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LIGHTWEIGHT
X-BAND BWO
is electrostati-
cally focused,
ideal for volt-
age tunable ap-,
plications. QKB
830 covers 8.5
to 9.6 Mc range.

ALL CERAMIC AND METAL X-BAND MAGNETRON pro-
vides 250 kW power at 8,500-9,600 Mc. Available in
mechanically and hydraulically tuned models, QKH 1000
and QKH 1001.

EXTREMELY RUGGED K-
BAND KLYSTRONS have very
low microphonics, excellent
thermal stability. QKK 923
for 23.5-24.5 and QKK 834

NEWEST ELECTRONICALLY TUNED BWO's have 40 mW
minimum power output; are half the size and weight of
their predecessors. QKB 890 for 12.4-18 and QKB 891
for 34.0-35.6 kMc. for 18-26.5 kMc.

AEROSPACE
MICROWAV E

TUBES

WRITE TODAY, SPECIFYING TUBES that

PHASE STABILITY AND HIGH EFFICIENCY are features of interest you, or tell us about your particular
Raytheon designed high-power amplifier chains for sophis- 3 o
“="tieatéd search and track radar applications. Chain shown microwave prOblem- Address Microwave and

is'one example of Raytheon's ability to supply microwave soe e
tubes, ferrite devices and magnetic components in a com- Power Tube DIVISIOH? Raytheon CompaHY’

pletely tntegrated package. Waltham 54, Massachusetts.

RAYTHEON COMPANY

MICROWAVE AND POWER TUBE DIVISION
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Microphotographs of silicon planar transistors by Fairchild Semi-
conductor. Interference colors are caused by thin silicon-dioxide
films that protect junctions. See p 89
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via Project Mercury
Ground Instrumentation Stations

Congratulations to the National Aeronautics and Space

Administration on the first orbital space flight of the Mercury spacecraft.
We at Bendix-Pacific are justly proud of the successful functioning of our telemetry
systems designed and built for the 18 world-wide stations as a member of the
Western Electric team. These stations — the vital link
during flight — receive, record and display the physiological,
environmental and other physical data transmitted
from the capsule.

Bendix-Pacific Division

NORTH HOLLYWOOD, CALIFORNIA
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LAMBDA

Power Supplies

guaranteed o —

for Cﬂa :

Every Lambda power supply carries a written guarantee that
it will perform to specifications for five full years. You can
install power supplies now with complete assurance that they
will still perform to design standards in 1966, Lambda’s
guarantee, which covers workmanship and materials ( except
for tubes and fuses), has been in
effect on all power supplies sold since
1953. 1t is your strongest assurance
of power supply performance in
installations where dependability is
an absolute necessity for round-the-
clock, heavy-duty service.

SEND FOR NEW LAMBDA CATALOG 61

ALL-TRANSISTORIZED
LA SERIES

-

FoNNLEID S

Nine Models Available
Voltages up to 330 VDC~Currents up to 20 Amp
Convection Cooled—Short Circuit Proof

& LAMBDA cicorronios cons,

515 BROAD HOLLOW ROAD ¢« HUNTINGTON, L.1I., NEW YORK + 516 MYRTLE 4-4200

Western Regional Office: 230 North Lake Avenue, Pasadena, California « Phone: Code 213, MUrray 1-2544
New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts » Phone: Code 617, HUntley 5-7122,
A}
Middle Atlantic District Office: 15 Broad Hollow Road, Huntington, L. {.,, New York s Phone: Code 516, MYrtie 4-4200
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APPEARING in this issue is ELECTRONICS’ seventh big special report for
1961. Its title: What’s New in Semiconductors.

Reporting what’s new in semiconductors has been a long suit for this
magazine since that day in the summer of 1948 when two editors sat
down with Bill Shockley, soon to win the Nobel Prize, and his associates
over at Murray Hill and took notes for our article, Transistor—A Crystal
Triode.

Practical applications of the new component were a while in coming,
but in the spring of 1952 another editor was trudging through the
Pentagon hand-carrying Captain Gerry Epstein’s article, Transistorizing
Communications Equipment, through Army security clearance to meet
a short deadline.

A year later we were correcting the proofs of a 13-part series, Tran-
gistors: Theory and Practice, by Abe Coblenz and Harry Owens. It
later became one of the first textbooks in the field.

That book was the first of many transistor books that had their origin
on the pages of ELECTRONICS. The latest: “Transistor Circuit Design
Manual” has just been published by the McGraw-Hill Book Co.

When transistors became an important commercial product this maga-
zine was there; specifically, sitting in a Chinese restaurant in Boston with
Seymour Schwartz hammering out an outline for his 12-page article,
Transistor Characteristics for Circuit Designers.

Collectively, our editors treasure many fond memories of the semicon-
ductor business: burning out dozens of CKT722’s, stretching a football
weekend to get the first peek at double-doping at Western Electric’s
Allentown plant, breaking news of gaseous diffusion and epitaxial growth,
touring New York City with Leo Esaki. It has been an exciting 13 years.

Covering the semiconductor industry for a special report is no easy
job. It represents months of work not only for the author but also for
editors whose names never figure in the report: Tom Maguire, New
England Editor ; Hal Hood, Pacific Coast Editor; Clete Wiley, Midwestern
Editor; and Don Winston, McGraw-Hill World News, Bureau Chief, Chi-
cago, all helped with on-the-spot coverage of plants and laboratories in
their areas. And members of the New York staff, above, whose collective
knowledge and experience helped round out the whole picture of What’s
New in Semiconductors. It begins on p 89.

electronics
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FILMISTOR'

METAL FILM RESISTORS OFFER 5
DISTINCT TEMPERATURE COEFFICIENTS
TO MEET ALL CIRCUIT REQUIREMENTS

RUGGED END-CAP
CONSTRUCTION
FOR LONG TERM
STABILITY

EXCEPTIONAL
RESISTANCE TO
MOISTURE AND
TMECHANICAL DAMAGE

SURPASS MIL-R-10509
PERFORMANCE
REQUIREMENTS

Providing close accuracy, reliability and
stability with low controlled temperature
coefficients, these molded case metal-film
resistors outperform precision wirewound
and carbon film resistors. Prime character-
istics include minimum inherent noise level,
negligible voltage coefficient of resistance
and excellent long-time stability under rated
load as well as under severe conditions of
humidity.

Close tracking of resistance values of 2
or more resistors over a wide temperature
range is another key performance charac-
teristic of molded-case Filmistor “C” Re-
sistors. This is especially important where
they are used to make highly accurate ratio
dividers.

Filmistor “C” Resistors are automatic-
ally spiralled to desired resistance values by
exclusive Sprague equipment. The metallic
resistive film, deposited by high vacuum
evaporation, bonds firmly to special ceram-
ic cores. Noble metal terminals insure low
contact resistance.

The resistance elements, complete with
end caps and leads attached are molded in
dense, high temperature thermosetting ma-
terial to form a tough molded shell for max-
imum protection against mechanical dam-
age, moisture penetration and repeated
temperature cycling.

Filmistor “C” Resistors, in 18, V4, 14
and 1 watt ratings, surpass stringent per-
formance requirements of MIL-R-10509C,
Characteristic C. Write for Engineering
Bulletin No. 7025 to: Technical Literature
Section, Sprague Electric Co., 35 Marshall
Street, North Adams, Mass.

For application engineering assistance write:

Resistor Division, Sprague Electric Co.

Nashua, New Hampshire

SPRAGUE COMPONENTS

SPRAGUE

RESISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
TRANSISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS

‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co.
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HAWK-EPROVEN
CONNECTORS

LIONEL

Series S-20

Extra Reliability With—

e Shell-Enclosed, Die-Cast
Housings

e Diallyl Phthalate Moldings

Positive Alignment & Polarization

Minimum Depth in Mated

Position

e Beryllium Copper Contacts
for Extended
Insertion/ Withdrawal Life*

4 sizes: 13 to 41 high voltage
contacts, 2 and 4 coaxial contacts;
Meet applicable MIL specs;
Materials & specifications modified
to meet your special needs.

m Write Dept. 29A-W for Series S-20
Dimensional Data Sheéts

Lionel

Electronic
Laboratories

(Formerly Anton Electronic Laboratories)

1226 Flushing Ave.
Brooklyn 37, N.Y.
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COMMENT

Responsibility

The current crises in which the
United States finds itself around
the world are recognized by most
citizens as threats to the national
well-being, but not everyone real-
izes that these threats, serious as
they are, are mere hints of the
deadlier threat that the interna-
tional Communist empire poses to
constitutional democracies such as
ours. One vigorous voice has been
raised to document the greater
threat: Alexander P. de Seversky,
whose book “America: Too Young
To Die!” was recently published
by McGraw-Hill.

One of the important points
which Major de Seversky makes in
his book should be of great interest
to the whole electronics industry.
After pointing out the areas in
which, through national indolence
and bureaucratic fumbling, the
Soviet Union has been allowed to
steal a march on the United States
(areas such as missile propulsion,
aircraft engine design, and so
forth), Major de Seversky indi-
cates that in the rock-solid founda-
tion of our industrial capability we
still have, and will continue to have,
a significant advantage over the
Soviets. He also points out that
this industrial excellence is espe-
cially noteworthy in the newer tech-
nological areas such as electronics.
It is in this field that Major de
Seversky sees the greatest promise
for an active and effective defense
against the towering threat of
Soviet military might.

It has been said that Americans
have become a nation of apologists,
always seeming to be ashamed of
what they are and secking excuses
for not being different. However,
the electronics industry at least has
every reason to be proud.

As part of that pride, of course,
comes increased responsibility, and
for this too we should be grateful.
To those who risk much, rewards
are commensurately great; and we
who manage parts of the electron-
ics industry in the U. S. should be
prepared to risk our own substance
to ensure that we keep our lead and
increase it as time passes. Major
de Seversky’s book suggests many
areas in which electronics can serve
the national well-being. Not all of

these are financed by defense dol-
lars, for various reasons: insuffi-
cient money, insufficient faith, in-
sufficient time and many others.
But if electronics management re-
alizes that the welfare of this na-
tion, and its future existence, may
depend on the excellence of the elec-
tronics technology, then perhaps in-
ventiveness and ingenuity will not
require 100-percent Federal finan-
cing, but may be encouraged and de-
veloped within the industry on risk
capital.

Major de Seversky points out
that we need to recapture our inde-
pendence and to stop leaning so
heavily on the Federal government.
It is an important point. It applies
both to the business world and to
the private citizen. As business-
men, we should do more work on
our own, and in this present time
of crisis, we should aim that work
towards the solution to national
problems. As private citizens, we
should take greater direct interest
in national and international af-
fairs, and not allow professional
bureaucrats to assume the manage-
ment of our affairs by simple de-
fault.

JEROME TAISHOFF
MYCALEX CORPORATION OF AMERICA
NEW YORK

Weather Information Printer

May we inform you of the incor-
rectness of ascribing the ADIS sys-
tem to Burroughs (p 33, Feb. 24).

The ADIS (Service “A” Data In-
terchange System) was developed
and manufactured for the Federal
Aviation Agency by Teletype Cor-
poration. It was cut over to service
in January of this year. It collects
and distributes weather reports
from each of 600 originating sta-
tions to 2,400 receiving stations
three times each hour. Its back-
bone is an 857 words per minute
nationwide broadcast circuit that
interconnects over one hundred
100-wpm party-line circuits. Tele-
type printers are used exclusively:
over 2,000 of them.

B. G. GRIFFITH
TELETYPE CORPORATION
SKOKIE, ILLINOIS

The ADIS system is indeed a
Teletype Corp. service. The Bur-
roughs printer was connected to the
ADIS circuit at an AMS convention.

electronics
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A “f)% pair for the circuit board industry

NEW DRILL POINT FOR EPOXY AND PHENOLIC LAMINATES

Meeting the demands of industry can some-
times be a problem. But in this case,
industry demanded a solid carbide drill
point for drilling accurate, smooth, and
burr-free holes in epoxy and phenolic lam- z
inates — and the Super Tool Company,
pioneers in circuit board drilling, met these
demands with a new drill point that offers
the ultimate in drilling life. List “201-CB”
fractional size solid carbide circuit board
drill and List “202-CB” wire gauge size
solid carbide drill can be resharpened
many times and, both are capable of hun-
dreds of thousands of holes before they

{
have to be discarded! __H l‘-— .015 MAX.
FOR FURTHER DETAILS PLEASE REQUEST PRICE BULLETIN #106 :

NEW ROUTER FOR CIRCUIT BOARDS AND LAMINATED PLASTICS

A new SOLID CARBIDE router bit, designed
to meet the exacting specifications of the
plastics and plastic laminates industry,
eliminates scrap loss due to burned, W
chipped, or broken edges on the work !

piece. Super List “2-CBR" router bits can be
used in stationary and portable routers . . . 30° - 50°
no special equipment necessary. These two
flute, end and side cutting router bits are
designed for routing internal and external
shapes in all types of plastics as well as
epoxy-glass laminates and phenolic lam-
inates.

FOR FURTHER DETAILS PLEASE REQUEST PRICE BULLETIN #107

A complete line of Super tools are available from:

SURPLESS, DUNN SUPER TOOL COMPANY SUPER TOOL COMPANY

& APPLEYARD 10161 Pacific Ave. 5210 San Fernando Rd.

57 Leonard St. Franklin Park, Illinois Glendale 3, Calif. Iy
New York 13, N. Y. Gladstone 1-2347 CHapman 5-2668 |

BArclay 7-4770

IET7 A OWISION OF VAN NORMAN INDUSTRIES

% SUPER TOOL C

DEPT. E e |ELK RAPIDS,
l
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If a klystron lasts 20,000 If a klystron is still
hours before lying down on standing up after 50,000
the job, it’s exceptional. hours, it’s Eimac’s.

Eimac’s 3K50,000LF klystron is still going strong after six vears of almost continuous
operation. That’s longer than most companies have been building klystrons. But it’s typical
of the way Eimac designs them: for peak performance, maximum life. For details on Eimac’s
complete line, write: Power Klystron Marketing, Eitel - McCullough, Inc., San Carlos, Calif.
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ELECTRONICS NEWSLETTER

New Family of Solid-States Devices Seen

ULTRASONIC WAVE AMPLIFICATION in a piezoelectric semiconductor
crystal may open the way to a new class of solid-state amplifiers,
oscillators, isolators, delay lines and other devices based on a com-
bination of piezoelectricity and semiconduction in crystals.

Experiments by D. L. White,
A. R. Hutson and J. H. McFee, of
Bell Telephone Laboratories, have
demonstrated that sound waves are
amplified by interaction with elec-
trons drifting in the crystal. The
process is similar to electromag-
netic wave amplification in a travel-
ing-wave tube.

A cadmium-sulfide crystal is
used. A d-c field is applied in the
direction of sound-wave propaga-
tion. Gains of 18 db in a 15-Mec
wave and 38 db in a 45-Mc wave
traveling through a 7-mm length
of CdS have been observed. Crys-
tal conductivity can be adjusted to
the correct value for amplification
by shining light on it.

Amplification is explained as

pUrer —— ATTENUATOR
[~ TRansbuceR
DRIFT BUFFER
FIELD ——
PULSE CRYSTAL | 37 LIGHT
L
= BUFFER
TRANSDUCER
ouThoh *——{ ATTENUATOR

Lab model of ultrasonic amplifier

tollows: A sound wave traveling in
a piezoelectric crystal produces a
longitudinal electric field which
travels along with the wave. If the
material is also conductive, the field
causes currents to flow in the ma-
terial. Because the piezoelectric
field is periodic, the electrons bunch
in parts of the ultrasonic wave. The
bunched electrons tend to interact
with the piezoelectric field and re-
act back on the material, changing
the sound wave’s velocity and am-
slitude. Light plus a sufficient field
makes the carriers drift faster
than the sound wave and amplify
it.

Quartz transducers are placed on
each end of the cadmium-sulfide
crystal. An r-f pulse to one trans-

September 29, 1961

ducer produces the ultrasonic wave.
The other transducer converts the
wave to an r-f signal, which is
measured under varying field and
photoconductivity conditions.

Show Plasma-Pinch Engine
For Spaceship Power

Unit shown by Republic Aviation
is powered by 28-v battery, re-
chargeable from solar cells. Solid-
state coverter supplies 3,000 v a-c
to ionize nitrogen. Plasma is
electromagnetically accelerated
through nozzle, gives exhaust veloc-
ity of 100,000 mph and thrust of
0.01 1b at 10° mm of Hg. A flyable
prototype is planned for June 1962.

NASA Picks Manager,
Site for Moon Flight

TWO IMPORTANT CHOICES were an-
nounced last week by National
Aeronautics and Space Adminis-
tration. D. Brainerd Holmes, gen-
eral manager of RCA Defense
Electronics Products, was selected
to head the manned moon flight
program. The program’s command
center and manned space flight
laboratory will be located in Hous-
ton, Texas.

Holmes is also expected to take
charge of Mercury and other proj-
ects related to Apollo, the moon
project. An electrical engineer,
Holmes has been BMEWS, Talos
and Atlas contracts manager for
RCA since he joined the company
in 1953. He was formerly with
Western Electric and Bell Tele-
phone Laboratories.

When the Houston laboratory is
completed in two or three years, it
will have four main divisions: a
flight projects facility, equipment
evaluation and environmental test-
ing laboratories, and flight opera-

tions facility. It will also be the
command center for follow-on proj-
ects to Apollo, will be used to train
Apollo crews and to design, develop,
evaluate and test Apollo spacecraft
and subsyvstems.

There are hundreds of electron-
ics firms involved in the multi-
billion-dollar Apollo project. Many
of these are expected to open offices
—or even production facilities—
near the laboratory. The lab itself
will cost some $60 million and will
have extensive open-air facilities
on a 1,000-acre site made available
by Rice University.

Radar Photo System Map
Shows Where Rain Falls

WEATHER RADAR data on precipita-
tion fronts can be transmitted 1n
digital form with a scope scanning
technique developed by R. T. H.
Collis, head of Stanford Research
Institute’s radar aerophysics pro-
gram. Information on rainfall can
be sent over telephone or teletype-
writer lines from remote radar in-
stallations and can be displayed on
wall maps. Several radars could
feed to one map.

A mask with a grid of small holes
is placed over the radar screen. As
the radar trace passes under each

Do We Remember Mama?

IS ELECTRONICS—the lusty off-
spring of electric power genera-
tion—neglecting its parent in-
dustry and a tremendous poten-
tial market?

Yes, says Robert W. Lewis, of
Boston Edison Co. He said at
the Industrial Electronics Sym-
posium in Boston last week that
too many electronic manufactur-
ers ‘‘just don’t understand utili-
ties’ problems”.

Most applications of electron-
ics to utility operations have
been developed by the utilities,
not electronic manufacturers, he
said. Utilities want more money-
saving techniques in such areas
as low-speed data transmission,
telemetering and centralized
load distribution.




hole, echo light which indicates
rainfall is seen by a light sensor
over the hole. The yes or no infor-
mation is transmitted. The map
has a grid of lights corresponding
to the holes in the mask. A yes sig-
nal from the sensor lights the ap-
propriate spot on the map.

Raytheon Purchases
Cossor of England

THIS WEEK Raytheon is settling de-
tails of purchase of A. C. Cossor of
England. The company makes radar
and mobile radio, had $17 million
sales in 1960. It runs 10 subsidi-
aries throughout world.

Submarines to Navigate
By Transit Satellites

APPLIED PHYSICS Laboratory of The
Johns Hopkins University has
awarded $4.5 million in contracts
for design and fabrication of sub-
marine navigation equipment using
the doppler shift of Transit satellite
signals.

Westinghouse Electric will design
and make the shipboard receivers
and Ramo Wooldridge will provide
the data-processing equipment. The
system will be designed for auto-
matic and manual operation.

APL developed the Transit sys-
tem under a prime contract from
Navy. Three satellites have been
launched successfully. At last re-
port earlier this month, two of the
satellites were still transmitting.

Four Labs Report Gains
In Power-Source Search

REPORTS OF PROGRESS in the search
for new sources of electric power
continue to arrive from research
laboratories around the country.
Among the latest are:

Battelle Memorial Institute says
it has converted atomic fission di-
rectly into electricity. A triode con-
verter changes kinetic energy of
nuclear fission fragments to a high-
voltage charge on an electrode. The
triode’s grid repels negatively
charged secondary electrons and ad-
mits positively charged particles.

Armour Research Foundation re-
ports a fuel cell converts heat to

10

electricity with efficiency exceeding
50 percent. The chemicals are
heated, give off power as they cool,
then are regenerated by heating
again. A nuclear reactor would pro-
vide a long-term heat source.

Allis Chalmers, also working on
fuel cells, says gaseous ammonia
makes an ideal fuel cell power
source. The cell has potassium hy-
droxide in a diaphragm between two
electrodes. Current flows when am-
monia is fed to the anode side and
oxygen is fed to the cathode. Volt-
ages of 1.1 to 1.2 volts is considered
feasible.

Westinghouse Electric has made
an experimental backpack thermo-
electric generator for Navy. It
burns gas, weighs 36 pounds. It de-
velopes 340 watts, of which 80 watts
are used to power the fan that blows
air over the cool side of the thermo-
couples.

Letter Router Reads
Varying Type Styles

ALPHANUMERIC READER able to iden-
tify variable font characters at the
rate of 60,000 a minute has been
developed by Philco’s new Data
Recognition department. Work is
going on under an $84,185 Post
Office contract. The reader will be
designed to recognize names and
abbreviations of the 50 states, 250
cities and 50 postal zones, and to
process 36,000 letters an hour.

High-speed reading is achieved
by a flying-spot scanner with an ex-
tremely small light beam. As it ver-
tically scans letters, light of vary-
ing intensity is reflected from the
paper and printing to a multiplier-
phototube. The video signal is con-
verted to a binary signal. One volt-
age level represents printing, the
other represents the envelope back-
ground. As each character is
scanned, its pulse pattern is com-
pared with patterns stored in a
shift-register cross-correlator.

Type-size variations are compen-
sated for by proportional increases
in the scanning raster. Degraded
print is identified by processing the
multiplier-phototube output in a
Laplacian correction circuit before
the signal is quantized. Inventory
handling, pictorial analysis and
learning machines are among possi-
ble applications of the reader.

In Brief . . .

UHF TV tests in New York City
(ELECTRONICS, p 24, Sept. 1,
1961) can mean $100 million in
converter sales within 35 miles of
New York, estimates Isaac
Blonder, Blonder-Tongue Labs.
There are some four million sets
in range of the public affairs and
educational programming planned
by WNYC.

JAPAN has displaced Britain as the
second biggest exporter to the
U.S., according to a British trade
survey. Canada is first.

AIR FORCE gave RCA $18 million
more in contracts for BMEWS
system development, installation
and test.

RAYTHEON receives $42 million in
Navy contracts for Sparrow III
air-to-air missiles, over and above
scheduled procurement, as result
of Berlin crisis.

SINCE JULY 1, Magnavox has won
$57 million in defense contracts
for sonobuoys, airborne radar,
communications, other hardware
and R&D.

SPARTAN ELECTRONICS also won 2
sonobuoy contract, $14.5 million.

LFE ELECTRONICS has received in
eight weeks $29 million in Air
Force doppler contracts. Latest
is $1.8 million for airborne navi-
gation systems checkout equip-
ment.

NAVY has ordered 100 radar video
processors—signal strength en-
hancers—from General Instru-
ment, for $403,035.

BOEING is buying $175,000 in tran-
gistors from Delco Radio for
Minuteman missiles.

COLLINS RADIO sells $215,000 worth
of high-speed data-transmission
equipment to Cape Canaveral’s
Atlantic Missile Range.

GE ANNOUNCES it will compete in
photoconductive-cell market with
a line of cadmium-sulfide cells.

TOSHIBA, Japan, announces a 14-inch
color tv set—selling around $550.
It has only one color adjustment.

electronics



CASSEGRAIN ANTENNAS: another prime capability of Goodyear Aircraft

GOODSYEAR

1 Transmitting & receiving antennas for U. S. Army Hawk missile

Plastic radar reflectors —as pioneered by Goodyear—offer better refurn on
investment because (1) light weight means higher performance, (2) tooling-up
is less costly; so are design changes, (3) high impact strength takes dents, hard
knocks, (4) plastic fights corrosion, chemicals. Also, plastic offers important
insulating, vibration-damping qualities, is readily formed into difficult shapes
and is easily repaired. Add Goodyear's long experience in designing, fabricating,
erecting and testing in reinforced plastics, metal sandwich-type materials, and
structural metals, and you too will use Goodyear Aircraft Corporation — the
source of supply that handles the entire job to your specification. For more

mformatlon write Goodyear Aircraft Corporation, Dept. 914KB, Akron 15, Ohio.
Lots of good things come from

GOODSYEAR AIRCRAFT

Plants in Akron, Ohio, and Litchfield Park, Anzona] Providing all 3 weapon system skills (

| MANUFA cwRE

2 Navy missile cruisers employ this large reflector 3 Cassegrain antenna built for U. S. Army Nike-Hercules radar
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not a price war...

a price REVOLUTION!

a revolution that started in Slatersville

(An announcement of vital interest to transistor buyers)

A price war occurs when manufacturers com-
pete for sales by reducing prices on the same old
product. A price revolution occurs when a new
manufacturing process results in a better, more
vaiform product at a substantially lower cost.

In the case of transistors, it began in Slaters-
ville, Rhode Island. Here Amperex built a new
plant devoted exclusively to using the Post Alloy
Diffusion Technique for producing transistors.
This process is inherently reproducible and lends
itself to self-jigging and other mass production
techniques. PADT transistors have very thin
base regions, high gain, high frequency perform-
ance and low noise...in short, are high quality
transistors produced at very low cost!

The ultra-modern plant in Slatersville has been
in operation for a full year. Yields have been
extremely high. Therefore on September 1st
Amperex announced an across-the-board price
reduction of 50% on all PADT transistors!

»
Revolution in Application

Lower prices inevitably broaden the market—open
up new design possibilities for the alert engineer
and buyer. For example, it is now economically
feasible to use transistors instead of tubes for
widespread applications in the HF and VHF
bands. They are not only less costly than com-
parable brands but assure better performance
because they are relatively independent of col-
Jector supply voltage. These types include the
2N2089, 2N2090, 2N2091, 2N2092 and 2N2093
for entertainment applications.

Even before the price revolution was felt,
PADT germanium alloy mesa types were being
widely used in broadcast, auto AM/FM sets,
Citizens Band radio and mobile equipment.

? At last, the “Universal Communications
Transistor”

The new low price on the new PADT 2N2084 ger-
manium alloy mesa transistor will enable it to
obsolete and replace many other types for HF
and VHF mobile, aircraft and radar applica-
tions. It combines the best features of many spe-
cialized front end and IF types — high voltage,
high beta and high frequency — thus making it
the closest approach to a “universal” communica-
tions transistor that has ever been offered. Its
universality reduces inventory costs, designing
costs and procurement costs...a real price revo-
lution! The PADT 2N2084 is available in the
TO-33 case. The same transistor, with different
ratings, is also available in the subminiature
TO-18 case.

High speed PADT Switching Transistors are
also included in the Amperex price revolution.
Detailed descriptions of the PADT process, data
sheets on the full line of PADT transistors and
special circuits developed by Amperex Appli-
cations Engineering Laboratories are available
to interested design engineers. Write on company
stationery, please: For more information on the
new Amperex universal communications transis-
tor and geographical listing of franchised dis-
tributors, please turn to pages 40 and 41

Amperex Electronic Corporation, 230 Duffy Avenue, Hicksville, Long Island, New York

In Canada: Philips Electronics Industeies Lid., Tube, Semiconductor & Component Depts., 116 Vonderhoof Avenue, Toronto 17, Ontario

12 CIRCLE 12 ON READER SERVICE CARD
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MELPAR helps
complete the picture . ..

At the heart of MINUTEMAN'S ultimate defense
effectiveness is its all important guidance and
flight control system built by AUTONETICS.
Now with infinite pride and uncompromising
dedication te excellence and reliability,
MELPAR begins work on this key project.
MELPAR will produce high reliability circuit
board assemblies and modules for use in the
inertial guidance, flight control and ground
checkout systems,

)

i

f
i
£

7

MELPAR is greatly honored to have been
selected by AUTONETICS, a division of NORTH
AMERICAN AVIATION, INC. to participate in
the production of the Air Force Minuteman,
America’s newest ICBM. MELPAR’s renowned
technological leadership manifests itself in over
120 projects with military, industrial and space
application. At MELPAR, excellence in vital
projects in the nation’s defense and space ex-
ploration has become a tradition.

MELPAR -

—

Y INC

A Subsidiary of Westinghouse Air Brake Company
3000 ARLINGTON BOULEVARD, FALLS CHURCH, VA,

ADDITIONAL OPERATING FACILITIES IN 'WATERTOWN, MASS.; TUCSON, ARIZONA; LOS ANGELES, CALIF., AND FLORENCE, ITALY,

September 29, 1961

CIRCLE 13 ON READER SERVICE CARD

13



CALIBRATED

Thermistor
Mounts

For Greater Accuracy
in Power Measuring Systems

i

Model 675-A

Coaxial Thermistor Mount

The Model 675-A is a 200 ohm therm-
istor mount for use in the 100 to
4000 mc range. Its extremely long
thermal time constant virtually elim-
inates effects of ambient tempera-
ture changes. Calibration factor is
supplied to an accuracy of 29, at
400, 1000 and 1500 mc.

Models 811,
813 and 815

X-Band Power Standard

This 200 ohm thermistor mount-
coupler-temperature chamber com-
bination operates over any specified
200 mc band between 82 and 11.2
kme. The thermostatically controlled
constant temperature chamber elim-
inates effects of ambient tempera-
ture changes. An NBS test report is
supplied giving the calibration fac-
tor to an accuracy of 1%.

Precision Power Bridges
Weinschel Engineering also manu-
factures precision power bridges for
use with these thermistor mounts.
These bridges give accuracies to
0.19% of substituted power.

For complete specifications:
Write for Weinschel Bulletin #386

WEINSCHEL

ENGINEERING
KENSINGTON, MARYLAND
©49-0141 (Code 301)
TWX:KENS 446
.

Santa Monica,
631 Wilshire Boulevard,

TWX: SMON 7185
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WASHINGTON OUTLOOK

LOOK FOR a big Pentagon policy shift on the B-52 bomber program. The
outlook is for a decision to continue production of the Boeing aircraft
beyond next year’s scheduled termination and to buy at least 45 more
of the bombers (photo) for a fifteenth Strategic Air Command B-52
bomber wing.

Up to now, Defense Secretary McNamara has opposed Air Force pro-
posals to continue B-52 output. He has been saying that he does not
want to spend the $525 million Congress added to the current Air Force
appropriation for continued bomber procurement. Now he is saying that
the B-52 decision is “under study” once more and that in view of the
“overwhelming” congressional vote in favor of continued manned bomber
production, it “is incumbent upon us to review the facts again.”

Actually, the additional bomber funds could also be spent to build
more Convair B-58 medium-range bombers, as Congress wrote the appro-
priation bill. But Air Force generals prefer the longer-range B-52.

ALSO UNDER REVIEW are decisions to use extra congressional appropria-
tions to speed development work on North American Aviation’s B-70
bomber and Boeing’s Dyna-Soar boost-glide spacecraft. Congress tacked
on $180 million for B-70 (the basic request was for $220 million this
year and $86 million for Dyna-Soar, Kennedy had already boosted the
project’s budget from $70 million to $100 million). The extra B-70 money
would be used to speed delivery of prototype planes now under produc-
tion and to reinstate some of the development work on electronic sub-
systems cancelled earlier this year.

DEFENSE SECRETARY is also under intensifying pressures to accelerate
work on the Army’s Nike Zeus. Rumors here are that research on an
anti-ICBM system figures prominently in the resumption of Russian
nuclear testing. There’s fear here that the Soviet Union may have made
a technological breakthrough on development of an anti-missile missile.

McNamara says, however, that up to now, “nothing has given us the
basis for changing our plans on the Nike Zeus”. The plan is to with-
hold approval on production until next year’s first operational-type tests
in the Pacific. McNamara met recently with Bell Telephone Laboratory
officials for a personal briefing on progress.

By July 1962, the Nike Zeus project will have cost $1.2 billion. The
current year’s budget earmarks expenditures of about $200 million. This
was the first time in about three years that Congress did not add funds
to the defense appropriation to start production of long leadtime com-
ponents. In the past, DOD never allowed Army to use the extra money.

electronics



Now, with one instrument.
you can instantly measure

Voltage Range:

Frequency Range:

Accuracy:

Maeter Scales:

Probe Tip Furnished:

Galvanometer
Recorder Output:

Power:

Dimensions:

Price:

Specifications

10 mv rms full scale to 10 v rms full scale in
seven ranges. Full scole readings of 0.01,
0.03, 0.1, 0.3, 1, 3 ond 10 v rms,

500 KC to 1 GC with accessory probe tips.
Usable indications to 4 GC.

1 MC to 50 MC, = 39 of full scale; 50 MC
to 150 MC, * 6% of full scale; 500 KC to
1 GC, 1 db.

Two linear voltage scales, 0 to 1 and 0 to
3, colibrated in the rms volue of o sine
wave. Db scale, calibroted from +3 to —12
db; 0 db = 1 mw in 50 ohms.

411A-21E BNC open circuit tip, 500 KC to
500 MC. Shunt capacity fess than 4 pf. Mox.
input 200 v dc. Input resistance ot 10 MC
typicalty 80 K ohms,

Proportional to meter deflection, 1 mo into
1000 ohms ot full scole deflection.

115/230 v *£10%, 50 to 60 cps, 35 waotts.
Cobinet Mount: 113" high, 714” wide, 12”
deep.

Rack Mount: 63)5," high, 19”7 wide, 1034”
deep behind panel.

@ 411A, (cobinet) $450.00. & 411AR (rock
mount} $455.00.

Data subject to change without notice.
Price f.0.b. factory.

September 29,

1961

1 my
1000 me!

or any rf voltage 1 mv to 10 v,
from 500 KC to 1,000 MC.
Measuring is as simple as
“touch and read:” resolution is
high, thermal drift errors are
virtually eliminated!

Now, easily and dependably and with utmost accuracy,
you can measure millivolts at rf frequencies — and on
one simple-to-use instrument, & 411A Voltmeter. This
remarkable instrument has true linear operation (no
correcting networks) and readings are presented on a
large, mirror-backed linear meter. Temperature stability
is such that there is virtually no change from 10° to 40° C.

Specifications alongside indicate basic features of this
important new, time-saving instrument. Other special
features include (a) matched diodes protected against
burnout (b) probe temperature compensated for low
drift (c¢) & amplifier photochopper eliminating contact
noise, guaranteeing high sensitivity and zero-drift free-
dom (d) extra probe tips available including a 500 KC
to 250 MC tip; 100:1 Capacity Divider tip, and Type N
Tee tip for coax use to 1,000 MC.

Why tolerate a complex, cumbersome voltmeter. Get a
new @& 411A into action on your bench now!

HEWLETT-PACKARD COMPANY

1061A Page Mill Road, Palo Alto, California, U.S.A.
Cable “HEWPACK?” DAvenport 6-7000

Sales representatives in all principal areas

HEWLETT-PACKARD S.A.
Rue du Vieux Billard No. 1, Geneva, Switzerland
Cable “HEWPACKSA” Tel. No. (022) 26.43.36 6055
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From Japan...
Capacitors - Resistors - Relays

Fuji “systems-proved” components from one of
Japan’s leading producers of radio and carrier trans-
mission systems, computers, and telephone exchanges.

-

=

FUNN STYCON polystyrene capacitor «

Monthly output of 5 million units makes Fuji one of
the world's leading polystyrene capacitor producers.
Capacities from 2 MMF to 0.05 MFD

Tolerances to 0.5%.

Operating temperature: 10°C. to +70°C.

. Available in standard, non-inductive, twin, micro, and

TV & radio broadcast receiver tvpes.

L.

& FUJI ESCON mylar* capacitor
, i

= |
|t
ol

-
-t |

.

Small, lightweight design and low failure rate assure
a high order of performance in compact electronic
equipment.
Capacities from 500 MMF to 0.5 MFD.
Tolerances to 5%.
Operating temperature: —40°C to +100°C.
Available in standard and non-inductive types.
» DuPont trademark

® FUJI ELCON electrolytic capacitor

e

. Capacities from 0.5 MFD to 1,000 MFD.

.

Tolerances (at 120 cs) —10% to +50%.

Operating temperatures: Standard, —20°C. to +70°C.
Special, ~—40°C. to +85°C.

Available in single & multiple section tubulars and

twist-prong types.

. Strict quality control assures accuracy and reliability

throughout frequency range.

Capacities from 52 to 20 meg.

Tolerances from 1% to 20%.

40°C. ambient temperature at full load.

When operated at full load for 500 hours (90 min.
“on”, 30 min. “off"), resistance changes are from
0.01% to 0.85%.

§ FUJI MIDGET RELAY type 151
'~‘§ FUJI MIDGET RELAY type 153
o =t

.-

] .
:

- |

ae =

N

¥

. Contact rating for DPDT, DPST,

4PST, 4PDT, & 6PST: dc-0.3 amp., 100 volts.
Contact rating for DPDP: dc 0.2 amp., 100 volts.
Normal operating power: DPDP, DPST, 4PST, DPDP,
500 milliwatts.
4PDT, 6PST, 800 milliwatts.
Relay Assembly (type 152) available with up to 14
type 151 midget relays wired to your specifications.

x Similar to type 151, except can be wired on opposite side of pannel or chassis, and can
be mounted by (a) special 10 or 16-pin plug-in or (b) stud without sockcl

US. distribution for Fuji’s complete line of quality components is smoothly
handled through representatives in New York, Chicago, San Francisco. and
Los Angeles. Complete specifications are available on request.

FUJI TSUSHINKI SEIZO K.K.

Represented by: M The Nissho American Corporation (1 New York 5, 80 Pine St., WH 3-7840

Tokyo, Japan

{1 Chicago 3, 140 S. Dearborn St., CE+6-1950
I The Nissho Pacific Corporation []San Francisco 4, 120 Montgomery St., YU 2.7901
O Los Angeles 14, 649 S. Olive St., MA 7.7691

b3
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ENGELNMHARD

ESTABLISHES SEMICONDUCTOR MATERIALS DIVISION

Engelhard Industries, world’s largest refiner and fabri-
cator of precious metals, has devoted a substantial
effort in the past few years to exploring the metal-
lurgical requirements of the semiconductor industry.
Research work in platinum and gold alloys has been
carried on in the company’s fully equipped research
laboratories at headquarters in Newark, New Jersey.
Prototype, development work, and product application
have also been carried out there,

It is recognized that in order to produce materials
for this industry, having the highest levels of purity,
consistent analysis and cladding ratio as well as com-
plete lack of contamination, it is necessary that all such
related operations be concentrated in an isolated area.
It is also well known that the equipment to be used for
such metallurgical products shall not be used for any
other metallurgical products. It is also imperative that
the various types of semiconductor materials be segre-
gated from each other during fabrication.

Engelhard has therefore established an ultra-mod-
ern “clean room”, This air-conditioned, dust-free clean
room is completely integrated to furnish the semi-

conductor industry with materials made under the most
rigid purity controls. This facility is located in the main
Attleboro plant of the D. E. Makepeace Division in
Attleboro, Massachusetts.

This step has now been completed and previously
initiated prototype and small production orders are
being produced in this facility. The development and
research personnel who have been associated with this
project in development have been transferred to the
Attleboro facility, and additional supervisory personnel
familiar with the requirements of the industry have
been added.

The full metallurgical weight and the vast precious
metal experience of Engelhard Industries is behind this
new department and is prepared to supply, all of the
manufacturing and technical requirements of the pre-
cious metal semiconductor field. The products imme-
diately available include: The Gold, Platinum, and
Silver group, furnished as solid alloys, doped alloys,
or clad to various base metals. These materials can be
furnished in the form of sheet, ribbon, fine wire and
preforms. « « % & % % * & * X * A * #

We welcome the opportunity to supply further information on your specific needs.

ENGELHARD

D. E. MAKEPEACE DIVISION

PINE & DUNHAM STREET

CIRCLE 17 ON READER SERVICE CARD
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The cost of miniaturization

iust dropped 20%

Trends can be overpowering. Once
established, they're tough to reverse.

Take the cost of miniaturization, for
example. As electronic packages get
smaller, price tags get bigger. No one
seems surprised. It's a trend.

There’s a reason, of course. Tiny
things are hard to build, especially with-
in space-age reliability requirements.

Amphenol designers decided that if
ever a trend needed reversing—it was
this one.

"How" was another question. They
knew that conventional miniaturized
pin and socket connectors were about
as small as they were ever going to be.
The spring member in the female con-
tact (necessary for a snug, low-resis-
tance connection) took up valuable
space and set a lower limit for practical
center-to-center contact spacing. The
spring was obviously holding up prog-
ress in miniaturization. It had to go.

So, it went.

pAmphenol designers developed the
Wire-Form Poke-Home® contact, a
male contact that supplies its own ten-
sion and can be crimped or welded
before assembly. Overnight, contact
spacing plunged from .175 inch to .100
inch. And, best of all, the new contact
was less costly to manufacture. (It's
built on automatic equipment.)

The trend reversal was well on its
way. Amphenol designers had a new
contact—the next step: putting it to
work in connectors.

To answer the need for an econom-
ical micro-miniature rack and panel
connector, the Micro-Rac was un-
veiled. Space-saving Wire-Form con-
tacts and an integral-body-dielectric
construction made it possible to pack
20% more connections in the same
space—and at nearly half the previous
cost. As for reliability, after 1,000 re-
peated insertion and withdrawal cy-
cles, the Micro-Rac retained its orig-
inal low resistance characteristics.

p=Next came the Strip Connector, six-
inch lengths of Lexan* plastic with
contact holes on .100 inch centers. A
do-it-yourselfer's delight, strips can be
cut and stacked to suit hundreds of
applications where a connector is a
must—but for which no other eco-
nomical connector exists. Example:
strips can be stacked to form micro-
miniature programming boards or in-
strumentation terminations. They also

* Registered TM General Electric Co.

The Amphenol Wire-Form contact at work.
Multi-purpose Strip Connectors (A} connect
modules to chassis; Micro-Rac Connectors
(B} connect chassis to cable assembly.

can be used as economical tape cable
connectors, modular connectors, logic
card connectors, to mention a few.

Wire-Form contacts can be used
separately, too. Example: contacts can
be crimped or welded to modules and
plugged into special eyelet-type re-
ceptacles on printed circuit boards.
Non-modular components, such as
transistors, become pluggable by crimp-
ing Wire-Form contacts to their leads.

And that was that. The trend
was reversed.

»=If you would like more information
about Wire-Form Poke-Home contacts.
Micro-Rac 52- and 104-contact rack
and panel connectors, Strip Connec-
tors (or any Amphenol Connector for
that matter) call your Amphenol Sales
Engineer. Or, write to Dick Hall, Vice
President, Marketing, Amphenol Con-
nector Division, 1830 S. 54th Avenue,
Chicago 50, lllinois.

Acting like four spring fingers, Wire-Form
beryllium-copper beam sections assure a low
resistance connection {.0025 to .0030 ohm)
even after 1,000 insertion-withdrawal cycles.

@m@ Connector Division/AmphenoI-Borg Electronics Corporation
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Another outstanding
development by the
Makers of BUSS fuses

FUSES

Sub-miniatures — hermetically sealed Body size only .140 x .300 inches

For Use Where Spacé is at a Premium

Tron fuses are so small they can easily be
used as an integral part of circuit—-to protect
miniaturized devices — or gigantic multi-circuit
electronic devices — without sacrifice of space.

Fuse elements hermetically
sealed. Tron fuses may be potted or
encapsulated without danger of sealing
material affecting operation. They are
not affected by atmospheric conditions.
They are designed for installation in high
shock and vibration ambients.

Available in ratings from 1/20
to 5 amps. for use on circuits of
125 volts or less where available fault
current is not over 50 amps. Color cod-
ing indicates ampere rating and assists
in final inspection of fused circuits.

Made with Axial pigtails that are

1
!
|
I

They are self-protecting and operate
without exterior flash or venting, so
they can be installed anywhere in
the circuit. Likewise, they may be
teamed in one capsule or replaceable
unit with such components as resistors
or condensers.

In the BUSS line,
you'll find the type and size fuse to fit your every need
S plus a companion line of clips, blocks and holders.

~—CIRCLE 19 ON READER SERVICE CARD

adapted to feed through automatic wire
forming machines — or with right angle
pigtails conveniently spaced for assem-
bly on printed circuit chassis.

Get the full story: —
Write for BUSS Bulletin TRON

TRUSTWORTHY NAMES IN
ELECTRICAL PROTECTION
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Question: Can circuits
be simplified with
@ncreased reliability?

Answer: Yes!
With the Tung-Sol

—a four-layer device.

TV

-
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Dynaquad is a PNPN bistable transistor
which makes it possible to accomplish
flip-flops, binary counters, solid state re-
lays, shift registers and various forms of
logic with a saving of one-third to one-
half in components and space. In many
circuits it directly replaces a number of

transistors and their associated compo-

nents. In others it permits use of tran-
sistor techniques where they previously
had not been practical.

Finding its chief application in the
fields of computation and control, the
Dynaquad is a new circuit tool for small
signal switching, driving and pulse-form-
ing applications.

Tung-Sol’s applications engineers have
developed 100 kilocycle shift registers
anda l megacycle reversible ring counter,

/

-VCC

"using amazingly few components. Circuit.

diagrams and complete design informa.
tion are available on request. With great
simplicity, bistable, monostable and asta.
ble multi-vibrators can be fabricated,
using the Dynaquad. One such example
is shown below. You are also invited to
discuss any special questions you may
have with Tung-Sol’s applications eng-
neers. Tung-Sol Electric Inc., Newark 4,
N.J. Twx:NK193

TECHNICAL ASSISTANCE AVAILABLE THROUGH:
Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.s
Dallas, Tex.; Denver, Colo.; Oetroit, Mich.; trvington,

N.J.; Metrose Park, li.; Newark, N.J.; Seattle, Wash.
In Canada: Abbey Electronics, Toronto, Ont.

A &
Two resistors, two capacitors and one Dynaquad make a bistable.
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NEXT TIME... USE TINY

Rlue Jackt

WIREWOUND RESISTORS

Sprague builds reliability . . . ef-
ficiency . .. economy right into
minified Blue Jackets with these
important features:

* All-welded end-cap construc-
tion with special vitreous-en-
amel coating for total protec-
tion against humidity, mechan-
ical damage, heat, corrosion
gives long-term depcnd.lblhty
under severe environmental
conditions

* Available in resistance toler-
ances as close as = 1%

*Low in cost .. .quick and easy
to install

Tiny axial-lcad Blue Jackets are

specially designed for use with

conventional wiring or on print-
ed boards in miniature electron-
ic assemblics. Write for com-
plete technical data in Sprague
Engineering Bulletin 7410B.

SPRAGUE ELECTRIC COMPANY

35 Marshalt Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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MARKETING

Army Avionics Spending to Rise

ELECTRONICS DEFENSE market
changes under the impact of the
international situation was one of
the major topics of discussion at
the Electronics Industries Associa-
tion’s Fall Conference last week.
Army avionics spending came
under close scrutiny at one of the
longest and most heavily attended
of the 50 sessions.

General consensus of a panel dis-
cussion on electronics’ role in Army
modernization was that spending
will continue to rise. Equipment
will emphasize simplicity of opera-
tion and maintenance. Panelists
included Albert Clark, General
Electric; Julius Braun, North
American Aviation; L. G. Regan,
Douglas Aircraft; C. P. Page, Mo-
torola, and T. G. Pearson, Mar-
quardt, moderator.

“Do your research and develop-
ment right now if you plan to go
after this market in the later ‘60’s,”
Regan advised manufacturers seek-
ing a share of the growing Army
aircraft market.

Spending on aircraft now about
$130-140 million, will climb to $250
million by 1965 and jump to $620
million in 1970, Regan predicted.
The Army will have 19,280 aircraft
in 1970, he said. Percentage spent
for electronic equipment was five
percent, is now 10 percent and will
rise to 30 percent for some types
in the 1960’s.

Most planes will be light observa-
tion craft, closely followed in num-
ber by heavy transports. Another
important type will be planes able
to deeply penetrate enemy territory
on surveillance flights. High speeds
will make adequate electronics
equipment vital, Regan said.

“Without electronic controls,”
Regan said, “the chances for suc-
cessful air operations at the speeds
now possible will go way down.”

Clark, of GE’s Missile and Space
Vehicle department, predicted that
Army budgeting for small tactical
missiles will remain on a plateau
or even decline slightly over the
next 10 years. Other services will
take over some of the Army’s role
in this field. At present, Army
spends $350-400 million for mis-

siles, with about 30 percent going
for deep penetration programs.

Clark predicted a large demand
for missiles not now in existence.
Among these will be a Jay-type
missile with a range of 1,000 to
10,000 yards for closeup combat
missions. He estimates cost at
$5,000 each, including $1,500 for
electronic controls.

Army spending for Ar-Bee (Ra-
dar Buster) missiles will also in-
crease, Clark thinks. This missile
will have a tactical mission similar
to the Navy’s cancelled Corvus. It
will home on enemy radar.

Page, Motorola’s manager of
defense requirements, predicted
spending in several areas of Army
avionics. Total procurement of $9
million in 1960 will increase to
more than $45.5 million in 1965,
peak at more than $49 million in
1967 and decline to about $39 mil-
lion in 1970. Page said the rise and
fall would result from a tapering-
off in heavy aircraft and a step-up
in helicopters which require less
navigation, radar and infrared
gear.

Army spent about $3 million on
avionics communications in 1960,
Page said. This will rise to $14.5
million in 1965 and peak at nearly
$27 million in 1968. Peaking would
be caused by an expected leveling-
off in light observation helicopters.

Spending for electronic naviga-
tion equipment stood at $6 million
last year and will climb to $24 mil-
lion in 1965. A drop in production
of large aircraft requiring complex
gear will cause a decline to $11 mil-
lion in 1970, Page said.

Army IFF spending was $260,-
000 in 1960. This will go to $1.6
million in 1965 and $2.6 million in
1970. The peak will be around 2.9
million as light observation helicop-
ter production levels.

Infrared detection devices will
get more than $1 million of Army
avionics spending by 1963, rise to
$2.5 million by 1965 and decline to
$1.5 million in 1968. The decline,
Page says, will result from opera-
tional status of the AO-1C Mohawk
aircraft, which will handle close
surveillance, observation and target

electronics



location missions.

Page predicts radar spending,
now $2.5 million, will peak at $7.5
million next year and be on a
plateau of about $3.5 million by
1965, due to requirments for an
earlier model of the Mohawk
(AO-1B).

Air Force Establishes
Reward-Penalty Policy

AIR FORCE will allow higher profits
to defense contractors who save
taxpayers’ money and will exact
corresponding penalties of those
whose costs exceed cstimates, EIA
members were informed at the Fall
Conference. Under the new policy,
Air Force may also allow higher
profits for faster delivery and bet-
ter quality and may penalize con-
tractors for poor performance.

Instead of limiting fees to nine
percent on cost-plus or fixed price
incentive contracts, fees up to 15
percent for R&D and 10 percent
for production might be allowed.
However, penalties for poor per-
formance might be the full amount
of a fee, or more. Details of the
policy were outlined in a letter
from Maj. Gen. W. T. Thurman,
director of procurement manage-
ment, to Air Force commanders.
EIA and other associations had
urged such a move at an Air Force-
Industry symposium on ways to
improve procurement and contrac-
tor incentives.
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The simple diagrams above clearly illustrate how the single unit 1600 Volt
IN2359 axial lead top hat silicon rectifier can replace a series string of four
400 Volt 1N540’s along with their R-C shunting elements.

Now, manufacturers of commerecial equipment can join military users
in taking advantage of the higher reliability and lower assembly costs
gained by using the high voliage single unit in place of space con-
suming series strings.

This economy is made possible by major advances in mass produc-
tion techniques enabling Columbus to drastically reduce price of
the 1000 to 1800 Volt axial lead top hat types — 1N3486, 1N3487,
IN2357, 1N2358, 1N2359, 1N2360. As a result, prices of these
hermetically sealed high voltage units are now directly in line with
series strings of the commercial 400 to 600 Vol types.

SEND

FOR

SPECIFICATION SHEETS AND PRICES, NOW!

COLUMBUS ELECTRONICS CORP

1000 Saw Mill River Rd. Yonkers, N. Y.
Tel: YO 8-1221 TWX: Yonkers, NY-1369
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With @M@)mp® tools

these hands wrap up wiring jobs fast

Keep expensive hands working at top efficiency and
get permanent, solderless electrical connections in a
hurry with Gardner-Denver “Wire-Wrap” tools.
Proved superior by leaders in communications and
electronics, solderless wrapped connections are last-

ingly secure, conquer vibration failure and corrosion.
And only Gardner-Denver offers a complete line of
equipment for making such connections—including
custom-designed, automatic machines to expedite
multiple operations.

Air-powered Electric-powered
“Wire-Wrap" tool, “Wire-Wrap” tool.

JE S — R—
Manual wrapping and Hand-Squeeze
unwrapping tools. “Wire-Wrap” tool.

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW

GARDNER - DENVER

Gardner-Denver Company, Quincy, Illinois—Offices in principal U.S., Canadian and Mexican cities
in Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Ave., Toronto 16, Ontario

International: Gardner-Denver International Division, 233 Broadway, New York 7, N. Y,
International Offices: Buenos Aires, Argentina; Artarmon, N.S.W. Australia; Brussels, Belgium; Rio de Janeiro, Brazil;

Santiago, Chile; Barranquilia, Colombia; Lima, Peru; Ndota, N. Rhodesia; Salisbury, S, Rhodesia; Johannesburg, Transvaal
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Military— Commercial— Entertainment Rectifier Purchasers

NOW FILL

IN588 Series
IN1130 Series

PIV—VOLTS

DIFFERENT
RECTIFIER
NEEDS...

With Tl Broad Line Diffused Silicon Rectifiers

HERE'S WHY: Start simplifying your rectifier purchasing now. Call your local
Tl sales office or nearby Tl distributor for complete details.

BROAD LINE For more technical Tl rectifier information fill out and mail
the coupon on this page.

IN530 Series
IN536 & IN1487 Series
IN1115 Series
IN253 & IN1124 Series
IN1124A Series
1N1581 Series
IN1612 Series

IN599 Series
IN607 Series

You get real savings in time and money with
single-source procurement from TI's broad rec-
tifier line. Choose from more than 138 rectifier
types: Stud and axial top hats, high-voltage Send me complete product information and prices on Ti's

types, potted stacks, epoxy economy rectifiers
. : ' i i Rectifi
e Bl i, Gne Grdler, 508 invoice. D Complete line of rectifiers D Top Hat General Purpose Rectifiers

[] High-voltage Diode Stacks [ Epoxy Economy Rectifiers

QUALITY ASSURANCE

With TI rectifiers you buy confidence. Over NAME
fifteen million hours of controlied life test data
back-up your guaranteed TI rectifier reliability. TITLE_
COMPANY__ —

IMMEDIATE LOCAL DELIVERY

One call to your Tl distributor brings you immed-
iate delivery from local shelf stocks. Meet your

tightest production schedules with Tl custom oIy, STATE
service . .. and still pay only low factory prices.

STREET ADDRESS.

CAPACITORS. DIODES.
I NCORPORATED

RECTIFIERS. RESISTORS.

COMPONENTS DIVISION i TEXAS l N ST R U M EN TS

SEMICONDUCTOR NETWORKS, ‘
SILICON CONTROLLED RECTIFIERS 13500 N. CENTRAL EXPRESSWAY
P. O. BOX 5012 « DALLAS 22. TEXAS




SERIES
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10-TURN TIGHT TOLERANCE
POTENTIOMETER

For tight tolerance quantitative functions. The Clarostat Series 59M ten-turn potentiometer incorpo-
rates a significant design breakthrough which results in greater winding length and resolution for its
diameter. Resolution is of the order of .009% /total turns in a 100,0002 unit. Outside diameteris only .875".

Brief specifications: 4.5 watts @ 40°C; Dielectric strength— 1000 volts AC; Maximum resistance—100,-
0009; Resistance tolerance—= 5%; Linear functional output; Absolute linearity—= 25%; Speed of
rotation — 60 rpm maximum; Life — 2,000,000 shaft revolutions; Ambient temperature range —
—55°C to + 125°C....quality characteristics and construction at low cost!

CLAROSTAT

CLAROSTAT MFG. CO., INC. DOVER: NEW HAMPSHIRE

26 CIRCLE 26 ON READER SERVICE CARD electronics




Through the sophisticated use of hvdraulics and air, IBM
engincers and scientists have developed the IBM 1301
disk storage. In this new disk memory, a hvdraulic actua-
tor simultancously positions 40 magnetic data heads to
read and write on magnetic disk surfaces. The special
design of the hvdraulic actuator combines speed, accu-
racy and reliability. The magnetic heads glide on a self-
acting air bearing which requires no external air supply.
Heads float at precise distances above disk surfaces, sup-
ported only by air flow generated by the rotating disks.

With this random-access storage file, five units can be
grouped together in one memory system to provide a 280-
million-character capacity. With this capacity, “setup”
time between computer processing jobs can be virtually
eliminated. The memory can hold a library of all the vari-
ous programs nceded for an installation. It also provides

information storage for handling vast files of data such
as insurance companies require for processing policies.

It takes engineers and scientists with both skill and
imagination to develop new systems like this to meet
increasingly complex data processing needs. Perhaps
you have been searching for a challenging opportunity
in one of the many fields where IBM is making impor-
tant advances such as: solid state physics, paper and
ink chemistry, closed-loop control, cryogenics, optics.
All qualified applicants will receive consideration for
employment without regard to race, creed, color or
national origin. Write to:

Manager of Technical Employment

IBM Corporation, Dept. 554J5

590 Madison Avenue IBM
New York 22, New York

ADVANCED DISK STORAGE

random access through

use of hydraulics and air
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/ X-Y Recorder

i Complex rf impedances or
transfer characteristics can
| be rapidly measured and
plotted as a continuous

[ function of frequency.

/’ Impedance versus frequency
curve is automatically plot-
ted as it would be seen at
any point desired.

1100 to 1700 mc

OTHER FEATURES:

e Entirely self-contained, cxcept for the use of an
external oscillator.

e Instantaneous choice of three different
Charts: infinity to 1,2to 1, and 1.2 to 1.
Quick investigation of impedance and transfer
characteristics even when several independent var-
iables exist.

Can be used to measure impedances, admittances,
and reflection coefficients in systems under power.

Write for complete details and catalog.

Smith-

ANTENNA SYSTEMS — COMPONENTS - AIR NAVIGATION AIDS — INSTRUMENTS
D R D Manufacturing Company
®‘\” 299 ATLANTIC AVE., BOSTON, MASS.
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Rechargeable
Batteries

DESIGNED FOR

' m Low Maintenance Cost

SEALED CELLS

T,

= Instant Efficient Operation
m Durability

NICAD Sealed and Vented Cells make
‘ practical the battery operation of many

types of equipment not previously suited
to dry, mercury, or lead acid types.
Capable of sustained or stable voltage
over a wide temperature range these
NICAD Cells have extremely long life,
require little or no maintenance, and
are always ready to operate in any
position under even the most adverse
operating conditions . . . with POWER L
to spare.
For the full POWER story, write « « + |

NICAD BATTERY DIVISION {
GOULD-NATIONAL

BATTERIES, INC. E-1403 First National

Bank Bldg., St. Paul 1, Minn.

NICAD] is a trademark of Gould-National Batteries, Inc.
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SIX NEW DIGITAL INSTRUMENTS
for measuring voltage, ratios, and
resistance with all-electronic

speed and reliability

...Including the world's first full-9-digit solid state digital voltmeter / ratiometer

They're all-electronic! No moving parts. No contacts to clatter
or wear. All the inherent advantages of solid state circuitry:
speed, ruggedness, reliability and coolness.

They're fast! 20 readings per second, average. High speed
eliminates reading delays due to cycling caused by decreasing
voltages.

They're reliable! Carefully selected components, rigorous test-
ing programs and accelerated aging—equivalent to 100 hours
of actual operation—combine to give EITRONIC instruments an
unequalled mean-time-to-failure figure.

They’re accurate! Production EITRoxNIC instruments provide a

Another significant breakthrough in digital instrumentation from

E Electro Instruments, Inc.

8611 BALBOA AVENUE, SAN DIEGO 11, CALIFORNIA

true, absolute DC accuracy of 0.01%; AC 0.1%.

They’re automatic! Virtually eliminates operator error. Even
decimal point placement and polarity indication are automatic.
They're human engineered! Unique readout tilts to 3 positions,
is easy to read whether instrument is used on a bench, at eye
level or high in a rack. Modular construction permits exhaustive
testing during assembly, facilitates trouble shooting and field
servicing.

They’re available now! Your EI field engineer has a new 8-page
folder which gives complete specifications on the EITroxic
Series. Ask him for a copy today.

Engineers: Challenging opportunities now available. Contact Mr. Harvey Fleming

W (g f R T eeem—




Grouped on the tarmac at Farnborough in Hampshire are military and
commercial aireraft. Note radical design of single-seater jet at right

Onptical projection of cathode ray display by new system ( below) lets pilot
see his attitude without looking down at instrument panel
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AERIAL SITE

Antenna rotating at 180 rpm generates true doppler effect in direction-
finding system. Bearing detection is automatic

30

Farnborough

By DEREK BARLOW,
McGraw-Hill World News

LONDON — Increased computer
usage, an upsurge of lightweight
communications equipment for ex-
ecutive aircraft, new navigation
displays and automated cockpit
warning systems were the talking
points among avionics men at the
British Airshow at Farnborough
this month.

The current situation in Bri-
tain’s aviation industry is mirrored
in an increase in applications
rather than basic new tools. New
aircraft are a rarity. Missile
development has slowed while im-
provements are made in Blood-
hound and Firestreak. The abor-
tive Blue Streak long-range missile
is being revamped into its new role
as the first stage of an all-European
satellite launching system.

Said one manufacturer: “This
is the time to get what tools we
have got incorporated into accept-
able systems rather than dream up
new equipments.”

One of the main roles being given
computers is simplification of data
presentation to air traffic control-
lers and aircrews. The first Fer-
ranti Apollo computer is now oper-
ational at Prestwick, Scotland,
working in parallel with manual
ATC procedure. Aim of the experi-
mental installation is to determine
possible reduction in air spacings
on the North Atlantic route.

A second experimental unit, at
London in 1964, will use an Elliott
502 computer to determine opti-
mum display and presentation
methods.

Subsystems and components of
ATC systems are also on the in-
crease. A new one is an automatic
vhf direction finder developed by
Standard Telephones and Cables.
It uses an antenna system rotating
at 180 rpm to generate a true dop-

electronics



Shows British Perfecting Aircraft Gear

Emphasis is on further applications of computer and display techniques

rather than introduction of new concepts for aircraft and missile systems

pler effect instead of the simulated
doppler effect used in other long
base-line systems. Bearing detec-
tion is automatic and is displayed
on an electromechanical indicator
accurate to 0.5 degree. Site error
suppression is reported to be up a
factor of seven on conventional
short base systems.

A radar display unit developed
by Marconi’s Wireless Telegraph
Co. displays both raw radar and
synthetically produced information.
Characters, range rings and azi-
muth markers are shown on one
12-inch ppi tube. Character details
are derived from a digital symbol
computer, converted into analog
waveforms and applied to z and y
axes of the ppi during each inter-
scan period. Intersection points of
a four-by-four grid are used for
writing. Writing time is 20 micro-
seconds, achieved by a separate
driving coil and amplifier.

Another Marconi display oper-
ates on the same principle for com-
puter readout. It produces 50,000
characters a second, writing 400
characters on a seven-by-five-inch
screen.

Character generation is becom-
ing airborne, too. One approach to
eliminating warning lights on
flight panels uses character gener-

Rotating antenna of automatic direction finder is seen in

partially assembled glass fiber radome
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ation and a crt screen divided into
red, amber and green sectors. A
central character generator devel-
oped by Rank Cintel is triggered by
the 28-volt signal formerly used
for fault lamps. Logic and wave-
form generating circuits write
failure details on the crt screen,
in a color zone indicating warning
priority. Non-vital, amber zone
failures can be cancelled and redis-
played later by storage facilities.
First installation will be in a new
helicopter.

An aural approach by Ferranti
also saves panel space by eliminat-
ing warning lamps. A selector
switch continuously samples inputs
to connect the appropriate track of
a magnetic tape plavback amplifier.
Warning messages—recorded on a
nine-inch tape loop with a capacity
of 15 messages—are fed through
the pilot’s headset. Message access
time is 0.25 second. Priority fail-
ures take precedence over normal
warnings and are repeated until
manually cancelled by the pilot.

New display techniques featured
two other pilot aids shown atg
Farnborough. Another Ferranti
unit, a moving map display, will be
installed in one of Britain’s new
generation commercial aircraft.
The display is fed northings and

eastings of the ground speed and
aircraft track angle from a naviga-
tional computer. Microfilms of
standard air navigation charts are
optically projected onto a six-inch-
diameter screen. As the plane flies
over the earth’s surface, the pro-
jected map moves at the current
speed, keeping the plane’s position
in the center of the screen.

The second display system, by
Rank Cintel, is aimed at reducing
pilot fatigue by making it unneces-
sary for him to continually refocus
between the instrument panel and
outside objects. An electronically
generated attitude and steering
display is superimposed upon the
pilot’s external visual field. This
display uses optical projection of
waveforms generated on a crt. In
the display are a central reference
circle (see photo)representing the
flight vector, an artificial horizon
bar operating as a visual horizon
and a line pathway structure.

Matching the introduction of the
first British small executive type
of aircraft is a new range of light-
weight, miniature communication
equipment. Typical of these is the
Elliott Brothers’ 720-channel vhf
transmitter-receiver with a 12-watt
output. Divided into two modules,
it weighs less than 10 lb.

Radar display combines radar pieture with identifying

symbolr, »nnge rings, video map and azimuth marks
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New Way to Gage Varying Pressure
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System which measures rapidly varying pressures on aerodynamic

model has frequency response of 20 Ke

MEASUREMENT of rapidly varying
pressures has been made possible
with a system designed at NASA’s
Langley Research Center. De-
scribed at the Instrument Society
of America meeting in Los Angeles
this month, the system provides ac-
curate data during an unusual
combination of test conditions.

Richard W. Morton and John L.
Patterson, both of NASA, designed
the system to measure effects of
pressures on a model which is sub-
jected to a high supersonic flow
and a simultaneous blast-induced
gust from another direction. These
two phenomena, plus the necessity
of remote operation, dictated the
use of some unusual circuits.

The system is shown in the block
diagram. A variable inductance
transducer provides the input to
the system. Because steady-state
pressures must be recorded, the
variable-inductance type trans-
ducer was selected instead of the
piezoelectric type. The latter do not
respond to steady-state pressures.
Also, it was necessary to locate the
equipment about 1,000 feet from
the model. A low-impedance device
was required to minimize stray
pickup.

The power amplifier-oscillator
supplies 10 watts of stable 120-Kc
carrier power to the bridge cir-
cuits. The transducer is connected
as one arm of the bridge. Output

32

of the bridge is fed to the signal
amplifier whose output is filtered
for recording.

Input to the signal amplifier is
mixed with a balancing voltage,
then fed to a gain control. Follow-
ing the gain control is a feedback
amplifier, a bandpass filter, a sec-
ond similar feedback amplifier, a
second bandpass filter, a synchro-
nous demodulator and a low-pass
filter.

Bandpass filters are needed to

minimize foldover, remove har-
monics and eliminate microphonics.
Operation of the demodulator re-
quires a synchronizing voltage of
constant magnitude and variable
phase. This is obtained from the
armature of a two-phase rotatable
transformer which is fed from the
120-Kc oscillator.

Overall frequency response of
the system is 20 Ke. A system rise
time of 20 microseconds is required
to respond to the pressure varia-
tions encountered in the tests. Op-
eration of the system shows that
this result has been achieved. The
complete test facility uses 16 chan-
nels of carrier and 75 transducers.

Other subjects covered at the
meeting included papers on semi-
conductor strain gages, reliability
of automatic processing equip-
ment, and a discussion of manage-
ment’s attitude toward automation.
Altogether, more than 250 papers
were presented on late develop-
ments in all types of instrumenta-
tion, data handling, computation
and automatic control equipment
and systems. Generally, presenta-
tions were confined to specialized
development work.

Warren P. Mason, of Bell Tele-
phone Laboratories, reported on
work in progress aimed at produc-
ing weldable semiconductor strain

Coded Radar Beam Lands Planes

Bell Aerosystems Company reports successful flight tests of an automatic
landing system developed for the Air Force. Coded commands in the radar
beam serve as the data link and an S-band beacon is used for automatic
tracking. Ground equipment includes tracking radar ( above)

electronics



gages of high sensitivity. Deposi-
tion of thin p and n type materials
into high resistance materials may
make gages of this type possible.

Tunnel diodes can be made as
sensitive pressure gages with gage
factors of up to 30,000. Such de-
vices find application as hydro-
phones, seismographs and ultra-
sonic wave detectors.

James Dorsey and Ludwig Rei-
ters, of Baldwin-Lima-Hamilton,
reported results of an evaluation
of Bakelite-backed, p-doped silicon
strain gages. Resistance to me-
chanical abuse and ease of installa-
tion were found to be notably im-
proved by this construction. But
further material development is
still needed, the authors stated. A
semiconductor material able to
withstand a certain amount of plas-
tic strain would be most helpful,
as would one whose output is linear
over a wider range.

Reliability, as seen by both the
large processor and the small user,
was discussed in a keynote speech
by W. A. Beck, vice president of
Robertshaw-Fulton Controls Co.
Customers with large installations,
he said, are demanding reliability
against expensive shutdowns and
against variations in performance
which affect product quality. They
no longer accept conventional fail-
safe approaches, but will require
instrumented verification to warn
against pending malfunction.
Smaller users cannot afford more
instrument maintenance. There-
fore, simplification and ruggediza-
tion would help their problem. In-
strument makers, Beck concluded,
must be prepared to meet these re-
quirements.

Air Force Seeks Gear
For A-Bomb Detection

PROPOSALS for a nuclear detection
reporting system, system 477-L, are
to be received today by the Elec-
tronic Systems Division, Air Force
Systems Command. Proposals, in-
vited from 86 firms, will lead to a
prototype development contract.
The system is to automatically de-
tect any nuclear explosion in North
America and report such informa-
tion as blast magnitude and fallout
pattern to North American Air De-
fense Command and other agencies.
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for Electronics
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SAG-PROOF DOORS

All doors are mounted flush and re-
cessed within the frame members.
Doors are removable and are mounted
with heavy-duty separable hinges with
@ 14" stainless steel pin and nylon
anti-friction bearing. They can be
mounted just as easily on sides as on
front or back.

MOVABLE SIDE STRUTS

Horizontal side frame members can
be moved and re-installed or com-
pletely removed to suit specific re-
quirements of the user. Side members
need no longer interfere with cabling
between cabinets, impede air flow, or
create other unnecessary difficulties.

Get the Facts! Write today for descriptive Brochure No. 100.

See us at The National
Electronics Conference—Booth 744

319 NORTH WEBSTER STREET « NAPERVILLE 2, ILLINOIS
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Straits
Tin

Report

1009 tinplating of silicon
diodes meets rigid military spec-
ifications for resistance to corro-
sive salt spray and provides
optimum solderability of these
hermetically sealed units, accord-

Photo courtesy International Rectifier

ing to one manufacturer. In
addition, tinplating protects
against adverse environmental

conditions, including corrosion
resulting from excessive
humidity.

Another capacitor maker recom-
mends consideration of hot-dip
tinning, plus centrifugal spinning.
This method provides a fine
solderability base and increased
corrosion resistance. It also af-
fords longer shelf life in storage.

Solder clad miniature base
tab stampings can speed tran-
sistor production. Each replaces
two components used to make
ohmic junctions to germanium
or silicon transistor triodes. They
consist of a layer of high purity
solder alloys metallurgically
bonded to a base tab conductor
such as Kovar, nickel or nickel-
iron. Solder and base ratio is 6:1.

Free Bulletin

Write today for a
free subscrlptnon
to TIN NEWS—
monthly bulletln
on tin su J)ply,
prices and new
uses.

The MalayanTin Bureau
Dept. T-64), 2000 K Street, N.W., Washington 6, D.C.
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Audio Show Features Automatic Stereo,
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When station turns on its stereo subcarrier relay K, lights indicator lamp and

By LESLIE SOLOMON,
Associate Editor

Stereophonic f-m broadcasting’s
impact on the audio industry was
the big story at the New York High
Fidelity Show this month. Almost
without exception, manufacturers
of f-m receivers and tuners are
coming out with adapters for pres-
ent f-m receivers or new designs
with integral adapters.

Every part of the audio industry
was represented in the 125 exhibits.
Equipment ranged from f-m anten-
nas through conventional compo-
nent systems to completely inte-
grated home music centers. There
was renewed interest in earphones;
some claimed frequency response
of 20 cps to approximately 20 Kec.
One earpiece included a woofer and
a tweeter.

Several improvements were noted
in f-m tuners. Fisher Radio, for
example, has modified its line of
tuners so that when a station carry-
ing a subcarrier is tuned in a panel
indicator lamp lights and the sys-
tem is automatically switched to
stereo operation. A portion of the
circuit is shown above.

The composite input signal is
fed to both V, and V.. The amplified
19-Ke signal from V. causes V, to
draw current, actuating relay K,.

The relay contacts complete the in-
dicator lamp circuit causing it to
come on. At the same time, the
contacts remove the ground from
the subcarrier signal path, permit-
ting it to operate. To prevent inter-
station noise (which also might in-
clude a 19-Kc¢ component) from
turning on the system, a 100-Kc
amplifier and detector (the plate
circuit components of V,) also sup-
plies a signal to V,. When only the
19-Kc¢ signal without 100-Kc noise
components is present at V, the
relay operates to place the system
in the stereo mode.

A number of manufacturers are
leaning towards all-transistor sys-
tems that include tuner, preampli-
fier and power amplifier. Among
several new circuits is one devel-
oped by Omega Electronics.

An output-transformerless cir-
cuit, it uses four diffused-base,
high-frequency power transistors
in a bridge. This permits symmet-
rical operation and uniform distri-
bution of power dissipation. A
difference amplifier, sampling the
signal at each side of the load, al-
lows feedback to the input single-
ended driver. This circuit is
claimed to have a frequency re-
sponse from d-c to 20 Kc within
0.3 db with less than one percent

electronics



Hi-Fi Earphones

B+ ——AM— Ky

172 ECHB4

switches tuner into stereo mode

harmonic distortion at 30 watts.

Electro-Voice unveiled a rela-
tively new method of recording
sounds for a new organ. The or-
gan’s tone generators use perma-
nent memory circuits to duplicate
the sound of actual pipe organs.
To make the memories, micro-
phones were placed in selected
pipes of well-known pipe organs.
Frequencies of pipes and pipe
ranks were displayed on a cathode
ray screen and photographed. The
waveforms were engraved on
printed circuit boards.

The organ produces its tone from
12 generators. Each has two sta-
tionary stators with the engraved
complex waveforms for each note
and each voice. A synchronous
motor rotates a scanner having
radial lines corresponding to the
number of octaves on the stator.
Each scanner operates at a fixed
speed that determines the note of
the scale and all related octaves.
Relative motion between the stator
and scanner reproduces the signal
by a variable capacitance change.

By playing a key or selecting a
tab, the organist completes the elec-
trical bridge between the key and
the generating element. The sig-
nal is then amplified by the sys-
tem’s audio circuits.
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GUARANTEE
of Quality
This GUDEBROD Lacing

Tape is Manufactured
under strict Quality

Control. Complete test
data is on file for your
protection under

I_of #18861

THIS SEAL GUARANTEES YOU
REAL LACING ECONOMY uus

increased production
with fewer rejects!

5 Always specify Gudebrod whether you use one spool of lacing tape or thousands
because Gudebrod lacing tape is produced under strict quality control. Gudebrod
checks and rechecks every lot of tape to insure that it meets the highest standards
. . . higher standards than thosc required to meet MIL-T specifications.

Gudebrod helps increase your production because we carefully test, measure and
maintain close tolerances on such characteristics as slip resistance, fray resistance,
breaking strength, wax content, fungistatic effectiveness. These and other tests assure
you that when Gudebrod lacing tape is used production increases. Knots don’t slip . . .
harnesses stay tied . . . assemblies remain firm . . . there are fewer rejects!

Whatever your lacing needs—Teflon*, dacront, glass, nylon, high temperatures,
special finishes—Gudebrod makes it or will produce a tape to meet your special re-
quirements. If you want a tape to meet 1500°F . . . Gudebrod Experimental Research
Project 173 is the answer. If you want a tape that meets MIL-T-713A . . . Gudelace®
( Style 18 Natural) is the answer.

MAKE THE H-R TEST! Writc for samples of Gudelace or other Gudebrod
lacing tapes and have them tested in your harness room. Compare a harness tied with
a **Quality Controlled”” Gudebrod tape and any other tape. This test will convince you
that when you specify Gudebrod you specify real economy—increased production
with fewer rejects.

Write for our free Technical Products Data Book. It ex-

plains Gudelace and other Gudebrod lacing tapes in detail.

*Dupont’s TFE fluorocarbon fiber. TDupont’s polyester fiber.

ES=TEas nEe s oo S wewoesse ooy
GUDEBROD BROS. SILK CO,, INC.

Electronics Division Executive Offices
225 West 34th Street 12 South 12th Street
New York 1, New York Philadelphia 7, Pa.
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FOIL-DICE BONDER — Equipped with new
outomotic foil feed ond indexing heot
columns, mochine positions ond bonds
both foil ond dice on semiconductor

heoders.
avoiloble without foil feed.

K&S MODEL GO4FF

for precision bonding
of foil and dice

Inherent design of this precision
equipment cuts time and cost, gives

high output in positioning and |

bonding of foil and microcompo-
nents to semiconductor headers.

MW Carries foil of specified width
and thickness; automatically feeds
and cuts foil to exact pre-deter-
mined length

B In sequence, (1) picks up foil,
(2) positions it on header, (3)
picks up component, (4) positions
it on foil, (5) bonds

B Positioning on header, heat and

K&S Model 604 (not shown) l

force of bonding hammer pre-set
with positive controls

B Geneva movement rotary table,
equipped with 2 heat columns and

2 component trays, operates on |

planned cycle of 10 to 20 seconds

B Entire operation under constant
visual control (B&L Stereo-Zoom
microscope optional) and pro-
tected by cover of forming gas

For additional information about
K&S equipment — including
probes, scribers, dice mounters,
wire bonders, micropositioners and 1

microcircuit machines — ‘

writeorcall ...

KULICKE |

and SOFFA I
MANUFACTURING CO. INC. |

Pioneer Designers and Builders
of Equipment
~ for the Semiconductor
401 NORTH BROAD ST.
PHILADELPHIA 8, PA.

WAIlnut 5-4270
Direct Distance Dial Code: 215

and M icrocircuit Industries
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Using Three-Terminal Tunnel Diodes

ToKY0—The Electrical Communi-
cations Laboratory has revealed
voltage and current control meth-
ods using three-terminal tunnel
diodes. Reports indicate that bi-
stable switching with the circuits
illustrated reached an on-off cur-
rent ratio of 1,500.

The work was reported by To-
shiya Hayashi and Yoshio Suno-
hara, in the Institute of Electrical
Communication Engineers of Japan
Journal.

A three-terminal tunnel diode
(A) is shown in a voltage-control
circuit. The diode structure is like
a double-base diode. It is made
with a semiconductor bar having
one p-n junction and two ohmic
contacts. The p-n junction exhibits
the tunnel effect.

In the circuit containing the con-
troller, the base and load act as a
secondary circuit which shows a
voltage-controlled, negative-resist-
ance characteristic. If primary
current I. begins to flow, the volt-
age drop between emitter and base
will rise. As a result, the V-I
characteristics in the secondary
circuit shift along the voltage axis.
This effect is similar to the trigger
action in a bistable tunnel diode
circuit.

The current control circuit is
shown in (B). The primary cir-
cuit is from controller to emitter
and the secondary circuit is from
emitter to base. A valley current
introduced by the dynatron char-

Voltage (A) and current (B) con-
trol circuits

acteristic of the secondary circuit
may be decreased by increasing
current I. and finally approaches
zero. When an appropriate condi-
tion is reached, the current ratio
of the tunnel diode becomes a high
value.

Semiconductor Diamonds
Grown in Laboratory

SEMICONDUCTING diamonds, which
constitute less than one percent of
natural diamonds, have been grown
at General Electric’s Research Lab-
oratory in Schenectady, N. Y. By
taking the mixture of graphite and
catalyst from which lab-grown
diamonds are made and adding im-
purities such as boron, beryllium
or aluminum, then subjecting the
mixture to pressures of about 1
million pounds per square inch and
to temperatures above 2,000 F, dia-
monds are formed with concentra-
tions of one percent or less of the
desired impurity.

All the semiconducting diamonds
made so far have been p-type. Since
n-types are also needed in tran-
sistors and other semiconducting
devices, work is continuing on 7-
type diamonds, GE said.

Robert H. Wentorf and Peter
Cannon have also produced p-type
diamonds by diffusing boron into
already-formed diamonds, both
man-made and natural, at high
pressures and temperatures.

A cubic form of boron nitride,
called borazon, has a structure very
similar to that of diamond and is
equally hard; n-type and p-type
crystals of borazon have been
grown. One can be grown onto a
seed of the other to form pn junc-
tions able to act as rectifiers; p-tvpe
borazon has beryllium as an im-
purity. N-type borazon results
when a number of substances in-
cluding sulfur, silicon, many or-
ganic compounds, and potassium
cyanide are added to the mix.

Chief problem in producing the
semiconductor diamond was the
elimination of metal impurities,
such as nickel, from the basic dia-
mond mix. Diamond semiconduc-
tors may be stable at temperatures
of 450 to 500 C.

electronics



ELECTRON TUBE NEWS from SYLVANIA

especially
designed for

FM Tuners for Stereo Multiplex

Features strap frame grid! Provides high signal-to-noise!

Sylvania-6JK8, double triode, opens new design
possibilities for high gain, low noise performance
in a low-cost, compact FM tuner. 6JK8 com-
bines a strap frame grid RF amplifier and an
oscillator-mixer in a T-6%2 envelope with min-
iature 9-pin circle. It enables the design of a
simplified circuit capable of better than 40db
quieting with less than 10 «Volts signal input for
superb multiplex performance. Equally signifi-
cant, 6JK8 and its associated family — 8JKS8,
17JK8—cost less than two single triodes of com-
parable performance.

TYPICAL CHARACTERISTICS —6JK8
Ef — 6.3V If — 400mA

Triode #1 [Triode #2*| Units
Eb 150 135 v
Ec -1 —-1.2 v
Ib 53 115 mA
Gm 6800 14,500 rmhos
Mu 50 70

sUtilizes Strap Frame Grid

SYLVANIA 10-PIN TYPES FOR 1-TUBE £
FM TUNER FRONT ENDS ﬁ‘

Sylvania-6/17C9 combines two high perform-
ance sharp-cutoff tetrodes in a T-6%% envelope.
Tenth pin enables separate connections for cath-
odes and the use of effective shielding to reduce
undesirable oscillator signal radiation. They are
designed for VHF service as an RF amplifier
and autodyne mixer.

Sylvania SR-2946A, triple triode in a T-6%
bulb. Ten-pin base provides excellent isolation,
heater from cathodes, facilitating circuit design
for series string operation. SR-2946A provides
the combined functions of RF amplifier, oscil-
lator-mixer, AFC control.

IMPROVED SYLVANIA TYPES FOR @ * g
SUB-CARRIER GENERATORS W =3
Sylvania-12AT7, 12AU7A, 12AX7A are im- W
proved versions of these popular types featuring

low hum, noise and microphonics and offering
amplification factors of 62, 20, 100 respectively.

For further information, contact your Sylvania Sales Engineering Office. For technical data on specific
types, write Electronic Tubes Division, Sylvania Electric Products Inc., 1100 Main St., Buffalo9, N. Y.
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How high Is the contiaence level
of the components in your design?

Does the component manufacturer offer you documented evi-
dence of reliability? How well do the components tolerate
extreme shock, radiation, heat? Do they offer genuine inter-
changeability, high electrical stability? They do—if you spec-

6.0

ified tubes!

Consider the reliability studies on tubes. Tests conducted by
ARINC Research Corporation in 1960 aboard naval vessels
show a tube removal rate of 1.2% per 1000 hours for min-
iature tubes and an extraordinary 0.19% for subminiature
tubes.* The controlled subminiature types were Sylvania tubes

5.0

5636, 5644, 5647,5718, 5719, 5840, 5899, 5902.**

Continuous survival tests by Sylvania of production lots over
the last decade demonstrate the remarkable advances made in
tube reliability. For example, Sylvania-6112, Gold Brand
Subminiature type, had a failure rate of 6% per 1000 hours in

1952. Eight years later this figure was reduced to 0.5% per
1000 hours under combinations of maximum bulb temperature
and maximum plate dissipation.

Tubes are virtually unaffected by relatively “hot” ambient
environs, whether it be temperature or radiation. For example,
Sylvania Gold Brand Subminiature Tubes are designed for

4.0

3.0

operation at bulb temperatures to 220°C, will absorb total
radiation dosage of 10*°nvt without failure. They maintain
performance even after shocks of 500g and fatigue tests of 2.5
for periods of 96 hours. Tubes are unrivalled in electrical
uniformity, provide a level of interchangeability unmatched by

FAILURE RATE—% PER 1000 HOURS

other devices.

If your design calls for a high confidence level—high reliability
—there’s no need to compromise performance to get it. Your
Sylvania Sales Engineer can show you why with detailed doc-
umentation of Sylvania Gold Brand Subminiature Tube
reliability.

2.0

RELIABILITY TRENDS—TYPE 6112

(At specified life test conditioV
Log Y = —.845X + 2.717

*Courtesy ARINC Research Corp. as published in publications # 101-28-166, # 101-26-160.
*%The subminiature tubes were use-tested in SRR-13A4 receivers.

1.0

1952-54

EQUIPMENT SALES OFFICES

CHICAGD: 2001 N. Cornell Ave., Melrose Park,
1., ESterbrook 9-2525; CINCINMATI: 411 Oak
St, Plaza 1-8454; DALLAS: 100 Fordyce St.
Riverside 1-4836; DAYTON: 333 W. First SL.,
BAldwin 36227, FORT WAYNE, IND.: 4740 Cold-
water Rd., T31145, LOS AMGELES: 6505 E.
Gayhart St., RAymond 3-5371; NEW YORK CITY:
1000 Huyler St., Teterboro, N. )., ATlas 8-9884;
N.Y.-UPSTATE: Seneca Falls, I.Ogan 8.5881;
ORLANDO: Sutte C, 1520 Edgewater Dr., P.0.
Box 7248, Orlando, Fla., GArden 48245; SAN
FRANCISCO: 1811 Adrian Rd., Burlingame,
Calif., OXford 7-3500, WASHINGTON,D.C.: 1120
Connecticut, N.W., FEderal 7-6600; WILMING-
TON, MASS.: 281 Main St., OLiver 83357.

56-58 58-60
YEARS OF PRODUCTION

54-56 60-62 62-64 (X)

A

' P-896-3

SUBSIDIARY OF

GENERAL TELEPHONE & ﬂ[&’f/?ﬂ/V/E‘S



Fundamental instrumentation used in plasma diagnostics: Republic Aviation

What is “Pinpoint Recruiting”?

It is the act of going directly to the most concentrated source of supply
to find ‘the right man’ for the job.

No matter in what field of specialization the electronics engineer belongs,
he claims electronics as his professional literature. Through its consistently
high calibre editorial content, he keeps abreast of technological develop-
ments in the industry in which he is a vital force.

Your most direct link to ‘the right man’ is in the pages of the publication
he makes it his business to read.

Write for the new 52-page booklet ‘“Recruiting Engineers”’
Address: David Hawksby, Classified Advertising Division,
electronics, Post Office Box 12, New York 36, N. Y.

The engineers you need are the engineers who read

electronics

A McGRAW-HILL PUBLICATION ;
CLASSIFIED ADVERTISING DIVISION =
POST OFFICE BOX 12 NEW YORK 36, NEW YORK
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Now you can standardize and really cut costs with the
NEW Amperex’ 2N2084

the industry’s closest approach to the
‘universal communications transistor’

Combining the best features—high voltage, high beta and high frequency
—of many specialized front end and IF types, this new PADT germa-
nium-alloy-mesa transistor will obsolete and replace such types® as
ON1224, 2N1225, 2N 1226, 2N 1395, 2N1396 and 2N1397 for HF and
and VHF mobile, aircraft and radar applications.

Cuts costs 3 ways

Amperex advanced design—plus the high yields characteristic of the
PADT process—now provides to the industrial equipment manufac-
turer a single communications transistor with an unrivaled combination
of application flexibility, high quality and low price. The long-sought
degree of universality offered by the new Amperex 2N 2084 results in—

1. Lower procurement costs: only one type to order—with a better price break through volume purchasing.
2. Lower designing costs: only one type to specify—because of the wide range of desirable characteristics.
3. Lower inventory costs: only one type to stock—simplifies inventory control and disbursement.

CIRCLE 40 ON READER SERVICE CARD It’s as simple as that!

TYPE 2N2084

SPECIFICATIONS AND FEATURES
Gain Bandwidth Product........... fr=100 mc
Typical Beta hee =140
Breakdown Voltage BVceo =40V
Typical Power Gain 14 db (at 100 mc)
27 db (at 30 me)

~ Output Capacitance Cop =2 ppf
C JEDEC T0-33

for complete data and appli-
cations information on the
2N2084 and other transistors
in standard TO-33 envelopes

*Currently available for immediate delivery

AMPEREX ELECTRONIC CORPORATION
230 Duffy Avenue, Hicksville, Long Island, N. Y.

In Canada:
Philips Electronics Industries, Ltd., Tube, Semiconductor &
Component Depts., 116 Vanderhoof Ave., Toronto 17, Ont.



HOW RED IS A
BLUSH?

CETRON

PHOTO CELLS DO
HUNDREDS OF JOBS

How red is red! How bright is a light!
These answers, and hundreds of
others are all possible—instantly with
the use of Cetron Photo Cells.

For counting, color sorting, color reg-
istration, light intensity, Cetron Photo
Cells do the job fast and accurately.
Wherever circuitry for automation
requires energy from changing light
or color . . . you can be certain with
Cetron.

Cetron Photo Cells are used in:
*» Sound Reproduction
* Facsimile
* Counting and Sorting
« Burglar Alarms
* High Speed Color Registration
* Spectroscope Reproduction

Cetron Photo Tubes are available to meet
requirements of JAN Specifications.

Cetron Engineers are always available to help in
your tube requirements—just write, wire or phone.

YOUR DEPENDABLE SOURCE FOR
RECTIFIER, THYRATRON AND PHOTO TUBES

CETRON

ELECTRONIC CORPORATION

CBS INTERNATIONAL
New York 22, New York

Toronto 19, Ontario
European Representatives

Canodion Representotives

CIRCLE 31 ON READER SERVICE CARD
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715 HAMILTON ST. « GENEVA, ILL.
ATLAS RADIO CORP., LTD.

MEETINGS AHEAD

ELECTROCHEMICAL SOCIETY; Statler

Hotel, Detroit, Mich., Oct. 1-5.

RADIO INTERFERENCE, Suppression of,
International Comm., CISPR, ASA,
PGRFI of IRE; Univ. of Pa., Philadel-
phia, Oct. 1-6.

ENGINEERING EDUCATION, Engineers
Council for Prof. Devel.; Sheraton
Hotel, Louisville, Kentucky, Oct. 2-3.

COMMUNICATIONS SYMPoSIUM, PGCS

of IRE; Utica, N. Y., Oct. 2-4.

IRE CANADIAN CONVENTION, Region §;
Automotive Bldg., Exhibition Park,
Toronto, Canada, Oct. 2-4.

MOTION PICTURE AND TELEVISION Engi-
neers, Society of, SMPTE; Lake Placid
Club, Essex County, N. Y., Oct. 2-6.

ASTRONAUTICAL CONGRESS, Interna-
tional, IAE, ARS; Washington, D. C.,
Oct. 2-7.

COMPUTER EXHIBITION & Symposium,
British, Electronic Engineering Assoc.,
Office Appliance Trades; National
Hall, Olympia, London, Qect. 3-12.

BROADCAST sYmPosiuM, PGB of IRE;
Willard Hotel, Wash., D. C., Oct. 6-7.

NATIONAL ELECTRONICS CONF., IRE,
AIEE, EIA, SMPTE; Int. Amphithe-
atre, Chicago, Oct. 9-11.

AUDIO ENGINEERING SOCIETY, Conven-
tion and Exhibit; Hotel New Yorker,
New York City, Oct. 9-13.

PRINTED CIRCUITS, Institute of, An-
nual; Sheraton-Chicago Hotel, Chi-
cago, Oct. 10-11.

STANDARDS, National Conf. on, ASA;
Rice Hotel, Houston, Texas, Oct. 10-12.

DIGITAL COMPUTERS, Application to
Automated Instructions, ONR, Sys-
tems Devel. Corp.; Dept. of Interior
Auditorium, C. Street, Wash., D. C.,
Oct. 11-13.

WRITING & SPEECH, Engineering,
PGEWS of IRE; Kellogg Center,
Michigan State Univ., East Lansing,
Mich., Oct. 16-17.

RADIO FALL MEETING, EIA, IRE; Hotel

Syracuse, Syracuse, N. Y., Oct. 30-
Nov. 1
AEROSPACE Electrical Society, Pan

Pacific Auditorium, Los Angeles, Nov.
15-17.

NEREM, Northecast Research & Engi-
neering Meeting, Commonwealth Arm-
ory and Somerset Hotel, Boston, Mass.,
Nov. 14-16.

IRE INTERNATIONAL CONVENTION, Coli-
seum & Waldorf Astoria Hotel, New
York City, Mar. 26-29, 1962.

Amperex:

IPnd uetl:ii!l) a.n.!I

Entertainment
Transistors

CALIFORNIA
R. V. WEATHERFORD COMPANY
Glendale 1, Calif.

BRILL SEMICONDUCTOR CORP.
Oakland 6, Calif.

ELMAR ELECTRONICS INC.
Qakland 7, Calif.

COLORADO
INTERSTATE RADIO & SUPPLY
Denver 4, Colorado

CONNECTICUT
RADIO SHACK CORP,

Stamford, Conn.
W. Hartford, Conn.
New Haven 10, Conn.

DISTRICT OF COLUMBIA
ELECTRONIC WHOLESALERS, INC.
Washington 1, D. C.

FLORIDA
THUROW ELECTRONICS, INC;
Cocoq, Fla. * Jacksonville, Fla.
Miami, Fla. * Orlando, Fla.
Pensacola, Fla. * Tampa, Fia.

ILLINOIS
NEWARK ELECTRONICS CORP,
Chicago, lil.

. INDIANA
RADIO DISTRIBUTING COMPANY
Indianapolis 6, Indiana
l MASSACHUSETTS
RADIO SHACK CORP.
Boston, Mass.

MICHIGAN
RADIO SPECIALTIES COMPANY
Detroit, Michigan

MISSOURI
INTERSTATE INDUSTRIAL ELECTRONICS
St. Louis 32, Missouri

NEW YORK
MILO ELECTRONICS
New York, N. Y.

ROME ELECTRONICS
Rome, N. Y.

OREGON
UNITED RADIO SUPPLY, INC,
Portland 9, Oregon

PENNSYLVANIA
RADIO ELECTRIC SERVICE CO,

i Philadelphia, Pa.

TEXAS

ADLETA COMPANY
Dallas 1, Texas
Fort Worth, Texas

CIRCLE 41 ON READER SERVICE CARD 1



L-BAND
PARAMETRIC AMPLIFIER
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PARAMETRIC AMPLIFIERS

with exceptional stability

“Helnlbs

Shown is Model X-316, a typical Melabs high-stability L-band parametric amplifier.
The many exclusive features of this Melabs amplifier are the result of several years
of experience in the design of parametric amplifiers and up-converters for opera-
tion at frequencies as high as 35 Gc. Melabs is also a major supplier of circulators,
an important component in this type of equipment.

FEATURES
Radar Noise Figure (single channel) 2 db Operating Bandwidth ... 1150-1350 Mc
Bandwidth .. ................ 10Me Gain ... 20 db

SIMPLE TUNING —
Singie knob frequency control

Single knob gain control
Bias adjust for optimum noise figure

EXCEPTIONAL STABILITY BY—
Highly regulated, well filtered kiystron power supply * Tem-
perature controlled klystron environment « Custom designed
Melabs’ 4-port circulator and iso-attenuator

COMPLETE DATA AND SPECIFICATIONS FURNISHED ON REQUEST . ..

e LOW NOISE TWT AMPLIFIERS s —

oy

The RP Series of TWT amplifiers covering a fre-
quency range of 500 Mc to 18 Gc in six units, is
widely used for preamplifiers associated with
high sensitivity receiving systems. Units can be

range, 1-2 Gc; Gain, 20 db; Noise Figure, 6.0 db.
Options include Melabs’ RF filters for input and
output to minimize possibility of out-of-band in-
terference and a special IAGC circuit which
eliminates intermodulation distortion. Complete

packaged for taboratory or military specifications.
Typical Specifications (Model RPL-1): Frequency

s UNIVERSAL BEACON TRANSMITTER s

The TRO-1 is a medium power transmitter capable of producing 500 to 2000 watt pulses
within the 1-6 Gc range. Individual plug-in triode oscillator units are available for

most bands. Pulse width is adjustable between 0.7 and 1.0 microseconds. Transmitter
is keyed by external synch pulse.

details on request.
(“\
P _
’
L]
s

3300 HILLVIEW AVENUE |STANFORD INDUSTRIAL PARK/PALO ALTO. CALIFORNIA

Employment opportunities at Melabs are exceptional for ambitious
engineers and physicists; write in confidence.

utats]
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TELEPHONE: DA 6-9500. AREA CODE: 415; TWX: PAL AL 138
Dept. B-4

42 electronics



PORT WASHINGTON, NEW YORK
, B POrt Washington 7-8220, area code 516
In Canada: Filtors Division: Marsland Engineering Co., 154 Victoria St., Kitchener, Ont,

FILTORS’ NEW ANTI-ARC SWITCHING CIRCUIT prevents catas-
trophic relay failures in microminiature relays due to contact-to-case
transient discharges. Although the crystal-case-size relay you are now
using may have contacts rated for 2 amperes at 115 volts ac, this relay - q ,

will suffer a catastrophic relay failure within 2000 operations if it is used ‘a’ ’ N
to switch this load with a grounded relay case. There is only one relay ’ G\
configuration available today that can switch more than half an ampere !

at 115 volts, 60 cycles...it is the Pillbox Relay configuration...exclusive 3

with Filtors, Inc.

Filtors’ Pillbox relays are designed to switch 16 times more power at
115 volts, 60 cycles, than any other microminiature relay.

Documentation, describing the nature of the phenomenon of discharge
transients in grounded-case relays, is available from your Filtors’ sales
representative, or it may be obtained by circling the number given below

on the inquiry card.
i
D
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Before you order...check NYLO-FAST. FASTENERS!

Cut electronic
assembly costs!
Use in 101
other ways!

plete information.
LEADING MANUFACTURERS OF STAINLESS STEEL AND NYLON FASTENERS!

Write for data sheet on NRC
Block Valves,

160 Charlemont Street, Dept. 26F

Newton 61, Massachusetts

DEcatur 2-5800

A Subsidiary of National
Research Corporation

Minimum Space...

NRC Equipment Corp.’s block
valves assure you:

VALVES

BELLOWS SEALED

Maximum Flow. ..
Low Cost

Porosity-free body . . mach-
ined from sulphur-free solid
brass.

Freedom from stem leakage

... positive bellows seal.
Full opening . . . sizes from
%” to 11/20.

Easy mounting . . . available
in angle or in-line types — for
soldered or screwed connec-
tions.

Low-cost maintenance . . . bel-
lows removable without re-
moving valve from line.
Neoprene disc gasket . . . tef-
lon, viton or other materials
available on request.

ﬂm ;

NRC

EQUIPMENT
CORPORATION
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Have you investigated what NYLO-FAST® Fast-
eners can do for you? They’re colorful, strong —
yet 1/6 the weight, chemical resistant, heat resist-
ant, elastic, resilient, and non-conducting! You’'ll be
surprised to discover how many ways NYLO-FAST®
Fasteners can serve you—BETTER! Write for com-

METAL PRODUCTS C

CASTLETON-ON-HUDSON 10, NEW YORK

BLOCK VAGUUM

N

Lightweight! )
Yet so strong

you can drive them
* with a hammer!
IA_

Immediate delivery from our
large stocks which include Nylon,
Delrin, Teflon, P.V.C., Lexan, etc.
10 different formulations! Write,
wire, or telephone today for the
facts!

—

OMPANY, Inc.

CIRCLE 202 ON READER SERVICE CARD

SPECIALIZED CHEMICALS

NOW AVAILABLE FOR THE
SEMICONDUCTOR INDUSTRY

To meet the exacting needs of the
electronics field, Fidelity now offers the
products and services of a new Electronic
Chemicals Division.

Special purpose chemicals for descaling
and bright dipping transistor headers

... for cleaning and bright dipping Dumet
wire with no undercutting. ..

for salvaging encapsulated epoxy
components .. . these and other electronic
chemicals are ready to speed up

your production.

For information on special formulations
in descalers, bright dips and cleaners,
write Fidelity direct. Our technical staff
is ready for consultation on individual
problems, with no obligation on your part.

FIDELITY CHEMICAL PRODUCTS CORP.

Electronic Chemicals Division

470-472 Frelinghuysen Ave., Newark 14, N. J.
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A SIGNIFICANT BREAK-THROUGH
IN TRANSISTOR TECHNOLOGY...

The Best High-Power, High-Speed Switching

Transistors Ever Developed Provide the Optimum
Combination of Voltage, Power, and Speed

The Sprague ECDC Transistor is the first to combine the optimum
features of the electro-chemical precision-etch techniques and dif-
fused collector techniques in one highly-mechanized process.

The ECDC Transistor meets these 7 conditions for an “ideal’
transistor:

L. Very low collector-to-case thermal resistance through the utilization of
high thermal conductivity material as the collector body, resulting in
high power dissipation.

2.Thin base width for high radiation resistance and lower storage time.

3. Precision-etched emitter pit permits placement of emitter junction at
proper resistivity for optimum breakdown voltage and frequency response.

4. High conductivity surface surrounds emitter pit and close emitter-to-base
spacing results in extremely low base resistance.

5. Precision-etched collector provides optimum control of collector series
resistance with attendant low saturation voltage, low storage time, and
high breakdown voltage.

6. Low collector series resistance as a result of the use of high conductivity
material for the mass of the collector area.

7. The structure and manufacturing processes are suited for automated
production equipment with immediate in-process feedback.

SPRAGUE COMPONENTS

TYPES 2N2099 & 2N2100

These P-N-P Germanium Electro-Chemical,
Diffused-Collector Transistors are espe-
cially designed for high current core
driver applications. They feature excel-
lent beta linearity from less than 1 mgq
to over 400 ma, high frequency response,
and low saturation resistance. The low-height
TO-9 case is ideally suvited to meet equipment
designers' needs.

TYPES 2N2096 & 2N2097

|
r‘i Types 2N2096 and 2N2097 are electrically
J@ identical to Types 2N2099 and 2N2100,
respectively, except for their TO-31 Case,

|

with its threaded stud mounting.

For complete information on ECDC Tran-

sistors, write Product Marketing Section,
J Transistor Division, Sprague Electric Com-
pany, Concord, New Hampshire.

®
TRANSISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE s I n n G u E

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS

September 29, 1961

‘Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co.“
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SILICONE NEWS from Dow Corning

For protection

of value

s

3

New casting resin-Sylgard® 182 -
is tough, flexible and repairable

Visual inspection . . . environmental protection . . . ease of processing . . .
simplicity of repairs — these and other features make Sylgard 182 an
important new tool when engincering for value.

Tough yet flexible, this solventless silicone casting resin cushions against
shock and vibration from — 70 to 225C . . . assures constant dielectric
strength in any environment . . . resists the effects of ozone, voltage stress,
heat aging and thermal cyeling.

Processing is simplified since Sylgard 182 and its curing agent are
not toxic to the skin . . . nor do they give off toxic fumes or heat during
blending or curing, Curing time can be controlled by the external heat
applied — from as little as 15 minutes at 225 C to 72 hours at 25 C.

Deep sections cure thoroughly. There
are no solvent fumes to be trapped . . . and
visibility is excellent. Applied as a fluid,
Sylgard 182 resin flows readily around in-
tricate shapes . . . cures even in deep sec-
tions without damage from internal stresses
or exothermic heating.

Repairability is assured when circuits are
embedded in Sylgard 182. Defective com-
ponents can be removed and replaced after
cutting away the cured resin with a sharp
knife. New resin, poured over the re-
paired area. adheres to the existing encap:
sulant restoring the entire unit to its
original condition.

CIRCLE 289 ON READER SERVICE CARD

Dow Corning is your best source for a broad
line of silicone fluids, gels, elastomers and
rigid forms for potting, filling, embedding and
encapsulating,

first in

silicones

46
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-- specify these silicones

isually inspect... instrument
check and replace faulty
sarts with ease

Dielectric Gel permits both visual and instrument
inspection of potted circuits and components.
Poured as a liquid. Dielectric Gel fills all voids. then
sets up as a transparent. heat-stable. resilient mass.
No significant stresses or exothermic heating devel-
ops during cure. Even the most delicate electronic
components are safe. Instrument probes can be
inserted and withdrawn repeatedly without dam-
aging the outstanding dielectric properties of this
Dow Corning silicone potting material.

Circuit Repair is easy to accomplish. Simply cut
away the gel surrounding a defective component
with knife or scissors. After the circuit is repaired,
simply pour new gel into the repaired area to re-
store original high quality protection.

CIRCLE 290 ON READER SERVICE CARD

Deep section...rugged
protection with
repairable Silastic®* RTV

Silastic RTV, Dow Corning’s fluid silicone rubber
that vulcanizes at room temperature, is available in
several variations. Select the best one suited for
vour application or processing requirements. All
have excellent dielectric properties. low water ab-
sorption, stability under extreme temperatures,
resistance to thermal cycling and aging. The new-
est Silastic RTV cures in thick sections in 21 hours
at 77 F. Variations in thickness have no significant
effect on curing rate or material uniformity.

Vulcanized Patch. Defective parts embedded or
encapsulated in Silastic RTV . . . even where thick
sections are used . . . can be replaced. The cured
Silastic RTV is cut away with a knife. the com-
ponent replaced, and new Silastic RTV applied to
the repair area. The fresh material bonds to the
original, restoring the encapsulant’s integrity.

CIRCLE 291 ON READER SERVICE CARD

Free 12-page manual, “Silicones for the Electronic Engineer”.
Write Dept. 1221, Dow Corning Corporation, Midland, Michigan.
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Available in 7 JEDEC types.

Shown above, 2N681 Trinistor is enlarged 6 times.




SEMICONDUCTOR NEWS: FROM WESTINGHOUSE AT YOUNGWOOD

Westinghouse announces new 16-amp
“Rock-Top” Trinistor controlled rectifier

Proven ‘“Rock-Top” quality is now available in JEDEC 2N681 Trin-
istor Controlled Rectifier series! These latest additions to the West-
inghouse power semiconductor family incorporate the field-proven de-
sign features of the broadest line of medium and high-power switching
devices. Such features as hard-soldered junctions and hermetically
welded cases provide an extra assurance of reliability at no extra cost.
Additionally, each device is 100% tested to maximum ratings. These
new devices from Westinghouse, world leader in silicon technology, are
backed by production experience with high-power semiconductors for
military and industrial applications.

Westinghouse 2N681 series Trinistors are ideal for such applications as;
motor speed control = temperature control = inverters = static
switching. For more information, or technical assistance, call or write:
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood,
Penna. You can be sure...if it's Westinghouse. SC-1049

For prompt delivery, order from these Westinghouse distributors:

EASTERN HALLMARK INSTRUMENTS CORP. Dallas, Texas/R! 7-8933
ACK SEMICONDUCTOR §NC. Birmingham S, Ala /FA 2-0588 INTER-STATE RADIO & SUPPLY CO,  Denver 4, Colo./TA 5-8257
CAMERADIO Piltsburgh, Pa./EX 1-4000 LENERT CO. Houston, Texas/CA 4-2663
CRAMER ELECTRONICS, INC. Boston, Mass./CO 7-4700 MIDLAND SPECIALTY CO. El Paso, Texas/KE 3-9555
ELECTRONIC WHOLESALERS, INC. Melbourne, Florida/PA 3-1441 Phoenix, Ariz./AL 8-8254
GENERAL RADIO SUPPLY CO., INC,  Camden, N. J./WO 4-8560 Albuquerque, N. M./CH 7-0236
GENESEE RADIO PARTS CO. Buffalo, N. Y./TR 3-9661 RADIO DISTRIB. CO, indianapolis, Ind./ME 7-5571
KANN-ELLERT ELECTRONICS, INC,  Baltimore, Md./TU 9-4242 SEMICONDUCTOR SPEC., INC, Chicago, I1l./NA 2-8860
MILGRAY ELECTRONICS New York, N. Y./RE 2-4400 S. STERLING CO. Detroit, Mich./BR 3-2900
RADID & ELECTRONIC PARTS CORP.  Cleveland, Ohio/UT 1-6060 UNITEO RADIO, INC. Cincinnati, Ohio/MA 1.6530
SCHWEBER ELECTRONICS Long island, N. Y./P1 6-6520
Silver Spring, Md./JU 5-7023 WESTERN
ALMAC ELECTRONICS CORP, Seattle, Wash./PA 3-7310
MIDWESTERN ELMAR ELECTRONICS Oaktand, Cal./TE 4-3311
E.C.1. SEMICONDUCTORS, INC. Kansas City, Mo./WE 1-0829 HAMILTON ELECTRO SLS, Los Angeles, Cal./BR 2-9154
ELECTRONIC COMPONENTS FOR INDUSTRY CO. Palo Alto, Cal./DA 1-7541
St. Louls, Mo./WO 2-9916 NEWARK ELECTRONICS CO. Inglewood, Cal./OR 4-8440




AUTOMATION..in RFI MEASUREMENT

(Radio Frequency interference)

STODDART NIM1 -6 2A
(AN/URM-138)

The Stoddart NM-62A with AUTOSCAN cuts your measurement time. The operator can
analyze and correlate data while the NM-62A automatically scans frequency range of
1 to 10 gc. Additional information, such as the amplitude, visual and aural character-
istics of the signal can also be simultaneously recorded.

_Fhe NM-62A is the ONLY RFI Measuring Equipment operating within the 1 to 10 gc
range, designed under contract to the Bureau of Ships, to meet the approval and re-
quirements of ALL government services and industry.

For completely Automatic Spectrum Signatures, the NM-62A incorporates:

e X-Y QUTPUT — for accurate recording of amplitude vs frequency of incoming signals

e AUTOSCAN (Automatic Frequency Scanning) over the entire range 1 to 10 gc with
variable speed forward/reverse motor drive system

~»® AUTOMATIC BANDSWITCHING — 1 knob changes output, input and voltage connec-

“__ tions with NO TUNING HEADS to change

OPERATING SPECHFICATIONS INCLUDE:

Autoscan with the

Sensitivity: 2 to 4 microvolts with 500 k¢ bandwidth; 6 to 12 microvolts
- with 5 mc bandwidth

Bandwidths: 500 kc; 5:mc i

VSWR: 1.5 to 1 with 50 ohms input impedance

Oscillator Radiation: 18 micromicrowatts

Case Shielding: 90 db T ;

Outputs: Remote Meter, Headphones, Video, 60 mc IF, Recorder, FM

and, of course..- X-Y Output

FOR SALE NOW STO D D A RT

Send for complete information

AIRCRAFT RADIO CO., INC.
LEADER IN R F I CONTROL
I’ 6644 Santa Monica Blvd. « Hollywood 38, California

HOllywood 4-9292
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TMD-914 and TMD-916 .
y DIFFUSED SILICON MICRODIODES
ST MICRO-EQUIVALENTS of the Na b
1N914 and 1N916

Duplicating the specifications of the popular IN914 and 1N916,
these microminiature very fast switching silicon diodes offer low o
capacitance and are designed for use in extremely high speed tran- h
sistorized computer circuitry. Their durable construction in an all- b
glass package features TRUE hermetic sealing and a unit capable of s
J providing long-term reliability under extreme environmental condi» \' |
1 tions. \
Recovery time: 0.004 micro-second. Kt
\ { SPECIFICATIONS AT 25°C
| TMD-314  TMD-916
Maximum Forward Voltage at 10mA 1 Volt 1 Volt
4 14 Maximum Inverse Current at 20V 025 uA ,0254A

| Minimum Inverse Voltage at 100xA 100 Volts 100 Volts
i | Maximum Capacitance at 0 Voits 4 uuf 2 uuf

For further information, write for Bulletin PB-71C.CIRCLE 258 ON READER SERVICE Ci

INNT = \/\/ 6.3 VOLT CERTIFIED
Y Y SILICON VOLTAGE REFERENCES

Now, for the first time in the industry, silicon voltage references
that have exhibited voltage stabilities as low as 4=.00257 for 1000
hours are being CERTIFIED and offered by Transitron. These

significant features are associated with each unit:

« Actual readings recorded periodically over 1000 hours included
with each certification document.

+ Serialization of units for convenient reference to their production
and life test histories at Transitron.

P Manufacturers of missiles and precision instruments who require

a stable voltage reference of small size and weight may look to
| Transitron for these references which are certified at point of pur-
chase.
Temperature

[ ] Certified*  Voltage Range Stability Maximum

ra n ' ro n Voltage  atl;=75mA  Maximum Dynamic

Type Stability at 25°C Voltage Resistance
(%) (Volts) Change at Iz = 7.5mA

(425°C to at 25°C
+100°C) a& (Ohms)

[ z=7.5m
f Min. Max. (Volts)
] IN3501  +0.01 6.2 6.5 0,006 12
IN3502  +0.01 6.2 6.5 20,003 12
ACTUAL SIZE IN3503  =+0.005 6.2 6.5 0,006 12
IN3504  +-0.002 6.2 6.5 20,006 12

*Voltage References certified for voltage stability observed during 1000
hours operation,

For further information, write for Bulletin TE-1352F-1.
CIRCLE 259 ON READER SERVICE CARD

itron

electronic corporation
wakefield, melrose, boston, mass.

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE CABLE ADDRESS: TRELCO

For quantities 1-999 call your nearest Transitron Industrial Distributor.
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NEW GENERAL ELECTRIC

“PENLINE-120"
SOLDERING IRON

Now you can get all the electronic
industry proved features of General
Electric’s 6-volt Midget iron, plus the
convenience of 120-volt design. “Pen-
line-120” irons are available in 30-
and 50-watt ratings.

Check these features:
LOW COST. G-E "'Penline-120"

irons are competitively priced.

LOW OPERATING COST—due
to longer tip and heater life and
low-cost replacement.

HIGHEST OPERATING EFFI-
CIENCY. Calrod® heater built
right in the tip assures fastest
heatup and tip temperature re-
covery, rapid void-free solder
connections.

OPERATOR COMFORT AS-
SURED. G-E Lexan® plastic
handle is shaped to fit the hand.
It stays cool during full shift
operation.

PEN-LIKE SHAPE EASY TO
MANEUVER—~important for min-
iaturization designs. Solder in
congested areas with little danger
of damage to adjacent joints and
wiring.

GET ALL THE FACTS on Gen-
eral Electric’s complete line of
proved industrial soldering irons
from your local G-E sales office
or authorized distributor. Or write
Section 758-05, General Electric
Co., Schenectady 5, N. Y.

ACTUAL SIZE

ﬁ; Progress ls Ovr Most Important Prodvet

GENERAL (9 ELECTRIC
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|

where stability
and miniaturization
are primary

SEMICONDUCTORS
COPPER OXIDE
AND SELENIUM
INSTRUMENT RECTIFIERS
RING MODULATORS
HIGH-VOLTAGE RECTIFIERS
VOLTAGE REGULATORS
SWITCHED RECTIFIERS
CHOPPERS
SPECIAL PURPOSE UNITS

LIST PRICES FROM .42c

5 COPPER OXIDE CELL STYLES FROM
.080" to .500" DIA. ACTIVE AREAS 0012 to
125 SQ. IN.

SELENIUM CELL SIZES FROM .080" round
TO 2" SQUARE. .020" TO .045" THICK.

Write for

Free Bulletins
Dept. 20

CONANT LABORATORIES

LINCOLN, NEBRASKA

CIRCLE 204 ON READER SERVICE CARD

production

management

it's

read more
by ail 4!

Get the technical facts in electronics, the magazine that
features the latest engineering developments and techni-
cally interprets markets, business statistics, trends. Special
issues on Electronic Markets and other reports you’ll want
to file and keep. Mail the reader service card (postpaid)
and start your own subscription to electronics, the magazine
that helps you to know and therefore to grow! Rates: three
years for $12, one year for §6; Canadian, one year for $10;
foreign, one year for $20. Annual electronics BUYERS’ GUIDE
(single issue price $3) included with every subscription.

| subscribe today to electronics

electronics



~_FORFM TELEMETRY

-

To meet increased demand for a wide range
of subcarrier oscllator configurations Dorsett
Electronics now offers its exfreme|y reliable solid
state subcarrier oscillator in three new package
forms.

Dorsett's three new configurations provide the
systems engineers with unmatched mechanical
flexibility in telemetry system design, without
sacrificing component reliability and stability.

These new subcarrier oscillators are only a few
of the many state of the art telemetry components
currently in production at Dorsett Electronics. Put
Dorsett's experience to work for you on your next
telemetry requirement Your inquiries and specifi-
cations will receive a prompt reply.

-

| hEL 0-28

SPECIFICATIONS

input:

Output:

Power Requirements:
Linearity:

Distortion:

Amplitude Modulation:

Input Impedance:

Electrical Stability:

Temperature Stability:

Acceleration:
Vibration:
Shock:
Altitude:
Size:

Connector:
Controls:

MODEL 0-18

-
p

MODEL 0-20
ol

0 10 S volts, or —2.5 volts to
2.5 volts.

Adjustable from 0 fo .5 volts RMS
into 8K load impedance. Fixed
output at least 3 volts RMS into
100K or higher load impedance.
28 volts DC at 10 milliamperes.
Deviation from the best straight
line less than .259%,.

Less than .75%, harmonic distertion,
Less than 1db across the band.
500K for Channels 1 through 18.
250K for Channels A through E.
No more than .59, FBW change in
center frequency or deviation sensi-
fivity for a supply voltage change
of +109.

Less than 2%, FBW change in
center frequency or band-width for
a 50°C change within the range
of —55°C to --100°C.

1006 Linear

206, 55 1o 100 cps

1006 for 11 milliseconds
Unlimited

0-18

1.75in. x 1.36 in. x .76 in,
0-20

2.25 in. x 1.88 in. x .88 in,
0-28

1.27 in. x 1.25 in. x 1.25 in,
Cannon DE-9P.

Output, (entering, Deviation
Sensitivity

DORSETT ELECTRONICS, INC.

September 29, 1961

P.O. BOX 862 ¢ NORMAN,OKLAHOMA o JEFFERSON 4-3750
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=< NEW TYPE VARACTOR DIODES

with high cutoff frequenc
high conductance

low junction capacitance
low noise figure

A series of silver bonded diodes, developed by Mr.
Shoichi Kita at the NTT Laboratory, is now in com-
mercial production at NEC. The Kita Diode is a
bonded contact type using a silver whisker with a
small gallium content.

Advantages over other varactor diodes include low
junction capacitance with high cutoff frequency, re-
sulting in low pumping power. Junction capacitance
of GSBIA, for example, is rated at .30 j.uf max.
These new diodes are designed for use in parametric
amplifiers, frequency muitipliers, high-power upcon-
verters (GSB2), amplitude limiters, microwave har-
monic generators, ultra-fast switching, and micro-
wave switches.

Other features common to all types: Stability of re-
verse current in 2,000-hour tests measures +5%
(Tstg=90°C). Hermetic glass-to-metal seal. MIL
dimensions. Reversible polarity with detachable
base adapter.

Immediate shipment in commercial quantities is now
possible—and at prices well below those of com-
parable diodes. Please write for details.

02'¥) ININOdWOD
IONVISISIY

M Normalized impedance
locus of GSBI at 6 kMc

B Flectrical Characteristics

‘ = - GSBIA GSBIB 6sB2
Forward current at 1V (min) (mA) | 100 100 70
Inve;cima at_-ﬁlr(r;x) ELA)' 1.5 1.0 1.0
“Breakdown Voltage at -50#A (min) (V) 6.0 6.0 11.0
Jun‘t:tion_;apacitarl_ce at zero bi;s.(u._u-;s .30 (max) .25 (max) .30 (typical)

" Cutoff frequency * (kME) 60 (min) 100 (min) 40 (typicald

» fc is calculated from Q measurement at Vb=-5V at 6 kMc, fe=f+Q

6 KMc
Input Signal
[l ks

12 KMc
Pumping Oscillator
) ’

isolator

£s fo

I Parametric amplifier

fs fs

6 KMc 12 KMc
Bandpass Filter Rejection Filter

’f fs s

f | i
[ Mixer SF_—_{TCH Oscillatorl n

fir

Typical GSB1 application data for parametric amplifier, 25°C.
Signal frequency...6 kMc Amplifier gain.., 18db Pumping power...5 mw
Pumping frequency...12 kMc Noise figure...2.5 db (double sideband)

Dummy Load Diode

Isolator

fs — signal frequency
fp: Pumping frequency

Systems / Components @ MpponEleCt[iC Compaﬂylittlifed P.O. Box 1, Takanawa, Tokyo, Japan
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introduces

o "\ four styles of

HOT MOLDED CARBON
POTENTIOMETERS

For smooth, noise-free operation and
high stability .. . The widest selection
anywhere ... Designed to meet MIL-R-

environmental and test requirements

)
Contialah nrociicer of carbon nofentiometlers for over 35 vell
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addition to the smooth,
sise-free operation and high
=bility for which hot molded
—entiometers are well

iown . . . each model in this
ries incorporates many

| y 303
e S

Three ways better than other hot molded un®

1. Greatly increased high voltage ca
bility, due to the wide clearance
tween the bushing and the collec:
track.

2. Greater freedom from contaminati

of dirt, carbon particles and seali
compounds, due to the elevated resi
ance track construction.

3. Exceptionally long noise free ope:
tion that actually improves with wu.
provided by the carbon compositi
material of which both the collector a
pick-off brushes are constructed.

SPECIFICATIONS:

RATING: 2 watts at 70° C.

SIZE: 1-3/32” diameter, 37/64" deep f=
mounting surface.

CONSTRUCTION: Completely enclosed.
metallic parts are non-magnetic and
rosion resistant. Available in tan-
triple or dual concentric construction.

ROTATION: 312° 30,
TORQUE: 1.0 to 6.0 ounce inches

RESISTANCES: Linear taper, 50 ohms
5 MEG. Log taper, 100 ohms to 2.5 MEC

~tures that result in even
=ater reliability than was
-viously available.. .

SPECIFICATIONS:

RATING: 3/4 watt at 70° C.

SIZE: 23/32" diameter, 1/2” deep f
mounting surface.

CONSTRUCTION: Completely enclosed.
metallic parts are non-magnetic and
rosion resistant.

ROTATION: 300° +3°
TORQUE: 5.0 ounce inches average.
RESISTANCES: Linear taper, 50 ohms

This intermediate size potentiometer has never before been
offered. Rated at 3 watt, the Model “N” can replace 2 watt
units in many military and commercial applications where size
is important.

A flush resistance track is protected against contamination
by the raised rim of the insulating base. Although small in size,
the model “N" also has carbon composition pick up and collect-
or brushes for long,noise-free operation.

The one-piece metal case and bushing is spun over the
molded insulating base to provide a near-perfect seal. Triple

shaft seals and water-tight panel seals can be supplied.

MEG. Log taper, 100 ochms to 2.5 MEG

MODEL P (RV6 Style)

Although much smaller than the Model “N”, the Model “P” is
rated at %2 watt and is similar in external construction.

The resistance track is hot molded, flush type. An outstand-
ing feature of the Model “P” is the single carbon brush that
serves both collector and pick-off purposes. The one-piece
aluminum case is spun over the insulating base to provide a
near-perfect seal.

This unit meets all applicable military requirements.

MODEL T

©

MEDIATE DELIVERY FROM STOCK

This unique trimmer resistor, or locking-type trimmer potenti-
ometer, is the only hot molded, single turn unit available on
today's market. Rated at Y3 watt, it has been designed primarily
for printed-circuit board applications.

The Model “T” has a positive screw actuated lock and is
extremely resistant to shock, vibration and acceleration.

These units can be encapsulated in a rigid resin without
damage.

SPECIFICATIONS:

RATING: 1/2 watt at 70° C.

SIZE: 1/2” diameter, 15/32"” deep from mo:
ing surface.

CONSTRUCTION: Completely enclosed.
ROTATION: 290° +3°.
TORQUE: 1.5 ounce inches.

RESISTANCES: Linear taper, 100 ohms
MEG. Log taper, 500 ochms to 2.5 MEG.

SPECIFICATIONS:
RATING: 1/3 watt at 70° C.

SIZE: 19/32” diameter, 11/32” deep f
mounting surface.

CONSTRUCTION: Open (however, rugged
struction permits potting of all types).

ROTATION: 300° *3°,
TORQVE: Locking type.

RESISTANCES: Linear taper, 500 ohms
MEG.

A full range of values of all four types of Centralab hot molded carbon potentiomet
are available in gquantity, from stock, through Centralab industrial distributo:

THE ELECTRONICS DIVISION OF GLOBE-UNION IN(

900 E. KEEFE AVENUE
In Canada: Centralab Carada Lta . P O Box 400, Ajax, Ontar

MILWAUKEE 1, WISCONSI




TEKTRONIX TRANSISTOR-CURVE TRACER

INVALUABLE TOOL FOR EVALUATING
SEMICONDUCTOR DEVICES

The Type 575 provides 20-ampere collector displays (10-
ampere average supply current), two ranges of collector
supply (0 to 20 volts, 0 to 200 volts), and 2.4-ampere base
supply (positive or negative base stepping).

With a Type 575, you can plot and measure 7 different
transistor characteristics. You can display 4 to 12 curves per
family—with input current from 1 microampere/step to 200
milliamperes/step or input voltage from 10 millivolts/step to
200 millivolts/step—in repetitive or single-family presenta-
tions. You can select either common-emitter or common-base
configurations.

Add a Type 175 Adapter and you extend the range of collector DR
displays 10 times and the range of base supply 5 times. e T

S :
You can also test diodes under a wide variety of conditions & i‘i‘-ﬁ (1%} @ %

e s
e
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e .

Family of characteristic curves
{for NPN transistor).
1, A m

and observe waveform characteristics on the 5-inch crt A
with a high degree of accuracy. 1!

Type 575 Calibrated Displays
Vertical Axis—Collector Current, 16 steps from 0.01 ma/div to
1000 maldiv. Pushbuttons are provided for muitiplying
each current step by 2 and dividing by 10, increasing the
current range to 0.001 ma/div to 2000 ma/div.

Horizontal Axis—Collector Voltage, 11 steps from 0.01 v/div
to 20 v/div.

Both Axes—Base Voltage, 6 steps from 0.01 v/div to 0.5 v/div.
Base Current, 17 steps from 0.001 ma/div to 200 ma/div.
Base Source Voltage, 5 steps from 0.01 vidiv to 0.2 v/div.

Type 575 Transistor-Curve Tracer . . . . $975

HIGH-CURRENT ADAPTER HIGH-VOLTAGE TYPE 575

For measuring high-powered semi-
conductor devices which exceed the
current capabilities of a Type 575, ask
your Tektronix Field Engineer about the
Type 175 High-Current Adapter. Not in-
tended for separate use, the Type 175
depends upon the circuitry and crt of a
i Type 575 to provide 200-ampere collector
displays, three ranges of collector supply,
and 12-ampere base supply-for calibrated
displays with Collector Current on the
Vertical Axis and either Collector Voltage
or Base Voitage on the Horizontal Axis.

Supplied on order from your Tektronix
Field Engineer is a special model of the
Type 575 Transistor-Curve Tracer. Al-
though similar to the Type 575, the spe-
cial mode! provides much higher diode
breakdown test voltage (variable from
zero 1o 1500 volts at a maximum current
of 1 milliampere) and also much higher
Collector Supply (up to 400 volis, at 0.5
ampere).

For complete specifications of this spe-
cial model—call your Tektronix Field
Engineer.

Type 575 Mod 122C

e ————

Type 175 Transistor-Curve Tracer
High-Current Adapter . . . . . $1425

{prices f.0.b. factory)

... for more information about evaluating semiconductor devices with a Type 575
or other Tektronix test equipment, call your Tektronix Field Engineer. He will be
glad to assist you.

Tek tronix, Inc. ro sox 500 - BEAVERTON, OREGON | Mitchell 4-0161 - TWX—BEAV 311 - Cable: TEKTRONIX

TEKTRONIX FIELO OFFICES: Albuquerque, N. Mex. » Atianta, Ga. » Baitimore (Towson) Md. - Boston (Lexington) Mass. » Buffalo, N.Y « Chicago (Park Ridge) Ii). » Cleveland, Ohio + Dallas, Texas » Dayton, Ohio
Denver, Colo. » Detrost (Lathrup Village) Mich. + Endicott (Endwell) N.Y. - Greensboro, N.C. » Houston, Texas » Indianapolis, Ind, + Kansas City (Mission) Kan. « Los Angeles, Calif, Area (East Los Angeles
Encino » West Los Angeles) « Minneapolis, Minn, « Montreal, Ouebec, Canada + New York City Area (Albertson, LI, N.Y, « Stamford, Conn. « Union, N.J) » Orlando, Fla. » Philadelphia, Pa. « Phoenix (Scottsdale) Ariz.
Portland, Oreg. » Poughkeepsie, N.Y, » San Diego, Calif. » San Francisco, Calif. Area (Latayette, Palo Alto) « Seattle, Wash. » Syracuse, N.Y, « Toronto (Willowdate) Ont., Canada » Washington, 0.C. (Annandale, Va.),

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawail. Tektronx 1s represented in tv.enty-five overseas countries by qualified engineering organizations.
European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug. Switzerland, for the name of your local engineening representative.
Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Oepartment, P: O. Box 500, Beaverton, Oregon, U.S.A, Cable: TEKTRONIX.
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That’s the toughest job. Somebody’s got to instruments to get the job done. Are you look-
pore over every ounce of research that’s gone ing for a place to start? Or ready to check out

before. And look into every possible an elusive clue now? Call in a man
place for a clue...or even a place to get ‘ & from the CEC sales and service office

started. That’s where CEC comes in. nearest you. He might know a way.
That’s all CEC men do for a living—discovering CONSOLIDATED ELECTRODYNAMICS
the Way or WayS to measure record and ana- PASADENA, CALIFORNIA ¢ A SUBSIDIARY OF BELL & HOWELL

’ ’ ’ ’. . DATA RECORDERS DIVISION + ANALYTICAL & CONTROL DIVISION * TRANSDUCER
lyze what you have to know. And bu11d1ng the DIVISON + CONSOLIDATED SYSTEMS CORP. » CONSOLIDATED VACUUM CORP.
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How do you talk to a man to sell him something when he can be working in any or
all of the areas of research, design, production and management in the dynamic elec-
tronics industry? Obviously you can’t follow him unless ke keeps in touch with you. That’s
exactly what electronics’ 52,721 subscribers do. They PAY to read electronics beciuse they
want and need it in their work. As they progress they voluntarily contact us week in and
week out...more than 61,721 changes in titles, addresses, etc. during 1960...and that’s
where electronics’ membership in the Audit Bureau of Circulation — where subscribers
actually pay —reaps dividends for the advertiser.

Illustrated below are major steps in the career of Mr. Dorman D. Israel, a charter
subscriber to electronics. Mr. Israel has paid approximately $160.00 to receive electronics

*since it was established in April, 1930. Mr. Israel estimates that he spends between 60
and 100 hours a year studying the pages of the publication. (The average subscriber

he paid to read electronics

As chief engineer

Mr. Dorman D. Israel
as radio design
engineer




currently spends 5 hours 25 minutes every month.) Mr. Israel has obviously invested a
considerable amount of time as well as his money in electronics over the past 31 years.

Only paid circulation has the drawing power to keep track of key people in America’s
most dynamic growth industry. Only electronics reaches so deep into the industry. And
only electronics reaches all four major buying influences in the industry — engineers in
research, design, production and management, working in any or all four areas. Place
your advertising alongside editorial material for which the buyer has demonstrated a
need...in ABC publications such as electronics.

As Executive Vice President
Emerson Radio g P
Corporation

honograph

all the way to the top

As vice president in
charge of engineering
and production

As development engineer




...requires Motorola’s solid state disciplines

INTRINSIC CHANGES to molecular engineering
techniques are required to break the asymptotic
barrier of systems complexity versus systems
reliability. The basis for Motorola’s solid state
electronics capability has been as carefully laid down
as the vapor phase formation of an epitaxially
grown, single-layer crystal. st At Motorola, scientists
and engineers have been brought together in

one superbly equipped organization under single
leadership. These molecular specialists have at

their command the disciplines associated with semi-
conductors, epitaxial growth crystals, deposition,
thin-films, surface passivation and encapsulation,
electronic ceramics,and equipment and

systems design.They are pioneers in the design of
solid state equipment and systems of superior
reliability and performance.st Motorola-integrated
circuit research and development, using thin-

film and semiconductor hybrids and pure
morphological circuit structures, have opened new
areas of microscopic technology to practical
application. &t If your application problems lie

within the parameters of solid state electronics,

look to Motorola for practical solutions.

Military Electronics Division MOTOROLA

CHICAGO 51, lllinols, 1450 North Cicero Avenue
SCOTTSDALE, Arizona, 8201 East Mc Dowell Road
RIVERSIDE, California, 8330 Indlana Avenue,

All qualified applicants will receive consideration for em ployment
without regard for race, creed, color, or national origin

62 CIRCLE 62 ON READER SERVICE CARD electronics



T

r-"'—"——"'l
: G

¢ 100 b0 | apo | =
'l o0

Wﬁf‘“‘ oo

. TRI METAUVACUUM OVENS

1100 1400

900 1000 1100 1200
See us at the Air Force
Aerospace Panorama, Booth
#750 Sept. 21-24 Con-
vention Hall Phila. Pa.

{
I
i

TEMPERATURE UNIFORMITY AT 1000°F * 3°
WITH OUR NEW QUARTZ HEATING ELEMENTS

Tri Metal Works, vacuum specialists since 1946, has taken
another giant step ahead in high vacuum ovens with new
low-mass quartz heating elements that insure temperature
uniformity at 1000°F +3°. (Temperatures up to 2500°F
available.) Other advantages include no temperature over-
ride, better uniformity, closer temperature control, cleaner
system, linear heat-up and faster cool-down. For the finest
in standard high vacuum oven equipment, dry boxes, pump-

ing systemsorcustom fabrication contact TriMetal Works Inc.
For a free detailed brochure write to: TRI METAL WORKS
INC. Industrial Division 1600 Bannard Street, East Riverton,
New Jersey, or Phone 829-2000.

A PARTIAL LIST OF CLIENTS: RCA Western Electric Co, Tullahoma Air Force
Base General Electric Co. Clevite Corp, Union Carbide-Nuclear Div.—Dak
Ridge Burroughs Corp. Princeton University University of Virginia’F.J. Stokes
Corp. HW. Butterworth—Div. of Van Norman Industries/Drever Co. Taber
Instruments, Inc. Monsanto Chem. Co.'Bendix Corp.

TRI METAL WORKS INC.

EAST RIVERTON, NEW JERSEY

@ QUARTZ HEATING ELEMENTS BY WESTINGHOUSE

September 29, 1961
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80805-M

80802-B2

80801-8

MAGNETIC SHIELDS
Nlustrated are a few of the stock mumetal or
nicaloy magnetic shields for multiplier photo J A M E S M I l' L E N M F G’ C o‘l I N C'
tubes and cathode roy tubes. Stock shields are
available forallpopulartubes. Custom designed M A LD E N

shields are mode for speciol opplications. . MASSACH USETTS
CIRCLE 205 ON READER SERVICE CARD

new W74
PAALL-PAK | HEATING EQUIPMENT

Nl SirsaiicEiicek ‘ Hardening * Annealing * Soldering
| Brazing * Zone Refining * Crystal Growing

ELECTRONIC TUBE GENERATORS:
1 kw; 2v2 kw; 5 kw; 10 kw;
20 kw; 30 kw; 50 kw;

75 kw; 100 kw.

Elements Shown Actuol Size 4 ™ SPARK GAP CONVERTERS:
) Y 4 j 2 kw; 4 kw; 7va kw;
15 kw; 30 kw.

16) odel BH203 Axnol Fueld HALL- PAK

® Non-inductive construction, making possible new and improved AC applications

Low noise output — improved low leve! performance

® Righ Hall output combined with low zero field output voltage; eliminates need for
external null voltage compensation in many applications

® Operating Temperature Range: —40°C to +-85°C

New magnelic sensing devices with high performance stand-
ards never before attainable commercially. Many applications WRITE FOR THE NEW LEPEL
S ! : p CATALOG 36 illustrated pages
in measurement and control of magnetic fields, (gaussmeters: of valuable information.
magnetometers; production testing; AC or DC fields: magnetic

tape, ink and film) wherever a / HIGH FREQUENCY
magnetic transducer or Hall Write for details.
mltplie is nceded. ) T ter et Ao EYfY L, 1 ABORATORIES, INC.
A e D ELLine P 55th ST. & 37th AVE., WOODSIDE 77, N, Y.

DEVELOPMENT ¢ MANUFACTURING COLUMBUS 12, OHIO |
PHONE AX 4-4906

CHICAGO OFFICE: 6246 WEST NORTH AVE.

CIRCLE 206 ON READER SERVICE CARD
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NOW CURES FAST AT ROOM TEMPERATURE 700/
(OR 2 HOURS wirH HEAT)

= e
A clear, solvedtiéss liquid, Generl Electric
clear LTV.602 "~ to form
a resilient comp lent elec |

trical properties. Even thick sections are
perfectly transparent. Useful from —65
. to 175°C. this self-supporting material
provides protection against thermal
shock. vibration. moisture, ozone, dust
I and other hazards.

*Low Temperature Vulcanizing

—

General Electric clear LIV silicons compound
for potting and embedding

Transparent, resilient, self-supporting and easy to repasr

LTV-602 is easily applied, flows freely in-and-

LTV-602 is easy to work with and easy to repair.

Resiliency offers excellent shock resistance.

around complicated parts. Having a low vis-
cosity in the uncured state, 800-1500 centi-
poise. LTV is ideal for potting and embedding
of electronic assemblies _Iinlike “wel-like”

alerttls, LTV-602 cures to
. Oven cure is overnight, or fror

2

To repair parts embedded in LTV. merely
cut out and remove section of material. repair
or replace defective part. pour fresh LTV
into opening and cure. Pot life. with catalyst

ad DT e ¢ be
Ctended with refrigeration, When desira
LTV may also be cured at room temperapyss.

LTV-602 easily meets thermal shock tests de-
scribed in MIL-STD-202A test condition B
which specifies five temperature cycles from
=65 to 125°C. Tests indicate that LTV retains
protective properties even after 1800 hours

g at 175°C. Other tests confirm LTV’s
resistanc oisture and water immersion.

and encapsulating materials 3 T/ME.S FASTER
write to General ElectricTHAN BEFORE

SEND FOR DATA
ON NEW FAST CURE

8 hours at 75 to 80°C.
LTV-602 is the newest addition to the broad line of & SiTicone potli

NOWCURES /N which also include the RTV silicone rubbers. Fgr more
2 h'OURS — CAN Company, Silicone Products Department, Section NUm%-3{:

“VMGel GENERAL @B ELECTRIC

LAMP/!
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POLARAD

- A
», a
Oven apirattt

ONLY POLARBRYMNOLW

A 4,000 me BANIRARINNS

VISUAL MICHHOARNA

Polarad takes another giant
stride in advancing the
state of the art for micro-
wave research and develop-
ment—you can now observe
a complete 4,000 mc band-
width on one scope, at one
time, with the new Model
WSA Wide Band Spectrum
Analyzer.

Here’s the value to microwave
engineers. To see the entire
tuning range of transmit-
ters, generators and all
other broadband devices,
just push one appropriate
band selection button—no
tracking, no further tuning.

Here’s the value in RFl work.
Because you can view a
wide band of frequencies at
one time, you can see inter-
fering signals instantly.
And by switching over to
narrow band analysis, the
exact nature of the signal
can be determined—an aid

in compiling a ‘‘spectrum
signature.”

Model WSA joins the most
comprehensive line of visual
microwave analysis equip-
ment available today.

SPECIFICATIONS MODEL WSA

Frequency Range
10 mc to 40,000 mc in 20 Bands

Band Selection
Automatic; with illuminated
pushbuttons

Dispersion
Narrow Band: 1 mc to 25 mc.
Wide Band: 50 mc to 4,000 mc.

Resolution........Narrow Band: 20 kc
Wide Band: 1.5 mc

I-F Frequencies
8,200 mc, 3,600 mc, 1,000 mc, 160
mc, depending on band selection.

High Intermediate Frequency
Assures image rejection and
prevents video detection.



Self-Contained Units Cover

10 to 40,880 mc

MODEL SA-84

e Dispersion: 10 to 55 mc: 500 kc to 5 mc, adjustable

55 to 40,880 mc: 500 kc to 25 mc, adjustable

e Resolution: 20 kc
UNIVERSAL e |nternal Marker: variable
? MODEL SA-84W
OPERATION? e Wide Dispersion: 10 mc to 240 mc: 10 mc

240 mc to 40,880 mc: 80 mc

e Resolution: 2 kc to 80 kc variable
e Crystal controlled markers from 10 to 40,880 m¢
e Log-linear display
e Accurately calibrated IF attenuator

MODEL SA-84T
Single Unit Covers -
10 to 40,880 mc

e Dispersion: 500 kc to 25 mc, adjustable
TRANSISTORIZED e Resolution: 20 kc at all frequencies
? o internal Marker: + 13 mc
MUB“."Y e Power Consumption: when battery operated,

110 watts, 12 vdc
(] Sensuhvnty —50 to —105 dbm, depending on frequency.
e Weight: 70 Ibs. One half the welght of conventional
vacuum-tube equivatent
Meets MIL-1-26600 for r-f interference

MODEL TSA
10 to 44,000 mc in 5 Plug-In Tuning Units

. STANDARD : Dispers!onz_ 400 kc to 2v5 r:1c
Wthh ()f these OPERATION? ) R .

® Sensitivity: —50 to —95 dbm, depending on frequency
o Internal Marker: + 14 mc

Polarad MiCI‘OW&VG MODEL TSAS | "

SYNCHROSCOPE ANALYZER
TIME AND 10 to 44,000 me in § Plug-n Tuning Units

SpeCtI'llIIl Analyzers FREQUENCY o Bandwidth: 5 kc, 50 ke, 500 k¢, 5 m

e Synchroscope sweep rate: 2, 10, 100 1,000, 10,000,
DISPLAY? and 100,000 4 Sec per screen diameter.
L] Dlspersmn, Sensitivity and Internal Marker

solves your problem? il Aarmal

MODEL TSA-W
Narrow And Wide Pulse Analysis

10 to 44,000 mc in 5 Plug-In Tuning Units
e Dispersion: 200 kc to 80 mc (2 ranges)

From 10 to 100,000 me, Polarad offers WIDE 80 mc dispersion displays pulses narrow as 0.1 . sec.
DISPERSIDN" For wide pulses, dispersion may be adjusted
spectrum analyzers for every aspect : down to 200 k.

. ® Resolution: 2 to 80 kc variable
of microwave research and develop- o Internal Marker: -+ 40 mc
ment. Thousands of the instruments SE S Unear & 1R
shown here are in use today through- MODEL WSA '
out the electronics industry—in la- Self-Contained Unit Covers
. . 3 . 10 to 40,000 mc in 20 Bands
boratories, on the production line, in ULTRA-BROAD ® Dispersion: 1 éncbtodzs mc in narrow band, 50 mc to
q 3 4000 mc in wide ban
systems, out in the field and at re- BAND? ® Resolution: 20 kc in narrow band; 1.5 mc in wide band

® Rapid band selection by means of illuminated
push-button switches,
® Frequency difference marker up to 4000 mc.

search centers.

Ask your Polarad representative to e Sensitivity: —50 to —80 dbm, depending on frequency
work with you in selecting the equip- " MODEL DA-70 [
ment that will most efficiently accom- 50,000 mc to 100,000 mc
i d vacti in Three Bands
phSh your ObJethes' . I;ri';persion' Continuously adjustable
. EXTENDED from 50 mc to 1000 mc. Permits
ALL POLARAD SPECTRUM ANALYZERS FEATURE; FREQUENCY? o ,’,“;’s'o“,n’tﬂ,':"sel 'r';ipec“""
N ® High intermediate frequency assures
* 1 to 30 cps adjustable sweep rate ggtaescet.‘r)enjectmn and prevents video
en.,
¢ Direct-reading UNIDIAL® tuning control, with e Dial Frequency Accuracy: +1.0%
no klystron modes to set . :g{:‘r‘:‘}'res::::fc';”tr’;ng_eso dbm for
¢ High accuracy, resolution and sensitivity £ MODE 'L - D-1 =
@ Non-contacting klystron cavity chokes for SPECTRUM MULTI- PULSE SPECTRUM SELECTDR
noiseless tuning 2 Permits spectrum analysis of individual microwave S :
® Provision for use with Multi-pulse Spectrum SELECTOR? gglescet?.f;%?::;zeerg.r%‘; E’L‘&% li’:e:;j c“:':'rmalae';ycw:éaggnal -
Decoder (Model SD-1) may be isolated for examination.

POLARAD &=

ELECTRONICS CORPORATION
43-20 34th Street « Long Island City 1, New York
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A Tinnerman T-Marked Original...

Studebaker Lark assembled faster,
at lower cost with SPEED NUTS®

The rear fenders of the new Studebaker Lark are secured in a vibration-
proof, watertight seal with this special heavy gauge Tinnerman J-type
SPEED NuT brand fastener. It eliminates rubber stripping and costly
spot-welded bearing plates, and allows the fenders to be easily removed
for repair.

Preassembled to the Lark’s rear quarter panel, the J-nuts hold
themselves in place while the panel is first attached to the chassis.
The fender is then positioned on the quarter panel and the acme bolts
driven home.

In applications like this—where total fastener reliability is vital—
Tinnerman SPEED NUT brand fasteners are your only choice. Only
Tinnerman maintains total quality control from coil strip selection
to finish coat. The Tinnerman T-mark on every fastener is your
assurance of that quality.

For samples, literature, prices, call your Tinnerman sales office
...listed in the “Yellow Pages” under “Fasteners.” Or write to:
Tinnerman Products, Inc., Dept. 12, Box 6688, Cleveland 1, Ohio.

TINNERMAN

|

e

T-MARK ENGINEERED SPECIALS

TUBE CLIP is designed for fas-
tening refrigerant tubes to liners.
A split rubber cushion insert is
placed over the tube, and the
entire unit is snapped into a
rectangular mounting hole.
Spring tension locks the legs in
a strong, vibration-proof assem-
bly. Has many application pos-
sibilities where tube, cable or
wire must be secured.

PRINTED CIRCUIT NUT pro-
vides positive contact between
printed circuit panels and con-
necting wires. This highly-con-
ductive, phosphor bronze fas-
tener snaps firmly over terminal
area. allows wiring connections
to be made at any station on the
assembly line. A screw through
the eyelet wire completes the
assembly. Easy to assemble...
easy to service.

S~~~

\\

RUBBER STRIP FASTENER
locks bumper strips on a famous-
name vacuum cleaner, can solve
rubber-strip fastening problems
in many fields. This SPEED NuT
brand fastener is simply pushed
over one end of the bumper strip.
Triple-tooth prong secures strip
firmly while bumper is wrapped
around cleaner base and an-
chored with identical fastener.
No special tools required.

T T e e ——————

o =

CANADA: Dominion Fasteners Ltd., Hamilton, Ontario.

GREAT BRITAIN: Simmonds Aerocessories Ltd., Tre-

forest, Wales. FRANCE: Simmonds S.A., 3 rue Salomon

de Rothschild, Suresnes (Seine). GERMANY: Mecano
) Simmonds GMBH, Heidelberg.

Look for the Tinnerman"T*
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General Instrument Silicon Planar Microdiodes

Typical Nanocircuit Assemblies Available tn 10-5 Packages. ,.

Source for Silicon Planar Microdiodes. Now | o—— 41

get “big” planar diode parameters and reli-

-

———e ——

——.

ability in a package that’s only 0.080” x >t ¢
0.045”. General Instrument silicon planar NC-1. Six Diode Assembly
microdiodes are truly reliable because t4—
they're truly passivated. Fully protected

against ambients and contaminants by €
General Instrument’s unique Molecular

Shield™ passivation process, these micro- y
diodes actually need no encapsulation. The —
ceramic bead surrounding the semicon-

ductor wafer serves only to provide mechan- —— e ———
ical rigidity. m Production quantities of HEA 10T0dETraRsIstoriLogicI AR sembly

microdiodes are immediately available for
computer and general-purpose use in two
convenient forms: either as individual de-
vices or preassembled as complete Nano-
circuits in standard T0-5 cans (up to six
diodes per can). For full information on
microdiode types MD 4, 6, 8 and 10, or any
semiconductor device in our complete line
(including truly passivated silicon planar mi-
crotransistors), call the sales office or fran-
chised distributor nearest you or write today.
General Instrument Semiconductor Division,
65 Gouverneur Street, Newark 4, New Jetsey.

GENERAL INSTRUMENT SEMICONDUCTOR DIVISION

GENERAL INSTRUMENT CORPORATION

ACTUAL SIZE
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Five-Star tubes prove 99.11%

rellqble in 10,000 hour life test

Four hundred and fifty type 6829 Five-
Star tubes were subjected to a DC life
test to study the effects of heater volt-
age, heater-cathode potential and plate
dissipation on vacuum tube life and
reliability. After 10,000 hours of oper-
ation, failure rates were such that no
statistical significance could be at-
tached to them. Of the 450 tubes tested,
only four failures occurred: two at 3000
hours, one at 3200 hours, one at 9000
hours—despite the fact that the test
parameters were purposely made se-
vere enough to produce early failures.
For example, in test lot number six, 30
type 6829 Five-Star tubes were tested

70 CIRCLE 70 ON READER SERVICE CARD

under severe conditions (elevated
heater voltage: 6.5 volts, over 100 volts
negative heater-cathode potential,
2.88 watts per plate dissipation). There
were no failures at 10,000 hours. Test
data supplied upon request.

In life tests such as this, and in every-
day performance, G-E Five-Star tubes
prove their reliability in critical appli-
cations: airborne navigation and com-
munications, industrial controls, two-
way communications, broadcast. Five-
Stars are not tubes selected from standard
receiving lypes. They are specially de-
signed, specially manufactured to cope
with particular electrical requirements

and withstand severe environmental
conditions such as shock and vibration.
Where you can’t afford to compromise
performance and reliability, order
Five-Star tubes from your General
Electric tube distributor. Distributor
Sales, General Electric Company,
Room 7143A. Owensboro, Kentucky.

INDUSTRIAL TUBES + SEMICONDUCTORS
PANEL METERS + RESISTORS

Progress s Ovr Most Important Froduct

GENERAL @D ELECTRIC

CIRCLE 71 ON READER SERVICE CARD—-



- e e e
-—“S’.-r&r

Ku-BAND TO 80 KMC

LONG-LIFE MILLIMETER WAVE KLYSTRON TUBES FROM LITTON

" . ., 0 ELLIOTT-LITTON LTD. FLOATING DRIFT TUBE AND REFLEX KLYSTRONS
For applications in the 18-80 kMc range, the Litton Electron Y

. s . o 5 Type No. Frequency Minimum Minimum Cooling
Tube Division now offers the Elliott-Litton line of quality- Band Tn‘ﬂ?eg Loner
engineered millimeter wave tubes. KMc/s Mc/s Watts
The floating drift tube design used for most Elliott-Litton 53688 S6%8p. Elxed 0.100 Ligid
. . - L-3639 68 - 80 Fixed 0.500 Liquid
klystron oscillators produces the effect of a single-cavity tube L-3689 68 - 80 1500 0.500 average Liquid
with the working efficiency of a two-cavity klystron. Additional L] i 0 Bilus i
. . . o L-3691 68 - 80 1500 0.100 average Liquid
advantages of this design are freedom from hysteresis, stability L-3640 48- 52 Pixed 1.0 Liquid
of operation, and exceptionally low thermal drift. Reflex 18650 48 - 52 Lo L ST
. . o . L-3629 33-37 Fixed 15.0 Liquid
klystrons are available in the 12 and 8 millimeter regions. L-3628 33-37 1600 10.0 Liquid
N . - ) L-3632" 33-37 1000 0.030 Air
Applications include radar and communication systems, signal L-3633" 33-37 1000 0.200 Air
sources for microwave spectroscopy, gaseous plasma experi- e s2 3l 180 20 i
} . . . L-3697 30-37 1600 1.5 Liquid
ments, high-stability pumps for masers or parametric amplifiers, L-3698 30-37 1600 1.0 Air
and local oscillators L-3630 21-25 Fixed 10.0 Liquid
, ) L-3631 21-25 1000 8.0 Liquid
Contact us at San Carlos, California, for more information on L-3642 18-25 400 0.100 Al
s . m L-3692* 18-25 400 0.350 Air
Elliott-Litton tube types or on any of an extensive array of 13599 21725 1600 15 Tiquid
Litton microwave and display tubes and accessories. L-3700 21-25 1000 20 il

* REFLEX KLYSTRON

LITTON INDUSTRIES
Electron Tube Division

MICROWAVE TUBES AND DISPLAY DEVICES
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now see this...

Panoramic’s new low cost system, con-
sisting of the famed Model LP-1a Sonic
Analyzer. new C-2 Auxiliary Function
Unit and RC-3b Recorder. iz desigzned
to solve an extremely wide range of noise.
vibration and other waveform analysis
problems.

The system incorporates several variable
operating parameter- which are inter-
related. For quick spectrum appraisal
... 1 sec. log scan from 40 cps to 20 ke.
For precise detailed analysis . . . 30
preset linear scan widths of 20 to 5000
cps. centerable between 0 and 20 ke:
1 sec. to 16 hrs. scan intervals; 2 eps to
200 cps steep skirted selectivity range.

Direct frequency and amplitude readouts
of discrete and random waveform con-
tents are fast and accurate . . . simplify-
ing u=e at production test station: or in
the laboratory.

Indeed. whether your need is to analyze
random or line spectra either with com-
ponents ceep in noize or widely apart
in level but close in frequency. this new
Panoramic systemn i~ vour assurance of
faster, easier solution-.

Sec. 2900

Panoramic

electronics.inc.

formerly Panoramic Radio Products, Tno.

Bandpass response
for 2 cps I-F
bandwidth

2 cps resolution from 5 cps through 20 ke

with Panoramic’s I.P -13

SONIG SPECTRUM ANALYZER
IN COMBINATION WITH THE NEW
0'2 AUXILIARY FUNCTION UNIT.

Narrow IF bandwidths with
steep skirts enable:

a) analysis of CW signal deep
in noise

b) amplitude measurement of
weak signal closely adja-
cent to very strong signal.

Among the system’s outstanding capabilities:

Overall Frequency Range: 5 cps to 22,500 cps

Scan Provisions: Precalibrated “quick look” log scan
40 cps to 20 kc in only one second. For precise de-
tailed analysis 30 selectable pre-set linear scans 20 to
5000 cps wide, centerable anywhere between 0 and 20
kc. Scan times: 1 and 10 sec. with C-2 and 30 sec. to
16 hrs. with RC-3b Recorder. Latter permits unattended
analysis, provides longer sampling times required for
best selectivity and quantitative random signal analy-
sis.

Selectivity Characteristics: Automatic optimum (second
scan) plus adiustable I-F bandwidths from 2 cps to 200
cps with extremely steep skirts—see graph above—
closely approaches ideal rectangular filter desired in
random signal analysis.

Read out: 5 CRT and 12 x 4% inked chart (with
RC-3b)

Amplitude scales: Calibrated linear and 40 db log
Residual distortion: Dynamic range better than 60 db

Analyzer stobility: less than 5 cps/HOUR drift (after
warm-up) assures meaningful analysis with 2 cps reso-
lution

Sensitivity compensation, random and discrete: Sensi-
tivity remains constant for all IF bandwidth settings
for either random or discrete input signals

Adjustable smoothing time constant: Smooths random
fluctuations, clearly displays average noise level at
each frequency for faster analysis

Manual scan control: CRT beam and analyzer tuning
positioned anywhere within sweep width range for ex-
tended time vs. amplitude studies. Ampli-
tude vs. time analysis also provided with
RC-3b Recorder

For detailed information on the LP-la, C-2, and
RC-3b, separately or rack mounted as a system,
CALL, WRITE OR WIRE:

drpendabic °
CERTIFIED
SPECIFICATIONS

for accurate |
data

PANORAMIC ELECTRONICS, INC. 530 South Fulton Avenue, Mount Vernon, N. Y. * Phone: OWens 9-4600 TWX: MT-V-N.Y.-5229 « Cables: Panoramic, Mount Vernon, N. Y. State

See us ot EJ.M.E. /Cedar Grove, N. J. + The Towers * Oct. 2/Phila., Pa.  Bellevue-Stratford Hotel e Oct. 3, 4/
Wachtung, N. J. ¢ Wally’s « October 9/Washington, 0. C. * Marriott Hotel » Oct. 11
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2800 acres . . . an area greater than two
dozen Pentagon Buildings . . . two iden-
tical antenna arrays . . . center towers
nearly as high as the Emplre State
Building support the gigantic spider web
of steel towering a thousand feet up and
embracing two square miles . . . nearly
an entire peninsula at Cutler Maine.
(Arrow indicates comparatlve size of
Helix House to tower.)

THIS AMAZING ENGIN
TEAN '-’./PK BETY FE‘
TRONICS . . . THE
u'it.,pm ‘IG f""—'r

OiNAL
f"\"'l"
~
LA

PESIGNER

(Arrow points to truck. Compare
Helix House size in first photo.)
8-story Helix House contains an-
tenna coupling and automatic
de-icing equipment to rid the
immense antenna system of ice.
Buried beneath the ground: an-
other 11 million feet of copper
wire in the radiating system ter-
minating in the sea water itself.

s

42 counter-weight towers—
36 of them like this—carrying
tremendous counter balances
of 202 tons each to maintain
and correct antenna tension
and strain from winds up to
150 knots or ice forming on
the 64 miles of bronze
antenna.

Enormous variometer coil for
inductance to tune the antenna
system through a range of 14 to
30 KC . . . very low frequency.
These VLF radio waves pene-
trate the depths of the sea to
submerged submarines.

MANUFACTURING
4712 South Bucknes Boulevard M Dallas 27, [exas

AND BUILDERS OF THE wom,ors




Huge Helix coil 20 feet in diameter and 40 feet
tall is wound with 3% inch Litz Wire . . . just
one of the scores of huge components that
combine to give this new communication
station maximum power . . . range . . . reliab-
ility . . . and the special penetration possibil-
ities VLF possesses that no normal high fre-
quency radio provides.

COMPANYa, =~

o EVergreen 1-7161 M SUBSID

Control console and portion of the unique
CEMC Type-125 2,000,000 watt VLF Trans-
mitter that propagates along the curvature
of the earth instead of bouncing off the IONO-
SPHERE: thus eliminating dead communica-
tion areas or skip distances to give this Naval
voice of command greater range and improved
reliability.

ﬂ

In one instant 2,000,000 watts will blast the
U. S. Navy's voice of command around the
world. At the control console, during opera-
tion, push-button simplicity provides a new
and highly reliable major element of command
to the U. S. Navy . .. another element of that
might by which the nation promotes the
keeping of the peace.

WORLD'S MIGHTIEST VOICE
‘OF COMMAND TO HELP KEEP
THE PEACE. OFFERING NEW
RELIABILITY

DEPENDABILITY
MAINTAINABILITY

ONE FULL YEAR AHEAD OF SCHEDULE!

\

TARY OF LING-TEMCO-VOUGHT, INC. /
e MOST POWERFUL"RMO JLRANSMITTERS 7

/)

’ /y"’f/
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READOUTS THAT DO MORE THAN DISPLAY NUMBERS'

1.E.E’s complete line of rear-projection readouts ! numbers are only one form in a host of methods
display words, numbers, symbols, and color. com p I ete * in visual communications. The enginecring
talent at L.E.E. work under the formula that the

The alpha-numeric Bina-View readout is d
self-decoding and operates direct from binary unaer more forms of visual communications that are
output. And all can satisfy human factors available the less chance there is for commun-
requirements! the cative breakdown. In a word; complete.

The engineering staff and facilities of Indus- - Your inquiry to complete readout visual com-
trial Electronic Engineers, Inc. have approached I;E munications is invited.
the problem of readouts as one of visual

communications, the case in point being that

l-',' INpusTRIAL ELECTRONIC ENGINEERS, Inc.

+5528 Vineland A North Holly , California

poof
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Gpyecivi AUTOMATIC TRANSISTOR/DIODE TESTER

SELF-TESTING AND FAIL-SAFE

- S sS e i e FOR: Reliability Testing « Incoming
2o ASY Inspection - Production Testing
g — h

pocon A Engineering Studies

e o“*‘ - o o“

FEATURES .« Accurate: 1% on d.c. fests, 3% on a.c. « High Speea:
Test 700 units an hour. « Increased Capacity: Up to 25 individual tests
in any sequence.  Versatile: Choice of measurements by modular com-
ponents. » Easy to Program: By 10 turn dials and selector switches.
» Modest Cost: Approx. $10,000, depending on modules.

LT
R - & PARTIAL SPECIFICATIONS
5 A=] Power Ratings 0-200 v, 0-1 amperes. Other
TRl powers available by substitution of power
e — RN supplies.

Measurements iInclude ICBO, ICEQ, d.c. Beta,
VCE Sat., VBE Sat., BVCBO, BVCEO, BVEBO.
hl1, h21, h12, h22, VPT.

Each system assembled from
standard modules to meet particulare
requirements. Output choice is

Go, No-Go; digital indication; printout;
card or tape punch; or bin selection.

Write for Detailed
Literature and

Specifications to Dept. E THORNWOOD g
OPTIMIZED DEVICES ™ ro%.rs s 6110
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PRODUCTS OF ADVANCED SEMICONDUCTOR TECHNOLOGY...

FAST FIRING—FAST RECOVERY

INTERNATIONAL
RECTIFIER
SILICON

CONTROLLED
RECTIFIERS

3, 8, 10 AND: 18 AMPERE TYPES
ATED T 400 YOLES PRVI|

Beyond the advanced design opportunities they present, International Rectifier
Silicon Controlled Rectifiers possess significant technical advantages:
ELECTRICAL CHARACTERISTICS representative of the highest state of the
art. MECHANICAL CHARACTERISTICS that provide rugged packages in

configurations that have become industry standards...directly inter-
changeable with other makes. RELIABILITY that stems from two and a
half years of continuous refinement of production technigues, test procedures

are the remarkable solid-state devices that
provide complete control of current turn-on at
microsecand switching speeds with ne moving
parts...no contacts. In the field »f kKigh-
Irequency power conversion they ofter a totally
new concept for versatile, contempaorary
cltcuitry nighty efficient in operation...
dramatically smaller in size.

THE TABLE BELOW lists the devices now if
fu) production at International Rectifier that
feature:

¢ Low Gate Currents that Control
High Load Currents

e Fast Switching Speeds
o Low Forward Voitage Drop
o Low Forward and Reverse Loakage

Max. Gate Power, w Max,
fnt’l Max. Average Watts forward
b Rep. Forward - Veltage
E PRV, Current '} brop @ Rated
Voits @ 25°C, Peak Average | Current, Voits
_ Amps =1

3 AMPERE RATED SERIES — 8 TYPES — TEMP. RANGE: —30°C to +108°C |
c2 25 [ ' '
3 5 0.5 J 1.25

hru thru
3RC40 | 400
5 AMPERE RATED SERIES — 8 TYPES — TEMP. RANGE: —30°C to +108'C

5RC2 1 25 ]
thru thru 4.7 ) 0.5 1.0
5RC40 400 .
10 AMPERE RATED SERIES — 8 TYPES — TEMP. RANGE: —30°C to 4100°C
10RC2 25 ]
thru thru 10 5 0.5 1.2%
10RC40 400 . |
36 AMPERE RATED SERIES — 8 TYPES ~ TEMP. RANGE: —30°C to +125°C
16RC2 25 | '
thru thru 16 5 0.5 (>}
$6RC40 400 |

For detailed data on ali types, request Bulleting SR-350 thru 35&

Circle Reader Card Number____

and rigid military gquality control programs including the U.S. Army Signal
Corps RIQAP plan, a distinguishing mark of quality assurance awarded to
International Rectifier for six consecutive years. As a source of supply,
International Rectifier extends these benefits: APPLICATION ASSISTANCE
without delay from three strategically located engineering groups. DELIVERY
from stock on most types...from the factory or from 65 industrial distributors.
PRICE AND DELIVERY attractively competitive on both counts,..TRY USI

WRITE FOR DETAILS ON HOW YOU MAY OBTAIN SAMPLE SCR's AT NO COST ON THE NEW IR COOPERATIVE SAMPLING PROGRAMI

INTERNATIONAL RECTIFIER CORPORATION:
EL SEGUNDO, CALIF. - PHONE OREGON 8-6281 - CABLE RECTUSA

REGIONAL OFFICES IN NEW YORK CITY, CHICKERING 4-0748 - FORT
LEE, NEW JERSEY, WINDSOR 7-3311 - SYRACUSE, NEW YORK,
HEMPSTEAD 7-8495 « CAMBRIDGE, MASSACHUSETTS, UNIVERSITY
4-6520 - ARDMORE, PENNSYLVANIA, MIDWAY 9-1428 + SILVER SPRING,
MARYLAND, JUNIPER 9-3305 - CHICAGO, ILLINOIS, JUNIPER 3-3085 -
BERKLEY, MICHIGAN, LINCOLN 8-1144 - LOS ANGELES, CALIFORNIA,
OREGON 8-6281 - IN CANADA: TORONTO, ONTAR!O, PLAZA 9-2291

IMMEDIATE OFF-THE-SHELF DELIVERY FROM
65 INDUSTRIAL DISTRIBUTORS THROUGHOUT THE U.S.

SILICON ZENER DIDD[S 1863 TYPES
Ratings 250mw t

2.6 to 30 Volts

Four of the Twenty
Predict lines ihat
comprise

HIGH VOLTAGE RECTIFIERS - |57 TYPES
Ratings: to 440ma, to 16,0

INTERNATIONAL

Sa

b [ 4

EYMBOL OF QUALITY IN SEMICONDUCTORS

SUBMINJATURE GLASS OJODES —42 TYPES

SILICON POWER RECTIFIERS 187 TYPES
PRV Ratings: to 200ma/to 380 PRV

Ratings: to 250 amps to 600




Veeder-Root announces Veederline:
108 versatile counters

for military, commercial and
industrial applications.

Veederline sets a new standard

in direct-drive high-speed counters.
Typical fields of use range from
navigation, tracking,

radar, ground approach,

fire control and guidance systems
to data processing, gaging,
measuring, machine tool indication
and process totalizing devices.
Veederline— a new range of

single, tandem and

dual counters.

Series 1742:

68 single counters

for basic digital communication.
Series 1758:

28 tandem counters

for additive counting

from a fixed reference

in either direction,

Series 1759:

12 dual counters

for alternate space considerations.
Low torque, low inertia, all rotations.
For new catalog write:

Veederline,

Veeder-Root Incorporated,
Hartford 2, Connecticut

count on...VEEDER-ROOT

CIRCLE 76 ON READER SERVICE CARD



&=,

{
< amfusangiis y n !
QM n.ﬁ
[ 0=c TR
o=—c ! e
- 2 -4 |
oot 0=
oo Vo Ny
; 6 .AMA.I,: 4%.:—
L .

praeN

|-




All gone

Here in Zurich's new cargo terminal, transshipping time is measured in minutes—not hours. There are 27
reasons why. One is the terminal itself—120,000 square feet of the world's most complete jet-age cargo facilities.
The other 26 reasons are the 26 major international airlines that link Zurich with all Europe, Africa, the Middle
East and the Orient. At the head of the list—Swissair, whose jet fleet serves 56 cities on 5 continents. Next time
you ship cargo, take advantage of Zurich’s unique facilities—including high-speed conveyor systems, refrigerator
rooms, animal hostels, 9,000-square foot free trade zone, radiation storage,

guarded vaults, plus all forwarders, agents and airline offices all under-).gsswc/_\!;,gﬁ,ﬁ!vﬁ
one roof. Phone your cargo agent, forwarder, or Swissair. 10 West 49th Street, New York 20, New York, FAculty 2-8600



oELECTED BY

A HIGH

RELIABILITY
“PROJECT

Here is MEASURED RELIABILITY!

Ten thousand ElI-Menco high reliability dipped mica

capacitors were put on life test at 85°C with 225% of

the rated DC voltage applied in accordance with an
RCA high reliability specification.

After 22,000,000 aetual test unit-hours no**failures of any type occurred

The accumulated 22 x 109 test unit-hours without any failures can be used to calculate many different failure rates
depending upon the confidence level desired. However, we shall explore the meaning of the results at a90% confidence level.

Assuming no acceleration factor for either temperature or voltage. we have verified a failure rate of approximately
01% per 1000 hours. (Actually, there is a temperature effect and it has been found that, with the DC voltage stress
remaining constant. the life decreases approximately 50% for every 10°C rise in temperature. There is also a voltage
effect such that, with the temperature stress remaining constant, the life is inversely proportional to the 8th power of the
applied DC voltage.)

Assuming no temperature acceleration factor and assuming the voltage acceleration exponent is such as to yield
an acceleration factor as low as 100, we have nevertheless verified a failure rate of approximately .0001% per 1000 hours.

Assuming no temperature acceleration factor and assuming the voltage acceleration factor is on the order of 250
(test results are available to confirm this) we have accumulated sufficient unit-hours to verify a failure rate of less than
00005% per 1000 hours!

Note that all the above failure rates are calculated at a 90% confidence level!
& The El-Menco high reliability dipped mica capacitors are being supplied to the Radio Corporation of America
for a high reliability military ground electronics project.
%A failure was defined as follows:
1. A short or open circuited capacitor occurring during life test.

2. A part whose capacitance changed more than 2% and whose capacitance did not fall within
the original tolerance of *=5%.

3. A part whose final dissipation factor exceeded .002 .
4. A part whose final insulation resistance measured less than 100,000 megohms.

Write for a copy of our “Reliability Study of Silvered Mica Capacitors”.

THE ELECTRO MOTIVE MFG. CO., INC.

onufacturers of El-Menco Capacitors

WILLIMANTIC CONNECTICUT
® molded mica ® mica trimmer ® dipped mica ® silvered mica films
@ tubular poper ® myiar-paper dipped ® ceramic feed thrus ® ceramic discs
Arco Elecironics, Inc., Community Drive, Greot Neck, L.l., New York
Exclusive Supplier To Jobbers ond Distributors in the U.S. ond Conado

WEST COAST MANUFACTURERS CONTACT:
COLLINS ELECTRONIC SALES, INC., 535 MIDDLEFIELD ROAD, PALO ALTO, CALIFORNIA
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THE EXCITING STORY OF
e e e e

THERMABOND

FEATURED IN THE NEW b@@%}x

ULTRA FAST SWITCHING

Computer Designed Low Capacitance Diode

Now, Semcor develops the first basically improved
ultra fast computer diode . . . precision built utilizing
a new process called Therma BOND. The diode is a
unique “middle mesa” device with permanently high

performance guaranteed by Therma BOND.

The new Therma BOND technique uses
heat and pressure bonding methods
(thermal compression bond) for affixing

the silicon die in computer diodes, thus assuring sta-
bility against vibrations and shock conditions in high
reliability applications.

Under extensive laboratory torture tests, the perform-
ance characteristics of the Therma BOND computer
diode remained unaffected. Random, production line
devices were supplied to several major users of com-
puter diodes, and their engineering staffs found that
Therma BOND was everything we claimed it was . . .
and more. Therma BOND is new, yet proven in exten-
sive life tests.

B e
PERFORMANCE CHARACTERISTICS
REVERSE RECOVERY Tw < 2.0mpsec.t
FORWARD TRANSIENT Tir < 1.0mpsec.¥
CAPACITANCE Co < 2uufd @ OV.

SATURATION VOLTAGE
*FORWARD CURRENT
REVERSE CURRENT
RECTIFICATION EFFICIENCY

tRecovery to 1.0 mA
tRecovery to 110%

Es > 100V @ 100pa
E>20ma@ 1V

I < 0253 @ —20V (25°C)
R.E > 45% @ 100 mc

switching from 10 mA to —6 v in a 100 loop.
of d.c. forward drop switching from 0—30 ma.

*Higher forward currents available — send in your inquiries.

——————
THERMA is a pioneering development of b
SOLID STATE DIVISION OF

NUCLEAR CORPORATION OF AMERICA

DIVISIONS :ELECTRON TUBE DIVISION» NUCLEONICS SERVICE CORP.
o INSTRUMENT AND CONTROLS DIVISION e RESEARCH CHEMICALS,
ADVANCED MATERIALS DEVELOPMENT DIVISION ¢ U. S. SEMCOR,
SOLID STATE DIVISION

For more information contact your representative or
send in this handy coupon

®

r--——------——- —-— —ﬂ
I U.S. SEMCOR I
3540 West Osborn Road |

Phoenix, Arizona |

NAME l

I |
ADDRESS =
ciTy STATE !

1 D Check here if you would like a l
1 free Therma BOND puzzle for your child |

L ---—-—_—--—--————_——-—-—
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\ ALLIED

ELECTRONICS
’ ﬁ)r Industry
1962 ELECTRONICS
SUPPLY CATALOG
592 PAGES

MOST COMPLETE

BUY AT FACTORY PRICES

WORLD'S LARGEST STOCKS...SPECIALIZING IN:
® Semiconductors e Special-Purpose Tubes

mo—

e Connectors

» Test Equipment, Meters

o Relays, Switches
{ e Transformers

® Resistors, Controls
e Capacitors

e Knight-Kit® Instruments in Low-Cost Kit Form

o Electronic Parts for Every Industrial Need

|

ANYTHING IN ELECTRONICS IN A HURRY |

One order to Allied fills the whole
bill—from the world’s largest stocks
of electronic equipment. You get
same-day shipment. You buy at
factory prices. Write today for the

|

ONE ORDER |
TO ALLIED
FILLS THE

FREE 1962 ALLIED catalog.
/ ALLIED ELECTRONICS

o subsidiary of

ALLIED RADIO

100 N. Western Ave., Dept. 922-J1, Chicago 80, 1lI.

WHOLE BILL | |

i = ,,,A,-:-" T —— "
o L EE:ELf_zos ON READER SERVICE CARD
You do if your project involves
very low signal levels. This was
NEED the case recently when a major
. transistor manufacturer specified
65-80 db EIC custom transformers
ISOLATION with 65 db isolation between
windings, from 60 cycles to 10 kc.
BETWEEN (We can give you 80 db if required.)
TRANSFORMER Insulation resistance specified
(winding to winding and winding to
WINDINGS? case) was 300,000 megohms.
) Send us your complete specifications
F‘ 80§ for prompt price and
B A {‘ | performance quotations.
B E |
= ) ! ] .
BT —
| -‘~ » i |

!
e
==
S—
i 0.5
T
[

| P I
)

1

"
i
i S

e

ELECTRODYNAMIC INSTRUMENT CORPORATION

Subsidiary of Reed Roller Bit Company
JA 6-3761 « 1841 Old Spanish Trail « Houston 25, Texas
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FC-75 Moves 10 Times More Heat...
Dwarfs Design “Cube” by 4!

When the heat’s on the electron-
ics designer to crowd more and
more into less and less space, he
can count on 3M Brand Fluoro-
chemical Liquids FC-75 and
FC-43 for real help with cooling
problems.

Graphed above are results of
heat transfer tests where a wire
coil was immersed first in stand-
ard transformer oil, then in
FC-75. In each medium vary-
ing power inputs were applied
to the coil and temperature
rises charted. Quick summary:
FC-75 transferred 10 times as
much heat as did the oil, for
the same temperature rise!

Many designers have used
FC-75 successfully to reduce
the size of electronic units. For

example, a transformer design-
er using FC-75 achieved vol-
ume reduction of 4 to 1, weight
reduction of 2 to 1, without
compromise of performance or
power output. A leading aero-
space designer used FC-75 to
help miniaturize a power unit
by a factor of six.

FC-75 is equally effective as
a convective or evaporative
coolant; and in both liquid and
vapor forms is non-flammable
and non-corrosive. The vapors
at one atmosphere have a di-
electric strength comparabie to
that of the liquid. For more in-
formation about FC-75 and
FC-43, see the ‘“‘Profile” col-
umn, right. Then write for spe-
cific application details.

PROPERTIES PROFILE

on 3M Brand Inert Liquids
FC-75 AND FC-43

These unique dielectric coolants possess unusual
properties that can prove advantageous to the
designer of electrical devices and instruments, as
well as to the manufacturer. Increased range of
operating temperatures, improved heat dissipa-
tion which permits miniaturization, and greatly
increased protection from thermal or electrical
overload are possible with their use.

FC-75 and FC-43 are non-explosive, non-flam-
mable, non-toxic, odorless and non-corrosive.
They are stable up to 750° F., and are completely
compatible with most materials. .. even above
the maximum temperatures permissible with all
other dielectric coolants. Both are self-healing
after repeated arcing in either the liquid or vapor

state.

ELECTRICAL PROPERTIES

Electrical Strength

Dielectric Constant (1 to

40KC @ 75°F.)

Dissipation Factor
(1000 cycles)

FC-75 FC-43
35KV 40KV

1.86 1.86

<0.0005 <0.0005

TYPICAL PHYSICAL PROPERTIES

Pour Point
Boiling Point
Density

Surface Tension (77°F.)

(dynes,/cm)
Viscosity Centistokes
Thermal Stability
Chemical Stability
Radiation Resistance

FC-75 FC-43
< —100°F.  —58°F.
212°F. 340°F.
177 1.88
15 16

0.65 min. 2.74
750°F. > 600°F.
Inert Inert

25% 25%
change @ change @
Ix108  1x108

rads rads

FC-75 and FC-43 have nearly equivalent heat
capacities in the liquid and gaseous states.

For more information on FC-75 and FC-43, write
today, stating area of interest to: 3M Chemical
Division, Dept. KAX-91, St. Paul 6, Minn.

CHEMICAL DIVISION
i N
Miinnesora [\Jinine ano ]\/[ANUFACTURING COMPANY 7 N

X
¢-.WHERE RESEARCH IS THE KEY TO TOMORROW ™ 74

AA:>>‘W<4‘L
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pacesetter in electron beam technology

alloyd electronics
introduces the E-Beam Mark VI electron beam welder

The Mark VI electron beam welder makes possible what
has previously been impossible in welding and brazing of
refractory and reactive metals.

It utilizes electron bombardment heating, carried out
in a high vacuum to make possible ductile welds in reactive
metals and in super-alloys containing reactive elements. It
makes possible narrow welds with controlled depth-to-width
ratios. It makes it possible to weld thin-to-thick sections with
highly accurate positioning of the beam. It produces welds
in the new ultra-high strcngth materials that match or exceed
the properties of the base material. It holds dimensional

The electron beam at your
service — This Laboratoery
Welder is part of an advanced,
complete facility for electron
beam welding, brazing, evap-
orating, melting, and zone
refining maintained by Alloyd
to meet custom requirements.
We also offer engineering, con-
sulting and research and devel-
ment services in system de-
sign and development. Ask us
for complete information.

CIRCLE 82 ON READER SERVICE CARD

change to a minimum. And the process is fast. It could hardly
be otherwise at these temperatures.

The results: clean, crack free welds in even the most
refractory and reactive metals. .. no contamination . . .
optimum control and precision.

For complete information on the Mark VI welder, the
Mark V evaporator, and Alloyd’s engineering and custom
services in electron beam applications, just write:

alloyd electronics corporation

An affitiate of Alloyd Corporation — 37 CAMBRIDGE PARKWAY, CAMBRIDGE, MASS.

Mark V Electron Beam
Evaporator — a reasonably
priced, highly flexible unit for
producing thin metallic and
non-metaliic films by vapor
deposition  through electron
bombardment heating. Com-
pletely self-contained. An in-
valuable research and develop-
ment tool for thin-film applica-
tions, including micro-minia-
turized  electronic  circuitry,
optical filters, resistors, capac-
itors, memory devices and
countless other components.

electronics
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Actual Size

with improved performance over a broader range...at lower cost!

Six new germanium epitaxial switching transistors from
Motorola — the 2N960-62, 2N964-66 series — will replace
several hundred similar old type devices in 90% of all
applications.

With their faster switching time (tzz = 0.6 nsec), this
new epitaxial mesa switching series will supplant virtually
all other germanium micro-alloy, drift, mesa, and other
types for high-speed switching applications . . . in many cases
at considerably lower prices.

Designed with improved geometry, the new switch series
is intended for applications at both high and low current.
Current gain and saturation characteristics are specified at
three points (10 mA, 50 mA, & 100 mA), thus clearly char-
acterizing device performance over a broad current range.

For applications where the advantages offered by this
new epitaxial series are not essential, Motorola also offers
eight new non-epitaxial germanium mesa transistors — the
2N968-75 series — at even lower prices.

FOR MORE INFORMATION on ecither of
these important new mesa series, contact your
Motorola District Office, or call or write:
Motorola Semiconductor Products Inc,
Technical Information Department, 5005 East
McDowell Road, Phoenix 8, Arizona.

MOTOROLA DISTRICT OFFICES: X

Belmont, Mass. / Burlingame, Calif. / Chicago / Clifton, N. J. / Dallas / Dayton
Detroit / Glenside, Pa. / Hollywood / Minneapolis / Orlando, Fla. / Phoenix
Silver Spring, Md. / Syracuse / Toronto, Canada.

September 29, 1961

REPLACEMENT CHART *
MOTOROLA EPITAXIAL MESA TYPES
Process
Groue | onge0 | 2n961 | 2N962 | 2964 | 2n96s | 2nsss
) 2N501 2N769 | 2N1499A | 2N779 = —
Micro-alloy | 2N846 2N768 | 2N1500
Diffused 2N588
2N1510
2N781 2N711 | 2N782 2N1301 — | 2Nn1300
Mesa 2N705 2N795 2N794
2N710 2N1183
2N934
2N1122A° | 2N1122 | 2N393 — — 2N393
Micro-alloy 2N1427
2N1411
= 2N128 | 2N210 = — —
Surface 2N344
Barrier 2N345
2N346
== . 2N = —
Alloy e 2Ng§§
- — 2N643 | 2N1450 = 2N609 | 2N603
Drift 2N644 | 2N602
2N645

*Interchangeability of types shown is on the basis of performance in
switching circuit applications. (Al Motorota types have 150 mWw
dissipation in free air, 300 mw at 25°C case temperature.)

MOTOROLA

Semiconductor Products Inc.

A SUBSIDIARY OF MOTOROLA. INC.

S005 EAST McDOWELL ROAD « PHOENIX 8, ARIZONA
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Highly Reliable
HITACHI “*SEMI-CONDUCTORS”’

For Industrial Use

" Switching Transistors. and Diodes
2SA18
2SA41
2SA42
2SA86
2SA208
2SA2089
2SA210
2SB66
28B67
2SB638
2SB81
25B82
25C89%
2SC90

»

Hitachi semi-conductors provide the
basis for the excellent capacity
of the Hitachi Electronic Computer
HITAC 103.

@y A Wy o B,

g i i) § LR
PP PR RN RRRRRRTITRARN

fa e R aES < S
B gt / Q.L_w-
.1. 7 T e
i=g LR, Cable Address4 "HITACHY'" TOKYO
Back of HITAC 103.
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first with solid state 100-watt d-c amplifier

Inland’s new Model 579.35 d-c amplifier has a high
power output of 100 watts when used with low im-
pedance loads requiring direct current. And this
completely transistorized amplifier is packaged
in a hermetically sealed can only 2% " x 3%s” x 214",

Designed for use with d-c torquers, in one typi-
cal application Model 579.35 provides 65 db power
gain between the output of a d-c driver stage and
the input terminals of a permanent magnet torque
motor. This amplifier has these outstanding per-
formance characteristics:

o The d-c output has magnitude and po-
larity proportional to the input signal.

o All amplifier circuits use a combination of
silicon and germanium transistors (all-
silicon models also available).

o Amplifier null and gain are stable and
independent of temperature.

Inland also makes a complete line of rotary
amplifiers for matched use with Inland’s distinec-
tive pancake shape d-c torquers.

A brochure on this new high-power amplifier is
available. For your copy and complete data on
Inland torquers and amplifiers, write Dept. 12-9,

INLAND MOTOR CORPORATION OF VIRGINIA ® A SUBSIDIARY OF KOLLMORGEN CORP., NORTHAMPTON, MASS.
September 29, 1961

OCPOWER app
LIFIER
-

. SER. NO. g
= ""“"Uuu, o
@m&m Rcoi

MRS aay e, ,0‘0_1'0
R

TYPICAL SPECIFICATIONS

Maximum Power Output, watts (6 ohm load) 100
Power Gain 4,000,000
Current Gain 200,000
Voltage Gain 15
Frequency Response DC to 1000 cps
Input Impedance, ohms 50,000
Dimensions, inches 2Y2 wide

3% long

2% high
Operating Temperature Range in °C minus 50° to plus 50°

CIRCLE 85 ON READER SERVICE CARD
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Ku-BAND TO 80 KMC

LONG-LIFE MILLIMETER WAVE KLYSTRON TUBES FROM LITTON

For applications in the 18-80 kMc range, the Litton Electron
Tube Division now offers the Elliott-Litton line of quality-
engineered millimeter wave tubes.

The floating drift tube design used for most Elliott-Litton
klystron oscillators produces the effect of a single-cavity tube
with the working efficiency of a two-cavity klystron. Additional
advantages of this design are freedom from hysteresis, stability
of operation, and exceptionally low thermal drift. Reflex
klystrons are available in the 12 and 8 millimeter regions.

Applications include radar and communication systems, signal
sources for microwave spectroscopy, gaseous plasma experi-
ments, high-stability pumps for masers or parametric amplifiers,
and local oscillators.

Contact us at San Carles, California, for more information on
Elliott-Litton tube types or on any of an extensive array of
Litton microwave and display tubes and accessories.

LITTON

MICROWAVE TUBES

86 CIRCLE 86 ON READER SERVICE CARD

ELLIOTT-LITTON LTD. FLOATING DRIFT TUBE AND REFLEX KLYSTRONS

Type No. Frequency Minimum Minimum Cooling
Band Tuning Power
Range Output
kMc/s Me/s Watts
L-3638 68 - 80 Fixed 0.100 Liquid
L-3639 68 - 80 Fixed 0.500 Liquid
L-3689 68 - 80 1500 0.500 average Liquid
L-3690 68 - 80 1500 0.100 Liquid
L-3691 68 - 80 1500 0.100 average Liquid
L-3640 48 - 52 Ptxed 1.0 Liquid
L-3693 48 - 52 1500 1.0 Liquid
L-3629 33-37 Fixed 15.0 Liquid
L-3628 33-37 1600 10.0 Liquid
L-3632* 33-37 1000 0.030 Air
L-3633* 33-37 1000 0.200 Air
L-3659 32-37 700 5.0 Liquid
L-3697 30-37 1600 1%5) Liquid
| L-3698 30-37 1600 1.0 Air
L-3630 21-25 Fixed 10.0 Liquid
L-3631 21-25 1000 8.0 Liquid
L-3642* 18 -25 400 0.100 Air
L-3692* 18-25 400 0.350 Air
L-3699 21-25 1000 1.5 Liquid
L-3700 21-25 1000 1.0 Air

* REFLEX KLYSTRON

INDUSTRIES
Electron Tube Division

AND DISPLAY

DEVICES

electronics



Buiit by EX-CELL-O

To Insure Accuracy

Rugged, precision construction of Ex-Cell-O Contour Pro-
jectors results in stable support for the optical systems pro-
viding accuracy in the order of .0001”. This rigidity is a major
consideration in achieving for Ex-Cell-O Projectors an out-
standing record of trouble free operation and almost total
elimination of down time.

Typical of the sturdy, precision workmanship to be found
throughout Ex-Cell-O Contour Projectors is the worktable
of the Model 14-5 and Model 30. Engineers will recognize
the superior design features shown in the inset at right. To
cite just a few, the large 5” O.D. columns, supported in
widely spaced bearings; the heavy channel skirt to stabilize
the table assembly and the flexible elevating screw which
can’t impart deflections to the column.

Because of these construction features Ex-Cell-O Contour

Projectors support heavy loads firmly, yet move easily and
smoothly.

Whether your problem involves receiving, production or
final inspection there’s an Ex-Cell-O Contour Projector to
do the job accurately, quickly and at low cost. The “why”
and “‘how” is condensed in our new booklet—**43 Reasons
Why Ex-Cell-O Contour Projectors are the First Choice of
Industry.” Yours for the asking!

26 FORBES STREET

September 29, 1961

Manufactured by EX-CELL-O Corporation at Detroit, Mich.
SOLD AND SERVICED BY

ROCHESTER 11, N. Y.

Subsidiary of !X-tﬂl-d? Corporation

CIRCLE 87 ON READER SERVICE CARD
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OPTICAL GAGING PRODUCTS, INC.

87



| MICROCIRGUITRY

AVAILABLE IN QUANTITY

THREE NEW FAIRCHILD MICROLOGIC COMPUTER
ELEMENTS Available for immediate volume delivery are
the Flip-flop, the Gate, and the Half-shift Register. These
high-speed, low-power devices operate at bit rates in ex-
cess of 1 mc. For the first time complete arithmetic and
control sections can be produced with SILICON PLANAR,
SINGLE CHIP logic building blocks.

DESIGN AND ASSEMBLY COST REDUCTIONS —
UP TO 90% Fairchild Micrologic elements can reduce

system design and assembly costs up to 90%, space re-
quirements up to 95%, and power needs up to 75%, thus
making many new computer applications practical and
economically feasible. They can be used over the full
military temperature range (—55° C. to +125° &),

RELIABILITY — 500,000 HOURS AT 125°C

The equivalent of 3,000,000 component operating hours
without a single failure. A new order of stability and re-
liability is made possible by the Fairchild Planar process
with total protection of the passivated oxide surface.

[ kb, = N e |
SILICON PLANAR SINGLE CHIP CIRCUITS

UNRETOUCHED PHOTOGRAPHS MAGNIFIED 5 TIMES

“E” FLIP-FLOP
TO-5 size header

‘M"M

“G" GATE
TO-5 size header

“g" HALF-SHIFT REGISTER
TO-5 size header

acgle DI

)

NOR DIAGRAMS AND CIRCUITS FOR EQUIVALENT FUNCTIONS

= A

For complete data, specifications and pricing information
contact your Fairchild Field Sales Office. Or write direct.
Three additional elements (the Half-adder, Buffer and
Counter Adapter) will be available soon to complete

the Fairchild Micrologic family.

pL and plogic are trademarks of Fairchild Semiconductor, a
Division of Fairchild Camera and tnstrument Corporation

CIRCLE 88 ON READER SERVICE CARD

FAIRCHILD

[ = e
SEMICONDUCTOR

545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. - YORKSHIRE 8-8161 - TWX. MN VW CAL853
A OIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION
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WHAT'S NEW IN

By JOHN M. CARROLL, Managing Editor

MATERIALS
MAJORITY-CARRIER DEVICES
MICROCIRCUITS
TRANSISTORS
RECFIFIERS
PIODES

Inspecting planar transistors hefore dicing and assembly, Operator uses

AvAILAS: £ electrodes in micromanipulators and works under microscope. Units are

READER SERVICE CARD marked with micromanipulator not only good or bad but even by type.

@ 1961 ELECTRONICS, a McGraw-Hill Publication Background shows a field of planar transistors (General Instrument)
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WHAT’'S NEW IN

[T Ep—— T
SEMICONDUCTORS

NTR

3 STATE OF BUSINESS—In the early 1950°s the semi-
* There s an oversupply Of conductor business was the Cinderella of the electronics

{
transistors and diode S. industry. Almost any group of engineers with know-how,
a home-made crystal puller and sufficient capital to meet

Reasons: more manufacturers a payroll of 40 girls could get into business. Once in
. the business almost everyone seemed to make money.

and better yzelds But after a decade of making diodes and transistors,

the Cinderella industry has become an attractive young

matron. She is still exciting and filled with promise but

is maturing through facing the hard facts of business

. . . life.
* Device deszgners are pushmg Technological development is still basic to success in
¢ il the semiconductor field but more prosaic talents are
owaras f aster Speed: needed also. Many major problems today have to do
. it Keting, distribution, . :
hi gh er power Zv(;:, trorlnar eting, distribution, production and quality

For the first time semiconductor manufacturers are
realizing that they too are in the components business
just like manufacturers of capacitors, resistors and elec-

R td . Q g tron tubes. Today the business is characterized by sharp
* ecen evelopments- emtafmal competition, oversupply, price-cutting and narrowing

3 . profit margins. For the first time there are more tran-
and d’lﬁ used substr ates, sistors and diodes than there are sockets to fill.
planar st’ructure, There are tv&:o basic re.asons. First, there are more

manufacturers in the business—more than 80 as com-

improved Junction geometries pared with 40 only a few years ago. Secondly, manu-
facturing technology has improved the yield of acceptable
transistors. A yield of 50 percent was good a few years
ago; yields of 70 to 80 percent are not uncommon today.
The price of being in the semiconductor business has

3 . steadily gone up. Even being a “me-too” manufacturer
* Research f rontiers. today costs big money for research staff and facilities.

new Se’mz'co'nductz'n g mat em'al S The magic combination of technological excellence, sound
o financing and easy access to markets means the difference

m’iC"'OC’i”'CM’its , between profitable operation and bankruptcy.
. . The shake-out among transistor manufacturers that
thm-ﬁl’m a'mplzﬁers some financial experts have been predicting for some

years seems now to be at hand. The next three years
will see many manufacturing entities disappear through

electronics



merger, acquisition, sale of assets or failure. It would
not be surprising to see only 15 transistor manufacturers
of consequence by 1965. That more marginal manufac-
turers have not been forced to the wall sooner is due
mainly to intravenous financial feeding by hopeful in-
vestment groups.

KEY TECHNICAL DEVELOPMENTS—Developments
in the semiconductor business can be summed up in four
words: more power, more speed.

Most recent advances in device design and metallurgy
have been aimed at increasing speed of operation, in-
creasing power handling ability, or both. Other develop-
ments aimed at increasing the yield of acceptable units
or increasing device reliability have been microevolu-
tionary. These include improved mechanical design of
devices and cases, refinements in shop practice and pro-
cedure and management techniques, especially quality
control.

Outside of the entertainment field, where the tran-
sistor business has long been on a barrel-of-nails basis
anyhow, the largest single use of transistors has been
in computers. Here designers are looking for the true
fast-operating switch. The ideal switch should turn on
instantaneously. Circuitwise this requires a large gain-
bandwidth product to handle fast rise time. The ideal
switch should also turn off rapidly. The switch should
present infinite impedance when closed and almost zero
impedance when open. Since the output of a computer
switch must frequently drive many other switches, the
so-called fanout requirement, it is essential a switch also
handle power in the order of watts.

Many significant semiconductor developments have as
their impetus the quest for a better computer switch.
These include mesa and planar structures, special junc-
tion geometries, epitaxial, triple diffused and electro-
chemical processes. Factors important in characterizing
switching transistors are r,’C, (base lead resistance times
junction capacitance, should be low), f, (gain-bandwidth
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product, should be high) and minority-carrier storage
time (should be low).

The main stream of semiconductor device development
aimed at increasing speed and power has evolved many
unique devices. These include zener and avalanche diodes,
varactor diodes, tunnel diodes, unijunction transistors
and four-layer trigger devices. One of these, the tunnel
diode, was once thought to be the answer to every de-
signer’s prayer. This device has evolved, however, as a
microwave oscillator/amplifier and a high-speed switch
with some restrictions on its application. The tunnel
diode, however, has pointed the way to what may be a
more interesting application. This is the thin-film ma-
jority carrier amplifier, which may in time find applica-
tions to rival those of the transistor.

Another broad gage development is that of micro-
miniature circuits. These circuits are talked about under
a wide range of proprietary names. Basically, develop-
ment was aimed at producing useful circuits having sev-
cral active and passive components but fabricated in a
single block of semiconductor material. The develop-
ment of microminiature circuits has been pushed by the
armed services to develop lightweight, highly reliable
circuits for complex equipment. Now it is technologically
feasible to fabricate almost any communications or com-
puter circuit in monolithic solid-state form. The question
is whether this can be done cheaply enough to compete
with conventional components which are already ex-
tremely small, and whether a sufficient diversity of styles
and sources of supply becomes available to make the
technique attractive to equipment designers.

A great deal of development has been devoted to
materials. Much of this has centered around germanium
and silicon with special emphasis on the latter. How-
ever, the quest for faster devices and devices capable of
handling higher power has lead to exploration of other
semiconductor materials, notably intermetallic compounds
of metals in groups 3 and 5 of the periodic chart of the
elements.

Nn



Anthracene molecule, an organic semiconductor (Armour Research Institute)

REFINING AND CRYSTAL GROWING—A semicon-
ductor is a substance whose electrical conductivity is
midway between that of a conductor and an insulator.
The first semiconducting substances investigated came
from group 4 of the periodic table. These include silicon,
germanium, gray tin and blue diamond. Silicon and
germanium are commercially important.

More recently intermetallic compounds of group 3 and
group 5 elements have been investigated. These include
compounds such as gallium arsenide and indium antimo-
nide. Some of these compounds have commercial interest
at the present time. More advanced work is going on

92

in the study of group 2 and group 6 intermetallics such
as selenides and tellurides. Alloys of bismuth and anti-
mony are also under investigation. These are called
semimetals rather than semiconductors. Organic mate-
rials such as anthracene are being studied.

The first step in production of semiconductor metals
ic to produce polycrystalline rods of as high a purity
as possible. The next step is to grow from this material
monocrystalline ingots which may or may not be doped
with impurity material. The monocrystalline ingots are
then sliced for diffusion or epitaxy or they are sliced and
diced for alloying.

{ electronics
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There are four common techniques for crystal grow-
ing: the Czochralski, Bridgman, floating-zone and gradi-
ent-freeze methods.

The Czochralski method is widely used with germa-
nium and also used with silicon. The magnetic Czoch-
ralski technique has been used with intermetallic com-
pounds such as gallium arsenide.

In the Czochralski technique a seed is withdrawn from
the melt and is rotated to maintain thermal symmetry
and cylindrical geometry. (See Fig. 1A.) In germanium
the polycrystalline metal is melted in a graphite crucible.
Silicon is melted in a quartz crucible. This crucible is
partly consumed during crystal growing. In intermetallics
both translation and rotation of the seed holder must
be carried out within a heated and sealed quartz tube. The
intermetallic is melted in a graphite crucible by an induc-
tor coil. The seed holder moves on a graphite bearing
within the sealed quartz tube. Concentric with the sealed
tube is another quartz tube through which an inert gas
is circulated and around the tubing are resistance heat-
ing wires. Attached to the seed holder are four Perma-
dur slugs. Four permanent magnetics are mounted in a
support concentric with the heater wires. The support
rotates and translates, pulling the seed out of the melt.

The floating-zone technique is used with silicon to
prevent contamination from the quartz crucible. A rod
of pure polycrystalline silicon is held vertically by two
quartz clamps. The thermal gradient produced by r-f
heating coils is moved upward along the rod to produce
a single crystal. To insure against contamination the
quartz clamps may be water cooled. (See Fig. 1B.)

The Bridgman and gradient-freeze techniques are used
mainly with intermetallic compounds and in a laboratory
environment. In the Bridgman technique, a polycrystal-
line rod is laid in a carbon boat and the boat is slowly
drawn through a stationary temperature gradient pro-
duced in an electric furnace.

In the gradient-freeze technique, the carbon boat re-
mains stationary and the furnace temperature is low-
ered so that the temperature gradient sweeps across the
boat. The Bridgman and gradient-freeze techniques are
shown in Fig. 1C and Fig. 1D.

GERMANIUM—Germanium is found in nature in
complex ores of zinc, arsenic, copper and iron. One
method of recovering germanium is by distillation in
hydrochloric acid to obtain germanium tetrachloride
from which germanium is subsequently recovered by hy-
drolysis as germanium dioxide. Most manufacturers
start with the pure germanium dioxide. Germanium
metal is obtained by hydrogen reduction of the oxide.

The metallic germanium is purified by zone refining.
A carbon boat containing the germanium is drawn
through a temperature gradient.

Single crystal germanium is obtained by the Czochral-
ski technique. Germanium has a room-temperature band
gap of 0.7 electron volt. It has an electron mobility of
3,900 centimeters square per volt second and a hole

smobility of 1,900 centimeters square per volt second.
In resistivity, pure germanium runs about 200 ohm
centimeters.

SILICON—Intensive work is being done on silicon.
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Silicon has a higher melting point, higher band gap (1.1
e-v) and lower electron and hole mobilities (1,500 and
500) than germanium. It is less sensitive to thermal effects
and has a stable dioxide that makes it attractive for mak-
ing planar transistors and microcircuits.

Much high purity silicon today is produced by an
integrated process of trichlorosilane reduction. Trichloro-
silane is reduced by hydrogen and heat to form silicon
and hydrochloric acid.

Pure polycrystalline silicon is available in rod form
at 1,000-ohm centimeter resistivity. Vacuum floating-
zone monocrystalline silicon is available with resistivities
greater than 1,000-ohm centimeters. Silicon of p type
with over 20,000-ohm centimeter resistivity has been
supplied. Material of much lower resistivity is gen-
erally used in the industry. Manufacturers report that
the nominal 1,000-ohm centimeter resistivity material
seldom attains that in practice and that after growing
single crystals by the Czochralski technique, the material
has about 20-ohm centimeters resistivity. After the
usual boron or phosphorus doping, resistivity is about
2 ohm centimeters.

Radiation has been used to cause n doping in silicon.
The semiconductor substrate is bombarded with fast neu-
trons. The neutrons convert a few of the silicon atoms
to short-half-life radioactive isotopes that decay to form
phosphorus.

GALLIUM ARSENIDE—Gallium arsenide has been
used experimentally for tunnel diodes, varactor diodes
and transistors. It is an attractive material in that it
has a higher energy gap than silicon (1.4) and has a
higher electron mobility than germanium (5,000 centime-
ters square per volt second or better). However, the hole
mobility is lower (around 400). The measure of
merit for a material for high-frequency devices is

Vimto/x. Where p, is electron mobility, p, is hole
mobility and « is the dielectric constant. This measure

FIG. 1—Methods for growing single-crystal semiconductor in-
gots: Czochralski (A), floating-zone (B), Bridgman (C) and gradi-
ent-freeze (D)
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of merit is related to f,, the gain-bandwidth product. Fre-
quency f, is defined as the frequency at which gain
(beta) has dropped to unity. The factor is higher for
gallium arsenide than for either silicon or germanium.

Gallium-arsenide tunnel diodes exhibit effects of local
heating when biased in the forward conduction state.
These effects are in the direction of degradation, tend-
ing to lower the peak current, and often to increase
the excess current. The roles of the electric field,
the presence of impurities near the junction, and
the metallurgy of the alloyed region in this degradation
are not completely clear. It would therefore be pre-
mature to make any prediction concerning the suit-
ability of gallium arsenide for tunnel diodes at this time.

It is true that in limited aging experiments, devices
not employing majority-carrier tunneling have shown
no degradation in observed parameters. However, this
work is also incomplete.

GALLIUM ANTIMONIDE—Gallium antimonide has
been used to make extremely low-noise tunnel diodes. It
has an energy gap of 0.68 electron volt, an electron
mobility of 4,000 and a hole mobility of 700. The
quantity, I'R = a constant, is a figure of merit for noise
figurc in tunnel diodes. A low value makes for a good
noise figure. This quantity is measured by the negative
reciprocal of the slope of the log I versus V curve in the
negative resistance region of the tunnel diode. For ger-
manium, the figure is 65 to 70 millivolts; for gallium
arsenide 120; for gallium antimonide 35 to 40.

INDIUM ANTIMONIDE—Indium antimonide has been
used to make fast tunnel diodes. The material has an
energy gap of 0.17 electron volt and the tunnel diodes
must be operated below room temperature. Indium anti-
monide and indium arsenide have found use in Hall-
effect devices.

GALLIUM PHOSPHIDE — Gallium phosphide p-n
junction devices have been studied experimentally.
They exhibit electroluminescence, emitting red light
when forward biased and a dimmer white light when
reverse biased. .

Gallium phosphide is created by synthesis of gallium
in carbon boats under 25 atmospheres of phosphorus
at a temperature close to 1,500 C (a little below the
melting point).

Single crystals are grown by the floating-zone process
under 25 atmospheres of phosphorus. Dopants used to
make n material are selenium, tellurium and sulphur.
Zinc is used to make p material. The energy gap of gal-
lium phosphide is 2.25 electron volts as compared with
2.8 for silicon carbide. The charge-carrier mobility is
100 centimeters square per volt second, 65 for holes.
Charge-carrier lifetime is lower for gallium phosphide
than for gallium arsenide.

SEMIMETALS—A binary alloy of bismuth and anti-
mony has been shown to be semiconductive with con-
centration of antimony greater than 5 percent and lower
than 40. It exhibits a 0.02 to 0.05 electron-volt energy
gap. With this alloy, group 4 elements such as lead
and tin are acceptor (p) impurities and group 6 elements
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such as selenium and tellurium are donor (n) impurities.

ORGANICS—Both organic crystals such as anthracene
and polymers have been studied as possible semicon-
ductors. No p-n junctions have been produced in any
organic material and only now is the nature of clectrical
conduction in organics beginning to become understood.

Techniques familiar in inorganic semiconductor re-
search have been used to study conduction in anthracene
even though the bonding between molecules in anthra-
cene differs from that in silicon and germanium. How-
ever, it appears that the mechanisms of electrical con-
ductivity in polymers are entirely different than those
in organic crystals. Present studies indicate that purity
comparable to that of inorganic semiconductors must
be achieved before polymers can possibly be studied
and evaluated. Although organic transistors cannot be
categorically ruled out, they are improbable. Electrical
cooling and solar generation of heat, however, seem
likely because of low thermal conductivity.

LOW TEMPERATURE EFFECTS—The cryosar is a
negative-resistance two-terminal device utilizing impact
jonization of impurities in germanium at liquid-helium
temperatures. Researchers at MIT’s Lincoln Lab, are
now designing a small cryosar memory. They specu-
late that low temperature may be the best road to higher
speed, smaller computers. Epitaxial growth appears to
be the best way to get the compound cryosars needed.

MAGNETIC EFFECTS—The effect of very high mag-
netic fields on diodes and tunnel diodes is being studied
at Lincoln Lab. The hope is to get a four-terminal
device in which input and output are isolated. The
effects of magnetic fields on current voltage characteris-
tics of indium antimonide diodes are being studied. The
effects are orientation and temperature dependent.

OSCILLISTORS—Progress is underway at Lincoln to
investigate oscillistor action in germanium, silicon and
indium antimonide. This action is a magneto-oscillatory
effect manifested as an oscillatory variation in the con-
ductivity of a semiconductor sample that contains excess
minority carriers and is subjected to nearly parallel d-c
electric and magnetic fields. The frequency of the
oscillistor is about 500 Kc or more and requires an
extremely fast detector. Zinc-doped germanium cooled
to liquid-helium temperature is used.

SILICON CARBIDE—In a quest for semiconductor de-
vices to operate at extremely high temperatures even
silicon carbide has been tried. Indeed, silicon-carbide
rectifiers have been marketed. However, these devices
have a high forward voltage drop.

Actually silicon carbide was one of the first semi-
conductor materials to be used. In the 1920’s Western
Electric took silicon carbide right out of the furnaces
at Niagara, ground it up and mixed it in a ceramic

slurry that could be cast into desired shapes. The resulte

was a bipolar voltage breakdown device that telephone
companies used to protect their pole lines against light-
ning strokes.  Silicon-carbide varistors are used in
electronic circuits.
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Computer diodes sealed in hard glass bonded to silicon (Microwave Associates)

POINT-CONTACT DIODES—Among the first semi-
conductor devices were detector and mixer diodes of
polycrystalline silicon using a point contact.

These devices are now obsolete but single crystal
point-contact diodes of both silicon and germanium are
still used as microwave mixers. The substrate is n type.
The point may be tungsten, phosphorus-bronze or
platinum-iridium. Pressure on the point forms a p
region. A point-contact diode is shown in Fig. 2A.

In one manufacturing process, an n-type silicon wafer
is heated to form an oxide. Then the oxide is removed.
The wafer is placed in a ceramic case. The whisker is
shoved into a case on a lathe as the operator watches
the reverse diode characteristics on a scope. To get
the proper characteristic the operator varies the feed. Such
a diode cannot withstand high power.

GOLD-BONDED DIODES—The gold-bonded diode has
taken the place of the point-contact unit in most com-
puter logic circuits. In the gold-bonded diode a pre-
formed whisker of gold is brought into contact with
an n germanium substrate as the junction is formed by
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electrical pulses. (See Fig. 2B) The pulsing may be
either a-c or d-c. Pulses are of millisecond duration.
Uniform pressure is applied to the whisker.

In making gold-bonded diodes the whisker is doped
with one percent gallium. The whisker alloys to the
germanium forming a hemispheric contact.

Gold-bonded diodes can switch in about 20 nano-
seconds. Units as fast as 0.6 nanosecond have been
made. However, these devices have poor reverse char-
acteristics and are useful in the 6 to 10 volt range only.

High speed in gold-bonded diodes may be obtained
by Kkilling carrier lifetime. This is done by adding
nickel to germanium. Killing carrier lifetime increases
the rate of minority charge-carrier recombination while
at the same time it degrades the reverse characteristics.
The forward resistance also increases. Therefore, in
computer switching, transistor amplifiers must be added
to make up losses even though the diodes themselves
are cheap. Incidentally, gold is added to silicon to
kill carrier lifetimes.

ALLOYED AND DIFFUSED DIODES—Practically any
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Cross section of a planar diode (photo by Semi-Alloys, Inc.)

manufacturing technique used with transistors has also
been used with diodes. Hence, there are alloy-junction
diodes in which, for example, an indium dot may be
alloyed to an »n germanium die or an aluminum dot
alloyed to an n silicon die.

A solid-state diffusion process is illustrated in Fig.
2C. Either an n or p substrate may be used. The illus-
tration shows 7 silicon substrates. Boric acid in an organic
solvent is painted on one side of the substrate and phos-
phorus pentoxide is painted on the other side. The
wafers are then stacked and many slices heated at
once. Mesas may be etched upon the diffused diodes to
make a cheap general-purpose device.

In gaseous diffusion, boric and phosphoric oxides are
used. Gallium vapor may be also used for p diffusion.
Gaseous diffused diodes can be either p on n or n on p
devices.

For high current, » on p is used. For high-speed
switching, p on n is used. Gaseous diffused diodes can
be made in the mesa configuration shown in Fig. 2D
or the planar configuration shown in Fig. 2E. The Semcor
undercut mesa illustrated in Fig. 2F is said to provide
a low capacitance computer diode with high mechanical
stability. The mesa is etched after the lead is attached
to the die. This allows a large surface for lead con-
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tict. The leads are attached by thermal bonding rather
f1an pressure contact.

AULTIPLE DIODES—Because so many diodes are
sed in computer logic circuits much work has been done
owards developing a more compact way of packaging
hese devices. One approach is an RCA triple diode
llustrated in Fig. 3A. The triple diode is a type 3DGOO1.
A double diode type 2DGO01 is available. These are
zermanium diodes post-alloy diffused using a lead-
intimony dot on a p germanium substrate. The ger-
manium substrate is then soldered to a Kovar header
using an indium preform. The triple diode has four
leads, the double diode, three. The leads from the
alloy dots are bonded together and brought to a single
lead in the heater. Each wafer substrate has its own lead.

A Burroughs Bipco or built-in-place module contains
40 silicon diodes, can convert binary to decimal num-
bers. A single silicon wafer is diffused to form a large
planar diode. Diode elements are fabricated in a specific
pattern. Interconnections are made by a silk-screened
circuit plate.

The multielement diode shown in Fig. 3B is made by
Sylvania. It is a “pancake” packaged four-element diode
on a common silicon substrate. Each diode has the
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FIG. 4—Unijunction transistor or double-base diode: cross sec-
tion, left, and schematic, right
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characteristics of the type 1N903. Sylvania says power
dissipation of the single package is greater than that of
four separate diodes and that uniformity is excellent.
In the present package the substrate is n silicon. A
multielement diode using a p substrate is under develop-
ment. The manufacturer is planning an eight-diode
element and another containing two transistors and a
diode.

The diode cluster shown in Fig. 3C is made by Delta
Semiconductors. It consists of several junctions on one
sliver of silicon. Encapsulated in a glass package, they
come in triples, quads and quints.

BREAKDOWN DIODES—Breakdown diodes are de-
signed to conduct in the reverse direction at some
specific value of reverse bias. They may operate in
either the avalanche or zener modes.

Avalanche conduction is similar to the breakdown
of a gas tube. Charged-particle collisions create addi-
tional hole-electron pairs. Zener breakdown occurs when
electrons are pulled out of their covalent bonds by a
high electric field.

Avalanche transistors and diodes may be made by
either diffusion or alloying. The avalanche effect can be
achieved by heavily doping the n or p substrate in
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FIG. 3—Multiple diode types: three diodes in one case (A), mul-
tielement diode (B) and diode cluster (C)

alloy-junction devices. This lowers the reverse break-
down voltage. In diffused avalanche devices it is neces-
sary both to control the substrate doping and to diffuse
deeper than when making conventional devices. At
low reverse-bias potentials (1 to 3 volts) a pure zener
effect may be observed. Generally, breakdown devices
operate in the avalanche mode. Avalanche devices are
characterized by low resistivity and an abrupt junction.

One special type of avalanche diode announced by
Raytheon displays a negative-resistance characteristic. It
is apparently an n*n junction device in which negative
resistance arises from a combination of avalanche break-
down and conductivity modulation due to current
through the junction. The bonded negative-resistance
diode is made by pulsing a doped gold wire attached to
a high resistivity n substrate.

The pin diode consists of a p layer, an intrinsic (i)
layer and an n layer. These diodes are used in micro-
wave circuits to substitute for gas breakdown devices
such as transmit-receive (t-r) and anti-transmit-receive
(atr) boxes.

UNIJUNCTION TRANSISTORS—The unijunction tran-

sistor illustrated in Fig. 4 is actually a double-base diode.
The device made by General Electric is an » silicon bar
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alloying through an evaporated mask. Current-voltage curve
shows characteristic of normal diode, tunnel diode and back-
ward diode

with two ohmic contacts called base 1 and base 2 re-
spectively. A single rectifying contact called the emitter
is made to the opposite side of the bar close to base 2.
Interbase resistance is 5,000 to 10,000 ohms. Base 1 is
usually grounded and a positive bias applied to base 2.
With no emitter current, the bar acts as a voltage
divider and a fraction of the base 2 voltage appears at
the emitter. If the emitter voltage is less than this frac-
tion, the emitter will be reverse biased and only leak-
age current will flow. If emitter voltage is greater than
the fraction, the emitter will be forward biased and
current will flow. This current consists of holes injected
into the bar. These move down the bar and result in
an equal increase in the number of electrons in the emit-
ter-to-base 1 region. The net result is a decrease in
resistance between emitter and base 1. Thus, as emitter
current increases, emitter voltage decreases and a nega-
tive resistance is obtained. Unijunction transistors are
used in sweep generators, pulse generators and multi-
vibrators.

VARACTOR DIODES—Varactor diodes are microwave
devices designed to capitalize on the fact that diode
junction capacitance decreases with increasing reverse
bias potential. This effect is especially useful in para-
metric amplifiers. Varactor diodes have been made
from germanium, silicon and gallium arsenide. They
have been made by alloying, diffusion and point con-
tact. A silicon epitaxial diffused varactor diode made
by Sylvania is shown in Fig. 5. This device is said
to be especially useful as a harmonic generator.

Typical microwave diodes are the Western Electric
IN3152 and 1N3153. These are silicon diffused units
in a vacuum-tight metal-ceramic case threaded for screw
mounting. The devices are boron diffused silicon mesas
of both p-n and n-p types. They drop to 2 capacitance
at 4 volts and their cutoff frequency is 27 to 45 Ge. The
case is designed for strip-line use. Their forward voltage
drop is less than 1.1 volts. Capacitance at 500 Mc and
zero volts is between 3.55 and 4.45 picofarads. Series
resistance is less than 2 ohms at 9 Gc¢; Q at 9 Ge and
zero volts is approximately 3.

Generally, diffused silicon varactor diodes give a
capacitance range from 1 to 0.5 pf measured at 100 Kc
and 1 Ge. Experimental gallium-arsenide diodes have
given a capacitance range from 1 to 0.4 pf measured at
100 Kc and 1 Gec. Experimental gallium-arsenide point-
contact mixer diodes have given better results at high
frequencies than experimental silicon point-contact
diodes.

Microwave Associates offer varactor diodes rated from
6 to 120 volts peak inverse for harmonic generation in
the 1 to 40,000 Mc region. Junction capacitance meas-
ured at breakdown voltage ranges from 0.1 to 50 pf.
Junction series resistance ranges from 1.1 to 21 ohms.

RCA reports a diffused-junction gallium-arsenide diode
with a cutoff in excess of 200 Gc.

FOUR-LAYER TRIGGER DIODES—The four-layer
or Shockley-diode is shown in Fig. 6. It is simply
a controlled rectifier without a base connection. In mak-
ing a four-layer diode as illustrated, the starting point
is an n silicon substrate. Around this is diffused a p



layer using either gallium or boron. The emitter may
be diffused or it may be alloyed using a gold-antimony
dot. If it is desired to make a controlled rectifier or four-
layer transistor, the base lead could be attached to
the top p-layer using an aluminum pellet or wire.

The four-layer switch may be looked upon as con-
sisting of two transistors, an npn unit with a narrow
base and a pnp unit with a wide base. Assuming a col-
lector multiplication factor of unity, emitter current for
the device tends to become infinite as the sum of the
forward current gains of the two transistors becomes
equal to unity.

The characteristic shows that there is a value of
voltage called the forward voltage breakover point at
which the voltage dropped across the device becomes
small and emitter current increases rapidly. Addition
of a base lead to form a controlled rectifier or four-
layer transistor permits the forward breakover voltage
to be varied by the base bias.

TUNNEL DIODES—The tunnel diode is a majority
carrier device that depends for its operation on the
quantum mechanical tunneling of electrons through a
p-n junction. The tunnel diode exhibits the N-shaped
voltage-current characteristic shown in Fig. 7. Because
of this characteristic, the tunnel diode can provide a
negative resistance. Tunnel diodes are extremely fast
switches, however, they are bidirectional, which pre-
sents a problem to circuit designers. Tunnel diodes have
been made of many materials, including germanium,
silicon, gallium arsenide and gallium antimonide. Gal-
lium-arsenide tunnel diodes have a low and unpredict-
able service life. Gallium-antimonide tunnel diodes pro-
vide an extremely low noise figure.

Tunnel diodes must be heavily doped and have an
abrupt junction. The junction area must be carefully
controlled to give the desired value of peak current. The
peak to valley current ratio determines the gain of the
device. Many tunnel diodes are n on p types. However,
some are p on n types. Generally, the n on p diodes
have high peak-to-valley ratios and low capacitance for a
high peak current. Switching times are less than %
nanosecond.

A germanium tunnel diode begins with an n ger-
manium substrate that is degeneratively doped with
gallium. A degeneratively doped semiconductor is one
that begins to take on the characteristics of conductor.
The alloy junction is formed using a dot of arsenic-
doped lead. To get an abrupt junction, the heating and
cooling cycles are critical during alloy formation.
Alloying temperature is between 475 and 525 C.

Tunnel-diode peak current depends both on the dop-
ing and the junction area. General Instrument uses
an automatic machine to etch a junction for a desired
peak current. The peak current through the device is
itself the etching current. The machine shuts off auto-
matically when the desired value is obtained.

In gallium-arsenide tunnel diodes the p dopant is zinc,
while the n dopant may be selenium, tellurium or sul-
phur. Tunnel diodes are useful as high-speed switches
or in uhf amplifiers, detectors and oscillators, There is
considerable research underway in use of tunnel diodes
as memory components.
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In tunnel diodes, it has been observed that switching
time is lowest when high peak current is carried. For
example, a ¥2-nanosecond switch may have a 20-milliam-
pere peak current while a 2-nanosecond switch may have
a 1-milliampere peak current. One explanation is that
the higher peak currents increase the ability to charge
the capacitance of the tunnel diode.

One figure of merit for tunnel diodes is the ratio of
peak current to junction capacitance. Germanium tun-
nel diodes may give a 10-milliampere peak-to-valley cur-
rent swing with a voltage swing from 0.05 to 0.3 volt.
Gallium arsenide tunnel diodes may give a 30-milliampere
swing with a voltage swing from 0.05 to 0.7 volt.

At Bell Labs an evaporated mask technique has been
tried experimentally in making tunnel diodes. A silicon-
oxide coating is evaporated on a semiconductor sub-
strate with 0.1-mil diameter holes at each junction. An
alloy dot is placed on each hole. This technique restricts
the tunnel diode diffusion area without controlled etch-
ing (Fig. 7).

BACKWARD DIODES—The backward diode is also
known as a tunnel rectifier. These devices have been
made from silicon, germanium and gallium arsenide.
It is another type of heavily doped two-terminal device
and may be said to be a poor tunnel diode. Near the
origin, its conduction is approximately linear in the
reverse direction while it displays some rectification in
the forward direction. The backward-diode character-
istic is illustrated in Fig. 7. Backward diodes are used
with tunnel diodes to give to a circuit the unidirectional
impedance characteristic that tunnel diodes themselves
lack.

PHOTODIODES—There are two main types of light
detecting devices: photoconductive and photovoltaic. In
the former, the conductivity of the device increases with
incident light. Various doped semiconductors such as
germanium may be used. Junction-barrier devices may
be used as photovoltaic cells in which voltage is generated
across a circuit element upon illumination.

Light is allowed to strike a reverse-biased p-n junction
and in so doing produces hole-electron pairs that cause
current flow across the junction and develop a voltage
across the diode load resistor.

The phototransistor is usually operated as a diode, with
the base lead unconnected. The emitter-base junction is
exposed and transistor action contributes to an inherent
power gain. When modulated light is being received, a
slight forward bias may be used on the emitter-base
junction.

The Photran by Solid-State Products is a pnpn switch
that is triggered by light energy instead of or in addition
to electrical energy. Before light strikes, the device is
in a high-impedance (10 megohm) off state. When the
light impulse is applied, it is switched to a low-impedance
(10 ohm) on state. It will remain on until electrically
turned off. The light energy used to trigger the device
need be momentary only since light energy is not required
to sustain the device in its on state. Turn-on time for
the device is typically 10 microseconds. Turn-off time is
typically 30 microseconds. Spectral response ranges from
0.4 to 1.1 microns.
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Superpower rectifier stacks with filter module at right (International Rectifier)

HIGH-CURRENT RECTIFIERS—Rectifiers are two-
terminal semiconductor devices used primarily to change
alternating to direct current.

The controlled rectifier is a three-terminal device and
is actually a pnpn or npnp transistor but its applications
put it in the rectifier class.

Extremely high-power rectifiers are frequently alloy-
junction types. They may be rated at from %2 to 240
amp at up to 1,000 volts with peak inverse voltage also
1,000. Alloy-junction rectifiers are made by alloying a
gold-boron or aluminum disk to an n silicon substrate.
A 240-amp rectifier by Westinghouse uses a %-in. cir-
cular disk junction.

One trick in manufacturing high-power silicon de-
vices is to use silver solder in mounting the silicon on
the base plate to prevent thermal fatigue or solder re-
crystalization that occurs with soft solder when soft
solder devices are temperature cycled to their rated
power limit. In high-power devices ceramic cases are
used. Because the coefficient of expansion is a problem,
a disk of tungsten or molybdenum alloy is placed between
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the silicon substrate and the copper base plate of a high-
power device.

HIGH-VOLTAGE RECTIFIERS—Much work is being
done toward increasing the peak-inverse-voltage (piv)
rating of rectifiers. Rectifier stacks rated from 1,200
to 10,000 piv are available. In such stacks the variable
leakage characteristics of the device may put full volt-
age across one diode. To prevent this, an R-C circuit as
shown in Fig. 8A is built around each diode. Interna-
tional Rectifier makes a line of superpower rectifier stacks
for voltages ranging from 10,000 to more than 100,000
volts. Current capacity ranges from 1 to 50 amperes.
In using rectifiers, limiting factors are short circuit current
and overvoltage transient. To reduce these, external
surge suppressors are used and the device is operated
within its recommended safety margin.

It would be desirable to produce high-peak-inverse
voltage rectifiers without having to stack several devices.
Present manufacturing techniques can produce rectifiers
capable of withstanding 2,000 to 3,000 piv. However,
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Four-layer switch handles 100 amperes (Westinghouse)

the surface of presently available semiconductors is not
always capable of withstanding this voltage. It is gen-
crally felt that 1,000 piv represents the state-of-the-art
today although Columbus Electronics claims to be in pro-
duction with 2,000 piv units. They report that the key
to success is utmost cleanliness.

Either diffusion or alloying processes may be used in
rectifier manufacturing. However, there seems to be
less danger from failure due to hot spots with diffused

FIG. 8—High-voltage rectifier stack, left, and cross section of
low-current rectifier
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junctions because they are flat. Diffused junctions yield
high piv ratings and low reverse currents. High surge
current capabilities are readily obtainable with diffused
junctions.

LOW-CURRENT RECTIFIERS—Double-diffused rec-
tifiers used at low currents are actually four-layer sand-
wiches. Such a device is shown in Fig. 8B. The sub-
strate is n silicon. Boron is diffused to form a p layer and
phosphorus is diffused to form an n* layer. A gold-boron
contact creates a p* region on the p layer while a gold-
antimony contact creates an n** region on the n* layer.
This construction reduces the forward drop of the rec-
tifier.

ALLOYED-DIFFUSED CONTROLLED RECTIFIERS
—Four-layer trigger devices are sold under a variety of
proprietary names. Westinghouse calls their’s a Trinistor.
A Trinistor as shown in Fig. 9A is made by a process
combining diffusion and alloying. The substrate is n
silicon. Aluminum or gallium diffusion creates the col-
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lector junction. The collector sits on a molybdenum disk
that is silver soldered to the copper base plate. The p
base is also created by diffusion. The emitter is an
annular ring of gold-antimony alloyed to the base. A
molybdenum ring sits on top of the emitter ring and is
hard soldered to the copper-sleeve contact. The gate
connection is made with a silver wire to the base in the
center of the emitter ring. Units are in production that
will carry 16, 50 and 100 amperes, at 400 volts. The
50-ampere units have 10 to 20-microsecond switching.
Most but not all controlled rectifiers are made from sili-
con. Tungsol has a unit called the Dynaquad that switches
in the megacycle-range providing a swing of 35 volts.
It is made from germanium. The unit is a pnpn device
and affords turn off control at the base. The four layers
are made by multiple diffusion and a controlled etch.

DIFFUSED CONTROLLED RECTIFIERS—Figure 9B
shows an example of all-diffused switches. This is the
Western Electric 2N1765. It is made from silicon by
diffusion of boron and phosphorus. The gate and n-
emitter electrodes are on a mesa. The n-emitter electrode
is a gold square while the gate is a single stripe. The gate
is attached to a p region; the underlying n region is thin.

The device is used in high-speed, high-current switches,
magnetron modulators, power rectifiers or memory
drivers. Its rise time to 30 amp is less than 100 nano-
seconds. It is operational at emitter currents to 50 amp
with gate drives from 5 milliamp to 2 amp. Forward
breakover voltage is 400 volts; reverse breakdown volt-
age is 100 volts.

FIVE-LAYER CONTROLLED RECTIFIERS — Bell
Labs has developed a silicon diffused npnp three-terminal
switch for driving magnetrons. The device operates
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FIG. 9—Cross section and schematic of npnp alloyed-diffused
switch (A), cross section, plan view and schematic of npnp all-
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at 800 volts, 50 to 60 amp and switches in 0.1 nanosec.
Actually this switch is a five-layer rather than a 4-
layer device.

In a conventional four-layer switch, p diffusions may
be carried out on each side of the wafer followed by a
localized n diffusion on one side of the wafer. A varia-
tion on this method is used in the magnetron pulser.
Though this method sacrifices reverse breakdown voltage,
forward breakover voltage and switching time are en-
hanced. The starting point is a very high resistivity
n-type material referred to as ». A thin n layer is
diffused into one side and the process continues as in a
conventional unit.

It is possible to make a four-layer device with gain on
turn off. This is to say, the device can be turned off
with less reverse current on the base than the device is
carrying. For example, turning off 50 milliamp of
emitter current with 2 milliamp on the base. This can
be done if the sum of the alphas of the npn and the pnp
transistors is just over unity.

FOUR-TERMINAL CONTROLLED RECTIFIERS —
The device shown in Fig. 9D is made by Transitron and
is called a binistor. It has four-layers but is described
as a silicon npn tetrode—a bistable negative-resistance de-
vice. Primary applications are in switching and storage
circuits such as flip flops. Operating temperature range
is from —65 to 150 C. Limiting factor is speed—pres-
ently from 200 to 300 Kc maximum. A faster device is
under development; Transitron is hoping for 10 Mc or
better. In the binistor, a p layer is added to an npn
transistor. A fourth lead, called the injector is connected
to this p layer. Device operation is similar to a controlled
rectifier during turn on. Turn off is accomplished by
biasing off at the injector.
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diffused switch (B), typical current-voltage characteristic of
four-layer transistor (C) and binistor four-terminal switch (D)
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FIG. 10—Cross section of alloy-junction transistor (A) and of a post-alloy diffused transistor (B) showing diffused substrate, left,

transistor after alloying, center, and etching, right

TRANSISTORS—Most transistors used today are made
either from silicon or germanium. Gallium-arsenide
transistors have been made but only experimentally. The
majority of transistors manufactured are germanium
units. These are designed largely for the home-entertain-
ment field.

Silicon is the preferred material for most industrial
and military applications. Most notable of these is
computer switching. Germanium transistors still find
some use in industrial and military applications especially
where high-frequency operation is required or where
design has been frozen.

Most units made today are fabricated either by alloy-
ing, diffusion or a combination of these techniques.

ALLOY-JUNCTION TRANSISTORS — In the unit
shown in Fig. 10A, the die forms the base region. Spheres
of impurity metal are placed on top and bottom. Then
the assembly is heated. The metallic impurity alloys
with the die and on cooling recrystallizes to form two
p-n junctions. The collector sphere is usually about
twice as large as the emitter sphere. In the common
pnp germanium alloy transistor the die is n germanium
and the dots indium. A pnp silicon unit would prob-
ably use aluminum pellets.

In assembly, the die is seated in a metal base tab
and assembled to the header. The emitter and collector
wires are affixed to the impurity pellets. Alloy diffu-
sion results in a step junction. The transition between the
n and p regions is abrupt. This does not give as good
high-frequency performance as the graded junction in
which an impurity gradient in the base region provides
an accelerating electric field for minority carriers.

DIFFUSION—Graded junctions can be obtained when
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F[G. 11—Cross section and plan view of three-stripe alloy-
diffused germanium mesa transistor
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impurity atoms are allowed to diffusle into the substrate.
Diffusion is accomplished at elevated temperatures. It
is a slow process taking hours and 'sometimes days de-
pending on diffusion depth and im;'aurity concentration.
Diffusion can be carefully controlled by the device
designer.

In diffusion, the impurities may be introduced at the
surface of the substrate from either the vapor phase or
from a solid containing the diffusant.

In germanium, popular n or 'donor diffusants are
antimony and arsenic. Acceptor or p diffusants are gal-
lium and indium. In silicon, a popular donar diffusant is
phosphorus. Acceptor diffusants are boron and alumi-
num. Phosphorus and boron are usually diffused from
their oxides. This is useful in making planar transistors
since the diffusion process also causes a protective oxide
coating to regrow on the substrate. Other metals are
diffused from their vapor phase.

In germanium, donors diffuse more rapidly than ac-
ceptors. In silicon, acceptors diffuse more rapidly than
donors. In diffusion the substrate generally becomes the
collector. It is necessary to form a base and then an
emitter region. This can be dohe by single diffusion
in which the base only is diffused and the emitter formed
by alloying. Lj

It can also be done by double 'diffusion. The base is
diffused first, then the device masked to reveal only
the desired emitter region and diffused a second time.
Silicon Transistors reports that they make silicon npn
power transistors with very low saturation resistance by
a single diffusion process in which both donor and
acceptor impurities are introduced simultaneously. This
technique makes use of the fact that acceptors diffuse
more rapidly in silicon than donors.

The masking step, which is important in double dif-
fusion, is relatively easy in silicon devices because silicon
has a stable dioxide. It is more difficult to mask ger-
manium, therefore, many germanium transistors are
single diffused using an alloy-junction emitter. Where
it is necessary to mask germanjum, a silicon monoxide
layer may be deposited.

POST-ALLOY DIFFUSION—{:ig. 10B shows the cross
section of a post-alloy diffused transistor by Amperex.
This process starts with a slice of high resistivity p ger-
manium. The slices are put into a furnace containing
antimony vapor and an n region 10 microns, thick is
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Cross section of npn silicon transistor for avalanche-mode operation (Raytheon)

formed around the slice. Next, two small pellets, one of
n material (antimony) and the other of n and p ma-
terial (antimony and aluminum) are alloyed on the top
of a diffused slice. The n pellet alloys in and makes
contact with the diffused n layer to form a base contact.
The other pellet forms an emitter junction between the
p material and the diffused n region. Since donors
diffuse more rapidly than acceptors, the n material
diffuses further in. As both pellets contain »n material
this material diffuses deeper into the p type slice as
the pellets are alloyed pushing the diffusion layer in front
of the alloying processes. The bottom of the substrate
is etched away to remove the n layer and the collector
is soldered to the p germanium region. A small area
is masked around the base and emitter contacts and the
crystal is etched to remove some of the n-layer giving
the mesa effect.

MESA TRANSISTORS—In the development of high
frequency and switching transistors the time constant
r»'C, should be kept as low as possible. Quantity r, is
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the base lead resistance. This quantity can be kept small
by controlling the impurity level and gradient in the base
region. This control can be exercised easily in the
diffusion process. Quantity C, is the collector junc-
tion capacitance and may be reduced by keeping the
junction area as small as possible.

One way of reducing the junction area is to use the
mesa structure shown in Fig. 11. This is a cross section
of a WE type 2N1645 pnp germanium diffused transistor.
It has a 9 by 26-mil mesa. It uses two gold base stripes
and an aluminum emitter stripe forming a rectifying
junction. The base stripes are 2 by 24 mils. The base
region is 12 microns thick and formed by antimony
diffusion. The collector is soldered to a gold-plated molyb-
denum disk that is then attached to the copper header.
The base region is heavily doped and very thin to
provide an inherent protection against radiation.

This device gives a one-watt power output at 100 Mc
with an efficiency of 50 percent. Typical turn-off and
turn-on times under constant voltage drive are less than
5 nanosec. The device is used as a uhf power amplifier,
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frequency multiplier and high-speed, high-current switch.
It has switched 15 volts across a 50-ohm collector load
with 6 nanosec rise time.

Some double-diffused germanium units have been
made. The RCA TAI1882 is a double-diffused npn
germanium mesa for high-speed computer switching. It
has a gain-bandwidth product of 1 Gc and a low-fre-
quency beta of 40 to 60. It provides fast rise and fall
times and can be used in complementary symmetry with
pnp alloy-diffusion epitaxial germanium units. It can
operate effectively to 100 milliamp. It has a 7 by 8-mil
mesa and uses three stripes. The emitter stripe is 2 by 6
mils, base stripes are 1 by 6 mils and base width is
0.04 mil.

The p base region is produced by solid-state diffusion
of a powdered germanium-indium or germanium-gallium
alloy. The n emitter is produced by solid-state diffusion
of a powdered germanium-arsenic alloy. It is important
in germanium diffusion to control carefully the process
to avoid alloying since diffusion occurs above the eutectic
temperature of the materials.

Between diffusions surface areas are defined by silicon
oxide masks obtained by deposition from a silane, a
compound containing the SiH, radical.

SURFACE PASSIVATION — In high-frequency and
switching transistors it would be desirable to have in
addition to a low r,'C, product a low value of leakage
current, I.,. or I... It has been found that leakage
current is largely a surface phenomenum. This has lead
to a great deal of work directed at passivating the surface
to keep junctions free from contamination. Surface im-
purities increase leakage current because they form chan-

Si 02 ‘ |

nels that effectively shunt the electrodes of the device.
Furthermore, surface recombination can degrade the
transport factor causing low gain. Surface recombina-
tion occurs when isolated potentials attract the minority
carriers. The surface potentials can be strain potentials
due to local damage during lapping. In mesa devices the
etchant used to form the mesa may leave impurities.

There are several methods of cleaning transistors and
removing surface damage. Surface damage introduced
during lapping may be removed by polishing with alumi-
num oxide and etching off a layer of silicon with a
hydrofluoric-nitric acid etch. Another technique is to
form a silicon-dioxide coating on the surface and remove
it with hydrofluoric acid. Still another technique is electro-
chemical polishing.

After etching it is important to wash the surface with
deionized water to remove the etchant and to use some
water missible solvent such as acetone to dry. After the
devices are cleaned and dried, they are packaged her-
metically in a clean, dry ambient.

However, many manufacturers do not consider this
to be sufficient and have gone further into surface
passivation. To some manufacturers this means dipping
the unit one or more times in a silicone varnish to build
up a protective skin.

Other manufacturers have introduced into the case
substances known as getters. The getters are there largely
to soak up water molecules. Some getters have been
calcium sulphate, calcium chloride and lead oxide. Other
manufacturers use so-called molecular sieves. One type
of molecular sieve is a long chain polymer that traps
out impurities. However, many of these protection tech-
niques tend to have a time-bomb effect. The efficiency of
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the getters decreases in service and eventually the device
characteristics become degrated

A successful surface passivation technique is one in
which the junction is never exposed during processing.
This technique has resulted in the planar transistor,
illustrated on the cover.

PLANAR TRANSISTORS—The technique for making
planar transistors is illustrated in Fig. 12A. The start-
ing point is an n silicon substrate. In the first step the
substrate receives a silicon-dioxide coating. This may
be produced by steam and oxygen.

Next a window is etched through the oxide by hydro-
fluoric acid. The surrounding area is masked against
etching by a photolithographic technique. Boron is now
diffused from a boric acid atmosphere. Note that the
junction terminates under the silicon dioxide.

During the boron diffusion, silicon dioxide grows
again. Where boron is used as a diffusant, the silicon
dioxide may be converted to borosilicate glass.

It is necesary to etch another window in the oxide to
diffuse the emitter region. The emitter is diffused from
an atmosphere of phosphorus pentoxide. During this
diffusion another oxide coating forms.

The base and emitter contact areas are etched through
the oxide coatings but both junctions continue to termi-
nate under the oxide coating. Aluminum is used for
metalizing both junctions. Because of the high impurity
concentration in the emitter region no rectifying contact
is formed.

Figure 12B shows the cross section of the completed
silicon planar transistor with collector soldered to the
header and base and emitter leads attached.

BASE LEAD EMITTER LEAD’
Al —
© |SiO2
[
N-TYPE SILICON

Figure 12C illustrates a planar tetrode by Fairchild.
In this device an additional electrode has been added
on the top of the oxide coating that protects the emitter-
base junction. The planar tetrode affords control of
both majority and minority carriers by this external field-
effect electrode or grid.

In the device shown the voltage applied between the
grid and the emitter-base junction not only controls the
characteristics of the emitter-base junction but also that
fraction of total emitter current that reaches the collector
junction which is, of course, h,, or gain.

In a planar transistor the inherent surface passiva-
tion results in low leakage currents and relatively high
alpha at low currents. High low-current alpha is im-
portant in micropower logic. Surface passivation in
transistors hopefully may protect against ambients (naked
or chip transistors) and they most certainly protect against
contamination during manufacturing and thus increase
yield.

General Instrument sells microdiodes of planar con-
figuration encapsulated in epoxy for mechanical rigidity
only.

Both the planar and mesa transistors are high-frequency
devices. Both have low r,'C, products. A narrow base is
obtained in both types by control of the diffusion process.
In the mesa, the collector capacitance is kept low by
etching the mesa while in the planar it is kept low by
closely controlling the base diffusion.

MICROPOWER TRANSISTORS—Some computer de-
signers are working on micropower logic circuits. The
idea is that the logic operations of the computer may be
performed within a micropower section with the input

FIG. 12—Steps in making planar tran-
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etched for emitter diffusion, bottom
left, emitter diffused, bottom center,
and windows etched for metalizing,
bottom right. Planar transistor with
header and leads (B) and planar tetrode
with grid on emitter-base junction (C)
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FIG. 13—Transistor junction geometries: two and three-stripe junctions are used with mesas; horse shoe and
keyhole junctions may be used with mesas or planars; ring-dot and teardrop junctions are used with planars;
annular, interleaved and interdigitated junctions are used with power transistors

electronles



6—10 OHM—CM
~0.001 OHM—-CM

(A) EPITAXIAL PLANAR

I0 OHM—CM 0.001-0.005

OHM-CM

(B) TriPLE-DIFFUSED PLANAR

FIG. 14—Epitaxial planar transistor (A) showing epitaxial substrate and device cross section.
Triple-diffused planar (B) showing diffused substrate and device cross section

and output signals transformed to normal power levels.
The object would be to save power and reduce heat dis-
sipation requirements.

It is important that collector cutoff current be low.
In modern transistors, room-temperature collector cut-
off current is measured in fractions of nanoamperes in
silicon. It is measured in fractions of microamperes in
germanium.

Some electrochemically etched transistors have proved
useful in micropower applications. More recently, the
2N917 silicon planar by Fairchild operates with 10
microamperes and 3 volts at a 1-Mc bit rate. Another
device, the 2N709, operates in saturated circuits at 100
Mc. A decimal counter has been built capable of count-
ing bit rates of 100 Mc in a saturated circuit.

JUNCTION GEOMETRY—The geometry of the tran-
sistor junction has a great deal to do with the charac-
teristics of the device. Several junction geometries are
illustrated in Fig. 13. Transistors having base stripes
may be considered garden-variety units. They are mostly
mesas. The double-base-stripe units are almost always
better than single-base-stripe units although the single-
base-stripe units are generally cheaper to produce. The
horse-shoe geometry may be considered a modified
three-stripe and is midway in performance between the
three-stripe transistor and the ring-dot or teardrop variety.
The keyhole geometry is a modification of the horse
shoe and is used in small units to get a larger area to
which to attach the emitter lead.

The horse-shoe geometry may be used with mesa and
planar transistors. The ring-dot and teardrop geometries
are especially useful for high-frequency, fast-switching
transistors. Many planar transistors are teardrop types.
The teardrop is a modification of the ring-dot geometry
and provides additional area for base-lead attachment.

The annular, interleaved and interdigitated geometries
are used for high-power units.

EPITAXIAL TRANSISTORS—An ideal switch should
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have zero impedance when turned on and infinite im-
pedance when turned off. The latter characteristic is
achieved by reducing the collector leakage current. The
former is measured by the saturation-voltage drop across
the device, V,,, ... This is the collector to emitter drop
across the device at some specified high-level current. A
low saturation-voltage drop has been hard to achieve.
High-gain and high-frequency operation usually implies
increasing collector potential. But to do this requires
a transistor having high resistivity in the collector region
to prevent collector voltage breakdown. This means
higher saturation resistance.

The happy solution to this dilemma is found in th.
epitaxial transistor. Here a low-resistivity substrate
(0.001 ohm centimeter) may be used to reduce satura-
tion resistance while the collector itself consists of a 0.1-
mil film of 6 to 10-ohm centimeter resistivity, which gives
high value of collector breakdown voltage.

In epitaxy, a thin film is grown on a smooth semicon-
ductor substrate by depositing like semiconductor ma-
terial that builds integrally upon the substrate crystal
lattice-structure. The starting point of an epitaxial tran-
sistor is an n* substrate, highly doped with phosphorus
or antimony. The epitaxial emitter is introduced in a
carrier gas which may be either silicon tetrachloride or
germanium tetrachloride.

Epitaxial devices have been made of both silicon
and germanium. In germanium it is not hard to make
a pnp epitaxial transistor but an epitaxial npn germanium
transistor is difficult to make because n impurities dif-
fuse faster in germanium than p.

In silicon epitaxy the substrate is heated in a dry
hydrogen atmosphere to 1,300 C for 10 minutes. The
temperature is then reduced to 1,185 C while introduc-
ing the silicon tetrachloride. The film is allowed to
grow long enough to get the desired layer thickness.
The silicon tetrachloride is doped with phosphorus
tetrachloride to get an n collector. An epitaxial planar
transistor is shown in Fig. 14A.

One difficulty in making epitaxial devices is growing
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a uniform layer on the slice. In making a large-area
device there are a few units per silicon slice and the
epitaxial layer must be perfect indeed. The WE 2N1841
is a three-stripe epitaxial silicon npn double-diffused
junction transistor with a 30 by 70-mil mesa. It is a
linear amplifier for the megacycle region. Its sustain
voltage is 50 volts and f, = 90 Mc. Sustain voltage is
the collector potential at which alpha approaches unity.
This occurs when collector multiplication makes up the
loss in transport factor and emitter efficiency. If the
sustain voltage is exceeded, the device gets into a non-
linear region. To get a high sustain voltage, beta must be
held to 120 or less. The epitaxial layer helps achieve a
high sustain voltage, low saturation voltage and low col-
lector capacitance.

TRIPLE DIFFUSION—The technique of triple diffusion
presents many of the same advantages as epitaxy. Triple-
diffused wafers may be more uniform than epitaxial
wafers.

In the triple-diffusion process the starting point is an
n silicon substrate of high resistivity. Into this is dif-
fused from the solid phase an n* layer several mils
thick of very low resistivity. The silicon wafers are pre-
pared for diffusion by depositing phosphorus pent-
oxide on the surface. The concentration of phosphorus
atoms at the surface is 2 X 10® atoms per cubic centi-
meter. The slices are diffused for some 50 hours in a
high-temperature furnace.

Some danger exists that such a long high-temperature
diffusion may result in the formation of excessive re-
combination centers throughout the device due to the
rapid diffusion of impurities. This is avoided by using
utmost cleanliness in a silicon furnace that is rebuilt
after each diffusion. Slow cooling is also used. This is
an annealing operation that localizes the recombina-
tion centers. The n* layer in a triple-diffused device
is graded in resistivity as opposed to the uniform n*
region achieved in epitaxial devices.

In triple-diffused as in epitaxial devices the high resistiv-
ity or v collector region contributes to high inverse break-
down voltage and high sustain voltage while the underly-
ing n* region contributes to a low saturation-voltage
drop. After diffusion the n* region is lapped off on
one side. This leaves a very thin » collection region,
The substrate is now used to make a silicon planar
transistor. Triple-diffused planars made by Pacific Semi-
conductors are known as Laminar transistors.

One interesting thing is that base spreading with high
collector voltage in a triple-diffused unit is into the
collector region which permits tightening the basewidth,
without incurring the problem of punchthrough.

A triple-diffused planar transistor is shown in Fig.

Growing epitaxial layers in controlled-temperature furnace
(General Instrument)
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14B. One example of a triple-diffused transistor is
the RCA 2N2102. It provides a V., up to 200 volts;
V.o e (high current) greater than 75 volts and
Voo oae Of less than ¥4 volt at 150 ma. It is useful as a
general-purpose and medium-frequency linear amplifier.
Useful beta range exceeds five decades, currents down
to tens of microamperes.
o COAXIAL TRANSISTORS—Germanium transistors find
with star geometry application in high-frequency circuits. One such device
(Motorola) has been made by Bell Labs. The unit is a diffused
base, alloy-emitter epitaxial-mesa, germanium transistor.
It has a gain-bandwidth product up to 3 Gc. The Bell
Labs device is illustrated in Fig. 15. It has an n base
. region 0.01-mil thick as against 0.02 to 0.04 mil for
~ommon high-frequency transistors. The base is arsenic
diffused and the base contact is gold-antimony. The
epitaxial collector is 0.1 mil thick while the substrate is
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\ ;
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FIG. 15—Alloy-diffused three-stripe and epitaxial germanium mesa transistor designed for coaxial connection, plan
view, cross section and package

Automatic electrochemical blank etching for transistors (Philco)
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gallium doped to 0.001-ohm centimeter resistivity. The
mesa is 2.2 mils square and the wafer is 1 mil thick
overall. There are three stripes on the mesa each 0.3
by 1.5 mils with 0.15-mil spacing. The two outer stripes
are gold antimony; the inner stripe is an aluminum emitter.

The wafer is mounted in a coaxial encapsulation.
There are two code designations for the transistor, M2107
and M2174. The M2107 is a common-emitter tran-
sistor. The emitter is connected to the outer shell and the
base is the input lead. The wafer is mounted on the
output lead, making the collector contact. The device has
input and output impedances near 50 ohms. It is
intended for baseband amplifier applications where no
impedance transformers are used between stages. Op-
erating biases are 5 volts and 5 ma. The low-frequency
value for current gain (h,.,) is nominally 20, and the
cutoff frequency (f,) is between 2 and 3 Ge.

The M2174 is a common-base transistor with basi-

cally the same wafer structure as the M2107. The
emitter connected to the input lead of the coaxial pack-
age and the base lead is connected to the outer shell. It
is intended for applications when impedance matching
networks are used at the input and output. In an am-
plifier with tuned input and output with no external
feedback, 12 db of gain has been obtained at 1,900 Mc
with a 200 Mc bandwidth. As a power amplifier biased
at 5 volts and 12 ma, 20-mw output at 1,000 Mc and
12-mw output at 2,000 Mc has been obtained. The
drive power was 2 mw at both frequencies.

ELECTROCHEMICAL TRANSISTORS — Some of the
earliest high-frequency transistors were the Philco
surface-barrier units. In these devices transistor action
is obtained when metal electrodes are plated on opposite
sides of a thin slab of semiconductor material. A sur-
face-barrier transistor is shown in Fig. 16A. Two small
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pits are etched on opposite sides of a semiconductor
wafer by jets of an electrochemical solution. Then a
dot of cadmium is plated in each of these pits by similar
jets of electrolyte. Surface-barrier transistors have been
made from both silicon and germanium.

Subsequently, the microalloying technique was com-
bined with etching to manufacture the microalloy tran-
sistor shown in Fig. 16B. In this device the emitter and
collector are alloyed to a slight depth into the germanium
base material. The process increases gain while pre-
serving the high-frequency capability afforded by the
narrow basewidth.

The microalloy diffused transistor shown in Fig. 16C
combines the techniques of electrochemical etching,
microalloying and diffusion. It has a frequency capa-
bility about 10 times greater than that of the surface-
barrier transistor.

A new type of electrochemical etched transistor shown
in Fig. 16D combines electrochemical etching and
epitaxial deposition. It is called the microlayer tran-
sistor and is expected to have a frequency capability in
the 10-Gc range.

The microlayer transistor is fabricated by etching
emitter and collector pits into heavily doped n germanium
to form a base width on the order of 0.01 mil. Epitaxial
layers of intrinsic germanium are deposited on opposite
sides of the wafer and p electrodes are subsequently
plated and microalloyed in the pits. A pinip structure
is thus formed. The combination of extremely thin
base with an intrinsic layer under the emitter and a p-
layer of proper concentration under the collector permits
a considerable increase in frequency capability.

The electrochemical diffused-collector (ECDC) tran-
sistor shown in Fig. 16E was developed by Sprague
through the integration of electrochemical, microalloy
and diffused-junction techniques. The electrochemical
etch of the emitter pit allows the junction to be placed
at proper resistivity for optimum breakdown and fre-
quency response while still allowing the base to be
placed on the extremely high conductivity surface. This
high conductivity surrounds the emitter etch pit keeping
the base resistance low and enabling the base contact to
be placed a noncritical distance from the emitter. The
electrochemical etch of the collector removes the
unnecessary germanium and permits contact to be made
close to the collector base junction. The result is
low saturation voltage and low storage time as well as
high breakdown voltage. Replacing the removed ger-
manium with high conductivity metal keeps the col-
lector-to-case thermal resistance low. Present ECDC
transistors are germanium units equivalent in polarity

to pnp.

HIGH POWER TRANSISTORS—Transistors for high
power may be made both by alloying and diffusion.

A typical alloy power transistor is shown in Fig. 17A.
This device starts with a p silicon substrate. The collector
is formed by alloying a disk of gold antimony. The
collector sits on a molybdenum disk that is silver soldered
to a copper base plate. The ohmic base contact is a
gold boron disk. It is surrounded by an annular ring
of gold antimony to create the emitter. This in turn
is surrounded by a second annular ring of gold boron
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High-gain power transistor or Darlington amplifier (Westing-
house)

to create a second base contact concentric with the first.

These npn silicon power transistors are rated at 2 to
30 amperes and up to 200 volts. Power transistor ratings
also include an h,, range from 10 to 20 at currents up
to 25 amperes. Saturation resistance, which is the
emitter-to-collector drop with the transistor fully on,
is less than } ohm in 7-ampere devices, less than 0.1
ohm in higher power devices. A seven-ampere transistor
can withstand collector voltages up to 200 volts. Higher
power transistors can withstand 150 volts. Beta cutoff
frequency, or the frequency at which 4,, has dropped
to 0.707 of its midrange value, and ranges from 30 to
50 Ke.

The unit shown in Fig. 17B is a high-gain power
transistor. It has an h,, of up to 1,000 at 2 amp and
150 volts. It is actually a Darlington connection of two
annular power transistors.

The transistor shown in Fig 17C is a power tetrode
made by Minneapolis-Honeywell. This is a pnp ger-
manium alloyed unit using annular geometry. The base
2 contact and the base 1 ring are not internally con-
nected but are brought out as separate external elec-
trodes. The two bases may be shorted to provide a
high-gain triode. Base 1 may be shorted to the emitter
to decrease switching time. Base 2 may be biased by



either an additional source or a diode and resistor com-
bination to maximize linearity. A negative temperature
coefficient element in the base 2 biasing network will
improve stability of operating point against temperature
changes. With base 2 reverse biased and input divided
between base 1 and base 2, maximum linearity from a
high-impedance drive source may be obtained.

High-power alloyed-junction transistors are low-fre-
quency devices. However, high-power silicon diffused
junction units provide high power handling capability
and relatively high-frequency operation. For example,
the WE 2N 1675 is such a device. It is a double-diffused
pnp transistor made by the diffusion of gallium and
phosphorus. It has a 110 by 160-mil mesa and uses
the interleaved junction structure illustrated in Fig. 13.
There are eight separate base stripes. The transistor
has a 4-micron base width and uses a molybdenum disk
to connect to a copper header. Its thin base region is
heavily doped. This contributes to minimize radiation
sensitivity. The device is capable of dissipating 100
watts at 25 C. Typical gain bandwidth product (f,) is
60 Mc. Turn on time is 250 nsec at 1 ampere collector
current while turn off time is approximately 400 nsec.
The unit is used in servo voltage regulators, servo ampli-
fiers, d-c to d-c converters, high-power linear amplifiers,
high-current and high-speed switching.

Triple diffusion is used to attain high-frequency high-
power operation in the RCA TA2084 silicon diffused
mesa. This is an experimental device that exists in
several forms. One type has provided a 3-watt output
from a one-watt input at 200 Mc (4.8-db gain) with
40-percent efficiency. It can also provide 12 watts out-
put at 70 Mc; the f, is 350 Mc; low-frequency beta is
40 at % ampere. The device has an 1,800-square-mil
mesa with 0.02 to 0.04-mil base-width. The intrinsic
region ranges from 0.2 to 3 mils wide. Typical value
of r/C, is 20. The substrate is soldered to its header
with a gold-silicon alloy.

The device uses an interdigitated junction geometry

illustrated in Fig. 13. The fingers of this so-called
“comb” junction are equivalent to 11 base stripes and
10 emitter stripes each 1 by 18 mils with a one-mil sep-
aration. This gives an effective junction length of %2
inch. Phosphorus and boron are the diffusants.

Some units have provided 500-w operation at 1 Kec.
Twin-comb units have been made to dissipate 1 Kw at
up to 5 Mc. Work on this transistor is being done for
the Navy in a project whose object is to develop a tran-
sistor transmitter capable initially of operating at %2
megawatt and subsequently at 1 megawatt.

UNIPOLAR TRANSISTOR—The unipolar transistor is
also known as a field-effect transistor. It is a majority car-
rier device. The unit illustrated in Fig. 18A is made
by Crystalonics. It consists of an n silicon bar with
ohmic anode and cathode contacts made to either end.
Two p-n junctions built into the middle of the bar are
connected in parallel as the grid. Negative bias applied
to the grid projects a depletion layer from each junction
into the silicon. This increases the effective resistance
between the anode and cathode and creates a triode-
type output characteristic.

In the annular unipolar transistor shown in Fig. 18B
by Westinghouse, the substrate is p material. The
cathode or source is the central disk. The grid or gate
is the first annular ring while the anode or drain is the
second annular ring. These devices give transconduc-
tances ranging from 1,500 to 5,000. They operate from
100 milliwatts to 5 watts. By adding rings, unipolar
devices handling from 10 to 15 watts may be con-
structed. A unipolar transistor has been made using the
bar geometry. The gate is alloyed in a channel between
the source and the drain, while the base plate of the tran-
sistor forms a second gate electrode. Transconductance
up to 1,000 has been achieved. In unipolar transistors
transconductance is defined as the ratio of a change in
drain current to a change in gate voltage with source
voltage remaining constant.

AR SHAPE (A)

CATHODE \l/ ANODE
GRID

FIG. 18—Cross section of bar-
type unipolar or field-effect tran-
sistor (A) and cross section with GRID
plan view of annular unipolar

transistor (B)

CATHODE

ANODE

ANNULAR (B)

CATHODE
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Single-crystal semiconductor film on dielectric substrate (Lear)

DEVELOPMENT of microcircuits has been goin on
under Defense Department auspices for several years.
Many approaches have been tried but an interesting
one is to construct the entire circuit, both active and
passive components, on a single semiconductor substrate.
There are perhaps as many approaches to this problem
as there are manufacturers in the business, and the
approaches range all the way from the most simple
to the most complex. Multiple diodes are an approach
to this problem.

General Instrument is assembling semiconductor de-
vices on ceramic substrates within a transistor case.
First the electrodes are evaporated then the devices

September 29, 1961
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are mounted. The circuits are called nanocircuits.
A typical one would be a flip-flop. In addition to diodes
and transistors for nanocircuits, the company makes
silicon-dioxide capacitors, silicon resistors and is work-
ing on a semiconductor inductance. A nanocircuit
uhf transmitter is under development.

Lear is developing a process whereby transistors and
diodes can be evaporated directly onto integrated micro-
circuits. The firm is evaporating single-crystal semi-
conductor films onto a dielectric substrate. Both n and
p films are being evaporated and junctions have been
produced. Elementary diode action has been observed.
This technique permits the rest of the circuit such as

nz
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the resistors and capacitors to be evaporated on the same
substrate, and reduces cross-couplings.

The single-crystal semiconductor films are deposited
by high-vacuum evaporation. Both active and passive
components arc applied by the same process. The de-
position process is a modified form of epitaxial crystal
growth and can be controlled both in geometry and elec-
trical characteristics. A portion of this work is being
done by Battelle Memorial Institute.

Westinghouse calls their approach to the problem
molecular electronics. One of their circuits provides
a unipolar transistor input and conventional output to
give the effect of voltage and power amplification in one
package. Such circuit might be used as a preamplifier
for an infrared detection system. Following is a list
of 11 of more than 35 molecular electronic circuits
under development: video amplifier (various levels),
audio amplifier, tuned amplifier, detector, oscillator,
mixer, AND gate, OR gate, multivibrators (bistable, mono-
stable and astable), multiple switches, and NOR elements.

Fairchild calls their approach micrologic elements.
First of these devices has been a flip-flop that looks
externally like a transistor with eight leads. Five other
devices: gate, half-shift register, buffer, half adder, and
counter adapter will be available. A micrologic element
uses direct-coupled transistor circuit design. The micro-
logic flip-flop is made by diffusing the transistors and
resistors for many units onto a single slab of silicon. The iR N
metallic intraconnections are deposited on top of the
slab and the slab is cut into individual elements. The
circuit in Fig. 19A is representative of this approach.

i‘—d;-——oo .
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Texas Instruments’ approach is illustrated by the tran-
sistor-diode NOR gate shown in Fig. 19B. Their circuits
are known as Solid Circuit semiconductor networks. A
binary flip-flop and diode-resistor gate are also available.
This approach uses circuit analogs to describe the con-
ductance characteristics of semiconductor material. Thus
circuit elements of resistors, capacitors, transistors and
diodes can be used as design tools for forming the semi-
conductor network.

IMipER

et

e VIS L

0——1
1
(A) L WALF—SHIFT REGISTER
INPUT O—pp— + CLAMP
-0 OUTPUT

o_”_—.

o—»t—1

o_.”_‘.
(B) o—b— = TRANSISTOR-DIODE NOR GATE
FIG. 19—Equivalent circuit of Micrologic half-shift register (A)
and Solid Circuit transistor-diode NOR gate (B) Two Solid Circuit semiconductor network elements in
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MAJORITY-C/

AMPLIFIERS

THE MAJORITY-CARRIER thin-film amplifier is an out-
growth of tunnel-diode technology. Several such devices
are under development and they are known by various
names. Philco calls theirs the Metal Interface Ampli-
fier or MIA. RCA talks of evaporated thin-film triodes.
Some workers talk about tunnel triodes.

Metal Interface Amplifier can be described as a third
basic type of amplifier and a possible successor to the
_transistor in many applications. It may be contrasted
with the vacuum tube, which uses one type of charge
carrier, the electron, in a vacuum. It may also be con-
trasted with the transistor, which uses either positive or
negative minority carriers in a solid. The MIA uses
one charge-carrier type, the electron, in a solid. In the
MIA the problem of ignoring majority carriers, that is,
base recombination, does not exist. Furthermore, the
device is not restricted to a limited range of materials
of correct purities and crystal structure as is the tran-
sistor.

The device is illustrated in Fig. 20. Physically it is
a four-layer sandwich. The substrate is an n germanium
collector on which is evaporated an aluminum control
film 100 to 200 angstroms thick. An aluminum-oxide
film 20 angstroms thick is grown on the control film
by thermal oxidation. A gold injector film is then evap-
orated on the aluminum oxide.

The germanium substrate is described as being non-
critical; polycrystalline material could be used. The
material used in experimental devices has been arsenic
doped to a resistivity of one ohm centimeter. The
aluminum and oxide layer characteristics are critical.
Pinholes in the aluminum layer are said to increase the
feedback voltage hn and thereby degrade performance
of the amplifier. Electrically the MIA is a three-terminal
device corresponding roughly to an npn transistor. The
injector is a source of electrons. The collector is the
anode while the modulating voltage is impressed be-
tween the control film and the injector. Quiescent bias
on the control film ranges from 0.5 to 1 volt. Collector

Ay O3

ALUMINUM
N—TYPE GERMANIUM

COLLECTOR

FIG. 20—Cross section of Metal Interface Amplifier

potential can range from zero up to forty volts.

Looking at the device as a four-pole network there
is an input impedance h,, of about 50 ohms; the reverse
voltage feedback hy, as low as 0.001; forward current
transfer ratio or alpha (k) of 0.70 to 0.95 (alpha is
measured as the ratio of a change in collector current
to a change in injector current with control-film bias con-
stant) and an output impedance hx of 10,000 to 15,000
ohms.

Beta or forward current transfer ratio in the common
injector connection has varied from zero to 35 with a
typical value of 20. Beta cutoff frequency has been
measured at 100 Kc, but no limit is said to be in sight.

Power gains from 10 to 20 db have been measured
with a typical value being 17. The device is a good
thermal conductor, and should have good power-handling
capability. From a physical point of view the MIA
may be looked upon as a tunneling device having two
barriers. The first barrier, the oxide layer, looks like
a simple dielectric. Between the aluminum and the ger-
manium, there is a.tually a back-biased surface barrier
that has advantages over the alloyed junction of giving
an abrupt junction right at the surface and a uniform
depth over the whole junction. The potential difference
between control film and injector creates an extremely
high field and accelerates injector electrons.

Considering the electron as a wave, which is common
in analysis of tunneling phenomena, there exists trans-
mission coefficient at the oxide and at the junction bar-
rier. Loss at the aluminum-oxide barrier ranges from
S to 30 percent while there is nearly 100-percent trans-
mission of energetic electrons at the aluminum-ger-
manium interface.

Evaporated film triodes have been described by RCA.
These are said to be field-effect transistors fabricated
completely by deposition of thin films on glass plates.
One such device is built around a cadmium-sulphide
film several microns thick and conducting metals such
as tellurium a few hundred angstroms thick.

electronics



New Bourns Precision Potentiometer

NUMBER 18 —~ NEW PRODUCT SERIES

Resolves the Quality-Price Dilemma!

Here is military reliability in a competitively-pricew. industrial
potentiometer. Bourns wirewound 10-turn Model 3500 meas-
ures just 74" in diameter by 1” long—shorter by 14" than units
available elsewhere—yet has a resistance element 209, longer
than that of comparable potentiometers.

Fully meeting military requirements for steady-state humidity
Model 3500 can also be provided at a 109, premium to meet
the cycling humidity specs of MIL-STD-202, Method 106. It's
the only 74" 10-turn potentiometer guaranteed to meet this spec.
Its published characteristics incorporate wide safety margins.

Reliability insurance is provided by the exclusive Bourns Silver-
weld® bond between terminal and resistance wire. Virtually inde-
structible under thermal or mechanical stress, this termination

eliminates a chief cause of potentiometer failure. In addition
a special close-tolerance rotor almost completely does away
with backlash.

Model 3500 is also subjected to the rigorous double-check of
Bourns’ exclusive Reliability Assurance Program. In short, every
possible step is taken to ensure that the performance you spe-
cify is the performance you get. Write for complete data.

Resistances 5009 to 125K, +39,, std. (to 250K spl.)

Linearity 0.259%, std.

Power rating 2w at 70°C

Operating temp. —65° to 4-125°C
2,000,000 shaft revolutions

Mech. life

BOURNS

BOURNS. INC,, TRIMPOYT DIVISION

68135 MAGNOLIA AVE., RIVERSIDE, CALIF.

PHONE: OVERLAND 4-1700 * TWX: RZ 9222
CABLE: BOURNSINC,

Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada

September 29, 1961
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THERE IS NO SUBSTITUTE

seeciy "IMIAG MOD

Amplitude 8
Response *[¥

Curve =%

Input Magnetic Modulator

- Type No. IMM 487-4

Subminiature “MAG MOD" @ featuring high
input signal sensitivity and high AC output
impedance. Male or female mounting.

(20 K Ohm
Load)

ol

1 20l

1 '41
)

Amplitude :o/8— )
Response -:——A

! fnput Magnetic Modulator
11 Type No. IMM 495-8

Subminiature “MAG MOD" ® featuring wide

W band width, muiltiple signal input circuits,

extreme zero stability from —65°C to

. :] +135°C, fow null amplitude or noise level.

4% (10 K Ohm  Mounting available male or female.

For the ultimate in—
RELIABILITY
REPEATABILITY | Type No. IMM 504-5
1/ 1] subminiature “MAG MOD"® featuring low
SUPERIOR it fodkiar$ ol s ot mosdance, etncs

zero stability, repeatability and insignificant

P E RFORMAN c E — : g Ig::ir::lgs Supplied with male or female
P s

Amplitude :;f’
Response "|'-
Curve " [£

1,
Amplitude |

Moo tnput Magnetic Modulator

fnput Magneuc modulator
1 Type No. IMM 562-1

o0 4956 b WETes ASRL . Subminiature “MAG MOD"® featuring 4 KC
- ! l, b carrier operation, wide frequency band width,

high output impedance and voltage range.

IMM 556-5 - - u‘, {IO%)K ohm Mounting male or female.

**|' Loa

IMM 504-5

e v

PR

Amplidide fnput Magnetic Modulator
Burve I Type No. IMM 561-1

Subminiature “MAG MOD' @ featuring low
carrier energy level operation, very wide fre-
quency band width, wide output operating
range, minimum size and weight. Mounting
male or female. May be mounted directly on
printed circuit boards.

fnput Magnetic Modulator
Type No. IMM 556-3

Subminiature “MAG MOD" ® featyring high
= 3 frequency carrier operation (35 KC), flat con-
|MM 487-4 4 - struction for printed circuit mounting, low
IMM 561-1 3 output impedance and clean output funda-
; mental frequency wave form. Mounting sup-

plied male or female.

Designed for Subminiature
Circuit Assemblies and Printed Circuit Card Configurations

New miniature designs of these reliable *“‘MAG MODS' ® make ® 1% repeatability throughout entire service life

them ideal for incorporation into transistorized printed circuit ® Negligible hysteresis

assemblies. T_here is no sacrifice of Qynamlc response. They ® Faster response time

offer the engineer/designer the solution to problems involved ® Ext tabilit ide t t

in a wide range of data systems where analog circuit opera- .re.me S a. - y over 3 witle tempagNIsh.Aang
tions are encountered. To insure complete flexibility, the ¢ Infinite service life

mechanical mounting on any ‘‘MAG MOD' may be modified ® Extremely lightweight — compact design

to conform to your particular packaging requirements.

GENERAL MAGNETICS ¢ INC
- el Tl C it A Tt e S
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FOR RELIABILITY. ..

MAGNETIC MODULATORS

TYPE NUMBER
Excitation Carrler Yoitage and Frequency

IMM 4874

15Y @ 400 cps

Winding No. 1 6200 ohms

Contral Signal Winding DC Resistance Winding No. 2 7400 ohms

Input Contrel Signal Range g‘l:"%,llﬁdﬁ.
Ampiitude Modulated AC Output Raage  3.¥ RMS @ 400

Phase Reversing

“Witferential Gain RMS mv
AC Owt/.a Signal 1n

Hull Ampiitude (Noise Level) mv AMS
Output Impedance
External Load {Suggested)

Null Orift (In terms of tnput
Signal) —~65°C to 4-128°¢C

100 mv/ua

25 mv RMS Maximum
Approx. 30 K ohms
Approx. 20 K ohms

Less than +0.25 42
Over Temp. Range

Hysteresis (* of Input Contrel Signal)  0.5% Maximum
% Harmonic Otstortion in Approx, 40%

Output AC Modulated Envelepe  (3rd Harmonic)
Overall Dimensiens (in Inches) Ve x1%h 1 %
Typs of Mounting 4-40 Studs or Inserts
Weight in Ounces Approx. 1.25

0.01 sec. tor 15K

Respansa Time (Band Width cpx) Sig. Source |

(12 ¢ps Corner Frequency)

Actual
Size

IMM 495-8

115V @ 400 cps

Signa! Winding No. T 550 ohens
Signal Winding No. 2 600 ohms

0 to +100 u2
(Both Sig. Windings in Series)

0to 1 VRMS @ 400 cps
Phase Reversing

15 mv/ua

5 mv RMS Maxhwem
1600 ohms

Approx. 10 K ohms

Less than +0.25 xa
Over Temp. Range

0.5% Maximum

Approx. 25% (3rd Harmonic)
¥rxlxl

4-40 Studs of Inserts
Approx. 1

20 cps for 10 K Sig. Source Imp.
ource Imp.

25 cps for 20 K Sig. S
(Both Sig. Windings in Series)

miniaturized magnetic modulator
specifically designed to deliver an
analog output voitage which is the
continuous product of two vari-
able input voltages. One of these
is an excitation voltage which va-
ries over a pre-determined range;
in this case, 0 to 1 VRMS 400 cy-
cles per second. The other signal

is a DC current which varies be-
tween 0 and =400 ua. The output voitage is 400 cycles
AC, and is always in phase or 180° out of phase with
the variable excitation or fixed reference, i.e., in phase

when the variable amplitude
DC signal is positive, and
180° out of phase when the
DC signal is negative. The
general schematic is illus-
trated in Fig. 1. The rela-
tionship between variable
alternating supply signal
voltage Eg, variable direct
current control signal Eg,
and the alternating load
voltage E; having a sinus-
oidal wave shape is denoted
by the equation—

E, = Constant X E; X E..

=
z
x
"
&

Figure 1

/llustrating:

IMM 504-5
118 ¥ @ 400 cps
1000 ohms

0 to +100 x2

010 1.5V RMS @ S00TPS
Phase Reversing

10 mv/us

10 mv RMS Maximom
1000 ohmsy

Approx. 5 K ohms

+1 ua Maximum
Qver Yemp. Range

0.5% Maximum
Approx. 30% (3rd Harmoaic)
Ixix1l
4-40 Studs o Insarts
Approx. 1.1
5 cps for 1 K Sig. Source imp.

10 cps tor S K sg. Source Imp.
20 cps for 10 K Slg. Source imp.

IMM 562-1

2.5VRMS @ 4 KC

Signat Winding 1300 ohm§
Feedback Winding 160 ohms
Dto £ I

00 u3
0to % 1V Bipolar

0 to &V RMS
@ 4000 cps Phase Reversing

200 mv/ud

30 mv RMS Maximum
Approx. 70 K ohms
Approx. 100 K ohms

#u.3 42 Mazimum
Over Temp. Range

Approx. 0.5%

Approx. 15% (3rd Harmonic)

1x11/16x %

4-40 Studs or Inserts

0.75

70 cps tor 10 K Sig. Source tmp.
ime Constant Approx. 2 Milti-

onds)

(MM 561-1 MM 556-5
IOVAMS @ 10KC 61010 VRMS @ 35K -
200 ohms 5000.0hms3
010 400 43 010 +400 s

BloIVYRMS @ 4KC

OtolL.EYRMS @35KC
Phase Reversing

Phase Reversing
10 mv/u8

10 mv RMS Maximum
Approx. 40 K ohms
Approx. 100 K ohms

L2 mv/pnn

20 mv RMS Maximum

900 ohms Each Output Wind,
1000 ohms Each Output Wind.
*1 na #+2 ua Over Temp.
Over Temp. Range Range

0.5% Maximum

Less Than 10%
(3rd Harmonic)

0.5% Maximum
Approx. 5% (3rd Hermonic)

11/16x 1x % 18X 1% x 1%

2-56 Studs 4-40 Tapped Holes or Studs
0.6 1

Corner Frequency 2 KC Corner Frequency 200 cps for
tor Sig. Source Imp. 600 ohm Signal rce Imp.
of Approx. 6 K ohms of 1000 cps for § X Source

Magnetic Multiplying Modulator Model MCM 515-1

The MAGNETIC MULTIPLIER is a

This expression, which defines the fundamental principle of the four quadrant
MAGNETIC MULTIPLYING MODULATOR, can be clearly illustrated by linear trans-
fer response curve families as shown at right, in Figure 2-A and Figure 2-B.

(1) Load voltage Er as a functlon of alternating supply signal volt-

age Es with control DC signal voitage Ec as a parameter.
(2) Load voltage EL as a function of control DC signal voltage Ec

with alternating supply voltage, Es as a parameter.

With linearity response curves held to w
straight lines, the product accurac

2 to 5% of the theoretical product.

Yol

BC Resistance

AC Output Range

Output Impedance

Cantrel Signal)

_Yype of Mounting

ithin approximately 1 to 2% of theoretical
y of the fundamental equation will be within

Amplitude e
Res;():onse e
urv 'l
SPECIFICATIONS MODEL MCM 515.1 ¢ ”
Variabie Excitation Carrier Yarlable AC Signal
e and Fraquency 0101V RMS 400 cps '-:[; |
g i 1
Contrel Signal Winding DC Signal Winding v‘w 6]
Resistance 2650 ohms +{ Figure 2-A
Input Cantral Signel Range Yariable DC Signal 0 to +-400 23 ?‘ | T
Amplitude Medulated 010 0.9Y RMS . 1
@ 400 cps Phase Reversing A
Nutl Amplitude (Nealse Leve|
[ ] IMS'M ulh.l.( Ac '[.ltl.!::'ll 3 mv RMs R
Approx. 3500 ohms Amplitude [ L0 T
External Loa¢ (Suggested) Approx. 25 K ohms t Ras%z"r:: H-r a
Mol Drift (In terms of Inpat +2 ua over Tempereture .7
Signal) —83°C te 4-133°C ({] - b
Nysteresis (%l of Input 0.5% M"""wg - J
% Narmenic Distertion In =" -
Output AC Meaduiated Enveleps ) Loss then 5% . ‘j‘ nl“" 2“
Overail Dimensians {In Iaches) 27/32x27/32x13/18 11T
4-40 Insert or Styd e radd

R Welght

Typical “Mag Mod” Circuit Applications —

Include algebraic addition, subtraction, multiplying, raising to a power,

controlling amplifier gain, mechanical chopper replacement in DC to funda-
mentai frequency conversion, filtering and fow signal level amplification.

Consult General Magnetics for magnetic amplitier components of proven
reliability. These dependable instruments are widely employed in auto-
matic flight systems, fire control, analog computers, guided missiles,
nuclear equipment, antennas, gun turrets, commercial power amplifiers
and complete control systems. Miniature, subminiature, standard and cus-

tomized types available.

135 BLOOMFIELD AVE., BLOOMFIELD, NEW JERSEY

September 29, 1961

Approx. 1 Ounce

Call or write for new
Brochure 102 on “MAG
MOD” Miniaturized
Magnetic Modulators
and Magnetic Multiply-
ing Modulators. Please
address inquiries on
company letterhead.
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COMMUTATION SWITCH

ACTUAL SIZE
Plate dia. only 13/4°

">

wittey,
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.. . but 134" plate diameter and 50% space savings* in a 180-channel switch are
only the start of the story. This new electromechanical switch also gives the other i
advantages that have made MYCALEX?® units the industry standard. Noise level 4
of less than 1 millivolt when switching 5 volts into a 150-ohm load. Up-to-a 1000 O™
megohm resistance between rectangular contacts. Speeds as high as 1800 RPM. )
Metal-to-metal wiping action that prevents graphite build-up. Super-hard, goid-
plated contacts. SUPRAMICA?T 555 ceramoplastic plate that withstands operating
temperatures to 650° F., has rotal dimensional stability, locks contacts in place.
Plus nylon-brush mountings of new design that eliminate bounce and deliver sharp,
clean signal edges.

Whether you’re looking for commutation plates or complete switches, it'll pay We are exhibiting at the N.E.C. Show
you to investigate both of these compact, new corponents which give Booth 346-348 * Oct. 9-11 * Chicago, Il
you an additional degree of design latitude. (For cxample, other MYCALEX
switches offer up to 540 contacts on a 3”-diameter plate.) Write today for our new,
comprehensive technical bulletin.

*When compared with conventional Inter-Range Instrumentation Group Telemetering Switches.
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General Offices and Plant: 120 Clifton Boulevard, Clifton, N. J.
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y.

MmyYycC

ELECTRONICS CORPORATION

EXCLUSIVE LICENSEE OF MYCALEX CORPORATION OF AMERICA
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More than 450,000 pounds of thrust lifts the U. S. Army's Nike Zeus missile skyward in a cloud of vapor. The Nike Zeus missile being developed for the project by the
Douglas Aircraft Company will be designed to intercept ballistic missiles traveling over 15,000 miles per hour, and destroy them at a safe distance from the defended area.

How do you stop an ICBM?

How do you detect, track, intercept—and destroy within
minutes—an ICBM that is moving through outer space ten
times faster than a bullet?

Bell Telephone Laboratories may have designed the
answer: Nike Zeus, a fully automated system designed to
intercept and destroy all types of ballistic missiles—not only
ICBM’s but also IRBM’s launched from land, sea or air.
The system is now under development for the Army
Ordnance Missile Command.

Radically new radar techniques are being developed
for Nike Zeus. There will be an acquisition radar designed
to detect the invading missile at great distances. And a
discrimination radar designed to distinguish actual war-

BELL TELEPHONE LABORATORIES

World center of communications .research and development

heads from harmless decoys that may be included to confuse
our defenses.

The system tracks the ICBM or IRBM, then launches
and tracks the Nike Zeus missile and automatically steers
it all the way to intercept the target. The entire engage-
ment. from detection to destruction, would take place within
minutes and would span hundreds of miles.

Under a prime Army Ordnance contract with the
Western Electric Company, Bell Laboratories is charged
with the development of the entire Nike Zeus system, with
assistance from many subcontractors. It is another ex-
ample of the cooperation between Bell Laboratories and
Western Electric for the defense of America.
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Low cost silicon voltage regulators

Yourself!

Specifications at 25°C

Help yourself to improved circuit performance at a new low cost i Zener Test Dyn.
with these Tarzian 1-watt units. Epoxy-enclosed, they combine: TTa;;':" Vc;'\t,;ge c(“,ﬁ)"‘ 'Tg}fm:‘)x)
1. sharp and instantaneous breakdown (avalanche) and instantaneous

VR6 6 25 4.0
recovery
2. small size, inherent ruggedness, and physical simplicity that are zz;s ;5 ;: 2:3

distinct improvements over other types of regulators Vmb lo’ - 8.0
3. low cost—Iless than a dollar in production quantities at the standard VRI2 12 12 10

209, tolerance. All standard tolerances available on request. VR14 14 12 1
At these low prices, their regulating, clipping, limiting, and protecting VR18 18 12 17
functions and advantages can be used to improve the performance of VR20 20 4 20
more circuits than ever before. VR24 2 4 28

Write for price and ordering information. Application assistance is VR28 28 4 42
available. For even faster service, contact the Tarzian Industrial Dis- VR33 33 4 50
tributor near you. VR39 39 4 10

Other Tarzian silicon voltage regulators are available in 14-, 1-, and VR47 47 4 98
10-watt series, 31 units in each series, 5.6 to 100 Zener volts in 10% VRS6 56 4 140
increments; standard tolerance 10 %. VR67 67 2 200

VR80 80 2 280
Send for free SVR Catalog: includes data on VR90 %0 1 340
all four Tarzian series of silicon voltage regulators, VR105 105 1 400
plus design and test information.

SARKES TARZIAN, INC.

World's Leading Manufacturers of TV and FM Tuners » Closed Circuit TV Systems « Broadcast
Equipment o Air Trimmers « FM Radios » Magnetic Recording Tape » Semiconductor Devices

SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA
In Canada: 700 Weston Rd., Toronto 8§ « Export: Ad Auriema, Inc., New York
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Manufacturers of glass silicon diodes
which meet the most challenging requirements of our industry’s

high-temperature, low-leakage, fast-switching technology.

' COMPUTER DIODE

230 GARIBALDI AVENUE * LODI, NEW JERSEY * PRESCOTT 3.2511 °* CABLE ADDRESS: CODI! LQDI
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NEW

PHILCO

SILICON
CHOPPERS

% "y ¥

with SPAT, Matched-Pair Uniformity
Bring High Fidelity To Low Level Switching!

T2363 CHARACTERISTICS

Emitter Voltage, BVeco —30 volts
Collector Cutoff Current

leso(Ves = —10V) 0.001 ua max,

Emitter Collector Current

eso(Ves = —10V) 0.001 ua max.

Offset Voltage

Vec(le = —200 pa, e = 0) 1.5 mv max,

Offset Voitage Vec(T2357
Matched Pair, la = —1ma
at all temperatures from

25°to 85° C) 50 uv max.

TYPICAL CHOPPER CIRCUIT

T2363: t-v CHARACTERISTIC
(in above circuit)

&
&

Philco SPAT®

Choppers are
immediately available

in quantities 1-999

from your Philco
Industrial Semiconductor
Distributor.

For low level switching applications, Philco now makes available
*Silicon Precision Alloy Transistor Choppers—produced on industry’s
only fully-automatic chopper production lirfe—to assure the uniformity
so important to matched pairs.

Only Philco Choppers offer you all these advantages—made possible by
the SPATg process:

wm Low offset curreni—1 nanoampere maximum;

== Low offset voltage—50 pvolts maximum (for the matched pair);

m= Guaranteed match over a temperature range—25° to 85° C;

- Gularanteed maximum offset vollage for a wide range of base current

values;

ms High gain-bandwidth product;

mm Meet all requirements of MI1L-S-19500B.
To assure ultra-high fidelity in multiplex systems for telemetry, multi-
channel communications, analog computers, and other low level data

handling applications, be sure to specify Philco SPATg Choppers.
For complete data, write Dept. E92961.

9’27710«4 o Quaé’z}z the Wortd Cuer

LANSDALE DIVISION, LANSDALE, PA.




Chassis in photos above is small enough to fit inside clock
case, which additionally contains miniature batteries and

clock motor. Frequency controlling crystal is vacuum en-
closed for minimum value (500 ohms) of series resistance

By R. L. WATTERS,

General Electric Research Laboratory,
Schenectady, New York

THE USE of a quartz crystal as the
time base for a clock is well known®.
Basically such a clock consists of
an accurate quartz crystal oscil-
lator, a series of frequency divid-
ers, and an output indicator, De-

~<—CIRCLE 128 ON READER SERVICE CARD

velopment of tunnel diodes has
made feasible a clock that is self-
powered, simple, and accurate. Tun-
nel diodes can be used in simple
oscillator circuits that operate with
low power dissipation in the quartz
crystal; they also permit simple
frequency dividers of unprece-
dented stability. The number of
dividers necessary depends upon

electronics
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Chronometer

Battery-powered clock runs for

6 months on one charging, 100-Kc
crystal-controlled tunnel-diode
oscillator provides basic stability;
tunnel-diode dividers reduce

frequency to 50 cps for clock motor

the frequency ratio of the oscillator,
the stability of each divider, and
also on the clock motor itself. Large
division factors per diode can be
reliably attained, making it feas-
ible to use a 100-Kc oscillator where
GT cut quartz crystals® are avail-
able. The frequency stability of
such crystals can be a few parts per
million for a temperature range
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Clock has accuracy about 5 times
better than maritime chronometers

Rg QUARTS
CRYSTAL
SERIES
RESISTANCE

FIG.
diode oscillator circuit using a GT
cit crystal

1—Basic ecrystal-and-tunnel-

of 100 C (one part per million error
is 82 seconds per year). Further-
more, since certain motors now
available draw only 300 to 500
microwatts, the total power re-
quired for the complete clock is so
Jow that it can be operated for
about four months with one size
D mercury cell. Lower current
tunnel diodes could extend the bat-
tery life.

The active circuit elements in the
clock are four 0.5-ma tunnel di-
odes, one transistor and the syn-
chronous clock motor, with one of
the tunnel diodes in a quartz crystal
oscillator circuit. The crystal is a
100-K¢ GT unit’. The other three
tunnel diodes are in frequency di-
viding circuits of ratio 10:1, 10:1,
and 20:1, respectively. The tran-
sistor is a power amplifier for the
50-cps output of the divider unit,
and drives the motor. The entire
circuit is powered by a single 1.34-
v mercury cell at a 1.5 ma current
drain. The circuit tolerates a 15-
percent drop in battery voltage
with no loss of timing accuracy; an
extra batterv holder is installed so
that the battery can be replaced
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100 Kc
1,500 l CRYSTAL
g @
Ciy 0.
0.7-4.5
e 200
d PISTON
134 =
VoLT TUNER -
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f X6
I 240 25- 50 Ge
mH
- @D 1,000 pF
10K 0.25
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100~250 { WHITE | WINDING
mH ; Si
10K
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20 10K
300 _
l 3.5 4u2/ w10
M H\‘f
~om
100 @D
ADJUST R FOR
COLLECTOR CURRENT
TUNNEL DIODES OF 0.5 mA WHILE

0.5 mA UNITS

MOTOR IS RUNNING’

FIG. 2—Complete circuit incorporates trimmers that can adjust the tim-

ing of the clock by a few seconds per year.

overall division ratio of 2,000 to 1

without interrupting the timing.
The clock measures 73 by 7 by 6
inches overall.

The oscillator circuit of Fig. 1
uses a tunnel diode operating on
the series resonant mode of a
quartz crystal. The impedance, E,,
across the diode terminals is equal
to R at all frequencies except the
series resonance frequency of the
crystal. R, then becomes R (1 +
R/R.), where R, is the effective
series resistance of the crystal. If
R, is larger than the absolute mag-
nitude of the negative resistance of
the tunnel diode, the circuit will
oscillate. Although for oscillation
to start, R, must be larger than the
negative slope of the tunnel diode
current-voltage characteristic, oscil-
lation will continue as long as R,
remains greater than the average
negative resistance over sne cycle.
Therefore the circuit will remain
oscillating reliably at bias voltages
for which it will not start. For
the particular clock under discus-
sion, the diode minimum negative
resistance is a little greater than
the value of R, which is 200 ohms.
To ensure oscillation over a suit-

Three tunnel-diodes give

able bias range, R, should be less
than about 250 ohms. The crystal
is therefore vacuum mounted. be-
cause R, for an equivalent air-
mounted crystal would be about
1,000 ohms. It would be possible
to obtain reliable oscillation for
this larger value of R. if one used
lower current tunnel diodes and in-
creased the value of R. The values
of L and C would then also need
adjustment according to the equa-
tions shown in Fig. 1.

Three extra capacitors in the
oscillator circuit are shown in the
complete circuit diagram of Fig. 2.
The 91-pf C, and the 2-13-pf ca-
pacitor C. form the usual load ca-
pacitor for a quartz erystal oper-
ating in its series resonant mode;
C. provides a slight adjustment for
the operating frequency. The 0-7-
4.5 pf piston capacitor C, is used
for the final trimming of the fre-
quency to 100 Kc. One clockwise
revolution reduces the clock rate
45 seconds per year,

The frequency is not critical to
small changes in the L and C
values of the oscillator circuit. In
a similar circuit using a DT crys-

electronics



tal having an R, of 150 ohms, a 10-
percent change in the 8,000-pf tun-
ing capacitor resulted in a 4 x 10~
change in frequency, or a clock rate
change of 12 seconds per year.

The less expensive DT cut is
probably the second choice for the
quartz crystal. This cut has a fre-
quency-temperature characteristic
that is parabolic and concave down-
ward. The point of zero slope can
be positioned at room temperature
by proper orientation of the orig-
inal cut. Small changes can be
made in either the frequency or in
the frequency-temperature charac-
teristic by selective grinding. A
frequency variation of about 1 ppm
over a temperature range of 25 de-
grees C has been obtained in DT

plates®.
The frequency dividers are syn-
chronized relaxation oscillators.

The basic circuit and limit cycle for
one unit are shown in Fig. 3. If
the average bias is between points
B and D, the circuit will oscillate.
Assume the average bias is at point
F and the diode operating point is
at A. Because of the voltage dif-
ference between A and F the oper-
ating point will move up the curve
toward B, limited in speed by the
inductance L. At point B it will
rapidly switch to C. Since the po-
tential at C is higher than F, the
operating point moves down the
curve towards D, again limited in
speed by the inductance, and then
rapidly switches to A. The speed
with which the operating point
moves from A to B and from C to
D depends on the inductance, the
total series resistance, and the po-
tential difference between the op-
erating point and F. As the aver-

IIN MA

E IN VOLTS

FIG. 8—Characteristic curve of
tunnel diode with sequence of con-
ditions superimposed. Operation
follows path ABCDA
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age bias is increased from its mini-
mum value for oscillation, the repe-
tition rate increases as well as
the percentage of the period spent
between C and D. Eventually a
bias will be reached where the times
spent from A to B and C to D will
be equal and the repetition rate will
reach a maximum. This is the
proper bias for the most stable op-
eration. Adjusting L then will
establish the correct rate. To
maintain a wide bias range in a
frequency divider, it is desirable
to feed the synchronizing signal
through a rectifier diode. Due to
the built-in bias of this rectifier di-
ode, the synchronizing signal is
effective only during one voltage
state of the tunnel diode. In this
case the low voltage state was
selected. While the inherent stabil-
ity of a tunnel diode is good enough
to permit a division of 2,000, the
requirements on bias stability are
not met here. Three dividers are
used, dividing by 10, 10, and 20,
respectively. The bias range for
proper operation is in excess of
15 per cent, and is limited by the
last stage.

Referring again to Fig. 2, the
100-ohm variable resistors are ad-
justed to give a 50-percent duty
cycle and the inductors are adjusted
for the division ratio shown. The
resistors in series with the silicon
rectifier diodes reduce the synchro-
nizing signal and incidentally,
make them insensitive to tempera-
ture changes. Since the output of
the crystal oscillator is low, a ger-
manium diode is used in the first
divider. Initially the total current
is set with the 250-ohm variable
resistor so that the frequency di-
viding diodes are in their high volt-
age state longer than the low.
Proper operation is then main-
tained for a longer time as the
battery discharges. The 100-ohm
control apportions the d-c current
taken by the oscillator circuit.

The 50-cycle output of the last
divider is fed to an npn silicon
transistor having a high k,,. The
bias resistor R is adjusted (about
39,000 ohms) to produce a d-c col-
lector current of 0.5 ma while the
motor is running. The 2.5-mh r-f
choke in the base circuit prevents
pickup in the timing -circuits.
Shielding the motor or the entire

clock mechanism might make this
component unnecessary.

Circuit values must be set so that
the clock will operate properly both
with a fresh battery and as the
battery discharges. The circuits
should tolerate a drop of 15 percent
in battery voltage, the limiting sec-
tion being the final (x 1/20) di-
vider. As the circuits operate in
series, the load currents have to
be matched in addition to the usual
adjustments of circuit elements.

The first model began operation
in May, 1960. It was one second
fast about five weeks later in June,
1960. Since the quartz crystal
used had a frequency variation of 1
ppm per degree C, the conclusion
is that the circuits were controlled
by the crystal and the average tem-
perature was nearly constant. An-
other model using a GT-cut crystal
was also started, and eight weeks
later it was 23 seconds fast. During
the following month it gained about
another half second. This error is
probably due to the crystal’s ag-
ing,"* since it is greater than that
expected from temperature varia-
tions alone, and moreover the
crystal was not aged before it was
placed in operation. Since that time,
another unit has been started, us-
ing a GT crystal that had been op-
erating in a similar oscillator cir-
cuit at 50 C for a month. This unit
gained 2 seconds in about five
months, and still showed some evi-
dence of aging.

The author is grateful to the GE
Clock and Timer Department for
supplying the low-power clock
movements, to the Semiconductor
Products Department for supplying
the 0.5 ma high capacity tunnel
diodes, and to E. A. Taft, G. W.
Ludwig, and A. G. Tweet for their
help in preparing this report.
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This miniaturized, all solid-state,

low-power telemetering link lends

itself also to upper atmosphere research.

Mobile ground station can display,

record and play back information

telemetered from the

airborne vehicle with an accuracy

of plus or minus one-half percent

FIG. 1—Compact and transport-
able ground station

Pulse-Duration Telemetering for

By M. D. WILT,

Ling-Temco Electronics Inc.,
Dallas. Texas

THIS ARTICLE describes a miniatur-
ized high-accuracy PDM telemeter-
ing link that will record data with
an accuracy of =} percent, exclu-
sive of sensors, over a wide environ-
mental range. The system was
originally developed for an air-
borne weather drone to gather
Jower atmospheric data, but its
small size makes it useful for in-
strument payloads for sounding
rockets in upper air research. The
airframe used in this application
has been produced and successfully
flown. It carries all sensors, power
sources and data conversion equip-
ment.

A static power supply converts
primary power to the various volt-
age levels used in the airborne
package. Primary power is sup-
plied by a miniature, rechargeable
nickel cadmium battery that can
power the system for one-half hour
of flight. The airborne circuits are
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completely solid-state for light
weight and low power consumption.

The ground receiving and record-
ing station is a miniaturized,
mobile, self-contained unit capable
of receiving, displaying, recording
and playing back PDM informa-
tion telemetered from the air-
borne vehicle. Figure 1 shows the
physical configuration of the
ground station. This unit employs
modular construction and is de-
signed to be readily hand-carried
or transported in a station wagon
or similar vehicle. Primary power
for the system is supplied by the
vehicle storage battery. Readout
of telemetered information is
visual. Compared with other de-
vices, the station cost is low.

The r-f data link consists of a
200-mw airborne transmitter oper-
ating at 27 Mc, and a ground re-
ceiver having a sensitivity of
3uv. Both units are crystal stabil-
ized and completely solid state.
The ground receiver rise and fall
time at 3uv is 12 usec total. The air-
borne transmitter power is ade-
quate for the application in which

the data link is normally used since
the aireraft is controlled from the
ground and tracked by visual means.
A higher power airborne transmit-
ter may be used for applications
requiring greater range.

The airborne portion of the link,
Fig. 2A, consists of a miniaturized,
high accuracy PDM encoder and
transmitter. The airborne tele-
metry encoder contains a commuta-
tor, a clock and keyer. The commu-
tator is made up of a ring counter
and diode bridge gate sequential
circuit that allow the various trans-
ducer inputs to be sampled in a
preset pattern. The diode gates
are matched to prevent offset in the
output. Sampling rate of the com-
mutator is set by the clock fre-
quency; in this application, sam-
pling rate is 100 samples per second.
This oscillator also supplies the sig-
nal that resets the keyer.

Figure 2B shows in detail the
airborne keyer including circuit
waveforms observed during a typi-
cal data sampling period.

The keyer is composed of an ac-
curate voltage reference, integra-

electronics



Airborne weather drone for gathering and telemetering data from the lower atmosphere is ready for launching

Lower Atmosphere Research

tor, voltage comparator and pulse-
controlled switch. The keyer ac-
cepts the output of the commutator
and converts this PAM informa-
tion into PDM format. To make
this conversion, the clock signal
first resets an integrator. The out-
put of this circuit is routed to a
voltage comparator that emits a
pulse when the integrator voltage
reaches an accurate preset level.
This pulse resets the keyer output.
The integrator output slope is in-
versely proportional to the magni-
tude of the input voltage from the
commutator. Therefore, the pulse
duration of the keyer output be-
tween clock pulse and reset is
directly proportional to the ampli-
tude of the voltage output of the
particular channel being sampled.
Keyer output modulates the trans-
mitter, which is solid-state. The air-
borne transmitter, which has an
output of 200 mw and a carrier
frequency of 27 Me, feeds directly
into a whip-type antenna.

The ground station, shown in
Fig. 3, consists of a display, con-
trol and decoder unit, digitizer
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unit and recorder unit.
The display, control and decoder

shaping circuits, quantizer and crt
indicator. Information is displayed

unit contains the receiver, pulse on the crt in two modes. In one
COMMUTATOR
e — N i e i FROM RESET
[~ RING COUNTER | COMM INTEGRATOR
| |
! { VOLTAGE VOLTAGE
l  DATA stanparp B ComparaToR
INPUTS | | INPUTS
| |
I II FROM o ouTPUT L7
| | CLock SWITCH MITTER
| |
| |
»

o ]
o _ |
o ||
OV |

i

TRANSMITTER
INFORMATION 1S CARRIED
IN THE WIDTH OF THIS
PORTION OF THE PULSE

(A) (8)

FIG. 2—Airborne encoder and transmitter (A), and airborne keyer (B)
including typical circuit waveforms
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mode a bar graph is presented. The
height of each bar represents the
magnitude of the parameter being
measured on a particular channel.
Calibration channels are also dis-
played. The values of the parameter
being mecasured may be read direct-
ly by employing a calibrated reti-
cule. The other mode presents the
digitized output of the crt. One
channel at a time may be moni-
tored in this mode. The channel de-
sired may be selected by a switch
on the front panel. The function
of this switch is to delay the start
of the horizontal sweep. If the
sweep were not delayed, it would
trigger immediately upon receipt
of the sync pulse which is desig-
nated as channel one. When the
svstem is monitoring digital infor-
~ation, the horizontal sweep time
is equal to the readout time for one
channel of digital information.
Therefore, to observe channel three,
for instance, a time delay equal
to two times the basic sampling
time must be introduced into the
svstem sync pulse to start the hori-
zontal sweep at the time that digit-
ized information from channel
three is being transferred from the
digitizer to the tape. The tape may
be played back at any time and this
same information displayed for
checking the quality of recording.
Binary information displayed on
the crt either while recording or
during playback may be read
manually to determine the exact
output of a particular channel. This
method gives more accurate results
than the bar-graph presentation but
only one channel at a time can be
read. Operation of the monitor
does not interfere with the data
being recorded.

Operation of the mode and chan-
nel selector switches may be fol-
lowed on the detailed block dia-
grams of the ground station and
digitizer. The crt display is fully
automatic with respect to syn-
chronization, sweep rate, blanking,
and horizontal and vertical gain.
When switching from one mode of
readout to another, only the mode
switch itself needs to be operated.
Of course, when reading out a digi-
tal word, the proper channel must
be selected with the channel selector
switch.

Operation of the quantizing net-
work is simple. A crystal-controlled
oscillator which was developed
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FIG. 3—Ground receiving station consists of a display, control and decoder

unit, digitizer and recorder

especially for this application pro-
vides one input to an AND gate. The
other input is provided by the in-
coming detected PDM information.
This gate gives an output consist-
ing of a series of bursts of high-
frequency (100-Ke) =quare waves.
This output goes to the digitizer
along with a signal that tells the
digitizer when the data pulse is
beginning and one which says the
data pulse is ending.

The method of presenting the
PDM information on the crt in ver-
tical line graph form is unique
with this system. Refer to the
ground-station block diagram and
waveform chart, Fig. 4. The mode
switch is in position one. The re-
ceiver output is shaped and sent to
a linear integrator. Output of this
device is fed to the vertical ampli-
fier and to a circuit that detects the
presence of the sync pulse, which is
wider than any signal pulse. Fol-
lowing the sync pulse is a squar-
ing amplifier and leading-edge de-
tector which gives a fast rising
pulse at the time the sync pulse is
detected. This pulse is then de-
layed for almost a full frame. If
this were not done, the sync pulse
would be displaved in two pieces
on the crt because the horizontal

amplifier would tyigger at the time
the sync detector decided that a
svne pulse was present. This time
is near the end of the passage of
the PDM sync channel through the
svstem. The horizontal sweep gen-
erator consists of two separate
units, one of which generates a
sweep of full frame duration, dur-
ing bar-graph presentation. and the
other generates a sweep of single-
channel time length for displaying
the digitized information.

The full frame sweep signal en-
‘ers the horizontal amplifier along
with a signal fed back from the
vertical amplifier. The vertical
amplifier supplies a signal that is
the integrated PDM wave train.
This signal is fed back so that the
resulting sawtooth pulses in this
wave train have a slope exactly
equal in magnitude and opposite in
sign to the slope of the horizontal
sweep sawtooth. When these two
pulses are added algebraically in
the horizontal amplifier, the result-
ant wave shape is a horizontal
sweep sawtooth with notches at
points where pulses are being fed
to the vertical amplifier. In other
words, the horizontal sweep voltage
remains constant during the time a
sawtooth pulse is being received at
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numbers in Fig. 38 ground station

the vertical amplifier and this
causes the sawtooth to look like
a vertical line on the crt face. A
display generated in this way pro-
vides all the advantages of conven-
tional PDM displays but with a
saving in ecircuitry and expense.
The crt display is shown in Fig. 5.

The signal path of the sync pulse
in both digital monitoring modes,
recording and playback, differs
from the path in bar-graph presen-
tation mode. In these modes the
sync signal is derived from the
digitizer. During playback opera-
tions the clock channel of the tape
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FIG. 5—This is what the crt dis-
play looks like
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recorder is decoded in the digitizer
and the sync pulse is derived from
this source. When monitoring digi-
tal information during recording
operations. the syne signal for the
mornitor system originates at the
sync detector. It is then sent to
the digitizer to be delayed and
synchronized with the 2-Ke¢ readout
rate. The signal is then returned
to the horizontal sweep generator
where it triggers the fast sweep.

The digitizer unit is detailed in
Fig. 6. The numbers on the input
and output lines in this functional
diagram correspond to the numbers
in the digitizer on the complete
ground station diagram (Fig. 3).
The digitizer receives the quantized
information from the quantizing
gate and counts the number of 100-
Ke pulses in each burst. At the
end of a data pulse, the serial out-
put gate reads out the information
to the tape recorder. The transfer
rate, 2 Ke, is synchronous with the
100-Kc¢ master clock. A clock sig-
nal is also provided to a second
channel of the tape recorder. This
clock signal is a pulse-width-coded
2-Ke¢ continuous wave train con-
taing information for sync and
channel selection. This two-channel
format provides all the information
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FIG. 6—Numbers correspond to
those on the digitizer in Fig. 3

necessary to reduce data by com-
puter methods. This feature is im-
portant where large amounts of
information are recorded. A for-
mat change does not have to he
made for automatic data reduction.
One ground station can support
operations of many flights during
a day and data can be sent to the
computer lab immediately.

The recorder unit used in the
present model is a modified Magne-
cord Model 102.

The station is powered from a
standard 12-v automotive battery
for mobile use but can be easily
modified for use with any power
available at its place of operation.
The maximum range of error of the
recording path of the ground sta-
tion with 3uv or more signal at the
receiver is —0.25 percent to +0.5
percent of full scale signal. Read-
ability of the existing crt is ap-
proximately =+ 2 percent with
greater accuracy possible by in-
creasing the crt size. The station
operates within these accuracies in
the temperature range —30 to +70
C. A ten-channel PDM signal can
be handled by the present design.
However, the circuits can be readily
modified to accept as many chan-
nels as other PDM systems.
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Fig. 1—Amplifier and detector for horizon sensor

INFRARED CIRCUITS IN

TIROS WEATHER SATELLITES

PART II—First part dealt with 5-channel radiometer, this part
covers transient type horizon sensors to determine satellite spin
rate and provide information on satellite attitude

By FRANK SCHWARZ
WAYNE CHOU,

Barnes Engineering Co.,
Stamford, Conn.

THE HORIZON SENSORS in NASA’s
Tiros series meteorological satel-
lites served two functions:

(1) They supplied information on
the spin rate of the satellite. The
spin rate had to be maintained
above 4 minimum value and could
be increased by activation of small
speed-up solid propellant rockets.
(2) By determining the period be-
tween earth pulses, the sensors pro-
vided information on the attitude
of the satellite with respect to a
radial line to the earth’s center.
This information was used to cor-
rect picture aspect and properly
identify the target area as seen by
the cameras and infrared radiom-
eters in the satellite.

The first bit of information re-
layed when Tiros I went into orbit
related to the spin rate of the satel-
lite. Normal spin rate was approxi-
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mately 10 rpm. Some ambiguous
signal outputs were received from
the sensors in Tiros I and II be-
cause of the sensor’s ability to de-
tect temperature differentials while
scanning across cool cloud forma-
tions or warm solar reflections.
However, once properly understood,
the meaningful signals represent-
ing the discontinuities between
earth and outer space could be
identified and the necessary infor-
mation extracted.

The sensor is mounted on the
side of the satellite with its axis
normal to the satellite’s spin axis.
It receives radiation from the
earth whenever the spin of the
satellite allows the detector’s field
of view to cross the discontinuity
from space to earth. To translate
the energy excitation into an elec-
trical signal, a bias voltage is ap-
plied to the thermistor detector
whose resistance drops when power
is absorbed by its sensitive flake.

Although the detector is capable
of d-c response and provides a nega-
tive output voltage until the field of
view has again crossed the horizon
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to view outer space, the transistor
amplifier used responds to tran-
sients only. The detector signal is
differentiated to obtain a negative
pulse (positive at the amplifier out-
put) in the transition from outer
space to earth, and a positive pulse
as the discontinuity is crossed in
returning to view outer space.
The optical system for the hori-
zon sensor consists of a germanium
lens with good transmission from
1.8 microns to about 20 x and an
effective collecting area of about
1.3 em®, followed by a germanium
immersed thermistor detector. Both
elements are coated and provide an
effective focal ratio f/0.21.
Embedding the detector into an
optical material of high index of
refraction without an intervening
airspace of different index gives a
large effective improvement in de-
tectivity. The immersion lens, by
converging the energy falling on its
front surface, provides optical gain
and makes it possible to use a
smaller detector to cover the same
field of view. Detectivity varies
as the reciprocal of the square root
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MODEL 13-200 SPECIFICATIONS

Sensitivity
Field of view
Spectral passband
Frequency response
Detector time constant
Output signal. ... ... ... . . . . ... .
Noise level (rms below peak signal) . .
Output impedance
Ambient temperature .
Power requirements
Size . .
Detector

approx 5 v/15 C (40-25 C)
1.3 deg X 1.3 deg

. 1.8—20u
(—3 db) 35-170 cps

. 2.5 m sec *20 percent

. *6V. into 22,000 ohm load
better than —30 db
less than 1,000 ohms
—10 to 460C
4 ma at 26 v d-c +10 percent
43 X 13 X 1i-in.
0.1 X 0.1 mm germanium immersed

of detector area. Since the effec-
tive energy collecting area has been
increased optically the detectivity
may be increased by a factor of
four (for a hemispherical lens with
index of 4). Even greater gains
may be ohtained by hyperimmer-
sion, an immersion process in which
the detector is placed in contact
with a plane surface at a distance
greater than the radius of the
sphere of the germanium spherical
lens.

Specifications of the radially
oriented transient horizon sensor,
Model 13-200 are shown in the
table.

Figure 1 is a schematic of the
amplifier and detector. In the bo-
lometer section, the compensator
has the same temperature charac-
teristics as the active flake but is
not exposed to radiant energy. The
compensator senses ambient tem-
perature and provides for a con-
stant bolometer bridge output in
the absence of radiant energyv on
the active flake. Zener diode D, pro-
vides a low-impedance, constant-
voltage source of bias to the de-
tector, and R, and C, insure a low
noise level in biasing the detector.
The detector-amplifier combination
is expected to operate at signal
levels not greatly in excess of the
thermal (Johnson) noise level of
the detector. Low-noise design
techniques are applied to minimize
semiconductor noise in the low-fre-
quency region.

The first two preamplifier stages,
Q. and Q,, consist of a common-
emitter pnp silicon transistor direct
coupled to a npn transistor. The
d-c level of the second transistor
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is set at the center of the supply
voltage, permitting linear opera-
tion over a wide dynamic range.
Negative feedback is applied to
the first stage by returning the col-
lector load resistor of Q, to a tap
on the emitter of Q,. The conse-
quent degeneration gives increased
input impedance and a decrease in
the output impedance while stabi-
lizing the voltage gain of this tran-
sistor pair. Voltage gain of this
pair is approximately R,/R, =
27,000/1,800 = 15. Additional in-
crease in input impedance results
from bootstrapping by returning
base biasing resistor, R, to the un-
bypassed emitter resistor R, Ca-
pacitor C, with negative feedback
resistor R, forms one of the two
high-frequency break-points in the
preamplifier. Since no significant
signal components are expected be-
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yond about 150 cps, the higher fre-
quencies, which only contribute
noise, are reduced.

Transistors Q, and Q, also con-
stitute a cascaded negative feed-
back pair in the common emitter
configuration. A second high-fre-
quency break is produced by feed-
back resistor R, shunted by C,. This
transistor pair is followed by one
more gain stage with local degener-
ation, Q;, and a final emitter fol-
lower, Q..

Only one major low-frequency
break is used. Coupling capacitor
C. rolls off frequencies below 15 cps
to limit excess noise. Additional
low-frequency breaks would result
in undesirable over-shoot of the
transient signals.

A more recent version of pream-
plifier for a horizon sensor such as
used in TIROS I and II, is con-
sidered the ultimate in low-noise,
low-frequency, high-impedance am-
plifiers. It is finding application in
other infrared instruments. Figure
2 shows the variation of noise
figure as a function of frequency
and source resistance. Character-
istics of this newer preamplifier
(known as Model DP5A) are:
voltage gain = 7,000; Z ,, > 1.5
megohms; Z .. < 50 ohms; fre-
quency response of 5-2,000 cps (3-
db points) ; power requirement of
24 to 30 v at 2 ma; size of preampli-
fier package in a sealed drawn steel
can is 1 in x § in x 4 in; and opti-
mum source resistance of 100,000-
200,000 ohms.
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FIG. 2—Variation of noise figure with frequency (A) and source resist-

ance (B) in DP5A preamplifier
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MEASURING MICROSECONDS

Envelope-delay distortion caused by a circuit may be measured by finding phase

difference of two tones slightly different from envelope frequency under test.
Tones are applied to circuit whose delay effect on envelope is being checked

By T. M. STUMP,

Telecommunication Eng. Dept.,
General Dynamics/Electronics,
Rochester, New York

AS THE SPEEDS of data-transmission
circuits increase, the permissible
distortion due to modulation-enve-
lope delay decreases. Thus, trans-
mission circuits must pass strin-
gent specifications for envelope-
delay distortion. Consequently, in-
struments that measure these de-
lays must be accurate.

The following example will illus-
trate the measurement problem: an
electronic switchboard developed by
General Dynamics/Electronics had
a modulation-envelope delay distor-
tion specification of 20-usec maxi-
mum over a portion of the audio
band; to determine whether or not
this amount of distortion was ex-
ceeded, envelope-delay distortion
had to be measured to an accuracy
of one or two usec.

Another example of the need for
accurate envelope delay measure-
ments is in the design of delay
equalizers for low-distortion sys-
tems. Often the amount of equaliza-
tion obtained is a function of the
accuracy of measuring the distor-
tion to be corrected.

This article describes a direct-
reading method that measures en-
velope delay distortion to a preci-
sion of a few microseconds. Loop
measurements where the input and
output are available at the same
location are assumed. The method
could be adapted to point to point
measurements.

The envelope delay (r) of a sys-
tem is the slope of its phase-versus-
frequency characteristic. This
slope is measured approximately by
finding the phase difference of two
frequencies in the vicinity of the
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measurement frequency and by
then using the approximation
s =df/dw = AB/Aw =

(B — B}/ (w2 — wn) 1
where 8. and B, are the phase shifts
in radians at the angular frequen-
cies w. and o, respectively. The ap-
proximation approaches an equality
as Ao approaches zero. Thus it is
necessary to keep Aw small to ap-
proach the true value of envelope
delay.

The instrument shown in Fig. 1,
which reads ag directly, introduces
two frequencies, Aw apart, into the
circuit under test.! These frequen-
cies have the form

e.=Acos(w..+i2‘”- t+

om = A2—‘”) t @

A cos
where e, is generator voltage and
w,, is the angular measurement fre-
quency. At the circuit output, these
frequencies have phase shifts 8. and
B. respectively, giving

& =Bcos[(w..+ "2‘"):— 51]4‘
2 @)

MULT—
IPLIER

FREQ DIVIDER

If this output signal is squared the
result is

er=B {cos* (u.+%)c—s.1+

cos [2wml — (B + A +
cos [Awl — (B — 8] +

“{(--

) o

The third term is a Aw signal con-
taining a phase shift 8. — 8. = A8.
This phase shift divided by Aw is
equal to the envelope delay at wn.
Other components of the squared
signal contain zero or higher fre-
quencies which are removed by fil-
tering. The required reference
signal is obtained by squaring gen-
erator voltage e,.

The phase angles 8. and B: could
be measured independently at o
and o, and the envelope delay cal-
culated from Eq. 1. However, the
direct-reading method, which meas-
ures the difference between 8. and
B., has the advantages of increased
accuracy and reduced measurement
time. Available equipment can
measure phase angles to = 0.1
degree except over a limited range
of about 2 degrees where an incre-
mental accuracy of = 0.01 degree
can be obtained if the frequency

TO UNKNOWN
INPUT OF
PHASE METER

TO REF
INPUT OF
PHASE METER

SQUARE-
LAW
DET

FIG. 1—Direct-reading test setup for measuring envelope delay. Outputs
of test setup go to phase meter which reads out the delay
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OF ENVELOPE DELAY

Vour

(B) = g

Voutr —»

(C) (=) = Viy — (4]

FIG. 2—Vector diagram (A) shows how an error voltage (vector B) can
cause an apparent zero crossing of Af (vector A). The square-law detector
shown in (B) produces response shown in (C)

doesn’t vary. Thus if 8. and B, are
measured at frequencies 50-cps
apart, the envelope delay error re-
sulting from a + 0.1-degree phase
error in the worst case will be

) =02deg  _
360 deg/cyele X 50 cps

= 11 usee (5)
Frequency increments greater than
50 cps would give less error pro-
duced by the phase readings, but
the approximation to the phase
slope would be less exact, especially
at system cut-off frequencies.

The direct-reading method allows
the = 0.01-deg accuracy over a 2-
deg interval. Thus, if a frequency
increment of 25 cps is used, enve-
lope delay distortion can be meas-
ured over a 222-usec. period with an
accuracy of = 1.1 usec. However,
since the absolute level of envelope
delay would depend on the =+ 0.1
degree accuracy, overall accuracy
would be = 11 usec. This accuracy
could also be obtained for delay
distortions greater than 222 usec.

The second advantage of the di-
rect-reading method over measur-
ing B, and B, independently is that
direct-reading requires less time to
make the measurements. If a phase
meter which must be recalibrated

Ar =
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at each measurement frequency is
used, the direct-reading method re-
quires about 1/10 as much time
as the independent-measurement
method since only one frequency
(Af) is applied to the phase meter.
The two-frequency direct-read-
ing method with square law detec-
tion is relatively insensitive to er-
rors being produced by harmonics
of the measurement frequency.
This type error can be produced by
harmonic groups consisting of nf,,
nf., = Af or nf,. = Af/2 (n = 2).
These harmonic groups can be pro-
duced by the modulating equipment
used to generate the fundamental
tones, or by nonlinearities in the
circuit. In passing through the cir-
cuit, these harmonic groups may
receive an envelope delay much dif-
ferent from that of the measure-
ment frequency. Upon detection, a
Af difference frequency produced
by the harmonic tones will give an
error in the phase reading. This
error will depend on the relative
amplitudes of the Af signals pro-
duced by the test tones and by the
harmonics and on the amount of
phase difference between them. If
these Af signals have the form

e =AsinA ot + Bsin A ot + 6

where the second term is produced
by harmonics, then the greatest
error occurs when § = 90 deg. The
error in phase-reading would be
Bermr = tan~! B/A (6)

For a Af of 25 cps and a required
error tolerance of 1 usec, Eq. 6
gives a ratio of B/A of 0.000157 or
an error signal 76-db down. For
this example, the harmonics pro-
ducing the error signal would have
to receive an envelope delay differ-
ing from that of the fundamental
tones by about 10 millisec. In a
modulated-carrier measuring sys-
tem employing envelope detection,
the above considerations would im-
pose an impossible harmonic speci-
fication or could result in reduced
accuracy. In such a system, har-
monics of the form nf., nf,, = Af
are produced. If one of these har-
monic groups produces a Af error
signal in direct proportion to its
amplitude, it would have to be 76
db below the level of the f., f. =
Af tones to limit the maximum
error to 1 usec.

The square-law detection process
used in the two-frequency method
alleviates the harmonic-distortion
problem. For example, for one
group of harmonics

e = A cos r-(c.;,,,-‘l~ A2w )t—ﬁﬂ] -
(-

B cos F<2wm+ — )z—u. +]

B cos r(2«,,..— A2“’ >t—ﬂ= ] )

After squaring, the resultant Aw
terms are
ean’ = A’cos [Awt — (8 — B)] +

B cos [Awt — (Bs — Bs)] (8)
Thus the ratio of the desired signal
to the error signal is the square of
the ratio of the test tones to the
harmonics. This means that har-
monics which are 40-db down will
produce a Af error signal which is
80 db down.

Readout of the A8 value is accom-
plished using a phase meter. Since
phase meters generally operate by
producing a d-c signal proportional
to phase angle, this integrating ac-
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tion allows harmonic distortions in
the order of 40-db down without
affecting the readings noticeably.

An alternate method of obtaining
readout is to make time-interval
measurements with an electronic
counter. This method is feasible,
but is not without problems. One
problem is in triggering the coun-
ter at precise zero-crossings of the
reference and unknown Af signals.
The effects of harmonics of Af and
of noise in shifting the crossings
of the signal applied to the time
interval unit must be considered.
Figure 2A shows a vector repre-
sentation of a Af signal (vector A)
and an error signal (vector B). In
this representation the resultant
signal (horizontal vector) is pass-
ing through a zero crossing. The
actual Af signal passes through zero
at an angle differing by

Awr, = tan! B/A 9)

For -, = 1 psec and Af = 25 cps the
required ratio of A/B is 76 db.
Thus a time-interval measurement
requires considerable more filtering
of Af than the phase-meter meas-
urement.

The two-frequency method of ob-
taining AB requires the generation
of a pair of tones Af apart. This is
done by multiplying the measure-
ment frequency f. by the desired
Af frequency (Fig. 1). This multi-
plication can be readily achieved
by using a Hall effect modulator.**
A Af voltage could be applied to the
magnetic-field winding and the
measurement frequency to one pair
of terminals of the semiconductor.
The second pair of terminals would
then have the required output. The

Hall-effect modulator can generate
the required tones and limit har-
monic components to the order of
60-db down. The near-perfect mul-
tiplication achievable with a Hall-
effect modulator makes the use of
this device appear attractive.

The square-law detector could
also use a Hall-effect device. An al-
ternate method would be to use a
piecewise approximation to a para-
bolic curve. Figure 2B shows a cir-
cuit which approximates a curve
(Fig. 2C) having the form Ve =
kV.?: with six straight line seg-
ments. A larger number of seg-
ments can be used for a closer ap-
proximation. This technique can be
used effectively when the input
(V.») to the square-law detector is
held at a constant amplitude.

The most formidable problem en-
countered in implementing this sys-
tem is filtering the Af signal. Be-
cause of the low frequency in-
volved, LC filters result in large
inductors which change enough
with level and temperature to cause
the output phase to be unstable
(phase must be stable to about 0.01
deg). Active filters employing twin-
T feedback networks have a rapid
phase-versus-frequency change at
the center frequency, and are sub-
ject to phase changes for slight
gain variations. In practice, a com-
bination of passive R-C filtering
and twin-T traps provide a work-
able arrangement. The traps at-
tenuate frequencies close to Af, for
example, 2Af.

The filtering of Af and the re-
quirements of the phase meter im-
pose a tolerance on the stability of
Af. This tolerance may be met by

dividing down from a stable source
such as a tuning-fork oscillator, or
from an electronic counter.

A phase shifter (Fig. 1) com-
pensates for variations in phase
between the reference and unknown
channels. This control also allows
one to offset the phase reading tc
use the range of greatest accuracy.

Extreme care must be taken in
decoupling and in shielding. The
problem of decoupling is aggra-
vated by the low frequency of Af.
Also, it was found that large errors
resulted when input and output test
leads were allowed to run parallel
for very short distances without
shielding.

The direct-reading outlined has
been used to measure envelope
delay rapidly and accurately over
the frequency range of 250 cps to
100 Kec. Figure 3A shows a meas-
ured delay curve of a delay equal-
izer along with the calculated curve,
which assumed dissipationless reac-
tive elements. Figure 3B shows the
measured and calculated delay of a
low-pass filter. In practice, a re-
peatability of within 3 psec is typi-
cal, with most measurements re-
peating to within 1 psec. The
frequency range of the measure-
ments is determined primarily by
the transformers used in the modu-
lator and demodulators.
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FIG. 1— Elementary
capacitor memory (A);
sample-hold circuit us-
ing high-gain d-c ampli-
fier (B); basic high-
frequency sample-hold
circuit (C); complete
sample-hold circuit
using diode-bridge as
switching circuit (D)

Precision Analog Memory Has
Extended Frequency Response

Used in analog circuits, the device has a dynamic range of =50
volts, holds within 0.02 volt for 100 milliseconds, and can track a
80-volt-peak sine wave with less than 2 degree phase shift at 20 Ke

By T. A. BRUBAKER,

University of Arizona,
Dept. of Electrical Engineering,
Tucson, Arizona

THE STORAGE UNITS most often used
in analog sample-hold circuits are
capacitors that are switched in and
out of the circuit to remember the
capacitor voltage at the instant of
switching (Fig. 1A). An analog-
computer integrator in hold opera-
tion can replace a capacitor if the
circuit is to drive a load (Fig. 1B).
In low-frequency applications, me-
chanical relays may be used in the
circuit of Fig. 1B, but audio-fre-
quency applications require elec-
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tronic switches, and these have the
drawback that they tend to cause
leakage into the holding capacitor
when the switch is open.

The circuit to be described uses
a relatively large holding capacitor
to overcome leakage. The problem
of driving the capacitor at high
frequencies is solved with a d-c fol-
lower used as a current amplifier
to supply current to the capacitor.
The resulting circuit combines sat-
isfactory holding ability with ex-
tended frequency response.

The analog memory circuit is
used in random-process studies in
conjunction with a fast repetitive
computer. The amplifiers, which are
on printed-circuit cards, are plugged

into a module containing two sam-
ple-hold circuits together with their
switching electronics and an elec-
tronic comparator circuit. This
module, which uses plug-in holding
capacitors, is intended mainly for a
new repetitive computer’ permit-
ting measurement of ensemble
statistics. It is also useful for
various instrumentation applica-
tions, notably amplitude-distribu-
tion analyzers,® where voltages
must be held for 50 to 100 msec,
and where the storage circuit must
track signal components at fre-
quencies as high as 20 Ke. Similar
units serve as repetitive integrators.

The memory circuit is also useful
in connection with slow electronic
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FIG. 2—Comparison between theoretical response and the actual response
using various amplifier and follower types

analog computers incorporating
analog storage and repetitive sub-
routines®’. Finally, if shorter hold-
ing times are required (as in multi-
plexing applications), a smaller
holding capacitor can be used with-
out loss of accuracy, improving the
frequency response.

The basic sample-hold circuit is
shown in Fig. 1C. If switch S is
closed and the gain of the second
amplifier is very high, point b will
be at approximately zero volts.
Thus, if the first amplifier is a true
follower, point a will be at zero
volts also.

Writing the node equation at
point a gives

Ein(8)/Ric + EO(S)/RO = I.(S)
The node equation at point b is

Eo(s)/(1/8C) + Iu(s) = 0

)

2

If the current gain of amplifier
A is A(S) then

To(8) = Ia(s) X A(s) 3
Substituting Eq. 3 inte Eq. 2 gives
Eo(s) SC + I.(s) A(s) =0 4)

Solving for I. (s) in Eq. 4 and sub-
stituting into Eq. 1 yields the gain
Ey(s)/Ewn(8) = — Ro Rio X
1/[ReCo s/A() + 1] (5)
Thus, the effect of the current am-
plifier is to extend the frequency
response by a value equal to the
current gain of the amplifier.

The complete sample-hold circuit
is shown in Fig. 1D. Input and feed-
back resistors are 100,000 ohms and
give a gain of unity at d-c. The
holding capacitor of 0.0047 uf com-
promises between frequency re-
sponse and capacitor-charging-

through-leakage during the holding
period. Note that addition of in-
tegrator-input resistors at the sum-
ming point of amplifier B would
yield a complete repetitive-com-
puter integrator.

Amplifier A used as a follower, is
a University of Arizona Model II
operational amplifier* which can de-
liver a maximum current of 10 ma.
Taking the input (grid) current,
1., as approximately 10~ amps, the
maximum current gain of the fol-
lower is about 10°.

Amplifier B is the chopper-stabi-
lized University of Arizona Model
III operational amplifier,* which can
deliver = 100 volts at 10 ma. The
follower amplifier was not stabi-
lized, since its long-term drift (15-
20 mv) is comparable to that of the
electronic switch itself and does not
affect the output in hold. Any ini-
tial offset is balanced by potentiom-
eter R, at the output of the fol-
lower. It was found after warmup
that the total output drift is less
than 0.02 volts.

For a sine-wave input E, sin o,
the output with the switch closed is
—E, sin ot. The change in voltage
across the capacitor is given by dv/

dt = i/¢ = — E, w cos wt. The cur-
rent is therefore a maximum when
cos ot = 1 and in., = — E.co,

giving an equation for the fre-
quency at which the sample-hold
circuit will overload. Figure 2
shows experimental and calculated
voltages E, as a function of fre-
quency. Figure 2 also shows an ex-
perimental curve using Philbrick
K2-X operational amplifiers as the
follower and the main amplifier for
purposes of comparison.

A six-diode bridge (Fig. 1D) in-

20pF

IM

-300V

33K§ 33K%

FIG. 3—Push-pull pulse amplifier for drivin
fier is a Schmitt trigger, whose input comes
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g the diode bridge circuit. First stage of the pulse ampli-
from an operational amplifier of gain 50
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corporating 6AL5 diodes is used as
the switch for the circuit. This type
of circuit has a very high transfer
impedance when off and is easily
turned on and off with large or
small push-pull pulses. When point
¢ is positive and point d negative,
diodes D, and D, are off and the
bridge is on. Small offsets owing to
differences in circuit resistance can
be nulled, with the potentiometer at
the follower output. When point ¢
goes negative and d positive, diodes
D, D., D, and D, are turned off.
However, there is a small amount
of leakage through the diodes. and
differences between diode charac-
teristics produce a small current
that flows into or out of the holding
capacitor and cause a small charg-
ing or discharging effect. It was
found that = 10 volt and =+ 100 volt
gate pulses gave the same leakage-
current difference. Errors due to
this leakage current in the vacuum-
type diodes are small compared to
the effects of capacitor dissipation
and finite amplifier gain. The small
variable capacitors from points ¢
and d to the summing point balance
the rise and fall time of the push-
pull gate pulses. When the input
pulses are balanced, the change in
voltage due to switching action is
less than 5 mv. Stock 6AL5 diodes
were used in the bridge, and there
was no attempt to match them. The
resulting output drift was less than
0.02 percent of 100 volts for a hold-
ing time of 100 msec.

The =+ 50-v push-pull pulses for
turning the diode bridge on and off
are obtained from the circuit shown
in Fig. 8. The Schmitt trigger cir-
cuit acts as a comparator about zero
volts and provides the input to two
pulse amplifiers. Resistive networks
combine the outputs of the two am-
plifiers with suitable bias voltages
to provide the proper voltage levels,
and the cathode followers furnish
the push-pull output at the low im-
pedance necessary to drive the
diode bridge. Use of the Schmitt
trigger permits two sample-hold
circuits to be run as a memory pair
in modern multipurpose analog
computers (one sample-hold tracks,
while the other holds)® In this ap-
plication, the Schmitt trigger is
driven by an operational amplifier
limited at = 50 volts, with gain 50.
The combination of the amplifier
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FIG. 4,—Characteristics of phase and gain versus frequency, for the Uni-
versity of Arizona amplifier and follower

and Schmitt trigger forms a fast
comparator. Note that the hyster-
esis and trigger level drift of the
Schmitt trigger are effectively di-
vided by the gain of the amplifier.
If triggering about some d-c level
is desired it is only necessary to
add the d-c term at the comparator
input.

If solid-state pulse circuits are
used to drive the bridge, a low-
voltage back-to-back Zener diode
can be placed from the follower
input to ground. This gives limit-
ing-action when the switch is off
and it is then possible to control
the diode bridge with small push-
pull pulses, such as those obtained
from transistor logic modules, even
though voltages as large as 50v are
tracked and held.

The analog-storage circuit has a
dynamic range of =+ 100 volts d-c,
with a static accuracy better than
0.1 percent essentially determined
by the accuracy of the resistances
R,, and R,. The output is held
within # 20 mv for 100 msec with
the switch off. Figure 2 shows the
overload voltage as a function of
frequency, and Fig. 4 shows the
frequency response in the tracking
mode. The recovery time after sam-
pling is less than 100 usec for = 50

volt steps. This recovery time lim-
its the maximum sampling rate to
10,000 samples per second with the
0.0047 uF holding capacitor shown.
The plug-in holding capacitor can
be changed to trade frequency re-
sponse for holding time, or vice
versa.

Since the University of Arizona
Mod. J* and III plug-in amplifiers
(which were especially designed for
fast analog computers) are not gen-
erally available, the circuit was also
built using Philbrick K2-X ampli-
fiers. The only result of the ampli-
fier substitution is a reduction of
the dynamic range at high fre-
quencies, as indicated in Fig. 2.

The circuit was developed in the
course of a repetitive analog com-
puter project directed by G. A.
Korn. Acknowledgment is due the
Electrical Engineering Department
of the University of Arizona and
P. E. Russell.
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Solid-State Devices for Electromechanica

Use of single-crystal strain gages and of tunnel diodes as pressure-sensitive

transducers are among approaches leading to a new family of devices

By MAX BIALER, Electronic Technology Lab., USAF, Wright-Patterson AFB, Ohio

SOLID-STATE TECHNIQUES FOR ELECTROMECHANICAL APPLICATIONS

Output Parameters of

Technique Interest Status Performance
Single Crystal Devices  Strain Operational, with techniques Linearity to 0.1 percent
Silicon, Germanium Piezo-resistance and new materials being Hysteresis of 0.1 percent
and Other Materials investigated Resolution limited only by readout
Friction undetectable
Size approaching transistors
Diode Strain In use and under investigation N-type elements can be used to com-

Piezo-resistance
Current/pressure function

pensate p-type elements
Broad temperature range
Extremely small

Tunnel Diode

Strain

Frequency/pressure function

E-I curve is pressure sen-
sitive

Under investigation

Sensitivity provides high accuracy
potential

Friction approaches zero

Low power consumption

Frequency output convenient for
analog to digital conversion

[ransistor Action

Strain
Current gain beta varies
with pressure

Recognized

Difficult to reproduce

Gain provides for excellent sensitiv-
ity—high gage factor

Resolution and friction affected only
by readout equipment

Hall Effect Position device Operational, and is also being Limited accuracy: 3 percent error
Voltage output investigated by many com- Temperature sensitive
panies Low frietion, good resolution, highly
versatile
Opto-Electronic Position device Operational Extremely versatile instrumentation
Voltage, current. Many approaches and uses capability
Simplified digital output for all types of measure- Performance limited by electrolun-
ments. Coherentlight inesence and photoconductivity and
sources will increase accur- by light/electrical conversion effi-
acy by orders of magnitude ciencies
Ferroelectric Strain Operational Limited accuracy: 3 percent error

Piezo-resistance

Many types of devices in use

Temperature sensitive

Nuclear Magnetic

Fixed Position (polarization)

Being investigated by many

Accuracy limited only by instrumen-

Resonance Frequency extremely sensi- companies for advanced de- tation. Cryogenic temperatures
tive to magnetic field vices and /or strong magnetic fields re-
quired for some applications
Mossbauer Coherent gamma rays with Laboratory measurement Present device techniques are com-
Effect purity of about 10-12 Being investigated for advan- plicated

Relative position, angular
position and motion

ced devices

Accuracy in excess of 1 part in 10
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Applications

DEVICES BASED on solid-state tech-
niques are already beginning to
supplement and replace conven-
tional electromechanical hardware
such as potentiometers, synchros,
accelerometers and strain gauges.
Since the usable conversion of me-
chanical energy into calibrated
electrical energy is generally ac-
complished in a solid-state lattice,
the field can be called solid state
electromechanics.

Strain and pressure measuring
components, accelerometers, poten-
tiometers, synchros and gyros rep-
resent an electromechanical family
of components that are relatively
large and complex assemblies. Their
operation depends on critically ma-
chined and balanced parts, bear-
ings, rubbing contacts, and power
dissipating elements. During the
past decade, performance gains
have been realized as a result of
new alloys, contact materials, using
films to replace wire, magnetic ma-
terial improvements, and closer
mechanical balance and tolerance.
Many of the advances are marginal
and further improvement is in-
creasingly difficult. Friction and
machine-shop tolerances are pre-
dominant limiting factors and can-
not be reduced much further.

An investigation was made of
electromechanical hardware of all
types that are used to measure mo-
tion such as roll, pitch and yaw,
acceleration and change in motion,
strain and pressure, and position
in space. The devices all make use
of one or more of the following
three fundamental measurements:
stress or strain; relative position
of two bodies; and absolute main-
tenance and reference of a position
in space. Strain gages, pressure
indicators and accelerometers pro-
vide a calibrated electrical output
as a result of stress or strain. Po-
tentiometers, synchros and coded-
disk analog-to-digital converters
measure relative position of two
bodies. Gyroscopes establish and
maintain spacial reference.

Fortunately, the theoretical and
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Tunnel diodes show a high sensitivity to pressure, are expected to provide
strain and pressure transducers with gage faetors of 1,000 or more

practical understanding of semi-
conductors, single-crystal behavior,
and solid-state physics in general,
has been greatly expanded during
the past ten years. As a result,
molecular or solid-state phenomena
and techniques can be used to make
all the fundamental measurements
and to provide satisfactory sensor
instrumentation for new systems.
The table shows the output, status
and performance expectation of the
more promising energy-conversion
mechanisms or techniques.

The instrumentation potential
for each technique listed results
from a calibrated electrical output,
either as a result of pressure or
strain for strain gages, pressure
indicators, and accelerometers, or
as a result of relative or angular
position between two bodies for
solid-state replacements for syn-
chros, voltage-pickoff potentiom-
eters and accelerometers. Gyro-
scopic  instrumentation derives
from techniques which produce an
absolute reference position. The
techniques have already provided
some hardware but every approach
listed is relatively new and is under
investigation. Performances listed
have either been realized or are
projected possibilities made pos-
sible because the instrumented elec-
trical output eliminates the limit-
ing mechanical tolerances. Only per-
formance items of principal impor-
tance to the application engineer
are listed. Most of the techniques
are dependent on molecular energy
conversions, hence accuracy will be
affected by nuclear radiation. Be-
cause most of the resulting devices
are small, shielding for moderate

radiation may be designed into the
transducers. Extremely high speed
of response is inherent in most of
the techniques, and this may re-
quire damping to make them suit-
able for many applications.

The single-crystal device pro-
vides an example of how the tech-
niques work. In proper crystal
orientation the strain gage factor
of some semiconductors exceeds
those of conventional strain gages
by as much as 150. Gage factor is
(AR/R,) /e, where AR is change in
resistance caused by applied strain
¢, and R, is the resistance of the
element. For silicon, the high gage
factor, coupled with low voltage
input and relatively simple tempera-
ture compensation techniques, al-
lows a transducer that ultimately
will approach transistor size.

Tunnel diodes are extremely
sensitive to pressure and should
provide gage factors exceeding

1,000. Once problems of control,
reproducibility and application are
solved, tunnel diodes will provide
a fundamental pressure or strain
instrumentation suitable for many
types of transducers. The curves in
the drawing show the effect of
pressure on tunnel diodes.

Nuclear magnetic resonance is a
technique of extremely high poten-
tial accuracy. In paramagnetic ma-
terials electron resonance is f (Mc)
= K, H and proton resonance is
f (Ke¢) = K. H, where H is in oer-
steds. Constants K, and K, range
from one to five. The output fre-
quency is pure and sensitive to the
magnetic field. This frequency is
used as a time or frequency stand-
ard.
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FIG. 1—System showing tape punching device (A), transmitting apparatus (B) and receiving equipment (C)

Automatic Symbol-Group Repetition

System adds check symbol to each symbol group,

prior to data transmission. Computers calculate check

symbol according to predetermined mathematical rule

|

L

Office application of basic error correction principles prevents transmission

of wrong data
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By TH. REUMERMAN
W. H. TH. HELMIG,

Reumhelm Electronics N, V.,
Amsterdam, Holland

TRANSMISSION OF INTELLIGENCE by
digital techniques implies that the
intelligence received conforms ex-
actly to that transmitted. This ap-
plies equally to teleprinter, radio,
telegraph, telephone, direct wire
and any other means of transmis-
sion. In transmitting data for high
speed data processing, the com-
puters must be fed correct data if
accurate calculated data is to result.

Various methods have been pro-
posed to accomplish errorless trans-
mission. However, most of these
methods restrict themselves to
showing that an error (or several
of them) has occurred during
transmission; they neither locate
the error, nor correct such errors.
None check human input errors.
For the correction of a detected
error it is necessary to refer to the
original document, and usually an
inquiry must be sent to the trans-
mitting end. The message or a
considerable portion had to be re-

electronics
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Corrects Transmission Errors

peated. This is a costly, time con-
suming job, and with unmanned
transmitters, it is impossible.

The system outlined in Fig. 1
provides means to automatically de-
tect and correct transmission er-
rors to give error-less output at
the receiving end. It can be used
with existing communication equip-
ment and can be applied to any kind
of data transmission.

In this system, the message may
contain symbols of any kind, such
as the full alphabet or all digits and
auxiliary symbols for controlling
machine operations. In practice,
the symbols belong to a given series,
determined by the apparatus in-
volved in the transmission. For
instance, the series may include all
the symbols appearing on a key-
board, or all the symbols occurring
in a telegraph code.

The system has input storage
where the symbol group is stored.
Then a computer automatically cal-
culates a check digit for each sym-
bol group according to a predeter-
mined arithmetical rule (Fig. 1A).
The symbol groups together with
their check symbols are then trans-
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mitted (Fig. 1B). At the receiver
(Fig. 1C), the transmitted symbol
groups are checked with the trans-
mitted check symbols. If a symbol
group is transmitted wrong it is
not accepted and a warning signal
is sent to the transmitter. On re-
ceipt of the warning signal, the
symbol group mutilated during
transmission is retransmitted from
storage,

Thus, if a symbol group is muti-
lated, transmission is repeated un-
til a correct symbol group is re-
ceived at the output. The number
of repetitions may be restricted
by a stepping switch, actuated at
each repetition, which stops the
transmission entirely or switches
on a second transmitting device.

In general, the check symbol is
taken for the same series as the
other symbols. Thus, the check
symbol is not distinguishable as
such from the other symbols of
the group and means must be pro-
vided to indicate the moment at
which a check must be made at the
output.

If each symbol group consists of
an arbitrary number of symbols,

a marker signal may be trans-
mitted. In long distance transmis-
sion, the words of a message are
generally separated by a space,
and this symbol may serve as a
marker signal to initiate the check-
ing operation. If the number of
symbols in a group is constant, the
time for the checking operation
may be determined by counting
the symbols of the group.

There exists a checking system
for long-distance transmission in
which each symbol is separately
checked. According to this system
the symbols are transmitted by
means of a seven-element code, in
which each symbol is represented
by a combination of four marking
and three spacing elements. Upon
receipt of a combination containing
more or less than four marking ele-
ments, a signal is sent back to the
transmitting end and the symbol
is repeated. This system involves
the amplification of the usual five-
element code into a seven-element
code, an increase by 40 percent of
the time required for the trans-
mission.

In the new system only one sym-
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bol is added for each symbol group,
(see editorial box) yet the efficiency
of the checking, (the ratio of cor-
rected to occurring errors) is at
least of the same order.

The input storage means may
be of any desired type: punched
tape (Fig. 1A), magnetic tape,
punched cards, electromechanical
or electronic register, or a mag-

netic or electric memory device
may be used.

If each symbol group or word of
a message already contains a check
digit then the new system will, be-
sides correcting transmission er-
rors, also automatically check the
input for human errors and prevent
their transmission.

Figure 2 shows how the system

CHECK SYMBOL CALCULATION

Assume that the information is
to be transmitted in telegraph code
and has been punched in a tape
without any check symbols, and
with a space symbol after ecach
symbol group. In the transmitter,
a check symbol 1s inserted between
the last symbol of each symbol
group and the succeeding space
symbol. This check symbol is de-
termined by the following arith-
metical rule.

A B HE aoD T
l

5| ® @ e o0
8| @ o
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o @
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A numerical value (see cut) is assigned to each of the punch positions of
the tape, 16 to the first, 8 to the second, 4 to the third, 2 to the fourth and
1 to the fifth. By adding together the values of the positions in which a
hole appears, the numerical value of the symbol is found. For instance,
the letter A (holes in positions 1 and 2) has the value 24, the letter B
(Holes in positions 1, 4 and 5) has the value 19.

The numerical value w, of the check symbol W, of a symbol group

Uy Ugyy - .

. Us, Us, in which the symbols Ui, Us, . .

. U, have the numerical

values w, us . . . Uq is equal to 31-Rs (2v,), where vo = Ra (w1 + 2us + 4dus
+ ... 42" u,) and where Ra is an operator denoting the remainder
obtained on division of the argument by 31.

This arithmetical rule has the advantage that, if the check symbol is
added to the group, the complete group Uq, Ugar... Uz, Uy, Wo thus obtained
has a check symbol of which the numerical value is 31, since vo + 1 = R/

(w, + 2u + 4u. + 8us +

.. .2%,) = Ru (31 — 20, + 2v,) = 0.

Hence, a symbol group received together with the appropriate check
symbol may be tested at the receiving end by determining the check symbol
of the complete group and verifying to see if it has a value of 31.

For the symbol group HEAD, the symbols have the numerical values

5, 16, 24 and 18, in this order.

ve = Ru (18 + (2 X 24) + (4 X 16) + (8 X 5)] = Ra (170) = 15, so that

W, = 31 — R:ﬂ (30) = 1.

The numerical value 1 represents the letter T so that HEAD has the
check symbol T. The transmitter will substitute HEADT for HEAD. In
the recceiver, if the group HEADT has been correctly transmitted,

vess = Ru (1 + (2 X 18) + (4 X 24) + (8 X _16) + (16 X 5)] = Ru (341) =0,

so that wey = 31.
Say a mutilated group like HEEDT is received instead of HEADT, now
Vosr = Ru (14 (2 X 18) + (4 X 16) + (8 X 16) + (16 X 5)] = Rx (309) = 30,
so that 1w, = 2

The receiver sends back the right signal if we. is equal to 31, and the
wrong signal if it is not equal to 31. The check symbols are determined,
both in the transmitter and reeciver, by computer. After insertion of @
symbol having the numerical value u. the computer calculates the value

v = Ry (201-1 + ul):

wherein v,.: is the previously calculated value. Upon insertion of the first

symbol of group, vi. 18 zero.

Again, if the group HEAD is inserted, the computer successively calcu-
lates the values vi = 5, vs = Ru [(2X5) + 16]) = 26, vs = Ry [(2x26) +
24] = 14; and v, = Ru [(2X14) + 18] = 15
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can be used to check the results of
arithmetical operations. The num-
bers (only two will be used in this
description, although, in principle,
an unlimited number could be used)
and function signals are inserted
by the keyboard. The first number
is stored in compartment I, the
second in II and the function in
III. At the same time, the numbers
are fed to the check symbol com-
puter. Here, a check symbol for
each number is computed and
stored—the check symbol for the
first number in IV, for the second
number in V,

When the readout key is de-
pressed, the numbers stored in I
and II are fed to the main calcu-
lator, check symbols in IV and V
are fed to the auxiliary calculator
and the function signal in III is
supplied to both calculators. Thus,
the same arithmetical operation is
performed on the numbers in the
main calculator and the check sym-
bols in the auxiliary.

Output of the main calculator
goes to a second memory and a
second check symbol computer. This
second checking computer deter-
mines the check symbol of the re-
sult and compares it with the out-
put of the auxiliary calculator. If
the outputs agree, a voltage is
applied to line R, if the results do
not agree (indicating an error)
a voltage is applied to line W.

A voltage on either line resets
both calculators and both check
symbol computers. The voltage ap-
pearing on line W in case of a
wrong result resets the result mem-
ory and locks the keyboard. At the
same time the storage readout re-
supplies the numbers and function
signals to the calculator, repeating
the calculations.

If the result is right, the volt-
age on R will operate the final
readout, clear the number and
function memory and, if necessary,
unlock the keyboard.

Each time a voltage appears on
W a counter is operated; when the
counter has operated a predeter-
mined number of times, an alarm
indicates the system is out of order.
However a voltage on R will reset
the counter, so that only consecu-
tive failures are counted.

The system can be applied to
many other applications where
errorless data transmission is re-
quired.
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RESEARCH AND DEVELOPMENT

Digital Q Meter Counts Damped Cycles

By T. F. HEITING,

Resident Engineer,
Aero-Space Div.,
The Boeing Co.. Seattle, Wash.

QUALITY factor can be provided di-
rectly on a digital @ meter without
digital or analog conversion. Meas-
urements of Q can be made easily
and quickly for production-line test-
ing of tuned circuits, transformers,
chokes, deflection yokes and similar
components. Reading errors are
minimized by the digital indication.

Operation of the meter involves
counting the number of cycles of a
damped oscillation between two
:pecified levels of amplitude. Be-
cause the number of cycles is also
quality factor Q, a simple counting
method can be used to indicate val-
ues of Q greater than 10.

The theory of operation is based
on the following relationships. Dec-
rement d = UyU, = U,/U. ... =
U,./U., where U, U, ... U, are the
positive peak voltages of n succes-
sive cycles of the damped oscilla-
tion. Therefore, d" = U,/U, and

Ind = In (Uo/Ua)/n. (1)
Additionally, since ¥ = %™ sin
wt, eT = In (Uo,/Ux) = In dy

T =Ind/a (2)
and a =1r/2L, 3)
it follows that Q@ = wL/r = 2zL/
+T = 2zL/[r(In d)/a] = 2aL/

{r (Ind) 2L/r] = =/In d and
Ind = =/Q. “)

Combining Eq. 1 and 4, In(U./
U) = na/Q, UysU, = €79 For
n = Q, the ratio of the peak volt-
ages U,/U, = € = 23.14.

The usefulness of this equation
is indicated by assuming U, = 100
volts, in which case U. = 4.321
volts. In terms of percentage, if
amplitude of the individual eycles
of a damped oscillation drops from
an arbitrary reference level to 4.321
percent of that value (—27.30 db),
the number of cycles is equal to Q.

This mathematical relationship,
usually overlooked, makes possible
the digital Q meter shown in the
simplified block diagram. The
free-running pulse generator ap-
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plies pulses through a diode at a
low pulse-repetition rate to the com-
ponent under test. The diode is
used to isolate the pulse generator
from the component after oscilla-
tion has been initiated. Cathode-
follower input to the amplifier
avoids loading the component.
When amplitude of the induced
damped oscillation has dropped
slightly to a particular level, called
the 100-percent level, the counter
starts counting the clipped positive
sinusoidal pulses. When amplitude
has dropped to the 4.3-percent level,
the counter stops. The number on
the counter is the value of Q. The
indication remains on the counter
until erased by a reset pulse. The
Q meter then recycles automatically.
Capacitor C, with negligible losses,
enables frequency of the damped
oscillations to be adjusted.
Accuracy of the digital Q meter
can be calculated assuming that
error of the two level detectors is
=+1 percent and counter error is *1
count. The value of Q determines
accuracy for a single wavetrain,
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Counting cycles of a damped oscilla-
tion between two amplitude levels pro-
vides a direct digital reading of Q

which ranges from 12 percent for
a Q of 10 to 2 percent for a Q of
1,000. However, by averaging meas-
urements for many wavetrains,
counter error approaches zero and
overall accuracy approaches 2 per-
cent.

Attenuator Controls Amplifier Gain

By L. C. BOWERS, Electronic Equip. Div., McDonnell Aircraft Corp.. St. Louis, Mo.

TRANSISTOR circuit enables a-c am-
plifier gain to be controlled by d-c
voltage. Response of the circuit to

A-C 3} AAA A-C
n » s % out
I
A-C \l & r AC
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4 R, =

0-C
CONTROL
VOLTAGE

FIG. 1—Function of potentiometer
in simplified schematic at top 18
gimulated by circuit below

control voltage can be made linear
for control system applications by
adding suitable feedback.

Variable gain capability has been
obtained with vacuum-tube pen-
todes, as well as complex arrange-
ments using transistors, usually in
conjunction with ave and age sys-
tems. A simpler method of provid-
ing variable gain is sometimes de-
sirable particularly at servo system
frequencies.

In the simplified schematic at
the top of Fig. 1, the potentiometer
functions as a variable attenuator
by providing variable shunt resist-
ance. The circuit at the bottom of
Fig. 1 simulates the potentiometer,
but the variable shunt resistance is
controlled by the d-c input voltage.

When no d-c control voltage is
applied at the base of @, both tran-
gistors are saturated and all tran-

electronics
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scientlists and engineers in
@ unique leadership role

The frontiers of space science and technology are being expanded at
Aerospace Corporation. The scientists and engineers of this leadership
organization are the critical civilian link uniting government and the
scientific-industrial team developing space systems and advanced ballistic
missiles. In providing broad scientific and technical leadership to every
element of this team, they are engaged in a balanced program of activities
spanning the spectrum from basic research and forward planning through
general systems engineering. Included in the latter are technical supervi-
sion, integration and review of the engineering, development and test
operations of industry to the extent necessary to assure achievement of
system concept and objectives in an economical and timely manner.
These people are privileged to view both the state-of-the-art and system
development in their totality. Now more men of superior ability are
needed: highly motivated scientists and engineers with demonstrated
achievement, maturity, and judgment, beyond the norm. Such men are
urged to contact Aerospace Corporation, Room 110, P. O. Box 95081,
Los Angeles 45, California.

Organized in the public interest and dedicated to providing objective leadership
in the advancement and application of space science and
technology for the United States Government.

AEROSPACE CORPORATION
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2N1015
2N1015A
2N1015B '
2N1016 R
2N1016A “ <

2N1016B

2N1212
2N1208
2N1616
2N1617
2N1618

2N1616A
2N1617A
2N1618A
2N1724

150 Watt

85 Watt

NEC: Booth 116

SILICON TRANSISTOR CORP. ADDS 2 NEW SERIES.
THE COMPlETE LINE OF HIGH POWER SILICON TRANSISTORS

The series.

2N'IO'IS 2N1016
2N1015A 2N1016A
2N1015B 2N1016B

are 150 watt single-end stud types.
With collector-emitter voltages of
100 volts. Saturation resistance of
0.5 ohms. Minimum beta of 10 at
5 amps.

The series

2N1212 2N1616
2N1208 2N1617
2N1618

are double-ended 11/16” 85 watt
hex stud types.
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And...
2N1724

BVCEO of 80 volts. Saturation resistance of 0.5 ohms.
Minimum beta of 10 at 5 amps.

Both STC series have the lowest leakage currents in the
industry... high temperature stability...low thermal re-
sistance and reliability at full power ratings. Write for
Catalog listing complete line of STC's high and inter-
mediate power silicon transistors and silicon dicdes.

2N1616A
2N1617A
2N1618A

are the most popular series in this
package, with dramatic improve-
ments from STC.

P A —— g e g - -

F:..-»:g-mj

SIlICON TRANSISTOR CORP.

CARLE PLACE, LONG ISLAND, NEW YORK Ploneer 2-4100

electronics



FOR IMMEDIATE DELIVERY
CONTACT THESE STC
DISTRIBUTORS

in Alabama:
MG Electronics & Equipment Co.
Birmingham—FA 2-0449

in Arizona:
Southwest Industrial Electronics
Phoenix—AL 2:1741

in California:
Finn Electronics Corp.
San Carlos—LY. 1-4423

Hollywood Radio & Electronics, Inc.
Hollywood—HO 4.8321

Kierulff Electronics, Inc.
Los Angeles—RI 8-2444
San Diego—BR 6-3334
Shanks & Wright, Inc.
San Diego—BE 9 0176

in Connecticut:
N.E.E.D., Inc.
Danbury—PI. 3 ¢844
Sun Radio & Electronics Co., Inc.
Stamford—WH 9-7715

in Florida:
Gulf Semiconductors, Inc.
Miami—MO 5.3574
Hammond Electronics, Inc.
Orlando—GA 5.0511

in Indiana:
Graham Electronics Supply, Inc.
Indianapolis—ME 4-8486

in Maryland:
Valley Electronics, Inc.
Towson—VA 5.7820

in Massachusetts:
Durrell Electronics, Inc.
Waltham—TwW 3.7020

N.E.E.D., Inc.
Watertown—WA, 6-1130

in New lJersey:

Sun Radio & Electronics Co., Inc.
Princeton—WA 1.2150
in New York:
Arrow Electronics, Inc.
Mineola, L.1.—P) 6-8686

Progress Electronics
New York—CA 6-5611

Stack Industrial Electronics, Inc.
Binghamton—RA 3-6326

Standard Electronics, Inc.
Buffalo—TT 3-5000

Sun Radio & Electronics Co., Inc.
New York—OR 5-8600

Valley Industrial Electronics, Inc,
Utica—RA 4-5168

in Pennsylvania:

Philadelphia Electronics, Inc.
Philadelphia—LO 8-7444

in Tennessee:

Electra Distributing Co.
Nashville—ALl 5-8444

in Texas:

All State Electronics, Inc.
Dallas—RI 1-1295

Lenert Company
Houston—CA 4-2663
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sistor electrodes are at ground po-
tential. As d-c control voltage be-
comes positive, conduction in Q, is
reduced and voltage at the collector
of Q, and the base of Q. becomes
negative. The resulting reduced
conduction in Q. increases voltage
across the varistors, which have
a voltage-resistance characteristic
as shown in Fig. 2.

Because of the symmetrical
nature of the supply voltages and
emitter and collector resistors as-
sociated with @Q., the junction of
the varistors is always at a d-c po-
tential of zero volts. This arrange-
ment prevents a d-c component
from being added to the a-c sig-
nal.

Effective shunt resistance with
d-c control voltage at zero is about
500,000 ohms. As d-c¢ control volt-
age is increased in the positive di-
rection so that Q, is cut off, voltage
at the emitter and collector of (., is
—50 volts and +50 volts, respec-
tively, and effective shunt -esist-
ance is 2,000 ohms.

To obtain a shunt resistance
ratio of 50:1, the required value of
R, is (500,000 x R,) ‘(50,000 4+
R) = 50 (2,000 x R,)/(2,000 4
R,) = 120,000 ohms.

The equation relating a-c signal
voltage to d-c control voltage is
Va.e = K(1/V,.2), over a specified
range.

The feedback arrangement in
Fig. 3 is suggested to obtain linear
operation for control system appli-

Re-Entry Simulator

SPACE-VEHICLE re-entry simulator
is expected to provide quantitative
information about radio frequency
transmission through the plasma
sheath. Anticipated performance
can actually be measured as para-
meters are varied without the cost
and time of test firing.

The study is being conducted by
Sylvania Electric Products, a sub-
sidiary of General Telephone and
Electronics Corp., and the Canadian
Armament Research and Develop-
ment Establishment (CARDE),
Valcartier, Quebeec.

Space vehicles re-entering the at-
mosphere of the earth at altitudes
of 20 to 60 miles will be simulated.

Small free-flight models of the
re-entry vehicles are used. Re-entry
conditions are simulated by firing
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