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Simple to set ...
impossible
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For people who must constantly change
and repeat oscillator-frequency settings,
quick and accurate resettability is one of
the most important features of an oscillator.
With GR's new general-purpose 1312
Decade Oscillator, you can reset in a jiffy
any frequency in the oscillator's 10 Hz-to-1
MHz range. Resettability is better than
0.0056%, and it's virtually impossible to
misread the in-line readout. The first two
frequency digits are set with step decades;
the third, with a detented continuously
adjustable dial. One more control sets

the decimal point and indicates the
frequency unit, also in-line. Basic accuracy
is +19% of the setting.

Up to 20 volts is available both at the
front-panel OUTPUT terminals and at a
rear-pane! connector. Output is flat within
4+29% from 10 Hz to 100 kHz, and you can
even short the output without clipping the
waveform. The 1312 has a 100-dB output
range, provided by a 20-dB continuously
adjustable attenuator and an 80-dB step
attenuator calibrated in 20-dB steps.
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Output impedance is 600 ohms at all
voltage levels, including the four inter-
mediate zero-volt positions of the attenuator
that allow you to reduce output to zero
without touching the adjustable attenuator.

A sync jack at the rear provides an isolated
signal to trigger a counter or scope.
Through this sync jack, the frequency of
the 1312 can also be phase-locked to an
external signal for extreme stability.

With excellent performance characteristics,
ease of use even by unskilled operators,

and a price of only $415, the 1312 Decade
Oscillator is ideal for any lab or production
test station. Ask to see one in your own plant.
Call your nearest GR Sales Office or write
General Radio Company, W. Concord,
Massachusetts 01781.

GENERAL RADIO



Here's a data acquisition system that measures masses
of analog data, from 1 to 200 or more inputs, and re-
duces it to just the answers you need. No wadinc
through raw data. It prints your answers in any format
you want—and you can also log on punched or mag-
netic tape, or transmit over Data Phone.

The data
acquisition
system
that does

practically everythmg. ..

practically.

HEWLETT ﬁ PACKARD

MEASURING SYSTEMS
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A small, high-speed digital computer in the system
makes the difference. As data is acquired the computer
processes it: converting to engineering units, linear-
izing transducers, solving all kinds of equations — effi-
ciencies, running averages. ..

You have complete control over all data acquisition
functions—measure any kind of input on any channel,
in any sequence, at any sampling rate, in real time.

Just tell the system what you want done, in FORTRAN.
Change your mind at any time about channel numbers,
comparison limits, computation constants, and enter
new values through the keyboard without programming
or recompiling.

What makes it even more practical is that with a mini-
mum of instruction any engineer can use it...one sys-
tem to solve many engineers’ problems. It's the Hewlett-
Packard 2018A Data Acquisition System. Practical.
Price: Less than $50,000.

Call your local HP field engineer for complete informa-
tion or write Hewlett-Packard, Palo Alto, Calif. 94304;
Europe: 54 Route des Acacias, Geneva.
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With HP signal generators
you get the widest
range of RF test frequencies
for every job.

Hewlett-Packard RF signal generators give stable, wide-
frequency-range test capability at economical cost. The
overlapping coverage from 50 kHz to 1230 MHz embraces
broadcast, IF (radar and others), CATV, VHF-TV,
UHF-TV, tclemetry, mobile communications, military
communications, aeronautical communications and navi-
gational aids bands. They are ideal for testing all kinds of
reccivers, amplifiers, networks and filters.

Thesc HP signal generators are of Master Oscillator-Power
Amplifier (MOPA) design for clean, stable signals with
low residual FM. high-power output, precision attenuation
and versatilc modulation with minimum incidental FM.
HT: Model 606B (50 kHz to 65 MHz) delivers 3 V RMS
into 50 Q, constant level and constant modulation per-
centage with frequency change. Basic stability is 0.005%
per 10 minutes: can be phase-locked with 8708A Synchro-
nizer for 2 x 107 per 10 minutes stability at any frequency.
Price: $1550.

HEWLETT # PACKARD

SIGNAL GENERATORS

2 Circle 2 on reader service card

04712

Model 606A : Same as 606 B without phase-lock capability.
Price: $1450.

VHE: Model 608E (10 MHz to 480 MHz) delivers 0.1
wV to 1 V RMS into 50, +1 dB accuracy; 0.005%
stable per 10 minutes; constant output level versus fre-
quency; frequency dial accuracy +=0.5%. 1 MHz and
S MHz crystal calibrator for frequency checks to 0.01%
accuracy. Buffer between MO and PA holds incidental FM
to 0.001% at 30% AM. Price: $1450.

Model 608F (10 MHz to 455 MHz) similar to 608E;
0.1 xV to 0.5V into 50 9; leveling, Jow distortion AM, can
be phase-locked with 8708 A Synchronizer for 2 x 10-7 per
10 minutes stability at any frequency. Price: $1600.

For FM applications in VHF, sclect either Model 202H
(54 MHz to 216 MHz), price $1475; or Model 202J
(195 MHz to 270 MHz) specifically for tclemetry, price
$1595.

UHF: Model 612A (450 MHz to 1230 MHz) 0.1 pV to
0.5 V output, =1 dB; 1% frequency accuracy; <0.002%
incidental FM at 30% AM; 5 MHz modulation bandwidth
for complex modulation or fast pulsing. Price: $1500.

For more information on how HP signal generators can
simplify your RF testing, call your local HP field engineer
or write Hewlett-Packard, Palo Alto, California 94304,
Europe: 54 Route des Acacias, Geneva.
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Readers Comment

Two if by Land

To the Editor:

I was interested in Sylvania’s
cathode-ray tube [May 29, 1967,
p. 56] which shows either a red or
a green trace simply by changing
the accelerating voltage. The pur-
pose of the crt was to provide dis-
plays in two colors, but I wonder
if the engineers at Sylvania are
aware of an even more fascinating
application. This tube may solve
the biggest problem in construct-
ing a color-television system, based
on the Land theory of color vision.

Very briefly, the Land theory
states that only two colors are re-
quired to produce all other colors
in the human brain. With this con-
cept, it should be possible to con-
struct a color television system
much simpler than the preserit
three-color system. In fact, a Mexi-
can television station did just that.
It used two black-and-white re-
ceivers with corresponding red and
green filters. The receiver pictures
were superimposed by a mirror and
a color picture resulted. One argu-
ment against development of this
method of color transmission was
that two receivers are required.

The need for two receivers is a
problem, but after some experi-
ments with photographic slides and
a rotating slotted disk, I discovered
that it is not necessary for both the
red picture and the green picture,
as seen by the viewer, to be dis-
played at the same time. These red
and green pictures can be dis-
played sequentially as long as they
appear in the same place and the
display rate exceeds the persistence
of vision. This means that if a pic-
ture tube were available which
could give red light for one frame
and green light for the next frame,
a relatively simple color-tv system
could be designed that avoids most
of the drawbacks of the present
three-color system. With the tube
developed by Sylvania it should
now be possible. The benefits of
the Land system over the three-
color system are substantial:

= The same bandwidth as a
black-and-white channel because
it is basically a black-and-white
transmission.

= True color which the present

Electronics | February 19, 1968



Here's a new linear IC
from Sprague. The ULN-21T1A.

It's a 3-stage 60 db
broadband limiting
amplifier and o

balanced detector.

A single-slug coil tunes it.

You can use it in TV sound channels and FM
receivers, for SSB detection in mobile gear,

in radar and TV AFC, and in
telemetry receivers.

It comes
in a 0-70 C DIP.

And' it's priced right...!

To request samples, call your Sprague representative.
For further information, write to Technical Literature
Service, 35 Marshall St., North Adams, Mass. 01247.

TYPE ULN-2111A SPECIFICATIONS
Vee=12V, l¢c=16mA, Pp=200mW,
bandwidth=5kHz—50MHz
Typical Characteristics for TV and FM Applications|

TV FM [ UNITS | CONDITIONS
Fo 4.5 10.7 | MHz
Dev, *+25 | £75 |[kHz
Ving. 60 60 [mVrms
Afp-p 150 | 550 |kHz
Vour 0.60 0.50 |Vrms |Ri=2ke
Vour 0.35 0.30 |V rms |Ry=2000*
Lim. Thr. 400 400 | 4V rms | —3db output
AM Suppr. | 46 40 |db IHF-Vi—10mV
Cap. Ratio - 1.4 |db IHF-30db-30%
THD 1.5 1.0 1% 1009 FM mod.
THD 0.6 04 |% 30%FM mod.
Detuning — <+5 | kHz 0<Vi<0.5Vrms

*Requires 1 kg, pin 1 to gnd.

SPRAGUE

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

ssssssss
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THE MARK OF RELIABILITY

“Sprague’ and '@' are registered trademarks of the Sprague Electric Co.
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That’s our Molex Mini-
Connector. It’s doing big 4
47/ things. Like saving assem- S
# 48 bly steps. And time. And
money. Getting wiring in
place with greater production
efficiency and operational integ-
rity than you might think possi-
ble. Our business is creating these
mini-devices to meet your system
requirements. We take it seriously. =
And have the facilities, design capa- '
bilities, know-how and everything it takes to
produce economical connections . . . fast!

If you would like a free sample of our Mini-
Connector, please write. If you would
like a sample of performance, you
can make connections by
calling (312) 969-4550

!

molex

PRODUCTS COMPANY
DOWNERS GROVE, ILL.




three-color system does not give.

» Cheaper receiver because it is
basically a black-and-white re-
ceiver with a different picture tube.

It could be said that there is no
point in experimenting with a new
system because the three-color sys-
tem is operating and is not likely
to be changed. This is true, par-
ticularly of the camera and trans-
mission method. But a little thought
leads one to the conclusion that
it may be possible to build Land-
type color receivers which utilize
the present transmission method.
The Land method uses only two
colors and the present system is
transmitting three—one more than
is needed.

If any of your readers are in a
position to make the necessary ex-
periments, we may some day have
a much improved standard of color
as well as a truly cheap and simple
receiver.

Gordon . Harrison
Professional engineer
Randwick
New South Wales
Australia

Scotching a story

To the Editor:

Concerning the description of
the Hewlett-Packard Microwave
Link Analyzer [Jan. 8, p. 198], we
suspect that you would not want
to leave your readers with the im-
pression that this is an American-
made instrument when, in fact, it
was designed and manufactured at
the Hewlett-Packard plant in South
Queensferry, Scotland.

The place of manufacture is
really of small consequence as far
as customers are concerned, but I
call it lo your attention becausc
our friends in Scotland deserve

recognition for the fine job they
have done in developing and pro-
ducing this instrument.

Howard L. Roberts
Technical Editorial Relations
Hewlett-Packard
Palo Alto, Calif.

Sensitive area

To the Editor:

Your article entitled “Errors of
emission” [Dec. 25, 1967, p. 39]
states that Lee Robinson, Packard-
Bell’s director of quality assurance,
said [regarding a test run by the
California Division of Industrial
Safety for X-ray emissions from tv
sets] that “this is the first radiation
check made by a government
group.” The article then asserts
that this contradicted “a statement
made before the check by the firm’s
president, who said sets had been
checked for safety and performance
‘by the government.””

Robinson emphatically denies
that he called that test the first
made by a government group. He
and all other company personnel
associated with the matter are well
aware that an initial visit was made
by the California Division of Indus-
trial Safetv on July 18, 1967, at
which time it conducted X-radia-
tion emission tests on sets selected
at random from our production
line. The results of these tests in-
dicated no discernible radiation.

The visit made by the state
agency after publication of a Con-
sumer Reports story [charging that
sets made by Packard-Bell and an-
other firm emitted excessive radia-
tion] was a second visit.

Robert E. Victor
Vice president
Packard-Bell Electronics
Los Angeles

—————————— % I — N = AR et
} SUBSCRIPTION SERVICE { o 1
Please include an Electronics Magazine address | CHANGE OF ADDRESS :
label to insure prompt service whenever you
| write us about your subscription. ATTACH 't you are moving, please let us know
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I Mail to: Fulfillment Manager lABE'- Place magazine address label here, print I
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Make your
oscilloscope
display linear
in db

with thenew
120 db
ultra-fast

LOGARITHMIC
CONVERTER

This new logarithmic converter
provides two unigue features: The
120 db dynamic range (one-mil-
lion-to-one) allows full coverage of
virtually any phenomena in a single
range. The microsecond response
of the PM 1002 makes it the first
logarithmic converter fast enough
to work with oscilloscopes, inte-
grating digital voltmeters or high
speed graphic recorders.

Small, solid state, rugged, and drift
free, the PM 1002 is invaluable for
all types of ratio measurements
and for appli-
cations where
dynamicrange =)
is unknown. O @
/ow
L@”“ S |

Let us prove it

—write or call
$660.00

TeNY PAGIFIC
MEASUREMENTS
INCORPORATED

940 INDUSTRIAL AVENUE,
PALO ALTO, CALIFORNIA
(415) 328-0300
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While many in our industry
have been thumping
their chests and
shouting wildly
about fantastic
achievements
in making
things out of integrated
circuits (and we've
probably been guilty,
too) our engineers and
scientists have been
quietly chalking up one
‘ A little breakthrough after

it L another. Take for

| W‘ example, the people in the
v Applied Research Section
of our Antenna & Microwave
group. About the only time they
ever shout wildly is when the
coffee truck is tate; but after
some prodding, COLLAGE
learned that they’ve been

p > using some pretty advanced
— thick film techniques to
fabricate hybrid circuits from UHF to X-band
frequencies. One result of this is an rf head for
the 1.5 GHz region constructed on a 1" x 1"

g o ' NE

9 J\ oY J
DEPT. OF
AN T 1)
Our PhD-type research people often
find themselves smarting with anxiety
over the suspicion that some of you
still think of Motorola as strictly a
hardware-oriented outfit. It isn't so,
they complain, and have asked COL-
LAGE to tell the world they recently
proved theyhave awhole lot of smarts,
or at least enough to receive a rather
erudite study contract from the people
at USAECOM, Ft. Monmouth.It's a 12-

month program to study, experiment
and evaluate VIIF modulation and de-

Aerospace Center Dept. 2008
8201 E. McDowell Rd., Scottsdale
Arizona 85252, Phone (602) 947-8011

TR RTINS 1 R RCRIRIETRNS
A RICTUm RICTIRRNRS

substrate. You might refer to the October '67
issue of MICROWAVES in which you'll find an
article that tells about it. Our 1/C geniuses are
also doing some amazing (or at least eyebrow-
raising) things in the areas of thin film and
monolithic devices. Write to our Advanced
Technology Programs office in Scottsdale for
some soft-sell, but, we hope, persuasive litera-
ture on the subject. HOT FLASH!...CM things
are now R things! Just when we thought you
were beginning to understand what our CM-
610 and CM.620 Radio Receivers are, they
were bestowed the honor of official govern-
ment nomenclature. For you government types,
then, you may now order Radio Receiver
R-1532/URR when you want the CM-610 VHF
receiver; and R-1533/URR when you really
mean our CM-620 UHF receiver. Both, as you
should know by now, are solid state, compact,
lightweight (18 Ibs) and completely modular
in design. Remember, too, that both are single-
conversion, single channel, crystal-cantrolled,
superheterodyne receivers mostly for use in
ground-air communications. The VHF model
receives in the 115-153 megacycle band and
the UHF in the 225-400 megacycle band. If
you have any more questions, please direct
them to our Chicago Center...

OB 05 0) S T 10 C) B T 100 ST B 10C) S0 TR ¢ C) BT M 45,0 B B (0 O SO

tection techniques. They'll be

covering several intensely
‘' technical areas in an effort
to oplimize the performance
of digitalized speech trans-
mission over a 25 KHz chan-
nel. FM, SSB, and other mod-
ulation detection techniques
will be studied, and they’ll
be concerned with things like
selecting an optimum digital
modulation technique based
on bandwidth vs error rate,
compatibility with delta modulation
speech, encrypted speech, and data...
and so on. No one will comment yet
on the outcome of the study (demon-
strating the typical conservatism of
the truly scientific minds we have),
but COLLAGE will go out on a limb
and guarantece that the customer will
get his money’s worth...and then
some. If, after all this, you still doubt
that we're as cgg-hcaded as anyone,
keep it to yourself. Or, better yet, try
us out on your study contract.

Chicago Center Dept. 985
1450 N. Cicero Ave., Chicago,
Illinois 60651, Phone (312) 379-6700

MOTOROLA

Government Electronics Division
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People

“Anyone trying to sell saddle soap
to the cavalry is having a hard
time,” says Samuel J. Rabinowitz,
who has the
responsibility of
making certain
the Philco-Ford
Corp.’s Aeronu-
tronic  division
never finds itself
in that position.
Rabinowitz be-
came director of
the Newport Beach, Calif., divi-
sion’s newly formed advanced sys-
tems operation last month.

He knows both sides of the mili-
tary procurement coin, having
served as director of the Advanced
Rescarch Projects Agency’s Project
Defender before becoming associ-
ate director of research for Col-
umbia University’s Electronic Re-
search Laboratories. From that
post, he joined Aeronutronic, a sup-
plier of tactical missiles (Shillelagh,
Chaparral), advanced military ra-
dars, and reconnaissance and intel-
ligence systems. That was less than
a year ago; Rabinowitz’s first as-
signment at the Philco unit was as
director of the radar and intelli-
gence operation.

Fertile ground. Establishment of
the advanced systems operation is
a move to strengthen Aeronu-
tronic’s ability to compete for new
military business. As Rabinowitz
sees it, his group’s task is to attract
what he calls the “seed corn” re-
search contracts with “the poten-
tial for leading to major new pro-
grams in such areas as radar,
optics, propulsion, and fuzing.” In
this category is a recent award from
the Air Force to study a new gun
system. The effort is classified, as
is the majority of Aeronutronic’s
Pentagon business.

While the division will remain
within its charter as a military con-
tractor, Rabinowitz says advanced
systems planners will be looking
for radically differcnt technical ap-
proaches to traditional gear, such
as radars. They have proposed to
the Air Force an airborne recon-
naissance radar—a system, Rabino-
witz says, that represents a new
technical capability at Aeronutronic

Samue! Rabinowitz
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The ML-EE64Y is the smallest 10 kv (peak) switch tube—and the
smallest 10 kv (peak) regulator tube you can buy.

ML-EE64Y gives you up to 36 free cubic inches per tube, and
doesn’t require a socket. It offers you a 12 amp peak

current, high signal sensitivity, and a simple BeO heat sink with
no other cooling required. The ML-EE64Y provides tabs

for simple, low-cost connection.

For complete data, write to Machlett—the tube specialist

most responsive to customer needs—today. The

Machlett Laboratories, Inc., 1063 Hope Street,

Stamford, Connecticut 06907.

Why use this tube...for high voltage switching
or voltage regulation...when this one is better?

i ML-EE64Y
Actual size,

SUBSIDIARY OF RAYTHEON COMPANY

THE MACHLETT LABORATORIES, INC.
A
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Do you have this
new capacitor data?
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DIPPED MICAS... for entertainment and
commercial equipment

Single-film silvered-mica capacitors cost less than stacked
mica or ceramic types. These capacitors are rated at 300
WVDC and have good stability and retrace characteristics
over their operating temperature range of -55C to +85C.
Capacitance values from 10 to 360 pF, 5% are available.
Put this quality and performance into your next design.
Ask for Engineering Bulletin 1010.
CIRCLE READER SERVICE NUMBER 331

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

Spark gaps and gap capacitors suppress transient voltage
surges and protect your cxpensive picture tubc and allied
circuitry. Spark gaps are available in 1.5 kV and 2.5 kV
ratings with less than .75 pF capacitance. The gap capaci-
tor is an air gap in parallel with a .01uF disc capacitor.
All Sprague spark gaps and gap capacitors are 100% tested
to insure your circuitry. Use them to protect your picture
tube warranty. Ask for Engineering Bulletin 6145.
CIRCLE READER SERVICE NUMBER 332

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

Cera-mite® general application discs for bypass and cou-
pling at low cost. Nine disc sizes from .300 to .875 inches
have 100, 250, 500, and 1000 WVDC ratings, in standard or
temperature-stable formulations. Dual-section discs have up
to .022uF (@ 1000 V. Ask for Engincering Bulletin 6101D.

CIRCLE READER SERVICE NUMBER 333

Cera-mite temperature-compensating discs for controiled
capacilance change with temperature in R-F oscillators,
precision amplifiers, timing circuits, other critical applica-
tions. Select from ten lincar temperaturc cocfficicnts from
NPO to N2200. Capacitance values from 1 to 2200 pF with
1000 WVDC ratings are available, plus popular values at
3000, 4000, and 5000 WVDC for TV yoke circuits. Mini-
fied units in 250 WVDC ratings may be obtained with
capacitance values ranging from 22 to 990 pF. Ask for En-
gineering Bulletin 6102B.
CIRCLE READER SERVICE NUMBER 334

Hypercon® ultra-high capacitance discs for low-voltage

circuits, Replace electrolytics with non-polar Hypercon

capacitors only a fraction as large. The 2.2uF, 3 volt disc

has a diameter of .875 inches; the 0.1uF, 25 volt unit

measures .750 inches. Ask for Engineering Bulletin 6141F.
CIRCLE READER SERVICE NUMBER 335

For bulletins in which you are interested, write
Technical Literature Service, Sprague Electric Co.,
35 Marshall St, North Adams, Mass. 01247

CAPACITORS

TRANSISTORS

RESISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS

4s¢c-7131

10

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL OIGITAL CIRCUITS
MAGNETIC COMPONENTS

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

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

People

—and they hope to work into light-
weight special-purpose ground sur-
veillance radars that will incorpo-
rate a proprietary design element.
This last system could conceivably
evolve into a mortar-locating radar.

Having developed a broad-based
technology in electronic warfare,
ordnance, information control sys-
tems, and avi-
onics, the RCA
Defense Elec-
tronics Prod-
ucts division is
now planning to
evolve into a to-
tal systems de-
veloper. Dircct-
ing this effort at
the 1,800-employee division is Sid-
ney Sternberg, newly appointed
general manager.

“We have developed the exper-
tise to build quality pieces,” says
Sternberg. “Now we are already to
put the pieces together to answer
a customer’s problem.”

In electronic warfare, the mile-
stone for the division’s move to-
ward systems integration occurred
in December, when work began on
a classified tactical warfare system
for the Navy, says Sternberg. Until
then, the division concentrated on
countermeasure equipment in fre-
quencies from vhf through K, band
(r-f transmitted power, wideband
microwave receivers, data-process-
ing equipment).

In another area of growth, notes
Sternberg, the division will apply
product lines to new markets. For
instance, information-control sys-
tems which originated with an rca
ground computer checkout system
used for all Saturn launches, will
eventually be employed to process
the myriad of data necessary to fly
complex commercial supersonic
jets.

Moreover, the distance-measur-
ing equipment originally designed
for commerecial airlines’ use is now
aboard the Army’s Lockheed Chey-
enne helicopter. Distance measur-
ing provides a slant range between
an aircraft and a landing strip.

Sidney Sternberg
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Some people will buy a Sierra
High-Power Signal Generator

You can change the output tube in a Sierra Model 470A in as
little as 30 seconds. With other signal generators, the job eats
up precious hours. So you can’t really fault a man who goes
overboard on this quick-change act, even though he may be
overlooking some of the more important advantages of owning
a 470A,

For example, consider the low cost of high-power output, as
depicted by this table:

Fre(&l;‘el;cy Range 50-200 200-500 500-1000 1000-1800 1800-2500
z

Maximum Power (W) 50+ 65+ 60+ 40+ 20+
Price $2,650 $2,555 $2,555 $2,835 $3,360

Each of the five models puts out more than enough power to
comply with field-strength requirements of currently effective
EMI specifications.

Consider such conveniences as: Direct-reading, front-panel
meters that keep you posted on power output plus grid and
cathode current; an output monitor jack that gives you power
samples 35 db down from the main output, ideal for waveform
analysis and frequency calibrations; automatic protection
against no-load or underload conditions,

Weigh the specs. A magnificent body of technical literature
awaits your pleasure. Write Sierra/Philco-Ford, 3885 Bohannon
Drive, Menlo Park, California 94025.

Circle 11 on reader service card

of changing the only
tube in its magnificent
solid-state body

PHILCO

PHILCO-FORD CORPORATION
Sierra Electronic Operation
Menlo Park, California « 94025
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Dual-Gate (Mos) Fet’s for vacuum-tube front-end performance

Here are two of the most revolu-
tionary transistors you can work with
today—the 3N140 and 3N141 dual-
insulated-gate depletion type MOS
FET’s. Used as an RF amplifier the
3N 140 will give you an unneutralized
200MHz power gain of 19dB (typ),
maximum feedback capacitance of
0.03pF, transconductance of 10,000
umhos, typically, and the fiexibility
of working with two independent in-
put electrodes. The 3N141 offers a
square law mixing characteristic and
excellent isolation between the sig-
nal and local oscillator gates which
minimizes oscillator pulling under
strong signal conditions.

What more do you get? Improved
cross modulation performance. Low
spurious responses. Exceptional sta-
bility at VHF. Reduced oscillator
feed-through and increased gain
control range with cross-modulation
characteristic actually improving
near cut-off. Both units feature insu-
lated gates for greater signal han-
dling capability without diode-cur-
rent loading, negligible AGC power
requirement and improved thermal
stability. You combine performance
characteristics of two well-known
devices—vacuum tubes and bipolar
transistors—using the best attributes
of each. Circle Reader Service #484.

Get your “LINEAR DESIGN LAB” Kit Now

We have a new kit for you—with all
the circuits and background materi-
als you need to get your feet wet in
linear integrated circuit applications
design. For example, 11 different cir-
cuits—and with data sheets and ap-
plication notes for each one. You get
all these to work with: RF and IF am-
plifiers; wideband amplifiers; multi-
function amplifiers; op amps; arrays
of devices and amplifiers, and our
famous “Universal” amplifier. There
are 26 units in all—with replacements
readily available from your RCA Dis-
tributor. Along with the units to make
this “lab” complete, you will get the
newest RCA Linear Integrated Cir-

12

cuits Manual. (IC-41)

You'll find this kit—$39.95 at your
Distributor's*—has it all...in one
complete, convenient package that's
designed for designers. Circle Read-
er Service #485.

*Suggested Resale Price.

Noise problems? Check
these OP AMP units!

Everybody’s talking about OP Amp
noise—but we’ve done something
about it! Our new “A” family of units
are quiet with a capital“Q” as you
can see from the specifications. You
can build your designs around any
of four industry standard packages,
too...TO-5; flat pack; plastic dual
in-line and our new, exclusive ce-
ramic dual in-line...and with either
=+ 6V or = 12V supply.

Choose the ‘“package’’—and the
parameters—from these two lists:

Package style 6-Volt Types 12-Volt Types

Flat pack CA3008A CA3016A
T0-5 CA3010A CA30154
Dual in-line plastic CA3029A CA3030A
Dual in-line ceramic CA3037A CA 30384
Open loop voltage gain 60dB typ. 70 dB typ.
Common-Mode

rejection Ratio 94dB typ. 103 dB typ.
Output voltage swing 6.75 V typ. 14 V typ.
Input offset voltage 0.9 mVtyp. 1 mVtyp.
Input offset current 0.3 uA typ. 0.5 uA typ.
Input bias current 2.5 uA typ. 4.7 uA typ,
Input impedance 20 KO typ. 10 K Q typ.
Output impedance 160 O typ. 85 O typ.
Noise factor 12 dB max. 16 dB max.

(@ =6V, 1KHZ) (@ == 12V, 1KH2)

Circle Reader Service #486 for full
details.

Hermetic Metal Devices
at Plastic Prices*

Look what as little as 19¢ will buy*.

The shielding—dissipation capa-
bilities—hermeticity that only a metal
package can give, for one thing.
That's why we call these units our
PHP line—combining Price, Herme-
ticity and Performance...and we
have another name for them, too, the
Max Value line because they give
designers maximum value right
across the board! Many of them meet
the requirements of MIL-S-19500
(marked with 4 below).

Pick from any of these 11 PHP
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units for your designs (priced from
19¢ to 39¢*):

2N5179+ Low noise UHF Amplitier

2N5180 Low noise VHF Amplifier

2N5181 High gain RF/IF Amplifier

2N5182 High gain RF/IF Amplifier for low
current applications

2N5183 1 ampere General Purpose Amplifier

2N5184 High frequency high voltage amplifier

2N5185 High frequency high voltage amplifier

2N5186- High speed switch

2N5187+ Medium current high speed switch

2N5188+ High speed high voltage 2 amp switch

2N5189 High speed high voltage 1 amp switch
*1,000 units. See your RCA Distributor for his price
and delivery.

For more information about this
broad line which can satisfy most of
your signal transistor needs, Circle
Reader Service #487.

AC Triggers (DIACS) for
sale—Right now—

in quantity!!

If you’ve been having delivery prob-
lems on Diacs, rest easy. RCA has a
new trigger diode in a hermetic DO-
26 case, and the big news is it’s avail-
able right now in volume quantities.
The same RCA assembly line that
has been producing millions of lead-
mount rectifiers is now rolling out
“car loads” of top-quality Diacs. We
pass the cost benefits of a mature
production line right back to you..,
and you get the added plus of proven
hermetic reliability at plastic prices.

Electronics | February 19, 1968

Performance-wise, RCA’s new
Diac shapes up as follows; typical
breakover voltage of 32 V (dc)...ex-
cellent breakover voltage symmetry
of =3 V...Peak pulse current =2 A
...and low breakover current = 50
UA at breakover voltage.

So if you have Triac circuits that
are awaiting triggers, await no long-
er. Circle Reader Service #488 for
details.

RCA-—Single source for
audio power transistors

Today’s audio circuit designer de-
mands a broad line-up of silicon and
germanium power transistors. And
we'd like to suggest where he should
look first for a single source of low
cost reliable devices. RCA audio
transistors feature the widest choice
of silicon power units, making pos-
sible quasi-complementary circuits
up to 70 watts rms! Matching this
silicon capability, we have many fine
germanium p-n-p transistors at at-
tractive prices for designers working
with the complementary-symmetry
approach.

To you, this means an uncompro-
mised choice of quality silicon power
transistors (now with 2 pace-setting
families in plastic, one having an in-
dustry-high dissipation rating of 83
watts, the other 36) for your designs
requiring silicon...and a choice of
quality germanium power transistors
for your designs requiring germani-
um. We wrapped up the details on
RCA’s audio power transistor line in
an attractive brochure which in-
cludes 11 ready-to-go circuits. Circle
Reader Service No. #489 for your

copy.

Yes...RCA
has photocelis!!

And, we feel they're the finest in the
industry! Why? Well, our devices
right now are meeting the toughest
demands in applications such as oil
burner controls, coin changers, as
well as millions of streetlight con-
trols across the country. We have
four basic hermetic packages foryou
to work with—a 1” diameter cell plus
TO-5, TO-8 and TO-18 versions that
bring solid-state engineering to light
sensitive devices.

Use them in designs like automatic
door openers, light flashers, storage
level indicators, counters, door
openers, tape card readers—wher-
ever you need quality and perform-
ance in a photocell control. There
are over twenty-five cadmium-sul-
fide and cadmium sulfo-selenide
types in RCA’s line.. . all of them are
fully described in a new data sheet.
Write in now and we'll also send you
a 30-page application brochure
packed with “now” ideas on how to

use photocells!!
For product information on all

items listed above, write RCA Elec-
tronic Components and Devices,
Commercial Engineering Sec.QN2-3,
Harrison, N.J. 07029. For price and
delivery see your authorized RCA
Distributor.
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There always has to be a winner —and
when it comes to all-purpose sweep signal
generators, the Jerrold Model 900-C is a
shoo-in.

Measure a narrow band circuit (sweep-
width down to 10 kHz) or check the entire
coverage of broad band units such as mix-
ers, amplifiers, or filters (sweepwidths up
to 400 MHz). Design, test or measure a
variety of VHF, UHF, narrow and wide band
devices in the frequency range 500 kHz to
1200 MHz...and do it with incomparable
ease and accuracy. Here is convenience
only an all-purpose sweeper can provide.

The 900-C and ultra-reliable Measure-
ment-by-Comparison techniques permit ac-
curate and simple measurement of gain,
loss, and VSWR. You can disregard vari-
ables such as nonlinearity of detectors, os-
cilloscope drift, and line voltage variations.

f you need more convincing, send for
complete data—or contact us for a demon-
stration. Write Government and Industrial
Division, Jerrold Electronics Corporation,
401 Walnut St., Philadelphia, Pa. 19105.

cle
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Meetings

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

Technology for Manned Planetary
Missions Meeting, American Institute
of Aeronautics and Astronautics; New
Orleans, March 4-6.

Western Regional Technical Session,
Electrochemical Society; Hilton inn,
San Francisco, March 7.

Conference of the American Society for
Nondestructive Testing; Biltmore Hotel,
Los Angeles, March 11-13.

Physics Exhibition, Institute of Physics
and the Physical Society; London,
March 11-14.

International Convention and
Exhibition, |EEE; Coliseum and N.Y.
Hilton Hotel, N.Y., March 18-21.

International Convention, Aerospace
and Electronics Systems of IEEE;
Warwick Hotel, New York, March 19.

Modulation Transfer Function, Society
of Photo-Optical Instrumentation
Engineers; Boston, March 21-22.

Symposium on Microwave Power,
International Microwave Power
Institute; Statler Hilton Hotel,
Boston, March 21-23.

Flight Test Simulation and Support
Conference, American Institute of

Aeronautics and Astronautics; Los
Angeles, March 25-27,

International Aerospace
Instrumentation Symposium, College
of Aeronautics and Instrument
Society of America; Cranfield,
England. March 25-28.

Quality Control Conference, American
Society for Quality Control; University
of Rochester, N.Y., March 26.

Railroad Conference, IEEE and Ameri-
can Society of Mechanical Engineers;
Conrad Hilton Hotel, Chicago,

March 27-28.

Electrical Engineers Exhibition,
American Society of Electrical
Engineers; London, March 27-April 3.

International Conference on Color
Television, Electronic Industries
Association of France; Paris, April 1-5.

International Components Show,
Federation Nationale des Industries
Electronique; Paris, April 1-6.

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

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

Spring Joint Computer Conference,
American Federation of Information
Processing Societies; Atlantic City, N.J.,
April 30-May 2.*

Short Courses

Modern control theory and practice,
lowa State University’'s Engineering
Extension, Ames, Feb. 26-March 1;
$125.

Systematic methods for computer-aided
design of computers, University of
California, Los Angeles, March 18-29;
$375.

Technical writing and editing, University
of California’s Engineering and Physical
Sciences Department, Los Angeles,
April 1-5; $275.

Call for papers

Microelectronics Symposium, |EEE;
Sheraton-Jefferson Hotel, St. Louis,
June 17-19. March 15 is deadline
for submission of summaries to
Dr. Remo Pellin, Semiconductor
Materials Dept., Monsanto Co., 800
North Lindbergh, St. Louis.

International Broadcasting Conven-
tion, IEEE; London, Sept. 9-13.

March 21 is deadline for submission

of synopses to J.L. Regan, International
Broadcasting Convention, Institution

of Electrical Engineers, Savoy Place,
London, W.C. 2, England.

International Conference on Microwave
and Optical Generation and Amplifica-
tion, IEEE; Nachrichtentechnische
Gesellschaft, Verband Deutscher Elek-
trotechniker; Hamburg, West Germany,
Sept. 16-20. April 10 is deadline for
submission of lectures to paper com-
mittee, Dr. F.W. Gundlach, Institute
for High-Frequency Technology,
Jebensstrabe 1, D-1 Berlin 12.

* Meeting preview on page 16.
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Check your airborne radar application:

( ) Weather Avoidance

( ) Fire Control

( ) Bomb/Nav

( ) Terrain Following and Avoidance
( ) Navigation and Landing

( ) Beacons and Transponders

Now check the world’s broadest line of coaxial magnetrons.

Litton’s. These long-lived, highly efficient and  portant services: fast reaction capability for new
applications; extensive applications engineering
to help systems designers choose the right tube
and related equipment. Check out Electron Tube
Division. See what a difference
coaxial magnetrons can make
in your airborne radar systems
design. 960 Industrial Road,
San Carlos, California 94070
o 0r 1035 Westminster
Drive, Williamsport,
Pennsylvania 17701.

stable coaxial magnetrons areavailable i
in a series of high power, pulse

outputs at Ku-band and X-band.
Tubes are available at fixed

frequencies or in a number of tun- § |
able configurations for frequency
agility. The tuning techniques
include rapid wide band tun-
ing for ECCM as well as 4
dither for target enhance- %
ment. We offer two im-

LITTON INDUSTRIES
ELECTRON TUBE DIVISION
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That was seven years ago. We ac-
celerated a beam of heavy ions
toward a silicon crystal to see if a
semiconducting junction would
be implanted. It wasn't. But if you
have a team of solid state physi-
cists, atomic physicists, semi-
conductor specialists, electrical
and mechanical engineers boring
in on a problem, something's got
to give — and it did.

A few people are still laughing
about ion implantation as a manu-
facturing process. Especially us.
Because at this point in time we
are manufacturing semiconduc-
tor devices with our Implion proc-
ess at the rate of 20,000 a month,
and the yield is exhilarating.

Of course our present production

TED

... They laughed
when we set out
to make something useful.

rate isn't going to choke the
market, and our device, a high
performance solar cell, isn’t nec-
essarily what the world is waiting
for. But space people like its re-
liability, uniformly high output,
and long life — qualities we are
now engineering into more so-
phisticated devices like tran-
sistors. And the controlled-beam
Implion process has fascinating
possibilities for writing integrated
circuits composed of active de-
vices, resistors, capacitors, and
connectors — all computer-
programmed.

lon implantation. When you say
that, smile. So far there’s a lot to
be happy about. Write for more
information.

ION PHYSICS < CORPORATION
A subsidiary of High Voltage Engineering Corporation, Burlington, Mass. 01803
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Meeting preview

Back at the boardwalk

Two sessions of particular interest
at the American Federation of In-
formation  Processing  Societies’
Joint Computer Conference will
cover the timely questions of time-
sharing scheduling and the effect of
large-scale integration on hardware-
software tradeoffs. This year’s
spring meeting will again be held
in Atlantic City, N.J,, April 30 to
May 2. The midweek dates, cus-
tomary with arips, permit the hold-
ing of special-interest meetings im-
mediately before and after the main
conference,

Time sharing, a novel concept
as recently as two or three years
ago, has grown so rapidly that com-
puter men are talking about second-
generation approaches and prob-
lems. One of the papers to be
presented during this session will
discuss ways of sidestepping or tak-
ing advantage of scheduling tech-
niques. The authors, Leonard Klein-
rock of the University of California
and E.G. Coffman of Princeton Uni-
versity, maintain that techniques to
counter scheduling algorithms can
almost always be worked out, and
that they can severely degrade sys-
tem performance.

LSI or not. The panecl discussing
hardware-software tradeoffs will be
headed by Jack A. Githens, a re-
searcher at Bell Labs. Panelists
will note that although large-scale
ntegration can sharply cut hard-
ware, the technique won’t reduce
the over-all cost of a system unless
the designer takes advantage of the
hardware savings to trim the soft-
ware or improve system perform-
ance.

Among other papers of interest
will be a description by H.N. Can-
trell and A.L. Ellison, scientists at
the Gencral Electric Co., of a tech-
nique for analyzing the perform-
ance of the GE 625 computer in a
multiprogramed environment. Ken-
neth E. Batcher, an engineer at the
Goodyear Aecrospace Corp., will
discuss a device that can arrange a
set of numbers in numerical order
in relatively few steps; its applica-
tion is in the switching network
that controls paths between the
various components of a large-scale
computing system.
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Be the 100,001st
to get a CDE
Component Selector.

If you ever received a CDE Component Selector,

your new one is on the way!

This 68/69 edition is completely revised to cover all the latest
developments in electronic components, and refinements in
product standardization. It lists CDE's Standard Product line
covering 98% of industry requirements. It is designed to guide
you in the selection of the proper component to meet your

precise requirements.
For your copy, simply mail the coupon below.

Py of y
before " hew Compone
: Nt Selecto,
| have

ic
In i S are;
dustria (no,,.e,ectri::";;”é electronie.

s
Researcy, DD Electronic gear [
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The great
LSI race.

While the rest of the semiconductor
industry tried to squeeze enough ICs on
a chip to get into the MSI/LSI busi-
ness, Fairchild turned systems inside
out. We were looking for an intelligent
alternative to component mentality.
Our investigation led to a whole new set
of design criteria for medium and

large scale integration devices.

A computer isn’t a computer.

It's a digital logic system. It has the same functional
needs as any other digital system: control, memory,
input/output and arithmetic. There’s no logical
reason to custom design a complex circuit for each
system. That's why Fairchild MSls and LSls are
designed to function V777 T Rl
as fundamental
building blocks in e
any digital logic " ¥
system. Even if
it's a computer.

aﬁi\'ﬂ\\ A
 BBTRIRAIE) )

LL L L LIl

A little complexity goes a long way.
Anybody can package a potpourri of circuitry and
call it MSI or LSI. But, that's not the problem. Why
multiply components, when you should divide the
system? Like we did. We found that sub-systems
have a common tendency toward functional overlap.
There are too many devices performing similar
functions. More stumbling blocks than building
blocks. Our remedy is a family of MSls and LSls with
multiple applications. The Fairchild 9300 universal
register, for example, can also function as a modulo
counter, shift register, binary to BCD shift converter,
up/down counter, serial to parallel (and parallel to
serial) converter, and a half-dozen other devices.

Watch out for that first step.

There are all kinds of complex circuits. Some of them
have a lot of heddache potential. Especially if you
want to interface them with next year's MSls and
LSls. We decided to eliminate the problem before it
got into your system. All Fairchild building blocks
share the same compatible design characteristics.




We're also making the interface devices that tie them
together. For example, our 9301 one-of-ten decoder
can be used as an input/output between our universal
register, dual full adder ‘—E iE E }
and memory cell. b5 =g

(It could also get a
job as an expandable
digital demultiplexer,
minterm generator
or BCD decoder.)

—

Hurry. Before the price goes down.
Gate for gate, today’s complex circuits are about the
same price as discrete ICs. But, by the time you're
ready to order production quantities, the price should
be a lot lower. At least ours will. The reason is
simple: Fairchild devices are extremely versatile.
There are fewer of them. But, they do more jobs.
That means we'll be producing large quantities of
each device. That also means low unit cost to you.
And you'll have fewer devices to inventory.

And fewer to assemble.

If you agree with our approach to medium and large
scale integration, we'd like to tell you more about it.
There are two ways you can get additional infor-
mation. One is by mail. Simply write us on your
company letterhead. You can also get more data by
watching the trade press. Fairchild is introducing a
new integrated circuit each week for 52 weeks.
(We started on October 9, 1967) -
Many of them
will be MSI and LSI.
If you'd like to

see the last few
we've introduced,
turn the page.

FAIRCHILD SEMICONDUCTOR

A Division of Fairchild Camera and Instrument Corporation
313 Fairchild Drive, Mountain View, California 94040

(415) 962-5011, TWX: 910-379-6435
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Fairchild is introducing a new in-
tegrated circuit every week. The
last two months look like this.
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Which

IC Test System
does

these th

DIAGNOSTIC COMPUTER
PROGRAMS automatically check
out system operation.

AUTOMATIC SELF-CHECKING

DATALOG A FORCING FUNCTION, assures accurate data transfer

such as the input threshold
level of a flip-flop needed to
produce a specified output.

computer and test instrument.

VERY COMPLEX TEST
SEQUENCES can be
programmed, yet
preparation of simple
tests can be learned
in two hours.

TYPED SUMMARY SHEETS.
Whenever desired. No interruption
in testing. Give total units tested
per test station, test yields and
binyields.

DIRECT ENGLISH data logging

type-out, showing job name, serial
number, test number, decimal
point and units.

ABSOLUTE SOURCE CONTROL.
Sources can be turned ON or OFF and
changed in value in any sequence
with variable delays from 100 ysec. to
as long as you please.

DATALOG at anﬁest station—without
slowing down classification tests
at any other station.

i

MULTIPLEXING. Several jobs
simultaneously. Any assigned, at
any time, to any test station.

between operator, teletypewriter,

his one.

all
ngs?

FAST TESTING. 1.5 msec per test.
If crosspoint is changed, 5 msec.
10 msec on the lowest current scales.

TEN-YEAR GUARANTEE for
all instrument plug-in circuitry
(it's almost all plug-in).

GROWING LIBRARY
of improved software
packages to insure
against obsolescence.

NO ADJUSTMENT OR CALIBRATION
POINTS. (Eternal vigilance is the price
you pay for a single adjustment.)

OPEN AND SHORTED CONNECTIONS
and OSCILLATIONS are automatically
detected. System stops when a
selected consecutive number of
these occur.

COMPLETE FRONT PANEL DISPLAY
at any desired step, simultanecusly
indicating all crosspoint connections,
forced values, measured limits,
binning decisions—everything

about each test.

/

MINIMIZED REPETITIVE INSTRUCTIONS
for the operator through data libraries,
variable word length programming,

and autopinning.

PROGRAMMABLE CURRENT LIMITS
for each source at each test.

(complete for only $65,000)

This is our J259 computer-operated
Automatic Circuit Test System. It
includes a general-purpose digital
computer, teletypewriter, test instru-
ment (comprising modular elements:
24 x 8 crosspoint matrix, four volt-

age sources, measurement system,
and test deck), complete software
package, and courses in IC testing,
system operation, and maintenance.
TERADYNE, 183 Essex St., Boston,
Mass. 02111 Phone (617) 426-6560.
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Commentary

Charting innovation

Bardeen, Shockley and Brattain, the transistor trio on the
cover of this issue, have been asked countless times to
explain the steps that led to their breakthrough. Although
the question takes any number of forms, it can always be
translated as “How did you do it?”

Even though the creative process defies analysis, the
search for a magic formula never ends. If creativity could
be codified, every musician would be a Beethoven, every
painter a Rembrandt, and every writer a Tolstoy. All
scientists and engineers would be Newtons, Da Vincis,
Faradays, and Galileos.

On one occasion when a respected colleague asked the
inevitable question, Dr. Shockley elected to restate it in
two ways:

“Was the creation of the transistor a deliberate,
planned consequence of an industrial research program?”
Or, “Did the transistor come as a lucky accident during
the conduct of pure basic research having no practical
idea in mind?” Shockley concluded that the transistor
was neither the result of the application of known theo-
ries to reach a desired practical goal, nor was it an
accident that came as a dividend from doing basic
research. Instead, the transistor was developed through
a combination of men, events and needs; added were
the intangibles of intuition and inspiration.

First, there was the need for a rugged reliable ampli-
fier. Bell Laboratories envisioned it as a replacement for
relays and vacuum tubes. John Bardeen recalled in his
Nobel lecture that two possibilities had been suggested.
The first followed from the analogy between a metal
semiconductor rectifying contact and a vacuum tube di-
ode. Researchers pondered how to place a grid in the
space charge layer at the contact—a layer that is only
about 10—+ in. wide. Later, Hilsch and Pohl built such a
triode in an alkali halide crystal, but it would only am-
plify signals of less than one hertz.

The second approach was to apply an electric field to
a semiconductor film and thus control its conductance.
Shockley was among those to suggest this “field effect”
form.

Besides the need for the transistor and some ideas on
how to achieve it, an important factor was the independ-
ent development of the theory of contact rectification by
Schottky and others. Furthermore, the work on silicon
and germanium had come along well during the war
years, spawned by the interest in cat’s-whisker detectors
for radar. Not all of this work was done at Bell Labs; a
group at Purdue University under Lark-Horovitz had
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made important studies of germanium.

As a result, when a group of Bell Labs staffers began
work on semiconductors after the war, they had, if not
uppermost in their minds, at least a good idea of what
one of the major results could be—a practical solid state
amplifier—and they had a respectable library of informa-
tion on semiconducting materials and theory.

Bell’s direct approach to building such an amplifier
was stopped in its tracks when the unforseen problem of
surface states “got in the way” and prevented progress.
Bardeen’s hunch—the creative variable—led to its solu-
tion through the development of a fresh concept.

Those involved remember the steps immediately pre-
ceding the achievement of transistor action differently.
[On page 78 the details are reconstructed as the in-
ventors recall them.] But it’s generally agreed that the
observation of point-contact-transistor action was unex-
pected. What breakthrough is not a surprise? When the
first wheel rolled, there must have been the same amazed
reaction.

The answer a researcher gives when asked how much
of his invention is deliberate and how much is through
good fortune is like that of a poker player with a winning
hand—both may think less than 10% is luck. The more
skilled each is, the more likely his conclusion is right.

One thing seems certain; there are no hard and fast
rules for technological innovation. Shockley believes :n
certain broad principles, but says “rigid plan structures
may very well block the path to the desired objectives.”
Fixed operating rules are more valid as the work shifts
from theory to engineering.

Prime requisites for success are the creation of a body
of knowledge and an atmosphere in which progress
toward a general goal is made ecasy.

The atmosphere at Bell Labs was apparently near-
perfect. Brattain recalls the team as the greatest of any
he’d been on, and Shockley attributes success to an im-
portant mixture of freedom and constraint at the labora-
tories.

The chain of events that led to the transistor can be
set down to serve as a plan of attack for new, yet un-
solved technological problems:

* The problem is defined.

* The body of knowledge bearing upon the problem is
reviewed, reorganized and bolstered.

* A solution is postulated.

* Experiments are made to test the proposed solution.

* When snags are hit, it’s back to the drawing board,
to repostulate a new solution.

It looks beautiful on paper. The sequence is neat and
simple but in practice it will be neither orderly nor sys-
tematic.

The creative process can be disorganized, frustrating
and laborious. The neophyte inventor needs talent, pa-
tience and luck. Those ingredients, fortunately, were
assembled when Bardeen, Brattain and Shockley worked
together.
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Clifton is rapidly becoming known as an amplifier
house. And why not, since we are designing and
building a wide variety of amplifiers—and here’s the
best part—to stringent Clifton QUALITY standards.

For instance, Clifton has a new state of the art, low
cost, high reliability servo amplifier for position

[}
: REMOTE UNIT

ANGLE A
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# Cliftan Part No.

servo systems. It is Model 561. See the typical dia-
gram above. Note also that Clifton rotating compo-
nents are recommended in this system for their
excellent matching qualities with our servo ampli-
fiers (and vice versa).
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CLIFTON
HAS A

WHOLE RAFT OF

QUALITY
AMPLIFIERS

. NNEL BODSTER
DU ruFE

Our booster amplifier-resolver chains are another
area in which Clifton excels. The amplifiers (single
or dual channel) are built to MIL-E-5400 (as are all
our amplifiers) and feature an overall loop gain of
66db. min. They are completely interchangeable
within a system.

Additional Clifton amplifiers include frequency
modulator isolation amps, summing isolation amps,
resolver buffer amps and many more servo types.

Clifton also builds a number of power supplies and
related servo system components. Look to Clifton
for all your electronic module needs.

Contact Clifton Division of Litton Industries,
Clifton Heights, Pa., 215 622-1000, TWX 510 669-
8217, or our local Sales Offices.

CLIFTON

DIVISION OF LITTON INDUSTRIES [B
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H-Pis entering
microwave IC field

GE audio-amp IC
uses but four pins

Tacfire may get
mortar-spotting role

Autonetics seeks
LSI plant chief
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An outsider is ready to challenge the semiconductor makers and systems
houses that have been preparing to slice up the lucrative microwave IC
market. [Electronics, Oct. 30, p. 107]. Hewlett-Packard’s microwave divi-
sion has developed what appears to be the broadest line yet of r-f and
microwave integrated circuits. The instrument company will offer the IC’s
off the shelf by spring.

The hybrid units contain thin-flm passive elements and active inter-
digitated chips, and are designed to handle preamplifier and power-
amplifier functions in the spectrum from 10 khz to 2 Ghz. They will be
priced in the $250-t0-$1,500 range, making them competitive with con-
ventional microwave circuits. H-P will offer discounts for volume orders.
Five of the six IC’s comprising the first wave of these H-P products are
built with lumped-component techniques; the sixth uses both lumped and
distributed component elements. The IC’s will be housed in 12-lead metal
cans for p-c board mounting; coaxial connection will be optional.

Under development for two years, the devices were initially intended
for use in H-P’s instruments.

General Electric’s Semiconductor division has developed a new monolithic
audio amplifier that can be designed into existing audio systems with only
four pins. Competitive models usually require users to design to eight
active pins. The GE device, a 1-watt IC, is part of the firm’s PA-200 series
of linear circuits. Due to be marketed soon, it will sell for about $1 in
volume quantities.

It contains six npn and one pnp transistors, three diodes, and three
resistors. A company spokesman says the design eliminates biasing re-
sistors, high-frequency stabilizing components, and other external auxili-
ary devices. The new unit will be housed in a standard eight-lead package
to avoid retrofit problems. Only six external components—three resistors
and three capacitors—are needed with the IC to build a complete audio
amplifying stage.

The Army’s Tactical Fire Direction System (Tacfire) will need no other
sensors than the eyes of forward artillery spotters. But officials at Litton
Industries, the prime contractor, have been talking with representatives
of ITT Gilfillan about incorporating data from the AN/TPQ-28 mortar-
locating radar into the system. Litton is confident that Tacfire computers
will eventually accept direct digital inputs from the 360°-scanning radar
being developed by ITT Gilfillan, along with the target information col-
lected by forward observers.

Autonetics is looking for an experienced hand in microelectronics manu-
facture to put its new plant for large-scale integrated circuits on a produc-
tion footing. Heading the list of possible candidates, insiders say, is J.P.
Ferguson, who resigned last November as general manager of Philco-
Ford Microelectronics. Autonetics announced last July that it intended
to begin volume production of LSI devices [Electronics, July 10, 1967,
p. 43]. The 40,000-square-foot facility it'’s now building for that purpose
is slated for completion in August.
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Military asks study
of plastic packages

Move of radio site
by Pentagon called
$12 million waste

General Precision
lays off engineers
in fight to survive

Nortronics favored
for airborne Omega

26
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Plastic-packaged semiconductor devices—long barred from military elec-
tronic gear—may soon be accepted by the Pentagon.

The Air Force’s Rome, N.Y., Air Development Center has awarded a
contract to Autonetics to study the effects of ionic impurities in plastic-
encapsulated bipolar transistors. And Autonetics’ project chief, Anthony
Valles, believes that if plastic packaging proves feasible for military tran-
sistors, studies of its use with other discretes, and even integrated circuits,
will soon follow.

Several firms, including Motorola, Texas Instruments, Fairchild, and
Signetics, have conducted independent studies indicating that plastic
packages would survive military environments.

Another sign that the wider use of plastics by the Pentagon isn’t far
off is the fact that a recent Navy award to Cardion Electronics didn’t rule
out the use of plastic-packaged dual in-line IC’s [Electronics, Jan. 8, p. 26].

The Pentagon today will be charged with wasting $12 million on a naval
radio-receiving station that won’t be as effective as the one it’s replacing.
Rep. HR. Gross, an economy-minded Iowa Republican, will take the
Pentagon and Defense Secretary McNamara to task for forcing the relo-
cation of the receiver from Cheltenham, Md., to Sugar Grove, W.Va. The
receiver is scheduled to be completed in December.

The West Virginia Congressional delegation for years has pushed
defense leaders to use the Sugar Grove site for some purpose that would
bring jobs to the depressed area. A 600-foot intelligence gathering tele-
scope was started on the location but canceled when costs spiraled
[Electronics, Aug. 22, 1966, p. 42].

Gross is armed with a report he ordered from the General Accounting
Office. It discloses that McNamara in 1966 ordered a reluctant Navy to
proceed with the new station unless the move would result in a “signifi-
cant loss” in operational capability. But engineering studies showed that
Sugar Grove would probably be a less advantageous site than Chelten-
ham. A fear of “electronic pollution” at Cheltenham, just outside Wash-
ington, was given as the reason for the move.

General Precision Equipment is quietly laying off engineers and market-
ing men in a move apparently aimed at thwarting attempts by the Singer
Co. to acquire it. Hardest hit is its Kearfott Products division, with Kear-
fott Systems next. About 250 employees, including some production
workers, have already been fired, but the layoffs may hit 2,000 of the 7,000
employed at the two units.

Industry insiders see the layoffs as a move to back up the promise of
J.W. Murray, the company’s chairman, of a better deal for stockholders.
They believe Murray wants to discourage stockholders from selling their
shares to Singer by reducing overhead and thus increasing profits.

The company cites production stretch-outs, but the layoffs are coming
at a time when General Precision has been winning more than its share
of contracts.

Industry insiders say the Navy is now talking only with Northrop’s Nor-
tronics division about an airborne Omega navigation receiver, and that
the firm will soon get a two-phase award said to be worth more than
$1 million [Electronics, Nov. 13, 1967, p. 56].
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MTTL | & MTTL Il Families Offer
Broad Choice Of T2L Functions

Now the system designer can choose
from 24 different T2L logic functions
with Motorola’s MTTL I and MTTL II
integrated circuit series (types MC400/
500 and MC2000/2100), and can select
from both full and limited temperature-
range versions, in the 14-lead ceramic
ffat pack and 14-pin dual in-line plastic
package. (Both series are designed to be
interchangeable with SUHL I and
SUHL II equivalent types and are fully
compatible with each other.)
Among the many design advantages
for these two series is a selection of
speed and fan-out levels. plus excellent
noise immunity. high capacitance drive
and low power dissipation.
MTTL I offers a moderate speed —
up to 20 MHz — for subsystems where
speed is not critical. MTTL II will
opcrate up to 30 MHz — in medium-
speed applications. Other general specs
inchide:
+ Choice of fan-out — up to 15.
* High noise immunity — 1.0 volt
(typ).

* High capacitance drive — 600 pF
(max).

¢ Low power dissipation — averages
15 mW per gate (MTTL I) and
22 mW per gate (MTTL II).

Both MTTL I & IT are immediately
available in production quantities. Even
] the “hard-to-get” J-K Flip-Flops (SF50
& SF60) are readily available (Moto-
rola type Nos. MC515 and MC516).

For details circle Reader Service No. 491
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Two closely-
matched
MC1709C’s have
been combined,
on a single mono-
lithic chip, to
yield the dual
MC1437P op amp
— and you save
almost 15 the
cost of 2 single
units!

Smgle-(hlp Monollthlc 7 09 Dudl
Op Amp Provides Matched Parameters!

We’ve put two of our popular MC-
1709C op amps on a single monolithic
chip and packaged it in the Unibloc
plastic case. We call it the MC1437P.

The result? A matched set of op amps
with characteristics that assure optimum
dual amplifier performance (see table).

MATCHING CHARACTERISTICS TOLERANCES
(Both Amplifiers) (typ)

Open Loop Gain (Avovi/Avola) #+1.0 dB
Input Bias Current (lo1/1s2) +0.15 A
Input Offset Current (lior/lie2) +0.02 pA

@ Average TC (TCiiot/TClinz) +0.2 nA/°C
Input Offset Voltage (Vio1/Viez) +0.2 mv

@ Average TC (TCvio) /TCvioz) 0.5 pV/°C
Channel Separation @ 10 KHz (- :"""‘2 ) | —45 a8

Each amplifier has a typical open loop
voltage gain of 45,000 with temperature
drift of only 3 uV/°C. It also has the
ability to swing almost the entire supply
voltage (Vou typ. = =14V, peak @ 15
V supply), while output impedance is
only 30 ohms, typ.

The MC1437P dual op amp is ideal
for chopper stabilized applications re-
quiring extremely high, ultra-stable volt-
age gain. These “twins” function well as
summing amplifiers, integrators, or as
amplifiers with operating characteristics
as a function of external feedback.

While you can’t quite get two op amps
for the price of one, with the MC1437P
it’s pretty close — only $8.50 (100-up)
-vs- $6.00 for a single MC1709CP.

For details circle Reader Service No. 492

Wideband 1/C Diff-Amp Delivers
Flat Response From DC to 40 MHz

The MC1510 differential amplifier
offers flat response down to dc and does
not require ac coupling of the input and
output. This reduces “extra” component
needs — simplifies design.

In addition to its low-frequency re-
sponse, the MC1510 also offers a typical
bandwidth to 40 MHz (it can be used
with gain to above 100 MHz) and,
gain is specified typically at Ay = 93.

Its high common-mode rejection
ratio of —85 dB (typ), along with a dc
power dissipation of 220 mW (max)

VOLTAGE-GAIN FLAT OVER A WIOE RANGE

40
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35

30
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make the MC1510 highly useful in criti-
cal differential-amplifier designs.

Other typical characteristics include
an output voltage swing of 4.5 V (peak-
to-peak) at +6.0 V supply: and low out-
put distortion, where THD = 1.5%.

Available in the 8-pin, TO-99 metal
“can” and the 8-pin ceramic flat-pack,
the MC1510G and MCI1510F are priced
at $8.00 and $9.30, respectively (in
100-up quantities).

For details circle Reader Service No. 494

8-Bit Buffer Register Uses Only 4 MECL Il Dual R-S Flip-Flops!

Clock or Strobe Dg 0; Dg Og
16ns or greater)

o

B8-bit Buffer Register with Input Gating

Dq

Truth Table

D (] Qn+| a

o [0 |ao"|a

LI 1] L 1
co*‘co CDICD coico CD:CD . i . ;
MC1016P MC1016P MC1016P MC1016P
a ol5a G alaa cotaofllealaa L I L
[ l [ ] | l Tl I l I [ T l I I @ = either state may
Og Dg D; Dy Dg Dg Dg Dg D4 D4 D3 D3 Dy D Dy Dy be present
tpd_Din to 0,9 = 4ns
tpd-Cin 10 Q,Q ~ 6ns

Here’s an easier, less-complex and
less-expensive way to construct an 8-Bit
Buffer Register using just four dual-
function MC1016P MECL II integrated
circuits! These new dual R-S flip-flops
reduce can-count (and system cost) by

doubling the number of functions per
package.

The versatile MCI1016P, monolithic
emitter-coupled flip-flop can be used as
a temporary storage element (as shown);
as a memory data register; or, as a
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clocked R-S flip-flop with no undefined
logic state.

It employs two single-rail input Set-
Reset flip-flops with a positive clock
input provided for each of the flip-flops.
It has a typical propagation delay of
5.0 ns and operates over a 0 to +75°C
temperature range. Typical power dis-
sipation for the MC1016P is 125 mW.
Operating frequency is 80 MHz. A
minimum dc fan-out of 25 for each
output is guaranteed.

A wide-temperature-range version is
also available in the l4-lead ceramic
flat pack, for —55 to +125°C operating
requirements (MC1216F).

The MCI1016P is available from dis-
tributor stock and is priced at only $2.60
(1000-up), in the 14-pin dual in-line
plastic package while the MC1216F is
$5.75 (.100-up).



M DisCRETE DEviCES [

New T0-66 Packaged Silicon
Power Transistors Match
Current Ratings Of Many T0-3’s

If you've been looking for a smaller
silicon power transistor that would still
provide the current handling capability
of a TO-3 packaged device, the new NPN
2N4231-3 S-amp series, encased in the
rugged, compact TO-66, will more than
“fill the bill.”

These little powerhouse metal-can
transistors can serve in a broad spectrum
of industrial and military servo-amplifier,
driver and switching designs to 4.0 MHz,
where space is at a premium . . . and
economy is a must!

The units have a minimum guaranteed
gain of 25 at I, = 1.5 A — with usable
gain up to I = 3.0 A, which lets them
handle much greater current loads while
still maintaining a more realistic gain
level than similar power transistors. And,
as to their safe area capability . . . they
can handle up to 29 watts at 1.0 Adc —
enough for the most stringent medium-
current design requirements!

Peak circuit efficiency is ensured by
the exceptionally low power losses of the
2N4231-3 series. For example, the maxi-
mum saturation voltage of this series is
only 0.7 V at I = 1.5 A (only about
one-half that of comparable types at I,.
= 500 mA). And, if you're comparing

Although only
about 609% the
volume of the
TO-3, the TO-66
packaged
2N4231-3 silicon
power transistors
can dissipate up
to 35-watts and
handle current
loads to 5.0-
amps.

e

frequency capabilities, note the high 4.0
MHz minimum f; of the 2N4231-33
series vs. only 800 kHz for other types
in the same category.

Here are just a few highlights among
many that make the NPN 2N4231-33
silicon power transistor series worth
more investigation:

* High Igicony — 5.0 A

* Low Viepy — 0.7V (max) @ 1.5 A

* High hgy — 25-100 @ 1.5 A/20 V
— 10 (min) @ 3.0 A/20V

* Low Prices (100-up):

2N4231 (BVigo = 40 V min) $1.40

2N4232 (BV iy, = 60 V min) 1.60

2N4233 (BV¢o = 80 V min)  2.15

* High P, - 35 W@ T, = 25°C
- .. and they’re all available off-the-shelf
from your local Motorola distributor.
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Motorola's new |
2N5229-31 sili-
con Annular
TO-46 packaged
transistors give
you a good “‘run"
of efficient low-
level chopper
characteristics —
and there's more
coming soon!

NEW BIPOLAR CHOPPERS BID FOR
TOP ROLE IN LOW-LEVEL DESIGNS

Did you know that there are now
bipolar devices that make it possible to
design chopper circuits which can effec-
tively operate at current levels as low as
100 A?

We’re talking about Motorola’s new
2N5229-31 silicon Annular PNP transis-
tor series having low capacitance values
(C('b < 5.0 PF» Cl‘h < 4.0 PF @ 10 V(‘B)
coupled with saturation resistances of
only 5.0 ohms (typ) and offset voltages
down to 0.5 mV @ I, =100 pA. With
this combination, the designer is assured
of both fast and efficient chopper rates.

Take advantage of this price and per-
formance value in applications such as
servo-loop circuitry, sensing instrumen-
tation and control amplifiers for motor-
drive systems.

Here are the factors that make these
bipolar transistors worthy candidates for
most any low-level chopper requirement:

CHARACTERISTIC ‘I’YI'E9 Min Max
BRSHT | | 4

g B |
T, |2 |1 |
100 p:A-(ohms) 2N5231 2 10

Prototype quantities are immediately
available in the space-saving TO-46
package.
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Ist EIA Registered Quad Transistor Premieres—2N5146!

A state-of-the-art ‘“quad” device,
designed for medium-current, high-
speed switching and driver applications
where minimum space requirements and
low circuit inductance are prime requi-
sites, has been introduced as a “stand-
ard” off-the-shelf type.

The Motorola 2N5146 PNP silicon
Annular quad transistor is the first ever
registered with EIA and is intended for
a wide number of applications in both
military and industrial designs. Since
four chips are mounted in a single, com-
pact. TO-86 ceramic flat pack, this quad
device takes up less space than an indi-
vidually TO-5 encased transistor.

Compactness, however, is not its only
virtue! The 2N5146 exhibits such super-
lative performance features as:

* High dc gain at high current levels

— hyp = 40 typ. @ 1.0 A.
* Low saturation voltage
~ Vegmy = 0.7 V typ. @ 1.0 A.

=

¥
4

The 2N5146 “Quad,"” packaged in the 14-pin,
TO-86 ceramic flat-pack, makes possible ultra-
compact circuitry and reduces wiring require-
ments, to minimize lead inductance.

* High current-gain-bandwidth
product — f; = 250 MHz typ.
@ 50 mA.

* Low capacitance
~Cyp =11 pFtyp. @ 10 V.

* High power dissipation
~Pp=50W@ T; = 25°C.

. . . as well as ultra-fast switching

speeds (e.g. t, = 30 ns typ.)!
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Although spec'd
at 100 MHz, the
2N5208's noise
figure remains
typically less than
3.5 dB even out
to 300 MHz—as
indicated by the
curve in this
photo-diagram.

NOW A PEAK-PERFORMANCE BIPOLAR
RF TRANSISTOR FOR LESS THAN #1.00!

You may have doubted that a truly
high-performance RF silicon PNP bi-
polar device, able to fulfill almost any
amplifier application up to 300 MHz,
would ever be available at a price that
made it practical for low-budget designs.
And, it has complete “computer-solved”
design curves which eliminates tedious
calculations!

Even though it is priced at just 90¢, in
1000-up quantities, the 2N5208 gives
you top RF performance parameters:
High Gpe >22dB @ 100 MHz
Low N.F. < 3.0 dB @ 100 MHz
High . — 300/1200 MHz@ 10 V
Low Icp0 < 10nA@ 10V

+ High hyp — 20/120 @ 2 mA

e Low C,, < 10pF@ 10V
...and,an1,‘C.,< 10 ps @ 10 V/2 mA/
31.8 MHz

The 2N5208 operates at breakdown
voltages (BVcpo) in excess of 25 volts
and is encapsulated in the reliable TO-92
Unibloc plastic package.

All-in-all; its low price, its high power
gain, its low noise figure, its high fy, ad
infinitum . . . make it a worthy candidate
to fill just about any RF socket to 300
MHz in industrial instrumentation and
communications equipment. And, you
can get fast delivery in both prototype
and high volume quantities.
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The VHF/UHF “FET That Fits” Is
Now Available in Plastic Package!

Now a wider scope of low-budget
applications is possible for VHF/UHF
amplifier designs using field-effect tran-
sistors. Motorola’s new MPF106-07
plastic packaged (TO-92) JFETs, priced
as low as 90¢ each (100-up), provide
the economy answer for just about 8 out
of every 10 high-frequency requirements.

Featuring unusually low-noise figures
(even for FETs), these new devices,
while ideal for RF “front-end” circuits,
will work equally well in any low-noise,
high-gain amplifier, from dc to above
500 MHz. Further complementing the
state-of-the-art performance of these
new, low-cost FETs is their high-power
gain of 18 dB @ 100 MHz and 10 dB
@ 400 MHz (min).

Here are some other key specifications

that make these FETs so universally
useful:

Characteristics Min Max
Forward Transfer Admittance
(umhos)
MPF106 2500 6000
MPF107 4000 8000
Input Capacitance (pF) 5.0
Output Capacitance (pF) 2.0
Reverse Transfer Capacitance
(pF) 1.0
Small-Signal Power Gain (dB)
@ f = 100 MHz 18
@ f == 400 MHz 10
Noise Figure (dB)
{ = 100 MHz 2.0
f = 400 MHz 4.0

Both the MPF106 and MPF107 are
immediately available from distributor
stock in the Unibloc TO-92 plastic pack-
age. 100-up prices are: MPF106 — 90¢;
MPF107 — $1.00.
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Ultra-Fast Micro-T MMT2369
Transistor Fits Into Places
You'd Never Dream Possible!

If you have an application that
requires the miniaturization afforded by
integrated circuits, but you can’t live
with the parasitics — take a good look
at the MMT2369 Micro-T NPN silicon
Annular transistor.

This new ultra-small transistor opens
up a whole new dimension in high-density
switching design flexibility. Although
only about 1/10 the size of standard TO-
18 and TO-92 devices, the MMT2369
retains ali the famous high-speed features
of its big brothers — the 2N2369 and
MPS2369. You can now apply all the
performance advantages of these popular
switches to miniaturized design concepts,
such as thick-film circuitry for computers
and instrumentation.

A “thimble-full’’ of Micro-T Transistors would
fill both sides of a 114" square PC board
yet still leave units to spare (we put 100 in
the thimble and didn't reach the top)!

The Micro-T Unibloc plastic package
also helps you lower your PC board
costs. It is ideally suited for drop-in
mounting techniques and, significantly
reduces circuit board depth — a prime
requisite for high-density designs.

Here are some of the MMT2369’s
high switching performance specs:

ton < 12 ms; toee < 18 ns
fr > 500 MHz

Cop < 4.0 pF

Icpo < 100 nA

hgp — 40/120

B Vepgy < 025V
...allatIg = 10 mA

Priced at only 97¢ in 1000-up quantities,
it is available in production quantities.
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First True Silicon Replacement For The

2N404 Germanium

Now, with the introduction of the
MPS404/A PNP switching series, you
can have all the benefits attributable to
silicon devices and still be able to plug
them directly into your germanium
2N404 sockets without redesign.

With the MPS404/A, you get silicon
transistors that operate at temperatures
to +135°C and dissipate up to 310
mW at T, = 25°C. And their high
Vinos (unusual in silicon) of 12 volts
for the MPS404 and 25 volts for the
MPS404A eliminate the need for exter-
nal protection against voltage spikes —
saving you money on zener diodes as
well as giving you greater design free-
dom. You also get saturation voltages
[Veppayl as low as 0.15 V max. and a
maximum C,, of 20 pF, making them
ideal in computer switching and chopper
applications where no silicon devicc has
ever been able to perform like the
2N404.

Packaged in the rugged and reliable
TO-92 Unibloc plastic case, the units

Switch Now Here!

MESIRRIRINR]

\
/

JAY T ‘ |
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MPS404/A Unibloc silicon switching transis-
tors can do everything the germanium 2N404
can do — only better!

are also inexpensive enough for even
the most cost-conscious requirement —
only 25¢ for the MPS404 and 35¢ for
the MPS404A, in 1,000-up quantities.

Try some! They're available from
your local Motorola distributor on an
off-the-shelf basis.
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New 4-Amp NPN/PNP THERMOPAD Plastic Silicon Power

Transistors Solve The Cost Vs.

Plastic device performance, cost and
reliability have come a long way since
first introduced a few years ago . . . and,
nowhere is this more dramatically evi-
dent than in silicon power transistor
advances during the last few months.

The new NPN/PNP 2N5190-95 4-
amp Thermopad-packaged transistors,
combining high-current, top efficiency
and excellent power-handling capabilities
(to 30 watts) with economy prices and
military-type reliahility, are ideal for
demanding industrial driver circuits or
in switch/amplifier applications where
cost/performance is a consideration.

You can use the 2N5190-95 as NPN/
PNP pairs to gain all the circuit-simpli-
fying advantages of direct-coupled,
complementary symmetry, plus realize a
higher degree of frequency stability in

Performance Dilemma!

Exclusive Thermopad construction —
with a chip-to-heat sink thermal path of
less than 0.030” — means low thermal
resistance and minimum derating in all
chassis-mounting applications; and the
compact, low-silhouette, malleable-lead
package is simple to mount in virtually
any place or position.

To date, the Thermopad package has
passed 42,000 hours of life-testing under
ambient temperature, high humidity and
reverse-bias—and 100,000 hours storage
life at 150°C, without a single failure!

KEY-MOLE MOUNT
SIMPLIFIES INSTALLATION
MOUNTING SCREW ISOLATED
FROM COLLECTOR

THERMOPAD HEAT SINK L
CONSTRUCTION - FOR LOW ( //
THERMAL RESISTANCEMIGH  n.

MEAT DSSIPATION

MINIATURE FLAT- PACK~
ONLY 10°LONG(INCL LEADS),
03°WIDE, 0 ) THICK- LOW-
SILHOUETTE , MOUNTS FLAT

both ac and dc driven loads without the R reamer cuassis
LR} . . INSTALLAT)

addition of expensive, impedance-match-
ing driver transformers.

TYPE Veeo | e Po hee @ | oCse'y | fr [PRICE (100-UP)

NPN PNP (sus) (max) @ 25°C (Ic=1.5A (max) (min) NPN PNP

2N5190 2N5193| 40 V $1.05 $1.33
2N5191 2N5194| 60 V 40 A 3B W 25/100 06V 4.0 MHz| 1.28 1.50
2N5192 2N5195| 80 V 1.67 1.95
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New BET RF Power Transistors
Provide Higher Secondary
Breakdown Protection

Two new series of 28-volt NPN RF
power transistors offer such large safe
operating areas that they are almost
impossible to damage in high-frequency
circuits, even under mismatched loads.

The two series, types MM1549-51
and MMI1557-59, are manufactured
using a new “balanced emitter” design
that permits uniform spreading of cur-
rent throughout the devices.

They are available in Motorola’s new
plastic stripline, “opposed-emitter” pack-
age which enables simpler circuit design
and easier tuning. Also, the low profile
of this new package will be helpful where
tight mounting space requirements
exist.

The MM1557-59 series is designed for
large signal, 175 MHz power amplifier
output stages, as well as for driver and
oscillator applications in FM, SSB and
pulse modulation systems up to 200
MHz. The MM1559 is especially suited
for use as the output stage in aircraft
radio transmitters.

The MM1549-51 series serves the

The Balanced Emitter Technology (BET) pro-
tects against the development of *’hot spots"’
by providing nichrome resistors in series with
each emitter, to facilitate an even current
distribution throughout the entire transistor
structure.

same types of applications in the 200-
450 MHz range. Major use of this latter
series will be found in government com-
munications equipment.

TYPE POWER @ FREQUENCY POWER
NUMBER ouUT(W) (MHz) GAIN (dB)
MM1557 7 175 85
MM1558 20 175 83
MM1559 40 175 7.5
MM1549 2.5 175 6.2
MM1550 7.5 400 57
MM1551 20 400 4.5

All six types are immediately avail-
able from distributor stock.
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DUAL-CHIP FORWARD REFERENCE DIODE
Provides a Tight-Tolerance, Low-V oltage Reference at an Economy Price!

Two diodes in the convenience of one package! That’s the big advantage of
this little performer. Nominally spec'd at 1.35 volts @ 10 mA. the MR2361
offers tight +4% tolerance at 2 points on the forward characteristic to ensure
high conductance (low dynamic impedance) in voltage reference and biasing
applications; i.e., audio/scrvo power amplifier complementary symmetry where
stable temperature biasing is mandatory.

Its voltage, current, temperature characteristics and low price make it
especially suitable for use with silicon plastic transistors. The MR2361 is
packaged in a “glass” case (meeting the DO-7 dimensional and hermetic-seal
requirements). Triple-chip units arc available on request.

Type No Ve @l =10mi k@ Ve =50V Price
' (Min) (Max) (max) (1000-up)
MR2361 130V 140V 10 pA $ .30
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LOW-COST, JUNCTION FIELD EFFECT TRANSISTORS
— Offer Exceptionally Low Power-Drain Parameters

Because Motorola’s MFE2093-95 junction FET series offers Inss specs as
low as 0.1 mA, it's a natural for low-current amplificr or switching applications.
particularly in compact, battery-operated systems. And. in the TO-72 metal
package, they are attractively-priced for most military or industrial users . . .
just $1.90 (100-up).

For maximum casc in the use of existing P.C. boards, the series fcaturcs
interchangeable drain and source. In addition, the devices arc packaged with
the chip isolated and the case is connected to pin 4 for easy grounding. Other
features include:

e High dc input resistance (Iess — 0.1 nA @ 15 V)
e High ac input impedance (Ciss — 6 pF @ 15 V)
o Low transfer capacitance (Crss — 2 pF @ 15 V)

Any of the three types are available in production quantitics.
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CLOSELY-MATCHED PNP DIFFERENTIAL AMPLIFIERS
—Provide hpy,/hypp» Tolerances Within 59 of Each Other!

Another dimension has been added to Motorola’s series of 2N3800 PNP
dual differential amplifiers with the availability of tightly-matched “A”™ versions.
Not only do these new “A” duals offer all the top-notch specs which have
made the rest of their family the first choice of precision diff-amp designers,
but their hyw/hws: ratio is only 0.95/1.0 (5%). at 25°C. and no more than
0.85/1.0 from —55 to +125°C, both measured at Ve = § V. le = 100 pA.
In addition. they exhibit a Vi / Ve differential of less than 1.5 mV at 100 pA.

The 2N3804A/5A are packaged in the TO-72, the 2N3810A/11A in the
TO-5 (low-profile) and the 2N3816A/17A in the TO-89 flat-pack — all 6-leaded.
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HIGH-VOLTAGE GERMANIUM POWER TRANSISTORS
—Give Peak Performance at Valley Prices!

The Veus ratings of 200 V and 320 V. coupled with price-tags in the “just
over a dollar” area. combine to make the MP3730/31 germanium power transis-
tors leading candidates for inverter. TV deflection, and power supply designs.

And, top efficiency is assured with excellent thermal dissipation — ;0 =
1.5°C/W — a figure of merit fwice as good as similar units! Both types handle
56-Watts and operate at temperatures up to +110°C.

Other features include luzso of 50 mA, Vi = 0.6 V and Ices = 5 mA.
The units are packaged in TO-3 cascs — and are available in quantity.

Vees lc VcE(sat) PRICE
TYPE APPLICATIONS Volts | Amps Volts hee @ lc (100-up)

Industrial Power Supplies
MP3730 | Inverters 200 5 0.75 @ 15 @ 2.25 A $1.05
TV Vertical Deflection lc = 2.25A (min)
Industrial Power Supplies
MP3731 inverters 320 10 0.5 @ 15@6 A 1.40
TV Horizontal Deflection le=6A (min)
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PNP RF POWER TRANSISTORS
— Provide 1,7.5 And 30 Watts At VHF/UHF — With Positive “Grounding”

There should be a lot of polarity changes in the near future . . . specifically
in the final output stages of both industrial and military communications
equipment The Reason: A new series of PNP transistors offering a positive
“ground” advantage and high power output ratings at 175 and 400 MHz!

Motorola types 2N5161 and 2N5162 are designed for amplifier. frequency
multiplier and oscillator applications in mobile communications. air-to-ground
tactical communications, and as varactor drivers. The third PNP type, desig-
nated 2N5160. is snitable for use as a Class A, B or C output; driver; pre-driver
or power oscillator in VHF and UHF applications to 800 MHz.

Device Power Out @ frequency BVceo | Min. Power | Typ #: Pkg. Price
Type (W) {MHz) V) Gain (dB) (MHz) Type (100-up)
2N5160 1.0 400 60 8.0 800 T0-39 $ 4.50
2N5161 7.5 175 60 8.75 500 T0-60 12.50
2N5162 30.0 175 60 6.0 500 T0-60 18.00
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HF RELAXATION OSCIL.
Low eta range: 0.51-0.69

TIME DELAYS
I 1.OUA max.

3 SCR TRIGGERING
Voer 6V min

GEN. PURPOSE

leezo 10nA
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UNIBLOC PLASTIC UNIJUNCTION TRANSISTORS
Offer A Wide Choice of Specs at Economy Prices

You can now choose the spec that fits your particular application and
design criteria (and price requirement) with the new Annular MU4891-94
UJT series ... from timing-to-triggering-to-general purpose. For example, the
MU-4893. which exhibits a high Vaou of 6.0 volts min, is ideal for use in SCR
triggering circuits while the MU4892 can be zeroed right into high frequency
relaxation-oscillator circuits due to its low eta () range of 0.51-0.69. And. a
low 1.0 xA maximum I, makes the MU4894 a natural for long time delay
applications.

Type Primary Use Highlight Parameters intrinsic Standoff Ratio () Prices (1,000-up}
MU4831 | General Purpose Low leszo 10 nA tmax: 055 082 $ .51
MU4892 | HF Relaxation Osc. | Low eta spread  0.51-0.69 051 0.69 .70
MU4893 | SCR Triggering High vV . 60 V (min) 055 0.82 .54
MU4894 Long Time Delays Low Ip 1.0 + A (max) 0.74 0.86 60
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10,000 PULSES-PER-SECOND MODULATOR SCR SERIES
Provides Voltages from 300 10 600 Volts at 300 Amps (Pulse)

Motorola’s rugged 100-amp and 1.000-amp pulse modulator SCR’s have
now been expanded to include the new MCR1336-5 thru MCR1336-10, 300
amp. 300 to 600-voit units capable of top performance in military /space
transponders, beacons, portable aircraft radar and high-pulsing applications.

Typical switching time characteristics include: 75 ns delay and rise (at
100 amps, l¥, capacitive discharge circuit, I = 500 mA @ 25°C). and 7 gs
torr (PFN discharge. 100 amp and pulse). Its dv/dt is 250 V/us while di/dt is
1,000 A/us. The unit has a wide operating temperature range of —65 to +105°C.
100-up prices start at $13.75 for a 300 volt unit (MCR1336-5).
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JAN2N499, JAN2N499A, JAN2N501A GERMANIUM TRANSISTORS
Now Available In Quantity To Fill Mil-Type MADT Sockets

If you say “availability” three times, you've got the big story bechind the
Motorola JAN2N499, JAN2N499A, and JAN2NSOIA — ncwest additions to
the growing line of MADT types immediately available in production lots
for “drop-in” replacement of older, source-limited types. These high-frequency
units, fabricated with the Motorola-developed “Sclective Metal Etch” process.
meect exact parameter-by-paramcter specs and achieve nearly identical key
MADT characteristic distributions. They can replace MADT types with no
redesign required!

TYPE | APPLICATION KEY PARAMETERS
JAN2N433 | VHF Amplifier] bt @ le = 1 mA, | Gpa @ 100 MHz, Ca @ 10V
Vee — 9V = 10250 | yo — —10 V, Je = 2 mA BVcio @ lc = 1 mA
JAN2NA99A | VHF Amplifier| hie @ e — 1L mA, | = 7.5 dB (min) — 2.5 pF (many|— 13 V(MM
Vee = 9V = 20-80
JAN2NSO1A | HF Switch hre @ Je — 10 mA, | fr — 175 MHz Veepay @ lc — 10 mA,
Vee = .5 V = 30 {min)| (typ) @ 10 mA/S V s = 1mA = 0.2 V (max}

With these three new types, a total of twenty Motorola units are now avail-
able for MADT high-frequency amplifier and switching applications.
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SILICON PNP BILATERAL SWITCHING TRANSISTOR
—For High-Current-Level Chopper Designs.

The bilateral performance capabilities of the Motorola MM4052 transistor
frees the designer of sophisticated telephone and communications switching
networks from dependence on comparatively slow, cumbersome relays. In
addition to all the benefits generally attributable to high-performance transistor
switches, this unique device amplifies high level signals bidirectionally — ¢.g..
forward hyg = 15 @ 150 mA/1.0 V and inverse hex >3 @ 150 mA/1.0 V.

Combining a host of peak-efficiency parameters (as indicated by the chart
below), the MM4052 is worth looking into whenever you have a requirement
for a high-level device that can switch in both directions.

Packaged in the miniature TO-46 case, it is priced at only $3.00 (100-up).

Offset “On" Series Capacitance
BVeso BVeco Voltage Iceo Resistance @ 10 Vdc
(min) (min) Vec(ofs) (max) r. @ 10 mA (max)

(max) (max) Cob Cob
0V 0V 1.0 mv 0.5 nA 2.0 ohms 10 pF 5 pf
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The circuitry shown external to Motoroia products is for illustrative purposes only, and Motorola
does not assume any responsibility for its use or warrant its performance or that it is free from
patent infringement.
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trademarks of Motorola Inc. MADT is a registered trademark of Philco Corp. SUHL is a trade-
mark of Sylvania.
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" reputation at stake,

which resistor line would you specify?

take a close look—therell be no question

AB)

G/

Allen-Bradley

Manufacturer Y

The above illustrations are from unretouched photomicro-
graphs taken of four !j-watt fixed resistors. Compare the
anchoring of the leads, the seal provided by the insulating
jacket at the ends, the homogeneity of the resistance material,
the sharp color code bands—and decide for yourself.

For more details on Allen-Bradley hot-molded resistors,
pleasc write for Technical Bulletin 5000: Allen-Bradley
Co., 110 W. Greenficld Ave., Milwaukee, Wis. 53204.
In Canada: Allen-Bradley Canada Ltd. Export Ofhce:
630 Third Avenue, New York, N. Y., U.S.A. 10017.
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Manufacturer Z

A-B hot-molded fixed resistors are available in all standard resistance
values and tolerances, plus values above and below standard limits.
A-B hot-molded resistors meet or exceed all applicable military speci-
fications including the new Established Reliability Specification.
Shown actual size.

wus
TyreE BB 1/8 WATT

:'1‘
TYPECB 1/4 WATT ®
TYPE EB 1/2 WATT _“m
:I'-
TYPE GB 1 WATT .o —
TYPE HB 2 WATTS .“

ALLEN-BRADLEY
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HERE'S THE LATEST INFORMATION
ON THIN-FILM DEPOSITION...

ive CVC PlasmaVac® Low-energy Sputtering Systems —to
handle thin-film applications from laboratory to production line.

Sputtering thin films with a CVC Plasma- deposition method. Please write for full de-
Vac?® system lets you deposit almost any tails on any or all of the PlasmaVac systems
material on almost any surface—with excel- described' below. Consolidated Vacuum
lent control over film composition, purity, Corporation, 1775 Mt. Read Blvd., Roch-
and thickness. You'll increase efficiency, ester, N.Y. 14603.

quality, and yields over any other thin-film

PLASMAVAC 100 PLASMAVAC 200 PLASMAVAC 300 PLASMAVAC 400 PLASMAVAC 501

— — e + - — =
Production-type
OC triode sput RF triode sput- system with DC DC Crossfire™
GENERAL 5 vnrloMe ta?u 2 tering, Conductors, | RF diode sput- Crossfire™ and RF | with rotary work
erldg.‘ etals, semi-conductors, tering. capability on in-line | holder, muitiple
ZCONTHCIONS, non-conductors. basis with air to air | targets.
substrate transport.
ox Bridges the lab-
Sophust;‘cate?_ oratory/production
Laboratory and Laboratory and r_esear% applica- interface. Modular Batch g
AFELICATIGNE limited production. | limited production t'°"§‘ sedclive concept so process | Date 't.ypfe prc_;l HC
|deal with CV-18 when used with spuh'erlng, spuner can be developed, hlon unit rorgpilot
vacuum system, PlasmaVac 100. etching, semi- then scaled up to plantioperation.
conductors, dielec- | o production
trics, etc. needs
Deposit Metals Yes Yes Yes Yes
- S 4~ - 4 - e — - -
Deposit Dielectrics No Yes Yes Yes
Deposit
Semiconductors Some Yes Yes Yes
Deposit Cermets No Some Yes Yes
Deposit Alloys Yes Yes Yes Yes Yes
Deposit Organics No No Some Some No

S — I . g S I8
Water Cooled Target
(for use of thermally No No Yes Yes Yes
sensitive materials)

- — —_ - —y — S— N— - E
Water Cooled
Substrate No No Yes Yes No
- ——— —_— e —— — S B
Reactive Sputtering No Some Yes Yes Some
| | e — e
Bias Sputtering Yes Some No No No
Bl - —— e - N
Sputter Etching Few Some Yes Yes No
— — . e — —l i
duction- fil
Type of Chamber Bell Jar Bell Jar Bell Jar r:ggur:r Is:azg:r mt?;: gl::nll:er
= > . . —_— e S— — 1 —
Multiple Target Yes, with
Sputtering Yes PlasmaVac 100 No Yes Yes

*Available on special order,

cvC

A BELL & HOWELL COMPANY

™ BeLLeHOWELL
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This label of “quality””

EXCLUSIVE HOT MOLDED
WESISTONS

B

———gmy—
~{rr=—

. THER

—

__222

World renowned for their
conservative ratings and
stable characteristics. Due
to uniformity of production
long term performance can
be accurately predicted.
With billions of these resis-
tors in service, there is no
known instance of catas-
trophic failure. Rated %, %,
Y2, 1, and 2 watts at 70°C.
Available in all standard
EIA and MIL-R-11 resis-
tance values and toler-
ances, plus values above
and below standard limits.

t

CEAMET TRIMMERS
Tron S

These Type S units are
competitively priced one-
turn trimmers. They're
compact—only 3" diam-
eter. Enclosure is water-
tight. Adjustmentis smooth
at all times—approaching
infinite resolution. Tem-
perature coefficient is less
than 250 ppm/°C over all
resistance values and com-
plete temperature range.
Rated Y watt at 85°C and
usable from —65°C to
+150°C. Resistances from
50 ohms to 1 megohm.

ADJUSTABLE FIXED RESISTORS
Tyvos R

Type R built to withstand
environmental extremes
Resistance element and
terminals hot molded into
integral unit with insulated
mounting base. Has step-
less adjustment and is
noninductive. Watertight,
can be encapsulated.
Rated 4 watt at 70°C.
Values from 100 ohms to
2.5 megohms. Tol. £10
and 20%. Type N similar
in construction but for less
critical environments.
Rated Y5 watt at 50°C.

HWOT MOLDED POTENTIOMETENS

Type J and Type K

Type J potentiometers
have solid, hot molded re-
sistance element. Smooth,
quiet control. Available in
single, dual, and triple
units, also with vernier
adjustment. Rated 2.25
watts at 70°C. Values to 5
megohms. Type K have
similar construction rated
1 watt at 125°C, 2 watts at
100°C, and 3 watts at 70°C.

HOT MOLDED POTENTIOMETERS
Trpe O snd Type L

Type G potentiometers are
miniature controls with
solid molded resistance
element. Only %" in dia-
meter. Quiet, stepless
operation. Rated Y watt at
70°C. Values to 5 meg-
ohms. Type L are similar
to Type G but rated % watt
at 100°C. Can be used at
150°C with *‘no load."”

HOT MOLOED TRIMMERS
Typa ¥ e

The Type Y single turn
trimmer has a low profile
which easily fits within the
commonly used 3" stack-
ing space. Can be sup-
plied with an optional
thumb wheel for side ad-
justment, or an optional
base for horizontal mount-
ing, or both. Also made with
a handy snap-in panel
mount. Rated !4 watt at
70°C. Resistances from
100 ohms to 5.0 megohms.

HOT MOLDED TRIMMIRS
Typa F

Type F trimmers are single
turn controls built to with-
stand severe environmen-
tal condition. Adjustment
approaches infinite resolu-
tion. Can be used at higher
frequencies where wire-
wound controls are imprac-
tical. Only %" in diameter.
Rated Y watt at 70°C.
Usable from —55°C to
+120°C. Available in resis-
tances from 100 ohms to
5 megohms. Various ta-
pers can be furnished.

FERRITES AND CERAMIC MAGINETS

Ferrite cores are available
in a wide range of sizes and
shapes, such as flared
yokes; U, E, and cup cores,
and torroids.

Ceramic permanent
magnets are available in
nonoriented and oriented
materials. Also types espe-
cially suited for use in the
design of high efficiency
d.c. motors.

Please send for Publication 6024:

Allen-Bradley Co., 110 W. Greenfield Ave.,
Milwaukee, Wisconsin 53204. In Canada:

Allen-Bradley Canada Limited.

Export Office: 630 Third Ave., New York,

N.Y., U.S.A. 10017.
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We let the meter
tell us how
to draw its face.




For our Honeywell Preci-
sion-Calibrated Taut-Band
Meter, we want accuracy and
tracking specifications of 12 of
1%, full scale. And we want re-
peatability of .2% or better, full
scale.

We're finicky about it. Be-
* cause we want a meter for the
finickiest applications you
have.

The meter decides.

We'd never get a meter like
that by printing up one stan-
dard face and putting it on
every single meter. Meters
have idiosyncrasies.

So we leave the whole mat-
ter of how to draw the dial on
the face entirely up to the in-
dividual meter itself.

We set up each meter in our
special computer-directed dial-
marking machine. Then we
crank in the current or voltages
— one increment at a time. As
we do, the machine precisely
marks the dial exactly where
the meter’s pointer points, for
each increment.

Custom-drawn.

The face we end up with is
actually custom-drawn to the
meter’s own specifications.

And behind it is our best
Honeywell taut-band mecha-
nism: Completely frictionless,
so it responds to even the slight-
est inputs. Hysteresis-free, so
its repeatability is near perfect.

Finicky.

Our Precision Calibrated
Meter is finicky, all right. It’s
the most precise, closest-track-
ing meter in the Honeywell
line. It comes in six body styles.

Certainly worth writing for
a catalog about.

Honeywell Precision Meter
Division, Manchester, New
Hampshire 03105.

The Finicky Meter
from Honeywell

It takes all kinds of meters to make the Honeywell line.
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Low-level high speed switching
in an A/D converter system is ¢

a rare combination anywhere but at Cimron

In fact, we might say unique, in the perfectly literal
sense. Cimron’s Multiplex A/D Converter System is
of interest to anyone looking for a Mux-type system.
Here’s why. Let’s say youre designing for a process
control application. You frequently have to measure
millivolt signals. And generally a system that does this,
does so slowly or uses a lot of expensive amplifiers.
This Cimron system gives you economical high-speed
sampling of low-level signals, a combination so rare
this model may be the first of its kind. You can buy

the Converter and Comparator for less than $2,500
each — the entire 128-channel system for less than
$12,000. The Multiplexer has a throughput speed of
IKC — from input programming to dumped output.
The comparator isn’t a must, but it does cut computer
time. A comparable system, even if you build it, could
cost 3 times as much, and still not give you Cimron’s
customer concern philosophy of immediate technical
support. For information, write Cimron, Dept. B-103,
1152 Morena, San Diego, California 92110.

CIMEXEINGe )
A Division of AT

Lear Siegler, Inc. i

o

ot
| £ |
ﬁz:&mtme
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.
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S r T x : 5
ANALOG MULTIPLEXER

MODEL 8900
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WE CAN SHOW YOU

HOW TO IMPROVE YOUR
“SLOW” RECTIFIER DESIGNS
IN 0.5 LUSEC TO 100 NSEC.

~ whene the priceless ingnediont & cane!

Electronics | February 19, 1968

6 A — 100 nsec 20 A —100 nsec
0.75 A —0.5usec 3A—05usec 1N3879-83 1N3899-3903
MR810-16 & 100 nsec 12 A — 0.5 usec 30 A—0.5usec
1A —100 nsec MR840-46, & 100 nsec &100 nsec
1N4933-37 MR830-36 MR880-86, IN3889-93  MR890-96, IN3909-13

THAT’S TYPICAL

You’d expect your #71 source for rectifiers to be able to tell
you how to use the broadest line of 88 fast recovery devices to best
advantage in all applications. So we prepared a special paper on use
of our *s-amp to 30-amp "fast” rectifiers in standard speed designs
where their switching/commutation characteristics can improve
circuit performance and reliability — highly inductive circuits where
self-generated voltage transients can destroy the rectifier and other
sensitive components, for example. Send for it.

You'd also expect the most agile of these units to perform
reliably at less than half their maximum-specified speeds — 200 nsec
— in all applications to 250 kHz . . . which they will. And you'd
definitely expect them to be stocked in depth at Motorola’s 62
North American franchised distributors . . . which they are.

What you might not expect is we can offer you fast recovery
rectifiers for as little as $.45 each (100-up) . . . which is little more
than the moderate cost for similar, slower-speed units.

That’s not typical,

MOTOROLA

Semiconductors
P.0O. BOX 955 L4 PHOENIX, ARIZONA 85001
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endix Autosyn
08 Synchros.

For weight-conscious engineers.

The average weight of Bendix® size
08 Autosyn® synchros is only 1.3
ounces. And their maximum diameter
is 0.750”. That’s a great combination
for trimming down servo systems.

There are 16 standard 08 units to
choose from. Some are radiation-
resistant. Some will perform accu-
rately at sustained temperatures up
to 800°F. All have flexible 12” leads,
corrosion-resistant construction and
aluminum housings.

Stainless-steel housings are avail-

44 Circle 44 on reader service card

able too. So are hundreds of other
Autosyn types in 10, 11, 15 and 22
sizes. As well as Mil-Spec synchros
up to size 37. You're almost certain

From q Max.
Catalog 25 Function | Voltage | grror
AY080AA-40-A1 | Transmitter | 26/11.8 7%
AYOB0AA-42-A1 | Receiver 26/11.8 -
AYO0B0AA-36-A1 Contro!
Transformer | 11.8/22.5 | 7'
AYO083AA-43-A1 Control
Differential | 11.8/11.8 | 7’
AY082AA-53-A1 | Resolver 26/11.8 7

Bendix

to find exactly what you need. And if
you don’t, we can design one for you.
We've been doing it for 40 years. No
wonder so many engineers rely on
Bendix synchros for performance and
dependability. And why you find
them in the 747, C-5A and F-111, to
name a few. There’s no better value
anywhere. Ask for our catalog and
see for yourself. The Bendix Corpo-
ration, Flight & Engine Instruments
Division, Montrose, Pennsylvania.
Phone: (717) 278-1161.

Aerospace

Products
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Integrated electronics

Opening the MOS gate

Read-only memories have long
been considered a natural applica-
tion for metal oxide semiconductor
techniques. But until the Philco-
Ford Corp.’s Microelectronics divi-
sion made its 1,024-bit memory
available this month, previous cir-
cuits of this type stored too few
bits to have much market appeal.

What makes the Philco array
even more significant is its
decoding circuitry. Of the circuit’s
1,340 aros transistors, 1,024 are for
the memory and the rest for
decoding. John Gorman, the com-
pany’s product marketing manager,
says a 2,048-bit memory is in the
works,

Last summer, Fairchild Semi-
conductor introduced a read-only
memory. But the circuit had only
256 bits and was quickly with-
drawn when a market couldn’t be
found for it. At that time, Fairchild
said a 1,000-bit device was the
smallest practical in terms of cost.

Next month Fairchild also plans
to introduce a 1,024-bit read-only
circuit.

Open and shut. Each transistor
in the Philco memory functions as
a gate. When the individual tran-
sistor gate is connected in the final
metalization process, current flows
from source to drain and the output
is interpreted as a binary 1. When
the gate isn’t connected, there is no
current flow and the output is a
binary 0.

This method allows the use of
very small transistors, says William
McKinley, manager of the com-
pany’s custom-iaos section. This
approach departs from the alterna-
tive-ratio technique in which a
large and a small transistor arve
connected to form each gate.
These transistor pairs look like re-
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sistor dividers. If the bottom tran-
sistor is on, the voltage out will be
low, and if it is off, the voltage out
will be high.

Philco’s memory array consists
of 128 cight-bit words. A 32-by-4
selection matrix allows address of
any word. Seven bits are required
for the address—five inputs go to
the vertical column (25), and two
inputs to the horizontal lines (22).
Each of the 128 parallel-word cir-
cuits feeds into a buffer driver and
an AND gate, so that addition of an
eighth address bit can convert the
circuit into a 256-by-4 array. Access
time is 1 microsecond.

Price is right. Gorman says com-
puter makers have shown consider-
able intcrest in the circuit, which
can be used for subroutine storage
(“firnware”) and  table-lookup
operations such as sine, tangent,
and code conversion.

Philco will coat each chip and
etch back to lay out a customer’s
particular interconnection needs.
There will be a one-time only tool-
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ing charge of around $750 for sinall
quantities of circuits. After that,
the price will be about $70 per chip
in small quantitics, or 7 cents a
bit. The price will be about 5 cents
a bit for larger quantities. Once
someone has paid the tooling
charge for a given function—such
as a sine table—it will be available
to anyone for the chip price alonc.

Forman says that the circuits are
now in production. Turnaround
time for final metalization is three
to four weeks.

Active filters

In a day when the fully compen-
sated monolithic operational am-
plifier is itself newsworthy [Elec-
tronics, Jan. 8§, p. 25], the achieve-
ment of three op amps on the same
chip may be something of a sur-
prise. The key, of course, is that
the devices are built with metal
oxide semiconductor technology.
They are a part of an active filter—

T a
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Tightly packed. Philco-Ford’s 1,024-bit read-only memory
features 1,340 metal oxide semiconductor transistors.
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a filter built with active devices in-
stead of the ordinary coil—that will
soon be introduced as what its de-
velopers say is the first true linear
aos integrated circuit on the
market.

The active filter is the product
of Gunnar Hurtig 3d, a young engi-
neer who has pursued its develop-
ment over the past three years.

“What we're trying to do is re-
place every passive filter below 100
Lilohertz with an active filter,” says
Hurtig, now manager of the clec-
tronic products department of
Western Microwave Laboratories
Inc. “We'll never sell an active fil-
ter that’s not cheaper than a passive
device. But there are no scerets to
filter design. In technology, the
passive-filter manufacturer has his
back against the wall. I can sell an
active filter for less than someone
clse can build a passive filter.”

The key to low prices is batch
fabrication, Hurtig says. He has
built both discrete and hybrid ver-
sions of the active filter, which
utilize a gain stage (the op amps)
plus two resistors and two capac-
itors for tuning to a center fre-
quency, and another resistor for
determining bandwidth. Only when
all of these elements are deposited
on the same chip can the price be
cut to below 85, the figure that
Hurtig feels is nccessary to under-
cut the passive filter.

The marriage between filter and
semiconductor technology was con-
summated at American Microsys-
tems Inc.,, an >oOS manufacturer
whose plant is only a few miles
from Western Microwave’s Santa
Clara, Calif, hcadquarters. A1
will make dice for Western, which
will perform its own die attach,
lead bonding, and packaging.

Tiny breadboard. Becausc Hur-
tig and his colleagues were ven-
turing into a new field, ant1 rccom-
mended that the layout for the 1c
chip be handmade. It built some
50 breadboard dice, measuring 101
by 93 mils, on which »zos devices
of various sizes were deposited.
Some of these devices were con-
nected by bus lines. Western con-
nected the others as it pleased by
attaching wires to the 72 bonding
pads.

46

There are six types of load de-
vices, explains Amr’s Richard W.
Przyblski, as well as three types of
inverters and two types of capac-
itors, which may be connected in
cither series or parallel to obtain
values of 10, 5, or 2.5 picofarads.
Hurtig’s group at Western had to
hook up the devices into three dif-
ferential amplifiers per op amp,
then report the chosen values to
wir. The transistors, Przyblski
notes, have different gains and
transconductances, which are con-
trollable by scaling the sizes. The
smaller mos field effect transistors
act as resistors. Each amplifying
stage has two amplifying devices
and two load devices, plus one de-
vice as a current source.

The final version of the chip will
have from 70 to 90 elements and
will measure only 80 mils, since
some of the transistors and most of
the pads will be eliminated.

Q factor. Western’s first filters,
which will be on the market in
about six weeks, will operate from
d-c to 30 khz. Others will follow,
but Hurtig is limiting himself to
the field under 100 khz becausc of
the verformance of the op amps.
The Q of a circuit must be high if
the filter is to have sharp skirts,
and Q is proportional to amplifier
gain. As op amp gain falls off, Hur-
tig notes, the skirts flare. And filters
are onc area where miniskirts will
never go out of style.

The active filter has a Q range
adjustable from 0.5 to 250, and a

Q stability (independent of Q) of
0.001%. Its center frequency can
be tuned at least one decade from
the nominal center frequency,
and center frequency stability is
0.005%.

Low-pass, high-pass, and band-
pass outputs arc simultancously
available on each filter, so that the
uscr can realize complex zeroes as
well as complex poles. Each filter
is a basic building block that can
be utilized for more complex func-
tions. For example, a 4-pole pair
bandpass filter could have relative
bandwidth of from less than 1%
to more than 100%.

Consumer electronics

Tuner for all channels

A television viewer trying to tune
in a station in the ultrahigh-fre-
quency band often looks like a char-
acter in an aspirin commercial. For
all his dial twisting he can’t lock
onto the channel. But this dark pic-
ture may be brightened.

Oak Electro-netics Corp.’s Tcle-
vision Products division in Crystal
Lake, I, has developed a solid
state all-channcl tuner that does the
work of both uhf and vhf tuners.
And though the device, called the
Mark IV, uses continuous-drive
tuning for both bands, it can also
be detented by the set manufac-

One for two. Combination vhf/uhf tuner does the work of two conventional
tv set tuners, but takes up less than half the space.
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T0 I~-F
AMPLIFIER

CH2-6 CH7-13 CH14-83 ]
PICTURE P S P S
SOUND
«-8,2 ~—9,2 ~—8.9
3db BANDWIDTH 3db BW 3db BW

Switched on. Oak Electro-netics’ combination very-high-frequency/ultrahigh-frequency tuner uses a simple
switching scheme to select one of three frequency bands.

turer to lock onto the 12 vhf sta-
tions and any 12 uhf stations.

Strike up the band. A low-loss
switching scheme is used to select
one of the three discrete frequency
bands covering channels 2 to 6, 7
to 13, and 14 to 83. Any station
within the chosen band can then be
tuned by vernier or detent action.

When the tuner is switched to
uhf, the tuning capacitor stator is
grounded and acts as a quarter-
wave uhf transmission line. In the
vhf band, the stator acts as a low-
loss capacitor and tunes the vhf
coils in the rotary switch section.
Three transistors serve as the r-f
amplifier, mixer, and oscillator for
both vhf and uhf bands.

Price savings. The combined cost
of conventional vhf and uhf tuners
is around $9.50; the Oak tuner, ex-
cluding the drive mechanism, is
priced at $6.50. A simple drive
mechanism using a tuning ratio of
4:1 for vhf and 16:1 for uhf will cost
the set maker an additional 50
cents. However, more sophisticated
drives will go for as much as $3.

Another advantage of the Mark
IV is its size. Measuring 1% by
312 by 4 inches, it takes up less
than half the space required by the
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tuners in most present large-screen
sets. And, Eugene Walding, an
engineering section manager at
Oak, claims that “by combining
the uhf and vhf circuits into a single
unit, we have been able to improve
noise figures and image rejection.”

Typical performance figures for
the tuner—channels 2-6: noise fig-
ure, 5.5 decibels; gain, 32 db; im-
age rejection, 70 db; channels 7-13:
noise figure, 6.1 db; gain, 31 db;
image rejection, 65 db; uhf chan-
nels 14-83: noise figure, 7.3 db;
gain, 28 db; image rejection, 70 db.

Home color

The wonderful world of home color
video tape recording is so costly
that there are no color vrr’s aimed
strictly at the consumer market.
The Ampex Corp. has a color vtr
on the market for $4,500 and Inter-
national Video Corp. is selling one
for $4,200, but both these machines
are intended more for industrial
and educational closed-circuit tv
systems than for the amateur.
However, last week in New York
City, the Arvin Industries Inc’s
Electronic System division, intro-

duced a prototype color vrr that
reportedly will sell for between
$1,000 and $1,500. This figure of
course, does not include a camera.
A black-and-white camera would
cost around $150 but a color cam-
era would be closer to $12,000.

The Arvin unit—not expected to
be in production till next year—is
dubbed the cvrxxr It can record
both black-and-white and color
broadcasts and has input jacks for
a camera for amateur productions.

Making it simple. Instead of em-
ploying the complex, and very ex-
pensive helical scan principle em-
ployed by most vrir producers,
Arvin is using the longitudinal
fixed-head recording technique and
an indexing tape transport devel-
oped for vIr’s by Newell Associates
Inc., Sunnyvale, Calif. [Electronics,
May 15, 1967, p. 25]. With this
principle—which Arvin is using un-
der a licensing agreement—and a
special head, the cvrxxr records
both picture and sound on the same
tape track, and compresses 10
tracks on a %-inch wide tape that’s
packaged in a self-threading cart-
ridge.

The first track is recorded as the
tape moves past the head from left
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Reel easy. Low-cost color vtr with cartridge tape reel is as simple to operate
as a color set and tape recorder.

to right. When the tape approaches
the end of the reel, the transport
mechanism stops and reverses di-
rection as it steps down to the next
track. The program being recorded
is interrupted for less than a sec-
ond by the cycling.

The operating time for a 4,800-
foot recl of tape—which runs at 160
inches per second—is an hour, or
six minutes for each track. A tape
price hasn’t been sct, but it’s ex-
pected to be about $30. This will
mean almost a 50% saving on tape
costs compared with other ma-
chines, which use up the same
amount of tape in about 30 minutes.
Arvin says it is working on a new
head that will further reduce tape
speeds to 120 ips without a sig-
nificant loss of resolution. Arvin’s
design also offers another ecconomy:
it reduces duplication time and
costs since all tracks can be dupli-
cated in a single pass.

Easy does it. The system is easy
to operate. It uses only stop, start,
and tape-direction buttons and
those controls normally found on
color tv sets and tape recorders,
and has none of the recording level
indicators and light meters found
on more professional video tape
recorders.

The recorder’s frequency re-
sponse is flat from d-c to 2 mega-
hertz. Color response is from d-c
to 500 kilohertz and audio response
is from d-c to 20 khz. Horizontal
resolution is 200 lines.
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Computers

Back in action

An crror-correcting  technique,
conceived in 1950 and used exten-
sively only in the Stretch computer
in the late 50’s, has been revived
in the International Business Ma-
chines Corp.’s new system 360
model 85 computer, first of which
will be delivered in the fall of 1969.
The technique corrects all single-
bit errors in a 64-bit double word,
and detects any double-bit errors.
Modern ferrite-corc  memory
technology has developed to the
point where errors rarely occur.
The conventional parity check—
single-bit error detection, covering
groups of eight to 32 bits—is usu-
ally considered sufficient. The com-
pany would not say why it felt that
error correction was desirable in
the model 85; however, according
to one informed guess, the great
length of the word, the rate at
which words are fetched, and the
high performance level of the proc-
essing unit made error correction
desirable. This capability slows
down the attainable speed of the
memory by several nanoseconds
but the presence of a high-speed
buffer memory in the model 85
compensates for the slowdown.
Few extras. The error code used
is the Hamming code, named after
its originator, R.\V. Hamming of

Bell Telephone Laboratories. A
redefined data format for the model
85 word as it is kept in the memory
makes the error correction possible
by adding only a few extra circuits
in the data paths leading to and
from the memory, without changing
the memory organization itself.

All data processed by all models
of the System 360, including the
model 85, is in the form of eight-
bit bytes; pure binary operations,
which are useful in scientific ap-
plications, operate on 16, 32, or 64
bits at a time, but always as mul-
tiples of the basic byte. Each byte,
furthermore, carries with it a ninth
bit, a parity bit, whose value in-
sures that the total number of 1 bits
in the error-free byte is odd. For
example, the cight-bit byte 10101100
would carry with it the parity bit
1, becoming 101011001, for a total
of five 1 bits in the byte; the parity
bit for 00011100 would be 0 be-
cause the byte already has three 1
bits in it.

At the end of any operation, the
number of 1 bits in each byte is
counted; if the count is even, the
result is known to contain an
crror. The error, however, cannot
be immediately corrected, because
the check does not indicate in
which bit it occurred, or cven
whether the error was a 0 that
became a 1, or a 1 that became a 0.
Correction processes requirc more
sophisticated techniques, usually
involving software.

Watchful eye. All operations in
the model 83, except transferring to
and from the memory, are per-
formed under the watchful eye of a
parity check, just as in the other
models. But when a 64-bit double
word (eight bytes) is stored in the
memory, the cight parity bits are
replaced by eight other bits. Seven
bits represent parity checks on a
selection of § to 36 data bits and
the eighth is a parity check on the
entire 72 data and check bits.

When the word is later fetched
from the memory, if a single bit of
the 72 data and parity bits is
wrong, the full-length parity check
will indicate it. The other seven
partial paritics, some of which will
also have failed, may be considered
as a binary number with the fail-
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ures as 1’s and the nonfailures as
0’s. This binary number is the loca-
tion of the one bit in 72 that is
wrong.

If two bits in the fetched word
are wrong, the full-length parity
will not fail, because the total num-
ber of 1 bits is still odd. But one
or more of the partial parities will
have failed. And this combination
of circumstances—at least one
partial parity failure and a full
parity nonfailure—indicates that
two errors have occurred. The loca-
tions of the two wrong bits cannot
be determined from the parity
checks alone.

In the model 85, once the word
has been taken from the memory,
and the error correction-detection
performed, the original eight parity
bits are restored and operation un-
der a byte-for-byte parity resumes.

Industrial electronics

Treading softly

A car buyer who kicks the tires to
find out if they’re any good derives
some satisfaction but little informa-
tion. Tire makers are becoming
more exact—they’re letting compu-
ters do the “kicking.”

Without fanfare—apparently to
avoid stirring up “Unsafe at Any
Speed” publicity—the major tire
makers have quietly installed equip-
ment made by Akron Standard
Mold Co. to electronically weed out
defective tires and grade acceptable
ones.

The Firestone Tire & Rubber Co.
recently equipped seven of its
plants with the gear. Other manu-
facturers have done the same.

On the road. Akron Standard’s
equipment uses an Electronic As-
sociates Inc. computer that calcu-
lates a tire’s fundamental harmonic
while it checks for nonuniformities.
Unevenness (hard and soft spots
on the tire) generate sine waves
that excite the vehicle’s suspension
system, thus causing rough rides
even on smooth highways.

In a typical tire plant operation,
a conveyor system carries the tire
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to the testing station where it is
placed on a chuck and inflated.
A rotating groundwheel presses
against the tire at a force of up to
2,000 pounds, which is determined
by an operator but controlled by
the computer, Two load cells—one
for measuring lateral forces and the
other for radial forces—send their
signals to the computer, which cal-
culates peak-to-peak variations dur-
ing one revolution of the tire. The
variations are compared with grade
limits set on the computer’s dials.

During a second revolution, the
computer determines the amplitude
of the fundamental, and produces
a voltage proportional to it. If this
signal, which goes to a comparator
circnit, is within predetermined,
acceptable limits, the computer cal-
culates a signal proportional to the
fundamental’s phase angle that cor-
responds to the high point on the
tire. The tire is then marked for
grade and high spot location at a
different machine. A complete grad-
ing test takes about 30 seconds.

Spot matching. In a separate op-
eration, wheel rims are also marked
for their high spot. During car as-
sembly, tires and rims are then
matched so that their high-spot
marks are 180° apart. Thus, the
high spots cancel each other’s effect
on the suspension system.

Akron Standard is developing
equipment that tests and then
grinds tires to reduce high spots in
force variations. Output of a tire

Deflating ‘premium’ tires

With the Department of Transpor-
tation’s standards for tire perform-
ance, safety, and labeling not ex-
pected until next year, the con-
sumer is getting some immediate
help from another Government
agency—the Federal Trade Com-
mission.

The Frc is cracking down on the
use of such terms as “top of the
line,” “premium,” and “select” in
tire advertising. The agency is
demanding that manufacturers run
qualifying statements in their ads
cautioning consumers that there
are no industrywide standards and
that the manufacturer’s grade is its
own designation.

uniformity computer—this one from
Information Development Corp. of
Akron—is servocoupled to the grind-
ing wheel.

What happens to rejects? “They
don’t go to Detroit,” says one indus-
try spokesman. The auto makers
use similar testing systems to ran-
dom-check tires received from sup-
pliers.

Displays

Happy medium

Customers seeking remote display
terminals for a computer have two
choices:

* A sophisticated unit that can
handle both keyboard information
and graphics but that’s priced any-
where from about $30,000 up to six-
figure amounts.

= A terminal that handles only
alphanumerics through a keyboard
but costs only between $2,000 and
$7,000.

There’s nothing in between.

This spring, though, a new firm,
Computer Displays Inc., will intro-
duce a terminal to fill that void
[Electronics, Feb. 5, p. 26]. The
unit, called aros for advanced re-
mote display station, was developed
at the Massachusetts Institute of
Technology for Project Mac ( multi-
ple-access computer). It will be
priced at about $10,000.

Double role. Computer Dis-
plays says buyers will get a
machine providing many of the
economic advantages of cluster dis-
plays—several low-cost units tied
together—and much of the conven-
ience of the high-priced single ter-
minals that handle both graphics
and alphanumerics.

The new firm’s president, Robert
H. Stotz, and its vice president,
Thomas B. Cheek, both worked on
the development of the Ambs ter-
minal at ir.

According to Stotz, the company
plans to sell a basic system consist-
ing of a Tektronix 1l-inch storage
tube, a vector generator, a charac-
ter generator, and a keyboard ca-
pable of relaying data in the 94-
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character American standard code
for information interchange.

The system would read text into
or out of a remote computer over
ordinary phone lines, and would
also display graphic data such as
charts, drawings, and schematics.

Drawing board. Computer Dis-
plays has no firm price schedule,
but Stotz and Cheek plan to offer
graphic input at $250 to $300 extra.
The graphic input device—shaped
like a large grapefruit cut in half—
is analogous to a light pen, but the
user wouldn’t have to write on the
face of the cathode-ray tube or on
a tablet.

Holding the device with the
spherical side up, he will slide it
across a flat surface to, for instance,
trace the outlines of a drawing. The
sliding rotates potentiometers at-
tached to the bottom of the sphere,
and their changing resistances are
transmitted through a cable to the
display and converted to cursor
movements on the screen.

The company may also offer an
acoustic coupler that Stotz says
would “perhaps make possible the
use of low-cost unconditioned
phone lines.” The coupler would
replace what the telephone com-
pany calls a data set.

Later, Computer Displays may
add an optional magnetic-tape re-
corder that could record graphic
input data for subsequent rapid
feeding into a central computer.

Some gaps. The arps won’t be
able to rotate a image on its
screen, but “at least half of all
graphic applications don’t really re-
quire it,” according to Stotz. Nor
will there be a hard copy output at
first; it may be an option later. “At
MAc, we found ourselves dropping
90% of the teleprinted readouts into
the wastebasket anyway,” Stotz
says.

The executive feels some users
may be distracted by the momen-
tary flash of light as the storage
tube is erased; also, some may like
a slightly brighter display. “But
these disadvantages are a small
price to pay for being able to do
without display storage and re-
freshment circuitry,” he says. Stotz
also notes that with random scan-
ning, aros will have a resolution—

52

100 lines to the inch—at least six
times sharper than that of inexpen-
sive displays with raster scanning,
“and we don’t need expensive elec-
tronics to convert digital data to
raster format.”

Nor is ARps slaved to a central
memory like some low-cost displays.
Stotz feels such systems are good
for education, say, where many
people view the same display simul-
taneously. But for use in a com-
puter utility, he says the user needs
independence. Further, with Arps,
graphic and character generation
and image storage are done at the
terminal. Some low-cost display sys-
tems liave to use computer power
and memory to generate or refresh
displays.

Not unexpectedly, one of Com-
puter Display’s first customers will
be mrt, which plans to install six of
the terminals on campus this sum-
mer.

Batch view

Most of the effort in applying light-
emitting diodes to products has in-
volved putting them together in an
array of separately processed and
packaged devices. But one group at
rca feels such an approach is too
limiting, especially for display pur-
poses. The cost of handling many
individual units is high, and the re-
sulting array, because of the inter-
connections and output wiring is
bulky. Rca is betting its research
money on batch-fabricated arrays.

In fact, rRca has already built
one—a 5-by-7 array of mesa diodes
made from gallium-arsenide phos-
phide, Ga (As,P). Within two years
the company expects to have com-
mercially available arrays that gen-
erate alphanumeric displays, says
Lawrence A. Murray, who heads
the device physics group at RCA’s
Electronic Components and Devices
division in Somerville, N.J.

The array measures 200 by 300
mils, with the 20-mil diameter dots
emitting red light at about 6,400
angstroms on 40-mil centers.

In line. The company has also
produced an array of 13 diodes
forming a 13-linc pattern that, de-
pending upon which segments are

energized, can form any alphanu-
meric. These diodes have been
made as large as 8 by 225 mils. But
for general-purpose displays, says
Murray, the dot array holds out
the greatest promise. Next step for
the researchers is to develop a 25-
by-25 array.

Most of the company’s work has
been funded by the Avionics Lab-
oratory of Wright Patterson Air
Force Base, Dayton, Ohio. Eventu-
ally, the Air Force hopes to get dis-
plays as large as 4 by 5 inches for
use in aircraft cockpits. Integrated
circuitry would drive the display.

Texas Instruments has success-
fully developed several planar
monolithic arrays for the military,
using gallium arsenide, gallium
phosphide, and gallium-arsenide
phosphide. The largest array con-
sisted of more than 400 clements
in a straight line.

Light-emitting diode arrays have
been on the market for more than
a year. However, these arrays are
discrete, separately packaged di-
odes held together in metal heat
sinks, and they are expensive. A 5-
by-7 array of Ga (AsP) diodes
offered by the Monsanto Co., St.
Louis, for experimental purposes
costs $495. Part of this high cost
can be attributed to the fact that
each diode has to be handled sep-
arately. Coavial headers are used
in arrays developed by both Mon-
santo and the International Busi-
ness Machines Corp.

Problems remain. Rca is able to
manufacture large, uniform wafers
of gallium-arsenide-phosphide. The
hard part, of course, is to achieve a
100% yield of good diodes and to
make all the diodes in the array
identical.

Monsanto also has developed a
batch-fabricated Ga(As,P) array—
an experimental 3-by-5 matrix of
diodes, according to Louis Luto-
stanski of the company’s New En-
terprise division. But Monsanto be-
lieves discrete diodes will be used
in most solid state displays for both
military and commercial applica-
tions. This opinion is shared by 1M,
which has delivered a 6-by-10 array
of individually mounted gallium-
aluminum arsenide diodes to a mili-
tary customer.
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Government

Data banks overdrawn

Fresh from having just about killed
the proposed National Data Bank,
The Senate’s Mr. Privacy is plan-
ning new runs on other information
banks.

Sen. Edward Long (D., Mo.),
chairman of the subcommittee on
administrative practice and pro-
cedure, has expanded his attacks
on electronic invasion of privacy
to include all sorts of computer
data banks—private or govern-
mental.

Under the gun. In the first of
what promises to be a long series
of sessions on computer privacy,
the committee has brought many
specific schemes under fire. These
include:

» The American Bar Associa-
tion’s plan to establish a data hank
on disciplinary actions taken
against lawyers;

* The Federal Burcau of In-
vestigation’s plans for a national
crime information center [Elec-
tronics, Dec. 11, 1967, p. 149];

= A New Jersey firm’s project to
market computerized data on the
buying habits and personal back-
ground of doctors for drug com-
panies;

* The Credit Data Corp.’s plan
to computerize credit information
on 70% of the U.S. population;

= Schemes Dby New Haven,
Cont.,, and Santa Clara and
Alameda County, Calif., to estab-
lish computer-stored dossiers on
every citizen in the arca.

Other concepts the committee
views with distaste include the
checkless, cashless society en-
visioned by those working on clec-
tronic banking techniques, the
commercial time-sharing concept,
and the right of corporations and
government to store data on a per-
son without his permission.

Privacy armor. Some surprising
proposals were offered to Long’s
committee. Paul Armer, an official
at the Rand Corp., suggests a
Cabinet-level department to handle
the computer invasion.

Alan F. Westin, a Columbia Uni-
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Modine’s Automotive and Industrial Test Supervisor says, “A
year ago it took 120 readings to make one valid test run . . . in
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versity professor of public law and
government, urged stiff Federal
and local protection laws. Wiley
Branton, executive director of the
United Planning Organization—a
Washington group doing computer
studies of poverty problems in the
city’s ghettos—asked for a plan to
encode data; names of individuals
would be separate from substan-
tive data to protect the individual.
Branton says his group is already
establishing such a program.

Cleaning the spectrum

Up to now, the Federal Communi-
cations Commission has been phil-
osophical about interference from
toy walkie talkies. “For a few weeks
after Christmas, it's rough,” says
one Fcc engineer. “Thank God those
things break after a few weeks.”

Garage door openers, though,
present a more serious problem,
one that the Fcc can’t take so lightly
since r-f radiation from these de-
vices frequently interfere with avia-
tion navigation systems. Tracking
down offending transmitters has
been a costly, time-consuming job.

But now, it appears that there is
going to be some cleanup in what
Fcc commissioner Robert E. Lee
calls “spectrum pollution.”

Under a bill moving through
Congress, the rcc will be empow-
ered to set standards and regulate
manufacture, import, sale, and
shipment of any device that could
cause harmful interference with air
channels.

Zip treatment. In surprisingly
fast action, the bill last week was
reported out of the House subcom-
mittee on communications and
power within minutes of the close
of a two-hour hearing. The measure
is expected to win Congressional
approval this session.

“The bill,” says Lee, “will enable
the rcc to deal with the interfer-
ence problem at its root source by
prohibiting manufacture and sale
of devices that fail to comply with
agency regulations.”

He told the subcommittee the
rcc received about 40,000 com-
plaints of interference in fiscal 1967.
Several thousand of these com-
plaints, he testifies, were attribut-
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able to such devices as high-power
electronic heaters, diathermy ma-
chines, welders, garage-door open-
ers, and low-power walkie talkies.
Lee added that the Fcc is frequently
requested to make special provi-
sions to permit use of new radio
devices.

“In the absence of authority to
make the manufacturer responsible
for compliance with our interfer-
ence specifications, we are reluc-
tant to sanction the use of such
devices due to the difficulty of
tracking down individual users of
noncomplying devices,” he said.

Save a buck. Lee emphasized
that manufacturers “have cooper-
ated generously” to minimize in-
terference. But he said those who
hold down excessive radiation are
at a competitive disadvantage with
“the marginal manufacturer who
cuts corners to save a few dollars
in this vital area.”

The r¥cc emphasizes it will not
have its inspectors examining pro-
duction lines or interfering in de-
velopment. Nor will the legislation
mean stricter technical standards:
the rcc has authority already to
adopt what standards it feels nec-
essary. But it could, explains Lee,
make existing technical standards
“applicable at the manufacturing

level” This means the maker—
rather than the user—would be re-
sponsible.

He promised that any new stand-
ards would be set only by going
through the conventional process
of holding hearings and inviting in-
dustry opinion.

The Electronic Industries Asso-
ciation has come out for the bill,
and a spokesman for the Electronic
Industries Association of Japan says
the legislation makes sense.

LBJ's war on radiation

“Delayed or chronic effects (of
radiation) include such serious con-
sequences as leukemia and other
cancers.”

With this and similar observa-
tions, the Administration last week
swung aboard the bandwagon for
radiation protection. And not to be
outdone by Congressmen pushing
their own bills—Rep. Paul G.

Rogers (D., Fla.) and Sen. E.L.
Bartlett (D., Alaska)—the President
has submitted his. It takes the best
of the Rogers and Bartlett bills,
says Dr. William H. Stewart, the
Surgeon General, and adds some
Johnson touches.

Easy passage. The bill will prob-
ably get quick approval by a Con-
gress out to make a reputation for
itself in the field of consumer pro-
tection. The President’s bill came
as somewhat of a surprise. He was
previously expected simply to en-
dorse the Rogers and Bartlett
measures and push for their pas-
sage [Electronics, Feb. 5, p. 60].
However, this consumer “cause”
has shaped up as one the White
House couldn’t pass up.

The President’s measure would
enable the Welfare Secretary to
finance research in biological ef-
fects of radiation and “set manda-
tory standards for the control of
hazardous radiation emissions from
electronic products.” The bill
covers “any manufactured product
or device which has an electronic
circuit which during operation can
generatc or emit a physical field of
clectro-magnetic radiation or sound
radiation.”

The bill would also require
manufacturers to state on labels
that they are complying with the
standards, maintaining testing re-
cords, and allowing plants to be
examined by Federal inspectors.
And it would set up procedures
for notifying purchasers of prod-
ucts considered hazardous, as well
as procedures for recall and repair.

Rampant rays. Meanwhile, a
Congressional panel was told that
the problem of excessive radiation
in color-television receivers is in-
dustrywide. The charge was made
in a preliminary report by James
T. Terrill Jr., director of the Na-
tional Center for Radiological
Health, on a Washington-area
sampling of 200 receivers.

For the record

For the bird. The Army Materiel
Command has awarded a $300,000
contract to Martin Marietta’s Or-
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Now all 709 circuits can be optimized by using the
NEW compensationless RA-909.

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

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

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

Visit us at IEEE ‘68 Booth 4H19-4H21

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

Contact your nearest Radiation sales office for
further information.
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Sales Offices: 600 Old Country Road, Garden City. N.Y. 115630, (516) 747-3730 — 2600 Virginia Avenue, N.W.. Washington, D.C.
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CYCLIC

A/D CONVERTER

For more than a decade, engineers have
attempted to design a workable CYCLIC A/D
converter. Bunker-Ramo has engineered and
manufactured the first practical Cyclic A/D con-
verter, the B-R 850.

« CYCLIC! Within the B-R 850, the signal is syn-
thesized rather than successively ap-
proximated. Input data conversion is
continuous, eliminating requirement
for sample and hold. Output can be
sampled continuously or on com-
mand.

o FAST! Worst-case conversion time: 1 usec.
for 8-bit word. 1-bit changes as short
as 60-nsec. When following a multi-
plexer, conversion time will add less
than 1 psec.

« ECONOMICAL! $1,348 (single unit price); POWER:
max 7V, watts; SIZE: 334" x 4%" x
7Y WEIGHT: less than 2-lbs.

For more information on the BR-850 and on our
upcoming line of components, (i.e.: 12-bit, 300
KHz: 8-bit, 3 MHz converter; 16-channel multi-
plexer and others) please contact Mr. W. G.
Garner. Phone (213) 346-6000 or write:

“SEE YOU AT THE IEEE SHOW—Booth 4E39-41"

L1

THE BUNKER-RAMO CORPORATION
DEFENSE SYSTEMS DIVISION
8433 FALLBROOK AVENUE - CANOGA PARK CALIFORNIA 91304
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lando division to determine the ap-
plicability of random access dis-
crete address techniques, to Project
Mallard, the proposed international
military communications system.
This award is Martin Marietta’s
fourth Mallard study contract; the
total value is ncarly $1 million.

It figures. The Singer Co.’s Fri-
den division is offering what it bills
as the first electronic printing cal-
culator using all integrated-circuit
logic. Not only that, says Friden,
but the $1,495 price is $750 to $2,-
300 under the competition’s tags.
The typewriter-size machine, called
the 1150, prints 37 characters a sec-
ond and rounds off answers auto-
matically.

Desk set. Interstate Industries of
Chicago has introduced a new toy
for the executive who has every-
thing, including time on his hands.
Touted as an electronic desk, it
features a portable tv set, an a-m/
f-m clock radio, a casette tape re-
corder, and a $1,300 price tag.

Dual on line. Honeywell’'s Com-
puter Control division is bringing
out its first dual processor, the
ppr-324, Consisting of two com-
puters similar to the company’s
two-ycar-old ppr-124, it will be
used principally for simulation,
process control, and lab applica-
tions. Each component machine
has 8,000 to 24,000 words of mem-
ory, and they share a third 8,000-
word memory module. A little extra
hardware serves to streamline the
dual operation.

Band splitting. In trying to sat-
isfy demands for more land mobile
spectrum, the rcc has allocated 165
new radio channels, for business
and public use, including 20 solely
for the police. The new channels
were taken from the cluttered 450-
to-475-megahertz band by reducing
the channel width from 50 to 25
kilohertz. Those holding licenses to
use these frequencies will have un-
til June 1 to make some technical
changes, but full compliance will
not be required until 1971.

An rFcc official says that about
20% of the approximately 125,000
transmitters now operating in the
450-t0-475-Mhz range, will have to
be replaced by 1970, but he notes
these are mostly of pre-1950 vin-
tage.
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RCA supersedes the
2N681-690 SCR family
with better performing devices
at"mind-changing”prices!

A
£
i

:

r Voltage
2N690 My 2N3899  $6.,50 | 2N3873  $6.35 600 V
2N689 Pwy . '

INGS3 Z A

oN6s7 Wy ON3898  $4.50 | 2N3872  $4.35 400 V
2N686 Ma)

gmgg >Y 2N3897  $3.25 | 2N3871  $3.10 200 V
2N6

ON6 2N3896  $3.00 | 2N3870  $2.85 100V

2N

25 z 35A 35A RMS current

Prices in quantities of 1,000 and up

If you're using conventional SCR'’s in the mid-current range...RCA's

35-amp types offer greater protection from voltage transients,

better performance...and just check the prices!

RCA’s 2N3870-2N3873, 2N3896 - 2N3899 85-amp power-rated SCR’s offer you a choice
of press-fit or stud-mounted packages...and your circuits will not only be more
rcliable, they'll be a good deal less expensive! Just check the performance advantages

of RCA’s “mind-changing” SCR’s over those of the 2N681—690 family:

2N681-690

Forward Current

Peak Surge Current
Gate Power
Gate Current

Gate Voltage
Therma! Resistance

25A
150 A

5w
2A

lov
0.9°C/W

RCA
2N3870-2N3873
2N3896-2N3899

35A

350A

40W
(for 10-us duration)

Any value giving
maximum gate power
is permissible.

2°C/W

Of course, if your design requirements call for the famous 2N6Y0 family, RCA can still
deliver more performance for less cost. Your RCA Field Representative can give you
complete details. For additional technical data, write RCA Commercial Engineering,
SectionRN2-4,Harrison, N.J. 07029. Sec your RCA Distributor for his price and delivery.

RGA
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MINIATURE SIZE RELAY (3 CONTACT RATINGS : Contact Material: Rhodium. Maximum Velt-
age (Volts): 50 VDC, 150 VAC. Maximum Cuerent: Switch, .500 amp. Carry, 2.5 amps. Maximum
Power (Watts, DC): 6 Watts. Resistive or properly suppressed (VA, AC): 10 VA. Maximum Re-
sistance Initial: 100 milliohms. End-ol-life: 2 ohms. Peak Breakdown Voitage: 300 volts rms.
Life & Reliability At Rated Load: 20 x 10* operations. Dry Circuit: 500 x 10" operations.

OPERATING PARAMETERS : Speed: Depending on sensitivity and number of poles, the speed for mini-
ature size relays is from 1 msec to 2% msec, including contact bounce and coil time. Insulation Resist-
ance: Coil to ground : 50 megohms {min). Coil to contact: 500 megohms {min). Temperature Range:
—50°C to +105°C. Vibration: 10G @ 10-55 cycles/sec {open or closed). Shock: 15G {min}.

STANDARD SIZE RELAY (3 CONTACT RATINGS: Contact material : Rhodium. Maximum Volt-
age (volts): 150 VOC, 250 VAC. Maximum Current: Switch, 1.5 amps. Carry, 6 amps. Maximum Power
{Watts, DC): 25 watts. Resistive or properly suppressed (VA, AC): 40 VA. Maximum Resistance,
tnitial: 50 millichms. End-of-life: 2 ohms. Peak Breakdown Voltage: 500 volts rms. Life & Reli-
ability, At Rated Load: 20 x 10° operations. Dry Circuit: 500 x 10° operations.

OPERATING PARAMETERS: Speed: Depending upon sensitivity and number of poles, the speed for
standard size relays, including contact bounce and coil time, is: 2% msec to 6 msec. Insulation Resist-
ance, Coil to ground: 100 megohms (min). Coil to contact: 2000 megohms (min). Temperature
Range: —50°C to +105°C. Vibration: 106 @ 10-55 cycles/sec (open or closed). Shock: 156G {min}.

NEXT TIME YOU

NEED A DRY REED RELAY

THERE'S A BRAND NEW SOURCE

WHERE YOU CAN GET IT FASTER

It's Adlake—the company you call on for
mercury relays. We now supply dry

reed relays in standard and miniature
sizes ; single. double, and 4-pole. And we
promise you the same fast delivery that
made us the leader in mercury-
displacement and mercury-wetted relays.

There's no compromise with quality.

Qur dry reed relays have the most
accurately-wound coils and the most
reliable switches you can find anywhere.
They are specially recommended for

such applications as automatic numerical
machine controls, telephone and telegraph

Write today for our new catalog. And
don't forget that at Adlake we always
stand ready to assist you with design
and engineering.

switchgear, and data processing.

SINCE 1857

s

THE ADAMS & WESTLAKE company

4 sussipiary oF ALLIED PRODUCTS CORPORATION

Elkhart, Indiana 46514 « 219 264-1141 « TWX 219 522 3102 « TELEX 25-8458 « CABLE ADLAKE
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Early warning nets
get a reevaluation

Radiation standards
to open big market
for color-tv testers

Comsat out to buy
Intelsat 3.5 and 4

Washington Newsletter

February 19, 1968

The Pentagon is taking a hard look at its surveillance and early warning
radar networks to determine which systems overlap and which are
expendable. Major improvements in existing networks have been delayed
until a Pentagon group on systems integration decides which are still
needed in the light of developing new systems.

One likely casualty is the Ballistic Missile Early Warning System
(BMEWS). It would be dropped in favor of the Sentinel antiballistic
missile system’s perimeter acquisition radar, as well as over-the-horizon
radar installations.

Originally scheduled for major overhauls this year were the Navy
Spasur and the Air Force Spacetrack detection networks. But now only
minor improvements in data processing and communications gear will
be made to keep up with the growing number of orbiting objects the
two installations must detect and catalog.

Therc’ll be a host of companies scrambling to get into the radiation-
detection business once industry and the Federal officials can agree on a
standard measuring device for checking home color-television sets.
The National Center for Radiological Health and the Electronic Indus-
tries Association will hold a joint seminar March 28-29 in Washington,
and the hope is that standard systems, calibration, and procedures will
be hammered out then.

But the job won't be easy. A battle is expected between the center,
which will champion its own lightweight radiation detector, and makers
promoting their commercial instruments. The center’s device has six
Geiger-Mueller tubes aligned in two rows over a face area 16.5 by 14.5
inches. It can record radiation levels down to 0.05 milliroentgens per hour
at a 5-centimeter distance in 10 minutes, compared with the half-hour
exposures needed with older instruments. Center spokesmen say their
detector could be produced at a cost of $200 or less.

Comsat now wants to buy both the Intelsat 3.5 and the Intelsat 4 satel-
lites. If it gets the okay from the International Consortium’s interim com-
mittee, Comsat will launch the 3.5 craft in mid-1969; launchings of the
giant Intelsat 4 would begin in mid-1970.

If Comsat follows this operating plan, it’s highly doubtful that it would
exercise its option to purchase more Intelsat 3 craft from TRW Systems.
It doesn’t appear though that Comsat would cut back its current order
of six. The first Intelsat 3 is several months behind schedule and is now
due for launch this fall.

Proposals are due March 9 on the Intelsat 3.5, which would provide
1,900 two-way voice circuits—700 more than the Intelsat 3. TRW has
studied such a craft, achieving the increased capacity by “squinting” or
narrowing the Intelsat 3 antenna beam. However, the work statements
in both the 3.5 and 4 proposal requests leave the two contests wide open
to all technical approaches. “Don’t conclude that the 3.5 will be a modi-
fied 3. It could be a different satellite entirely, and from a different manu-
facturer,” notes a Comsat official. Plans are to buy two satellites.

Since Intelsat 4 will weigh more than a ton, the craft will require a
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Work to begin soon
on center for MOL

Payments speeded
on defense orders

Bill to decentralize
patent hunt on way

Addenda

Washington Newsletter

Titan 3B Agena booster. Bids are due April 8. Comsat plans to order four
of the 5,000-circuit craft.

Construction of a mission control center for the Air Force Manned Orbit-
ing Laboratory (MOL) will begin this spring. The $6 million building is
part of a five-year improvement program at the Advanced Satelite Test
Center in Sunnyvale, Calif., that will also include nearly $50 million of
electronics hardware.

The Lockheed Missiles & Space Co. holds a $36 million prime con-
tract for data processing equipment, and Philco-Ford is subcontractor
for displays. Computers will include three IBM 360/67 systems operating
together, plus a Control Data 3800. Also, Collins Radio has a $7 million
contract to modernize communications equipment and convert it to
S-band frequencies.

The Pentagon is speeding up payments on fixed-price contracts, partly
to offset an expected new wave of industry complaints about low profits
on defense orders. Beginning next month, the Pentagon will increase
total progress payments on such awards to 80% from the present 70%.
Contractor claims are supported by a new Pentagon-sponsored study
by the Logistics Management Institute showing not only that contractors
make more money on commercial work than on defense jobs, but that
this trend is growing as the Pentagon awards more fixed-price contracts.
The institute estimates pretax profit on capital investment at 6.9% on
defense business and 10.8% on commercial work done by the same com-
panies. In contrast, the average for durable-goods makers is 12.4%.

Help is on its way for executives and researchers who have to track down
patents. Congress is expected to pass a bill this session authorizing the
Patent Office to set up patent search centers throughout the nation. Such
searches can now be made only in Washington. The sponsor of the bill,
Sen. Gaylord Nelson (D. Wis.), says microfilming makes the project tech-
nically and economically feasible.

Once the bill is passed, the Patent Office will seek funds for one or two
pilot centers, but these stations won’t be operating until 1970 at the
earliest. The U.S. lags far behind other countries in establishing such
centers; there are 40 in West Germany and 20 in Britain.

NASA’s Goddard Center has gained more backing in its in-house fight
with the Houston Manned Spacecraft Center for unmanned rather than
manned missions. An interim report from 100 top scientists who met last
summer at Woods Hole, Mass., has come out strongly in favor of
unmanned missions for space applications work, calling them more eco-
nomical, effective and practical . . . The Renegotiation Board is now cer-
tain to continue operating. The only questions are whether it will be made
a permanent agency (doubtful), and if it will be empowered to review con-
tracts smaller than the current $1 million minimum (backers want it to
look at all contracts over $250,000, but will probably settle for $500,000)
. .. As expected [Electronics, Feb. 5, p. 60], William H. Watkins, the
FCC deputy chief engineer who would like to see the agency do more
research and technical planning, was named chief engineer.
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Sorensen’s new
QRS 40-.75 delivers
12 times the watts per
dollar of most competitive
power supplies...with no stinting
on performance.

New Sorensen (QRS:

[] Voltage Regulation/Current Regulation [[] Output Voltage Resolution: 0.01% of
(with automatic crossover). maximum output voltage.

[] Voltage Regulation: = 0.01% or -+ 1mv

for maximum line and load changes [J Remote Programming.

sombined. ] Remote Sensing.
[] Voltage Ripple: 400 .V r.m.s. (6 mV peak-
peak to 25 M Hz)! [] Ambient Temperature 0-71°C
Output Contact your tocat
Model Voltage Output Current Range @ Ambient Size (inches) Sorensen representative
Number Range @ 40°C @ 55°C @ 71°C h w d Price or: Raytheon Company,
Sorensen Operation,
QRS 15-2 0-15Vvdc 0-2.20A 0-2.00A 0-1.20A | 3% 8 13 $145. Richards Ave.. Norwalk.
QRS 20-4 0-20 0-4.40 0-4.00 0-2.40 5V 8 13% $255.  conn. 06856.
QRS 30-1 0-30 0-1.10 0-1.00 0-0.60 312 8 13 $145. TwX 710-68-2940.
QRS 40-.75 0-40 0-0.83 0-0.75 0-0.45 32 8 13 $145]
QRS 40-2 0-40 0-2.20 0-2.00 0-1.20 5Va 8 13% $255.
QRS 60-.5 0-60 0-0.55 0-0.50 0-0.30 32 8 13 $155.
QRS 60-1.5 0-60 0-1.65 0-1.50 0-0.90 5Va 8 13% $265.J

for more data on this versatile instrument . . . (@l Sorensen: 203'838'6571
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Control, monitor, measure, regulate, duplicate, automate, analyze,
reproduce, evaporate, program...

thin films

95
1

DEPOSIT THICKNESS MONITOR —
DTM3
A quartz crystal monitor for the
thickness control of vacuum
deposited thin films.
REPRODUCIBILITY: + 10 A @
1000 A. RANGE: 0-100 KHz in five
ranges — 1, 3, 10, 30, 100 KC.
SENSITIVITY: better than 2x10—8
gm/cm2. STABILITY (1 hour):
+ 30ppm.
Circle 308 on readers service card

ANALYTICAL ION GAUGE — RGA
For analysis of residual gas
spectrum, single gas monitoring
and control or leak detection.
Measures partial pressures to
2 x 1010 torr over mass range of
2 to 50. Five pressure ranges,
— automatic sweep.

Circle 309 on readers service card

ANGSTROMETER — M-100
A multiple beam interferometer for
measuring thickness of thin film
depogitions. o
RANGE: 40 A to 20,000 A.
RESOLUTION: between 5A & 100 A
(dependent upon sample quality).
MAGNIFICATION: 100,000 x
vertica!l equivalent, 15 x horizontal.
OPTICAL ABSORPTION: less than
.59, by reference flat.

Circle 310 on readers service card
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CONTROL CENTER — PAN OMNI
A custom control center engineered
to automate your specific thin
film production. Complete with
stainless steel collar sized to
match your vacuum system, fixtured
with all feedthroughs, sources,
and evaporation sensors. Converts
any automatic vacuum system
into a programmed thin film
production center.

Circle 311 on readers service card
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ELECTRON BEAM POWER SUPPLY
& GUN — SIX/TEN
A constant voltage, variable
emission type power supply
engineered for manual or automatic
OMNI Il control. Variable beam
sweep allows broad area evaporation
without defocusing. Mates with
Sioan 6 KW 180° bent beam
E B Gun. Avaiiable in single or
multiple hearth. VOLTAGE: 10,000
VDC @ 0.6 amps.

Circle 312 on readers service card

DEPOSIT CONTROL MASTER —
OMNI-II
Automatically controls deposition
rate, thickness, and rise and
soak sequences. Rezeroing allows
programming for sequential
control of layered depositigns.
RATE CONTROL: up to 1000 %/sec.
THICKNESS: up to 60,000 &-Al
or mass equivalent. OUTPUTS: 12
pin control 27 pin program,
frequency meter, two frequency
meter relays, rate meter, rate meter
relay, aux. power, recorder,
audio and frequency.

Circle 313 on readers service card

7
AUTOMATIC THIN FILM SYSTEM
A completely integrated thin
film production facility combining
the finest automatic vacuum
system, deposition controls and
production chamber.

Circle 314 on readers service card

For technical details, call your Sloan
representative or write direct.

TELEPHONE (805)963-4431




Frenchtown/CFi

can make you

100,000 ceramic
electron tube spacers
d week

...0r 10,000 ceramic
coil forms

(4 1o 40 turns per inch)
d year

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

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

Circle 63 on reader service card

left photo: 92-96% alumina—dry pressed—fired—diamond ground.

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

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

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

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

FRENCHTOWN/CFI MEANS CERAMICS FOR INDUSTRY

right photo: 94% alumina—isostatically pressed—form ground— fired—djamond ground.
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120W PEP
> 30W carrier

150 MHz

5 transistors

> 60W carrier
400 MHz
7 transistors

Only ITT delivers so much broadband RF power
with so few transistors

Another reason
to buy from
“"The Predictables”

Is your goal circuit simplification
through higher power? Would you
like to increase reliability and
cut cost by reducing the total
number of components in your
equipment? Then ITT's strip line
RF power transistors are for you.
Two application examples are

shown above, but the possibilities
are almost endless. Here's why:
Strip line packaging gives you
lower inductance, higher power
output, broader bandwidth and
greatly improved stability. The
high BV¢go ratings of the 2N5214
and 2N5216 give you better
up modulation capabilities and
reduce the danger of damage from
transients. Resistor stabilization
provides increased safe operating
area and built-in bias stability

for class A and AB amplifiers.

Want more information? Write
for a free copy of “VHF/UHF
Transistor Power Amplifier
Design”. Want immediate delivery
of strip line transistors? Contact
any ITT distributor or your ITT
factory representative. ITT Semi-
conductors is a Division of
International Telephone and
Telegraph Corporation, 3301
Electronics Way, West Palm
Beach, Florida.

semiconductors ITT

FEACTORIES IN FLORIDA ¢ CALIFORNIA » MASSACHUSETTS « ENGLAND « FRANCE « GERMANY « PORTUGAL « AUSTRALIA
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® 4 switches

are

& O more

& than you need.

Because either one of the

A - Hewlett-Packard 33006A
l{ . /33007A Solid-State

o R - Switches takes the place of
g - - the six normally needed for

5 coverage of the 400 mHz
@ to the 18 GHz range in

v I

— . single-pole-double-throw
i . switching applications. So
- ‘AJ you only need one small,
Actual Si

| lightweight switch for the
entire microwave spectrum. Why use six?

And that's not all. The HP 33006A/33007A Switches fit
either coaxial or stripline configurations and offer im-
proved sensitivity for ECM, radar, missile guidance,
communications and lab check-out applications. They’re
excellent replacements for electro-mechanical switches,
too, because of their speed, reduced size and high re-
liability. And they meet MIL specs.

)

For more details, call your local HP field engineer or
write Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.

HEWLETT @7 PACKARD

SOLID STATE DEVICES

Electronics | February 19, 1968
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MTON now makes possible
the ideal RF amplifier...

with Cascode Performance

General Instrument’s exclusive MTOS N-channel Dual Gate FETs combine the high power gain and low noise figure
of bipolar transistors with the large signal handling capability and low cross-modulation distortion of vacuum tubes.

In 1948 the *'cascode’’ amplifier was born.” Of course, it
was designed around vacuum tubes but it yielded what has
come to be recognized as the-ideal RF amplifier configur-
ation. It featured the low noise high G, performance of tri-
odes and the low feedback capacitance-high output resistance
of pentodes.

Now, within a single integrated solid state device, the N-
channel Dual Gate MTOS Transistor (MEM 554 Series), a
high performance cascode circuit has been developed and
is available in quantity. It combines the advantages of both
bipolar transistors (high gain and low noise) and vacuum
tubes (high input impedance, large signal handling capability
and low distortion) to make the device an ideal RF amplifier.

Its applications are by no means limited to RF amplifiers.
Major advantages result in spurious response reduction in
FM tuners when the device is used as a highly linear mixer.
In VHF tuner mixers very low cross-modulation distortion is
also obtained.

Call your authorized General Instrument Distributor for off-the-shelf delivery.

Here today is the answer to the constantly increasing prob-
lem of frequency spectrum crowding:—solid state devices
that reduce the annoying effects of interfering signals.

Features. .. MEM 554 Series
e 18 dB @ 200 MHz Power Gain
e 3.5dB @ 200 MHz Noise Figure

e 120 mV undesired signal for 1%
cross-modulation distortion

o Reverse AGC capability

e 150 mW dissipation

e Dual Gate provides Linear Mixing Capability
e C,.025pF

e G, 12,000 mhos

#Proceedings of IRE, June 1948, “A Low-Noise Amplifier

Write for complete data.

For all information relating to MTOS in Europe, write to: General Instrument Europe, Via Turati 28, Milano, [taly.

GENERAL INSTRUMENT CORPORATION

GENERAL

INSTRUMENT

500 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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We offer over 200 talking pictures.
Pick one that speaks your language.

Our CRT'’s have been articulate
right from the start. Our first,
thirty years ago, told us we were
onto a good thing. Some people
didn't believe it, but that one
spoke our language.

Since then we've gone on to
develop and produce CRT's that
make up an electronic United
Nations.

One speaks to the weather-

CENERAL

TRONILS

man. Another to a heart special-
ist. There's one that sits on a
desk and talks to bookkeepers
or accountants. And one that
communicates with aircraft con-
trol tower personnel. One that
strikes up a conversation with
geologists. And even one that
displays nuclear explosion data
to anyone who cares.

That's asking a lot from a CRT.

But then we've always done that.
And we'll go right on doing it.
Because even as our customers
tell us, there's almost no limit to
what a CRT can talk about.

Want to start a conversation
with a CRT2 Call or write us
to arrange a meeting... anytime.

Electronic Tube Division, @0,
General Atronics, Philadelphia,
Pennsylvania 19118

GENERAL ATRONICS



No. 8 of a Series

Tips on cooling off
ot “plastic” transistors

See how circuit and packaging designers use new IERC heat dissipators
to increase the efficiency of epoxy and ceramic semiconductors. Models
are available for all TO-5, TO-18 and D-case sizes, with and without flanges.

S — S g e = - . — X ey
New, press-on *“Fan Tops” fit all TO-5, TO-18 and  New “Universal” Spade types fit all D-case sizes, New Clip types are especially effec-
D-case size devices. Need no board area; add  including the flanged type. Permit operating tive in high g environments. Hold
virtually nothing to board height. An RO-97  power of transistors to be increased 33%. Unique  TO-5 and TO-18 size devices se-
with Fan Top dissipates 400 milliwatts at 65°C. spring-clip retainer accommodates variations in curely; reduce load on leads. Allow

compared to 200 milliwatts with no dissipator.  casc diameters. Single and dual models. 30% more operating power.

- i

Unique new Spade types fit all TO-5, TO-18 and no-flange New PA and PB dissipators for medium power plastic devices accommodate
D-case sizes. Provide excellent retention and dissipation and are  the flat, rectangular shaped thyristors, transistors and SCR’s. Patented,
also valuable production aids. “Stand-off” legs give a positive staggered-finger design and aluminum construction maximizc dissipa-
0.1” grid location for automatic insertion in p-c boards and hold  tion. In natural conveetion a PA will permit a single X-58 or M332 case
{ransistors above the solder, preventing possible thermal dam-  device to be operated with 80% more power. A PB type will allow
age. Single and dual models. matched pairs or larger devices to be operated with 200% more power.

r— 2 . ————

IMPROVED SEMICONDUCTOR PERFORMANCE FOR ONLY PENNIES

Epoxy and ceramic case semiconductors. like those in metal cases, have maximum
allowable operating temperatures. Exceeding these limits can damage or destroy
the component. Low cost IERC dissipators/retainers reduce operating tempera-
tures, permitting semiconductors to be operated at power ratings up to 33% higher
without increasing case temperatures. Their use also sharply reduces tailures
caused by excessive solder heat during assembly. New SHORT FORM CATALOG SEMICONDUCTOR
gives complete specifications and other helpful information for selecting tran- HEAT DISSIPATORS

sistor  dissipators. May we send you a copy?
Transistor dissipators/retainers * Forced air cooling packages Fluid cooled heat sinks *» Tube shields

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION « A corporate division of Dynamics Corporation of America f%ﬁ»ﬁs West Magnolia Ave. » Burbank, Calif. 91502
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This 2003 has a 5 MHz
to 1500 MHz oscillator
that’s so broad it's
in use constantly.

; So when the boys in

telemetry start their
new project, we'’re
all in trouble*

This is a Telonic 2003
Sweep/Signal Generator

It's completely plug-in so

we can change frequency and
attenuation ranges, markers,
et cetera, with no sweat.

Al’s working in L-band. Neil’s interested in VHF. Jim is Here's a list of specifications on the 3305 oscillator plug-in.

designing receiver gear and Sastry’s in mobile communications.

Yet- they can all use the 2003 Sweep Generator sincq its 3305 ;;EE%;E:,?;T:A&GE - {» 55(;;5:&'-\2:(1)%1 1

oscillator covers so broad a frequency range—I.F. to microwave. MAX. RATED OUTPUT — 0.35 v. R.M.S. (+4dBm into 500)
And they can sweep that 5 to 1500 MHz region at full width OUTPUT FLATNESS — +0.5 dB }

or as narrow as 500 kHz. Two calibrated tape dials permit selec- FATTN.TERMER "RANGE i 3B I

tion of band width by end points (F,/F,) or by a symmetrical Fe DIAL ACCURACY T

region around a center frequency (F./ AF). ABSOLUTE LINEARITY _ ] 2
In addition. the instrument supplies a .35VRMS output over FFREQUENCY DRIFT @ min) | 100 khz

the entire range at a flatness of =.5dB with absolute linearity ARESIDUAL EME_ .l SLVLL S

of 1.2:1.

Operating parameters of each 2003 Sweep/ Signal Generator
System will depend on the oscillator. attenuator. marker, and
other plug-ins specified.

/.%ﬂé INSTRUMENTS

A Division of
Teionic Industries, Inc.

Details and further specifications on the 2003 Sweep|Signal Gen-
erator System may be found in catalog 70-A and Addendum.

Send for your copy.

*You cun always get another instrument, Sastry.

60 North First Avenue, Beech Grove, Indiana 46107 o Tel: (317) 787-3231 TWX: 810-341-3203

Representatives throughout the U.S. and Canada, Distributors Overseas. Branch offices in Maidenhead, England, Frankfurt, Germany, and Milan, Italy.
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1.5 MHz to 220 MHz
is standard on this
FM/AM
Signal Generator

.. . no extender required!

FMJAM S.GNAL GEMERATOR
MARCON! INSTRUMENTS (v

6 V129 CHERAD W AR

Model 995A/2M

e FM to =75 KHz all ranges; up to =600 KHz Available upon request
S SIG. GEN. BOOK |

on top band -

AM 50% The Sig. Gen. Book | presents
* AM up to 50% . - detailed discussions on signal
e Simuitaneous FM and AM for AM rejection generators and receiver meas-

checks urements including: source im-
e Crystal Calibrator pedance of feeder connected receivers, coupling

. q : to loop antennas, signal-to-noise ratio, automatic
o Direct Reading Incremental Tuning gain control, plotting response characteristics,

. Spe'cial Stereo and Low Noise Models measurement of adjacent channel suppression
availahle and spurious responses, etc.

. M A Rc o N l Division of English Electric Corporation

ml 111 CEDAR LANE * ENGLEWOOD * NEW JERSEY 07631
l N s T R U M E N T s TELEPHONE: 201 -567-0607
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With Trio/Lab’s new

Universal Counter Pre-Scaler

Forget the cost of a new high frequency counter — for ™~
a modest $640 it is now possible to extend the useful range of
your old low frequency counter —any counter —to 150 MHz! The
unique, extremely easy-to-use Trio/Lab Model 556 Pre-Scaler performs
simultaneous scaling functions of divide-by-100 and divide-by-10 over the range
of 1 MHz to 150 MHz.

A remarkable instrument that demands demonstration — at your convenience. T
e Truly universal — Scales any counter e No controls — Power switch only e High sensitivity
—50 MV at 150 MHz e Large output swing —1 V drives any counter e Self-powered — All

solid-state. / @
Trio Laboratories, Inc. « 80 DuPont St., Plainview, L. I., N.Y. 11803 trriclab
Tel.: 516-681-0400 « TWX: 510-221-1861 - /

e

Original Concepts in Instrumentation
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Chart yourself a
foolproof RF shield:

Ifyou
want to shield...

Electrical

connectors Metex Porcupine Metalastic.™
u Se Its many contact points make this an ideal

gasket for RF1/EMI. Silicone rubber
provides a pressure and moisture barrier.

e s 00 s

-------------------------------------------

Metal boxes :

with flat mounting surfaces . . .
Metex double round, single fin mesh strip.

no sealin
(problem) 2 ' : u Se This is provided in many different metals
5 and sizes.

...........................................

Wave guide

flanges O Metex Feltex material.
_ﬂ - use Designed for wave guides, specifically
\“ D provided for either pressurized or
T

non-pressurized systems.

.........................................

Electronic equipment )
(and cool it, t00) . Metex QooI-ShleId honeycqmb panels.
fe 2 It's designed to meet specific attenuation
u Se requirements over specified frequency
ranges. Many standard sizes and
materials are available.

Zm | | (201) 287-0800 for 48-hour premium service
. C a (for your rush rush requirements)

........................................

For Free Samples, Prices and Literature METEX Corporation A

on any or all of these RFI shielding 970 New Durham Road, Edison, N. J. 08817
materials—or for technical assistance on (201) 287-0800 « TWX 710-998-0578 M
your particular requirements—write: West Coast: Cal-Metex Corp., 509 Hindry Ave., Inglewood, Calif. H




ANOTHER OUTSTANDING DEVELOPMENT BY THE MAKERS OF BUSS FUSES

for the

zz E Protection
' of

Solid State
Devices

SUPPLIED THE ECONOMICAL WAY....THRU
ELECTRONIC DISTRIBUTORS

FOR MODERN ELECTRICAL
PROTECTION /nsist on...
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ET analog
switches

& drivers

For commutators, choppers, digitai filters -
choose from dozens...here are some examples:

“D"* Series FET Switch Drivers

These drivers are designed to couple
between low-level logic and junction or
MOS FET switches. Input thresholds
are adjustable to your logic and you
can preset the output voltage swing up
to 30 volts peak-to-peak.

The D series has as many as six drivers
per package with a variety of electrical
and logical options.

Special requirements? Even 50 standard devices
can’t solve everybody’s problem, so you're invited
to write for a solution to your specific need.

G Series MOS Switches

Here’s a five-channel enhancement-
mode MOS FET switch array that can
be used directly with the Siliconix six-
channel drivers. No external parts
needed; just two 1C packages and
you’ve got five complete channels for
multiplexing. The Zener diode protec-
tion is integrated, as are the FET pull-
up elements that supply collector loads
for the drivers. Other G-series cir-
cuits offer a wide choice of switching
functions.

DG111F

“DG”’ Series Drivers
with FET Switches

Two complete channels— each with
a driver and FET switch—are in-
cluded in this one package. Connect
the circuit directly to your low-level
logic and it’s ready to go. Each
channel can control a millivolt
whisper or a 20 volt roar. Driver
gates (DG series) come in a variety
of logical and electrical options.

Siliconix incarporated

1140 W. Evelyn Ave. ® Sunnyvale, CA 34086
Phone {408} 245-1000 ® TWX: 9710-339-9216

ANALOG SWITCH/DRIVER DATA

Write for your FET switch da-
ta kit with information on all
standard Siliconix switching
products. If you have a current
project that needs immediate
attention. write or phone for
applications assistance.

NEW LOW COST FET TESTER

The $1200 Semiconductor Tester

features plug-ins for expandabie
test capability, simplicity of op-
eration, and low cost.

Price: SI200 Tester . . . $960.

Price: S1201 (DC & gfs ) Plug
in Module . . . $1335,

Sificons anvames A Te1ponkRITy 100 PN EiEuits 3TN, AGr 00 they Teprestt of warnant that they du setinfrings ay patents



Molten-solder temperatures
won’t hurt G-E 150-grid relays

During degassing, G-E 150-grid relays get even hotter than the 356F it takes
to melt solder. And it’s good for them. High-temperature degassing removes
much more of the organic volatiles that can contaminate a relay at normal

operating temperatures.

Not many relays can stand the heat. G-E 150-grid relays can because they have
a polyimide coil insulation and a welded can-to-header seal. Polyimide
insulation withstands 50% more heat than conventional fluorocarbons. And

a weld won't melt like a soldered joint.
New materials and fabrication methods are constantly being developed and
used by General Electric to make its sealed relays more reliable. Get the full

story from your G-E Electronic Components Sales Engineer. Or write for
bulletin GEA-8024B, Section 792-39, General Electric Co., Schenectady,

New York.
Specialty Control Department, Waynesboro, Va.

GENERAL & ELECTRIC e s




New complementary
negative output series lets
Helipot fill all your dc voltage
regulator requirements —
positive and negative.

12 Outstanding features on the negative:

+0.05% regulation

| ot .
= short circuit proof models = Positive | Negative
: : oltage T S
m small size-0.5sg. in. Range Fixed Adjustable | Fixed Adjustable
= low profile—0.170 Output Output , Gutput Output
= up to 5 amps load current N § p— —
= fully sealed
» _3to— 21 volts output range 3to 9volts Series 805 Model 806 Series 855 Model 856
fixed and adjustable 910 21 volts Series 801 Model 802 Series 851 Model 852
o .
¥ Eggf;gggfrfggzgstfucf'°“ 21 to 32 volts Series 803 Model 804 |
» up to 60 db ripple attenuation — -
“ mil tested
. ;nellf-sc%icta?:ez models, require Reader Service No.. 513 l Reader Service No. 514
no external components L —— — - —
The price (1 to 9 quantity): Positive or negative, Helipot
* $30.00~fixed output models fills your complete voltage
= $35.00—adjustable output models regulator requirements.

(delivery from factory stock)

Shown here is Model 851 Ne’g‘a{}vf’a out-
put DC Voltage Regulator —one of
Helipot's four negative, hybrid termet
thick film units with outputs from —3
to —21 volts. Also available aré 6 posi-
tive models with outputs from +3 to
432 volts.

For complete information on our
unique Negative and Positive regu-
lators, simply circle the appro-
priate number on the reader
service card—or contact
your iocal Helipot Sales
Representative.

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA « 92634

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES,
SCOTLAND: TOKYO: PARIS; CAPETOWN: LONDON; MEXICO CITY
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Power transistors
Microwave transistors
Unijunctions
Field-effects
Looking ahead




Solid state

N —

]
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The improbable years

Even the handful of men who anticipated the device

that would become the transistor never envisioned

the rapid and drastic changes it was to make

The radio and movie page of the New York Times
carried, on July 1, 1948, a modest four-inch report
that the Bell Telephone Laboratories had invented
an electronic device to replace the vacuum tube.
The achievement, whose significance escaped the
usually perceptive Times, had been a closely guarded
secret since December of 1947 when Walter Brattain
and John Bardeen built the first practical transistor.
Theirs was a point-contact device that used two
metal “cat’s whiskers” in contact with a polycrystal-
line germanium slab.

To many in the scientific and engineering com-
munity, who had been working in the esoteric area
of semiconductors, the news was like a giant thun-
derclap. Bell Labs, perhaps because its need was
specific, had succeeded, Its transistor was the cul-
mination of studies and experiments that had lasted
for almost 10 years. So when Bell filed its claim for a
patent on the point contact transistor it had no prob-
lem demonstrating intent and diligence of pursuit;
prerequisites for patent.

Jack Morton, vice president of Bell Labs’ elec-
tronic components development, recalling the long
search, said: “Our discovery came out of our under-
standing of basic research, but it wasn’t an accident.
We were looking for a solid state amplifier.” Mervin
Kelly, who had been director of research, was the
president of Bell Labs at that time and he realized
that the telephone industry would some day be in
trouble unless it found something that was faster
than relays, and less power-hungry and more reliable
than the vacuum tube.

What Kelly was looking for was a solid state de-
vice that would be electronic in behavior and could
amplify and switch. If he got that, he could get rid
of the hot thermionic cathode that was causing
trouble in the telephone industry by limiting tube
life and threatening the reliability of the associated
components. Without this unknown unnamed de-
vice, the electronic switching systems and pulse code
modulation systems — that Bell engineers were even
then discussing as distant possibilities — would be
impossible,
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Bell’s transistor was the breakthrough; the cul-
mination of an effort that had spanned nearly a dec-
ade. Among the events leading up to the moment of
success, these are particularly significant:

= In 1938 or 1939 William Shockley and Alan
Holden, both physicists at Bell Labs, tried to make
a solid state amplifier using carbon contacts brought
together through pressure exerted by a quartz crys-
tal. They expected, but did not get, a usable output
through a change in the resistance of the carbon as a
signal was applied to the crystal.

= Shockley’s next step, late in December 1939,
seemed no more fruitful. He speculated that if he
were to oxidize a metal wire screen, thereby sur-
rounding it with a semiconducting oxide, he could
limit conduction through the oxide from one side of
the screen to the other. He thought that a negative
voltage on the screen wires — like the grid voltage in
a vacuum tube — would control the current flow
through the oxidized screen.

Tests of the structure, which suggests today’s field
effect transistor structure, were not successful.

= Near the end of World War II, Russell S, Ohl, a
staff member of Bell Labs, used silicon crystal diodes,
developed for radar and microwave systems, to am-
plify radio signals. However, since Ohl's amplifier
depended on a negative resistance effect, it was
quite unstable.

» Shockley returned to Bell Labs, after spending
the war years at the Pentagon, still seeking a three-
terminal device. He saw the significance of Ohl’s
success in achieving amplification with a diode.

= One of Shockley’s proposals was a field effect
structure with silicon and germanium deposited on
insulators. It was tested but, disappointingly, no field
effect was observed.

* John Bardeen had a hunch that he could explain
the lack of the expected field effect, and he postu-
lated that charges trapped on the semiconductor
surfaces were the culprits.

= Walter Brattain, the experimental leader of the
Bell Labs group, conducted experiments suggested
by Bardeen’s theory.
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Number 1. The first transistor fabricated by Bell Laboratories’ scientists was this crude point-contact device,

built with two cat’s whiskers and a slab of polycrystalline germanium.

How it happened

As Brattain recalls the events leading up to the
final achievement, Bardeen's surface state theory
covered “some things we didn’t understand about the
surfaces of semiconductors,” including a surmise on
why Shockley’s field effect wouldn’t work. Believing
these problems were related, Bardeen and Brattain
felt an answer to one would be an answer to all—and
could result in an idea that would make an amplifier.

The Bell researchers expected to build an amplify-
ing device by controlling the reverse-bias current
through a point contact resting on a semiconductor
surface. They songht to control this current through
a field-effect, or inversion-layer effect. Varying the
voltage on the control electrode would control the
inversion layer and thus change the current through
the reversed-bias point contact. Depending on the
tvpe of semiconductor — n or p tvpe — a particular
direction of variation of the control voltage would
produce a known direction variation of the point
contact current. This could be deduced from inver-
sion layer effects.

To implement these ideas, Brattain placed a metal
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point contact on the surface of an n-type germanium
slice that he’d immersed in an electrolyte. He got
amplification, though only at very low frequencies.

It’s Brattain’s recollection that he and Bardeen
saw that the d-c bias on the electrolvte had anod-
ically attacked the germanium, forming an oxide
film. Why not use this film in place of the electrolyte,
they asked.

They suspected the electrolyte was limiting the
frequency performance. So, after forming the oxide
layer on another slice of germanium, they washed
away the clectrolyte, deposited a gold contact and
got amplification again. But they found that varying
the control voltage caused the current to change in a
direction opposite to the one they expected, Then
they discovered that the water had also washed
away the oxide layer and that the gold was con-
tacting the germanium. They concluded that a field
effect was not occurring at the control electrode but
instead the control electrode was injecting extra car-
riers that flowed to the point contact (the collector)
and added to the current. The unexpected contacting
of the germanium led to the possibly misleading
description of this experiment as an “accidental
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piercing” of the oxide.

The experiments were described to all members
of the research team working on the solid state am-
plifying device. Then Bardeen worked out the geo-
metry to actually make one. Bardeen suggested the
geometry to Brattain in his office and Brattain im-
mediately invited him into the laboratory. By day’s
end, they had a working device.

Bell then began casting around for a name for its
brainchild. John Pierce, now the executive director
of research in the communications sciences division,
came up with transistor, His word was a contraction
for transfer resistor. The name, which places the
device in the same family as varistors and therm-
istors, stuck although some people at first wanted to
call the device a crystal triode.

Worldwide search

The foundations for the point-contact transistor
had been built slowly over the years. A. H. Wilson in
England had applied quantum mechanics to semi-
conductors, postulating the existence of holes and of
n- and p-type materials. In Germany, Schottky had
evolved a reasonable theory of semiconductors, but
it had a flaw. He did not realize that holes could act
as carriers.

Most of the work on semiconductors concentrated
on silicon. During the war, Bell’s silicon diodes were
developed and used widely as the mixers in radar
and microwave systems for the military.

Researchers Jack Scaff and William Pfann of Bell

" Shockley

. Asked about the past and future of
the transistor, William Shockley
- says frankly, “I don’t think about it
| very much at all.”

Now a professor of engineering
sciences at Stanford University and
a consultant for Bell Labs, Shockley
spends most of his time teaching,
which he clearly enjoys, or writing
about teaching. He believes scien-
tific concepts should be broken
down into simple ideas through ap-
propriate analogies, and he has col-
laborated on a ninth grade science
primer based on this principle.

Shockley is on more controversial
ground as the self-appointed “con-

this partly to “well-intentioned wel-

Labs were continuing their work on the properties
of semiconductor materials. In the course of their
research they discovered the presence of Group III
and Group V materials in silicon and germanium.
They called these impurities p-type and n-type.
Later, they were to produce the first p-n junctions.
At the end of the war, the Massachusetts Institute
of Technology, Purdue University, the University of
Pennsylvania, General Electric and Bell resumed
their fundamental studies of the physics of semi-
conductors. In particular, Purdue research was well
along and had also produced p-n junctions. Bell
Labs, however, remembering Schottky’s admonition
that “the physics of semiconductors is the study of
the physics of dirt”turned from silicon to germanium.
Impurities in germanium were easier to control.

Birth pains

In the year after the announcement of the point
contact transistor, Bell flooded the technical world
with papers and talks. The military saw possibilities
right from the start and Bell’s first job was to con-
vince the Pentagon that it was in the public interest
to release detailed information on the transistor, Bell
succeeded. The device was not classified; an im-
portant break for the electronics industry.

In September of 1951, Bell held a symposium,
which was attended by over 300 people from uni-
versities, industry, and the military, but nothing
much happened. Then, in April of 1952 Bell held

|
geneticists of the National Academy |

science” of the scientific communi-
ty. The situation, he concedes, “af-
fords me some humor because it is
in some ways grotesque.”

He chides intellectuals for their
“fajlure to face some very worri-
some human genetic or quality
problems.” This concern is based
on his interpretation of Armed
Forces intelligence tests, which he
says show that Negro intellectual
capacity is declining. He attributes
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fare programs” that encourage a
high Negro birth rate. Shockley
makes no specific proposals except
to urge that scientists find out the
facts about Negro genetic intelli-
gence and then draw the “neces-
sary” unemotional conclusions.

For these views, he has been de-
nounced, if not always by name, by
fellow Stanford Nobel laureate
Joshua Lederberg (medicine and
physiology, 1958), and by leading

of Sciences.

Despite his broader interests,
Shockley hasn’t renounced technol-
ogy. He is enthusiastic about stud-
ies made of magnetic domain walls
in the orthoferrites by one of his

|

|
|

graduate students, and says the ma- |

terials have “potential for informa-
tion processing and storage” and
may provide “advantages exceeding
those accomplished by transistor
techniques.”

-

|
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Classic profile. Cross-section of an alloy junction illustrates an early technique in transistor manufacturing
in which dots of impurity elements are alioyed to a germanium wafer,

another symposium — this time for its licensees — on
transistor processing technology and the door to the
future opened wide,

Jack Morton relates, “There was nothing new
about licensing our patents to anyone who wanted
them. But it was a departure for us to tell our
licensees everything we knew., We realized that if
this thing was as big as we thought, we couldn’t keep
it to ourselves and we couldn’t make all the technical
contributions, It was to our interest to spread it
around. If you cast your bread on the water, some-
times it comes back angel food cake.”

Morton was right; it was a cakewalk, By 1954
many companies were turning out transistors and
the military watched the progress of the technology
with keen interest, During the early stages of transis-
tor development, the Pentagon had supported some
of the work at Bell. In 1955, shortly after Bell de-
scribed its diffusion process, the military divided
about $25,000,000 among a number of companies to
explore this new technology. Impressive though this
contribution may be, most industry spokesmen do
not credit the Government or the military with the
progress of the transistor; they claim that most of
the important developments have been made by in-
dustry through its in-house efforts,

Patents

Bell’s price for a license to use its patents was an
advance royalty of $25,000, Some companies didn’t
have to make this down payment because they were
already licensed. And a few companies never paid
any royalties, gambling that the Government—which
had been examining the transistor patent-licensing
arrangements — would eventually free the basic
patents, This is exactly what happened after an anti-
trust suit was launched in 1954, Bell signed a con-
sent decree releasing all existing patents, royalty free.

After 1956, Bell’s early transistor patents earned
royalties only from foreign companies, When the
point-contact-transistor patent was about to expire,
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Bell petitioned England for an extension, Under
British law, to gain such an extension it’s necessary to
establish that the patent is basic and generic, that
the inventors have been diligent in pursuing their
work, diligent in disclosing and teaching, and that
they’ve not received sufficient return for their invest-
ment. Bell lost on that last point, England’s position
was that Bell had earned enough from its patents
and, since the patents had expired in half a dozen
other countries to which England exported, exten-
sion would place the British at a disadvantage.

At the time of the hearings, the validity of the
original patent was questioned but Bell had no
trouble establishing its claim.

Now Bell must license anyone who wants to use
patents awarded since the 1956 consent decree; and
many companies need those licenses, Each license is
negotiated individually, Among the important pat-
ents, that came after the royalty-free arrangement,
are those covering diffusion, oxide masking, the
epitaxial process, and photolithography.

Horse trading

Over 800 U.S. patents on transistors — some trivial,
others of profound significance — now stand on the
shelves of libraries here and abroad.

The flood gates were opened with the point-con-
tact-transistor-patent which was issued in October
1950 to Bardeen and Brattain and assigned to Bell.
The junction transistor patent was issued in 1951 to
Shockley. [In 1956 the trio was awarded the Nobel
prize for its accomplishments.] Other landmark pat-
ents include those for field-effect transistors, zone re-
fining, diffusion, the planar processes and integrated
circuits.

In the complex pattern of licensing and cross-
licensing in the semiconductor industry, Texas In-
struments, Fairchild Semiconductor, and of course,
Bell Labs, are preeminent, Says one patent attorney,
“It’s only reasonable that most of the industry pays
royalties to these three. After all, they’re responsible
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Bardeen

A shortage of office space helped
put John Bardeen in the team that
was to develop the transistor. When
he came to Bell Labs in 1945 after
spending the war years at the Naval
Ordnance Laboratory, he was given
a free hand to work on anything he
wanted to. But space at Bell was at
a premium, so he had to squeeze in-
to an office already occupied by
Walter Brattain and Gerald Pearson.
He quickly decided to join them
in their work, and was soon helping
Brattain conduct preliminary expe-
riments on copper oxide, an early
semiconducting compound. It was
not long before they turned toward
germanium and silicon.
L One reason Bardeen joined Bell

for the basic inventions that contributed most to the
technology.”

So valuable are some transistor patents that com-
‘panies who want to use them will sometimes swap
their own patents with the original patent owner and
pay royalties as well. Details of licensing and cross-
licensing are closely guarded secrets. They are the
result of negotiation by patent attorneys, adept at
horse trading. Industry’s willingness to license any-
one who has something to give in exchange accounts,
in part, for the remarkably fast growth of transistor
technology. There aren’t many technical secrets in
the semiconductor business,

Although companies don’t always take out licenses
to get at another’s patents, there have been relatively
few squabbles. Many fights never make it to the
judgment stage in court. Frequently, a company
suing for patent infringement convinces the other to
take out a license and drops the charges. When suits
do go to the bitter end, the complainant rarely seeks
an injunction; if he wins the case he is satisfied with
a licensing agreement with the company that has
infringed on his patent.

Before genesis

Bell’s point-contact-transistor patent described the
first “workable” solid state amplifier, but wasn’t the
first patent on such a device, During its patent search
Bell discovered a large number of “paper” patents
describing devices that were impossible to build or
understand.

One of these paper patents, issued in 1930 to the
late Julius Lilienfeld, who had been professor of
physics at the University of Leipzig, created a brief
controversy, The patent described a method and
device for getting electrical amplification in a thin
film of copper sulfide. The object of his invention,
wrote Lilienfeld, was “a simple substantial and in-
expensive relay or amplifier not involving the use of
excessive voltages, and in which no filament or equiv-
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Labs was his acquaintanceship with
William Shockley and James Fisk, |
now president of Bell Labs. He had l
known them in the mid-1930’s when
he was a postdoctoral fellow at Har-
vard and they were postdoctoral
fellows at mrT.

Superconductivity has intrigued
Bardeen ever since his Bell Labs
days. At the University of Illinois,
where he now teaches graduate
courses in solid state physics, Bar-
deen was able to resume these stud-
ies. Along with L. N. Cooper and
J. R. Schrieffer of the university,
Bardeen in 1957 formulated a theo-
ry that explains the microscopic be-
havior of superconductors. He con-
siders this theory to be of greater
importance than the transistor “from
a purely scientific point of view.”

alent element is present.”

To Virgil Bottom, former director of research of
the Motorola Semiconductor division in Phoenix,
Lilienfeld’s patent clearly described a device like the
npn transistor. Writing in the February 1964 issue
of Physics Today, Bottom concluded that though
Lilienfeld didn’t have a good semiconductor with
which to work and couldn’t correctly explain the
operation of his devices, “Nevertheless, it must ap-
parently be conceded that he invented and used
solid state amplifiers identical in principle with the
modern transistor nearly a quarter of a century be-
fore it was rediscovered and made into a practical
device.”

But in the May 1964 issue of Physics Today ].B.
Johnson, a former research physicist at Bell Labs,
set the record straight. He showed that Lilienfeld
had described a device that might be compared to
today’s insulated gate field effect transistor. Further-
more, Johnson said he’d built Lilienfeld’s device but
it didn’t work. The reasons, he believed, were prob-
ably the “very low mobility of holes in Cu,S and the
effect of surface states on the free surface of the film.”

There’s a general belief that Lilienfeld never im-
plemented his ideas by building the solid state am-
plifier he described. In 1964, when Lilienfeld’s pat-
ent was introduced by opponents to an extension of
Bell’s basic patent in England, the claim was denied.

Gifted children

Three years after Bardeen, Brattain and Shockley
invented the point contact transistor, not even a
combination of Nostradamus and the Oracle at
Delphi could have foretold that by 1967 nearly a
thousand patents would cover transistors in the
United States alone.

True, Shockley had predicted in 1949 that the
point contact transistor would give way to the junc-
tion transistor but the men working in Bell Labs to
transform his concept into a workable device were
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still plagued by the impossibility of controlling the
impurity level of germanium to one part per million.
By 1951 they could, and did, build junction transis-
tors but the control of impurities remained so erratic
that it seemed yields would never be increased to
the point where it would pay to produce the junction
devices,

Then, in 1954, William Pfann, whose earlier con-
tribution to the development of materials technology
has already been described, invented zone refining,
the process wherein the melted zone is swept
through the ingot and the impurities with it, The
technique was useful both for purifying the ger-
manium and for evenly distributing impurities
throughout the crystal,

By 1955, both alloy and grown junction devices
were in production, In the former, dots of impurity
elements are alloyed on either side of a germanium
or silicon wafer. The impurities penetrate to a depth
determined by the temperature to which the dots
are heated, and the time they’re held at that temper-
ature.

In grown junction devices, impurity layers are de-
veloped while the crystal is withdrawn from the
melt, Transistors are then cut from the crystal in a
direction parallel to its axis, so that each transistor
spans the impurity layer. Because these transistors
are limited in frequency response, their application
was restricted to the audio region.

By fabricating thin base layers through an elec-
trochemical machining technique, Philco succeeded
in 1953 in pushing the frequency range of transis-
tors up to the megahertz region, One Philco device,
called the surface barrier transistor, was used in very
high frequency systems and computers,

Philco later introduced microalloy and then micro-

alloy diffused transistors using the same electro-
chemical process. Yields were high but the technique
did not lend itself to batch processing.

Philco sold highly automated equipment for manu-
facturing electrochemical transistors to competitors,
primarily to establish second sources; it still collects
royalties from Sprague.

By the 1960’s Philco was one of the world’s five
largest transistor makers, In 1956 it had built what
was then the world’s largest transistor plant and in
1959 it added a building for silicon manufacture,
But in 1961 Philco was acquired by Ford and in 1963
the Edsel-hardened Ford management team stopped
Philco from making transistors commercially,

Bell rings again

Bell Labs, however, was traveling another road;
one that had been opened up by Pfann’s zone-
refining achievement of 1954. It led them, in 1955, to
the diffusion process. In this technique, impurities
are diffused into the surface of a germanium or sili-
con wafer by heating the material in an atmosphere
containing gaseous dopants. The big advantages of
the method are that it lends itself to batch process-
ing and allows fine control of the depth of the diffu-
sion. The most popular diffused base transistor was
the mesa — so called because of its shape. It was the
mesa that helped rocket sales for Fairchild Semi-
conductor from $500,000 in 1958 to $7 million in
1959.

Fairchild, with all its eggs in the diffusion basket,
was getting ready for the next step, That came in
1959 when Jean Hoerni of Fairchild, making use of
diffusion and oxide masking, came up with one of the
giant contributions to transistor technology — the
planar technique. [At a later date, Hoerni’s patent,

Brattain

The day Walter Brattain and his
colleague John Bardeen first ob-
served amplification in a transistor
structure, Brattain told riders in his
carpool that he had “just taken part
in the most important experiment I
ever expect to do.” In his enthusi-
asm, he forgot to pledge them to
secrecy but took that precaution the
| next day.

Brattain says the research group
at Bell Labs was the “greatest of
which I've been a member.” It was
a close-knit team, he recalls. He and
Bardeen often adjourned to the golf
course when they seemed to be get-
ting nowhere in the lab.

Today Brattain teaches under-
graduate physics at his alma mater,
Whitman College in Walla Walla,
Wash., working not on transistors
but on studies of simple biological
surfaces.

As a surface physicist, Brattain is
no longer keenly interested in tran-
sistor technology. While he admits
to no surprise at any development in
semiconductors, his greatest enthu-
siasm concerning transistors is the
uses to which they’ve been put.

“Erasing illiteracy was one of the
prime goals of education when I was
growing up,” he says.“We all agreed
you had to teach a man to read be-
fore you could educate him. But
now look at what’s happened with
development of the battery-pow-
ered transistor radio. Even the lone-
liest nomad on the steppes of Asia
can have the news of the world just
by twisting a dial. He doesn’t have
to read. Once the common man has
a chance to leamm what’s going on,
he has a chance to control his des-
tiny.”

Brattain the experimentalist and
Bardeen the theorist still meet sev-
eral times a year, always playing
golf when they do. Brattain de-

scribes Bardeen as a good, but errat-
ic, long-ball hitter “and no exper-
imentalist” on the links. He intends
to be at Bardeen’s 60th-birthday
party in April.
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awarded in 1962, was to be challenged]. In 1959
Fairchild was out in front with an improved transis-
tor with fully protected junctions. Transistors made
with the planar technique were more rugged than
the existing devices and were less vulnerable to con-
tamination, For years, so secret was the technique,
that entry to Fairchild’s mask-making facilities was
tougher than getting into Fort Knox.

A talented lot

When Bell uncorked its secrets at that 1952 sym-
posium, the industry got off to a hot start and has
yet to cool down. A quest for talented engineers and
managers began and still persists, In the early years,
experience was at a premium, Technical challenge
and the lure of instant success meant the prolifera-
tion of companies through spin-offs and raids.

In this respect, Bell Laboratories gets credit for
supplying not only the cookbook, but many of the
chefs.

One of the head chefs was Shockley himself, who
left Bell Labs to establish Shockley Laboratories. He
obtained financial backing from Beckman Instru-
ments Inc., and his company became a wholly owned
subsidiary.

Among the young scientists recruited by Shockley
was Robert Noyce. He and several others became
disenchanted about policy and product direction.
Shockley wanted to devise new products that could
be patented on their own merits. The others wanted
to make diffused silicon transistors. When the presi-
dent of the parent company, Amold O, Beckman,
sided with Shockley, eight of the pro-transistor con-
tingent left. They were “prodded by an investment
firm to form a company under the terms offered by
Fairchild Camera & Instrument Corp.,” recalls Dave
Allison, one of the original eight and now vice presi-
dent of advanced development for Signetics. Shortly
after the group formed Fairchild Semiconductor,
Noyce joined it. Ed Baldwin was lured from the
Hughes Semiconductor division to manage the Fair-
child operation, and he brought six of his men with
him, Baldwin stayed but a year, then took eight men
with him to form Rheem Semiconductor. Noyce fell
heir to the Fairchild managership.

At the outset, Fairchild convinced the Interna-
tional Business Machines Corp. that it could do a
good job for them, and its first transistors were made
to IBM specifications. The first one marketed by
Fairchild was the 2N696 mesa — a double diffused
silicon core driver, .

Recalls Allison: “At Fairchild everything worked
very smoothly and it was very exciting. Everything
was also quite profitable. Every day it seemed as if
something new was being developed,

“When we made the first pnp there was a problem
with the base contact, but problems, as always at
Fairchild then, seemed to solve themselves without
any effort from us.

“We went into a period of rapid expansion and in
a few years we were up to hundreds and then to
thousands of employees. Then, of course, came the
planar process.”

84

Passive approach

Jean Hoemni, the developer of the planar tech-
nique, came to the U.S, after receiving a Ph.D. from
the University of Geneva and from Cambridge Uni-
versity; both doctorates were in physics. Shockley
had recruited Hoemi for his venture in 1955, when
Hoerni was doing postgraduate work at Cal Tech.
But Hoerni was among those who left to join Fair-
child, where he headed the physics department,

Before the planar process, the mesa transistor was
selling well, but it was fragile and vulnerable to con-
tamination. Diffusion was then the accepted method
of doping and silicon oxide was used as the mask.

“At Fairchild,” Hoerni says, “we wanted to passi-
vate the transistor, but our efforts were notably un-
successful. Pure silicon oxide was not adequate as a
passivating agent.”

As it turned out, oxide exposed to diffusion of
boron and phosphorus was an effective passivator.
With that discovery by Hoemi, the success of the
planar process was assured.

“Bell Labs,” Hoerni says, “should have come up
with this development, but they didn’t. They could
only understand pure silicon dioxide. It was the
phosphorus in the oxide that was passivating the
junction, The diffusion into the mask — which was
unavoidable —was exactly what we needed.” Hoerni,
like others, had thought it would be detrimental.

Hoemni stayed with Fairchild until 1961 when he
and Jay Last, another Fairchild founder, left to set
up Amelco Semiconductor. “There was too great an
accumulation of talent at Fairchild. I wanted to
work more on my own,” Hoerni explains.

When Union Carbide decided to enter the semi-
conductor business, they tapped Hoerni as their
expert; he signed on with them as a consultant under
a three-year contract. At its expiration he acted as a
consultant for Hughes Aircraft, then formed his own
company, Intersil, last July, to make mos and bipolar
integrated circuits.

Not only the men, but some of the companies seem
as mobile as the electrons that are at the root of it
all. Shockley Laboratories, for example, was sold by
Beckman to Clevite, then by Clevite to rrr. Of his
personal role, Shockley views his split with the Fair-
child group as distressing — “not a successful out-
come of a business venture.” He is no longer affiliated
with Shockley Laboratories and never had a written
agreement with rTT.

The Texas story

In 1951, a Dallas-based company, Geophysical
Service Inc., launched itself on the road to becoming
the leader in semiconductor sales. It did so by pay-
ing Western Electric a $25,000 advance on royalties
to become a licensee, Less than two years later the
firm, whose name had been changed to Texas In-
struments Incorporated, had set up its semiconduc-
tor-components division under Mark Shepherd, an
electrical engineer who worked for General Electric
and Farnsworth. T1 soon hired Gordon Teal, the Bell
Labs scientist who had helped invent the single-
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Unijunction progress

1953: Original double-base diode

1958: Ceramic-based bar version

1962: Cube geometry

1966: Complementary planar

Take five. The original unijunction transistor by General Electric
was a double-base diode of germanium slices, mounted on a cork
base and sealed in a dust-proof glass envelope. It was superseded
in 1958 by a silicon bar structure. Four years later, a smaller unit
raised speeds and output levels. The planar geometry was per-
fected in 1966; later that year a complementary version added
built-in resistor stabilizers.

1966: Planar structure

e —

crystal grown-junction method of making transistors.

In short order, 11 had invested about $2 million in
a facility for mass producing transistors for a port-
able radio, “The Regency,” made by an independent
radio manufacturer. On the books, the radio was
something less than a money maker but it paid off
big in another way. It made 1 confront the big hur-
dles of volume production and low cost. To surmount
these obstacles, 11 had to work out a lot of the bugs
that were plaguing the industry and then come up
with manufacturing techniques that would work in
mass production. When the radio venture ended, 11
had learned how to mass produce transistors at a cost
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that interested the computer makers and other large-
volume buyers.

Then 11 set the industry on its ear when it devel-
oped, in 1954, a method of growing silicon crystals
with the right structure and impurity distribution
needed for transistors, Most companies had been
hard at work trying to develop a silicon process. At
the time, 11 thought it had a few months’ jump on the
industry; but its lead time stretched to two years.

Steering committee

Some companies have had a penchant for picking
the right product line and the right people to de-



velop, manufacture, and market it. At the outset, the
independents seemed to have an advantage over
companies firmly entrenched in vacuum tube manu-
facture, Firms like Fairchild, Texas Instruments, and
Motorola, that never made a vacuum tube, barged
ahead of giants like rca, General Electric, and Syl-
vania. General Electric, for example, lived through
periods when its corporate philosophy on semicon-
ductors was vague and its market efforts hazy.

Yet GE was not a newcomer to semiconductor tech-
nology. With its work on copper oxide rectifiers
dating back to the mid-1920’s, and through its later
studies of germanium, the company had become a
major producer of germanium point contact diodes.

G.e’s R.N. Hall and John Saby developed the first
alloy junction devices early in 1950. In 1953 the com-
pany introduced the unijunction transistor; it was de-
veloped by LA, Lesk who is now Motorola’s manager
of applied science. In 1962, cE began work on the

Pioneer. The first commercial planar pnp silicon
transistor introduced in the early 1960's by Fairchild
Semiconductor.

plastic encapsulation of silicon planar transistors,
producing the first commercial units in 1963; today
GE is a leader in plastics.

Who's on first?

The rapid spread of transistor technology in the
early years can be attributed, in large part, to the
movement of talented men from one company to an-
other. As engineers, scientists and management of
old and new companies in the semiconductor indus-
try were hotly pursuing success, close behind came
a phalanx of patent lawyers, In the two decades since
the first transistor of 1948, the semiconductor indus-
try has had its battles. Many of them were settled

panies—Sylvania, Raytheon, 1rT, Microwave Asso-
ciates, and Continental Devices. Hughes charges
that these companies have infringed on its patent for
a coaxial glass diode. Earlier, Hughes had sued Gen-
eral Instruments for infringement of this patent as
well as another on a Hughes npn germanium tran-
sistor. Hughes won that case and subsequently
worked out a licensing arrangement with General
Instruments.

After Hoerni was granted the planar patent a few
years ago, a number of companies sprang to the at-
tack. They said the patent wouldn’t hold up because
its essential elements—oxide masking and diffusion—
were already covered by a Bell patent. Interestingly
enough, Bell wasn’t among the complainants. Quite
to the contrary, Bell entered a cross-licensing ar-
rangement with Fairchild Semiconductor. It was
Raytheon that challenged the planar patent and be-
gan a suit. Subsequently, Raytheon withdrew its
complaint and was licensed by Fairchild. The most
recent attack on the planar patent originated in the
Netherlands where litigation is now in progress.

Fairchild and Texas Instruments are in contention
for two patents covering metal-over-oxide leads and
semiconductors devices. The Board of Interference
of the Patent Office awarded priority of invention to
Texas Instruments on four of the six claims involved;
Fairchild was awarded the two remaining claims.
That decision is now being appealed.

In another court case, Sperry sued Texas Instru-
ments for infringing on a patent that, Sperry said,
covered all devices—including diodes and rectifiers—
using n-type germanium. Texas Instruments won,
and the Sperry patent was declared invalid.

This is far from being a roll-call of the members
of the semiconductor family who have been at log-
gerheads. Neither is it any indication that the end is
in sight.

Better and better

One of the most interesting aspects of the increase
in the reliability of transistors — about tenfold every
four years during their 20-year history — has been
anderscored by C. Gordon Peattie, manager of Texas
Instruments quality and reliability assurance depart-
ment. Manufacturing experience, he notes, has not
been the sole contributor to transistor reliability and
the concomitant reliability of circuits and systems.
Instead, what has happened is that each major inno-
vation in device design has been accompanied by a
sharp increase in reliability.

In the beginning, transistors were extremely sen-
sitive to shock and temperature. The first improve-
ment came when the point contact transistor was el-
bowed out of the way by the grown-junction and
alloy-junction transistors, At once, the major source

Burnout-proof: Built-in resistors in series with
each one of the emitter sites equalize current
distribution to prevent thermal runaway in
ITT's r-f power transistor.

amicably but others wound up in court.
Currently, Hughes Aircraft seems to be the indus-
try’s most active litigant, with suits against five com-
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of failure in transistors — the cat’s whisker — was
eliminated.

When, in 1957, mesa transistors made their first
appearance, users had a device that was inherently
more rugged than its predecessors. The mesa con-
struction permitted alloying a small, flat chip to the
header surface, rather than having the bulk material
mounted on posts above the header surface. Al-
though the mesa’s junctions remained exposed and
susceptible to the adverse effects of surface contam-
ination, it significantly improved device reliability.

The planar structure, because of its completely
passivated surface and junction protection gave still
greater reliability. When expitaxial techniques,
which produced lower collector resistance, were de-
veloped in 1962 they were combined with the planar
process, giving users the advantages of both.

— = — e, — =
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| It was a very good year

The same month Brattain, Bardeen, and Shockley an- l
nounced the transistor, Claude E. Shannon — also of |
| Bell Labs — published his now-famous information |
| theory. In the July 1948 issue of the Bell System
Technical Journal, Shannon’s article, “A Mathematic-
al Theory of Communication,” described for the first |
time the amount of error-free information that could
be transmitted over a given channel.
Today, information theory is a branch of mathe-
' matics and Claude Shannon’s papers are the classical
reference. Isaac Azimov describing Shannon’s work
said: “It has proved useful not only in circuit design,
I computer design, and communication technology; it
is being applied to biology and psychology, to phonet-
| ics, and even to semantics and literature.”
For communications, mathematicians have been
| working with limited success to develop codes that
achieve limits set by Shannon. Large-scale integra-
tion, a recent development that stemmed from tran-
| sistor technology, has renewed the hope that hard-
ware may be built that will bring theory and applica-
' tion closer together.
For Bell Labs, 1948 was indeed a vintage year. M
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The millenium has not been reached, however.
Pinholes in silicon-dioxide film are still a source of
trouble. Another is the incorrect handling of the sur-
face before passivation, which can cause impurities
to be trapped on the surface.

The next step in more reliable devices, many think,
will be based on improved methods of mounting and
encapsulating transistor chips. The technique that
holds most promise is Bell's beam lead process, a for-
mat that eliminates at least half the electrical joints
usually required. Coupled with Bell’s sealed junction
technique, it promises device reliability equal to or
better than that of canned devices and, at the same
time, makes it possible to extend batch processing to
the encapsulation step. The beam lead process is
equally valid for integrated circuits, and makes it
possible to mix, for example, bipolar and field effect
transistors, or gallium arsenide and silicon transistors
in the same circuits.

Reaping the rewards

While the military had been seeking smaller, more
reliable, less power consuming equipment it did not,
despite its financial support in the early days, realize
the full potential of the transistor. There was one
camp of military designers who regarded the tran-
sistor as an experimental device of dubious reliability.

Not until the missile programs of 1958 created a
demand for the ultimate in performance character-
istics, did the transistor get the impetus needed to
push it strongly into military equipment.

One area that did welcome transistors was tactical
communications. Discouraged by replacing burned-
out and broken tubes, dead batteries, and lugging
around the whole mess, military men were elated
with transistorized equipment.

The transistor was the key to successful military
reconnaissance, navigation, and worldwide com-
munications satellites. It made possible increased
payloads for intercontinental ballistic missiles by
shrinking the power supplies and the guidance and
control systems, while boosting the reliability of the
entire avionics package.

Manufacturing and process industries reaped
handsome rewards from transistors. They became the
cornerstone of sorely needed instrumentation, con-
trol, and supervisory equipment that reliably — and
at low initial and maintenance cost — provided new
ways for managers and operators to run their plants
and raise efficiency and production.

As examples, the transistor was the key to the
introduction into industrial use of such equipment
and ideas as analog and digital computer control,
numerical control, electronic analog controllers and
recorders, supervisory and telemetry data systems,
and logic modules for special purpose control.

Transistors also were responsible for vast improve-
ments in the performance of many instruments.
Counters and digital voltmeters are only two such
examples. In these, transistorized logic elements re-
placed electromechanical components, resulting in
improved operating speeds, wider operating ranges,
and improved maintainability.

It was also the transistor that was largely respon-
sible for the phenomenal growth of the computer
field. During the past five years the field has enjoyed
an average annual growth rate of 20%. While inte-
grated circuits are beginning to make inroads into
some machines, discrete transistors and transistors
in hybrid assemblies are by no means obsolete. In its
system 360 series 1BM remains heavily committed to
hybrids. Control Data is still designing its supercom-
puters with transistors, on the grounds that mono-
lithic integrated circuits have only recently achieved
the speeds needed for large processors. Many com-
puter makers see the changeover from transistors to
integrated circuits as inevitable, but gradual.

Alternate sourcing

There have been periods when the transistor busi-
ness resembled a revolving door with almost as many
companies coming out as going in. When a company
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folds its transistor manufacturing operations, and
many have, it faces the related problems of disposing
of its inventories and making certain its customers
can still get the devices they want. One way to solve
both problems is to sell the inventory to a competi-
tor. Another is to auction it off.

For example, when Philco went out of the transis-
tor business in 1963, it sold its inventory and a good
part of its testing equipment to high-bidder Jay Wolf.
Some former Philco staffers joined Wolf, who was
not himself a Philco man, to form Lansdale Transis-
tors & Electronics; their purpose was to sell the Phil-
co inventory they'd acquired.

From this start, LTE now relabels bulk purchases
from the major semiconductor makers — Fairchild,
Raytheon and Texas Instruments — and has pyra-

Beam lead

This experimental silicon microwave
’ transistor is fabricated with broad

beam leads — 4 mils wide — to min-
| imize inductance. Its symmetrical

common-lead arrangement gives
} low inductance to ground; tests
| show that when the device is bond-
ed to a well designed mount, a com-
mon-lead inductance of 100 pico-
henries is possible. Devices of this
type have exhibited an fr of 4 Ghz
and maximum available gains of 10
db at 2 Ghz. Their noise figures
were less than 5 db at 1.3 Ghz.
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mided its sales to an amount estimated at from $1
million to $2.5 million. Wolf, who was the president
of LTE, has been succeeded by Cyrus Warshaw, a
former director of marketing for Philco’s semicon-
ductor operations. The company now has 28 em-
ployees, three of them engineers, and has ambitions
of moving into the transistor manufacturing business
itself.

That’s one way of getting into the semiconductor
business, albeit a tough one, because many compa-
nies that tried didn’t make it. Yet some did succeed,
and handsomely, so it’s reasonable to assume others
will be entering the revolving door.

Coming from behind

Companies that were late starters in the business
had to buy their way in. The alternatives were to buy
talent and start a new operation or to buy going con-
cerns.

Sprague Electric is an example of a company that
exploited licensing arrangements and captured high-
level talent as well. The company’s deal with Philco,
described earlier, brought Sprague into the electro-
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chemical business and the line still accounts for more
than half of Sprague’s transistor sales. Philco’s with-
drawal from the transistor business was a boost for
Sprague, but is only part of the story. Sprague’s tran-
sistor efforts date back to 1953 when Kurt Lehovic
left the Signal Corps to join the company. His first
assignment was to work on point-contact and early
alloy-junction transistors,

In the years that followed, Sprague solidified its
position through licensing agreements and, more re-
cently, through an ambitious program which has al-
ready seen an infusion of Ph.D.’s and the expansion
of plant facilities.

Sprague began to study planar devices in 1961,
brought out its own version in 1962, and later got a
license for Fairchild’s version. About two years ago,

Sprague got an epoxy package license from General
Electric.

In all three areas — electrochemical, planar, and
epoxy — Sprague considers itself a late starter, but is
satisfied with its catch-up rate. As the demand for
electrochemicals wanes, the firm will switch its em-
phasis to silicon transistors (mostly in epoxy ) and to
integrated circuits.

“It was meant to be that way,” comments John
Sprague, vice president for research and develop-
ment. “In fact, if we hadn’t been able to see the po-
tential of integrated circuits, I doubt if we could
have swung the money for the original planar work.”

High cost of entry

It’s tougher to get into the semiconductor business
today. Ten or even eight years ago, less investment
was needed for automated equipment. Now a new
company has to lock horns with the giants of the
business who have driven the average selling prices
of transistors down to somewhere between 30 and 40
cents. C. Lester Hogan, the general manager of
Motorola’s semiconductor products division, says
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new companies would find it impossible to compete
with the solidly entrenched leaders of the industry.
Hogan underlines another obstacle facing new-
comers — the wide dispersal of technology.

“At the outset, only a few companies had any semi-
conductor know-how,” says Hogan, “but now every-
body knows how to make semiconductor devices and
a newcomer either has to have market dominance in
a product, or sell at a price less than the giants’.”

Changing times

Faced with the galloping technology, some firms
are shifting from discrete transistors to 1c’s. Signe-
tics, the most successful spinoff from Fairchild, leap-
frogged transistors, going right to 1C’s.

The four major makers still active in germanium
transistors are Texas Instruments, General Electric,
rca and Motorola, Hogan of Motorola also sees a

decreasing interest in silicon transistors among some
competitors.

“Many have lost their zeal for the game,” he says,
discussing discrete devices generally. “We don’t meet
some of them as much as we used to in competition.”

Hogan offers two possible explanations for this —
diminishing profits or the neglect of discrete develop-
ment efforts caused by a shift of some companies’
funds into 1C’s.

Yet Hogan believes that, like the vacuum tube, the
transistor will be around for a good many years to
come. “Our total transistor backlog is about twice
what it was last year at this time, and I know we
increased our percentage of the transistor market in
1967.”

The first two decades of the transistor have been
the improbable years. From them, some say, the best
is yet to come.

Diodes—they also serve

When the first, crude point-contact
transistor was just a laboratory cu-
riosity, the 1N34 germanium diode
was already priced at 50 cents in
production quantities. But the glam-
or attached to the transistor soon
eclipsed that of the diode. Still in
the shadow of transistors, diodes
continue to be big business.

The International Telephone &
Telegraph Corp.’s semiconductor
division alone turns out 325 million
diodes a year at its Lawrence, Mass.,
plant. And the unit selling price av-
erages between 15 cents and 20
cents.

Lacking many of the outward
trappings of big business, 11T’s diode
facility is housed in a grimy, one-
time silk mill. On the inside, the ac-
coutrements are spartan and much
of the equipment looks makeshift.
But each cardboard box, jig,and jury
rig is there for a reason — manufac-
turing the greatest number of di-
odes at the lowest possible cost. And
despite the plant’s size (145,000
square feet) and work force (around
600), it is the world’s largest diode
producer.

The Lawrence facility, much of
its production equipment, and its
former plant manager, James Am-
brose, came to 1TT in 1962, when
the company purchased National
Transistor Inc. Two years later, ITT
bought the Clevite Corp.’s diode op-
eration and the Lawrence installa-
tion was soon filled with Clevite’s
green-colored production machines.
Today, these machines still bear the
Clevite nameplates.

Overhaul. But the paint and the

nameplates are about the only
things unchanged. Ambrose’s goal
was to make the diode-manufactur-
ing process as simple as mixing ce-
ment. Under his direction, produc-
tion steps were eliminated, opera-
tions combined, and production lines
in general were altered radically.
Ambrose’s success in achieving high
production at low cost led to his re-
cent appointment as the semicon-
ductor division’s director of manu-
facturing.

“Three years ago, we needed 500
people on a line,” says Ambrose.
“Now, we get same output with only
140. When you come right down to
it, we had to do this to stay com-
petitive.” In a market where orders
for tens of millions of assemblies are
routine, a tenth of a cent’s differ-
ence in unit production cost can
mean the difference between profit
and loss.

Ambrose got plenty of help from
the plant’s rank-and-file employees,
who submitted cost-cutting and
production-boosting suggestions.
Each month, production-line fore-
men turned in reports on suggested
changes together with estimates of
their impact. At the same time, the
foremen reported on the success or
failure of previous changes. Most of
the changes were inexpensive.

“A magnet here, a pickoff arm
there, a red light to indicate a
jammed machine — these were the
usual sort of modifications; cheap
stuff, usually costing well below
$100,” says Ambrose. “Once we had
to have a mechanic and a girl on
each sealer machine. Now we have

automatic loading, thanks to a pneu-
matic plunger that replaced a com-
plex set of gears and cams. Because
the machine is simpler, things go
wrong less often and downtime is so
low that one mechanic easily serves
five machines. Only one girl mans
each machine now.”

Payoff. Less downtime and fewer
employees mean more production at
a lower cost per unit. Between Jan-
uary 1966 and January 1968, the
production cost of one diode type
had been cut by 53%, another by
50%, and a third by 40%. “These
aren’t exceptions, theyre typical,”
says Ambrose.

“Although we have to be more
attentive to accounts wanting 20 or
30 million diodes,” says Ambrose,
“we also respond to small-volume
and hurry-up orders. Inventory turns
over every three or four weeks, or
about 14 times a year.

“There’s no trick to fast response.
Two things make it possible. First,
we build everything right here ex-
cept the solder, the wire for leads,
and the glass tubes used in packag-
ing,” says Ambrose. “This way no-
body slows us down by failing to
show up with the raw materials.
Second, we keep millions of chips
on the shelf so we can be packaging
a given diode a day after getting the
order instead of waiting a month for
chips.”

At the ready. Each line foreman
has “the shelf” on his desk—a sealed
glass jar with a dozen or so small
plastic boxes, each containing a half
million or more chips. With the
chips at his fingertips, all a foreman
need do is order the line to change
over and a hurry-up order is easily
accommodated.

90

Electronics | February 19, 1968



~ Latest
In the line of
I\Ilonlsanto

counter/timers.

TIME BASE
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AVAILABLE PLUG-INS: TWO FREQUENCY CONVERTERS (50 MHz TO 500 MHz, 100 MHz TO 3 GHz); PRESCALER (dc TO 1 GHz); PRESET UNIT (20 Hz TO BEYOND 10 Hz);
VIDED AMPLIFIER (I mv SENSITIVITY, 10 Hz TO 200 MHz); TIME INTERVAL UNIT (100 ns RESOLUTION); NON-COMMITTED PLUG-IN.

With 909, integrated circuit construction this
new ‘‘4th generation’” instrument is the most
advanced plug-in counter/timer yet.

Our new model 1500A takes full advantage of IC
capabilities to bring you: main-frame counting
range from dc to over 125 MHz; to 3 GHz with
a single plug-in. Remote program-

mability by either contact closure or

voltage level. Provision for external

time base up to 10 MHz. And nat-

ELECTRONICS

urally, the inherent stability and reliability
of integrated circuit construction, as indicated
by our two-year warranty. All this for only
$2,850%. Call our field engineering representa-
tive in your area for full technical details, or
contact us directly at: Monsanto Electronics
Technical Center, 620 Passaic Ave-
nue, West Caldwell, N. J. 070086.
Phone: (201) 228-3800; TWX 710-

734-4334.  +U.S. Price, FOB West Caldwell, N. J.
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solid-state-encoded
eyboard assemblies

Complete keyboards—assembled,
encoded, and ready to interface
with your equipment.

These new keyboards feature
reliability, flexibility and custom-
ized appearance that will give new
sales appeal to your equipment.
Exclusive new solid-state encoding
and dry reed switch input assure
your user the maximum in up time,
and these features assure you the

minimum in maintenance.

You get a wide choice of custom-
design opportunities to reduce your
engineering and production costs.
A unique new electronic interlock
to increase operator speed and
efficiency over existing approaches.
An electronic strobe to delay the
read cycle until the output is sta-
bilized. Input flexibility to match
your requirements.

MICRO SWITCH

FREEPORT, ILLINOIS 61032

A DIVISION OF HONEYWELL

MICRO SWITCH capabilities
provide efficient factory assembly
techniques to give you a custom-
ized keyboard at a price competi-
tive with fixed format keyboards.

When you think of keyboards,
think of MICRO SWITCH. Our
Field Engineers can be a valuable
asset to your design team. Call a
Branch Office today. Or write for
complete information.
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HONEYWELL INTERNATIONAL ¢ Sales and service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.
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Fingers in the die

Reshaping transistor structures by interdigitation has increased active
areas within limited over-all dimensions and enabled devices to handle
large currents at radio frequencies without sacrificing their small size

By John G. Tatum

ITT Semiconductors Division, West Palm Beach, Fla.

Power, frequency, and size are factors designers
have been juggling since the first transistor went
on the drawing board. The problem has Dbeen that
increases in power-handling capacity have required
increases in the size of the transistor die, and that
this greater size has lowered operating frequencics.
Conversely, frequency could be raised by going to
smaller dies, but only at a cost in power ratings.

For radio-frequency applications then, the chal-
lenge was to enlarge the device’s active area—that
region carrying emitter current or injecting current
into the base—without expanding over-all physical
dimensions. An answer was found in interdigita-
tion—the reshaping of emitter and base into long,
narrow fingerlike structures. Before this develop-
ment, in 1954, the closest thing to an r-f power
transistor was a device handling 7 watts at 5 kilo-
hertz and rated at 0.3 ampere.

Interdigitated discrete devices are now handling
hundreds of watts at tens of negahertz, and the
technique is being applied to monolithic integrated
circuits. Iow high is high in transistor power-
handling and frequency capabilities? The present
response would be 25,000 watt-Mhz, And  with
interdigitation, no ceiling is in sight.

Three layouts

Most iterated-emitter devices used in the range
between very high and microwave frequencies are

The author

Now manager of the applications
engineering department at ITT
Semiconductors, John G. Tatum
holds three engineering degrees
from Stanford University. He

has also been an applications
engineer at Clevite Semiconductor
and a circuit-design specialist

at Hewlett-Packard.
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cither interdigitated or overlay [see page 98] types.

Interdigitated or overlaid, the fingerlike struc-
tures are arranged in square, rectangular, or circular
cmitter patterns. The choice depends on the desired
ratio of emitter periphery to collector area, the cur-
rent density per emitter site, the required amount
and type of resistor stabilization, the physical area
available, and, of course, the preciseness of the
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Cost curve. Dollai-per-watt figures are displayed
as functions of operating frequency. Prices have
dropped sharply recently because of growing volume.
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Within limits

The father of the interdigitated
transistor is N. H. Fletcher, an cngi-
neer with Transistor Products Inc.
When, in 1954, he hit upon the idea
of elongated emitter areas, Fletcher
was seeking a means to increase the
power-handling capability of de-
vices, not a way to boost their cut-
off frequency levels.

His discoveries were applied by
other firms to most transitor types
over the next decade, but his own
company realized few benefits from
his work.

The Clevite Corp. purchased
Transistor Products in 1955 and
was itself, in turn, acquired by 1rT
in 1965. While Transistor Products
never established itself as a top-
ranked semiconductor manufac-
turer [see p. 78], Fletcher’s efforts
were soon translated into market
success by such firms as Texas
Instruments, Motorola, TRwW, RcA,
and parent company ITT.

Finger man. Fletcher’s discover-
ies were related to his Ph.D. work
at Harvard, work that was partially
subsidized by the Army’s Signal
Corps. In trying to develop a struc-
ture with a high ratio of active area
to over-all physical size, Fletcher
used what were then high-fre-
quency (5 kilohertz beta cutoff)
alloy transistors of single-bar,
double-bar, and multiple-bar types.
His basic designs called for en-
larged emitter area surrounded by
a base area, rather than the con-
ventional alloyed disc construction.

With the emitters and bases con-

figured as fingerlike structures, the
device took on a comb appearance.
Interlocking of the fingers, or itera-
tion, became the fundamental in-
terdigitated structure, with emitter
stripes alternating with base cou-
tact stripes.

Fletcher also learned that the
transverse-flowing current in the
base region induces a potential
drop. So besides reducing the dis-
tance between base active region
and base lead, he altered the re-
sistivity of the base to cut the
current loss. A reduction in noise
level was an added benefit of this
approach.

In the round. Fletcher’s models
were the basis for the Delco ring-
emitter transitor of 1956, the first
commercial interdigitated product.
The elongated emitters were ar-
ranged in a circle, a configuration
used again and again since by semi-
conductor makers. Among its off-
spring were the snowflake, leaf, and
star patterns employed in devices
produced during the late 1950’s
and early 60’s.

The use of epitaxial processing,
primarily to achieve better control
of devices parameters, was the next
major advance. In 1959, TRw
Semiconductors, then known as ps1
Semiconductors, marketed epitaxi-
ally made interdigitated devices
aimed at radio-frequency applica-
tions. Motorola followed soon after
with epitaxially fabricated transitors
designed to handle high power at
low frequencies, and Fairchild used
the technique to improve its small-
signal transistors.

Epitaxial processing cut Vg (sat)
figures by some 200%, thereby im-
proving efficiency and raising cutoff
frequencies by an order of magni-
tude. Basically, epitaxial layers gave
increased control of regional thick-
ness and resistivity; they didn’t
really constitute a new geometry.

Uniform current. Power and fre-
quency levels were boosted further
in 1961 as the result of geometry
studies by William Shockley and
R. M. Scarlett of Clevite Semicon-
ductor. While investigating thermal
stability and second breakdown ef-
fects, they found that structuring
larger areas with narrower base
regions could improve current dis-
tribution and the aluminum-silicon
contact. With such designs, fr rose
from 100 Mhz to 250 Mhz, and
power-handling capacity zoomed
from 5 watts to 30 watts at 30
Mhz. Essentially, the uniform cur-
rent concept produced finer ge-
ometries plus better registration
over large areas, along with a good
yield.

In this period, mask production
and alignment techniques were
sharpened by more than an order
of magnitude. Base widths as thin
as 1 micron and transitor device
areas of 1 by 3 millimeters were
attainable in production quantities.

Attention during the early 1960’s
then focused on parameter trade-
offs, particularly between safe
operating area and power-fre-
quency product, but also between
frequency capability and input im-
pedance, and power gain and emit-
ter inductance.

mask making and alignment. The primary circuit
factors are operating frequency and safe operating
area.

A square configuration is followed in simpler de-
vices, those with moderate power-frequency char-
acteristics, while rectangular geometries, with their
geometric simplicity, are generally favored when
large currents must be handled. The circular pat-
tern is usually used for high-frequency jobs because
it affords more peripheral space.

In former years, the exclusive consideration with
interdigitated devices was power-frequency capa-
bility. But a shift away from purely general-purposc
transistors is spotlighting other performance fac-
tors.

Linearity is of prime importance in single-side-
band equipment, for example, and peak power
output is an overriding consideration in amplitude-
and pulse-modulated systems. Safe operating area
might be the main interest for designers of mobile
transmitter sets.
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Vital statistics

Ignoring frequency, the most important param-
eters of power devices are breakdown voltage,
peak current capability, safe operating area, and
current gain. For a high-frequency transistor, re-
gardless of its power level, the crucial parameters
are power gain, base resistance, input Q, circuit
efficiency, and noise output. In combination, these
establish the device’s bandwidth, switching ability,
efficiency, and signal-processing ability.

Most of these devices’ important parameters,
along with the corresponding circuit factors, are
common to all transistors. But others require defi-
nition within the context of high-power/high-fre-
quency operation. For example, collector efficiency
is the ratio of a-c output power to d-c input power,
and maximum power output corresponds to a sat-
urated state.

Tradeoffs between device parameters and circuit
design factors must also be taken into account.
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Safe ground. Safe operating area
(so0a) is defined as that area of the
collector voltage versus collector
current characteristic where the
transistor does not exhibit thermal
instability or thermal runaway.
Finer device geometrics made the
concept important, since active
area, and therefore the current
levels being handled, could be in-
creased without a similar increase
in over-all unit size.

Both emitter and base resistance
had been reduced, and the speed of
high-frequency operation didn't
permit a uniform current distribu-
tion to be developed in the transis-
tor die. For frequencies up to 200
Mhz and power levels of 20 watts,
the problem wasn't severe, but be-
yond this point, radio-frequency-
power transistors tended toward
thermal runaway, fragility, and sat-
uration at lower-than-predicted
power output levels. The problem
was aggravated by nonuniformities
in the aluminum-to-silicon contact
areas.

A solution to the resistance prob-
lem was found in 1962, when
Shockley Labs placed discrete re-
sistor elements in series with the
emitter sites to equalize current
distribution. The concept stemmed
from a view of the interdigitated
device as an assembly of small,
paralleled transistors.

With ‘n’ parallel units of slightly
differing characteristics, thermal
runaway would occur in the higher-
gain elements and would be more
likely at higher temperatures. The
connection to the case of external

resistors at each emitter site pro-
vided a more uniform current dis-
tribution and improved power gain.

Togetherness. This idea led to
the placing of small, hybrid-pack-
aged planar-epitaxial resistors next
to the transistor die in the same can.
It also led to extensive use of paral-
leled transistor dies in one package,
further boosting power levels. Fig-
ures of 50 watts at 150 Mhz, 35
watts at 200 Mhz, and 15 watts at
400 Mhz in unconditionally stable
devices became commonplace in
the years 1963-1965. The state of
the art was further advanced dur-
ing that period through controlled
aluminum sintering and surface
treatment of the Al-Si contact area.
The next significant innovation
came in the 1966-7 period when
integrated-circuit techniques were
applied to resistor stabilization.
Compatible thin-film nichrome re-
sistors were either deposited on the
transistor die or diffused into it to
produce a greater resistor equaliza-
tion in a smaller area than attain-
able with the discrete approach.

The technique also made for
easier mounting of the dies, but all
those benefits entailed some sacri-
fice. The extra die area needed to
accommodate the 1c-like resistor
elements was a primary tradeoff,
and the presence of the resistors on
the same chip introduced feedback
components that lowered the de-
vice’s output impedance. Preseut
research aims at resistor equalizers
requiring less chip area and suffi-
ciently isolated to minimize adverse
feedback effects.

Outside job. A big and continu-
ing drive to improve packaging was
launched in the early 1960’s. With
chip impedance levels no problem
by 1961, packaging impedance be-
came the major factor on over-all
bandwidth, stability, and matching.
Before 1963, interdigitated devices
were being encased in packages
almost identical to those used for
low-frequency transistors. Internal
base and emitter leads were too
long and too few, and had in-
ductances that limited bandwidth,
gain, and stability. High skin-effect
losses at the package entry reduced
power levels, and overlong external
leads pared operating frequency.
It was clear that smaller, lower-
inductance packages were needed
before interdigitated transistors
could tackle vhf or uhf jobs.

The first breakthrough in this
area was TRw'S Spider package, a
stud-mounted affair with two emit-
ter leads. Introduced in 1963, it
reduced packaging inductances to
negligible levels and was 30% smal-
ler than the TO-59 previously used
for the same die; the boost achieved
in power-frequency capability was
50%.

The 1963-5 period saw the de-
buts of a TO-60 package from rca
and a low-inductance stripline
package from 1tT, both of which
doubled frequency performance.
In 1967, Texas Instruments in-
troduced coaxial packaging, inte-
grating the package with the tran-
sistor, pushing power-frequency
levels into the high uhf and low
microwave range.

A specification for supply voltage V.., for instance,
will restrict the choice of breakdown voltage BV¢gq,
output impedance Z,, r-f saturation voltage V (sat)r-t,
and safe operating area.

There are also a number of tradeoffs to be made
among the transistor’s interrclated parameters. A
device with a high gain (beta), say, will have a low
saturated power output and poor linearity, but it
will also yield the highest power gain and the
lowest noise output because of a high ratio of cut-
off frequency to base resistance and lower base
drive needs.

For transistors with similar d-c gains, the one
with the lowest base resistance will exhibit the least
noise because of smaller base drive requirements.
Where base resistances are equal and gains un-
equal, the unit with the highest gain will have the
best noise figure.

These relationships reflect the devices’ geometry,
fabrication, and package. A high d-c gain indicates
a narrow base width, for example. This, in turn, in-
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dicates a high base resistance and a low input Q.

High d-c gain also leads to an increase in satura-
tion voltage at radio frequencies because of a cur-
rent pinchoff and a corresponding rise in the r-f
current gain. The pinchoff causes a drop in peak
current capability. Further, high gain can reduce
the device’s stability.

Today’s improvements in power-frequency levels
center on the package-die interface. Impedance
levels in r-f devices are so low that the package’s
impedance and skin-effect losses become part of
the device’s equivalent circuit. The circuit model
includes a package inductance, L, whose impe-
dance compares with that of the r, and C, (base
resistance and input capacitance) of the transistor.
Typically, r, is 0.2-1 ohm and C; is 200-500 pico-
farad. Thus, an inductance of just 1 nanohenry at
400 Mhz will produce an input Q of 3.7, thereby
limiting the transistor’s bandwidth. For wide band-
width at high frequencies, therefore, Q’s of 1 or
less—reflecting package inductances of 0.3 nano-
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| covered by the technology. Sampling
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GENERATION I

HYBRID RESISTOR
STABILIZATION

GENERATION IT

COMPATIBLE RESISTOR
STABILIZATION

GENERATION II (FUTURE)

COMPATIBLE OR DIFFUSED RESISTOR
STABILIZATION (WITHOUT INCREASING
EMITTER AREA OR AREA FOR RESISTORS)

g ISOLATED ——— ISOLATED
EMITTER SITES EMITTERS
TRANSISTOR DIE A1 CONNECTION
%ﬁf
~Si RESISTORS gl gt
i COMPATIBLE L MATERIAL
TOP VIEW RESISTORS
TOP VIEW EMITTER SITE
TRANSISTOR _RESISTORS .
d (CONNECTED
SIDE VIEW SIDE VIEW

DIFFUSED RESISTOR
STABILIZATION

(ALSO INCREASES DIE
AREA REQUIRED)

ig FORCED ./
THRU R

.Al CONNECTION

~DIFFUSED HIGH R
RESISTOR

Three generations. Emitter site is resistor-stabilized in four basic ways. Initial method (left) required more area
than two second-generation techniques (center). Current effort aims at reducing extra space needs to zero (right).
Stabilization extends device's operating usefulness and lifetime by two orders of magnitude.

henrv—are an absolute must.

Upward surges

Largely because of market factors, most develop-
ment cflorts have been directed toward vhf and
ultrahigh-frequency transistors. The state of the art
has recently advanced to 50 watts at 500 Mhz, and
there is now considerable activity in the 500-Mhz-
to-1-Ghz spectrum.

Cost per watt as a function of operating fre-
quency has dropped over the past three years from
about $3 at 100 Mhz to 75 cents. Similarly, where
in 1965 a user would pay $100 for 1 watt of power
at 1 Ghz, the cost today is $20.

As would be surmised from these price figures,
sales of interdigitated devices have boomed. About
12 million were marketed in 1965; the figure last
vear was 37 million.

And the number of producers has been growing.
Such early comers as 1rw, Motorola, and 1T have
recently been joined by Texas Instruments, Fair-
child Semiconductor, Amperex, and Vector. And, to
a lesser extent, National Semiconductor, Bendix,
and Nucleonic Products have added interdigitated
transistors to their product lines.

Yields have tripled since 1965, primarily because
of improvements in masking and epitaxial process-
ing. Devices with 30 to 200 clongated emitter sites,
each as small as 2.4 microns, are now common-
place. And where makers employ laser interfero-
metry, table positioning servos, and optical control
techniques, positioning accuracies can exceed 3
micro-inches.
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Interdigitation has been extended beyond dis-
crete bipolars to field effect transistors and 1¢ de-
vices. The aim is the same—to get a large active
arca in a small physical area.

Interdigitated reT's with high  source-to-drain
peripheries are capable of operating bevond 100
Mhz, and the technique is being used to boost the
current-handling capabilities of lincar switching
and signal-amplifyving 1C’s, transistor-transistor-logic
digital units, and some hybrid circuits. In the
lincars, the interdigitated components are usually
cemploved in the output stage; in the digital 1C’s,
multiple-emitter elements are used to handle peak
currents in the appropriate stages.
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A worthy challenger
for r-f power honors

All marks for power-handling capability and operating frequency

are within reach of the overlay transistor, and it's only four years old

By Donald R. Carley

RCA Electronic Components Division, Somerville, N.J.

Radio-frequency power applications were once the
private preserve of interdigitated transistors. But
the past four years have scen the emergence of a
successful device concept in the high-power/high-
frequency field: the overlay transistor.

The highest power-handling capability yet at-
tained in an r-f device—100 watts—was posted by an
off-the-shelf overlay transistor. The top operating
frequency vet for a commercial r-f device— 2 Ghz—
was also achicved by an overlay transistor. And in
terms of chip size per unit of power-frequency?
product, the smallest device available is an overlav.

State-of-the-art overlays now handle 100 watts at
76 Mhz, 3.5 watts at 2 Ghz, and more than 50 watts
at 400 Mhz.

Overlay technique involves a geometric concept
that yields the highest ratio of active device area to
physical pellet size. Metalization isn’t allowed to
compromise or limit the current-bearing regions of
the device. Overlays need only 1/10 to 1/2 the emit-
ter area of comparable interdigitated transistors.

Three-way distinction

The distinguishing characteristic of the overlay is
that part of the emitter metal lies over the base,

The author
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University of Michigan. For the
design and development of the
overlay transistor, Carley received
the 1965 David Sarnoff Qutstanding
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of high-frequency device engineer-
ing, he is engaged in developing
hybrid microwave IC modules.
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instead of adjacent to it. The emitter current is
carried in the metal conductors, or fingers, that
cross over the base. Tlie actual base and emitter
areas beneath the pattern are insulated from one
another by a silicon dioxide layer.

Overlay transistors differ from conventional bi-
polar devices in three ways—pattern, composition,
and metalization. Regarding pattern, many small,
scparate emitter elements are used instead of a
continuous emitter stripe. This increases the over-
all emitter periphery without requiring an increase
in device area, and thus raises the device’s power-
frequency capability.

As for composition, in addition to the standard
base and emitter diffusions, an extra diffused region
is made in the base to serve as a conductor. This
p+ region helps to distribute base current uni-
formly over all of the separate cmitter segments,
and its small size is in keeping with the short dis-
tances between emitter and base. Besides equalizing
current distribution, the grid lowers the base re-
sistance, ry,/, increases collector-to-base breakdown
voltage, and lowers contact resistance between the
aluminum metalization and silicon material.

Finally, as opposed to separated interconnect
metalization, the emitter metalization overlays the
base region and connects all the separate emitter
elements in parallel, crossing over the base and p-+
grid areas.

Present overlay devices operate in both the very-
high and microwave frequencies. The vhf units, de-
signed for use between 25 and 150 Mhz, are charac-
terized by the presence of a ballast resistor in series
with each emitter site to equalize the current dis-
tribution among emitters. The devices are typically
operated with Class A, B, or AB biasing.

The microwave overlays operate at frequencies

Electronics | February 19, 1968
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2 —
T e e I I L I |
10 50 100 500 1000 2000 3000
FRECUENCY (Mhz)
Characteristics Device
TA2758 | 2N3375 | TA7003
Maximum power dis-
sipation (watts) 116 11.6 3.5
Maximum current 30 1.5 0.4
(amps)
Emitter periphery 4.25 0.312 0.06%
(inches)
Operating frequency 30 400 2000
(Mhzp ] e S F ___ Four-year history of overlay transistor (above) has
Typical output power 80 4 1.0 seen power-handling capability boosted 50-fold
(watts) and operating frequency 10-fold. Comparison of

electrical characteristics (left) of first commercial
overlay transistor, the 2N3375, with those of the
highest-power overlay, the TA2758, and the
highest-frequency unit, the TA7003, illustrates
these advances.

ranging as high as 3 Ghz. Instead of circular
emitter sites containing ballast resistors. these
transistors, operated with Class C biasing, usc a
line-type structure. The ballasts aren’t vital because
Class-C operation poses less stringent breakdown
requirements. It’s anticipated that some future high
power microwave overlays will contain ballasts for
superior current distribution.
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Although these smaller devices are more difficult
to manufacture than the low-frequency overlays be-
cause of the more precise resolution required, the
steps in the fabrication process are actually fewer
and the over-all production costs lower.

Six masks arc necded in the vhf cycle: p+-, base,
resistor, emitter, emitter and basc contacts, and
metalization. Depending upon the particular ge-
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Power pellets. Overlays cover the entire r-f power
spectrum. Shown (in order of increasing size) are
transistors handling 1, 3, 20, 30, and 100 watts of r-f
output power, over the range between 30 Mhz and 2 Ghz.

ometry chosen, some 40-150 pellets can be proc-
essed simultancously on standavd 1-inch wafers.
With the microwave devices and their line emit-
ters, the resistor step isn’t nceded and no oxide is
grown during the emitter diffusion step. The con-
tact mask is used to open only the base region, not

the emitter regions. The number of pellets per
1-inch wafer ranges between 400 (for a 15-watt, 400
Mhz unit) and 4,000 (for the l-watt, 2-Ghz unit).

Piping down

A distinct feature of both overlay classes is short
circuit protection linked to the exceptionally small
ratio of emitter area to pellet size—typically, one
part in 50. Corresponding to the tiny emitter is a
reduced base structure under the emitter area, and
narrow (0.25 micron) base widths. As a result, the
manufacturing imperfection known as pipes—shorts
between collector and emitter—hasn’t plagued over-
lay devices.

Maintenance of thin emitters is essential to the
device’s current-handling ability. In the overlay, the
injected currents concentrate around the cmitter
periphery, producing an edge effect. This phenome-
non of emitter crowding was first reported by
Fletcher in 1955, and has since dominated inter-
digitated and overlay design [sce p. 94].

The narrower the cmitter, the higher the fre-
quency capability; the longer the emitter, the
greater the useful power limit. The emitter length
las a first-order bearing on current rating; collector
resistivity is a second-order factor. Present emitters
run as small as 1.5 microns in width.

Aspect ratio, or pellet length divided by pellet
width, is a figure of merit for power-device geome-
trics. A high ratio means a better power-dissipation
capability. Also, as pellets ure made with longer
lengths and narrower widths, capacitance goes down

Laying it on

Measure for measure. Advocates
of the 12-year-old interdigitated

tional  Semiconductor, Amperex,
Siemens, Vector, and, recently,

The overlay transistor, first intro-
duced in 1964, was developed at
nrca under a contract from the
Army Electronics Command, Ft.
Monmouth, N.J., as a direct re-
placement for the vacunm tube
output stages then used in military
transmitting cquipment.

The first commercial overlay, the
2N3375, produced 10 watts of out-
put power at 100 Mhz and could
handle 4 watts at 400 Mhz. Com-
parable interdigitated structures of
that day were capable of 5 watts
at 100 NMhz and 0.5 watts at 400
Mhz.

Rea marketed interdigitated de-
vices in the 1950°s and emly 60’s,
but switched to overlays because
it felt thev had superior r-f char-
acteristics in relation to pellet size
and manufacturing cost.

Overlay technology in the main
has been spurred by development
programs sponsored by the Air
TForce Systems Command, the Na-
tional Aeronautics and Space Ad-
ministration, and the Army Signal
Corps.

technology use a power-times-tre-
quency-square product as a cri-
terion of performance. Overlay
boosters, however, suggest that
maximum power and maximum fre-
quency considered separately, plus
size, cost, and reliability factors,
give a broader picture of device
performance.

Some overlay makers feel that
pt? products above 7,000 watt-Mhz
can be attained only by devices
also exhibiting low power gain,
low efficiency, and limited reliabil-
ity.

Short and sweet. The compara-
tively short history of overlays has
seen somc significant advances;
characteristics have been improved,
the number of suppliers has in-
creased, and prices have declined.
Amplifying devices can now han-
dle hundreds of watts at vhf fre-
quencies and a few watts at giga-
hertz levels. Present overlay oscil-
lators can produce 250 milliwatts
at 3 Ghz.

Joining rca as overlay manufac-
turers have becen Motorola, Na-

Fairchild Semiconductor. By the
end of last vear, there were more
than 30 distinct overlay products
being offered off the shelf, and they
covered the eutire radio-frequency
spectrum between 30 Mhz and 2
Ghaz.

Besides pushing for higher
power at higher frequencies, de-
signers are making  significant
progress in building overlays for
specialized applications. These in-
clude linear transistors for single-
sideband comimunications systems,
devices for circuits with octave-
bandwidth capability, and overlays
with high pulse power for phased-
array radar systems.

Price paring. Prices have dropped
10-fold over the past four years.
The $90 figure for the original
2N3375 is now $7.45 in lots of
1000. A device with tight electrical
parameters and a 1-watt capability
at 400 Mhz can now Dbe had for
less than $2 and the same unit
with less stringent specs for non-
critical parameters sells for even
less than $2.
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and frequency capability rises. Devices today have
aspect ratios of 10:1, compared to the 3:1 ratio of
four years ago.

The limits on pellet shape are set by the need for
equal emitter-to-base junction biasing, and hy
questions of thermal dissipation. Uneven biases can
be caused by current flow down the emitter and
base contacts caused by the complex impedance of
the metal conductors. Contact resistance is mini-
mized by increasing the width and thickness of the
metalized portions, but the inductance portion is
primarily established by the length of the metal
contacts. Thus, to boost frequency capabilities, con-
tacts must be shortened, widened, and thickened,
and many must be paralled to accommodate high
currents. Since, unlike interdigitated construction,
the overlay technique doesn’t require that the metal
fingers be contained within the emitter width, this
boosting is easilv done.

Preventing breakdown

A potential problem for all r-f power transistors
is the second-breakdown effect. But the overlay’s
ballast resistors provide an casy answer.

Second breakdown is essentially a burnout phe-
nomenon; excessive energy levels in the transistor
become localized and create a regenerative hot spot.
Some years ago it was thought that the breakdown
would limit frequency capabilities because enlarg-
ing the width lessened the likelihood of hot-spotting
but also lowered the cutoff frequency.

But in 1965, designers started to insert ballast
resistors in scries with the emitter to get a negative
feedback action. As the potential across these resis-
tors increases, the emitter injects less and less cur-
rent, and maximum levels stay below the burn-out
level. In this way, base widths could be reduced
without risking sccond breakdown.

As integral parts of the vhf overlay structure
formed by diffusion processes, the passivated resis-
tors avoid injection current effects and other threats
to reliability.

In the higher-frequency, line-emitter overlays, the
emitter metalization is separated from the diffused
base regions by a lateral diffusion of the emitter be-
neath the insulating silicon dioxide layer covering
the base. No oxide is grown over the diffused emit-
ter, and there is therefore no need for mask realign-
ment or opening of the oxide—the normal means of
making contact between emitter and metalization.

Same old tradeoffs

The designer of r-f power transistors is compelled
to make the same type of parameter compromises
faced by designers of low-noise receiver devices.

For cxample, achieving a high gain-bandwidth
product, fr, dictates as thin a base width as possible,
with the dimension limited only by the reach-
through of the collector depletion region to the
emitter. But the operating voltage level in power
overlays is high, necessitating a higher base concen-
tration than small-signal transistors require. Simi-
larly, small emitter and collector areas are desirable
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to keep output capacitance, C,, low, and to reduce
base spreading resistance, 1y, which is affected by
cmitter length and proximity to base contact.

The tradeoff in overlays focuses then on the e
C. product. Devices are paralleled to bolster power
capabilities without increasing the product. Paral-
leling does increase the total C,, but it reduces net
ry” at the same rate, keeping the product constant.
The result is a power density and frequency capa-
bility resembling that of small-signal transistors,
but a higher total power capability.

The performance burden is no longer carried
mostly by the chip. As with interdigitated devices,
packaging has emerged as a critical factor because
present chip impedances are now so low that pack-
age impedances govern attainable bandwidth and
efficiency. Of particular concern are parasitic inter-
electrode capacitance and lead inductance.

Low-impedance packages have taken the shape
of molded plastic cases for stripline applications to
1 Ghz, and of coaxial packages for higher opcrating
frequencies. Typical of the first type are packages
featuring tapered transmission lines for broadband
performance. And coaxial packages incorporate
double-bonded, paralleled lead wires just a few
thousandths of an inch long to reduce inductance
in the base and emitter sections to small fractions
of a nanohenry.

The mating game

Perhaps the most serious problem facing the user
of r-f power transistors is matching output imped-
ance to the circuit’s load impedance. Because mis-
matches can occur in a number of ways, the solu-
tions vary on an ad hoc basis.

One mismatch often encountered arises during
adjustment, or tuning, of the output stage for op-
timum performance. Unless precautions such as
tuning under pulse drive conditions or at reduced
drive and voltage levels are taken, the transistor
may fail. If no change in impedance occurs after
the circuit has been tuned, the device will continue
to operate reliably in a stable state.

In many types of equipment, however, frequent
changes in load impedance are the rule. In mobile
communications gear, for instance, the exposed an-
tenna serves as the load. Impedance will change if
the antenna is accidentally grounded (shorted) or
broken off (opened), or if the vehicle passes under
a metal bridge. The ability of a device to withstand
mismatch is usually measured in terms of the volt-
age standing-wave ratio it can accommodate. This
ratio varies with operating frequency, power out-
put, phase of the mismatch, and the circuit used.

Often a detection circuit can be used in the out-
put section to detect the amount of mismatch and
to reduce driving power to the output as the mis-
match increases. However, in situations where de-
tection circuits cannot be used, the transistor must
be derated, sometimes to onc-third of its nominal
matched-load-power capability.

In general, worst-case mismatch results from a
short in some part of the system after the output
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Buildup. Overlay hybrid IC module is complete
400-Mhz amplifier. Device contains a single transistor
and six passive components.

stage. The transistor perceives this type of mismatch
as a short, an open circuit, or sometlling between
these two, depending on phase. For example, with
standard 28-volt transistor supplies, when a 30-watt,
30-Mhz device is operating with a matched load,
20 to 30 watts of power is dissipated in the tran-
sistor. Under mismatch conditions. peak collector-
to-emitter voltage may casily become 130 volts and
instantaneous power may be as much as 180 watts
because of the higher-order harmonics generated
by the mismatch.

Some generalizations must be made concerning
the capability of devices and circuits to withstand
mismatch. This capability increases with operating
frequency, probably because of reduced harmonic
content; the transistor doesnt have much gain at
two and three times the fundamental frequency.
Mismatch tolerance also increases markedlv under
pulse conditions. It falls as output power is raised
cither by an increase in input power or an increase
in the supply voltage, The mismatch problem is
more of an obstacle to large-arca devices than are
economic considerations. Its the prime rcason be-
hind the industry’s reluctance to produce r-f power
transistors handling 200 to 300 watts, or more,

The most promising solution vet is the integration
of matching clements with active devices to form
paralleled building blocks that would handle the
higher powers. By mid-1968, the state of the art
will be 70 watts at 400 Mhz, and there is no foresee-
able limit with the hybrid building-block technique.

This hybrid integrated-circuit approach is less
plagued by mismatch problems. With 1c’s the de-
signer is working at the circuit and subsystem level.
Ie therefore has a great deal more freedom to build
in safety measurcs.

New look

Overlay transistors are being used in a new gen-
eration of hybrid 1c’s in which passive elements are
combined with overlay pellets to form complete
power-amplifier circuits, These networks may also
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contain protective stages to minimize mismatch.
Monolithic 1c’s with r-f overlay clements haven't as
vet been marketed because of difficulties in obtain-
ing low capacitance isolation hetween the elements.

The hybrid circuit’s components are batch-proc-
essed by techniques identical to those used to make
the transistor chip. The substrate is cither beryllium
oxide or sapphire, the choice depending on the
power level at which the device is to operate.

Berylium oxide is used for mounting most high-
frequency power transistors. Since its thermal con-
ductivity is about a third that of copper, it has the
unusual property of being both an excellent elec-
trical insulator and a good thermal conductor. It’s
used to isolate the pellet electrically from the heat
sink while providing a good thermal path. Sapphire,
though not as good a thermal conductor as beryl-
lium oxide, has a much smoother surface, simplify-
ing the definition of the very small lines used for
passive clements in microwave hybrid circuits.

Overlay transistors in combination with lumped
components have been operated at 2,000 Mhz in
circuits whose performance is comparable to that
of coaxially packaged devices.

Higher-power overlay devices are also being used
at lower frequencies, such as complete 400-Mhz
amplifier stages. The typical circuit, simplicity itself,
has only four terminals—power supply, input, out-
put, and ground. Input and output impedances are
50 ohms, and the beryllium-oxide substrate mea-
sures just 0.5 to 0.3 inch. For the chip, tvpical out-
put power is 10 watts at 400 Mhz with an input
power of 1 watt; collector efficiency is greater than
60%. The 1-db bandwidth is 60 Mhz, and the 3-db
bandwidth is more than 100 Mhz. This large band-
width can be attributed to the relatively low Q of
the inductors and the elimination of parasitic pack-
age effects.

Aside from a promising future in 1c’s, discrete
overlays have bright prospects on their own, Tran-
sistors capable of providing power in the range
between 100 watts at 76 Mhz and 8 watts at 2 Ghz
are now under development and should be avail-
able this year. The 76-Mhz unit is resistor-ballasted
to guard against second breakdown; the 2-Ghz
model has a line-emitter structure and utilizes 1.5-
micron wide emitter sites to improve packing den-
sity and increase the vield at the narrow base width
employed (about 0.008 mil or 2,000 angstroms).

Morcover, complete circuit modules will appear
in the next two vears. Constructed of lumped-com-
ponent, thin-film matching elements and unpack-
aged overlay pellets, they will perform a variety of
circuit functions with multistage amplification and
octave bandwidth. Typical of what’s coming are
transmit-receive modules for communications and
phased-array radar systems.
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of these new
oscillographs?

ew high impedance galvos.

CEC’s new high impedance galvanom-
eters have made possible dramatic sav-
ings in weight, power, space and cost
never before achieved in oscillography.

And for one very significant reason.
These are the first and only galvos to
utilize built-in integrated circuits.

As a result, you can now attach either of
the above oscillographs directly to a
magnetic tape recorder or telemetry sys-
tem without attenuation or external sig-
nal conditioning equipment. As for the
savings in weight, this would represent a
reduction of approximately 60 pounds and
a gain of 7 inches of space in a 14-channel
system.

This advance has all come about through
the use of five new CEC high impedance
galvanometers: Type 7-601-0001 (0 to 100
Hz); Type 7-602-0001 (0 to 500 Hz): Type
7-603-0001 (0 to 2000 Hz); Type 7-605-0001
(0 to 3000 Hz).

Now consider the advantages which
these galvos share in common. D-C sen-
sitivity: *=1.414 volts will produce =2
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inches, +5% deflection. Input impedance
to high impedance galvo: 100,000 ohms
minimum.

As for the oscillographs...

Both the 5-124A-H and 5-133-H contain the
power supply and wiring required for use
with the new high impedance galvos.
However, due to their extreme flexibility,
they can also be used with standard
galvos if so desired.

These are not only the first high imped-
ance oscillographs—but they are “first”
in other ways as well.

The portable 5-124A-H is the ideal answer
to a host of industrial problems. It pro-
vides up to 18-channel print-out recording,
10 speed ranges, and record-drive sys-
tems with 16 options from 0.25 ipm to
128 ips. And, with CEC’'s DataFlash
Takeup Accessory, the 5-124A-H requires
only 1 second to readout.

The advanced 5-133-H utilizes two gal-
vanometer magnet assemblies. Galvo
recording lamp intensity is individually

controlled so as to permit recording from
either magnet assembly, or both. Thus
two data setups can be made at one time
and recorded simultaneously, or be made
alternately and recorded sequentially
utilizing full chart width for each.

The 5-133-H offers 5 recording modes—3
direct writing and 2 develop-out, and is
available in 12-, 24-, 36- and 52-channel
configurations. Graphic reasons why the
new 5-133-H is the logical choice for FM
data analysis, telemetry discriminator
output recording and communications
applications.

For complete specifications and all the
facts about these new high impedance
oscillographs, write Consolidated Electro-
dynamics, Pasadena, California 91109. A
subsidiary of Bell & Howell. Ask for
Bulletin Kit 1701-X3.
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From Stackpole:
A New H.O.T. Ferrite Material

That Doesn t Lose Its Cool

Ceramag® 24C was developed
by Stackpole engineers especially
for Horizontal Output Trans-
former applications. Because this
new material offers an unequalled
combination of high power per-
meability and low power loss
under flyback circuitry operating
conditions, it provides improved
efficiency and cooler operating
temperatures.

Excellent electrical and me-
chanical properties are combined
to provide fabricated parts that
easily meet standard industry
strength and warpage require-
ments.

ALSO A LEADER

104 Circle 104 on reader service card

The Stackpole Ceramag family
of power ferrite materials has
been the accepted standard of
the television industry for over
twenty years. Ceramag™ 24C is
no exception. It features a power
permeability of 6200 @ 1800
gauss (typical operating condi-
tion), compared to Grade 24B
with a permeability of 4200 @
1800 gauss.

Equally important, the power
losses of 24C at operating fre-
quencies and temperatures are
15% lower than those of the
widely recognized Ceramag”
24A, an industry workhorse.

Stackpole engineering pio-
neered the first Ceramag® hori-
zontal output transformer cores
as far back as 1947. Since then,
continuous developments have
made Stackpole a leading con-
tributor to the growth of black
and white, and now color, tele-
vision technology.

For additional information and

samples of Ceramag® 24C, write
or call: Stackpole Carbon Com-
pany, Electronic Components
Division, St. Marys, Pa. 15857,
Phone: 814-781-8521. TWX:
510-693-4511.

FLUX DENSITY — B {Gauss)

2 ! 4 K
MAGNETIZING FORCE — H (Ocrsted)

> STACKPOLE

ELECTRONIC COMPONENTS DIVISION
®

IN THE MANUFACTURE OF QUALITY FIXED COMPOSITION RESISTORS
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A discrete transistor
that’s a powerhouse

With current and voltage capabilities of today’s power devices
in the 250-amp, 1,000-volt range, integrated circuits have
a lot of catching up to do before they can pose a major threat

By Leo L. Lehner

Motorola Semiconductor Products Inc., Phoenix, Ariz.

Obsolete is a word often heard whenever some dis-
crete semiconductor components are mentioned. But
not when talk centers on power transistors. Un-
like small-signal devices, which are rapidly being
replaced by integrated circuits, these transistors
are more than holding their own. In fact, when it
comes to potential and agrowth, power transistors
rival 1C’s.

Power-transistor teclmology has come a long way
since the carly germanium devices designed pri-
marily for automobile radios. Current and voltage
capabilities have been stepped up from the 3-am-
pere, 30-volt range of the mid-1950's to the 250-
amp, 1,000-volt range in today’s devices.

Basically, there are two major types of power
transistors, classified by the transistor material:
germanium and silicon.

For high-current, low-voltage applications in
which efliciency, high current gain, and low satura-
tion resistance are important, germaniom devices
excel. They are the choice, for example, for invert-
ers that are used with power supplies of 12 volts
or less—except when the application requires oper-
ation at high temperatures. Silicon devices which
were added to the power-transistor family in 1957,
are best suited for applications requiring tempera-
tures above 100°C or supplies above 28 volts.

The mainstay of today’s germanium-transistor
lines is an alloy device reminiscent of the early
indium-dopcd transistors. In the newer devices, the
emitters are doped with either gallium or aluminum
as well as with indium. This results in devices hav-
ing higher gain that holds up at collector currents
of 25 amps and up.

Another popular germanium device is the dif-
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Powerful package. Silicon power transistor mounted on
header before being sealed in a TO-66 can. The device's
output power is 30 watts at 25°C. Special construction
techniques reduce susceptibility to damage. Multiple
emitter fingers combine the maximum emitter periphery
—for good gain and current handling capabilities—
with a minimum area—for low capacitance and good
high-frequency characteristics. This silicon power
transistor has a breakdown-voltage rating of 120 volts
and can handle currents to 10 amperes. In addition,

its gain-bandwidth product fx is 40 Mhz. The
transistor's gain, or beta ranges from 50 to 150.
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The packaging evolution

TO-3 package

Plastic power package

packaging due to the devices’ smaller volumes.

TO-36 configuration

The shape of things. Power-transistor packages, although varied, center around a few, very popular styles.
The first widely accepted configuration was developed for automobile radios. Simultaneous and nearly
independent developments by GM’s Delco Radio division and Motorola led to the widely used TO-3
package in 1954 and the TO-36 in 1955. In 1962, the smaller TO-66 package was developed. As the
demand for power transistors grew, the industry developed more economical packaging schemes. In

1965, power transistors packaged in plastic became available and produced additional savings in circuit

TO-66 package

R-f power in plastic

fused-base transistor, which has its roots in the
push-out-base and alloy approaches. Improved
methods of doping the emitter and controlling the
base’s doping profile resulted in a diffused-base
device having a switching speed close to that of the
push-out-base transistor and a current gain slightly
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EMITTER CURRENT (AMPERES)

Current dependent. input-resistance and
transconductance values vary with emitter current.
Graph illustrates that both curves flatten out above an
emitter current of 100 milliamperes. Above this value,
the device's base resistance n,’ determines the current.
Transistors operating above the 100-ma current region
are considered power transistors.
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less than that of the alloy transistor.

Diflused-base transistors are used in such appli-
cations as ignition circuits, high-speed inverters,
and television-deflection circuits. Where switching
speed is an absolute necessity, push-out-base de-
vices are used.

A device having an identical cross section to
that of the push-out-base type is an epitaxial-base
power transistor. Because the epitaxial layer’s re-
sistance is low, the device’s gain-bandwidth prod-
uct is high. Moreover, the epitaxial-base transistor’s
current and power gains also are high.

The silicon power transistor found in most of
today’s industrial and consumer devices is an npn
single-diffused type.

A recent development is a silicon cpitaxial an-
nular power transistor that has excellent gain
linearity and efficient current-handling properties,
especially for pnp designs. More recently, triple-
diffused power transistors have been developed that
extend breakdown voltages to well up into the
1,000-volt range.

A rose by any other name ...

Engineers have a hard time in precisely defining
a power transistor. Some say any transistor capable
of certain minimum power dissipation, say 1 watt,
is a power transistor. Others feel the type of pack-
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age determines whether the device can be called a
power transistor, For example, a transistor that can
be mechanically fastened to a heat sink and encased
in a TO-3, TO-36, or TO-61 package. Both defini-
tions leave much to be desired.

A better definition

To be more precise, it is best that a power transis-
tor be defined as one that is operated at an emitter-
current level that makes the device’s input resis-
tance and transconductance independent of emitter
current. Since the input resistance of an ideal tran-
sistor is inversely proportional to its emitter current
and its transconductance is dircctly proportional,
the base resistance, 1/, of a practical transistor be-
comes the controlling factor at a specific value of
current.

This can easily be verified by plotting the input
resistance, R;,, and transconductance, g, as a func-
tion of emitter current as shown on page 106 for a
transistor having a gain of 20. The curves begin to
flatten out at an emitter current of about 100 milli-
amperes. Beyond this value, both Ry, and g,, depend
primarily on r)”.

A similar set of curves can be drawn for any base
resistance and, though the absolute values of Ri,
and g, vary with the transistor design, the flatten-
ing effect will still occur at about the same emitter
current level. Thus, any transistor operated at a
current beyond this value can be designated as a
power transistor.

Keyed to application

Although there are a number of important para-
meters for power transistors, the significance of
cach varies with the application. Only one para-
meter, the safe area, is important for all applica-
tions. In early designs, many failures stemmed
from inadequate specifications, which were partly
attributed to designers’ lack of experience with
thesc transistors. This difficulty has long since been
overcome by the development of a safe-area curve
in which the frequency dependence is clearly de-
fined. With the aid of this curve, the designer can
choose the safe operating limits applicable to his
transistor.

When a transistor is operated above its satura-
tion level, it dissipates a significant amount of
heat. Both the diffusion profile and the emitter’s
shape determine where the dissipation occurs.
When dissipation is too high, burnout results. Burn-
out is believed to be caused by a fusion of the
device’s collector and basc materials.

Turning on heat

Consider a small volume in the collector region.
With a voltage across it, a finite time is required
to raise the temperature to the melting point—
1,000°C for germanium and 1,400°C for silicon. For
short power pulses, it is possible to go beyond
the safe arca. But for longer pulses the heating will
be greater and could lead to cventual failure of the
transistor.
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' At a glance—germanium transistors ;
i

Making its bow in 1952, the germanium power
transistor held out the promise of high efficiency, |
high current gain, and low saturation resistance. |
How successful the device has been in fulfilling |
its promise can be seen by tracing the technol-
ogy’s development. In brief:

1952 First power transistors are developed.
These are indium-doped alloy devices that
have excessive gain falloff at currents
above 1 ampere; voltage breakdown is
60 volts, and gain-bandwidth product is
about 500 kilohertz.

1955-6 Gallimmn or aluminum is added to emitter
of indium-doped alloy transistors resulting
in higher gain that holds up at collector
currents greater than 25 amps.

1957

Push-out-base transistor is developed to
satisfy need for high-speed power switch.
Device consists of diffused n- base re-
gion having a double-doped (p and n)
emitter dot. Gain-bandwidth product is
increased to about 15 megahertz. During
emitter alloying, the faster moving n-type
impurity atoms move out ahead of the
p-type impurities, thus improving the
transistor’s base characteristics.
Diffused-base power transistor is devel-
oped. Device has base resistance of 5
ohms, compared with 30 ohms of earlier
transistors, and gain-bandwidth product
of 2 Mhz. Breakdown voltage is 120 volts. |
Reduction in current gain is offset by
increase in power gain.

1963 Epitaxial-base power transistor is devel-
oped. Device’s cross section is identical
to that of push-out-base type. Because of
epitaxial design, base resistance is low-
ered to 1 ohm. Gain-bandwidth product
is 10 Mhz. Current and power gains in-

crease.

Most power devices are packaged to reduce the
thermal resistance from the transistor junction to
the surrounding ambient. Heat is dissipated with
heat sinks. Early package designs varied in mount-
ing schemes and construction. Eventually, however,
users and manufacturers narrowed the choice to a
few designs that became standard. But with the
advent of plastic cases, the standards are certain to
undergo a change. The changes, however, are ex-
pected to be compatible with the popular TO-3 and
TO-66 lead circles. Two plastic devices can be
mounted in less space than one TO-3 package and
with a lower mounting height as well. This com-
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| At a glance—silicon transistors

since the first device made its appearance in
1957. In 10 years, breakdown voltage has climbed
l from 300 volts to better than 1,000 volts. Today’s
devices can handle collector currents of 250
| amps. '
Here, briefly, is the yecar-by-year evolution of
the silicon transistor:

‘ Silicon power transistors have come a long way |

| 1957  First silicon power transistors developed
’ are npn alloy devices. Cross section of
these transistors are similar to germa-
nium-alloy devices. Although gain is low, '
breakdown voltage is up to 300 volts. |
Gain-bandwidth product is about 100 kilo- |
| hertz. Devices are extremely rugged. Dif- l
ficulties in manufacturing result in low
yields and high costs. [

Npn alloy-diffused devices are developed
that have l-negahertz gain-bandwidth
product and 60-volt breakdown voltage.
Emitter is constructed with alloying proc-
ess for good carrier injection. Yields are
[ still low,

| 1960 Npn triple-diffused interdigitated devices
{ appear for first time. These transistors
have breakdown voltages up to 120 volts
and gain-bandwidth products of 10 Mhz. |
Devices are expensive but are considered
reasonably priced for high-voltage appli-
cations.

| 1958

| 1963 Npn high-voltage, line-operated transis-
tor is developed. Breakdown voltages
rise to 300 volts. Device is triple diffused.
Thick collector and basc regions result
in high collector-to-emitter saturation

voltages.

Npn single-diffused transistor is devel-
oped. Breakdown voltage boosted to 80
volts and gain-bandwidth product is
doubled to 2 Mhz. Manufacturing yields
are good, and costs are lowered.

| 1965

Npn epitaxial or planar device is devel-
oped. Epitaxial or planar process provides
better control of resistivity and profile,
resulting in higher inverse beta and, con-
scquently, lower saturation voltage.
Pnp transistor is developed.

Npn high-voltage transistor becomes
available. Breakdown voltages climb
above 400 volts. Devices are triple dif-
fused.

Npn very-high-current transistor is de-
veloped. Device handles collector currents
to 250 amps. .
Npn very-high-voltage, line-operated de- |
flection transistor is available. Break-
down voltages are now over 1,500 volts.
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pactness can result in substantial savings in as-
sembly and chassis costs.

What’s ahead

Silicon power devices, once far more expenstve
than germanium transistors, have come into their
own in the past few ycars. Economical plastic
cases will make them even more appealing. Several
firms are offering devices in plastic packages.

Complementary silicon transistors will be uti-
lized in most lincar power amplifiers. Thus, trans-
formers will be eliminated, and biasing and over-all
circuit designs will be eased. Monolithic Darlington
amplifiers with current gains exceeding 2,000 will
be common in servo and audio systems. Transistors
with voltage ratings to 1,500 volts will be used in
line-operated tv-deflection amplifiers. And special
lightweight power inverters will be designed for
direct line operation of low- and high-impedance
devices, including battery chargers and high-fre-
quency lighting,

Because of the growing impact of integrated cir-
cuits, power transistors will be made that are com-
patible with 1¢’s. Power transistors may eventually
be made with all the preamplifiers or logic circuitry
on the same chip; thus, power devices that can
decide and control will be available.

The author
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Fabrication control is key
to microwave performance

Increasingly better power, gain, and noise figures for transistors
result from the use of improved diffusion and photolithographic
methods to make narrower and more precisely defined elements

By Roger Edwards
Bell Telephone Laboratories, Murray Hill, N.J.

Less than 10 years ago, diodes were the only semi-
conductor devices operating efficiently at micro-
wave frequencies. Transistors have come on fast
since then, winning places as amplifiers in the
microwave range and posting increasingly better
gain, power, and noise figures.

The change largely reflects improvements in
diffusion and photolithographic techniques, im-
provements that have given designers accurate con-
trol of minute, critical dimensions. Present diffu-
sion methods make it possible to fabricate shallow
emitter-base and collector-base junctions, thereby
simplifying the task of producing thin basc widths.
And with present photolithographic methods, small,
intricate electrode shapes can be precisely defined.

Today’s bipolar transistors can produce maxi-
mum available common-emitter power gains ex-
ceeding 5 decibels at 4 gigahertz and can oscillate
at frequencics up to 6 Ghz. Output powers range
from 50 watts at 500 megahertz to 75 milliwatts at
4 Ghz, and noisc figures are commonly less than
3 db at 1 Ghz and 5 db at 2 Ghz.

There’s now good rcason to believe that the
power-handling capability of transistors will be
boosted fivefold during the next two vears and

The author

Now supervisor of a high-frequency
transistor group at Bell Labs,
Roger Edwards has worked on
electron tubes, silicon diodes,

and germanium and silicon micro-
wave transistors. He holds a

Ph.D. from the University of
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present gain and noise figures extended by about
an octave in frequency. Unneutralized common-
emitter power gains may be pushed up to more than
8 db at 4 Ghz, for instance, and oscillator operation
may be extended to the S-to-10-Ghz range. Per-
formance at lower frequencies should also improve.

Horses for courses

The geometry of microwave transistors depends
on the devices’ application; tradeofls must be made
among the physical dimensions determining gain,
noise, power, bandwidth, and other characteristics.

These design choices arise partly because of the
time it takes carriers to drift through the collector
depletion region of transistors. At microwace fre-
quencies, transit time delay becomes crucial, limit-
ing frequency response if the collector depletion
layer is too wide, On the other hand, narrow layers
tend to increasc collector capacitance and reduce
power gain and breakdown voltage.

Two figures of merit commonly applied to micro-
wave transistors are fy, the frequency at which com-
mon-emitter current gain falls to unity, and f,,
the maximum frequency of oscillation. Emitter-to-
collector signal delay time 7., determines fr, which
equals 1/2z7.. A high fy is desirable when broad
bandswidth is a requirement. It’s possible to get
power gain at frequencies above fp if the transis-
tor’s design and the circuit in which it operates per-
mit a favorable output-to-input impedance ratio.

A more important guide to power gain is
fias, which takes into account the transistor’s hori-
zontal as well as vertical geometry. It is equal to
(f+/8=1",C¢)* where 1",C, is the time constant deter-
mined by the combination of distributed base resist-
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microwave transistors vary because
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Low noise figure........ovveiiiniiiiiiinininns 1.5 5 1,000 50 5 15
Broadband, large powergain.................. 2 15 8,000 20 5 20
Narrowband, large power and power gain...... 4 40 3,000 25 5 40

ance and collector capacitance.

Foa. is also useful because the maximum narrow-
band power gain obtainable at frequency f when
the transistor’s feedback is neutralized is (f,../f)%.
In well-designed transistors—where 1/,C. is kept
low—f,., is almost alhways higher than fy. Power
gain advances have generally resulted from reduc-
tions in both 1°,C. and r.. State-of-the-art transis-
tors have an f,.. of about 12 Ghz.

While f,4, is generally more valuable than fy for
assessing a transistor's power gain, a better indicator
of practical circuit performance is the maximum
available gain (nac). This is a measure of the
small-signal unneutralized power gain under condi-
tions of conjugate matching, that is, where the input
and output impedances are matched to the gen-
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erator and load, respectively, by the equalizing ot
resistive elements and the tuning out of reactances.

If a transistor has positive feedback, trying to
conjugate match may lead only to oscillations. In
such a case »ac¢ doesn’t exist. ITowever, common-
emitter configurations above 1 Ghz are normally
stable. In practice, transistors are operated at fre-
quencies where their neutralized gain is typically
3 to 6 db more than their araG.

These figures of merit don’t apply to large-sig-
nal operation because of nonlinearities in the tran-
sistor’s characteristics. Large-signal performance is
usually characterized in terms of circuit configura-
tion.

Rapid transit

The emitter-to-collector transit time, ., repre-
sents the sum of several constants, all of which
affect the over-all time of a transistor’s response to
an input signal. The most important of these con-
stants are the emitter capacitance charging delay,
e, the base transit time, ,, and the collector deple-
tion laver transit time, ..

Base transit time can be cut by narrowing base
layers; widths of about %3 micron are common in
today’s microwave transistors, and some laboratories
have refined diffusion techniques to the point where
they can make Dbases only 0.1 micron thick.

Emitter capacitance charging delay drops as cur-
rent densities rise, but a practical limit is reached
when “base widening” sets in. This condition occurs
when the excess of mobile charge in the collector
depletion region changes the space charge distribu-
tion so that the ncutral base layer encroaches on
part of the depletion region. Base widening in-
creases the base transit time.
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Collector depletion layer transit time decreases
as the depletion layer narrows. At low currents, the
width of the depletion layer depends on the col-
lector doping level and the operating voltage. At
high currents, it depends partly on the thickness of
the epitaxial (collector) layer.

As current increases, the collector depletion layer
moves toward the collector contact and can reach
the substrate boundary.

Transistors should be designed with depletion
layers extending right up to the substrate boundary,
even at low currents, to permit the use of high cur-
rent densities and reduce parasitic collector resist-
ance. Collector depletion layer widths typically are
1 or 2 microns.

The horizontal geometry of transistors partly de-
termines the base resistance-collector capacitance
time constant. Base resistance is minimized in
most small-signal, high-gain microwave transistors
through the use of long, thin, closely spaced emitter
and base contact stripes. Wide collector depletion
layers also help r’,C. by cutting down on capaci-
tance. Although this necessarily lowers f; because
of increased collector transit time, it boosts fg,q.

Just how far the tradeoff between these two fig-
ures of merit can be pushed depends on the applica-
tion. For example, large bandwidth devices have a
high f., at least as high as the maximum frequency
of interest. But transistors used in circuits where
bandwidth can be sacrificed have somewhat wider
collector depletion layers for higher f,,, and thus
higher power gain.

Silent service

Transistors designed for low-noise applications
operate at considerably lower current densities than
those producing highest power gain. Since delay
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and dispersion of carriers traveling from emitter to
collector increases the noise figure, it’s desirable to
maintain as high a current amplification factor as
possible. Thus, low-noise transistors emphasize a
high f; and sacrifice some gain. Their collector de-
pletion layers are thin, and voltage and current-
density operating bias is low.

These devices also require low base resistances,
both to minimize thermal noise and to reduce input
circuit losses, which can hurt noise figures. They
also have high d-c current gain to keep down noise
from the base current created by carriers lost in
transit between emitter and collector.

Transistors are holding their own as low-noise de-
vices. They’re preferred to Schottky-barrier down
converters and tunnel diodes at frequencies up to
at least 2 Ghz. And while transistor amplifiers aren’t
as good as varactor parametric amplifiers, they’re
much less complicated.

Brute force

Most microwave power transistors available today
consist of many individual high-gain transistors
connected in parallel and housed in a single can.
Base contact and emitter elements must be meshed
to achieve r',C.’s low enough for adequate power
gain and to get uniform current distribution, and
one way of accomplishing this is to group them in
a pattern resembling interlocking fingers. An ex-
ample of this interdigitated approach [sec p. 93]
is a 50-watt, 500-Mhz power transistor made by
TRW. Texas Instruments also used an interdigitated
structure to achieve 2 watts of pulse power output
at 2.25 Ghz.

Alternatively, companies like rca use an overlay
technique, where a large number of small emitters
are used with a low-resistance diffused base grid
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to distribute the base current uniformly [see p.
98]. And the Nippon Telegraph & Telephone Pub-
lic Corp. recently introduced a “mesh” transistor
offering a high ratio of emitter periphery to collec-
tor area [Electronics, Dec. 11, 1967, p. 110].

At frequencies above 4 Ghz, transistors don’t yet
compete in absolute power level with such semicon-
ductor devices as avalanche diodes and gallium-
arsenide bulk-effect units. However, below these
frequencies they compare favorably with bulk-effect
devices so far as c-w power, though still falling
short of the best avalanche diodes. The transistor’s
strong suit is its efficiency at lower microwave fre-
quencies; c-w efficiencies top 25% at 2 Ghz and rise
to more than 60% at 500 Mhz. This is an important
consideration in oscillator design, where the use of
combining techniques to sum transistor outputs
may be a more economical way to achieve higher
required powers.

One obstacle to higher power is second break-
down, the avoidance of which often requires bias
adjustments that hurt radio-frequency performance.
Second breakdown can occur when a large num-
ber of transistor elements are electrically, but not
thermally, coupled. If one element heats up signifi-
cantly more than the rest, it will carry more than
its share of the current and will get still hotter.
Known as thermal runaway, this condition can de-
stroy a transistor.

The condition can also occur if voltage tran-
sients on the collector are high enough to cause
avalanche multiplication. In that state, collector
current can exceed emitter current, causing reversal
of the base current; current then concentrates in
the center of the emitter, forming a hot spot. This
can happen, for example, in Class C operation with
inductive load.

Equalizing current flow through the individual

100}
X
10
£
=
2
a
-
2
o
« {
)
=
o
[« 9
X 2N5178 (TRW)
® EXPERIMENTAL (RCA)
0.1
O TA7003 (RCA)
+ MT 1416 (FAIRCHILD)
A L1874 (TI)
0.01 L 1 L
0.5 1 2 4

FREQUENCY (Ghz)

Handling power. State-of-the art power output for
microwave transistors ranges from over 50 watts at
500 Mhz to 75 mw at 4 Ghz.
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elements of power transistors gives some protection
against second breakdown. Fairchild Semiconductor
deposits thin-film emitter-feedback resistors over the
transistor’s protective oxide layer for this purpose,
and rca diffuses into the transistor resistors concen-
tric with the individual emitters.

But these techniques have been applied exten-
sively only to devices operating at relatively low
frequencies. One difficulty is that the space taken
up by the ballast resistors can lead to a larger para-
sitic junction area, thereby lowering r-f gain. There-
fore, any dramatic improvements in microwave
power transistors will depend on the development
of better methods of current equalization.

Wide open spaces

Exploitation of the potentially high power output
and large-signal power gain of microwave transis-
tors requires a larger collector depletion layer than
suffices for low-noise or high-gain-bandwidth de-
vices. And because of increased emitter-to-collector
delay, large depletion layers, or “output spaces,”
mean low fi.

For narrowband applications, however, the re-
duced collector capacitance raises power gain.
R. L. Pritchett of Bell Labs demonstrated this re-
cently; he also holds that most microwave power
transistors available today don’t have collector de-
pletion layers large enough for optimum power out-
put.

Since microwave transistors with wide output
spaces operate considerably above fr, transit time
effects are especially important in predicting these
devices’ r-f properties. The transport factor for car-
riers crossing the collector depletion layer turns
out to be (sinwr./wr.) exp (—jor.). Thus, at a fre-
quency equal to 1/2r, the current gain—and there-
fore the power gain and output—drops to zero.

Pritchett has also shown that the optimum output
space depends on the frequency of interest. For
example, at 1 Ghz an output space of 10 microns
offers more gain than an output space of 4 microns;
because of transit time limitations, the situation is
reversed at 4 Ghz. Pritchett’s computations assume
that the transistor has electrode stripes 2 microns
wide and a resonant load admittance whose con-
ductance equals the ratio of d-c collector current
and voltage, a condition more typical of large-sig-
nal operation than is conjugate matching.

Of course, wide output spaces mean lower im-
purity concentrations and relatively low current
densities. But the possibility of higher collector
voltages partially offsets this limitation. Even more
positively, the high output impedance obtained with
a wide output space permits the paralleling of a
large number of transistors before impedance be-
comes impractically low.

Pritchett showed that for maximum power output,
output space should be about twice that for maxi-
mum power gain. However, the resulting loss in
gain and bandwidth may not justify going quite
that far.

Using a 4-micron output

space, Pritchett
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achieved 175 milliwatts of r-f output power at 3.3
Ghz with a 6 db gain. In this cxperiment, collector-
cmitter d-c bias was 50 volts and emitter cur-
rent was 15 milliamperes. The output impedance
achicved—more than 1,000 ohms—indicates the
feasibility of increasing the area to achicve higher
power levels.

Material considerations

Even in devices with very narrow output spaces,
collector depletion layer delay is crucial because
carrier velocity approaches a limit at high ficlds. In
silicon, the velocity limit for electrons is about 50%
higher than that for holes and about the same per-
centage higher than that for clectrons and holes in
germanium. For high fr in devices where base
transit time is negligible, therefore, silicon npn
transistors become the clear choice. At present, the
highest reported fr levels for silicon and germa-
nium are comparable.

However, germanium’s higher clectron mobility
—a characteristic exploited in the first microwave
transistors—makes for pnp transistors with signi-
ficantly lower base resistances. As mentioned be-
fore, this is important for microwave power gain
and noise. But fabrication ease must be taken into
account, and since most development work has in-
volved silicon, it Jooks as if the sophisticated low-
noise transistors of the future will probably be
made of that material.

Germanium pnp transistors now have the edge in
small-signal gain and noisc levels at frequencies
from 1 to 3 Ghz. For handling higher power,
though, silicon is the definitc choice. Its higher
avalanche breakdown ficld allows much higher op-
erating voltages, which, in turn, allow higher cur-
rent densities before base widening occurs. Then,
too, silicon’s wider band gap gives devices the abil-
ity to operatc at temperatures of 200°C, more than
twice the limit for germanium. Further, silicon con-
ducts heat twice as well as germanium.

Although most microwave silicon transistors are
npn, some promising pnp devices have been built.
The Nippon Electric Co. has reported an fn,. of
around 7 Ghz for such a device.

The only other candidate to date for the micro-
wave job is gallium arsenide, a material with a
slightly higher carrier mobility than germanium,
and band-gap and avalanche breakdown properties
similar to those of silicon. But therc are problems.
Processing difficulties, as well as unwanted impuri-
ties or crystal imperfections that “trap” carriers,
have so far limited the operation of bipolar GaAs
transistors to frequencies below 500 Mhz,

On the other hand, W. W, Hooper and co-work-
crs at Fairchild Semiconductor recently reported
encouraging small-signal noise and gain figures
for gallium-arscnide field cffect transistors with
Schottky-barrier gatcs, They've alrcady made de-
vices with noisc figures lower than 4 db at 1 Ghz.
If their extrapolations of performance from devices
with smaller geometries prove correct, low-noise
gallium-arsenide field effect transistors may well
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To the limit. Experimental silicon transistor has stripes 1
micron wide, about limit attainable with present methods.

give germanium and silicon bipolar devices a run
for their money.

Now and then

Before more advances in microwave-transistor
technology can be recorded, further progress must
be made in the techniques of diffusion, photo-
lithography, metalization, and etching. High-yield
processing techniques are needed to extend device
areas, and new methods must be developed to guar-
antee cqual current flow through paralleled devices.

A number of rescarchers have developed shallow
diffusion techniques by which transistors can be
produced with f1s in excess of 7 Ghz. And devices
with emitter windows only 1 micron thick have
been fabricated with new photolithographic tech-
niques; this width is almost as small as the wave-
length used to define the windows in the photolitho-
graphic process and is therefore close to the limit
attainable with present methods,

The International Business Machines Corp. re-
cently demonstrated the feasibility of using clec-
tron-beam photolithography to delincate clectrodes
half a micron wide.

In microwave circuitry, low-loss passive clements
such as transformers and matching networks can be
fabricated most straightforwardly by applying thin-
films to relatively large insulating substrates. Where
performance is more important than cost, thercfore,
microwave circuits will continue to be of the hybrid
type. Transistors orders of magnitude smaller than
thin-film circuit elements must be bonded to the
substrates cither as packaged units or as individual
chips.

Beam-lead scaled-junction transistors developed
by M. P. Lepsclter of Bell Labs are well suited for
such hybrid applications, being both inexpensive
and reliable. Provided that precautions arc taken
to minimize losses, beam leads may also be shaped
to reducc inductive parasitics. For cxample, J. J.
Kleimack of Bell Labs has developed an experi-
mental microwave silicon transistor with broad
beam lecads—100 microns—that minimize induc-
tance. In fact, tests show that a device of this type
bonded to a well-designed mount should have a
common-lead inductance of 100 picohenries, several
times lower than that achieved with conventional
bonded packages.
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When it comes to high voltage semi-
conductors, come to us. Power is our
specialty.

We were the first supplier, for example,
to mass produce power transistors.

The first to develop high energy silicon
power transistors with voltage capabili-
ties of up to 700 voits, current to 10
amps.

The first to build silicon transistors
suitable for farge-screen color and
black-and-white TV deflection.

The first to develop practical micro-
circuitry for the automotive IC voltage
regulator.

And we mass produce diodes for use in

The Kokomoans

automotive generators.

Such achievements were no accident,
of course. We're in the industrial con-
trol, entertainment, communications
and automotive fields. Our products in-
clude stereotape systems for cars, car
radios, digital systems and portable
military communications equipment. So
we know what the end-use require-
ments are. We know how to meet those
requirements. And we know how to
meet them in volume (our daily produc-
tion of semiconductors, for instance,
would make a line five miles long).

To meet today’s requirements, we make
rectifiers. High voltage silicon tran-
sistors. High power germanium alloy
transistors. High and medium power
germanium diffused base transistors.
For use in such applications as DC and
switching regulators, high power con-
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Avenue, (317)-634-8486  KALAMAZ00, MICH. 49005, Electronic Supply Corp., P. 0. Box 831, (616)-381-4626 KANSAS CITY, MO. 64111, Waiters Radio Supply, Inc., 3635 Main
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are In power.

verters, ultrasonic power supplies, FIELD SALES OFFICES

d Union, New Jersey*® 07083 Syracuse, New York 13203 Detroit, Michigan 48202
computer hammer drivers, VLF class Box 1018 Chestnut Station 1054 James Street 57 Harper Avenue
C amplifiers, off-line class A audio out- (201) 687-3770 (315) 472-2668 (313) 873-6560
" A Chicago, Illinois* 60656 Santa Monica, Calif.* 90401 Kokomo, Ind. 46901
put and CRT deflection-—just about any ~ sy51 N, Harlem Avenue 726 Santa Mohica Bivd. 700 E. Firmin _
power switching or amplification job. (312) 775-5411 (213) 870-8807 (317) 459-2175 Home Office

*Office includes field lab and resident engineer for application assistance.

And we make them on time. At compet-
itive prices. With uniform, high-quality
reliability.

For more information on Delco power
semiconductors, contact your local
Delco distributor or Delco sales office.
Take advantage of the powers that be
—from the Kokomoans,

av | 2ELCO RADIO

DIVISION OF GENERAL MOTORS

KOKOMO, INDIANA

MARK OF EXCELLENCE

Street, (816)-531-7015 MINNEAPOLIS, MINNESOTA 55401, Stark Electronics Supply Co., 112 3rd Ave., North, (612)-332-1325 SKOKIE, ILL. 60076, Merquip Electronics, Inc.,
7701 N. Austin Ave., (312)-282-5400 ST. LOUIS, MO. 63144, Electronic Components for Industry Co., 2605 South Hanley Road, (314)-647-5505 WEST~—ALBUQUERQUE,
N. M. 87103, Sterling Electronics, Inc., 1712 Lomas Blvd., N. E., (505)-247-2486 DALLAS, TEXAS 75201, Adleta Electronics Company, 1907 McKinney Ave., (214)-742-8257
DENVER, COLO. 80219, L. B. Walker Radio Company, 300 Bryant Street, (303)-935-2406 HOUSTON, TEXAS 77001, Harrison Equipment Co., Inc., 1422 San Jacinto Street,
(713) 224-9131  LOS ANGELES, CAL. 90015, Radio Products Sales, Inc., 1501 South Hill Street, (213)-748-1271 LOS ANGELES, CAL. 90022, Kieruiff Electronics, Inc., 2585
Commerce Way, (213)-685-5511 OKLAHOMA CITY, OKLAHOMA 73102, Radio, Inc., 903 North Hudson, (405)-235-1551 PALO ALTO, CAL. 94303, Kierulff Electronics, Inc.,
3969 East Bayshore Road, (415)-968-6292 PHOENIX, ARIZ. 85005, Sterling Electronics, Inc., 1930 North 22nd Ave., (602)-258-4531 SAN DIEGO, CAL. 92101, Milo of California,
Inc., 2060 India Street, Box 2710, (714)-232-8951 SEATTLE, WASH. 98108, Kierulff Electronics, Inc., 5940 6th Ave., South, (206)-763-1550 TACOMA, WASH. 98402, C & G
Electronics Company, 2502 Jefferson Ave., (206)-272-3181 TULSA, OKLAHOMA 74119, Radio, Inc., 1000 South Main Street, (918)-587-9124 CANADA—SCARBOROUGH,
ONTARIO, Lake Engineering Co., Ltd., 123 Manville Rd., (416)-751-5980
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Solid state Q
I

A switch in time

A switching-type semiconductor for timing,

triggering and gating functions,

the unijunction transistor continues to stand off IC's in these applications

By W. R. Spofford Jr. and R. A. Stasior

General Electric Co., Syracuse, N.Y.

Simplicity and low cost suffice to keep the unijunc-
tion transistor not only competitive but flourishing.

These aren’t very glamorous factors, but then this
discrete small-signal device couldn’t compete on
that score with the integrated circuitry entering its
field. Those discretes successfully bucking the trend
to 1C’s are generally power-handlers like silicon con-
trolled rectifiers, or limited-volume items like therm-
istors. But the ujr has met 1C’s head-on in timing,
triggering, gating, and- sensing applications, and
survived. More than that, sales are growing.

Only three firms are producing ujr’s, though the

Shrinking with time
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market now ranges from electric toys to the Saturn 5
space vehicle. And, ujt art is still advancing.

The unijunction is a three-terminal device whose
simplified equivalent circuit consists of two series-
connected resistors, one of which is variable, and
a diode, connected to the common point between
the resistors. Its distinctive characteristic is a nega-
tive resistance that is extremely stable with voltage,
temperature, and time. Different device geometries
exist—bars, cubes, planar structures—but the com-
mon point is always an n-type silicon pellet with
ohmic contacts at its ends. These form the base-1
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Four generations. Progressive reductions in the size of unijunction transistor structures generally
cut fabrication costs and tightened control of electrical parameters. The 10x14x50 mil bar

gave way to the 15x20x20 mil cube, which was replaced, in turn, by the 20x20x7 mil planar
geometry. Monolithic integrated-circuit forms measu ring even less have recently appeared, although
they aren't yet ready for commercial introduction.
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and base-2 sections; a single rectifying-type contact,
the emitter, is attached at some point between the
bases.

Operation is direct. When the emitter diode is
made to conduct, the device shifts through a nega-
tive resistance state into saturation. The switching
point is established by the bias between the bases
and the potential on the emitter. When the poten-
tial reaches a predetermined proportion of the base
bias, as established by the standoff ratio, the device
switches states and generates an output pulse.

Bar, cube, and planar structures have a common
mode of operation called conductivity modulation.
The lightly-doped silicon “slab,” acts as a resistor
between the two bases, and current flow is estab-
lished by a voltage applied between these bases.
With the n-type material, this voltage is predomi-
nantly made up of electrons. When the emitter junc-
tion becomes forward biased, holes are injected into
the bulk silicon, and, because of the electric field
within the bar, these holes are swept towards base-1.
Since conductivity is directly proportional to both
hole and eclectron concentrations, an increase in
holes decreases the bar resistance between the cmit-
ter and base-1. A further increase in emitter current
decreases this resistance even more.

Long- and short-timers

Within the limits of its relatively modest fre-
quency capabilities—300 kilohertz—the vjT is an
cfficient relaxation oscillator, timer, and sensor. It’s
used for firing power devices, for timing and time
delay, for voltage and current-level sensing, for fre-
quency dividing, and for generating and comparing
waveforms. The circuits employing ujr’s typically
contain other nonintegrated components—high-
power scRs and triacs, large resistors, high-value
capacitors, and the like.

As a specialized semiconductor, the ujr has been
classified in rccent years according to the job for
which essential parameters have been ‘peaked up.
Besides general-purpose ujr’s, therefore, the family
includes units specially tailored for pulsing applica-
tions, voltage and current sensing, high-frequency
short timing, and low-frequency long timing.

The ability to manipulate parameters is but one
of the advances made in the 15 years of vyt tech-
nology—advances generally attributable to improve-
ments in materials, manufacturing processcs, and
geometries. Today’s standard unijunction provides
cutput pulses of 6 volts, valley currents of 1 to 10
milliamperes, and peak currents of 2 microamps or
less. Interbase resistances are typically 4 to 7 kil-
ohms, leakages are just a few hundred nanoamperes,
saturation voltages are commonly 2 to 5 volts, break-
down levels are as high as 60 volts, and standoff
ratios are precise to within 5%. These levels repre-
sent improvements of two or three orders of magni-
tude over the figures posted by ujT’s 10 years ago.

Silicon is the most common ujT material, and the
cube structure is the most popular geometry, but
planar techniques are now being widely applied,
particularly to the more sophisticated units.
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Pairings. Complementary UJT (right) is actually an
IC-type silicon controlled switching circuit (left).
Resistance between bases B. and B, is formed by a thin
diffused resistor. Equivalent circuit (center) indicates
switching action is achieved by npn-pnp complementary
pair instead of by cenductivity modulation.

Planar and fancier

The period from late 1966 through 1967 saw a
great deal of innovation in this area, from the ob-
vious but significant shifts to plastic packaging and
planar manufacture, to the introduction of comple-
mentary designs and the programable uyr.

Planar processing, by which the cube structure’s
alloyed junctions were replaced by diffused n and p
regions, was adopted by Motorola and Texas Instru-
ments to lower leakage and peak currents and thus
lengthen time delays. The smaller geometries re-
sulted in substantially higher oscillations.

Planar ujr construction is similar to that of stand-
ard planar npn bipolar transistors. The starting ma-
terial is a high-resistivity n-type silicon, with the
base-1 contact made to a diffused n+ section. The
cmitter is a diffused p region with an aluminum
ohmic contact, and the base-2 region is simply the
other side of the pellet. Planar construction yields
a larger cross-sectional area in relation to depth than
does the cube, making for a more nonlinear elec-
tric field. Advocates of planar insist that this has no
detrimental effect on the stability of the standoff
ratio, but proponents of the cube structure disagree.

General Electric uses planar techniques for its
complementary unijunction (cuyr) [Electronics,
March 20 1967, p. 46], which is more accurately a
multiple-junction integrated circuit consisting of
two transistor elements and two diffused resistors
simultaneously fabricated in a monolithic structure.
Its standoff ratio is determined by the resistor ratio
rather than by an electric field. The device resem-
bles an scr in it's saturation characteristics.

The complementary scheme enhances stability
and saturation resistance. The improved stability
stems from elimination of dependence on an elec-
tric field and on device geometry; standoff ratio
tolerance is but 2% compared with the 15% of the
cube, and frequency stability with temperature is
0.5%, an order of magnitude better. The low satura-
tion resistance, typically 2 ohms, yields higher out-
put pulses and reflects the positive feedback action
of the complementary pair.

Pick 'em
The most recent technological jump is the pro-

gramable unijunction transistor, pur, introduced
last December. Actually a pnpn planar passivated
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Two-base hit

Engineers at General Electric’s
electronics advanced semiconduc-
tor laboratory in Syracuse, N.Y.,
experimented in the early 1950’s
with germanium alloy tetrode de-
vices in search of a semiconductor
that could be used at frequencies
higher than the 5-megahertz oper-
ating level of existing conventional
bipolar transistors. The tetrode
structures, it was found, produced
a transverse electric field that
boosted the device’s cutoff fre-
quency and lessened the semicon-
ductor’s input impedance—the lim-
iting factor regarding frequency.

But in 1953, while examining
the waveforms on the structure’s
terminals I.A. Lesk of the lab no-
ticed that an oscillatory signal was
present on the tetrode’s emitter.
And when the collector supply was
removed, the oscillations persisted
for a while. The researchers real-
ized that they had stumbled on
a new switching-type device.

The cE engineers added to the
developmental tetrode models a
doubled-based diode structure that
was being studied because of a
negative-resistance property.

Debut. The discovery was made
public at the March 1953 annual
convention of the Institute of Ra-
dio Engineers, and though her-
alded at the time as an interesting
breakthrough, it wasn’t credited
with much practical significance.
This indifference on the part of
the rest of the engineering com-
munity gave GE a clear field in
this area of double-base diodes. In
fact, the firm remained the exclu-
sive manufacturer of ujT-type
units until 1959.

The Air Force, interested in the
device’s possibilities for communi-
cations and logic  functions,
awarded GE a study contract in
1953, and Lesk, V.P. Mathis, R.W.
Aldrich, and J.J. Suran set out to
thoroughly investigate the double-
base diode. They made pnp struc-
tures that contained but a single
junction, finding that the collector
junction was superfluous to the
device’s operation. The base ele-
ment was an n-type germanium
bar, and the emitter was formed
by an indium dot fused onto the
bar’s midsection. Ohmic contacts
made to the bar’s end points con-
stituted the base-1 and base-2 por-
tions.

Actually this early uyr with its

transverse-voltage operating mode,
was more accurately a field effect
device rather than a minority-
carrier, current-mode semiconduc-
tor, and was, in a sense, the first
practical FET.

The volt-ampere characteristics
of the device, on page 119, in-
cluded the negative-resistance
property and indicated that the
device would be useful as an os-
cillator. With no external source
of emitter current, the device was
already biased in the negative re-
sistance region; a relaxation-type
oscillator could be built merely by
adding an external capacitor, there
being no need for external resis-
tance. However, since the fre-
quency of oscillation was entirely
dependent on the leakage current,
which was excessive, the device
remained a laboratory curiosity.

Wider view. Interest in the di-
ode soon extended beyond its sinus-
oidal-oscillator possibilities. Suf-
ran and Edward J. Keonjian of
GE’s applications department per-
ceived that the negative-resistance
characteristic could be put to use
in multivibrators and logic circuits.

In 1956, silicon began to replace
germanium as the material for the
diode bar because of its wider tem-
perature range and faster switching
properties. The first commercial
silicon double-based diodes were
introduced and marketed by GE
that year.

In 1958, cE introduced the
fixed-bed construction used in pres-
ent bar devices. The design was
more resistant to physical stress
than were previous types. The year
also saw a name change; the
double-based diode became the
unijunction transistor.

The silicon vyt had it all over
the germanium models. It could
switch in 1 microsecond instead
of 10, and had a maximum operat-
ing temperature of 140°C against
the 60°C of the germanium types.
Equally important, the silicon de-
vice’s standoff ratio, the parameter
that establishes the switching
threshold, was 10 times more stable
with temperature. Also, silicon’s
resistivity—200 ohm/cm—was 10
times that of germanium and al-
lowed the use of smaller bars.

Good try. The next major step
came in 1962 when A. Ambroziac
of the Polish Academy of Sciences
reported on a multiple-emitter idea

that was later borrowed by bipolar
transistor designers for use in both
1c logic elements and microwave
discrete devices.

Ambroziac built a counter cir-
cuit that used a UJT containing 10
alloyed emitters equally spaced
along the bar. Designated the
“Semidectron,” its successive junc- \
tions could be turned on sequen-
tially. However, isolation between
emitters was poor, and often two
or more were simultaneously
turned on.

The bar structure of the single-
emitter ujT persisted until 1962,
when a cube die was created. De-
veloped by T.P. Sylvan and V.A.
Bluhm of cE’s semiconductor
products department, it had a 50-
nanosecond rise time and 6-volt
output pulses, far better than the
1 psec and 3 volts of the bar. Cube
geometry made possible a smaller
base-1 contact and brought the
emitter closer to the base-1 portion.
The resulting reduction in transit
time and saturation voltage yielded
the superior switching speed and
larger output pulses.

Further, the cube was easier to
mass produce than the bar because
of simpler die mounting. The con-
sequent cost savings made the
units economically feasible for
speed-control and lightflasher ap-
plications, jobs ujT’s were to take
over from small-signal switching
transistors and, later, from elec-
tromechanical devices.

Drawbacks. But the cube wasn’t
a perfect design. In particular, the
stability of its standoff ratio with
temperature shift wasn’t the equal
of the bar structure’s because of
the higher intensity of the cube’s
electric field in the vicinity of the
emitter. In terms of circuit perform-
ance, this instability required
tighter-toleranced adjustment of
the external compensation resistor
in the base-2—a limiting but not
difficult adjustment. The over-all
temperature stability of the cube
device was also less than the bar’s.

But while ujyr performance in
oscillators and timers was some-
what restricted, low cost kept open-
ing new applications. That the de-
sign was popular is evidenced by
the fact that vyt production tripled
within two years after the cube’s
introduction. And, as the accom-
panying article shows, further in-
novations were in the offing.
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Wave maker. Early unijunction transistor, a germanium bar structure, was capable of generating oscillations
when configured in a relaxation circuit (right). This property reflected the device's negative resistance
characteristic, as displayed on its junction voltage-current relationship (left).

triode thyristor type of device, this ¢t innovation
lets the user select standoff ratio, peak and valley
current levels, and interbase resistance by his choice
of the appropriate external base resistors [Electron-
ics, Nov. 13, 1967, p. 25]. Although not a true ujr
in construction, the rur performs unijunction func-
tions better than the conventional members of the
family, besides having far more versatility.

The next advance will be the incorporation of
UJTs into integrated-circuit structures, but this
change won't be as all-encompassing as it has been
with some other discretes. The cujr is already found
in several integrated circuits requiring stable oscilla-
tion. But planar, cube, and bar structures emphasize
close control of geometry and resistivity and are
thus less suited to standard 1c techniques.

This has been pointed up in some recent research.
Last year, ].E. Harlow of rrr reported that he had
laid down an n-channel in a p-isolation region and
then diffused a p-emitter area into the channel. The
device, he said, functioned with a parasitic pnp
transistor action instead of the conventional emitter-
to-base-1 conductivity modulation. This embryonic
uyr 1¢ had a (poor) peak point current of 0.5 ma.
about 30 times higher than the figure for discretes,
and a low 10:1 ratio of valley to peak current.

Also in 1967, L.S. Stenhouse of Bell Labs rc-
ported on an integrated ujr that resembled a donut
and had p+ base-1 and base-2 rings in a higher-
resistivity p-type epitaxial layer. The emitter was
formed by an n4- epitaxial layer under the entire
cpitaxial p layer, and was brought to the surface
along the outside perimeter. Since the device was
made in a p-type base, it had reverse polarity char-
acteristics. Also, the standoff ratio of this fledgling 1c
version of a UJT was extremely sensitive to supply
voltage.

General Electric developed an integrated-circuit
version of its cujr last year with features comparable
to these of the discrete form. These devices have
been incorporated in both military and industrial
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circuits to achieve precise timing with a minimum
of capacitance and silicon-chip area.

Discrete distance

For all these cfforts though, the advantages of 1c’s
usually aren’t particularly relevant in ujr functions.
To provide, say, a three-minute delay function with
bipolar 1c’s would require two ~or gates connected
as a multivibrator, plus added large capacitors or
Jx flip-flops for frequency division.

Besides, circuits employing uyt’s rarely handle the
kind of repetitive functions associated with com-
puter or some analog systems.

All signs point to market gains for discrete ur’s.
The devices are in particular demand in applications
where scr’s, triacs, and similar power units must be
triggered, and they continue to hold down the job
of clocking in the d-c to audio range and providing
time delays of 30 scconds or more. Finally, appli-
cations in the areas of control and waveform genera-
tion are growing.
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An old-timer comes of age

The idea of the field effect transistor predates the invention

of the bipolar transistor by 20 years, but the FET didn’t become

popular as a unique amplifying and switching device until the 1960's

By Joel M. Cohen

Crystalonics Division, Teledyne Inc., Cambridge, Mass.

Conceptually the oldest of the semiconductors, the
ficld effect transistor is, in a practical sense, one of
the most up-to-date and dynamic. A true solid state
component, it behaves much like the vacuum tube
still favored by many designers. And it's one of the
few diserete devices that hasn't heen overwhelmed
by the present wave of integrated circuits; in fact,
i's become the basis of a separate integrated form,
the metal oxide semiconductor 1c.

During the past few years, ¥r1’s have taken an
increasing number of amplifying and switching ap-
plications away from tubes and from bipolar tran-
sistors. Tronically, it has been semiconductor tech-
niques origimally developed for bipolars that have
made rer production economically feasible.

The reasons for the FET'S success are unique clec-
irical characteristics such as high input impedance
and low noise, plus simpler, more economical cir-
enit requirements than both bipolar and tubes.

Slow off the mark

The history of the rer, detailed in the panel on
page 123, began in 1928, 20 years before the inven-
tion of the bipolar transistor. But Julius Lilienfeld's
scheme for what was basically a aros ¥ET received
10 attention from the scientific community of the
time and quickly faded into obscurity.

It took the advent of the transistor in 1948 to

The author

Now director of engineering at
Crystalonics, Joel M. Cohen joined
the division in 1960. After
completing his academic studies
at MIT, Cohen was associated with
MIT's instrumentation lab and
later with Edgerton, Germeshausen
& Grier. His current duties include
new product development and
applications, and hybrid IC design.
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begin the establishment of the solid state field com-
mercially and technologically. But this development
also sparked interest in Lilienfeld’s forgotten FET
concept.

Riding the crest of the bipolar wave, FET's began
to take liold in the 1960’s. Junction types (J-FET'S)
led the way, with A10s units gaining ground steadily.
Enginecrs designed the tube-like devices into a host
of switching and amplifying circuits, taking ad-
vantage of the economy, ruggedness, size, power,
and reliabilitv of solid state components generally,
along with the very high input impedance provided
by reT’s alone.

The bulk of vrT applications fall into two cate-
gories: jobs requiring tube-like characteristics, and
functions peripheral to those performed by such in-
tegrated circuits as flip-lops and op amps.

One major application, for example, is in the
switching circuits that direct low-level analog sig-
nals in and out of computers, transiitters, receivers,
and signal conditioners. Because the FET is voltage
controlled, there’s no mixing of drive and signal
currents in the ox state as occurs with bipolars.
Also, the ¥er doesn't have the contact potential or
offset voltage associated with bipolars. And finally,
since the rET has no true storage time, its switching
speed is limited only by gate capacitance.

Amplifier uses put a premium on high input im-
pedance, and here FeT’s have no solid state rival
that can approach their mark of 10° ohms. Even
figures for arrangements of bipolars, such as the
Darlington connection, are at least an order of
magnitude lower, and these arrangements generally
involve operating current levels in the micropower
and small-signal ranges.

Expensive match

Junction rers are more difficult to match than
bipolars because they exhibit much wider input
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FET's: Growth of the rank and file

Competition—makers and products

Pricing—highs and lows

Technology—gains recorded
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Profiles. Eight years of commercial establishment have witnessed a growth in suppliers and standard
types (left). In 1960 there was one FET maker and less than a dozen standard devices; by the end of 1967,
18 firms were manufacturing field effect transistors and the number of standard units had risen to 400,

indicating market success. Price history (center),

based on lots of 100 devices, shows fairly regular drops,

reflecting increased volume and no direct threat from integrated circuits, which are usurping sales of other
discrete semiconductors. Improvement in technology (right) is evidenced by raising of transconductance from
800 to 100,000 micromhos and boosting of maximum cutoff frequency to 1 gigahertz from a 1960 level

of but 10 Mhz.

voltage spreads—pinchoffs of 0 to 10 volts against
the 100-millivolt spread of bipolars. The typical
J-FET dual costs five times as much as a matched bi-
polar pair, therefore. but with it, drift rates as low
as 5 microvolts per degree centigrade can be easily
guaranteed.

Because J-rET’s require little input current, their
current noise levels are commonly as low as 0.1
decibel with a I-megohm input resistance. And
where bipolars exhibit 1/f noise below 1 khz, many
J-FET's are free of measurable amounts down to 10
hz. But Mos rET’s, because of their surface de-
pendencies, exhibit 1/f noise at 10 khz and higher.
Over the audio spectrum (10 hz-20 khz), total J-FET
noise can be as low as 1 microvolt rms at a source
impedance of 1 megohm.

Both J-rET’s and »0s FET's are useful up to 1 Ghz,
making them practical for r-f front-end circuits,
intermediate-frequency amplifiers, and other high-
frequency applications. Although some bipolars
have higher cutoff frequencies, they suffer from
intermodulation distortion—60 db more than FET's.

The tetrode configuration peculiar to junction
and Mos FET's among semiconductors enhances mix-
ing, automatic gain control, isolated biasing, and
high-frequency amplifying capabilitics. The two-
serial-gate Mos tetrode offers screen-grid perform-
ance. J-re1’s with breakdowns of 300 volts, and
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transconductances of 4,000 xmhos, permit these de-
vices to replace some small-signal vacuum tubes on
a one-for-one basis. Drain current ratings up to 1
ampere also rival figures posted by some power
tubes, small silicon controlled rectifiers, and crystal-
can arrays.

On the make

Though most research on transistor manufactur-
ing techniques has been aimed at improving bipolar
fabrication, almost all the resulting advances have
proved of more worth to rET's since their perform-
ance is more dependent on control of geometry.

For any rET, junction or amos, the channel’s length,
width, and depth are the key geometric factors.
The panel on page 122 lists major FET parameters
and the device’s figures of merit. Also included are
relationships between geometry and the parameters.
For example, transconductance and maximum drain
current are improved if channel length is decreased,
but this boost comes at the expense of lower break-
down voltage.

Some parameters can be changed without sacri-
fice. Pinchoff voltage, for instance, is a function of
channel depth and is unaffected by changes in chan-
nel length or width. Channel length is primarily a
function of the manufacturing process, and channel
width of the device’s geometry; channel depth is
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| Modern breed

Easy swith

Gain twins

New lines. Typifying the state of the art: Crystalonics switching device which has an ON resistance of [
only 5 ohms (left), and Amelco’s dual amplifier (right).

|

Geometry-Parameter Relationship

l l:"irameter

\
| gw, transconductance
Ipss, Max. drain current
| V,, pinch-off voltage
Rps, ON-resistance
Cls,Crs, gate
capacilances
less, gate leakage
e., short-circuit
noise input
i., input current noise

| Figures of Merit

Criterion

| —

| Input impedance

| Voltage gain

l Frequency cutoff
Noise figure
Distortion
Switching efficiency

[

Increasing Dimension

X Y z

decreases increases decreases
decreases increases increases
no effect no effect increases
increases decreases decreases
increases increases no effect

increases increases no effect
increases decreases decreases

increases increases no effect

Key parameter relationship

(1/lgss) + (1/Cus)
gmBVdgo/V;las
gm/Crs

(1/€n + (1/Rsin)
Vp/vsl:nnl

Ros/les

Cutaway. Channel dimensions x, v, and z in this
simplified cross-section of a field effect geometry
exert the greatest influence on device parameters.
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a production variable established by diffusion depth.

Channel lengths today can be made as short as
2.5 microns. Once channel length has been mini-
mized, channel width becomes the dimension de-
termining current-handling capability, transconduc-
tance, and ox resistance. Most high-current units
basically consist of paralleled, smaller-gcometry
vET's, with each channel width typically running
to about 0.02 inch.

Depth is the most difficult of the channel dimen-
sions to control, and is therefore the main cause of
parameter spread. Typical depths run from 0.3
micron in low-pinchoff FET’s to 2 microns in high-
pinchoff types.

Device capacitance is concentrated between the
channel and the gate-2 junction, a characteristic
that led to the development of tetrode j-FETS to
handle higher-frequency jobs beyond the capacity
of triode FETs. The back gate in the tetrode con-
figuration is used for biasing, and the small, low-
capacitance front gate for signal input.

Regarding reliability, the J-FET, as a simpler
device than either the mos FET or the bipolar tran-
sistor, has fewer failure modes. The J-FET is basically
a silicon diode with a second contact on the anode
or cathode. Its breakdown characteristic is zener-
like, and therefore nondestructive at low current
levels; Mos FET's on the other hand, exhibit oxide
punch-through failures, and bipolars are subject to
second breakdown or avalanche modes.

Moreover, because the J-FET's parameters are bulk-
controlled its characteristics vary only with material
resistivity and channel dimensions. Mos FET param-
cters are surface-controlled, and therefore change
with time. Further, as a surface-tolerant, majority-
carrier semiconductor, the J-FET is more resistant
to radiation than either the minority-carrier bipolar
or the MOs FET.

If gate breakdown occurs in a MOS FET, the oxide
separating the gate from the channel punches
through, shorting the gate to the channel. In some
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Delayed reaction

Julius E. Lilienfeld is a good ex-
ample of a man with an idea ahead
of its time. About 40 years ago
the physicist-engineer first con-
ceived of a “valve” device that
might now be described as a sort
of metal oxide semiconductor FET.
His scheme, patented in the U.S.
in 1930, went unnoticed. It might
have altered the course of tran-
sistor technology had someone
been able to build a device based
on the patent. For more on Lilien-
feld, see page 82.

The first commercial FET was
produced in France in 1958, by
Stanislas Teszner, a Polish scien-
tist employed by cFrH, a General
Electric Co. affiliate. Called the
Tecnetron, Teszner’s device was
a germanium alloy semiconductor.
It had a transconductance of 80
micromhos, a pinchoff of 35 volts,
a gate leakage current of 4 micro-
amps, and a low gate capacitance
of 0.9 picofarads. The low trans-
conductance and high leakage
severely limited its applications.
But the high pinchoff voltage was
closer to the operating levels of
some tubes, and its gate capaci-
tance permitted it to be operated
at a few megahertz.

Left at gate. The rer was also
prematurely boosted as the basis
for complex gate arrays and a host
of analog and amplifying jobs. Not
until 1960, when Crystalonics in-
troduced the first domestic FET,
did practical circuit applications
emerge. Many of these FETs went
into  high-impedance  audio-fre-
quency amplifiers for infrared de-
tectors, hydrophones, and other
transducers.

The big advantage was a lower
noise figure than bipolars. The FET
amplifiers could achieve a 0.1-db
typical noise figure at 1-megohm
source impedance, versus a noisier

2 db at 100 kilohms for the best
bipolars. Compared to the Tecne-
tron, the American rFetT had 10
times the transconductance and a
pinchoff voltage of 10, sufficiently
low to permit operation with stand-
ard  semiconductorlevel power
supplies (12-28 volts). The key con-
struction feature was a short chan-
nel about 25 microns long,
achieved by overlapping the large
gate junctions.

Crystalonics’ FeT also had a
lower input current, 0.1 pza maxi-
mum, because silicon was used
rather than the germanium of the
French device. The large alloy
geometry was achieved at some
sacrifice—a high input capacitance
and low production yield, reflected
in the device’s $50 price. But FET’s
had arrived and were being used
in moderate quantities, usually in
aerospace applications.

And now planar. Next came the
planar process, which imparted im-
proved small-signal characteristics
and permitted cheaper batch proc-
essing. Texas Instruments intro-
duced the first planar junction FET
in 1962, a device with a trans-
conductance of 1,500 micromhos.
Planar outdid the alloy process in
vield, lowered leakages by a factor
of 10, raised transconductance-to-
capacitance ratios by an order of
magnitude, and made possible
small-area junctions and tighter
geometry control.

The one drawback was a re-
duced breakdown voltage capabil-
ity. Maximum breakdown of the
double-diffused planar junctions
was 20 volts, which limited the new
FET’S to smallsignal applications.
Alloy development continued, and
in 1962 Crystalonics marketed a
high-voltage J-FET series with
breakdowns of 350 volts.

Crystalonics and T1 led the FET

pack in 1962, adding to their alloy
and planar lines. Gain figures rose,
leakages were lowered, and even
a tetrode unit offering separate
gain control and better communica-
tions performance was produced.
A new contender, Fairchild Semi-
conductor, that year introduced an
advanced planar FET with a gate
leakage of only 0.1 nanoamp and
a transconductance of 500 umhos.

Fairchild also pioneered the first
commercial M0s FET, a bipolar tran-
sistor with an Mos-type gate that
modulated surface beta and thus
output current. But it was with-
drawn because of electrostatic
breakdown of the gate isolation,
the chief bugaboo of mos devices.

More recruits. Also in 1962, the
Electronic Components and De-
vices division of nrca joined the
FET ranks with a line of mos de-
vices with transconductances of
1,500 micromhos and pinchoffs of 4
volts. And Amelco Semiconductor,
a division of Teledyne Inc., started
to produce planar silicon j-FET's
with 150-volt ratings and transcon-
ductances of 1,000 micromhos.

Siliconix, a new entrant into the
semiconductor business in the
1960’s, made FET’s its mainstay;
the firm introduced a large num-
ber of amplifying and switching
types. In the 1962-64 period, nearly
every semiconductor producer got
into the Fer business—and out
again just as quickly when opti-
mistic predictions failed to ma-
terialize.

Also, a more attractive integrat-
ed-circuit business beckoned. The
firms that continued to profitably
produce FET's were of two ty<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>