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WHO'S ON FIRST?

Dear Reader:

Do you know where you are on your company’s
Organization Chart?

You should. Otherwise, you don’t know where
you are going, nor how you will get there.

Why not take a few moments and diagram the
chain-of-command in your company as you see
it. Then take a little more time to verify it.
It should be worth-while.

For one, you will learn the interdependence of
management, design engineering, research, en-
gineering and quality control.

After you have made your own study and have
analyzed your position within your company,
give a thought to the changes that have taken
place during the past six months. Have they
affected your relative position? Are you moving
ahead, or standing still?

If you do undertake this project, perhaps you
would also do us a favor and send us a chart
of your engineering department or group as you
see it. We will not identify you or your company,
but we would like your comments on what you
think of your own company’s organization. Later
this year we’ll publish composite engineering
organization charts of typical companies which
you should find interesting for comparison
purposes.

Sincerely,
The Editors
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Electronic Sciences Spur Graphic Arts

AS ONE APPROACH TO EXPANDING job opportunities for
engineers, we have urged electronic companies to serve
and sell to other industries. One industry that is quite
receptive to electronic equipment is printing and pub-
lishing.

The marriage of the electronic sciences and the print-
ing arts is noteworthy for corporate as well as technical
reasons. Let us consider companies that recently an-
nounced developments in “electronic printing.”

RCA, one of the oldest and hroadest-hased electronic
companies, recently formed a Graphic Systems Divi-
sion. Its mission is “to develop, manufacture and mar-
ket new electronic equipment and systems for handling
all types of printed information.” President Elmer V.
Engstrom said this Division expressed the “convic-
tion that the graphic arts field, particularly the print-
ing industry, offers a major opportunity for new elec-
tronic technology and business.”

This unified venture into graphics also represents
a kind of “fallout” of defense/aerospace technology and
personnel. Dr. Nathaniel I. Korman, Graphics chief
engineer is an example. He was formerly chief systems
engineer of Missile & Surface Radar Engineering and
more recently, director of advanced military systems.

At the same time, the Harris-Intertype Corp. (whose
subsidaries include Gates Radio Co. and PRD Elec-
tronics) demonstrated two highly automated typeset-
ting systems which depend heavily upon electronic
devices. A “Today” exhibit showed a computer that
converts rough copy on a tape into a coded tape to
print justified (even) lines. This tape then guides
fast machines to produce conventional hot metal type
slugs, paper, or film “phototvpe’ composition.

A “Tomorrow” exhibit incorporated a Farrington
optical scanner into a computerized system to produce
type for use with standard printing equipment. This
optical machine “read” 30 lines of typewritten copy in
a second. It produced, in the form of “photographic
copy.” either lines of text or advertising layout ma-
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terial. Neither product was handled by an operator
after the typewritten matter was put into the optical
scanner.,

Mergenthaler Linotype Co., cooperating with CBS
[Lahoratories Division of Columbia Broadcasting Sys-
tem, is developing a $4 million photocomposing system
for the U. S. Air Force. This Lexical-Graphical Com-
poser-Drinter System will produce fully printed and
illustrated books. About 10 standard-size pages will
e printed each minute on a 500-foot output roll. Here,
text material will be carried on a magnetic tape gen-
erated by electronic data processing equipment. Illus-
trative material will be stored on video-tape.

Several other companies have many years of experi-
ence in automated printing equipment. These include
Fairchild Graphic Equipment, a division of Fairchild
Camera and Instrument Corp., which makes electronic
machines for facsimile, engravings, and high-speed wire
transmission of signals to operate remote typesetting
machines. ILog Electronics makes electronic enlargers.
And Crosfield Electronics Inc. specializes in electronic
devices for test, measurement and control of ink, paper
and printing presses.

Our point that electronic companies should serve
other industries was amply demonstrated nearly 100
vears ago. Back in 1886 in Baltimore a watchmaker
named Ottmar Mergenthaler served the printing in-
dustry by perfecting the world’s first mechanized type-
setting machine called the “Linotype.”

Printing and publishing are most receptive to the
use of electronic technology because they are related
to the broad fields of information and communications.
This market comprises $8.4 hillion for commercial print-
ing, $2.3 billion for periodical publishing, and $2 bil-
lion for hook publishing—an estimated total of $12.7
hillion for 1965.

We see the printing and publishing industry as a
major growth market for electronic equipment and
services.
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VOLTAGE RATINGS TO 150 VDC, unlike other so-called ‘“wide temper-

ature range” aluminum electrolytics with compromise voltage ratings
only to 60 volts.

CAPACITANCE STABILITY over entire temperature range. Even at —55 C,
capacitance drop is very small.

OPERATING AND SHELF LIFE comparable to or better than that of foil
tantalum capacitors.

LESS EXPENSIVE than foil tantalum capacitors, yet meet electrical require-
ments of proposed military specification MIL-C-39018.

SMALLER AND LIGHTER than tantalum capacitors in equivalent capaci-
tance values and voltage ratings.

For complete technical data, write for Engineering Bulletin 3455 to
Technical Literature Service, Sprague Electric Company, 233 Marshall Street,
North Adams, Massachusetts,

SPRAGUE COMPONENTS

TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES I

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

‘Sprague’ and @ are registered trademarks of the Sprague Electric Co.
43C-165-63R3
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THIN-FILM HYBRID APPROACH TO INTEGRATED CIRCUITS 34

The form of integrated circuitry known as the thin-film hybrid can be a very
practical, economical and time-saving approach to miniaturization of elec-
tronic circuits. This is particularly true for circuit development and feasibility
studies, and for prototype models.

STATUS OF MONOLITHIC & THIN FILM CIRCUITS 38

The approaches of thin film and monolithic circuits are not competitive but
complementary. Certain advantages keep oscillating back and forth between
the two as new fabrication methods develop. The final outcome will probably
be a combination of the two methods.

HOW TO TAKE COLOR PHOTOMICROGRAPHS 47

Engineers have been taking photographs for years, particularly scope traces.
With microelectronics they now have a need for photomicrographs—in color
-——to show proper detail. This method does the job very well.

LAMINATES FOR MULTI-LAYER PRINTED CIRCUIT BOARDS 54

Copper-clad laminates of normal thickness are easy to produce, test and use,
whereas the thin laminates present some problems in both producer and
user. These problems, as well as the properties of thin laminates, are dis-
cussed.

LATE DEVELOPMENTS IN CAPACITOR DESIGN 70

Energy storage, ceramic and mica capacitors are discussed in this updated
companion article to ‘‘Capacitors: Today and Tomorrow,” which was pub-
lished in the June 1964 issue of ELECTRONIC INDUSTRIES.

A CLOSE LOOK AT MEASUREMENT STANDARDS 88

Consistency in electronic measurement procedures and reporting is para-
mount. Meaningful precision measurements in this country must be based on
common standards at NBS. To aid in assessing the achievable accuracy of
certain measurements, state-of-the-art precision of the NBS standards is
discussed, together with techniques of instrument calibration.

LOW-LEVEL R-F VOLTAGE STANDARDS 96

Micropotentiometers can be used for the calibration of high-frequency volt-
meters. Sources of possible error and what can be done about them are
described in this informative article.

SELECTING THE RIGHT METER 102

Useful tutorial information is given on the characteristics of basic meter
mechanisms of all types—for both dc and ac applications.

HOW EIA FACES THE CHALLENGE 138

In trying to provide a maximum of service to its membership a unified indus-
try association today encounters many complex probiems. New technology
begets new manufacturing specialties and brings ever changing demand.
Here’s how the Electronic Industries Association, now in its 42nd consecutive
year has organized to meet this fluid situation.

« A REPRINT of ANY ARTICLE in this issue is available
from ELECTRONIC INDUSTRIES Reader Service Depart-
ment, 56th & Chestnut Streets, Philadelphia, Pa. 19139
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In Volume Production!

The NAND/NOR Gate shown
here is one of a series of
CERACIRCUIT DTL Logic Modules.

a compatible line of DTL Logic

CERACIRCUIT

THIN-FILM MICROCIRCUITS

5 Mc DTL LOGIC CIRCUITS

The basic member of the Sprague series of DTL
Logic Modules is the UC-1001B NAND/NOR
Gate (see schematic), with typical propagation
time delay of 10 nsec per stage over a tempera-
ture range of —55 C to +125 C. Other DTL Logic
Ceracircuits include UC-1002B SCT Flip-Flop,
UC-1003B Buffer-Driver, UC-1004B Exclusive
OR/Half-Adder, UC-1005B 8-Diode Gate, and
UC-1006B 5-Diode Gate.

To facilitate contact packaging and assembly

Circuit schematic, UC-1001B NAND/NOR Gate.

SPRAGUE COMPONENTS

on printed wiring boards, all 5 Mc DTL Cera-
circuit Modules are encapsulated in one standard
case, 1.0” wide x 0.4” high x 0.2” thick.

CUSTOM-TAILORED CERACIRCUITS

Ceracircuit Ceramic-base Microcircuits provide
the circuit designer with highly desirable features
—component familiarity, design versatility, in-
creased reliability, circuit economy. Thin-film
hybrid ceramic technology permits wide ranges
of resistance and capacitance values, holding close
tolerances without the usual high-cost penalties.
Each passive component is deposited on a single
ceramic substrate, keeping its identity and allow-
ing conventional design procedures.

WRITE FOR COMPLETE DATA

For information on Ceracircuit DTL Logic Mod-
ules, or custom Ceracircuits to satisfy your spe-
cific requirements, write to Technical Literature
Service, Sprague Electric Co., 233 Marshall Street,
North Adams, Massachusetts 01248

THIN-FILM

INTEGRATED CIRCUITS
TRANSISTORS
CAPACITORS

RESISTORS

A8M-4187 R
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PULSE TRANSFORMERS
INTERFERENCE FILTERS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

MICROCIRCUITS
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CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

“‘Sprague’ and ‘() are registered trademarks of the Sprague Electric Co.
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Crystal-Controlled Accuracy

Sierra's 351A Signal Generator provides you
with crystal-controlled accuracy and single-range
tuning from 10 kc to 15 Mc. Use it in conjunc-
tion with the 128A voltmeter and you have the
capability of synchronous tuning over the whole
range.

This all-solid-state signal generator gives you
frequency accuracy of £10 ppm =300 cps. Out-
put level is from O to —90 dbm referred to a
6000 system. Ultra-stability is accomplished by
a unique automatic level controlling circuit.
Frequency response is £0.3 db to 10 Mc and

+0.5 db above 10 Mc. You can read 500-cycle
increments directly from the front panel, even
at 15 Mc.

For high quality and versatility, the Sierra
351A Signal Generator is your best buy. Price
$2,950.00.

Contact Sierra today!

Voltmeters/Wave Analyzers/Signal Generators/
Transistor Testers/Fault Locators/Power
Monitors/Power Sources/Calorimeters/Loads/
Couplers/Power Amplifiers

SIERRA ELECTRONIC DIV.

oF
PHILCO
A SUBSIDIARY OF &T@Kmvgoﬂy‘lan%,

3885 Bohannon Drive, Menlo Park, California
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Developments and trends affecting the State-of-the-Art
of technologies throughout the electronic industries
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STELLAR INERTIAL GUIDANCE SYSTEM

Stellar inertial guidance equipment is checked prior to a recent
flight test conducted by the Air Force and Lockheed. Object of
the test was to demonstrate feasibility of the system in a bal-
listic missile environment during the boost phase and in flight.
System was developed by General Precision’s Aerospace Systems Div.

BLIND SPOTS can be detected in a person’s vision
automatically. The automatic instrument uses three
hasic parts. First is light flashes programmed for
selected locations and frequencies. The second is a
computer which receives signals from the patient’s brain
in reaction to these flashes. These signals are picked
up by electrodes placed on the scalp. The third device
plots the points of light detection. From the plot the
hlind spots can be located. The Syber Div. of Technical
Measurement Corp. is making the instruments.

METAL-FORMING PROCESS recently reported
by IBM enables sheet metal to be stretched and
molded around complex shapes. The process, which
is still in the early stages of investigation, is based
on the phenomenon of “superplasticity.” This is
the ability of certain metals to be stretched many
times their original length. Tt has already been
demonstrated that an alloy of 78% zinc and 22%
aluminum can be formed around intricate shapes
through use of the vacuum-forming process.

8

DIGITAL DATA received from space vehicles
launched at Cape Kennedy will shortly be monitored
by scientists in Huuntsville, Ala. using TV cousoles.
The scientists will save travel time to the Cape by
remaining at Huntsville and viewing TV pictures
and graphic displays of digital data concerning a
launch. Data from pre-launch and launch operations
will be sent via telephone lines to a Burroughs B-
5000 computer and from there to equipment which
will present the data to video displays. This digital-
to-video equipment was developed by Stromberg-
Carlson Corp.

LABORATORY TESTS as GE’s Schenectady
plant have demonstrated the feasibility of increasing
power levels of today’s voltage tunable magnetrons
(VTM’s) by a factor of two to five times. VTM’s
rated at 75 w minimum power output produced 200 to
250 w output across an increased bandwidth of 700 MC
(2700-3400 MC) in an electromagnet at higher fields
and voltages than normally used. Only a small in-
crease in back heating was observed. Another VTM
was operated at even higher magnetic fields and volt-
ages. The tests indicated the possibility of eventually
reaching kw power levels.

H-F RESISTANCE WELDING processes which
produce continuous longitudinal and spiral joints at
high speeds can now be interrupted or “pulsed” elec-
tronically for “spot” welding. Ferrous, non-ferrous
and dissimilar metals can be joined by the process re-
cently announced by AMF-Thermatool, Inc., New
Rochelle, N. Y. Intermittent welds can be made at
hundreds of feet per minute, between lapping or butting
members. It uses r-f current, introduced through small
sliding contacts into the metal, to heat it to forge-
welding temperatures in psecs.

OPTICAL GUIDANCE system for rendezvous
and docking spacecraft is being developed by ITT for
NASA. The system will furnish propulsion and atti-
tude control systems with angle, range, and range rate
information to bring two spacecraft together. Pulsed
gallium arsenide lasers on both craft provide acquisi-
tion at around 120 kilometers. After acquisition one
vehicle remains passive, while the other maneuvers.
Laser pulses from the maneuvering craft are returned
from the passive craft by corner reflectors to provide
needed data. The changing data is fed into an on-
board computer. When the vehicles are less than 3
kilometers apart, an incoherent GaAs source is used
to give more precise measurements. This source is
continuously modulated at 5Mc with an accuracy better
than 4 inches.
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SYNTHETIC EMERALDS of gem quality have
been made in about two minutes by scientists at the
Naval Ordnance Laboratory, White Oak, Md. The
crystals are attracting attention because of the maser
characteristics of emerald. The high-temperature, high-
pressure method produces clear single crystals of emer-
ald directly from beryl powder. Crystal color can be con-
trolled easily by various amounts of metallic oxides.

TV THROUGH LEAD is a development of the
Rauland Corp. and Argonne National Lahoratory. The
system permits scientists to look through a lead wall
and detect a stream of water flowing on the other side.
The method uses neutron radiography developed by
Argonne. Rauland developed a special tube that con-
verts the stream of neutrons into light and intensifies
the image. The image is picked up and transmitted by
closed-circuit TV,

A MAGNETIC DATA STORE made of ferrite in
a waffle-iron setup has been developed in ITT’s
Standard Telecommunication Laboratories in Lon-
don. It has a closed flux path that combines the
advantages of normal thin-film and ferrite-core
stores. An experimental unit has been built with a
store of 196 words of 30 bits each. It has a 0.5
psec. read-and-write cycle. Typical operating values
are a word write current of 300 ma., digit current
of =125 ma., read current of 500 ma., and disturbed
output pulse of 30 mv for 30 nsec.

FUEL CELLS

These two fuel cells are among seven modules being offered for
demonstration and experimentation purposes by Allis-Chalmers Mfg.
Co. Shown here is a 28v, 1800w model (right) and a 12v, 800w
model (left) complete with instrumentation panel. The company
reports that this is the first public offering of such systems.

ELECTRONIC INDUSTRIES + June 1965

FUEL CELL POWER

Test engineer examines General Electric Co. fuel cell battery
scheduled for use on the two-man Cemini spacecraft. It is one of
two production fuel cell batteries expected to furnish power
for the spacecraft. The batteries, which operate by combining hy-
drogen and oxygen, are now undergoing final qualification tests.

INTEGRATED CIRCUIT packaging and new
manufacturing techniques have permitted Fairchild
Semiconsluctor to drastically cut prices. A epoxy pack-
age has been developed to replace the standard TO-5
can. The epoxy package is similar to their metal can
industrial series. The circuit wafers are taken from
regular production lines in California and sent to their
Hong Kong plant. Here they are assembled in ceramic-
base, epoxy-coated packages.

THERMOELECTRIC POWER SUPPLY being
developed by Westinghouse {for the Navy) for use
on a sea research buoy has an over-all efficiency of
over 515%. The 100-w self-contained generation de-
vice will provide power for data collection, storage
and transmission equipment on a 40-foot-diameter buoy.
Propane gas will be burned to produce heat for the
thermoelectric junctions. Cooling to provide a tem-
perature differential will be done by rejecting heat to
seawater.

INTEGRATED CIRCUIT which performs the
functions of six transistors and 16 resistors is being
used in a new hearing aid announced recently by
Zenith. Called Solitaire, the in-the-ear aid features
a circuit small enough to be passed through the
eye of a needle. It weighs less than 6.2 grams in-
cluding the battery.

PRECIOUS METAL POWDERS are available
as true spheres. Particle size can be controlled with-
in 50 mesh increments in a range from —30 to
—400 mesh. The technique for doing this was de-
veloped by Metz Refining Co. The spherical particles
can be used for filters, flame plating, fuel cell and
battery electrodes, slip castings, and brazing alloy
powders.



making transformers, switchgear,
telephones and electronic com-

ponents in this fine factory in Brazil,
® In India, we make cables, in Spain
generators, in Finland telephone
material — and so on through 28
countries and virtually the whole
®

gamut of electrical engineering. We
erect, service and repair our instal-
lations in almost every country in the
world: of the 240,000 in the Siemens
family, quite 40,000 are employed
abroad.

® o
Everywhere, they provide imaginative
planning, high-quality equipment,
skilled and rapid installation
and reliable service.
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SIEMENS

Siemens Tubes

Special Quality Tubes

with special interface-free cathode,
high mutual conductance to anode current ratio,

especially designed for use in critical industry and military
applications where reliability and long life are of primary

importance.
EBBCC |E188CC |E288CC |[EC8010 |[E280F
6922 7308 8223 8556 |7722
Description | Twin Triode|Twin Triode|Twin Triode|UHF Triode|Pentode
Anode
o | supply 100 100 100 200 190
2| voltage
£ Anode |45 15 3 2% 20
E’ Mutual
©| con- 12,5 12,5 20 28 2
ductance
Bl Aooaey | 20 250 250 200 20
& | Anode
£ | dissi- 15 1.65 3.0 45 4.0
E pation
Z| Cathode| o 2 40 3 20 | ma
SIEMENS AMERICA INCORPORATED
Components Division
230 Ferris Avenue, White Plains, N. Y.
in Canada:
SIEMENS HALSKE SIEMENS SCHUCKERT (CANADA) LTD.
407 McGill Street, Montreal 1, P.Q.
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This is why more C

We found 8 ways
to iImprove on success

T3

S

One-piece all-aluminum instrument
type bezel and one-piece all-aluminum
frame. Both are available for 1 to 20, or
more switches. Provides maximum
switching versatility and dependability
in the least possible space.

Unusual flexibility available. (A) Mul-
tiple decks with single thumbwheel op-
eration. (B) Locks which prevent switch
manipulation. (C) Instant re-set to zero.
(D) Switch/counter combinations. (E)
Variable switch spacing above 15”.

Engraved and filled thumbwheels with
custom legends provide easy legibility
long wear and error-proof, in-line read-
out. Tab type thumbwheels are easy to
operate and are bi-directional.

Thumbwheel legends can be color
filled or color coded. Thumbwheels can
also be color coded to meet special re-
quirements. Bezels can be easily color
matched to customer’s panel.

DI thumbwheel switches are specified

Leaf blades with rare metal contact
points. Standard CDI switches are sup-
plied with fine silver contacts mounted
on silver plated beryllium-copper or
phosphor bronze contact arms. Optional
gold alloy or palladium contacts may
be ordered.

CDI offers unlimited code combina-
tions. Truth tables, available upon re-
quest, show relationship of switch
positions, output terminals, and physi-
cal arrangements of terminals. Comple-
ment outputs are indicated by primes.

Removable modules from front of panel
for simple replacement and servicing.
Series TD-R, TB-R, TTD-R and TTB-R
switches plug into receptacles which
are mounted on the frame. For stand-
ard bezels only.

Internal lighting available in one of two
lamp assemblies. One clear lamp is
standard. Green or Aviation Red lamps
may be ordered. Lamps are replaceable
in the field.

Competent CDI Sales Engineers, backed by CDI's laboratory and engineering departments are
always available for assistance and recommendations.

@ CHICAGO DYNAMIC INDUSTRIES, INC.

PRECISION PRODUCTS DIVIS.ON 1795 Diversey Blvd.. Chicago. lllinois 60614 Phone: WE flington 5-4600

Circle 73 on Inquiry Card
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THE BUSINESS PRINCIPLES
OF AN AEROSPACE

These statements of policy were presented at an Engineering Forum by Vice
President of Engineering at McDonnell, Mr. Kendall Perkins. If you, as an
engineer are encouraged to follow these principles in your work, you will gain.
If you are successful in the pursuit of these goals, the Nation will gain.

*. .. Organizations, like people, have per-
sonality and character. The things which
make an organization distinctive are the
ways in which it differs from other organi-
zations. These generally stem from subtle
differences in the principles which guide
it and the practices it has learned to follow.
What then are the guiding principles at
McDonnell?

““We believe it is a good business principle,
for example, to give high priority to antici-
pating and doing our best to meet the needs
of the customer—those needs which are
really sound and will not change
tomorrow. This often means passing up
the easy-to-get contract, or the quick and
easy solution to a problem, or even the
approbation of a customer representative
who may have become oversold on a
particular project or a particular solution
to a problem. Anticipating real and lasting
customer needs often means creating
something the customer hasn't yet asked
for and doesn’t yet want to buy—and then
developing it and presenting it in such a
way that the need becomes sufficiently
apparent and pressing to open the door
to a contract,

“We're not always right in what we be-
lieve the customer should have but we've
found that timely and energetic effort to
find what he needs, and to find an opti-
mum solution, pays off handsomely in the
long run. It was this principle which. led
us to start work on a manned orbiting
spacecraft more than a year before the
NASA asked for bids on Mercury. The
same principle led us to undertake the
design of an unusually versatile, high per-
formance fighter for the Navy more than
a year before our first Navy contract for
Phantom II's. Thus it might be said that
our largest current contracts have stemmed
from the practice of anticipating customer
needs. We still look forward to sizable
production contracts for products con-
ceived several years ago and actively
developed since.

“We believe it is a good business principle
to give high priority to meeting the needs
of the individuals who make up our organi-
zation. This means many things in addi-
tion to a fair salary. It means treating
people as they should want to be treated—
with fairness and understanding. It means

defining responsibilities and necessary
constraints, but not blocking initiative.
It means opportunities for personal de-
velopment by training, and freedom to
transfer to other kinds of work. It means
opportunities to contribute to attainment
of worthy objectives. It means opportuni-
ties to advance to positions of responsi-
bility and recognition, depending primarily
on such contributions. It means the fairest
and most thoughtful attention to adjust-
ments in position and salary.

“We're not always right in our treatment
of people but it's not for lack of trying
at all levels. Our record has been out-
standing in that we have close to the
highest morale and close to the lowest
percentage of terminations in the aero-
space industry.

““We believe it is a good business principle
to effectively foster cooperation between
people. It may sound corny to talk about
team action as much as we do. But no-
where in industry is there so great a need
for cooperation—internal and external—
as in the aerospace industry. Few other
industrial products are as complex or as
dependent upon such advanced engineer-
ing as a manned spacecraft or high per-
formance aircraft. Few require so many
kinds of engineering talent interacting
toward the solution of so many kinds of
problems. Few products require reconcil-
ing so many requirements expressed by
so many people in so many documents.
In short, there is a demand for effective
coordination in the thinking of great
numbers of people unmatched in any
other industry.

“There is no such thing as an expert in
all phases of an airplane, a missile, or a
spacecraft. Successful systems of this com-
plexity are developed only by employing
the combined efforts of a team of people
engaged in a wide variety of engineering
and other activities. Technical areas are
as far apart as chemistry and UHF radia-
tion, hypersonic aerodynamics and gyro-
scope design, exotic high temperature
materials and computer technology. No
single brain can firmly grasp all these
areas. Hence there is no substitute for an
effective team—one whose members have
learned to work together in harmony and
mutual respect. The man who would lead

MCDONNELL AnEqual Opportunity Employer.

INDUSTRY

such teams must be capable of grasping
what is told by others and appreciating
the implication, but he must be modest
enough to depend on the abilities and
judgment of others and delegate respon-
sibility whenever he safely can. Advanced
systems development cannot be success-
fully run in a high-handed manner.

“I feel we have been successful at
McDonnell in creating a harmonious
atmosphere and minimizing non-con-
structive controversy. [ believe we have
built a team where there is a real sense
of pride in group accomplishment and,
at the same time, recognition of individual
accomplishment. There is acceptance of
necessary constraints without undue loss
of individua!l spontaneity. We in manage-
ment do our level best to provide a climate
where these things can happen.

“The process of fully considering inputs
from, and working in close harmony with
so many other people calils for a type of
organization and a set of skills and habits
not ordinarily taught in school. It calls
for keeping our viewpoints as broad as
we can. It calls for changing our minds
when the logic of the situation demands.
1t calls for keeping the best interest of the
customer and the company ahead of our
own immediate desire. It calls for recog-
nizing that the other fellow’s opinion can
validly differ from our own without signi-
fying either poor judgment or questionable
motives on his part. It calls for keeping
our heads when those about us are losing
theirs and blaming it on us. It calls for
these and many other practices in good
human relations.

“We believe it is a good principle to make
important decisions with the most meticulous
care. In comparing our company with
others it strikes me that we are more care-
ful than most about reaching our decisions.
We have learned the importance of exam-
ining all alternatives, digging up all the
pertinent facts, fully analyzing results, and
being objective and thorough in our judg-
ments. This has tended to become a
habit, exasperating at times, but well
worth it on balance. It began when the
company was formed and, in my opinion,
has had more to do with our success
than any other single practice.”

Engineers, Scientists, Physicists and
Mathematicians with energy, enthusiasm,
and great creativity are needed for projects
in the national interest underway at
McDonnell. If you would like to work
where the business principles outlined above
are corporate policy and where the pursuit
of excellence is a permanent corporate goal,
we urge you to complete and mail the brief
resume form below.

Date Date

Primary Experience Area:

- EE Gh G5 5D G5 5 G5 G5 5D G5 5D G5 . .. D D ED D Bb B 5D BD S GE BB R S S G 6
Mail This Form To: W.R. Wardle, McDonnell Employment, Dept. AZ-6, Box 516, St. Louis, Mo., 63166
Name Home Address
City & State Phone Age
Education: BS, MS Major Field:

Date

N t,
)y

of Years
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ONco o000

the complete chemical program

for better, lower cost
printed circuits!

Having production problems with your printed circuits? You
can lick them with the LONCO Complete Chemical Program
or any one part. Here it is.

REMOVE RESISTS....

LONCO RESIST REMOVERS will remove solder resists
from your printed circuits swiftly without harm or degrad-
ation to laminates or metals. Applied by brush, immer-
sion or spray, they permit easy rinsing after only 30-60
seconds leaving clean surfaces for further processing.

SOLDERABLE
SURFACES....

LONCO COPPERBRITE is an oxide remover that does
not etch away your copper! Instead, itcompletely cleans
away surface oxides, hydrates, and mettalo-organic
contaminates. COPPERBRITE lasts indefinitely, in-
creases adhesion of plating and produces surfaces of
maximum solderability on copper, gold and tin-nickel. L
Applied automatically by dip or brush methods. Copperbrit cleaned surfaces

readily accept solder.

After COPPERBRITE cleans your copper surfaces
LONCO SEALBRITE NO. 230-10 keeps them that way!
It protects surfaces from oxides and dirt and improves
solderability with its unique solder assist coating. Use
on copper, solder, gold plated, tin immersion and
tin nickel surfaces. Applied by roller coating, dip or i

spray methods. FlexlbI;ycér:;l;rﬂLo.tected

Mask out solder “take” with LONCO PC NO. 33-R
SOLDER RESISTS—a hard tough film that performs
excellently with SEALBRITE NO. 230-10. Minimizes
bridging, improves soldering of uncoated areas, greatly
enhances appearance of the finished board. Outstand-
ing electrical characteristics.

Resist partially removed by

Note clean edges,
efficient use of solder.

GET ALL THE FACTS! WRITE FOR THE LONCO COMPLETE
CHEMICAL PROGRAM FOR PRINTED CIRCUITS! Visit us at

LONCO Space 657-659, NEP/CON.
EMULSIFIERS

0"00 LONDON CHEMICAL COMPANY, INC.

Sl 1533 No. 31st Avenue, MELROSE PARK, ILL. 60160

LONCO Resist Remover #49.

COMING EVENTS
T T B T e

June

June 7-9: 1st Annual IEEE Communi-
cation Conv. (Globecom V), IEEE;
Univ. of Colo. & NBS Labs., Boulder,
Colo.

June 7-9: Symp. on Automatic Support
Sys. for Adv. Maintainability, IEEE;
hCnhase Park Plaza Hotel, St. Louis,

o

June 14-15: 1965 Midwest Symp. on
Circuit Theory, IEEE & Colo. State
Univ.; Colo State Univ., Ft. Collins,
Colo.

June 21-24: Aerospace Tech. Conf.,
IEEE; Shamrock-Hilton Hotel, Hous-
ton, Tex.

June 23-25: Joint Automatic Control
Conf., IEEE, ASME AIChE, |SA;
Rensselaer Polytech Inst., Troy, N. Y.

June 27-July 2: ‘Summer Power Mtg.,
IEEE; Detroit, Mich.

June 28-30: 7th Nat'l Symp. on Elec-
tromagnetic Compatibility, IEEE; Wal-
dorf-Astoria Hotel, New York, N. Y.

July

July 6-8: San Diego Symp. for Bio-
medical Eng., IEEE & U. S. Naval
Hosp.; San Diego, Calif.

July 12-15: Conf. on Nuclear & Space
Radiation Effects, IEEE; Univ. of
Mich., Ann Arbor, Mich.

‘

'65-'66 Highlights

WESCON, Western Electronic Show &
Conv., Aug. 24.27, IEEE, WEMA;
Cow Palace, San Francisco, Calif.

Nat’l Electronics Conf., Oct. 25-27;
McCormick Place, Chicago, M.

NEREM, Northeast Research & Eng.
Mtg., Nov. 3-5, IEEE; Boston, Mass.

IEEE Int'l Conv., Mar. 21-24, 1966;
Coliseum, New York Hilton, New
York, N. Y.

‘

July 13-15: Aerospace Vehicle Flight
Control Conf., SAE, NASA; Inter-
natjonal Hotel, Los Angeles, Calif.

July 26-29: 2nd Annual AlAA Mtg. &
Tech. Demonstration, AlAA; San
Ere:.r;cisco Civic Ctr., San Francisco,
alif.

August

Aug. 23-27: 6th Int'I Conf. on Medical
Elect. & Biological Eng’g, IFMEBE;
Tokyo, Japan.

Aug. 24.27: Western Electronics Show
& Conv., IEEE, WEMA; Cow Palace,
San Francisco, Calif.

Aug. 30-Sept. 1: Antennas & Propaga-
tion Int’l Symp., IEEE; Sheraton Park
Hotel, Washington, D. C.

September

Sept. 8-10: 13th Annual Indus. Elect.
& Control Inst. Conf., IEEE; Sheraton
Hotel, Phila., Pa.

Sept. 13-15: 12th Annual Petroleum In-
dustry Conf., IEEE; Sheraton-Lincoln
Hotel, Houston, Tex.

Sept. 13-17: 6th Int’l Elec’l Insulation
Conf., IEEE; New York Hilton Hotel
at Rockefeller Ctr., New York, N. Y.
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these horizontal-deflection and high-voltage circuits
need color-TV receiving tubes by RCA

Here's where you really can benefit from
the knowledge and experience that RCA ac-
cumulated during the developmental stage
of color TV. This background enables RCA
to design and select tubes that offer the
color-set manufacturer the best combina-
tion of price, performance and reliability on
the market today.

Take these tubes for example:

e RCA-6JE6A NOVAR Beam Power Tube for
the Horizontal-Deflection-Amplifier sock-
et of color-TV receivers using ‘B’ supply
veltages from as low as 270 volts to as
high as 400 or more volts. No ‘“‘snivet”
problems with this tube—a new special
plate construction eliminates ‘“‘*knee’" dis-
continuities in the zero-bias Eb-1b char-
acteristic. Other benefits of the 6JEGA
are: maximum plate dissipation rating
ot 30 watts; maximum grid no. 2 input of
5 watts and a high plate-current to
screen-current ratio.

e RCA-6BK4B Beam Triode for the High-
Voltage Regulator socke:. New materials
technology has permitted an increase in
the maximum plate dissipation rating to
40 watts with no aanger of glass elec-
trolysis failure at the plate seal. Dark
Heater provides cooler tube operation—
important forlong tube life and reliability.

RCA-6DW4B NOVAR Half-Wave Vacuum
Rectifier for the Damper circuit. Recently
modified to lower overall height by bot-
tom exhaust construction, the 6DW4B
features low voltage-gradients and high
perveance. RCA’'s Dark Heater and

Bonded Cathode contribute to long, de-
pendable performance.

As part of our persistent effort fo- perfec-
tion, each of these tube types is subjected
to extensive tests, in actual color TV receiv-
ers, in our Tube Reliability Laboratory. This
testing is standard procedure for all of
RCA's COLOR-TV RECEIVING TUBES and
each sample lot must meet rigid QUALITY
standards before its associated production
lot is released to the warehouses.

For more information on RCA’'s COLOR-
TV RECEIVING TUBES, call your nearest
RCA District Office or write to RCA Com-
mercial Engineering, Harrison, N.J. 07029.

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Name in Electronics




For simpler, more reliabie

digital control circuits. .. c I_A R E E D ’

CONTROL MODULES

pre-packaged counting, selection and logic devices

® Counting, selection and logic switching problems are
readily solved with Clareed Control Modules. Pre-pack-
aged (or custom-designed if your problem is a new one),
these modules combine speed, simplicity, and reliability
...at lower cost than comparable solid state circuitry, and
without unnecessary design delay.

Counting. Pre-packaged printed circuit board modules in wide
variety, for assembly to perform as decimal ring counters, radix ()
counters, bi-directional counters, shift registers, etc. Typical appli-
cations include scanning systems, digital clocks, data tracking and
data transmission systems.

Selection. Pre-packaged printed circuit board modules in wide
variety, for interconnection to perform as selection matrices. Typical
applications include more versatile equivalents of traditional cross-
bars, selection matrices capable of individual memory, and check-
out matrices which can be operated with all contacts either
normally open or normally closed. (Combining these Selection
Modules with Clareed Counting Modules, the designer can readily
provide a wide variety of scanners.)

Logic. Pre-packaged units for printed circuit board assembly in
custom-designed logic modules, which efficiently perform such
logic functions as AND, inclusive OR, exclusive OR, NAND, NOR,
exclusive NOR, etc. These standard Clareed units, in Clare-custom-
ized systems, provide master control circuitry which greatly reduces
complexity and cost of digital control systems.

16

Take a look at these Clareed advantages!
You’ll see how this versatile switching
concept can fit into your plans for indus-
trial or commercial systems.

o multiple input and output capabilities, mak-
ing possible logic at both input and output

o switching capabilities from low level up to
15 va, ac or dc, automatically available at
all points without additional output circuitry

e complete isolation between input and out-

put. The output is the contact closure

immunity to transient and external noise

e data handling speeds up to 120 bits per

second, 250 bits as special

¢ modular printed circuit board construction
compatible with modern electronic assembly
techniques...meets the requirements of al-
most any application

ELECTRONIC INDUSTRIES -

June 1965




TYPICAL CLAREED CONTROL SYSTEM APPLICATIONS

345 w678
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Industrial Preset Counters demonstrate
production counting and control applications
which provide a wide range of switching func-
tions. Clareed flip-flop Modules are the basic
switching elements used to provide this more
versatile control. This design provides:

Digital Clocks’ using Clareed Control Modules
as ring and binary counters, illustrate a variety of
solutions for basic counting circuits in applica-
tion for timed events, testing and systems con-
trol. Counting is performed by flux operated
flip-flop elements; switching in the high-rate
counter is done by Clare mercury-wetted con- ® low-cost anti-coincidence circuit for

tacts. This design provides: multi-channel operation

e preset 3 digit or 6 digit capabilit
o Greenwich time output £ 49 2 P y
e multi-channel input

¢ elapsed time output ¢ batch mode operation

® local and /or remote visual readout e preset unit and batch operation

e local and /or remote control e special packages available to meet NEMA general
purpose, explosion-proof, gas-tight, and water-tight

e 7 digit capability enclosure requirements

Scanners exemplify flexible sub-systems for
instrumentation sampling, data logging and
control systems requiring multiplexing. In the
example shown, the driver is a three-decade
counter composed of Clareed flip-flops; the
control section uses flux and contact logic to
control the driver and provide strobe drive to
the matrix. A broad range of scanning options
is possible:

e scan rate up to 100 cr points per d
. \ % Nin e D e any number of crosspoints
2 = 3 : : ; e any number of poles per crosspoint
| [ 4| e special crosspoints for low level scanning
‘. | l | ' ' 'lll l“‘ g e contact forms A, B, C, or D at any crosspoints

e sequential scan with stop and recycle modes

e random scan of any 10 points in any sequence

Clareed Control Modules can be applied to the switching re-
quirements of most systems. Proven Clareed solutions span
many completely different application areas, including:

o machine tool numerical control o telephone peripheral equipment
e engine test cell ing systems e psychological testing equipment
e process counting and recording e missile checkout systems

o supervisory control and alarm annunciator systems

What's mere important is how can Clareed Control help with
your switching problems? Take another look at the Clareed
advantages. Then, ask your Clare engineer how these plus
features apply to your system. Write for Manual 400, Clareed CLARE
Control Modules, or ask for specific data on Clare Industrial
Preset Counters, Digital Clocks and Scanners. C. P. CLARE &
CO., Group 06D4, 3101 Pratt Boulevard, Chicago, Illinois 60645.

L]

relays and related control ponents
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Now for the first time. ..
quick, rugged, low-cost

terminations for flat cable
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If you use or plan to use flat, flexible
cable, here’'s a completely new, more
reliable termination method. This
Amphenol Flex-1 connector has rib-
bon contacis that weld through the
insulation directly to unstripped flat
cable. As you can see in the picture,
the insulation hugs the welded, solid-
metal terminations. Each termination
is a gas-tight bond that won’t deterio-




rate with age or prolonged use.

Yet this entire 19-contact connector
was welded in less than 30 seconds!

How’s it done? Amphenol's new
flat-cable connector introduces a
welding process that melts insulation
at the piercing point. There’s no strip-
ping. Conductors aren’t exposed or
damaged during termination.

Now as never before, you get a

connector that matches the reliability
and economy of flat, flexible cable.
(Flat cable bends, twists, runs ser-
pentine style, or stacks like layer
cake . .. in less space and with less
weight than ordinary round cable,
and with no performance sacrifice.)
Three years of research and testing
proved the reliability of the Flex-1
termination. Connectors can with-

stand a minimum of 500 mating cycles
without mechanical degradation.

With all this reliability, a 19-con-
tact Flex-1 connector still measures
only 1/2” thick and weighs less than
2 oz. Have your Amphenol Sales En-
gineer show you the Flex-1; and write
for our catalog. Amphenol Connector
Division, 1830 South 54th Avenue,
Chicago, Illinois 60650.

CONNECTOR DIVISION

amphenol corporation

Specify Amphenol . . . the ieading name in cable, connectors, assemblies, RF switches, potentiometers, microelectronics
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FCC AND CATV CONTROL — Under heavy
pressure from broadcasters, networks, and Congress,
FCC assumed jurisdiction over Community Antenna
TV Broadcasting (CATV). The agency issued rules
requiring CATV systems that bring in distant stations
by microwave to carry all local TV programs and to
stop duplicating network programs on any local sta-
tion within 15 days. The FCC move is expected to he
protested by CA 'V operators.

CUTBACK IN R&D FUNDS—Congress is resist-
ing an Administration bid to boost R&D spending in
the next fiscal year. House Armed Services Committee
chopped $504.6 million from a Pentagon request, de-
ading to keep such programs at current levels. The
Committee also pared $150 million from weapons and
equipment, and inserted a provision for congressional
approval hefore the Pentagon’s $150 million emergency
R&D fund can be appropriated. The committee’s
action, in effect, will place a ceiling on congressional
money appropriations.

FOOLPROOF COMMUNICATIONS Early
Bird success has space experts forecasting worldwide,
foolproof data distribution in this decade. Communi-
cations Satellite Corp. (COMSAT) asserts that future
satellites will offer communications for any country
with a ground station. Early Bird is limited to trans-
missions between Europe and North America. De-
velopment of the satellite network needed for a world-
wide system will be costly. COMSAT paid NASA
$3.3 million to launch Early Bird. It paid Hughes Air-
craft another $3 million to huild it.

COMET-ASTEROID PROBE VEHICLE

Artist’s rendering shows spacecraft proposed by Philco WDL Div. for
unmanned exploration of comets and close-approach asteroids. Re-
sults of a study conducted by WDL for the Jet Propulsion Labora-
tory show that such missions are feasible using a modified Mariner.

WASHINGTON TRENDS

NEW SLANT ON PATENTS—Contention that
patents are becoming less important to industry is
rebutted by a congressional review of the system.
Most manufacturers in a survey by Sen. John L.
McClennan’s (D.-Ark.) subcommittee on patents flatly
rejected the contention. Nearly all agreed that patents
are of greater importance to smaller and newer firms,
The subcommittee and industry agree, too, on the
need for cross-fertilization of ideas—that is, encourag-
ing publication of inventions, rather than suppression
as trade secrets.

FCC TIGHTENS SATELLITE RULE — Main
effect of an FCC decision in rejecting an application
for an experimental station for satellite communication
is to tighten ground rules under which this type of
communication will he government controlled. The ap-
plication was from ITT Cable & Radio, Inc., which
wanted to build a ground station in Puerto Rico.

FEDERAL CONTROL OF EDP FACILITIES .
Industry doesn’t like the idea that the government
should own and manage data equipment used by con-
tractors. Aerospace Industries Association, comment-
ing on proposed legislation (H.R. 4845) to that end,
protests that the law would negate government policy
to place maximum responsibility on contractors. It
would, AIA protested, undermine contractors’ com-
petitive position and flexibility, threaten serious de-
lays in contract fulfillment, inhibit technological
advances, and might increase overall costs.

INDUSTRY CONVERSION STUDIED — Con-
gress is concerned over what electronic firms can do
to offset defense spending shifts. Hearings have be-
gun on proposed National Economic Conversion and
Diversification Act. The bill—S.30—would establish
a commission to set policies and programs to aid such
conversion. It is designed to encourage industry to
look into ways of meeting new public needs and wants
as federal procurement demands change—or diminish.

ANTENNA FARMS PUSHED-U. S. aviation of-
ficials are promoting antenna farms as an answer to
flying hazards from tall radio-TV towers. FCC has
heen urged to adopt rules for locating tall towers in
clusters designated by FCC and FAA. FAA adminis-
trator N. E. Halaby told congress that a proposed hill
to limit towers to 2,000 feet is not the answer. He
said aviation’s problem is with towers even far short
of that height because of location. Antenna farms
would make the limit bill unnecessary, he said. He also
suggested that the TV industry consider alternatives
to raising antenna height, possibly satellites.
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SILICON
TRANSISTOR
CORPORATION

INDUSTRIAL SILIGON NPN AND PNP
POWER TRANSISTORS

These power transistors were designed specifically for use in regulated power supplies,
transistorized auto ignition systems, converters, inverters, switching regulators and
power amplifiers. In addition, they are excellent general purpose transistors for indus-
trial power applications. They are rugged enough to prevent second breakdown with

peak switched power ratings of approximately 20 times the DC rating.

NPN TYPES

PNP TYPES

Collector
issipati Collect Current Test Sat. Res, Test leso
Watts Voltage Max. Gain Conditions |rce (sat.) Conditions

Case 25°C 100°C | Ve VcE Ic hre Ic  Vce Ohms. Ic Is |Ves  Max.
Type Type Case Case Voits Volts Amp. | Min.—Max. Amp, Volts Max. Amp. Amp, [Volits Ma
2N3232 ind T0-3 | 117 67 80 60 75 | 18 — 55 30 10 0.833 3.0 0.20 6 1
2N3233 Ind T0-3 | 117 67 110 100 75 | 18 — 55 3.0 10 0.833 30 0.20 6 1
2N3234 Ind T70-3 | 117 67 160 160 75 | 18 = 55 30 10 0.833 3.0 0.20 6 1
2N3055/
2N3235 Ind T0-3 | 117 67 90 55 15 20 — 70 4.0 40| 0.275 4.0 0.40 7 5
2N3236 ind TO-3 | 150 85 90 90 15 17 — 60 5.0 4.0| 0.220 5.0 0.50 7 5
2N3237 Ind TO-3 | 200 100 90 75 20 12 — 36 100 40| 0200 100 135 7 5
2N3238 Ind T0-3 | 150 85 80 80 15 85— 25 100 10 0.300 10.0 133 8 5
2N3239 ind T0-3 | 150 85 80 80 15 85— 25 100 10 0.100 100 1.33 8 5
2N3240 Ind TO-3 | 150 85 160 160 15 85-25 100 10 0.100 100 1.33 8 5
2N3442 Hi T0-3 | 117 67 160 140 10 20 - 70 3.0 40| 0.33 30 0.3 7 1000
$TC4245 Hi T0-3 | 117 67 50 40 15 15 — 60 8.0 4.0 .188 80 038 5 10
STC1861 Hi T0-3 160 140 30 |20 - 80 0.5 4.0] 2.0 0.5 .05 7 1
2N3441 T0-66 160 140 30 |20 — 80 0.5 40| 20 0.5 .05 7 1
STC1862 Hi T0-3 50 40 30 |25 —100 1.5 40] 1.0 15 15 5 5
$TC4401 T0-66 50 40 30 |25 -100 1.5 4.0] 1.0 1.5 15 5 5
2N3054 T0-66 90 55 30 | 25 ~100 0.5 4.0] 20 0.5 .05 7 1
STC1860 Hi T0-3 S0 55 30 |25 -100 0.5 40| 20 05 05 7 1
STC3722 T0-63 | 200 75 55 40 20 15 5.0 40| 0.22 50 05 10 25
$TC3723 T0-63 | 200 75 65 50 20 15 5.0 40| o0.22 50 05 10 25
STC3724 T0-63 { 200 75 60 75 20 15 5.0 40| 0.22 50 05 10 25
STC3725 T0-63 | 200 75 85 70 20 15 5.0 40| 0.22 50 05 10 25
STC3726 T0-63 | 200 75 45 80 20 15 5.0 40| 0.22 50 05 10 25
STC3727 T0-63 | 200 75 105 90 20 15 5.0 4.0 0.22 50 05 10 25
STC3728 T0-63 | 200 75 115 100 20 15 5.0 4.0 0.22 50 05 10 25
STC3729 T0-63 | 200 75 135 120 20 15 5.0 40| 022 50 05 10 25
STC3730 T0-63 | 200 75 155 140 20 15 5.0 40| 0.22 50 05 10 25
STC3731 T0-63 | 200 75 175 160 20 15 5.0 40| 0.22 50 05 10 25
STC3732 T0-63 | 200 75 195 180 20 15 5.0 40| 0.22 50 05 10 25
STC3733 T0-63 | 200 75 215 200 20 15 5.0 40| o0.22 50 05 10 25
STC3734 T0-63 | 200 75 55 40 20 25 5.0 40| 0.20 50 05 10 25
STC3735 T0-63 | 200 75 65 50 20 25 5.0 40| 0.20 50 05 10 25
STC3736 T0-63 | 200 75 75 60 20 25 5.0 4.0| 0.20 50 05 10 25
STC3737 T0-63 | 200 75 85 70 20 25 5.0 40| 0.20 50 05 10 25
STC3738 T0-63 | 200 75 95 80 20 25 5.0 40| 0.20 50 05 10 25
STC3739 T0-63 | 200 75 105 90 20 25 5.0 40| 0.20 5.0 05 10 25
STC3740 T0-63 | 200 75 115 100 20 25 5.0 4.0| 0.20 50 05 10 25
$TC3741 T0-63 | 200 75 135 120 20 25 5.0 40| 0.20 50 05 10 25
STC3742 T0-63 | 200 75 155 140 20 25 5.0 40| 0.20 50 05 10 25
STC3743 T0-63 | 200 75 175 160 20 25 5.0 40| 0.20 50 05 10 25
STC3744 T0-63 | 200 75 195 180 20 25 5.0 4.0| 0.20 50 05 10 25
STC3745 T0-63 | 200 75 215 200 20 25 5.0 40| 0.20 50 05 10 25
2N3778 T0-5 8.75 50 | 40 40 1.0 | 10 —100 0.2 25| 1.0 0.2 03 8 1
2N3779 T0-5 8.75 5.0 60 60 1.0 | 10 —-100 0.2 25| 1.0 0.2 03 8 1
2N3780 T0-5 8.75 5.0 80 80 1.0 |10 =100 0.2 25| 1.0 0.2 .03 8 1
2N3781 T0-5 8.75 5.0 | 100 100 1.0 |10 -100 0.2 25| 1.0 0.2 .03 8 1
2N3782 T0-5 8.75 5.0 40 40 3.0 | 10 -100 1.0 25( 0.75 1.0 .15 8 1

SILICON TRANSISTOR CORP. East Gate Boulevard, Garden City, New York 11532 516 Ploneer 2-4100 TWX 510-222-8258
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Astrodata’s New Astrolock-loop
FM Subcarrier Discriminator

Within +0.01% of center frequency for
24-hours after a 5-minute warm-up.

The Astrodata Model 402-201, all
solid-state FM subcarrier discrimi-
nator utilizes the new Astrolock
phase-frequency detector, crystal-
referenced, FET chopper-stabilized
VCO, and current mode loop filter,
which are proprietary developments
of Astrodata, Inc.

This completely new and different
type of locked-loop discriminator
gives performance exceeding that of
both conventional phase-locked-loop
and pulse-averaging types of discrim-
inators.

The new crystal-referenced, FET
chopper-stabilized VCO provides
state-of-the-art performance in sta-
bility and linearity, without a tem-
perature controlled oven.

The Astrolock detector, with its com-
posite phase-frequency characteristic,
assures positive lock-in at any signal

*Trademark

ELECTRONIC INDUSTRIES -
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Linear

Better than +0.02% of full
bandwith, best straight line.

level within the 66 db dynamic range.
True locked-loop performance is pro-
vided for deviations up to *=40%,
with specified linearity. A quadrature
detector mode of operation, selected
by a switch on the front panel, pro-
vides correlation detection for ex-
tremely low S/N signals.

The Model 402-201 introduces a new
method of tape-speed compensation in
which the reference frequency is
processed in the frequency domain.
As a result, tape speed compensation
is perfect at any fixed frequency from
lower bandedge to upper bandedge,
and is better than 30 db for intelli-
gence frequencies up to a modulation
index of 4. Deviations of more than
+39% anywhere in the band can be
accommodated. No adjustments are
necessary.

With this new Astrodata Tape Speed
Compensation system, the over-all

——

stability for a given data channel is
that of the data discriminator alone,
whereas in a conventional system the
over-all stability is the sum of the sta-
bilities of both the data discriminator
and the reference discriminator.

A complete line of accessories is avail-
able for use with the Model 402-201.
Channel Selectors and Low Pass Fil-
ters are provided for all standard
IRIG and Constant Bandwidth center
frequencies up to 300 kc. Six discrim-
inators and one common power sup-
ply mount in a rack adapter which
occupies a panel space of 7-in. x 19-in.

For complete technical information
on Astrodata’s unique Astrolock -
loop FM Subcarrier discriminator
and full line of telemetry components,
call your local Astrodata engineering
sales representative or write to us
directly.

e ASTRODATA INO.
P. 0. Box 3003 « 240 E. Palais Road + Anaheim, California 92803

TEL. (714) 772-1000 « TWX 714-776-3760 « FAX « TELEX 06-78828 « CABLE ADDRESS ¢« ASTRODATA, Anaheim
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One Cubic Instrument System
performs the function of four separate instruments!

The industry-leading approach to
digital instrumentation is offered by
Cubic Corporation’s Instrument
Systems. Each employs plug-in
modules to perform five different
measurements. These include DC
volts, bipolar DC ratio, AC volts,
ohms, and low-level DC to 1 micro-
volt. Function Selector Knob on the
instrument face changes function. ..
without changing plug-in modules.
A Cubic Instrument System elimin-
ates the need for other instruments
to make basic measurements.

Designed for easy expansion

Each Instrument System is based
on a flexible design. Adding basic
input and output devices or sepa-
rate peripheral equipment quickly

alters capabilities. Accessory con-
nector modifications or field pro-
gramming of accessory plugs also
changes an Instrument System to
meet new requirements. Front
panel functions are programmable,
for adaptation to varied systems.

Four models available

Instrument System 150— Low-cost in-
dustrial 5-digit DVM unit.
Instrument System 250 — Current-
summing, reed relay DVM for re-
liability.

Instrument System 350—5-digit DVM
features solid state switching for
speed.

Instrument System 240 —Cubic’s rug-
ged 4-digit, reed relay DVM.

24 Circle 82 on Inquiry Card

Accessories

Input Modules: Preamplifiers, AC-
DC Converters, Ohms-to-volt Con-
verters, Scanners.

Output Modules: Data Translators
and Buffers.

Peripheral Accessories # 640 Scan-
ner, #800 Data Translator, #811
Printer, Typewriters, Tape Punches.
For information about Instrument
Systems, write: Cubic Corporation,
Dept. D-159, 9330 Balboa Ave.,
San Diego, Calif. 92123,

CuUBIC

CORFORATION

SAN DISGO. CALIFOANIA ©2123

INDUSTRIAL DIV.
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Yelonic’s new TMS-1 Microwave Marker Generator makes 3
001% system out of any BWO Sweep Genaretor. Thet's an
improvement in accuracy of about 100X for a frequency
range extending from 5 Mc to 12.4 Gc Test resuits can be
obtained much more quickly and reliably, with a tow invest-

'

maent in instrumentation.
Now, you can determine swept frequancies with accuracies

approaching thet of a frequency counter but at a fraction

of the price. What's more, only one TMS-1 Generator is
needed to cover this entire band rather than a costly series

of .1% wave meters.
The TMS-1 provides sharply defined Birdy-type markers on
the 'scope trace (even on steep siopes) every S, 10, 50, or
108 Mc, selected by convenient push-buttons. Provision is
also made for connecting an external oscillator for any

frequency from 2 Mc to 200 Mc if other intervals are desired.
An extrs push button and an RF connector are available for

this purpose.
If you would like to see the new TMS-1 in action contact

your local Teionic representstive for a demonstration, or
write direct for complete details and specifications,
]

ACCURACY, (.001%) STARTS WITH A SINGLE TMS-1

GENERAL SPECIFICATIONS
....................................... 5 Mc to 12.4 Gd
......5, 10, 50, 100 Mo

FREQUENCY RANGE
STANDARD MARKER INTERVALS
ACCURACY ... il 4 N .001%
POWER REQUIREMENTS .. ... ... e 195V, 88 cycle
Sample In, ‘External Oscillator,

Marker Adder in, Marker Adder Out
x 10Va!" deep

CONNECTIONS
e .6 high x 8” wide
: 15 1bs,

f

DIMENSIONS . ..
WEIGHT ... .. .. .

ENGINEERING CO,.

DIVISION OF TELONIC INDUSTRIES, INC.
480 Mermaid Street, Laguna Beach, Californisa
(714) 494-7581, TWX 714r673.11240

Phone
Representatives in all principal cities
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COMPONENT SALES LEVELED,
RISE NOT DUE TILL 1966

The current plateau in electronic
component sales, most authorities
agree, can be blamed mostly on the
changing face of defense spending and
tenacious cost-cutting by many U. S.
agencies.

As a result, component sales are not
expected to touch the four-billion dol-
lar level before 1966. Sales have
levelled at about $3.8 billion for 1964
and the same is forecast for 1965.
The growing trend in price cutting of
many components is also helping to
keep doilar volume down.

Market men in general believe that
rising profits in the component market
will depend largely on how the industry
puts aerospace/defense ‘‘spin-off”
components to use in industrial and
consumer products, where practically
all diversifying activity is now.

Profit margin is expected to hold
around 29% and may not rise until
1966 or after. A recent report by
Stanford Research Institute indicates
that out of the total money spent for
electronic products, the components
share will be around 229%. In 1962
the share was 269%. According to the
report, the decrease is caused by lower
prices coupled with growing importance
of systems contribution to the value
of electronic equipment.

The biggest dollar grower and maker
in semiconductors in 1965 will probably
be integrated circuits. The market
totaled $50 million in 1964. Estimates
for 1965 range from $65 million to
$130 million.

COMMERCE OFFICIAL SEES
1965 EXPORT AT $1 BILLION

The electronic industries are in the
forefront of the nation’s drive to in-
crease U. S. sales abroad, with 1964
exports at a record high and the pros-
pect of a 5% rise this year, reports
the Commerce Department's deputy
assistant secretary for international
commerce.

Eugene M. Braderman said exports
of electronic products last year ac-
counted for $950 million of the $25.6
billion national total. “Informed guess-
ers’’ at the Commerce Department look
toward an increase to $1 billion (about
5% more) this year, he said.

TEST EQUIPMENT REPORT

The Electronic Industries Associa-
tion’s Marketing Services Department
will soon begin collecting marketing
data on “Factory Dollar Sales of Elec-
tronic Testing and Measuring Equip-
ment.” Industry summaries will be is-
sued each quarter.

26
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MARKETING

SHOWCASE OF THE SKY

————
7

R

Flying showroom. General Electric uses specially equipped DC-7 to tour major cities
and show products. William Longstreet (above) briefs GE salesmen in a product area.

WESTERN SALES RISING AFTER 1964 SLOW-DOWN

Sales curve of western electronic in-
dustries is turning up again after the
1964 slow-down. Most firms are fore-
casting higher sales in 1965 and a total
output at about $3.840 billion, accord-
ing to Western Electronic Manufactur-
ers Association (WEMA).

Factory sales in the 13 western
states dropped last year to $3.735 bil-
lion from $3.875 billion in 1963. WEMA
President William H. Heflin noted that
percentage increase of western sales
will be parallel to the whole industry’s
national growth of 2.5% to 3%. The
association predicts total U. S. sales
for 1965 will rise to $16.4 biltion, from

SCIENTIST CAUTIONS FIRMS
ENTERING CIVILIAN MARKETS

Defense contractors seeking to enter
civilian markets must move cautiously,
according to Dr. Leonard S. Sheingold
of Sylvania Electric Products Inc.

He warned that vast differences ex-
ist between military and civilian mar-
kets, and they must be understood
and assessed before any move is made
toward diversification.

Dr. Sheingold, Vice President-Ad-
vanced Technology for Sylvania Elec-
tronic Systems, cited five primary dif-
ferences: (1) how requirements are de-
termined for equipment supplied (2)
general product characteristics (3)
marketing approaches and methods (4)
timeliness and cost, and (5) how re-
search and development projects are
financed.

“In the civilian area,’”’ continued Dr.
Sheingold, former Air Force Chief Sci-
entist, “‘marketing techniques vary ac-
cording to the structure of the product
market. New commercial products re-
quire substantially more customer ed-
ucation than products of a similar sales
volume to the military.”

ELECTRONIC INDUSTRIES -

last year's $16 billion.

Although WEMA did not attempt to
forecast employment trends, Mr. Heflin
said that ‘“‘many companies are step-
ping up their hiring activity again to
handle increasing production and re-
search.”

Los Angeles metropolitan area holds
the largest concentration of electronic
manufacture, with 1964 sales of
$2.150 billion and employment of 143,-
000. The San Francisco Bay area ac-
counted for $800 million last year,
with employment of 45,000.

Arizona continues to be the fastest-
growing electronic complex. Sales for
1964 reached $265 million, up 13.29%,.
Year-end employment stood at 17,100.
Figures for other areas of the West
last year included $175 million for
San Diego; $165 million for Pacific
Northwest; and $180 million in the
balance of the West.

R&D EXPENDITURES RISE,
BUT GROWTH RATE SLOWS

Total 1965 expenditures for R&D in
the U. S. should reach a record $22
billion, but the percentage increase
may be the lowest in more than ten
years, according to economists at Bat-
teile Memorial Institute.

Estimated 1965 expenditures will
mark the fourtk consecutive year that
annual increases in R&D funds have
been greater than $1.5 billion. Final
figures for 1964 will be about $20.5
billion. The 22-billion-dollar total fore-
cast for 1965 represents only a 7%
to 89% increase over 1964. The in-
crease from 1963 to 1964 was 119%,.

Breaking down the total for 1965,
the government may spend about $15.8
billion for all R&D; industry may spend
$5.8 billion; academic and non-profit
groups may spend $.5 billion.

June 1965




CERMET Trlmmers

295
Rectilinear

VAR 325 x .295 147 x 325 x
Rectilinear

idn’ 11 & Q o @
l n t rea lze Seriesl70' Series 171* Series 660PC §e,['esl72
14" Square 14" Square %” dia., single turn V2" Square
1 Series 630
t at %" dia,, single turn

Series 600LT
15" dia., single turn, Series 385

Iocking bushing 114,” dia,, single tun

Wirewound Trimmers

Series K350"
1" dia., knob operated,
single turn

Series 350"
15” dia., single turn

Series 110 Series 112
%" dia., single turn 3/.”dla smgletum

of trimmers! & & e

Series XPC110 Series P115 Series 115
%” dia., single turn %~ dia., single turn 34 dia,, single turn

Look at the versatility of
the CTS Trimmer Line

® Broadest line of CERMET™ trimmers in the

world : Series IRW Series 160
Series 117 1%4” x 325 x .295 Rectilinear 17 x .320 x .180
® Wide range of most popular styles of wire- %” dia,, single turn spiral infinite resolution Rectilinear
wound and carbon trimmers
® Unexcelled resistance materials technology Carbon Trimmers

® Broad choice of resistance elements best
suited to your applications

® Unsurpassed tooling and high volume pro-
duction capability

® Complete capability for military, industrial
and entertainment applications

R . . Series C140° Series C140PC
® From 10¢ production quantity types to highly 114" x .325 x .295 14" x 325 x .295 Series 220

sophisticated types Rectilinear Rectilinear 46" x 14" single turn

" Immediate availability from distributor stocks

»
Note the wide range of types and sizes. However, if you don't
. see what you need, we can design one to your exact specification.
-
e Series 330 Series U201° Series X201"
i ® 14" dia., single turn  194,” dia., knob operated, 1%:” dia., knob operated,

L single turn single turn
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A CONNECTOR MAKES IT WORK!

U. S. Components makes connectors for every conceivable purpose.

Write for details and information on these new series.

XM|-50M2HRSL-P

MIC-15M MIC-30FDTP

. © XMI-50F2SLKX

901.25M

901-25F

REPC-32F

THE ONLY COMPLETE SOURCE FOR
YOUR ELECTRONIC CONNECTORS

U.S. COMPONENTS

AVIONICS @ AUTOMATION @ COMMUNICATION @ CONTROLS @ INSTRUMENTATION
PORTABLE EQUIPMENT @

PRINTED CIRCUITS @ TEST APPARATUS

UPCR SERIES

Single Row Printed Card Receptacle
Number of contacts—(Beryllium Copper)

6, 10, 15, 18, 22
Solder wire hole size 1/16"x3/32"
Voltage breakdown between contacts—sea level
2500 V A.C. RMS.

Current rating e 5 amps.

Polarizing pins and contacts- -snapln or out
design permitting easy interchangeability.
Pat. #2,853,689.

UPCR-D. Double Row Printed Card

Receptacle. Solder Type Terminals

Card range thickness accommodatlon
UPCR-D —.072 (nom. 1/16")
UPCR-93D 080- .104 (nom. 3/32")
Number of contacts (Beryllium COpper)

6, 10, 15, 18, 22 per row, (2 rows
Solder wire hole size 3/64"'x3/32"
Voltage breakdown between contacts—sea level

2500 vV A.C. RMS.

Current rating 5 amps.

MPC SERIES—Micro Miniature
Printed Circuit Connectors
Number of contacts .15, 23, 33, 37, 49
Maximum wire size 26 AWG Wire
Voitage breakdown hetween contacts—sea level

3100 V. A.C., RMS.
Current rating 3 amps.

UPCC-SLH SERIES. Hooded Screw Lock

UPCC-M2SL Male Chassis Screw Lock
UPCC-F2HSL Female Hooded Mating Unit
Availabte 7, 11, 15, 19, 23, 32 contacts
Voltage Breakdown between comtacts—sea level
2500 V. A.C. RMS.
Male available solder dip, wire solder turret,
taper tab terminals
Female available wire soider, turret tab ter-
minals Pat. #2,953,767

UPCC-SL SERIES. Printed Circuit Screw Lock
Card range thickness accommodation—
Male Dip Solder

UPCC MsSL ( A L. 1/16"
UPCC MsL ( )B . ..1/8"
UPCC MSL ( [4 .. 1/4"
UPCC-FSL AWG wire

UPCC-FD-SL

Number of contacts

Voltage Breakdown between contacts—sea level
2500 V. A.C. RMS.

................................ 7.5 amps.

Current rating

Pat. #2,953,767

RPCR-52
UPCC SERIES. Printed Circuit Connector
Card range thick dation—
Male Dip Solder
UPCC-M  ( YA o 1/16"
UPCC-M ) B B -....1/8"
UPCC-M  ( ) C 1/4”
UPCC-F  ( ) fem T #20 AWG wire
UPCC-FDN ( ) Solder dip terminals
Maximum wire size—female 20 AWG wire
Number of contacts 7, 11, 15, 19, 23, 32
Voltage Breakdown between tontacts—sea level
500 V. A.C. RMS.
Current rating 7.5 amps.
990-SL SERIES. Power Screw Lock
Number of contacts .. 7, 10, 15, 18
Maximum wire size #16 AWG wire

Voitage breakdown between contacts—sea level

5300 V. A.C. RMS,
Current rating 13 amps.
990-SL-SDL (solderless uses #53 taper pin
Patent £2,761,108. Double lead threads. *'Twice
the speed with double lead."

MH SERIES. Miniature Hex
Number of contacts S
Maximum wire size

Se— 4,5 7,9 ,
#20 AwG wire  «jy X
Voltage breakdown between contacts—sea level & -
1215 VA.C. RMS. "
Current rating 7.5 amps. '

H-SDL (solderless) uses 37 taper receptacle
it 4 q # Pat. #2,848,702

SMI SERIES. Subminiature
Number of contacts
, 14, 20, 2€, 29, 34, 42, 50, 75
o

Maximum wire size 20 AWG wire

Voltage Breakdown between contacts—sea level
1950 V. A.C. RMS.

Current rating 7.5 amps.

SMI-SDL (solderless)
uses 37 taper receptacle
Other configurations upon request.

SMi-SL SERIES. Subminiature Screw Lock

Number of contacts
, 11, 14, 20, 26, 29, 34, 42, 50, 75
7

Maximum wire size 20 AWG wire

Voltage Breakdown between comtacts—sea level
1950 V. A.C. RMS.

Current rating 7.5 amps.

SMI-SL-SDL (solderless) uses 737 taper receptacle
Other configurations upon request.
Pat. #2,761,108

Also avaiiable HMH Hermetic Seal. Plug Series.
- ‘;"\ -

GENERAL NOTE
All Sub-miniature (SMI), Miniature (M), 980, 990 series
Connectors, available with Solder Type Solderless
Type (SDL} and Turret Type (TU) Terminals

Connectors are available with molded bodies made of asbestcs-filled me'amine,
glass-filled alkyd, asbestos or glass-filled diallyl phthalate, or mica-filled bake-
lite. All connectors meet or surpass all app'icable sections of MIL-Q-9858,
MILC-8384B, MS MIL-C-21097A, MIL-C-25955 and NAS specifications. Rigid
quality control is applied on a 100% basis for inspection and testing. All solder
cups can be provided with 60-40 solder or projecting term'nals can be so'der

NEW YORK, N. Y. e

U.S. COMPONENTS,

Cable Address: COMPONENTS NYK

dipped.
INC.
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MISSILES @

SMI-K .SERIES

Subminiature Hoodless Knob Type Screw Lock
Number of contacts
5, 7, 11, 14, 20, 26, 29, 34, 42, 50, 75
Maximum wire size 220 AWG wire
Voltage Breakdewn between contacts—sea level
1950 V. A.C. RMS.
7.5 amps.

Current rating
SMI-K-SDL (salderless)
uses #£37 taper receptacle

Pat. 2,761,108. Other configurations on request.

THE ONLY COMPLETE SOURCE FOR
YOUR ELECTRONIC CONNECTORS

U.S. COMPONENTS

AVIONICS @ AUTOMATION @ COMMUNICATION @ CONTROLS @ INSTRUMENTATION
PORTABLE EQUIPMENT @

PRINTED CIRCUITS @ TEST APPARATUS

SMI-KC SERIES
Subminiature Hoodless Knob Type Screw Lock
Reentrancy female contact Anti-Rotation Brackets
Number of contacts
5, 7, 11, 14, 20, 26, 29, 34, 42, 50, 75

Maximum wire size 20 AWG wire

Voltage Breakdown between contacts—sea level
1950 V. A.C. RMS.

Current rating 7.5 amps.

SMI-K-SDL (salderiess)
Pat. 2,761,108.

uses #37 taper receptacle
Other configurations on request.

MI-SERIES. Miniature
Number of contacts
7, 12(8 -4), 14, 18, 20, 21, 26, 34, 41, 50, 75
Maximum wire size #20 AWG wire
Voltage breakdown between contacts—sea level
2800 V A.C. RMS.
Current rating 7.5 amps.
MII-SDL (solﬂerless) uses =37 taper receptacle
MIP Series #18 wire MIW Series #16 wire

HMI SERIES. Hermetic Seal Miniature
Number of contacts
7, 12(84) 14, 18, 20, 21, 26, 34, 41, 50, 75
Maximum wire size #20 AWG wire
Voitage breakdown between contacts—sea level
2200 V A.C. RMS.
Current rating 7.5 amps.
Mates with corresponding MI-F (female) series
connectors.

MI-SL SERIES. Miniature Screw Lock
Number of contacts
7, 12 (8-4), 14, 18, 20, 21, 26, 34, 41, 50, 75
Maximum wire size #20 AWG wire
Voltage breakdown between contacts—sea level
2800 V A.C. RMS,
Current rating 7.5 amps.
MI-SL-SDL (solderless
uses %37 taper receptacle
Pat. #2,761,108

ALSO A'VAILABLE FOR #18 AWG WIRE
6-32—Double or single lead threads can be
furnished.

Pat. #2,761,108

HMI-SL SERIES
Hermetic Seal Miniature Screw Lock

Number of contacts

7, 12(84) 14, 18, 20, 21, 26, 34, 41, 50
Maximum wire size #20 AWG wire
Voltage breakdown between contacts—sea level

2200 V A.C. RMS.

Current rating 7.5 amps.
Mates with correspondmg MI-FSL (female screw
lock) series connectors.
6-32—Double or single lead threads can be
furnished.

MI-KSL SERIES
Miniature Hoodless Knob Type Screw Lock
Number of contacts
7,12 (8-4), 14, 18, 20, 21, 26, 34, 41, 50, 75
Maximum wire size 220 AWG wire
Voltage breakdown between contacts—sea level
2800V A.C. RMS.
7.5 amps.

Current rating
Mi-K-SDL (solderless)
s #37 taper receptacle

ALSO AVAILABLE FOR 318 AWG WIRE

I

Pat. #2,761,108

MI-BSL ““FBI SERIES
Miniature Bracket Screw Lock

Number of contacts 34, 41, 50, 75
Maximum wire size 2220 AWG wire
Voltage breakdown between contacts—sea level
800 V A.C. RMS.
Current rating 7.5 amps.

~aluminum anodized
die-cast aluminum

oods
Brackets
MI-BSL-SDL (solﬂerless)
uses 37 taper receptacle

Pat. #2,761,108;
#2,845,603; #2,845,604

MI-MBSL SERIES

Miniature Bracket Modular Screw Lock
Number of contacts 123, 150, 225

Maximum wire size 20 AWG wire
Voltage Breakdown between contacts—sea Icvel

800 V. A.C. RMS.

7.5 amps.

Current ratmg .......
Hoods -
Brackets
MI-BMSL-SLD (solderless)

s #£37 taper regeptacle

ALSO AVAILABLE FOR #18 AWG W
Pat. £2,761,108; 1£2,845,603; #2,933,713;
2, 845 604 Addmonal Patents Pendnng
Other configurations upon request.

aluminum anodized
die-cast aluminum

MRO-MRA. Miniature Round

Number of contacts 7,9

Maximum wire size 220 AWG wire
Voltage breakdown between contacts—sea level

1215V A.C. RMS.

Current rating ... .. . ... 7.5 amps.

MRO-SDL—MRA-SDL (solderless)

ALSO AVAILABLE FOR

REMI SERIES—Standard und Scrowlock
Number of contacts ............... 7, 12 (8-4) 14, 18, 20, 21, 26, 34, 41, 50, 75, 104
Type of contact ........... crimp style removable wnh "snap n, snap- out" teature
Wire sizes accommodated 18, 29, 22, 24, 26, 30
Pat. 2,979,689
MI-SL, MI-KSL,

REMI counterparts of our MI,
MI-BSL and MI-BMSL SERIES can be provided.

#18 AWG WIRE uses #37 taper receptacle
: Q. UMI SERIES—Ultra Miniature Series 9BO SERIES. Power-Guide Pin Spring Release
=t Number of contacts 12, 18, 24,34 _
= % Number of Contacts , 7,9, 11, 14, 20, 26, 29, 34, 44, 50 Maximum wire size : #16 AVIIG wlire <
3 :.: $ Max. Wire Size £22 AWG Wire Voltage breakdown between con a:gao—vseAa.c?\geMs. -
<L Voltage breakdown between contacts—sea level Current rating 13 amps.
Jae 1330 V. A.C., RMS. 980-SL-SDL (solderless) uses %53 taper pin
Sl Current rating 3 amps. Patent 12,658,182
e n ALSO AVAILABLE IN UMI-SL SCREWLOCK SERIES
980-SL SERIES. Power Screw Lock 990 and 9905 (Short Contacts) SERIES.
Number-of contacts 12, 18, 24, 34 Power
Maximum wire size 216 AWG wire Number of contacts .7, 10, 15, 18
Voltage breakdown between contacts-—sea level Maximum wire size . ..316 AWG wire
VAC. RMS, Voltage breakdown between contacts—sea level
Current rating — .13 amps. 5300 V A.C. RMS.

980-SDL (solderless) uses “53 taper pin
Patents #2,658,182; #2,761,108

13 amps.

Current rating s
....uses #53 taper pin

990-SDL (solderless)

NEW YORK, N. Y. e

U.S. COMPONENTS,

Cable Address: COMPONENTS NYK

INC.
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This is the mostrt—evoluti—(»nary

solenoid catalog ever written!

If you specify high performance DC sole- requirements...by utilizing a master se-
noids, it will be well worth your while to  lector and a system of multiplier factors.
write for it immediately. For the first time,  Fast, easy, accurate. Write for yours today.
a solenoid catalog allows you to pin- ELECTROID Corporation, 56 Progress
@ St., Union, N. J., (201) MU 6-8290.

ELECTROID

point the unit that matches your design

€C O R P ORAT.I

Circle 86 on Inquiry Card ELECTRONIC INDUSTRIES

48

June 1965



Looking

Life Test Panel in Engineering
Laboratory at Wilbur B. Driver

and Development is
Answering \\h'e Challenge
of New Applications!

:

‘ CUSTOM ALLOYS — New applications in ever broadening ranges of
. environmental conditions require improved alloys and in many cases,
entirely new alloys. WBD maintains fully-integrated research, develop-
ment and production facilities to help in solving your custom alloy
requirements,

STANDARD ALLOYS —The Wilbur B. Driver Company manufactures
wire and strip in electrical resistance, electronic, chemical, mechanical
and glass sealing alloys. There is a WBD Precision Alloy to meet prac-
tically any requirement. Ultra-fine gauges in both wire and strip are pro-
duced on specially designed equipment. -

Wy 2

. T
|

The Wilbur B. Driver Spectrographic
Laboratory Showing Control Panel

Experimental Vacuum Melting
Furnace in Research Laboratory

PRECISION ALLOYS FOR ALL INDUSTRIES—WIRE, ROD, RIBBON, STRIP, FOIL

Resistance Alloys: }

Ceramic Sealing |

Vacuum Tube Alloys:

FILAMENT AND GRID Corrosion Resisting

ALCHROME Alloy: ANODE MATERIALS MATERIALS and Mechanical
Evanonn: | GmaMIED NGKL | oNCies Pomecwes | Alloys:

Nos. 30, 60, 90, 180 ALLOYS ' GlgggAieallng Alloys: , CLaD STEEL MANGRID®  MODIFIED HILO® BERALOYE

A G | Neowesz. | coree core o | TETHOCONRI Al MOt e
MANGANIN NIROMET® 42 | S (Type K) Nickel Co.

NIPURE NITUNG

MANUFACTURING PLANTS:
1875 McCARTER HIGHWAY
NEWARK, NEW JERSEY 07104

50 RONSON DRIVE
REXDALE (TORONTO, CANADA)

BRANCH OFFICES:
CHICAGO*, PHILADELPHIA,
LOS ANGELES*, CLEVELAND*,
HARTFORD

*Indicates Warehouse

FOR COMPLETE DATA —More than four decades of experience in the manu-
facture of precision alloys is available to help work out your custom alloy prob-
lem. Specifications on any standard WBD A'loys are available on request. Just
call our nearest office, mentioning the type of alloy or application in which
you are interested.

@ WILBUR B. DRIVER COMPANY

NEWARK, NEW JERSEY 07104 — Telephone: (Area Code 201) 482-5550
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Who
needs a

dual-output,

dual-range
powet

supply?

You might-if you want to step

up to the most versatile,
sophisticated laboratory power
supply available today!

Consider the advantages.

The new DL40-700 Silicon
Dual-Lab supply gives you TWO
independent outputs from

one half-rack chassis—
simultaneously!

Flexibility? Each of these outputs
has TWO independently
selectable ranges—40V at 350ma,
or 20V at 700ma.

Convenience? Each output is
controlled by a concentric vernier
voltage control and has its own
switchable volt/ammeter.
Versatility? Series or parallel
the two outputs at will!

Consider, too-at only $249,

the DL40-700 costs only

slightly more than a single output
power supply with comparable
features. Who needs it?

If you want a power supply with
real versatility and flexibility,
two power supplies in one

for your dual voltage
laboratory needs. .. y ou

do!

For all the exciting features, write

I TRYGON

» { POWER SUPPLIES

Roosevelt, New York

TEL (516) 378-2800 - TWX (516) 868-7508
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LETTERS

to the Editor

Shades of Color . . .

Editor, ELECTRONIC INDUSTRIES:

The announcement that you are pro-
ceeding into full-color production is
a welcome one, and the change should
improve your product and its ac-
ceptance  greatly. Congratulations.
However, your requirement that trans-
parencies exceed 4 x 5 in. is archaic.
Virtually every news-magazine, work-
ing to split-second deadlines, can han-
dle 35 mm color as can most general
circulation magazines. If you draw
your contributors from the ranks of
the engineering profession, they will
have considerable difficulty meeting
your size requirements, not to men-
tion the increased cost to them.

Alvin F, Rymsha
Equipment Div,
Raytheon Co.
Boston Post Rd.
Wayland, Mass.

More on Color
Editor, ELECTRONIC INDUSTRIES:

Congratulations on your announce-
ment of full color printing for ELEc-
TRONIC INDUSTRIES in the future. This
will certainly add a great deal to the
clarity and the interest of your articles.

However, I must point out that
some of the best color magazine work
in the country is done from 35 mm
originals, Certainly, you do not de-
sire or expect to surpass the excellent
color reproduction found in Life, the
National Geographical, Arizona High-
ways, etc., etc., the majority of which
comes from 35 mm transparencies.

I feel quite safe in saying that par-
ticularly regarding original laboratory
photographs or equipment and experi-
ments, you will almost always find 35
mm color being used. About the only
place where 4 x 5 and larger color is
used is in commercial advertising pho-
tography where the distortion correct-
ing swings and tilts of the view cam-
era are desirable.

What you will find then if you in-
sist on 4 x 5 transparencies is that
people will have 4 x 5 duplicate trans-

ELECTRONIC INDUSTRIES -

parencies made from 35 mm originals,
and this is certainly far less likely to
produce good results in the final illus-
tration than having the original 35
mm transparencies submitted.
E. G. Dyett, Jr.
Manager/Instrument Div.

H. H. Scott, Inc.
111 Powder Mill Rd.
Maynard, Mass. 01754

Ed, Note: We can take color art in practically
any form-—photographs, transparencies (includ-
ing 35 mm) and original drawings,

We Make Relays

Editor, ELECTRONIC INDUSTRIES:
Your interesting article on Reed
Relays and Sensitive Relays in your
March 1965 edition listed only Ameri-
can made devices. For completeness,
your readers may be interested to
know that we are the only Canadian
manufacturer of a Contactless Contact
Meter Relay, producing a modification
of the original optical meter relay de-
veloped many years ago by P. Gossen
& Co., of West Germany.
This rugged and reliable contact-
less contact relay has been accepted
by the U. S. Army as well as some
American industries.
R. Spencer Soanes.
Director

Canadian Research Institute

85 Curlew Drive

Don Mills, Ontario

Terminology Error

Editor, ELECTRONIC INDUSTRIES:

On page 62 of the April issue you
have committed an error whose
seriousness is not lessened by its wide-
spread commission. The word “micro-
photograph” is used where “photo-
micrograph” is obviously intended. A
“microphotograph” is a very minute
photograph of an object, whereas a
“photomicrograph” is a photograph of
a very minute object. This difference
is certainly not trivial,

Roger E. Schell
442 Griscom Dr.
Woodbury, N. J. 08096

June 1965
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Connector Collector.

Some men collect ELco VARICON™ Connectors. One sample
of each model they’ve specified and used over the years.
To keep for their own personal standard of comparison.
For reliability. Versatility. Adaptability. Production
economy. One sample of each size. Standard. Miniature.
Sub-miniature. Micro-miniature. For rack-and-panel ap-
plications. Printed circuitry. Modules. Plates. Packaging.
Substrates. Interconnections for integrated circuitry. With
contact tails for every conceivable terminating technique.
Including ourVariLok* crimp-and-insert, and TERMIWELD* {
for flat flexible cables. Each with the world’s most reli-
ability-proven fork-design ELco VaricoN* contact. Or other
equally hi-rel ELco VARICON* nose designs.

*TRADE-MARK
+PAT. PENDING

Send us $29,650 for a hand-made sample of each of our
models. Or a 4¢ postal requesting our Product Digest.
Or Technical Bulletins covering the exact models you
have in mind. That’s the thnfty way of starting your own
personal ELco Varicon™ Connector collection. At a saving
of $29,649,96. Write today while this offer is still in effect.

if it’s new...if it's news...it’s from

ELCO CORPORATION: Main Plant and Offices, Willow Grove, Pa. 19090; 215-659-7000; TWX 510-665.5573. ELCO Pacific: W. Los Angeles,
Cal. 90064. ELCO Midwest, Chicago, 11l. 60645. Representatives, Subsidiaries and Licensees Throughout the World.




Photoamplifier circuit (above) built on a 1
in." substrate uses TO-50 transistors and mi-
crodiodes It is also shown on the cover.

Inhibit driver (right) for a memory system.

An artist’s drawing (below left) of a thin-
film flip flop. Artist’s drawing (below right)
of the same thin-film flip flop using chip
transistors instead of the TO-50 type. Both
drawings were made from actual circuits.
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By RALPH SAUNDERS,

Senior Engineer,

Burroughs Corp.,

Defense and Space Group,
Great Valley Laboratory,
Paoli, Pa.

The form of integrated circuitry
known as the thin-film hybrid

can be a very practical, economical
and time-saving approach to
miniaturization of electronic circuits.
This is particularly true

for circuit development and feasibility
studies, and for prototype models.

ELECTRONIC INDUSTRIES + June 1965




IN THE PAST DECADE, THE ELECTRONICS INDUSTRY
has been much concerned with circuit miniaturization.
The result has been an art termed microelectronics, or
more commonly, integrated circuitry.

From all indications, integrated circuits (IC’s) ap-
pear to be capable of replacing much existing circuitry.
Presently available IC’s have this capability within de-
fined limits of power, noise, frequency, etc. Present
limitations preclude their replacing all circuits in ex-
isting devices. But, the present pace of the state-of-the-
art indicates that many of these limitations will be
overcome.

Molecular Circuits

Much of industry’s effort has been in the develop-
ment of what has been referred to as the true molecular
circuit—a functional electronic block in which physical
phenomena are combined to perform a required circuit
function within an active substrate. Quite a variety of
“standard” molecular circuits are now available “off-
the-shelf” for IC uses. Cost and availability are at-

Approach to Integrated

tractive for many of these standard circuits; but, if
circuits or functions other than those readily available
are needed—which is normal if the state-of-the-art is

to advance—then cost and time hecome significant fac-

tors. This is true Lecause of the relatively complex
tooling and processing involved.

Hybrid Circuits

Thin-film hybrids are made of thin metallic films de-
posited on a suitable substrate. The films are used to
form passive components and conductors. Discrete ac-
tive components are attached to form complete circuit
functions, or modular parts of larger circuits.

Resistor values are obtained by the length/width
ratio of the resistive areas, based on the ohms/square
of the resistive material. Capacitance values are largly
dependent on film area. This normally limits two-
dimensional capacitors to the low picofarad range. To
use a wide range of capacitance values, it has been
found economically expedient to use normal multi-
layer, ceramic wafer capacitors. These are attached
to the hasic substrate conductor pattern.

In this article the basic substrate will be considered,
for clarity, to contain only resistor/conductor networks.

Circuit Geometry

Tooling of a thin-film hybhrid circuit consists mainly
of the preparation of master art work patterns suitable
for photo-reduction. These patterns are based on the
circuit schematic and correspond to the thin-film geome-

ELECTRONIC INDUSTRIES <+ June 1965

try wanted. The pattern is scribed through a thin
layer of opaque material on a stable mylar base. After
scribing, the unwanted opaque material is peeled off,
leaving the desired circuit pattern.

For a resistor/conductor network, only three master
patterus are needed. They are: (1) an overall basic
resistor/conductor pattern; (2) a pattern defining re-
sistor areas; and (3) another pattern blocking out
resistor areas, but dimensionally adjusted to provide
for photo-resist insulation of the resistor/conductor
junctions during later anodizing of the resistors.

Materials and Processing

The base substrate for the hybrids must be smooth
and highly polished bhecause the deposited metallic ma-
terials are measured in angstroms. Certain glasses and
glazed ceramics are satisfactory. They can be used
either in small individual pieces or in larger sheets con-
taining many circuits that are later cut apart.

A variety of resistive and conductive materials can
be used to produce resistor/conductor networks in

ircuits

Author Ralph Saunders uses a coordinatograph to make scribed
resistor/conductor  pattern. Coordinatograph is a combination
drafting/scribing machine which has extreme dimensional accuracy.

thin-film form. The ones used here in describing the
fabrication process are tantalum for the resistive ele-
ments, and gold for the conductor and terminal areas.
A seed layer of nickel between the tantalum and gold
is used to provide good adhesion between the two. Since
the process to be used is that of selective photoetching,
the selected materials are deposited sequentially over
the entire area of the substrate by cathodic sputtering
in a partial argon atmosphere. Basic depositions can
be done by batch processing and the prepared sub-
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THIN-FILM HYBRIDS (Continued)

Examples of photoetched thin-film circuits
before discrete semiconductors are attached.

strates stockpiled for future off-the-shelf use. Thus,
the clapsed time needed to produce finished circuits
for a specific use is greatly reduced.

Processing the prepared substrate into the needed
resistor/condnctor network consists of several sequen-
tial operations. These are: applying photo-resist to the
substrate, exposing through the proper film mask, de-
veloping, and selective etching of the gold conductor/
resistor pattern and of the nickel/gold overlay from the
resistor arcas. later chemical anodizing of the ex-
posed tantalum resistor areas bhrings the resistors into
value and passivates them at the same time.

At this point in the process, the resistor/conductor
network can be checked before the discrete components
are affixed. If rejects occur, they can be discarded with
no loss of transistors, dindes, or capacitor clements.

Discrete Elements

The transistors used for these hybrids are available
m three forms: (1) a hermetically sealed umit, such as
the TO-50 package: (2) passivated chips which are
mounted on a Kovar base and provided with gold wire
leads : and (3) passivated chips with the three terminal
arcas on one flat side, so that they can be fastened down
flat on the substrate terminal areas provided.

Diodes are available in the standard DO-18 micro
diode package, and in hoth passivated chip forms de
scribed above.

Wafer-type capacitors have heen described previously.

The discrete elements, as well as terminal wires or
pins, are attached to the processed substrate by normal
soft-soldering methods.

The circuit 1s now ready for final testing and en
capsulation.  The encapsulation provides for mechani
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cal and some cnvironmental protection. If required,
the circuits can be mounted within hermetically sealable
headers.

Case Example

A photoamiplifier for use in an optical tape reader
provides an interesting example of the evolution of a
hybrid circuit, as developed from a normal PC.

The original schematic for the circuit contained 5
resistors, 3 transistors, and 2 diodes. Using available
TO-50 transistors and microdiodes, the circuit was
made on a 1 in.® ceramic substrate as a thin-film hybrid.
It was checked in the actual use as a replacement for the
original printed cirenitry, and performed well. A sec-
ond version was built using chip transistors and diodes,
on a Y% in® substrate—with equally satisfactory results.

Pecause of tle low noise level achieved using these
hybrids, it was possible to medify the original circuit,
climmating 2 resistors, 2 diodes and a transistor.

This modified circuit was again built using TO-50
trausistors, and then, for further reduction in size, with
chip transistors. A tendency of the circuit to oscillate
in the chip version was corrected by adding a small
wafer eapacitor across the input terminals on the sub-
strate. This was done with only minor adjustment to the
Artworx master.

Finally. hecause of the small size of the final hybrid,
it was possible 1o huild eight such circuits, stacked on

* A REPRINT of ANY ARTICLE in this
issue is availabhle from ELECTRONIC IN-
DUSTRIES Reader Service Department.
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0.1 in. centers, so that they could be mounted directly
under the punched tape adjacent to the photocells. This
eliminated the need for shielded wire between the photo-
cells and the amplifiers.

Advantages of Thin-Film Hybrids

A basic advantage of the thin-film hybrid form of
circuitry is the fact that the master artwork (tooling)
is relatively simple to lay out initially. And, it is com-
paratively easy to alter to accommodate circuit or com-
ponent changes—an important feature in development
work.

Another important feature is the fact that materials
and discrete elements can be chosen that do not need
compromise either of process or resultant component
characteristics. Also, it appears that the operating fre-
quency of thin-film hybrids is sufficiently greater than
molecular circuits to make them attractive for liner de-
vice uses above 10 Mc. It also appears that an order-of-
magnitude improvement in gain is possible at the higher
frequencies with thin-film circuitry primarily because
parasitic capacity is reduced.

There is another advantage of this hybrid form of
circuit over molecular circuits. It is that the orders-of-
magnitude larger substrates used allow for much more
total power dissipation than is possible with the almost
microscopic molecular circuit substrates.

Photographs below show evolution of a photoamplifier. Top photo
shows the original unit using TO-50 transistors and microdiodes
(left) and a second version using chip transistors and diodes.
Bottom photo shows the modified version after two resistors, two
diodes and a transistor were eliminated. Unit on the left uses
TO-50 transistors and the one on the right uses chip transistors.

ELECTRONIC INDUSTRIES -
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Assembly of eight photoamplifiers (above). Arrow points to capacitor
added to prevent oscillation. Typical thin-film hybrid circuits using
TO-50 transistors and microdiodes are shown in photo below.

Conclusions

An in-house capability for building of thin-film hy-
hrids can be an effective tool when exploited by design-
ers in the application of integrated circuitry to electronic
equipment. Also, for prototype work and limited pro-
duction, such a capability can be of great value in terms
of cost savings and elapsed time.

Because of the comparatively simple tooling needed,
and the few process steps involved, working circuits can
be produced singly, or in small production quantities,
right along with circuit development work. Thus, re-
sults can be evaluated and designs firmed up, or modi-
fied, as the occasion demands. An elapsed time of only a
week from schematic to finished working circuit, with
a first-piece cost well below $300, excluding semicon-
ductor elements, is very realistic for these circuits. The
comparative simplicity of the entire process is reflected
in high yield and, as indicated by evaluation work in
progress, in a high degree of reliability.
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The approaches of thin film and monolithic circuits are not competitive
but complementary. Certain advantages keep oscillating back and forth
between the two as new fabrication methods develop.

The final outcome will probably be a combination of the two methods.

The Status of Monolithic and

A cHIPT TRANSISTOR was incorpo-
rated into a circuit containing passive
silk screened components by Diamond

ELECTRONIC

INDUSTRIES

STATE-OF-THE-ART  Ordnance fuze Laboratory personnel
m and reported at the Electron Devices

Meeting in Washington in 19573 This
feat while not particularly practical. did show the
great potential of miniaturization.

Integrated Circuits

Texas Instruments announced in 1959 that it had
nide an integrated circuit entirely out of silicon with
no externally formed passive elements.t This unit was
a multivibrator,

The transistors were mesa devices, the resistors por-
tions of the hulk semiconducting material, and isolation
of the components was achieved by ctching away un-
wanted material. This device, crude as it appears by
today’s standards, was revolutionary when announced.
[Mow could any circuit he smaller than the chip of
silicon itself? People began to think in terms of in-
tegrated rather than miniaturized, and functional per-
formance in place of component specifications.  The
objectives begun to he reduced cost and hivher reli-
ability. rather than reduced size and weight.

The advent of high-volume silicon device processing
made the fabrication of integrated meanolithic circuits
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simple and almost universal.’ Leads could he formed
at will interconnecting stable, low leakage devices which
had all been formed simultaneously. A new factor was
introduced now, and that was the circuit application.
Where the devices had previously been minute curiosi-
ties. they were now heing looked at in the reality of
performance—and found to be wanting in many cases.

It appeared that the best general approach to total
performance was the thin film circuit, an early example
is shown in Fig. 1. An inert substrate, such as glass
or ceranic, has deposited on it resistive, dielectric, and
conductive layers. These are selectively etched to form
the resistors, capacitors, and interconnections. Tran-
sistors and diodes are then attached and the completed
circuit potted. Scientists at the Royal Radar Establish-
ment (RRE) in England had been examining the use
of thin films for a number of years.”

The thin film circuit allowed the designer to select
the best semiconductor devices for his use from a cata-
log. Resistor and capacitor performance can be opti-
mized through the use of various metals, insulators, and
diclectrics which were perhaps better suited for the
purpose than silicon. In the case of tantalum, both the
reststive paths and dielectries could be formed from the
sante material by anodization. The Bell Telephone Labs.
did much of the early investigation of this material.® ®
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Left: Some individual
integrated  circuits
and the advanced
equipments using
them. Right: An in-
tegrated circuit in its
flat pack.

Fig.
thin
circuit.

film tantalum

(below): A

i

Thin Film Circuits

Early Difficulties

Computer applications serve to show the difficulties
the monolithic structures encountered. Computer-logic
building blocks could be made simply in discrete form
which took advantage of transistor improvements. These
circuits, however, could not be made with the same de-
gree of performance in monolithic form, mainly be-
cause of parasitic capacitance associated with the circuit
elements, and because accurate resistor control was also
needed.

On the other hand, adequate performance could be
obtained with thin film circuits. To avoid overpackag-
ing, glass surface coatings and chip attachment methods
were developed. This allowed “uncanned” semiconduc-
tor devices to be attached to a substrate containing the
passive elements.!® Individually adjusted silk screened
resistors were used very much, as in the early DOFL
approach. The tantalum resistors and capacitors also
could be used since they can be made with the required
tolerance.

Isolation

That was the situation at the start of 1964. Com-
ponents had reached a high degree of perfection. On
the other hand, the monolithic block, with its inherent
advantages of simultaneous processing and minimum
interconnections, could not make full use of this com-
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ponent performance. It appeared that for ultimate per-
formance the user would require the isolation and con-
trol methods of thin film circuits. All of this changed
with the improved isolation methods in monolithic
structures. A major portion of this article will be de-
voted to a discussion of isolation methods.

The normal isolation between components in a mono-
lithic structure is from reverse biased p-n junctions, as
shown in Fig. 2. Actually, of course, the p-n junction
has capacitance and normal junction leakage associated
with it. This results in incomplete isolation. The use
of epitaxial material gaves added performance for the
active devices, but still has the basic disadvantages as-
sociated with a p-n junction.

Some fabrication methods for isolating epitaxial
structures are shown in Fig. 3. In the top diagram, a
heavy p-type diffusion is made before each epitaxial
layer is deposited, as well as after the final deposition.
This method is applicable where thick, high-resistivity
layers need to be isolated. Wkere the layers are fairly
thin, it is possible to isclate in a single diffusion as
shown in the middle. The bottom sketch represents a
single isolation diffusion also, but it only has to pene-
trate a single film because the high resistivity layer
was previously formed by diffusion.

A thin film circuit with a separately attached semi-
conductor device has excellent isolation, but at the
price of separate processing and a larger physical size.
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MULTIPLE DIFFUSION—MULTIPLE EPITAXIAL ISOLATION

THIN FILM CIRCUITS (Continued) 1 3 4 5 6
DIFFUSION EPITAXIAL
DEPOSIT
BULK P P p P P P
Fig. 3 (right): A sequence of steps
and methods to achieve device isolation, SINGLE 2 ?‘ P+ DIFFUSL 4 4
DIFFUSION - DEposiTi R
Fizg. 2 (below): Cross section of :;AULZIPLE g b
two active devices. The interaction PITAXIAL BULK P p P P
problems are discussed in the text. ISOLATION
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Fig. 4: Sketch shows a thin film/monolithic structure. Much effort
has been expended in the past few years to develop this method.

The advantages of small size will become increasingly
important as circuits have to operate at higher and
higher speed. In 1 nsec. an electrical signal will propo-
gate only one foot, and unless circuit elements are
placed close together, the advantages of recent high-
speed devices can be lost.

A method of isolating the passive components from
the active elements is to deposit the passive elements
in thin film form over oxide coated silicon, which has
heen processed previously to yield the active devices.!!
The resulting form is shown in Fig. 4. The disad-
vantage, of course, is the incomplete isolation of the
active clements and the additional processing opera-
tion of thin film deposition. The degree of isolation
afforded by this method is significant, and much effort
has heen expended in the past few years in developing
this method.

The thin film circuit component fabrication methods
are not directly usable in this case, because of the need
for compatibility with semiconductor processing, and
the semiconductor engineer’s preference for a dry proc-
ess. Evaporated nichrome films have formed satisfac-
tory resistors.'®. Contact system developed for this ma-
terial are compatible with semiconductors.

Tantalum, which has long been the favorite of thin
film circuit fabricators hecause of the dielectric prop-
erties of its oxide and the ease with which it can be
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anodized, is also heing examined for use over oxidized
silicon.” The objection of wet processing for anodiza-
tion can be overcome by reactively sputtering the metal,
i.e., sputtering in the presence of oxygen. The resis-
tivity of the film varies with the partial pressure of
oxygen."* More oxygen will result in more of the
higher resistivity oxide being formed. On the other
hand. if a sheet resistivity of 200 ohm/sq is desired,
sputtering in nitrogen should he considered, since TaN,

Fig. 5: The simplest form of dielectric isolation method is shown.
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is formed with the reaction going to completion at about
5 x 103 torr.

More Ideal Methods

Early in 1964 it became evident that a more ideal
method of semiconductor isolation was possible which
still retained the common processing of the completely
monolithic structure. In its simplest form!? this dielec-
tric isolation method is shown in Fig. 5. Starting with
a single crystalline substrate having a heavily doped
epitaxial layer, as shown in A, grooves are etched
several mils deep outlining various regions of the slice.
An oxide is either grown or deposited over the entire
slice as shown in B and polycrystalline silicon epitaxi-
ally deposited as in C. Finally, the original substrate
is lapped away, as shown in D, to define islands of
single crystal silicon isolated from each other by an
insulating layer of oxide. Impurities can now be dif-
fused into these islands to form the components of the
circuit.

For the first time, here was a method which allowed
the isolation of all devices as completely as if they had
been separately attached onto polycrystalline oxide-
covered silicon. The major disadvantage with the meth-
od, as shown in Fig. 5, is the degree of control required
on the lapping operation. The critical distance from
the n—n+ junction to the surface (and consequently to
the subsequently formed p-n base-collector junction)
can determine a number of transistor characteristics.
Presently, the tolerance on this operation is about *0.1
mil. For control over the device characteristics *0.05
or better is needed.

Fig. 6: This is the polycrystalline handle method of isolation.
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A number of methods have been proposed which
minimize this difficulty.* One is shown in Fig. 6. In
this method a highly doped uniform single crystal sub-
strate as shown in A is processed in exactly the same
fashion as in Fig. 5 to yield isolated islands of low-re-
sistivity material B. By using a SiO; film for selective
masking. regions within these islands can be vapor
etched C, and lower resistivity silicon redeposited as
in D. The critical distance is now controlled by the
etch and deposit processes of epitaxial deposition, which
are superior to mechanical lapping.

Another method!® is shown in Fig. 7. The critical
distance is controlled during the initial step of epi-
taxially depositing an n-film on an n* substrate shown
in A. Next an insulating SiO,-layer is deposited over
the n— layer and polycrystalline material over this. The
only purpose of this polycrystalline layer is to serve
as a “handle” during operations and allows the sub-
strate to be thinned to a few mils as shown in B with-
out breakage. Grooves are then etched in this thinned
single crystal material creating mesas over which an
oxide may be grown as in C. Finally an epitaxial poly-
crystalline “‘substrate” is deposited over thin oxide and
the “handle” material removed to leave isolated re-
gions having a common flat surface as shown in D.

The processes of Figs. 6 and 7 minimize the lapping
control for dielectric isolation, but at the expense of
additional processing. The p-type, as well as n-type
material may be processed and both types of islands
may be formed on the same slice.

The result of these methods is isolated islands of
semiconductor material into which impurities may be

Fig. 7: Etch and redeposit method of dielectric isolation.
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diffused to form active and passive components. An-
other method of isolation which physically separates
the semiconductor elements after processing, rather than
before, is the “beam lead” method developed by
BTL.17" 18 When this method is used to separate dis-
crete elements, as shown in Fig. 8, the result is a chip
which is more compatible with passive substrates, such
as those of anodized tantalum which BTL developed.

Modifications of this method can be used to isolate
the individual components of a monolithic structure.
One of these methods, now in development, is where
silicon is processed similarly to p-n junction isolation,
except that no isolation diffusion is made. The “finished”
slice is then brought together with an insulating sub-
strate, such as glass. The exact adhesion method still
represents a tough problem. The silicon is then thinned
in a noncritical lapping or etching operation and finally,
a photo etch step is performed to isolate various parts
of the circuit.

Because for every mil etched down there is about a
mil of sideways etching or undercut, air isolated islands
are separated from each other by several mils. It is
approximately as if the region filled with polycrystalline
material in the dielectric isolation method were void in
the beam lead approach.

Conclusion

The technological status of thin film and monolithic
circuits is, therefore, still one of change with advantages

Fig. 8: Beam leaded method physically separates the elements,
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oscillating back and forth between the two approaches
as new methods develop. Interestingly enough, b