig-
ger line has no effect. But if the bits are unequal,
the risc of the trigger signal scts gate C to the
complement of the adjacent position, and the sig-
nal’s fall then sets B to the new complement of C
—equal to the previous adjacent position. A signal
on the reset line resets gate B to 1.

Control logic

A large part of the logic in any computer is
control logic. However, because these systems arc
different for each machine and can’t be described
in general terms, the following example must be
somewhat speculative.

OUTPUT

> 1
3
X

a

LA

9 e aQ =
o | L
' | ::R: \ VREF

A\

! 1
)
W
[ )

R
{ R
AMN—
R R
.
-28B VOLTS =

Cellular design. This threshold gate, derived from the
earlier design, can be laid out as cells on a large chip.

A process involving several steps may be initi-
ated by a signal shown at the top of the diagram
on page 103. This signal locks gate A into the 1
state, which it maintains until turned off. Threc
timing pulses, TP;, TP., and TP, follow the initia-
tion signal but have no cffect unless the initiation
has actually taken place. TP; sets gate B if a cer-
tain condition is met, producing a reset signal for
the duration of TP;. TPs generates an unconditional
procced signal through gate C; TP: initiates a re-
lease signal at gate D, and feedback maintains the
release signal. When the acknowledge-return signal
arrives, gate E resets gates A and DD, and the control
system is ready to start over.

This cxample illustrates how threshold gates can
realize, one-for-one, the various states of a control
mechanism. Such a realization is expensive in a
Boolcan system because cach state requires a flip-
flop and gating circuitry. To reduce costs, Boolean
control logic often relics on a smaller set of flip-
flops—a control register—to store a set of binary
numbers that encodes the set of all control states.
Such a system requires decoders to recover the
desired states and complicated AND/OR networks
to drive the control register.

The simpler threshold-gate circuits are easier to
design, casier to maintain, and probably easier to
check for crrors. But whether such circuits would
be feasible in large control systems could be deter-
mined only by a complete computer design.

What about LSI?

Earlier threshold gates had to be redesigned
for LSI, just as Boolean gates to be used in arrays
must be modified to reduce power dissipation, sim-
plify design, and reduce sensitivity to temperature
and power-supply variations.

For example, the gate shown at left is much like
that shown on page 96, but the threshold decision
is made at the input switches of the next gate, in-
stead of at a separate switch. This requires a redefi-
nition of logic signals as voltage ranges instead of
voltage levels.

Any voltage more than the basic reference sup-
ply, —B, is 1, and any voltage less than —B is 0
—maintaining a reliable margin of at least 100 mv,
of course.

The critical transition point of the output is inde-
pendent of transistor basc-to-emitter voltage [see
“The hotter the better,” p. 100]. Also, all resistances
in the circuit are the same value, making its fabri-
cation considerably casier, and permitting the ref-
erence voltage to be established at half the
power supply voltage and derived easily through a
voltage divider. The equal resistors also account
for the series-parallel combination forming the
collector resistance 2R/n. Therefore, wide swings
in temperaturc—a bugaboo in large arays—affect
the circuits very little.

The reference voltage is obtained through a com-
bination of a voltage divider and cmitter follower
—similar to the combination in the earlier version
—and is further stabilized by the feedback con-
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ncction of the reference voltage to transistor Q..

These are important features, because on a large.

chip the voltages on the power and ground buses
tend to vary as a result of the current drawn through
the buses. However, as long as the two voltage
drops are reasonably symmetrical, the voltage at
the junction of a divider remains nearly constant
regardless of where the divider is connected to the
buscs.

The emitter follower stabilizes the reference fur-
ther by drawing more current through the tran-
sistor Qy if the reference tends to fall for any
reason; the additional current through Q,’s load
resistor returns the reference toward its proper
value. Small variations remaining in the reference
control the transistor Q., inserted in the voltage
divider, and affect the voltage at the junction,
which in turn controls the base of Q, and the
clamping voltage on the bus.

This circuit has no complementary output.
Threshold-gate logic needs fewer complemented
signals than Boolean logic, but a separate com-
plementing circuit is required. If the power sup-
ply is no more than about —2 volts, a simple dif-
ferential amplifier driving two cemitter followers
will do. The circuit also requires a ground-to-col-
lector diode to clamp the inverting transistor. For
higher voltages, more complicated circuits may be
necessary to avoid saturation,

A rare case

This basic circuit has great logical flexibility:
extra input transistors can be added in parallel
to any input switch, providing an input OR func-
tion just as in conventional emitter-coupled logic.
Also, the effective load resistor on the summed in-
put-switch currents can be changed to obtain any
threshold value—the critical output value’s inde-
pendence of temperature isn’t affected.

Interestingly, the more ncarly the gate resembles
an AND gate—that is, the higher the threshold—
the casicr the tolerance problems become, contrary
to usual experience. This makes the circuit suit-
able for Boolean as well as threshold gates in LSI
systems where the two are mixed. In particular, a
load resistance high cnough to make the circuit
into an AND gate can combine with the input OR
function to form a powerful circuit for Boolean
design. Thus both kinds of gates can casily be put
on the same chip.

As the number of inputs to a gate increases, its
noise immunity declines. This allows a tradeoff in
design of the logic and layout. A onc-input gate has
the largest guaranteed difference between output
levels, and could be used as a driving circuit at
the chip’s output. It also requires the smallest
input-signal tolerance, and can therefore accept
signals from long transmission lines, or restandard-
ize the outputs of threshold gates with many inputs,

An array of these gates could be conveniently
fabricated from several cells, cach containing, for
example, two transistors and four identical resistors.
An individual cell could be connected as an in-
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INITIATE
0
TP,
CONDITION
RESET
0
P, PROCEED
TP,
RELEASE
ACKNOWLEDGE

0

Control network. A chain of threshold gates can control
a sequence of steps just as can Boolean gates.

put switch with a load, an output circuit with a
clamp, or as half a pair of complementary circuits.
The appropriate number of input cells could be
used for cach gate, without the waste that comes
with standardization.
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Circuit design

Designer’s casebook

Sine-wave inverter
prevents interference

By W.E. Osborne

Whittier, Calif.

Inverter transistors cencrate bursts of high-fre-
quency, high-voltage noise as they switch on and
off. When these bursts radiate to the sensing ele-
ments and high-gain amplifiers in battery-operated
detection instruments, they blank out signals and
canse inaccurate readings.

However, no switching noise is radiated when a
sine-wave oscillator is used as the inverter’s high-
voltage source and an casily filtered d-¢ voltage
results.

The coils L, and L. in the Colpitts oscillator
shonld be tuned so that the oscillator’s output volt-
age wounld be at its maximum when the resonant
frequency reaches 100 kilohertz, If efficiency is of
prime importance. high-Q toroidal coils should be
used. In this circuit, T, and L. had Q's of 90. The
oscillator's voltage is rectificd by a bridge circunit

2NiT714

INPUT CURRENT
(MILLIAMPERES)

PSR S TN U ISl e Ve e s ) ST 88 (S
20 40 60 80 100 120 140 160 180
QUTPUT VOLTAGE {VOLTS)

and then filtered by a I-micrafarad capacitor. A d-¢
voltage derived from a high frequency signal has a
distinct advantage: ripple current remains infinitely
small despite wide changes in load current.

A supply built for bias purposes in an infrared
holometer was contained in a copper shielded box
whose total volume was less than 3 cubic inches.
The two coils were shielded subminiature umits
having tunable slugs in ferrite cores. Output voltage

50~120v d-¢

QUTPUT
VOLTAGE
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in this particalar supply was 90 volts, To maintain
this level, an additional 11 kilohm-3 pf filter and a
zener diode were placed at the holometer's input,

I oan inverter is designed to supply bolometer
voltages in the 175-volt range, adjustments must he
made in the oscillator cirenit, Compensation must
be made for bias changes that take place in the
oscillator transistor when high voltage is being de-

veloped across 1y, By placing a 1-kilohm potentiom-
cter between Qs emitter and Ly, bias adjustments
can easily be made. Inefficient operation of the in-
verter caused by a distorted sine wave is thereby
prevented,

The negative side of either the input or output
can be grounded. If hoth sides are grounded at the
sanmie time, the transistor will be destroved.

Gated semiconductors
clean a-c switching

By William B. Miles

Charles Bruning Co., Mt. Prospect, IIl.

An extra burst of high-frequeney voltage is placed
on a line when a load is switched on at a-c voltage
peak or switched off when the load’s a-¢ current is
at its peak. These exponentially damped oscilla-
tions, known as radio-frequency interference, have
voltages that can destroy transistors in line-operated
cquipment. Sinee it is difficult because of its high
lrequency, to remove vfi from the line. gate con-
trolled a-¢ switches were nsed to prevent oscilla-
tions from starting. The two switches—one parallels
the load and determines the trigger point on the
other switch in series with the load—permit the
voltage and currents to be switched only when their
values are zero.

When the power switeh is open, the a-¢ voltage
coupled from the line through C; is able to hias

Triacy into conduction, The biasing alternates from
positive to negative and sinee it is in phase with the
line a-¢ keeps gated switchy as a permanent a-¢
short. The current drawn by this shunt path is -0
milliamperes and is kept at this level by the high
resistance of R..

As long as this gated semiconductor is in full
conduction, its terminal 2—the point where diodes
Dy, Dy and resistor Ry are common—is at the same
potential as terminal 1 at the gate end. The diode
cannot be biased into conduction and, consequently,
no current flows through Rs. Since this gate voltage
docs not develop, the gated switeh remains open,
and consequently the load remains isolated from
the 117 v supply by the triac’s high resistance.

When the switch is closed, the a-¢ signal that
was forward biasing this semiconductor switch is
now shorted to ground. The half evele, whether
positive or negative, during which the switch is
closed, completes and the operation stops at this
z¢ro point,

With Triac, shut off, the a-¢ signal is coupled
throngh R., the diodes (which depend on the a-¢
polarity), and across Ry, A gate voltage is now de-
veloped for Triae. thus making it an a-c¢ short be-

115y a-c
60hz

o POWER
SWITCH
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tween the line and the load.

At the reopening of the power switch, the first
gated switch is biased into a-¢ conduction again,
thus removing the second’s gate voltage. Removing
this does not cause an immediate stop in Triac.’s

anode current, When the half cycle of a-¢ current
is finished current stops and is unable to begin until
Triac, is again gated into non-conduction.

Capacitor C, phasc shifts line cnrrent so that the
first gated switch starts before the sccond.

Pulse generator is supply
and temperature independent

By Jack Kisslinger

Febri-Tek Instruments Inc., Madison, Wis.

Because its charging rate can be nearly independent
of temiperature variations, the simple resistance-
capacitance network is an ideal frequency source in
a pulse generator. When used in conjunction with
a differential amplifier and a multivibrator, the RC
circuit takes on another desirable characteristic:
its time constant is independent of supply-voltage
variations.

The oscillator composed of these three circuits
surpasses  in stability the unijunction-transistor
pulse gencrators now in usc. With temperatures
ranging from —25° to 100°C and supply-voltage
variations of 30%, the oscillator’s frequency will
change less than 1%.

When the voltage on the charging C, becomes
almost equal to the voltage across Rs, transistor Q,
conducts. This moves the collector of Q; from +12
volts to approximately 4-6 volts. With the basc of
Q. at a much lower potential than its emitter, this
transistor is biased strongly into saturation. In a few
picoscconds the collector of Q; goes from the

DIFFERENTIAL AMPLIFIER

ground to necarly 12 volts, thercby forming the lead-
ing edge of the output pulse.

The current through Ry and R; when Q3 is con-
ducting develops voltage drops that bias Q4 and Q;
into saturation. The discharge of C; causes Q, to
turn off while C. charges to 6 volts. Although the
collector of Q; returns to 12 volts after Q, shuts off,
Q4 remains in conduction.

After Ca completes its discharge through Rg, Q3
turns off sharply, thus forming the falling cdge of
the pulse. Transistors Q, and Q; are rcturned to
nonconduction and C, starts to rccharge through
Ry in preparation for the following pulse.

The values of R; and C; must never become so
low that the repetition rate of the pulse train nears
the width of the pulse. If any changes are made in
these values, they can be raised to 500 kilohms and
2 microfarads, C.’s value must be also changed.
Otherwise, a long pulse width won’t allow enough
time for C; to recharge.

The voltage divider—R. and Ry—that supplics the
reference voltage at the base of Q. compensates for
supply variations. Every variation in the supply
changes the voltage to which C; charges. Fortu-
nately, the reference voltage undergoes a corre-
sponding change and the time interval necessary
for the triggering of Qg remains constant.

Negative pulses injected at the base of Q. syn-
chronize the oscillator, A varying d-c¢ voltage at this
point produces a voltage-controlled oscillator.

SINGLE SHOT MULTIVIBRATOR

Q3
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Silicon

Power
Transistors

ERPNE

4 EJolitron

10-AMP SERIES

In addition to 20-Amp devices, Soli-
tron has now expanded its line of
PNP Power Transistors with a 10-
Amp and 5-Amp Series. Both Series
have a voltage breakdown range of
40 to 120 Volts. All have direct
complements available.

S ko {_ MAXIMUM RATINGS PRIMARY ELECTRICAL CHARACTERISTICS (T, ~ 25 C)
m ! Type - Veelsat) T Vee(saz) Veex fr
Number Veex Veeo Veao FE Volts Volts A MH z
S 1061 T
: Voits Volts Volts lo- 10A [ A lc =5A ic SA Vee — lc = 1.0A
Isolated |
' B ' Vee 5V | Vee 5V | l1g—05A lg =05A | RatedVce, | Vee 1ov
" . ’l | Min Range Max Max Max Min
| 4 10 6 10 30-90 10 20 10 30
10-61 B3 o o T s | u 3090 o | 0 |
Isolated — . | Y B S i
IN53 80 309 )
2N5316 0 | 0 | -6 . 1 1 1 20 10 | 30
ol | 100 | 100 [ 6 | o0 | 20 10 30
T T =
5013104 | N o [ nw | 0 10 30
N 5-AMP SERIES
ﬂ@“’b MAXIMUM RATINGS PRIMARY ELECTRICAL CHARACTERISTICS (T¢ 25 C)
IS Veeisat) Vae(sal leex fy
Type Type h
..-Jj; Number Number Veex Veeo Veso i Wolts ot -A MH2
105 TO-111 Volts Volts Volts lc=-5.0A le ~20A lc = 20A le=20A Ve Ic -0.2A
Isolated Vee= -5V | Vee=-5V lg =0.2A lg =0.2A | RatedVee, | v, -lov
T0-111 Min. Range Max. Max. Max Min.
Isolated SDT3321 SD13301 40 40 6 10 40-120 1.0 2.2 10 40
SDT3322 SDT3302 60 -60 6 10 40-120 1.0 22 10 a0
by
SDT3323 SDT3303 80 —80 6 10 40-120 10 -2.2 10 40
. B SDT3324 SDT3304 10<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>