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The heart of this new Synthesizer is a
plug-in module called a Digit-Inser-
tion Unit. Up to seven of these units
can be assembled in a frame to pro-
duce a decade-frequency synthesizer
with in-line readout. You can start
with as few as three Digit-Insertion
Units to form a complete working syn-
thesizer — a 100-kc model adjustable
in 100-cycle steps, or a 1-Mc model
with 1-kc steps. Add another “D-1
Unit”’, and the 100-kc model now has
10-cycle resolution; the 1-Mc model
goes down to 100 cycles. Put in all
seven D-I Units to get 0.01l-cycle
resolution all the way to 100 ke, or
0.1-cycle increments to 1 Mec.

That's not all Asecond module,
a Continuously Adjustable Decade
(CAD), can be included in any of the
Synthesizers; it makes possible con-
tinuous adjustment of frequency, and
provides at least three additional sig-
nificant figures. T"he CAD can also
functionally replace one or more of the
D-I Units. For example, if you press
the pushbutton at the 10-cps step
position, the CAD replaces the decade
directly above the actuated button
and all decades to the right; the CAD
automatically assumes a 0 to 100-cycle
range. If the button at the 100-cps step
position is pressed, the Continuously
Adjustable Decade assumes a 0 to
1,000-cycle range. This process can be
used to replace any number of decades,
providing continuous frequency ad-
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Decade Frequency Synthesizers

dc to 100 kc and dc to 1 Mc

justment over a small or large range,
as desired. Furthermore, by virtue of
a self-calibrating feature of the CAD,
frequency can be set to 3 or more sig-
nificant figures in addition to that
provided by the D-I Units.

The CAD frequency may also be
swept electronically by an external
signal. The resulting sweep range may
be made very small if a pushbutton
to the right is actuated, or progres-
sively larger as pushbuttons toward
the left are used.

All signals produced by the Syn-
thesizer are frequency-coherent with a
single, built-in, room-temperature, pri-
mary-crystal oscillator. For extremely
exacting requirements, this primary
oscillator may be phase-locked to an
external frequency standard. Remotely
programmable digit units for these
Synthesizers are soon to be available,
as well.

Level is adjustable up to 2 volts
into 50 ohms when ac coupled, and a
panel meter reads the output voltage.
Output with dc coupling is up to 1
volt without metering.
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Buy only the resolution you need — add more later if you wish

hd Type 1162-A4; $3780; 100-¢c/s steps to 1 Mc
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Type 1162-A5; $4220; 10-c/s steps to 1 Mc
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Type 1162-A7; $5100; O0.1-c/s stepsto 1 Mc

A “CAD" Unit, $510, may be added to any of the avove to
provide continuous frequencil adjustment, Similar com-
binations available for Type 1161

-A 100-kc/s Synthesizer.
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Type 1162-A7C 1-Mc Coherent Decade Frequency Synthesizer with CAD; $5600. Write for complete information,

QUTRUT voLTS
LOCK TO £XT g7

DTS 383 4060 B1¥ 44

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673
IN EUROPE: Zurich, Switzerland ~ London, England

SAN FRANCISCO
(Los Altos) 948-8233

CHICAGO
(Oak Park) 848-9400

SYRACUSE
454-9323

DALLAS
FL 7-4031

LOS ANGELES
469-6201

NEW YORK, N. Y., 9%64-2722
(Ridgefield, N. J.) 943-3140

PHILADELPHIA
(Ft. Washinglon) 646-8030

WASHINGTON, D.C.
(Rockville, Md.) 946-1600

ORLANDO, FLA.
425-4671

CLEVELAND
886-0150

Circle 900 on reader service card



Test shows Moseley AUTOGRIP*in action. Paper is pulled
by a 4 |b. weight without tearing, slipping or wrinkling.

Circle 1 on reader service card

Moseley
Iintroduces
AUTOGRIP

A REVOLUTIONARY

PAPER HOLD-DOWN
TECHNIQUE FOR X-Y
RECORDERS

AUTOGRIP*is a significant breakthrough in chart paper
hold-down systems. Eliminated are all moving or me-
chanical parts, no clips, no fans, no pumps, no motors.
Uses an electrical principle with specially constructed
platen. Quiet with full gripping efficiency even with
paper smaller than platen.

Standard on the following Moseley recorders: Models 7000A, 7030A, 2D,
2DR. 2D-2. 2DR-2, 2D-2A, 2DR-2A, 2D-2M, 2DR-2M, 2D-2AM, 2DR-2AM,
2D-3. 2DR-3, 2D-3M, 2DR-3M, 2FRA, 2FRAM, 135, 135R, 135A, 135AR, 135M,
135MR, 135AM, 135AMR, 136A, 136AR. Available as an option at $95 addi-
tional on Models 7050A, 135C, 135CR, 135CM, 135CMR, 2D-4,2DR-4, 2D-4M,
2DR-4M, 7590A, 7590AR. Call your Moseley/Hewlett-Packard field engineer

or write: Moseley Division, Hewlett-Packard, 433 N. Fair Oaks Avenue,
Pasadena, California 91102. *Trade Mark Pat. pend.

HEWLETT |
PACKARD \hp MOSELEY
DIVISION




e W —

Solid-State Counters
whose “extras”
are not

- FUNCTION TIME BASE — & LY

FREGERCY A PERDD A T ime R

5233, £LECTRONIC COUNTER
HERLETY @ PACKARE

Value is the big benefit delivered to the user with every

performance, input circuitry, maximum frequency

Hewlett-Packard solid-state counter. . . and in the “‘low- range, display storage, BCD output, automatic decimal
frequency' instrumentation area, no other company positioning, display of measurement units, convenient
offers so much performance for so little money with packaging, ease of operation, ease of reading, back-up
such a wide variety of counters. service, built-in quality.

Seven counters to choose from, ranging in maximum You'll see why your best buy is from Hewlett-Packard.
counting rate from 300 kc to 2 mc, all with solid-state Call your hp field engineer for a demonstration of the
reliability, all offering display storage, all offering BCD counter to serve your needs best. Or write for complete
output and a variety of other features you get oniy as information, Hewlett-Packard, Palo Alto, California,
extra-cost “options’’ with other counters. 94304, Tel., (415) 326-7000; Europe: 54 Route des

Comparison is the key to your best counter buy. Com- Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

pare specs on time base performance, temperature

Counter Primary Uses Frequency Range Characteristics

4-digit resolution in neon columnar
display; gate time 0.1 sec, 1 sec; $750
power line time base (typically 0.1%)

Measure frequency, ratio, 300 kc maximum
5211A Counter speed with proper transducers counting rate

Same as 5211A, except offers additional gate time of 10 sec

5211B Counter

Measure frequency, period,

i - 300 k¢ maximum 5.digit resolution in in-line display;
5512A Counter mt:lat;?;e ;i?t?glea\;::iaoge' counting rate time base stability <2/10¢/week SI75
5212A Counter Same as 5512A except offers neon columnar display $975

Measures rate, time, totalizes; . 5-digit resolution in in-line display;
g%};:\l;ePrreset measures normalized rate, normal- 30305::1(?:\3;:'?(‘;"1 preset N number, from 1 to 100,000; $1475
ized time, counts N events locally or program remotely

Measure frequency, period, 5-digit resolution in in-line
5223L Counter multiple period average, time 300 ke display; time base $1450
interval, ratio, multiple ratio stability <2/10¢/week

Measure frequency, period, . 6-digit resolution in in-line
5532A Counter multiple period average, “ioﬂﬁt&‘;":;?:"‘ display; time base $1550
ratio, multiple ratio stability <2/107/month

5232A Counter Same as 5532A except offers neon columnar display

Measure frequency, period, q . 6-digit resolution in
5233L Counter multiple period average, time 2 mcnrp:xm;t:m in-line display; time base $1850
interval, ratio, multiple ratio countingtrate stability <27107/month

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

HEWLETT
PACKARD

An extra measure of quality

o83e
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Defense budget 24 Big drawing power
Scanistor 26 Astronomy plan
Cosmic computers 26 Winds and waves
Supercomputer 28 On target
Electronics Abroad

Subway alla Milanese 113 Glass-coated
Brain drain microwave
All-European satellite 114 Expansion in India
Homemade quartz 114 Process control
Probing the News

Electronics at the bottom of the sea
Setting up radar behind enemy lines
The little train that wasn't

Technical Articles

Integrated circuit system keeps cost down to earth
The same equipment and personnel that make

printed circuits can make integrated-circuit modules
Fred A. Pendleton, Collins Radio Co.

Designers casebook

Push button plus scr equals fast pulse; nomograph
simplifies delay-line design; germanium transistor
is an avalanche switch; small, quiet, high-current
converter

The Field-Effect Transistor: Part 1 (cover)

A curiosity comes of age

Twice as many companies are making three times
as many types of units

Jerome Eimbinder, solid state editor

Metal-oxide-semiconductor devices

A descendant of the electrical capacitor promises
new circuit applications

F. P. Heiman and S. R. Hofstein, Radio Corp. of
America

How to measure noise in field-effect devices

FETs are low noise devices and a new standard of
measurement is needed

Joel M. Cohen, Crystalonics, Inc.

Germanium in an MOS transistor

Economics have focused attention on germanium
as a FET material

V. Harrap, G. Pierson, H. Kuehler, B. K. Lovelace,
Texas Instruments, Inc.

Research in microwave acoustics spawns compact
delay lines

Small solid state device introduces time delay into
microwave signal line

Paralytic’s brain + Myocoder = Hope

An electronic system picks up nerve signals and
amplifies them to run an artificial limb

Lee Harrison, Philco Corp.
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Readers Comment

Praise for Sarah

I read with interest your recent
article regarding military electron-
ics and the problem of guiding
planes and supply dropping in
South Vietnam, “Electronics in the
Mekong Delta” [Sept. 7, p. 114].

I could not resist writing to tell
you that we have had this problem
here in Central Africa for some
time, and we have very effectively
solved this by the use of the British
“Sarah” equipment.

As you probably know, the Brit-
ish Sarah equipment is a normal
beacon with a voice capability, but
it does unfortunately mean a spe-
cial installation in the aircraft. This
is not unlike the old Rebecca sys-
tem, and we have in fact used
existing Rebecca acrials.

The great advantage of the
Sarah system is that it enables the
crew of an aircraft not only to
locate very accurately at great dis-
tance the dropping zone, at any
time of day or night, and in ad-
verse weather conditions, but it also
enables them to locate possibly
half-a-dozen other dropping zones
at the same time. This is very use-
ful where a number of platoons are
operating over a wide area, and
each requires separate drops.

Finally, I would like to mention
that I was present at a number of
tests, and we had, in fact, after
very little practice, a dropping ac-
curacy as good as 50 yards.

I would like to mention also that
I believe the Sarah equipment is
in use by NASA and was actually
responsible for the quick location
of Scott Carpenter when he landed
downrange.

R.G. Whiteing
Associated Electronics (Pvt.) Ltd.
Salisbury, Rhodesia

s According to the Air Force, there
are restrictions to the installation
of new equipment; only “in-use”
equipment is permitted. To be able
to use Sarah, the Air Force would
have to install additional antennas
and receivers aboard its planes, but
in AF tactical aircraft there is sim-
ply no room.

This does not mean that all Air

Electronics | November 30, 1964



Now from Sprague!

SPRAGUE COMPONENTS

UNICIRGUIT

INTEGRATED CIRGUITS

2222222 R ERRRE

actual
size
This is a master-matrix UNICIRCUIT, interconnected to
meet the requirements of a military systems manufacturer
for an RS flip-flop. The photograph at the left, enlarged
38 diameters (1444 times area), speaks for itself as to
the technical capability of the Sprague Electric Company

to produce complex silicon monolithic integrated circuits.

If you would like to discuss your integrated circuit needs
with an old-line established electronic components manu-
facturer who has a proven reputation for reliability, please
write or telephone Mr, Albert B. Dall, Marketing Manager,
Semiconductor Division, Sprague Electric Company,

Concord, New Hampshire. i 603 Tel. 224-1961

INTEGRATED CIRCUITS PULSE TRANSFORMERS
THIN-FILM MICROCIRCUITS INTERFERENCE FILTERS
CAPACITORS PULSF-FORMING NETWORKS
TRANSISTORS TOROIDAL INDUCTORS
RESISTORS ELECTRIC WAVE FILTERS

Electronics ' November 30, 1964

®
CERAMIC-BASE PRINTED NETWORKS s p n n G u E
PACKAGED COMPONENT ASSEMBLIES
B80BBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

THE MARK OF RELIABILITY

‘Sprague’ and ‘@@’ are registered trademarks of the Sprague Electric Co,

Circle 5 on reader service card 8



New from Sprague!

FILMITE ‘K
POLYCARBONATE FILM
GAPACITORS

COMPARE!

The tubular polycarbonate film
capacitor and the rectangular
oil-impregnated paper
capacitor are both rated
10 pF, 100 VAC, 400 cycles.

e More than 13 times smaller than
paper capacitors of cquivalent rating.

e Unusually high capacitance stabil-
ity over entire temperature range.

e Low dissipation factor — extremely
desirable where high current capabil-
ities are required.

o Low diclectric absorption over a
broad frequency/temperature spectrum.
e Extremely high insulation resistance
— superior to many commonly-used
film dielectrics.

e Capacitance tolerances to +0.25%.
e For critical applications such as
tuned circuits, analog computers, digi-
tal circuits, etc.

For complete technical data, write for
Enginecring Bulletins 2700 and 2705 to
Technical Literature Service, Sprague
Electric Company, 35 Marshall Street,
North Adams, Massachusetts.

4SC-0L5RY

THE MARK OF RELIABILITY

“Sprague’ and @ are registerea tragemarks of the Sprague Electric Co.

€ Circle 6 on reader service card

Force planes are forbidden to nse
Sarah. The Alaska Air Rescue Com-
mand has Sarah aboard. NASA did
use the system to locate astronaut
Carpenter. Sarah is installed aboard
some Navy patrol craft.

The Air Force spokesman ex-
pressed surprise at the high accu-
racy reported by reader Whiteing,
and said that the Air Force is look-
ing for this kind of accuracy.

Silicon-transistor inverter

In his article on “Boosting d-c volt-
age with silicon transistors™ [Nov.
16, p. 56] Harry T. Breece con-
veniently omits the important fact
that the 2N3265 suggested for his
cxample inverter costs $99 in 1-90
quantity. He would have done his
readers a service by computing an-
other lower-frequency design us-
ing the $4.95 2N3055 in multiple
and comparing the two designs to
show what is bought for the differ-
ence.

More basically, I wonder if this
doesn’t illustrate why defense costs
are so high these days? More value
engineering and attention to eco-
nomics at the design level might
help reduce our tax load.

R.W. Johnson
R.W. Johnson Co.
Anaheim, Calif.

= Although reader Johnson has
a good argument, he has perhaps
overlooked one significant point
that the author was trying to make:
there is a distinct saving in trans-
former weight when frequency is
increased. This weight reduction
may more than offset the cost of
the devices.

Application note SMA-35, “12-
volt audio amplifier and converter
designs employing RCA silicon
power transistors,” includes the
use of a 2N3055 in two converter
circuits plus graphs of the effi-
ciency and voltage output of both
circuits, and is available from Com-
mercial Engineering. RCA  Elec-
tronic Components and Devices,
Harrison, N.J.

Door openers

The Commission has noted the item
in the Washington Newsletter sec-
tion of Electronics regarding our
proposed rules governing radio

controls for door operators [Nov.
2, p. 36].

Your article gives the erroneous
impression that our proposal would
result in increased interference. On
the contrary, our proposal is de-
signed to reduce the radiation and
thus reduce the likelihood of inter-
ference from these devices. This
is accomplished by requiring that
the radiation from both the trans-
mitter and receiver be reduced 10
decibels from the levels presently
permitted. The reduction in radia-
tion from the continuously operat-
ing receiver and the infrequently
operated transmitter will reduce
the possibility of interference from
radio-operated door controls more
effectively than a dnty cycle limita-
tion on the transmitter alone.

The proposed rules would also
eliminate a possible safety hazard
by permitting the operation of the
door to be reversed in the event a
child or animal moves into the
path of the closing door. The pres-
ent duty cycle of one-second opera-
tion followed by a 30-second silent
period did not permit such an op-
eration during the period that the
door is in motion.

The duty-cycle limitation would
continue to apply to all other radio-
control devices operated without a
license under the provision of Part
15 of our rules.

Ben F. Waple

Secretary
Federal Communications
Commission
Washington

Decibel war

Your report that Radio Moscow
shortwave broadcasts are 18 to 14
decibels stronger in Latin America
than British radio signals [Nov. 16,
p. 178] implies that little is known
about even the type of transmitting
sites of the Soviet and Chinese
transmitters. Therefore, I assume
the transmitter power is also un-
known.

I suspect that the Soviets are
merely running higher power. Their
brute-force approach to satellite
technology snggests that they rec-
ognize that powerful devices are
one of the best proven ways to as-
sure a successful effort.

Grady B. Fox, Jr.
Rochester, N.Y.

Circle 7 on reader service card—>
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WHAT'S
NEW IN
TRIMMERS?

Unique silicone rubber lining providing
Military performance at industrial prices

No other trimmer gives you the superior performance of Spec-
trol’s new model 84 at any price. Check these unique construction
features which assure military reliability at industrial prices.

o Silicone rubber lined cover is erimped to the base completely
sealing the unit against dust and moisture. No adhesives
are used in any of the assembly operations.

e Largest resistance element available in any 1% inch trimmer
is made possible by placing the element against the silicone-
rubber lined metal cover. No thick-walled plastic cases
or insulators are necessary. Larger element means larger
wire and better resolution as well as higher maximum
resistance value.

© Silicone rubber lined cover provides a true voltage break-
down barrier.

Q Packing gland sealing of the shaft is provided by the unique
molded rubber-lining permitting full potting or immersion.

© Metal case provides greater heat dissipation, avoids hot spots
and allows high power rating of 1% watts at 50°C. For
printed circuit applications, plastic base contacts PC board.

60 San Gabriel, California
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1704 South Del Mar Avenue

B K

ACTUAL
SIZE
84-3.8 84-3-10 84-5-6
Slotted Head Knob Bushing
Available in three versions as shown.
SPECIFICATIONS MODEL 84
Standard Resistance Range . . 500 to 100K
Standard Resistance Tolerance + 5%

114 watts at 50°C.
—65 to +175°C.

320° Fixed stops
(continuous available)

%, Hx 4 Dia.

$3.95
$2.60

Power Rating
Operating temperature Range
Rotation

Case Dimensions-inches « « « «
Unit Prices (84-3-8)
19 sawe « cWaooee o

Call your nearest Spectrol distributor for
immediate off-the-shelf delivery at factory
prices. Samples of the model 81-3-8 available
for industrial and military users. For your
sample write on your company letterhead
direct to Spectrol, San Gabriel.

SPECTROL ) ELECTRONICS CORPORATION

P.0.Box 130
Brampton, Ontario

Adams Court
Plainview, L.l., New York



WORLD’S
HIGHEST POWER
TETRODE

Mi-8545
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The New Vapor-Cooled ML-8545

Another Machlett innovation. The ML-8545 is a general-purpose tetrode
capable of 300 kW continuous output as a Class C amplifier or oscillator at
frequencies to 50 Mc. Maximum plate input is 420 kW, and is substantially
higher during momentary overloads or intermittent operation.

Applications include:

« High-power broadcast and
communications
« All-purpose rf generation
« Particle acceleration
For further data on the ML-8545 and the ML-8546, water-cooled version,
write: The Machlett Laboratories, Inc., Springdale, Conn. An affiliate of

Raytheon Company.

ELECTRON TUBE SPECIALIST

8 Circle 8 on reader service card

People

Ben H. Ciscel, new executive vice
president of the International Elec-
tronic Research Corp., Burbank,
Calif., says his
new job involves
unifying  “four
different  com-
panies  which
were brought to-
gether under the
IERC name sev-
eral years ago.”
He adds: “The
trouble is these (companies) exist
under one company only on paper.
They put out separate ads, have
different national reps and separate
sales staffs.” He will also be in
charge of a projected expansion of
product lines.

Despite his technically oriented
background (he taught at the Mas-
sachusetts Institute of Technology
and holds eight patents for auto-
matic flight-control systems), Ciscel
has shown an aptitnde for manage-
ment. As founder of the Gulf Acro-
space Corp. in Houston, he started
with a brochure and one employee
and built up a $500,000 acrospace
electronics business in 2% years.

William Meng Duke, the new presi-
dent of the Whittaker Corp. in Los
Angeles, sces two ways to make
the  company
less dependent
on military hard-
ware business.
One is to ex-
pand and take in
software  serv-
ices and systems
contract work;
the other is to
make selective acquisitions or mer-
gers to fill what he considers holes
in the company’s product area.
“We won’t buy a soap chips com-
pany, for example, just because it
is making money.”

Duke replaces William R. Whit-
taker, chairman, who used to be
the president as well.

Before the 48-year-old Duke
joined Whittaker, he was president
of the Federal Laboratories of the
International Telephone & Tele-
graph Corp.

Electronics | November 30, 1964



WHAT'S
NEW IN
TRIMMERS?

Unique silicone rubber lining providing
Military performance at industrial prices

> ® &

ACTUAL
SIZE
84.3-8 84-3-10 84-5-6
Slotted Head Knob Bushing
Available in three versions as shown,
SPECIFICATIONS MODEL 84
Standard Resistance Range . . 500 to 100K
Standard Resistance Tolerance + 5%
Power Rating . . ........ 114 Watts at 50°C.
Operating temperature Range —65 to +175°C.
Rotation .: gemw: «cc v aam 320° Fixed stops

No other trimmer gives vou the superior performance of Spec-
trol’s new model 84 at any price. Check these unique construction
features which assure military reliability at industrial prices.

o Silicone rubber lined cover is crimped to the base completely
sealing the unit against dust and moisture. No adhesives
are used in any of the assembly operations.

@ Largest resistance element available in any % inch trimmer
is made possible by placing the element against the silicone-
rubber lined metal cover. No thick-walled plastic cases
or insulators are neccessary. Larger element means larger
wire and better resolution as well as higher maximum
resistance value.

9 Silicone rubber lined cover provides a true voltage break-
down barrier,

G Packing gland sealing of the shaft is provided by the unique
molded rubber-lining permitting full potting or immersion.

€ Metal case provides greater heat dissipation, avoids hot spots
and allows high power rating of 12 watts at 50°C. For
printed circuit applications, plastic base contacts PC board.

60 San Gabriel, California
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1704 South Del Mar Avenue

(continuous available)

%, Hx )4 Dia.

$3.95
$2.60

Case Dimensions-inches « 4 « «
Unit Prices (84-3-8)
19..6 : 2 mnd . adsase

Call your nearest Spectrol distributor for
immediate off-the-shelf delivery at factory
prices. Samples of the model 84-3-8 available
for industrial and military users. For your
sample write on your company letterhead
direct to Spectrol, San Gabriel.

SPECTROL ) ELECTRONICS CORPORATION

P.0.Box 130
Brampton, Ontario

Adams Court
Plainview, L.I., New York
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The New Vapor-Cooled ML-8545

Another Machlett innovation. The ML-8545 is a general-purpose tetrode
capable of 300 kW continuous output as a Class C amplifier or oscillator at
frequencies to 50 Mc. Maximum plate input is 420 kW, and is substantially
higher during momentary overloads or intermittent operation.

Applications include:

« High-power broadcast and
communications
« All-purpose rf generation
« Particle acceleration
For further data on the ML-8545 and the ML-8546, water-cooled version,
write: The Machlett Laboratories, Inc., Springdale, Conn. An affiliate of

Raytheon Company.

ELECTRON TUBE SPECIALIST
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People

Ben H. Ciscel, new executive vice
president of the International Elec-
tronic Research Corp., Burbank,
Calif., says his

new job involves

unifying  “four
different  com-
panies  which

were brought to-
gether under the
IERC name sev-
eral vears ago.”
He adds: “The
trouble is these (companies) exist
under one company only on paper.
They put out separate ads, have
different national reps and separate
sales staffs.” He will also be in
charge of a projected expansion of
product lines.

Despite his technically oriented
background (he taught at the Mas-
sachusetts Institute of Technology
and holds eight patents for auto-
matic flight-control systems), Ciscel
has shown an aptitude for manage-
ment. As founder of the Gulf Aero-
space Corp. in Houston, he started
with a brochure and one employee
and built up a $500,000 aerospace
electronics business in 2% years.

William Meng Duke, the new presi-
dent of the Whittaker Corp. in Los
Angeles, sces two ways to make
the  company
less  dependent
on military hard-
ware business.
One is to ex-
pand and take in
software  serv-
ices and systems
contract work;
the other is to
make selective acquisitions or mer-
gers to fill what he considers holes
in the company’s product area.
“We won’t buy a soap chips com-
pany, for example, just because it
is making money.”

Duke replaces William R. Whit-
taker, chairman, who used to be
the president as well.

Before the 48-year-old Duke
joined Whittaker, he was president
of the Federal Laboratories of the
International Telephone & Tele-
graph Corp.

Electronics | November 30, 1964



high voltage

SOLIDPAK

rectifiers " QolitroN o o =
to
120 KV PIV

There Is No Substitute For Experience!

A great deal of experience in high voltage silicon rectifier applications has gone into the
preparation of Solitron's 16-page Solidpak catalog. In it will be found helpful application
notes, mechanical and electrical details, and application recommendations relative to
current ratings and voltage safety factors. As complete as it is, the Solidpak catalog is
not an end, but a beginning for Design Engineers who have difficult packaging or circuit
reliability problems.

Custom Modification — The variety of units shown in the Solidpak catalog can be
further modified to the particular requirements of a specific application with short
delivery time and at reasonable cost.

Reliahility — Sotitron then goes stili further, if you wish, by utilizing their exclusive
Transient Voltage Indicator to check the specific transient-producing capability of your Model V-610 Transient Voltage

circuit and to insure complete reliability of the final design of each unit. Indicator — 60 KV Maximum
Also available for sale at $449.50

SEND FOR THE 16-PAGE SOLIDPAK CATALOG NOW!

Leader in Solid-State High Voltage Rectifiers, Temperature
Compensated Zeners, Voltage Variable Capacitors, and
Random/White Noise Components,
DEVICES, INC.

256 Oak Tree Road e Tappan, New York 10983
Or telephone: 914-359-5050 ° TWX: 914-359-2325
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END GREASE-PENCIL
GUESSWORK IN
PRODUCTION
MEASUREMENTS

~new JERROLD
890 Sweep Generator

TC-3 Coaxial Switcher

Reference
trace #1

Reference
| | trace #2

!

Typical network rf loss displayed with
minimum and maximum references b
Jerrold 850 Sweep Generator and TC-
Solid-State Coaxial Three-Way Switcher,

Model 830 Sweep Generator: freq.
range 500 kc-1,100 mc;sweep widths
100 kc-200 mc; extreme stability.

Solid-State TC-3 Coax Switcher:
freq. range 0-1,200 mc; 3-position
operation enables insertion through
variable attenuators of 2 reference
traces in addition to test trace.

Free brochure explains this and
other uses of comparative sweep
techniques. Ask for demonstration.

Model 890
Wide-Band =
Sweep Gen-
erator. Price
$845,

Model TC-3
Solid-State 3.
Position Coax
Switcher.

Price $295. 5 §

JERROLD

JERROLD ELECTRONICS

Industrial Products Division
Philadelphia, Pa. 19132

ELECTRONICS

InCanada: Jerrold Electronics, 60 Wingold Ave., Toronto 19, Ont.
Export: Rocke International, 13 E. 40th St., New York 10016

SWEEP GENERATORS o PRECISION ATTENUATORS
AMPLIFIERS « COMPARATORS
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Meetings

New Horizons in Solid State
Electronics, Rochester Institute of
Technology; Schraffts Motor Inn,
Rochester, N.Y., Nov. 30-Dec. 2.

The Road to Commercial Electronics:
A Conference on Converting Military
Capabilities to Civilian Markets,
Electronics Magazine, IIT Research
Institute; Grover M. Hermann Hall,
Chicago, Dec. 1-2.

Professional Technical Group on
Vehicular Communications Annual
Conference, IEEE; Sheraton Hotel,
Cleveland, Dec. 3-4.

General Systems Knowledge
Symposium, Society for General
Systems Research, |EEE; American
Association for the Advancement of
Science, Montreal, Dec. 26-31.

Reliability and Quality Control
National Symposium, ASQC, IEEE,
IES, SNT; Hotel Fontainebleau,
Miami Beach, Jan. 12-14.

Fundamental Phenomena in the
Material Sciences Annual Symposium,
llikon Corp.; Sheraton Plaza Hotel,
Boston, Jan. 25-26.

Winter Power Meeting,
PEEC/IEEE; Statler Hilton Hotel,
New York, Jan. 31-Feb. 5.

On-Line Computing Systems
Symposium, UCLA Extension Service,
Informatics, Inc.; University of
California Los Angeles, Feb. 2-4.

Winter Convention on Military
Electronics, PTGMIL & L.A. Section
of IEEE; Ambassador Hotel,

Los Angeles, Feb. 3-5.

Electrical/Electronic Trade Show,
Electrical Representatives Club,
Electronic Representatives Assn.;
Denver Auditorium Arena,
Denver, Feb. 15-17.

Solid-State Circuits International
Conference, University of
Pennsylvania, IEEE; University

of Pennsylvania and Sheraton Hotel,
Philadelphia, Feb. 17-19.

Particle Accelerator Conference, AIP
NSG/IEEE, NBS, USAEC; Shoreham
Hotel, Washington, Mar. 10-12.

IEEE International Convention, IEEE;
N.Y. Coliseum and New York Hilton
Hotel, New York, Mar. 22-25,

Electron Beam Annual Symposium,
Pennsylvania State

University, Alloyd Corp.;
Pennsylvania State University,
University Park, Pa., Mar. 31-Apr. 2.

Electronic Parts Distributors Show,
Electronic Industry Show Corp.,

New York Hiiton and Americana Hotels,
New York, Mar. 31-Apr. 4.

Cleveland Electronics Conference,
Cleveland Electronics Conference, Inc.,
IEEE, ISA, CPS, Western Reserve
University, Case Institute of
Technology; Cleveland Public
Auditorium, Cleveland, Apr. 6-8.

Conference on Impact of
Batch-Fabrication on Future
Computers, PGEC/IEEE; Thunderbird
Hotel, Los Angeles, Apr. 6-8.

IEEE Region 3 Meeting, Region 3
of IEEE; Robert E. Lee Hotel,
Winston-Salem, N.C., Apr. 7-9.

Electronic Components International
Exhibition, FNIE, SDSA; Parc des
Expositions (Fair Grounds),

Paris, Apr. 8-13.

Telemetering National Conference,
AlAA, IEEE, ISA; Shamrock-Hilton Hotel,
Houston, Tex., Apr. 13-15.

Electronics Instrumentation Conference
and Exhibit, IEEE, I1SA; Cincinnati
Gardens, Cincinnati, Ohio, Apr. 14-15,

Frequency Control Annual Symposium,
USAEL; Shelburne Hotel,
Atlantic City, Apr. 20-22.

Call for papers

National Electronic Packaging and
Production Conference (NEP/CON
'65), EPP; Long Beach Arena, Long
Beach Calif., June 8-10. Deadline is
Dec. 31 for submitting 300- to 500-
word abstract in triplicate to Elec-
tronic Packaging and Production,
222 W. Adams St., Chicago, Ill
60606, Att: NEP/CON Papers
Committee.

Recent Advances in Optimization
Techniques Symposium, IEEE,
OSA; Carnegie Institute of Tech-
nology, Pittsburgh, Apr. 21-23. Jan.
15 is deadline for submitting ab-
stracts to A. Lavi, Dept. of Elec-
trical Engineering, Carnegie In-
stitute of Technology, Pittsburgh,
Pa. 15213. Topics include engineer-
ing design by mathematical pro-
graming, comparison of various
optimization techniques, methods
of handling nonlinearities and con-
straints, optimization of discrete
systems, performance optimization
of dynamic systems.
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with a new Westinghouse picture transmitting system

Continuing its emphasis on greater air
safety, the Federal Aviation Agency is con-
ducting intensive R&D work to improve
weather reporting. In an important step
forward, Westinghouse is designing and
building for FAA evaluation two prototype
systems which will transmit ultra-clear
weather pictures from remote radar sites
to the air traffic control centers.

The new Westinghouse system com-
presses radar-detected weather signals
from remote stations and transmits them

to the control center over a conventional
telephone line. In this manner a composite
weather map of the region is instantly
available to air traffic controllers.

Heart of the Westinghouse system is a
vidicon type storage camera which is spe-
cially designed for slow scan or delayed
readout applications. For the FAA system,
readout wili be on a two-minute frame
basis, providing a brilliant, high-resolution
image of slowly changing weather patterns
on the air traffic controllers' displays.

The prototype systems, to be in opera-
tion at FAA sites on the East Coast by late
1964, represent a growing family of
Westinghouse equipment for civilian air-
craft and airport traffic control. These
special-purpose systems are typical of
Westinghouse capabilities in the design
and manufacture of advanced electronic
systems for defense and space. For infor-
mation, write to Westinghouse Electric
Corporation, P.O. Box 868, Pittsburgh,
Pennsylvania 15230.

J+02368

You can be sure if it's Westinghouse
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LTV SCIENCE AND ENGINEERING

MAN DEGLARES HIS INDEPENDENGE...IN SPAGE

The astronaut will be more than a mere passenger
who sits in his space capsule watching the world go by.
Two projects in LTV Astronautics Division are helping
to shape his destiny as a working spaceman.

Man's role ‘“‘out there” will be enhanced by an
unmanned space unit developed by LTV for the Air
Force Systems Command. Called the Remote Maneu-
vering Unit (RMU), it is designed to be launched from
a manned, orbiting spacecraft to examine other nearby
craft. As the RMU is maneuvered, it televises the
object’s image to the crew of the mother craft. Radio-
controlled by the spaceship crew, the RMU is guided
by visual sighting and television.

A ‘“‘declaration of independence’’ for man in space
came when LTV contracted with Air Force Systems
Command to develop a compact back pack that will
enable an astronaut — for the first time in America's
space program — to be detached from his orbiting
mother craft and perform useful missions on his own.
Scheduled for its first use with the two-man Gemini

program as part of Air Force Experiment D-12, the
pack will be used with a smaller chest unit being
developed by NASA. Together, they are called a Modu-
lar Maneuvering Unit or MMU.

LTV Astronautics' contributions to the nation’s space
program — in addition to the maneuvering units —
include launch vehicles such as NASA’s versatile
“‘workhorse'’ Scout, velocity packages, space defense
systems and Saturn fuel and oxidizer tanks. LTV is
building a Dynamic Crew Procedures Simulator for
NASA Manned Spacecraft Center at Houston. It resem-
bles the Manned Aerospace Flight Simulator that has
been used to train astronauts at LTV's Dallas plant
since 1961.

This broad space capability is another example of the
versatile store of science and technology at LTV, leader
in electronics, aircraft, missiles, space, mobile ground
vehicles, ground and airborne communications, and
range services. Ling-Temco-Vought, Inc., Dallas, Texas.

OIVISIONS ANO SUBSIOIARIES: * LTV ALTEC » LTV ASTRONAUTICS » LTV CONTINENTAL ELECTRONICS » LTV LING ELECTRONICS « LTV MICHIGAN - LTV MILITARY
ELECTRONICS » LTV RANGE SYSTEMS + LTV RESEARCH CENTER - LTV TEMCO AEROSYSTEMS - LTV UNIVERSITY « LTV VOUGHT AERONAUTICS » KENTRON HAWALI. LT0.

Circle 13 on reader service card
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LING-TEMCO-VOUGHT, INC.

Velocity package for Project FIRE helped
to pave way for Apollo high-speed reentry.

Scout is one of the most versatile and economical
launch vehicles for both NASA and Air Force.

LTV “astronaut” wears a mock-up of Modular
Maneuvering Unit for independent space flight.
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DIGITAL MODULES are avail-
able from stock in two sets
of fully compatible resistor-
transistor logic circuitry—for
bit rates up to 200 kc; for bit
rates to 1 Mc. More than a
dozen types include: 4-input
NOR « Counter Shift Regis-
ter « Power Inverter « Emitter
Follower o Complementary
Driver o Differential « Filter
{Decoupler)

How’s this for digital density!

Compact new logic modules combine
flexibility, reliability and economy

Radiation Logic Modules can be used
in any configuration, type or number
compatible with your digital system re-
quirements. They can be mounted in
vertical or horizontal drawers, in stand-
ard 19” racks, or on breadboards. ..
fixed or removable. Because of their
compact modular construction, pack-
aging densities up to 137 modules per
inch of panel height can be achieved
in standard racks, There’s no need for
design compromise.

RELIABILITY Superior engineering
and rigid component selection assure
highest reliability: based on extensive
tests, MTBF for low-speed NOR Mod-
ules exceeds 2,940,000 hours! The units
are also packaged for rugged use. Con-
structed of welded circuitry molded in
epoxy and mounted with high-density
module connectors on cast aluminum
frames. The resulting positive-contact
units measure only 0.4” x 1” x 1.1” with
a 0.23” pin protrusion.

14 Circle 14 on reader service card

ECONOMY Each module represents a
fraction of the entire digital system.
Each is designed for easy interrogation.
Change or replacement is as simple as
plugging in another unit. Thus, expen-
sive downtime is reduced, costly bench-
work completely eliminated.

APPLICATIONS ASSISTANCE
Radiation offers the services of its en-
gineering staff in the application of
digital logic modules, or in helping
solve your unique data problems. Write
or phone for technical data sheets.
Radiation Incorporated, Products Divi-
sion, Department EL-11, Melbourne,
Florida, Telephone: (305) 723-1511.

S {
RADIATION

i
-
o {INCORPORATED

PRICE LIST—DIGITAL MODULES

Part Number Description Unit Price
503815G1 NOR—Medium Speed $ 10.38
503816G1 NOR—Low Speed 6.40
503818G1 Power Inverter—Low Speed 5.95
503818G2 Power Inverter—

Medium Speed 10.69
503819G1 CSR—Low Speed 8.82
503819G2 CSR—Medium Speed 11.66
503819G3 CSR—Medium Speed 37.65
503820G1 MSMV “B" Side 7.74
503821G1 Diff (MSMV A" Side) 9.68
503834G1 Filter (Decoupler) 7.55
503860G1 Compl. Driver—Low Speed 12.55
505694G1 Diode Gate 11.40
505703G1 D/A Converter 14.20
505704G1 Indicator Driver 14.15
506030G1 CSR-M1 21.20
507318G1 Emitter Follower—Low Speed 7.29
507318G2 Emitter Follower—

Medium Speed 12.11
508334G1-G8 Octal Patch 4.20
508335G1-G2 Jumper Patch 4.84
508367G1 5 Volt Reference 196.20
508517G1 Module, Special Component 13.62
509050G1 Indicator Driver (Negative

Coincident Input) 15.15

Specifications and prices subject to change with-
out notice due to technological advances. Delivery,
discount schedules and additional pricing informa-
tion available upon request.
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Editorial

Some

false
economy

Electronics | November 30, 1964

The Johnson Administration never seems to tire of pointing with justified
pride to cost-cutting in the Defense Department, achieved largely
through competitive bidding. It’s too bad the government doesn’t pay
as much attention to the way these lower costs are resulting in lower
quality in some military components.

It has been charged repeatedly that the Pentagon’s zeal for low bids
is causing “junk” components to be used in some military clectronics
equipment. and that it is forcing some dependable suppliers out of
business—at least out of government business.

These allegations come from responsible sources, both in industry and
in the militarv. To protect these sources, we’re not identifying them.

If many dependable companies do withdraw as government suppliers,
the cost of military procurement will climb and the only reductions will
have been in quality.

The military tube business is a good case in point. A few suppliers,
faced with productive capacity that’s hard to keep busy and with huge
inventories of hard-to-sell tubes, have adopted a sell-’em-at-any-price
policy. And the Pentagon has bought the tubes—in quantities of 200,000
to 400,000—far below the price asked from civilian buvers.

Here are some recent military purchases:

Book price to civilian Military bid
Tube no. customer, each price, each
SS14A ... $1.39 $ 51
12AT7TWA ... . 1.50 .60
5726/6AL3W ... ... ... .90 26
5654/6AK5W 1.43 .569

Here is evidence that the Pentagon is cutting some costs. But what’s
happening to quality?

The sales manager of one tube supplicr says his company was
averaging about 5% below cost on military bids and was still missing
more contracts than it was winning. Such a situation is understandable
when you consider this example:

It costs $1.08 to make a 5751W1 twin diode—a ruggedized, reliable
miniature model. Yet the military bought 50,000 of them early this year
for 64 cents apiece.

Some military procurement officers suspect that they are not always
receiving the reliable versions of these tubes at these bargain prices. They
blame the unreliability of some communications gear on such components,

The suppliers can’t afford to tighten their quality control. Some
unreliable tubes, which statistically pass the tests for the more reliable
versions, are shipped to the military. But these tubes are designed
differently and don’t perform in the field the way the reliable version is
supposed to.

A similar price-vs.-quality problem has been faced more realistically
by the auto industry, which buys all kinds of parts by the millions and
hundreds of millions and is cost-conscious almost to a fault.

What Detroit calls back-alley shops sometimes win contracts on the
basis of low bids, and the auto companies get their parts cheap but with
problems. They receive as much junk as usable parts. The auto makers
have devised a simple but practical answer: They hold a supplier
financially responsible for every part delivered. If a part is found
defective, the supplier not only doesn’t get paid, but he gets the part
back, shipped at his own expense.

Few motorists know it, but their car warranties are backed by the
supplier of each part as well as by the company that made the auto.

The government would do well to adopt some of the auto makers’
practices.

We strongly favor competitive bidding. But price should not be the
sole criterion,

15



CLIF TO ?25%'3&‘%2
DIVISION OF LITTON INDUSTRIES

Clifton Heights, Pa. Colorado Springs, Colorado

"0 RESOLVER

TYPE USH 11-MRC-00
PAT. PEND.

Space sextant! Earth re-entry
guidance! Who ever heard of
them until recently?

Clifton Precision is proud
to have been chosen to de-
sign many of the rotating
components which go into
this pioneering equipment.

Think of Clifton for blue
ribbon rotating components,
either custom designed gyro
pick-offs or high accuracy,
quick delivery production

line synchros,

C
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Court fights loom
on planar rights

Integrated circuits
find new uses

Report discloses
circuit failures

Electronics Newsletter

November 30, 1964

The gentlemen’s agreement that has kept a major patent fight from
erupting in the integrated-circuit business may be at an end.

The Fairchild Camera & Instrument Corp. notified the industry this
month that it intends to license all companies using the silicon planar
processes—basic techniques in the production of transistors and diodes
and integrated circuits. Fairchild will seek a standard domestic royalty
of 4% of gross circuit sales, which would greatly reduce its competitors’
profits.

Two major producers of integrated circuits, the Raytheon Co. and
Texas Instruments, Inc., have indicated they’ll challenge the patents’
validity.

Fairchild announced its decision after the Patent Office upheld two of
Fairchild’s basic patents (numbers 3,025,589 and 3,064,167, both issued in
1962). These had been challenged by the Hughes Aircraft Co. The Patent
Office upheld 16 of the 17 claims in the Fairchild patents, and Fairchild
and Hughes settled the question on the remaining claim by making a
cross-licensing agreement.

Now Raytheon and its subsidiary, the Micro State Electronics Corp.,
have challenged the Fairchild patents. A suit contesting the validity of
the patents has been filed in the State of Delaware, where Raytheon is
incorporated.

And sources at TI indicate that company will provide further legal
fireworks if the Fairchild patents are not overthrown by the Raytheon
suit. TI, which has a few basic patents of its own [Electronics, July 13,
p. 17], is expected to balk at paying the 4% royalty. Fairchild is now
negotiating with TI and with Motorola, Inc., the other of the “big three”
producers of integrated circuits.

The role of integrated circuits is widening.

Motorola Semiconductor Products, Inc., a subsidiary of Motorola, Inc.,
is rushing to the market with a monolithic integrated circuit for high-
fidelity audio-amplifier use. Motorola had planned to unveil the one-watt
amplifier integrated circuit at the 1965 Western Electronics Show and
Convention, but the demonstration of a five-watt monolithic high-fidelity
amplifier by the Westinghouse Electric Corp. at the Northeast Electronics
Research and Engineering Meeting held earlier this month in Boston
appears to have pressed Motorola to speed the introduction of its
circuit.

The General Instrument Corp., still championing multichip integrated
circuits [Electronics, Sept. 21, pp. 105-107], will announce a line of
voltage-regulated integrated circuits next week. The multichip integrated
circuits allow direct delivery of regulated voltages at each point of use
instead of from a central power source. Each circuit contains three
transistors, a zener diode, a temperature-compensating diode and five
to nine resistors.

Integrated-circuit manufacturers had better sharpen their quality control.
This was the message in a report given this month by the Instrumentation
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Brighter colors
for tv tubes

Radar spots
periscopes

18

Electronics Newsletter

Laboratory of the Massachusetts Institute of Technology. The report
was based on some 60 million hours of test data accumulated on circuits
supplied by three vendors for the first series of Apollo spacecraft com-
puters. The circuits of two manufacturers showed a dismally poor record
of quality control, the report said.

A staff engineer at the lab, Mrs. Jayne Partridge, said part of the
problem is people “putting their grubby hands on the circuits” before
they are packaged. Some other causes of failure: purple plague caused
by mechanical stress where leads were bonded to conductors on the
circuits, poor conductor adhesion, thinning of conductors over oxide
steps, scratched conductors and shorts caused by leads touching each
other or the edges of circuit chips.

MIT refuses to identify the vendors, calling them A, B and C. The
report said 5% of brand A circuits failed qualification tests and another
2% failed screening and initial operation tests. Circuits that passed these
tests showed good reliability-—estimated failure rate at a 90% confidence
level is 0.005% per 1,000 hours of operational use. Brand B had about
30% test failures and an estimated failure rate of 0.3%. Brand C showed
over 60% test failures and a rate of 1.8%.

All integrated-circuit manufacturers—including B and C—will get
a chance to requalify for the next series of Apollo computers. The first
computers used three-input NOR gates for all logic functions. The next
computers will use a different circuit, a dual low-power gate. A single
type of circuit improves computer reliability, since standardization makes
it easier to test circuits in large volume and to determine the failure
causes.

A new rare-earth red phosphor that increases the brightness of color tele-
vision screens by 40% is now being used in the production of tubes at
Sylvania Electric Products, Inc., a subsidiary of the General Telephone
& Electronics Corp.

Sylvania says that with picture tubes which use ordinary sulfide-based
red phosphors manufacturers must attenuate the bright green and blue
to achieve color balance,” this lowers the over-all picture brilliance. The
new phosphor, in addition to being brighter, is a purer spectral red than
previous phosphors, which are more orange. The sharper red achieves
more realistic skin tones and a whiter white.

The Westinghouse Electric Co., which does not make color picture
tubes, has also announced synthesis of a new red phosphor that they say
is 80% brighter than old phosphors; however, their compound, at $240
a pound, is twice as expensive as Sylvania’s. Both have sold sample lots
of the phosphor to picture tube manufacturers. The companies say
that manufacturers can easily adapt production to include the new
phosphors.

An airborne radar to detect submarine periscopes has been developed by
the Missile Systems division of the Raytheon Co. The system is com-
pletely automatic. Except for one tube in the transmitter, all the equip-
ment is solid state. Raytheon reports that it hasn’t experienced operational
failures since tests began on the radar, which the company developed on
its own. The Navy has a contract with at least one electronics company
for development of a periscope-detection radar.
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PNP SILICON POWER TRANSISTORS — 76 TYPES IN 9 PACKAGES

From Silicon Transistor Corporation comes PNP POWER POTENTIAL never achieved
before with silicon transistors. For the first time, a broad line of PNP SILICON POWER tran-
sistors are available from 8.75 watts to 85 watts of power capability in a wide variety of
package types. BVceo ratings range from 40 volts to 110 volts, with saturation resistances
as low as 0.3 ohms @ Ic = 1 Amp, and minimum hrg of 10 @ Ic = 3 Amps, and 20 @ Ic =1
Amp. O These PNP types can be used as complements to STC’s existing NPN silicon power
transistors, and are supplied in the 2N3163 through 2N3208 series and also other series
customed to fit specific requirements. [I To satisfy almost any power circuit design, these
characteristics are available in the following packages: TO-5, %" D.E.S., TO-8, TO-37, TO-3,
TO-53, '%," D.E.S., and the isolated collector versions of the TO-53 and %" D.E.S. [0 For more
information, contact:

O OSILIGON TRANSISTIR GORPIRATIONO & O

CARLE-BLACE, LONG ISLAND, NEW YORK. 516-Ploneer 2-4100. TWX 516-248-9085

DISTRICT LDS ALTDS, CALIF., 201 CUESTA ORIVE (415) 941-0382. DAYTON 19, DHID, 49 PARK AVE. (513) 298-9913. TWX 513.944-0372
OFFICES: HUNTSVILLE, ALA., 1000 AIRPORT RO., SUITE NO. 2. (205) 881-4793
.
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How we made one printed circuit board do the work of 18

The men at Autonetics Division of North American
Aviation licked the problem of boosting the capa-
bility of the Minuteman ICBM. They replaced
conventional circuits with lightweight, compact
microcircuits in the heart of the system—the
Minuteman Guidance and Control Computer.

There was only one other problem, How ta inter-
connect them?

The maze of wires in a wiring harness would have
outweighed the very advantages microcircuitry
had overcome! Clearly, the answer lay in a unique
connector—one that would provide 160 positions
on .050 inch spacing, yet meet the most stringent
reliability and performance requirements,

To make a long story short, AMP engineers met
the challenge by designing a special two-piece
connector utilizing subminiature AMP-MECA*
contacts. This board-to-board connector not only
did away with complicated harnesses, it provided
the 160 contacts on a strip only 5% inches long,

Circle 20 on reader service card

And it offered several other advanced features,
such as bifurcated contacts and gold over nickel
plating, which were in keeping with the Minute-
man |l concept.

Our story has a happy ending. The new AMP-
MECA Subminiature Connector enabled one
module board to replace 18 conventional boards
in the system, helping double the capacity of the
missile’s computer.

Put this connector to work in your high density
packaging . . . it will do the job for you, too. Con-
tact us for full particulars today.

wT¥rademarh of AMP INCORPORATED
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Military

Defense budget

The Defense Department is ex-
pected to ask for about as much
money for fiscal 1966 as was asked
for 1965. New funds for research,
development. test and evaluation
will drop little if at all. Authority
for future spending will decline,
but by less than the $2-billion drop
of this year.

This is the outlook as officials
begin putting the finishing touches
on the new defense budget that
must be submitted to Congress in
January.

The main reason for the continu-
ing downturn in military procure-
ment is that funding for expensive
strategic weapons systems is nearly
completed.

No new missile. No new inter-
continental or air-to-surface missile
is on the procurement horizon.
Buying of strategic missiles is
nearly over for the present except
for additional Minuteman IIs and
some Polaris missiles. The main
effort will be on improving existing
missiles—their accuracy and their
ability to penctrate enemy defenses.
Defense Secretary Robert S. Mec-
Namara still opposes development
of a new strategic bomber.

In research and development,
the new budget probably will ac-
cede to Air Force requests to at
least begin developing a more
powerful jet engine, a 60-mile air-
to-surface missile and advanced
avionics components to provide
“building blocks” for a new bomber
when and if a decision is made
to proceed with one.

Defense officials have said that
onc of three planes—the F-111
(TFX) tactical attack bomber made
by the General Dynamics Corp.,
the SR-71 strategic reconnaissance
plane made by the Lockheed Air-
craft Corp.. or the experimental
B-70 made by North American

Aviation, Inc.—could be converted
to a follow-on strategic bomber.
The proposed engine, new missile
and improved avionics could be
used in any of these planes or in
the B-52.

Reconnaissance plane. The only
new strategic plane to be funded
in the ’66 budget is the SR-71. a
reconnaissance design that has
emerged from the Lockheed A-11.
developed in secrecy as a follow-on
U-2. The SR-71 will begin to go to
Strategic Air Command units in
fiscal 1966. which begins July 1,
1965.

Spending  on  tactical aircraft
probably will rise. The new budget
will include funds for continued
devclopment and some procure-
ment of the F-111: for procurement
of the VAL, a Navy fighter-bomber
made by Ling-Temco-Vought. Inc..
and for advanced Air Force and
Navy models of the McDonnell
F-4 Phantom, made by the McDon-
nell Aircraft Corp., with improved
fire-control systems for greater air-
to-air and air-to-ground missile
capability.

Development of a heavy cargo
plane with capacities greater than
the new Lockheed jet-powered C-
141 will probably be started.
Studies are being conducted by
Lockheed, the Boeing Co. and the
Douglas Aircraft Co. Hardware
contracts are expected late next
summer. Initial funds will have to
be provided in the budget if the
work is to proceed.

In space activities, the new
budget will provide for the first
large-scale hardware for a manned
orbital laboratory, a project to
determine the extent of time military
role for man in space, and for a
start on a military communications
satellite system.

The Navy budget provides about
$2 billion for projects related to
antisubmarine warfare—the same
as this year.

Cutbacks. Recent cutbacks at 95
installations hit hardest at bomber

bases of the Strategic Air Com-
mand and at radar facilities of the
Air Defense Command. These two
categories account for nearly half of
the $477 million saving that McNa-
mara claims for the cutbacks.
Sixteen radar stations in 13 states
are being eliminated, at an annual
pavroll saving of $14 million.

Computers

Scanistor

A dime-sized optical scanner read
handwritten numbers and letters at
a recent demonstration conducted
by the International Business Ma-
chines Corp.

The solid-state device. called a
Scanistor. was developed by IBM’s
Advanced Systems Development
division and is still experimental.
According to its developers it has
been tested successfully in docu-
ment and film scanning, in charac-
ter recognition and in reading
punched and mark-sense cards.

IBM says the scanner combines
high resolution and fast response
with other advantages of solid-state
electronics—low power operation,
small size and weight, long life and
simple circuitry.

Single output wire. Earlier solid-
state light-sensitive devices, such
as the photocells used in electric-

Scanistor
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Scanistor reads handwritten numbers and letters. The experimental machine
punches characters into a card as co-inventor John W. Horton looks on.

eye cameras, can sense only the
total amount of light falling on the
surface to detect a pattern of the
cells. As a result, many cells, ar-
ranged in-line or in a mosaic pat-
tern, with a corresponding number
of output amplifiers are needed.

The Scanistor provides, on a sin-
gle output wire, an analog voltage
that represents both the amount
and position of light shining on its
surface. It contains 100 light-sensi-
tive diodes paired with 100 switch-
ing diodes. The diode pairs are
spaced 0.005 inch apart to give a
resolution of 200 image elements
per inch. Scanistors, with a coarser
resolution, have been built several
inches long. In principle, a 10-to-
20-inch Scanistor could bhe pro-
duced for scanning longer docu-
ments.

The Scanistor eliminates the me-
chanical ncthods, special vacuum
tubes or matrices of photocells
ordinarily used in optical scanners.
Made of silicon, it is sensitive to
both ordinary light and near-in-
frared radiation; other units could
be made sensitive to far-infrared,
a capability not possessed in vac-
uum-tube scanners such as orthi-
cons and vidicons, or even by
X-rays.

Operation. Two bars of silicon
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(germanium or other semiconduc-
tor materials could be used) form
the top and bottom surfaces of the
Scanistor. Dots of opposite-type
semiconductor form diodes that are
connected in pairs. One diode in
each pair acts as a photodiode to

measure the light intensity on that
part of the Scanistor; the other is
a switching diode that connects its
photodiode to the output circuits
at a particular value of scanning
voltage.

In operation, a fixed bias voltage
(typically 6 volts) is applied across
two of the three Scanistor termi-
nals. A variable scanning voltage
is connected between the third ter-
minal and one of the bias termi-
nals; as this voltage increases from
zero to the bias value, the Scan-
istor outputs a staircase current;
the height of each step is propor-
tional to the light falling on the
corresponding part of the Scanis-
tor’s surface. This current is differ-
entiated to obtain an output volt-
age whose shape corresponds to
the light pattern.

Scanning ahead. Among the pos-
sible future uses suggested for the
Scanistor are a hand-held reading
device for entering a line of printed
text into a computer; optical scan-
ning in remote data-collection ter-
minals; a position sensor to relay
instrument readings to a central
location; a read-out device for op-
tical-storage mass memories, and
infrared scanners for hattlefield
surveillance.

Cosmic computers

Computers with data rates of tril-
lions or quadrillions of bits a sec-
ond were envisioned at the micro-
electronics Symposium on Micro-
electronics and Large Systems in
Washington.

Kenneth Shoulders of the Stan-
ford Research Institute said such
computers could some day be built
with electron beams. He also de-
scribes a design for an electron-
beam-operated computer using
logic and storage cells only 0.2
micron in diameter. He has started
work on a computer that uses elec-
trons and ions as components.

It was Shoulders’ first public
report in several years on his work
in fabricating computer compo-
nents of one micron or smaller.

Building with beams. Shoulders’
basic goal is to develop for the
Office of Naval Research the tech-

niques needed to make a data-proc-
essing syvstem that will pack 100
billion components into a cubic
inch and have a data-retrieval rate
of 10 billion bits a second.

To do this, he has built an elec-
tron-beam processing system that
machines thin films of molyhde-

STORAGE AND CONTROL LOOPS
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Construction and operation of the
thin-film cells proposed by Shoulders
for use in electron-beam computer.

num and alumina into field-emis-
sion vacuum tubes and other com-
ponents [Electronics, Nov. 16, p.
82].

Shoulders estimates that the com-
puter’s data rate, with one-watt
input power, will be 103 bits per
sccond. The rate would rise in pro-
portion to power input, but so
would temperature—to 800° C at
10'% bits a second. The compo-
nents, he said. could tolerate this
temperature.

Reading with beams. The cell
that Shoulders proposes for the
clectron-beam-operated computer
[sec diagram] is made by drilling
a hole in a substrate, then deposit-
ing films of metal and insulator.
As the lavers forming the clec-
trodes and storage-ring build up,
the hole is filled. Then the bottom
of the cell is shaped by an undis-
closed method.

Shoulders has made cells, but
not the arrays or fields of cells that
a computer would require. He fig-
ures that a “couple of watts” input,
a beam-scanning system consisting
of perforated plates, and a ficld of
100 million cells, he can obtain a
data rate of one trillion bits a
second.

Each cell operates like a flip-flop
with two gates in the input. In one
state, the beam hits the bottom of
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the cell, the storage ring allows the
secondary emission electrons to
leave the cell, and they are detected
by a photomuldiplier. In the oppo-
site state, the secondary electrons
are trapped and cannot be read.
The readout from one cell can be
transferred to the next.

The electronic controls consist
of: the electron-optical system;
cmission, lens and binary deflec-
tion-voltage regulators; a data-con-
trol system; and readout amplifiers.
The deflection system is not accu-
rate enough to read each cell in a
field, and deflection rate is only one
microsecond. However, Shoulders
thinks groups of cells can be oper-
ated in paralle], to give the equiva-
lent of one million little computers
with 50-bit words. This arrange-
ment could be used as an adaptive
computer.

Circulating the beams. Shoulders
disclosed that he has begun design-
ing the plasma computer he sug-
gested in 1960, but he doesn’t ex-
pect to complete it in his lifetime.
In fact, he warned any company in-
terested in commercial survival
against undertaking the research.
The problems are so complex that
as a commercial venture it would be
a catastrophe, he said.

The motions of the ions and elec-
trons that he would use as logic,
memory, amplifying and connective
elements are being simulated in the
laboratory with tiny steel balls. The
balls are propelled by clectromag-
netic fields, and guided by charged
electrode pins [see the illustration
on page 22].

Shoulders has made the balls or-
bit in persistent current loops, and
has touched one steel ball with an-
other so the first one bounds off.
These experiments, he contends,
demonstrate the three requirements
of an operating system: storage, in-
terconnection and gain. The use of
electromagnectic fields to keep par-
ticles suspended in space and to
contract clouds of particles has al-
ready been demonstrated by other
researchers.

But Shoulders doesn’t know
whether he’ll ever be able to make
a gaseous plasma system stable.
If one of the steel balls, for exam-
ple, “stubs its toe” on a speck of

dust, it goes out of control, and the
balls have immense mass compared
with plasma particles.

Supercomputer

A fantastic and mysterious com-
puter system is being built by the
Univac division of the Sperry Rand
Corp. If it’s ever completed, it will
have the capacity of 4,000 or 5,000
ordinary computers.

The supercomputer is designed
to handle one million instructions a
second. If all the 25,000 computers
now in existence were placed end
to end, they could handle at most
five or six million instructions a
second.

Fantasy. Disbelief was expressed
by many of the 400 people who
heard the announcement in Wash-
ington on Nov. 17. The plan was
disclosed by D.R. Lewis and G.E.
Mellen of Univac at the Symposium
on Microelectronics and Large Sys-
tems, sponsored by Univac and the
Office of Naval Resecarch.

Lewis did not say when the new
computer would be built, or how
much it would cost, and even re-
fused to disclose its name. He
insisted, however, that it is not a
“paper project,” that parts of it have
been built, and that Univac can
deliver one of the giant systems if
a customer wants one.

Some men at the meeting, and at
a cocktail party later, named the
system “fantasy.”

Larc times 100. Only a small part
of the total system needs to be
built for it to operate as a com-
puter. The system is a multiproc-
essor—a collection of independ-
ently operating modules—like the
huge Larc computer that Univac
built several ycars ago for the
Atomic Energy Commission [Elec-
tronics, Apr. 28, 1961, p. 66]. But
the new system would have 100
times the data-processing capacity
of Larc and 33 times the capacity
of Univac’s big 1107 computers.

The system is to have more than
100 modular subsystems that will
operate independently. It will be
able to reorganize itself to solve
many problems at once, or share
the work on big problems.

There are four types of modules:
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World's most powerful magnet is adjusted by its developer,
D. Bruce Montgomery, at National Magnet Laboratory at MIT.

= Processors. There will be 25
of these, each able to handle 156
different types ol instructions.
Word length will be 32 bits, and
add-subtract time 200 nanoseconds.

= Memory modules. The proc-
essors will get their programs from
64 of these. Each nondestructive-
readout memory will have 4,096
words 68 bits long, on thin films.
Each module will be capable of
serving several processors, and any
processor will have access to anv
memory.

= |nput-output systems. Four of
these, with 16 channels each, will
provide 64 channels. Transfer rate
between channels will be one
megacycle. The number of chan-
nels can be expanded by multiplex-
ing.

= Operand memories. Acting as
intermediaries among all the proc-
essors and input-output systems
will be thin-film destructive-readout
memories.

Public utility. In all, there will be
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2.5 million components in the sys-
tem. Each processor requires 30.-
000 integrated-circuit logic nodes.
compared with a total of only 12.-
000 in Univac’s 1107. In 24 cubic
feet the processor has a parts den-
sity 30 times the 1107’s. Yet con-
ventional plug-in card construction
is nsed.

The system would be so large,
Lewis said, that it could be oper-
ated as a public utility. Security
locks will be built in. he said, to
prevent unauthorized use of secret
programs. About 10% to 15% of
the circuitry is for checking errors.

Advanced technology

Big drawing power

In the late 1930’s continuous mag-
nctic fields of 100,000 gauss were
generated by Francis Bitter in a

cellar laboratory at the NMassachu-
setts Institute of Technology. It has
taken nearly 30 years to double
that level. The strongest continuous
field ever reported, 255,000 gauss,
has been reached at the National
Magnet Laboratory, adjacent to the
MIT campus. The strongest field
previously disclosed was 152,000
gauss, reported two vears ago at
the Naval Rescarch Laboratory,
Washington.

Used for study. The strong mag-
netic field will be used for research
into the electronic properties of
solids, the behavior of supercon-
ducting materials and the energy-
level structures of potential ma-
terials for masers and lasers. The
magnet could also produce an x-
raser; this is a solid-state device
that generates intense. well-colli-
mated, coherent, monochromatic x-
rays. It would be a significant tool
for rescarch in medicine, com-
munications and crystal physics.

The National Magnct Laboratory
is financed by the Air Force Office
of Scientific Research and operated
by MIT for research groups. When
it was opened in the spring of 1963,
the target field of 230,000 gauss was
believed only months away [Elec-
tronics, May 17, 1963, p. 56], but
engineering problems arose.

The 56.000 amperes used in the
magnet create densitics of 300,000
watts per cubic inch and pressures
exceeding those at the deepest
point in the ocean, 60,000 pounds
per square inch.

The designer of the world’s most
powerful magnet, D. Bruce Mont-
gomery, a researcher at the lab,
says the 255,000-gauss level repre-
sents the cuwrrent limit of safe
operation, though the magnet has
a peak design capability for con-
tinuous fields of up to about 300.-
000 gauss and pulsed fields above
400,000 gauss.

With added refinements—such
as superconducting magnets—the
lab hopes to push to continuous
field strength, in steps, above a
half-million gauss: but new en-
gineering techniques will have to
be found to contain and control
this concentration of energy in such
a small space.

Water for cooling. The maximum
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field strength of 255,000 gauss is
maintained for about one minute.
At full strength, the magnet draws
more than 10 million watts, {, of
the total load of the Cambridge
Electric Light Co., and is cooled by
2,000 gallons of water per minute.
The power comes from two d-c
generators, each coupled to an 85-
ton flywheel.

The lab more than doubles the
nation’s capability in magnetic-
field generation.

Astronomy plan

The National Academy of Science
has urged massive improvements
in ground-based equipment for
optical and radio astronomy. It pro-
poses a 10-year, $224.1-million pro-
gram of construction, instrumenta-
tion and automation. It also
suggests studies to plan for using
more sophisticated technology that
is likcly to be available 10 years
hence.

Present antennas are too small
to examine the wavelengths of high-
energy radiation, and they give a
fuzzy radio view of the sky.

Soviet plan. Large radio-tele-
scope arrays are already under
construction in Australia and at
the Lebedev Physics Institute in
Moscow. NAS believes that their
use will put both countries ahead
of the United States in radio as-
tronomy.

Over the 10-year period, the NAS
plan calls for the construction of
100 separate parabolic antennas,
cach 85 feet in diameter, operating
in concert. It envisions a group of
300-foot dishes for exploration in
the 2l-centimeter wavelength of
hydrogen, also for polarization
studies, measurement of source
spectra, monitoring of planets and
cosmic radio sources, and radar
experiments. Also included are a
fully steerable radio telescope 600
feet across, and optical telescopes
twice the size of the present 200-
inch ones.

Bigger radio and optical tele-
scopes are only one way to extend
the frontiers of research. Increased
efficiency of analyzing instruments
on existing equipment is equally
important.
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Instrumentation whose develop-
ment the academy favors for both
radio and optical astronomy in-
cludes:

= Photoelcctric  cathodes  with
sensitive materials having im-
proved efficiency in red and infra-
red.

* Image tubes with gain in-
creases of 10 or 20 times.

s Infrared detectors, adapted to
astronomical uses, that do not pre-
sent problems due to ambient ra-
diation.

» Parametric amplifiers and ma-
sers designed to eliminate both re-
ceiver and thermal noises.

Data-handling. NAS also recom-
mends a few pilot programs to fully
automate some observatories to
help in data-handling. An auto-
mated observatory might include a
medium-size digital computer; in-
dividual control console for each
major instrument, with monitors
and digital readouts showing data
and instrument position; automatic
measuring engines for fast and con-
venient rcadout of data; and re-
mote control of slewing, guiding,
focusing and switching of optical
instruments.
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Winds and waves are measured by electronic sensors on this tower

in Buzzards Bay. Vertical wires, barely discernible in photo, go
down into the water where they are held taut by lead weights.

Though this proposal is for
ground-based facilities, NAS also
stresses the necessity for costly
orbiting observatories for special
rescarch projects.

Oceanography

Winds and waves

In Buzzards Bay, where a south-
west breeze sweeps toward Cape
Cod from the Atlantic, a tower in
40 feet of water keeps track of
the ups and downs of wind-gen-
erated waves.

The tower is a sensor site in a
wave-measuring system developed
by Raymond G. Stevens and Leon-
ard F. Shodin of the Woods Hole
Oceanographic Institution.

No theory exists to satisfactorily
explain the growth of composite
wave motion under wind action.
There are many reasons for want-
ing to know more about the power
spectrum in wave buildup—they
range from getting early warning
of destructive seisimic waves, like
the tsunami, to assessing the effect

— 5
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of sea conditions on missile
launches and on antisubmarine
warfare.

Six wave sensors hang from a
horizontal boom of the observation
tower. The resistance of these stain-
less steel wires varies with the
clevation of the sea surface. The
wires, which are kept taut by two-
pound lead weights in the water,
have a built-in resistance of two
ohms per foot. In this adaptation
of the step-resistance gage, the
lineup of six parallel sensors on an
adjustable boom can give direc-
tional information as well as am-
plitude. It is also possible to vary
the phase relationship of the wires
to give data on wind direction.
For various analyses by oceanog-
raphers, a computer can be pro-
gramed to correlate wave buildup
and decline with wind velocity and
direction.

Energy transfer. To help under-
stand how energy is transferred
from wind to waves, four anemom-
eters are set at different heights
on a vertical boom attached to the
tower. Precision measurement of
horizontal wind speed is nceded,
s0 the Woods Hole group designed
a fast-response electronic version of
the cup anemometer. In this vir-
tually frictionless device a lamp is
placed at the top of the vertical
shaft and its light is chopped as the
cups rotate.

A photo-actuated silicon con-
trolled rectifier, the Photran, made
by Solid State Products Inc., con-
verts the chopped light into pulses.
These pulses are integrated to pro-
duce analog voltages. The voltages,
varving as functions of wind veloc-
ity, are converted to subcarrier f-m
audio frequencies. Special circuits
reject tidal effects, so that only the
buildup and decline of wind-gen-
crated waves arc measured.

Information from the six wave
sensors, the four anemometers and
a wind vane is sent on 12 channels
to the oceanographic institution,
two miles away. The data is put
on 12 f-m subcarrier oscillators and
transmitted simultancously over a
telemetering radio link; cach chan-
nel has its own subcarrier fre-
queney. The analog information is
recorded on magnetic tape and
later converted into digital form.
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Range-measuring Secor, orbiting 600 miles above the earth,
will pinpoint targets for intercontinental missiles.

Military electronics
On target
Intercontinental missiles, even

though they seem to have been
correctly sighted, launched and
guided in flight, can miss their
targets. That’s because existing
maps are inaccurate. With the help
of a small satellite that can obtain
exact latitude and longitude fixes
on possible targets, map errors are
being corrected.

The satellite, called Secor (for
sequential collation of range), was
launched last Jannary aboard an
Air Force Thor-Agena. Secor orbits
at an altitude of 600 miles. It can
measure distances of up to 1.000
miles with an error as small as 20
yards. Besides locating the precise
position of possible missile targets,
information from Secor will pro-
vide more accurate maps, improve
navigation, and could pinpoint the
position of ships, submarines. and
aircraft.

Above the horizon. The satellite
contains a transponder that re-
ceives and returns radio signals
simultaneously from four ground
stations. Three of the four stations
are reference locations at known
positions of longitude and latitude;
the longitude and latitude of the
fourth point is not precisely known.

When the satellite appears above
the radio horizon, each station com-
putes its slant range (line-of-sight
distance) to the satellite by inter-
preting the phase relationships

between the signal transmitted
from the station and the one re-
turned by the satellite. This com-
putation is made 20 times per
second and is recorded on magnetic
tape along with a timing signal
from an electronic clock. This
means that the distances measured
from cach station to the satellite
can be correlated in time. The in-
formation, in digital form, is fed
into a computer at the Army’s Map
Service Center in Washington.

Pyramid. The distances from the
four ground stations to the satellite
form the elements of a pyramid.
With three of the base points at
known positions, it is simple to
establish the position of the fourth.

Secor is now being used to chart
the position of Iwo Jima and other
islands in the Pacific, with Japan
and the Ryukus as reference points.
Iwo Jima is not a target, but pre-
cisely locating this island will re-
duce crrors in intercontinental dis-
tances between missiles and targets
near Two Jima.

Other gear. Besides the trans-
ponder, Secor carries a telemetry
systemn and a magnetic orientation
device. It uses solar cells and bat-
teries for power. The 40-pound
satellite was built by the Cubic
Corp. in San Diego, Calif.. for the
United States Army’s Mapping
Service.

Future mappers. The Army has
no immediate plans for another
Secor but an improved version,
called Geos. will be launched next
October. It will include Secor and
other position-fixing systems.
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INTRODUCING:

THE FIRST ALL SOLID-STATE, LONG-LOOP, PHASE-LOCK RECEIVERS
THE RTD-5000 SERIES

Space-General's new RTD-5000 series data receivers mark a major step forward in the state-of-the-art. Completely
solid state—including the RF pre-amp and pre-selector stages—power and heat dissipation is substantially reduced,
achieving greater reliability and the elimination of many microphonic and 60-cycle interference problems present
in existing systems. All circuitry is modular construction; modules are also interchangeable with Space-General's
conical scan and monopulse antenna tracking receivers. = Designed to meet the latest and most stringent Air
Force range specifications, the RTD-5000 series is the result of pioneering and continuous telemetry receiver
development since 1958. (Space-General has produced advanced telemetry and tracking receivers for NASA,
the Air Force, the Navy and the Atlantic Missile Range.) The RTD-5000 series offers an unusually wide variety of
features—tailored to your individual requirements. Outstanding features: No change of IF bandwidth or IF center
frequency with AGC action«Plug-in tuning heads operate in APC, AFC, VFO and pulled crystal modes-IF plug-in
filters cover 2.5 kc t0 3.3 mc range « Phase stabilities are sufficient to allow operation down to true noise bandwidths
of 10 cps in either the long loop or self-referenced loop configurations« Holding range in the phase lock loop mode
exceeds 0.007 percent of receiver center frequency with zero phase error« AFC ties back to 1st local oscillator
with 4+ 2 mc max. range « AGC range greater than 100 db » Delivery time—60 days. » For further, detailed information
on the RTD-5000 series, write: Herbert Woodward, Marketing Manager, Electronics Equipment, Space-General
Corporation, Dept. No. sg-11, 9200 E. Flair Drive, EI Monte, California.

SPACE-GENERAL CORPORATION
GENERAL El Monte, California

A subsidiary of Aerojet-General Corporation
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This is an @V@ND@*’
Threshold Switeh

*A simple non-rectifying semiconductor device
based upon an entirely new theory in solid state
physics developed by Energy Conversion Devices.
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O The two crossed wires shown greatly
enlarged above are not a fully fabricated
component. But they can be used just as
is to demonstrate fundamental principles
of a newly discovered phenomenon in the
field of solid state physics. Ready?

First—if you examine the surfaces where
the wires touch, you will notice a differ-
ence in color. This is actually an active thin
film of a homogencous semiconductor
material. Unlike all other semiconductor
switches, however, this active film element
is not produced by precise doping of high

*New brochure describes basic OVONIC
principles and many of the devices now
being developed for various control
circuits. A request on your letterhead
will bring you a copy by return mail,

Circle 30 on reader service card

purity material. Nor is its operation based
upon conduction through P-N junctions.
Nor is it asymmetrical with respect to for-
ward and reverse current flow.

Instead, this unique OVONIC switch is of
such a nature that it can be changed in-
stantaneously from non-conductive to a
conductive state, and vice versa, simply
by increasing or decreasing the voltage
or current in a circuit above or below a
given threshold level. Or switching action
can also be made to occur by changing
the device's “firing'’ threshold relative to

Oscilloscope trace showing E-I
characteristic of the OVONIC thres-
hold switch. Note instantaneous
change from non-conductive state
to the fully conductive state.

a constant supply voltage. Moreover,
because the device responds identically
to both positive and negative polarities,
it is inherently capable of controlling
either direct or alternating current.

This is the essence of OVONICS, a new
field of control based upon an entirely
new theory in solid state physics. And
these are inherent capabilities of the
many OVONIC threshold contro! devices
now being developed by E. C. D. and its
licensees throughout the world.

Career opportunities now open to qualified physicists, chemists, and electronic engineers. Send resume to:

Energy Conversion Devices, INC.

14121 West McNichols Road o Detroit, Michigano 48235
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Electronic stakes
in tariff bargaining

U.S. and Germany
plan joint studies

Pentagon affirms
reliability stress

Washington Newsletter

November 30, 1964

Tariff-cutting talks, which opened this month in Geneva, are being
watched closely by United States electronics companies because the
stakes are enormous.

In the first eight months of 1964, about $190 million of electronics
goods were imported by the U.S.; of this, $113 million was in consumer
goods. In the same period, $905 million of clectronics goods were ex-
ported; 77% of that total was in military and industrial products,

Any major reduction in foreign barriers would open new markets for
U.S. makers of industrial and commercial products. Simultaneous chop-
ping of American trade levies would swell the imports of consumer
products. The question facing U.S. manufacturers: Would a gain in
imports be offset by a rise in exports?

The Electronic Industries Association wants reciprocal tariff cuts on
commercial and industrial products. The U.S. Trade Expansion Act per-
mits reductions of as much as 50% in U.S. tariffs. But on consumer items,
the association has asked that the other countries cut tariffs while the
U.S. maintains its barriers. Here’s the argument: U.S. protection on con-
sumer goods is about 30% lower than that imposed in Europe and Japan.

The talks are under the auspices of the General Agreement on Tariffs
and Trade.

The electronics industry is expected to benefit from closer defense co-
operation agreed on by the United States and West Germany.

In the latest round of talks between Defense Secretary Robert S.
McNamara and Kai-Uwe von Hassel, Bonn’s defense minister, it was
decided to jointly develop miniature inertial navigation systems for small
ships. The development contract will be placed in the U.S., with the two
governments sharing the costs.

Bonn and Washington will also work jointly on a light-weight craft for
vertical short takeoff and landing (V. STOL) which Germany is develop-
ing for possible future use by the North Atlantic Treaty Organization.
Also being explored: possibilities for cooperation in antisubmarine war-
fare and for a heavier V/STOL plane,

Germany plans to use the Bell Aerospace Corp.’s UH-1D to meet its
utility helicopter requirements; some of the craft will be built in
Germany. Three guided-missile destroyers will be constructed in this
country for Germany, with a contract expected to be awarded about
April 1.

Despite criticism, the Defense Department continues to favor reliability
over sophistication in weapons development. Officials say new ideas will
have to win acceptance in the research-and-development phase before
being put into systems.

This policy was laid down again in speeches by Adam Yarmolinsky,
special assistant to Defense Secretary Robert S. McNamara, and by
Eugene G. Fubini, assistant secretary for research and engineering.

Yarmolinsky told a group of executives that components would be
picked from established gear, not from “un-cost-conscious” possibilities
that may merely seem to be feasible. “Choices are being made at the less
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New urgency seen
in industry studies

Avionics choices
for Army, Navy

Navy lists
electronic needs

32

Washington Newsletter

expensive end of the spectrum,” he said.

Fubini spoke at the convention of the Association of the United States
Army. If the very best must still be tested, he said, and if the second-
best will cost too much, take too long or require too much logistic
support, “Take the third best. It will work and keep working.”

Congress and the White House will step up inquiries into the business
effects of automation and of lessened defense production.

Congress is still recovering from the shock of Defense Secretary
Robert S. McNamara’s announcement that 95 military installations will
be shut or curtailed. Leaders will put high priority on the work of the
Senate Subcommittee on Labor and Public Welfare, headed by Sen.
Joseph Clark (D., Pa.), which has spent more than a year studying con-
version and dislocation problems. Sen. George McGovern (D., S. D.)
will reintroduce legislation that would require companies to prepare their
plants and work forces for civilian production.

The President’s new 14-man Commission on Automation Technology
and Change is organizing, and will report by Jan. 1, 1966. It will bring
in specific proposals not only to promote technological change but to
handle economic dislocation resulting from advanced technology and
declining military spending.

Patrick E. Haggerty, president of Texas Instruments, Inc., is one
industry representative on the commission. Joseph A. Beirne, president
of the Communications Workers of America, will represent workers,
including those in the electronics industry.

The Army is facing a decision on an armed air vehicle for the 1970’s
that will incorporate advanced integrated avionics. The choice is between
rotary-wing and fixed-wing vertical-takeoff craft.

As many as three contractors will be selected early next year for
program-definition studies. One or more contracts for prototypes should
be let by mid-1965.

The Army also has two choices for the avionics system. It can take
the integrated helicopter avionics system (IHAS), for which the Navy
is about to let a development contract to the Teledyne Systems Corp.,
a subsidiary of Teledyne, Inc. [Electronics, Nov. 16, p. 37]. Or, as an
interim selection, it can take the fully developed Navy system, called
basic advanced integration system (BAIS).

With THAS a craft can fly assault missions by instrument and can use
terrain-avoidance radar, station-keeping equipment that maintains one
plane’s distance from another, and automatic navigation based on dop-
pler navigation.

The Navy faces a similar avionics question with its CH-53-A Marine
attack-transport helicopter. Delivery of this craft is expected by mid-1966,
well before development of IHAS is expected. The Navy is considering
using the BAIS system on an interim basis.

The Office of Naval Materiel has issued a new list of research and devel-
opment needs. Included are nearly 50 requirements in the electrical and
electronics field. Copies may be obtained free from the Chief of Naval
Materiel, Navy Department, Washington. 20360, Attn: Code Mat-44.
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You can cool with air...
(if you have a lot of space)
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use FREON'’ dielectric coolants

FREON carries heat away hundreds
of times better than air. Close-packed
assemblies can operate efficiently at
safe temperatures. FREON com-
pounds have outstanding character-
istics as heat transfer media either
by boiling or by convection.

These inert coolants will work for
you in your high-density electronic
equipment —wherever you have a re-
liability problem from ‘“‘hot spots’ in
power tubes, transistors, resistors,
transformers, packaged electronics,
etc. FREON coolants can make your
design more compact —at low to mod-
erate cost, while improving reliability
through close thermal control.
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(if you don’t)

These five FREON dielectric
coolants range in boiling point from
+38.8°F. to +237.0°F., offering a wide
range of use:

FREON-114 CCIF,CCIF; B.P. + 38.8°F.
FREON-113 CCLFCCIF: B.P. +117.6°F.
FREON-215 CCLCF:CF: B.P. +165.0°F.
FREON-112 CCLFCCLF B.P. +199.0°F.
FREON-214 CCLCF:CF,Cl B.P. +237.0°F.

Send the coupon for complete techni-
cal information based on our 33 years’
experience with cooling problems.

FREON"®

Ve ue At ot dielectric coolants
Better Things for Better Living . .. through Chemistry

|
: Du Pont Co. 1
“Freon’’ Products Division l
| N-2430E-2 |
| Wilmington, Delaware 19898 I
| Please send me complete technical |
| information on FREON dielectric
| coolants. :
|
| Name I
|
| Address :
|
} City :
| State Zip |
| Offer good in U.S.A.only. |
o s e e e e - c— o = R ——— |
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ULTRA-COMPARATOR* Dual Limit Controls
keep a test rocket engine on its best behavior

At the Rocketdyne Division of North American Aviation,
scientists and engineers are continually checking out the most
advanced rocket engines. Costly to build, these rocket engines
may unexpectedly head for destruction when critical param-
eters go outside rated limits. To monitor or shut down rocket
engines and prevent damage, fast, sensitive, reliable controls
are needed. For this job, Rocketdyne is using Carter-Princeton
Model 2020 ULTRA-COMPARATOR Dual Limit Controls at five
critical points. The 2020 combines two 100K input impedance
comparators on one small-size, computer-type, plug-in circuit
card. Highly reliable, capable of evaluating low-level electronic
signals without pre-amplification, it has the fastest power-relay
output yet achieved—5 milliseconds from signal to full 2-ampere
output. Here are Rocketdyne’s applications:

1. Monitors at “Ignition Start” to pre-determine potential “stall
condition,” providing fast cut-off. 2, Monitors an actuator-posi-

T 253 T By
rademark Pa:s. Applied For

34 Circle 34 on reader service card

tion signal from a linear feed-back transducer, causing an in-
stant engine cut if engine is not following a pre-determined
pattern. 3. Monitors hydraulic pressure across the piston on
gimbal actuators, permitting quick check to see that the load
is below safe acceptable Iimits. 4. Aids in bleeding air from the
gimbal actuators by permitting a constant velocity actuator
displacement. 5. Monitors function generator output for level
detection in order to set up logic circuits which give wave
shapes for the determination of gimbal patterns.

The Model 2020 circuit is one of a series of new ULTRA-
COMPARATOR units offering high sensitivity, compactness,
reliability and adaptability at substantial savings. A limited
number are available for free trial and evaluation.

For information, details, and specifications, contact Carter-
Princeton, Electronics Division, Carter Products, inc., 178F
Alexander Street, Princeton, N.J. 08540. Phone (609) 921-2880.

®
d)CARTE R-PRINCETON

R e, r
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November 30, 1964 | Highlights of the issue

Technical Articles

Th f' ld ff t The talk of the electronics world today is the field-
e Ie 'e eC effect transistor. It is superior to a conventional tran-
sistor as a low-noise amplifier, less sensitive to radia-

tranSistor tion, and can be operated in direct-coupled arrays.

Pa rt 1: I. A curiosity comes of age. Twice as many companies

are making three times as many types of units.
page 45

Il. Metal-oxide-semiconductor field-effect devices. A dis-
cussion of the unique characteristics of a type of FET
that holds great promise for new circuitry.

11l. How to measure noise in field-effect transistors. One
advantage of the FET is its low-noise characteristic;
however noise-level measurements are more difficult.

IV. Germanium in a MOS device. Economics has focused
new attention on germanium as a FET material.

A new compact Research in microwave acoustics has produced a small
solid-state device that can introduce time delays into a

delay Iine: page 69 microwave signal line.

Myocoding helps An electronic system picks up nerve signals at the skin

surface and amplifies them to run a leg brace. It could

paralytics: page 74 be the basis for a family of electronically run artificial

limbs.

Coming « Part ll: Field-effect transistors—circuit applications
* A new look at digital television
December 14 = Synthesizing networks with negative reactance
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Packaging

Integrated-circuit system
keeps costs down to earth

The same production equipment and personnel used to make printed-circuit
assemblies will make these integrated-circuit modules. The new modules
can also be taken apart and repaired, but they are 10to 15 times smaller

By Fred A. Pendleton
Collins Radio Co., Dallas

A packaging design that is a practical approach to
using integrated circuits in conventional and com-
mercial equipment has been developed by the
Collins Radio Co. The design bridges the gap
between the high-density integrated-circuit modules
with welded or soldered conncctions, that are used
in missile and space systems, and the established
approach of using modules made with replaceable
printed-circuit-card assemblies.

Costs are kept competitive because the inte-
grated-circuit modules are made with conventional
printed-circuit-card production cquipment. The re-
liability possible with present integrated-circuit
systems is retained. and the maintainability is im-
proved. The concept is suitable for present needs,
yet flexible enough for future use.

And, although the development of the packaging
system was not an exercise in high-density pack-
aging, it does provide for component densities 10
to 15 times higher than the densities that can be
attained with discrete components.

The module design illustrated is being used in
a test set developed by Collins for military use.

The author

Like many other designers

of packaging systems for
solid-state and microminiature
electronic systems, Fred
Pendleton is a mechanical
engineer. He got his
bachelor’s degree from

Texas A&M University, and

is now working toward a
master’s degree in engineering
administration at

Southern Methodist University.
He is employed in the Research and Development
division of the Collins Co. facility in Dallas.
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It had to be hand-portable and readily maintain-
able.

If the test set were made with discrete com-
ponents, it would have been nearly as large as a
telephone booth. The final size, using integrated
circuits and some standard components mounted
on printed-circuits, is 23%8 by 137% by 19% inches.
This includes space for a power supply and stor-
age area.

Further reductions in size could have been
achieved with more complex packaging techniques.
but cost would have increased and maintainability
would have been restricted.

Compatible cards

A tvpical integrated-circuit module is shown on
page 38 in various stages of assemblyv. The 4% by
6-inch card becomes a motherboard for retaining
and interconnecting the integrated-circuit submod-
ules. These submodules are small printed-circuit
boards.

Each small board mounts up to four integrated-
circuit packages and provides all interconnections
between them. An assembled submodule with
four integrated circuits mects the $100 maximnm
cost for expendable items designated by NIL-E-
16400 as amended Jan. 10, 1964.

The integrated circuits can be welded or soldered
to the submodule board. A plastic cover completes
the module assembly.

The design is compatible with Collins’ existing
printed circuit and module standards. It is fully
compatible with conventional modules, which can
often be used in the integrated-circuit packaging
system withont change. Likewise, integrated-cir-
cuit modules can be substituted for conventional
modules in already-designed equipment.
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Slotted plastic cover does quadruple duty—as assembly fixture, structural member, submodule
identifier and test fixture. Curved probe fits through slots, simplifying maintenance tests.

The conventional and integrated-circuit modules
not only look the same, but existing tooling, proc-
esses and assembly practices can be used to pro-
duce both types.

The plastic cover, a unique feature of the packag-
ing system. serves several functions. It is a fixture
for retaining and snpporting the submodules during
assembly and machine soldering. It also serves
as a protective cover for the individual components
and submodules, a structural member for the over-
all module assembly, a surface for general symbols
and test-point identification, and a locator or guide
for test probes.

The cover is molded of clear plastic. One cover
design and. consequently, one tooling charge, ac-
commodates all modules. One silk-screen master
is used to print identification for all submodule
positions. Different module types are identified by
markings on the module handle.

System packaging costs

The cost history of integrated circuits will prob-
ably parallel that of transistors. Component prices
will decrease as production processes are improved
and demand increases. In comparison. the clec-
tronic packaging costs at the OEM level (original
equipment manufacturer) have risen from about
5% of total system cost two years ago to 15%
of total cost today. As integrated-circuit costs fall,
this percentage will continue to rise.

Costs can readily be divided into three major
areas: design costs (R&D), manufacturing costs
and ownership costs.

Electronics | November 30, 1964

Design costs

The use of integrated circuits, rather than dis-
crete components, will reduce design costs. One
present design uses only seven different integrated
circuits, repeated throughout the system at the sub-
module level. This repetition reduces the cost and
quantity of docuinentation—formal drawings, sche-
matics, component and test specifications.

The wiring on the submodule reduces and con-
trols wiring complexity on the motherboard. The
motherboard is designed on a grid system so that
all submodules are mounted on standard incre-
ments at predetermined positions. This grid system

LATERAL JUMPER BOARD

RELAY.

S,
TRANSFORMERS, ETC

MOTHER
BOARD

SUBMODULE

MODULE
TEST POINTS TESTTROINTS

CORDWOOD
MODULE

TRANSITORS OR

INTEGRATED CIRCUIT
TO5 TYPE IC'S

MODULE

Same basic package can be used for integrated-circuit
and cordwood modules, or bulkier components.
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Complete assembly (left) is built up by mounting the submodule printed-circuit cards on the printed-circuit
motherboard after the integrated-circuit packages are soldered or welded to the cards.

s

o A o

Soldering the submodules to the motherboard is no
problem. The assembly itself serves as the fixture.

All submodule-to-motherboard joints are made during
one pass through a wave-soldering machine.
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is illustrated on page 39. Every interface between a
submodule and the motherboard is identical. As-
signing numbers to each possible submodule loca-
tion and each connection on a submodule develops
a simple point-to-point interconnecting chart. An
engineer. or technician, fills in the chart before
drawings are prepared.

The tedious and costly process of making the
motherboard master artwork (tape-up). which is
required for etching the printed circuit, is greatly
simplified by the chart. Many of the mechanical
mistakes that may result when a complex schematic
must be followed are also avoided by this method
of point-to-point interconnection.

Manufacturing costs

While the development costs are important, the
manufacturing costs are paramount in meeting
competition. Particular emphasis has been placed
on reducing and controlling production costs of
this module.

ITigh-density welded modules are not suited to
conventional production techniques. Such modules
are essentially handerafted. Detailed and costly

Mockup shows how microcircuit modules and conventional
modules can be assembled in the same system. The
dimensions used for printed-circuit modules

are used to make the microcircuit modules.
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The submodule circuit board is shown on the right. Two
integrated circuits are mounted on the board on the left.

inspection is required to guard against human error
during manufacturing and assembly. The new
packaging design minimizes such pitfalls. Existing
processes and tooling are entirely suitable. The
grid system that designates the slots and feed-
through holes can be produced on the motherboard
by tape controlled drills and punches.

A minimum of retraining is required of factory
personnel. While they may be unfamiliar with in-
tegrated circuits, the assembly and inspection rou-
tines are quite similar to work already performed.
This produces confidence, no mean factor in con-
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Submodule is tested by plugging it into electrical

test fixture and slipping connector over the three
test pads at the top of the printed-circuit card.
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Grid pattern and wiring chart
simplifies preparation

of artwork needed to make
module motherboards.
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trolling production expenses.

Repeatedly using a given submodule in a system
provides further manufacturing economies. Quan-
tity purchasing can be increased, scheduling is
casier, sctup time is reduced, production runs are
longer and inventory is simplified.

The individual integrated circuits are gencrally
welded to the submodule, but (to avoid a contro-
versy over the relative merits of welding versus
soldering) soldering can also be employed. Bread-
board and engincering models are often soldered
because soldered components are easy to replace
during development. In production, welding will
yield more submodule assemblies per operator
hour.

The weld schedule, which is established before
the production run, considers the size and tvpe
of materials to be joined. The welding machine
operator only positions the integrated circuit and
initiates the weld sequence. Routine tests made
during the run insure weld quality.

The completed submodule assemblies are in-
dividually tested. Defective and marginal units
are eliminated at an early stage in the assembly
of the module. This is accomplished through the
use of electrical test fixtures. The solder tab on
the submodule board mates with a standard con-
nector on the tester, allowing easy and rapid
checkout. The test fixture can often be built to
test several electrically different submodules.

Completed submodules are inserted into the
motherboard and the plastic cover is attached for
the final assembly operation. The motherboards
are moved on a conveyor through a wave soldering
machine. This automated soldering operation makes
hundreds of connections in several seconds and
avoids hand soldering costs. The finished module
is then tested, primarily for circuit continuity.

Ownership costs

The design and manufacturing savings will be
reflected in the base price of the system. Other
costs may be of equal or greater concern to the
purchaser.

What about replacement costs? Is this system
difficult to repair? At what level—submodule, mod-
ule or system—can repairs be made? Would any
advantage of owning an integrated-circuit system
be offset by repair costs?

The answers depend upon how reliable and how
maintainable the system is.

Reliability

Interconnecting modules and submodules by the
use of connectors at each assembly level would
simplify replacement and repair operation, but fac-
tors such as the reliability and cost of the inter-
connection must be considered. Therefore, a
printed-circuit-board connector is used at the mod-
ule level. This provides the desired compatibility
with conventional modules and is a realistic com-
promise.

The submodules, however, are soldered to the
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If submodule must be replaced, all the solder
joints between the submodule and motherboard
are melted by special tip on a soldering iron.

Air path and heat flow through an assembly of
modules. Natural or forced-air cooling can be used.

motherboard for the following reasons: machine-
soldered connections are reliable, the quantity of
interconnections at this level is high, soldered con-
nections are less costly than miniature connectors,
connectors would cut down volumetric density,
and inspection and testing of each submodule be-
fore soldering assures that it is electrically correct.

A single interconnection made with a connector
has three to four times the failure rate of a machine-
soldered connection. The high reliability of the
integrated circuit itself must not be sacrificed
solely for the convenience of replacement. As sys-
tem reliability increases, more time to effect a re-
pair can be justified.

Any physical environment of the system can
affect its reliability. Humidity and salt spray tests
show the module to be as reliable as any printed
circuit board built to military specifications. Shock
and vibration tests prove the module suitable for
military requirements. The thermal environment of
the module was also studied. The plate-fin con-
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figuration of the complete module assembly pro-
vides for the dissipation of heat through natural
or forced air methods.

Maintainability

Maintainability and reliability really go hand-in-
hand. Making a system reliable does not justify
neglecting or even subordinating maintainability.
This packaging method provides the following
features to facilitate servicing and minimize down-
time:
® Fault isolation at the major module level. Pri-
mary function test points on the module are acces-
sible in the equipment. A spare module can be
quickly substituted for a malfunctioning module
to restore equipment operation status. Many sys-
tems include a self-test capability to locate mal-
functions.

» Fault isolation at the submodule level. Test points
on the submodule board are exposed at slots on
the module’s plastic cover. The photo on page 37
shows a technician troubleshooting a module as-
sembly. The module is plugged into a point-to-point
circuit extender to increase accessibility. A closeup
of the test point and probe is also shown on page
39.

® A submodule can be removed with a soldering
iron and replaced, as shown at the left. The solder-
ing iron used to remove a submodule has a special
tip that allows heat to be applied along the entire
soldered interface of the submodule and the
motherboard.

® Fault isolation at the circuit level. Any defective
integrated circuit can be located through the test
points of the submodule board. It can be removed
and replaced by hand soldering or welding, but
as integrated-circuit costs decrease, it will be more
practical to put in a new submodule,

Hybrid system flexibility

The physical compatibility of the new module
with existing conventional cards and modules is
carried to the individual component level. Such
flexibility is needed because circuit design may
require the use of discrete components as well as
integrated circuits.

Two adjacent submodule boards can bhe used
in a cordwood module—a module in which com-
ponents are stacked between two printed-circuit
cards. Transformers, relays, filters and other larger
components are mounted directly to the mother-
board. The cutaway diagram on page 37 shows
the integration of various component types in a
single module. All can be machine soldered.

Should the amount of interconnection between
submodules exceed the wiring densities available
on the motherboard (made by etching conventional
laminated-circuit boards), two alternatives are
available. The amount of wiring on the mother-
board can be extended by lateral jumper hoards,
utilizing the third dimension of the module. In
highly complex modules, a multilayer motherboard
can be employed.
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Circuit design

Designer’s casebook

High-current converter
is small, quiet, low-cost

By Allan L. Wennerberg and F. H. Schroeder
Whirlpool Corp., St. Joseph, Mich.

A high-current, low-voltage d-c supply was needed
to power thermoelectric heat-pump systems. The
power supply had to be inexpensive, small, light-
weight and quiet.

These needs were filled by directly rectifying
the line voltage, inverting the rectified line voltage
at some frequency above the audible range, step-
ping down the voltage as required by the load
and finally rectifying again [circuit diagram, right].

Power transistors with an open-basce collector-
to-emitter hold-off voltage rating V., =400 volts
currently are available. Therefore it was possible
to construct a d-c to d-c¢ converter in which the
primary voltage was rectified directly from the line
voltage. The stepdown power supply needed to
power most d-c to d-c voltage converters was elim-
inated. To get rid of andible noise, the converter
was designed to operate at frequencices above 18

.
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The input voltage is rectified, inverted at a high frequency,
stepped down to the load voltage, and rectified.

kilocycles. With this high frequency it was also
possible to reduce the size and weight of trans-
formers and to eliminate the filter choke usually
required in the output circuit.

Results of performance tests conducted in a
95°C ambient are shown in the graph, left. Test
data show that maximum efficiency is obtained at
an inverter frequency of 20.2 kilocyeles and with
a load current of 23 amperes. The power supply
is packaged in a four-inch cube weighing six
pounds.

Push button plus scr
equals fast pulse

By Richard W. Bailey

Nuclear Reactor Laboratory,
Ohio State University, Columbus

Frequently a circuit is required to produce a single
pulse with a fast rise time when a push button is
depressed. In thesc cases. contact bounce of the
push button is undesirable. The simple circuit
shown (pg. 42) produces a single pulse with an am-
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| When the button is depressed the
scr fires, producing single pulses
with rise time of one microsecond.
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plitude of about 90% of the supply voltage and a
rise time of about one microsecond.
When the moving contact of the switch is in the

normally closed position, the supply voltage is ap-
plied to the anode of the silicon controlled rectifier
through R;. But the resistance of R, is large
cnough to prevent the scr from firing with zero
volts on its gate. Capacitor C; is charged to the
supply voltage E. through R.: and R,.

When the button is depressed, the anode re-
mains at approximately E, due to the charge on
the capacitor. The instant the contact arn touches
the normally open contactor. the positive gate
voltage applied through the R, and R. resistor
divider turns the scr on. The capacitor then dis-
charges rapidly through the scr producing a nega-
tive transient output. Diodes D, and D. prevent a
positive pulse from occurring at the output when
the button is released. An operating voltage range
from 9 volts to 25 volts can be realized with the
component values shown.

Nomograph simplifies
delay-line design

By Ronald Zane

University of California, Berkeley

The nomograph at right reduces the calculations
necessary to design lumped-parameter, constant-k
delay lines. A lumped-parameter delay line con-
sists of a cascaded series of symmetrical = or T
reactance networks. When L/C = k is a constant,
the network is referred to as a low-pass, constant-k
prototype section. The characteristic impedance,
Z, of a cascaded scries of low-pass, constant-k sec-
tions is:

Z = (L/C)* (1)

Where L and C are the inductance and capaci-
tance per section.

The attenuation of the reactance networks is zero
for all frequencies up to cutoff frequency f.. The
cutoff frequency is given by:
f.=1/= [LC]/? (2)

For input signals containing frequencies that are
lower than f., a low-pass, constant-k section will
procuce the same signal at its output, but delayed
by a time, T.. The delay time per section is:

T. = 1/= f. — (LC)'/* (3)

The total delay time for a signal which passes

through N cascaded sections is:
Tq— NT, = N (LC)1/2 4)
Each network will affect the rise time of the
input waveshape. When the input is a step func-
tion having frequency components which are lower
than f,, the rise time due to a section is:
Ty 1.1 (LC)1/2 (3)
The total rise time of an N section delay line
is given by:
T, = 1.1 N/3 (LC)1/? (6)
Dividing equations 4 and 6 and solving for N,
the number of sections in the delay line is given by:
N = 1.2 (TJ/T.)3? (7
Given the total delay time, total rise time and
characteristic impedance requirements, a delay
line can be designed using this equation and the
nomograph.
As an example, consider a delay line to be de-
signed with the following requirements:
Total delay time, Ty - = 50 microseconds
Total rise time, T, =— 5 microseconds
Characteristic impedance, Z — 10,000 ohms.
First calculate the number of sections required.
N — 1.2 (To/T,)*? = 38 sections

Next, determine the delay time per section.

To/N = 50 X 10°¢ sec/38 sections = 1.3 X 103
nanoseconds per section

On the nomograph, draw a straight line through
Tq/N at 13 X 10*° nanoseconds/section and
parallel to the Z == 10,000 ohm line. This line will
intersect at L — 13 millihenries and at C == 130
picofarads. Thus, the required delay line will con-
sist of 38 sections with L = 13 mhy and C = 130
pf per section.
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In the delay line nomograph, Z is the characteristic impedance of
the line, L is the inductance and C the capacitance per section.
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Germanium transistor
as avalanche switch

By Byung Sung Ahn

Atomic Energy Research Institute, Seoul, Korea

Avalanche breakdown in silicon mesa transistors
is one of the most useful methods for generating
pulses with fast rise times. However, a less costly
germanium transistor whose collector junction area
is larger than its emitter arca (as in a silicon mesa
transistor) can be used as an avalanche switch.

Satisfactory test results were obtained with 20
type 2N3S88 germanium transistors used in an
avalanche mode.

The circuit shown above was designed to provide
narrow pulses with fast rise times. Transistor Q.
is biased just below the emitter-open, collector-
to-base breakdown voltage BV, so that an ava-
lanche can be initiated, cither by increasing the
collector voltage, or by decreasing the base voltage.
In this circuit, a negative input pulse reduces the
impedance of Q, and the collector voltage of Q.
approaches the supply voltage V. which exceeds
the BV, of Q.. The magnitude of the collector
supply voltage also determines the avalanche break-
down repetition rate, and can be adjusted to ob-
tain the frequency required.

The input pulse shape must be rectangular. The
number of avalanche breakdowns for each input
pulse can be varied by adjusting the pulse width.

The 2N388 transistor was found to have a maxi-
mum avalanche repetition rate of four million pulses
per second when one input pulse produced 10 ava-
lanche pulses. In this case the input repetition rate
should not exceed 100,000 pulses per second to
avoid thermal damage to the 2N388.

The photo at top shows the output voltage
waveform for a single avalanche discharge. The
rise time is 4 nanoseconds, the pulse width at the
50% points (one-half the total pulse amplitude) is
8 nanoseconds, and the pulse height is 12 volts,
These results were obtained at no load.

The center photo shows the output voltage for
10 avalanche discharges. The photo at bottom
shows the voltage at the collector of the 2N38S
for 10 avalanche discharges.

The data obtained is typical, but some devia-
tions were observed because of variations in the
characteristics of the same transistor type.

This simple circuit was designed for testing a
counter, but it could also be used as a delayed pulse
shaper, a keyed pulser, or a line-driving pulser,
with remarkable economy.

ADJUSTABLE
Vi=+90V

Q. is a germanium transistor used as an avalanche

switch. The avalanche repetition rate is determined

by the coliector voltage of Q.. The number of output
pulses depends on the width of the input pulse.

Single avalanche discharge. Output pulse rise time

is 4 nanoseconds, pulse width at 509, points is 8
nanoseconds, and pulse magnitude is 12 volts. (Time
scale: 10 nanoseconds per division.)

Output pulses. Avalanche repetition rate is two
million pulses per second. Input pulse width of five
microseconds yields 10 output pulses for each input
pulse. (Time scale: 0.5 microseconds per division.)

Collector voltage for 10 avalanche discharges.
(Time scale: 0.5 microseconds per division.)

J
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Field-effect transistors

The field-effect transistor:
a ‘curiosity’ comes of age

Twice as many companies as in 1963 are making three

times as many types of units. One big reason for the

boom is the metal-oxide semiconductor version

By Jerome Eimbinder
Solid State Editor

The field-effect transistor, for years little more than
a curiosity in the semiconductor industry, has sud-
denlv caught the circuit designer’s fancy.

Much of the new enthusiasm has been generated
by the metal-oxide semiconductor (MOS) version of
the field-effect transistor. But the junction field-
effect device, older brother of the MOS transistor,
is also cnjoying renewed interest.

The prime reason for the popularity of field-
effect transistors is that they permit operation at
high-input impedances with very low noise levels.
MOS field-effect transistors offer input impedances
of 10*® ohms; with junction field-effect transistors,
these impedances are about 10'° ohms. Noise fig-
ures under three decibels at 100 megacycles and
higher are common with new MOS devices.

The field-effect transistor’s low-noise perform-
ance [see comparison curves on p. 63] is certain
to cause ripples in the market-place; already the
number of manufacturers offering commercial field-
effect transistors has grown to 14 from 6 a year ago.

Moreover, the field-effect transistor is consider-
ably less sensitive to radiation than its conven-
tional counterpart (reportedly one-tenth as sensi-
tive), making it particularly attractive in military
applications. MOS transistors have been made that
can tolerate radiation levels of 3 x 10'* neutrons
per square centimeter.

MOS field-effect transistors are especially useful
in integrated circuits because they can be operated
in directly coupled arrays [p. 51], thus eliminating
external capacitive coupling. The operation of MOS
transistors is relatively unaffected by changes in
ambient temperature. This eliminates the need for
temperature-compensating circuitry.
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Many tube-oriented engineers also have an in-
terest in the field-effect transistor that is more
psvchological than technical. Like the vacuum tube,
the FET is a high input-impedance voltage-am-
plification device. Designing the FET into new cir-
cuits is much more natural for the circuit designer
who is experienced with tubes and is converting
to transistors.

One year ago, the six makers of field-effect
transistors were Amelco Semiconductor, a division
of Teledyne, Inc.; Crystalonics, Inc.; Ferranti, Ltd.;
Sesco (Societé Européenne des Semiconducteurs);
Siliconix, Inc.; and Texas Instruments, Inc. A total
of 64 different field-effect transistors were com-
mercially available.

Today 14 companies offer commercial lines with
more than 200 types of FETs, at least five other
firms are developing models, and two have entered
the field and subsequently dropped out (Motorola
Semiconductor Products, Inc., a division of Moto-
rola, Inc.; and Tung-Sol Electric, Inc.). Motorola’s
exit was necessitated by heavy commitments in
other arcas and is believed to be only temporary.
Tung-Sol made two FET types available early
this year on a sampling basis after discontinuing
its entire line of junction transistors. It dropped
both types a short time later, and has stayed out
of the transistor business. The total of field-effect
transistor types available has more than tripled
in 12 months.

New manufacturers

The eight newcomers to the field-effect ranks
are the Dickson Electronics Corp.; the semicon-
ductor division of the Fairchild Camera & In-
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Manufacturers of field-effect transistor

Insul. gate
MOS
Company

Channel

P N

Junction
Channel

P N

Amelco Semiconductor
Division of Teledyne, Inc.

Mountain View, Calif. Dev. Dev.

Com.

Crystalonics, Inc.
Cambridge, Mass.

Com.

Dickson Electronics Corp.
Scottsdale, Ariz.

Com.

Fairchild Semiconductor
Division of Fairchild Camera
and Instrument Corp.
Mountain View, Calif.

Com. Dev.

Com.

Ferranti Ltd.
tancs, England

Com.

General Micro-Electronics, Inc.
Division of Victor Comptometer
Corp.

Santa Clara, Calif. Com.

Hughes Micro-Electronics
Division of Hughes Aircraft Co.
Newport Beach, Calif.

Dev.

KMC Corp.
Long Valley, N. J.

Dev. Com.

Dev.

Philips Gloeilampenfabrieken,
N. V.

Eindover, Netherlands Dev. Dev.

RCA Electronics Components
and Devices Division
Somerville, N. J.

Com.

Raytheon Semiconductor
Division

Mountain View, Calif. Com. Dev.

Societe Europeenne
des Semiconducteurs
Paris, France

Com.

Siliconix, Inc.
Sunnyvale, Calif.

Com.

Com.

Sylvania Semiconductor Division
Woburn, Mass. Dev.

Texas Instruments, Inc., Semi-
conductor-Components Division
Dallas, Texas

Com. Com.

Com. Com.

TRW Semiconductors, Inc.,
Division of Thompson Ramo
Wooldridge, Inc.
Lawndale, Calif.

Com.

Union Carbide, Linde Division

Mountain View, Calif. Dev. Dev.

Com. Com.

Dev. = Developmental.
stage.
Com. = Commercially available.

Company in or near sampling

strument Corp.: General Micro-Electronics, Inc.,
a subsidiary of the Victor Comptometer Corp.;
KMC Corp.; Radio Corporation of America; Ray-
theon Co.; TRW Semiconductors, Inc., a division
of Thompson Ramo Wooldridge, Inc.; and the
Linde division of the Union Carbide Corp.

RCA, despite a long history in field-effect tran-
sistor research and an extensive sampling program
that began in 1963, did not announce a commercial
type until only two months ago. However, KMC'’s
engineering staff consists almost entirely of former
RCA people experienced with field-effect transis-
tors. KMC was formed last April. General Micro-
Electronics was heavily staffed with former Fair-
child engineers, and Siliconix by former Texas
Instrurnents people, when those companies opened
for business. Dickson is also reported to have
picked up some Motorola FET engineers, and the
Stewart-Warner Corp. is said to have enticed a
few from Siliconix.

The five companies expected to be supplying
field-effect transistors shortly arc Stewart-Warner;
Atlantic Instruments and Electronics, Inc.; the mi-
croelectronics division of the Hughes Aircraft Co.;
Philips Gloeilampenfabrieken, N.V., of the Nether-
lands; and the Sylvania Electric Products, Inc., a
division of the General Telephone and Electronics
Corp.

Atlantic Instruments is currently selling Sesco
field-effect transistors in the United States but
hopes to have a pilot line set up in a few months.
Stewart-Warner says only that it has been con-
sidering entering field-effect transistor manufactur-
ing [Electronics, Sept. 7, p. 18]. However, its new
plant in Sunnyvale, Calif., has adequate facilities
and the qualified personnel. Hughes is still very
much in the semiconductor device business despite
the recent change in the name of its semiconductor
division to the Hughes Microelectronics division.
It is expected to begin supplying samples soon of
its multichannel field-effect types.

The field-effect transistors now being sold are
competing directly with conventional transistors.
However, the highest frequency at which a com-
mercial FET can operate as an amplifier is 300
megacycles per second (KMC type K1001), whereas
commercial conventional junction transistors as am-
plifiers can go to 1,000 megacycles per second with
useful gain. Gain-bandwidth products as high as
2,800 megacycles have been attained for experi-
mental npn transistors.

The highest continuous current rating specified
for a FET is 10 amperes at 25°C (Sesco type 15P1).
Conventional silicon power transistors recently be-
came available with dissipation ratings of 300 watts
and collector current ratings of 150 amperes at
100°C (Silicon Transistor Corp. types STC2500
and STC2501). Moreover, the only two companies
(Crystalonics, Inc., and Hughes Aircraft) known to
have power field-effect transistors in development
are working on medium-power types with ratings
considerably lower than the Sesco device. This
leaves a wide market for field-effect manufacturers,
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Thin-film circuit containing six field-effect transistors

Autonetics silicon-on-sapphire field-effect transistor »

and helps to explain why the rush into field-effect
transistors resembles the westward movement in
early America.

As in the semiconductor market, keen competi-
tion is expected among FET manufacturers. Earlier
this month one company, Siliconix, Inc., in hopes of
widening its share of the market, came out with a
lifetime guarantee on eight of its field-effect tran-
sistors. This is the first guarantee of its kind for
small-signal devices, although the Westinghouse
Electric Co. has been offering a similar guarantee
for eight months on its Jedec-registered power
semiconductor devices. The guarantees by Westing-
house and Siliconix are effective for the lifetime
of the equipment in which the semiconductor de-
vices are originally installed.

Multichanne! FETs

Multichannel field-effect transistors function
similarly to single-channel devices. Appropriate
voltages are applied to the gate to control the
space-charge width in the channels; in this way they
control the channel currents by area constriction.
The use of several channels allows the handling of
higher currents. These devices also avoid the re-
duction in frequency response that normally occur
with increasing the size of a single-channel device
to handle higher currents.

Multichannel germanium field-effect transistors,
available commercially from Sesco, are the only
power field-effect transistors on the market today.
They can handle up to 10 amperes; germanium de-
vices with 50-ampere ratings are under develop-
ment. Sesco also is developing silicon power field-
effect transistors that are expected to have 500-volt
and 50-ampere ratings.
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The high-power devices are called tecnetrons, an
acronym for Stanislas Teszner, its inventor, and
Centre National d’Etudes des Telecommunications,
where Teszner developed his original field-effect
devices.

Hughes is developing silicon multichannel planar
triode and tetrode field-effect transistors that it
expects to handle up to two watts of steady-state
dissipation. The Hughes devices have p-type chan-
nels for current to pass through the n-type material.
Both round and square channels are being in-
vestigated.

One Hughes device has 100 parallel channels,
and a breakdown voltage rating of 60 volts drain-to-
source. It provides power gains of 14 decibels at
60 megacycles and 10 decibels at 100 megacycles
per second. The transistor has a maximum fre-
quency of operation (figure of merit) of 300 mega-
cycles per second. The device, whose gate is com-
pletely embedded within  the semiconductor
material, is shown ahove.

Hughes expects to build multichannel field-effect
transistors next vear with maximum oscillation
frequencies to 1,000 megacycles per second.

Thin-film field-effect transistors

Thin-film integrated circuits using epitaxial field-
effect transistors are being made by producing the
transistors separately and soldering them to pas-
sive thin-film circuits. However, the Autonetics
division of North American Aviation, Inc., is de-
veloping a thin-film circuit designed to have both
insulated-gate field-effect transistors and passive
elements deposited on the same substrate. Autonet-
ics will use the thin-film circuits in analog-to-
digital converters to be used as voltage-level de-
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TETRODE OR PENTODE ?

Fairchild tetrode and pentode field-effect
transistors. The pentode becomes a tetrode by
connecting the bulk gate to the source.

tectors in new military computers.

The thin-film FET circuits are fabricated by
growing silicon, the active element. on a passive
sapphire base. The active arcas are marked off and
the remaining silicon is etched away. The thin-
film passive components are then deposited on the
bare sapphire base. and the active and passive com-
ponents are interconnected by a second thin-film
deposit.

Epitaxial geometry

The epitaxial geometry is a result of silicon
substituting for aluminum and bonding with the
oxvgen atoms of the sapphire to form the first
laver for subsequent growth.

Autonetics has fabricated both enhancement and
depletion field-effect transistors using the single-
crystal thin-film deposition technique. The thin-
film transistors are n-channel devices.

Typical characteristics for the thin-film transis-
tors are: transconductance (gn). 2,000 micronihos:
input capacitance (C;,), 2 picofarads: d-c input re-
sistance (Ri,), 10'2 ohms; and amplification factor
(), 20 to 30.

The Autonetics circuit pattern shown on p. 48
contains six thin-film field-effect transistors of vari-
ous sizes. Each FET is indicated by an arrow.

The growth of silicon films on sapphire was
first announced! in August, 1963, by two Autonetics
scientists, Harold Manasevit and W. I. Simpson.
The techniques used were described® * by Manase-
vit, Simpson and others in 1964. A silicon-on-
sapphire insulated-gate FET was reported in July,
1964 by RCA.

There is considerable activity now in growing
sapphire crystals. Linde, Raytheon, the Lincoln
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Laboratory of the Massachusetts Institute of Tech-
nology, and others are investigating the Czochral-
ski* method for sapphire growth. The cost of using
sapphire in producing transistor thin-film circuitry
is expected to be reduced sufficiently to make the
use of sapphire practical.

A survey of potential applications for thin-fil
field-effect transistors, written by Charles Feldman
of Melpar. Inc., was published earlier this vear
[Electronics, Jan. 24, pp. 23-26]. Applications with
severe environmental conditions, particularly those
with radiation ficlds present, headed the list.

Tetrode field-effect transistors

Several four-lead two-gate devices, such as the
Texas Instruments TIXS11, the Siliconix 3N89. the
RCA 3N98, and the General Micro-Electronics 1004
are currently available. These transistors do not
have their gates tied to each other and may be
operated as tetrodes if separate bias supplies are
provided to each gate. However. the fourth lead
of these devices is usually connected to ground for
increased stability at high frequencies.

Fairchild Semiconductor is developing a device
with three gates—a control gate. shield gate and
bulk gate. The device can be operated as a tetrode
if the bulk gate is tied to the source. By eliminating
the bulk gate-source connection and by supplying
independent bias to the bulk gate, the device can
also be used as a pentode.

Hughes is preparing to announce availability for
sampling of a multichannel tetrode family that will
eventually have dissipation ratings from 0.5 to 2
watts.

A twin-triode was brought out by General Micro-
Electronics in August. It consists of two p-channel
MOS field-effect transistors diffused into a mono-
lithic chip.
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Field-effect transistors

Metal-oxide-semiconductor
field-effect transistors

Such devices hold great promise for new circuitry. Here

is a discussion of their unique characteristics

By Frederic P. Heiman and Steven R. Hofstein

RCA Laboratories, Radio Corp. of America, Princeton, N.J.

The newest star on the device horizon is the insu-
lated-gate metal-oxide-semiconductor field-cffect
transistor. It’s a big name for a little device and a
number of acronyms have been created, ranging
from “igmosfet” to “most.” But engineers who are
using it call this newest member of a growing
family the MOS ficld-effect transistor.

While MOS field-effect transistors have some
characteristics of the vacuum tube, they differ signif-
icantly from the conventional junction transistor
and the junction ficld-effect transistor. These dif-
ferences are of interest to circuit designers who are
seeking ways to use the device in new circuitry.
In its most fundamental form, the ficld-effect tran-
sistor is a descendant of the electrical capacitor.
However, modulation of the charge on the metal
plate of a capacitor results in only a minute change
in the sheet conductivity. The amount of charge
moved before catastrophic breakdown of the di-
electric occurs, even with the best of insulators, is
the order of only one percent of a single atomic
layer (approximately 10+'3atoms/cm?, which cor-
responds to a field of 1 x 107 v/cm).

In a useful clectronic device, the amount of
charge moved must represent a large fraction of the

i s The authors

g
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total charge available for conduction, and the
mobilitv of the moved charge must be reasonably
high. Neither of these two characteristics is readily
obtained with metallic materials but both were
observed in semiconductor materials by Julius
Edgar Lilienfeld in 1928, By 1935, both Lilienfeld?
and Heil*> had patented insulated-gate field-effect
devices made from semiconductor materials. Un-
fortunately, because of the limited knowledge of
the physics of surfaces and thin films at that time,
little advance in the perfection of these devices was
made. Interest in them waned with the continued
development of the vacuum tube.

In 1948, Shockley and Pearson® reexamined the
modulation of surface charge in thin semiconductor
films by means of a normal electric ficld. They
found that roughly 90% of the charges moved by
the external field resided on the surface in states
that rendered them immobile for purposes of con-
duction. Investigation into the physics of surfaces
continued, but the invention of the bipolar tran-
sistor overshadowed this work,

In 1952, Shockley* proposed a field-effect tran-
sistor structure which bypassed the problem of sur-
face states, although it had other limitations.

Steven R. Hofstein and Frederic P. Heiman have been working
together at RCA Laboratories on insulated-gate field-effect

transistors for the last four years. Both men received master’s degrees
and doctorates in electrical engineering from Princeton University.
They were co-recipients of a 1963 RCA Laboratories Achievement
Award for their contributions to the development of the
metal-oxide-semiconductor transistor. Earlier this year they received
RCA’s David Sarnoff Qutstanding Achievement Team Award in

Science for their work in silicon-based integrated electronics. Hofstein
joined RCA in 1959, one year before Heiman came to the company.
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Shockley used a reverse-biased p-n junction to
modulate the mobile charge in the relatively lightly
doped n-type portion of the junction. The electric
field was now almost completely immersed in the
semiconductor, so that the surface played little part
in the device operation and the problem of surface
states was skillfully avoided. However, the use of
the p-n junction had the disadvantage of allowing
only depletion of charge in the n-type channel.
Reversing the applied voltage forward biased the
p-n diode and allowed heavy current flow from the
control electrode. Enhancement of charge is also
desirable since it makes possible large-signal oper-
ation with zero or positive bias and enables direct-
coupled signal inversion without level shifting.

In 1960, Kahng and Atalla® proposed a silicon
structure in which an insulated gate was used to
induce conduction between two normally back-
biased surface diodes. and. in 1961, Weimer®?
described the development of a thin-film insulated
gate (control electrode) transistor utilizing cadmium
sulfide as the semiconducting material. In 1962.
Hofstein and Heiman®® described the use of metal-
oxide semiconductor material in a ficld-ellect tran-
sistor with an insulated gate fabricated on single
crvstal silicon. Unlike the junction field-effect tran-
sistor, the new device allowed enhancement as well
as depletion of the charge in the channel. and per-
mitted operation with zero bias.

A cross-sectional view of this device is shown
above right. The heavily doped regions are the
source and drain electrodes; channel current flows
from the drain through the channel to the source.
The gate, or control electrode, is separated from the
channel by an insulating layer. In one form of this
silicon device the insulator is thermally grown sili-
con dioxide: hence the metal-oxide-semiconduc-
tor!® 1 field-effect transistor.

Operating modes

There are two modes of operation for insulated-
gate field-effect transistors. In the depletion mode.
charge carriers are present in the channel with zero
gate bias and a reverse bias (negative gate potential
for clectron conduction units) depletes this charge.
reducing the channel conductance. In the enhance-
ment mode, the gate is forward biased (positive
gate potential for electron conduction units): this
enhances the channel charge and increases the
channel  conductance. Transistors which exhibit
significant channel conductance at zero gate bias
are called depletion-type transistors; transistors
that show no channel conductance at zero bias are
referred to as enhancement-type transistors. Since
cither electron conduction (n-type) or hole con-
duction (p-tvpe) devices may be made, four types
of MOS ficld-cffect transistors are obtainable. The
following discussion is based on n-types but also
applies to p-type units if all polaritics are reversed.

Enhancement-type transistors

In an enhancement-type transistor the gate elec-
trode covers the entire channel, overlapping both
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Ladder array of enhancement field-effect transistors.
Packing density is 2200 transistors per square inch.

source and drain regions. Any channel region which
is left exposed contributes a very high series
resistance to the device since there are few carriers
in the channel at zero gate bias. The overlap results
in a substantial capacitance from gate-to-source
and gate-to-drain unless special provisions are made
to increase the thickness of the oxide over the
heavily doped regions.

A ladder array of enhancement-type transistors
is shown above. They arc arranged in tanden; the
drain of one unit is the source of the adjacent unit,
This geometry simplifies the interconnection of
many transistors in an integrated circuit and re-
duces the capacitance at each node. For a typical
device the channel length is 15 microns. the channel
width is 124 microns. the oxide thickness is 1200
angstroms and the maximum allowable drain volt-
age is +35 volts, being limited by the onset of
avalanche multiplication in the channel region ad-
jacent to the drain.

Depletion-type transistors

Transistors of the depletion type are fabricated
with the source, drain and channel regions made of
the same conductive material to yicld substantial
drain cmrrent at zero gate bias. The free-carrier
concentration in the channel is much lower than the
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source or drain-doping level so that complete pinch-
off is obtained with a moderate oxide field. This
type of transistor finds wide application as a small-
signal amplifier, and the geometry chosen for it
allows performance at ultrahigh and very high
frequency levels with moderate power output.

Unlike the enhancement transistor, the depletion
nnit does not require that the gate electrode over-
lap both source and drain regions as illustrated by
the offset gate geometry shown below for a high-
frequency 1mit. The unmodulated portion of the
channel near the drain electrode introduces a
tolerable series resistance in the saturation region.
The addition of a series drain resistance merelv
increases the drain voltage at which drain current
saturates. As long as the small signal output resist-
ance of the transistor is large, with respect to the
unmodulated drain resistance, there will be little
deterioration in circuit gain. However, any series
source resistance introduces degeneration and is
undesirable. Thus, if the gate electrode does over-
lap, it should overlap the source region.

The offset gate electrode significantly reduces
the feedback capacitance since the active channel
length is forced to coincide with the portion of the
gate electrode which lies over the channel. The
only inactive input capacitance results from the
overlap of the source electrode. The exact distribut-
ion of active gate capacitance between source and
drain is difficult to determine, but the depletion of
majority carriers near the drain end of the active
channel considerably reduces the feedback capac-
itance when the device is in saturation.

A close-up view of a depletion-type transistor
that employs offset gate geometry is shown on page
53. The active channel length is 10 microns and the
effective channel width is 0.125 cm. The output
characteristics of a typical transistor of this tvpe
are shown at right on page 53. The interlectrode
capacitances of a packaged device with a 3-milli-
ampere drain current and 15 drain volts are:
Gate-to-source capacitance = 4.8 pF
Gate-to-drain capacitance = 0.3 pF
Drain-to-source capacitance = 1.12 pF

The unipolar transistor differs significantly from
the bipolar transistor in that it is a majority-carrier
rather than a minority-carrier device, and is a
voltage rather than a current amplifying device.
This latter characteristic brings the unipolar trans-
istor much closer to the vacuum tube than to the
bipolar transistor in behavior.

Pinchoff voltage

A fundamental parameter of the transistor is its
pinchoff or threshold voltage (the voltage for which
the channel is completely depleted and the source-
to-drain current flow goes to zero). For n-type
devices, a positive pinchoflf voltage implies an
enhancement-type unit; a negative pinchoff voltage.
a depletion-type unit.

Transistor characteristic equation

The basic current-voltage equation for an MOS
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Drain current vs. drain voltage for an enhancement
field-effect transistor. Vertical scale: 1 milliampere
per division. Horizontal scale: 2 volts per division.

field-effect transistor may be derived by a proce-
dure similar to that described by Shockley in his
analysis of the junction-type unipolar transistor?.
The channel sheet conductance o, at a point. x.
along the channel is considered as a function of
the channel voltage at that point, V(x), the applied
gate voltage, V,, and the pinchoff voltage. V,.
Therefore:

a(V,, Vu, V(x)) when (V — V(x))>V, (1)
¢ =0 when (V, — V(z))=V,

The exact relationship for the channel sheet-con-
ductance will depend on the channel-doping profile
and the oxide thickness, T, The influence of the
gradient of the ficld along the chammel on the
channel charge is neglected (this is the gradual-
channel assumption proposed by Shockley). The
channel current per unit width, I, at this point in
the channel is therefore:

I' = oF = o(V,, V,, V(2))dV/dz (2
GATE  SILICON
SOURCE 7 DIOXIDE DRAIN

TIIIIIEI RSO OITEITE
<3 e

HEAVILY DOPED

RE e iR N-TYPE REGION

REGION

N- TYPE /
CHANNEL:

P-TYPE SILICON

Depletion field-effect transistor doesn’t need gate

to overlap source and drain. Offset geometry reduces
feedback capacitance from drain to gate when the
device is operated in current saturation mode.
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Drain current vs. drain voltage for a depletion field-effect
transistor with offset gate geometry. Vertical scale: 2
ma per division. Horizontal scale: 5 volts per division.

Since the current must be constant from source
to drain, integration yields:

Va
I'u=/1 f o(Vo, Vo, V@)V for Va<V,—V,
o (3)

where 1 is the channel length, V, is the applied
drain voltage, and I’y is the drain current per unit
channel width.

As V, is allowed to approach V, — V,, the chan-
nel conductivity at the drain goes to zero, and the
drain current saturates. Visualizing how the drain
current can continue to flow for V4 > V, — V, with
the channel supposedly completely pinched-off at
the drain, is possible if it is remembered that this
pinchoff is only a mathematical entity, a result of
the oversimplified gradual-channel approximation
for the channel conductance. In reality, as the chan-
nel conductance is reduced, the field gradient along
the channel becomes substantial, and as V4 ap-
proaches V, — V, space-charge dominated cur-
rents'® are generated in the drain region. This type

Depletion field-effect transistor with offset gate geometry.
The drain (inner region), gate (middle region) and source
(outer region) leads are gold wires which are attached to

the transistor by thermal compression bonding.
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of current flow differs from ohmic type current
flow in that the channel drift field now controls the
distribution of mobile charge as well as the charge
velocity. It is analogous, in this sense, to space-
charge current flow in the conventional vacuum
tube where the plate-to-cathode field gradient de-
termines the space charge.

This space-charge region becomes dominant over
the gate-controlled charge at the point in the
channel where the voltage is essentially V, — V.
From that point it extends to the drain where the
voltage is V,. The drain current appears to saturate
because the length of the space-charge region is
generally much smaller than the over-all channel
length. The source region of the channel, or that
region from the source to the junction with the
drain space-charge region, therefore predominates
in determining the current. Since the region length
is fairly constant and the voltage drop across it is
fixed at V, — V, (by definition), the current flow is
essentially fixed. Further increases in drain voltage
above V, — V, are absorbed across this drain
region with only a slight modulation of the source-
region length. The saturation of drain current is
therefore basically dependent on geometry. (An ad-
ditional mechanism which can cause current satu-
ration is the saturation of carrier velocity at high
fields; this has been demonstrated to occur in
n-type germanium,'®- 7 but has not been observed
in silicon'®).

Shallow-channel approximation

Many MOS transistors are constructed with a
shallow channel (the channel depth in the silicon
is much less than the oxide thickness). The voltage
drop from the surface through the channel into the
semiconductor is small compared to the voltage
drop across the oxide and may be neglected. The
channel sheet charge density, p, is then given by:
p=Corl Vo=V, = V(,)], for V(x) (Vo= V5) (4)
where x = distance along channel from source to
drain. The channel sheet-conductance is given by:
0 =1up=CozuVy — Vyp — V()] (5)
where C,, is the oxide capacitance per unit area
and p, is the carrier mobility. Combining equations
3 and 5 vields:

I’d=[ Cn‘)zzluo ][(‘70_ "’p)e_(‘fo— [/p__ ‘Id)‘l] (6)

For V, > (V, — V,), the saturated current I'y. is

Cozlio ‘e -
I’dc = ;I (Vo — 1 p)“ (‘)
If the saturated current is differentiated with re-
spect to gate voltage, the transconductance, gu’.

is obtained:

C

(8)

gn= "7 (Vo= V)

Equations 4 through 8 apply for a shallow-channel

device. The transfer and gain characteristics for an
actual device are shown on the next page.
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Field-dependent mobility

Considering the carrier drift velocity directly
proportional to the applied drift field (constant
mobility) is, in general, valid only for a drift
velocity much less than the average thermal ve-
locity of carriers. Device sizes are often small
enough so that applied fields and consequently
drift velocities often exceed this limit (for example:
E = 10** v/em, Vgire = 10+7 cm/sec). The result
is a mobility which usually varies with field, that is
u « E-" where 1.0 > n > 0. If an analysis similar
to that for the constant mobility case is performed
then:

I'ya(V,— V) 9
and:
g'me(Vy— Vp)r=n (10)

Equivalent circuit

An approximate equivalent circuit for the MOS
field-effect transistor operated in the saturation
mode is shown at right. The pertinent circuit ele-
ments are defined below.

R. and R, are parasitic source and drain resist-
ances and are usually caused by the metal-to-semi-
conductor contact on the source and drain regions.
The only effect of R, is to shift the value of the
external drain voltage required to obtain drain cur-
rent saturation. However, R. appears as a common
element to the input and output circuit and there-
fore causes degeneration. This, in turn, lowers the
external terminal transconductance, g,. This trans-
conductance is expressed by:

- Jmo L
9% = 1% Rigme

where g, is the internal transconductance.

Ca, is the drain-to-substrate (body) capacitance

associated with the reverse biased drain-to-body
n-p junction and is, in general, a function of the
drain potential. For the step junction this capaci-
tance will follow the inverse half-power law with
a shunt minimum capacitance, Cp,, associated with
the junction periphery.
Cav = Co(Vap + ¢)24-Crain (12)
where C, is not actually a capacitance but a
constant equal to the dielectric constant of the
semiconductor material divided by the junction-
width constant, C,,, is proportional to the junction
perimeter, and ¢ is the contact potential. A typical
Cab vs. Vg, curve is shown on page 55.

Ry, is the reversed-bias leakage resistance of the
p-n junction. For silicon this resistance is dominated
by junction!” and surface-generated currents??
rather than bulk diffusion current from the body.
At present, leakage current values in the low nano-
ampere range have been achieved for carefully
fabricated back-biased silicon diodes.

Cs and Ry, are the equivalent elements to Cay,
and Ry, for the source-to-body junction.

C;. is the gate-to-source capacitance. It is con-
sidered as an inactive portion of the gate capaci-

(11)
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Approximate equivalent circuit for an MOS field-effect
transistor operated in the saturation mode.

tance since it does not modulate channel conduc-
tivity directly. It represents the portion of the
metallic gate electrode overlaying the highly-doped
source region.

Cgq is the analogous drain-to-gate interelectrode
capacitance. Since this capacitance is amplified by
the Miller effect, its contribution to the input
capacitance is a more serious problem than the
gate-to-source capacitance, C,.. As a result, some
structures deliberately utilize a gate electrode
asymetrically offset toward the source electrode to
minimize Cgq.

C.. is the active gate-to-channel distributed
capacitance and is expressed as follows:

- 9Q.
Coe = oV,
where Q. is the total channel charge. Therefore,
C,. will generally be a function of the applied gate
and drain voltages. In saturation, this simplifies to:

(13)
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Cor= % AuC.e
where A,. is the gate area overlving the active
channel. Typically, oxide thickness T, 1000
angstroms = 10—5 cm, so that C,. = 10~* Farads/
cm® The gain-bandwidth product, g,./2+C,.. is
directly related to the carrier transit time through
the channel.

C,, is the stray capacitance cansed by the over-
lap of the metal gate electrode on the semiconduc-
tor body. Methods of reducing this capacitance in-
clude the use of small gate contact arcas and thick
oxide lavers over the whole semiconductor surface
except for the area directly over the active channel
region. This latter technique also helps to reduce
C.. and C,.

Cq. is a composite feedback capacitance which
may be expressed as follows:

Q.
oVa

(14)

Cue = (15)
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This capacitor is quite significant since it deter-
mines the degree to which drain current saturation
is achieved.

Frequency response

The upper frequency limit of an MOS transistor
is intimately related to r. the transit time of a
carrier from source to drain. As in any charge-
control device. including the vacuum tube, at fre-
quences approaching 1/r.. the real component of
the input power to the control electrode increases
substantially duc to phase effects introduced by
this transit time.

In any actual circuit. the maximum operating fre-
quency is a function of the circuit as well as of the
device. The gain-bandwidth product may be sub-
stantially lower than the upper limit of 1 r.. The
intrinsic gain-handwidth product is defined as

GBW = og", , this is equivalent to:
2n(’,
1
GBW = e (16)

In actual practice. a MOS field-effect device of 10
microns channel length typically will have an upper
frequency limit in the range of hundreds of mega-
cycles per sccond.

Maximum drain voltage

The maximum allowable drain voltage, aside
from power dissipation limitations, is limited by
avalanche multiplication of channel current. This
breakdown possesses two relatively distinet modes.
The first is a gradual breakdown which becomes
greater for increasing gate voltage and drain cur-
rent. The soft (gradual) breakdown characteristic
is caused by the generation of impactionized hole-
electron pairs in the high field of the drain region.
Since these holes and electrons act partially as a
shiclding plasma. the onset of severe avalanching
is spread out over a wider voltage range. The
asvmptotic sharp breakdown of the drain repre-
sents the onset of direct breakdown to the sub-
strate. It can also be scen that as channel pinchofl
is approached the soft voltage component. as
expected becomes almost negligible.

As the gate voltage is decreased beyond pinchoft
for the same device. the breakdown voltage de-
creases as shown at left. This modulation and. in
fact, the unexpected low breakdown voltage of the
diode is caused by surface field-crowding present
in shallow diffused junctions and direct gate-fiel!
modulation of the consequent surface-dominated
breakdown. The effect of field crowding at the sur-
face of a shallow junction is illustrated on page 36.
A quantitative calculation of the breakdown volt-
age in this surface-dominated region, performed
by J. Hilibrand,>" has becn consistent with the
experimental observations.

The effect of the gate electrode is to directly en-
hance or counteract this surface field and, hence, to
modulate the drain-to-substrate voltage required
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for breakdown. In the device as shown, the break-
down was almost completely dominated by the
gate-to-drain field; variations in substrate resistivity
of from 5 ohm-cm to 25 ohm-em did not markedly
change the breakdown voltage of 35 volts. The de-
vice possibilities of this gate modulated-breakdown
phenomen have been considered by Atalla,?? Hof-
stein and Warfield,>* Nathanson, Szedon and Jor-
dan,** and Shockley.> However it does not appear
to offer any particular breakthrough in terms of
device frequency performance.

Voltage-gain limitations

To obtain the approximate voltage gain in the
region of saturation, it is necessary to consider pos-
sible feedback mechanisms.

It can be shown that for a large class of charge-
control devices, the voltage gain, p,, is

Czn
Cr’

where C,, is the active input capacitance, and Cg,
is a feedback capacitance. For a vacuum tube, this
yields the well-known relation

Coi
Cpl.' ’

where C,; is the grid-to-cathode capacitance and
C,« is the plate-to-cathode capacitance. The high
voltage gain of the pentode is a direct result of the
shielding effect of the screen grid which greatly re-
duces C,; without affecting Cy,.

In the MOS field-effect transistor, C,, is replaced
by the active input capacitance C,.. The problem is
then to determine the sources of C,, the feedback
capacitance. In this field-effect transistor, there are
two dominating sources.

The first is the drain-to-channel (via the sub-
strate) coupling capacitance. The penetration of the
drain field into the channel-to-substrate depletion
region will depend on the depth of this depletion
region. For the high resistivity substrates commonly
used (10 ohm-cm to 100 ohm-cm), this depth will be
several microns. The drain then acts on the channel
both as an inefficient gate as well as a collector of
the channel carriers. Secondly, the space-charge
dominated drain region of the channel, although
small, is finite. As the drain voltage is increased,
the juncture of the drain and source regions (ap-
proximately where V(x) =V, — V,, is pushed back
further toward the source. Hence, the charge in
the source region of the channel is modulated and
is reflected as a drain-to-channel feedback capaci-
tance.

An exact theoretical computation of these ca-
pacitances is almost impossible due to the necessity
of solving a two-dimensional Poisson equation. If
some simplifications are made, however, it can be
shown that the predicted voltage gain will be of
the order of (1/T,.)* where n varies from about 12
to unity, depending on the simplifications used in
the model.

In practice, it has been found that the drain-to-

(17)

ra =

Ha = (18)
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channel (via substrate) coupling capacitance usually
dominates over the length modulation capacitance
of the source region for low-doped substrates. This
is particularly consistent with the observation that
the use of more highly doped substrates (e.g., 1
ohm-cm, which reduces the drain-to-substrate de-
pleting region depth) does act to increase substan-
tially the voltage gain, as shown on page 57. In a
sense, the highly doped substrate acts as a screen
grid in decoupling the drain-to-channel feedback
capacitance.

High input impedance

An input resistance of 102 to 10'¢ ohms is reg-
ularly observed for packaged field-effect transistors
and special mounting gometries have resulted in
units with an input resistance of 105 ohms. These
numbers, coupled with the fact that the input cir-
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Effect of substrate resistivity on the amplification

factor of the transistor. Top: 1,000 ohm-per-centimeter
substrate. Vertical scale: 1 milliampere per division
Horizontal scale: 2 volts per division. | = 20 microns.

W = 0.1 inch Bottom: 1 ohm-per-centimeter substrate.
Vertical scale: 1 milliampere per division. Horizontal

scale: 2 volts per division. | = 10 microns. w = 0.05 inch,

cuit is unaffected by the polarity of the gate volt-
age, immediately suggests clectrometer-type appli-
cations. (The field-cffect transistor is unique in this
respect. Both the bipolar transistor and the vacuum
tube exhibit unilateral control: The control elec-
trode conducts significant current in these devices
under forward bias). As a lincar amplifier, the de-
pletion-type transistor may be designed to operate
at zero gate-bias. Since the input impedance is es-
sentially capacitive, this device works well as the
input stage to a crystal or ceramic pick-up device
(see the circuit at right). While modifications are
necessary if this circuit is to vield stable and high-
quality performance, the simplicity of the circuit is
worth noting.

Square-law transfer characteristic

The field-effect transistor exhibits a square-law
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transfer characteristic over a substantial current
range. This enables low-distortion signal modula-

tion. This is shown above where V1, is plotted as
a function of gate voltage for a typical enhancement
transistor. The deviation from a straight line at high
current values is due to the degeneration produced
by the parasitic source resistance. The “tail” which
is apparent at low current values is due to the com-
bined effects of surface states and the failure of the
shallow-channel approximation.

Low noise

The field-effect transistor is a majority-carrier
device and the shot noise usually associated
with minority-carrier current flow in a bipolar tran-
sistor is absent. However, there is a shot-noise com-
ponent present in the noise spectrum of experi-
mental devices. The main source of noisc at high
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Sixteen-transistor logic gate for NAND or NOR circuitry

frequencies®® in field-effect transistors is thermal
noise due to random fluctuations in the channel free
carrier concentration. Noise figures comparable to
low-noise vacuum tubes are obtained at frequencies
above 50 Mc.

The low-frequency noise spectrum,?™- 28 2 which
may extend up to tens of megacycles per second in
some devices, is controlled by the fluctuation in the
number of electrons occupying surface traps and
resembles an f—» distribution. The value of n is
generally between 1 and 2, and the spectrum ex-
tends down to very low frequencies. At present,
considerable research is being devoted towards a
better understanding of the semiconductor surface,
and an improvement in the low-frequency noise
performance of these devices is likely.

Radiation resistance

Neutron radiation reduces the minority-carrier
lifetime in semiconductors and therefore degrades
the performance of bipolar transistors. Field-
effect transistors generally can tolerate a higher
dosage of radiation than bipolar transistors since
mobility degradation or doping level changes re-
quire a higher level of radiation. Insulated-gate
transistors have been fabricated to tolerate a neu-
tron flux of 3 x 10'* neutron/cm® before the trans-
conductance is reduced to 70% of its initial value.

Switching circuits

The enhancement-type transistor is well suited
for digital circuit applications because direct-cou-
pled signal inversion is possible without the need
for level shifting between stages. An early approach
to integrated circuits with these devices® was to
fabricate all the active devices on one silicon chip
and place the load resistors and additional wiring
on the supporting package. The 16-transistor logic
gate shown above was fabricated with silicon in-
sulated-gate field-effect transistors; a photograph
of the finished wafer is shown on page 59. All
wiring is insulated from the silicon by an additional
layer of evaporated silicon dioxide with room left
between circuits for dicing.

An attractive approach to integrated logic cir-
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cuits involves the use of the complementary-pair
inverter circuit3® * 32 shown on page 59. Here, the
p-type (hole conduction) enhancement transistor is
used as an active load element and the need for
passive elements is eliminated; entire circuits may
be fabricated from n- and p-type transistors. This
circuit has the further advantage that the standby
power dissipation is on the order of several micro-
watts for either the high or low state. If V,, is 12
volts, the gate-to-source voltage of the p-type tran-
sistor is zero, and it is cut off. Negligible current
(10—8 to 10—? amperes) flows through the tran-
sistors, yet the output voltage is very close to
zero because the n-type transistor is in its high-
conductance state. If V;, = 0, the p-type transistor
is on and the n-type unit is off, producing an output
voltage of +12v. This circuit dissipates power dur-
ing switching only and is capable of infinite d-c
fan-out. However, a large fan-out slows the switch-
ing time and increases the average power dissi-
pated during a-c operation.

When comparing the power dissipation of a
field-effect transistor circuit to that of a bipolar
circuit, it should be pointed out that the bipolar
output characteristics saturate at a low value of
collector voltage and allow operation with a small
collector supply voltage (typically 3 volts). The
gradual saturation of the field-effect transistor in
present devices produces a rounded knee in the
output characteristics and a higher drain supply
voltage (typically 12 volts) is required to separate
the on and off voltages and improve the noise
immunity of the circuit.

It should also be pointed out that the pinchoff
voltage, V,, is not an inherent property of the ma-
terials which comprise the transistor. It is deter-
mined by the surface state occupation (the number
of trapped electrons) and device processing and
cannot be controlled to the extent that doping
densities can be controlled. This is in contrast to
the bipolar transistor, where the threshold voltage
is directly related to the semiconductor bandgap.
Therefore, the transfer characteristic of a bipolar
transistor can be held to a tolerance of several
millivolts while the process variables obtained to-
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Shift in the transfer characteristic of an n-type
enhancement transistor caused by the extended
application of positive bias,

+i2v

f .

<
=

|||——

Voyr
A complementary-pair inverter circuit

day vield ficld-affect transistors with an uncertainty
in pinchoff voltage of at least 0.5 volts.

Stability

Semiconductor devices operating in the presence
of high electric fields*® such as the insulated-gate
transistor have shown instability of characteristics
related to the motion of ions and molecules in
silicon dioxide® and other insulating films®. The
enhancement transistor used in digital circuit ap-
plications generally operates at an oxide field
greater than 10% volts ‘em, which is close to the
dielectric-breakdown strength of the silicon diox-
ide layer. On the other hand, the depletion tran-
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Migration of ions in the bulk of the silicon dioxide
layer can cause transistor characteristics to drift, top.
Finite electric field which exists when

the gate potential is reduced to zero, below.
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sistor is usually operated ncar zero gate voltage
in small signal amplifier applications, and the oxide
field can be of the order of 10° volts/em. Thus,
instability due to migration of ions in the bulk of
the oxide layer is more pronounced in the enhance-
ment transistor.

Much research is presently underway to under-
stand the details of the observed instabilities in
field-cffect transistors.3%: %738 If it js assumed that
the oxide layer is filled with mobile, polyatomic
molecules that may be casily dissociated, then the
application of a positive potential to the gate of an
n-type transistor will tend to move the negative
ions toward the gate electrode and the positive

sy

Ladder-geometry transistors in an integrated circuit
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ions toward the silicon surface as shown on page
59. With the gate returned to zero potential,
there remains an electric field pointing into the
silicon which terminates on negative charge. Thus,
when the gate bias is removed from an enhance-
ment transistor that has been on for an extended
period, the transistor does not turn off.

Whether the moving charges are positive, nega-
tive, or both, is still uncertain and their origin
(i.e., injected from the gate contact or created in
the bulk) has not yet been established. However,
the external effect may be easily understood by
examining the transfer characteristic of an n-type
enhancement transistor before and after the appli-
cation of a large positive gate bias for an extended
period of time. Initially, the transfer characteristic
appears as shown on page 59 (before drift). After
the application of gate voltage, the curve drifts to
the left and the instability may be quantitatively
characterized by the voltage shift A V. This quan-
tity increases with temperature, time of applica-
tion and electric field strength. In some cases, drift
has been observed until A V reached a maximum
value. While in others A V seems to continually in-
crease with time. When this type of instability was
first observed, A V attained values as large as 5
to 6 volts; now it is possible to limit the drift to
less than 0.5 volts by appropriate modification in

forming the oxide layer.

Although the depletion transistor operates at a
low-enough oxide field so that bulk charge migra-
tion is not a problem, the offset gate geometry
which is often used for this type of transistor, ex-
poses a portion of the channel oxide near the drain
end of the channel. This introduces an additional
problem because of the finite sheet resistivity of
the oxide surface. Between gate and drain, the
equivalent distributed R-C network,3® 4 shown
at right applies. With the gate negative and the
drain positive, a potential gradient exists across
the resistive surface and current starts to flow. This
charges the distributed oxide capacitance in a
time which may be from seconds to weeks depend-
ing on the value of surface resistance. The surface
next to the gate electrode is negatively charged,
causing depletion of channel charge beyond the
gate geometry. When the gate potential is reduced
to zero, this charge continues to exist, and a por-
tion of the channel remains partially depleted, add-
ing a series resistance to the channel. This lowers
the zero-bias channel current when the gate poten-
tial is reduced to zero after long negative bias.
Proper packaging and surface treatments can re-
duce this form of instability to an acceptable value.

Once a stable transistor is fabricated, it is found
that the characteristics are a function of the instan-
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Equivalent circuit demonstrating drift characteristics
of an offset-gate geometry transistor.

tancous value of temperature.#! Since this is a ma-
jority-carrier device, mobility variations were first
suspected. A useful relation in studying temperature
effects on the field-effect transistor is:
oV,
or
. i.e., what change in gate voltage is nccessary
to maintain I; when temperature is increased? If

the mobility decreases with increasing temperature,
the channel current would tend to decrease, and the

Yr = (19)

Ig=cvonstant

gate voltage would have to be increased (for an
n-type unit) to maintain I;. Thus, mobility varia-
tions would produce a positive value of or for an
n-type transistor.

The presence of surface states, on the other hand,
has an opposite effect. As the temperature is in-
creased, trapped electrons tend to be ionized. in-
creasing the channel conductivity. The gate voltage
must be reduced to maintain Iy for an n-type unit.
Transistors have been fabricated which possess pos-
itive, negative and zero values for o over a limited
operating range, and a typical set of curves for an
enhancement-type device appears on page 60. The
linear variation of gate voltage with temperature is
to be expected from a simplified theory#! and val-
ues of o ranging from —30mv/°C to —42mv/°C
are indicated.

Promise of new circuitry

The development of a practical insulated-gate
field-effect transistor came at a time when semi-
conductor device technology was well advanced. In
fact, the technique developed for producing clean,
passivated silicon surfaces made the MOS field-
effect transistor possible. Techniques for the reduc-
tion of surface-state densities and the control of fine
dimensions played a major role in this development.

The field-effect transistor possesses the desirable
high-impedance voltage-controlled characteristics
of a vacuum-tube pentode while it retaing the many
advantages characteristic of semiconductor devices.
The concept of hvbrid circuits. using both bipolar
and ficld-effect transistors, will most likely intro-
duce a new class of circuits possessing novel and
improved performance.
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Field-effect transistors

How to measure
FET noise

New method allows calculation of noise
voltage at any source impedance

By Joel M. Cohen

Crystalonics, Inc., Cambridge, Mass.

An important consideration in the selection of
components for oscillator or amplifier service is the
amount of noise that a device contributes to the
total circuit noise.

The widespread use of such low-noise devices
as ficld-effect transistors has increased the difficulty
of measuring noise and encouraged an overhaul of
the standards of noise measurement.

The most widely used standard of noise measure-
ment for semiconductor devices is noise ficure—
defined as the ratio of the signal-to-noise power
ratio at the input to that at the output. However,
this standard goes back to the days of the noisy
vacuum tube when the absolute sensitivity of the
amplifier was of paramont intercst and comparisons
of the relative merits of various amplifiers were
significant. Now circuit designers need data that
is meaningful and useful for circuit design as op-
posed to a noise figure that is useful simply as a
method of comparison but has no meaning in itself
when the conditions under which it is measured
are not considered.

For example, a transistor with a three decibel
noise figure measured at an input impedance of
100,000 ohms may put out 10 times more noise than
a transistor with a noise figure of three decibels
referenced to 1,000 ohms (see graph on page 63).

The author

Joel Cohen is director of
engineering at Crystalonics,
Inc. He heads the applications,
device evaluation, and special
test equipment departments.
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There is justification for using a transistor with a
noise figure specified at a higher input impedance
only when a high source impedance is encountered.
Thus a chart that converts noise figure at a specific
impedance to a noise voltage at any impedance is
needed. Another basic difliculty with the widely
accepted noise figure is that it approaches unity
asymptotically for devices such as low-noise FETs.
Since this portion of the curve is very diffieult to
use, a better graphic representation of noise figure
is necessary.

Noise figure to noise voitage

The set of curves on page 63 shows the noise
voltages generated at variouns source resistances
over a onc-cycle handwidth. To find the noise
voltage corresponding to a given source resistance
and transistor noise figure: first, find the source
resistance; second, read up to the transistor noise
figure (obtained from the transistor data sheet):
third. read to the left to obtain the noise voltage.
For cxaniple, suppose the source resistance is 107
ohms and the transistor noise figure is 1.0 db. Draw
a line up from 107 ohms until it reaches the line
representing a 1-dDh transistor noise figure. By draw-
ing a horizontal line to the left. the noise voltage
value of 0.2 microvolts is obtained. The same pro-
cedure may be used to obtain the noise voltage
which corresponds to the total noise figure (tran-
sistor noise plus source noise).

Two transistors, a 2N3039 pnp junction device
and a 2N3088A ficld-effect transistor. are used to
illustrate how the noise figure diagram can aid the
circuit designer. The maximum noise figures ob-
tained from the data sheet are: 0.5 db at input
impedance of 1 inegohm for the FET and 3.0 db at
100,000 ohms for the pnp. For a source resistance
of 107 oluns, the noise voltage for either type is
about 0.01 microvolt. However for higher source
resistances. the 2N3088A allows lower noise voltage
levels. For operation with source resistances under
10% ohms, the 2N3039 is preferable.

This set of curves represents information the
circuit designer actually necds in investigating the
noise characteristics of a transistor, The total noise
is referred to the input of the amplifier stage using
that specific transistor al that specific source
impedance. The noise-conversion curves are used
only for conversion of noise figure to noise voltage
referred to the input of the transistor with a
specified source impedance.

Actually, to completely specify the noise con-
ditions for the designer, the manufacturer should
guarantec a maximum noisc voltage and noise
current referred to the transistor’s input at a specific
frequency.

Noise components

A more useful way of presenting transistor noise
data is to separate the noisc referred to the input
of the transistor into noise voltage and noise

current. It is assumed that in any active element,
whether it be a transistor or complete amplifier,
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there is a certain amount of noise (referred to the
input) which is independent of source impedance,
and another amount which is directly dependent on
source impedance. These two noise sources may be
represented as a voltage and a current respectively.
For an example, refer to the set of curves below.
If the source impedance, R, is zero ohms, the
only noise present at the input to the amplifier will
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The two components of transistor noise for a 2N3088A
FET are shown as a function of frequency; one is a
voltage source, the other is a current source. |, units
are in picoamperes and are 0.1 times units at left.
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be the noise voltage, and a curve of noise voltage
versus frequency may be plotted. If R, is very large,
then the voltage generated by the current generator
across the source resistance becomes the most
significant noise source, and a curve of I, versus
frequency may be generated. With these two single
curves the total noise referred to the input of the
transistor may be calculated easily for any source
impedance and frequency, using the basic premise
that the total noise voltage referred to the input
is Ei, + ILi,Rq plus the noise of the source itself.
This total noise referred to the input usually is
what the design engineer needs. The noise figure
may be calculated using the basic equation:

J T
N.F. = 20 log, Nr .+ Ne

where Ny is the transistor noise and N, the source
resistor noise. In place of Nr, substitute E,, plus
I;,R,, using the manufacturer’s E; I;, curves.

The use of field-effect transistors operated at
high impedances, increases the difficulty of measur-
ing transistor noise and noise figure. For example,
a 0.1 db noise figure, which is typical for some field-
cffect transistors, represents transistor noise that is
only 1% of the source noise produced by an ideal
resistor. In practice this means it is almost impos-
sible to get an accurate noise figure measurement,
since one cannot determine the noise of the source
resistance within 1% regardless of the contribution
of the transistor. For this reason, a reactive source
impedance is used to determince the noise character-
istics of the transistor. This impedance is usually
provided by a capacitor.
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Field-effect transistors

Researchers turn to germanium |
for a MOS field-effect transistor .||

Work in the field has been limited to other crystals; . i

striped geometry chosen for new class of devices -l

By Victor Harrap, George Pierson, Henry Kuehler and B. Keith Lovelace B ) I

Semiconductor-Components Division of Texas Instruments, Inc., Dallas

In 1963, when metal-oxide-semiconductor feld-
effect transistors (MOS FETs) were developed, en-
gineers focused their attention on expensive crystals
because they had great potential. Now scientists
are examining the transistor workhorse, germanium.

Economics was the key factor. Thus research
was directed in two areas—performance and eco-
nomical fabrication—because engincers knew that
the germanium FET would have to compete in
the well-established germanium junction transistor
market, which already is highly competitive.

Therefore, the aim was to fabricate the FET as
cheaply as possibly while taking advantage of the
fact that it has a lower noisc chavacteristic than
conventional transistors.

Recently, MOS FETs were made from  sili-
con' ** cadmium sulfide* 5% 7 cadmium sele-
nide® * ' and gallium arsenide'!. However. despite
the high-frequency capability offered by german-
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ium’s high eclectron mobility, the only use ot
germanium in field-effect transistors has been in
the fabrication of conventional junction FETs.
After experimenting with a variety of configura-
tions and processing techniques, the striped geom-
etry was found to be among the most promising.
This geometry was cvaluated in conjunction with
silicon dioxide coatings 1,500-angstroms thick.

Striped geometry

An n-channel germanium device was constructed
using the striped geometry shown at the top of
this page and biased to operate in the enhance-
ment mode. Transconductance for this transis
tor reaches as high as 2,300 micromhos for a gate
voltage of 5 volts and a drain voltage of 10 volts.
With one volt supplied to the gate, the dynamic
drain resistance at low frequencies is approximately
30,000 ohms and the voltage amplification factor
(1) is about 50.

The effect of various ambient temperatures on
the drain characteristics of the germanium MOS
striped-geometry transistor was studied. A scries
of tests was conducted at 25°C, 85°C and 125°C.
After a number of runs, it was concluded that.
as temperature rises, germanium MOS transistors
exhibit graduval increases in drain current, zero-
gate bias saturation current and slight increases
in transconductance. However, this behavior is
compatible with the design requirements for lincar
amplifiers over the entire operating range.

The mobility of the electrons in the n-channel
is given by:
where ;. = mobility of electron in channel (square
centimeter per volt-second)

L = channel length (in thousands of an inch)
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d = insulation layer thickness (in angstroms)
S = slope of \/Ips vs. V¢ 22 b Vps:6V, Ip=5mA, T4=25°C 22

(Ins is in milliamperes and Vg is in volts)
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By obtaining values from the drain current- 0
voltage characteristics curve for Vi =5 volts,
using the slope relationship for I;,s and Vg shown 16
on page 6S (approximately 0.53), L/Z equal to
0.032 and d equal to 1,500 angstroms, the electron
mobility is calculated as 760 square centimeters
per volt-second. This mobility figure is about one-
fourth the mobility possessed by an electron mov-
ing through high-purity bulk material at room
temperature. The lower mobility of the channel
electrons is due to their tight confinement to the
inversion layer. The turn-on voltage (V1) is ap-
proximately one volt. 4

Z = substrate width (in thousands of an inch)
SLOPE

1
k - STABILITY FACTOR
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The gate-to-source insulation resistance for this 0 40
germanium MOS transistor is about 3 x 10'? ohms \
with 20 volts across the oxide layer. The average -2r 1-0.2
breakdown voltage is about 150 volts, which cor- ) N . .
r