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Low frequency band pass fil-
ter. Designed for 2.5 cps
center frequency, At 2 to 3
cps within 3 db. At 1.5 cps
and lower, and 4 cps and
higher, greater than 30 db.
Source and Load 10K ohm
Size: 4 x 4-11/16 x_6".

MIL case, MIL-F-183278.
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Band pass 400 cycle Gaussian
filter Linear phase response

pass band. Attenuation
380 cps to 420 cps within 0.5
db. 2nd harmonic down 25
db, 3rd harmonic down 45
db. Source and load 5K ohms,
MIL-F-183278 Wt.,, 0.9 Ibs.

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.

Minimum phase shift 400
cycle band pass filter. Within
1.5 db 370 to 430 cycles
reater than 45 db beyond
1100 cycles. IK ohms to 100K

ohms, MIL-F-183278; 1 Ib.
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High frequency low pass fil-
ter Zero to 700 KC within
db. 1.95 mc to 10 mc 40
db minimum. Source and
Load 1000 ohms. Moided fiat
construction for ;rlnted cir-
cuit applications. Size: 1 x 2
127 Wt 1 oz, MIL: F-13327B
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Band reject filters (two
shown). The 1050 ~ filter
has 50 db attenuation and is
only 3 db at 950 and 1150
cycles. The 12,75 KC filter
has more than 100 db at-
tenuation and is only 3 db
at 10.8 and 15 KC. Source

and load 600 ohms, both are
MIL-F-18327B.
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CUSTOM BUILT

FILTERS

T0 YOUR
SPECIFICATIONS

ILLUSTRATED ARE
TYPICAL SPECIAL FILTERS

RANGE OF FREQUENCIES ON SPECIAL UNITS
IS FROM 0.1 CYCLE TO 400 MC.

Over thirty years of experience in the design and
production of specia! filters have resulted in UTC
being a first source for difficult units. Present
designs both military and commercial incorporate
a wide variety of core structures, winding methods,
and capacitors to provide maximum performance,
stability, and reliability. Fully experienced, top en-
gineering talent backed by complete environmental
testing and life testing facilities assure the highest
standard in the industry. Full analysis and evalua-
tion of materials are conducted in UTC’'s Material
and Chemical Laboratories. Rigid quality control
measures coordinated with exhaustive statistical
findings and latest production procedures results
in the industry’s highest degree of reliability.

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

POWER TRANSFORMERS e AUDIO TRANS-
FORMERS e INDUCTORS e PULSE TRANS-
FORMERS e ELECTRIC WAVE FILTERS e
LUMPED CONSTANT DELAY LINES e HIGH
Q COILS e MAGNETIC AMPLIFIERS e SAT-
URABLE REACTORS e REFERENCE UNITS

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. ¢ 150 VARICK STREET, NEW YORK, N. Y. 10013
IN CANADA: A. C. SIMMONDS & SONS LIMITED, AGINCOURT, ONTARIO



FOUR DECADES IN ONE SWEEP

For the first time, you can sweep four decades without
switching ranges. The new hp 3305A Plug-In with the
hp 3300A Function Generator sweeps logarithmically
in any of three ranges from 0.1 Hz to 100 kHz for narrow
or wide band testing.

Easy-to-set calibrated START and STOP frequency
controls establish sweep end points with £10% ac-
curacy. The manual sweep can be used for close in-
spection of any point on the trace. It can also be used
for accurate frequency identification.

You can adjust START/STOP controls to bracket any
portion of the response curve, without readjusting the
X-axis of the oscilloscope or X-Y recorder.

Continuously adjustable sweep time of 0.01 sec to
100 seconds is slow enough for accurate response test-
ing of high-Q devices and fast enough for good visuat
displays of wide band responses. For flicker-free view-
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tence Oscilloscope. The hp 7562A Logarithmic Con-
verter can be used as a detector (narrow band sweep
can have as much as 80 dB dynamic range).

For ease of automated testing, frequency can be ex-
ternally programmed and the sweep trigger also ex-
ternally controlled.

For the complete story on the new hp 3305A Sweep
Plug-In and the hp 3300A Function Generator, call your
hp field engineer. Or, write to Hewlett-Packard, Palo
Alto, California 94304. Europe: 54 Route des Acacias,
Geneva. Price: hp 3300A Function Generator, $625;
hp 3305A Sweep Plug-in, $975.
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Vector Impedance Meter makes measurements in seconds

MODEL 4815A OFFERS DIRECT READOUT OF
HIGH FREQUENCIES IN OPERATING CIRCUITS

The 4815A offers direct readout of
impedance and phase angle measure-
ments from 500 kHz to 108 MHz
with continuous tuning. Probe on five-
foot cable simplifies in-circuit measure-
ments. Price: $2,650.00. Complete
specifications are yours on request.

Circle 2 on reader service card

Now there’s no excuse for not making all the impedance mcasurements that
previously have been too bothersome to make. The Hewlett-Packard 4800A
Impedance Meter eliminates bridge balancing and nulling. It does for AC mea-
surement what the ohmmeter does for DC testing. Just plug it in and read it. The
4800A may be mechanically swept to produce measurements over its full fre-
quency range. You get direct readings of impedance and phase angle from 5 Hz

to 500 kHz. Analog outputs of frequency, impedance and phase are available for
X-Y recording.

The 4800A is an all solid-state integrated vector impedance system
that reads out directly in Z and ©. Low-level signal strength prevents
overloading of the test component. Price: $1,650.00. For complete speci-
fications, contact your local Hewlett-
Packard field engineer or write:

Hewlett-Packard, Green Pond Road, HEWLETT |

' PACKARD
Rockaway, N.J. 07866.

IMPEDANCE INSTRUMENTS

1071B
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Components: Brush off
Advanced technology: Unmasked
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Programable logic arrays—

cheaper by the millions

A technique makes large-scale
integration feasible even for

short production runs

Sven E. Wahlstrom, Stanford Research
Institute

Designer’'s casebook

= Multivibrator sensitivity improved by MOS
FETS

= Magnetic resonance limits zener diode current

= Dividing the frequency of an oscillator by 10

= Symmetrical gate delivers narrow pulses

Transistors share the load

in a kilowatt amplifier

Summing the outputs of transistor modules
yields the first high-power solid state
amplifier

C.H. Wood Jr., AW. Morse, and

G.R. Brainerd, Westinghouse Electric Corp.

Japanese Technology

Small loss of face yields

big gain in semiconductors
Japanese engineers hope to leapfrog
their U.S. counterparts

Tailoring the device to suit the need
Development is aimed at satisfying requirements
that are peculiarly Japanese

Takuya Kojima, Electrical Communications
Laboratory, NTT

Optoelectronics goes digital (cover)
Injection lasers are arranged

as high-speed logic gates

Jun-ichi Nishizawa, Tohoku University

Gunn devices are on target

—but short of a bull’s-eye

The Japanese push continuous-wave
oscillators, but low power stalls
commercial use

Takanori Okoshi, University of Tokyo
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Readers Comment

No paper tigers

To the Editor:

As one who has been closely as-
sociated with the Nasa technology
utilization program since its in-
ception, I question the item “Nasa
pushing space spin-offs” in the
Washington Newsletter [Oct. 2, p.
63].

The Nasa Office of Technology
Utilization (not Office of Space
Technology Utilization) did not is-
sue “more than 1,000 Tech Briefs
last month.” Also, its normal an-
nual output of these briefs has
averaged considerably less than
this number over the approximately
four years since March 1964, when
the first Tech Brief (B64-10001) was
issucd. I believe that the peak
monthly issuance (with perhaps
onc exception) of Tech Briefs has
not exceeded one-tenth of the fig-
ure quoted.

It should be realized that Tech
Briefs are supposed to represent
potentially  useful innovations
“spun-off” from the NAsA space ef-
fort into specialized industrial, sci-
entific, and commercial sectors of
the general economy. The enor-
mity of the task of screening the
potential spin-off material (novel
and apparently useful ideas, proc-
esses, and hardware) from the re-
ported run-of-the-mill outpouring
of the Nasa multibillion r&p activi-
ties must be fully recognized. One
thousand significant, publishable
Tech Brief items per month, or
cven per year, would be rejected
as a reasonable goal by knowledge-
able technologists.

Established ~NAsA space missions
and expenditures can be justified
objectively following systematic
program reviews by the cognizant,
goal-conscious technical, adminis-
trative, and legislative authorities.
Pressure for “switching to a harder
sell on space ‘spin-offs’ to shine
up its (¥asa’s) image” by way of
Tech Briefs as a subterfuge can-
not have the support of informed
NasA officials.

Such pressure for numbers can
only lead to a serious sacrifice of
standards in reporting the results
of NasA’s outstanding scientific and
engineering cfforts. Nasa, like every
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News for Systems Designers

MHz

Increase your system speed.
Sprague SSL is the fastest saturated
logic. And it’s pin compatible

with series 8000.

You should call us fast.

For additional information on
Sprague SSL Super-Speed Logic, write fo:
Semiconductor Division

Sprague Electric Company
115 Northeast Cutoff
Worcester, Mass. 01606 n n G u E
KTrademark for Super-Speed Logic s p
#
THE MARK OF RELIABILITY

SPRAGUE WORCESTER. .. the world’s finest microcircuit facility

ssssssss
'Sprague’ and '@’ are registered trademarks of the Sprague Electric Co.

SPARGUE i
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we have news for you.

Systron-Donner makes advanced counter
instrumentation that has no equivalent

in the HP catalog. That’s why it

pays to check with Systron-

Donner before you buy. You'll

find equipment with unique

capability like:

1. A plug-in that will extend your counter's frequency
range to 15 GHz — measuring FM and pulsed RF

as well as CW and AM. The only way to get the full
dc to 15 GHz range in one cabinet. No calculations.
Displays final answer.

2. Plug-ins that produce automatic
readings of microwave frequencies.
By far the most compact and
economical equipment for

3. “Thin Line” counters that take only %" \ producing automatic readings
of rack space. Built with ultra-reliable - B in the 0.53to 3 GHz band
integrated circuits to give you automatic ! . or the 3 to 124 GHz band.
frequency measurements — dc to 100 MHz e
or (0.3 to 124 GHz.

These are the highlights of expandable
systems that will make just about

any measurement possible with counters.
The accuracy of our basic 50 MHz

and 100 MHz counters is unsurpassed.
(Time base aging rate is only 5 parts in
10" per 24 hrs.) All devices to extend

the range or add functions are convenient
plug-ins — not rack mounts. The newest
are a prescaler to extend counter

range to 350 MHz and a heterodyne
converter to measure noisy signals

in the 0.2 to 3 GHz range.

Are you surprised that Systron-Donner

is a step ahead of HP in counter technology?
How else could we stay in business?
Systron-Donner Corporation, 888 Galindo Street,
Concord, California 94520

SYSTRON €= DONNER
Circle 6 on reader service card




other national ageney, cannot sub-
mit to the tactics of the hard-sell
advertisers, if it is to retain the
respect of the American scientific
and teclmical communities.

J. Pearlstein
Arlington, Va.

= Nasa’s goal for 1967 is 1,000
briefs. Electronics’ source at Nasa
said “1,000 last month”—when he
meant last year.

Forerunner moved to rear

To the Editor:

The article “Righter light” | Sept.
18, p. 44] implies that the potential
of matched light sources as laser
pumps is going to waste and that
such sources cannot even be tested
as laser pumps because work on
them is not being supported by the
Government. Your taxpaying read-
ers may be pleased to learn that re-
search on matched light sources for
laser pumping is being given Gov-
ernnicnt support and that success-
ful demonstrations of laser pump-
ing have already been made with
these light sources.

The Army Electronics Command
has supported for some time work
at the Westinghouse Research Lab-
oratories to demonstrate the effi-
cacy of such lamps (also called
“spectral additive lamps™) as laser
pumps. The “forerunner” shown in
the photograph on page 45 of your
article is actually a rear-runner;
using a different lamp geometry,
Westinghouse successtully demon-
strated laser pumping using a spec-
tral additive lamp over a vear ago.

Further work at Westinghouse,
sponsored by the Army Electronics
Command, has included other suc-
cessful demonstrations that addi-
tives in mercury arc discharges pro-

[ m— e ——— e e — e

I SUBSCRIPTION SERVICE

Please inciude an Electronics Magazine address
l label to insure prompt service whenever you
write us about your subscription.
Mail to: Fulfiliment Manager |
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P.0. Box 430
Hightstown, N.J. 08520

vide significant enhancement in
laser cfficiency.

Successful attempts to adapt ad-
ditive spectral enhancement tech-
niques  to laser pumping have
profited greatly from the extensive
research and development which
has recently been carried out in
several large lamp manufacturing
firms to develop new high effi-
cienev sources for illumination. The
major difference is that for laser
pumping one desires a narrow emis-
sion in a selected spectral region
from the lamp while for illumina-
tion a broad spectruin in the visible
is desired.

R. D. Haun Jr.
Manager
Quantum Electronics R&D
Westinghouse Electric Corp.
Pittsburgh

Different ways home

To the Editor:

You have probably hud many
comments already about “Sunday
pilots . . . not having vhf onmi . . .”
[Sept. 18, p. 266].

Most all planes that have a radio
at all have omni also, and each of
the two most popular radios of the
past five vears has a localizer built
in as well.

I'm glad they have a direction
finder; my question is how does it
compare to the ones the Faa is
using?

Walton Ferris Jr.
Palo Alto, Calif.

* The raa equipment works on
both ulf channels for military air-
craft and vhf channels for civil
aireraft. The new West German
equipment handles civil aircraft
only and uses monopole antenna
elements rather than dipoles.
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Galvanometer

with brains
F -9

%

ea e

ESI has combined the best features
of the classic galvanometer and the
modern electronic voltmeter in the
Model 900 Nanovolt Galvanometer.

How do you creatc a galvanometer
with true nanovolt sensitivity that is
really practical to use...an instru-
ment that doesn’t require hours of
delicate dial twiddling, trapdoor ad-
justments or experimental hook-ups?

You give it brains. Brains in the
form of feedback circuits that auto-
matically control speed of response
and damping for each of its 12 cali-
brated ranges. Our Model 900 Nan-
ovolt Galvanometer operates from
any source resistance without
changes in speed of response or
damping characteristics. Noise Is
less than 2 nanovolts for any source
impedance.

The instrument consists of two
units—the control unit shown above,
which is the brains of the outfit, and
a galvanometer unit. The Model 900
is ideal for use with high-accuracy
and high-resolution potentiometers
and bridges; for the calibration of
thermo-couples. strain gauges, ther-
mopiles. standard cells and the like.
It also has applications in the mea-
surement of tiny voltages or currents
in experimental chemistry, physics,
biology or medicine. A fixed input re-
sistance of 1 kilohm allows calibrated
ranges for both voltages and current.

Through solid state circuitry,
we’ve been able to combine the best
of two worlds in the Model 900. It
has the high sensitivity and ac rejec-
tion of mechanical galvanometers.
But it also has the multiple cali-
brated ranges, meter readout, and
operation simplicity of modern clec-
tronic voltmeters. It’s an honest
nanovoltmeter with high sensitivity
and complete guarding to simplify
measurements in the microvolt area.

You’ll have more time to use your
own brains if your galvanometer has
some of its own.

ESI, 13900 NW Science Park Dr.
Portland, Oregon 97229.

)
Electro Scientific Industries eIs I
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Now-a solid
tantalum capacitor

unbeatable at 1 MHz!

Designed particularly for computer and high frequency
power supply circuits, the THF has exceptional high fre-
quency characteristics.

At 1 MHz, it has half the impedance and double the ripple
current capacity of MIL-C-26655 solid tantalum capacitors.

Across the entire frequency band, capacitance change and
dissipation factor are lower than standard types. Tempera-
ture stability is excellent from —80° to +125°C.

Hermetically sealed construction. Available in MIL case
sizes C and D, in all capacitance values, 6 through 50 volts.

For data and samples, write Mallory Capacitor Company, a
division of P. R. Mallory & Co. Inc., Indianapolis, Ind. 46206.

MALLORY
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People

November was an important month
for Theodore H. Maiman. First his
early work with ruby lasers was
recognized with —
a patent, some
6% years after
it was applied
for. Then he re-
signed as presi-
dent of the Ko-
rad Corp., the

« 12 -\/ i 12
S'll‘lt.'l fonica, Theodore Maiman
Calif., laser

manufacturing firm he founded in
1962. Korad is being absorbed into
its parent organization, the Union
Carbide Corp.

Maiman, 40, says Korad will be-
come the laser department within
Union Carbide’s Electronics divi-
sion about Jan. 1, and he did not
want to be part of the larger cor-
poration. He is considering several
offers from universities and indus-
try to do research work. He will
also be “very seriously looking into
the possibility of founding a new
company.”

Maiman will get no cash benefits
from the laser patent, which is as-
signed to the Hughes Aircraft Co.,
where he was employed when he
first made a ruby laser work in May
1960. He believes the patent award
will trigger tests of the validity of
a patent granted carly in 1960 to
Charles H. Townes and Arthur
Schawlow covering optical and in-
frared masers. Townes was at Co-
lumbia University and Schawlow
at Bell Telephone Laboratories
when they developed the concept
on which their patent was granted.

Made it work. The theory out-
lined in that patent certainly is in
doubt, Maiman asserts. “Patents
are supposed to contain informa-
tion that can be used by a person
skilled in the art to make the prin-
ciples work.” He maintains that no
one has been able to produce a
functioning laser based on the ear-
lier patent, “and it isn’t because
incompetent peoplec have been try-
ing it.”

National Semiconductor Corp., less
than a year after moving West, is
expanding rapidly—both in new

Electronics | December 11, 1967



Performance

inversely
roportional

0 price.

o® & o

No nced to restrict your applications when using X-Y
recorders. The new Hewlett-Packard 7035B (8%2”x117)
and the 7005B (117x 17”) X-Y Recorders offer you
dynamic performance better than ever before on low-cost
recorders. Now applications arc cxtended to microwave
sweep testing with the same reliability and performance.

These recorders have high input impedance. floating.
guarded input and 0.2% accuracy at full scale. Sensitivity

The prices
are very low.

from 1 mv/inch to 10 V/inch. No interaction between
channels, with independent servo system for cach axis.
and the exclusive AUTOGRIP paper holddown reduces
maintenance to occasional wiping of the surface. Bench or
rack-mount. Price: 7035B, $945: 7005B, $1195.

For morc information call your local HP field engineer or
write Hewlett-Packard, Palo Alto, Calif. 94304; Europc:
54 Route des Acacias, Geneva.

HEWLETT ﬂ PACKARD

GRAPHIC
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Do you have this
new capacitor data?

DIPPED MICAS. .. for entertainment and
commercial equipment

Single-film silvered-mica capacitors cost less than stacked
mica or ceramic types. These capacitors are rated at 300
WVDC and have good stability and retrace characteristics
over their operating temperature range of -55C to +85C.
Capacitance values from 10 to 360 pF, 5% are available.
Put this quality and performance into your next design.
Ask for Engineering Bulletin 1010.

CIRCLE READER SERVICE NUMBER 506

SPARK GAPS and GAP CAPACITORS . ..
for TV tube protection

Spark gaps and gap capacitors suppress transient voltage
surges and protect your expensive picture tube and allied
circuitry. Spark gaps are available in 1.5 kV and 2.5 kV
ratings with less than .75 pF capacitance. The gap capaci-
tor is an air gap in parallel with a .01uF disc capacitor.
All Sprague spark gaps and gap capacitors are 100% tested
to insurc your circuitry. Use them to protect your picture
tube warranty. Ask for Engincering Bulletin 6145.
CIRCLE READER SERVICE NUMBER 507

e

R et

DISC CERAMICS. .. for general, temperature-
compensating, and low-voltage applications in
industrial, commercial, and consumer equipment

AR —
mg5§l;" ‘ pling at low cost. Ninc disc sizes from .300 to .875 inches
o | have 100, 250, 500, and 1000 WVDC ratings, in standard or
CSE-SlE ozadions { temperature-stable formulations. Dual-section discs have up
9 & to .022uF (@ 1000 V. Ask for Engincering Bulletin 6101D.
Y e

AL CIRCLE READER SERVICE NUMBER 508

Cera-mite® general application discs for bypass and cou-

Cera-mite temperature-compensating discs for controlled
i capacitance change with temperature in R-F oscillators,
precision amplifiers, timing circuits, other critical applica-
tions. Sclect from ten linear temperature coefficients from
NPO to N2200. Capacitance values from 1 to 2200 pF with
1000 WVDC ratings are available, plus popular values at
3000, 4000, and 5000 WVDC for TV yoke circuits. Mini-
fied units in 250 WVDC ratings may be obtained with
capacitance values ranging from 22 to 990 pF. Ask for En-
gineering Bulletin 6102B.

CIRCLE READER SERVICE NUMBER 509

TUMPLRATURE-COMPENSATING
~mude’ OI3C CAPACHTORS

B ad o uG

4
H

Hypercon® ultra-high capacitance discs for low-voltage
circuits. Replace electrolytics with non-polar Hypercon
capacitors only a fraction as large. The 2.2uF, 3 volt disc

HYPIRCON' ULTRA-HIGH-CAPACI ANCE
DISC CIRAMIC CAPACITORS

,.ﬂ"adusU. has a diameter of .875 inches: the 0.1uF, 25 volt unit
measures 750 inches. Ask for Engineering Bulletin 6141F.
. : CIRCLE READER SERVICE NUMBER 510
%
: For bulletins in which you are interested, write
i '![ Technical Literature Service, Sprague Electric Co.,
WU | 35 Marshall St, North Adams, Mass, 01247

SPRAGUE COMPONENTS

SPRAGUE

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS

4sc-7131

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

THE MARK OF RELIABILITY

“Sprague’ and ® are registered trademarks of the Sprague Electric Co.

10

People

products and manpower. Latest to
join the ranks of the Santa Clara,
Calif., manufacturer are Robert A.
Hirschfeld, an expert in high-fre-
quency linear devices, and Thomas
R. Thorkelson, an cxpert in digital
devices.

Hirschfeld, 27, comes from
Amelco Semiconductor, a sub-
sidiary of Teledyne Inc., and Thor-
kelson, 31, moves over from Texas
Instruments.

Hirschfcld takes over as section
head in the lincar integrated-circuit
department. “Were not sure yet
how much we will sccond-source

oL =~

P

R.A. Hirschfeld

T.R. Thorkelson

or originate,” he says, “but we're
conunitting ourselves to the com-
munications circuit business.”

Sayvs Hirschfeld: “The state of
the market is such that there is
little other than radio- and inter-
mediate-frequency amplifiers. The
state of the art, however, is far
more advanced.” He will investi-
gate circuit functions and change
a number of them. For example, he
thinks there may be better ways to
perform those now done by tran-
sistors.

It is but isn't. Thorkelson is now
in product marketing, managing
the transistor-transistor-logic (rrv)
line. For now, he points out, “we’ve
accepted a second-source position
with 111, but we have some de-
vices coming up that Texas Instru-
ments doesn’t have.” Says Thorkel-
son: “We want to present an image
of similarity.” National’s DM7501,
for example, resembles Tr's 5473
except that its construction is
monolithic, its guarantced clock
skew is 15 nanoseconds instead of
10, and it is sealed hermetically.

Thorkelson says National is de-
veloping an interface circuit be-
tween semiconductor and TII
levels.
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AT VOA-GREENVILLE,N.C.,
MACHLETT ML-7482
VAPOR COOLED
TRANSMITTING TUBES
HAVE JUST LOGGED
645,000 HOURS.

Where dependable, high power counts—
as at the Voice of America’s 4.8
megawatt Greenville, N. C., relay station—
specify Machlett transmitting tubes.

Available now: the new short form
catalog from The Machlett Laboratories,
Inc., 1063 Hope Street, Stamford, ti
Conn 06907.

THE MACHLETT LABORATORIES, INC.
@ A SUBSIDIARY OF RAYTHEON COMPANY
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In Motorola's

"Tt was a very good year"
Integrated Circuits Contest

Here’s your chance to win $1,000 cash. And, it’s almost as easy as
writing your own name! Simply fill out the coupon below with your
best guesses of the number of standard integrated circuits
Motorola has formally introduced this year through its franchised
distributors, in each linear and logic family.

HERE ARE SOME ADDITIONAL HINTS TO HELP
YOU WIN $1,000

e As of October 31, Motorola has introduced 11 new MDTL logic
circuits this year. More to come!

¢ As of November 30. Motorola has introduced 18 MECL
integrated logic circuits. Still more on the way!

e Motorola has introduced 15 MTTL integrated logic circuits

as of November 15 — and still more coming!
The entry that provides the exact or most nearly exact figures for
each circuit category, and the resulting correct grand total, will be
declared the winner. In case of ties, the Grand Prize will be divided
equally among the winners. (Decision of the Motorola judges will
be final, of course.)

I think that Motorola will have introduced the following numbers of new integrated
circuits during the past year:

Number of Number of
Circuit Family Circuits: Circuit Family Circuits:

MDTL (diode-transistor logic) MHTL (high-threshold logic)

MRTL (resistor-transistor logic) —_— I/C Operational Amplifiers .
MTTL (transistor-transistor logic) I/C Diff./Sense Amplifiers ..
MECL (emitter-coupled logic) —_— I/C Video, RF & IF Amplifiers
GRAND TOTAL .« v vnennns. ':l Everyone who guesses the correct grand

total (even though the individual circuit
categories may be inaccurate) will receive
a copy of the Frank Sinatra stereo album,

NAME o e TITLE, that features “It Was a Very Good Year.”
COMERNTA. DIV/DEPT So, enter your guesses now (one per en-
~__ trant, please) ... just make sure that your

ADDRESS entry is postmarked no later than Decem-
ber 23, 1967. Winning totals will be an-

nounced after the contest closes.

cry_____ 0@ STATE. —_ _ZIPCODE

Employees of Motorola Semiconductor
Products Inc. and Motorola Inc., Semicon-
. ductor Products division, and its distribu-
MOTOROLA Semiconductors torsare not eligible. Contest is void where
prohibited by law or by participant’s
P.0. BOX 955, PHOENIX, ARIZONA 85001 company policy.
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RCL’s NEW
RESISTOR
CATALOG

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

PRECISION /HI-SPEED
POWER/WIRE-WOUND
RESISTORS

including: beryllium oxide
core power resistors . . .
22 special temperature co-
efficients from —50 PPM
to 4-6000 PPM . . . sub-
miniature precision resis-
tors . . . ladder and sum-
ming networks.

Write for your free copy today!

ELECTRONICS, INC.
700 South 21st Street
[rvington, New Jersey 07111
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Meetings

Symposium on Reliability, |IEEE;
Sheraton-Boston Hotel, Boston,
Jan. 16-18.

Power Meeting, IEEE; Statler-Hilton
Hotel, New York, Jan. 28-Feb. 2.

Aerospace and Electronic Systems
Convention, |IEEE; International Hotel,
Los Angeles, Feb. 13-15,*

International Solid-State Circuits
Conference, IEEE; Sheraton Hotel,
Philadelphia, Feb. 14-16.

Scintillation and Semiconductor
Counter Symposium, IEEE; Shoreham
Hotel, Washington, Feb. 28-March 1.

International Convention and
Exhibition, IEEE; New York Coliseum
and New York Hilton Hotel,

New York, March 18-21.

Symposium on Microwave Power,
international Microwave Power
Institute; Statler Hilton Hotel,
New York, March 21.23.

Joint Railroad Conference, IEEE;
Conrad Hilton Hotel, Chicago,
March 27-28.

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

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

Telemetering Conference, |EEE;
Shamrock Hilton Hotel, Houston,
April 9-11.

International Pulse Symposium,
International Federation of Automatic
Control; Budapest, Hungary,

April 9-11.

Symposium on Law Enforcement
Science and Technology, Illinois
Institute of Technology Research;
Chicago, April 16-18.

Southwestern Conference and
Exhibition, IEEE; Sheraton Lincoln
Hotel, Houston, April 17-19.

Frequency Control Symposium, U.S.
Army Electronics Command; Shelburne
Hotel, Atlantic City, N.J., April 22-24.

Region 11l Meeting, IEEE; Fontainebleau
Motor Hotel, New Orleans, April 22-24.

Relay Conference, National Association
of Relay Manufacturers and School of

Electrical Engineering, Oklahoma State
University; Stillwater, Okla., April 23-24.

Short Courses

Data communications, American
University’s Center for Technology
and Administration, Washington,
Feb. 5-8; $175 fee.

Precision and accuracy in
measurements and calibration,
Department of Commerce, National
Bureau of Standards, Washington,
Feb. 12-15; $100 fee.

Electronic circuit design by computers,
National Electronics Conference,
Pleasant Run Lodge, St. Charles, IlI.,
Feb. 19-21; $375 fee.

Call for papers

Microelectronic Packaging and Inter-
connection Conference, Society of Auto-
motive Engineers; Rickey's Hyatt
House Hotel, Palo Alto, Calif.,, Nov.
20-22. Dec. 29 is deadline for submis-
sion of abstracts to D.H. O'Neill,
Society of Automotive Enginecrs, 485
Lexington Ave., New York 10017

Meeting of the Avionics Panel of the
Advisory Group for Aerospace Research
and Development on Techniques for
Data Handling in Tactical Systems,
Avionics Panel of the Advisory Group
for Aerospace Research and Develop-
ment; Amsterdam, Netherlands, Sept.
1968. March 1 is deadline for submis-
sion of abstracts to Dr. Irving J. Gabel-
man, program manager, Advanced
Studies Group, RADC (EMD) Griffis
AFB, N.Y. 13440

Association for Computing Machinery
Conference and Exposition, Association
for Computing Machinery; Las Vegas,
Aug. 27-29. March 1 is deadline for
submission of papers to Marvin W.
Ehlers, program chairman, Ehlers,
Maremont & Co., Inc., 57 West Grand
Ave., Chicago. 60610

* Meeting preview on page 16.
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THE

connector

THING

A periodical periodical designed

to further the sales of Microdot Inc.
connectors and cables. Published
entirely in the interest of profit.

Euerybody wins?

In the words of Virginia Woolf, it’s time
for fun and games.

For this new national pastime, you
simply need a smattering of history,
mythology and current events. And some
information about Microdot’s cable prod-
ucts. We'll supply you with the latter. For
the rest, go listen to Walter Cronkite.

We got started on this activity while
we were sitting around one evening with
a bottle of Slivovitz (we ran out of Scotch),
trying to think of memorable ways to
remind you of the various unique features
of Microdot cables. Like —

Like our Mini-Noise cable-—reduces
noise voltage from shock and vibration
by a factor of more than 100 to I com-
pared to untreated cable. This makes pos-
sible the transmission of extremely faint
signals through coax cable without audio
frequency noisc. Off-the-shelf.

Like our microminiature coax cable —
uses a fine silver-plated copper steel-
covered wire. You get 50 ohm impedance,
and even with the addition of dielectric,
outer shicld and protective jacket, the
nominal O.D. does not exceed .080".
And we can get that O.D. down to .025”
in a range of hundreds of different cables.

Like our new complete in-house capa-
hility to produce precision quality multi-
conductor cables, which includes
twisting, extruding, shielding and jacket-
ing—the whole deal. All under onc roof.
And we can cable hundreds of con-
ductors into one unit.

Like we’re the only one to produce a
high temperature, low weight, low capa-
citance coax cable through the use of a
cellular Teflon diclectric. Especially suited
to the requirements of vidco tape
recorders.

Electronics | December 11, 1967

Play fRierodot

Pistorical

Like Microdot’s
Twinaxial cable
—to be used when
you need to send
two signals from a
single source which
must both terminate
at the same point.
No need to use two

coax cables; WIN
therefore lower cost YOUR
and greater OWN
flexibility. CABLE
Now when you FORK

think of cables,

you think of
cablegrams. And
when you drink a lot
of Slivovitz, it sort of
takes you back
through time and
you come up
with stuff
like this:

Spaghettl

- (SGrams

Low noise Spaghetti-Gram:
“You lose. Signed, Calvin Coolidge’
High temperature Spaghetti-Gram:
“Julius, honey, ain’t nobody honme
tonight but me. Signed, Cleopatra’’

Miniature size Spaghetti-Gram:
“Cancel that order for bras.
Signed, Twiggy!’

Dual shield Spaghetti-Gram:

“I can lick any guy in the joint.
Signed, Brunhilde!

Large size multiconductor Spaghetti-
Gram:

“Send more elephants.

Signed, Hannibal?

Get the idea. You can use any of the fea-
tures of any of our cable products, such
as low noise (Mini-Noise), special
requirements (Multiconductors), high
temperature, low weight, and, of course,
small size. You don’t really neced the
Slivovitz. It works well even with Sanka.

About the fork

No, Meclvin, we won’t explain the relation-
ship between cable and spaghetti: We call
¢ it a cable fork,
and if you don’t
want to use it for
cating cables
that’s your prob-
lem. The manufacturer describes this
handy gadget as
a ‘“revolutionary
breakthrough
that leaps for-
ward from antiquated hand labor to the
modern machine age!” We won’t try to
top that. We'll just explain that you stick
it into the pasta and then turn the little
handle to save getting spaghetti all over
vour celluloid collar.

Want onc for your very own? Okay.
Just send us a Microdot Spaghetti-Gram
scribbled on company stationery and tak-
ing ofl from any of the product features
we've discussed. We'll send you a beau-
tiful cable fork along with more litera-
ture on our cable products than we care
to mention.

But hurry. We've already run out of
Slivovitz. It won't be long before we run
out of cable forks. (That means offer is
limited.)

MICRODOT
9 ) Py .
INC. §iglllla;’?lgi:;:n/\l,\ Célllllft 91030.

Mini-Noise is a registered trade-mark of
Microdot Inc. Cable Fork is open to question.
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121 TIMES
LESS DRIVE

POWER

with Contiguous Comb
Filter Sets
by Damon

Damon has produced a bank of 200
contiguous comb crystal filters that
requires a total of 6.6 watts of drive
power to obtain 10 milliwatts from
each of the Gaussian (non-overshoot)
response filters. This is only ]/]2]
of the 800 watts of drive power
normally required to achieve the
same output using conventional re-
sistive padding techniques.

This significant achievement is the
result of two advances in crystal
filter technology: high efficiency
contiguous comb crystal filters com-
bined with new synthesis techniques.
These advances permit the adher-
ence to both frequency and time
response specifications and offer a

16 Circle 16 on reader service card
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Typical Contiguous Comb Crystal Filter,
Model 5107A is 1% Lx %" W x %" H.

new concept in the design of radar
and other spectrum-based systems.
Contiguous comb crystal filter banks
are also the most reliable, efficient,
compact and economical precision
systems available for multichannel
signal processing of all kinds.

Write for data on Gaussian Re-
sponse Contiguous Comb Crystal
Filters to Damon Engineering, Inc.,
Needham Heights, Mass. 02194,
Tel. (617) 449-0800.

DAMON

Meeting preview

Computers and automata

Computers and communications
will get the lion’s share of attention
at the ninth annual \Vinter Con-
vention on Acrospace and Elec-
tronic Systems (Wincon) Feb. 13 to
15 at the International Hotel in Los
Angeles. There will be three ses-
sions on computers, including the
Von Neumann general panel ses-
sion, which will be chaired by Eu-
gene Fubini, a vice president of the
International Business Machines.

Theme of the Von Neumann ses-
sion is Automata—Their Past,
Present and Potential. Arthur W.
Burks, chairman of the communica-
tions sciences department at the
University of Michigan, will dis-
cuss self-reproducing automata,
taking a philosophical look at fu-
ture approaches to computer design
that will produce machines at least
as complex as the computer itself.
Today’s machines produce outputs
substantially less complex than the
machines. Herman H. Goldstine, di-
rector of scientific development at
mr’s Data Processing division, will
analyze what must be done to make
computers less susceptible to shut-
down when component failures oc-
cur. Herbert Simon, a professor at
Carnegic-Mellon University, will
discuss artificial intelligence.

Two other computer sessions
will deal with future trends, onc
from the producer’s point of view
and the other from the user’s.

In one of two unclassified com-
munications sessions, Sigmund Rei-
ger, a vice president of the Com-
munications Satellite Corp., will
discuss traffic projections and dis-
tribution of anticipated interna-
tional service through 1975, cover-
ing both satellite and cable-trans-
mission techniques. As part of the
same session, css Laboratories en-
gineer James Parker will consider
advances in technology necded to
meet increasing communications
demands.

Another unclassified communica-
tions session will focus on projected
technology, including wideband ca-
ble systems, digital communica-
tions techniques, direct broadcast
satellites, and urban communica-
tion systems.
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1591 Variac® Automatic Voltage Regulator, $295 in U.S.A. (115 V)

High performance, proven reliability, small
size, and low cost are the key words that

NOW. .. a low-cost

Iine'VOItage identify GR's new 1-kVA line-voltage
| t regulator.
reg u a Or By performance we mean that this regulator

will maintain a 115-voit output (adjustable
from 105 to 125 volts) within +0.2 percent
for simultaneous variations of: input-line
voltage from 100 to 130 volts, load from no
load to full load, power factor from 1.0 to 0
leading or lagging, and line frequency over
a range of £10%.

By reliability we mean continued high
performance even under conditions far
worse than those any regulator is likely to
encounter in actual use. The tests indicated
on the above chart were performed on a
randomly selected unit that had already
been subjected to a one-year, round-the-
clock life test plus an accelerated life test in
which the input signal was modulated at a
3.5-hertz rate. At the time this recording
was made, the motor-gear train, Variac®
auloltransformer, and control circuitry had
been subjected to 10 million oscillations

for every bench
...for every rack

Rack model, $325 in U.S.A. (115 V)

while operating at nearly full-load rating. No
lubrication or adjustments were required.
By smallsize we mean12% x9)4x5% inches
and a weight of 17 pounds for the portable
model.

By low cost we mean a price of $295 for a
single portable model; rack and 230-volt
models are slightly higher. Quantity dis-
counts are available for all models.
Because there is no distortion added to the
input waveform, average and peak voltage
values are held as constant as the rms
value. Response time is 6 cycles +1.5 cycles
per volt under worst conditions for the
115-volt model.

For complete information, write General
Radio Company, W. Concord, Mass. 01781;
telephone (617) 369-4400; TWX (710)
347-1051,

GENERAL RADIO
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nobody else,




that’s who

delivers all these epoxies.
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TO0-105, TO-106, or In-Line. We make
them all. From us, you get what you need, not
just what we have to offer. Choose from
over 100 different small signal, medium-
power silicon transistors, either NPN or PNP.

So why waste a lot of time skipping
between company A which offers only one
epoxy package and company B or C which
only makes one or two other types?

We’re big in the epoxy business and
getting bigger, but who knows it. Write for
data and distributor list, then tell
vour friends.

National Semiconductor Corporation, 2975
San Ysidro Way, Santa Clara, California 95051
(408) 245-4320.

National Semiconductor

Circle 19 on reader service card

19



mimim

TYPE SMDH 0-50 MHz

PROGRAMMABLE DECADE
RF SIGNAL GENERATOR

(FREQUENCY SYNTHESIZER)
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First With Commercial Frequency Synthesizer
First With True UHF Synthesizer (0.47-1.0 GHz)

NOW, FIRST WITH PROGRAMMARBLE
RF SIGNAL GENERATOR

In 1954 Rohde & Schwarz introduced a new type of
signal source, continuously variable in frequency but
with crystal stability. We called it the Type XUA Fre-
quency Synthesizer. Hundreds of these instruments
found homes in leading laboratories and production
centers throughout the U.S.A. Most of them are still
fully on the job. Since then we have developed 15 other
models, including a complete series of Exciters for
communications control of transmitters and high quality
receivers.

We now take great pride in announcing our Type SMDH,
an instrument which sets new standards of performance.
This unit is more than just another synthesizer; it is a
Programmable RF Signal Generator from 0-50 MHz. It
provides variable calibrated output voltages (0.1uV-2.5V}),
modulation capability (AM & FM), and excellent stability
(1x10-%day). Since many applications of a synthe-
sizer involve frequency multiplication, we have designed
the Type SMDH to have the highest spectral purity
—— 100 dB. To achieve this, a completely new method
of internal shielding had to be developed. Also a new
modular frequency standard was required with 130 dB
signal/noise.

To meet the demands of automatic check-out systems
and high speed production testing, we made the instru-
ment programmable. Using a standard 10-line code,
we can provide a new frequency in 100 us maximum
time. We can actually “switch” frequencies in 20 us
like other synthesizers; however, let's make an honest
appraisal. In addition to switching the digits, there is
time required for the command (the old frequency is
still on during the command time), and filter recovery
time to assure full spectral purity. This is true for any
synthesizer. Also we've designed a Programmable At-
tenuator, Type DPHP, with a range of 0-99.9 dB using
the 10-line code. You can now have the capability of
both programmable frequency and level.

Another important feature is our eight digit, in-line dis-
play tube readout. Remember when industry abandoned
the hard-to-read staggered column readout on counters?
Our readout is operative even in the programming mode.
This feature provides a visual check verifying the pro-
gram. It spots any operator or equipment error. Switch
from program to manual control with a program stili on
the line without any ambiguity in output frequency.
Careful elimination of ground loops makes this possible.

We do not utilize phase locked loops which impair short
term stability. Our reference holds = 3x10-"/second.
Included is an interpolation oscillator which can be used
for search applications (continuously variable to 1.1
MHz) or as a vernier to the crystal digit decades. It
provides an in-line numeric read-out from 0-111 with
an additional 50 division vernier. Typical stability is
one-half division on the vernier scale. Another feature
is switchable automatic teveling to 0.5 dB. Type SMDH
is all-silicon solid state design utilizing modular con-
struction for easy servicing. An optional battery supply
is available. Yet with all of the features of this Pro-
grammable RF Signal Generator, it is competitively
priced with 50 MHz synthesizers.

For communication applications, our new No. 280 Pro-
grammable Exciter incorporates those specifications
and features required for transmitter and receiver con-
trol, with the price savings passed on to the customer.

R & S maintains its philosophy of a well-balanced de-
sign — meaning the optimizing of all significant speci-
fications. Judging from advertising, it appears that
everyone is making frequency synthesizers today. But
really_good synthesizer design is a very tricky business.
We should know; we've been designing them for 15
years — and after all, Rohde & Schwarz is still the
leader. We're trying to maintain a stock position for
immediate delivery, but with all its features and speci-
fications we expect a heavy demand.

ROHDE & SCHWARZ

111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 e 201 -773-8010

Inquiries outside the U.S.A. should be made to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany
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IN LARGE QUANTITIES

Helipot’s New Model 77P
Cermet Trimming Potentiometer

Here's the new Model 77P, the first low-cost, general pur- ]

pose trimmer with a sealed housing and cermet resis- :

tance element! DESIGNED to wider performance para- Helitrim Mode! 3067 Mode,'goag
meters than any other adjustment potentiometer in its e vl Hirewound Coroon
price range. It is directly interchangeable with com- Re;?;agg'cghms 10-2 meg 50 - 20K 20K -1 meg |
petitive Models 3067 and 3068-SEALED to permit p.c. - - |
board solvent cleaning and potting without trimmer con- Resolution et 3 ((12%% to e
tamination or failure-DELIVERED from local stock at the Sealing Yes No No

low list price of $1.95. In large quantities, Model 77P Power Rating, . a5 B

sells for as little as $1.10. = Compare Model 77P specifi- vels i i .

cations with those of unsealed trimmers, then call your N 105 85 85

local Helipot representative for an evaluation sample. Jemp:

=YY =1l NsTRUMENTS, INC.

HELIPOT DIVISION
FULLERTON, CALIFORNIA ¢ 92634

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY
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Electronics

Commentary

Nippon at our heels

The semiconductor is the essential ingredient of
Japan’s clectronics business. Many Japanese be-
licve, and probably rightly, that their country
would not occupy second place in world clec-
tronics activity—behind the U.S.—if it weren’t
for the quick acceptance of the transistor by
Japanese engincers in the early 1950s.

So semiconductor technology has become the
most important concern of Japanese clectronics
firms, and a look at progress in that technology
supplies a tip to what’s happening with Japa-
nese companies and products. The special report
on page 107 shows that the Japanese are picking
their r&p projects carefully to augment their al-
ready considerable strengths with new discrete,
optoclectronic, and bulk-cffect devices.

There’s a lot to be learned from what the Japa-
nese arc doing. Although they still build on
others’ basic technology, most notably American,
they tend to add unigne twists to processing and
design and are particularly ingenious in finding
new applications. They are adept at spotting
strategic gaps in product lines.

In fact, the Japanese start in semiconductors
can be traced back to that unusual ingenuity.
\When U.S. engineers were applying transistors
only to computers and military gear, it was the
Japanese who first saw the potential of transis-
torized consumer products. They started the tran-
sistor-radio eraze and used solid state devices
in phonographs, television sets and tape record-
ers.

The Japanese remain a force to be reckoned
with in the consumer products field, and they are
also building an impressive record in the areca
of solid state communications. The communica-
tions networks growing throughout Asia bear a
clearly identifiable made-in-Japan look.

Many U.S. companics are envious of the inte-
grated structure Japanese industry enjoys, a
structure that would send the Justice Department
rushing to courtrooms if it were copied here. The
key is that every firm in Japan knows a lot about
what everybody clse is doing in fundamental re-
secarch (thongh production techniques are pro-
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prictary and are closely guarded).

The ubiquitious Ministry of International
Trade and Industry (arrrr) maintains close scru-
tiny over rescarch and development, frowning on
duplication of projects.

Japanese financial resources are skimpy-—most
companies are financed by bank debt rather than
stockholders’ equity—and if the management
of a company doesn’t discourage duplication of
research efforts, zrrn will step in. Through gov-
cernment laboratories it operates and universities,
the agency keeps tabs on what every company is
doing. It helps parcel out research projects and
encourages many of them even though paying
only a small percentage of the cost.

Since many cquipment companies are also
semiconductor producers, the engineers who de-
sign and produce semiconductors for these
firms work within the same corporate structure
as do the engincers designing the end products.
Top management pressures these engincers to
exchange information, and equipment designers
who tend to be more conservative than semi-
conductor engineers, aren’t allowed to hold up
the adoption of new devices.

Since the managements of most Japanese com-
panies still view their research laboratories as
incubators for new products, most of what Amer-
ican engincers would call pure research takes
place at Japanese universities.

So, for a comprehensive report on work in
optoelectronics, the place to go is Tohoku Uni-
versity in Sendai [p. 117]; advanced communica-
tions research has top priority at Tokyo Univer-
sity, and what’s happening in Japan with Gunn
and other bulk-cffect devices is learned quickest
from the school’s researchers [p. 125]; and for
a rundown on more prosaic devices, particularly
those designed for high-frequency communica-
tions applications, the place to go is the Elec-
trical Communications Laboratory of the Nippon
Telegraph & Telephone Public Corp. [p. 110].

Impressive as the Japanese cffort is, the men
of Nippon are not perfect. They arc following
U.S. manufacturers down one garden path: the
road to overcapacity. Incurably optimistic, Japa-
nese semiconductor producers have expanded
and expanded manufacturing capacity. Last
year’s unit sales remained relatively stable, hut
output capacity climbed sharply, And Japan next
vear will undergo a typically American experi-
ence: widespread price-cutting to stimmlate sales
of discrete semiconductors.
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DEMAGNETIZING FORCE—H—KILO DERSTEDS

With a coercive force of 3200 oer-
steds, Indox 7 has a higher resis-
tance to demagnetization than any
commercially available magnetic
material except costly platinum-
cobalt. It also has a high peak
energy product and high intrinsic
coercive force.

New Indox 7 requires no critical
materials, is light weight and has
high electrical resistance. Indox 7
opens new possibilities for de-
signs and applications where
greater resistance to demagne-
tization is required, or where the

magnet length is limited compared
to the magnet area,

Indiana General pioneered ce-
ramic magnets, developed the first
ceramic magnet for PM motors,
and continues it's leadership in
magnet technology with this new
high in ceramic magnet materials.
For a copy of the new bulletin on
Indox 7, write Mr. C. H. Repenn,
Manager of Sales, Magnet Divi-
sion, Indiana General Corporation,
Valparaiso, indiana.

INDIANA GENERAL K=23

When it comes to resisting demagnetization,
new Indox” 7 is in a class by itself.
Summa Cum OQersteds.

1867, The Indiana General Corporation



Intelsat 3 woes
. make Comsat weigh
Hughes bid . . .

... to supply
- improved Intelsat 2

Lighter lighting
from RCA
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Development problems with the Intelsat 3 satellite next month may force
Comsat to buy an upgraded version of the Intelsat 2—the workhorse
of the International Telecommunications Satellite Consortium. _

The possibility of falling back on Hughes Aircraft’s earlier proposal for
a souped-up Intelsat 2 arose after a quick trip to TR Systems, the Intel-
sat 3 builder, by top Comsat officials [see p. 155]. They are understood to
have given TRW until late this month to solve the Intelsat 3 problems,
but insiders say Comsat’s management isn’t very optimistic.

Intelsat’s Interim Committee, briefed last week on the situation, has
directed a Comsat technical team to take a hard look at Intelsat 3 work
and set a realistic delivery date, and another team to go over the Intelsat
2.5 design with Hughes. Both will report within two weeks. If Comsat
decides it wants to buy the Hughes craft, the committee will hold an
emergency meeting early in January. Intelsat 3 delivery, originally set for
March, has slipped to August.

The problems in the Intelsat 3, which is slated for Comsat’s first global
system, currently revolve around the communications subsystem being
built by ITT, Comsat sources say. If the Hughes satellites are purchased,
it could mean that Comsat will cut back its six-satellite order with TRW,

If Comsat decides to order the upgraded Intelsat 2—dubbed 2.5—from
Hughes, it will buy two of the craft at a price of about $4 million each.
Hughes has promised Comsat that it can deliver the first one by next July.

The Intelsat 2.5 design would incorporate up to 1,000 channels, against
the 240 of the Intelsat 2. Hughes has claimed that the craft would be
“comparable to the Intelsat 3 global system.” The 2.5, an improvement of
the Hughes 303A design, would use an electronically despun, phased-
array antenna to boost Intelsat 2's 15.5 dbw of effective radiated power to
25 dbw, according to earlier plans [Electronics, May 2, 1966, p. 86]. An
improved transponder that would quadruple the bandwidth from 125
megahertz to 500 Mhz has also been proposed.

The semiconductor spotlight may soon focus on markets so far untouched
by solid state technology: illumination on highways, in factories and
offices, and movie and television studios. At RCA, in fact, switching
and control circuits using power transistor and thyristor devices will soon
be introduced, substantially reducing the bulk of lighting systems and
bringing other benefits as well.

RCA’s Electronic Components and Devices division has developed a
number of new regulator circuits for these jobs, employing new power
semiconductors that have high enough voltage (200 to 300 volts) and
current (1 to 5 amperes) ratings to handle lighting and low enough price
tags to compete with conventional gear. Present regulator circuitry con-
sists of inductor-capacitor filter networks, but these heavy, large arrange-
ments have drawbacks: the regulation they provide is barely adequate
and a strobe-effect (flicker) occurs whenever line voltage makes a transi-
tion through zero potential.

RCA’s circuits consists of a rectifier, a filter, and a variable on-time
switching regulator, plus a novel feedback arrangement that uses a
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$5,000 tester
for linear IC's

Competition
for the 703
in hi-fi's

Electronic detector
of diabetes sought

FAA immunity ruling
seen aiding push
for air safety

Pentagon to cut
Asia stockpiling

26

Electronics Newsletter

series inductor. The new approach cuts ballast size and weight sharply,
provides smoother regulation, and, because of a built-in memory capa-

bility, eliminates the strobe effect.

Engineers in Grumman Aircraft Engineering’s microelectronics depart-
ment have developed a low-cost (under $5,000), universal tester for linear
integrated circuits. It’s the first relatively inexpensive unit capable of
performing dynamic as well as d-c measurements, and accommodating
differential, operational, and communication-type amplifier circuits.

Instrumentation for linear circuits has been scant. The few systems on
the market are priced at $40,000 and up, and usually measure only a
few parameters on a static basis. The Grumman unit, which performs 22
parameter measurements, contains a programing matrix and has pro-
visions for hook-up to either vacuum-tube voltmeters or crt’s.

The equipment will probably be marketed by mid-1968. The company,
new to both IC making and instrumentation manufacture, hasn’t yet
decided whether to build and market the gear itself.

With Fairchild Semiconductor’s »A 703E and RCA’s CA 3012 (a more
complex f-m/i-f amplifier than the 703) now widely used by the leading
high-fidelity component makers, rival linear IC producers are starting to
take aim at the hi-fi market with competitive devices.

Amelco Semiconductor is already marketing its 911C, which set makers
say is similar in characteristics and circuit configuration to Fairchild’s
703E. And Philco-Ford has begun sampling its PA 770339, and Raytheon
is sampling its RM 703T; both are copies of the 703.

As a further fillip, one semiconductor firm is working on an automatic-
gain control version of the 703; the currently available 703’s lack agc.

The Public Health Service’s National Center for Chronic Disease Control
is looking for an electronic diabetes-screening device that could be used
instead of a chemical analyzer to determine glucose levels in the blood.
Although now specifically seeking proposals for a-portable chemical an-
alyzer that could process 60 to 120 samples per hour and would cost less
than $2,000, the center would prefer a device that could detect a diabetic
condition through a sensor applied to the body. One possible approach,
according to a medical electronics specialist, would be to measure the
fluorescence that can be produced in an ear lobe.

Even sharper demand for significant improvement in air-traffic control
and collision-avoidance systems is expected as a result of a new FAA
ruling that is expected to foster more-frequent reporting of near mid-air
crashes. The ruling, granting immunity to the pilots and the traffic con-
trollers—when they are at fault—should lead to the compilation of solid
statistics on air-traffic congestion sought by the agency.

Purchases of many kinds of electronic parts and equipment by the De-
fense Department will begin tapering off in the next few months in an
effort to reduce overstocks in Southeast Asia. Items found to be in excess
include avionics, radios, radars, and replacement parts for these items.
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Why Bunker-Ramo chose
TTL complex functions for
new NC systems

These low-cost numerical control systems offer as standard
most of the functions normally found in far more expensive
equipment. They are the first such systems to employ ICs for
all non-power functions. Shown with Dean W. Freed, General

Series 74 complex-function TTL
integrated circuits from Texas In-
struments have enabled Bunker-
Ramo to further improve relia-
bility and performance, while re-
ducing size and cost of the numeri-
cal control systems shown above.

Series 74 TTL offered many per-
formance as well as cost advan-
tages. These included higher noise
immunity and faster speed, plus

the economies made possible by
complex-function circuits.

High noise immunity

Since numerical control systems
usually operate in an electrically
noisy environment, the high noise
tolerance (typically one volt) and
the low input impedance (70 to 150
ohms) of Series 74 circuits are big

e —

Manager of the NC Division, the Bunker-Ramo 2100 (right) is
a two-axis positioning and straight-cut control, while the
2200 (left) is a three-axis positioning and straight-cut control,
with optional two-axis incremental slope and arc capability.

advantages. Bunker-Ramo engi-
neers found that this reduced
shielding and line-filteringrequire-
ments, while simplifying many as-
sociated design problems.

High speed

TTL’s high speed gives important
design advantages, even though
today’s NC systems often do not



Do ICs

really cut costs?

Please send the following:

200 (J  6-poge cose history brochure
201 (0 48-poge complex-function IC doto book
202 (0 48-poge TTL brochure

NAME

203 [ 84-poge IC plostic pockoge reliobility report
204 [J 24-poge plostic S-C brochure
205 [J 16-poge “Totol Reliobility ot TI”

TITLE

COMPANY

ADDRESS

CITY STATE

ZIP

The answer is an emphatic yes!
That’s no promise. It's a fact...
with proof to back it up.

We've gathered some of the proof
in the folder pictured at the left.
This 6-page brochure describes
how other industrial manufac-
turers have achieved revolution-
ary product advances with ICs.
Like these OEMs, you too can sig-
nificantly reduce equipment size
and weight . . . make major per-
formance improvements...achieve
new systems capability...dramat-
ically reduce costs! For your copy,
check No. 200 on the TI informa-
tion service card.

But that’s not all! Check number
202 for the 48-page brochure that
contains performance, application,
and catalog information on all 180
Series 54/74 TTL ICs.

An 84-page report provides re-
sults of TI's “Tougher-than-mili-
tary” testing program. It's yours
for the asking. Check number 203.

A new 24-page color brochure
that gives information on all plas-
tic-encapsulated semiconductors—
including Series 54/74 ICs—is also
available. Check No. 204.

TI

Airmail
Information
Service

~\
/4

To get the literature you
! want, check the appropriate
| numbers, fill out the
: card, and drop it in the
| mail. If you prefer, circle
! the same numbers on the
1 magazine Reader
' Service card.



SN7482 is a two-bit binary adder
that has a typical carry time of
only 8 nsec per bit. The logic dia-
gram shows the complexity of an
SN7482.

SN7483 is a four-bit binary adder
that is equivalent to 34 gates in a
single package.

BCD-to-decimal
decoder/driver

Here is a real cost saver! The
SN7441 replaces conventional de-
coding consisting of one dual four-
input gate, two triple three-input
gates and a dual two-input gate,
plus four inverters and ten tran-
sistors. Output is sufficient to
directly drive gas-filled readout
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tubes, miniature lamps, and many
small relays. The logic diagram
(above) shows the complexity of an
SN7441.

Quadruple latch

A single SN7475 quadruple latch
replaces eight AND-OR-INVERT
gates...greatly reducing package
count and costs.

This monolithic quadruple bi-
stable latch offers complementary
Q and Q outputs. The device is
ideally suited for such applications
as temporary storage of binary in-
formation between processing
units and input/output orindicator
units.

Shift register

SN7491A is a monolithic serial-in,
serial-out eight-bit shift register
that is composed of eight R-S
master/slave flip-flops. It includes
both input gating and clock driver,
and is capable of storing and trans-
ferring information at clock rates
up to 18 MHz.

Want to know more about how you
can upgrade your new designs with
Series 54/74 TTL from Texas In-
struments? Start by sending for
the comprehensive literature of-
fered on the Information Service
Card . . . or call your nearest TI
sales engineer or authorized TI
distributor.

V 4V 4V 4V 4V 4 4V 4V 45 45 4 4 4

AIR MAIL

First Class
Permit No. 7284
Dallas, Texas

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

P.0O. Box 5474
Dallas, Texas 75222

Attention: Inquiry Answering
Mail Station 407

V 4V 4V 4V 4 4 4 4

Postage Will Be Paid By

TEXAS INSTRUMENTS INCORPORATED

(e

V O &8 8 4 4

y 4 & 4 4 4 48 & 48 & N 4 4



require all the speed available.
While clock rates of 4 MHz are com-
mon today, 20 MHz and up are
possible with TTL. To the user,
this reserve speed gives an extra
measure of performance insurance
...and longer productivity before
obsolescence.

In addition, B-R found that the
extra speed of TTL also made pos-
sible simpler circuitry. For exam-
ple, a function that would have had
to be performed in parallel fashion
with lower speed logic can now be
performed in serial fashion with
Series 74 TTL. This results in
fewer circuits and a simpler, less
expensive, more reliable system.

20 percent fewer ICs

The complex-function circuits
available in the Series 74 line also
made possible a 20 percent reduc-
tion in package (and circuit board)
count. Since the cost of any system
is largely proportional to the num-
ber of elements used, Bunker-
Ramo designers were able to real-
ize important economies.

For example, a decade counter is
often made up from four J-K flip
flops and a gate...perhaps three
packages. Bunker-Ramo used a
single SNT7490N instead. Since
about 40 decade counters are used
in a typical NC system, the savings
in integrated circuit and ecircuit
board costs are substantial.

Improved reliability

By using Series 54/74 ICs in the
new 2100 and 2200 NC systems,
Bunker-Ramo engineers found
that they were able to surpass
reliability standards established

by existing discrete-component de-
signs, since the number of soldered
connections were substantially re-
duced. Also, B-R engineers could
place more functions on each cir-
cuit board...reducing the number
of circuit boards by about 20
percent and further improving
reliability.

You get a broader choice of
complex-function circuits in
Series 54/74 from TI

Complex-function circuits to add,
count, store, decode, and perform
many other jobs are available in
TI’s Series 54/74 TTL line...indus-
try’s most complete logic family.
These complex-function ICs can
help you achieve the same kinds of
performance and economic advan-
tages realized by Bunker-Ramo.
For a comprehensive data book
describing all Series 54/74 com-
plex-function ICs, just check 201
on the TI information service card.

Counters

TI offers counters capable of divid-
ing by 2, 3, 4, 5, 6, 8, 10, 12, and 16
at typical rates of 18 MHz. When
used singly or in combination, they
can perform most division or
counting functions that might be
required. Furthermore, they afford
tremendous reductions in package
count, soldered connections, and

costs. In addition to the SN7490Ns
used by B-R, SN7492 divide-by-
twelve counters and SN7493 four-
bit binary counters are available.
As may be required by the applica-
tion, each of these devices offers
the flexibility of several alterna-
tiveinterconnection arrangements
in the system circuitry.

Adders

If you need adders, TI offers a
broad selection. SN7480 is a high-
speed, single-bit binary full adder
with complementary inputs, com-
plementary sum outputs, and in-
verted carry output.
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Quality analysis...
TI reliability

starts here!

Any really successful reliability
program must start with correct-
ing the causes of failure before
they occur in the field, and TI’s Re-
liability Analysis Laboratory...
established in 1962...has been ex-
amining the “where, what, when,
how and why” aspects of IC fail-
ures for more than five years.

This lab has facilities to analyze
each individual element within
even the most complex integrated
circuit and can duplicate failure
mechanisms under precisely con-
trolled conditions.

Typical of these quality-analysis
studies is the X-ray video monitor-
ing facility shown at the left. This
important analytical tool permits
full 360° observations in both ver-
tical and horizontal planes. It re-
veals failure mechanisms that
might otherwise escape detection.

Following identification of fail-
ures, the analysis is forwarded to
a corrective-action group. Here,
TI’s in-depth technical resources —
including physicists, chemists, and
metallurgists, as well as research,
design, and manufacturing engi-
neers—are focused on the problem.
After evaluation of all data and
reports, necessary corrective ac-
tions are undertaken.

Quality analysis is only one of
many steps taken by TI to ensure
reliability of integrated circuits.
Other important steps are de-
scribed in a new 16-page brochure
in full color...Total Re-
liability at TI. Check 9
number 205 on the TI /}
information service
card for your copy.

TEXAS INSTRUMENTS

INCORPORATED



THESE LITTLE

ARE RESPONSIBLE FOR FILTERING
OUT NOISE IN THE GUIDANCE SYSTEM ...

ABOARD GRUMMAN'S LUNAR MODULE

GRUMMAN'S CHOICE FOR EMI FILTERS

These superior EMI FILTERS passed Grumman's critical qualification requirements

including random vibration and high transient withstanding capability. Most of
these very small filters weigh less than 10 grams, and their inherent reliability
make Erie a natural selection as Grumman'’s filter source.

Bonded Filter Stock . . . inventories under lock and key in our Quality Control
Department . . . is available for LM subcontractors or for other critical programs
requiring Established Reliability Filters.

The typical 100 Vdc rated Erie Filter will provide an insertion loss of 67 db (@
150 kHz. A broad line of ERIE FILTERS is available — including MULTIPLE
SECTION FILTERS and special configurations for STRIP LINE applications. Custom
filters for your applications can be designed. Why not call in an Erie Filter
specialist for your project?

Write for new catalog 9000 . .. ERIE ELECTRONIC FILTERS

Another Series of Components in Erie's Project ““ACTIVE"
Advanced Components Through Increased Volumetric Efficiency

Erie,Pennsylvania
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Thanks fo an ancient
shepherd named Magnes,
Amelco brings you the only
complefe high-voltage
logic family in the world.

Thousands of years ago, according to Pliny the Elder, a shepherd
named Magnes discovered the phenomenon of magnetism. High Noise
Immunity Logic developed by Amelco owes much to Mr.Magnes.
Magnetic fields are used to measure the mobility of silicon material.
This important magnetic measure ensures that the raw materials used to
create HNIL provide the fastest possible logic for high level operation.
Then, throughout production, quality control and cost economy depend on
the use of magnetic ink to isolate those devices which fail to meet
operating standards. Fastidious control in the development and
production of HNIL guarantees a superb product with consistent high-
voltage performance.
This important new line developed by Amelco guarantees unexcelled
noise immunity, reduced can count, and overall reduction of systems
costs. We've come a long way since Magnes discovered magnetism. But
who knows, without his discovery, Amelco may not have brought you
the only complete high-voltage logic family available in the world today.

".‘
For quality in quantity
AMELCO SEMICONDUCTOR

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

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

Shockley. The entire collection will soon be made available in handsome prints suitable for framing. They will serve as a reminder of the tradition handed

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

OUTLOOK...

About sales and sales people. About service and delivery dead-
lines. About quality you can-'depend on. About new products
to meet new-requirements before the need becomes an emer-
gency. For example, our relays and pressure switches have
been solving industrial problems for 20 years...ranging from
small manufacturing operations to the national space program.

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

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

COOK

ELECTRIC

AUTOMATIC CONTROLS DIVISION
200 E. DANIELS ROAD e PALATINE, ILLINOIS 60067 ¢ 312—359-2100
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tricky tapers...

‘) Allen-Bradley Type J
N hot molded variable resistor
shown twice actual size

Allen-Bradley Type J potentiometers
offer tapers designed
to your special needs!

When standard tapers fail to provide the control you desire, Allen-Bradley
Type ] potentiometers have the unique capability to provide a virtually limitless
variety of curves to meet your specialized requirements. While not a precision
device that is continuously taper-trimmed to very close tolerances, Allen-
Bradley’s control of the resistance-rotation characteristics during production
assures a high degree of conformity.

Allen-Bradley Type J potentiometers have a solid hot molded resistance track
made by an exclusive process which was pioneered and perfected by A-B.
This solid resistance track assures smooth adjustment at all times—with none of
the discrete changes in resistance that are encountered in wire-wound units.
And being essentially noninductive, Type J controls can be applied in high
frequency circuits where wire-wound units are useless.

Furthermore, A-B’s solid molded resistance track assures low noise and long
life. On accelerated tests, Type ] potentiometers exceed 100,000 complete
operations with less than 109, change in resistance.

For more complete details, please write: Allen-Bradley Co., 110 W. Green-
field Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradlcy Canada Limited.
Export Office: 630 Third Ave., New York, N.Y., U.S.A. 10017.

867€-3 QUALITY ELECTRONIC COMPONENTS

ADDITIONAL ALLEN-BRADLEY
HOT MOLDED VARIABLE RESISTORS

TYPE G CONTROLS are

.only %" 1n diameter

Quiet, stepless opera
tion Rated Y% watt at
70°C Values to 5 meg
ohms Type l are similar
i construction but rated
Y, watt at 100°C

TYPE F TRIMMERS are
for mounting directly on
printed wining boards by
means of their terminals

Rated ‘4 watt at 70°C
Values to 5 megohms
Type O are similar but
rated 0 4 watt at 70°C

TYPE R ADJUSTABLE
RESISTORS tor trimming
apphcations are built to
withstand environmental
extremes Only 1%" in
length Have stepless ad
justment Watertight and
can be encapsulated
Rated 4 watt at /0 C
Values to 2 % megohms
IType N Tor less severe
environments are rated
Yy watl at H0(




IF YOUR PLATES DON'T LOOK LIKE THIS ...

THEY SHOULD!

...and can, if they're Elco Variplates”

The wired side of a plate doesn't just want to
look pretty. It has to look pretty. Here's why.

The wire wrapping method of termination is
mechanically stronger and far more economical
than the old soldered method. Programmed wire
wrapping machinery eliminates the possibility of
human error. Wires can be dressed for maximum
density and elimination of cross-talk. Three-level
termination and ease of future wiring changes are
more practical benefits.

Beauty is more than skin deep, and that’s where
Elco comes in. Programmed wrapping equipment
demands tight tolerances. The plates must be

38 Circle 38 on reader service card

hole-punched accurately. When you're punching
hundreds (or thousands) of holes, the metal ex-
pansion rate can be a large factor. Stand-offs
must align perfectly and be pull-out proof. Our
precision machining achieves guaranteed, micro-
inch tolerances.

And Elco’s complete line of component con-
nectors offers yoy more design freedom than you
need. Our vast array of connector styles, sizes and
contact configurations can fill your functional
needs.

So, if your plates don't look like ours, give us
a holler. Elco Corporation, Willow Grove, Pa.
19090; (215) 659-7000. Where your design ex-
pectations take shape.

*TRADEMARK
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Elco
Connector
Technology . . .
20 years
young




we have used many millions of
Allen-Bradley hot molded resistors.

The uniformity of quality from one
shipment to the next is truly astounding.
There can be no question about the
reliability of these resistors.”

Wang Laboratories

Model 320 Wang Electronic Calculator
with 320K keyboard for scientific
application. Readout provides 10-place
accuracy with floating decimal point,
and all calculations are displayed

in one millisecond. Normally the 320
calcuiator is placed in a desk drawer
rather than on the desk. It is shown
here next to the keyboard to indicate
compactness of the calculator.

One of the printed circuit cards from the
Model 320 caiculator. All resistors on this
card are Allen-Bradley Type CB 14 watt hot
molded resistors.

73.07-7€

To insure the extremely accurate
and high speed operation of the
300 Series Wang Electronic Calcu-
lators, all components are selected
with utmost care. Thus, it was only
natural that Allen-Bradley hot
molded resistors were chosen for this
most exacting application.

Composition resistors, not pro-
duced by the technique of hot mold-
ing used by Allen-Bradley—using
completely automatic machines—
cannot equal the quality and uni-
formity of production for which the
hot molded Allen-Bradley resistors
have a worldwide reputation. The
precise control during manufacture
results in such uniformity of one A-B
resistor to the next—million after
million—that long term resistor
performance can be accurately pre-
dicted. There is no record of any
Allen-Bradley hot molded resistor
having failed catastrophically.

Let the experience of the engineers
at Wang Laboratories become your

own experience. Allen-Bradley fixed
and variable hot molded resistors will
do exactly as well for you as they
have done for all other users. For
complete specifications, please write
for Technical Bulletin 5000: Allen-
Bradley Co., 222 W. Greenfield Ave.,
Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Limited.
Export Office: 630 Third Ave., New
York, N. Y., U.S.A. 10017.

auny
TYPE BB 1/8 WATT

R

TYPECB t/4 WATT

= =
]
TYPE EB 1/2 WATT
TrEm
AES

TYPE GB | WaATT

RH
TYPE HB 2 WATTS

HOT MOLDED FIXED RESISTORS are avail-
able in all standard resistance values and
tolerances, plus values above and below
standard limits. Shown actual size.

(¥ ALLEN-BRADLEY

Y/

QUALITY ELECTRONIC COMPONENTS



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

Let’s face it. You shouldn’t 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 DVM 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 A-113, 1152
Morena Boulevard, San Diego, California 92110.

c=imMoaNe
A Division of
Lear Siegler, Inc.
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Five reasons
why so many engineers
specify Sigma relays.

Longer
mechanical
life

Series 62

And there are more reasons why each of these
Sigma relays give you superior performance:

New Series 50: Rated for at least 10 million
mechanical operations and fully recognized under
the U.L. component program. These 1, 2 and 3
pole, 5 and 10 amp relays also feature an exclu-
sive contact base design that extends contact life.

New Series 62: The larger contacts of this new
Series (.093” & .058” dia.) assure excellent con-
ductivity. And it has a thicker base for greater
contact stability than other 2, 4 and 6 pole, 2
amp relays.

New Series 65: In addition to low price econ-
omy, this new 1 amp SPDT relay provides supe-
rior switching performance through its precision
knife-edge hinge armature design. It has greater
mechanical strength and better thermal stability
than similar competitive types.

New Series 67: It not only assures faster in-

SIGMA

Msrruses 5.8

‘Q‘SFI—ND‘[

Series 65

Faster
installation
Better :5‘,, 7
conductivity Price: - g Solid-
75¢ stafte
" ‘ y design
b ,yn~u. \ %\:‘?gﬁ\gk

LY .. L
Series 67

Datacel®

stallation with its simple snap-in socket but will
outperform other 4PDT, 3 amp, AC-DC relays in
life, adjustment stability and thermal resistance.

New solid-state Datacel®: This optoelectronic
switching device provides greater reliability and
complete input-output circuit isolation. It also
features AC-DC capability, compact construction
and broad application versatility.

We'd like to give you one of these relays or any
standard Sigma type. It's the best way we know
to prove what we say about Sigma relay perform-
ance. Just fill in and return the post-paid reply
card—or the Reader Service Card. We'll send you
the new Sigma relay catalog and a ‘‘free relay”
request form. Return the form and your'Sigma
representative will see that you get the relay
you need.

Need fast delivery? The Sigma Line is avail-
able off-the-shelf from your Sigma distributor.

c— SIGMA INSTRUMENTS INC

Assured Reliability With Advanced Design/Braintree, Mass, 02185
Sigma Instruments (Canada) Ltd., P.O. Box 43, Toronto 18

Electronics | December 11, 1967

Circle 43 on reader service card

43



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

Investigate signals as a function of their mutual delay.

PAR™ Models 100 or 101 Correlation Function Com-

Random or puters simultaneously compute 100 points of the auto-

or crosscorrelation function in real time over delay

Perio diC spans from 100 microseconds to 10 seconds. The Model
101 includes the capability for insertion of fixed delay

Processes increments ahead of the 100 computed points of the
function, thereby providing greater resolution. The

o h correlation f{unction readout which may be obtained
WIt continuously as it is computed, is available at various
rates consistenl with the speed of the external readout

[ ]
Correlatlon device, e.g. oscilloscope or X-Y recorder.
® Vibration analysis, radio astronomy, laser research,
FunCthn geophysics, radar, plasma physics, aero- and hydro-

dynamics, and biophysics are only a [ew of the fields

Computers 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, Department D, P.O. Box 565,
Princeton, New Jersey 08540 or call 609-924-6835.

' B ' AR FUNCTION COMPUTER
1| g COAE CHANNEL It CORRELATION

= B oviflf), (om0

COMPUTATION
PRECOMPUTY
PERIOD 1 ATION
PERIOD
READOYT
COREL 4 ey
Cr

PRINCETON APPLIED RESEARCH CORPORATION
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Components

Brush off

The carbon brush for d-c¢ motors,
like nature, abhors a vacuum. It
cannot survive in space for more
than a few seconds. The vacuum
causes the brush to “weld” to
whatever surface it touches. But
because of the nature of the power
sources in space—Dbatteries, solar
energy—d-c motors are, for all
practical purposes, the only choice.
The need, then, is for a brushless
d-c motor, and Nasa has been
working on such designs for five
years,

In the latest mmodel, engincers at
NasA’s Goddard Space Flight Cen-
ter have developed an optoelec-
tronic commutator to replace the
motor’s brushes.

The optoelectronic scheme gives
the engineers more than just the
opportunity to get rid of the
brushes. It—along with a unique
magnetic configuration—provides
them a motor with a wide range
of both speed and torque.

For commutation of the arma-
ture coil, a disk at one end of the
shaft has alternate black and white
areas. A light beam directed at the
disk is reflected to six photodiodes.
The disk thus acts as a shutter
and, as the shaft rotates, light
strikes the diodes in sequence.
Output of the diodes goes to
switching transistors, and ampli-
fied current is fed back to the
armature to develop two magnetic
fields that interact with the rotor
field to create torque.

NisA’s newest version, devel-
oped by Acroflex Laboratories Inc.
of Plainview, N. Y, is called the
variable-ficld brushless d-¢ motor.
Pancake-shaped ficld and arma-
ture coils are stationary and both
are concentric to the axis of the
rotor, At each end of the rotor

~<—Circle 44 on reader service card

FIELD COIL—~

ARMATURE—

LIGHT SOURCE

PHOTODIODE

Optoelectronic commutation. In & new variable-field d-¢c brushless motor with
stationary coils, shuttered light heam commutates rotor field.

shaft are salient poles, which
rotate in planes parallel to the
flat surface of the pancakes.

The d-c energized field coil gen-
erates an axial magnetic field,
which travels along the shaft,
through the poles, and into the
commutated armature. Thus, the
only rotating part is the slim rotor
shaft and its thin poles.

Others in works. Meanwhile,
five d-c brushless motors devel-
oped earlier by Sperry Farragut
division of the Sperry Rand Corp.
under ~Nasa sponsorship are being
readied for long-term flight ap-
plication in earth orbit on the Air

Force’s ov-113 satellite, now
scheduled for launch in eatly
March.

The Sperry Farragut version,
using a permancnt magnet rotor,
does not have the range of speeds
needed for some applications.

The prototype of the Acroflex
variable-field d-¢ brushless motor
is rated at 28 volts d-c and draws
up to 2 amperes. Speed can be
adjusted from 0 to 2,400 revolu-
tions per minute, The prototype’s
torque is rated at 0.5 foot-pounds
per ampere. With a time constant
of 1.2 milliseconds, the motor can

be fully reversed in 3 milliseconds.
Now under test at Goddard, the
motor, at most speeds, operates at
about 50% ecfliciency.

“So far,” reports Philip A.
Studer, under whose direction it
has been developed and tested,
“the variable field d-¢ brnshless
motor has proven to be highly reli-
able. But there are still some ques-
tions as to how well it will perform
at higher power.”

Even while the motor is being
tested, Goddard engineers are eye-
ing a variety of space tasks for it.
Studer mentions driving of solar
panels and despinning of anten-
nas, in which torque is the con-
trolled variable, and attitude-con-
trol and moment-gyro systems, in
which both speed and torque ad-
justment are significant.

Advanced technology

Unmasked

“For Sale: One laser-operated in-
tegrated-circuit masking camera,
never used. Cost one million dol-

45



Electronics Review

lars, new. Makc offer to Spectra-
Physics Corp.”

That ad has not appeared. But
after two years of development
work and the reported investment
of more than a million dollars, the
Mountain View, Calif., laser com-
pany has decided to abandon its
masking camera project. The rea-
son, says Herbert M. Dwight Jr,,
Spectra-Physics’ new president, is
that “we have examined the proj-
ect and found it is no longer eco-
nomically feasible.”

Spectra-Physics, a relatively small
company, had apparently bitten off
more than it could chew. Dwight
and Kenneth A. Ruddock, vice pres-
ident, frankly admitted that it was
the loss of the company’s competi-
tive edge that led to the decision
to quit. The David W. Mann Co.
of Burlington, Mass., has already
announced a masking camera much
less complex than the Spectra-Phys-

Electronics Index of Activity

150

125

INDEX

100

ics system but much more avail-
able, With a total potential market
estimated by some sources at only
10 to 20 cameras a year, at some
$150,000 per system, Spectra-Phys-
ics could not afford to share sales
with anyone and still hope to re-
coup its investment.

Time and money. One source
close to Spectra-Physics said that
although an engineering prototype
was tested last summer, another 18
months of effort were needed, at
the current level of effort, to pro-
duce a marketable system. (The
company had 25 persons working
on the project.) “It was a question
of time and money,” this source
said. “If Spectra-Physics could
have invested a lot more money to
get the systern on the market
quickly it might have paid off. But
that wasn’t possible.”

Apparently contributing to the
decision to abandon the camera was
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1965 1966 1967

Segment Oct. Sept. Oct.
of Industry 1967 1967% 1966
Consumer electronics. . . . . 105.1 110.3 111.9
Defense electronics = ... . 147.0 152.7 125.8
Industrial-commercial

electronics . .. ... ... ... 116.8 118.1 121.7
Total Industry . ... ... . . 131.3 135.2 122.2

Electronics production dropped in October after a five-month rise. The over-
all index slipped 3.9 points but was still 9.1 points ahead of the October
1966 level. Output in all sectors of the industry fell, with the biggest month-
to-month decline in defense electronics. Part of the 5.7%, drop in this area
reflected a temporary leveling-off in defense spending. Consumer volume
was down by 5.2 points and industrial-commercial output by 1.3 points.

Indexes chart pace of production volume for total industry and each segment. The
base period, equal to 100, is the average of 1965 monthly output for each of the
three parts of the industry. Index numbers are expressed as a percentage of the

base period. Data is seasonally adjusted.

* Revised
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the fact that the company is com-
pleting a less-than-successful finan-
cial year,

Single step. The Spectra-Physics
camera was by far the most com-
plex of any developed for 1c mask-
making. It had nine lenses, so that
all of the masks necessary for the
production of a given circuit could
be made with a single step-and-re-
peat operation. By contrast, the
Mann model, and the one devel-
oped for in-house use at the Hew-
lett-Packard Corp., have only one
lens.

The nine-lens system would re-
sult in better registration of the
masks and in savings in time. But
Spectra-Physics may have been a
victim of its own passion for per-
fection; one person familiar with
the project feels that the company
set its goals far too high. “They
were trying to build a Rolls-Royce,
and they should have been build-
ing a Buick,” he said.

One goal set by Spectra-Physics
at the beginning of the project was
10-microinch accuracy in the step-
ping function. At that time, such
accuracy was several times better
than that of existing equipment;
since then the conventional equip-
ment has achieved accuracy com-
parable to that of the laser system.

But the big advantage of the
Spectra-Physics camera was in the
optics. The lenses were modified
to work near the ultraviolet line so
that photoresist could be exposed
directly. Normally, the masks are
exposed onto an emulsion, which
is used to make contact prints on
metal. Direct exposure permits
greater resolution, Ruddock ex-
plains. The Spectra-Physics camera
could make 500-linc pairs over a
large field of view (70 square milli-
meters).

Unplugged. “We're wondering
now what to do with the lens,”
Ruddock said. “You can’t just plug
it into another system: for one
thing, it requires a mercury vapor
lamp instead of a tungsten lamp.”

Abandomnent of the camera proj-
ect coincided with reshuffle of top
management at Spectra-Physics
and was the first step in a revision
of marketing strategy. “We are go-
ing to focus our product develop-
ment on laser-oriented work in sup-
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port of less expensive and more
reliable helium-neon and argon la-
sers,” Dwight said. (The company
has also stopped work on the car-
bon-dioxide laser which it showed
carlier this vear.)

When Dwight assumed the pres-
idency of the company, Robert C.
Rempel left that position to become
vice president and technical direc-
tor. The change, Dwight indicated,
was more apparent than real. “It
was really a formal recognition of
what our responsibilities had be-
come,” he said. Dwight was for-
merly a vice president and treas-
urer.,

Medical electronics

Sound thinking

Conventional hearing tests, where
the subjects don carphones and in-
dicate whether they can hear cer-
tain recorded sounds, are {ine for
adults and children capable of com-
municating. But for those incapable
of replying, accurate testing has
been almost impossible. However,
a Princeton, N.J., firm, the Prince-
ton Applied Research Corp., has
developed a rescarch instrument
that doesn’t depend on a reply—at
least not a conscious onec.

Instead, the instrument, called
an cvoked-response audiomecter, is
built around an electroencephalo-
graphic (rEc) device. The EEG
signals are involuntary electrical

waves generated by the brain, and
changes in their patterns can often
be tied to specific motor or psy-
chological stimuli. The principle
behind the Princeton instriment is
that perceived sound produces a
predictable zec wave form.

Pinpointing components. The
problem is picking out the signifi-
cant components of the wave form
from the many in a complex EEG
signal. The firm’s feat was to de-
velop a technique of detecting that
portion of the wave that corre-
sponds to the perception of sound.
Ior this, it uses a signal-averaging
computer.

The audiometer-system design
was based on the suggestions of
Dr. Hallowell Davis of the Central
Institute for the Deaf in St. Louis,
Mo., whose work on evoked re-
sponses was supported by a grant
from the Federal Public Health
Service.

In addition to the computer, the
instrument includes a programer,
a tone gencrator, a strip-chart re-
corder, and an rrc amplifier. The
computer is basically a modified
version of the company’s Wave-
form Eductor. It averages the
noisc components of the responses
to zero while averaging the other
components common to the same
time segment of the EEc signal to
a stable value.

In preparing for a

run, the

audiometer operator scts the de-
sired stimulus characteristics—fre-
quency, intensity, pulse rate, dura-
tion, and rise and fall times; and
the desired processing paramcters

Now hear this. A subject’s brain waves are monitored to determine whether she
can hear sounds produced by this hearing-test equipment.
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—integrating time constant, gain,
window width, and high- and low-
frequency rolloffs. The operator can
choose either manual or automatic
control of the number and repeti-
tion rate of pulses, and the speed
of the chart.

Stop and go. In the automatic
mode, the audiometer operates at
the preset rate and records both
the raw and processed signals at
low chart speeds. It speeds up the
chart drive by a factor of 125 for
the median and final two pulses,
then erases the computer memory
and resets itself for the next run.
However, the operator may inter-
rupt the run at any point and then
resume it after a pause without
affecting the total count. Also, he
may call for an additional high-
speed recording at any point dur-
ing the run without affecting the
program.

Recording pulses at a very low
chart speed is used to monitor
gross anomalics in the raw signal,
such as those caused by the move-
ment of an electrode. Although the
low-speed recording vields no de-
tail, it provides an amplitude en-
velope in which gross variations
are casily detected. The corre-
sponding envelope for the proc-
essed signal is convenient for ob-
serving the buildup of the evoked
signal with time. The actual wave-
forms used for analysis are those
obtained during the high-speed re-
cordings at the middle and the end
of cach run.

Space electronics

Band practice

With the Apollo program behind
schedule, crews at the unified S-
band tracking stations around the
world have had few opportunities
to develop and maintain a prac-
ticed hand in operating their gear.
And with so much riding on the
man-on-the-moon project, Nasa has
decided to loft an S-band trans-
ponder to keep the crews in condi-
tion. This week (Dec. 13) the space
agency is to launch the 40-pound
satellite that will ride piggyback
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on the Thor-Delta vehicle that will
loft a Pioneer space probe.

The transponder is one of two
designed and built by the systems
group of TRW Inc. under a $550,-
000 contract from nasa’s Goddard
Space Flight Center. To the track-
ing gear on the ground, it will look
like the Apollo command module,
providing the crews with an op-
portunity to both test their hand
and check their electronic equip-
ment.

The Test and Training Satellite
(TTs) program is the result of an
unsolicited proposal that lay dor-
mant until the Apollo program fell
behind. Then, last April, the space
agency asked TRw to proceed on
its proposal.

Something borrowed. The TTs
program, says Harold Adelson, has
drawn on technology developed for
three other TRw programs: Pioneer,
the Environmental Research Satel-

EARTH'S MAGNETIC FLUX

lite (ERs) series, and the space-
ground link subsystem (scLs).
Adelson is assistant director of the
research applications laboratory at
TRW Systems, Redondo Beach,
Calif. The firm is prime contractor
to nasa for Pioneer and is building
the ERs series and some scLs flight
hardware for the Air Force. The
octahedral Trs package is essen-
tially an Ems satellite. Its five-ele-
ment, S-band omnidirectional slot-
ted array antenna is one-half of a
Pioneer antenna, says Ralph Miller
of the information transmission de-
partment, where the S-band trans-
ponder was built.

The satellite will have an orbital
apogee of 324 nautical miles, and a
perigee of 166 miles. It will replace
aircraft formerly used as spacecraft
simulators. “The aircraft are expen-
sive to maintain,” notes Adelson,
“and you can’t check all the stations
with them. With this satellite, each

5 ELEMENT S-BAND \
SLOTTED ARRAY

/VHF RECEIVE MONOPOLE

Workout. Satellite generates S-band signals to keep Apolio tracking crews in

practice for the moon launch.
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station will be able to acquire it,
track it until it disappears, then
hand it over to the next station.”

He explains that the satellite uses
a passive magnetic stabilization sys-
tem to keep the spacecraft axis
horizontal to the earth. Principal
parts of the system are a bar mag-
net and hysteresis rods to dampen
any oscillations that occur. The ef-
fective radiated power is “a little
better than half a watt,” notes Adel-
son. “To produce this, we have to
put in 17 watts when the trans-
ponder is working. Solar panels
deliver five watts, and a nickel-
cadmium battery supplies the re-
mainder.”

Ground trigger. Adelson says the
transponder has two modes. In the
ready mode, it is quiet until it re-
ceives an S-band signal on a fre-
quency of 2,101.8-megahertz. It
then retransmits the signal to the
sending station at 2,282.5 Mhz. In
the coherent, noncoherent mode,
the transponder transmits a non-
coherent S-band signal at all times,
which allows automatic acquisition
by the ground stations. The re-
ceived signal is retransmitted co-
herently, without any change in
modulation. Either mode can be
triggered by ground command.

Miller says the ground stations
can send up any baseband or any
modulation, and the transponder
“will turn it around.”

“The coherent feature means
they can do ranging or determine
range rate, and can send up tele-
metry or voice and get it back. We
have enough power onboard to turn
these signals around at altitudes
up to 1,500 nautical miles,” he ex-
plains,

A 1.25-Mhz subcarrier will ac-
commodate voice transmissions,
while telemetry signals will be
placed on a 1.024-Mhz subcarrier.
A standard Nasa/Air Force pseudo-
random noise code is used for rang-
ing.

A diplexer—also borrowed from
the Pioneer program—permits si-
multaneous reception and transmis-
sion using only one antenna. The
transponder receiver has a mini-
mum sensitivity of -125 decibels,
which yields a good signal-to-noise
ratio on the up-link about 50 db;
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Up to 72% smaller than MIL-C-25C paper capacitors!

MIL-C-19978B/2 reduces capacitor
size drastically-——down to .125"
diameter by 4" long. At the same
time electrical characleristics are
upgraded sharply.

MIL-C-19978B/2 hermetically sealed
mylar® capacitors are available now
from TRW with immediate delivery
in production quantities.
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= REDUCED $1ZE—35%4 to 729 smaller
than MIL-C-25C.

= VOLTAGE CHOICE—30V, 50V, 100V,
200V, 600V, 1000V.

= CAPACITANCE CHOICE—,001 mfd
through 10.0 mfd.

= TOLERANCE CHOICE—*1093, +5%,

+294, £1%.

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

TRW
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that on the down-link depends on
whether the signal carries voice,
telemetry or ranging data.

Turn off. Electronic subsystems
besides the main payload—the
transponder—include a command
receiver and decoder, and a house-
keeping telemetry system. The
telemetry information will be car-
ried at 136 Mhz via a dipole whip
antenna to NAsA space tracking and
data acquisition network stations
that control the satellite. Com-
mands from these stations will be
detected, using a monopole whip
antenna, and received at 149 Mhz
in the command receiver. Adelson
says the commands used are basi-
cally those that turn the trans-
ponder on and off.

Integrated circuits are used ex-
tensively in the spacecraft’s elec-
tronics, except for the transponder.
The satellite is designed for an or-
bital life of seven months. The
second launch is tentatively sched-
uled about six months after the first,
probably riding piggyback aboard
another Pioneer probe.

Consumer electronics

Pop op amp

The integrated circuit operational
amplifier is widely used in data-
processing systems, telemetry, and
analog instrumentation. Now that’s
in a low-cost plastic in-line package,
it may find wide use in consumer
applications—such as in a pre-

amplifier where its low-noise
characteristics are especially ad-
vantageous. ~

The op amp is entering the con-
sumer market in H. H. Scott’s new
f-m stereo music system; a dual
monolithic 1¢ amp, Motorola’s
SC2914 (essentially the MC1302),
is used as a low-noise phono pre-
amplifier with =riaa (Record In-
dustry Association of America)
equalization. Price of the system is
about $300.

Lower costs, Scott describes its
decision to replace discrete com-
ponents with an 1c as purely one of
economics, but says improved per-
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Higher fi. H.H. Scott is introducing an f-m stereo system with a monolithic
operational amplifier, boosting performance and cutting costs.

formance and reliability were
achieved as byproducts.

The Motorola device is a plastic-
packaged version of the more ex-
pensive TO-5 packaged MC1535G.

Daniel von Recklinghausen,
Scott’s engineering director, says,
“We can’t say exactly what the
savings are since production costs
are always difficult to determine.
But while the costs of discrete re-
sistors and capacitors is on an up-
ward trend, the cost of 1C’s is going
down.”

Furthermore, by replacing a large
number of discretes with a single
device, fewer production operations
are required, resulting in reduced
labor costs.

Better performance. The inte-
grated-circuit op amp is employed
in a closed-loop configuration in
the phono preamplifier with exter-
nal d-c and a-c feedback circuitry.

In the diagram, shown above,
only one channel of the dual-chan-
nel amplifier is shown for simplic-
ity. R1aa frequency response stand-
ards at 500 hertz are provided in
the a-c feedback circuit by Cs, Cy,
and Ry, while R, is added to the
compensation circuit to achieve the
required 75-microsecond rolloff fig-
ure.

Feedback for d-c stability and

low-frequency gain is established
through R;o and Ry;. Resistor R;3
provides the base current for the
input stage and establishes the max-
imum output limits. Biasing current
is established through Ry,.

Over-all, the amplifier is designed
to provide very low noise with im-
proved high-frequency characteris-
tics through the use of tantalum
capacitors in frequency-sensitive
circuits.

The quiet one

Although the first electronic (tran-
sistor-controlled) wristwatch made
its debut on the consumer market
seven years ago [Electronics, Oct,
28, 1960, p. 35], the watches have
generally been high-priced. Bul-
ova’s Accutron starts at $125 and
goes up to $1,000, while Benrus’
Technipower is priced from $120.
The Sheffield Watch Co. of New
York, however, is introducing a
17-jewel electronic watch — the
company’s first—that will retail for
less than $50. The Sheffield watch
is silent; most other electronic
watches hum.

Competing with the Sheffield
watch are electric models pro-
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The Tektronix Type 454 is an advanced new portable
oscilloscope with DC-to-150 MHz bandwidth and 2.4-ns risetime
performance where you use it — at the probe tip. Itis designed
to solve your measurement needs with a dual-trace vertical,
high performance triggering, 5-ns/div delayed sweep and solid
state design. You also can make 1 mV/div single-trace measure-
ments and 5 mV/div X-Y measurements.

The vertical system provides the following dual-trace perform-
ance, either with or without the new miniature P6047 10X Atten-
uator Probes:

Deflection Factor” Risetime Bandwidth

20 mV/divto 10 V/div. [ 24 ns ! DCto 150 MHz

10 mV/div 35 ns . DCto 100 MHz
|

5 mV/div | 59ns DC to 60 MHz
*Front panel reading. With P6047 deflection factor is 10X panel reading.

The Type 454 can trigger internally to above 150 MHz. its cali-
brated sweep range is from 50 ns/div to 5 s/div, extending to §
ns/div with the X10 magnifier on both the normal and delayed
sweeps. The delayed sweep has a calibrated delay range from
1 us to 50 seconds.

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

Type 454 (complete with 2 P6047 and accessories) . . . . . . $2600
Rackmount Type R454 {complete with 2 P6047 and accessories) $2685
New Type 200-1 Scope-Mobile®Cart . . . . . . .. .. .. $ 75

U. S. Sales Prices FOB Beaverton, Oregon

Coordinated research,
design and manufacturing
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Double Exposure

150 MHz AM

Pulse fidelity

This double-exposure photograph
shows the same 12-ns-wide pulse dis-
played onthe Type 454 (upper display)
and on a 7-ns, 50-MHz oscilloscope
(lower display). Note the difference in
detail of the pulse characteristics dis-
played on the Type 454 with its 2.4-ns
risetime performance.

5 ns/div delayed sweep

The delayed sweep is used to measure
individual pulses in digital pulse trains.
The Type 454 with its 1 us-to-50 s cali-
brated delay time, 5-ns/div sweep
speed and 2.4-nsrisetime permits high
resolution measurements to be made.
Upper trace is 1 us/div; lower trace is

5 ns/div.
X-Y

The upper display is a 150-MHz signal
thatis 50% modulated by a2 kHz signal.
The lower display is an X-Y trapezoi-
dal modulation pattern showing the
150-MHz AM signal vertically (Y) and
the 2kHz modulation signal horizon-
tally (X). Straight vertical line is the
unmodulated carrier. Multiple expo-
sure.
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etcher

for prototypes—Ilimited runs

“fine line”

Model No.
117 x 147

201 (illus.),
one-sided

etches two

$795

Pat. applied for

boards or one 11”x 14"
two-sided board:

from this >
tol11”x14”

Shown Actuol Size

® No cooling or venting required!

® Etches as fine as .001")

® Cuts costs in half—saves time!

¢ Complete photo processing instructions!

® Work is illuminated while etching!

e No patterning . . . minimum undercutting!

NOW IN USE BY:

AMP, Inc. Sprague Electric
Ampex Corp. Union Carbide
Atomic Energy Com. U.S. Air Force
Bendix Western Electric
Charles Brunning Whirlpool

Esso Research M.LT.

General Dynamics Oklahoma State U.
General Electric Purdue Univ,

IBM Washington Univ.
ITT Univ. of Calif,
Lear Siegler Univ. of Chicago
Magnavox Univ. of Colorado
Micro Switch Univ. of Georgia
Owens:-lllinois Univ. of Hawaii
Sonotone Univ. of Penn.

CYCLO-TRONICS, ING.

3858 N. CICERO — CHICAGO, ILL. 60641
TELEPHONE: (312)-282-6141
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BALANCE WHEEL

No hum. A transistor oscillator in this electronic watch controls the accuracy of

the time piece’s pendulum assembly.

duced by Timex, priced as low as
$39.95. Thesc watches, however,
are not electronic; a battery powers
an  eclectromechanical device,
which drives the movement.

The Shefficld watch is guaran-
teed to be comparable in accuracy
to any high-priced electronic
watch on the market, according to
the company’s president, Henry A.
Federman.,

Fewer parts. The major differ-
ence between the Sheffield and
others of its type is its simplicity.
Unlike the Accutron, which cm-
ploys an clectromagnetic tuning
fork in place of the balance wheel
and hair-spring used by conven-
tional watches, the Shefield uses
a simple rotor-type balance-wheel
pendulum  to drive the watch
mechanism. This principle, Shef-
field feels, is more suitable for
mass production. The watch con-
tains only nine moving parts, com-
pared with about 15 for the tuning-
fork controlled watches and an
average of 24 for spring watches.

Electronic circuit. The Sheffield
watch employs a Hartley-type os-
cillator to accurately maintain a
permanent magnet-tipped pen-
dulum assembly balance wheel
that drives the watch movement
at six swings per second. Initially,
as the pendulum swings pass the
oscillator coil, sandwiched be-
tween the magnet poles, it induces
a voltage in the coil, causing
capacitor C; (sce above) to charge
through the transistor.

Upon discharge, the capacitor
voltage sets up an opposing mag-
netic field around the coil, which
reacts with the magnet on the re-

turn swing of the pendulum to
provide the necessary “kick” to
sustain the balance wheel at a
steady oscillating pace.

The circuit is powered by a 1.35-
volt Mallory WH3 mercury cell
that lasts 12 to 14 months. Sug-
gested retail price of the cell is

$1.15.

Companies

Hands across the sea

To many small electronic firms the
idea of selling in Europe is attrac-
tive, but a fear of import-export
regulations and of undependable
representation often causes mar-
keting managers to shy away. The
same is true of many European
firms, which would otherwise sell
their products in the U.S.

Now a three-year-old test-equip-
ment builder, the Texscan Corp.
of Indianapolis, is offering over-
seas marketing services to U.S.
firms and stateside marketing for
forcign companies. According to
Robert J. Shevlot, general manager
of Texscan’s technical products
division, the service costs nothing,
involves no risk, and includes mar-
ket research, advertising, and serv-
ice facilities.

Why should an electronics firm
wish to become an export-import
house? Also, if there’s no fee or
risk to the client, how does Tex-
scan make its profit?

Different approach. Texscan en-
tered the business . because it
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AT IRy,
. . . ultra-high reliability ".‘ I t LTS T
2KV LT, =R | g
ance values suitable for X Band — to 0.5 f ol _{ ,
w forward resistance — to 0.1 ohms b : n
gt
oA

dissipation for 1 usec pulse

att average dissipation

itches megawatts of peak power in duplexer
applications

Typical switching time — 1 usec

Two diodes can switch: 9KW average in UHF, 5KW
average in S Band, or 2KW average in C Band, all with
better than 0.1 db insertion loss, 20 db isolation, and
10%, Bandwidth. Two more diodes will add 40 db of
isolation. Unitrode. 580 Pleasant St.,, Watertown, Mass.
02172. Telephone: (617) 926-0404.

LUNII ODE°

THE UNIQUE UNITRODE CONSTRUCTION

With the silicon die HARD GLASS FUSED

metallurgically TO SILICON SURFACE

bonded between ' ' /
m terminal pins of

coefficient, the
hard glass sleeve is

m ﬂ] fused to the entire
5

the same thermal ‘
outer silicon surface.
Result - a voidless,

monolithic structure.

— TERMINAL PINS METALLURGICALLY
BONDED DIRECTLY TO SiLICON

ACTUAL S1Z€



Wedge-
Action*
O

Relays

Hermetically-sealed, electromagnetic
relays that provide high performance and
reliability under the most difficult
operating conditions in dry-circuit to

2 amp applications.

2PDT

MARKIL, SERIES 500
MIL-R-5757/9

2PDT
MARK IL, SERIES 400
(1.35" high)
SERIES 410 (1" high)
MIL-R-5757/8

6PDT 4PDT
(111 X lll)
MARK II, SERIES 300
(6 PDT).
SERIES 350 (4 PDT).
MIL-R-5757/1 and
MIL-R-5757/7

6PDT
MARK II, SERIES 085
(—55°Cto +85°C)
SERIES 100
(—65°Cto +125°C),
SERIES 200
(—65°Cto +200°C).
MIL-R-5757/1.

The moving contacts
are mounted between
two stationary contacts.
On actuation, they drive
into the stationary
contacts, creating high
pressures and low
contact resistance at all current levels. In
addition, wedge-action contact wipe provides
self-cleaning of the precious-metal contacts.
“Patent No. 2,866,046 and others pending.

For complete data write Relay Sales and
Engineering Office, P. 0. Box 667, Ormond
Beach, Fla. 32074, Phone 904-677-1771,
TWX 810-857-0305.

Electro-Tec Gorp.

SLIP RINGS * RELAYS + SWITCHES
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Electronics Abroad

wanted to offer a broader line of
clectronic equipment. The even-
tual goal is a product line as
broad as that of Hewlett-Packard
or General Radio. The least costly
way of broadening its line was to
offer products already developed,
with no engineering expense to
amortize,

So Texscan now approaches
companies here and abroad and
offers to act as their export agency
—but with the added features of
technical knowhow and aggressive
salesmanship.

The new venture grew out of
Shevlot’s own unhappiness with
exporters while he was marketing
manager for Telonic Industries
and U.S. sales manager for Eng-
land’s Eair. “In effect, they take on
your line and forget about you,”
he says.

Thus, when Texscan was
formed in 1965, Shevlot decided
he’d be his own exporter and went
abroad to sclect his own represent-
atives. He also set up Texscan
Ltd. in Hertfordshire, England, to
act as a watchdog. “Texscan
wanted aggressive representatives
and got them—now we look over
their shoulders to make surc they
stay aggressive.”

As for the difficulties of acting
as one’s own exporter, Shevlot
minimizes them: “A few extra
forms to fill out, and a few more
regulations to consider—not hard
at all.”

Evaluation, absorption. “Tex-
scan evaluates the market for a
client’s product and ecstimates its
sales potential,” he says. Then it
buys the products outright from
U.S. or foregn firms and absorbs
the costs of marketing, shipping,
payments, and any currency de-
valuation.

In cffect, forcign clients have ac-
cess to a network of 100 stateside
sales engineers and a Canadian re-
presentative  organization—all on
Texscan’s payroll. U.S. companies
penetrate Europe  and  Japan
through Shevlot’s hand-picked rep-
resentatives, and their interests
arc guarded by Texscan Ltd.

Clients’ products often bear
Texscan’s trademark. Client firms
can sell under their own brand
names if they wish, but often com-

panies without a name or image
in the marketplace elect to have
Texscan’s label placed on their
gear. All of the European clients
follow this pattern.

Avionics

Introspective radar

As the electronics aboard airliners
multiplies, so does the problem of
finding ground maintenance people
who can troubleshoot the complex
cquipment. That’s why cquipment
which performs automatic self-
testing and diagnosis is increas-
ingly important to pilots and air-
lines.

The Radio Corp. of America
thinks it has a good idea in its self-
testing module that can be retro-
fitted to its AvQ/10 weather radar.
With more than 3,000 of these
weather radars in service aboard
domestic and foreign airline jets,
RCA expects as many as 1,000 to
be retrofitted.

The modified avQ/10 has self-
testing features not included in the
original design, and bridges the gap
between that system and an even
more  sophisticated  unit — the
AvQ/30—Dbeing built to airline
specifications for its use in super-
sonic airliners.

Finding faults. The older avo/
10 could only meter crystal and
magnetron current, and d-c volt-
age. The line technician had no
way of knowing whether the mag-
netron was transmitting the power
required. With the sclf-test modi-
fications, he can measure mag-
netron power, monitor the voltage
standing wave ratio of the wave-
guide antenna, and isolate faults
in the unit. And the pilot can
check the system’s sensitivity time
control and contour circuitry be-
fore or after takeoff.

Four of the upgraded avQ/10’s
have been built for American Air-
lines and onc has been successfully
test-flown last month.

Checkout. To run a system diag-
nosis, the pilot flips a test switch
on the radar controls. A 60-mega-
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Mounting evidence shows
the need for a new
plastic power transistor.

Bendix announces the B-5001.

Limits Test Conditions
Characteristic

. N vCcB VCE IC 1B TC
Min Max Unit v v A mA oC
VCEO 35 — \ 0.2 25
ICEO — 10 mA 25 25
1CBO - 1.5 mA 14 150
VBE e 1.2 Vv 14 0.5 25
hFE 30 250 — 14 0.5 25
hFE 20 — — 14 1.0 25
VCE(s) - 1.2 Vv 1.0 50 25

Power Dissipation: PT = 14.3 Watts at VCE = 10 Volts,

IC = 1.43 Amps and TC = 100°C
Jsolated Collector: 500 volts minimum isolation between
transistor and mounting platform. Actual width..75 inches

silicon power tr:
L ]

-H000 1n an ¢

ralled it th
istics—with rugged

v things moi
powe I )

1
washers. Wi
- -
Bendi Electronics

Chicago--(312) Dalla t 3 I |
Lexington, Mass 17) Los .

Rochester, N.Y nnemede, N.J
e

Ottaw
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TUNABLE
LOW PASS FILTER

SILICONIX ASSUMES NO RESPONSIBILITY FOR THE
CIRCUIT SHOWN, ORDO THEY REPRESENT OR WAR-
RANT THAT IT DOES NOT INFRINGE ANY PATENTS,

Corner frequency of this RC pi-
filter is voltage tunable over a
100:1 range. A Siliconix VCR*
has the equivalent circuit—drain
resistance and gate capacitances
form the pi. V. controls the varia-
tion by changing r«. To change
the frequency range ... shunt the
gate and source with fixed
capacitors.

Build this or other circuits with
the VCR FET Designer's Kit
“DK6"” —includes 6 VCR FETs
worth $30 — available from your
distributor for $19.50. Check in-
quiry card or write . . . we'll be
happy to send literature.

* VCRs are voltage controlled resis-
tors — a new family of FET devices
— featuring a variable resistance
range of typically 10,000 to 1.

b2 4

Siliconix incorporated

1740 W. Evelyn Avenue,
Sunnyvale. California 94086
Telephone (408) 245-1000
TWX: 910-339-9216
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hertz pulse-modulated test signal
is put into the intermediate-fre-
quency strip, transmission auto-
matically shuts off and a test pat-
tern of four three-mile-wide rings
appears on the scope. If they are
evenly spaced, the pilot knows the
system is working properly. He can
then adjust the intensity control for
proper sweep trace level and the
gain control for the proper contour
of rings on the test pattern. This
can be done before takeoff so the
test module can be switched on
when airborne without further ad-
justment. Testing also can be per-
formed during flight.

Rca plans to issue a service bul-
letin to airlines, outlining advant-
ages of the self-test modification,
components required, and how to
install and test them. The work can
be done by the airlines themselves,
although rca probably will supply
a modification kit. Cost of the
module has not yet been deter-
mined.

Work on the test module for the
AvQ/10 was independent of mrca’s
development of the avQ/30, which
will have even more automatic test
features and built-in monitoring of
ircuitry.

Manufacturing

Take-apart laser

Solid state lasers have come a long
way since the first ones were built
in 1960, but their reliability still
lags behind that of conventional
machine tools. Many of the present
generation of laser drills, welders,
resistor trimmers, and dynamic bal-
ancers still suffer from faults that
plagued the first laboratory devices
—faults that must be corrected be-
fore lasers can make a dent in
the multimillion-dollar production-
equipment market.

The Applied Lasers division of
Spacerays Inc. now feels it has an
engineering approach that can min-
imize the laser’s downtime, and
will put its ideas to work in its
forthcoming generation of equip-
ment.

The Burlington, Mass., firm uses
extra-rugged flashlamps as well as
specially selected laser crystals to
give its lasers a reliability cushion.
But using such over-specified com-
ponents where lesser ones would
do is only part of the battle—{flash-
lamps will still fail eventually, cavi-
ties will still tarnish, and pulsc
amplitude will still be uncertain.

Spacerays’ answers to these
problems are a power monitor-
feedback circuit and—unique in the
industry—a “breakaway” cavity.

Keeping tabs. An optional detec-
tor monitors the laser’s output at
each successive pulse; if the detec-
tor’s ontput voltage drops, more
power is fed to the flashlamp. The
brighter flash compensates for the
voltage drop and keeps the laser
pulsing at the same amplitude time
after time.

The monitor - feedback circuit
thus overcomes flashlamp aging
and cavity tarnishing—but only up
to a ccrtain point. A boost in pump
power to compensate for the drop
isn’t enough at this point, and
either the lamp must be replaced
or the cavity polished. When this
happens a panel lamp lights up,
indicating to the operator that it’s
time to repair the laser,

Bad old days. In the early 1960’s,
flashlamp replacement was time-
consuming. It meant taking apart
the cavity, its cooling system, and
its electrical connections. But re-
assembling the parts in the right
optical relationship was an even
more difficult task. Engineers often
fiddled for days to replace lamp
and rod in just the right position
to get maximum output.

To both simplify and speed such
repairs, Spacerays came up with its
breakaway cavity. Both single- and
dual-eliptical cavities are machined
in two parts, one holding the laser
rod and the necessary mirrors and
output optics, and the other hold-
ing the flashlamp and almost all of
the reflective surface. The quick-
disconnect coolant and electrical
fittings make it possible to remove
and replace everything but the laser
rod in less than three minutes.

On a production line, spare cavi-
ties with prealigned flashlamps
would be stored for replacement by
the operator; the machining of the
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Polaroid Land film makes you
wait 10 seconds for an oscilloscope picture.
The suspense can be unbearable.

We're sorry we can't do anything
about that 10-second wait.

But if you can bear up under the
strain, you'll get a sharply detailed,
high-contrast, trace record.

You can study it, attach it to a re-
port, send it as a test record along
with a product shipment, or file it for
future reference.

You also get a choice of four films
for oscilloscope recording in pack,
roll, and 4 x 5 formats.

The standard film has an ASA
equivalent rating of 3000. And if you
think that's fast, you haven't heard of
our special film called Polaroid Pola-
Scope Land film.

With an ASA equivalent rating.of
10,000, it's the fastest thing in films. It
can actually record a trace too fleet-
ing for the human eye [for instance,
a scintillation pulse with a rise time
of less than 3 nanoseconds].

Of course, Polaroid Land films are
as quick to point out a mistake as they
are to point out a success.

If your trace shows an error, you
know it right away. And you never go
through the tedium of darkroom pro-
cedure only to find out that your blip
was a blooper.

To use these films on your scope,
you need a camera with a Polaroid
Land Camera Back. Most manufac-
turers have them. Such as: Analab,
Beattie-Coleman, BNK Associates,
Fairchild, EG&G, General Atronics,
Hewlett-Packard, and Tektronix.

You can get complete details by
writing to one of these manufacturers
or to Polaroid Corporation, Sales De-
partment, Cambridge, Massachusetts
02139.

By the way, if 10 seconds fray your
nerves, just imagine what it was like
when Polaroid Land film made you
wait 60 seconds to see your trace.

"Polaroid” and "PolaScope”’®

Polaroid Land Film for Oscilloscope Photography.




CROSSOVER

™

KEPCO
POWER
SUPPLIES

Kepco's original CK design offers
true automatic crossover operation
with real equality of performance
for both voltage regulation and cur-
rent regulation. VIX® equipped, too.
Panel mode lights show at a glance
just how the power supply is regu-’
lating (with signal provisions for re-
mote alarms, process control, etc.).

REGULATION
0.005% LINE — 0.01°% LOAD

DC OUTPUT
MODEL  |yo TS| AMPS

CK2-8M 0-2 | 0-8
CK 8—5M 0-8 | 0-5
CK18-3M |0-18 | 0-3
CK 36—1.5M | 0—36 | 0-1.5
CK 40-0.8M | 0—40 | 0—0.8
CK 60—-0.5M | 0—60 | 0—-0.5

PRICE

$345.00
345.00
305.00
305.00
267.00
305.00

® Two Temperature Compensated Zener
References and Two Ten-Turn Wirewound
Controls (For both voltage and cuirent .
modes)

= 16 Access Terminals for Operational
Control (May be programmed by voltage,
current or resistance commands)

WRITE DEPT. C-14
FOR LATEST CATALOG

CONTAINING COMPLETE
SPECIFICATIONS AND
APPLICATIONS NOTES

131-38 SANFORD AVE.  FLUSHING, N.Y. 11352
(212) 461-7000 » TWX # 710-582-2631
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cavity makes removal and replace-
ment noncritical. The replacement
cavity slips into place only .002 to
.003 inch away from the position
of the old one, After it’s removed,
the old cavity can be polished or
repaired at leisure without slowing
production,

Materials

Reclamation project

Don’t write off tantalum scrap as a
big loss. Metallurgical International
Inc. has developed a process to re-
claim the metal that can save
money for manufacturers of tanta-
Jum capacitors.

Most capacitor makers sell their
scrap and rejects for use in alloys
and mill products. The going price
for tantalum scrap is about $10 a
pound, a far cry from the original
cost of the metal, which is about
$35 a pound. Metallurgical Inter-
national, however, says capacitor-
grade powder can be reclaimed for
$15 a pound. This could mean a big
savings for the manufacturers of
these devices.

Slug it. Once the capacitors have
been reduced to tantalum slugs, the
company, with its patented Cold-
stream process, pulverizes them
into a powder. The particles are
then recirculated and passed

through a mesh until they are about
the same size. A reactant gas then
separates all impurities from the
powder, Finally, a furnace draws
off residual gas, leaving the pow-
der, which, according to Ira L.
Friedman, executive vice president
of the New Shrewsbury, N.J., firm,
“Is at least as pure as powder made
directly from tantalum ore.”

Friedman says the shape of the
particles is superior to that pro-
duced by conventional methods.
Rather than being circular or den-
dritic, the reclaimed particles are
irregularly shaped. Tight packing
provides high capacitance and less-
ens the number of sharp points that
invite voltage breakdown in capac-
itors.

Another spokesman for Metallur-
gical International says the Cold-
stream process can also produce
high-grade tantalum powder from
virgin ore, .

Jury still out. Samples of re-
claimed powder are now being eval-
uated by several tantalum capacitor
makers. A spokesman for P.R. Mal-
lory & Co. in Indianapolis says the
powder seems to live up to its bill-
ing. The Sprague Electric Co. of
North Adams, Mass., which usually
has from 5,000 to 10,000 pounds of
tantalum scrap annually, says the
powder seems to be of good qual-
ity. However, he is quick to point
out that the evaluation hasn’t been
completed. Other firms are also
running studies.

Before and after. Tantalum scrap can now be reclaimed and reused in
capacitors. Conventionzally produced powder, at left, is spherical, while
reclaimed powder is irregularly shaped—resulting in better electrical

characteristics.
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LINEAR INTEGRATED CIRCUITS STATE-OF-THE-ART ... ONE OF A SERIES

“Now we’ve put
two 1/C op amps
on ONE chip
and, in one package!”

We’ve put two of our popular MC1709 (»A709)
integrated circuit operational amplifiers in a single
14-pin dual in-line Unibloc* plastic package. We
call it the MC1437P.

The result? A staggering 1,600,000,000-voltage
gain figure, among other things. Enough gain to
permit design of the most stable summing ampli-
fiers, integrators, or other uses where external feed-
back is used. It is particularly useful for chopper-
stabilized applications where extremely high gain is
required with excellent stability.

With both MC1709 op amps on the same chip,
you get superlative matching and tracking charac-
teristics, too. (The MC1437P offers a low-

*Trademark of Motorola Inc.

temperature drift of only +3 xV/°C, for example.)
It also has the ability to swing almost the entire
supply voltage — Vou = *14 V typical @ 15 V
supply. And, output impedance (Z.,:) is only 30
ohms typical.

While you can’t quite get two op amps for
the price of one this way, it’s pretty close — only
$8.50 (100-up) vs. $6.00 for comparable single
op amps!

For complete details on the MC1437P, or its
36,000,000-gain cousin, the MC1435P, drop us a
note at Box 955, Phoenix, Arizona 85001. We'll
include a copy of the WESCON paper, “A Dual
Monolithic Operational Amplifier.”

where the priceless ingreddient & cane! MOTOROLA Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P.O. BOX 955 / PHOENIX, ARIZONA 85001 / (602) 273-6900 / TWX 910-951-1334
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60

dotaMOD
o

MAYBERRY =

SHOWN
ACTUAL SIZE

O New in name, packaging concept, reliability.
Mature in engineering input and system usage.

dataMOD is a “generic name” for a class of solid state
modules designed to handle data.

0 The “260 Series” dataMOD in particular could
be called a ‘“Differential Amplifier — Phase Sensitive

DeModulator’ (i you don’t mind using an eye-loupe on the nameplate).

(O For Use In: Telemetry — Computation — Automatic
Control — Phase Discrimination — Position Monitoring.

O Other Types or “Series’: to be announced subse-
quently.

MA yBERR yELECTRONICS CO.

543 West Manchester Blvd. Inglewood, Calif. 90301
Telephone: (213) 678-4847 TWX 910-328-6188
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Electronics Review

For the record

Unexpected bill. Shareholders of
Laboratory for Electronics Inc. re-
ceived a double blow last month.
The Internal Revenue Service hit
them for $4,840,000 in back taxes,
plus interest. On top of that the
Waltham, Mass., firm’s second-half
financial report showed that its
Electronics division had pulled it
$1.4 million into the red for the six
months ended Oct. 27, The divi-
sion’s loss must have been much
higher, since LFE’s other four divi-
sions have been generating some
profit.

The tax claim is based on the con-
tention that LrE bought its Tracer-
lab and Keleket divisions with the
aim of applying their losses to its
own tax returns. Although rrE did
use them as write-offs in 1962, 1963,
and 1964, company spokesmen,
from company president Henry
Harding on down, deny that tax
reasons were behind the acquisi-
tions. Some securities analysts side
with them, noting that in the early
1960’s up to 98% of LFE’s income
was tied to a single F-105 avionics
contract. Tracerlab and Keleket
were acquired with the announced
intention of broadening LFE’s prod-
uct line to include commercial mar-
kets. Its loss is tied to the fact that
the Electronics division failed to
deliver military avionics gear in
time to avoid costly penalties.

Off base. The story describing
efforts to develop a “computer on
a slice” [Electronics, Nov. 27, p. 50]
credited the Air Force’s Rome Air
Development Center, N.Y., for
funding the work under way at
Radio Corp. of America, Texas In-
struments, and the Philco-Ford
Microelectronics division. Wrong.
The Wright-Patterson Air Force
Basc is putting up the money for
the competing approaches to a
large-scale integrated computer.

Pay plan. Texas Instruments will
put all of its 25,000 hourly paid full-
time employees on a salary basis
starting Jan. 1. At the same time
workers who are presently salaried
but making less than $1,100 a
month will become eligible for
overtime pay.
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Your "ELECTRONICS TROUBLESHOOTER"

—help him meet the challenges of today’s expensive...

INSTRUMENTATION CONTROLS
NUMERICAL CONTROL SYSTEMS
INDUSTRIAL COMMUNICATIONS SYSTEMS
ELECTRONIC INDUSTRIAL CONTROLS

HATEVER HIS TITLE in your particular operation,

the “Electronics Troubleshooter” is on the payroll
to protect you against costly electronic equipment fail-
ure. But he can’t guard your investment if his skills and
know-how aren’t every bit as up-to-date as your equip-
ment.

Now there’s a practical way you can “train up” your
troubleshooters to meet the challenges of today’s—and
tomorrow’s—complex cquipment. It’s the “Grow Your
Own” Program developed by the Cleveland Institute of
Electronics.

With this program, training materials and methods
are “tailored” to the needs of your operation...and the
capabilities of your employees. Training space and time
are flexible. And “Grow Your Own” training can save
you money and administrative time.

Want complete details? Just send the coupon below.
Or, if you prefer, telephone collect—(216) 781-9400
and ask for Kenneth Ede, Vice President, Industrial
Programs Division.

__________________________ -
54 i

CI E Cleveland Institute of Electronics |
1776 E.17th St., Cleveland, Ohio 44114 |

i

Attention: Kenneth Ede, Vice President, |
Industrial Programs Division }
Plecase send me complete information on CIE’s “Grow |
Your Own” training programs for Electronics Trouble- |
shooters. |

i

Name |

. ]
Title I
Firm =
Address {
City :
State Zip l
32 |

S P A
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now...
BEAN LEAD DIODEN

in flip-chips,
axial-lead microdiodes
and mulfi-diode modules

You can now select from General Instrument’s line of Beam Lead diode products,
flip-chips, axial-lead microdiodes, and a complete line of multi-diode modules—
all providing the extreme reliability of the Beam Lead structure.

The Beam Lead Technology:

General Instrument’s Beam Lead devices consist of gold
bonding leads extending beyond the edges of the chip—
in cantilever form. Securely bonded to the silicon and its
passivating layer, Beam Leads make ohmic contact
through a highly stable and low resistance platinum alloy.
Beam Leaded devices are prepared on the slice in a batch
process, thereby lowering costs and providing the utmost
uniformity between Beam Lead interconnected devices.
Beam Lead technology creates a total chip/bond system
which is unusually rugged and yields extremely reliable
package bonds by a variety of techniques.

only from
General Insfroment

For information in Europe, write to: General Instrument Europe, Via Turati 28, Milano, Italy.
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Write for full inforination.

GENERAL INSTRUMENT CORRPORATION - 685 GOUVERNEUR STREET NEWARK, NEW JERSEY

Electronics | December 11, 1967

now available in...

Chips and Chip Arrays—for use in flip-chip
bonding in a wide range of electrical param-
eters and circuit configurations. The can-
tilevered Beam Leads permit economic as-
sembly to substrates without the use of
eutectics, aluminum or thermal wire bond-
ing. No bonding energy need be transmitted
through the chip itself and, once formed,
the bond is visually available for inspection.
Discrete diode chips as well as diode arrays
containing two to eight air isolated junc-
tions are available.

and in...

Beam Lead Microdiodes—in a small plastic
axial-lead Microdiode which exceeds MIL
moisture specifications. The Microdiode
body measures only 40x40x80 mils. it has
half inch long gold plated Kovar ribbon
leads (5x20 mils). Life tests performed on
General Instrument’'s Microdiode indicate
a typical Al less than 1.5xlr (orig.) at PRV
and 25°C after 2000 hours at 150°C oper-
ating conditions.

Beam Lead Microdiode Strips—as modular
diode strips on 50 mil centers. The strip
may comprise from two to twenty diodes
in any combination of common anode,
common cathode or discrete interconnec-
tions. They can be easily used to form
large diode matrices for switching applica-
tions.

andin...

Beam Lead Diode Modules and Arrays—in
any circuit configuration and in plastic or
hermetic packages—both flat pack and dual
in-line. The extreme stability and long life
provided by Beam Lead bonding is assured.
The use of Beam Lead isolation between
junctions allows the production of switch-
ing and core driver modules with faster
response times than obtainable by the usual
monolithic approaches.

GENERAL

INSTRUMENT
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PROBLEM :
YOUR C/RCUITS NEED
THE LOW COST

FHIGH VOLTAGE,

DC VOLTAGE
120 MIN. TO 200 MAX. REGULATED OUTPUT

(X17V AC LINE 200 WATTS

RECTIFIED, FILTERED) :gégotx} |?oAri
LESS THAN 0.5%

+

ir A &
DELCO SILICON POWER.

Delco high voltage silicon power transistors provide high energy capa-
bility at the lowest possible cost. Take the applications pictured above:
switching regulators, DC to DC convertors and DC voltage regulators.
Unit prices? Just $1.70 for the DTS-410% $4.95 for the DTS-423* and
$3.95 for the DTS-413*.

There are other cost cutting advantages to our high voltage silicon
power transistors. You can reduce the number and complexity of input-
output and filtering components, which means more compact circuitry.
Greater reliability. Lower assembly costs.

Other high energy circuits where Delco silicon power transistors have
proved capabilities include: ultrasonic power supplies, VLF class C am-
plifiers, off-line class A audio output, and magnetic CRT deflection (sev-
eral major TV manufacturers are using them in big screen horizontal
and vertical sweep circuits).

They’re available in production quantities. For prices, delivery, data, or
applications information, just give us a call. Or call your local Delco
distributor.

With Delco silicon power transistors, everything’s high powered but
the price.

*When purchased in quantities of 1,000 and up. Prices subject tochange without notice.




€y = 330V-350Y
{nominal 330V)

IN1767

fosc*11KHz

QUTPEY 130 WATTS
(EFFICIENCY 94%)

£ gyy = 290V, 1< 0.5%
(Load=50-600mA}

Application of Delco high voltage sillcon power transistors: a DC voltage regulator.

TYPE

DTS-410
DTS-411
 DTs-413
| DTs-423
 DTs-424
 DTS-425

DTS-430

| DTs-431

Veex

200V
300v
400V

Vceo
(sus)
min,

200V
300v
325V

400V
700V

700V |

400V
400V

326v
350v
400V
300v
325V

Ic
max.
3.5
3.5
208 |
358
3.5
358
| 5.08
| 500 |

hre

min.
Vee=5V

@ Ic

10 @ 2.5A
10 @ 25A

15@ 1.0A
I 100W

10 @ 25A
10 @ 25A
10 @ 254
10 @ 35A
10 @ 35A

Po
max.
80w
100w
| 75W

100w
100W

125w

| 125w |

PRICE
1000-and-up
QUANTITIES

5170
5220 |
$3.95
$4.95
§7.00
$10.00
$12.00
$18.00

NPN silicon transistors packaged in solid copper T0-3 case.

DELCO RADIO

Division of General Motors, Kokomo, Indiana

GM

MARK OF EXCELLENCE

Field Union, New Jersey* 07083 Detroit, Michigan 48202 Santa Monica, Calif.* 90401
Sales Box 1018 Chestnut gtation 57 Harper Avenue 226 Santa Monica Blvd.

Offices (201) 687-3770 (313) 873-6560 213) 870-8807
Syracuse, New York 13203 Chicago, lllinois* 60656 General Sales Office:
1054 James Street 5151 N. Harlem Avenue 700 E. Firmin, Kokomo, Ind. 46901
(315) 472-2668 (312) 775-5411 (317) 459-2175

*Office includes field lab and resident engineer for applicalions assistance.
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Good old,
reliable,
faithful,
trustworthy,
proven,
lesied,
workabie
b (dependable
. consistent
versalile,
Signetics
P-600 series
IS now
betier than ever

Guaranteed fan-out has been increased from 4 to 8.

And the operating range is now 0°C to +75°C.

Signetics SP-600 was the first DTL line in the industry to offer the
convenience of the dual in-line silicone package. Find-out for

and reiibiny data boses ontws OIGNETIGS
weie Signetics, 11 £ arquee INTEGIRATED
2 Gocs o Sanercs.  GIRGUITS

A SUBSIDIARY OF CORNING GLASS WORKS

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992-3980; Upper New York State (315) 469-1072; Southwestern (214) 231-6344; Western Regional (213) 272-9421; Eastern Regional (617) 245-8200; Mid-Atlantic
(609) 858-2864; Southeastern (813) 726-3734; Midwestern Regiona! (312) 259-8300; Northwestern (408) 738-2710.

DISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 279.1000; Terminal Hudson Electronics (212) 243.5200; Wesco Electronics (213) 684.0880; Wesco Electronics (405) 968-3475;
Hammond Eiectronics (305) 241-6601; Avnet Electronics Corp. of Massachusetts (617) 272-3060; Pioneer Standard Electronics Inc. (301) 427-3300,

DOMESTIC REPRESENTATIVES: Jack Pyte Company (415) 349.1266. Compar Corporation at the following locations: Alabama (205) 539-8476; Arizona (602) 947-4336; California (213) 245.1172; California (415) 697-6244;
Colorado (303) 781-0912; Connecticut (203) 288-9276; Florida (305) 855-3964; Hlinois (312) 775-5300; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313) 476.5758; Minnesota (612) 922-7011;
Missouri (314) 428-5313; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (716) 684.5731; New York (201) 471-6090; North Carolina (919) 724.0750;
Ohio (216) 333-4120; Ohio (513) 878-2631; Texas (214) EM 3.1526; Texas (713) 649-5756; Washington (206) 725-7800.

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain—Sovcor Electronique, 11, Chemin de Ronde, Le Vesinet, (S.-&-0.) France. United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland,
Austria, Portugal — Electrosil Ltd., Lakeside Estate, Colnbrook-By-Pass Slough. Buckinghamshire, Great Britain. Australia — Corning, 1202 Plaza Building, Australia Square, Sydney, N.S.W. 27-4318, Canada— Corning Glass Works of
Canada, Ltd., Leaside Plant, Ontario, Canada (416) 421-150. Israel—Optronix, P.0. Box 195, Ramat-Gan, Israe! 724-437. Japan—ASAH| Glass Co., Ltd., Corning Products Sales Oept. No. 2, 3-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan.
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Washington Newsletter

December 11, 1967

Ssb gets high marks There’s growing interest in the use of single-sideband modulation in

- . frequency division multiplexing to give ground stations simultaneous,

in satellite tests . ... multiple access to communications satellites. Fanning this interest will
be a report by NASA’s Goddard Space Flight Center that ssb has come
through a year of tests with Applications Technology Satellite 1 with
flying colors.

Goddard researchers will report that the narrow-bandwidth ssb pro-
vides more signal energy with less noise than conventional frequency-
modulation techniques, and may utilize the frequency spectrum more
efficiently. The tests on the ground-to-satellite link utilized 5.6 mega-
hertz base bandwidths to give 600 two-way circuits. Twelve to 24 active
circuits were transmitted, plus noise loading to simulate all-channel use,
and a signal-to-noise ratio of 40 decibels was measured. A Hughes micro-
wave transponder converted the ssb signals into a phase-modulated single
carrier that was retransmitted to all ground stations.

The ATS-1 tests went slowly at first because of problems with ground
equipment. Distortion also was a major factor initially, but the ssb
equipment is now operating at a distortion level of 1%.

...and endorsement Also taking a hard look at ssb techniques is the Communications Satellite
Corp. Philco-Ford is putting the finishing touches on a $500,000 study
for Comsat of ssb and narrowband f-m techniques. Its report, which will
be delivered later this month, indicates that ssb is feasible for application
in commercial satellite programs. A Comsat official says there is a good
chance that ssb equipment may be incorporated in the proposal for an
aeronautical services satellite that the company is trying to sell the FAA.

in study for Comsat

Task force President Johnson’s task force on telecommunications finally has an
) executive director, but it doesn’t look as if the group—which insiders
director named say has been spinning its wheels up to now—will be able to meet its
August 1968 deadline for a comprehensive study of a new U.S. com-

munications policy.

Apparently because the right man couldn’t be found outside the Gov-
emment, Alan R. Novak, special assistant to Eugene V. Rostow, Under-
secretary of State for political affairs, has been named to head the group.
He had been running the task force in the absence of a staff director
[Electronics, Nov. 27, p. 59]. Aiding Novak, as director of research, is
Leland Johnson, formerly with the Rand Corp.

Seismic center A computer center to provide definitive data on both the location and
nature—nuclear or natural—of seismic events is in test operation in
gets off the ground Washington. Called Seismic Array Analysis Center, it wasp built and
installed by IBM for the Air Force Systems Command, which is acting
as project manager for the Pentagon’s Advanced Research Projects
Agency. The center will be operational next year.
Data from the Large Aperture Seismic Array (LASA), made up of 525
seismometers installed in Montana in a ring about 125 miles in diam-
eter, will feed into the analysis center to be processed by two IBM
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Double audit aimed
at costs, not profits

EIA tearing down
all-electronic wall

Mobile radio group
covets tv preserve

Addenda

Washington Newsletter

360/40 computers—one to search for a seismic event and the other to
analyze it. A third computer—an IBM 360/44—will be used for “special”
event analysis and research in seismic-signal processing. Tapes of known
events, flown to the center, are being used in current test operations.

Defense contractors, unhappy over the Pentagon’s double-check audits
involving sole-source, fixed-price contracts [Electronics, Oct. 30, p. 57],
will have at least one consolation: the scope of the audit has been limited
to cost factors. Contractors feared the audit would be used to evaluate
profit-cost relationships.

The Council of Defense and Space Industry Associations had urged
deputy defense secretary Paul H. Nitze to rescind the double-audit
order or, at the very least, modify it to prevent abuses by overzealous
auditors. Nitze agreed to soften the original order, and the amended
version is now part of the armed services procurement regulations.

A merger of the Electronic Industries Association’s newly formed laser
subdivision [Electronics, Nov. 13, p. 61] and the Laser Industry Associa-
tion may be in the offing. The reason: the EIA is relaxing its “electronics-
only” rule, opening the membership door to nonelectronic firms. This
rule was one of the major reasons laser-equipment manufacturers—many
of them optical firms—organized their own trade group.

The frequency-spectrum battle between television and land mobile radio
users is heating up. After three and a half years of studying the problem
of crowded frequencies, a committee of land mobile radio users and
makers has come up with an 800-plus-page report that concludes:
“Genuine relief, which is needed immediately, can only be achieved by
the allocation of additional spectrum to these services.” The FCC-ap-
pointed panel didn’t specify the needed spectrum as that now reserved
for tv, but that’s what it meant.

With pressure building on Congress and the FCC to turn over more
frequencies to land mobile users, the television industry is expected to
demand that every means to improve utilization of existing spectrum
by land mobile users be used before any allocation changes are made.
Some of the changes under consideration, which the advisory committee
says would provide only temporary relief, include reduction of channel
spacing in the 450-megahertz band, relaxation of the block allocation sys-
tem to permit channel sharing on a geographical basis, greater use of low-
power channels, and introduction of one-way and nonvoice systems.

Look for at least a 12% cutback—around $1 billion—in the $8 billion
earmarked for Federal nonmilitary research and development in fiscal
1968. Affected will be the Department of Transportation, National
Science Foundation, National Institutes of Health, and Atomic Energy
Commission . . . The Air Force has delayed the announcement of the
winner of a contract, expected to exceed $100 million, to produce up to
150 computers for housekeeping duties at air bases. The date has slipped
from Dec. 5 to Dec. 20. This is the second time around. IBM originally
was picked for the job, but Congressional criticism of the award, sparked
by competitors’ complaints, forced the Air Force to reopen the bidding.
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_If Freon'is |
the*high-priced”
cleaning agent

-.how is it

that Miniature
Precision Bearings
estimates savings
of 5,400 ayear?

Miniature Precision Bearings, of Keene,
N. H., greatly reduced cleaning time with a !
combination of FREON solvents and a new
ultrasonic vapor degreaser. The new unit,
which utilizes FREON PCA and FREON T-WD
602, replaced an aqueous-based detergent
system. The new system can clean up to
38,000 miniature bearing parts each 8-hour
shift. Result: 75% reduction in cleaning time
and greatly reduced solvent costs.

Encouraged by this performance (and by
the performance of a similar system using
FREON solvents in their new plant in Medem-
blik, Holland), Miniature Precision Bearings
is considering similar equipment for its
Standard Line white room. Methods Engineer
James R. Walsh estimates that, because of
reuse, solvent savings alone could hit $4,000
a year. And because FREON solvents need be
changed less often, there’s an additional
$1,400 annual saving in maintenance costs.

FREON cuts solvent costs because, unlike
many other solvents, it needs no inhibitors.
Therefore, it's easy to clean and reuse again
and again. MPB's new system uses only 50
gallons of FREON a month, with only one B
3-hour change during that time. The former §
system required eight 3-hour changes a
month. This reduction provides 21 extra hours
of production time and almost eliminates
overtime maintenance.

In addition to money savings, FREON does
a better cleaning job. Being a dense liquid
with low surface tension and high wetting
power, FREON gets under dirt and literally
forces oil-based contaminants off machined
surfaces and from assemblies where toler-
ances are held to within 20 millionths of an
inch.

How much can FREON, the “high-priced”
cleaning agent, save you? Find out. Write:
Du Pont Co., Room 5618, - Wilmington, Del.
19898. (In Europe, write: Du Pont de Nemours
International S.A., FREON Products Div., 81,
Route de I’Aire, CH 1211 Geneva 24, Switzer-

Iand-) *Reg. U.S. Pat. Off. for Du Pont’s fluorocarbon cleaning agent.

REG y 5 paTOff

FREON®

Solvents

Electronics | December 11, 1967 Circle 69 on reader service card 69



niegoted
Build with

3 more linear

IC innovations
from RCA...

New Versatility for Commercial, Industrial, and Military Use

High-frequency wide-band ... i"cdes ™ " ™
amplifier / phase detector ° Eﬁta;up;h:;epldi?it:rctor with differential

® ® o] @ Compensated reference voltage sup-

ply
@ Operating temperature range —55°C
to +125°C

e Total current drain 9 mA (type) @
Vcc: 10V
® Output offset voltages between termi-

nals #4 and #5 1.5V max. @ Vec=
10V

® Input impedance 2K Q typ

CORRECTION~CONTROL.
VOLTAGES

Block diagram of typical AFC application in RCA CA3034 in 10-lead RCA CA3034V1 with
color TV receiver. Also suitable for B&W "’[' RS TO-5 package. Price preformed leads. Price
and FM receivers. $1.75 (1000+) $1.75 (1000+)
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3-in-1 wide-band Dual Darlington
amplifier array— amplifier array
132 dB (typ) Gain!

STEREO
SYSTEM

Block diagram of application as stereo phono pre-amp.
Cartridges designed around the CA3036 can provide en-
hanced fidelity, low hum pick-up without shielding. Response
flat to IMHz @ R = 1KQ

Voltage gain for either pair 26 dB (typ)

Power gain for either pair 47 dB (typ) @ f=1 KHz
Gain-bandwidth product for either pair 200 MHz
hee for either pair 4540 typ. @ lc1 + lc2 = 1mA
Operating temperature range —55°C to +125°C

TRANSMITTER

Low noise performance and outstanding wide-band response make

remote control. Veeo = 30V max.

Veso = 5V max.
Ic (each transistor) = 50 mA max.

® Three separate amplifiers; gain and bandwidth for each
adjustable by external circuitry
) Car] operate as individual units—or in cascade for 132 Emitter-follower output
dB gain (typ) @ 40 KHz Typical applications: stereo phono amplifiers; dif-
@ Voltage gain—Ampl. #1  44dB typ ferential ampls; op amp driver; mixer
Ampl. #2 46dB typ _
Ampl. #3  42dB typ
@ Bandwidth @ -3 dB point—Ampl. #1 500 KHz
Ampl. #2 2.5 MHz
Ampl. #3 2.5MHz

@ Operating temperature range —55°C to +125°C
@ All three amplifiers single-ended, only one power supply TR T

needeq ... l Array in 10-lead TO-5 package.
@ Typical applications: TV remote control; IF systems; Price 98¢ (1,000+)
instrumentation amplifiers; chopper amplifiers )

[}
[
[ J
[
®
this three-in-one unit general purpose amplifier array ideal for TV ® Vceo = 15V max.
[ J
[ ]
®
[ ]
[ ]

Ask your RCA Distributor for his price and delivery.
For Technical Data write to RCA Commercial Engineer-
ing Section ICN12-2, Harrison, N.J. 07029.

RCA ELECTRONIC COMPONENTS & DEVICES

| ! The Most Trusted Name
RCA CA3035 wide-band high- RCA CA3035V1 with pre- = .
gain ampl. in TO-S package. formed leads. Price in EIeCtromcs
Price $1.50 (1,0004) $1.50 (1,000+) ®
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First-of-a-kind connectors for sale
from Amphenol Space And Missile Systems



Sometimes the right connector
doesn't appear in a catalog. Especial-
ly whenit’s destined for unusual uses.

That’'s why we developed our
S A M S facility—to provide new so-
lutions to interconnection problems.

At Amphenol, we've designed and
produced interconnecting systems

for Minuteman, Titan, Agena, SST,
and Poseidon—to name a few. Our
mission profile includes every type
of application from GSE to satellites.
Every connector type, too. Some
carry several hundred circuits, with-
stand 1000F, offer “dead-facing” or
resist exotic fuel corrosion damage.

Ask us to help you solve your in-
terconnection problems. Write us.
Amphenol Connector Division,
Chatsworth, California 91311.

AMPHENOL

™ Circle 73 on reader service card

Specify Amphenol . . . the leading name in cable, connectors, assemblies, RF switches, potentiometers, microelectronics.
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Here's just part of the full Honeywell line, which includes: €)117 Visicorder direct-recording oscillographs in 6”, 8", and 12" models; G 2 Model 1806 fiber-
optics CRT Visicorder oscillographs; @ 26 magnetic tape systems, including the 7600 Series in 10%” and 16" reel versions; () 84 amplifiers and other signal-condi

We build 847

instruments o be sure we
have the exact 1 you need.
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tioning units; (@78 analog recording systems; @46 electronic medical systems; ©14 oscilloscopes; @ 37 digital multimeters; () 29 differential voltmeters;
@ 179 precision laboratory standards and test instruments; 3128 data loggers; (@9 analysis systems; @61 EMI products; 37 X-Y graphic recorders,

Your Honeywell sales engineer can zero in on the precise
solution to your instrumentation problems. Quickly and
efficiently. You won't have to settle for “almost™ what
you need because the Honeywell sales engineer isn't
handicapped by a limited line. He can choose from 847
basic instruments whose combinations and permuta-
tions approach the infinite.

The solution might be a Visicorder recording oscillo-
graph. Or one of our modular magnetic tape systems. Or
an X-Y recorder, a digital multimeter, or a portable po-
tentiometer. But whether it's a single instrument or a
complete data system,you can be sure the solution will
be the right one, carefully thought out with your future
requirements considered as well as your current needs.

Local service and nationwide metrology facilities back
up your Honeywell instrument or system. And, we can
even provide factory training courses for your operating
personnel. For the full story on how Honeywell can help
you, call your local sales engineer or write: Honeywell,

Test [nstruments Division,
Denver, Colorado 80217. Honeywell

Honeywell engineers
sell solutions
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050" CONTACT CENTERS
1/16’PC BOARD/BELLOWS CONTACT

NEW MICROMINIATURE

PRINTED CIRCUIT
CONNECTORS...

your choice of 10, 14, 22, 40, 55 and
64 dual contacts now available with
Series 600-6 microminiature printed
circuit connectors. Single piece body
molding is glass reinforced Diallyl
Phthalate Type SDG per MIL-M-14

specifications. ',!‘{'{’.';",:‘,.i’,.’,”_,', A Series 600-6
S Complete Line
For complete specifications and outline NUW Availahle

drawings ask for free brochure 6002-667,
Advertising Department, Continental
Connector Corporation, 34-63 56th
Street, Woodside, N.Y. 11877. Or phone
(212) 899-4422 for immediate action.

054 -.071 PRINTED —=  |=—
CIRCUIT CARD THICKNESS |

f‘lj,'

25 DEPTH
OF CARD
INSERTION

il
PATENTED

“BELLOWFORM’”’ CONTACT
Outline Cross-Section

le—t-.075 TYR

600-6PC14
28 Terminals

600-6PC22
44 Terminals

600-6PC64
128 Terminals

I

600-6PC55
110 Terminals

600-6PC10

20 Terminals I//I

ALL CONNECTORS
SHOWN ACTUAL SIZE

M ]
600-6PC40
80 Terminals

1

For the Sales Representative Nearest You, See Our Listings in EEM and VSMF Directories.

CONTINENTAL[<:> CONNECTORS

CONTINENTAL CONNECTOR CORPORATION = WOODSIDE, NEW YORK 11377
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Frenchtown/GFl
can make you
5.000,000 ceramic
transistor bases
a week

For high volume, custom-made alumina and beryllia
ceramic products, astute buyers make sure to contact
Frenchtown/CFl, Inc. Shipping rates of more than
5,000,000 pressed parts per week are easily main-
tained—month after month after month.

For complex parts, too, Frenchtown/CFl is a prime
source.You can get them large or small,moly-manganese
or gold-platinum metallized. Intricately shaped. Assem-

left photo: 92% alumina—opaque—TO 18 configuration.

...0r 5,000 ceramic
missile gas generator
igniter insulators

a year

bled to other ceramics or metal parts. Optically flat.
Hermetically sealed.

Whether your application is electronic, electrical, me-
chanical or chemical, consult Frenchtown/CF| on prob-
lems of ceramic production, metallizing and sealing.
You can save weeks on your timetable. Describe your
need and request a proposal. (We'll send you an informa-
tive brochure too.) For fast action call:

FRENCHTOWN/CFI, INC.
A subsidiary of Alloys Unlimited, Inc.

Eighth Street, Frenchtown, New Jersey 08825
(201) 996-2121

FRENCHTOWN/CFI MEANS CERAMICS FOR INDUSTRY

right photo: 96% alumina-to-Kovar seal—withstands 8,000 psi.
Circle 77 on reader service card



Don't buy a DVM -

buy a measuring system.
It's cheaper that way.

Because we designed our new DVM as part of an
expandable measuring system, you get a complete
digital voltmeter at a price of only $580. But you also
get much more . . .

The only system that will accept two function
modules at a time.

The digital display unit is the focus. Plug in one
module, and you’ve got a DVM for measuring DC.
Add another, and you can measure AC. Substitute
others and you can measure frequency, period, time
intervals and other parameters.

Our new Model 6200 DVM doesn’t cost much
more than a multimeter. But it’s 10 to 30 times more

accurate. It’s linear over the entire range. You change
voltage ranges just by pressing buttons. You read off
the voltage value as a number. You don’t have to work
at interpreting scales.

And the plug-in concept is the topper. Buy a plug-
in for whatever function you need at a fraction of the
cost of a single-purpose instrument.

For a demonstration, call (201) 229-4400. Or write
for a complete technical description.

®
AI ELECTRONIC ASSOCIATES. INC.
E West Long Branch, New Jersey

MODEL 6200 DISPLAY UNIT
with long-life Nixie tube
readout accepts two modules
simultaneously. Gives you
4-place digital readout and
“mix-or-match” of modules for
flexibility. Compact: half rack
width. Solid-state silicon and
I.C. circuitry.

MODEL 6201 DVM MODULE.
Measures DC voltages in 5
ranges from 100.0 mv to 1000
volts. Accuracy is =0.1% =1
digit. Features: Push-button
ranging. Automatic polarity
selection. Integrating function
for high accuracy even with a
background of hum and noise.
40% overrange on 4 most
sensitive ranges.

MODEL 6203 AC CONVERTER
MODULE. Measures AC voltages
accurately over a wide fre-
quency range. Four pushbutton
ranges to 300 volts rms.
Frequencies from 20 Hz to 100
KHz. Used in conjunction
with DVM Module.

MODEL 6202 COUNTER
MODULE. Measures frequencies
to 10 MHz with +=.005% =1
count accuracy. Measures
period or time intervals from

1 microsecond to 1000 seconds
with 1 microsecond %=1 count

resolution. /

JUST ADDED: MODLL 6240

RACK MOUNTED DVM. Self-
contained DC DVM with

optional BCD output and Model 6241
expansion chassis for plug-in modules.

78 Circle 78 on reader service card
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We could solder-plate 100,000,000,000,000 miles of wire
and not vary.0002"

(Hot-dipped wire could never be that precise.)

Up till now all known solder-coated wire was hot-dipped.

That meant lack of uniformity. And plenty of waste.
But we've developed a way to solder-plate wire that will
hold coating thickness to minimums. We can solder-plate
(in a variety of baths) or tin-plate any diameter wire
from.010” through.060”. We can solder-plate or tin-plate
ribbon from .005” x .020” through .050” x .080".

And we can hold a plating thickness range of .0002”
on plate thickness up to .0005” minimum (for example:
.00025”—.00045” or .0005”—.0007").

There are no more thin areas that become unsolder-

able due to “non-wetting.” Coatings on pigtails can now
retain their solderability even after extended baking or
curing times. And solderability is retained even after an
extended “shelf-life” when hot-dipped wire normally
goes bad.

What else ? Well, we think that many faults you’ve ever
found with hot-dipped wire, our solder-plated wire will
correct.

Give us a call, and we’ll send you some.

Sylvania Electric Products Inc., Parts Division, War-
ren, Pennsylvania 16365. Phone 814-723-2000.

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS Gr[gl

Electronics | December 11, 1967
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0.1% ACCURACY

use the NEW
MARCONI

UNIVERSAL
BRIDGE

MODEL #1313A

o Extremely High Accuracy: 0.1%
of Reading

® No Factors: Dial callouts auto-
matically change when function
and range is selected.

® High Resolution: Discrimination
0.01% of full scale; 10,900
division/range
(Dial Reads 46.66 mH)

e Wide Temperature Range
Without Corrections

@ Built-In Oscillator: 1kHz and
10kHz, 20Hz — 35kHz with
external oscillator

@ Capacitor Bias: Up to 350VDC can \

be applied to polarize
electrolytics

MEASURES

Inductance: ..0.1 #H to 11H @ 1 and 10kHz

Capacitance: ............. 0.1pF to 110 #F Accuracy high, interpolation precise, familiarization time minimal
RESISEANCE: +rvvrrrerrnrsin.s 0032 to 110Me . .. the model 1313A, latest in Bridges, is designed for use by
Q RANEE! +vvnererrrvernnnnenness. 0 to 310 engineers and production personnel alike. Ask your Marconi
D RaNge: v.euveveenennsnavenses. 000510 30 representative to show you.

MARCONI

111 Cedar Lane « Englewood, N.J. INSTRUMENTS Telephone: 201-567-0607

Division of English Electric Corporation
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Just 40¢ to ship a cubic foot electronic instruments on trips  vantages. It's clean and dust
of PELASPAN-PAC® loose-fill  from here to there. The curled free. So easy to work with,
packing via 1st class (any- pieces of expanded polysty- you’ll realize major savings in
where within the U.S.). $3.20 rene interlock. They actually labor time and cost.

for other kinds of packing ma- hold the packed item in sus- Now that you've weighed the
terials. Givesyou anideaof the  pension. Never wad into a facts, isn't PELASPAN-PAC the
savings in truck and rail costs lump or collapse like make- best?

when you use PELASPAN-PAC. shift packing materials do. Your nearby distributor has it.
A cubic foot of it weighs only PELASPAN-PAC has other ad- Write us for his name.

8 oz., 8 times lighter than other The Dow Chemical Company,
packing materials. Plastics Sales, Department

PELASPAN-PAC does a better @ 71230, Midland, Michigan
job of cushioning delicate 48640.

Packing for shipment?
Weligh the cost.
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Length: 11%44" max.
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try this
for size...

there’s no doubt about performance!

Sized right for high density pcb switch-
ing—as small as .145 cu. in.—the
MicroClareed MR Relay adds a new
dimension to Clare Sealed Contact
Reed Relay capabilities. Design around
1 to 5 contacts in epoxy sealed and
open coil modules—take advantage of
all of the inherent reliability and per-
formance achievements of CLAREED
Relays in only 1/5th the size.

Super-clean in construction, the 100%
operation-tested, glass-encapsulated
contacts never need maintenance or
adjustment. Fast... with switching
speeds in the low millisecond range.
On the job, insensitivity to electrical
transients . .. and complete input/out-
put isolation . . . provide high reliability
with maximum circuit simplicity.

For complete design information, circle
reader service number—or ask Clare
for Data Sheet 961 ... Write Group
12N9.

C.P.Clare & Co.,Chicago,lllinois 60645

- a GENERAL INSTRUMENT company

.,

N\

« Inherent reliability with no maintenance
(Contacts sealed in glass)

» Switching times 0.5 to 2 ms

« Insensitive to transient electrical /electronic
noises

» Contact load versatility—low level to 10 va

« Life:
125 amp., 28 v: 10 x 10° operations
low level: 100 x 10° operations

« 1 to 5 contacts per module—open coil
or molded epoxy modules

MICROCLAREED SEALED-CONTACT REED RELAYS

for industrial control, data logging and instrumentation,
communication switching, ground control, checkout systems

82 Circle 82 on reader service card

Electronics | December 11, 1967



Now-the broadest line of convection-cooled,

all silicon, .015% requlated power supplies
For test equipment and lab use 0-10,-20-40;60,-120 VDC, from 0-.5ampto 0-66 amps

Features and Data

@ Rack or bench use

e Full five year guarantee
on materials and labor

Convection Cooled
Remote Programing

Regulation—.015% or

1 MV (Line or Load)
Temp. Coef. .015%/°C

e Completely Protected—
Short circuit proof—
Continuously adjustable
Automatic current limiting

Remote Sensing
Constant I./Constant V.
by automatic crossover
Series [ Parallel Operation

No Voitage Spikes or
Overshoot on “'turn on’,
“turn off’’ or power failure
Ripple—
LK models—500 uV RMS
LH models—250 uV RMS,

1 MV P-P
Meet MIL Environment Specs

Full Rack 7” LK Series

4 RN @ i T 4 Y ﬁ_ L] » - »
- — s
! " - | f 3 ; 4
& onms . \
| ! 4] - a e
iom . o .
.6 @, 9 @ @
. : 3 . >
,'a.". " % e s 1 - - » - )
Y4 Rack LH Series Y2 Rack LK Series-LH Series Full Rack 5% LK Series
3 Full-rack Models — Size 77 x 19” x 182" 11 Half-rack Models — Size 5%,,"-x 8" x 15%"
T T
CURRENT RANGE AT AMBIENT OF:! t CURRENT RANGE AT AMBIENT OF:!
Model? v,;’."n": = ——{ Price? [ Model? V;"n": T T Price?
€ s0°c | soc | e0c | 71°C ang s0°c | soc | eo°c |[71°C
LK 360 FM | 0-20VDC | 0-66A | 0-59A ] 0-50A l 0-40A | $995 [Lx 340 | 0-20VDC | O- 8.0A| O- 7.0A | 0- 6.1A | 0-4.9A | $330
LK 361 FM 0—36VDC—W_0-48A 0-43A i 0-36A Xl 0-30A 950 LK 341T0—20VDC 0-13.5A | 0-11.0A [ 0-10.0A { 0-7.7A | 385
LK 362 FM | 0-60VDC | 0-25A | 0-24A | 0-22A | 0-19A | 995 LK342 | 0-36VDC | 0- 52A| 0- 504 | 0 45A | 0-3.7A 335
LK 343 | 0-36vVDC 0- 9.0A| 0- 85A ‘ 0- 7.6A | 0-6.1A 395
3 Full-rack Models — Size 5%4” x 19” x 162" LK 344 0-60VDC 0- 4.0A| O- 3.5A | 0- 3.0A | 0-25A 340
Voltage CURRENT RANGE AT AMBIENT OF: ! LK 345 0-60VDC 0- 6.0A| 0- 5.2A ! 0- 45A | 04.0A 395
Model? Range —~‘ T = -5 e H_GO‘ T Price?
0 = - Tl n-e Modeis| Voltage | CURRENT RANGE AT AMBIENTOF:! |
. ode r
LK 350 0-20vDC 0-35A 0-31A I 70—726A fO—ZOA $675 Range 30°C 50°C 60°C 71°C
LK351 | 0-36VDC | 0-25A | 0-23A | 0-20A | O-15A | 640 LH119 | 0-10vDC | O- 9.0A| O B.OA| O- 6.9A | 0-5.8A| $289
LK 352 | 0-60vDC | 0-15A [ 0-14A [ 0-12.5A | 0-10A | 650 LH 122 | 0-20VDC | O- 57A| 0- 47A| O- 4.0A| 0-3.3A| 260
LH125 | 040VDC 0- 30A| 0- 27A | 0O- 2.3A 0—1.9Al 269
5 Quarter-rack M Is — Si Yie” Yo" 12" - —
Quarter-rack Models — Size 5¥.” x 4%," x 15% LH128 | 0-60VDC | O- 24A| O- 21A O 18A[ 0-15A| 315
1 ] )
Model2| VYoltage | CURRENT RANGE AT AMBIENTOF:' | . . LH131 | 0-120VDC| 0- 1.2A| 0- 0.9A | O- 0.8A | 0-0.6A | 320
Range . > . [ 91° € — -
30°C 50°C 60°C 71°C . . A
! Current rating applies ov%r entire v?ltage r?nge. W e
2 Prices are for non-metered models (except for models M thru
RrLLoF] 0-10VDC Q404 0=3.5A 0—_2.9A D=2 S AN MS175 LK362FM which are not available without meters). For metered models,
LH 121 | 0-20vDC 0-2.4A 0-2.2A 0-1.8A 0-1.5A 159 a?gxsuffié (FM) and add $25 to price of LH models; add $30 to price
o models.
LH 12 040V 1. 1. d . 3 Quervoitage Protection: add suffix (OV) to model number and add
y B¢ 0—7 A e 0092 oQed e $60 to the price of LH models; add $70 to price of half-rack LK models;
LH 127 | 0-60VDC 0-0.9A 0-0.7A 0-0.6A 0-0.5A 184 add $90 to price of 5%” fuil-rack LK models; add $120 to price of 7
4 full-rack LK models.
LH 130 | 0-120vDC | 0-0.50A | 0-0.40A | 0-0.35A | 0-0.25A| 225 4 Chassis Slides for full rack models: Add suffix (CS) to model number
and add $60 to the price.

AN

L A M B DA ELECTRONICS CORP.

TERMINAL DRIVE

PLAINVIEW, L.I., NEW Y

ORK 11803 ¢ 516-681-8300 A (Yfeeco) SUBSIDIARY LA-182A
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This is AE’s Class B relay.

Use it where a less
expensive relay would
cost too much.

The Class B is a premium-qual-
ity telephone-type relay. It can
give you at least 400 million
operations with unfailing con-
tact reliability. And it seldom
needs maintenance.

That’s why it’s probably the
most inexpensive relay you can
use—where long-termreliability
is a must.

In commercial and industrial
control applications, the AE
Class B delivers just what youd
expect of a telephone relay. It
combines good sensitivity with
excellent stability. Withstands
extreme temperatures. Provides
a wide range of practical oper-
ate and release timing...a range
much wider than possible with
smaller types of relays.

The Class B has two arma-
ture ratios (long, for fast acting

or pulsing—short, for slow-
release and chatter-free AC
operation). It also features
twin contacts to insure against
contact failure, a permanent
wear-free backstop, pin-type
armature bearings — plus a
sturdy, stable heel-piece.

Newest Class B relay is
the Series BRM latching
version. When pulsed, rema-
nent magnetism keeps the
BRM latched without power
consumption until it is restored
by a second pulse.

Find out more about the
Class B relay —the industry
standard for long-term econ-
omy. Ask for Circular 1993. Just
write to the Director, Relay
Control Equipment Sales,
Automatic Electric Company,
Northlake, Illinois 60164.

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS

Circle 84 on reader service card
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GOLD PLATED
TERMINAL TABS

MOLDED NYLON
WIPER BLOCK

MULTI-WIRE
WELDED TAB TERMINATION

GROOVED NYLON CASE

HARD GOLD PLATED
CENTER TERMINAL
CONTACT

RETAINING

PRECIOUS METAL
¢C"sRING

WIPER SPRING
UNIFORM, LOW TC WINDINGS
LOW-COST 10-TURN POTENTIOMETER
14 0 . . .

7/g" diameter, 0.25% linearity, plus long life

Here's a rugged high-performance potentiometer that means space Immediately available, this new IRC preci-
and cost savings for your industrial and commercial applications. With sion potentiometer has popular side ter-
only 1%" projection behind the panel, this 73" diameter unit has sta- minals and a %" diameter shaft that per-
bility and reliability features normally found only in MIL-type units. mits knob or screwdriver adjustment.

® Rugged nylon housing and end plate—withstands rough \IGVrl'ger;c;Ldg:a ap"rﬂ,féﬁffh';;R%a!"'f'g’foogl

handling and mechanical abuse.

® Grooved case—maintains uniformity of wire windings and

provides for £0.25% independent linearity. CAPSULE SPECIFICATIONS
® Welded tab t inati ! d resistance and IRC TYPE 8400
elded tab termination—means low en istan )
> - SIZE %" diameter
easier ex'fernal connections. TURNS 10
@ Longer winding—20"-long, low TC wire provides better POWER 2 watts @ 25°C
stability and resolution over the entire resistance range. INDEPENDENT LINEARITY +0.25%
@ Precious metal wiper spring—assures better contact and Lo 1o £5%
long rotational life RESISTANCE 100 to 100K
o ) END RESISTANCE 0.1% or 2.0
® Retaining *C”-ring—prevents possible snap-out of rear (whichever is greater)

plate.
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experience counts

_____________ .v..._T. . and spe"s
't produes
information
display
systems

@ Burroughs Corporation

Burroughs has produced many complete

information display systems for a wide variety of industrial,
commercial and military applications.

For application assistance or information write:

Burroughs Corporation, Electronic Components Division
P.0. Box 1226, Department Al

Plainfield, New Jersey 07061

Tel: (201) 757-5000

REAL TimE DISPL Ay

- SUHETULE BORR7S -
TRAFFIC CONTROL MONITORING - sTOCK MARKET

| DISPLAY BOARDS - NEWS ANT INFORMATION T1SPLAYS



GOLD PLATED
TERMINAL TABS

MOLDED NYLON
WIPER BLOCK

‘

MULTI-WIRE . f 77 .
WELDED TAB TERMINATION S A ,’I//// 5 ’
A N / ¥ & o
=, G = ) g ’l //// —_
2 Ml S

/,‘,{‘

7

GROOVED NYLON CASE WA

A : L5
‘ X \\\.
HARD GOLD PLATED \ .

CENTER TERMINAL
CONTACT

PRECIOUS METAL RETAINING

WIPER SPRING “C"-RING
UNIFORM, LOW TC WINDINGS
LOW-COST 10-TURN POTENTIOMETER
,, L] L] L] L]

713" diameter, 0.25% linearity, plus long life

Here's a rugged high-performance potentiometer that means space Immediately available, this new IRC preci-
and cost savings for your industrial and commercial applications. With sion potentiometer has popular side ter-
only 114" projection behind the panel, this 75" diameter unit has sta- minals and a %" diameter shaft that per-
bility and reliability features normally found only in MIL-type units. mits knob or screwdriver adjustment.

® Rugged nylon housing and end plate—withstands rough \I{IVri'gar;g:jdg:a a;lﬂl:é::l;?iam%alni'g'fo%l

handling and mechanical abuse.

® Grooved case—maintains uniformity of wire windings and

provides for +0.25% independent linearity. CAPSULE SPECIFICATIONS
IRC TYPE 8400

® Welded tab termination—means low end resistance and SIZE %" diameter
easier external connections. TURNS 1;

o Longgr winding—20"-long, low TC wire provides better POWER 2 watts @ 25°C
stability and resolution over the entire resistance range. INDEPENDENT LINEARITY +0.25%

@ Precious metal wiper spring—assures better contact and ;géfgﬁ‘ﬁ& ﬁ)g% 100K,
long rotational life.

e END RESISTANCE 0.1% or 2.0,
® Retaining “C”’-ring—prevents possible snap-out of rear (whichever is greater)

plate.
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Make them modern
with heat-sealable ‘,
Scotchpak potyester fitm... |

BRANO

tough, flat and flexible

“"SCOTCHPAK” film laminates easily — like a ther-
moplastic. And since it is a polyester, it is excep-
tionally strong...chemically resistant...with
high dielectric properties. It's available in various
types and thicknesses — probably one just right
for your needs. Enables you to make cables that

& easily follow unusual contours . .. that lie flat . ..
take up minimum space. Printed circuits that flex
/ ... but don’t snap. A market potential estimated

. at over $100 million by 1970!

- Interested? For more information, write: Film &
Typical Applications: Pipe and tank-heating cable by Electro-
Trace Corp.; printed circuit panels made by firms such as

Flexible Circuit Corp.; flat cables by Tape Cable Corp.; and
a variety of other uses including coil covers and wire wrap.

Allied Products Div., 3M Co., 2501 Hudson
Rd., St. Paul, Minn. 55119, Dept. ICL-127. Bm

COmPANY

**'SCOTCHPAK'' IS A REG. T.M. OF 3M CO.
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A- word to the do-it-yourself module builder:

Don't.

Buy our J Series modules instead.
The J Series is our new family
of general purpose, all integrated
circuit logic modules. Their per-
formance almost matches that
of our famous T Series modules,
but they cost about 25 % less. They're made to the same
dimensions as the T Series, with the same 52 pin connec-
tors, so they’re physically interchangeable. We make them
for our own seismic recorder systems, so they're rugged
and reliable. Now, as of January, you can buy them (com-

Ay

These will cost you less.

plete with mounting hardware, racks and power supplies,
if you wish) in any of 25 different functions.

And save yourself the time and cost of making your
own: designing, assembling, testing, new procedures, new
equipment, new personnel, additional training, to say
nothing of the added paper work.

If you're building systems, you
must have better things to do than go
into the module assembly business.
Such as reading our J Series catalog.

It's free.

Scientific Data Systems,
Santa Monica, California

Circle 265 on reader service card
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experlence counts
=== )---and spells
to produce
iInformation

BURROUGHS RERL~TIME DISPLRY SrSTEMS

@ Burroughs Corporation

Burroughs has produced many complete

information display systems for a wide variety of industrial,
commercial and military applications.

For application assistance or information write:

Burroughs Corporation, Electronic Components Division
P.0. Box 1226, Department Al

Plainfield, New Jersey 07061

Tel: (201) 757-5000

‘ TRRFFIC CONTROL MONITORING - 5TOCK MARKET

- IISPLAY BOARDS - NEWS AND INFORMATION TISPLAYS



December 11, 1967 | Highlights of this issue

Technical Articles

Programable logic arrays:
cheaper by the millions
page 90

Transistors share the load
in a kilowatt amplifier
Page 100

Special report:
Solid state

in Japan

page 107

Tailoring the device
to suit the need
page 110

Optoelectronics
goes digital
page 117

Gunn devices are on
target, but short of a

So far, all approaches to large scale integration have been
based on a fixed metallic interconnection pattern that deter-
mines the array’s function. But a new scheme is proposed that
could add flexibility and cut costs, particularly for situations
where only a small number of systems are to be built. With
the new method, the function of an array would be determined
by signals transmitted to it.

A basic four-transistor module, whose power is combined
through broadband transformers, is the heart of an amplifier
that delivers peak envelope power outputs of 1,000 watts from
2 to 32 megahertz. Previously, the best high-frequency ampli-
fiers, operating over narrower bands, had outputs of about
200 watts.

Over the past few years, production of
semiconductors, cornerstone of the Jap-
anese eclectronics industry, has doubled.
Success is based partly on the exploitation
of U.S. technology and, more recently, on
Japan’s accent on home-based research.
With the latter, Japanese engineers expect
to leapfrog U.S. developments. On the
cover, symbolizing Japan’s commitment to
semiconductor R&p is Jun-ichi Nishizawa, a leader in Jap-
anese solid state research. Nishizawa is the author of the
report on Japan’s progress in optoclectronics (p. 117).

Electronics

Japanese designers are concentrating their efforts on devices
that are peculiarly suited to meet domestic clectronic needs.
Advances have been made in r-f transistors, varactors, and
thermistors.

Japan has two specific goals in mind for which it has increased
its emphasis on optoelectronics. One is the development of
high speed logic using injection lasers; the other is the design
of computer input and output equipment using phototransis-
tors and electroluminescent displays.

The outputs of Gunn-eftect oscillators now satisfy just a part
of the microwave repeater needs of Japan’s communications

bull’s eye systems. Yet progress has raised hopes that a practical device
page 125  may be available in the near future.
Coming *European electronics market report

December 25

~<—Circle 88 on reader service card

= Integrated circuits in a military radar
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Computers

Programable logic arrays —
cheaper by the millions

Standardized large-scale integrated circuits with fixed interconnections

and variable functions can be fabricated in huge quantities at low cost,

thus making short production runs of large systems more economical

by Sven E. Wahlstrom

Stanford Research Institute, Menlo Park, Calif.

Flexibility and cost savings would be the payoff if
many logic circuits within a single silicon chip
could be interconnected in such a way that the
function of the array were determined by signals
transmitted to it instead of by a fixed, metallic in-
terconnection pattern. After years of studying ways
to organize digital integrated circuits in standard-
ized arrays so they can be used as computer build-
ing blocks, the Stanford Research Institute has de-
vised such a scheme.

In contrast to conventional arrangements, arrays
designed in this way could be reprogramed to
handle several hundred functions. Ideally, the pro-
gramable circuits would be identical. With fewer
kinds of chips to deal with, development costs are
less, and larger quantities of each kind of chip
would cost less to produce.

The proposed technique is particularly attractive
for situations in which only a small number of sys-
tems are to be built. Generally, the programable
logic would require several times the amount of
circuitry to perform a given function as does a con-
ventional assembly. And a very large number of
custom-designed chips costs less to make than
would a functionally equivalent number of pro-

The author
Sven E. Wahlstrom is a senior
research engineer in the computer
techniques laboratory at
Stanford Research Institute.
-~ -

He has a master's degree from

the Chalmers Institute of
Technology in Gothenburg, Sweden,
and has worked with Facit
Electronics and with the Ampex
Corp.
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gramable arrays. While programable arrays would
have to be reprogramed after any power shutdown,
program signals could be kept on magnetic or
paper tape to case the process. Or an auxiliary
power source could eliminate the problem al-
together.

Given the present state of large scale integration,
two or three different circuits would likely be re-
quired. Several chips would have to be intercon-
nected to provide an array of reasonable size, and,
to simplify the programing, more than two termi-
nals would probably be used as entry points.

Programable arrays represent a step in large-
scale integration beyond such concepts as the
cellular logic developed extensively at Stanford
University and produced in modified form under
the labels, Micromatrix and Polycell. In cellular
logic, large numbers of arrays are produced exactly
alike except for the last step, in which a metal in-
terconnection pattern tailors the cells to a specific
function. Only in this final step are the customer’s
special requirements met.

In conventional logic design, the engineer spe-
cifies the wiring between fixed-function modules.
With programable arrays, the engineer sets up the
function after the design stage by feeding a se-
quence of bits into programing buses, from a key-
board or from tape.

Peas in a pod

The programable array consists of an orderly
structure of 64 to 100 cells and fixed wiring that
connects neighboring cells and carries data pro-
grams over the entire assembly.

In an array, whose lower left-hand corner is shown
above, all the cells are identical. Conceptually
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Repeated interconnections. The programable array contains many identical cells (color blocks) with identical
interconnections. Function of each cell is established by pulses sent along the program buses (colored lines).
Because each cell is connectable to adjacent program buses as well as adjacent cells, any cell in the array is

addressable through cell 11 at the lower left-hand corner.

the pattern stretches indefinitely to the right and
up, with a repeating pattern of interconnections.
The table below defines the line labels.

Each cell contains four major sections, as shown
on page 92. The function control register (Fcr) de-
fines the logic function in accordance with the par-

Symbols for programable arrays

Symbol Interpretation
Xr1, Xpz, Xrs Horizontal program buses
Yr1, Yoo, Yoo Vertical program buses

Connections to first horizontal
program bus from bottom
edge of array

Connections to first vertical
program bus from left edge
of array

External input connections
to cells on left edge of
array, as if from cells at
their left

External input connections
to cells on bottom edge of
array, as if from cells below
them

External input connections
from cells on bottom edge
of array, as if to cells be-
low them

Horizontal data buses
Vertical data buses

Xra1, Xrz1, Xea

Yen, Yriz, Yrus

Ziln i, Z

Z,Bu, Z1Ba, Z1Bx

ZiUso, ZiUs0, Z1Uso

Xn, Xe1, Xl:x""‘" me X;
Yu, Yei, Yiz, Yoo, Yis, Yo
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ticular combination of bits in it. A shift register, the
rcr loads bits at one end during programing and
shifts them along its length until they reach their
proper positions. Flip-flops control the cell’s basic
logic definition and its input and output gates.

Theoretically, an n-bit ¥cr could define 2" dif-
ferent functions because it can contain up to 2* dif-
ferent combinations of bits. Actually, however,
many of these combinations are not usable.

Network programing

One of the simplest ways to program the array
would be a technique based on coincidence selec-
tion. Pulses on one horizontal and one vertical pro-
graming bus, whose trailing edges coincide in time,
select the Fcr in the cell at the intersection of the
two buses, and shift all previously loaded bits one
position along the register. Simultaneously they
load a new bit into the first position of the rcr. If
the leading edge of the pulse on the X bus is ahead
of the leading edge of the Y pulse, a 1 bit is loaded;
but if the Y pulse rises first, a 0 bit is loaded.

A single pair of wires serves to link the array to
the outside world. The output of cach cell is con-
nected to the programing buses immediately above
it and to its right; the input lines arc connected
to the lower left chip in the array and drive that
chip to route programing signals to the adjacent
buses and thence to the adjacent cells.

A route is thus established, one cell at a time,
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Four major sections. The function control register contro!s input, output, and function gates to establish the logic
function of the cell. The register itself is a shift register loaded by coincident signals on the program buses.

to the farthest cell in the upper right-hand corner.
After the program establishes the desired function
in that cell, it cranks in the functions of the in-
tervening cells back down the line. Thus the pro-
gram closes off the route, one cell at a time, as it
retreats back to the lower left-hand corner. In
large arrays, clear paths can be left for further
reprograming,

Tactical withdrawal

Array programing can be likened to a campaign
waged by an army invading a country criss-crossed
by rivers and canals. The land areas between rivers
correspond to programable cells.

After establishing a single beachhead, corre-
sponding to the program input terminals, the in-
vaders move materials through it to build a bridge
across the first river that they reach. Then, through
the beachhead and across that bridge they move
material to build a second bridge further on. Thus,
assuming no serious resistance, the invaders pro-
gress through the country, bridge by bridge, until
they reach the far frontier. Now they build an out-
post at the far end of the last bridge, bringing in
the materials through the original beachhead and
across all the bridges. Having established the fort,
they retreat, tearing down bridges one by one after
they recross them, and using the materials from
the bridges to build self-sufficient fortifications on
each island. The forts, of course, are analogous to
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the logic functions established in the cell.

In this way they withdraw to the original beach-
head, where they use the materials of the first
bridge to build a final fort. If the country is large
and the rivers numerous, the invaders leave a few
bridges standing so they can return to the distant
frontier to relieve the garrisons left behind.

Swinging gates

Metal-oxide-semiconductor technology could
serve to implement a programable array. For ex-
ample, 13 Mos NAND gates could be interconnected
on a single cell controlled by a 13-position ¥cr, as
at top of page 93. The input logic is formed by seven
gates fed by two horizontal data buses, two vertical
data buses, and the outputs of the cells immedi-
ately above, below, and to the left of them. The
seven outputs of these gates are connected to form
a seven-way NOR gate; the function can be set up
for any number of inputs fewer than seven by ad-
justing the Fcr. In the Nor function, if one or more
of the seven inputs carries a binary 1 (a more posi-
tive voltage level), the output is a binary 0 (a more
negative voltage level); the output can be positive
only if all the inputs are negative.

The other six gates form the output logic; they
are connected to the same four data buses and to
the programing buses immediately above and to
the right of them. The ~Nor function output is also
available, ungated, to the cells above, below, and
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to the right; it is gated at each destination.

The cell can be set up as a flip-flop if a data bus
is connected to both an input and an output gate
on the same cell. (The connection is always there,
of course, but has no effect unless the correspond-
ing position in the Fcr contains a 1). For example,
a 1 in position 3, 9 and 13 of the Fcr, as shown
below, will create a flip-flop on the X; data bus. A
negative pulse on this bus turns on the flip-flop; a
positive pulse on the Y; bus turns it off. The logic
generating these set and reset pulses must be on
adjacent cells.

The diagram shows how the flip-flop is set by a
negative pulse on the X, data bus that is gated by
a negative level on the Z input, both on the cell
immediately to the left. Of course, using the data
buses in this manner precludes their use elsewhere
in the same horizontal row in the array, because
they are common to all cells in that row.

In the physical layout of a single cell, shown on
page 94, these major functions are available at each
of the four edges. On the right edge, the two termi-
nals marked X; are electrically common; the corres-
ponding terminals on the left edge aren’t connected,
but one represents the output of the cell to the X,
data bus. These two terminals would be connected
on the next cell to the left if it was identical; similar
interconnections on adjacent cells exist for each of
the four data buses. The program buses, passing
straight through the cell, are connected to the pro-
gram logic and to lines from the next cells below
and to the left of this one. Corresponding terminals
on the top and right edges go to the program buses
on those cells.

Bit by bit

After the engineer has completed the logic design
and worked out a program to implement it, he
simply feeds the program into a standard array a
bit at a time; he need not build any new hardware.
His problems aren’t over, however. Since, in the
simplest case, the buses are accessible only at one
corner of the array, the programing procedure is
rather complicated, as shown on page 95. Cell 11 is

SET LOGIC ON ONE CELL
Xy

FROM CELL  TOCELL  TONEXT—
x, ABOVE|™™—« ABOVE ~™% X PROGRAM BUS
X2 INPUT OUTPUT

GATES GATES

(L

odiE G

t3
t
FROM CELL fio TO CELL
AT LEFT l AT RIGHT
|
FROM CELL | f7
AT LEFT j ) _
f ts &
12 TO NEXT
Y PROGRAM
X PROGRAM ts
BUS
= 7 = ™ T-\ 1] Y2
Y PROGRAM FROM CELL  TO CELL FROM CELL
BUS BELOW BELOW  BELOW

Any function in one cell. The seven input NAND gates
with common outputs form a NOR gate with one to seven
inputs. This output may be transmitted directly to any
one of nine places. Flip-flops and other complex
structures can also be programed.

sct up to pass further programing signals to cell 12,
which then opens a path to 22. Once the last cell
has been programed, intermediate cells can be
reprogramed to perform functions that drive it.

All of this can be done with the two program in-
puts, XP; and YP,, and the single data input, Zig1;.
The procedure gets pretty complicated after this,
but a few more inputs and wires can expedite pro-
graming without adding too much hardware.

Manual programing with a simple keyboard

FLIP-FLOP ON ONE CELL

DATA BUSES
X2
f 3 fg::.b-(_fi‘.:"
FROM CELL
AT LEFT
fa fi
RESET LOGIC
v y ON ANOTHER
1 2 CELL Y1 Y2
DATA BUSES DATA BUSES

Three-cell flip-flop. The flip-flop proper is on the cell at the right, with its feedback loop on the X; data bus.
The logic to turn it on is at the left; similar logic for resetting is on a third cell, not shown.
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Chip layout. MOS circuits interconnected as shown here produce a single cell in a programable array. Up to
four such cells on one chip are feasible with today's state of the art. The layout includes a 13-position shift
register and 13 NAND gates as diagramed on page 93, together with programing logic, all necessary external

signal connections, and power connections.

would be feasible for logic designs of limited com-
plexity, but paper tape, magnetic tape, or punched
cards would be better for a large system.,

The basic building block in any programable net-
work would be un approximately squarc array of
64 to 100 cells. With today’s technology, four cells
can be placed on a single chip with a reasonable
yield; one array would therefore contain up to 25
chips.

Standardization exacts a price, of course—some
chips in the programable array have to be used
solely for programing, More circuit elements are
needed—perhaps 20 times as many as in conven-
tional arrays—to implement functions. Because the
development cost can be spread over a very large
number of chips, extra development effort becomes
economical; more sophisticated programable chips

94

then become practicable, reducing the proportion
of extra chips to perhaps 10.

Balance sheet

The cost of developing a 1,000-clement array
is currently about $30,000. The production cost
might be several hundred dollars per chip if only
a dozen or so were made, but this would drop to
less than $10 apiece for quantities of a million or
more. Assume that a chip 100 mils square with
between 40 and 50 pins for external connections
can be produced in lots of several million for $7
apiece, including the package. The per-unit devel-
opment cost for such large quantities is negligible.

The total cost of n systems with conventional
arrays is nP(n) -+ 30,000 dollars, where P(n) is the
production cost based on n systems, The same n

Electronics | December 11, 1967



X22 |
X12 CELL t2 CELL 22
Zily;
18
L L
XP2
X21
Xy CELL 11 CELL 21
fr
.
XPq
YPy YP, Yoq| Y22

Step by step. Any desired function can be established in cell 22 by first opening a programing path through cells
11 and 12. After cell 22 has been programed, cell 12 can be reprogramed with a function to drive cell 22.
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QUANTITY PRODUCED

Production cost. Unit cost of producing many thousands
of identical IC’s is two or three orders of magnitude
less than that of producing only a few dozen; herein
lies the key to the economics of programable arrays.

systems built with programable arrays would re-
quire about K times as much hardware, where K is
the ratio of programable chips to the number of cus-
tomized chips that could perform the same function.
At $7 per chip, the total cost would be TnK. The
break-even curve, established by the equation
nP(n) -+ 30,000 == 7TnK
determines the values of n and K below which pro-
gramable arrays are more economical than their
customized counterparts.

This equation and the production costs in the
diagram at left above are the basis for the break-
even point graphed at right above. Programable ar-
rays are most practical where both n and K are
small, though they can also pay their way with a
small n and large K or large n and small K.

An array of cells built with mos technology can
achieve a K factor of 10 to 25, which in turn leads
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Break-even point. Customized arrays become cheaper
than programable arrays only if the number of units is
very large, or if the additional number of programable
arrays required for a given system is very large.

to a break-even point between 250 and 1,700 cus-
tomized circuits. The diagram shows that even if
the K value increases to 50 or 100, as it might with
stacked arrays, as many as 50 to 150 programable
systems could be built at an economic advantage.
If the other potential benefits of the programable
array are taken into account—spare-part standard-
ization, easy servicing, and system flexibility—the
break-even point can well be several thousand.
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Circuit design

Multivibrator sensitivity
improved by MOS FET’s

By Frederick G. Christiansen

GPL Division, General Precision, Inc.
Pleasantville, N.Y.

A small change in frequency control voltage pro-
duces an extremely large frequency shift in a multi-
vibrator because the field-effect transistors operate
as voltage-variable resistors.

The monolithic integrated circuit shown is a
single stage of a Darlington differential amplifier
wired as a free-running multivibrator. Capacitors
C and C’ are the commutating capacitors and also
serve as the capacitive portion of the RC timing
network in the frequency-control circuit.

In many conventional voltage-controlled oscilla-
tors, the frequency is determined by charging the
commutating capacitors, C and C’, to the control
voltage through a fixed resistor (the resistive por-
tion of the RC timing network). Thus, in conven-
tional multivibrators, changes in frequency are
achieved by varying control-voltage level, which
alters current passing through the timing resistor.

Multivibrator. The magnitude of the
charging current to commutating
capacitors C and C’ determines the
frequency. Two MOS FET’s operated
as voltage-variable resistors vary the
charging current in response to

470pf

Designer’s casebook

Designer’s casebook is a regular

feature in Electronics. Readers are invited
to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.

In the multivibrator shown, however, the control
voltage is applied indirectly to change the fre-
quency. The voltage supply for the RC timing net-
work is fixed at 6 volts and the charging current is
varied by adjusting the resistance of the RC timing
network. The fixed resistor in the network is re-
placed by a pair of metal-oxide-semiconductor
FET'S, Q; and Q», which function as voltage-variable
resistors. The control voltage is applied to the gates
of Q; and Q: (like an ordinary V,, signal). Increases
in the control-voltage level lower the drain-to-source
impedance of Q; and Q.; this action increases the
charging current which, in turn, raises the fre-
quency of the multivibrator. Frequency limits are
set by resistors Ry, Ro, R; and Ry.

Sensitivity and linearity of the frequency-control
circuitry depends on the bias point of the Mos FET’s,
Q, and Q.. A plot of the FETS’ impedance versus
V., is quite linear above the knee of the curve. In
addition, the slope of the curve above the knee is
quite steep, so that extremely large changes in im-
pedance can be made with very small changes in
Vg The circuit’s sensitivity is 40 kilohertz per volt
—a parameter that is fairly constant over a wide
range of temperature due to the thermal stability of
the Mos FET’s; the Mo0s FET's have input impedances
greater than 10'° ohms, so they do not load the con-
trol voltage.

+10v

10k 10k

OUTPUT

changes in frequency-control voltage.

Q.

MEMS11A
FREQUENCY-
CONTROL
VOLTAGE
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Magnetic resonance limits
zener diode current

By Otaker A. Horna

Research Institute for Mathematical Machines
Prague, Czechoslovakia

Zener diodes in a bridge rectifier prevent line volt-
age variations and load current requirements from
affecting the power supply output. The diodes’ high
current drain during regulation is limited as is any
other high current when the secondary saturates
the supply transformer.

In saturation, the transformer breaks into mag-
netic resonance and behaves as an inductance be-
tween its primary and secondary. This inductance
and a capacitor in the primary constitute a low Q,
series-resonant circuit that limits current flow. The
current is converted to voltage and stored by the
capacitor.

Since the primary capacitor, Cy, is in a resonant
circuit, its d-c voltage rating should be five times
higher than the applied voltage V. The capacitance
value is directly proportional to the stored current
and expressed by

1.11 Trax.

‘ nl,’
2rf y Vi

Ch —

2

short-eircuit current or current through
zener at high line voltage

where I, .«

f = line frequency
V1. = root mean square of the line voltage
oAl number of turns on primary
* ~ number of turns on secondary
C, = primary capacitor
= = 3.14

Resonance results in a voltage on the secondary
of the transformer that is 50% higher than the
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Sharp regulation. During normal operation, current
flows through the load until the output voltage reaches
16 volts. Above this, the current is shunted through
the zeners.
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200~ . HERE
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200
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Low ripple. Clipped waveshape that appears at the
output of the bridge is a result of zener conduction.
Since the clipped voltage is easily filtered a low
ripple voltage occurs.
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220v
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300 ma
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Short-circuit impedance. High line voltages or short circuits causz D, and D. to draw high currents in the
transformer’'s secondary winding. These currents are limited when transformer T, and capacitor C; become
series resonant and store the current in the magnetic field. Clipping in the output waveform is caused by

zener conduction.
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usual d-c voltage, and a current 40% higher than
the usual secondary current.

Since the primary is removed from the circuit
during the saturation of the transformer, its voltage
and current requirements are the line voltage and
30 ma. To preserve symmetry in the output, the

zener diodes must be perfectly matched. Their
power requirements, P, are expressed by

P =025 Vg Laax
where Vz = zener breakdown voltage

Tnox = current through zener at high line
voltage.

Dividing the frequency
of an oscillator by 10

By John Althouse

Escondido, Calif.

Adding a capacitor and potentiometer to form a
modified crystal oscillator causes the fundamental
resonant frequency to be divided by 10. This fre-
quency division eliminates the necessity for a
separate divide-by-ten multivibrator in the fre-
quency standard for which the circuit was de-
signed. The modified oscillator’s 100-kilohertz
fundamental frequency and 10-khz submultiple
were used to check the dial calibration on a short-

wave receiver; marker pulses for fine calibration
were provided by the 10-khz frequency.

The basic crystal oscillator consists essentially
of a single, low-cost integrated circuit, the Fairchild
pL. 914 dual two-input gate, and associated com-
ponents. If the oscillator’s time constant approxi-
mates the period of the crystal’s fundamental reson-
ance, the circuit oscillates at the crystal’s funda-
mental resonant frequency. When the time constant
is increased, however, stable oscillations can be
produced at submultiples of the crystal frequency.

When switch S in the modified oscillator is
placed in the 100-khz position, the circuit oscillates
at the crystal’s fundamental resonant frequency of
100 khz. With the switch in the 10-khz position,
however, the circuit oscillates at 20 khz but the
waveform at this frequency is asymmetrical and
has a strong 10-khz component.

4.7k 470
‘| —Wv * WV +3v
[ 5K 22k
| 4 1 I\ADJUST FOR
| 10khz iiOOkhz LOCK AT 20-khz
|
| 100 khz s
! ® ——-G
| @ < uL9t1e >—8
| ) < 3
l 3
l -
| =
l s em ] Tl TN A
OUTPUT

_L {(100khz)
1 volt
I

4

1 voltl

e

(10 khz)

=y

| ] | | [
20 30 40 50 60
TIME, u sec

Modified oscillator. Circuit oscillates at crystal's fundamental resonant frequency when time constant
approximates the period of the crystal’s resonance. With switch S in the 10-khz position, a large time

constant is produced that generates a 10-khz submultiple.
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Symmetrical gate delivers
narrow pulses to fan-out

By Max McGee

Lawrence Radiation Laboratory, Livermore, Calif.

Output pulse width of a symnetrical gate is accu-
rately controlled by the time interval between its
two input triggers. The triggers establish the shape
of the output pulse and hold the rise and fall times
of the output to less than 5 nanoscconds. Two d-c
amplifiers in the circuit make it possible to drive
loads as large as 30 ohms.

A negative trigger applied to input 1, at time to,
drives transistor Q. of the Q;-Q. multivibrator into
conduction and simultaneously places Q, into cut-
off. This causes 6 volts to appear at the collector of

Q;, which is transmitted without distortion by the
driver stages to the output. Transistor Q. remains in
conduction as long as it takes for C; to discharge
through R;. A positive trigger is applied to input 2
after the desired time interval, t. Thus, Q3 begins to
conduct, Q, is cut off, and —6 volts appcar at the
collector of Q; and is transmitted to the output. The
sum of the two-chammel outputs at time t; is zero
and thus the falling edge of the output pulse is
sharply formed.

The R.C. time constant is made larger than its
RiC; comnplement, This keeps multivibrator Qs-Q4
in conduction beyond time t» and thereby avoids
the positive voltage from returning. The negative
voltage that appears after Q; and Q. turns ofl
doesn’t affect the fan-out circuit. Interchanging
capacitor C; with Cs and switching the two input
triggers changes the polarity of the output pulse.
This pulse has the same rise and fall times as the
positive pulse.

INPUT 1

;L 200pt
20k l T |

! |
: } |
+6v 100 pt ; |
0 K % IN914 0 | I
2N2894 2N2894 | | 2N918 2N918 |
A } |
13k |
[
FISITIVE 171 ] |
CHANNEL Ay } l
100pf 3 <
3k Ry 39k g 1k% | 510 68 {
} |
' |
1k { 3510 68 | 30
200pf c—
NEGATIVE le | l
CHANNEL LAYR Q0 I II
. 2N918 | | 2n2s9s 2N2894 | | ouTPuT
AMA @ | 1
100pf | |
I L IN914 ' |
T v } ;
to 1y | |
-t | '
OUTPUT OF 1 | !
POSITIVE CHANNEL # SECS- :I 20k } |
| !
OUTPUT OF _—I I—— = 200 pt ! I
NEGATIVE CHANNEL T L 4|
INPUT 2 DIRECT-COUPLED
RESULTANT PULSE I I iy 5
SYMMETRICAL GATE
Back-to-back gate. Two-channel gate controls width and sharpens edges of output pulse. Overdriving multivibrator
Q:-Qs produces a rise time of less than 5 nanoseconds in the output pulse. Overdriving multivibrator Q.-Qs results
in a 5-nanosecond fall time.
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Communications

Transistors share the load
in a kilowatt amplifier

Summing the outputs of 15 four-transistor modules in the power section
yields the first high-power solid state amplifier at 2 to 32 megahertz

By C.H. Wood Jr., A.W. Morse, and G.R. Brainerd

Westinghouse Electric Corp., Baltimore

High-power gain at very high frcquencies using
solid state devices—once a designer’s dream—has
become a reality. New techniques for combining
power transistors have been incorporated in a solid
state amplifier that has a peak envelope power out-
put of 1,000 watts from 2 to 32 megahertz. Until
now, the best high-frequency solid state amplifiers,
operating over narrower portions of the band, had
PEP outputs of about 200 watts.

Developed by Westinghouse’s Surface division
under a contract with the Air Force’s Rome Air
Development Center, the amplifier meets contract
requirements for high reliability and linearity and
operation at input drive levels as low as 0.25 watts
PEP. It is intended for evaluation as a general-pur-
pose, high-power solid state amplifier in communi-
cation systems.

Heart of the amplifier is a basic four-transistor
module whose power is summed by broadband
transformers. Since the transistors are eclectrically
isolated, thcy can’t interact and carry unequal
shares of the current. Paralleling the outputs of 15
such modules in the power stages makes possible
the unprecedentedly high output. The combining
technique and the single-stage circuit developed
enable the same type transistor to be used in every
part of the amplifier.

There’s an added advantage to combining power
this way. If a transistor within an electrically-iso-
lated four-transistor group fails, output power drops
slightly, but the amplifier continues operating.

Once over lightly

Previous work at Westinghouse in power combin-
ing techniques influenced the final decision to use
a basic four-transistor module in the amplifier. This
decision—along with the results of studies recom-
mending a goal of 40 watts PEP output per transis-
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tor—helped determine the number of stages in each
portion of the amplifier. And designers also had to
produce a very reliable, linear device that would not
change under different voltages or temperatures.

With these constraints in mind, engineers speci-
fied Class A operation in the first two stages of the
preamplifier for highest lincarity and Class AB in
the next two stages for high linearity with somewhat
less power dissipation. The final preamplifier stage
consists of four transistors combined in an elec-
trically isolated module. To maintain the required
drive level, the third stage requires slight peaking
at 22 to 32 Mhz

The 0.25 watt input signal is amplified in the pre-
amplifier 25 db to about 80 watts. Such a large gain
results in large power differences between the lower
and higher frequencies. However, a variable attenu-
ator immediately following the fourth stage of the
preamplifier compensates for the difference, in-
suring linear amplification. A tuned circuit then
couples power into the driver.

Composed of three four-transistor groups, paral-
leled in a 12-transistor module, the driver raises the
power level to 320 watts, a gain of 6 db. Interstage
tuning circuits match the driver output impedance
to the very low input impedance of the power am-
plifier section.

Five 12-transistor modules combine in the output
portion of the amplifier, raising the power to the
1,000-watt output level. Like the driver, the power
amplifier section operates Class B. Finally, a tuned
circuit matches the output impedance of this sec-
tion to 50 ohms, a widely used impedance in many
communication systems.

At the preamplifier input, a limiter protects the
amplifier from overdrive, and a drive control makes
it possible to adapt the amplifier to different input
drive levels.
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Single-stage design

Although the amplifier combines 60 transistors
in its power section, 12 in the driver, and four in the
last preamplifier section, it was still possible to de-
velop one basic circuit for all these transistors. The
circuit is designed around an International Tele-
phone & Telegraph transistor, 2N4130, which of-
fered the highest available power gain at 2 to 32
Mhz.

A 30-watt continuous wave output device at 70
Mhz, it consists of two transistors packaged in a
single can with an emitter resistor to equalize cur-
rent gain. The stage operates in the grounded emit-
ter configuration and is biased for Class B opera-
tion. Such a circuit offers a combination of high
stability and power gain.

As in most Class B power amplifiers, circuit load
impedance doesn’t match the transistor impedance.
Instead the load impedance is determined by Z;, —
(Vee — Vsar)?/2P, where Z;, equals load impedance
Ve collector voltage, Vgsar saturated voltage, and
P, power output. Load impedance is 10 ohms be-
cause 40 watts is the stage output required, 32 volts
the collector voltage and three volts the saturated
voltage.

The transistor selected has a maximum beta of
35 at 10 amps d-c. Primary advantage of using a
low beta device in a high power amplifier is the
greater lincarity at high currents than with high-
beta devices. Since stage gain is proportional to
beta at high frequencies and to beta squared at Jow
frequencies, high beta increases nonlinearity. In
addition, at low frequencies high betas can cause
circuits to oscillate,

Although oscillation is a basic problem in the
design of any high power amplifier, it becomes par-
ticularlv troublesome in broadband circuits. Since
each transistor and its accompanying circuit must
be able to pass the entire range of frequencies it
is potentially less stable than a narrowband tuned

ITT transistor. The 2N4130, a dual-chip device,
is used throughout amplifier. Resistors
connected to the chips prevent unequal load sharing.

circuit would be.

Then, too, it’s impossible to generate useful
equivalent circuits for power transistors at high
frequencies. Certainly an equivalent circuit can be
developed—after careful measurements—for a tran-
sistor operating at a single high frequency and tem-
perature, and at a specific voltage. But vary any of
the parameters—frequency or voltage, for example
—and the equivalent circuit ceases to be valid.

A

ATTENUATOR
PREAMPLIFIER  25db 7
STAGE 1 STAGE 2 STAGE 3 STAGE 4
LIMITER
4TRANSISTOR
g 1 cuassa |—]  cuassa p—] cuassas MODULE L| PREAMPLIFIER
L CLASS 2B
POWER AMPLIFIER 80 db ORIVER | 6db

[ ]
ey 121RansisTor [l 121RansisToR [l r2RansisTor [l t2TRansisTor [l 127RANSISTOR
TUNING 127RA
N MODULE gl voouLe MODULE MODULE MODULE K Lo MODULE
TG CLASS B CLASS B CLASS B CLASS B CLASS 8 TEs CLASS B

Solid state amplifier. Combining 60 transistors in its power section—which can be tuned as a unit—the
1-kilowatt amplifier operates with input drive levels as low as 0.25 watts.
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Single stage. Incorporating a transistor that is operated at 40 watts PEP, this basic circuit is used repeatedly

throughout the entire amplifier.

Thus, it’s very difficult to determine the circuit con-
stants that will guarantee stability at all frequencies
in a broadband circuit.

Eliminating the instabilities

At first the amplifier oscillated in two distinct
ways: one random, sinusoidal and at a frequency
lower than the tuned frequency, the other sinusoi-
dal and always at half the amplifier’s tuned fre-
quency.

The first type of oscillation came from the steeply
rising gain of the transistor at decreasing frequen-
cies. This caused a feedback loop (with a gain of at
least unity) to add positively to the signal, resulting
in the first type of oscillation. At 32 Mhz—where
gain is minimal—the amplifier remained stable at
all voltages, temperatures, and input drive levels.
However, at lower frequencies it did so only under
certain conditions.

One remedy considered—neutralization of the
transistor’s internal feedback signal—works well

E

INPUT

2N4130

2N4130

9
g L+ Ve L+,
4 2N4130 % =k

with narrowband, low-power tuned amplifiers. But
over a four-octave high-frequency range, transistor
parameters vary so widely that neutralization might
work well at one frequency and actually increase
positive feedback in the amplifier at another fre-
quency.

Another possible remedy—inserting losses into
the collector circuits—was also discarded because
of the unpredictability of transistor parameters over
wide frequency ranges. This method of reducing
feedback would also have lowered the amplifier’s
gain excessively.

That left negative feedback, which is incorpo-
rated in the amplifier, both in voltage and current
form, to increase stability. Of course, negative feed-
back has the added advantage of reducing noise
and distortion.

Because emitter feedback presented mechanical,
thermal, and electrical problems with the transistor
used—the emitter was tied to the can—Westing-
house tried collector-to-base feedback first. They

INPUT INPUT

7
Ni S

—+V¢c
2N4130

.||—)|-1

T el L

|

Four-transistor module. Broadband coaxial transformers sum the power output of four transistors, electrically
isolating them from each other, and then are added in series by a larger transformer.
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succeeded in removing the random, low-frequency
oscillations due to increasing gain—but not the
other type.

One possible explanation for the second type of
oscillation is that the circuit acted as a regenerative
frequency divider. To climinate this problem, de-
signers added emitter degeneration. The emitter re-
sistor introduced enough additional negative feed-
back to reduce the gain of the transistor stage, thus
minimizing variations in gain at different frequen-
cies. Another way of looking at this is that cmitter
degeneration lincarized the base-emitter diode, re-
ducing its frequency mixing capabilities. Emitter
degencration required the insertion of clectrical in-
sulating washers between the transistor can and the
heat sink.

Stage linearity

Though feedback incrcases linearity, the most
important cause of linearity in an amplifier is the
basic transistor used. Peripheral circuitry can only
take advantage of this linearity and improve it by
techniques such as feedback.

The most significant nonlinearity of the transis-
tor in the amplifier arises from a change in imped-
ance occurring around 0.7 volts. But a small amount
of forward bhias solves this problem. Since transis-
tors are basically current amplifiers, a series base
resistor at the input of cach transistor in the ampli-
fier makes the r-f input look more like a current and
less like a voltage source. Thus, linearity of the col-
lector current depends on the linearity of the r-f
source.

Since the envelope of the r-f input signal modu-
lates the bias voltage at the base of the transistor,
it was necessary to empirically determine the opti-
mum bias impedance for highest linearity. For best
results, the bias network should provide 4-0.5 v at
40 to 80 watts output and taper down to 0 v at 160
watts at the module output.

Other noteworthy features of the circuit include
the use of multiple bypass capacitors, which are
connected to the cold side (the point of r-f ground)
of the collector circuit. These serve in licu of a
single larger capacitor which would not have a low
enough impedance over the wide band of frequen-
cies amplified.

Rather than use high-power wirewound resis-
tors and then have to cope with their inductances,
several input base resistors were paralleled. In the
same way, paralleling resistors in the emitter cir-
cuit minimizes inductances,

A capacitor across the base resistors develops a
broad series resonance, in combination with the
base circuit inductance, thereby coupling the maxi-
mum signal into the transistors at 22 to 32 Mhz
where it becomes nccessary to use frequency peak-

ing.
Sharing the power

Since no single transistor matches the power of
a high-frequency tube, designers of high-power
solid state amplifiers have no choice but to combine
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12-transistor module. Used in the driver

and power stages, module includes paralleled
ferrite transformers which sum the outputs
of four electrically isolated transistors.

Transistor mounting. On opposite side

of module chassis, transistors are mounted
between heat-sink fins. Heat-sink

material is a 0.13 inch copper sheet.

the outputs of many transistors. They can do so
either by paralleling transistors or by clectrically
isolating them. But it’s not so easy to parallel even
two transistors because at high frequencies the in-
cvitable slight differences in transistor parameters
become exaggerated, causing them to share drive
and load unevenly. Also, paralleling transistors
lowers their impedance.

Since the desired load impedance for each tran-
sistov in the amplifier is about 10 ohms, paralleling
the 60 transistors in the power amplifier section
would require a 0.16 ohm impedance, Tuning at
such a low impedance requires impractically out-
size reactive components. Even if such devices were
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Two-tone tests on solid state amplifier

At right, both waveshapes result
from measurements made at
1,000 watts PEP. Tests simulate
single-sideband-type signal.

3.2 MHz

500 w PEP

1500 w PEP

2000 w PEP

22.5 MHz

1000 w PEP

These five waveshapes result
from measurements of linear
amplifier, all made at 12 Mhz at
different power outputs.

built, they’d cause enormous losses in the circuit.

To avoid the problems of paralleling transistors,
Westinghouse developed the techniques for com-
bining transistors in electrically isolated groups of
four. Within these groups each transistor delivers
its power to its transformer—a broadband device
developed by Westinghouse. In addition to prevent-
ing transistor interaction, the transformers step up
the output impedance, A similar transformer sums
the output of the four transistor-coupled transform-
ers in the group.

THIRD - ORDER IMD (db}

..50 ! | | | U1 T S D | 1
2 3 4 5678910 15 20
FREQUENCY (Mhz) ——>

Intermodulation distortion. Measurements at 1,000
watt PEP of amplifier’'s third-order intermodulation
distortion were taken at different frequencies. Plot
indicates the high linearity of the amplifier.

|
30 40
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Since the output of the combining transformer
has summed the output of the four transistors,
there’s no problem in paralleling it with other com-
biners. Four combiners are paralleled and then
their output is paralleled in turn with four other
12-transistor modules to form the 60-transistor
power section.

Tuning and matching

Since the power-combining transformers pass all
frequencies in the 2 to 32 Mhz range, it’s not neces-
sary to tune every transistor individually on both
base and collector, Instead all transistors in the
power section can be tuned in toto. Tuning per-
forms a triple function. It filters out harmonics in-
herent in any single ended Class B amplifier limits
bandwidth for rejection of wideband harmonics,
and matches impedance.

The transistor used is virtually broadband over
the entire high-frequency range. It’s average col-
lector capacitance is about 200 picofarads so that
at 32 Mhz—the worst case—shunt reactance is
only 25 ohms or 2.5 times greater than the de-
sired resistive load, This simplifies tuning because
the transformers need only present a correspond-
ingly low reactive component of the opposite sign.

Nevertheless, the extremely low impedance levels
in the amplifier required developing new tuning
techniques. For simplicity, compromises had to be
made between minimum reactance and maximum
transfer of power from stage to stage.
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How it's done

A scries resonant circuit tunes the four transistors
in the last stage of the preamplifier. From 2 to 8
Mhz the circuit is at the input of an impedance-
matching transformer, from 8 to 15 Mhz and from
15 to 32 Mhz, it’s switched to the output of the
transformer. A three-position band switch selects
the set of frequencies to be tuned. At 15 to 32 Mhz,
the switch removes the variable attenuator from the
preamplifier circuit.

Most difficult to tune is the driver output, because
its impedance must match input impedances as low
as 0.05 ohms when r-f currents are as high as 40
amperes. A Dbroadband transformer—actually a
composite of five transformers paralleled—is used
to accomplish a 25-to-1 impedance match. On the
low-impedance side of the tuned circuit, a series
resonant circuit compensates for inductance from
transistor leads. To keep loaded Q constant, the
driver portion is tuned in four separate frequency
bands.

The tuning transformers get some help in match-
ing the driver output impedance to the power am-
plifier input impedance. The inputs to the five
power modules are paralleled through two-section
coaxial lines whose diameter changes at a certain
point. These lines themselves act as impedance
transformers and also minimize reactance.

Tuned circuits in the power section use fixed
coils with an effective turns ratio of 4 to 1 for an
impedance transformation of 16 to 1. These are
series-tuned on the low impedance side of the cir-
cuit to eliminate lead inductance. This part of the
amplifier is tuned in two bands: from 2 to 8 Mhz
and from 8 to 32 Mhz. Padding capacitors along
with a 100-t0-5,000 pf variable capacitor are used
in low band tuning. In the high-band circuit the
tuning coil consists of six parallel coils and links.
This allows tight coupling between coils and lowers
inductance.

Housing

The amplifier is in an aluminum cabinet with
one removable drawer that contains all low-power
circuitry as well as the power amplifier tuning cir-
cuitry.

Standing back to back in pairs are the six 12-
transistor modules that form the driver and power
amplifier sections, Three blowers send forced air
in through a finned channel between the modules.
Making efficient use of the fins are heat sinks of
0.13-inch copper.

Very large commercial power supplies—rated at
32 volts up to 100 amperes—insure good short time
power regulation. Tnitially, it was found that the
high peak current demanded by the amplifier
caused excessive d-c drops, which affected linearity
and stability.

The specs

Once design was completed, measurements were
made of output power, third and fifth order har-
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monics, hum and noise products, bandwidth, and
voltage standing wave ratios. For example, output
power and third and fifth order harmonics were
measured at 82 frequencies from 2 to 32 Mhz. These
measurements were made at 1,000 watts rEP output.

Below 25 Mhz, amplifier power is nominally 1,000
watts, although more can be obtained at the expense
of linearity. Above 25 Mhz, power is limited by
distortion of the modulated envelope and by the
drive power.

Hum and noise measurements, made at full power
output with a spectrum analyzer, showed the 60 hz
hum product to be —41 db and the 120 hz product
to be —55 db.

The minimum bandwidth of plus or minus 12 khz
—specified in the contract requirements—was met
at every frequency in the 2 to 32 Mhz band.

Mean time between failure of the amplifier far
exceeded the 2,000-hour objective. Calculating from
the failure rate of the components used, as listed in
the Rome Air Development Center reliability note-
book, the »rrBr of the amplifier is 8,300 hours.
Actually, it should cven exceed that because of the
redundancy arising from the power combining tech-
niques.

During the design of the amplifier, requirements
were cstablished for higher value variable capaci-
tors with high current capacities; low-inductance,
low-resistance resistors; low-inductance bypass ca-
pacitors, and low-impedance coaxial cables. Had
these components been available commercially, am-
plifier design time would have been reduced con-
siderably.
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Readers Choice

IEE bright, legible, wide-angle readouts:

Any characters desired Many sizes

Any colors or combinations Many configurations

Any input, BCD or decimal Many lamp lives (to 100,000 hours)
Any input signal level Many brightness choices

Any mounting, vertical or horizontal Many options and accessories

Standard Readouts: Rear projection principle, like all IEE read-
outs. A lamp in the rear of the unit illuminates one of the 12
film messages, and projects it to the front viewing screen.
Unbeatable readability and versatility.

Large Screen Readouts: For reading distances up
to 100 feet. Maximum character size 3%".

29~ oy | 1}"

! Micro-Miniature Readouts: Only %” wide x ¥%” high, but 20 foot viewing
distance and maximum 175° viewing angle because’of front-plane display.
Character size: 3%".

. Miniature Readouts: Only 1”7 wide x 1-5/16” high, yet can be read at
30 feet because of clarity of one-plane projection. Character size: 34”.

Hi-Brite Readouts: Special lens system increases character brightness
509%. Particularly good when high ambient light conditions exist.

Cue-Switch Readouts: Rear projection readout with push-button
viewing screen. Combination switch and display device.

Bina-View Readout: Accepts binary or teletype code, decodes,
and displays the proper character.

Status Indicator Readout: Displays up to 12 different messages, individually
or in combination. Viewing screen only 3 sqg. in.

Indicator Assemblies: Available with up to 11 rear pro-
jection readouts, for indicating seconds, minutes, hours,
days, etc.

' Driver/Decoder Module: Designed to work with IEE Readouts. Accepts
a variety of binary codes for decimal conversion.

The new IEE Display Devices catalog gives complete information and specifications
on these products, and their accessories. Ask for it.

“|-double-E", the world's largest manufacturer of rear projection readouts.
Industrial Electronic Engineers, Inc, 7720 Lemona Avenue, Van Nuys, California
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Japanese technology |

Small loss of ‘face’ yields
big gain in semiconductors

Building on a base largely borrowed from the U.S., Japan is now

setting its own course in this field and hopes to leapfrog ahead

Japan’s initial efforts in solid state technology
seemed aimed at refuting the old aspersion that
Japanese technicians can only copy the designs of
others. Striking out on its own a few years ago,
Japanese industry wound up proving only that
such pride gocth before a fall. Production levels
and techniques weren’t sufficient to keep prices
down in the face of rising labor costs, and though
a trickle of money was available for r&p, research
facilities were inadequate and managers were in-
sisting on overnight results,

But in recent years, Japanese engineers have put
aside “face,” and have set out to exploit U.S. tech-
nological developments and to learn from mistakes
made by U.S. firms. When necessary, Japanese
companies have signed licensing agrecments with
foreign concerns. [Fuyjitsu Ltd. is the only firm that
won’t enter into such pacts with outside compa-
nics.]

Along with this, domestic research and develop-
ment has begun to pay off. And sceing the results
of the modest projects launched a few years ago,
mnanagers arc becoming conditioned to the neces-
sarily slow pace of r&p.

Even with a partly horrowed base, though, the
evolving solid state technology is uniquely Japa-
nese. Most Rap programs today are tailored to the
specific needs of the domestic clectronics industry;
work on bulk-effect devices, for example, is aimed
at applications in communications equipment,
Japanese specialty. Japanese engineers Liope to leap-
frog U. S. developments whenever possible. A strong
incentive here is that paying royalties to owners
of U.S. patents is both costly and embarrassing.

Growth areas

Japan’s stock in trade is consumer electronics.
A few years ago, transistors were employed almost
exelusively in radios. Today, they’re being used in
black-and-white television receivers, though not as
extensively as Japanesc marketers had anticipated.
But transistorized sets should soon be directly com-
petitive with tube sets as a result of work on high-
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voltage transistors at firms like Toshiba (the Tokyo
Shibaura Electric Co.) and the Matsushita Electron-
ics Corp.

The total production of discrete semiconductor
devices in Japan has almost doubled in the past two
years (from 47.5 million in January 1965 to 88.9
million in January 1967). This year has seen a level-
ing off in sales, and some inventory building.

Production of germanium transistors is up
sharply, but silicon-transistor output has increased
even more dramatically. Early in 1965, only one of
every 20 transistors was silicon; today the ratio is
about one in five. Silicon transistors, used until
recently mostly in computers and other noncon-
sumer equipment, are now being put in inexpen-
sive radios. They arc also finding their way into
desk calculators, where their stability at high tem-
peratures makes stabilization networks unnccessary
and thus saves cabinet space.

Semiconductors for industrial use are attracting
research interest, possible because the Japanese
feel automation may be the answer to climbing la-
bor costs. In particular, developments of thyristors
and rectifier diodes are on the increase. Thyristors
rated up to 2,500 volts at 400 amperes are being
used in drives for mills, and are also being designed
into new control gear for Japan’s high-speed trains.
Iixperimental thyristors have been built with rat-
ings of 3,500 volts at 500 amps, and 2,500 volts at
800 amps.

Still larger thyristors are sought for high-voltage
d-c transmission systems and for nuclear accelera-
tor pulse modulators, but a spokesman for a re-
scarch group at the electrotechnical laboratory of
the Ministry of International Trade and Industry
maintains that development is constrained by pres-
ent design techniques.

The present rating for rectifier diodes is 5,000
volts at 500 amperes; the goal is 10,000 volts at
1,000 anperes. The rectifiers arc nsed in d-c railway
substations and in power supplies at aluminumn and
chemical plants.

If Japan was to continue to compete successfully
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in world markets, a Japanese expert observed in
1965, she would have to become a highly automated
producer. The advantages of cheap labor were dis-
appearing; in the early 60’s, labor costs rosc at a
rate of about 10% a year.

Penny-pinching

The advice was taken to heart by Japanese semi-
conductor manufacturers. Cost reductions and high
volume have become bywords with Japanese pro-
duction experts, who are notably reticent about
discussing proprietary manufacturing methods that
can shave pennies from the cost of a device.

Like U.S. manufacturers, the Japancse seck the
elusive transistor that can be universally applied.
The Sony Corp. now has a single basic transistor
for most low-power applications from audio ampli-
fiers through i-f stages for f-m equipment. The ad-
vantages of broad-use types lie in driving volume
up and costs down.

Many Japanese semiconductor makers are bank-
ing on plastic or epoxy encapsulation to help reduce
transistor costs. Even the Nippon Electric Co.—
long a holdout with its low-cost “microdisk” pack-
age—has joined this group and is now producing
plastic-covered transistors,

Big push

Japanesc solid state researchers and device de-
velopers are, in the main, concentrating their cfforts
in the areas of conventional discrete devices, opto-
electronics, and bulk effects. A great deal of work
is also being done on integrated circuits.

Typical of the fields in which Japanese are trying
to jump ahead of American technology is high-fre-
quency power transistors, The Kobe Industries
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Corp. has developed the mesh-emitter transmitter,
a continuous emitter device that borrows from the
overlay technology but which Kobe engineers think
will provide twice the power-frequency product. A
description of these devices, along with an assess-
ment of new Japanese developments in varactor di-
odes and thermistors, is given in the article begin-
ning on the next page.

In the optoelectronics field, Japanese researchers
have set their sights on two goals—high-speed logic
using injection lasers, and computer input and out-
put equipment using phototransistors and electro-
luminescent diodes [see the article on page 117].

The Gunn-effect oscillator is being studied for
its potential use in the nation’s communications
system. Power outputs have so far been too low, but
the hope is that a commercial device may be just
around the corner [sec the article on page 125].

Lineup

The major Japanese makers of transistors and
diodes for consumer applications are Toshiba,
Hitachi Ltd., Matsushita Electronics (a joint ven-
ture of the Matsushita Electric Industrial Co. and
Philips Gloeilampenfabricken of the Netherlands),
the Tokyo Sanyo Electric Co. (a subsidiary of the
Sanyo Electric Co.), Nippon Electric, the Mitsu-
bishi Electric Corp., Sony, and Kobe Industries (a
subsidiary of Fujitsu). Other transistor manufac-
turers include Fujitsu, the Oki Electric Industry
Co., the Shindengen Electric Mfg. Co., the Sanken
Electric Co., the Shiba Electric Co., and Kyodo
Electrics Laboratories Inc. A good deal of Japan’s
solid-state research is sponsored, coordinated, and
conducted by the government’s Ministry of Inter-
national Trade and Industry laboratories.

0 ASOND
1967

Graphs are based on figures from the Japanese Ministry of International Trade and Industry. The top line
represents factory shipments of transistors, diodes, rectifiers, and miscellaneous devices, but does not
include integrated circuits. January 1965 shipments accounted for factory sales of $9.8 million;
shipments in July 1967 represented factory sales of $11.3 million. Production exceeded sales in the first
seven months this year, and factory inventories climbed by about 57 million units over that period.
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Comparing structures. R-f transistor geometries
establish power-frequency capability. In these

three devices, k is the smallest achievable unit
dimension that can be fabricated, and is smaller than
the region-defining dimensions x, b, and c.

R-f geometries: critical ratios compared

Periphery-
Emitter area
Transistor periphery, Collector ratio,
type Pe area, A¢ F=Pge/A¢
Mesh emitter 4(2b+-c) (x+2b+4c)?  Fme=0.75/k
Overlay 4x (x+2b+-c)? Fo =0.33/k

Interdigitated 2y y(x+2b+4+c¢) F, =0.5/k
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Interdigitated. Nippon Electric Co.’s interdigitated
transistor has seven fingers (horizontal bars), four in
the base portion, at left, and three in the emitter.
Outer stripes have additional, widening elements to
lower base resistance.

development stems largely from communications
applications that require devices having a large
change in capacitance in response to a small voltage
shift. Among these - are frequency- and phase-
modulators, automatic frequency control circuits,
and voltage-tuned networks, and oscillators and
modulators for microwave telephony.

New types

Among the varactors recently developed is Nip-
pon Electric’s 1IN1617-19 series. The voltage-
capacitance characteristic of these hyperabrupt
junction diodes is determined by an impurity pro-
file. As the depletion layer is approached, the
doping level increases. This layer’s spreading re-
gion has two sections—a high-impurity concentra-
tion and a low-doped segment. Nominal capaci-
tance in the high-impurity region is relatively large,
while that in the low-doping section is much lower.

Unlike conventional diodes, the doping level in
Nippon Electric’s diodes decreases on the side of
the junction into which the depletion layer extends
when reverse voltage is applied. The result: a diode
with a narrow depletion layer at zero bias. As the
reverse bias increases, the depletion layer slowly
extends to the far boundary of the high-impurity
concentration. As the bias is further increased—
even slightly—the depletion layer moves into the
low-doped region and undergoes a large change in
width. The net effect is a large change in capaci-
tance for small change in applied voltage.

The company’s silicon hyperabrupt varactor
series have Q’s of 20 and nominal capacitances of
30 pf, obtained at a frequency of 70 Mhz and with
an applied voltage of 4 volts. As the voltage is
varied from 0 to 15 volts, the capacitance changes
from 70 pf initial value to a final value of less than
2 pf. Some of these diodes have already been de-
signed into the f-m portion of a microwave system,
to produce a *=10-Mhz swing around a 70-Mhz
center frequency.

Similar performance has been obtained by the
Mitsubishi Electric Corp. Its hyperabrupt junction
diodes, which have also been used to generate
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in world markets, a Japanese expert observed in
1965, she would have to become a highly automated
producer. The advantages of cheap labor were dis-
appearing; in the early 60’s, labor costs rose at a
rate of about 10% a year.

Penny-pinching

The advice was taken to heart by Japanese semi-
conductor manufacturers. Cost reductions and high
volume have become bywords with Japanese pro-
duction experts, who are notably reticent about
discussing proprietary manufacturing methods that
can shave pennics from the cost of a device.

Like U.S. manufacturers, the Japanese scek the
elusive transistor that can be universally applied.
The Sony Corp. now has a single basic transistor
for most low-power applications from audio ampli-
fiers through i-f stages for f-m equipment. The ad-
vantages of broad-use types lie in driving volume
up and costs down.

Many Japanese semiconductor makers are bank-
ing on plastic or epoxy encapsulation to help reduce
transistor costs. Even the Nippon Elcctric Co.—
long a holdout with its low-cost “microdisk™ pack-
age—has joined this group and is now producing
plastic-covered transistors,

Big push

Japanesc solid state researchers and device de-
velopers are, in the main, concentrating their efforts
in the areas of conventional discrete devices, opto-
electronics, and bulk effects. A great deal of work
is also being done on integrated circuits.

Typical of the fields in which Japanese are trying
to jump ahead of American technology is high-fre-
quency power transistors. The Kobe Industries
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Corp. has developed the mesh-emitter transmitter,
a continuous emitter device that borrows from the
overlay technology but which Kobe engineers think
will provide twice the power-frequency product. A
description of these devices, along with an assess-
ment of new Japanese developments in varactor di-
odes and thermistors, is given in the article begin-
ning on the next page.

In the optoelectronics field, Japanese researchers
have sct their sights on two goals—high-speed logic
using injection lasers, and computer input and out-
put equipment using phototransistors and electro-
luminescent diodes [see the article on page 117].

The Gunn-effect oscillator is being studied for
its potential use in the nation’s communications
system. Power outputs have so far been too low, but
the hope is that a commercial device may be just
around the corner [see the article on page 125].

Lineup

The major Japanese makers of transistors and
diodes for consumer applications are Toshiba,
Hitachi Ltd., Matsushita Electronics (a joint ven-
ture of the Matsushita Electric Industrial Co. and
Philips Gloeilampenfabrieken of the Netherlands),
the Tokyo Sanyo Electric Co. (a subsidiary of the
Sanyo Electric Co.), Nippon Electric, the Mitsu-
bishi Electric Corp., Sony, and Kobe Industries (a
subsidiary of Fujitsu). Other transistor manufac-
turers include Fuyjitsu, the Oki Electric Industry
Co., the Shindengen Electric Mfg. Co., the Sanken
Electric Co., the Shiba Electric Co., and Kyodo
Electrics Laboratories Inc. A good deal of Japan’s
solid-state research is sponsored, coordinated, and
conducted by the government’s Ministry of Inter-
national Trade and Industry laboratories.
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Graphs are based on figures from the Japanese Ministry of International Trade and Industry. The top line
represents factory shipments of transistors, diodes, rectifiers, and miscellaneous devices, but does not
include integrated circuits. January 1965 shipments accounted for factory sales of $9.8 million;
shipments in July 1967 represented factory sales of $11.3 miilion. Production exceeded sales in the first
seven months this year, and factory inventories climbed by about 57 million units over that period.
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Japanese technology Il

Tailoring the device to suit the need

When it comes to radio-frequency transistors, varactors and thermistors,

designers are primarily aiming their devices at the domestic market

By Takuya Kojima

Electrical Communication Laboratory, Nippon Telegraph &

Developments in discrcte semiconductors are being
tailored for the most part to meet requirements that
are peculiarly Japanese. Among the major areas of
concentration are radio-frequency power tran-
sistors, varactors, and thermistors. In transistors,
Japanese engincers have pioneered a continuous
emitter structure called the mesh-emitter, a graft-
base structure, and devices designed specifically
for 13.5-volt mobile communications equipment.

Developments in varactors are prompted by
communications applications such as frequency and
phase modulation for the nation’s microwave tele-
phony systems. And in thermistors, they have come
up with their own stable, rugged devices for use in
gain-control systems for telephone carrier ampli-
fiers.

Mesh-emitter transistor

Capitalizing on the development of overlay and
interdigitated structures—the mainstays in Ameri-
can-made transistors for generating power at high
frequencics—engineers at the XKobe Industries
Corp. decided to carry it a step further. Turning to
a continuous emitter structure, Kobe rescarchers
developed what they call the mesh-emitter tran-
sistor. These devices have already produced 10
watts at 400 megahertz, with minimum cfficiencies
of 50%. American transistors, however, have pro-
duced 50 watts at 500 Mhz with a slightly lower
efficiency.

At frequencies above 300 Mhz and power greater
than 1 watt, the current load concentration at the
transistor’s emitter periphery becomes a problem.

The author

Takuya Kojima is deputy director of the electronic
device development at NTT's Electrical
Communication Laboratory in Tokyo. Before turning
to semiconductors in 1955, he designed vacuum
tubes. Kojima holds a doctorate degree from

Osaka University.
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Telephone Public Corp., Tokyo

Depending on the size of the device, this unequal
distribution of the load can lead to the transistor’s
destruction. To prevent saturation limitations as
well as destruction, designers of r-f transistors
seek a high ratio of practical emitter periphery
length to collector area.

Kobe’s approach is to have the device’s base con-
tacts consist of islands within the continuous emit-
ter mesh, allowing the emitter to be narrowly
shaped along large lengths. Thus, the base and
collector areas are correspondingly reduced. De-
pending on the geometry, the periphery length-to-
collector area ratio of a mesh-emitter transistor can
be as much as twice that of an overlay device and
half again larger than that of an interdigitated
structure.

Also critical to high-frequency performance is
the device’s base resistance: the lower it is, the
larger the high-frequency gain. Early mesh tran-
sistors had a heavily doped p* region diffused into
the base structure to lower the resistance. But by
improving the resolution, Kobe was able to do away
with the diffusion. Instead of the p region, present
devices have shorter paths (and thereby lower im-
pedances) between the base contacts and the active
base regions.

Eliminating the extra diffusion has brought with
it easicr and less costly fabrication, narrower pat-
terns because there no longer is an inner base struc-
ture, and the outright elimination of slight arca
irregularities caused by spreading dopants.

Successful in improving resolution, Kobe is now
turning its attention to increasing the collector
area’s current-handling per unit area by lengthen-
ing the emitter periphery. Higher current density,
the company believes, will lead to a smaller collec-
tor arca that will lower output capacitance and re-
sult in a higher maximum frequency. Kobe is con-
fident this will boost present power-frequency prod-
ucts from the 4,000 watt-megahertz level—10 watts
at 400 Mhz—to the 10,000 watt-megahertz range
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within a year or so. Even higher products could be
attained by joining transistor cells before the chip
is diced.

And, by reducing the collector area, even lower
fabrication costs are possible because more devices
could be put on a given wafer area.

Overlay and interdigitated

Although Kobe is concentrating on mesh-emitter
transistors, other companies are pressing on with
overlay and interdigitated structures. Unlike their
American counterparts, which are fabricating
devices for 28-volt operation, these firms are tailor-
ing devices for 13.5-volt operation—primarily for
mobile communications equipment in the 300-to-
470 Mhz frequency range.

But instead of using the conventionally diffused
base, Japanese engineers have turned to the graft-
base structure pioneered by the Nippon Electric
Co. [Electronics, Dec. 13, 1965, p. 81]. The graft-
base configuration, which is essentially a double-
diffused structure, is claimed to reduce both contact
and bulk resistance in the transistor’s base—thus
reducing parasitic capacitances and raising fre-
quency capabilities.

Nippon Electric considers the overlay transistor
best for large-signal r-f applications—a few watts
or more in the very-high-frequency range—and the
interdigitated structure best for small-signal appli-
cations and for jobs requiring gigahertz frequency
operation.

More effort has been spent recently on the inter-
digitated types. Among the results of this effort is
the V415, a transistor with a 3-Ghz cutoff fre-
quency, a 10-decibel power gain at 2 Ghz, and a
6-db noise figure at these frequencies. A successor
having a smaller dynamic range is the V417. This
device has a 5-db power gain at 4 Ghz, a 1-Ghz
bandwidth, and a 5-db noise figure at 2 Ghz. Both
types arc assembled in ceramic stripline packages
to simplify matching with stripline wiring and
minimize parasitics.

And, both types have lead inductances of a frac-
tion of a nanohenry and interclectrode capacitances
of 0.1 picofarad—about 10% of the parasitics found
in TO-18 packages.

Compared with American-made interdigitated
devices, the Japanesc devices have shallower col-
lector junctions (0.3 micron) and narrower bases
(0.1 micron). These result in transistors with an
extrinsic base resistance-collector capacitance prod-
uct, r,,’Ce, of only 1.0 picoseconds (typically), which
is 33% lower than that of comparable U.S. semi-
conductors,

Among standard power devices developed for
the 13.5-volt operation are predrivers, drivers, and
final-output stage transistors. At 500 Mhz, the pre-
drivers develop 1.3 watts output with an input of
0.3 watt; the drivers, 3.2 watts at 1 watt; and final-
output transistors, 7.5 watts at 3 watts. Collector
efficiencies typically exceed 60% and the devices
may be operated with bias supplies rated as low as
10 volts.
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Extra diffusion. Early mesh-emitter transistor
required a p+ diffusion (horizontal bars) within the
emblem-shaped base region to lower base resistance.

Nippon Electric expects to fabricate an inter-
digitated structure capable of handling 5 watts at
2 Ghz within the next 18 months. To do this re-
quires a tradeoff—increasing the peripheral length
of the cmitter stripes at the expense of uniform
emitter current distribution. Other improvements
will have to be made in stripline packaging and
heat-sink materials, but neither these nor the trade-
off appear unrealistic.

Varactors a major front

When it comes to varactor diodes, virtually all
Japanese semiconductor firms are cither developing
or manufacturing these variable capacitance de-
vices. And their efforts embrace scveral state-of-
the-art devices, including hyperabrupt junction
diodes, gallium-arsenide varactors, and composite
(series-connected) diode multipliers.

The impetus for hyperabrupt junction diode

|
| Characteristics of typical
| mesh-emitter transistor

| Breakdown voltages: Vcso: 65 v (min.)
I Vero: 40 v (min.)
Veso: 3 v (min.)
Collector current, Ic: 2.5 amps (max.)
Dissipation (at 25°C), Po: 10 w

5 pf (at Ves = 30 v)
600 Mhz (at Ven=28v,
[,=200mA)

Output capacitance, Co:
Cutoff frequency, fr:

(at Ver = 28 v, Piy = 2 W)i
(al Ve = 28 v, Pix =1 W)I
(at VCI-: = 135 v, Plx =2 W):
(at Ve = 13.5 v, Py = 1 W)I
| Emitier periphery-to-collector
| area ratio:

10 w (509, efficiency)

6.5 w (509, efficiency)

5 w (609 efficiency)

3 w (609% efficiency)

0.15 micron per
micron®

{ Output power at 400 Mhz, Po

L
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Comparing structures. R-f transistor geometries
establish power-frequency capability. In these

three devices, k is the smallest achievable unit
dimension that can be fabricated, and is smaller than
the region-defining dimensions x, b, and c.

R-f geometries: critical ratios compared
Periphery-
Emitter area
Transistor periphery, Collector ratio,
type Pe area, Ac F=Pe/Ac
Mesh emitter 4(2b+-c) (x+2b4c)? Fne=0.75/k
Overlay 4x (x+2b+-c)? Fo =0.33/k
Interdigitated 2y y(x+2b+c) F, =0.5/k
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Interdigitated. Nippon Electric Co.’s interdigitated
transistor has seven fingers (horizontal bars), four in
the base portion, at left, and three in the emitter.
Outer stripes have additional, widening elements to
lower base resistance.

development stems largely from communications
applications that require devices having a large
change in capacitance in response to a small voltage
shift. Among these are frequency- and phase-
modulators, automatic frequency control circuits,
and voltage-tuned networks, and oscillators and
modulators for microwave telephony.

New types

Among the varactors recently developed is Nip-
pon Electric’s 1N1617-19 series. The voltage-
capacitance characteristic of these hyperabrupt
junction diodes is determined by an impurity pro-
file. As the depletion layer is approached, the
doping level increases. This layer’s spreading re-
gion has two sections—a high-impurity concentra-
tion and a low-doped segment. Nominal capaci-
tance in the high-impurity region is relatively large,
while that in the low-doping section is much lower.

Unlike conventional diodes, the doping level in
Nippon Electric’s diodes decreases on the side of
the junction into which the depletion layer extends
when reverse voltage is applied. The result: a diode
with a narrow depletion layer at zero bias. As the
reverse bias increases, the depletion layer slowly
extends to the far boundary of the high-impurity
concentration. As the bias is further increased—
cven slightly—the depletion layer moves into the
low-doped region and undergoes a large change in
width. The net effect is a large change in capaci-
tance for small change in applied voltage.

The company’s silicon hyperabrupt varactor
series have Q’s of 20 and nominal capacitances of
30 pf, obtained at a frequency of 70 Mhz and with
an applied voltage of 4 volts. As the voltage is
varied from O to 15 volts, the capacitance changes
from 70 pf initial value to a final value of less than
2 pf. Some of these diodes have already been de-
signed into the f-m portion of a microwave system,
to produce a *=10-Mhz swing around a 70-Mhz
center frequency.

Similar performance has been obtained by the
Mitsubishi Electric Corp. Its hyperabrupt junction
diodes, which have also been used to generate
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microwave frequency oscillations, have a p-n+
-n-nt structure.

Mitsubishi is eyeing hyperabrupt devices for
applications at Ku-band frequencies (15.35-17.25
Ghz), and up to 18 Ghz. The company claims the
varactor’s operating modes are similar to that of
the Read diode,

The company has already employed hyperabrupt
devices experimentally as microwave oscillators at
Ku band, but performance fell short of the Read
model. Oscillations as high as 15-18 Glhz and a
tuning range of 2 Ghz were recorded, but the out-
put of 62 milliwatts was only 40% of the desired
value. A company spokesman blames the depletion
layer, which he said was too narrow. The company
is now striving for 150-mw outputs at 15 Ghz, using
wider layers, and is confident it will achieve this
goal in 1968,

GaAs on the rise

Mitsubishi has also developed gallium-arsenide
varactor diodes, claiming the high-frequency prop-
erties of these devices are superior to that of
silicon and germanium units. These epitaxial
p*-n-n* devices are reported to have very low
package capacitance per unit area and small series
resistance—0.2 pf and 2.0 ohms, respectively. Junc-
tion capacitance is nominally 0.3 pf, and cutoft {re-
quencies reach as high as 700 Ghz.

The company has also used GaAs to make mnl-
tipliers and Schottky-barrier mixing devices. The
frequency-doubling units produced output powers
of 300 mw at 24 Ghz, with an efliciency in excess
of 40%. The Schottky devices contain gold elec-
trode replacements for the p-material layer. At a
bias of —2 volts, these diodes had a noisc figure of
6 db at X-band, a cutofl frequency of 370 Ghz and
a breakdown voltage of 11 volts.

Using varactors in series isn’t new, but com-
posite devices in a single package have been made
available only recently in the U.S. When n varactor
diode frequency multipliers are connected elec-
trically in series, the over-all power-landling ca-
pability becomes n® times that of a single diode.
Similarly, connecting n diodes in thermal parallel
reduces the net thermal resistance to 1/n? of that
of the single varactor.

Fujitsu Ltd.’s FC33B varactor unit contains two
diode chips that have been connected in series. The
composite has a vollage rating of 250 volts, a ther-
mal resistance of 4°C/watt, and a nominal capaci-
tance of 10 pf. Corresponding figures for U.S. state-
of-the-art devices are 150 volts, 12°C/watt, and 5
pf.

When used as a quadrupler, the deviee pro-
duced an 11-watt output at 2 Ghz, with an efficiency
of 46%. Since operation was linear, and there was
no evidence of saturation, higher outputs are ex-
pected.

Taking the heat off

Temperature-sensing  resistor clements mark
another solid-state area in which Japanese engi-
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Mesh emitter. Heart of the mesh-emitter transistor
is its continuous emitter structure.

neers have departed from American technology.
Fujitsu, dissatisfied with the state of the art of
these thermistor devices, developed its own ger-
manium thermistors. The company contends that
the new devices, negative temperature-coefficient
tvpes, are more stable and less fragile than con-
ventional thermistors.

Two types have been built—an indirectly heated
bulk-effect unit and a directly heated thin-film unit
—both primarily for communications equipment.
Aside from use in gain control systems for tele-
phone carrier amplificrs, the thermistors may also
find application in power supplies, scervos, com-
puters, and for telemetry and thermometry.

Germanium was chosen over the conventional
sintered-iron-oxide powders for two reasons:

-

-

Power boosts. Two varactor diode pellets are bonded
to the berylia substrate and placed in a stud casing.
Although electrically connected in series, the varactors
are thermally connected in parallel. Combination
boosts device's power-handling capability.
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State of the art in the States

Although Japan’s solid state tech-
nology has been given a big boost
by advances in radio-frequency
transistors, varactors, and ther-
mistors, it still lags behind that of
the U.S. Recent Japanese develop-
ments can help narrow the gap
and, in some cases, cven close it,
but by and large they reflect poten-
tial, not off-the-shelf, semiconduc-
tor products.

How present American
nology fares:

Transistors. Typical character-
istics of radio-frequency inter-
digitated devices include outputs
of 50 watts at 500 megahertz and 5
watts at 1 gigahertz, collector cur-
rents of 4 amperes, output capaci-
tances of from 10 to 20 picofarads,
and efficiencies of 40%. Typical
characteristics of overlay devices:
75 watts at 30 Mhz and 1 watt at
3 Ghz. Interdigitated small-signal
oscillators provide an output of
more than 50 milliwatts at 4 Ghz,

tech-

and 1-to-4-Ghz amplifiers have
noise figures of from 5 to 7 deci-
bels; comparable overlay oscillators
produce 250 mw at 3 Ghz.
Varactors. Typical characteristics
of hyperabrupt diodes include
nominal capacitances of 40-700
pf (at 2-volt bias) and Q’s of 200
(at 1 Mhz). Typical parameters of
gallium-arsenide varactors include
series resistances of about 5 ohms,
cutoff frequencies of a few hundred
gigahertz, package capacitances of
0.2 pt, internal inductances of 0.4
nanohenry, and Q’s in excess of
100. In general, however, U.S.
semiconductor firms differ in their
definitions of hyperabrupt junction
varactors. Motorola Inc’s Semi-
conductor Products division calls it
a retrograded junction device, and
feels that it isn’t compatible with
standard microwave devices. Texas
Instruments Incorporated considers
the Schottky-barrier diode a hy-
perabrupt junction type, and says

it has proven to be suitable for use
in hybrid microwave integrated
circuits.

Thermistors. A wide variety of
these devices are available, en-
abling users to select temperature-
sensing elements with almost any
resistance rating and temperature
coefficient. Silicon is generally pre-
ferred as the thermistor material
because of its linear temperature
coefficient and stability. Also, with
silicon thermistors, the circuit itself
—not a separate supply—furnishes
the heat. Iron-oxide types, on the
other hand, have been found to
have less stable characteristics, a
hysteresis effect, a higher ohmic
value, and a potential for reversing
the temperature coefficient’s polar-
ity. The state of the art has under-
gone little change in recent years.
The last major innovation was the
introduction of a hermetically
sealed package—Dbut that dates
back a few years.

familiarity with germanium, stemming from tran-
sistor manufacture, and the material’s intrinsic
higher purity that is easily controlled.

In the indirectly heated type, two metal strips,
evaporated onto the germanium, serve as the ther-
mistor terminals. A silicon monoxide coating is ap-
plicd for insulation and passivation; a nichrome ele-
ment, evaporated onto the SiO layer, functions as
the heater. Two metallization strips of a chromium-

L) oW -
RESISTIVITY
/“ “Ge HEATER
g . ™ sygsTRaTE

GOLD TERMINAL-
-Si0 INSULATION

~GOLD

———— GERMANIUM
THERMISTOR

HEATER ~—— SUBSTRATE

Dual role. Thin-film thermistor structure uses germanium
for both heating and temperature-sensing.
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gold alloy are formed onto the nichrome for ohmic
contacts. A second SiO layer is deposited for addi-
tional passivation.

For heater currents between 6 and 28 milliamps
the logarithmic plot of resistance change is nearly
linear, decreasing from 600 ohms (at 6 ma) down
to 7 ohms. Nominal resistance is 250 ohms, and
the thermal time constant is 2 seconds—a far cry
from the 35 seconds required for conventional
thermistors.

For the thin-film thermistor, germanium is evap-
orated onto a glass substrate. The temperature of
the substrate during the evaporation process estab-
lishes the temperature coefficient. By merely chang-
ing the evaporation temperature, a series of film
thermistors—each having specific temperature be-
havior—can easily be made.

When low-resistivity films were evaporated onto
a substrate whose temperature was maintained at
400°C, the germanium showed little resistance
variation with thermal change. Thus, germanium is
used as both the heating and thermistor element in
the composite thin-film device.

In a typical device, a change in heater current
from an initial value of 5 ma to a final value of 30
ma produced a corresponding resistance change
from 14 kilohms to 150 ohms (in linear fashion on a
logarithmic scale).

Fujitsu engineers contend that the thin-film ap-
proach is superior to the bulk effect for obtaining
large resistance change with temperature, and the
bulk method is preferable where greater stability
is desired.
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The Milgray Air Force

We use it to rescue embattled
Purchasing Departments.

Our redoubtable men in blue (and grey, and green,
and maroon, etc.) keep the peace. It usually starts
with a frantic phone call from the front. Any
front. Within 45 minutes the part is on its way to
the flight line. The sortie could be to any landing
field in the U.S., many overseas and, in a real
pinch, a make-do helicopter landing pad.

Just as often, we jet crucially needed parts

Washington, Philadelphia, Boston) and make the

final sprint to your position with mobile ground

forces under our command (which includes your

local Milgray man’s automobile).

So, no matter where in the country you’re threat-

ened, Milgray Red Tag service means that within
hours we’ll deliver virtually any reinforce-
ments you need.

among our branches (New York, Cleveland, MILGRAY Except coffee, tea or milk.

Milgray/New England 617-272-6800
Miigray/New York 212-YU 9-1600
Milgray/Delaware Valley 215-BA 8-2000
Milgray/Washington 301-864-6330
Milgray/Cleveland 216-881-8800
Milgray/International 212-YU 9-1600
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Circle 116 on reader service card

INCORPORATED

§ SIGNALITE

Has Acquired From
MICROWAVE ASSOC.

e TUCOR

(ELECTRONIC
SPECIALTY CO.)

Line of

GAS DISCHARGE
MICROWAVE

NOISE SOURCES AND
NOISE GENERATORS

No w' B B Signalite is the largest

source in the world for your noise source and
noise generator requirements.

With this addition of the TUCOR (ESCO) line,
Signalite now offers the largest range of noise
source and noise generators(except for10°E. plane)
available from a single source. The men, ma-
chines, and methods which developed this quality
line are now supported by unexcelled engineer-
ing talent and production capabilities assuring
you COMPETITIVE PRICES and FAVORABLE
DELIVERY.

Wosi 1o know wore?

Contact: J. Moor,
Sales Manager,

(201) 775-2490
or

e wiile [0’&...

Signalite's Noise Source Brochure . . .
which provides a complete dissertation
]DD ori microwave noise sources and mini-

ature generators available from S-band

to K-band including fundamental noise
measurement discussions, typical ap-
plications, and detailed characteristics.

1933 HECK AVENUE. NEPTUNE. NEW JERSEY 07753 e (201) 775-2490
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Japanese technology Il

~

Optoelectronics goes digital

Researchers are arranging injection lasers as high-speed logic gates
and trying to build electroluminescent diodes into computer displays

By Jun-ichi Nishizawa

Tohoku University, Sendai, Japan

After a slow start, Japanese rescarchers are step-
ping up efforts in digital optoelectronics with an
eve to two specific goals:

= High-speed logic via injection lasers

» Computer input and output equipment using
electroluminescent diodes and phototransistors.

Farther off in the future, they sec the possibility
of replucing cathode ray tubes in television scts
with computer-type displays, a step toward a com-
pletely solid state television system.

The major drive now is to increase the efficiency
and reliability of both injection lasers and clectro-
luminescent diodes and to develop more convenient
operating parameters. The injection laser is pro-
jected as a nearly ideal optical logic element; it has
a narrow beam of high-energy density, can he mod-
ulated at high frequencies for high-speed logic and
has an casily controlled intensity, The clectrolumin-
escent diode is compatible with the computer’s ex-
isting solid state circuitry, and the device’s long
life and high efficiency could make it an ideal light
source for a large airay.

Commercial devices are scarce so far, but carly
results have borne out the opinion that oploclec-
tronics will have a large part to play in electronic
systems of the future. The first commercial laser
diodes were put on the market in the fall of 1966,
and though most electronics companies now pro-
duce them in sample quantities, only one—the Mit-
subishi Electric Corp.—markets them as a catalog
item. Other firms offer electroluminescent diodes,
but these are high-priced and still not widely avail-
able.

Laser logic

Probably the most dramatic project in this field
is the employment of injection lasers as logic gates,
with the laser’s on-off states corresponding to binary
1 and 0. This work is being carried on at the Nip-
pon Electric Co., the Research Institute of Electri-
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Sum and carry. Injection laser half-adder built by
Nippon Electric has an enable input and two data inputs.

cal Communication of Tohoku University, and the
Semiconductor Research Institute (sur) in Sendai.
Results have been encouraging. Tests have shown
that 30-gigahertz rates are possible with the small,
high-speed switching elements. All basic logic gates,
a half-adder, and a flip-flop have been built and op-
crated experimentally.

With a two-input axp gate, the inputs are applied
to two separate junctions located along the lasing
direction of a single crystal. Lasing cannot occur if
current is applied to only one input because the ac-
tive diode region is too short compared with total
length, and gain is too low. But when current is
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Optical logic

By arranging laser junctions in series and in parallel, and
by taking advantage of the fact that lasing along one axis
can quench lasing along another axis, logic can be per-
formed. Those sides of the devices where lasing is not
desired are roughened, while the lasing ends of the crys-
tal are cleaved to produce parallel planes. A detector
would be used as an intermediate stage to sense the laser
outputs.

OUTPUT LIGHT

ROUGHENED

INPUT CURRENT

AND gate

OUTPUT LIGHT

B CURRENT

NOT/AND gate

applied to both inputs, the gain increases and the
clement lases. The sides of the device are rou ghened
to prevent lasing in a path perpendicular to the
main direction.

The Nor gate is similar to the axp except that
one diode has all edges cleaved to allow it to lase
in either the short or long direction of the crystal.
Lasing in the short direction occurs if current is
applied only to this diode. Current to both diodes
causes lasing in the long direction, lasing that takes
most of the excited carriers and thus quenches the
action of the first diode in the cross direction.

With a constant input current greater than the
lasing threshold to the first diode, and with the de-
tector along the short axis, the Not gate gives a bi-
nary output of 1 when there is no input to the sec-
ond diode, and an output of 0 when the input to the
second diode exceeds the lasing threshold by a small
amount. With a detector along the long axis, this
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gate can be used for the axp function.

The or gate consists of two diodes in parallel and
extending the length of the crystal along the lasing
direction. Lasing occurs if current is applied to
either diode or to both simultancously, and the faces
perpendicular to the junction are roughened to pre-
vent lasing in the short direction of the erystal.

Three-diode gates

Two diodes in parallel and arranged so they are
both in series with a third, single, diode along the
long axis of a single crystal form the ~or gate. The
single diode can lase in either the long or short
direction. If the input to either or both of the other
diodes cxceeds the lasing threshold in the long di-
1ection, lasing will start in the long direction and
be quenched in the short. The device performs the
Nor function with a detector along the short direc-
tion; with a detector along the long axis, it can be
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used for the or function.

The NaND gate is similar to the Nor except that
the three diodes are in line along the long axis of
the crystal. The center diode can lase in cither di-
rection, but usually receives current sufficient to
maintain lasing in the short direction. Simultancous
inputs to both diodes are needed to block lasing
along the short axis and induce it in the opposite
direction. A detector along the short axis yiclds a
~axp function, and along the long axis, the axp
function.

The half adder, the most sophisticated of these
devices, consists of a Nor gate along the sum axis
and an axD gate along the carry axis. Developed by
Nippon Electric, it has an enable input and two
addition, or data, inputs.

Normally, a current is applied to the enable in-
put to cause lasing in conjunction with one of the
other inputs; in operation, the enable pulse is wider
than the data input pulses. With a pulse at just one
input, lasing occurs along the sum axis (140=1).
If both data inputs are pulsed, lasing in the sum
direction in quenched and lasing along the carry
axis is initiated (1 41 =0 - carry 1) becausc the
device is longer along the carry axis and gain is thus
higher.

Rescarchers at Tohoku University and smr have
managed to get flip-flop action with a triode laser.
This device has three junctions, one of which is in
series with cach of the other two and thus is com-
mon to two lasing axes. There is no lasing when the
common junction area is pulsed, but a pulse to
cither of the other junctions causes lasing along the
axis the pulsed junction shares with the common
junction. A pulse applied to the junction along the
other (perpendicular) axis quenches the lasing in
first direction and starts it in the second.

To estimate the possible operational speed of la-
ser logic, groups at Tohoku and srt have measured
the wavelength shift in light produced by a modu-
lated laser. They amplitude-modulated the laser
with a 50-gigahertz signal, and detected the optical
sidebands at wavelengths corresponding to frequen-
cics 50 Ghz above and below the laser frequency.

These experiments show the feasibility of modu-
lating a laser diode at millimeter-wave frequencies.
They also indicate that the maximum frequency of
this modulation is greater than 50 Ghz, and that the
operational velocity of laser logic should be faster
than 10— 11 seconds. (Operational logic speed is gen-
erally taken to be 1/7—or about 53—times the pe-
riod of the highest frequency obtained from sine-
wave frequency response measurements.)

In the computer

Optoclectronic devices have voltages and pack-
ages that match those of present computer circuitry.
Electroluminescent diodes could be used simply as
high-reliability light sources in punched-tape read-
ers, or phototransistors, which have been commer-
cially available in Japan for years, could be used as
image sensors to read input data off a printed page.
Nippon Electric researchers have produced a linear
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array of 40 phototransistors to operate as an image
sensor. Since the array is one-dimensional, scanning
in a second direction involves moving the paper un-
der the array.

The most pressing need here is development of
improved scanning circuitry rather than any break-
through in optoelectronics. A pulse input to the
scanning circnit—essentially a shift register with
outputs available at each stage—must propagate
through the circuit, with the array tapping off the
pulse at intervals. Neuristors—circuits that act like
nerve fibers and propagate pulses without attenua-
tion—also can he used for scanning.

Chain reaction

In a neuristor built at Nippon Electric, each stage
is composed of a laser, a photodiode, and a photo-
conductor connected in series, plus a capacitor con-
nected so it charges when the photoconductor turns

Contact closeup. Three contacts to half-adder, with
enable input in the center.

Half-adder. Enable input X is pulsed with a broad
pulse, while data inputs A and B take narrow pulses.
Wwith only one data input, device lases along

the sum (S) axis; two inputs cause lasing along carry
(C) axis.
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Commercial GaAs light emitters
Maximum ;
Threshold peak Operating
Peak current current Maximum pulse Temperature

Manufacturer Model power (amp) (amp) width/rep. rate (°K) Package
Laser diodes:
Mitsubishi ML-31A >5w 0.1-1.0 25 200 nsec/1000 pps 77 TO-18
Electric ML-31B >1lw 5-20 50 200 nsec/1000 pps 300 Pill
Corp. ML-66B ~0.1 w(d-¢c) <0.3 1 d-c 77 Pill
Electroluminescent diodes:
Hayakawa GLE-702 100 uw = 0.1 (d-c) 5 usec/100 pps 123-343
Electric 50 mw —_ 10 (pulse)
Co. GLE-202 8w .l 0.1 (d-c) 5 usec/100 pps 123-343

1.2 mw — 2 (pulse)
Mitsubishi ME-O1A 70 uw — 0.1 (d-c) 1 usec/105 pps 253-333 Pill
Electric (0.05 amp) — 1 (pulse)
Corp.

on. To propagate a pulse through the circuit, light
from one laser illuminates a photoconductor two
stages further along in the direction of propagation,
charging the photoconductor’s capacitor.

Light from the same laser also turns on a photo-
diode in the intervening stage, transferring energy
to the laser of that stage from its capacitor, which
has been charged when a previous laser diode ac-
tivated its photoconductor. Light from this laser
diode in turn activates another photoconductor and
photodiode, and the impulse is propagated.

A group at Tchoku University has made a neuris-
tor circuit that simulates a traveling-wave tunnel
diode as it scans an image converter and image dis-
play unit. Discrete tunnel diodes are triggered by
transistors in sequence as the pulse moves through
the circuit.

The image converter is an 8 X 8 array of photo-
transistors. In preliminary experiments, patterns

Flip-flop. Laser bistable flip-flop can lase in either
direction. An input to A and B causes lasing along the
Y axis and an input to A and C causes lasing along X.
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were formed by masking some of the phototransis-
tors. After the array was scanned to detect the illu-
minated pattern, the outputs arrived at the display
panel in time sequence to drive a similar 8 X 8 array
of gallium arsenide-phosphide electroluminescent
diodes. (These diodes, GaAs, =P; 35, were used be-
cause they emit light in the visible portion of the
spectrum, unlike pure GaAs, which emits light in
the infrared.)

This unit’s resolution is far from meeting the re-
quirements of a television display, but the arrange-
ment does demonstrate the feasibility of the prin-
ciple. It could be used almost immediately in com-
puters, however.

A light-coupled system using a laser and photo-
diode is also being investigated at Tohoku. Although
power-handling capacity is small, this unit can be
useful as a true isolator at microwave frequencies;
In the isolator, whose gain-bandwidth product is
6.3 Ghz, a GaAs diode and a p-i-n photodiode are
coupled by an optical glass fiber.

Light-beam tv

A research group at Shizuoka University, in ex-
periments aimed at optical transmission of television
video signals, has amplitude-modulated the output
of a GaAs electroluminescent diode. The purpose
was to develop a system for transmitting closed-
circuit tv over short distances—for example, be-
tween buildings separated by a busy thoroughfare.
One problem here was that the signal-to-noise ratio
at receiving sites proved sensitive to noise from sun-
light and other meteorological conditions, but bet-
ter results have been achieved using the pulse code
modulation of a GaAs laser diode.

The variation of a photodiode’s capacitance with
illumination has also been exploited at Shizuoka
University. Illumination of a gallium-arsenide sur-
face-barrier photodiode produces a voltage that de-
creases the barrier thickness and thus increases the
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Microwave isolator. A glass fiber couples an electroluminescent diode and p-i-n photodiode. The microwave input
signal modulates a light-emitting diode.

Number pick-up. Linear array of 40 phototransistors

acts as a one-dimensional scanner for image - A 4 Q,r“
sensor. To generate the second dimension, as éj 4 50 AL . \; |
shown by the number display, image is LR~
moved under the scanner.
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Neuristor. A pulse is propagated as an injection laser charges a capacitor two stages ahead and also turns on a
photodiode one stage ahead. The photodiode releases the stored charge on its capacitor to turn on its

injection laser.

barrier capacitance of the diode. In one application,
the diode was used to frequency-modulate an oscil-
lator tuned to 88 megahertz; capacitance-boosting
illumination reduces the frequency of the oscillator.

Looking into the crystal

Studies of light-cmitting diodes will help deter-
mine the fundamental properties of crystals from
which they are made, and may enable Japanesc
firms to produce their own high-quality crystals; the
present supply of good crystals from the U.S. is in-
sufficient for either rescarch or production.

Researchers at the Nippon Light Metal Co. and
the Kokusai Electric Co. have succeeded in produc-
ing fairly good crystals, and material restrictions
should disappcar in the near future. Nippon Light
Metal is an aluminum refiner that got into the gal-
lium-arsenide business because gallium is one of the
byproducts of aluminum production. Kokusai Elec-
tric is one of Japan’s leading manufacturers of semi-
conductor production equipment.

Researchers at the Tokyo Institute of Technology
have calculated that an injection laser’s threshold

current can be cut by increasing the thickness of
the active region where carriers are injected perpen-
dicular to the junction surface. They obtained re-
sults for directional radiation characteristics, effi-
ciency, and transient characteristics, and concluded
that because of the delay in emitting light, max-
imum conversion efliciency occurs at a frequency
corresponding to the reciprocal of lifetime. They
now propose a method of determining lifetime by
measuring the resonance.

A team at the Mitsubishi Electric Corp. has de-
rived a new design equation showing that threshold
current can be determined on the basis of the equil-
ibrium of gain and loss. One of the conclusions of
this group is that loss in small lasers is much greater
than has been generally thought.

Groups at Tohoku University and srr are also
studying the directional radiation characteristics of
the laser. They have analyzed laser operation in a
one-dimensional mode, determining directional
characteristics by a perturbation method, and these
results have enabled them to gather information on
directional light intensity as a function of current.

or lasers.

In the vanguard Jun-ichi Nishizawa, whose photo appears on
the cover, is a pioneer in laser technology.
In a Japanese patent filed jointly with Ya-
sushi Watanabe in April 1957, he proposed
the basic idea for the injection laser. At that
time, only microwave masers had been built,
though studies had begun on optical masers,
Nishizawa and Watanabe postu-
lated that the supply of high-energy elec-
trons necessary for maser operation could
just as well be provided by injection from
outside the system as by boosting the en-
ergy levels of the electrons inside.

Nishizawa and his assistants tried to build
an injection laser, but gave up after two
years. But research work at the Genera! Elec-
tric Co., the International Business Machines
Corp., and Massachusetts Institute of Tech-
nology spurred the Japanese group to return
to the project and io succeed. Nishizawa’'s
team has since moved on to laser logic.

Nishizawa, a professor at Tohoku Univer-
sity, has been engaged since 1963 in studies
at the solid state electronics division of the
university's research institute. He received
his doctorate in 1960.
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ltcomesclean

Temperature test your integrated or hybrid circuits
in a 3M Brand Inert Fluorochemical Liquid and it'll
drain clean, dry immediately and leave no residue.

Unlike conventional test bath fluids, with our
Inert Liquids there’s no costly cleaning stage to slow
down production.

3M Brand Inert Liquids—FC-43, FC-75, FC-77,
FC-78—also give you a wide liquid range so you can
use them at both high and low temperatures, high
dielectric strength for electrical insulation, compati-
bility to prevent adverse effects on sensitive mate-
rials, and non-flammability to make them safe.

With those properties and that kind of reliabil-
ity—plus efficiency at removing heat—it's no wonder
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out of our test bath

-

our Inert Liquids work equally well as coolants. Test
them for either application,.

| 3M Chemical Division 1
| Dept. KAX-127, St. Paul, Minn, 55101 ]
} Send me all the details about 3M Brand Inert Liquids. }
| |
: Name. }
| |
| Company Title. !
| 1
: Address.__ :
; City. State —__Zip. :
| 1
! : . !
\_Chemical Division selcomw |

Circle 123 on reader service card

123



124

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, or any conventional signal source. The L-5126 has a

metal-ceramic vacaum 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

88 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

IR Liccon TWT’s, write Electron Tube Division, 960 Industrial Road,

Length 15.69 inches.

Circle 124 on reader service card

#f San Carlos, California 94070 or call (415) 591-8411.
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Japanese technology 1V

Gunn devices are on target
—but short of a bull’'s-eye

Low output power remains the major difficulty in developing

continuous-wave, bulk-effect oscillators for communications

By Takanori Okoshi
University of Tokyo

Triggered by the need for solid state communica-
tions devices, Japanese development of Gunn-
effect oscillators since 1964 has stressed the con-
tinuous-wave mode. Progress thus far has given
rise to hope that a commercial product may be near.
One firm, the Nippon Electric Co., has reported a
c-w output high of 340 milliwatts at 7.7 gigahertz.

At this point, however, outputs of Gunn devices
satisfy only part of the microwave repeater necds
of the government-owned Nippon Telegraph &
Telephone Public Corp., which controls most of the
nation’s communications systems and operates the
world’s densest microwave network.

The repeaters used by N1T are heterodyne for
long-distance main routes and baseband for short-
distance links. Gunn oscillators, at best, can only
deliver sufficient power to satisfy the transmitter
needs of the lower-power baseband system and
the local oscillator needs of the heterodyne sys-
tem. Spectral purity and stability, however, come
close to the mark,

Less heat, more power

Because power efficiency for a ¢-w Gunn oscil-
lator falls between 1% and 8%, below the theoreti-
cal 15%, boosting the output necessitates raising
the input. But increasing the input requires con-
trolling the temperature rise that accompanies it.

The author

Takanori Okoshi is an associate
professor of electronic engineering
at the University of Tokyo, where
he received his doctorate in

1960. His present research efforts
are aimed at developing semi-
conductor microwave devices and
depressed collectors for traveling-
wave tubes.

A
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Thus, although solid state devices are small enough
to lend themselves to multiple, parallel-connected
units in a single package, heat dissipation in the
individual devices can be troublesome.

Although a c-w output of 1 watt has yet to be
achieved, several watts could be obtained in the
5- to 10-Ghz range if adequate heat sinks could
be provided around the gallium-arsenide wafer,
whether it is boat-grown or epitaxial material. Be-
causc of the danger of thermal runaway caused by
ionization of deep donors, it has been believed
that boat-grown GaAs could only be operated with
a 30°C temperature rise. However, Riro Nii of NTT's
Electrical Comnunication Laboratory recently re-
ported that the temperature coeflicient of resistivity
becomes positive above 100°C. This means stable
operation of boat-grown wafers is possible up to
nearly 150°C, the maximum usually set for epi-
taxial gallium-arsenide Gunn devices.

Thus, thermal design of the Gunn package has
an important role in obtaining the maximum power
from a device. In the package, the Gunn active
layer is a pellet sandwiched between two contacts,
which also act as thermal contact to the heat
sinks, usually copper studs. To calculate the max-
imum temperature rise, which determines the max-
imum input, there are three regions that must
be considered: the active Gunn area, the heavily
doped arca on cach side of it, and the metal con-
tacts and heat sinks.

When the active region is thin enough, the
others are dominant in calculating the thermal
resistance of the device. At frequencies above 5
Ghz, the active region is less than 20 microns
thick. Tor example, a device with typical dimen-
sions—100 microns radius and 10 microns thick—
has a thermal resistance of about 1°C/watt. The
total thermal resistance of the other two regions,
on the other hand, is closer to 6.25°/watt. Thus,
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Power: the highs are still low 1,000

The highest power yet reported for
a Gumn oscillator operating in a
continuous-wave mode was ob-
tained with epitaxial samples by
the Nippon Electric Co.—340 milli-
watts at 7.7 gigahertz with 5.5%
efficiency. In the millimeter range,
100

l

BOAT-GROWN (MITSUBISHI)

EPITAXIAL
L (NEC)

BOAT- GROWN
(ECL)

the highest power attained is 13.5
mw at 47 Ghz with 0.82% effi-
ciency.

Nippon Electric’s epitaxial sam-
ples have an n+-n-n++ structure.
The active layer has a carrier mo-
bility of 4,000 to 7,000 ¢m?/volt-
sec and a resistivity of 0.5 to 1.0
ohm-cm. It is epitaxially grown on
an nt substrate doped with silicon

QUTPUT POWER (mw)

BOAT-GROWN (TOSHIBA)

or tellurium at 2 x 108 carriers/
cm3,

The nt++ layer, with 1019 car-
riers/cm? is formed with the tin-
liquid regrowth technique. A cop-
per stud is provided on the n++
end of the sample to act as a heat
sink. On some samples, heat sinks
are also provided on the n+ side.
But since the nt layer can be as 1

thick as 35 to 55 microns, the im- L
portance of its heat sinks is mini-
mized.

10 100

FREQUENCY (Ghz!}

At frequencies below 4 Ghz,
boat-grown samples predominate.
In S band, the highest power ob-
tained thus far is 280 mw at 2.5
Ghz, at the Mitsubishi Electric
Corp. The material is oxygen-
doped, boat-grown gallium arsen-
ide. Purchased in the U.S,, it has
a room-temperature mobility of
5,800 to 6,100 em?/ volt-sec. Ohmic

contacts are provided by alloying
tin on both ends of the sample, and
a resonant coaxial cavity is used.
In L band, the highest power is
35 mw at 1.6 Ghz, obtained by the
Tokyo Shibaura Electric Co. (Tosh-
iba) with a high-resistivity (20 to
40 ohm-cm), boat-grown sample
having evaporated tin contacts.
The tin regrowth method has

allowed 177 mw c-w output from
a boat-grown pellet at 9 Ghz and
with 8% efficiency, which may be
the highest efficiency vet attained
for a c-w Gunn oscillator. During
operation the highest temperature
in the boat grown sample is esti-
mated to exceed 100°C. Operation
is stable and the temperature co-
efficient of resistivity is positive.

Typical experimental results

Mitsubishi Electric's
boat-grown oscillators

Nippon Electric’s
epitaxial oscillators

Sample no. 1 2
Frequency for maximum power (Ghz) 2.5 3.7
Maximum output power (mw) 280 212
D-c input (w) 7.5 6.7
Efficiency (%) 3.6 3.0
Active layer thickness (microns) 42 25
Threshold voltage (v) 10.8 8.1

3 ¥ 2 3 4 5
8.3 3.7 7.7 9.5 34 47
215 160 340 145 28 13.5
3.8 59 6.2 5.8 1.9 1.55

5.7 2.7 545 2.5 1.47 0.82
12 30 15 15 3 2
5.7 7 4 4 2 1.5

the thermal resistance of the contact vegions rather
than the active region must be reduced.

With a total thermal resistance of 7.25°/watt,
and with an allowable temperature rise of 150°C,
the maximum allowable input power is about 20
watts. Based on an efficiency of 5%, the output
power would be 1 watt. (However, even this ther-
mal resistance is difficult to achieve, as evidenced
by the 340-mw maximum power figure obtained
at Nippon Electric.)
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To achieve such thermal resistance, the heavily
doped contact regions must be made as thin as
possible. Usually, the substrate layer on an epi-
taxial sample has a thickness of at least 30 mi-
crons. Some form of ctching is therefore necessary.

One such technique that controls thickness pre-
cisely was experimented with at ~rr by Nii and
others. An extension of the liquid regrowth tech-
nique originally developed by Herbert Nelson of
RCA Laboratories for forming junctions in laser
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diodes, the NTT technique can be used to form a
thin GaAs oscillator from a thick boat-grown pellet.
Or, it can be used to reduce the thickness of the
substrate layer of an expitaxially grown sample.
Nii uses tin both as an etchant and as a contact.

When the substrate is brought into contact with
the molten tin, the GaAs starts to dissolve and is
partially absorbed by the molten solution. When
the melt is cooled, a deposit builds up on the
resulting thinner substrate. This process is re-
peated—at increasing temperatures—until the sub-
strate is at the desired thickness and has a heavy
tin deposit, which is used as a contact.

Another approach that looks promising is the
usc of a special diamond type, called II-a, as the
heat sink. This method was first used by C.B.
Swan of Bell Telephone Laboratories. Compared
with copper, this diamond conducts heat five
times better at room temperature and 25 times
better at liquid air temperature. Thus, with the
same 100 microns radius and 10 microns thick-
ness, total thermal resistance could be reduced to
about 4°/watt, which means a 37.5-watt allowable
input for the 150°C temperature rise.

Apart from thermal resistance, output is limited
at higher frequencies by the Gunn diode’s active
length and the device’s resistance. The relation-
ship of the d-c input to the bias electric field, the
sample resistance, and active length is expressed by:

Pdc = Eo2 12/ Ro

Since the active region thickness is, in turn, in-
versely proportional to operating frequency, and
E, is alimost constant with frequency, if a minimum
value is set for R,, the maximum d-c input is also
proportional to f2, and drops at high frequencies.
Compounding this limitation is the oscillator’s
output impedance-load impedance mismatches—
device d-c impedance is typically about 1-ohm.

Spectral purity

Although boosting output has proved trouble-
some, improving spectral purity has been relatively
easy. Compared with reflex klystrons, frequency
spectra measuremerits made last year indicated
Gunn diodes were about 20 decibels poorer. To-
day, the difference is so slight that the diodes can
be considered just about on a par with klystrons.

Spectral purity is characterized by the oscillator’s
carrier-to-noise ratio for the ampltude- and fre-
quency-modulated noisc sidebands, measured with
a specific bandwidth (typically 1 hertz) as a func-
tion of frequency displacement from the carrier.

For example, in a standard Japanese frequency-
division-multiplex (fdm) f-m microwave repeater,
the required c/n ratio for the local oscillator is
defined for a 1-hz bandwidth, single-sideband, ap-
proximately as: at 100 kilohertz away from the
carrier, 110 db; at 1 megahertz away, 130 db;
and, at 10 Mhz away, 160 db. The ratios already
achieved with Gunn oscillators just about meet
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Thermal design. Heat must be dissipated to prevent
temperature from reaching about 150°C. Gunn
oscillator's active length is |, diameter is 2a.
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Heat sinks. Use of a diamond as a heat sink can cut
thermal resistance by as much as 100%.
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Tin etchant. In the liquid regrowth process for forming
tin contacts to wafer, tin is also used as an etchant to
reduce the active region thickness. Upper pellet was
300 microns thick. Lower pellet has heavily doped layers
on both sides of active region.

these requirements.

Researchers at Nippon Electric have shown that
the noise sideband is reduced when tlhe oscillator’s
external Q is increased. But this means reducing
the load, and, in turn, perhaps reducing the output
to just a fraction of its potential if mismatching
results. For example, consider an oscillator having
a carrier frequency centered at 9.6 Ghz. With a
1-hz bandwidth and a Q of 90, the ¢/n ratio at
100 khz away from the carrier is 104 db. Increasing
the Q to 1,100 raises the ratio to 118 db, making
the Gunn oscillator comparable with both a reflex

Spectral purity. Almost identical frequency spectra for
Gunn oscillator, at left, and reflex klystron indicate that
these types of devices are on a par. Center frequency for
each device is 1,863.62 megahertz.
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Reducing thickness. Temperature cycling in the liquid
regrowth process reduces the active region thickness in
steps. Voltage needed to maintain constant current
through wafer is used as measure of thickness—
decreasing voltage corresponds to decreasing thickness.

klystron and a good varactor chain at this fre-
quency. In general, boosting a Q of 90 to 1,100
yields a 14-db ¢/n ratio improvement at any fre-
quency.

Based on a simple model of noise generation in
a Gunn oscillator, the c¢/n ratio for the f-m noise
side band is theoretically

(C/n)fm & f2QL
where f is the separation between the carrier and
the sideband frequency, and Qy, is the loaded Q
of the oscillator. Thus, the c/n ratio increases by
about 20 db/decadc as f increases. Results of
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Filling needs. Gunn devices can meet requirements for
carrier-to-noise ratios in several systems with different
channel capacities. Measurements are by Nippon Electric
and NTT's Electrical Communication Laboratory.
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experiments for frequency separations greater
than about 50 khz bear out this simplified theory.
For lower frequency separations, the noise in-
creases more steeply than expected—about 25
db/decade. This may be due to the inherent noise
of the semiconductor itself.

Although the oscillator’s Q has the greatest
known effect on spectral purity, it isn’t the only
factor that must be considered. The ratio of the
operating frequency to the intrinsic frequency also
effects spectral purity. Researchers at ~tT have
noted that at frequencies *=10% away from the
intrinsic frequency, noise is sometimes 10-db greater
and at much lower frequencies, it can be as much
as 20 db.

However pure the signal is, it must also be
stable. In repeater applications, long-term fre-
quency stability is particularly important. Standard
Japanese fdm-f-m repeaters require a frequency
stability of about 10 for both the local oscillator
and the transmitter. Although much better stability
may be obtained with a Gunn oscillator for several
minutes, about 10, its characteristics are sensi-
tive to temperature and tend to change with time.
This problem may be solved with either a locking
scheme or automatic frequency control. Experi-
ments on locking a Gunn oscillator have thus
far shown promising results.

Despite the stability problem, Hitachi Ltd. has
experimented with an epitaxial Gunn device, biased
just below the threshold voltage, as the oscillator
transmitter in a 12-Ghz, pulse-coded, amplitude-
modulated system. A signal-channel television
signal was converted by a tunnel-diode modulator
into a delta-modulated signal that had a pulse-
repetition rate of 100 megabits per second. The
amplified signal was added to the bias voltage to
trigger the osicllations. The results, which Hitachi
deemed satisfactory, proved the feasibility of
using Gunn oscillators in short-haul communica-
tions system.

Computers at work

In addition to practical development of the
oscillator, theoretical analyses of the Gunn cffect
are being conducted at various laboratories. At the
Tokyo Shibaura Electric Co. (Toshiba), Yoshihiko
Sawayama has performed a dynamic computer an-
alysis of the Gunn diode, including the effects of
the external circuit.

At the University of Tokyo, a computer analysis
of the steadily traveling dipole domain was per-
formed and a group headed by Hisayoshi Yanai has
proposed a simplified model to explain the load
characteristics of a2 Gunn oscillator. Another group,
headed by Sogo Okamura, has proposed a simpli-
fied large-signal model of harmonic-mode oscilla-
tions.

In Sawayama’s analysis, the highest efficiency
achieved was about 10%, obtained with a light
load; the load resistance was about 10 ohms—10
times the low-field sample resistance. In one simu-
lation, the highest efficiency was about 7.5%,
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Noise sidebands. At frequencies below the intrinsic
frequency, a-m and f-m noise is reduced. This effect

has not been fully studied, either theoretically or
experimentally.
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Intrinsic dip. Noise at the device’s intrinsic frequency is
decreased as much as 10 or 20 decibels, say researchers
at NTT's Electrical Communication Laboratory.
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Correlation. Theoretical efficiency curve {(/1i)
and experimental power curve at right have g, g 1.0 .5
same general shape. ! !
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Comparisons. Nippon Electric Co. has shown that by increasing the external Q, spectral purity of Gunn
oscillators can be comparable to that of varactor chains. This wasn’t done in device measurements at
the University of Tokyo and NTT's Electrical Communication Laboratory.

obtained at a frequency lower by a factor of 0.65
than the intrinsic frequency, 5 Ghz. Sawayama
also has shown that the cavity resonator can con-
tinually change the oscillation frequency between
40% and 200% of the intrinsic frequency.

Amplifiers and logic

In addition to oscillators, bulk semiconductor
amplifiers and logic devices are also being investi-
gated. At NtT, Jiro Koyamna and Masao Sumi have
recently constructed a miniature meander-line-type,
slow-wave circuit on the surface of an n-type
indium-antimonide pellet, and obtained a coupling
between the electromagnetic wave and the carrier.
Koyama and Kurasaburo Kawazura are presently
experimenting with another type of Gunn-mode
unilateral amplifier.

Consisting of a high-resistivity (100 ohm-centi-
meter), n-type GaAs pellet with an active region
length of 600 microns, the device has microstrip
input and output leads alloyed onto the ohmic
contacts on both ends of the pellet. At the cathode
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end, the input triggers the formation of a high-
field domain that builds up exponentially as it
travels toward the anode. The experiments have
been performed in a pulse mode; 5-db maximum
gain has been obtained at a center frequency of
1.5 Ghz.

Because the amplifier is highly unilateral, gain
is observed only in the direction of carrier flow.
At input levels close to saturation, an appreciable
portion of the output power is obtained at a fre-
quency one-third the frequency of the input. This
is probably due to the preceding high-field domain
prohibiting domain formation at the cathode end,
effectively limiting strong domain formation to
only once every three cycles.

Studies of logic devices using the Gunn effect
are still confidential. But most Japanese engineers
believe such devices will have a strong impact on
future computer technology. The characteristics
of Gunn-effect devices having one or two control
electrodes are being investigated at the University
of Tokyo by a group headed by Hisayoshi Yanai.
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What can closed circuit television do?
It's what it can't do that's in a minority.
The applications are endless, particu-
larly for the specialists. Anyone can
make a surveillance camera but not
everyone can handle film processing,
view laser beams, perform in helicopters
for night time surveillance, monitor
nocturnal animals, etc. because not

When you need
to see

where the eye
can’t be

you need an

MTI
Image

Orthicon
Television
Camera.

everyone makes low light level camera
systems like MTI.

And speaking of systems, we design
them not only to watch a process but
to watch and control the process.

So whatever your problem; a single
camera off-the-shelf or a complete
system to control a manufacturing
process, call MTI.

e 1 MARYLAND TELECOMMUNICATIONS, INC.
York & Video Roads, Cockeysville, Maryland 301 - 666-2727
World's largest manufacturer of low light level television cameras.
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From Westinghouse...
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“plug-in"package...
no design or
assembly headaches.
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